INTERNATIONAL=

J2602™-1

SURFACE VEHICLE

0CT2021

RECOMMENDED PRACTICE

Issued
Revised

2004-08
2021-10

Superseding J2602-1 NOV2012

(R) LIN Network for Vehicle Applications

RATIONALE

The LIN protocol is
like switches and ¢
designs commonly
Appendix F.

The objective of thi
network communic

The goal of this do
in various automot

a low speed, low cost communication protocol that is capable of reducing wire coun
ensors. This document defines an implementation of the LIN protocol with the focu
found in switches and sensors. Rationale behind major updates since prévious

FOREWORD

5 document is to define a level of standardization in the implementation of low speeg
htions using the local interconnect network (LIN) protocol.

cument is to define a serial data physical layer, data linkdayer and media design cri
ve electronic control units (ECUs). This standard wilb allow ECU and tool manufac

needs of multiple ¢nd users with minimum modifications to the basic design. This standard will ben

equipment manufa

cturers (OEMSs) by achieving lower ECU costs dueto higher industry volumes of the

s to simple devices
5 on enabling ASIC
release is listed in

vehicle serial data

teria to be installed
urers to satisfy the
efit vehicle original
basic design.

NOTE: Understandling of this document requires a working knawledge of the ISO 17987 specification package.
TABLE©F CONTENTS

1. SGOPE....c e e ettt ettt e e en e s e e et e e nn e e s et e 4
1.1 MISSION/TREME ... e et sn e et 4
1.2 OVIBIVIEW .o et st e e s e s e e s e e e 4
1.3 Relationship to the LIN SpeCifications .............coiiiiiiiiiii e e 5
2. REFERENCGES ... cm e ettt ettt ettt st e e et e e eneeeaeneeeaneeesmeeeesnseeeneeaseeeseeeesneeeaeeeens 6
2.1 FY o) o] Toz=T o] (TN I To o1 1 1= g 1 SN SRR 6
211 SAE PUDIICAtIOASTE ...ttt e e s s e e e 6
21.2 ISP PUDBNCAOMS. ....coitii ettt sa e s b e s be e e sabe e sbee e e st e 6
3. DEFINITIONS ...ttt ettt e e st e e be e e sabeeesnneesne et e s e e sbe e s 6
4. ACRONYMS ABBREVIATION S AND S Y MB O S e 8

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.

Copyright © 2021 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,

recording, or otherwise, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

Tel: 877-606-7323 (inside USA and Canada)
Tel:  +1724-776-4970 (outside USA)

Fax: 724-776-0790

For more information on this standa

https://www.sae.org/standards/content/J2602-1 202110

rd, visit

Email: CustomerService@sae.org

http://www.sae.org



https://www.sae.org/standards/content/PRODCODE/
https://saenorm.com/api/?name=825bdaa0a7ec3954edacb02edbcdb92c

SAE INTERNATIONAL J2602™-1 OCT2021 Page 2 of 48

5. LIN SYSTEM REQUIREMENTS ...ttt sttt sar e sttt sere e e nnn e nanee e 9
5.1 LIN SpecCification PaCKage ........cooueiiiiiiiie e 9
5.2 SAE J2602-1 Serial Data Link CharacCteriStiCS .........couuiiiiiiiiiiiiie et e e e 9
5.3 LIN Product IdentifiCatioN .............oo oottt e e e e s e e e e e e st e e e e e e e ennrneeees 9
5.31 ST o] o] 11T 1 I USRS 9
5.3.2 Clarification to FuNction ID Paragraph .............eei i 9
5.3.3 Clarification to Variant ID Paragraph ..........cooiiiiiiiiii ettt e e e e e e enae e e e ennees 9
5.4 T TeaE= LY, =T =T 1T 4 T=T o PSP RSPSTRRR 10
5.4.1 SIGNAI CONSISTENCY ....ii ittt r e e e ettt e e e e s et e e e estaeeeeasteeeeeastaeeesanseeeesantaeeesanseeeesanseneenns 10
54.2 T fo g Tz L =T o= (111 o ISP PPPPR 10
54.3 ST (o g Tz 1 =T aTetoTo [1qTe T 1Y/ o1 TSSO PPRPPRR 10
5.5 Detection of Errors by Commander-NOGE............oueiiiiiiiiiiiiieee e e e e 10
5.6 Responder-Node Task Error Detection........uueeeeeeeeeenriiiiiieeeiiniiiiiiiieciiieiiiiiiiciiiiiiiiiiicinieneeeeeseeneeens 10
5.6.1 Communication Error Reporting .........cocceeeeiiiiiiiiiiiiee e erieeeessieeee e s sseeee e e 11
5.7 Device Communication Error Detection and Report Management............occocoovieg 11
5.7.1 Ressponder-Node Behavior in the Presence of Errors When Transmitting ..........00 o o 11
5.7.2 Ressponder-Node Behavior in the Presence of Errors When Receiving .........cando o 12
5.8 M@gssage ManagemeENt...........ooi it e 12
5.8.1 SAE J2602-1 Status BYLe ....ooeiiiiiiee e e 12
5.8.2 Unused Bits in the Data Field ... N 13
5.8.3 CHECKSUM .ottt e e s steeeessnreeeessnneeee e s (T3t et e e e enteeeessnteeee s s reeesnnneeessneeeeeens 13
5.8.4 MESSAGE TYPES ..evvriiiieee ettt e e e e s e e e e e s e snreeeees o s Shanreaeeaaeeesssnnnseneeaassesnadharerereeseesnnrneeees 13
5.9 Network Management............eevveeiiiiiiiiiiiieee el e 13
5.9.1 Mgssage Transmission Time TOIEraNCe ..........cc.vvveieieeiieisyrm e eeeireee e e e e e sesirreeee e e e s s 13
5.9.2 Device Configuration Using LIN Diagnostic Services ...« e e 14
593 Ggneral Configuration Requirements ...t e 14
594 NAD and Message ID ASSIgNMENt .........coooiiiiiii S i e 14
5.9.5 Configuration MESSAQES .......c.ueeeiiiiiiiiiiiieeei e ettt e et e e s snre e e e s e e 16
5.9.6 Tafgeted RESEL ....oooiiiiii e et 16
5.9.7 APPIICAtioON STrat@gies ....cooiveiiii i B ettt e e e e 17
6 SAE J2602-1 API REQUIREMENTS (ciy . ieiiiiiiiiiee et e 18
6.1 Commander-Node Configuration AP ... e sieee e e et e e seeee e 18
6.2 Diagnostic Transport Layer AP .Gt . et a e snreeee e e e 18
6.3 AdHitional APl REQUINEMIENTS .10 . ittt e e e st e e e e e e e ssnrnrreeeeeesesnnrna e s e e e sesanrareeaaeeas 18
7 SAE J2602-1 BUS OPERATION ...ttt iie e eie e seeesieeeseeeeseeeesneeeseeeeneeeesmsesenne e s e e e 18
7.1 Communication Mode\and Transmission Rate...........cccceviiiiiiiiiiiie e eeerieeeee e e 19
7.1.1 CommMUNICAtION MOGE! ... e e e e e e e seeeare e e e e e s e snnrneeeeeee e s eee e e e e e s e nanes 19
7.1.2 Auto Baud Rate,Detect ... e 19
7.2 SIGEP/WaKEMMOAE ...t e e e e e e e e e e e e enenee e e e e e e e e 19
7.21 LAV LGS o RSO SRR 19
7.2.2 (€0 (o IRS] (=T o ISR PRTTRRY REOTPPRTR 20
7.2.3 ReSPONAEr-NOAE SIEEP.......uuieiiiieiieiceeee et e e e e ee e e e e e e se s 20
7.3 LIN.Contraller Clock Tolerance 20
7.3.1 Commander-Node to Responder-Node CommuniCation.............ccoooiiiiiiiiiiiie e i 20
7.3.2 Responder-Node to Responder-Node CommuNiCatioN .............ccoiiiuiiiiiieieiiicciieiee e 20
7.4 BUS EIECHrCal PArameEters........oooi ittt et e e e e et e e e e e e s e e e e e e e e nnnaeees 20
7.4.1 LIN Bus Signals and Loading ReQUINEMENTS .........cooiiiiiiiiiiiie et 21
7.5 LIN Data Link (UART) REQUIFEMENES. .....ccoiiiiiiiiie ettt et e e e 22
7.51 RS-0 ] o] [0 o T | OSSP 22
7.5.2 SYNCNIONIZALION ...ttt a bt e e e a bt e e e aa bt e e e e aabe e e e e anbe e e e e aabeeeeeanbeeeeaan 22
7.5.3 Transmit Message BUFfEriNG ........cooeiiiiii et 23
7.6 LIN ECU REQUITEMENTES. ......uuiiiiiii ettt ettt e e e e e e e e e e e e e ettt e e e e e e e e e aasbeeeaeeeeeannsnreees 23
7.6.1 ECU CirCUit REQUIMEIMENES .....cooiiii ittt e e e e e e e et e e e e e e e e eaaabeeeeeeeeesnnsareees 23
7.6.2 Board Layout REQUIFEMENTS .......ooi ettt e e e e e st e e e e e e e e aes e e e e e e e e e annenneeas 24
7.7 N[ AT 0Ty [ o] oo [0 Yo |V AT SURPP PR 24
7.71 LOSS OF ECU GrOUNG ...ttt ettt ettt e e b e e ean e e st e e e enr e e e aneeenanees 24

