| ocal interconnect network




Main Features:

Single master with multiple slaves concept.

Self Synchronization.

Single wire.

Low baud rate.

Low speed application (Less than 20kps).
Max 40 m wire length

The LIN is a SCI/UART-based serial
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LIN characteristics :
o The LIN protocol is byte oriented.
o data Is sent one byte at a time.
o One byte field contains a start bit (dominant), 8 data bits and a stop bit
(recessive).
o The data bits are sent LSB first.
o In automotive application, the LIN bus is connected between
* Smart sensor

e actuators

 Electronic Control Unit (ECU)
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LIN characteristics :

o Broadcast type serial network.

o Single wire 12V bus connection.

o Has the synchronization mechanism that allows the clock
recovery by slave nodes.

o Only the master node will be using the oscillating device.

o Nodes can be added to the LIN network without requiring
HW/SW changes in other slave nodes.
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LIN History:

o In 1996, Volvo and Volcano Communication Technologies

(VCT) developed a UART based protocol for the Volvo S80

series, called Volcano Lite.
This protocol was an integral part of the vehicle communication system.

o In 1997, Motorola joined Volvo and VCT in improving the

Volcano Lite protocol .

® Self-synchronization of the slave

® Form an open standard
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LIN History:

O

In December 1998 , Audi, BMW,
DaimlerChrysler and VW joined

the activities and formed to set up

the LIN communication protocol. _>
Chrysler

September , LIN API specification
draft was released (Rev. 0.1).

In November 2002, LIN 1.3 was
released.

The latest version LIN 2.0 released
in 2003.

B

MOTOROLA

Semiconductor Products Sector

LIN
Spec
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Concept of Operation

o The LIN bus is a single master device and multi slave devices.

o The master device contains both a master task and a slave task.
o Each slave device contains only a slave task.

o Communication over the LIN bus is controlled by master task.

Master node Slave node Slave node

Master task

Slave task Slave task Slave task
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LIN Message Frame

o The basic unit of transfer on the LIN bus is the frame.

o Divided into a header and a response.

I« message header > message response g

synch break  synch field identifier O to 8 data fields checksum
> 13 bit

. AL L. A

Synchronisation mmer byte
frame

Synchronisation field

Message
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LIN Message Frame
Master Task:

I message header %I

o Control over the whole Bus.
synch break synch field identifier

o Controls which message at what z13bit 1
. UL
time is to be transferred over the - |
bus. Identifie
Synchronisation byte

o Send Header:

frame

Sync Break, Sync Byte ,ID-Field.

Synchronisation field

N
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LIN Message Frame
Master Task:

o Error handling. ]
I message header

v

* monitors Data Bytes and Check Byte,

. synch break synch field identifier
and evaluates them on consistence °Y y

> 13 bit

o Receives Wakeup Break from slave .\ _l ”“““” .\ |

nodes when the bus is inactive.
Identifier

o Detfines the transmission speed. Synchronisation
frame

byte

o Switching slave nodes to

sleep/wake up mode. Synchronisation field}
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LIN Message Frame
Slave Task:

message response—’|

O to 8 data fields checksum

o Receives or transmits Data when MHW WU mmm, mm””

appropriate ID 1s sent .

o One of 2-16 Members on the Bus.

o Slave snoops for ID.

Message
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LIN Message Frame
Slave Task:
o According to ID, slave determines: message response——|
* receive data, transmit data ,do 0to 8 data fields checksum
nothing.

o When transmitting : MHW m , mmm, mmm’

e sends 1, 2, 4, or 8 Data Bytes + Check-
Byte

o The node serving as a master can be

Slave' Message




Master and Slave Communication

Master task ——— _/

Slavetask ——-———————

T, - Masier fask transmils haadar for [0 O

Ts - Upon recelving tha header, the
Hraak Sl 0= slave task corfigured 1o publish
data far 1D O bransmils & rosponssa,

¥
Data Bies | Chadksum
Broak Sync D= Dwia Byies | Chedsum
¥ Ts : Mlestar tack transmita header for 10 1;
Braak Syne I0=1 T4 i Upen macaiving iha haadar, the
slave lask configuned 1o publish
The Inter-frame ':EIE" far each 10 - gata dzr 1D 1 transmils a MEEQONS3.
iz zpactied In the eshadula Ebla. . - Diata Bylos | Chedum

