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Foreword

The objective of this document is to define a level of standardization in the implementation of low speed
vehicle serial data network communications using the Local Interconnect Network (LIN) protocol.

The goal of this document is to define a serial data physical layer, data link layer and media design
criteria to be installed in various automotive Electronic Control Units (ECU). This standard will aliow ECU
and tool manufacturers to satisfy the needs of multiple end users with minimum modifications to the basic
design. This standard will benefit vehicle Original Equipment Manufacturers (OEMs) by achieving lower
ECU costs due to higher industry volumes of the basic design.

NOTE—Understanding of this document requires a working knowledge of the LIN 2.0 Specification
Package.

1. Scope of Document

This document covers the requirements for SAE implementations based on LIN 2.0. 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 is to improve the interoperability and interchangeability of LIN devices within a
network by resolving those LIN 2.0 requirements that are ambiguous, conflicting, or optional. Moreover,
SAE J2602 provides additional requirements that are not present in LIN 2.0 (e.g., fault tolerant operation,
network topology, etc.).

This document is to be referenced by the particular vehicle OEM component technical specification that
describes any given ECU in which the single wire data link controller and physical layer interface is
located. Primarily, the performance of the physical layer is specified in this document. ECU
environmental and other requirements, when provided in the component technical specification, shall
supercede the requirements of this document.

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

11 Mission/Theme
This serial data link network is intended for use in applications where high data rate is not required and a

lower data rate can achieve cost reductions in both the physical media components and in the
microprocessor and/or dedicated logic devices (ASICs) which use the network.
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1.2 Overview

LIN is a single wire, low cost, Class A communication protocol. LIN is a master-slave protocol, and
utilizes the basic functionality of most Universal Asynchronous Receiver Transmitter (UART) or Serial
Communication Interface (SCI) devices as the protocol controllers in both Master and Slave devices. To
meet the target of “Lower cost than either an OEM proprietary communications link or CAN link” for low
speed data transfer requirements, a single wire transmission media based on the ISO 9141 specification
was chosen. The protocol is implemented around a UART/SCI capability set, because the silicon
footprint is small (lower cost), many small microprocessors are equipped with either a UART or SCI
interface (lower cost), and the software interface to these devices is relatively simple to implement (lower
software cost). Finally, the relatively simplistic nature of the protocol controller (UART/SCI) and the
nature of state-based operation, enable the creation of Application Specific Integrated Circuits (ASICs) to
perform as input sensor gathering and actuator output controlling devices, in the vein of Mechatronics.

All message traffic on the bus is initiated by the Master device. Slave devices respond to commands and
requests from the Master. Since the Master initiates all bus traffic, it follows that the Slaves cannot
communicate unless requested by the Master. However, Slave devices can generate a bus wakeup, if
their inherent functionality requires this feature. :

The “LIN Consortium” developed the set of LIN specifications. The Consortium is a group of automotive
OEMs, semiconductor manufacturers, and communication software and tool developers. The LIN
specification set is “released” by the LIN Steering Committee, a closed subset of the members.
Associate Consortium members contribute to the formation of the specifications through participation in
LIN Work Groups; however, the direction of the Work Groups and the final released content of the
specifications is the responsibility of the LIN Steering Committee.

The LIN Specifications contain more than just a definition of the LIN protocol and physical layer. In
addition, a Work Flow Process, Diagnostics and Configuration methods, definition of an Application
Program Interface (AP!), file structures for a Node Capability File (NCF) and a LIN Description File (LDF)
and semantics are identified as required (mandatory in all implementations). However, since there is a
great deal of flexibility in the protocol and physical layer, applicability of these specifications to J2602
networks will be further specified in this document.

1.3 Relationship to the LIN Specifications (ref Section 2.6, LIN 2.0 Specification Package)

As described in the LIN Specification Package, the LIN 2.0 protocol specification suite consists of seven
documents:

1.3.1  LIN SPECIFICATION PACKAGE

The LIN Specification Package provides an overview of the LIN Protocol, its features, and work flow.
This includes the Revision History, LIN Overview and Glossary.

