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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




1RENESAS APPLICATION NOTE
R8C Family

Renesas LIN Overview

Introduction

LIN is a communication and distributed processing bus system. It is characterized by low cost hardware and a relatively
low data transmission speed and number of bus nodes. Only a microcontroller with a common UART interface
hardware is necessary. LIN is limited to 64 data frame identifiers and a bus speed of 20 kbaud. The size of a network is
typically under 12 nodes.

A primary topic for looking at a communication bus is that of centralized vs. distributed processing. Does it make sense
to wire all sensors and actuators to one central MCU, or does it make more (economical!) sense to have ‘smart’ sensors
and actuators that communicate with each other via some sort of bus? There are two primary reasons why one might
want to choose a distributed processing configuration:

1) Reduction of wiring complexity
2) Reuse of hardware modules in multiple products.

Distributed processing with LIN supports the reuse of hardware modules in multiple products. LIN makes the “scale tip’
in favor of distributed processing due to its low per device hardware cost. CAN requires a more complex peripheral, as
more transaction mechanisms are solved by the hardware. In LIN, almost all functionality is done by the firmware. The
LIN specification also introduces a mechanism for module discovery and configuration.

In short: LIN as a solution that provides a very simple and inexpensive method of module interconnection.

¥
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Figure: LIN Data Link Layer
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1. Physical Layer

LIN uses a single wire transmission line that is passively pulled up to the battery supply voltage. A logic ‘1’ equals a
recessive state e.g. 5V or any voltage the LIN transceiver circuit can operate with. All voltages are measured with
respect to system ground, which is used for both signal and power return currents. The LIN bus transceiver rise and fall
times are limited (ramped transceiver function) to reduce EMI.

A LIN cluster consists of one master node and up to 15 slave nodes, connected in a wired AND configuration that
allows any single node to drive the bus to logic 0 (the dominant state), overriding the passive (recessive) logic 1 being
‘sent’ by every other node in the cluster. The limit of 15 slave nodes is determined by the line driver and receiver
specifications for a standard LIN transceiver. This number may be increased to as many 254 slave nodes if a non-
standard transceiver circuit is used.

Data is sent as 8-bit bytes (with no parity) preceded by a start bit (logic 0) and followed by a stop bit (logic 1). The
LSBit of each byte is sent first and the LSByte of multiple byte fields is sent first (little endian).

2. LIN Data Link Layer

LIN communication is conducted via message frames. Message frame headers are transmitted by the master according
to a pre-defined sequence. The LIN device that “fills in’ the data bytes in a message frame is called the ‘publisher’ node.
A LIN device that accepts and processes message frame data is known as a ‘subscriber’ node. The publisher node also
transmits the final checksum byte of the message frame. The primary function of the master node is to send out the
message headers. However, the master node may also be configured to subscribe to data published by any or all of the
slave nodes.

Message frames fall into two basic categories: Command frames in which the master node publishes message frame
data to one or more slave nodes and request frames where one (or more) slaves respond by publishing the message
frame data. LIN does not define a formal subscription process, so, a ‘publisher’ node has no idea which nodes may be
using the data it publishes, or transmits. Thus, slave-to-slave communication is possible by having the master node
transmit the header for a request frame; one slave publishes the data that another slave subscribes to. But, this is only at
a time determined by the master.

3. Frame fields

A message frame consists of the following sections, or fields. As said above, data is preceded by a start bit and
followed by a stop bit for all fields.

3.1 break field

This stop bit is called the ‘break delimiter’ and is defined as ‘at least one bit period’. The LIN specification requires that
a slave detect a break after ‘11 nominal bit times’. The Baud rate for a LIN cluster is defined as part of the global
configuration data, so the nominal bit time is known even before the sync field is received. A slave must have an initial
oscillator accuracy of 14% in order to detect the initial break field properly.

3.2 Sync field

The sync field consists of the byte 0x55 which together with the start and stop bits forms a square wave synchronization
segment. The purpose of the sync field is to allow the slave nodes to adjust their Baud rate generators to agree with the
Baud rate being used by the master node. The intent is to make fine adjustments to the Baud rate defined for the cluster,
and not to allow automatic Baud rate detection or the use of different Baud rates for various nodes in a LIN cluster. The
slave must generate the defined Baud rate with an accuracy of 0.5%. A slave must be capable of syncing to the baud
rate with an accuracy of 1.5% for master/slave communications and 1% for slave/slave communications. Any two
nodes communicating via LIN may have Baud rates that differ by 2% at most.

3.3 Protected ID field

The Protected ID field identifies the content of the frame. The ID field may not be considered to be a physical node
address on the LIN bus. The ID field identifies the specific data content of the message frame, but has nothing to say
about which node (or nodes) may publish the data or subscribe to it. This is a matter of node configuration. A node will
typically be configured to publish data for a specific ID while another node configured to subscribe to this ID. The ID is
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6 bits long, allowing up to 64 different IDs to be defined for a cluster. Bits 6 & 7 of the ID field make up the parity
value of the first 6 bits.