7.7.2 LOSS Of ECU Batlery ..ottt ettt e e e e s e e e e e e e e s e eaasbe e e e e e e e e s eassbeeeaeaeeeannsnneees 24


https://saenorm.com/api/?name=825bdaa0a7ec3954edacb02edbcdb92c

SAE INTERNATIONAL J2602™-1 OCT2021 Page 3 of 48
7.7.3 Bus Electrical Load DiStriDULION ..........coiiiiiiii et 24
7.7.4 Bus Wiring Topology Configurations..............coii i e 25
7.7.5 BUS WIFING CONSIIAINES.....ccoiiiiie ettt et e s bt e e e bre e e e e nre e e e ennes 26
7.7.6 Bus Wiring Practices to Improve EMC Performance ............c.coooiiiiiiiiiiii e 27
7.7.7 Bus Wiring Harness and ECU CONNECIOIS .........c.uiiiiiiiiie ettt 27
7.8 ESD IMMUNILY ettt e bt e e e bt e e e e b bt e e e e bb e e e e e abb e e e e ebbe e e e aneeeeeannes 27
7.9 EMC Testing REQUIFEIMENTS ...ttt ettt e et e e e et e e e e nte e e e enee e e e enteeeeennees 27
710 Fault TOIErant IMOTES ... ...ttt e oo et et e e e e e e et e e e e e e e e e e nnsteeeaeeeeeannenneeas 28
7.1 €10 TU ol @i {1 Y o] =T = PSPPSR 28
7.12 Operating Battery Power Voltage RaANGE.........ccooiiiiiiiiii et a e 28
7.12.1 Normal Battery Voltage Power Operation..............cooveiiioiiiiiiiie et e e 28
7.12.2 Battery Power Over-Voltage Operation ..........ccuuuiiiiie oot a e e e e e e e e e snanree s 28
7.12.3 Low Battery Voltage Operation .....o....oeeeeeiiieeiiiieeiiiieeiiieeiieeiiiiieeiiiieiiiiiei e 29
7124 AutoStart Cranking Voltage Operation.............cocceeieiiiiieiiieeeiieee e seeesseeeee e e 29
7.12.5 Inifial Cranking Voltage Operation ... gre e e e 29
7.12.6 Very Low Battery Voltage Operation.............cccovieiiiiiieniiiieneniieee e e o 29
7.12.7 Bajtery Offset Voltage .......cooveviiiiiii e e 29
7.12.8 Relverse Battery BIOCKING DIOTE ........oouiiiiiiiiiiiiiiice e e e e 29
7129 Transceiver SUPPIY VOIAGE ....ocveiiiiiiiee e e e e e see e e s 29
713 Enpironmental ReqQUIr€mMENtS............uvviiiiiiiiiiiiiiiiiieieeeveveveveieveseeeeerene e Mo iiievavesevevsvese deererereresereeerannnn 29
7.13.1 Transmit Operating Conditions ..........ccoevviiiiiiiiiiiieiiiee e @3 D e, 29
8. LIDATION ..ttt e ettt st e e e e 30
9. LI =2 SRR €0 0 USSR REORRS 30
9.1 [E5] 1] g I FqTo [ Te== (o] T SR PUPPRUPUPRY SRR 30
APPENDIX A DEVICE SUPPLIERS ... .ot e 31
APPENDIX B NAL ENCODING TYPES. ... oot 5 e eteeesteeeaeteeeeteeasieeesteeesnseeseeesnseeesnseeesneee s feeseeeesneeeenaeeaees 32
APPENDIX C TIMING CALCULATIONS ... s ettt 34
APPENDIX D LIBRATION/CONFIGURATFION ...ttt ettt ettt st s sne e e 36
APPENDIX E  CHANGE LOG ...ttt ettt ettt et re e s snn e saneesbe e e nnneesne e s e e nnn e 48
Figure 1 WaKe-up SIgNal timing......ccoooiiiiiiiiieee e e e e e e e e e e e e s e s nennre e e e e e e e e e 19
Figure 2 Typical LIN responder-node bus interface............oooiiiiiiiiiieeeeeeeeee e 23
Figure 3 Typical LIN cemmander-node bus interface ... 23
Figure 4 AT aTe TR o] o o] 1< e )RR UPRE NSRRI 25
Figure 5 TTaT=T=T e oTe] (oo | PRSP PP RTTUPPTPRP 25
Figure 6 = T (o] oTo] (o |V PSP PP UPPRPTIY FUPTOTURPRPPPRR 26
Figure 7 combination ring and star topology .........oeeeeeeieeeeiiiieiiiiiieeiieie e 26
Table 1 Common signal encoding type mapping to LIN defined data entities............ccccevviiiiii e 10
Table 2 NAD to MesSSage ID MAPPING ..ceeeiiiiiiiieiiie ettt e e e e e e e e et e e e e e e e s e aaseeeeeaaee e e nnsreeeaaaeeeanneneeeas 15
Table 3 LA RN o T To [ E= L (10 11 o RSP PPPRT 19
Table 4 Commander-responder-node communication clock tolerance ............cccoveeeveeiiiciiiiiieee e 20
Table 5 LIN bus signals and 10ading reQUIrEMENES............uiiiiiiiiiiiiiiiieee e e e s e e e e e e e e e e e e e e snrneeees 21
Table 6 LIN bus loading requirements for normal battery supply operating range.............ccccooiiiiiiiic e, 22
Table 7 LIN bus loading requirements for low battery supply operating range ..........cccoocoeeiriiiinie e 22
Table 8 #Nodes/network resistance/commander-node capacitance versus max wire length...............c.ccccoo 27
Table 9 ESD immuNity reQUIFEMENTS ...ttt e b e eebbe e e s nre e e e enes 27


https://saenorm.com/api/?name=825bdaa0a7ec3954edacb02edbcdb92c

SAE INTERNATIONAL

J2602™-1 OCT2021

Page 4 of 48

1. SCOPE

This document covers the requirements for SAE implementations based on ISO 17987:2016. Requirements stated in this
document will provide a minimum standard level of performance to which all compatible ECUs and media shall be designed.

This will assure full

serial data communication among all connected devices regardless of supplier.

The goal of SAE J2602-1 is to improve the interoperability and interchangeability of LIN devices within a network by adding
additional requirements that are not present in ISO 17987:2016 (e.g., fault tolerant operation, network topology, etc.).

The intended audience includes, but is not limited to, ECU suppliers, LIN controller suppliers, LIN transceiver suppliers,
component release engineers, and vehicle system engineers.

The term “master”

as been replaced by “‘commander” and term “slave” with “resnonder” in the followin
Ll J L

g sections.

1.1

This serial data link
rate can achieve c(

Mission/Ther

he

layer network is intended for use in applications where high data rate isfnot'requirg
st reductions in both the physical media components and in the microprocessor an

devices (ASICs) which use the network.

1.2 Overview

LIN is a single wirg

basic functionality

devices as the prot
an OEM proprietary

media based on th

because the silicor

interface (lower co
Finally, the relative

the creation of apq

controlling devices

All message traffic

requests from the g

cannot communica
if their inherent fun

The LIN Consortit

semiconductor ma

, low cost, class A communication protocol. LIN is a commander-responder proto
pf most universal asynchronous receiver transmitter {UART) or serial communica
pcol controllers in both commander and responder-ngdés. To meet the target of “lo
communications link or CAN link” for low speed data transfer requirements, a singl
b 1ISO 9141 specification was chosen. The protocol is implemented around a UART
footprint is small (lower cost). Many small microprocessors are equipped with eit
5t), and the software interface to these devices is relatively simple to implement (lo
y simplistic nature of the protocol controller (UART/SCI) and the nature of state-base
lication specific integrated circuits (ASICs) to perform as input sensor gathering 3
in the vein of mechatronics.

on the bus is initiated by the.commander-node. Responder-nodes receive comma
ommander-node. Since the commander-node initiates all bus traffic, it follows that th
e unless requested by.the commander-node. However, responder-nodes can gene|
Ctionality requires thissfeature.

m developed ithe”set of LIN specifications. The Consortium was a group of
nufacturers,-and communication software and tool developers. The LIN specificati

available through the LIN Consortium. Instead, it has been converted to a series of ISO 17987 specifica

The LIN specificati

process, diagnostig
node capability file

bns_centain more than just a definition of the LIN protocol and physical layer. In a

scand configuration methods, definition of an application program interface (API),
NGF)-and—a-LIN-deseriptionfile{LDF

d and a lower data
i/or dedicated logic

tol, and utilizes the
ion interface (SCI)
ver cost than either
e wire transmission
/SCI capability set,
ner a UART or SCI
wer software cost).
d operation, enable
nd actuator output

nds and respond to
e responder-nodes
rate a bus wakeup,

automotive OEMs,
bn set is no longer
tions.

idition, a work flow
file structures for a

\_and camantine Ara idantifind Ao raniira
aRe—SeahRtes—aretaeRtHea—as—+equie

=T

f (mandatory in all

implementations). However, since there is a great deal of flexibility in the protocol and physical layer, applicability of these
specifications to SAE J2602-1 networks will be further specified in this document.
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1.3 Relationship to the LIN Specifications

As described in the LIN specification package, the ISO 17987:2016 protocol specification suite consists of seven standards:

1.3.1  ISO 17987-1 - Road Vehicles - Local Interconnect Network (LIN) - Part 1 - General Information and Use Case

Definition

This document gives an overview of the structure and the partitioning of ISO 17987 (all parts). In addition, it outlines the use
case where the ISO 17987 (all parts) will be used. The terminology defined in this document is common for all LIN
communication systems and is used throughout ISO 17987 (all parts). This document has been established in order to

define the use cases for LIN.

1.3.2 ISO 17987

2 - Road \/ehicles - L ocal Intercaonnect Network (I IN) -Part 2 - Tranelr_\nrf Protocol

nd Network Layer

Services

This document spsg
vehicle network sys
1.3.3 1SO 17987
This document spsg

behavior and statu
ISO 14229-7 UDS

protocol specificatipn.

1.3.4 ISO 17987

Specificatig

This document spe
physical layer for L|
and transmitter w

transmission itself and also the documentation of basicyfunctionality for bus driver devices.

1.3.5 ISO/TR 1%

(APT)

This document spe

services. The nod¢ configuration and-identification services are specified in the APl and define hg

configured and how

1.3.6 1SO 17987

cifies a transport protocol and network layer services tailored to meet the-requirer
tems on local interconnect networks. The protocol specifies an unconfirmed-commu

L3 - Road Vehicles - Local Interconnect Network (LIN) - Part 3 - Protacol Specificatig
cifies the LIN protocol including the signal management, frame) transfer, schedule {

5 management and LIN master and slave node. It contain§ also OSI layer 5 prop
bn LIN-based node configuration and identification serviees<(SID: B016 to B816) be

-4 - Road Vehicles - Local Interconnect Network. (LIN) - Part 4 - Electrical Ph

n12Vand 24V
Cifies the 12 V and 24 V electrical physical layers (EPL) of the LIN communications sy|

N is designed with bit rates up to 20 kbit/s. The medium that is used is a single wi
th reference to ground. This document includes the definition of electrical ch

987-5 - Road Vehicles - LogalInterconnect Network (LIN) - Part 5 - Application Pro

cifies the LIN application programmers interface (API) and the node configuratio
a slave node uses the identification service.

6 - Road Vehicles - Local Interconnect Network (LIN) - Part 6 - Protocol Conformanc

This document sp¢

controllers with res
ensure that test res

cifies(the LIN protocol conformance test. This test verifies the conformance of L

nents of LIN-based
nication.

n
able handling, task

erties according to
longing to the core

ysical Layer (EPL)

stem. The electrical
e for each receiver
racteristics of the

jrammers Interface

h and identification
w a slave node is
b Test Specification

IN communication
nical information to

bect to ISO 17987 2 and ISO 17987 3 Thls document prowdes aII necessary tech

are compliant to the content of th|s document

1.3.7

ISO 17987-7 - Road Vehicles - Local Interconnect Network (LIN) -

Conformance Test Specification

e-and the test system

Part 7 - Electrical Physical Layer (EPL)

This document specifies the 12 V and 24 V electrical physical layers (EPL) of the LIN communications system. The electrical
physical layer for LIN is designed with bit rates up to 20 kbit/s. The medium that is used is a single wire for each receiver
and transmitter with reference to ground. This document includes the definition of electrical characteristics of the
transmission itself and also the documentation of basic functionality for bus driver devices.

The remainder of this document (SAE J2602-1) will directly reference these LIN specifications (publication date: 2016).
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2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA and Canada), www.sae.org.

N

SAE J551 (All Part

Porformance-lLevels-and-Methods—o sasurementc sctromagnetic-Compatibility for Vehicles
and Devices (30 to 1000 MHz)
SAE J1113 (All Pafts) Electromagnetic Sysceptibility Measurement Procedures for Vehicle Components (Except Aircraft)

SAE J1213-1 Glossary of Vehicle Networks for Multiplexing and Data Communications

SAE J1930 Electrical/Electronic Systems Diagnostic Terms, Definitions,” Abbreviations| and Acronyms -
Equivalent to ISO /TR 15031-2

SAE J2962-1 File Structures for a Node Capability File (NCF) and LIN Description File (LDF
2.1.2 IS0 Publicgations

Copies of these dofuments are available online at http://webstore.ansi.org/.

ISO 7498 Data Processing Systems, Open Systems Interconnection Standard Reference Mode
ISO 7637 Road Vehicles - Electrical Interference by Conduction and Coupling - Parts 1 and 2

ISO 9141 Road Vehicles - Diagnosti¢-Systems - Requirements for Interchange of Digital [nformation
ISO 17987:2016 Road Vehicles - LocallInterconnect Network (LIN) Protocol Specification Suite

3. DEFINITIONS
3.1 COMMAND FRAME
An unconditional frame published by the LIN commander-node and subscribed to by one or more respgnder-nodes.

3.2 DATALINKIAYER

This provides for the reliable transfer of informatfion across the physical Tayer. Tt includes the message structure, framing,
and error control.

3.3 DOMINANT SIGNAL

The driven and low voltage state of the LIN bus. If multiple devices access the bus, this state dominates the recessive or
non-driven state.

3.4 DORMANT STATE

The state in which the responder-node task state machine is waiting for reception of the break field/sync byte sequence.
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COMMANDER-NODE

Responsible for initiating all message traffic. Refer to ISO 17987-3 for additional information (defined as “master node” in

3.5
ISO 17987-3).
3.6 MEDIA

The physical entity that conveys the electrical (or equivalent means of communication) signal transmission among ECUs

on the network.
3.7 PHYSICALL

This 1ISO 7498 si

AYER

bsection consists of the media  mechanical interconnections —and transceiver
L L

s that provide the

interconnection bet
3.8 PROTOCOL

The formal set of ¢
the signal frame ad

3.9 PUBLISHER
A commander- or r
3.10 RADIATED H
The energy that raq
3.11 RADIATED |

The level of susc
electromagnetic fie

3.12 RECESSIVE

The undriven and
dominant state.

