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INTRODUCTION

LIN Protocol was designed by a consortium of Euro-
pean auto manufacturers as a low cost, short distance,
low speed network. Designed to communicate changes
in switch settings and respond to switch changes, it is
intended to communicate events that happen in
"human" time (hundreds of milliseconds).

This Application Note is not intended to replace or
recreate the LIN Protocol Specification. Rather, it is
intended to provide a broad overview of the bus and
provide a high level look at how it works, how to imple-
ment a Slave node on a PICmicro® device and what it's
designed to do. The complete LIN Protocol Specifica-
tion is expected to be available via the worldwide web
at www.lin-subbus.com. However, until then, copies of
the LIN Protocol Specification may only be distributed
by Audi AG, BMW AG, DaimlerChrysler AG, Motorola,
Inc., Volcano Communication Technologies AB, Volk-
swagen AG, and Volvo Car Corporation.

BUS FEATURES

LIN Protocol supports bi-directional communication on
a single wire, while using inexpensive microcontrollers
driven by RC oscillators, to avoid the cost of crystals or
ceramic resonators. Instead of paying the price for
accurate hardware, it pays the price in time and soft-
ware. The protocol includes an autobaud step on every
message. Transfer rates of up to 20Kbaud are sup-
ported, along with a low power SLEEP mode, where
the bus is shut down to prevent draining the battery, but
the bus can be powered up by any node on the bus.

The bus itself is a cross between 1°C™ and RS232.
The bus is pulled high via a resistor and each node
pulls it low, via an open collector driver like 1°C. How-

ever, instead of having a clock line, each byte is marked
via start and stop bits and the individual bits are asyn-
chronously timed like RS232.

ELECTRICAL CONNECTIONS

Figure 1 shows a typical LIN Protocol configuration.

The bus uses a single wire pulled high through a resis-
tor with open collector drivers. A Dominant state is sig-
naled by a ground level on the bus and occurs when
any node pulls the bus low. A Recessive state is when
the bus is at VBAT (9 - 18V) and requires that all nodes
let the bus float. In the idle state, the bus floats high,
pulled up through the resistor.

The bus operates between 9V and 18V, but parts must
survive 40V on the bus. Typically, the microcontroller is
isolated from the bus levels by a line driver/receiver.
This allows the microcontrollers to operate at 5V levels,
while the bus operates at higher levels.

The bus is terminated to VBAT at each node. The Mas-
ter is terminated through a 1KQ resistor, while the
Slaves are terminated through a 20-47KQ resistor.
Maximum bus length is designed to be 40 meters.

At press time (early 2000), K-Line drivers are used until
true LIN drivers are available.
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FIGURE 1: BUS CONFIGURATION
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BYTE PROTOCOL
Each byte is framed by start and stop bits as shown in
Figure 2. Within each byte, data is transmitted LSb first.
The start bit is the opposite of the idle state or zero, and
the stop bit equals the idle state (1).
FIGURE 2: BYTE PROTOCOL
bit 0 1 2 3 4 5 6 7
Start Stop
Bus Idle bit LSb MSb bit

Each byte is framed by a start bit and stop bit, and data is transmitted Least Significant bit first.
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MESSAGE PROTOCOL

The Master controls the bus by polling Slaves to share
their data with the rest of the bus. Slave nodes only
transmit when commanded by the Master, which allows
bi-directional communication without further arbitration.
Message transfers start with the Master issuing a
synch break, followed by a synch field and a message
field. It also sets the clock for the entire bus by transmit-
ting a synch field at the beginning of each message,
which is used for clock synchronization. Each Slave
must use this synch byte to adjust their baud rate.

The synch break is bus dominant, held for 13 bit times,
followed by a stop bit (recessive). This lets the Slaves
know that a message is coming. The Master and Slave

clocks may have drifted as much as 15%. Therefore,
the synch break may be received by a Slave as only 11
bit times, or as long as 15 bit times.

The second byte of each message is an ident byte,
which tells the bus what data will follow and indicates
which node should answer and how long the answer
shall be. Only one Slave may respond to a given
command.

Slaves only transmit data on the bus when directed by
the Master. Once the data is on the bus, any node may
receive that data. Therefore, communication from one
Slave to another does not have to be directed through
the Master.

