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This serial data lin
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1.2  Overview

LIN is a single wi
functionality of mg

vers the requirements for SAE implementations based on LIN(2.,0- Requiremg
vide a minimum standard level of performance to which all compatible ECUs a
assure full serial data communication among all connected dévices regardless of su

J2602-1 is to improve the interoperability and interchangeability of LIN devices w
N 2.0 requirements that are ambiguous, conflicting,{or optional. Moreover, SAE
ents that are not present in LIN 2.0 (e.g., fault tolerant operation, network topology, ¢

0 be referenced by the particular vehicle OEM“Component technical specification
h the single wire data link controller and physical layer interface is located. Primaril
er is specified in this document. ECU environmental and other requirements, wh
al specification, shall supersede the reguirements of this document.

bnce includes, but is not limited 10, ECU suppliers, LIN controller suppliers, LIN tra
engineers and vehicle system\engineers.

me
network is intended,for use in applications where high data rate is not required an

eductions in both the physical media components and in the microprocessor and
nich use the network.

e, low-cost, Class A communication protocol. LIN is a master-slave protocol, anc
st-Universal Asynchronous Receiver Transmitter (UART) or Serial Communicati

ents stated in this
hd media shall be

pplier.

ithin a network by
J2602-1 provides
etc.).

that describes any

y, the performance
en provided in the

nsceiver suppliers,

d a lower data rate
or dedicated logic

| utilizes the basic
on Interface (SCI)

devices as the protocol controllers In both Masier and Slave devices. 10 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 receive commands and respond to
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.
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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 (API), 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 J2602-1 networks will be further specified in this document.

1.3 Relationship|to the LIN Specifications
As described in thg LIN Specification Package, the LIN 2.0 protocol specification suite consists of seven documents:
1.3.1 LIN Specifjcation Package

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

1.3.2 LIN Physidal Layer Specification
The LIN Physical Layer Specification describes the physical layer, including bit rate, clock tolerancesj etc.
1.3.3 LIN Protogol Specification

The LIN Protocol Specification describes the data link layer of LIN.

1.3.4 LIN Diagngstic and Configuration Specification

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

1.3.5 LIN API Specification

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

1.3.6 LIN Configuration_l'anguage 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 J2602-1) will directly reference these LIN specifications.
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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 724-776-4970 (outside USA), www.sae.org.

SAE J551 All Parts - Performance Levels and Methods of Measurement of Electromagnetic Compatibility for
Vdhicles and Devices

SAE J1113 Alll Parts - Electromagnetic Compatibility Measurement Procedures for Vehicle Components
SAE J1213-1  Glpssary of Vehicle Networks for Multiplexing and Data Communications

SAE J1930 Elgctrical/Electronic Systems Diagnostic Terms, Definitions, Abbreviations, and Acronyms - Equivalent to
ISD/TR 15031-2

2.1.2 ISO Docurhents

Available from American National Standards Institute, 25 West 43rd Street, New York, NY 10036-8D02, Tel: 212-642-
4900, www.ansi.orfy.

ISO 7498 Dgta processing systems, open systems interconnection standard reference mode
ISO 7637 Ragad vehicles - Electrical interference by conduction and coupling - Parts 1 and 2
ISO 9141 Rgad vehicles - Diagnostic systems - Requirements for interchange of digital informatign

2.1.3 Supplier Ppblications
See Appendix A for list of supplier documents/devices.
2.1.4  Other Publications

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

CISPR 25 Fimits 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.
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3. DEFINITION OF TERMS

Frame

A frame with data published by the slave task in the Master Node and subscribed to by one or more slave tasks in slave

3.1 GLOSSARY
3.1.1 Command
nodes.

3.1.2

Data Link Layer

This provides for tihe reliable transfer of information across the physical layer. It includes the message

and error control.

3.1.3 Dominant

The driven and low
non-driven state.

3.1.4 “Dormant’

The state in which

3.1.5 Master No

Responsible for i
information.

3.1.6 Media

The physical entity
on the network.

3.1.7 Physical L

This ISO 7498 s
interconnection be

3.1.8 Protocol

The formal set of ¢
of the signal frame

Signal

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

State
the slave task state machine is waiting for reception of the Break / Synch sequence.
oS

nitiating all message traffic. See the Glogsary of the LIN Specification Pack

that conveys the electrical (or equivalent means of communication) signal transmis

hyer

Ibsection consists( of the media, mechanical interconnections, and transceivers
ween all ECU nodes.

administration, frame transfer and physical layer.

structure, framing

bs the recessive or

age for additional

sion among ECUs

that provide the

onventions or rules for the exchange of information among the ECUs. This includgs the specification

3.1.9 Publisher

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

3.1.10 Radiated Emissions

The energy that radiates from the LIN physical layer.
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3.1.11 Radiated Immunity

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

3.1.12 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.

3.1.13 Request Frame

A frame with data
the Master Node.

3.1.14 Slave Nod

A device that recei
Glossary of the LIN

3.1.15 Subscriber
A Master or Slave

4. ACRONYMS,

API
ASIC
CAN
DLC
DNN
ECU
EMC
ESD
ISO
Kbits/s
LDF
LIN
LSB
Lsb
MSB
Msb
NAD
NCF
OEM
RE
RI
SClI
UART

Applicatig
Applicatig
Controller
Diagnosti
Device N
Electronig
Electroma3
Electrosts
Internatio
Thousang
LIN Desc
Local Inte
Least Sig

bublished by the slave task in one and only one Slave Node and only subscribed\to

D

Specification Package for additional information.

Node that receives the data within a LIN message.
A\BBREVIATIONS, AND SYMBOLS

n Program Interface

n Specific Integrated Circuit
Area Network

C Link Connector

bde Number

Control Unit

gnetic Compatibility

tic Discharge

hal Organization for Standardization
s of data bits per s

iption File

rconnect Netwaork

hificant Byte

Least significant bit

Most Sign
Most sign
Node Adg

ificant Byte
ficant-bit
ress for Diagnostics

by the slave task in

ves messages from the Master Node, or responds to messages initiated by the Madter Node. See the

Node Capability File
Original Equipment Manufacturer

Radiated
Radiated

Emissions
Immunity

Serial Communication Interface

Universal

Asynchronous Receiver/Transmitter
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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 1.3.1 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 J2602-1-based
implementations. However, the Glossary included in this section of the LIN specification contains definitions and terms
needed to comprehend the LIN Protocol and J2602-1.

5.2 J2602-1 Serfal Data Link Characteristics

1. Master/Slave Qollision Avoidance

2. Capable of opgrating with LIN 2.0 and previous devices.

3. Additional definition to meet SAE requirements for serial data communication networks.

4. Slave-to-slave|communication is not supported and is highly discouraged.

5.3 Detection of [Errors by Master

The master task sfate machine shall detect errors during the transmission of the Break / Synch / Protgcted ID sequence.

If an error is deteqted (e.g., data mismatch or data not received), the master shall cease transmission of the frame and

shall start transmigsion of the next frame as dictated by the sehedule table.

5.4 Frame Procgssing by Slave Tasks

5.4.1 Slave Task Error Detection

The slave task stae machine (either in a slave node or the master) shall detect the following errors:

o |ID Parity Error

e Byte Field Framing Error (i.e., invalid stop bit)

e Data Error (i.e|, data transmitted-does not match data read, data transmitted is not received, fixed form data received
is incorrect)

e Checksum Error

5.4.2 Slave Behgviorin the Presence of Errors When Transmitting

When a slave taskls c 3 . C = S the slave task state
machine shall cease transmlsswn prlor to transm|SS|on of the next byte fleld 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 5.8.6.

5.4.3 Slave Behavior in the Presence of Errors When Receiving

When a slave task machine detects an ID Parity Error, Byte Field Framing Error, Data Error or Checksum Error, 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 5.8.6.
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5.5 Message Transmission Time Tolerance

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

TFrame_Maximum-

The minimum Terame maximum 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 Trrame Maximum @S

defined in the LIN 2.0 Protocol Specification.

5.6 LIN Product

Identification

The following reqy
conditions.
5.6.1 Clarificatio

Two products (EC

following characterjistics:

e They exhibit id
They exhibit id

Both LIN comn

5.6.2 Clarificatio

Two products (EC
characteristics:

°
e They are cons
NOTE: Any chang

difference
5.7 Mandatory N
These messages
diagnostic informa

initiated by the ma3
connector.

They have identical operating range characteristics (voltage, temperature)

tion is included in the J2602-1 Status Byte.

irements provide further clarification to the intent of the LIN Function ID and Mar

h to Function ID Paragraph

Js) are identical in function and shall be assigned identical Function, ldentifiers if th
bntical functional behavior

entical mandatory Node Capability File declarations

hunications and Application functionality are configured.identically by the IC supplier

h to Variant ID Paragraph

Us) are invariant and shall be assigned identical Variant Identifiers if they exhibit

ructed from the identical integrated circuit processes and manufacturing technology

e in the binary image loaded in a microprocessor-based slave implementation
n the variant ID.

ode Configuration. Requests (reference LIN 2.0 Diag and Config Specification)
are to be uséd-for configuration only; they are not to be used for LIN diagnostics

Furthermore, these configuration n
ster; they-are not initiated through the SAE J1962 connector since the LIN bus ¢

ant 1D assignment

by exhibit all of the

all of the following

shall constitute a

since all relevant
hessages are only
oes not go to this

Support of diagnos

tics and r*nnfigumtinn as defined in the L IN Dingnnctir* and ("nnfigum’rinn Qpnr‘ifir‘:

tion in the LIN 2.0

Specification Package is OPTIONAL in J2602-1 nodes. In other words, support of the services defined as mandatory in
of the LIN Diagnostic and Configuration Specification is optional and is NOT required for J2602-1 compliance.