3.13 REQUESTF

A frame with data

ween all ECU nodes.

bnventions or rules for the exchange of information among the ECUs. T his includes
ministration, frame transfer, and physical layer.

bsponder-node that is the source of the data transmitted,onte the bus within a LIN m
EMISSIONS

iates from the LIN physical layer.
MMUNITY

eptibility of physical layer components to communication errors in the presen
ds.

SIGNAL

high voltage state of the LIN bus. If multiple devices access the bus, this state is

RAME

the specification of

essage.

ce of high energy

overridden by the

published by the responder task in one and only one responder-node and only sdibscribed to by the
responder task in the commander-node.

3.14 RESPONDE

RENODE

A device that receives messages from the commander-node, or responds to messages initiated by the commander-node.
Refer to ISO 17987-3 for additional information (defined as “slave node” in ISO 17987-3).

3.15 SUBSCRIBE

R

A commander or responder-node that receives the data within a LIN message.

3.16 HEXADECIMAL

Hexadecimal numbers in this document are represented using N1s or OxN or $N format.
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4. ACRONYMS, ABBREVIATIONS, AND SYMBOLS

API Application Program Interface
ASIC Application Specific Integrated Circuit
CAN Controller Area Network

CTS Component Technical Specification
DNN Device Node Number

ECU Elgetronic-Control-Unit

EMC Elgctromagnetic Compatibility

ESD Elgctrostatic Discharge

ID Idgntifier

ISO International Organization for Standardization
kbit/s Thpusands of Data Bits per Second
LDF LIN Description File

LIN Logal Interconnect Network

LSB Legst Significant Byte

Isb Legst Significant Bit

MSB Mgst Significant Byte

msb Mgst Significant Bit

NAD Node Address for Diaghostics

NCF Node Capability.File

OEM Or{ginal Equipment Manufacturer
RE Radiated Emissions

RI Radiated Immunity

SCI Serial Communication Interface

UART Universal Asynchronous Receiver/Transmitter
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5. LIN SYSTEM REQUIREMENTS

All ECU LIN interfaces shall conform to the ISO 17987:2016 specification package unless otherwise specified in this
specification.

5.1  LIN Specification Package

The information contained in this section may or may not be representative of SAE J2602-1 based implementations.
However, Section 3 of this LIN specification contains definitions and terms needed to comprehend the LIN protocol and
SAE J2602-1.

5.2 SAE J2602-1 Serial Data Link Characteristics

e Commander/responder collision avoidance.

e Capable of interoperating with ISO 17987:2016, LIN 2.0, LIN 2.1, and LIN 2.2(A)" devices;aswell as SAE J2602:2012
devices.

e Responder-node to responder-node communication is not supported and is highly discouraged.
" Excludes responder-node position detection service, SID5=$B5.
5.3  LIN Product |dentification

The following requirements provide further clarification to the intent of the LIN supplier ID, function ID and variant 1D
assignment conditipns.

5.3.1  Supplier ID
The LIN responderinode supplier shall use their own supplier ID that was provided to them.
Supplier IDs are refuested using the ISO/CIA validated supplier ID process for use on all ISO and SAE|products.
5.3.2 Clarification to Function ID Paragraph

Two products (ECUs) are identical in fun¢tion and shall be assigned identical function identifiers if they exhibit all of the
following characterfstics:

e They exhibit id¢ntical functionakbehavior.

e They exhibit id¢ntical mandatory node capability file declarations.

e Both LIN comnlunications and application functionality are configured identically by the IC supplier.

5.3.3 Clarification to Variant ID Paragraph

Two products (ECUs) are invariant and shall be assigned identical variant identifiers if they exhibit all of the following
characteristics:

e They have identical operating range characteristics (voltage, temperature).
e They are constructed from the identical integrated circuit processes and manufacturing technology.

NOTE: Any change in the binary image loaded in a microprocessor-based responder-node implementation shall constitute
a difference in the variant ID.
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5.4  Signal Management

541

Signal Consistency

The requirement in ISO 17987-3 section 5.1.3 indicating that all "scalar signal writing or reading must be atomic" is not
externally verifiable in all LIN implementations. Consequently, this requirement is a guideline.

NOTE: Since there is a very close coupling between the signals within the SAE J2602-1 status byte, implementers of
SAE J2602-1 nodes are encouraged to make every effort to publish all signals within this byte with consistency, so
that any/all error signaling between the responder-node and the commander-node can be interpreted properly.

5.4.2 Signal Rep

etition

The same signals 1
5.4.3 Signal Enc

Since only two sigr
other standard sign
encoding types sh3
contains descriptio

bding Types

al encoding types are defined in the ISO 17987-3 section 5.1.2, and there is an ex
al encoding types commonly used in other serial data implementations, the followin
Il be mapped into the two LIN signal encoding types in accordanee with the followin
ns and examples of each of the signal encoding types listed.

Table 1 - Common signal encoding type mapping to-LIN defined data entities

nay belong to multiple frames, e.g., SAE J2602-1 status byte within the same cluster.

bectation to employ
j recognized signal
h table. Appendix B

Signal Encoding Type Slot Type Mapped to LIN Data Type Notes

ASCII ASC 8-bit Scalar Most Significant Bit r¢served and set to
“0”, ASCII codes 0 thfough 127.

Binary Coded Decimal BCD 4 bit Scalar per BCD charagter Must be on nibble boyndaries.

Boolean BLN 1 bit Scalar

Enumerated ENM N bit Scalar, in increments of 1 bit (1-16 bits)

Signed Floating Poipt SFP 4 byte - Byte Array. As defined in ANSI/IHEE Std 754-1985.

Signed Numeric SNM 8, 16, or 32 bit-Byte Array Unsigned with a negdtive offset number.

Unsigned Numeric UNM N bit Scalar,‘increments of 8 bits (1 byte) Not to exceed 16 bits|(2 bytes).

5.5 Detection of

The commander-ng
ID sequence. If a
transmission of the

5.6 Responder-N

This section provid

Errors by Commander-Node

de task state machinge'shall detect errors during the transmission of the break field/
n error is detected (e.g., data mismatch or data not received), the commande
frame and shall start transmission of the next frame as dictated by the schedule tab

ode Task-Erfor Detection

bs clarification of detecting and reporting errors.

The responder task

sync byte/protected
-node shall cease
e.

state machine (either in a responder- or the commander-node) shall detect the foll

wing errors:

LIN frame ID parity error: The receiver shall detect an ID parity error if the received ID parity (bits 6 and 7) does not

match the ID parity calculated from the equations in ISO 17987-3 section 5.2.2.5.3 based on the received identifier

(bits 0-5).

valid start bit is

dominant.

Byte field framing error (i.e., invalid stop bit): The receiver shall detect a byte field framing error if the ninth bit after a

Data error (i.e., data transmitted does not match data read, data transmitted is not received, fixed form data received is

incorrect, transmitted stop bit is disturbed): A data error shall be detected when the bit or byte value that is received is
different from the bit or byte value that is transmitted. A responder or commander-node that is transmitting a bit on the
bus shall also monitor the bus.
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sync byte is received incorrectly, i.e., is not $55.

Sync field consistency error: The receiver shall detect a sync field consistency error when the data in the fixed form

Checksum Error: A checksum error shall be detected if the inverted modulo-256 sum over all received data bytes and

the protected identifier (when using enhanced checksum) and the received checksum byte field does not result in $FF.
Example of checksum calculation can be found in ISO 17987-3 Annex A.3.

-- Identification of the two errors listed below are optional and NOT required for SAE J2602-1 compliance --

Header timeout (PID or SYNC byte field is absent or received out of header maximum time): When sync byte field

following break field is not received or PID following sync byte field is not received within THEADER_MAX or break field
is received before PID.

Command frar
TRESPONSE |

MAX or break field is received before response is completed including checkstim.

ne response reception timeout: When the response part of the LIN frame ,is rLot received within

The detection of erfors shall only be performed over frames designed for reception and transmission by the responder-node

task. That is to say|
identifies that it hag

Section 5.6.1 defin
design the LIN resq

5.6.1 Communic

Nodes that are cor
error signal respon

5.6.1.1  1-bit Con

The communication error signal shall be a 1-bit enumerated value with the following definition ($0 = Ng

Comm Error Detec

The LIN responder

that the responder-node task shall only monitor the communication erfrors-of the frg
been assigned.

s the method for reporting errors by the LIN responder-nodeto,the LIN command
onder-node to use this method and assign the signal in the SAE J2602 status byte a

ation Error Reporting

npliant with the SAE J2602-1 2021 release of the standard shall implement only 1
5e and shall use V2 (2021 release) version of the status byte as defined in 5.8.1.

hmunication Error Signal Response

ed). This is equivalent to ERR2 used in the V1 (legacy) version of the status byte.

node shall have the capability-to detect errors listed in 5.6. If one or multiple of these

the “communicatio

remains set until it|is successfully reported in the communication error signal to the commander-nod
transmission, all pgnding communication‘errors are cleared.

Since the responder-node will bé physically unable to report the error in the frame that the error

responder-node s

purpose of the 1-bif responseg error in ISO 17987-3 section 5.5.4.

5.6.1.2

3-bit Errqr Signal Response

s error” bit shall be set t0"$1 (Comm Error Detected). This bit shall be considered

Il transmithe error in the succeeding response frame. The communication error

mes with protected

er-node. OEM shall
s specified in 5.8.1.

-bit communication

Comm Error, $1 =

Brrors are detected,
a “sticky” bit, which
e. After successful

was detected, the
bit also serves the

Details of this reporting method can be Tound in the SAE J2602-T NOVZ20TZ release. This method of error reporting is used
in networks that are compliant with the SAE J2602-1 NOV2012 release of the standard and utilizes V1 (legacy) version of
the status byte.

5.7 Device Communication Error Detection and Report Management

In addition to the requirements listed in ISO 17987-3 section 5.5, the following error behavior shall be followed.

5.7.1  Responder-Node Behavior in the Presence of Errors When Transmitting

When a responder-node task state machine detects a byte field framing error, data error, or checksum error, the
responder-node task state machine shall cease transmission prior to transmission of the next byte field, unless the error
occurs during the transmission of the checksum byte, and return to the "dormant” state. The responder-node task shall also
set the communication error signal as defined in 5.6.
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5.7.2 Responder-Node Behavior in the Presence of Errors When Receiving

When a responder-node task state machine detects a sync field consistency, ID parity error, byte field framing error, data
error, checksum error, header timeout, or response reception timeout the responder-node task state machine shall discard
any data buffered from the current frame and return to the "dormant" state. The responder-node task shall also set the

communication error signal as defined in 5.6.

5.8 Message Management

5.8.1

SAE J2602-1 Status Byte

This section defines SAE J2602 status byte, which encompasses both LIN protocol response error reporting and application

specific informatio
Status byte shall
of $00 through $3B

SAE J2602-1 Status Byte

bl transmitted as the first byte of every responder-node transmission, where the idéen

(unconditional frame).

N responder-node.
tifier is in the range

Verson Bit 7 (msb) 6 5 4 3 | 2 ] 1 | Bit 0 (Isb)
V1 (Legacy) ERR2 ERR1 ERRO APINFO4 APINFO3 to APIFNOO
V2 (2021 releasg) CEOF’:;T Reset APINFO5 to APINFOO

5.8.1.1 V1-Leg
Details for this verg
V1 or legacy versio
standard.

Nodes that are conppliant with J2602-1 2021 release of the standard shall implement only V2 version of

58.1.2 V2-New
Defines one bit for
Comm error shall b
Reset shall be use
and resumption of
of a reset comman

Note that for those
indicates that the

memory for configliration information storage, then the state indicates configuration is required the f

powered on and or}

bcy from November 2012 Release

on of the status byte can be found in J2602-1 NOV<2012 release and is refered to
n of the status byte. It is used in networks that are:compliant with the J2602-1 NOV

for 2021 Release

Communication error, one bit for reset and remaining APINFO 0:5 are undefined.

e used to report errors specified in 5.6 and shall be implemented using details speci
bower, after a watchdog timeout, for targetted rest application as defined in section 5
.

devices thatrequire configuration and store the configuration information in volatilg
Hevice is(Currently unconfigured and requires configuration. For those devices th

ly indicates a reset from then on.

n this document as
0012 release of the

the status byte.

fied in 5.6.1.