Reswing fall LiM dramea:

Hrzak Hyna IC=1 Detks Bybes | Checksum
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Master and Slave Communication

-

L~ Master Node | identifier synch field  synch break Slave Node
oMl IN Master Task|jlnnnnnnnniasunnunnniimsl
N

S

>

(@)

Slave Task Rec T\ Oy i
data byte data byte checksum

[~ Slave Task Rec’

Slave Task Tran4

Slave Task Trans
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Master and Slave Communication

[ Master Node
=

— LIN Master Task
N
@
o
O

Slave Task Rec

-

Slave Task Trans

LA, LAY

g

-

[

Slave Node A

Slave Task Rec

Slave Task Trans

Slave Node B

Slave Task Rec

Slave Task Trans
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Master and Slave Communication

_— Master Node
=

ML\ Master Task|iuvanunua¥psnnunuavaipel
N

S

)

O

Slave Task Rec

Slave Node A

-

~ Slave Task Rec

Slave Task Trans

Slave Task Trans

Slave Node B

O Oy AT slave Task Rec

Slave Task Trans
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Frame Structure
Structure of a Byte field:
o The LSB of the data is sent first and the MSB last.

o The start bit is encoded as a bit with value zero (dominant)

&the stop bit is encoded as a bit with value one (recessive).

~rarme slfol

B Frarme _ frter—
. Response ;ra;z
Header _ 5-{3‘_5:‘3"5 B Response =L =
B AR VIVIVAVAVAW. f \ i L 7\ f 7
P W I'u'l I'._lII I'._III II.JII L.;."I i Y, Y J I'l, / /
Break Syrrch  FProtected Data 7 Data 2 Data W Checksorm
fdentifier
[ Byite field |
= =
. Start’ LSB H::'f "'a{" T 'EE-’ ">.= \ "uq-'MSB Stop
\bit | (bit O\ A A M A A Acbit 7V bit
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Frame Structure
Break

o The break symbol is used to signal the beginning of a new
frame.

o Abreak is always generated by the master task and it shall be
at least 13 bits of dominant value, including the start bit,
followed by a break delimiter

o Synch break ends with a “break delimiter” which should be at

least one recessive bit.

— Pt — R =y .
. —rreE=m T ae _ Frrfe=r—
e ST S e a STy e
S S e
P 2= L= L ﬁpecf _ e Srocr? s =— =
"R I T I T B R I R o Ll | I " "
" & OO Y s A 4 L f B s L ! _
F= = el B W Ll ] —reoo e e ol == 7 M= = == N Crd P e S e rrT
FeXer 2 EF e
"'.IL e =l Pl =Y e

\ EDFE S e sy A
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Frame Structure
Synch Byte
o Synch is a byte field with the data value 0x55.
o A slave task shall always be able to detect the break/synch
symbol sequence.
o Synch byte is sent to decide the time between two falling edges

and thereby determine the transmission rate.

o The bit pattern is 0x55 (01010101, max number of edges).

. ~rarme sfhorl
| B ~rasrrre _ frrfe .r'f
- Response o ;’;;z
Heoaaer s Ll Response _ = ===
| - T:L".r 1:'._-"Ir .l:l._-": ll:'._-'l; ll:-_:'li :"LLI ."ll .I"=. .-"I. ! 1:"= .-'ll ."II -l'=-. { B ;"II .:"; .-'lr ."'r _
Breaik P P g Lol ) aatected Drara T Data =2 rafa M ChheckKsenr T

faferntifier

L J l|I ¥
\ ! \ I . /stop
\ 4 ) | 5, r =

! [ \
| S |

Y Start
pW.=T)
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Frame Structure

Protected Identifier
. Identifier:

1

O

O

Six bits are reserved for the identifier (ID).

Values in the range 0 to 63 can be used.

The identifiers are split in four categories:

Values 0 to 59 (0x3b) are used for signalearrying frames.
60 (0x3c) and 61 (0x3d) are used to carry diagnostic data.
62 (0x3e) is reserved for useralefined extensions.

63 (0x3f) is reserved for future protocol enhancements.
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Protected Identifier
1. Identifier:

o Contains information about sender and receiver and the number of

Frame Structure

bytes which is expected in the response.