The following sections define the required SAE J2602-1 node configuration command/response messages.
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5.71

5711

General Configuration Requirements

Slave Execution of Configuration

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

5.7.1.2

A NCF file shall be

Slave Device Configuration Capabilities

included with a SAE J2602-1 device.

5.7.1.3 Master (
A master shall alw
without correspond
The only exception

onfiguration Message Pairing

hys transmit $3C / $3D coupled pairs. The master shall never send multiple success
ing (interleaved) $3D messages. There shall be exactly one $3D response for ea
to this is in the case of a broadcast $3C message which shall have no corréspondin

5.7.2 NAD and

5.7.2.1

essage ID Assignment

NAD Assgignment

The NAD for a J2602-1 device shall be in the range $60 to $6D, where the lower nibble of the J2602)
four bit Device Ngde Number (DNN). An uninitialized node shall have.a NAD of $6F. A NAD of
however, its messgge IDs must be assigned via $3C or $3E messages.

IC manufacturers may provide the ability to select the desired Degvice Node Number, and hence the NA
four memory bits, four external pins, etc. These bits or pins shall only impact the value of the lower ni
the device has a sg¢lectable NAD, it shall default to $6F prior.to initialization.

ive $3C messages
ch $3C command.
g $3D message.

1 NAD contains a
b6E may be used;

AD, based on up to
bble of the NAD. If

J2602-1 NAD
Bit 7 (msb) 6 5 4 3 2 1 Bif O (Isb)
0 1 1 \ 0 | DNN3 DNN2 DNN1 DNNO
5.7.2.2 Messagg¢ ID Assignment
Each device shall pe assigned 4 message IDs based on the DNN, and, therefore, the NAD. If a deyice does not need

that many messades, it shall use.the messages with the lowest IDs. If a device requires more than

4 message IDs, it

shall be assigned messages inpowers of 2, i.e., 4, 8, 16, 32. The system designer must ensure that multiple devices do

not use the same Message |Ds:

As a consequencg
protected identifie

of having the message IDs associated with the DNN, after a power on reset, or

eset command the
th a DNN of $E or

are still marked as vaI|d for dewces W|th a DNN |n the range $O $D Dewces W
$F will have the v
Specification.

The following table shows the boundaries for 4, 8, or 16 messages per node.

If 32 Message IDs are
must be used for this node. J2602-1 networks can combine nodes that use various numbers of Message IDs.

and Configuration

required, NAD $60
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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 $09 209
JUR U PO
$0B $0B $0B
$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
$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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5.7.2.3 Configuration Messages

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

1. Using optional method defined in the LIN Diagnostic and Configuration Specification in the LIN 2.0 Specification
Package.

2. Using $3C messages with NADs in the User reserved range of $80 - $FF.

3. Using $3E messages with any NAD.

When using $3C ¢r $3E messages to configure the slaves, the lower nibble of the NAD shall be the DNN to prevent
conflicts between glaves.

$3C NAD

Bit 7 (mfsb) 6 5 4 3 2 1 Bif0 (Isb)

| 1 \ X \ X | X \ DNN3 \ DNN2 [ DNN1 \ DNNO |
$3E NAD

Bit 7 (mfsb) 6 5 4 3 ? 1 Bif0 (Isb)

| X | X | X | X | DNN3 AfSDNN2 | DNNT [ ONNO |

5.7.24 Responge Message to Options 2 and 3 in 5.7.2.3

The $3D Responsg message that follows each $3C and $3E-Command message shall return the J2602-1 Status Byte
(defined in 5.8.6) ih Data Byte 0. The value of the other seven data bytes is implementation dependgnt and beyond the
scope of this specification.

Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by
Master Slave Slave Slave Slave Slave Slave Slave Slave
LIN ID Data0 Data1 Data2 Data3 Data4 Data5 Data6 Data7

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

5.7.2.5 DNN Baped Broadcast Messages

There are four Message IDs reserved for Broadcast messages. The NAD that will use a specific Bfoadcast Message,
and the data byte yithin the (message that it will use is based on its DNN. The Broadcast Message ID for a specific NAD
are b11 100x and p11 10%x>where x = DNN3. The relevant data byte number is equivalent to the thrge Isbs of the DNN.
In the case where p nedé has more than 4 message IDs, i.e., 8 or 16, it shall also be assigned a propgrtionate number of
Broadcast Message®ytes.

5.7.2.5.1 DNN Based Broadcast Message Assignment for 4 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 = $9 DNN = $A DNN = $B DNN = $C DNN =$D XX XX
$3A DNN = $0 DNN = $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



https://saenorm.com/api/?name=06e548f4939c65612341b672d537722f

SAE J2602-1 Revised NOV2012 Page 13 of 48
5.7.2.5.2 DNN Based Broadcast Message Assignment for 8 Messages per Node
LIN ID Data0O Data1 Data2 Data3 Data4 Data5 Data6 Data7
$38 DNN = $0 DNN = $0 DNN = $2 DNN = $2 DNN = $4 DNN = $4 DNN = $6 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
5.7.2.5.3 DNN Based Broadcast Message Assignment for 16 Messages per Node
LIN ID Data0O 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= 93 DNN= 93 DNN= 3 DNN= 93 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
5.7.3 Targeted Reset

The Targeted Res
on the network, de
shall cause an int
limited to, program
output device re-i
stored in non-vola
data or addresses

prnal reset of operational variables to occur.
counters, mode control variables, communications error counters, input source rerinitializations, and
itializations, but shall not alter any previously configured application level configpration information
le memory. This Reset operation shall not cause the_slave to destructively alter a

pt command provides a mechanism for the Master to cause a re-injtialization of a specific slave device
signated by the NAD in the command. Upon receipt of the Targeted/Reset command, the slave device

Examples of opefrational variables include, but are not

in the LIN Data Lin
configured, and sh
information. The s
can be provided to

The LIN Slave de
symbol of the $3C

For those devices

on the device stafe; however, this device shall*still set the reset flag within the J2602-1 status byte

positive response.

A device may elec
case, the device w|

all assume a state consistent with a power-on initialization, with the exception of th
lave shall also retain knowledge that it has undergone a reset operation, such that 3
the Master.

ice shall be able to respond to a $3DZrequest frame which starts 20 ms after the
Targeted Reset command frame.

that are always in the power-orystate, i.e., input only devices, a Reset Command m

not to perform thelrequested Reset command based on the application program re
Il respond with a‘Negative Response.

stored in non-volatile memory. Also, the Reset operation shall not cause any configuration parameters
k device (UART) to be altered. Upon conclusion.ef the Reset operation, the slave

n;F LIN configuration

evice shall remain
e LIN configuration
positive response

start of the Break

ay have no impact
and shall send a

uirements. In this

5.7.3.1 Command
Tx by Txcby Tx by Tx by Tx by Tx by Tx by Tx by Tx by
Master Master Master Master Master Master Master Master Master
LIN ID Dpta0 Datat Data2 Data3 Datad Data5 Data6 Data?
$3C NAD $01 $B5 $FF $FF $FF $FF $FF
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5.7.3.2 Positive Response
Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by
Master Slave Slave Slave Slave Slave Slave Slave Slave
LIN ID Data0 Datat Data2 Data3 Datad Data5 Data6 Data?
NAD PCI RSID
Supplier ID Supplier ID Function ID  Function ID .
$3D NAD $06 $F5 LSB MSB LSB MSB Variant ID
5.7.3.3 Negative Response
Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by
Master Stave Stave Stave Stave Stave Stave Stave Slave
Data0 Data1 Data2
LIN ID NAD PCI RSID Data3 Data4 Data5 Data6 Data7
Supplier ID Supplier ID Function ID  Functioh ID .
$3D NAD $06 $7F LSB MSB LSB MSB Variant ID
5.7.4 Broadcast|Reset

Device behavior W
Reset Command is

hen a Broadcast Reset Command is received shall be the same’ as the behavio
received.

when a Targeted

5741 Commanpd
Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by Tx by
Master Master Master Master Master Master Master Master Master
Data0 Data1 Data2
LIN ID NAD PCI sID Data3 Data4 Data5 Data6 Data7
$3C $7F $01 $B5 $FF $FF $FF $FF $FF
5742 Responge

There shall be no
ascertained via theg

5.8 Message Fo
5.8.1 Checksum
The enhanced che
5.8.2 Signal Cor

The requirement

positive or negative response to this command. Positive acknowledgment of thi
reset bit in the J2602-1 Status'Byte.

rmat

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

that\vall "scalar signal writing or reading must be atomic" is not externally vé

implementations.

5 message can be

of $3C to $3F.

brifiable in all LIN

Consequently this requirement is a guideline.