] to indicate any resetidncluding targetted reset. A responder-node shall set this state upon interruption

.9.6 or after receipt

memory, this state
at use non-volatile
rst time the part is

The application infi

' fiolal LADINI AL\ ¢ alaf al al i ] Fpn | lo lo H lo 4!
TatuuorT iU (AN TINT UA 1S UTTITTTU dlTU TTTTPTTCTTICTIICU UTTh d LdoT=Uy=Ldot Uaddsio Uy U

e OEM, dependent

on the requirements of each responder-node application. These signals may be implemented as any combination of discrete
or enumerated status bits or unsigned numerical values. The clearing mechanism used will also be defined by the OEM.
The resulting application information field implementation shall be documented in the NCF for each responder-node.
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Examples of signals that could be included in the status byte are as follows:

Internal operati

5.8.2 Unused Bi

The length of each
for each LIN netwo
be transmitted as r
is not required. Thg
5.8.3 Checksum
The enhanced che
Enhanced checksu
5.8.4 Message T|

5.8.4.1 Availabil

Alive rolling counter.

Cyclic redundancy check.

on fault (APINFO4).

Application resets.

Device configuration required (APINFO3).

frame in bytes, used for LIN normal communications (not diagnostics or configuratio
k, on a frame-by-frame basis. As per ISO 17987-3 section 6.3.4.6, all bits fietused

t is, normal communications messages may vary in length between 1 byte’and 8 by

cksum method shall be used for all protected identifiers except for those in the range

m is defined in ISO 17987-3 section 5.2.2.7.

ypes

ty of Unconditional Frames

The requirement that subscribers of an unconditional frame shall make it available to the applicatiq

verifiable in all LIN
5.8.4.2 EventTr
Event Triggered frg

5.8.4.3 Identifier

mplementations. Consequently, thisrequirement is a guideline.
ggered Frames
mes shall not be utilized.in"SAE J2602-1 compliant LIN networks.

Assignment (SAE §2602-1 Requirement Resulting from Event Triggered Frame Ang

One and only one rfesponder-node\shall be defined as the publisher to a single frame identifier.

5.8.4.4 Sporadid

Messages of the

Frame

sporadic frame type may be utilized within the SAE J2602-1 environment, i

n), shall be defined
or not defined shall

cessive (logical 1) symbol. Padding of unused data bytes within LIN normalkcommurications messages

es.

of $3C to $3F.

n is not externally

maly)

[ appropriate. The

commander-node 9

hall be the only publisher of sporadic frames.

5.9 Network Management

5.9.1

Message Transmission Time Tolerance

Each maximum message transmission time may be specified to be within the range of Trrame Minimum and TFrame_Maximum,
providing both publisher and subscriber of the frame support a maximum message transmission time of less than

TFrameiMaximum.

The minimum Trrame_maximum Value to which a responder-node can respond shall be identified in its node capability file when
the SAE J2602 language is used. Otherwise, in the event a value is not provided in the node capability file (either when an
SAE J2602 language or an ISO 17987 language is used), the commander-node shall presume a value of Trrame_Maximum Of
no more than 40%.


https://saenorm.com/api/?name=825bdaa0a7ec3954edacb02edbcdb92c

SAE INTERNATIONAL J2602™-1 OCT2021 Page 14 of 48

5.9.2 Device Configuration Using LIN Diagnostic Services

The following LIN diagnostic services are to be used for SAE J2602 LIN responder-node configuration only; they are not to
be used for LIN responder-node diagnostics reporting since all relevant diagnostic information is included in the
SAE J2602-1 status byte (if available). Furthermore, these configuration messages are only initiated by the LIN
commander-node (ECU or test tool for bench testing).

No direct access to any LIN cluster shall be provided through the SAE J1962 connector.
Support of all remaining LIN diagnostics services and configuration as defined in ISO 17987-3 section 6 node configuration

and identification is optional in SAE J2602-1 nodes. In other words, support of the services defined as mandatory in
ISO 17987-3 section 6 node configuration and identification is optional and is not required for SAE J2602-1 compliance.

The following sectipns define the required SAE J2602-1 node configuration command/response messages.
5.9.3 General Configuration Requirements
5.9.3.1 Responder-Node Execution of Configuration

Within the limit of its capabilities, a responder-node shall immediately execute any configuration command upon receipt of
the $3C message; |t shall not wait for a $3D message.

5.9.3.2 Responder-Node Configuration Capabilities

A NCF file shall befincluded with an SAE J2602-1 device.
5.9.3.3 Commarder-Node Configuration Message Pairing
A commander-node shall always transmit $3C/$3D coupled pairs for all capabilities described withip this section. The
commander-node ghall never send multiple successive $3G messages without corresponding (interleavied) $3D messages.
There shall be exagtly one $3D response for each $3C.¢ommand. The only exception to this is in the ¢ase of a broadcast
$3C message, whi¢h shall have no corresponding $3Dymessage.
5.9.4 NAD and Message ID Assignment

5.9.4.1 NAD Asgignment

The NAD for an SAE J2602-1 devige shall be in the range $60 to $6D, where the lower nibble of the [SAE J2602-1 NAD
contains a four bit device node numbér (DNN). An uninitialized node shall have a NAD of $6F. A NAD of $6E may be used;
however, its messdge IDs mustbe assigned via $3C or $3E messages.
IC manufacturers may provide the ability to select the desired device node number, and hence the NAD, based on up to

four memory bits, fpur external pins, or other methods developed by silicon suppliers. These bits or pins shall only impact
the value of the lowef nibble of the NAD. If the device has a selectable NAD, it shall default to $6F priof to initialization.

SAE J2602-1 NAD
Bit 7 (msb) 6 5 4 3 2 1 Bit 0 (Isb)

0 1 1 0 DNN3 DNN2 DNN1 DNNO

59.4.2 Message ID Assignment

Each device shall be assigned four message IDs based on the DNN, and, therefore, the NAD. If a device does not need
that many messages, it shall use the messages with the lowest IDs. If a device requires more than four message IDs, it
shall be assigned messages in powers of two; i.e., 4, 8, 16, 32. The system designer must ensure that multiple devices do
not use the same message IDs.
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As a consequence of having the message IDs associated with the DNN, after a power on reset, or reset command the
protected identifiers are still marked as valid for devices with a DNN in the range $0-$D. Devices with a DNN of $E or $F
will have the protected identifiers marked as invalid. The following table shows the boundaries for 4, 8, or 16 messages per
node. If 32 message IDs are required, NAD $60 must be used for this node. SAE J2602-1 networks can combine nodes
that use various numbers of message IDs.

Table 2 - NAD to message ID mapping

NAD Message ID NAD Message ID NAD Message ID
$60 $00 $60 $00 $60 $00
$01 $01 $01
$02 $02 $02
$03 $03 | $03
$61 $0% 364 $o4
$05 $05 $05
$06 $06 $06
$07 $07 $o7
$62 $08 $62 $08 $08
$09 $09 $09
$0A $0A $0A
$0B $0B . $0B
$63 $0C $0C $oC
$0D $0D $0D
$0E $0E $0E
$OF $0F $0F
$64 $10 $64 $10 $64 $10
$11 $11 $11
$12 $12 $12
$13 $13 | $13
$65 $14 $14 $14
$15 $15 $15
$16 $16 $16
$17 $17 $17
$66 $18 $66 $18 $18
$19 $19 $19
$1A $1A $1A
$1B $1B | $1B
$67 $1C $1C $1C
$1D $1D $1D
$1E $1E $1E
$1F $1F $1F
$68 $20 $68 $20 $68 $20
$21 $21 $21
$22 $22 $22
$23 $23 | $23
$69 $24 $24 $24
$25 $25 $25
$26 $26 $26
$27. $27 $27
$6A $28 $6A $28 $28
$29 $29 $29
$2A $2A $2A
$2B $2B $2B
$6B $2C $2C $2C
$2D $2D $2D
$2E $2E $2E
$2F $2F $2F
$6C $30 $6C $30 $6C $30
$31 $31 $31
$32 $32 $32
$33 $33 $33
$6D $34 $34 $6D $34
$35 $35 $35
$36 $36 $36
$37 $37 $37
$6E No Message IDs $6E No Message $6E No Message
defined IDs defined IDs defined
$6F No Message IDs $6F No Message $6F No Message
defined IDs defined IDs defined

NOTE: The message IDs listed in this table are the unprotected identifiers.
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5.9.5 Configuration Messages

LIN protocol level and application level configuration of each responder-node may be accomplished using any combination
of the following:

1. Using optional method defined in ISO 17987-3 section 6 node configuration and identification.
2. Using $3C messages with NADs in the user reserved range of $80-$FF.
3. Using $3E messages with any NAD.

When using $3C or $3E messages to configure the responder-nodes, the lower nibble of the NAD shall be the DNN to
prevent conflicts betwesen rnepr\nﬂnr nodes

$3C NAD
Bit 7 (mbb) 6 5 4 3 2 1 Bif 0 (Isb)
1 X X X DNN3 DNN2 DNN DNNO
$3E NAD
Bit 7 (mbb) 6 5 4 3 2 1 Bif 0 (Isb)
X X X X DNN3 DNNZ2 DNN1 DNNO

5.9.51 Response Message to Options 2 and 3 in 5.9.5

The $3D response|message that follows each $3C and $3E command message shall return the SAE J2602-1 status byte
(defined in section [5.8.1) in data byte 0 if available. The value of the.other seven data bytes is implemgentation dependent
and beyond the scope of this specification.

Tx by Tx by Tx by Tx by Ix-by Tx by Tx by Tx by Tx by
commander responder responder responder responder responder responder responder responder
LIN ID Data0 Data1 Data2 Data3 Data4 Data5 Data6 Data7

J2602-1
$3D Status XX XX XX XX XX XX XX
Byte

5.9.6 Targeted Reset

The targeted resefl command (5.9.6.1)_provides a mechanism for the commander-node to cause a fe-initialization of a
specific responderinode on the network, designated by the NAD in the command. Upon receipt of| the targeted reset
command, the responder-node-shall cause an internal reset of operational variables to occur. Examples of operational
variables include, ut are notlimited to, program counters, mode control variables, communications efror counters, input
source re-initializatjons, and.oeutput device re-initializations, but shall not alter any previously configurgd application level
configuration information/stored in non-volatile memory. This reset operation shall not cause the [responder-node to
destructively alter qny LIN configuration data or addresses stored in non-volatile memory. Also, the re¢set operation shall
not cause any configura Clusion of the reset
operation, the responder-node shaII remain conflgured and shaII assume a state conS|stent W|th a power-on initialization,
with the exception of the LIN configuration information. The responder-node shall also retain knowledge that it has
undergone a reset operation, such a reset shall be indicated in the SAE J2602-1 status byte.

The LIN responder-node shall be able to respond to a $3D request frame which starts 20 ms after the start of the break
symbol of the $3C targeted reset command frame. A device may elect not to perform the requested reset command. The
device shall respond to $3D request frame with the appropriate reset status set in the SAE J2602-1 status byte (5.8.1).
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5.9.6.1 Targeted Reset Command
Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by
commander commander commander commander commander commander commander commander commander
Data0 Data1 Data2
LIN ID NAD PCI sID Data3 Data4 Data5 Data6 Data7
$3C NAD $01 $B5 $FF $FF $FF $FF $FF
5.9.6.2 Targeted Reset Response
Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by
commander responder responder responder responder responder responder responder responder
Data0 Data1 Data2
LIN ID NAD PCI RSID Data3 Data4 Data5 Data6 Data7
upplier v upplier v ~uricuorr o FUuricuomn 1o .
$3D NAD $06 $F5 LSB MSB LSB MSB Variant ID
5.9.7 Application Strategies

The following is a li
and shall be tested

The following secti

these optional strategies can be implemented.