ID range Frame length
0-31 0x00 — 0x1f 2
32-47  0x20 — 0x2f 4
48-63  0x30 — 0x3f 8
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Protected Identifier
2. Parity:

Frame Structure

o The parity is calculated on the identifier bits.
o P0=IDO0.ID1 .ID2 .ID4
o Pl1=e(ID1.1D3 .ID4 .ID5)

- Frame sfotl
| B Frarme - frter-
L‘ Response o ;?;Z
Header _ ﬁP_EF = Response _ = =
lI".— i -"|I I'u_. I'._u'l I'._u'l o II.J'I IIL .i'f .-'II | II' II ."Fl ll"- J'III ."Ir II". |"I'_ J"II Il'l. .IIIr ."lr
Break Sy 1 FProtected Dara T Data 2 Data W Checksonm

fadentifier

L \ "'nl
xﬂﬁ?f’f; Do "x’ D7 q 102 ,'-; 03 f.x< D >c D5 :I PO > =5 Xifap

I

= = =i
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Frame Structure
Data

O

O

O

A frame carries between one and eight bytes of data

A data byte is transmitted in a byte field

The data bytes field is transmitted by the slave task in the
response.

Can be 2, 4 or 8 bytes long depending on the two MSB (Most
Significant Byte) of the identifier sent by the master.

This ability came with LIN 2.0, older versions have a static

length of 8 bytes.

Data 7 Data 8

Data 1 Data 2 Data 3 Data 4 Data 5 ‘ Data 6
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Frame Structure

Checksum:

o The LIN bus defines the use of one of two checksum

algorithms to calculate the value in the eight-bit checksum

field:

Classic checksum is calculated by summing the data bytes
alone.(V1.3)
Enhanced checksum is calculated by summing the data

bytes and the protected ID.(V2.0)



LIN Bus Timing

Sync
Field
10 Bit
S — tHEader_NDm
a0 e 1 R S SR 1S RS 111 BESEEA B RS SR 1 t ............................................... -

Frame_Mom

tHeader_Nom — (NSync_FieId + NSync_Byte + NPID_Byte) ® tBit — 34 1 tBit
tResponse_Nom — 10 L (NData + 1) o tBit

ItFrame_Nom ItHeader_Nom I tResponse_Nom
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LIN Bus Timing
o A time reserve of up to 40% is given for transmission of a LIN
message

tFrame_Max — tHeader_Max + tResponse_Max = 1.4 ¢ tFrame_Nom

|. .................................................. L I N H essa g @ e —————
................................ Message Header Message Respﬂnse
Sync

'[' Field
Interbyte Interhﬁ_.rte Rewnnse Interby‘te Interhﬁ,rte
i Space Space Space Space Space
P — tHaadEr_Max ....................... > ;= tRE.p;nge Mg -
I — tF|a|-|-.E._Max ............................................... .
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o The master task (in the master node) transmits frame headers

Schedule Table

based on a schedule table.

o The schedule table specifies the identifiers for each header and
the interval between the start of a frame and the start of the
following frame.

o The master application may use different schedule tables and

select among them.

ts

Sende_n+1

ts

Sende_n

LIN Schedule

Message

Message Header (ID a) Header
(ID a)

Message
Header
(ID b)

Message
Response

t
t

Sende_n

Message Header (ID b)

Sende_n+1

-t R
teende n+2 Message Header (ID c) Frams_fom

a tFl?me_Max = 1.4 tFrame_NDm -



Schedule Table

o The LIN Schedule is organized in Mini Slots

€<

LIN Schedule (trcpace)

t Mini Slot
(tMini Slot = tTime-Base) ot b F brmesse  Mini Slot
Ly by + 2ot o MiniSlot
o An adequate number of Mini Slots mustbe [ .t _+3.c. . vinisir
provided to guarantee transmission of a LIN
message
Frame Slot n Frame Slot n+1 Frame Slot n+2
— tFr'amE Slot " tFl'ame Slot e tFr'ame Slot —
Mini | Mini Mini | Mini | Mini | Mini -
Slot ' Slot Slot ' Slot | Slot ' Slot t
n n+1 n+2 n+3 n+4 n+5 n+6 tn+?
LIN Message a LIN Message b LIN Message c
— tFlame_rnax ™ D tFlame max — " — tFr'arne_max
tSpal =1 tSpare tEpare °®
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1.Unconditional Frame

Frame Types

o Characterized in that there is exactly one sender of the Message

Response.

