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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

ISO 17987 (all parts) specifies the use cases, the communication protocol and physical layer
requirements of an in-vehicle communication network called Local Interconnect Network (LIN).

The LIN protocol as proposed is an automotive focused low speed universal asynchronous receiver
transmitter (UART) based network. Some of the key characteristics of the LIN protocol are signal-
based communication, schedule table based frame transfer, master/slave communication with error
detection, node configuration and diagnostic service transportation.

Thg LINprotocol 15 for Iow-cost automotive control appiications, for exampie, door modyle and air
condition systems. It serves as a communication infrastructure for low-speed control applications in
vehjicles by providing:

— |signal-based communication to exchange information between applications in.differentfnodes;
— |bit rate support from 1 kbit/s to 20 kbit/s;

— |deterministic schedule table-based frame communication;
— |network management that wakes up and puts the LIN cluster into sléep state in a controlled manner;
— |status management that provides error handling and errorsignalling;
— |transport layer that allows large amount of data to be transported (such as diagnostic s¢rvices);
— |specification of how to handle diagnostic services;

— |electrical physical layer specifications;

— |node description language describing properties of slave nodes;
— |network description file describing hehaviour of communication;
— |application programmer’s interface.

[S0|17987 (all parts) is based.on the open systems interconnection (OSI) Basic Reference Model as
spefified in ISO/IEC 7498-1 which structures communication systems into seven layers.

Thg OSI model structunes, data communication into seven layers called (top down) applidation layer
(layter 7), presentationlayer, session layer, transport layer, network layer, data link layer and pHysical layer
(layter 1). A subset ofthese layers is used in ISO 17987 (all parts).

[SO|17987 (allparts) distinguishes between the services provided by a layer to the layer apove it and
the|protocokused by the layer to send a message between the peer entities of that layer. Theg reason for
thid distinetion is to make the services, especially the application layer services and the transport layer
seryices, Yeusable also for other types of networks than LIN. In this way, the protocol is hidd¢n from the
seryieeuser and it is possible to change the protocol if special system requirements demand|it.

ISO 17987 (all parts) provides all documents and references required to support the implementation of
the requirements related to the following.

— IS0 17987-1: This part provides an overview of the ISO 17987 (all parts) and structure along with
the use case definitions and a common set of resources (definitions, references) for use by all
subsequent parts.

— IS0 17987-2: This part specifies the requirements related to the transport protocol and the network
layer requirements to transport the PDU of a message between LIN nodes.

— IS0 17987-3: This part specifies the requirements for implementations of the LIN protocol on the
logical level of abstraction. Hardware-related properties are hidden in the defined constraints.
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— ISO 17987-4: This part specifies the requirements for implementations of active hardware
components which are necessary to interconnect the protocol implementation.

— ISO/TR 17987-5: This part specifies the LIN application programmers interface (API) and the
node configuration and identification services. The node configuration and identification services
are specified in the API and define how a slave node is configured and how a slave node uses the
identification service.

— IS0 17987-6: This part specifies tests to check the conformance of the LIN protocol implementation
according to ISO 17987-2 and ISO 17987-3. This comprises tests for the data link layer, the network
layer and the transport layer.

— IS0 17p87-7: This part specifies tests to check the conformance of the LIN electrical physical'lgyer
implerhentation (logical level of abstraction) according to this document.

vi © ISO 2016 - All rights reserved
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Road vehicles — Local Interconnect Network (LIN) —

Part 4:
Electrical physical layer (EPL) specification 12V /24 V
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3.1
For

ISO

Scope

5 document specifies the 12 V and 24 V electrical physical layers (EPL) of the LINycomny
em.

electrical physical layer for LIN is designed for low-cost networks with bifaates up to 2

piver and transmitter with reference to ground.

5 document includes the definition of electrical characteristics of the transmission itse
documentation of basic functionality for bus driver devices.

barameters in this document are defined for the ambient témperature range from -40 °Q

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For-dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement te
trostatic discharge immunity test

Terms, definitions, symbols and abbreviated terms

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and IEC maintain terminological databases for use in standardization at the following ad

IEC Electropedia: available at http://www.electropedia.org/

[SO\Online browsing platform: available at http://www.iso.org/obp

unications

0 kbit/s to

hect automotive electronic control units (ECUs). The medium that is uséd-s a single wilre for each

If and also

to 125 °C.

Pir content
pplies. For
[s) applies.

Chniques —

dresses:

3.1.

1

BR_Range_20K

LIN
3.1.

systems which operate at speeds up to 20 kbit/s
2

BR_Range_20K 12V
12 V LIN systems which operate at speeds up to 20 kbit/s

3.1.

3

BR_Range_20K 24 V
24 V LIN systems which operate at speeds up to 20 kbit/s
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3.1.4
BR_Range_10K
LIN systems which operate at speeds up to 10 417 kbits/s

3.1.5
BR_Range_10K 12V
12 V LIN systems which operate at speeds up to 10 417 kbits/s

3.1.6
BR_Range_10K 24 V
24 V LIN systems which operate at speeds up to 10 417 kbit/s

3.2 Symbols

% percentage

s microsecond

C’LINE line capacitance

Cgus total bus capacitance

CMASTER capacitance of master node

CrxD RXD capacitance (LIN receiver, RXD capagitive load condition)

CSLAVE capacitance of slave node

d2vy/dt2 second derivative of voltage (Valt2 per second?)

di/dt instantaneous rate of current change (amps per second)

Dser int serial internal diode at'transceiver IC

Dser master serial master diode

FToL_RES_MASTER master bit rate deviation from nominal bit rate

FToL_RES_MASTER_A masterbit rate deviation from nominal bit rate in BR_Range_20K systems

FToL_RES_MASTER B master bit rate deviation from nominal bit rate in BR_Range_10K systems

FToL_RES_SLAVE slave bit rate deviation from nominal bit rate

FToL_RES_SLAVE_A slave bit rate deviation from nominal bit rate in BR_Range_20K systems

FToL_RES_SLAVE'B slave bit rate deviation from nominal bit rate in BR_Range_10K systems