FIGURE 3: MESSAGE PROTOCOL
- Message ;I
l«—— Header — | l@«————  Response— 5|
Bus Idle Synch Synch Idgnt Data Data Data Checksum
Break Field Field Byte 1 Byte 2 Byte 3

T

Interframe Response Space
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CLOCK SYNCHRONIZATION

LIN Protocol is designed to use low cost RC oscillators
on the controllers. To keep communication working as
each node’s clock drifts, Slaves must detect the Mas-
ter's baud rate on every transfer and adjust to the cur-
rent baud rate. For this reason, each transaction starts
with a synch field. The synch field is a one byte 0x55
(alternating 0's and 1's). This allows every Slave node
to detect 8 bit times. By counting these transitions,
dividing by 8 and rounding, each Slave adjusts their
timing to the Master.

FIGURE 4: SYNCH FIELD

IDENTIFIER FIELD

Following the synch field, is an identifier field, which
tells the bus what's coming next. The ident field is bro-
ken up into 3 fields: 4 bits (0-3) address devices on the
bus, 2 bits (4-5) indicate the length of the message to
follow and the last 2 bits (6-7) are used for parity.

The 4 address bits can address up to 16 Slaves, and
each Slave can send a 2, 4 or 8 byte response, for a
total of 64 different messages.

The LIN Protocol Specification does not define the con-
tent of each message, except for the SLEEP command
detailed in the Lower Power Sleep section. Instead, that
is left up to the application.

Messages from one node to another may be sent
directly, as directed by the Master. The data does not
have to be received by the Master and retransmitted to
the receiving node. Instead, any message may be
received and acted upon by any node.

Bus Idle Start 1 0 1

bit Lsb

Clock

Stop
bit

MSb

T T !

Start 1 2

Count time for 4 successive falling edges, then divide by 8 and round, to get a single bit time. The divide
and round is easily implemented as 3 right shifts and add the carry back in.
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FIGURE 5: IDENT FIELD

P1 PO ID5 ID4 ID3 ID2 ID1 IDO
PO: Parity bit IDO O ID1 O ID2 O ID4
P1: Parity bit ID1 O ID3 O ID4 O ID5
IDO - 3: Device Address
ID4 - 5: Message Length
ID5 ID4 Date Bytes

0 0 2
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1 0 4

1 1 8
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ERROR DETECTION

The following errors must be detected and counted
within each node:

« Bit Errors: The transmitting node should compare
what it thinks should be on the bus against what
actually is on the bus. The controllers must wait
long enough for the bus to respond before testing
for the bit. Given the minimum edge slew rates
are 1V/uS, and the maximum bus voltage (18V),
the transmitter should wait 18uS before testing, to
see if the bit on the bus is correct.

¢ Checksum Errors: The data content of each mes-
sage is protected by a checksum byte, which is
the inverted module-256 checksum of the data
bytes.

e Parity Errors: The command byte uses 2 parity
bits to protect the other 6. These need to be
recalculated and compared.

If there is an error, the command should be ignored and
the error logged.

ERROR REPORTING

There is no direct error reporting mechanism. However,
each Slave node is expected to track it's own errors.
The Master may then request error status as part of a
normal message protocol.

CANBUS INTERFACE

FIGURE 6: SLEEP MESSAGE

LIN Protocol is not directly compatible to CANBUS,
however, it is anticipated that the two will operate in
conjunction with one another. CANBUS might be used
for communication throughout the car, while LIN Proto-
col would only be used within a small section of the car,
say within the door.

A CAN-LIN Protocol interface node would be neces-
sary to connect the two busses. The interface node
would collect information from the LIN Protocol nodes
and pass that information along on CANBUS.

LOWER POWER SLEEP

The Master may direct all nodes to enter a SLEEP
mode by sending a ident code of 0x80. This is the only
message 1D defined in the LIN Protocol Specification.
The content of the data bytes following the SLEEP
command is not defined. Slaves receiving the SLEEP
command should set-up for a wake-up on change from
the bus and power-down to minimum current drain. The
bus will float high and not consume current.

Any node may wake-up the bus by sending a wake-up
signal, which is a character 0x80 (low for 7 bit times fol-
lowed by 1 bit time high). When this signal is received,
all nodes should wake-up and wait for the Master to
start polling the bus in the normal fashion.