1.3.2 LIN PHYSICAL LAYER SPECIFICA;I'ION

The LIN Physical Layer Specification describes the physical layer, including bit rate, clock tolerances,
etc.
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1.3.3 LIN PROTOCOL SPECIFICATION
The LIN Protocol Specification describes the data link layer of LIN.
1.3.4 LIN DIAGNOSTIC AND CONFIGURATION SPECIFICATION

The LIN Diagnostic and Configuration Specification describes the services that can/may be layered
on top of the data link layer to provide for diagnostic messages and node configuration.

1.3.5 LIN API] SPECIFICATION

The LIN API Specification describes the interface between the network and the application program,
including the diagnostic module.

1.3.6  LIN CONFIGURATION LANGUAGE SPECIFICATION

The LIN Configuration Language Specification describes the format of the LIN description file, which is
used to configure the complete network and serve as a common interface between the OEM and the
suppliers of the different network nodes, as well as an input to development and analysis tools.

1.3.7 LIN NODE CAPABILITY LANGUAGE SPECIFICATION

The LIN Node Capability Language Specification describes a format used to describe off-the-shelf
slave nodes that can be used with a system definition tool to automatically create LIN Description Files.

The remainder of this document (SAE J2602) will directly reference these LIN specifications.
2. References
2.1 Applicable Publications

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

2.1.1 SAE PUBLICATIONS
Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001 or www.sae.org.

SAE J551—All  Parts—Performance Levels and Methods of Measurement of Eilectromagnetic
Compatibility for Vehicles and Devices

SAE J1113—-All parts—Electromagnetic Compatibility Measurement Procedures for Vehicle Components

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

SAE J1930—Electrical/Electronic Systems Diagnostic Terms, Definitions, Abbreviation and Acronyms
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2.1.2 1SO DOCUMENTS
Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002 or www.iso.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—Diagnostic systems—Requirements for interchange of digital information

2.1.3 SUPPLIER PUBLICATIONS
See Appendix A for list of supplier documents/devices.
2.1.4 OTHER PUBLICATIONS

LIN Specification Package version 2.0 dated September 23, 2003 available at www.lin-subbus.org.

CISPR 25—Limits and Methods of Measurement of Radio Disturbance Characteristics for the Protection
of Receivers Used on Board Vehicles available at webstore.iec.ch.

ES-XW7T-1A278-AC—Ford Component and Subsystem Electromagnetic Compatibility Worldwide
Requirements and Test Procedures available at www.fordemc.com. This document shall be referred
to as the Ford EMC Spec.

3. Definition of Terms
3.1 Glossary
3.1.1 DATALINK LAYER

This provides for the reliable transfer of information across the physical layer. It includes the message
structure, framing and error control.

3.1.2 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.

3.1.3 “DORMANT’ STATE
The state in which the slave task state machine is waiting for reception of the Break / Synch sequence.
3.1.4 MAasTER NODE

Responsible for initiating all message traffic. See the Glossary of the LIN Specification Package for
additional information.

3.1.5 MEeDA

The physical entity that conveys the electrical {or equivalent means of communication) signal
transmission among ECUs on the network.
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3.1.6 PHYSICAL LAYER

This 1ISO 7498 subsection consists of the media, mechanical interconnections, and transceivers that
provide the interconnection between all ECU nodes.

3.1.7 PRoOTOCOL

The formal set of conventions or rules for the exchange of information among the ECUs. This includes
the specification of the signal frame administration, frame transfer and physicat layer.

3.1.8 PUBLISHER

A Master or Slave Node that is the source of the data transmitted onto the bus within a LIN message.
3.1 .9 RADIATED EMISSIONS

The energy that radiates from the LIN physical layer.

3.1.10 RADIATED IMMUNITY

The level of susceptibility of physical layer components to communication errors in the presence of high
energy electromagnetic fields.

3.1.11 RECESSIVE SIGNAL

The undriven and high voltage state of the LIN bus. If multiple devices access the bus, this state is
overridden by the dominant state.

3.1.12 SLAVE NODE

A device that receives messages from the Master Node, or responds to messages initiated by the Master
Node. See the Glossary of the LIN Specification Package for additional information.