NOTE: Since there is a very close coupling between the J2602-1 Error signal and the APPINFO4 signal, implementers of
J2602-1 slave nodes are encouraged to make every effort to publish these two status signals "with consistency”,
so that any/all error signaling between the Slave and the Master can be interpreted properly.
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5.8.3 Signal Encoding Types

Since only two signal encoding types are allowed in the LIN 2.0 protocol specification (scalar and byte array), and there is
an expectation to employ other standard signal encoding types commonly used in other serial data implementations, the
following recognized signal encoding types shall be mapped into the two LIN signal encoding types in accordance with
the following table. Appendix B Signal Encoding Types contains descriptions and examples of each of the signal
encoding types listed.

TABLE 2 - COMMON SIGNAL ENCODING TYPE MAPPING TO LIN DEFINED DATA ENTITIES

Signal Encoding Type Slot Type Mapped to LIN Data Type Notes
ASCiHt ASE 8=bit-Scatar fv'lLISl'S'i'QTI'iﬁCE‘I‘I‘l'B‘i‘lTE’SETV‘Bd
and set to “0”, ASCII code$ 0
through 127
Binafy Coded Decimal BCD 4 bit Scalar per BCD character Must be on nibble.baundatfies.
Boolgan BLN 1 bit Scalar
Enurerated ENM N bit Scalar, in increments of 1 bit
(1 — 16 bits)
Signed Floating Point SFP 4 byte - Byte Array As defined in"ANSI/IEEE §td
754-1985
Signeéd Numeric SNM 8, 16, or 32 bit Byte Array Unsigned with a negative ¢ffset
number
Unsigned Numeric UNM N bit Scalar, increments of 8 bits Not to exceed 16 bits (2 bytes)
(1 byte)

Note that slave deyices may transmit a maximum of 7 data bytes as thefirst data byte has been reseryed for the J2602-1
Status Byte. The haster device may transmit 8 data bytes, as it is net required to transmit the J2602-1| Status Byte. (See
5.8.6 J2602-1 Statiis Byte.)

5.8.4 Signal Mampagement

Signals may belong to multiple frames, e.g., J2602-1 Status Byte. Signals may also be placed in the same frame multiple
times, e.g., Broaddast messages.

5.8.5 Unused Bifs in the Data Field (reference2:3)
The length of eagh frame in bytes, used.for' LIN normal communications (not diagnostics or configuration), shall be
defined for each UIN network, on a frame-by-frame basis. Any bits of a defined frame that are either not used or not

defined shall be trqansmitted as recessive symbols. Padding of unused data bytes within LIN normal communications
messages is not rgquired. That is, normal communications messages may vary in length between 1 byte and 8 bytes.

5.8.6 J2602-1 Sfatus Byte

This section defings a single standardized format for a J2602-1 Status Byte, which encompasses both[LIN Protocol Error
reporting and application-Specific information.

The J2602-1 Status Byte contains two enumerated bit fields, a 3 bit error field, and a 5 bit field for application specific
information. Only the error field is defined, since it is the only one with the error and status states explicitly defined. The
application information field is defined and implemented on a case-by-case basis, dependent on the requirements of each
slave node application. The resulting application information field implementation is documented in the NCF for each
slave node. This status byte shall be transmitted as the first byte of every slave transmission, where the identifier is in the
range of $00 through $3B.

J2602-1 Status Byte
Bit 7 (msb) 6 5 4 3 2 1 Bit O (Isb)

| ERR2 | ERRI ERRO APINFO4 APINFO3 APINFO2 APINFO1 | APIFNOO |
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5.8.6.1 Error Field Definition

ERR[2:0] — Error Field (Bits 7-5)

These bits report the four defined Error States that have been seen by the Slave node since an error state has been last
reported to the Master node. The four states, as shown in Table 3 below, are “sticky”, which means that they are retained
until they are successfully reported to the Master node in a message without any detected errors, after which they are
automatically cleared. Only one state may be reported at a time. There is an inherent hierarchy to the states, with the

highest latched state reported first. Bit 7 also serves the purpose of the Response_Error bit from LIN Rev. 2.0, 6.3.

TABLE 3 - ERR STATES

5.8.6.1.1 NoDe
A slave node shal
state of the LIN de
5.8.6.1.2 Reset
A slave node shall
Reset Command.
memory, this state
use non-volatile m
time the part is poy
5.8.6.1.3 DataE

A slave or master
when the bit or byt

A slave node that
i.e.isnot $55. As

ERR2 ERR1 ERRO Fault State Priority
0 0 0 No Detected 0 (lowest)
Fault
0 0 1 Reset 1
0 1 0 Reserved 2
0 1 1 Reserved 3
1 0 0 Data Error 4
1 0 1 Checksum Error 5
1 1 0 Byte Field 6
Framing Error,
1 1 1 ID Parity Error 7 (highest)
ected Fault

indicate this state whenever none of the other detectable fault states are active.
ice.

set this state upon interruption and résumption of power, after a watchdog timeout,
Note that for those devices that require configuration and store the configuration inf
indicates that the device is cutrently unconfigured and requires configuration. For
emory for configuration information storage, then the state indicates configuration
vered on and only indicates_a reset from then on.

rror

node that is transmitting a bit on the bus shall also monitor the bus. A Data Erro
b value thatds.received is different from the bit or byte value that is transmitted.

s receiving shall detect a Data Error when the data in the fixed form Sync Byte is r
ave-node that performs autobauding shall detect this error but is not required to set

This is the default

br after receipt of a
prmation in volatile
those devices that
s required the first

r shall be detected

ceived incorrectly,
he error bit.

5.8.6.1.4 Check

SUTT ETTOr

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.

5.8.6.1.5 ByteF

ield Framing Error

The receiver shall detect a Byte Field Framing Error if the ninth bit after a valid start bit is dominant.
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5.8.6.1.6

ID Parity Error

The receiver shall detect an ID Parity Error if the received ID parity (bits 6 & 7) does not match the ID parity calculated

from the equations
5.8.6.2  Applicati
APINFO[4:0] - App

5.8.6.2.1  APINF

in 2.1.3 based on the received identifier (bits 0 — 5).
on Information Field
lication Information Field (Bits 4-0)

04

APINFO4 shall bsg
indicated by setting

When a Reset st
configured.

The action taken bj
datasheet, or Appl
its status.
5.8.6.2.2 APINF

The lower four bitg

used to indicate when the application requires attention from the Master Devi
the bit to “1”.

te is indicated by the Error Field when this bit is “1” it shall indicate that the d

y the Master when this bit is “1” and no Reset state is indicated shall. bé documente
cation Note, etc.) and may include loading a special schedule table’ which queries th

0[3:0]

of the application information field are not explicitly defined, since their structure wi

the specific applic@tion and implementation of the slave node. This field may be implemented as dis

state encoded bit
The explicit definiti
Note, etc.).
5.8.6.2.3 NoAp
A value of zero (0(
application specifig

5.9 Message Ty

5.9.1  Availability

The requirement t
verifiable in all LIN

5.9.2 Event Trig

field, or a combination of the two. The clearing mechanism used is also impleme

blication Information to Report

000b) indicates that no application information currently needs to be reported. All 0
and beyond the scope of 42602-1.

bes
of Unconditional\Fframes

hat subscribérs of an unconditional frame shall make it available to the applicatig
implementations. Consequently this requirement is a guideline.

jered-Frames

ce. This shall be

evice needs to be
1 (e.g., in the NCF,

e Application as to

| be dependent on
crete status bits, a
ntation dependent.

bn of the Application Information Field shall*be documented (e.g., in the NCF, datasheet, or Application

ther encodings are

n is not externally

Event Triggered frames shall not be utilized in J2602-1 compliant LIN networks.

5.9.2.1

One and only one slave shall be defined as the publisher to a single frame identifier.

593

Sporadic Frame

Identifier Assignment (J2602-1 Requirement Resulting from Event Triggered Frame Anomaly)

Messages of the Sporadic Frame type may be utilized within the J2602-1 environment, if appropriate. The Master Node
shall be the only publisher of Sporadic Frames.
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5.10 Calibration/Configuration Methods

This section defines two methods for calibrating/configuring slave nodes in a J2602-1 network using normal messaging.
The Small Calibration/Configuration should only be used for calibrations/configurations of 160 bytes or less. This requires
1 message ID for every 8 bytes of data. The Large Calibration/Configuration method can be used for any size
calibration/configurations and always requires two message IDs. The Large Calibration/Configuration requires additional

complexity in the drivers.