5.9.7.1 DNN Bas

The following cap
requirements. Othg

There are four mes

the data byte within the message that it will use is based on+its DNN. The broadcast message IDs for

b11 100x and b11
case where a nod
broadcast messag

prary of application functions (strategies) that may be implemented by the OEM. Each
as part of the LIN conformance test if it is implemented by the OEM:

bns define a list of optional application strategies and provides series of use cases

ed Broadcast Messages

hbility can be used by an OEM if all nodes patticipating on the network adhe
rwise, the associated message IDs shall only bé\used using traditional broadcast m

sage IDs reserved for broadcast messagesr The NAD that will use a specific broad
01x, where x = DNN3. The relevant.data byte number is equivalent to the three Isby

has more than four message IDS) i.e., 8 or 16, it shall also be assigned a propd
bytes.

function is optional

demonstrating how

re to the following
pssaging.

cast message, and
a specific NAD are
5 of the DNN. In the
rtionate number of

5.9.7.1.1 DNN Based Broadcast Message ‘Assignment for Four Messages per Node
LIN ID Data0 Data1 Data2 Data3 Data4 Data5 Data6 Data7
$38 DNN = $0 DNN,='§1 DNN = $2 DNN = $3 DNN = $4 DNN = $5 DNN = $6 DNN = $7
$39 DNN = $8 DNN=4%9 DNN=$A  DNN=$B DNN=$C  DNN=$D XX XX
$3A DNN = $0 BNN ‘= $1 DNN = $2 DNN = $3 DNN = $4 DNN = $5 DNN = $6 DNN = $7
$3B DNN = $8 DNN = $9 DNN=$A DNN=$B DNN=$C  DNN=$D XX XX
5.9.7.1.2 DNN Based Broadcast Message Assignment for Eight Messages per Node
LIN ID Pata0 Data1 Data2 Data3 Data4 Data5 Data6 Data7
$38 HN g N g N g BiN—5 BiNN—5%5A4 BiNN—5%5A4 DNN=$6
$39 DNN = $8 DNN = $8 DNN=$A DNN=$A DNN=$C DNN=$C XX XX
$3A DNN = $0 DNN = $0 DNN = $2 DNN = $2 DNN = $4 DNN = $4 DNN = $6 DNN = $6
$3B DNN = $8 DNN = $8 DNN=$A DNN=$A DNN=$C  DNN=$C XX XX
5.9.7.1.3 DNN Based Broadcast Message Assignment for 16 Messages per Node
LIN ID Data0 Data1 Data2 Data3 Data4 Data5 Data6 Data7
$38 DNN = $0 DNN = $0 DNN = $0 DNN = $0 DNN = $4 DNN = $4 DNN = $4 DNN = $4
$39 DNN = $8 DNN = $8 DNN = $8 DNN = $8 DNN=$C  DNN=$D XX XX
$3A DNN = $0 DNN = $0 DNN = $0 DNN = $0 DNN = $4 DNN = $4 DNN = $4 DNN = $4
$3B DNN = $8 DNN = $8 DNN = $8 DNN = $8 DNN=$C  DNN=$D XX XX
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5.9.7.2 Selectable NAD via PIN

All “device node number’ DNNO, DNN1, DNN2, and DNN3 that are connected to a physical ECU HW IO PIN shall have a
circuit connection between the HW 10 PIN and a digital 10 on the micro. The value of the DNN shall follow the state of the
digital 10. By default, the digital 10 shall be connected to an internal power source through a resistor. The logical value of
the digital 10 (or DNN) shall be set to 1. When the physical pin (or digital 10) is pulled to ground, the logical value of the
digital IO (or DNN) shall switch from 1 to O for the duration of time when the pin is connected to ground.

NOTE: The use of the grounding a DNN allows an OEM to allocate multiple LIN responder-nodes (performing the same
functions) to the same LIN Network. This technique allows an OEM to reduce part numbers, maintain a robust
validatable interface and minimized efforts for repairs in service.

5973 Calibratinn/("nnfigl iration Methads

This section defines three methods for calibrating/configuring responder-nodes in an SAE J2602-1 nefwork using normal
messaging. This requires one message ID for every 8 bytes of data. Additional details can be found in Appendix D.

o Method 1 - Large calibration/configuration method: This large calibration/configurationnmethod can be used for any size
calibration/configurations and always requires two message IDs. The large calibration/configuratior] requires additional
complexity in the drivers.

e Method 2 - Large calibration/configuration method: This large calibration/configuration method can be used for
calibration/configurations of up to 400 bytes using an interpretation of the LIN TP methodology defiped in ISO 17987.

e Method 3 - Limited calibration/configuration method: This small“galibration/configuration should only be used for
calibrations/configurations of 160 bytes or less.

6. SAE J2602-1 APl REQUIREMENTS
6.1 Commander{Node Configuration API

For commander-node implementations, the node configuration API (ISO /TR 17987-5 section 4.4) is mgndatory if any node
configuration commands will be utilized on the network. If node configuration is not used, these API calls are optional.

The node configurdtion API only applies to commander-node implementations.
6.2 Diagnostic Transport Layer API

For commander or|responder-node. implementations, the diagnostic transport layer API (ISO /TR 17987-5 section 4.5) is
optional.

Diagnostic informalion is,supplied via the SAE J2602-1 status byte.

6.3 Additional ARI‘Requirements

Please see SAE J2602-3 for additional details on commander and responder-node API requirements.
7. SAE J2602-1 BUS OPERATION

The physical layer is responsible for providing a method of transferring digital data symbols (1s and Os) to the communication
medium. The physical layer interface is a single wire, vehicle battery referenced bus, with low side voltage drive.
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7.1  Communicati

711

on Mode and Transmission Rate

Communication Mode

Slow communication mode transmission bit rate is 10.417 kbit/s, with a nominal bit time of 96 ys.

Fast communication mode transmission bit rate is 19.231 kbit/s, with a nominal bit time of 52 pys.

In both transmission modes, transmitters with controlled waveform fall and undershoot times should be used. \Waveform
rising edge control is recommended to assure that high frequency components are minimized at the beginning of the upward
voltage slope. The remaining rise time occurs after the bus is inactive with drivers off and is determined by the RC time

constant of the tota

| bus load.

7.1.2 Auto Baud
This is an optional

Responder-nodes
commander-node,

The responder-nog
commander-node §
headers is optiona
baud rate as long g

7.2 Sleep/Wake
7.21 Wake-up

The responder-nod
identifier. Following

Rate Detect
responder-node function and not required for SAE J2602-1 compliance.

that support the auto baud rate detect function shall be capable of.detecting th
10.417 kbits/s or 19.231 kbits/s, when power is applied.

e shall detect slow or fast communication mode within the .first‘two LIN headers
fter the responder-node initialization time, as defined by 1ISOx17987. Response hand
. Starting with the third LIN header, the responder-nodershall be able to communia
s power is continuously connected.

Mode

e may continue to issue wake-up requests until the commander-node responds by t

the responder-nodé may initiate one additional sequence of three wake-up requests separated by a n

and a maximum of]
for one complete w

250 ms. The cycle is concluded following the sixth wake-up transmission. The min
Ake-up cycle, as described,«is'2.1 seconds.

4

Tml_)

Tz

h

g Tw1 wri vl

 C
o 4

W ake-up iake-up 2 Wake-up 3 ake-up 4 Wake-up & i ake-up G

Wake-up Signal Timing

e baud rate of the

transmitted by the
ling for the first two
ate at the detected

ransmitting a frame

a minimum delay of 1.5 seconds and.:a'-maximum delay of 3.0 seconds (after the thirgd wake-up attempt),

hinimum of 150 ms
imum elapsed time

Figure 1 - Wake-up signal timing

Table 3 - Wake-up signal timing

Parameter Minimum Maximum
Wake-up Pulse 250 ps 5ms

Twut 150 ms 250 ms
Twuz 1.5 seconds 3 seconds

If no response (valid identifier transmission) is produced by the commander-node in response to the wake-up requests, the
responder-node shall default to a network sleep state. In the event the responder-node detects another local wake-up input
after the sleep default, it may again attempt to wake the commander-node through a new wake-up signal cycle. There is no
limit to the number of wake-up cycles that may be attempted.
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7.2.2 Goto Sleep

The commander-node must transmit an explicit “go to sleep” command to the network prior to ceasing to transmit.

7.2.3 Responder-Node Sleep

All responder-node(s) shall interpret a cessation of all message traffic for at least 4 seconds and no more than 10 seconds
on a given network, without receiving an explicit “go to sleep command” as a failure condition of the commander-node or
the physical layer. When this condition occurs, the responder-node(s) shall assume a default state that may include sleep

and/or low power consumption state or application defined functionality.

7.3 LIN Controller Clock Tolerance

7.3.1 Commanszr-Node to Responder-Node Communication

Table 4 - Commander-responder-node communication clock tolerance

Device [Type Clock Tolerance Notes

Commahder +0.5% Initial Tolerance + Divide Error

Responfer +1.5% From the nominal bit time wjth\a\fixed clock = Initial
Tolerance + Divide Error when' synchronized

Responfler +2.0% From the Commander bit'time - Initial Tolerance + Divide

(autobajiding) Error when synchronized

7.3.2 ResponderrNode to Responder-Node Communication
This mode is curremtly not supported and is not recommended.
7.4 Bus Electricgl Parameters

This section describes the bus electrical voltage level parameters required by devices that drive and regeive signals on the
LIN bus.
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741

LIN Bus Signals and Loading Requirements

Table 5 - LIN bus signals and loading requirements

Parameter Symbol Min Typ Max Units

Maximum ECU Battery Voltage Input for No Damage ° Vpatt max ECU -13 40 \
Maximum IC Battery Voltage Input for No Damage Vpatt max Ic 0 34 \%
High Voltage (Recessive) Input Threshold Vin 0.47 Vpatt 1c 0.6 Vyattic \%
Output Low Voltage Vo 0.0 0.2 Vit ic \
Low Voltage (Dominant) Input Threshold Vi 0.4 Vpattic 0.53 Vpatt i \Y
Input Threshold Hysteresis (Vi, - Vi) 4 Vhys 0.07 Vpattic 0.175 Vyattic \Y
LIN bus to Ground |SOytationResistance: VT 506+« Q
Network Total Resistarjce Ry 537 10841 Q
Device Bus Leakage Current Vp, Disconnected | ek batt -30 30 (A
Device Bus Leakage Current Ground Disconnected, Bus Recessive | | jeak gng -100 100 uA
Device Bus Leakage Current Ground Disconnected, Bus Dominant | leak gnd -1000 1000 HA
Responder-Node Capdcitance 2 Cresponder 90 220 272 pF
Commander-Node Cagacitance 2 Ccommander 90 680 2450 pF
Network Total Capacitgnce ° Cy 926 9310 pF
Bus Wiring Capacitance Cw 100 pF/m
Network Time Constant Thetwork 1.0 5.0 us
Commander-Node Termination Resistance Rm 900 1000 1100 Q
Responder-Node Termjination Resistance Rs 20000 30000 60000 Q

40 (see|Table 8
Total Network Length Gonnecting All ECU Nodes Bus length — for application meters

limits)
Number of System Nodes 2 16

1. The normal mode
The minimum valy
communication m
constant no larger
vehicle. Not all co
possible that meet

2. The ECU capacitd

is the room tempe

entire operating te|

The network total

Input threshold hy

ok

See 7.12 for details.

hetwork time constant (tnework) is the product of\Ry and Cy. The network time constant incorporates the bt
e is selected to limit radiated emissions. Theymaximum value is selected to ensure proper communicatio
des and is the absolute maximum allowedwinder normal operating conditions. The system should be des
than 5.3 ys under an error condition at'@responder-node. This should be considered when determining t
nbinations of R and C are possible®Only those combinations of R and C, and bus length, and PCB trace
the specified network time constant.

hce includes the actual load capacitor as well as the PCB trace capacitance, connector capacitance, etc.
ature capacitance and does ot include temperature effects. The capacitance shall not change by more
Mmperature range.