FTOL RES_SLAVE_ 1 slave node 1 bit rate deviation from nominal bit rate

FTOL_RES_SLAVE 2 slave node 2 bit rate deviation from nominal bit rate

FTOL_SLAVE_to_SLAVE slave to slave bit rate deviation

FroL_syNcH slave node bit rate deviation from master node bit rate after synchronization

FToL_SYNCH A slave node bit rate deviation from master node bit rate after synchronization
in BR_Range_20K systems

FroL_syNcH B slave node bit rate deviation from master node bit rate after synchronization

in BR_Range_10K systems

2 © IS0 2016 - All rights reserved
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FToL_SYNCH_1
FToL_SyNcH_2
FTOL_UNSYNCH

FTOL_UNSYNCH_A

FTOL_UNSYNCH_B
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slave node 1 bit rate deviation from master node bit rate after synchronization

slave node 2 bit rate deviation from master node bit rate after synchronization

slave node bit rate deviation from nominal bit rate before synchron

slave node bit rate deviation from nominal bit rate before synchron
BR_Range_20K systems

slave node bit rate deviation from nominal bit rate before synchron
BR Range 10K systems

ization

ization in

ization in

1S level

Iy current into the ECU bus line

IBUS LIM current limitation for driver dominant state driver on Vgy§=-VBAT lhax into
ECU bus line

IBU§ NO_BAT current at ECU bus line when Vgar is disconnected

IBU§ NO_GND current at ECU bus line when Vgnp gcu is discennected

IBU$_PAS_dom current at ECU bus line when driver off (passive) at dominant LIN bjus level

IBUY_PAS rec current at ECU bus line when driver.off)(passive) at recessive LIN b

GNDpevice GND of ECU

kQ kilo ohm

kbit/s kilo bit per second

LENgus total length of LIN bus line

LINBus LIN network

ms millisecond

nF nano.farad

pF pico farad

pF/m pico farad per meter (line capacitance)

RBus total bus-resistor including all slave and master resistors
Rpus = RMasTER||RsLavE_1][RsLavE 2| to [|[RsLavE N

RMASTER master resistor

Rpull_up pull-up resistor

RsLAVE slave resistor

tBFs byte field synchronization time

tBIT basic bit times

tEBS earliest bit sample time

trx_pd propagation delay of receiver

© ISO 2016 - All rights reserved
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trx_sym symmetry of receiver propagation delay rising edge propagation delay of
receiver

tLBS latest bit sample time

trx_pdf(1) propagation delay time of receiving node 1 at falling (recessive to dominant)
LIN bus edge

trx_pdf(2) propagation delay time of receiving node 2 at falling (recessive to dominant)
LIN bus edge

trx_pdr(1) propagation delay time of receiving node 1 at rising (dominant to recessivg)
LIN bus edge

trx_pdr(2) propagation delay time of receiving node 2 at rising (dominant to becessivg)
LIN bus edge

tsr sample window repetition time

THpom(may max. dominant threshold of receiving node (Volt)

THpom(min min. dominant threshold of receiving node (Volt)

THRec(max) max. recessive threshold of receiving node{Volt)

THRec(min) min. recessive threshold of receiving node (Volt)

\Y voltage

VANODE voltage at the anode of the diode

VBAT voltage across the ECU supply connectors

VBATTERY voltage across the véhicle battery connectors

VBus voltage on the LIN bus

VBUS_CNT centre pojnt-of receiver threshold

VBUS_rec receiverrecessive voltage

VCATHODE voltage at the cathode of the diode

VGND_BATTERY battery ground voltage

VGND_Ecu voltage on the local ECU ground connector with respect to vehicle battery
ground connector (VGND_BATTERY)

VHys receiver hysteresis voltage

VRec recessive voltage

VserDiode voltage drop at the serial diodes

Vshift_BAT battery shift

Vshift_Difference difference between battery shift and GND shift

Vshift_GND GND shift

Vsup voltage at transceiver supply pins

4 © IS0 2016 - All rights reserved
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Vsup NON_oP voltage which the device is not destroyed; no guarantee of correct operation
Vth_dom receiver threshold voltage of the recessive to dominant LIN bus edge
Vith_rec receiver threshold voltage of the dominant to recessive LIN bus edge
AF/FMASTER deviation of node bit rate from the master node bit rate
AF/FNom deviation from nominal bit rate

T time constant

Q ohm

3.3| Abbreviated terms

AC alternate current

API application programmers interface

ASIC application specific integrated circuit

BFS byte field synchronization

DC direct current

EBS earliest bit sample

ECU electronic control unit

EM(C electromagnetic compatibility,

EM electromagnetic interference

EPL electrical physical layer

ESO electrostatic discharge

EVT event

GNIb ground

LBS latest bit sample

Max. maximum

Min. minimum

0SI open systems interconnection

RC RC time constant T (t = Cgys x Rpus)

RX Rx pin of the transceiver

RXD receive data

SR sample window repetition

TRX transceiver

Tx Tx pin of the transceiver

© IS0 2016 - All rights reserved 5
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TXD

Typ.
UART

transmit data
typical

universal asynchronous receiver transmitter

4 Conventions

ISO 17987 (all parts) and ISO 14229-7 are based on the conventions specified in the OSI Service
Conventions (see ISO/IEC 10731) as they apply for physical layer, protocol, network and transport

protocol anjd diagnostic services.

5 Elect]

5.1 Bity

The bit rat
the sum of

— inaccu

clock d

clock s
the enf

clock s
the enf

racy of setting the bit rate (systematic failure due to granularitiZof the configurable bit rd

bit timfe measurement failure of the slave node;

rical physical layer requirements

ate deviation

b deviation of the LIN medium describes the bit rate deviation from aTeferenced bit rate.
the following parameters:

eviation over temperature and supply voltage range;

ource stability of the slave node starting from the endyof the sync byte field up to the en
ire LIN frame (last sampled bit) when performingsynchronization;

ource stability of the master node startingfrom the end of the sync byte field up to the en
ire LIN frame (last transmitted bit).