Schedule LIN Slave 1 LIN Master LIN Slave 2

Header ID=0x11 e

(111}
S

F

Unconditional Frame 1 Frame

ID = Ox1i1 Slot 1

Response ————»i

Header ID=0x12

III‘IIIIIIIII EEEEEEEE

Unconditional Frame 2 Frame

ID = Ox12 Slot 2

[ 1 10]] lﬂlll;llllll

L 4

Response

-

Header ID=0x13 o

Unconditional Frame 3 Frame

ID = Ox13 Slot 3

: :
i Response —

Communication cycle

Header ID=0x14

Unconditional Frame 4 Frame

ID = Ox14 Slot 4

IIII‘[III EEER

i«———— Response

I;lllllll IIIIIIJEI ll;llllll:rlllllllllllzll [ 1 0]]

M




€<

Frame Types

2.Event-triggered frame

O

O

Confirm the availability of an update to the value of a signal.
Only slave nodes with updated signal values transmit
responses to the header.
The transmission of responses by several slave nodes may lead
to a collision.
When a collision occurs:

the master node sends requests for the confirmation of signal

values to all of the slave nodes via an unconditional frame.



Frame

Types

2.Event-triggered frame

PA ST MMaster)

Event-triggerad heaeader

Ewvent-triggerad header

et}

S ((Slawe1)

/

SL%W1 response

Update

Sl WZ2((Slawe2)

A

Ewvent-triggeraed header

Ewvent-triggerad haeader

N
-~

A collison ooccurs!

S

A unconditional header has
arrived at SL%W1 and SL%WZ2 inm
sequeaenc:e, leading to the sarme
urnconditional frame sequence

from both slaves.

>

: Mo response

ViV

FA
C
2
)
1]
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2.Event-triggered frame

Frame Types

o A typical use for the event triggered frame is to monitor the
door knobs in a four door central locking system.
* By using an event triggered frame to poll all four doors the
system shows good response times.
while still minimizing the bus load.
* In the rare occasion that multiple passengers press a knob
each
the system will not lose any of the pushes, but it will

take some additional time.



Frame Types

2.Event-triggered frame

€<

A schedule table contains one event-triggered frame (ID=0x10).

Slave 1

Master

Slave 2

Request for event tnggered frame cause a collision,

because both slave 1 and slave 2 responded

- — Automatic switch to collision resolving schedule table

Frame from slave 2 is requested

Frame from slave 1 is requested

- — Automatic switch back to normal schedule table

None of the slave nodes has a new response to send

One of the slave nodes has a new response
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Frame Types

3.Sporadic frames

o Used to inform all relevant slave nodes of the updating of a

signal value.

o Managed by the master node.

o Only the master node sends out a response to the header.

Master Slave
Master has nothing to send
5;&??;“3;;;':;?}22? :l R A | The assoclated frame 0x22 has an updated signal and
0x22 | P is sent by the master
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4.User-defined frames
o have an ID of 62.

Frame Types

o carry any type of information.
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5.Diagnostic frames

Frame Types

o Eight data bytes in length
o Carry diagnostic or configuration data.

o Their IDs are :

* 60 for a master request frame.
* 61 for a slave response frame.

Diagnostic Schedule LIN Slave 1 LIN Master LIN Slave 2

Master Request Frame Frame i Header ID=0x3C b

ID = Ox3C Slot 1 i« Response »i

Slave Response Frame Frame =-u Header ID=0x3D n--

ID = 0x3D Slot 2 3

Response ——




Frame Types

¢—————— Header ID=0x24 ———P

Frame Slot 6
Unconditional Frame 6
ID = 0x24

4¢—— Response —i

¢————— Header ID=0x27 —p
b—— Response

Frame Slot 7
Unconditional Frame 7

LIN Slave A LIN Master LIN Slave B Cases

4

¢———— Header ID=0x24 ——M
Framg Slot 6 —— Récionde —

Sporadic Frame

ID = Ox24 / ID = 0x27 ;

Ur mm"|i9§.’%7 ‘el 4+—— Header ID=0x27R

19"98 18 ! —— esponse —p
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o The Diagnostic Schedule is used for diagnostics.