5.10.1 Large Calibration/Configuration method

Calibrating/Configuring a Slave

The Mechanics of

Calibrating/Configu
slave. The LIN sla
large amount of co
5.10.1.1 Calibrati
Calibrating/Configu

changes. If the in
slave using one or

In order to avoid li
chosen to use a 1
seven data bytes (
the Calibrate/Confi
transmitted, the LI
Master and allows

A LIN Slave will "k

x = 0 a second time. At this point, the LIN Sfave will need to write out the calibrate/config data to E

write is completed

Calibrating/Configuring a LIN Slave

ring a LIN Slave is not a download. It uses a functional message to transfer data ¢
e must retain this configuration information in EEPROM (or equivalent). In“order to
hfiguration info (inclination/intrusion sensor) a multiplex message is used.
hg/Configuration Data

ration information is limited to data that is downloaded when the LIN slave is first i
formation can change, it is deemed to be personalization information and must be

more normal (non-configuration) LINxx schedule tables,

miting the amount of calibrating/configuration infofmation to what can fit into one L
hultiplex type transmit style. The LIN Masterswill transmit an index byte (Calibrate

g Index every time it transmits the nextiset of Calibrate/ConfigData. When all of
N Master will then go back and start transmitting from zero again. This is a simple 3
different slaves to have differing amounts of Calibrate/ConfigData.

now" that it has completely regceived all of the Calibrate/ConfigData when it sees Ca

the LIN Slave will lower the-"I'm not configured" error flag (APINFO4 = 1).

ne time to the LIN
support a relatively

hstalled and never

transmitted to the

IN frame, we have
/Configindex) plus

Calibrate/ConfigData). The master will always start with Calibrate/Configindex x = 0 and then increment

the data has been
Igorithm in the LIN

ibrate/Configindex
FPROM. Once the
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5.10.1.2 Calibrate/Configuration Data Mapping

The table below explicitly lists how the multiplexed Calibrate/Config information signals are uniquely mapped in the LIN

Slave.

TABLE 4 - MULTIPLEXED CALIBRATE/CONFIGINDEX/CALIBRATE/CONFIGDATA MAPPING TO UNIQUE INTERNAL
LIN SLAVE CALIBRATE/CONFIG DATA.

Calibrate/Configindex

Calibrate/ConfigData

LIN Slave

-

-

-

-

Value Byte Calibrate/Config Data
0 Data0 LINCalibrate/Config[0]
0 Data1 LINCalibrate/Config[1]
0 Data2 [TNCalibrate/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]
1 Data2 LINCalibrate/Config[9]
1 Data3 LINCalibrate/Canfig[10]
1 Data4 LINCalibrate/€onfig[11]
1 Data5 LINCalibrate/€onfig[12]
1 Data6 LINCalibrate/Config[13]
2 Data0 LINCalibrate/Config[14]
2 Data1 LINCalibrate/Config[15]
2 Data2 L. INCalibrate/Config[16]
2 Data3 LINCalibrate/Config[17]
2 Data4 LINCalibrate/Config[18]
2 Data5 LINCalibrate/Config[19]
2 Data6 LINCalibrate/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]

-

-
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TABLE 5 - CALIBRATE/CONFIGURING LIN SLAVES - SLAVE REQUIREMENTS

Rule

All LIN slaves shall store any configuration data in EEPROM/NVM. Configuration
data will not be continuously transmitted during normal operation.

A slave shall infer that Configuration Mode has started when it first receives any of
these signals:

Calibration/Configindex signal

Calibration/ConfigData signal

PartNumindex signal

PartNumData signal

tote—CatibrationConfiguratiommformation s Tepeatedty trarsmittedumntitattstaves
bn a subnet report "Calibrated/Configured" or 4 seconds elapse (whichever is
sooner).

Dnce a slave detects that the subnet as switched to Calibration/Configuratian,Mode
{hen it shall immediately start reporting "Not Calibrated/Configured" until the next
equirement is met. The LIN Slave must transmit the "Not Calibrated/Configured”
btatus at least one time (even if the slave doesn't support configuration information).

he slave 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 slave can detect that it has received all Calibration/ConfigData when the
Calibration/Configindex is zero the second time.

Note 2: Even after a slave has been completely calibrated/configured, the slave may
continue to receive the calibration/configuration information repeatedly. This allows
bther LIN slaves with more calibration/configuration information to receive their
calibration/config data. It also allows the LIN-Master to collect all LIN Slave part
humbers (see next section).

5.10.1.3 Slave P

LIN Slaves are g

Calibrate/ConfigurationMode. See abovefor-a description of when calibration/configuration is started.

The Mechanics of

4rt Number Reporting

iven the opportunity to report their Part Number at the same time as the LIN S

LIN Slave Part Number Reporting

ave is placed into

Since we are limiteéd to only 7 bytes of data (besides the LIN Status Byte), transmitting a 23 character part number will

take several pack

5.10.1.4 Part Number'Sequencing

gts. So, like)the configuration data, we use one byte to indicate an index and the rest of the bytes (6
others) are the datg.

In order to allow the LIN Slave manufacturer to reduce cycle time on their production line, the LIN Slave is allowed to start
with any PartNumindex. They then cycle through the remaining indices. Once they repeat the very first PartNumindex

value, the LIN Master 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. Refer to
Slave Part Number Mapping

Table 6 - Multiplexed PartNumIndex/ParNumData Mapping to LIN Master PartNumber Data for more information.
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5.10.1.5 Master Part Number Retention

The LIN Master will erase these part numbers when the ignition is cycled in order to avoid misreporting LIN Slave part
numbers due to replacing one in service.

5.10.1.6 Slave Part Number Mapping

TABLE 6 - MULTIPLEXED PARTNUMINDEX/PARNUMDATA MAPPING TO LIN MASTER PARTNUMBER DATA

PartNumindex | PartNumData | LIN Master
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 PactNum[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]

TABLE 7 - PART(NUMBER = ABCD-123456-EF EXAMPLE

[x] 0 [1 ]2 I3 [4 |5 Je |7 [8 ]9 [10 [11 [12 [13 |14 15 |16 [17 [18 [19 J20 [[21 [22 |23
Index

Signal v 1 2 3

Bt 1 (2 [3 |4 [5 o[t |2 [3 |4 |5 o [1 |2 |3 (4 |5 [o |1 |2 ||3 |4 |5
Signal

Contents |A_|B_|€ |D |- [1<l2 [3 [4 [5 [6 |- |E [F |NUL [NUL |[NUL |[NUL |NUL [NUL [NUL| [NUL |NUL |NUL

NOTE: In this example, the LIN slave could have only published PartNumIndex = 0, 1 and 2 (skipping {

~

LIN Slaves Part NUmber-Reporting — Slave Requirements

TABLE 8 - LIN SLAVE PART NUMBER REPORTING - SLAVE REQUIREMENTS

Rule Num Rule

Once Calibration/Configuration Mode has started, the LIN Slave shall Set
DLPL_LIN_20 004 PartNumindex = initial value (as defined by supplier but limited to the range of 0 to 3,
inclusive). It shall also load PartNumDataX signals with the appropriate values.
Every time PartNumindex and PartNumDataX bytes are transmitted, the LIN Slave
DLPL_LIN_20_005 shall increment PartNumIndex modulo 4 and then load PartNumDataX bytes with the
appropriate value.
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5.10.2 Small Calibration/Configuration

5.10.2.1 Introduction

Depending on the complexity of the function that a slave device(s) is tasked to perform, vehicle/system/performance
criteria data may be required specifically for the slave application to perform properly. A method of providing this
application specific data for use within the LIN framework is defined in this section of this specification. Identifiers within
the $00 to $37 range shall be used for all application configuration data transfers.

For devices requiring application configuration data, a variable length data volume can be loaded using multiple protected

identifiers.

methodology. Th
maximum data allg
Component Desig
network normal op
less than 160 bytg
slave during a sing
that a compatible g

The requirements 1
5.10.2.2 Slave Ay
5.10.2.2.1

Slave

The structure of th

the LIN communicgtions network shall be:

Checksum (1 k
Slave Applicat
Slave Applicat
length)

$00 fill symbol

.
5.10.2.2.2 Slave
The first byte of thg
5.10.2.2.3 Slave

The second througd
Application Calibrg

b maximum volume of data that can be transferred using this method is limited
cation per slave is ultimately arrived at through an agreement between the Networ
n/Release Engineer and shall be balanced between the number of slaves)on/the
eration messaging requirements and the specific Slave’s functional requirements, |
s. This method requires a Calibration Part Number and a checksum value to be
le pass multi-frame schedule table. This method also requires the slave‘to have th
alibration has been loaded and that the calibration data has been ldaded and locally
or this method are described in the following sections.

plication Calibration File Structure in the Master and Related Requirements
Application Calibration File Structure

e Slave Application Calibration data, in order.of 'storage in the Master and in order
yte)

on Calibration Part Number(4 bytes)

on Calibration Data (byte 5 through-byte n, where n — 5 = actual Slave Application C
5 (if necessary)

Application Calibration.Checksum

Slave Application.Calibration shall contain a 1 byte checksum value.

Application-Ealibration Part Number

h fifti bytes shall contain a 32 bit Unsigned Numeric representation (U_32) of the 8
tion\Part Number. The Slave Application Calibration Part Number shall be the “re

This method shall be defined through a set of requirements under the Slave Application Calibration

to 160 bytes. The
k designer and the
network, the total
ut shall always be
transferred to the
e ability to confirm
stored correctly.

of transmission on

alibration Data

digit decimal Slave
eased” Calibration

Part Number (and

as-well, the actual Part Number of the calibration). The following represents an exa

mple part number,

the encoding, and location of the data within the Slave Application Calibration Data file.

5.10.2.2.3.1 Slav

Position (Byte) 2 [3 [4 |5
SlaveApplication

CalibrationPartNumber 16265965

Hex value 00 [F8 [32 [ED

e Application Calibration Data Contents

The contents and order of the Slave Application Calibration Data shall be determined by the slave supplier, with the
agreement of the DRE.
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5.10.2.2.3.2 $00

Fill Symbol

Any unused data space within a Slave Application Calibration Data block shall be filled after the Slave Application

Calibration Data wi

th the “$00” fill symbol in the Master memory.