On-chip cl

bit rate depiation better than +14 % is sufficient to detect a break field in the message stream.
subsequent bit rate adaptation using the.sync byte field ensures the proper reception and transmis
of the mesdage. The on-chip oscillatorsshall allow for accurate bite rate measurement and generatior

the remai
such as ten

The bit rat
on a LIN by

Incasean
to be adjus

51.1 12

ck may achieve a frequency deviation of better than +14 % with internal calibration. ]

der of the message franie; taking into account effects of anything, which affects the bit g
1perature and voltage drift during operation.

bs on the LIN buszare specified in the range of 1 kbit/s to 20 kbit/s. The specific bit rate
s is defined as.the nominal bit rate, Fyom.

bn-LIN electrical physical layer (e.g. ISO 11898-1, ISO 11898-2) is used, the bit rate may h
ted.

[tis

te);

d of

d of

[his
The
bion

for
ate,

sed

ave

VLLIN systems: Parameters

Table 1 def

ines the bit rate deviation from nominal bit rate.
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Table 1 — Bit rate deviation from nominal bit rate

Number Bit rate deviation Name AF/FNom
Param 1 |Master node (deviation from nominal bit rate) FroL_RES_ <+0,5 %
MASTER
Param 2 |Slave node without making use of synchronization (deviation from | FroL RES_SLAVE <+1,5 %
nominal bit rate)
Param 3 |Deviation of slave node bit rate from the nominal bit rate before FToL_UNsYNcH <+14 %
synchronization; relevant for nodes making use of synchronization
and direct break detection.
This parameter is microprocessor-based nodes with sync/break
detection that is triggering the auto-bauding processing in software.
It insures that the break is detected.
Table 2 defines the slave node bit rate deviation from master node bit rate.
Table 2 — Slave node bit rate deviation from master node bit rate
Nymber Bit rate deviation Name AF/FMASTER
Parfam 4 |Deviation of slave node bit rate from the master node bit rate after FToL_syncH <2 %
synchronization; relevant for nodes making use of synchronization;
any slave node shall stay within this deviation for all fieldslof a
frame which follow the sync byte field.
Table 3 defines the bit rate deviation for slave to slave continunication.
Table 3 — Bit rate deviation for.slave to slave communication
Number Bit rate deviatien Name AF/FMASTER
Parfam 5 For communication between any.t#o nodes (i.e. data stream FTOL_SLAVE to_ <2 %

from one slave to another slave), their bit rate shall not differ by
more than FroL_sLAVE to_sLAvE.The following condition shall be
checked for:

a) |FroL_rEs_sLavE 1. \ETOL_RES_SLAVE_2| < FTOL_SLAVE_to_SLAVE;
b) |Fror_syncH_1="FToL_syNcH_2| < FTOL_SLAVE_to_SLAVE;
o) |(FroL_rEs¢masTER *+ FToL_syncH_1) = FToL_RES_SLAVE_2|

< FTOL_SLAYE_to_SLAVE-

SLAVE

5.1{2 24 V LIN/systems: Parameters

Therequiréd\accuracy is dependent on the used bit rate range. See Table 15 and also ISO 17987-2.

Tabje 4 'defines the bit rate deviation from nominal bit rate in BR_Range_20K systems.

© ISO 2016 - All rights reserved
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Table 4 — Bit rate deviation from nominal bit rate in BR_Range_20K systems

Number BR_Range_20K bit rate deviation Name AF/FNom

Param 39 master node
(deviation from nominal bit rate. The nominal bit rate Fnom is
defined in the LIN description file).

Param 40 slave node without making use of synchronization (deviation
from nominal bit rate)

For communication between any two nodes, their bit rate shall
not differ by more than +0,6 %.

F
TOL_RES_ <+0,3 %
MASTER_A

FroL_Res_sLave_a | <%0,3%

Param 41 dcviatiuu Uf D‘lClVC uudc blt rate fl onT t}lC llUlllilla‘l 1Ult rate IUCfUl €
synchronization; relevant for nodes making use of FTOL_UNSYNCH_A <x14%
synchronization and direct break field detection.

Table 5 deffines the bit rate deviation for slave nodes from master node in BR_Range_20K systems.

Table b — Bit rate deviation for slave nodes from master node in BR_Range-20K systems

Number BR_Range_20K bit rate deviation Name AF/FMmaASTER
Param 42 Deviation of slave node bit rate from the master node bit rate
after synchronization; relevant for nodes making use of
synchronization; any slave node shall stay within this FToL_sYNcH A <+0,6 %
deviation for all fields of a frame which follow the sync byte
field.
Param 43 For communication between any two nodes (i.e. data sti‘tam

from one slave to another slave), their bit rate shall not'differ
by more than FroL_sLAVE to_sLavE. The followingcondition
shall be checked for:

FTOL_SLAVE
a) |FToL_RES_SLAVE_1 — FTOL_RES_SLAVE_2| < KTOL_SLAVE_to_SLAVE; 0 S-EAV‘]; -to- <+0,6 9
b) |FroL_syncH_1 = FroL_syNcH_2| < FToi(SLAVE_to_SLAVE;

o) |(FToL_RES_MASTER_A *+ FToL_synaH;1)- FToL_RES_SLAVE_2|

< FTOL_SLAVE_to_SLAVE-

Table 6 deffines the Bit rate deviation.frem nominal bit rate in BR_Range_10K systems.

[able 6 — Bit rate deviation from nominal bit rate in BR_Range_10K systems

Number] BR>Range_10K bit rate deviation Name AF/FNoih
Param 44 master node F
(deviatien from nominal bit rate. The nominal bit rate Fyon is TOL_RES_ <+0,5%
definedin the LDF). MASTER_B
Param 45 slaye.node without making use of synchronization (deviation

from nominal bit rate)
For communication between any two nodes, their bit rate
shall not differ by more than £2,0 %.

Param 46 deviation of slave node bit rate from the nominal bit rate
before synchronization; relevant for nodes making use of FTOL_UNSYNCH_B <+14 %
synchronization and direct break field detection.

FTOL_RES_SLAVE_B <+x1,5%

Table 7 defines the bit rate deviation for slave nodes from master node in BR_Range_10K systems.

8 © IS0 2016 - All rights reserved
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Table 7 — Bit rate deviation for slave nodes from master node in BR_Range_10K systems

Number

BR_Range_10K bit rate deviation

Name

AF/FMASTER

Param 47

Deviation of slave node bit rate from the master node bit
rate after synchronization; relevant for nodes making use of
synchronization; any slave node shall stay within this
deviation for all fields of a frame which follow the sync
byte field.