ID Used for

0-59 General purpose signal carrying message
frames.

60, 61 | Diagnostic message frames. See separate
section

62 User defined frames.

63 Future expansion of the LIN specification.

The ID field does not indicate the length of the following data field (1-8 bytes), nor does it make any indication of
whether the data is to be treated as a ‘command’ or ‘request’. All of that is left up to the configuration of the nodes. The
length of the data field is fixed for each specific message frame ID during system configuration.

3.4 Data field

The Data field may be 1-8 bytes in length, as determined during system configuration of the message frame IDs. The
data field may consist of one or more ‘signals’ appended together. The individual signals can be 1-bit Booleans, bytes,
words, uneven bit widths (1-15 bits) or multiple byte arrays. There are few restrictions on the data field, but if Booleans
or uneven width signals are packed into bytes, a maximum of 16 bits may be packed into 2 successive bytes, which are
treated as an unsigned integer. The interpretation of the data bytes is all a matter of node configuration.

3.5 Checksum field

The checksum field consists of a single byte. The checksum is defined as the 1’s complement sum of all data bytes. An
8-bit 1’s complement checksum is the bit-wise inverted 8-bit sum of all bytes (with any carry bits added in).

LIN 1.3 and Diagnostic message frames: Classic checksum.
LIN 2.0: Extended checksum: All data bytes plus the Protected ID byte.

4. Signals

Several signals may be associated with one frame. Commonly, each action that may be commanded or each sensor that
may be read is defined as a signal, and each signal is assigned to a message frame. Each defined message frame is
assigned a cluster specific message frame ID. The master node is configured to issue message headers for each ID in
some particular sequence at some particular frequency. These IDs are most often treated as ‘Unconditional’ message
frame IDs, meaning that a slave configured to respond to the ID will always respond to that ID, unconditionally.

Master command message frames are always Unconditional.

5. Unconditional frames

Unconditional frames are the most common and straightforward of frame types. Each slave node will typically be
configured to respond to an unconditional frame of some ID with some signal data.

6. Master Schedule Table(s)

The master node is configured to send out a specific sequence of message headers by means of a “schedule table’, which
is a list of message headers specifying type of frame and a total slot time, and the time the master waits until the next
message header is sent.

Once initialized and started, the master processes this list repeatedly, without pause. The message headers can
be listed in any order in the schedule table and any given message header may appear multiple times in the same
schedule table, so if some particular message data requires a low latency time, the message header for that message can
be listed in the schedule table as often as needed to meet the latency requirements. The slot times can be configured to
be equal, regardless of the actual message length, or the slot times can each be “tailored’ to fit the length of the message
to be sent in the slot.
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The master node may even have multiple schedule tables and switch between these schedule tables, as required
by special circumstances, using the LIN API ‘I sch set()’ function call. The ‘Oth’ schedule table is called the
L _NULL_SCHEDULE table and has no entries, so the master can be shut down by switching to this schedule table.
After initialization, the master is running from the null schedule table and does nothing until the master application
switches to some non-null schedule table.

Note: This shutdown could allow the master node function to be passed from one device to another in the LIN cluster.
This is not really foreseen in the LIN specification, but technically, it is possible.

6.1 Message Frame Timing

A nominal message frame requires 34 bit-times for the header, 10 to 80 bit times for the data and 10 bit times for the
checksum. The nominal transmission times at 20kbaud are as follows:

hMessage Header Data Checksum Total hin. slot time
Length

1 byte 1.7 ms 0&ms 0.5 ms 27ms 3.78ms

2 Indes § 1.0ms : 3.2ms 445 ms

3 bvies i 1.5ms 5 3.7ms 2.18ms

4 irdes : 20ms i 4.21ms 2.88ms

5 byies t 258ms 8 4.7ms B.58 ms

B bytes " 3.0ms ! 2.2ms 7.28ms

7 Iyies " 3.5ms . 5.71ms F.98ms

8 bytes ! 4.0ms i 6.21ms 8.68 ms

The LIN specification allows ‘gaps’ between bytes that may total up to 40% of the nominal transmission time. Each
LIN slot in the master frame schedule table must therefore be ‘long” enough to accommodate this maximum message
time. The timing diagrams show a ‘Response space’ between the end of the Protected ID byte (end of the header) and
the start of the first data byte. Presumably, this delay may be as much as 40% of the total response time (data plus
checksum) if the publishing node device has no ‘gaps’ between its published data (and checksum) bytes. However, the
LIN specification requires that slave devices be able to receive message frames that are sent with the nominal timing,
that is, no response space and no inter-byte space.