5.10.2.2.4 File Length and Memory Allocation

5.10.2.2.4.1

Maximum Master Memory Allocation

An absolute maximum of 160 bytes total, of calibration memory shall be allocated in the Master for each Slave Application
Calibration Data that the Master supports. Additional memory must also be allocated to maintain the Calibration File

Header.

The exact length
when the addition
byte Slave Applic
Data can be conta

5.10.2.2.4.2 Mas
When the “maximy
for all members o
Master, instead of
and the 4 byte Sla

5.10.2.2.4.3 Max

Each member of @& slave family that may be optionally allocated to a single NAD, shall be expectg

maximum number
5.10.2.2.4.4 $%00

Any unused data
Calibration Data w

For example, for 4
bytes of applicatid
Checksum) + 4 (fq
checksum and the
the block of 61 byt

5.10.2.2.5 Transr

f the calibration data to be allocated for each slave shall be less than the imaxim
| following requirements are comprehended. Each calibration shall contajn*a)1 byte
ion Calibration Part Number. Therefore, a maximum of 155 bytes of Slave Applic
ned in the 160 byte total block.

er Memory Allocation for Slave Application Calibration Data Volume Less Than 160

m” Slave Application Calibration Data requirement for a given type of slave is less t
a slave family that may be allocated to an identical NAD, the “maximum” shall

e Calibration Part Number.

mum Frame Consumption

pf frames allocated for the family.
Fill Symbol

space within a Slave Application Calibration Data block shall be filled after the
th the “$00” fill symbol in.the Master memory.

family of 2 Slave deyices, where the Slave Application Calibration Data maximum
n data, the maximum calibration length would be 61 bytes. [56 (application

Slave Application Calibration Part Number) bytes for its Slave Application Calibratio
bs (14) shall be filled with $00 symbols.

hission of the Slave Application Calibration Data

im 160 bytes total
Checksum and a 4
htion Configuration

Bytes

han 160 total bytes
be allocated in the

160 bytes. The “maximum” allocation shall include sufficient additional space for the 1 byte Checksum

d to consume the

Slave Application

length required 56
Hata) + 1 (for the

r the Part Number) = 61]. However, if the other Slave type required only 47 maximum (including the

n, the remainder of

5.10.2.2.5.1

Frame Transmit Order

The transmit order of Slave Application Calibration frames shall be specified in the Slave Component Technical
Specification and the Slave specific NCF (and by incorporation, the Master LDF).


https://saenorm.com/api/?name=06e548f4939c65612341b672d537722f

SAE J2602-1 Revised NOV2012 Page 24 of 48

5.10.2.2.5.2 Transmit Schedule Table

There shall be 1 (one) single-pass schedule table constructed to provide for the loading of Slave Application Calibration
Data to all members of a single slave family.

Therefore, (using the example provided above, for a slave with a maximum calibration length of 61 frames), the schedule
table frame content will be composed of 7 frames of 8 byte length, followed by a single frame (frame 8) of 5 byte length.
The same schedule table would be utilized for the slave requiring only 47 bytes. Therefore, the schedule table will also
be composed of 7 frames of 8 byte length, and one frame of 5 byte length. During transmission of the last cited schedule

table, the last 14 bytes (1 byte of frame 6, all of frame 7, and 5 bytes of frame 8) would be filled with the $00 symbol.

5.10.2.2.5.3 Calibration Load Invocation

A CPID shall be d
The CPID may be
calibrated itself. A

When the CPID r
utilized to determi
manage the calibra

5.10.2.2.5.4 Calibration Loading during Normal Communications

The Master shall h
loaded or that it hd
indicated a loss of

If the transfer was
Calibration data tg
consistent with [G(

The following Figu
Slave Application (

bfined for the purpose of causing a Master to invoke all Slave Application Calibratig
mbedded in a Ultility file (part 2) to cause the calibration load after the Mastenhas bg
5 well, the CPID may be invoked through a tester request.

bquest has been recognized by the Master, the Master Subnet.Configuration Lis

tion loading of slave that are present are invoked.

ave the capability to respond to a slave device’s recognition that its calibration data
s been “lost”. This automatic loading shall be prompted by the Master recognizing
calibration data via the APINFO3 bit being setto'a $1.

not successful, the Master shall make ] (one) additional attempt to transmit the
the slave.
SE |-Document]. No further attemptto program the slave shall be made during that

e 1 provides a Message Sequence Chart that depicts the significant events and fac
Calibration sequence.

n schedule tables.
en programmed or

t (MSCL) shall be

he which slaves are present in a particular configuration so_that’ only those schedule tables which

has either not been
that the slave has

Slave Application

In the event that the second attempt is also unsuccessful, the Master shall set a DTC

gnition cycle.

ors which initiate a
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Slave Detected Calibration Not Loaded

Master Slave

T T

| |

| |

! } Slave determines that no

| calibration data is loaded

| | (ConfigData Set ID = "$00".

! | Sets APINFO3 = $1 in J2602

! | Status Byte (Configuration Not

Master interprets Slave ~ \  Fo—————— e ——— ‘ oK) @ Bus Wake up or Power On Boot
|
|

response APPINFO3 = $1 as
indication that the slave is
unconfigured. Master f it

Jaunches schedule table to @ Master invokes “Init” Schedule table
provide Config Data Set to

slave. Master checks reported “APPINFO3” = $1
3 (Slave indicating it is not configured) from

Slave response.

@ Master invokes “ConfighSchedule table

Slave calculates Inverted 8-bit “Slave Status (2) response igthe last
Sum with Carry checksum messagé in the'"Config” Schedule table

over all calibration data and
9 Slave Application Calibration "
Part Number, Calculated Master checks reported “APAINFO3" = $0
checksum value retumns value (Slave indicating it has been gonfigured) from
=300. Slave sends response

containing APPINFO3 = $0 Slaveresponse.
{Configuration OK})

Master interprets Slave Master invokes “Normal” Schedule table
response APPINFO3 = §0 as @
indication that the slave |s

configured.

Master Jaunghes Normal
Schedule Tible.

» The “Slave Status (1)” response message provides an indication that the.target slave is alive and functioning,
and that it recognizes that it is not configured (“APPINFO3 = $1" indicates that the slave’s configuration criteria is
not satigfied).

» The Makter detects that the slave is not configured (APPINFO3'= $1"). Master launches the Config
schedulp table to load the ConfigData set.

» The “Slave Status (2)” response message provides anindication that the target slave has received and
loaded fhe new “ConfigData” set. (Response message contains the APPINFO3 bit = $0, indicating that the
slave’s gonfiguration criteria is satisfied).

MLRJr/LAP/LB 200§-11-30

FIGURE(1"SLAVE DETECTED CALIBRATION NOT LOADED
NOTES:

1. The “Slavg Status (1)” response message provides an indication that the target slave is alive and functioning, and
that it recognizes that it’is'not configured (“APPINFO3 = $1” indicates that the slave’s configuration criteria is not
satisfied).
Master laupches’the Slave Application Calibration schedule table to load the ConfigData set.
The “Slavg Status’ (2)” response message provides an indication that the slave has received and loaded the new
“ConfigDafa"set. (Response message contains the APPINFO3 bit = $0, indicating that the slaye’s configuration
criteria is satisfied).

wn

5.10.2.2.6 Loading configuration data into slaves with volatile memory

The data flow for slaves with volatile memory only, is identical to the process as described in 5.10.2.2.5.4. Because a
slave with only volatile memory will be un-configured upon start-up initialization after each power-up, therefore the slave
will signal that it is un-configured in its first response message. This will trigger the same mechanism as with slaves with
non-volatile memory requesting their configuration data. Once the status information in the response frame is received
from the slave, it can be guaranteed that the slave in question is also ready to receive data. The Master will then start a
configuration download for that particular slave.
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5.10.2.3 Slave Node Application Configuration Introduction

Depending on the complexity of the function that a slave device(s) is tasked to perform, vehicle/system/performance
criteria data may be required specifically for the slave application to perform properly. A method of providing this
application specific data for use within the LIN framework is defined in this section of this specification. Identifiers within
the $00 to $37 range shall be used for all application data transfers.

For devices requiring application configuration data, a variable length data volume can be loaded using multiple protected
identifiers. This method shall be defined through a set of requirements under the Slave Application Calibration
methodology. The maximum volume of data that can be transferred using this method is limited to 160" bytes. The
maximum data allocation per slave is ultimately arrived at through an agreement between the Network designer and the

Component Desig
network normal op
a Calibration Part

table. This method
that the calibration
the following sectid
5.10.2.3.1 Slave

The structure of th
Checksum (1 byte
Slave Application (
Slave Application (
$00 fill symbols (if
5.10.2.3.2 Slave

The first byte of thg
Slave Application (
5.10.2.3.3 Slave

The second througd
Application Calibrg
Part Number (and,
the encoding, and

n/Release Engineer and shall be balanced between the number of slaves on the

bration messaging requirements and the specific Slave’s functional requirements:. Th

Number and a checksum value to be transferred to the slave during a single pass m
also requires the slave to have the ability to confirm that a compatible calibration hg
ns.