FroL_SyNCH_B <+2,0%

Param 48

For communication between any two nodes (i.e. data stream
from one slave to another slave), their bit rate shall not differ
by more than Fror_srave o siave. The following condition

shall be checked for:

a) |FroL_RES_SLAVE_1 — FTOL_RES_SLAVE_2| < FTOL_SLAVE_to_SLAVE;
b) |FroL_syncH_1 -~ FroL_syncH_2| < FToL_SLAVE_to_SLAVE:

) |(FroL_RES_MASTER_B + FroL_syNcH_1) = FToL_RES_SLAVE_2|

< FTOL_SLAVE_ULSLAVE-

FTOoL_SLAVE _to, <420 %
-4

SLAVE

5.2 Timing requirements

5.2]1 Bittiming

If ngpt otherwise stated, all bit times in this document use thehit timing of the master node as a reference.

5.2]2 Synchronization procedure

The sync byte field consists of the fixed data 5514 inside a byte field. The synchronization|procedure
sha]l be based on time measurement betweet falling edges of the pattern. The falling| edges are
avajlable in distances of 2 bit, 4 bit, 6 bit and™8 bit times which allows a simple calculation ¢f the basic
bit fimes, tgIT.

Figlire 1 shows the sync byte field.

Sync byte field

8 teir

A\

A

2\teIT 2 teir 2 teir 2 teir

A/

A

Y
A
Yy
A
Y
A

start
bit

Figure 1 — Sync byte field

5.2.3 Bit sample timing

stop
bit

The bits of a byte field shall be sampled according to the following specification. In Figure 2, the bit
sample timing of a byte field is illustrated. The corresponding timing parameters are listed in Table 8.
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A byte field shall be synchronized at the falling edge of the start bit. The byte field synchronization
(BFS) shall have an accuracy of tgps.

All methods for start bit sampling that met the byte field synchronization tgrs are allowed.

After the byte field synchronization on the falling edge of the start bit, the data bit itself shall be sampled
within the window between the earliest bit sample (EBS) time, tggs, and the latest bit sample (LBS)
time, t,Bs. The latest bit sample time, t;gs, depends on the accuracy of the byte field synchronization,
tgrs. The dependency between ty,gs and tgrs is given in Formula (1):

tLes = 10/16 tpiT - tBFs

M

The followfing bits shall be sampled within the same range as the sample window of the first-datq bit
with the sgmple window repetition time, tsg, respectively. The sample window repetition time, tsp, is
specified fyom the EBS of the former bit (n-1) to the EBS of the current bit; see Formula (2);

tsR = tgBS(n) ~ tEBS(n-1) = tLBS(n) ~ tLBS(n-1) = tBIT (2)

Table 8 — Bit sample timing
Number Parameter Min. Typ. Max. Unit Comment/condition

Param 6 tBFS — 1/16 2/16 tir | Value of@ccuracy of the byte field detection
Param 7 tEBS 7/16 — — tpiT |Earliest bit sample time, tggs < tLBs
Param 8 tLBS — — — tpiT |Latestbitsample [see Formula (1)], t;,Bs = §EBS
For device

Table 9 def]

ines the bit sample timing example.

Table 9 — BitSample timing example

5, which make use of more than one sample perdit, the bit sample majority shall deternpine
the bit datd. Furthermore, the sample majority shall be between the EBS and the LBS.

UART/§CI
cycles p{al tBIT tBFS tEBS tLps = 10/16 tgiT - tBFS
16 1/16 tpIT 7/16 tgT 9/16 tgiT
8 1/8 tprt (=2/16 tByr) 4/8 tpiT (=8/16 tpiT) 4/8 tpiT (=8/16 tpiT)
Figure 2 shows the bit sample\timing.
10
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Figure 2 — Bit sample timing

5.3| Line driver/receiver

5.3]1 General configuration

The bus line driver/receiver is based on ISO 9141. It consists of the bidirectional bus line L|N which is
connected to the driver/receiver of every bus node, and is connected via a termination resistor and a
diode to the positive transceiver supply voltage, Vsyp (see Figure 3). The diode is mandatory to prevent
an uncontrolled power supply of the ECU from the bus in case of a “loss of battery”.

It is important to note that the LIN specification refers to the voltages at the external electrical
connections of the electronic control unit (ECU), and not to ECU internal voltages. In particular, the
parasitic voltage drops of reverse polarity diodes shall be taken into account when designing a LIN
transceiver circuit.

5.3.2 Definition of supply voltages for the physical interface

VpaT denotes the supply voltage at the connector of the ECU. Electronic components within the unit may
see an internal supply Vsyp being different from Vgat (see Figure 3). This can be the result of protection
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filter elements and dynamic voltage changes on the bus. This shall be taken into consideration for the
implementation of semiconductor products for LIN.

Vshift_AT ECU
_
W DRev_Batt Transceiver IC
/ Dser_int
;s T T T T T T T T T T - _/L ~
\ :
VeatTery @ Vear J - Master only!
| ——————— = |
——— 2 —
SUP
| | | <‘I_Rmaster
| | RSlave | |
ViarTerY Vear Rx l |
| N/ C LIN, Vgus
S NN
Tx I [ 1 45— CSlave, CM. ster
VGND_BATTERY @ Venpecu @ | /I L ‘ | I j C
\ L - - J ]
Y ) Y s
Vsup: Internal supply for electronics
VAA CDecoupling
-
VShift_GND Voltage drop'over the
VBUS A diodes in pull up path
VBAT l
Vsup
VBUSrec T
VBusdom
t
Figure 3 — Illustration of'the difference between external supply voltage, VgaT, and the internal
supply voltage, Vsyp
5.3.3 Signal specification
Figure 4 sHows the voltage levels on the bus line.
A . A
driver node receiver node
Vsup 7 Vsup 7
oS, 60 Y SN