3.1.13 SUBSCRIBER
A Master or Slave Node that receives the data within a LIN message.
4. Acronyms, Abbreviations, and Symbols

API1 - Application Program Interface

ASIC - Application Specific Integrated Circuit

CAN — Controller Area Network

DLC — Diagnostic Link Connector

DNN — Device Node Number

ECU - Electronic Control Unit

EMC - Electromagnetic Compatibility

ESD - Electrostatic Discharge

I1SO - International Organization for Standardization
Kbits/sec — Thousands of data bits per second
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LDF — LIN Description File

LIN — Local Interconnect Network

LSB - Least Significant Byte

Isb — least significant bit

MSB — Most Significant Byte

msb — most significant bit

NAD — Node Address for Diagnostics
NCF — Node Capability File

OEM - Original Equipment Manufacturer
RE — Radiated Emissions

Rl — Radiated Immunity

SAE — Society of Automotive Engineers
SCI ~ Serial Communication Interface
UART — Universal Asynchronous Receiver/Transmitter

5. LIN System Requirements

All ECU LIN interfaces shall conform to the LIN Specification Package of September 2003 unless
otherwise specified in this specification.

5.1 LIN Specification Package

The LIN Specification Package as described in Section 1.3.1 LIN Specification Package is informative
only and contains no formal requirements. Also note that the information contained in this section of LIN
2.0 may or may not be representative of J2602-based implementations. However, the Glossary included
in this section of the LIN specification contains definitions and terms needed to comprehend the LIN
Protocol and J2602.

5.2 J2602 Serial Data Link Characteristics

Master/Slave Collision Avoidance

Capable of operating with LIN 2.0 and previous devices.

Additional definition to meet SAE requirements for serial data communication networks.
Slave-to-slave communication is not supported and is highly discouraged.

pPoON~

5.3 Detection of Errors by Master (ref Section 4.1, LIN 2.0 Protocol Specification)

The master task state machine may (optionally) detect an error during the transmission of the Break /
Synch / Protected ID sequence. If an error is detected (e.g., data mismaich or data not received), the
master may cease transmission of the frame and shall start transmission of the next frame as dictated by
the schedule table.

5.3.1 BEHAVIOR OF MASTER IN THE PRESENCE OF ERRORS

This is beyond the scope of this specification and shall be determined by the OEM.
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5.4 Frame Processing by Slave Tasks (ref Section 4.2.2, LIN 2.0 Protocol Specification)
5.4.1 SLAVE ERROR DETECTION
The slave task state machine (either in a slave node or the master) shall detect the following errors:

s ID Parity error

« Framing error (i.e., invalid stop bit)

+ Data mismatch (i.e., data transmitted does not match data read)
« Data not received (i.e., data transmitted is not received)

e Invalid Checksum

5.4.2 SLAVE BEHAVIOR IN THE PRESENCE OF ERRORS WHEN TRANSMITTING

When a slave task state machine detects a Framing error, Data mismatch, Data not received, or invalid
Checksum, the slave 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 slave task shall also set the appropriate error flags as defined in Section 5.8.5 (J2602 Status
Byte).

5.4.3 SLAVE BEHAVIOR IN THE PRESENCE OF ERRORS WHEN RECEIVING

When a slave task machine detects an ID Parity error, Framing error or Invalid Checksum, the slave task
state machine shall discard any data buffered from the current frame and return to the "Dormant” state.
The slave task shall also set the appropriate error flags as defined in Section 5.8.5 (J2602 Status Byte).

5.5 Message Transmission Time Tolerance (ref. Section 2.2, LIN 2.0 Protocol Specification)

Each maximum message transmission time may be specified to be within the range of T, .y and
Trame maimume  PYOViding both publisher and subscriber of the frame support a maximum message
transmission time of less than T,y
The minimum T__. ... value to which a slave node can respond shall be identified in its Node
Capability File. In the event a value is not provided in the Node Capability File, the Master node shall
presume a value of T as defined in the LIN 2.0 Protocol Specification.

Frame_Maximum

5.6 LIN Product Identification (ref. Section 2.4, LIN 2.0 Diag and Config Specification)

The following requirements provide further clarification to the intent of the LIN Function ID and Variant ID
assignment conditions.