Application Calibration File Structure

b Slave Application Calibration shall be:

Calibration Part Number(4 bytes)
Calibration Data (byte 5 through byte n, where-n — 5 = actual Slave Application Calibr
hecessary)
Application Calibration Checksum
Slave Application Calibration-shall contain a 1 byte checksum value.
Lalibration Part Number
Application Calibration Part Number
h fifth bytes«shall contain a 32 bit Unsigned Numeric representation (U_32) of the 8
tion Part Number. The Slave Application Calibration Part Number shall be the “re

as wellthe actual Part Number of the calibration). The following represents an exa
ocation of the data within the Slave Application Calibration Data file.

network, the total
is method requires
Llti-frame schedule
s been loaded and

data has been loaded and locally stored correctly. The requirements for this method are described in

ation Data length)

digit decimal Slave
eased” Calibration
mple part number,

Position (Byte) 2 |3 [4 |5
SlaveApplication

CalibrationPartNumber 16265965

Hex value 00 |F8 [32 [ED

! This maximum of 160 bytes includes additional required data parameters, and does not reflect the total amount of

application configu

ration data that can be transferred to a slave.
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5.10.2.3.3.1

Slave Application Calibration Data Contents

The contents and order of the Slave Application Calibration Data shall be determined by the slave supplier, with the
agreement of the DRE.

5.10.2.3.3.2 $00

Fill Symbol

Any unused data space within a Slave Application Calibration Data block shall be filled after the Slave Application

Calibration Data wi

th the “$00” fill symbol in the Master memory.

5.10.2.3.4 Slave Application Configuration Data Volume Requirement Declaration

The actual length

accommodated ba
being communica
Specification (CTS
not exceed 160 b
checksum and the

When the “maximy
for all members o
Master, instead of
Checksum and the
5.10.2.3.4.1 $%00

Any unused data
Calibration Data w

For example, for a
bytes of applicatig
Checksum) + 4 (fd
checksum and the
the block of 61 byt

5.10.2.3.5 Transr
5.10.2.3.5.1 Tran

The transmit ordq
Specification and t

5.10.2.3.5.2 Tran

pf the Slave Application Calibration Data shall be identified in the Slave componen
5ed on an agreement between the SSLT, the LIN Team, and Component Supplier,
ed and confirmed to the LIN Team via the LIN Questionnaire and,\the Con
). The absolute maximum length of the Slave Application Calibration Data for anyj
ytes. This 160 byte length shall be of the structure defined above“(and shall
4 byte Calibration Part Number.

m” Slave Application Calibration Data requirement for a given.type of slave is less t
a slave family that may be allocated to an identical NAD, the “maximum” shall
160 bytes. The “maximum” calibration allocation shall inelude sufficient additional s

4 byte Slave Calibration Part Number.

Fill Symbol

space within a Slave Application Calibration” Data block shall be filled after the
th the “$00” fill symbol in the Master memory.

family of 2 Slave devices, where the Slave Application Calibration Data maximum
n data, the maximum calibration’length would be 61 bytes. [56 (application
r the Part Number) = 61]. However, if the other Slave type required only 47 maxi
Slave Application Calibration:Part Number) bytes for its Slave Application Calibratio
bs (14) shall be filled with $00 symbols.

nission of the Slave”Application Calibration Data

smit Order

r of Slave’ Application Calibration frames shall be specified in the Slave Cor
he Slave.specific NCF (and by incorporation, the Master LDF).

smit Schedule Table

CTS and shall be
with the agreement
nponent Technical
slave device shall
nclude the 1 byte

han 160 total bytes
be allocated in the
pace for the 1 byte

Slave Application

length required 56
fata) + 1 (for the
mum (including the
n, the remainder of

hponent Technical

There shall be 1 (one) single-pass schedule table constructed to provide for the loading of Slave Application Calibration
Data to all members of a single slave family.

Therefore, (using the example provided above, for a slave with a maximum calibration length of 61 frames), the schedule
table frame content will be composed of 7 frames of 8 byte length, followed by a single frame (frame 8) of 5 byte length.
The same schedule table would be utilized for the slave requiring only 47 bytes. Therefore, the schedule table will also
be composed of 7 frames of 8 byte length, and one frame of 5 byte length. During transmission of the last cited schedule
table, the last 14 bytes (1 byte of frame 6, all of frame 7, and 5 bytes of frame 8) would be filled with the $00 symbol.
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5.10.2.3.5.3 Maximum Frame Consumption

Each member of a slave family that may be allocated to a single NAD shall be expected to consume the maximum

number of frames allocated for the family.

5.10.2.3.5.4 Slave Reception Rate Specification

The supplier shall be expected to identify the anticipated minimum and maximum reception periods for each frame of the

Slave Application Calibration Data block in the LIN Questionnaire and on subsequent submittals of th
slave.

e NCF files for the

Nota Bene: The slave supplier should take care to not underestimate the minimum reception periads
The slave is expedted to receive the frame and handle (buffer or write to non-volatile memory) each, of]
the next frame is transmitted. The frames may well be transmitted at the minimum reception period.iden
5.10.2.3.6 Slave Application Calibration Data Management Responsibilities

5.10.2.3.6.1 Calibration Compatibility Confirmation

The slave device i§ responsible for confirming that a compatible calibration has, been loaded.

5.10.2.3.6.2 Calipration Compatibility Confirmation Methods

5 for these frames.
the 8 bytes before
tified.

The Slave shall hgve the responsibility to confirm that the calibration.data is compatible with its application requirements.

Confirmation methpds may include, but are not limited to, data length checking, specific data value
variable locations Wwithin the file, checksum over the loaded file, The type of confirmation checking t
shall be based on an agreement between the SSLT, DRE, and{Component Supplier, and documented i

blausibility, specific
b be accomplished
n the CTS.

5.10.2.3.6.3 Chegksum Calculation
e contents of the
ation configuration
every initialization

This confirmation [shall be minimally accomplished:-by performing a checksum calculation over th
application configuration data image to ensure that'the checksum result identically matches the applig
data checksum value (received in the calibration file). This confirmation shall be accomplished upon
and reset operatiof (both running reset and commanded reset) of the slave.

5.10.2.3.6.4 Slavg Reporting of Application Calibration Loading Errors
hta, the Slave shall
al mode response

In the event the Slave device determines that it has not been satisfactorily loaded with the calibration d
communicate this [deficiency.-to-the Master through the APINFO3 Calibration Status bit in any norm
message.

5.10.2.3.6.5 Slave Reporting of Application Calibration Data Compatibility Errors

In the event the Slave device determines that it has been loaded, but the calibration is either not compatible or is not
appropriate for the application, the Slave shall communicate this deficiency to the Master through the Slave specific
Configuration Comparison Error Flag Status bit (xxxConfigCompErrFlg Status bit, where xxx is the Slave specific
acronym) in any normal mode response message.

5.10.2.3.7 Additional Requirements

5.10.2.3.7.1 Slave Application Calibration Part Number Reporting

The Slave Application Calibration Part Number, an 8 digit part number, shall be defined as a normal mode LIN signal to
be transmitted by the Slave when requested by the Master. The Master shall store the received part number as a DID
parameter. (The Slave shall be able to transmit the part number signal upon Master request through normal mode
messaging, and the Master shall make the parameter available in response to a diagnostic communications DID request).
The Slave shall be delivered with the Slave Application Calibration Part Number value set to $00000000.
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5.10.2.3.7.2 Slave Part Number

Any slave device which requires the loading of Slave Application Calibration Data shall also maintain, in memory, its
assigned 8 digit part number. This part number shall be loaded (programmed) prior to delivery to the OEM. This stored
value shall be known as the Slave Part Number.

This Slave Part Number must be specified in the Slave Component Technical Specification, by the responsible
specification and release authority. This number may take the form of either the Base Model Part Number or the End
Model Part Number.

The Slave Part Number, an 8 digit part number, shall be defined as a normal mode LIN signal to be transmitted by the

Slave when reque
shall be able to trg
shall make the par

5.10.2.3.7.3 App

When the Master r
has either not had
this condition is ref

Presuming that th
Configuration Data
the APINFO3 Con
Diagram represent

If the transfer was
that the second att
attempt to program

sted by the Master. The Master shall store the received part number as a DID par
nsmit the part number signal upon Master request through normal mode messagi
bmeter available in response to a diagnostic communications DID request).

cation Configuration Status Bit

eceives the APINFO3 bit set to a $1 value, it shall interpret this responseé as an indic
the appropriate Slave Application Calibration Data loaded, or that'the slave has “lod
orted, the Master shall initiate a configuration download sequence.

b transfer was successful, the Master shall then confitm that the slave has accu
by requesting that the slave respond with a single response frame to confirm that
iguration Status bit (to a $0 value, indicating that the slave is now configured). A M
ng this sequence is depicted in the below Figure 2:

not successful, the Master shall make 1 (oqe) additional attempt to configure the 3
empt is also unsuccessful, the Master shall'set a DTC consistent with [GGSE |-Dogd
the slave shall be made during that ignition cycle.

a'Lneter.
g, and the Master

(The Slave

ation that the slave
t” this data. When

rately received the
he slave has reset
lessage Sequence

lave. In the event
ument]. No further
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Master interprets Slave
response APPINFO3 =31 as
indication that the slave is
unconfigured. Master

launches schedule

provide Config Data Set to

slave.