12

Figure 4 — Voltage levels on the bus line
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For a correct transmission and reception of a bit, it shall be asserted that the signal is available with the
correct voltage level (dominant or recessive) at the bit sampling time of the receiver. Ground shifts as
well as drops in the supply voltage shall be taken into consideration as well as symmetry failures in the
propagation delay. Figure 5 shows the timing parameters that impact the behaviour of the LIN bus. The
minimum and maximum values of the different parameters are listed in the following tables.

| taiT | taiT I taiT |

A A
I I I I

TXD
(input to transmitting node)
| | |
| tBUS_I:lom(max) | tsu S_rec (min)
<—><—>|
I I |
) | | |
N | | _ _ _threfholdsof _
THRec(max) | recejving node 1
Vsu —_——_— N\ — - - - — — S — N —— — — _——— ) — — — =
(trapsceiver supply of THpom(max)
transmitting node) |
S DU N /0 S _threpholds of
THRgec @min) | recejving node 2
THDum[mnT - -\ - " /J; """ - |- - -
Y | | I | .
I ' | I '
| | tBus_dom(min) tBUS_ rec(max) |
I | I |
RXI] — | |
(output of receiving node 1) | | | |
| | | |
trxpaf) | tx_pdr(1) :
| | | | | |
I
| I
| I
RXT] | |
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' I
| o parey | dpai@ | o
| I I I
Key
1 |LIN bugs.signal
La | D £3 ads £l i3 a i
Igure—o DermcronorousTHmgparamecers

5.3.4 12 V LIN systems: Electrical parameters

5.3.4.1 DC parameters

The electrical DC parameters of the LIN electrical physical layer and the termination resistors are listed
in Tables 10 and 11, respectively. Unless otherwise specified, all voltages are referenced to the local
ECU ground and positive currents flow into the ECU.

In case of an integrated resistor/diode network, no parasitic current paths shall be formed between the
bus line and the ECU-internal supply (Vsyp), for example by ESD elements.
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Table 10 defines the electrical DC parameters of the LIN electrical physical layer.

Table 10 — Electrical DC parameters of the LIN electrical physical layer

Number Parameter Min. Typ. Max. Unit Comment/condition
Param 9 VBaT? 8 — 18 V  |ECU operating voltage range
Param 10 VsypP 7,0 — 18 V  |Supply voltage range
Param 11 Vsup NON_oP -0,3 — 40 V  |Voltage range within which the device is not

destroyed; no guarantee of correct operation

Param 12 IBUS_LHV:C 40 200 mA Currentlimitationfordriver deminantstate
driver on Vpys = VBAT max4

Param 13 IBUS_PAS_dom -1 — — mA |Inputleakage current at the receiyér
including pull-up resistor as specified in
Table 11 Param 26 driver off

VBus=0V
Vear=12V
Param 14 IBUS_PAS_rec — — 20 HA  |Driver off

8V<VpaT<18V
8V <Vpysk 18V

VBus 2 VBAT
Param 15 IBUS_NO_GND -1 — 1 mA |Control unit disconnected from ground

GNDpevice = Vsup
0V<Vpgys<18V
Vear =12V

Loss of local ground shall not affect
communication in the residual network.

Param 16 IBUS_NO_BAT — — 100 uA  |Vpat disconnected
Vsyp = GND
0<Vpys<18V

Node shall sustain the current that can flpw
under this condition. Bus shall remain oppr-
ational under this condition.

Param 17 VBUSdom — — 0,4 Vsup |Receiver dominant state

Param 18 VBUSreé 0,6 — — Vsup |Receiver recessive state

Param 19 VBUSENT 0475 | 0,5 | 0,525 | Vsyp |VBus_cNT = (Vih_dom + Vih_rec)/2¢
Param 20 Viiys — — 0,175 | Vsyp |VHys = Vth_rec = Vth_dom

a  Vpar depotésithe supply voltage at the connector of the control unit and may be different from the internal supply, Vsup,
for electronic e6mponents (see 5.3.2).

b Vsyp denotes the supply voltage at the transceiver inside the control unit and may be different from the external supply,
Vpar, for control units (see 5.3.2).

¢ Ipys: current flowing into the node.

d A transceiver shall be capable to sink at least 40 mA. The maximum current flowing into the node shall not exceed
200 mA under DC conditions to avoid possible damage.

e Vih_dom: receiver threshold of the recessive to dominant LIN bus edge. Vinh_rec: receiver threshold of the dominant to
recessive LIN bus edge.

f Vanopg: voltage at the anode of the diode. VcaTHoDE: voltage at the cathode of the diode.

&  VBATTERY: voltage across the vehicle battery connectors. Vgnp_Ecu: voltage on the local ECU ground connector with
respect to vehicle battery ground connector (VGND_BATTERY)-

h This constraint refers to duty cycle D1 and D2 only.
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Table 10 (continued)

Number Parameter Min. Typ. Max. Unit Comment/condition
Param 21 VserDiode 0,4 0,7 1,0 \% Voltage drop at the serial diodes

Dser_master and DRey_Batt in pull-up path
(Figure 3). Vserbiode = VANODE — VcATHODES

Param 22 Vshift BAT 0 — 11,5 % | VpaT |Battery shift

Vshift_BAT = VBATTERY — Vshift_GND — VBATS
Param 23 Vshift GND 0 — 11,5% | VgaTr |GND shift

Vshift_GND = VGND_ECU — VGND_BATTERYS
Parfam 24 | Vshift Difference” 0 — 8% Vpar |Difference between battery-shift iand GND

shift

Vshift_Difference = |VShiftzBAT — Vshift_GND|
Parlam 82 VBUS_MAX_ =27 — 40 \% The part should netsuffer any damage.

RATINGS

a  |Vgar denotes the supply voltage at the connector of the control unit and may be different from the internal supply, Vsup,
for glectronic components (see 5.3.2).

b |Vsyp denotes the supply voltage at the transceiver inside the control unit and‘may be different from the extprnal supply,
Vg, for control units (see 5.3.2).

¢ |Ipys: current flowing into the node.

d |A transceiver shall be capable to sink at least 40 mA. The maximum current flowing into the node shall not exceed
200mA under DC conditions to avoid possible damage.

€ | Vih_dom: receiver threshold of the recessive to dominant LI,bus edge. Vih_rec: receiver threshold of the [dominant to
rec¢ssive LIN bus edge.

f |VanopE: voltage at the anode of the diode. VcatHopE: veltage at the cathode of the diode.