If the Master fails to wake up after 128 bit times
(6400uS @ 20Kbaud), the node that is attempting to
wake the Master should try again. This may be
attempted a total of 3 times before waiting 15000 bit
times (750mS @ 20Kbaud).

- SLEEP Mode Frame > Any Slave Masterp-
Sync Sync SLEEP Data Data Check- Wake-up Synch
Break Field 0x80 1 2 sum 0x80 Break
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DEMONSTRATION SOFTWARE

The code in Appendix A demonstrates communication
on the LIN Protocol. The hardware consists of 2 buttons
and 3 LEDs, as shown in Figure 7. LED #1 changes
state for every 10 button pushes of button #1. Likewise,
LED #2 changes state for every 10 presses of button
#2. In response to ID 1, the button counts are transmit-
ted on the bus. In response to ID 4, the button counts
are updated from the bus.

FIGURE 7: DEMONSTRATION HARDWARE

LIN Protocol
30K nom
VBAT ~N—/\/\/\,—o
PICmicro® MCU BO [ LIN Protocol
B4 > Driver

Bl B2 B5 B6

T i

=

SOFTWARE OPERATION

The LIN Protocol code works on the interrupt as trig-
gered from RBO. This is necessary to implement the
SLEEP/Wake- up requirement. Once the interrupt is
triggered, it counts the length of the low bit time. Then
the synch byte is read and the local bit time is deter-
mined. This is then compared against the original bit
time to determine if the original low time was more than
10 bit times and thus, signaled a synch break, or less
than 10, signaling a wake up from SLEEP.

If it's a wake up from SLEEP, the code exits and contin-
ues waiting for a synch break.

If it's a synch break, it then reads in the command byte,
checks the parity bits and checks the action table to
determine it's actions from there. The action table
defines the source or destination for the data on the
bus.

SOFTWARE FUNCTION

In order to initialize the LIN Protocol Slave handler, the
user has to call the routine | ni t Li nS| ave. This rou-
tine initializes the RBO interrupt pin and the TMRO.
TMRO will be used to measure the bit length and to
generate the baudrate. After initialization, the user can
execute his code. The code will be interrupted once a
falling edge is detected on RBO. If a falling edge is
detected, the code will branch into the interrupt service
routine. All interrupts, except for TMRO and RBO, must
be disabled to accurately time the synch field. After the
baudrate is calculated, the interrupt service routine is
exited. Upon the next interrupt on RBO, the LIN Proto-
col Slavehandler goes automatically into receive mode
in order to receive the identifier field or data bytes.
Once the start bit of the identifier field or data byte is
detected, where the program branches into the inter-
rupt service routine, the identifier field is received and
decoded. Depending on the received identifier, code is
executed, for example, storing data, turn on LED, etc.
This code has to be included by the user into the sub-
routine Decodel dTabl e after the routine is executed.

After the bus frame is completed, the flag FCOVPLETE
is set. This flag indicates that all data is received cor-
rectly and ready for further processing. This flag has to
be cleared by the user’s firmware.

Note:  TMRO is used for bit time measurement and
baudrate generation. Therefore, TMRO is
not available to application software.
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ERROR DETECTION

The Slave node process detects the following errors:
¢ Checksum error

« Bit errors

* Missing Stop bit

« Parity error

¢ Time-out errors

FIGURE 8: ERROR FLAGS

When the Slave code detects an error, it's recorded in
the ERRORFLAGS register as shown in figure 8, and the
message is ignored. These error flags are cleared
once a valid ident field is received.

7 6.. 4 2 1 0
Time Not CRC ID Parity No
Out Used Error Error Error Response

These flags are set when detected.

SOFTWARE PERFORMANCE

The LIN Protocol Slavehandler can operate up to a
speed of 20Kbaud.

The LIN Protocol Slavehandler requires 420 words of
program memory (not including program memory for
macros for the In Out IDs) and 23 bytes of data mem-
ory.

This application is ideal for Microchip’s internal RC
oscillator operating at 4MHz.