Lapacitance includes the Capacitors placed on the ECUs as well as the capacitance of the bus wires.
Eteresis (Vin - Vi) canngdt be less than 0.0.

s wiring capacitance.
under all

igned to have a time

he fusing for the

capacitance, etc., are

The ECU capacitance
han 10% over the
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Table 6 - LIN bus loading requirements for normal battery supply operating range

Parameter Symbol Min Max Unit Conditions
ECU Battery Voltage Input ’ Vpatt ECU 8 18 \Y
IC Battery Voltage Input Vpatt ic 7 18 V
Output High Voltage Von 0.8 Vpattic Vpatt ic \'
Output Low Voltage Vo 0.0 0.2 Vpattic Vv
Ground Offset Voltage ® Vg off — 0.115 Vatecu | V
Battery ECU Offset Voltage ® Vo oft — 0.115 Vyattecu V
Supply Shift Difference AVt - 0.07 Viattic | 0.07 Viattic \Y%

VTHiRec(max) =0.744 x V,

att IC

Duty Cycle 12 D1 0.396 — VTHiDom(max)= 0.581 x VbaﬂIC
Vban IC = 7.0V to 18 V, teir = 52 us

Duty Cycle 22 D, — 0.581 V1 pommin = 0.284 x V
Vpattic= 7.6 Vto 18 \;

V1H_Rec(min) = 0.422 X Vipattic

att IC
pir = 52 us

VTHiRec(max) =0.778xV
Duty Cycle 32 Ds 0.417 — V1H_pom(max) = 0.616 X V|
Vban IC = 7.0\ %o 18 V, td

att IC
att IC
T =96 us

V1H Recminf T'0/389 X Vy
Duty Cycle 4° D. — 0.590 Vit pamminy = 0.251 X V,
Vpattic =76 V to 18 V;

ttIC
att IC
BT = 96 us

1. Viatecu is measured at the ECU input power pins. All voltages are referenced to the local ECU ground.
2. Equations for conperting from Duty Cycle parameters into timing parameters can be found in AppendixC.
3. Battery and ground offset voltages are referenced from the ECU supply voltage to the battery, not from the battery to the E

Table 7 - LIN bus loading requirements for low battery supply operating range

Ccu.

Paramet¢r Symbol Min Max Unit Congitions
Low ECU Battery Voltage Input VpattECU low | 6.5 8 VA
Low IC Battery Voltagé Input Vpatt ic_low 5.5 7 V
V1H_Rrec(max) = 0.665 X Yhattic _low
Duty Cycle 1 at Low Bhttery Supply? | D1 jow 0.396 — V11 _pom(max) = 0.499 X Vhatt ic_low
Vbattic 1ow=5.5V to 7 V; tair = 52us

V1H_Rec(min) = 0.496 x
Dzilow —_— 0.581 VTHiDom(min) =0.361 x
Vbattic 1ow = 6.1V 10 7.

Duty Cycle 2 at Low Bhttery Supply 2

batt IC _low
batt IC_low

b V, tair = 52}]3

VTH_Rec(max) =0.665 x
Duty Cycle 3at Low Bpttery Supply * | Ds o 0.417 — Vri_omman = 0499 X
Vbattic ow=5.5V t0 7

batt IC_low
Jbatt IC_low

; teir = 96pus

V1H_Rec(min) = 0.496 x
Duty Cycle 4 at Low Bhttery Supply 2 | Da_ jow A 0.590 V11 _pom(miny) = 0.361 X
Vbattic 1ow = 6.1V t0 7,

batt IC _low
batt IC_low

b V, tBIT = 96“3

1. Vbatecu is measured at the ECU input powefipins. All voltages are referenced to the local ECU ground.
2. Equations for conperting from duty cycle parameters into timing parameters can be found in Appendix C.

7.5 LIN Data Link (UART) Reguirements

Any device (e.g., UART, SCk-software, etc.) chosen to implement an SAE J2602-1 LIN data link inte
requirements in thig section:

rface shall meet all

7.5.1 Sample Pajint

The device shall meet the Sample Point requirements as defined by ISO 17987-4 section 5.2.3.
7.5.2 Synchronization

e The device shall be able to synchronize within 1/16 of a bit time.

e The device shall only synchronize on recessive to dominant edges.

e The device shall always synchronize on the recessive to dominant edge of the start bit.
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7.5.3 Transmit Message Buffering

Double buffering shall not be used for transmit messages to ensure that the requirement for error detection in 5.6 is not
violated.

7.6 LIN ECU Requirements

7.6.1 ECU Circuit Requirements
.................... VBatt
LIN
Transceiver
§ C1
g Bus _foowr) |
g ¢ P
; 44‘7||.F 10%,
2 minimum
Y/ \V,
T Cpiy heeeeesesepeseseensd NOTE: These
ZZL(;“;F 10% GND components are
shared by the
rest of the ECU{
* ESD Protection - MMBZ27VCLT1
or equivalent - if needed.
Figure 2 - Typical LIN responder-node bus interface
VBatt

ECU Connector

Rytusier
1K 10%,
%2 W min.

LIN
Transceiver

I

CB:m
4.7uF 10%,
minimum

v

Cyrmy hereressesspesssssens NOTE: These
GSLGZSF 10%, GND components are
typical shared by the
rest of the ECU.
* ESD Protection - MMBZ27VCLTI1
or equivalent - if needed.
Figure 3- Typical LIN commander-node bus interface
7.6.1.1  Commarjder-Node Resistor

The commander-ngde resistor_shall be as specified in Table 5 and Figure 3. It shall have a minimum popwer rating of 0.5 W,
or 0.36 W at the maximum specified operating temperature.

This assumes that the’transceiver limits the current to the load pin to a maximum of 20 mA. In the even{ the transceiver will
provide more current to the resistor, the maximum power dissipation shall be the maximum of 0.78 W and that calculated
by the following equation: P (watts) = I*2 * R, where | is the maximum current in amps and R is 900 Q.

7.6.1.2 Commander-Node Pull-up Reverse Blocking Diode

The maximum voltage drop in the commander-node pull-up reverse blocking diode is 1.0 V at the maximum current; the
current limited by the transceiver or 30 mA, whichever is smaller.

The minimum power dissipation of the diode is determined by the current through the diode. It shall be at least 20 mW if the
transceiver limits the current to the load pin to a maximum of 20 mA; otherwise, it shall be 30 mW.

7.6.1.3 Commander-Node Capacitance

The commander-node load capacitor shall be as specified in Table 5 and Figure 3 with voltage rating appropriate to a
maximum loaded network under worst case environmental and electrical conditions.
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7.6.1.4 Slave Responder-Node Capacitance

The responder-node load capacitor shall be as specified in Table 5 with voltage rating appropriate to a maximum loaded
network under worst-case environmental and electrical conditions.

7.6.1.5 ESD Transient Suppressor

If necessary, a circuit element such as a transorb (back-to-back zener) or a varistor device may be added to the network in
one or more places to provide ESD protection. However, when these devices are used they may add capacitance or
introduce voltage and/or temperature variability to the network time constant. When such devices are used, the device load
capacitor shall be reduced by an amount equivalent to the capacitance of the ESD transient suppressor. See Figures 2
and 3.

7.6.1.6  LIN Bus Protection Device

If any series protection device is included on the LIN bus, e.g., inductor, ferrite bead, resistor, et¢.} the DC series resistance
of this device shall pe less than 3.0 Q.

7.6.2 Board Laygut Requirements
¢ All grounding of the LIN transceiver and the filter capacitors shall be made to. ECU signal ground.

e C1 and Croap| shall be monolithic ceramic chip capacitors. (Ceramic ‘chip capacitors have Ipw ESR and high
self-resonant frequencies.)

e A ground plang is required under the transceiver chip on the same: side of the board as the compornent.

o Transceiver shall be located as close to edge connector(as possible. Other ICs are not permifted between edge
connector and the transceiver.

e The LIN bus circuit between the edge connector and-transceiver shall be as short as possible. Guard tracks are required
for all LIN bus @and Tx and Rx circuits.

e All guard trackg shall be at least 0.5 mm wide and grounded at least every 10 mm. No signals shall|be routed between
the guard trackl and the LIN bus trace.

7.7 Network Topplogy
7.7.1 Loss of ECU Ground

The loss of ground| by any single responder-node, with or without an accompanying loss of Veatt, shall|not cause any bus
voltage offset that will disable normal communications (see lieak gna in Table 5).

7.7.2 Loss of ECUBattery

The loss of battery by any single responder-node, with or without an accompanying loss of ground, shall not cause any bus
voltage offset that will disable normal communications (see lieak batt in Table 5).

7.7.3 Bus Electrical Load Distribution
Each responder-node shall contain a responder-node capacitance load and a responder-node termination resistive load.

The total network equivalent minimum resistance (Ru) and maximum capacitance (Cu) shall comply with the totals specified
in Table 5.
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7.7.4 Bus Wiring Topology Configurations

The data link physical medium wiring mechanization can be implemented in any of the following ways:

e Vehicles may be wired in a ring, a star, or a combination of both. Note that ECUs that are intended for use across

multiple platforms may have two connector pins as shown below to allow a ring connection.

e The pins of the ECU when applied in a ring, shall be adjacent and in the same connector, shorted together as close to
the connector as possible, and share EMC and/or loading components.

o If in a star configuration, the ECU requires only one pin for LIN.

The topology of tlre

=te’s fault tolerance,

serviceability, and bus Iength requwements A second bus wire connector terminal for the LIN CIr‘CUIt at dach ECU allows for
implementation of & ring configuration, although it is not required that both terminals be used. A ring, gtar, or combination
of ring and star copfiguration is acceptable as long as all other LIN wiring requirements arecmet. lllustrations of the LIN
topologies are shown in Figures 4, 5, 6, and 7.

ECU 1

Optional Redundant Connection

ECU

JoAlgosuel |
NIT
b

LIN
Transceiver

|

ECU 2

|

EIN
Transceiver

ECU3

ECU 1

NIT

Figure 4 - LIN ring topology

Jani@osuel |

INTR]

ECU

JOAIBOSUE. |

Jani@osUel |

INTR]

i

Transceiver

ECU 2

i

Transceiver

ECU3

Figure 5 - LIN linear topology
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ECU 1 Star Concentrator ECU 4
3l L[
LIN LIN
Transceiver Transceiver
ECU 2 ECU 3
Figure 6 - LIN star topology
ECU ECU 4

Optional Redundant Connection

Star Concentrator

N
NI

JoAROSURL|

7.7.5 Bus Wiring
The vehicle networ

The total bus w
bus length allo

There shall be

The following table|
connect a given nu

of responder-nodeg. tb/calculating these numbers it was assumed that all resistors are at the maximum

k wiring and ECU system shall meet the following constraints:

;

LIN
Transceiver

1

LIN
Transceiver

ECU 2 ECU 3

Figure 7 - LIN combination ring and star topology

Constraints

ring capacitance shall'not cause the network time constant to be exceeded (see Tab

ho more than40 m between any two network system ECU nodes.

uses/the maximum network time constant to determine the maximum wire length {
betof ECUs. This maximum wire length depends on the commander-node capacita

e 5). The maximum

ved is determined by the number of nodes in the network system and their R-C characteristics.

hat can be used to
nce and the number
allowed values and

capacitors (10%) are at their maximum tolerance, that the capacitance of the wire was 100 pF/m, that the responder-nodes
all have nominal capacitances of 220 pF and that an additional 30 pF of capacitance are added due to PCB traces and

connectors.

Table 8 shows the maximum wire length allowed on the vehicle based on the number of nodes on the vehicle and their
characteristics. The legend in Table 8 gives the capacitance in the commander-node.
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The maximum vehi

Wire = [tnetwork /(Rs / # responder-nodes || Rm) - Cm - Cs * # responder-nodes] / wire(C/m)

cle wire length is calculated using Equation 1:

(Eq. 1)

Table 8 - #Nodes/network resistance/commander-node capacitance versus max wire length

7.7.6 Bus Wiring

Avoid routing b
feeds) circuits.

Precaution sha
circuits. A shiel

Avoid wire loof
wire.