8 |VBaTTERY: voltage across the vehicle battery connectors. Vgnp Ecu: voltage on the local ECU ground conynector with
respect to vehicle battery ground connector (VoNp. BATTERY)-

h | This constraint refers to duty cycle D1 and-B2-only.

Table 11 defines the parameters of the pull-up resistors.

Table'11 — Parameters of the pull-up resistors

Npmber Parameter Min. Typ. Max. Unit Comment/condition
Parjam 25 RMASTER 900 1000 | 1100 Q  |The serial diode is mandatory (sef Figure 3).
Parfam 26 RSDAVE 20 30 60 kQ |The serial diode is mandatory.

5.34.2 A€ parameters

Thd electrical AC parameters of the LIN electrical physical layer are listed in Tables 12, 13 ahd 14, with
the [panameters being defined in Figure 5. The electrical AC characteristics of the bus can e strongly
affected by the line characteristics as shnown in 5.3. us the overall
capacitance) of the bus (see 5.3.5) shall be selected carefully in order to allow for a correct signal
implementation under worst case conditions.

Table 12 specifies the timing parameters for proper operation at 20 kbit/s.
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Table 12 — Driver electrical AC parameters of the LIN electrical physical layer of BR_Range_20K

12 V LIN networks
Number | Parameter | Min. | Typ. | Max. | Unit | Comment/condition
LIN driver, bus load conditions (Cgys; Rpys): 1 nF; 1 kQ/6,8 nF; 660 /10 nF; 500 Q
Param 27 |D1 0,396 — — — | THRec(max) = 0,744 x Vsyp;
(Duty Cycle 1) THpom(max) = 0,581 x Vsyp;
Vsuyp =70V to 18 V; tgiT = 50 us;
D1 = tBus_rec(min)/(2 * tBIT)
Param 28 | |D2 — — 0,581 — | THRec(min) = 0,422 x Vsyp;
(Duty Cycle 2) THpom(min) = 0,284 x Vsyp;
Vsyp=7,6Vto18V;tpiT =50 pus;
D2 = tBus_rec(max)/(2 x tBIT)
For improyed EMC performance, exception is granted for speeds of 10 417 kbit/ser‘below. For detils,
see Table 1|3, which specifies the timing parameters for proper operation at 10 417 kbit/s.
Table 13 + Driver electrical AC parameters of the LIN electrical physical layer of BR_Range_10K
12 V LIN networks
Number | Parameter | Min. | Typ. | Max. | Unit | Comment/condition
LIN driver, bus load conditions (Cgys; Rpys): 1 nF; 1 k/6,8 nF; 660 Q/10 nF; 500 Q
Param 29 | |D3 0417 | — — — _[BHRec(max) = 0,778 x Vsup,
(Duty Cycle 3) THpom(max) = 0,616 x Vsyp,
Vsup =70V to 18 V; tgiT = 96 ps;
D3 = tBus_rec(min)/(2 X tBIT)
Param 30 | |D4 — — 0,590 — | THRec(min) = 0,389 x Vsyp;
(Duty Cycle 4) THpom(min) = 0,251 x Vsyp;
Vsyp=7,6 Vto 18 V; tgiT = 96 us;
D4 = tgus_rec(max)/(2  tBIT)

Application specific implementations (ASICs) shall meet the parameters in Table 12 and/or Table 1

both sets o

Table 14 dq

T4

f parameters are jimplemented, the proper mode shall be selected based on the bus bit ra

fines the receiver electrical AC parameters of the LIN electrical physical layer.

ble 14 ~—~Receiver electrical AC parameters of the LIN electrical physical layer

B. If

Number

| Parameter | Min. | Typ. | Max. | Unit | Comment/condition

LIN

lCECEillEI: RXD lnad cnndltmn (CFJEE)' 2“ pE (lf npen drain beham’mlr' R - = 2 4 k“'

Param 31

trx_pd us |propagation delay of receiver

Param 32

trx_sym -2 — us

edge with respect to falling edge

symmetry of receiver propagation delay rising

The EMC behaviour of the LIN bus depends on the signal shape represented by slew rate and other
factors such as di/dt and d2V/dt2. The signal shape should be carefully selected in order to reduce
emissions and allow for bit rates up to 20 kbit/s.

16
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5.3.5 24 V LIN systems: Electrical parameters

5.3.5.1 DC parameters

The electrical DC parameters of the LIN electrical physical layer and the termination resistors are listed
in Tables 15 and 16, respectively. Unless otherwise specified, all voltages are referenced to the local
ECU ground and positive currents flow into the ECU.

In case of an integrated resistor/diode network, no parasitic current paths shall be formed between the
bus line and the ECU-internal supply (Vsyp), for example by ESD elements.

Table 15 defines the electrical DC parameters of the LIN electrical physical layer.

Table 15 — Electrical DC parameters of the LIN electrical physical Iayer

Npmber Parameter Min. | Typ. | Max. | Unit Commeity/condition
Parfam 52 VBAT_BR_Range._ 16 — 36 Vv ECU operating voltage range in BR _
20K? Range_20K 24 M. LIN systems
Parfam 53 Vsup BR_ 15 — 36 Vv supply voltage range in BR_Rangg 20K 24 V
Range_ZOKb LIN systems
Parfam 54 VBAT BR_Range_ 8 — 36 \% operating voltage range in BR_Raphge_10K
10K? 24 LIN systems
Parfam 55 Vsup BR_ 7 — 36 Vv supply voltage range in BR_Rangg 10K 24 V
Range_lOKb LIN systems
Parfam 56 Vsup NON_oP -0,3 — 58 V™ |voltage range within which the dgvice is not

destroyed; no guarantee of corredt operation

Parfam 57 IBus_LIM® 75 — 300 mA |current limitation for driver dominant state
driver on Vgys = VBAT max4

Parjam 58 IBUS_PAS_dom -2 — — mA |input leakage current at the receiyer
including pull-up resistor as specffied in
Table 16 Param 71 driver off Vgyg|=0V

Vpar =24V
Parfam 59 IBUS_PAS_rec — — 20 wA |driver off
8V<VgaT<36V
8V<Vpys<36V

VBus = Vpar

a | Vpar denotes the’supply voltage at the connector of the control unit and may be different from the internal supply, Vsyp,
for electronic compenents (see 5.3.2).

b |Vsyp denotes'the supply voltage at the transceiver inside the control unit and may be different from the exernal supply
Vpafr for controlunits (see 5.3.2).