INTEGRATION INTO CUSTOM CODE

The user has to edit the subroutine Decodel DTabl e.
In this section, the user defines what action has to be
taken upon a certain identifier. Furthermore, the user
can define what action has to be taken upon certain
errors, (i.e., timing error or others).
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Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) for its PICmicro® Microcontroller is
intended and supplied to you, the Company’s customer, for use solely and exclusively on Microchip PICmicro Microcontroller prod-
ucts.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS 1S” CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

APPENDIX A: SOURCE CODE

MPASM 02. 30. 09 Internedi ate LI NSLAVE. ASM 1-27-2000 9:57:59 PAGE 1
LOC OBJECT CODE LI NE SOURCE TEXT
VALUE
00001 ; Sof twar e Li cense Agreenent
00002 ;

00003 ; The software supplied herewith by Mcrochip Technol ogy I ncorporated (the "Conpany")
00004 ; for its PICmicro® Microcontroller is intended and supplied to you, the Company’s
00005 ; customer, for use solely and exclusively on Microchip PICmicro Microcontroller
00006 ; products.
00007 ;
00008 ; The software is owned by the Company and/or its supplier, and is protected under
00009 ; applicable copyright laws. All rights are reserved. Any use in violation of the
00010 ; foregoing restrictions may subject the user to criminal sanctions under applicable
00011 ; laws, as well as to civil liability for the breach of the terms and conditions of
00012 ; this license.
00013 ;
00014 ; THIS SOFTWARE IS PROVIDED IN AN "AS IS" CONDITION. NO WARRANTIES, WHETHER EXPRESS,
00015 ; IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF
00016 ; MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. THE
00017 ; COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL OR
00018 ; CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

00019 ;
00020 ; #iHHHHHHHTHHHHHH T R R R
00021 ; filename: LINSLAVE.ASM

6CLNV
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Note the following details of the code protection feature on PICmicro® MCUs.

The PICmicro family meets the specifications contained in the Microchip Data Sheet.

Microchip believes that its family of PICmicro microcontrollers is one of the most secure products of its kind on the market today,
when used in the intended manner and under normal conditions.

There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our knowl-
edge, require using the PICmicro microcontroller in a manner outside the operating specifications contained in the data sheet.
The person doing so may be engaged in theft of intellectual property.

Microchip is willing to work with the customer who is concerned about the integrity of their code.

Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not
mean that we are guaranteeing the product as “unbreakable”.

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of

our product.

If you have any further questions about this matter, please contact the local sales office nearest to you.

Information contained in this publication regarding device
applications and the like is intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
No representation or warranty is given and no liability is
assumed by Microchip Technology Incorporated with respect
to the accuracy or use of such information, or infringement of
patents or other intellectual property rights arising from such
use or otherwise. Use of Microchip’s products as critical com-
ponents in life support systems is not authorized except with
express written approval by Microchip. No licenses are con-
veyed, implicitly or otherwise, under any intellectual property
rights.

DNV Certification, Inc. DNV MSC
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1SO 9001 / QS-9000
REGISTERED FIRM

The Netherlands
Accredited by the RvA

Trademarks

The Microchip name and logo, the Microchip logo, FilterLab,
KEELOQ, microlD, MPLAB, PIC, PICmicro, PICMASTER,
PICSTART, PRO MATE, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip Tech-
nology Incorporated in the U.S.A. and other countries.

dsPIC, ECONOMONITOR, FanSense, FlexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, microPort,
Migratable Memory, MPASM, MPLIB, MPLINK, MPSIM,
MXDEYV, PICC, PICDEM, PICDEM.net, rfPIC, Select Mode
and Total Endurance are trademarks of Microchip Technology
Incorporated in the U.S.A.

Serialized Quick Turn Programming (SQTP) is a service mark
of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2002, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

fé Printed on recycled paper.

Microchip received QS-9000 quality system
certification for its worldwide headquarters,
design and wafer fabrication facilities in
Chandler and Tempe, Arizonain July 1999. The
Company'’s quality system processes and
procedures are QS-9000 compliant for its
PICmicro® 8-bit MCUs, KEELOQ® code hopping
devices, Serial EEPROMs and microperipheral
products. In addition, Microchip’s quality
system for the design and manufacture of
development systems is ISO 9001 certified.

© 2002 Microchip Technology Inc.
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