7.7.7 Bus Wiring
Connectors shall h

7.8 ESD Immuni

The ECU LIN Bus
subjected to the SA
shall state the critic
requirements in Tal

Ccommander pF (max)

#responder nodes 272 778 2450
1 40.85m 3579 m 19.07 m
2 38.96 m 33.90m 17.18 m
3 37.07m 32.01m 15.29 m
4 35.19m 30.13m 1341 m
) 33.50m 28.24'm 11.9Z2m
6 3141 m 26.35m 9.63 m
7 29.53 m 2447 m 7.75m
8 27.64 m 22.58 m 5.86 m
9 25.75m 20.69 m 3.97m
10 23.87m 18.81m 2.09 m
11 21.98 m 16.92m 0.20 m
12 20.09 m 15.03 m Om
13 18.21m 13.15m Om
14 16.32 m 11.26 m Om
15 14.43 m 9.37 m 0m

Practices to Improve EMC Performance
us wire signals with noisy (e.g., injector drivers) and sensitive (e.g., low signal leve
| be taken when routing signals near antennae or antenna amplifiers to prevent indug
ded wire may be needed near an active;antenna.

s by locating bus wires close to.the vehicle’s metal ground plane or route a groun

Harness and ECU Connectors

hve less than 50 mQ@-resistance over total vehicle life.

Yy

I/0O pin shall withstand the following electrostatic discharges without any damage
E J2962-1:2019 Section 6. The particular vehicle manufacturer's ECU component ted
ality-level of the device. If the component technical specification does not specify the
ple-9.

| sensors, antenna

ing noise into these

d wire with the bus

to the ECU when
hnical specification
ESD level, use the

7.9 EMC Testing

Table 9 - ESD immunity requirements

ECU Condition
Unpowered

Contact
+6 KV

Air (Non-Contact)
+8 KV

Requirements

The LIN physical layer, when incorporated into an ECU design, shall function as specified in the ECUs intended
electromagnetic environment. Additionally, the electromagnetic emissions produced during LIN related operations shall not
interfere with the normal operation of other ECUs or subsystems.

The transceiver sel

ected shall be tested as specified in SAE J2962-1.
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7.10 Fault Tolerant Modes
The Network shall meet the requirements as defined per the following failure modes:
e ECU power loss: ECUs shall not interfere with normal communication among the remaining bus ECUs during a loss of

power (or low voltage) condition. Upon return of power, normal operation shall resume without any operator intervention
within a time determined by the vehicle manufacturer.

Bus wiring short to ground: Network data communications may be interrupted but there shall be no damage to any ECU
when the bus is shorted to ground. A network impedance of less than 50 Q between the bus and ground shall be
considered a short to ground and continued communications are not guaranteed or required. Upon removal of the fault,
normal operation shall resume without any operator intervention within a time determined by the vehicle manufacturer.

Bus wiring shqrt to battery: Network data communications may be interrupted but there shall be(no damage to any
device when the bus is shorted to positive battery less than 26.5 V (Vvatt < 26.5 V). A network.impg¢dance of less than

50 Q between the bus and battery shall be considered a short and continued communications arg

required. Upo

determined by fhe vehicle manufacturer.

A short or ope

ability to commjunicate with that ECU for diagnostic purposes.

7.11 Ground Offs
Ground offset volta
7.12 Operating B4
7.12.1 Normal Ba
Unless otherwise s
specified in this do|

18 VDC. The ECU
to 18 V.

7.12.2 Battery Po

Communication in

must limit the volta
guaranteed with Vy
shall determine the

For 18 < VbattE
passive mode i

removal of the fault, normal operation shall resume without any operator interve

in any single wiring circuit of an ECU, except for power, ground, or serial data, sh

t Voltage

ge limits at the ECU as specified in Table 5 must be*maintained over the entire supp
ttery Power Voltage Range

tery Voltage Power Operation

pecified by the Component Technical'\Specification, ECUs shall be capable of meeti

cument when the Voatt ecu voltage @s measured at the ECU power input pin is with
Shall provide Veattic to the bus transceiver within the range of 7 to 18 V when Vbatt ecu

ver Over-Voltage Operation

not guaranteed or
ntion within a time

all not preclude the

ly voltage range.

ng all requirements
n the range of 8 to
is in the range of 8

he 18 < Vrattecu € 26.5 V range is not guaranteed. If communication is required in this range, the ECU

je to the transceiver to 18 V. If the voltage to the transceiver is not limited to 18 V, cq
Lt ecu above18'V. If deterministic behavior of the network is desired in this range, th
state of.the)bus, i.e., by forcing the bus to go to sleep, communicating with specific

bu <2675 V, the bus may operate in either the normal or the passive mode. Nodes
h‘this voltage range in order to protect themselves, they shall not shut down due to v

mmunication is not
b commander-node
devices, etc.

shall only enter the
oltage alone. In the

passive mode, the bus shall be recessive (not be pulled or driven to ground) and RxD shall be in the high state.

Recessive state transceiver leakage current limits shall be maintained over this range.
ECUs shall not sustain permanent damage when subjected to Vpattecu up to 26.5 V.

Vbatt ECU transients of greater than 40 V and/or duration greater than 10 ms must be clamped to avoid damage to the
transceiver.

The transceiver shall not transmit a dominant state on the bus when the TxD is in a recessive state.
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7.12.3 Low Battery Voltage Operation

Unless otherwise specified by the component technical specification, ECUs shall be capable of meeting all low battery
operation requirements specified in this document when the Vyatt ecu voltage as measured at the ECU power input pin is
within the range of 6.5 to 8 VDC. The ECU shall provide Vbatt ic to the bus transceiver within the range of 5.5 to 8 V when

Vhattecu is in the range of 6.5 to 8 V.

7.12.4 AutoStart Cranking Voltage Operation

The LIN node shall continuously communicate when tested with the stop/start crank waveforms as provided by the OEM.

7.12.5 Initial Cranking Voltage Operation

The LIN node shall
7.12.6 Very Low H

For O < Vpattecu < §
be recessive (not b

7.12.7 Battery Offi

The battery offset v
over the entire rang

not reset when tested with the crank pulse waveforms as provided by the OEM.
attery Voltage Operation

.5V, the bus may operate in either the normal or the passive mode. In.the-passive
e pulled or driven to ground) and RxD shall be in the high state.

et Voltage

pltage limits, between the battery input pins of any ECU, specified in Tables 6 and 7
€ 0of 6.5 < Vpattecu < 26.5 V.

7.12.8 Reverse Battery Blocking Diode

The reverse battery
shall be Vdiode < 1.0

7.12.9 LIN Transg

When the ECU is
2(Vbattecu - 1.0V). 1

supply input pin.
When the ECU is

2(Vbattecu - (1.0 V -
the voltage drop th

7.13 Environment

ECU environmenta
this specification. In

blocking diode voltage drop between the EEYSs Vpattecu input pin and the transceiv|
V.

eiver Supply Voltage
connected to the vehicle battery. voltage directly, the voltage supplied to the LIN t

[his shall include all sources of’'voltage drop between the controller connector pins

connected to a switched voltage source, the voltage supplied to the LIN fr
Vdrop_switch)). Vdrog switeh is the voltage drop in another ECU that provides power to thi
ough the device that switches the power to this ECU (FET, relay, etc.).

bl Requiréments

reguirements shall be specified in the individual ECU component technical specifi
general, communications devices, which are installed in these ECUs, shall operate

mode, the bus shall

must be maintained

er's Vpattic input pin

ransceiver shall be
and the transceiver

ansceiver shall be

s ECU (diode) or is

cations that call out
n the -40 to 125 °C

temperature range.

7.13.1 Transmit Operating Conditions

7.13.11

Commander-Node

Commander-node shall be able to transmit continuously when 90% of the bits transmitted are dominant to accommodate

transmitting $00 da

ta consecutively.

7.13.1.2 Responder-Node

A responder-node shall be able to transmit continuously when it is transmitting a dominant for 70% of the message time.
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7.13.1.2.1

Stand-Alone Transceivers

Stand-alone transceivers shall also be able to drive the bus dominant for 5 ms, the maximum wake-up pulse time.

7.13.1.2.2

Integrated Transceivers

Integrated transceivers shall be able to drive the bus dominant for the time requested by the application, no more than 5 ms.

8. VALIDATION

ECUs shall be required to pass the network functional performance validation tests as specified by the vehicle manufacturer.
Environmental and other requirements shall be specified by the vehicle manufacturer's component technical specification

that references thi

document

ECU suppliers sha
resistance betweer]

ECU suppliers sha
resistance betweer

9. NOTES
9.1 Revision Indi

A change bar (1) log

indicates a comple
publications, nor in

PREPARED H

| validate that after the vehicle manufacturer’s salt fog and biased humidity accele
LIN pin and Vbratt pin shall be greater than 20 KQ for responder-nodes and 900 € for

| validate that after the vehicle manufacturer’s salt fog and biased humidity accele
LIN pin and ground pin shall be greater than 500 KQ.

cator

e revision of the document, including technical revisions. Change bars and (R) are
documents that contain editorial changes only:

Y THE VEHICLE ARCHITECTURE)FOR DATA COMMUNICATIONS STANDARDS

rated life tests, the
commander-nodes.

rated life tests, the

ated in the left margin is for the convenience of the Gser in locating areas where technical revisions, not
editorial changes, fhave been made to the previous issue of this document. An (R) symbol to the left o

f the document title
not used in original

COMMITTEE
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APPENDIX A - LIN DEVICE SUPPLIERS

There are many vendors providing LIN devices. They are not listed here as they are constantly changing.
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APPENDIX B - SIGNAL ENCODING TYPES

B.1 ASCII (ASC)

ASCII data uses a one byte code to represent a text character. ASCII data is most often used where the consumer of the
data is a display device which recognizes ASCII characters and can therefore display the data without further conversion.
The least significant 7 bits represent the standard ASCII codes from 0 to 127. The most significant bit is reserved at this

time but may be assigned a special function in the future. All ASCII signals shall have a length in bits which is a multiple

of 8.

Example: The ASCII code for “A” is $41.

B.2 BOOLEAN

(BLN)
\ 7

Boolean signals ar¢ used to encode data that contains binary parameters, such as status bits or flags.

always a single bit
the name implies th

Examples: For a si

B.3 ENUMERA
Enumerated signa
Enumerated definit
the number of bits
exclusive. Note tha

Example: A signal

b000 = Invalid Day
b001 = Sunday
b010 = Monday
b011 = Tuesday
b100 = Wednesday
b101 = Thursday
b110 = Friday
b111 = Saturday
B.4 NUMERIC
The units preferred
quantities (% open

A numeric signal n

i oot $otn IAf + H
numeric values to cermunicate-state-informatienisnotalowe

and is always encoded with the values True (=1) and False (=0). Boolean sighals a
e information being transferred when the value of the variable is True.

jnal named Windshield Wiper Switch Active: $0 = False, $1 = True.

TED (ENM)

s are used for data that can take one of several states-such as “day of week]
ons contain a field for describing states within the signal,"There are up to 2" possibl
reserved for the signal. The state definitions shouldibe“created such that all of the
| all states do not need to be defined.

epresenting day of the week may be defined-as a three bit scalar with the following

of the Week

SIGNALS

for numeric data type signals are Sl units (meters, km/h, °C, etc.). However, us
etc.) is:also allowed.

A Boolean signal is
e named such that

> or “wiper mode.”
e states, where n is
states are mutually

decoding

e of dimensionless

hust ‘encode values which are continuous throughout the defined range of the sig
A

hal. Use of specific

\*
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B.4.1 Binary Coded Decimal (BCD)

Binary coded decimal (BCD) encoding is used when it is desirable to report decimal data in a nibble, and is often used
where the data consumer is a display device. A BCD encoded signal shall be 4 bits long. Valid BCD data are the hex

characters 0-9 with the following encoding:

$0 = 0 decimal
$1 = 1 decimal
$2 = 2 decimal
$3 = 3 decimal
$4 = 4 decimal
$5 = 5 decimal
$6 = 6 decimal
$7 = 7 decimal
$8 = 8 decimal
$9 = 9 decimal
$A - $F = invalid

For example, the H
25 decimal.