¢ |Ipuys: carrent flowing into the node.

d  |Atransceiver shall be capable to sink at least 75 mA. The maximum current flowing into the node shall not exceed
300 mA under DC conditions to avoid possible damage.

€ Vih_dom: receiver threshold of the recessive to dominant LIN bus edge. Vin _rec: receiver threshold of the dominant to
recessive LIN bus edge.

f Vanopg: voltage at the anode of the diode. VcatHopg: voltage at the cathode of the diode.

&  VpaTTERY: voltage across the vehicle battery connectors. Vgnp Ecu: voltage on the local ECU ground connector with
respect to vehicle battery ground connector (VGND_BATTERY)-

h  This constraint refers to duty cycle D1 and D2 only.
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Table 15 (continued)

Number Parameter Min. | Typ. | Max. | Unit Comment/condition

Param 60 IBUS_NO_GND -2 — 2 mA |control unit disconnected from ground
GNDpevice = Vsup

0V<Vgys<36V

Vear =24V

loss of local ground shall not affect
communication in the residual network.

Param 61 IBUS_NO_BAT — — 100 HA |VpaT disconnected
Vsup = GND
0<Vpgys<36V

node shall sustain the current\that can flqw
under this condition. Busshall remain op¢r-
ational under this condition.

Param 62 VBUSdom — — 0,4 Vsup |receiver dominant State
Param 63 VBUSrec 0,6 — — Vsup |receiver recessivesstate
Param 64 VBUS_CNT 0,475 | 0,5 | 0,525 | Vsup [VBus_cNT =AVeh dom *+ Vth_rec)/2€
Param 65 VHyYs — — | 0,175 | Vsup |VHys = VEh)rec — Vih_dom
Param 66 VserDiode 0,4 0,7 1,0 \% voltage‘drop at the serial diodes
Dser/master and Dser int in pull-up path
(Figure 3).
VserDiode = VANODE ~ VcATHODE!
Param 67 Vshift_BAT 0 — | 11,5% [ Vgar |battery-shift
Vshift_BAT = VBATTERY — Vshift_GND — VBATS
Param 68 Vshift GND 0 — 115 % | VaT |GND-shift
Vshift_GND = VGND_EcU — VGND_BATTERYS
Param 69 Vshift_Difference” 0 — 8% Vgar |difference between battery-shift and GNI}-
shift

Vshift_Difference = |Vshift_BAT = Vshift_GNDI
Param 83 | |VBus MAX_RATINGS -6 — 36 Vv The part should not suffer any damage.

a  Vpar denotes the supply voltageat the connector of the control unit and may be different from the internal supply, Vsup,
for electronic components (se€5:3.2).

b Vsyp defotes the supplyvoltage at the transceiver inside the control unit and may be different from the external supply
Vgar for confrol units (see(5.3.2).

¢ Ipys: current flowing into the node.

d A transgeiver shall be capable to sink at least 75 mA. The maximum current flowing into the node shall not exdeed
300 mA undpr-DC conditions to avoid possible damage.

e Vih_dom: receiver threshold of the recessive to dominant LIN bus edge. Vi _rec: receiver threshold of the dominant to
recessive LIN bus edge.

f Vanopg: voltage at the anode of the diode. VcatHopg: voltage at the cathode of the diode.

&  VBATTERY: Voltage across the vehicle battery connectors. Vgnp Ecu: voltage on the local ECU ground connector with
respect to vehicle battery ground connector (VGND BATTERY)-

h This constraint refers to duty cycle D1 and D2 only.

Table 16 defines the parameters of the pull-up resistors.
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Table 16 — Parameters of the pull-up resistors

Number Parameter Min. Typ. Max. Unit Comment/condition

Param 70 RMASTER 900 1000 | 1100 Q The serial diode is mandatory (see Figure 3).
Param 71 RsLAVE 20 30 60 kQ |The serial diode is mandatory.

5.3.5.2 AC parameters

The electrical AC parameters of the LIN electrical physical layer are listed in Tables 17, 18 and 19 with
the parameters being defined in Figure 5. The electrical AC characteristics of the bus can be strongly

aff
cap
im

cted by the line characteristics as shown In 5.3.5. The time constant T (and thus
citance) of the bus (see 5.3.5) shall be selected carefully in order to allow for arcor
lementation under worst case conditions.

the overall
rect signal

Table 17 specifies the timing parameters for proper operation at 20 kbit/s.
Tahle 17 — Driver electrical AC parameters of the LIN electrical physical layer of BR_Range_20K
24 V LIN networks
Npmber | Parameter | Min. | Typ. | Max. | Unit | Comment/condition
LIN driver, bus load conditions (Cgys; Rpys): 1 nF; 1 kQ/6,8 nF; 660 Q/10 nF; 500 Q
Parfam 72 D1 0,330 — — — _[THRec(max) = 0,710 x Vsyp;
(duty cycle 1) THpom(max) = 0,554 x Vsyp;
Vsyp=15Vto 36 V; tgT = 50 ps;
D1= tBus_rec(min]/(2 x tBIT)
Parffam 73 |D2 — — 0,642 — | THRec(min) = 0,446 x Vsyp;
(duty cycle 2) THpom(min) = 0,302 x Vsyp;
Vsyp = 15,6 Vto 36 V; tgiT = 50 ps
D2 = tBys_rec(max)/(2 * tBIT)
BR JRange_10K 24 V LIN systems,operate at speeds of approximately 10 417 kbit/s or below. For details,
see[Table 18, which specifies thetiming parameters for proper operation at 10 417 kbit/s.
Table 18 — Driver electrical AC parameters of the LIN electrical physical layer of BR_Range_10K
24 V LIN networks
Npmber | Parameter | Min. | Typ. | Max. | Unit | Comment/condition
LIN-driver, bus load conditions (Cgys; Rgys): 1 nF; 1 kQ/6,8 nF; 660 Q/10 nF; 500 Q
Parlam 74 _\D3 0,386 — — — | THRec(max) = 0,744 x Vsyp;
(duty cycle 3) THpom(max) = 0,581 x Vsyp;
Vsyp=70Vto36V;tgT=96us;
D3 = tBus_rec(min)/(2 % tBIT)
Param 75 |D4 — — 0,591 — | THRec(min) = 0,422 x Vsyp;
(duty cycle 4) THpom(min) = 0,284 x Vsyp;
Vsup=7,6Vto36V;tgT =96 us;
D4 = tBus_rec(max]/(2 x tBIT)

Application specific implementations (ASICs) shall meet the parameters in Table 17 and/or Table 18. If
both sets of parameters are implemented, the proper mode shall be selected based on the bus bit rate.