Diagnostic

o It must contain two frame slots:

* The Master Request Frame (Diagnostic Request)
* LIN Master sends both the Message Header and the Message
Response.
* The Slave Response Frame (Diagnostic Response)

* LIN Master sends the Message Header, and a LIN Slave sends the

Message Response.

o The number of repeats depends on the diagnostic

implementation itself.
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o A diagnostic frame is called a PDU (Packet Data Unit) :
» Starts with a NAD :

Diagnostic

» Addresses a certain node.
» The value ranges 1-127, 0 is reserved,128-255 are for free
usage.
* Follows a PCI (Protocol Control Information)
» Handles the flow control.
« A Service Identifier (SID) specifies the request and which
data bytes to follow.
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o If the PCI-type is a Single Frame (SF) the whole diagnostic

Diagnostic

request command will fit into a single PDU.

MD PCl SID [atal DataZ Data3 [atad Datas

Request frame PCl-type = SF
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o If the PCI-type is First Frame (FF) the next byte (LEN) will

Diagnostic

describe the number of bytes to come.
o The data bytes that do not fit into the first frame will be sent in

the following frames with the PCI-type of Continuation Frames

(CF).

FIAD PCI LEN LI0 Datal DataZ Data3d Datad
Reguest frame PCI-type = FF

PIAD PCI Dat3 Data? Data3d Datad Datas Datab
Request frame PCI-type = CF




Diagnostic
LIN Master sends both the Message Header and the Message Response.

M— SYMNC Break Figld —pw— SYNC Fisld —»w— FID Fisld —»

I 1 |
|||||I|I|II|IID-O:~(3CII

- -
L -
o

LIN Master = LIMN Slave A MAD

T
Scheduls }7 Master Task Slave Task A

Send Routine " Receive Routine
Slave v
Taslk
Master Receive Routine Send Routine
Sinagle Frame SF NAD
MN&AD: MNode Address
First Frame FF NAD PCI: Protocol Centrol Information
SID:  Service Identifier
LEM: Lenath
Consecutive Frame CF Nal D: Data Eyte




Diagnostic

LIN Master sends the Message Header, and a LIN Slave sends the Message
Response.

|||||||||||||m-nxsn||

-
-
-

-

LIN Master .~ L < LIN Slave A NAD

M— SYMNC Brealk Figld —»— SYNC Figld —»w— FIC Fisld —#
| |

-

Schedule }7 Master Task m Slave Task A

Slave Response
Frame

Send Routine

¥

Receive Routine
Slave

Task

Master Receive Routine - Send Routine
%

- \
A
) MAL: MNode Address
First Frame FF MNAD | PCI -REID _ PCI: Frotocol Contral Information

RSID: Response Ssrvice Identifier

LEM: Lenath
Consecutive Frames CF MAD | PCI »H Data Byte
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o Methods for diagnostics:

Diagnostic

1. Signal based diagnostic.
2. User defined diagnostic.

3. Diagnostic transport layer.
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Methods for diagnostics

Diagnostic

1. Signal based diagnostic:
o The simplest method and uses standard signals in ordinary frames
which represent:
v’ Low overhead in slave nodes.
v’ A standardized concept.
v’ Static with no flexibility.
2. User defined diagnostic:
o designed to fit the needs for a specific device.

‘o uses NADs in the range 128-255. :
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Methods for diagnostics

Diagnostic

3. Diagnostic transport layer:
o Usetul for a LIN network which is built on a CAN-based
system where ISO diagnostics is used.
o NADs 1-127 are used.
o This method represents:
v Low load on the master device.
v’ Provides ISO diagnostics for LIN slaves.

v Intended for more complex and powerful LIN nodes.
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Physical properties
o The LIN-bus transceiver is a modified version of the transceiver
used by the ISO 9141 standard.

o The bus is bidirectional and connected to the node transceiver,

o Also via a termination resistor and a diode to Vbat.