B.4.2 Signed N

Signed numeric arg

umeric (SNM)

B.4.3 Unsigned Numeric (UNM)

Unsigned numeric
percent. The signdg
as month (1-12) or
(L), offset, minimun
From these charag
data may be derive

The maximum valu

d as follows:

e of the signal is;

The minimum vaIuT of thesignal is:

represented as unsigned numeric with a negative offset;\see Equation B1.

E=N'R + (negative)Offset

(UNM) encoding is used for signals which are continuous in range, such as tem
I may or may not have an offset. Unsigned numeric signals can also be used for s¢quential data such
day of month (1-31). Each signal definition contains a field for resolution per bit (R
h and maximum value, and units. Non-symmetrical numbers can be represented b
teristics, the transfer function.between computer units (N) in decimal, and enginee

E=N'R + Offset

Max = R*(2L -1)+ Offset

ex byte $25 would be interpreted as 37 decimal. As two BCD charactefs, the valje is interpreted as

(Eq. B1)

berature, speed, or

, data length in bits
y a negative offset.
ing units (E) of the

(Eq. B2)

(Eq. B3)

Min = Offset

B.4.4 Signed Floating Point [Scientific Notation] (SFP)

(Eq. B4)

Signed floating point (SFP) is used to encode signals requiring representation in floating point arithmetic, and always
includes a leading sign character. The format exactly follows the ANSI/IEEE Standard (Std 754-1985) single format. Please
note that this signal type consumes 4 data bytes, where the data byte boundaries of the transmitted frame do not align with
the boundaries of this format. The floating point signal is sent as a 32 bit (4 byte) variable. The bit order is shown below:

1 bit 8 bits 23 bits
Sign Bit | Exponent | Fractional Part
MSB LSB
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CA1

APPENDIX C - BIT TIMING CALCULATIONS

RELATION BETWEEN PROPAGATION DELAY AND DUTY CYCLE

Figure C1 shows the relation between the transmitter propagation delay and the duty cycle. The duty cycles in 7.4 can be
calculated as follows:

tBIT—tREC(MAX) *IDOM(MIN)

Didowy/z = Pyn—

tBIT—tREC(MIN) TtDOM(MAX)
2-teIT

Doow)/a =

Equation C1 refers

It is important to ng
time/slew rate.

The requirements f|

It can be seen tha
relevant. As long a

T

1o D1, D1_ow, and Ds; Equation C2 reters to D2, D2_jow, and Da4.

tice that the timings of trec and toom are a combination of both transmitter propagat

br transmitter propagation delay can be derived out of the duty cycle Equations C1 2

IA

trREC(max) — tboM(min)y = teir — 2 X tgrr X Digowys @Ffor, = 2%

tpoMmax) — tREC(min) < 2 X tgir X Daow)/a — tpir-@Fror, = 2%

the absolute transmitter propagation time is irrelevant. Only the difference betwe
5 both Equations C3 and C4 are fulfilled, the LIN ttansmission is reliable.

tBIT tBIT

D

tDON’I(max) tREC(ma\x)

tDoM(min), | | tReCtmin,

Vbatt ic

(Eq. C1)

(Eq. C2)

on delay and slope

nd C2:
(Eq. C3)
(Eq. C4)

en trec and toowm is

0.5

| Rec(max)
| Dom(max)
| Rec(min)

| Dom{min)

D

D

Figure C1 - Relation between propagation delay and duty cycle

Z Dyiowys

< Dyjiowys
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NOTE: The threshold values shown are for the receiving node relative to the transmitting node’s Vbattic.

The transmitter propagation delay timings for the duty cycle parameter are listed in Table C1.

Table C1 - Transmitter propagation delay timings

Parameter Symbol Max Unit Reference
trRec(vax)_D1 - tbomMIN)_D1 Tr-d max_D1 10.8 us Duty Cycle 1
tbommax)_p2 - tREC(MIN)_D2 Td-r max_D2 8.4 V& Duty Cycle 2
tRec(MAX)_D3 - tbomMIN)_D3 Tr-d max_D3 15.9 us Duty Cycle 3
tbomMAx)_D4 - tREC(MIN)_D4 Td-r max_Da 17.28 us Duty Cycle 4
trec(MAX)_Idw - TDOM(MIN)_low Tr-d max_low 10.6 us Duty Cycle T af Low Battery 3upply
tbomMMAX)_igw - tREC(MIN)_low Td-r max_low 8.4 us Duty Cycle 2 at Low Battery Supply
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D.1

APPENDIX D - CALIBRATION/CONFIGURATION

LARGE CALIBRATION/CONFIGURATION METHOD

The mechanics of calibrating/configuring a LIN responder-node:

Calibrating/configuring a LIN responder-node is not a download. It uses a functional message to transfer data one time to
the LIN responder-node. The LIN responder-node must retain this configuration information in EEPROM (or equivalent). In
order to support a relatively large amount of configuration info (inclination/intrusion sensor), a multiplex message is used.

D.1.1

Calibrating/Configuration Data

ration information is limitaed to data that is downloaded when the | N rnerr\r\ndnr node.is first installed and

Calibrating/configu
never changes. If tf
responder-node us

In order to avoid li
chosen to use a mu
plus seven data by
then increment the
has been transmitt
algorithm in the
Calibrate/ConfigDa|

A LIN responder-
Calibrate/Configind
data to EEPROM.
(APINFO4 = 1).

D.1.2 Calibrate

Table D1 explicitly
responder-node.

ta.

e information can change, it is deemed to be personalization information and mustb
ng one or more normal (non-configuration) LINxx schedule tables.

miting the amount of calibrating/configuration information to what can fit(into one L
Itiplex type transmit style. The LIN commander-node will transmit an index-byte (Ca
es (Calibrate/ConfigData). The commander-node will always start with Calibrate/Co
Calibrate/Config Index every time it transmits the next set of Calibrate/ConfigData. V
bd, the LIN commander-node will then go back and start transmitting from zero aga
LIN commander-node and allows different respondef-nades to have diff

node will "know" that it has completely received’ all of the Calibrate/ConfigD
ex X = 0 a second time. At this point, the LIN responder-node will need to write out
Once the write is completed the LIN responder-node will lower the "I'm not co

Configuration Data Mapping

e transmitted to the

IN frame, we have
ibrate/Configindex)
nfigindex x = 0 and
Vhen all of the data
in. This is a simple
ering  amounts  of

ata when it sees
the calibrate/config
hfigured" error flag

lists how the multiplexed Calibrate/Config information signals are uniquely mapped in the LIN



https://saenorm.com/api/?name=825bdaa0a7ec3954edacb02edbcdb92c

SAE INTERNATIONAL J2602™-1 OCT2021 Page 37 of 48

Table D1 - Multiplexed calibrate/configindex/calibrate/configdata
mapping to unique internal LIN responder-node calibrate/config data

Calibrate/Configindex | Calibrate/ConfigData LIN responder-node
Value Byte Calibrate/Config Data
0 Data0 LINCalibrate/Config[0]
0 Data1 LINCalibrate/Config[1]
0 Data2 LINCalibrate/Config[2]
0 Data3 LINCalibrate/Config[3]
0 Data4 LINCalibrate/Config[4]
0 Data5 LINCalibrate/Config[5]
0 Data6 LINCalibrate/Config[6]
1 Data0 LINCalibrate/Config[7]
1 Data1 LINCalibrate/Config[8]
4 Dataz HNGalibratelCeonfigio]
1 Data3 LINCalibrate/Config[10]
1 Data4 LINCalibrate/Config[11]
1 Data5 LINCalibrate/Config[12]
1 Data6 LINCalibrate/Config[13]
2 Data0 LINCalibrate/Config[14]
2 Data1 LINCalibrate/Config[15]
2 Data2 LINCalibrate/Config[16]
2 Data3 LINCalibrate/Canfig[17]
2 Data4 LINCalibrate/Config[18]
2 Data5 LINCalibrate/Config[19]
2 Data6 LINCaliprate/Config[20]
3 Data0 LINCalibrate/Config[21]
3 Data1 LINCalibrate/Config[22]
3 Data2 LINCalibrate/Config[23]
3 Data3 LINCalibrate/Config[24]
3 Data4 LINCalibrate/Config[25]
3 Data5 LINCalibrate/Config[26]
3 Data6 LINCalibrate/Config[27]

Table D2 - Calibrate/configuring LIN-responder-nodes - responder-node requirements

Rule

All LIN Respondef-nodes shall store any configuration data in EEPROM/NVM. Configuration data will jnot be
continuously trangmitted during normal.operation.

A responder-nodgq shall infer that configuration Mode has started when it first receives any of these signals:
Calibration/ConfigIndex signal
Calibration/ConfigData signal
PartNumindex signal

PartNumData signpal

Note: Calibration/configuration information is repeatedly transmitted until all responder-nodes on a supnet report
"Calibrated/Configured*-or 4 seconds elapse (whichever is sooner).

Once a respondei-node detects that the subnet as switched to Calibration/Configuration Mode then it shall immediately
start reporting "Not Calibrated/Configured” until the next requirement is met. The LIN responder-node must transmit the
"Not Calibrated/Configured" status at least one time (even if the responder-node doesn't support configuration
information).

The responder-node shall only indicate that it is configured after:
All calibration/config information has been received
All calibration/config information is saved in NVM/EEPROM

Note 1: The responder-node can detect that it has received all Calibration/ConfigData when the
Calibration/Configindex is zero the second time.

Note 2: Even after a responder-node has been completely calibrated/configured, the responder-node may continue to
receive the calibration/configuration information repeatedly. This allows other LIN responder-nodes with more
calibration/configuration information to receive their calibration/config data. It also allows the LIN commander-node to
collect all LIN responder-node part numbers (see next section).



https://saenorm.com/api/?name=825bdaa0a7ec3954edacb02edbcdb92c

SAE INTERNATIONAL J2602™-1 OCT2021 Page 38 of 48

D.1.3 Responder-Node Part Number Reporting

LIN responder-nodes are given the opportunity to report their Part Number at the same time as the LIN responder-node is
placed into Calibrate/ConfigurationMode. See above for a description of when calibration/configuration is started.

The Mechanics of LIN Responder-Node Part Number Reporting:
Since we are limited to only 7 bytes of data (besides the LIN status byte), transmitting a 23 character part number will take
several packets. So, like the configuration data, we use 1 byte to indicate an index and the rest of the bytes (six others) are

the data.

D.14 Part Number Sequencing

In order to allow thg LIN responder-node manufacturer to reduce cycle time on their production line, the'\lLIN responder-node
is allowed to start with any PartNumIndex. They then cycle through the remaining indices. Once they fepeat the very first
PartNumiIndex valde, the LIN commander-node will consider the Part Number complete. All unused bytes must be set to
0 (NULL).

Notice that PartNumindex is multiplied by 6 when placing the partial part number data in the correct location. See D.1.6 for
more information.

D.1.5 Commarjder-Node Part Number Retention

The LIN commander-node will erase these part numbers when the ignition is cycled in order to avo|d misreporting LIN
responder-node paft numbers due to replacing one in service.

D.1.6 Responder-Node Part Number Mapping

Table D3 - Multiplexed partnumindex/parnumdata mapping
to LIN commander-node partnumber data

PartNumindex | PartNumData | LIN Commander-Node
Value Byte PartNumber Data
0 Data0 PartNum[0]
0 Data1 PartNum[1]
0 Data2 PartNum[2]
0 Data3 PartNum([3]
0 Data4 PartNum[4]
0 Data5 PartNum[5]

1 Data0 PartNum[6]

1 Data1 PartNum[7]

1 Data2 PartNum([8]

1 Data3 PartNum[9]

1 Data4 PartNum[10]
1 Data5 PartNum[11]
2 Data0 PartNum[12]
2 Data1 PartNum[13]
2 Data2 PartNum[14]
2 Data3 PartNum[15]
2 Data4 PartNum[16]
2 Data5 PartNum[17]
3 Data0 PartNum[18]
3 Data1 PartNum[19]
3 Data2 PartNum[20]
3 Data3 PartNum[21]
3 Data4 PartNum[22]
3 Data5 PartNum[23]
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