Slave Detected Calibration Not Loaded

Master

Slave determines that no
calibration data is loaded
(ConfigData Set ID = "$00"
Sets APINFO3 = $1 in J2602
Status Byte (Configuration Not
OK)

table to

@ Bus Wake up or Power On Boot

@ Master invokes “Init” Schedule table

Master checks reported “APPINFO3" = $1
3 (Slave indicating it is not configured) from

<

Master interprets Slave
response APPINFO3 =
indication that the slave,

configured.

Master Jaun|
Schedule T:

» The “Sl
and tha
not sati

The Ma
schedu

The “Sl
loaded
slave’s

»

NOTES:

The “Slave Status
recognizes that it i

Master launches th

Slave response.

@ Master invokes “ConfighSch
(Slave indicating it has been

@ Slaverresponse.
@ Master invokes “Normal” Sch

Slave calculates Inverted 8-bit
Sum with Carry checksum
over all calibration data and
Slave Application Calibration
Part Number. Calculated

“Slave Status (2) response i
messagé in the™“Config” Sch

Master cheeks reported “APH
checksum value returns value
=300. Slave sends response
containing APPINFO3 = $0
{Configuration OK})

0 as
s

hes Normal
ble.

ve Status (1)” response message provides an indication that the.target slave is alive and functioning,
it recognizes that it is not configured ("APPINFO3 = $1" indi¢ates that the slave’s configuration criteria is
fied).

ter detects that the slave is not configured (APPINFO3= $1"). Master launches the Config
table to load the ConfigData set.

ve Status (2)” response message provides anindication that the target slave has received and
he new “ConfigData” set. (Response message contains the APPINFO3 bit = $0, indicating that the
Configuration criteria is satisfied).

MLRJr/LAP/LB 2004

FIGURE(2)-"SLAVE DETECTED CALIBRATION NOT LOADED

(1)” response-message provides an indication that the target slave is alive and fun
not configured (“APPINFO3 = $1” indicates that the slave’s configuration criteria is

e Slave Application Calibration schedule table to load the ConfigData set.

dule table

the last
dule table

INFO3" = $0
onfigured) from

fedule table

-11-30

ctioning, and that it
not satisfied).

The “Slave Status (2)” response message provides an indication that the slave has received and loaded the new
“ConfigData” set. (Response message contains the APPINFO3 bit = $0, indicating that the slave’s configuration criteria is

satisfied).

5.10.2.3.7.4 Loading configuration data into slaves with volatile memory

The data flow for slaves with volatile memory only, is identical to the process as described in 5.10.2.3.7.3. Because a
slave with only volatile memory will be un-configured upon start-up initialization after each power-up, therefore the slave
will signal that it is un-configured in its first response message. This will trigger the same mechanism as with slaves with
non-volatile memory requesting their configuration data. Once the status information in the response frame is received
from the slave, it can be guaranteed that the slave in question is also ready to receive data. That is, the Master shall use
the un-configured status indication from all slaves as the trigger criteria to begin a configuration loading sequence.
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6. J2602-1 API REQUIREMENTS

6.1  Master Node Configuration API

For Master implementations, the Node Configuration API (Section 3 of the LIN 2.0 API specification) is mandatory if any
Node Configuration commands will be utilized on the network. If Node Configuration is not used, these API calls are
optional.

The Node Configuration API only applies to Master implementations.

6.2 Diagnostic Transport Layer API

For Master or Slaye implementations, the Diagnostic Transport Layer API (Section 4 of the LIN.2:0 API specification) is
optional.

Diagnostic information is supplied via the J2602-1 Status Byte.

6.3 Additional APl Requirements

Please see SAE J2602-3 for additional details on Master and Slave AP| Requirements.
7. J2602-1 BUS OPERATION

The physical layef is responsible for providing a method of transferring digital data symbols (1]s and 0’s) to the
communication medium. The physical layer interface is a single \wire, vehicle battery referenced pus, with low side
voltage drive.

7.1 Normal Communication Mode and Transmission Rate

Transmission bit rate in the normal communication mode is 10.417 Kbits/s, this results in a nominal it time of 96 us. In
the normal transrpission mode, transmitters with“controlled waveform fall and undershoot times| should be used.
Waveform rising efige control is recommended toassure that high frequency components are minimizé¢d at the beginning
of the upward voltgge slope. The remaining rise"time occurs after the bus is inactive with drivers off ard is determined by
the RC time constgnt of the total bus load.

7.2 Sleep/Wake [Mode
7.2.1 Wake-up (feference 5.1)

The node may coptinue fo.issue wake-up requests until the Master node responds by transmitting|a frame identifier.
Following a minimyim delay-of 1.5 s and a maximum delay of 3.0 s (after the third wake-up attempt), th¢ slave device may
initiate one additiopal sequence of three wake-up requests separated by a minimum of 150 ms and & maximum of 300
ms. The cycle is|concluded following the sixth wake-up transmission. The minimum elapsed timg for one complete
wake-up cycle, as described, is 2.1 s.
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Wake-up Signal Timing

FIGURE 3 - WAKE-UP SIGNAL TIMING

Parameter Minimum Maximum
Wake-up Pulse 250 us 5 ms

Twut 150 ms 300 ms
Twu2 1.5s 3s

If no response (valid identifier transmission) is produced by the Master node in-fesponse to the wak
slave node shall default to a network sleep state. In the event the slave node detects another local v
the sleep default, it may again attempt to wake the Master through a new wake-up signal cycle. The
number of wake-up cycles that may be attempted.

7.2.2 Go to Sleep (reference 5.2)

The Master node must transmit an explicit “Go To Sleep” command to the network, prior to ceasing to t

7.2.2.1 Slave N¢de Sleep

All slave node(s) shall interpret a cessation of all message traffic for 4 s on a given network, without r
“Go To Sleep command” as a failure condition of the-Master node or the physical layer. When this cg
slave node(s) sha|l assume a default state that-may include sleep and/or low power consumption s
defined functionali

7.3  LIN Controllgr Clock Tolerance

7.3.1  Master-Slgve Communication

TABLE ™9 - MASTER-SLAVE COMMUNICATION CLOCK TOLERANCE

e-up requests, the
vake-up input after
re is no limit to the

ansmit.

bceiving an explicit
ndition occurs, the
tate or application

Device|Type Clock Tolerance Notes

Master +0.5% Initial Tolerance + Divide Error

Slave +1.5% From the nominal bit time with a fixed clock - Initial
Toleranrce—+Divide-Errorwhen-syrechronized

Slave (autobauding) 1+2.0% From the master bit time > Initial Tolerance + Divide Error

when synchronized

7.3.2 Slave-Slave Communication

This mode is currently not supported and is not recommended. This is for information purposes only.
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TABLE 10 - MASTER-SLAVE COMMUNICATION CLOCK TOLERANCE

Device Type Clock Tolerance Notes

Master +0.5% Initial Tolerance + Divide Error

Slaves communicating with +1.5% Initial Tolerance + Divide Error when synchronized

Master only.

Slaves communicating with +2.0% From the nominal bit time with a fixed clock = Initial Tolerance
Master only. (autobauding) + Divide Error when synchronized

Slaves communicating with +1.0% From the nominal bit time - Initial Tolerance + Divide Error

Slave

when synchronized (NOTE: This requires autobauding slaves

to synchronize within +0.5% of the master.)

7.4 Bus Electrical Parameters

This section descr
the LIN bus.

ECU Battery Voltage Input '

Maximum ECU Battery Moltage Input for no Damage ’

IC Battery Voltage Inpu
Maximum IC Battery Vg
Output High Voltage

High Voltage (Recessive) Input Threshold

Output Low Voltage
Low Voltage (Dominanf)

Input Threshold Hysterg
Ground Offset Voltage
Battery ECU Offset Vol

LIN bus to Ground Isolgtion Resistance

Network Total Resistan|

Device Bus Leakage C]jrrent Vpatt Disconnected

Device Bus Leakage C
Slave Device Capacitaf
Master Device Capacits
Network Total Capacita

Bus Wiring Capacitancs

Network Time Constan

Master Termination Resistance

Slave Termination Resistance

5
trecmax) — toomminy

5
toommax) — trecminy

Total Network length connecting all ECU nodes

bes the bus electrical voltage level parameters required by devices that drive,and|receive signals on
7.4.1 LIN Bus Signals and Loading Requirements
TABLE 11 - LIN BUS SIGNALS AND LOADING REQUIREMENTS
Parameter Symbol Min? Typ. Meax. Units
VbattEcu 8 8 Vv
Vbatt max ECU -13 40 \4
Vbattic 7 8 \Y
Itage Input for no Damage Vbatt magic 0 34 \
Voh 0.8 Vbatt IC Vbatt IC \
Vin 0.47 Vipatt 1c 0.6 Vboattic Y,
Vol 0.0 0.2 Vpattic \Y
Input Threshold Vi 0.4 Viattic 0.53{Vbatt1c \4
sis (Vin - Vi) ° Vivs 0.07 Viaric 0.179 Vpatic \
Vg off — 0.1 Mbatt ecu \%
age Vb off — 0.1 Vpattecu \
ViGiso 500 K Q
Ce Ry 537 1081 Q
I leak batt -23 23 HA
rrent Ground Disconnected | teak gnd -100 1p0 HA
ce’® Celave 90 220 272 pF
nce ® Crnaster 90 680 2450 pF
hce Cy 926 9310 pF
Cw 1p0 pF/m
’ Thotworc 1.0 g0 us
Rwm 900 1000 1100 Q
Rs 20,000 30,000 60,000 Q
Tr.d max — 15.9 us
Taor max — 17.28 us
bus length — 40 meters
(see Table
12 for
application
limits)
2 16

Number of system nodes
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N

Vyatt is measured at the ECU input power pins. All voltages are referenced to the local ECU ground.