Vshift BAT
.—-.,.
A _ (
VBATTERY ¢ VBAT
master: 1kQ
1 slave: 30kQ
VBATTERY ( )‘n Vear
- Rx ® o —Bus
UARTT
VGND_BATTERY ¢ VGND_ECU X > ‘<| ——
- - - /e
LT S
-4 Example capacitances
° Vsnit_GND °

master: 2.2nF
clavia: 9299NnE
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Physical properties
o On the bus:
* Logical low level (0) is dominant

* Logical high level (1) is recessive.

o Voltage supply (Vsup) for an ECU should be between 7 V and

18 V. X Bus Voltage
VBAT
8...18V
recessive
600 logic ‘1’
0 7] controlled slope
40% ~2V/us
domlnant
logic O
GND —

Time
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LIN Error Handling
Each LIN Slave monitors its operating state and creates a status
report.
The status report is sent periodically to the LIN Master (LIN 2.0).
Monitoring by error detection mechanisms
 Parity check
* Checksum
LIN messages detected as corrupt are rejected

Error handling is not part of the LIN specification and must be

defined separately
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LIN Power Management (V2.0)

o It contains "wake up" and "go-to sleep".
o All the slave nodes in an active LIN cluster can be changed
into sleep mode by:
v’ Sending a diagnostic master request frame with the first
data byte equal to zero.
v' This special use of a diagnostic frame is called a go-to-
sleep-command.
o Slave nodes can automatically enter a sleep mode if the LIN

bus is inactive for more than 4 seconds.
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LIN Power Management (V2.0)

o Any node in a sleeping LIN cluster can send a request for wake

up cluster.

o wakeup request is issued by forcing the bus dominant for 250 us

to 5 ms.
o Every slave node can detect the wake-up request (a dominant
pulse longer than 150 ms) and be ready to listen to bus

commands within 100 ms, measured from the ending edge of

the dominant pulse.
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LIN Power Management (V2.0)

o The master node can wake up .

o When the slave nodes are ready, start sending frame headers to
find out the cause of the wake up.

o If the master does not issue headers within 150 ms after
receiving the first wakeup request, then the slave requesting

wakeup may try issuing a second wakeup request (and waiting

for another 150 ms).
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LIN Power Management (V2.0)

o If the master still does not respond, the slave issue the wakeup
request and wait 150 ms a third time.
o If there is still no response, the slave must wait for 1.5 seconds

before issuing a fourth wakeup request.

FReset
Power Off

Power Power
Off o

Initialization
(max. 100 ms)
o Sleap Operation o



LIN Workflow

Mode Capability

System Defining Tool

System Generator

™

Fay

LIM Description

Files (MWCF) File (LDOF)
[
I 11
I 11
I 11
I 11
I 11 r
e [
-— I - ! Busanalyzer
- I ; I - Emulator
“Off the shelf”
LIM Slave LIM Slave LIM Maste
m m J, +
LIMN Bus
LIM Cluster
°




LIN Workflow

ECU Tools
(LIN relevant
functions only)

LIN Conformance Test Specification )
Operating System
Software Application \ LIN Recommended Use of Messages and Identifiers )
Level Signal Database
LIN API Specification | Manager (SDM/L)
_ ) Network Configuration
LIN Config. Language
Communication Manager \ onfig guag ) Generator (LCFG)
LIN Protocol Specification —l LIN Config Language —l
: Bus Analyzer
Hardware Bus Transceiver \ (LINSpector)
Level
LIN Physical Layer Spec. —l LIN Physical Layer Spec. —l
Vehicle Network |
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LIN Workflow

O

The LIN bus connects a single master device (node) and one or
more slave devices (nodes) together in a LIN cluster.

The behavior of each node is described by its own node
capability file(NCF).

The node capability files are inputs to a system-defining tool

It generates a LIN description file (LDF) that describes the
behavior of the entire cluster.

The LDF is parsed by a system generator to automatically

generate the specified behavior in the desired nodes.
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o A node interfaces to the physical

LIN Workflow

bus wire using a frame

Application

transceiver.
APIT—'TW—'—
o The frames are not accessed Diagnostic Signal interaction

directly by th lication.
irectly by the application S ! !

o A signal based interaction layer is Frame handler
added in between. Physical+
o A diagnostic interface exist LIN'bus line

between the application and the

frame handler, as depicted below.
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