5.6.1  CLARIFICATION TO FUNCTION ID PARAGRAPH:

Two products (ECUs) are identical in function and shall be assigned identical Function Identifiers if they
exhibit all of the following characteristics:

They exhibit identical functional behavior
They exhibit identical mandatory Node Capability File declarations
Both LIN communications and Application functionality are configured identically by the IC supplier
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5.6.2 CLARIFICATION TO VARIANT ID'PARAGRAPH:

Two products (ECUs) are invariant and shall be assigned identical Variant Identifiers if they exhibit all of
the foliowing 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 slave implementation shall
constitute a difference in the variant 1D.

5.7 Mandatory Node Configuration Requests (ref. LIN 2.0 Diag and Config Specification)

These messages are to be used for configuration only; they are not to be used for LIN diagnostics since
all relevant diagnostic information is included in the J2602 Status Byte. Furthermore, these configuration
messages are only initiated by the master; they are not initiated through the J1962 connector since the
LIN bus does not go to this connector.

Support of diagnostics and configuration as defined in the LIN Diagnostic and Configuration Specification
in the LIN 2.0 Specification Package is OPTIONAL in J2602 nodes. In other words, support of the
services defined as mandatory in Section 2.5 of the LIN Diagnostic and Configuration Specification is
optional and is NOT required for J2602 compliance.

The following sections define the required SAE J2602 node configuration command/response messages.
5.7.1 GENERAL CONFIGURATION REQUIREMENTS

5.7.1.1  Slave Execution of Configuration

Within the limit of its capabilities, a slave device shall inmediately execute any configuration command
upon receipt of the $3C message; it shall not wait for a $3D message.

5.7.1.2  Slave Device Configuration Capabilities

A NCF file shall be included with a SAE J2602 device.

5.7.1.3  Master Configuration Message Pairing

A master shall always transmit $3C / $3D coupled pairs. The master shall never send multiple
successive $3C messages without corresponding (interleaved) $3D messages. There shall be exactly

one $3D response for each $3C command. The only exception to this is in the case of a broadcast $3C
message which shall have no corresponding $3D message.
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5.7.2 NAD AND MESSAGE ID ASSIGNMENT
5.7.2.1 NAD Assignment

The NAD for a J2602 device shall be in the range $60 to $6D, where the lower nibble of the J2602 NAD
contains a four bit Device Node Number (DNN). An uninitialized node shall have a NAD of $6F. A NAD
of $6E may be used; however, its message IDs must be 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, four external pins, etc. These bits or pins shall only impact the value of
the lower nibble of the NAD. If the device has a selectable NAD, it shall default to $6F prior to

initialization.
J2602 NAD
Bt 7 (msb) 6 5 4 3 2 1 Bit0(isb)
| o 1 1 | o | onns DNN2 | DNNi DNNO

5.7.22 Message ID Assignment

Each device shall be assigned 4 message |ID’s 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 ID’s. If a device requires
more than 4 message ID’s, it shall be assigned messages in powers of 2, i.e. 4, 8, 16, 32. The system
designer must ensure that multiple devices do not use the same Message ID’s.

As a consequence of having the message ID’s 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 as described in
Section 2.1 of the LIN Diagnostic and Configuration Specification.

The following table shows the boundaries for 4, 8, or 16 messages per node. If 32 Message ID’s are
required, NAD $60 must be used for this node. J2602 networks can combine nodes that use various
numbers of Message ID’s.
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TABLE 1—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 $04 ’ $04 $04
$05 $05 $05
$06 $06 $06
$07 $07 $07
$62 $08 $62 $08 $08
$09 $09 $09
$0A $0A $0A
$08 $0B . $08
$63 $0C $0C $0C
$0D $0D $0D
$0E $0E $OE
$OF $OF $OF
$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
$18 $18B | $1B
$67 $1C $1C $1C
$1D $1D0 $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 $28 - $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
$60 $34 $34 $6D $34
$35 $35 $35
$36 $36 $36
$37 $37 $37
$6E No Message IDs $6E No Message IDs $6E No Message IDs
defined defined defined
$6F No Message iDs $6F No Message [Ds $6F No Message IDs
defined defined defined
NOTE—The Message IDs listed in this table are the unprotected Identifiers.
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