2. The normal mode network time constant (Thework) is the product of Ry and Cy. The network time constant incorporates the bus wiring capacitance.
The minimum value is selected to limit radiated emissions. The maximum value is selected to ensure proper communication under all
communication modes and is the absolute maximum allowed under normal operating conditions. The system should be designed to have a time
constant no larger than 5.3 us under an error condition at a slave node. This should be considered when determining the fusing for the vehicle. Not
all combinations of R and C are possible. Only those combinations of R and C, and bus length, and PCB trace capacitance, etc. are possible that
meet the specified network time constant.

3. The ECU capacitance includes the actual load capacitor as well as the PCB trace capacitance, connector capacitance, etc. The ECU capacitance

is the room temperature capacitance and does not include temperature effects. The capacitance shall not change by more than 10 % over the

entire operating temperature range. The Network total capacitance includes the capacitors placed on the ECUs as well as the capacitance of the
bus wires.

Equations for converting from the Duty Cycle in the LIN Physical Layer Spec to the times in this table can be found in Appendix C.

Input Threshold Hysteresis (Vi, - Vi) cannot be less than 0.0

See 7.12 Operating Battery Power Voltage Range for details.

2

7.5 LIN Data Link (UART) Requirements

Any device (e.g., [UART, SCI, software, etc.) chosen to implement a J2602-1 LIN data link. interface shall meet all
requirements in thig section.

7.5.1 Sample Pqint
The device shall $ample the data within the window specified in Figure 4. Ne’samples shall be[taken outside the

specified window fpr the purpose of determining the value of the data on thecbus? The device may fake three samples
and use the majorify to determine the data, or it may take a single sample to determine the data.

Actual edge occurs somewhere in this 1/16 bitsegment

1234567 8 910111243141516

I gy
>N
¥
Latest data sample point
Earliest data sample point
r-d edge detected
Start Bit

FIGURE 4 - BIT SAMPLE TIMING

7.5.2 Synchronization

1. The device shall be able to synchronize within 1/16 of a bif fime.

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

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

Double buffering shall not be used for transmit messages to ensure that the requirement for error detection in 5.4.2 is not
violated.
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7.6 LIN ECU Requirements

7.6.1  ECU Circuit Requirements

VBatt

LIN
Transceiver . ‘ J&,
Coau
4.7uF 10%,
minimum

I

ECU Connector

)|

— [PV POPPROPPRIY. NOTE: These
220 pF 10% GND components are
shared by the
rest of the ECU.

\Y

* ESD Protection - MMBZ27VCLTI
or equivalent - if needed. \V

FIGURE 5 - TYPICAL LIN SLAVE BUS INTERFACE

VBatt

INH LIN
Transceiver °

Ryppeier - J/(j
1K 10%, Hin
% W min. (o)
100 nF
Bus
’ hd CISI"
4.7uF 10%,
minimum
\ v

Croa NN Mceeneas NOTE: These
680 pF 10%, GND components are
typical shared by the

N rest of the ECU.

* ESD Protection - MMBZ27VCLTI1
or equivalent - if needed.

ECU Connector

FIGURE 6 - TYPICAL LIN MASTER BUS INTERFACE

7.6.1.1  Master Node Resistor

The Master node resistor shall be as 'specified in Table 11 and Figure 6. It shall have a minimum power rating of 0.5 W,
or 0.36 W at the maximum specified-operating temperature.

This assumes that|the transeeiver limits the current to the load pin to a maximum of 20 mA. In the evient 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 followifg,equation: P (watts) = I"2 * R where | is the maximum current in Amps and R is 900 Q.

7.6.1.2 Master Nade Pull-llp Reverse Rlocking Diode

The maximum voltage drop in the Master 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 Master Node Capacitance

The Master node load capacitor shall be as specified in Table 11 and Figure 6 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 Node Capacitance

The Slave node load capacitor shall be as specified in Table 11 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
3 and 4.

7.6.2 Board Layput Requirements
1. All grounding gf the LIN transceiver and the filter capacitors shall be made to ECU signal ground.

2. C1 and Cioap [shall be monolythic ceramic chip capacitors. (Ceramic chip capacitors have low ESR and high self-
resonant frequencies.)

3. A ground plang is required under the transceiver chip on the same side ofthe board as the comporent.

4. Transceiver shall be located as close to edge connector as possible. Other IC’s are not permifted between edge
connector and|the transceiver.

5. The LIN bus gircuit between the edge connector and transceiver shall be as short as possible| Guard tracks are
required for alllLIN bus and Tx and Rx circuits.

6. All guard tracks shall be at least 0.5 mm wide and<grounded at least every 10 mm. No signals shall be routed
between the gliard track and the LIN bus trace.

7.7 Network Togology
7.7.1 Loss of EGU Ground

The loss of grounfl by any single slave'ECU, with or without an accompanying loss of Vp., shall not cause any bus
voltage offset that will disable normal_communications (see | jeak gng in Table 11).

7.7.2 Loss of EGU Battery

The loss of battery by any single slave ECU, with or without an accompanying loss of ground, shall hot cause any bus
voltage offset that Will disable normal communications (see | sk batt in Table 11).

7.7.3 Bus Electrical Load Distribution
Each Slave ECU shall contain a slave device capacitance load and a slave termination resistive load.

The total network equivalent minimum resistance (Ry) and maximum capacitance (Cy) shall comply with the totals
specified in Table 11.


https://saenorm.com/api/?name=06e548f4939c65612341b672d537722f

SAE J2602-1 Revised NOV2012 Page 37 of 48

7.7.4 Bus Wiring Topology Configurations
The data link physical medium wiring mechanization can be implemented in any of the following ways:

1. 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.

2. 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.

3. Ifin a star configuration, the ECU requires only one pin for LIN.

The topology of the LIN bus shall be determined for each vehicle platform based on the vehic}’s fault tolerance,
serviceability, and pus length requirements. A second bus wire connector terminal for the LIN eircuit gt each ECU allows
for implementation] of a ring configuration, although it is not required that both terminals\be used. A ring, star, or
combination of ring and star configuration is acceptable as long as all other LIN wiring requirements arg met. lllustrations
of the LIN topologig¢s are shown in Figures 7, 8, 9, and 10 below.

ECU 1

m
(@]
C
o

Optional Redundant Connection

Jaja0suRl)
NIT
=
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
!
|
/
|
|
|
|
|
|
|
|
|
FEINELETETN
NIT

1
1

LIN LIN
Transceiver Transceiver

ECU 2 ECU3

FIGURE 7 - LIN RING TOPOLOGY

ECU 1

m
(@]
C
o

NI

=
1
FEINELETETN

I |

LIN LIN
Transceiver Transceiver

ECU 2 ECU3

FIGURE 8 - LIN LINEAR TOPOLOGY
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ECU1

Star Concentrator

ECU[l

TONBOSUBIT
NIT

Optional Redundant Connection

Star Concentrator

LIN

Transceiver

|

ECU 2

7.7.5 Bus Wiring Constraints

The vehicle network wiring and ECU system shall meet the following constraints:

1. The total bus wiring capacitance’/shall not cause the network time constant to be exceeded. (s¢
maximum bug length allowed is determined by the number of nodes in the network systg

characteristics

2. There shall be[no more'than 40 m between any two network system ECU nodes.

The following tabld_uses the maximum netwaork time constant to determine the maximum wire Ipngth t

[

LIN

Transceiver

ECU 3

FIGURE 10 - LIN COMBINATION RING AND STAR TOPOLOGY

Janeosuel ]

ECU 4
G
FC ‘J JC
- o1z
LIN LIN
Transceiver Transceiver
FIGURE 9 - LIN STAR TOPOLOGY
ECU 4

NI

e Table 11). The
m and their R-C

at can be used to

connect a given number of ECUs. This maximum wire length depends on the Master Node Capacitance and the number
of slave nodes. In calculating these numbers it was assumed that all resistors are at the maximum allowed values and
capacitors (10%) are at their maximum tolerance, that the capacitance of the wire was 100 pF/m, that the slaves all have
nominal capacitances of 220 pF and that an additional 30 pF of capacitance are added due to PCB traces and

Connectors.

Table 12 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 12 gives the capacitance in the Master Node.

The maximum vehicle wire length is calculated using the following equation:

Wire = [Tnework /(Rs / # slave nodes || Ry,) — C, — Cs * # slave nodes] / wire(C/m)

(Eqg. 1)
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