7. Event Triggered frames

Event triggered frames and unconditional and are always associated with each other in that they carry the same signal
data content. Typically, several slave nodes will be configured to respond with the same signals as for the associated
unconditional frame ID, but only if they have some signal state change to report. The only difference between an event
triggered frame and its associated unconditional frame is the Frame ID value and that the event frame will have as its
first data byte that node’s unconditional frame ID to distinguish it. The following data bytes will be the same as the data
returned for the Unconditional ID. This limits the data length for any unconditional frame associated with an Event
Triggered ID to effectively 7 bytes.

8. Sporadic Message Frames
You can skip Sporadic Messages for now if you are a beginner to LIN.

There really is no such thing as a “Sporadic Message Frame”, but rather a Sporadic message frame slot
configured in a schedule table that allows the Master node to send one of any number of Unconditional master
command message frames in that time period. Note that any message frame sent in a Sporadic message frame slot must
be a master command message frame for which the Master node publishes the data, not a slave response message frame.
By definition, master command message frames are always Unconditional. The function of Sporadic message frame
slots is therefore similar to Event Triggered message frames (which are always Slave response message frames), but in
reverse. A Sporadic message frame slot will be empty (no header, no data) if the Master node has no updated signal
data to send in that slot. The Master node is configured with a list of Unconditional master command message frames
that could be sent in each Sporadic message frame slot configured in a schedule table.

This mechanism allows the Master node to process master command message frames whose signal data
changes infrequently, without having to assign a fixed slot for each message frame within the schedule table.
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It is possible for a schedule table to be configured with multiple Sporadic message frames slots, each with a
different list of Unconditional master command message frames. When a Sporadic message frame slot comes up in the
schedule table, the Master node checks the list of message frames associated with that slot and checks the signal status
of each of these message frames. If none of the associated message frames has updated signal data, the Sporadic frame
slot will be empty. If one of the associated message frames is found to have updated signal data, then that message
frame will be sent in the Sporadic message frame slot — header plus data. If more than one associated message frame
has updated signal data, the second message frame must wait until the Sporadic message frame slot comes up again
before the second message frame can be sent.

9. Diagnostic Message Frames

You can skip Diagnostic message frames for now if you are a beginner. In short; assign a certain Frame ID to a certain
Message 1D per slave.

The LIN standard defines how a node shall be configured to set up nodes in a cluster. It is a tool to configure slaves
within a cluster of off-the-shelf nodes depending on their initial unique node address ‘NAD’ and Product Id. (Product
Id is specified uniquely in the slave as Supplier ID and Function ID.) Using these it is possible to uniquely configure a
slave to subsequently respond to frames in a custom manner using Frame 1D and Message ID.

Frame 1Ds 60 and 61 (0x3C and 3D) are reserved for Diagnostic message frames:

o ID 60 = Master diagnostic request frame. If the NAD matches, the slave node publishes its data or is configured
depending on a secondary id. See the Lin 2.0 spec.

e ID 61 = slave response frame. (Slave diagnostic response frame).

The procedure to customize a node to respond uniquely to frame IDs is called ‘Assign Frame ID Node Configuration

request’. Using this request frame a Frame ID in the node’s signal table is changed so it is now associated with a new

message ID.

10. More information

Documents and training
e Doc. REUO5B0069. Renesas LIN Basics and Overview.
e Doc. REUO5B0070. Customer frequently asked questions.

e Doc. REUO5B0078. Renesas LIN R8C Demo and Quick Start. 'QSG’ for setting up our RSK boards and
the LIN demo. Explains how the demo is built regarding frames & signals.

e Doc. REU05B0079. Renesas LIN configuration and API. How to set up a project and use the LIN API.
Website and Support

Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry

csc@renesas.com
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Revision Record

Description
Rev. Date Page Summary
1.00 July 6 2007 — First edition published to RTA LIN download page.
1.01 Aug 24 2007 — Second edition after formal review at RTA AE.
1.02 Aug, 2008 Minor changes to layout.
1.03 Dec 1, 2008 Update chapter 10.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any intellectual
property rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out
of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light
of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products
are not designed, manufactured or tested for applications or otherwise in systems the failure or malfunction of
which may cause a direct threat to human life or create a risk of human injury or which require especially high
quality and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare,
combustion control, aerospace and aeronautics, nuclear power, or undersea communication transmission. If you
are considering the use of our products for such purposes, please contact a Renesas sales office beforehand.
Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to
the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions.
Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or
damage caused by fire in the event of the failure of a Renesas product, such as safety design for hardware and
software including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment
for aging degradation or any other applicable measures. Among others, since the evaluation of microcomputer
software alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Renesas products
are attached or affixed, the risk of accident such as swallowing by infants and small children is very high. You
should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.

© 2008. Renesas Technology Corp., All rights reserved.
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