Table 19 defines the receiver electrical AC parameters of the LIN electrical physical layer.

© ISO 2016 - All rights reserved
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Table 19 — Receiver electrical AC parameters of the LIN electrical physical layer

Number Parameter | Min. | Typ. | Max. | Unit | Comment/condition
LIN receiver, RXD load condition (Crxp): 20 pF; (if open drain behaviour: Ryyij_yp = 2,4 kQ)
Param 76 trx_pd — — 6 us |propagation delay of receiver
Param 77 trx_sym -2 — 2 pus |symmetry of receiver propagation delay
rising edge with respect to falling edge

The EMC behaviour of the LIN bus depends on the signal shape represented by slew rate and other
factors such as di/dt and d2V/dt2. The signal shape should be carefully selected in order to reduce
emissions and attow for bitTates up to 20 Rbit/s:

5.3.6 Line characteristics

The maximum slew rate of rising and falling bus signals are in practice limited by the dctive slew fate
control of fypical bus transceivers. The minimum slew rate for the rising signal, however, can be given
by the RC [time constant, t. Therefore, the bus capacitance should be kept low in\order to keep|the
waveform psymmetry small. The capacitance of the master module can be chesen higher than in|the
slave modyles, in order to provide a “buffer” in case of network variants withryarious number of nofes.
The total bjus capacitance, Cgys, can be calculated by Formula (3):

Cgus = CMASTER + 1 x Cs.AvE + C'LINE * LENBys (3)

The RC timle constant, 1, is calculated by Formula (4):

T = Cgys x RBus (4)

with Rgys |n Formula (5):

Rpus =[RmasTER||RsLavE_1][RsLaAvE_2[| to [|[RsLAvE N (5)
Line charagteristics and parameters are defined in Table 20.

Table 20 < Line characteristics and parameters

Number Parameter Min: Typ. Max. Unit Comment/condition

Param 33 LENBys — — 40 m |total length of bus line

Param 34 Cgus 1 4 10 nF |total capacitance of the bus including slaye
and master capacitances

Param 35 T 1 — 5 us |time constant of overall system

Param 36 CMASTER — 220 — pF |capacitance of master node

Param 37 CSLAVE — 220 250 pF |capacitance of slave node

Param 38 CHiNE 160 150 pEfm—Hne-capacitanee

CMmasTER and Csp,avg are defining the total node capacitance at the connector of an ECU including the
physical bus driver (transceiver) and all other components applied to the LIN bus pin such as capacitors
or protection circuitry. The number of nodes in a LIN cluster should not exceed 16. The network
impedance may prohibit a fault-free communication under worst case conditions with more than 16
nodes. Every additional node lowers the network resistance by approximately 3 % (30 kQ || ~1 kQ).

5.3.7 12 V LIN systems: performance in non-operation supply voltage range

For VpaT > 18 V or VgaT < 8V, the ECU may still operate, but communication is not guaranteed. If an ECU
is not intending to transmit on the LIN bus (e.g. transmit input of a LIN transceiver is recessive), the LIN
driver shall not drive the LIN bus to dominant state. If the LIN bus is in recessive state, the LIN receiver
output shall provide a recessive state.
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5.3.8 24 V LIN systems: performance in non-operation supply voltage range

For Vgar > 36 V or Vpar < 16 V for a BR_Range_20K system or for Vgar > 36 V or Vgar < 8 V for a
BR_Range_10K system, the ECU may still operate, but communication is not guaranteed. If an ECU is
not intending to transmit on the LIN bus (e.g. transmit input of a LIN transceiver is recessive), the LIN
driver shall not drive the LIN bus to dominant state. If the LIN bus is in recessive state, the LIN receiver
output shall provide a recessive state.

5.3.9 Performance during fault modes
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All
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5.3

ECU
conj
sha

5.3

The
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fault, normal operation shall resume without any intefvention on the LIN bus line.

NOT

5.3

The
the
con
wit

5.3

Semiconductor electrical physical layer devices shall comply with requirements for protect

hun

Thd

9.1 General

LIN device state changes on conditional events (e.g. temperature shutdown) shall be spec
device data sheet.

9.2 Loss of supply voltage connection or ground connection

s with loss of connection to either supply voltage or ground shall hot interfere w
munication among the remaining LIN participants. Upon returncof-eonnection, norma
| resume without any intervention on the LIN bus line.

9.3 12 V LIN systems: LIN systems bus wiring short tehattery or ground
network data communication may be interrupted but\there shall be no damage to any

LIN bus line is shorted to either positive battery with-less than 26,5 V or GND. Upon rer

E The 26,5 Vis specified to stay within the nofi=conducting range of the commonly used 27 V 7

9.4 24V LIN systems: LIN systems buis wiring short to battery or ground

network data communication may‘be interrupted but there shall be no damage to any

LIN bus line is shorted to either'positive battery with less than 26,5 V or GND. The 26,5
es from a double battery jump start. Upon remove of the fault, normal operation sh|
hout any intervention on the:LIN bus line.

10 ESD/EMI compliance

han body discharge according to IEC 61000-4-2. The minimum discharge voltage level shg

required ESD level for automotive applications may be up to #25 kV at the connectors of]

ified in the

th normal
operation

ECU when
hove of the

ener stacks.

ECU when
/ condition
all resume

on against
Il be +2 kV.

the ECU.
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