INTERNATIONAL ISO
STANDARD 17987-7

First edition
2016-12-01

Road vehicles — Local Interconnect
Network (LIN) —

Part 7:
Electrical PhysicabLayer (EPL)
conformance test specification

Véhicules routiers —Réseau Internet local (LIN) —

Partie 7: Spécification d’essai de conformité de la couche électrique
physique (EPL)

_ Reference number
—/@\— 1SO 17987-7:2016(E)

ISO

N\
= © IS0 2016


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2016, Published in Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Ch. de Blandonnet 8 « CP 401
CH-1214 Vernier, Geneva, Switzerland
Tel. +41 22 749 01 11

Fax +41 22 749 09 47
copyright@iso.org

www.iso.org

ii © ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..ot vi
1 S0P ... 1
2 NOTTNATIVE FEECI@INICES .........oocco e 1
3 Terms, definitions, symbols and abbreviated terms................ i, 1
3.1 Terms and definitions
3.2 Symbols ...
3.3 Abbreviated terms ..
CONVENTIOMS ...l e e
5 EPL 12 V LIN devices with RX and TX @CCESS ..............iiisesessnss e N
5.1  Test specification OVEIVIEW ... G o]
5.1.1  Test case OrganiZation ... P e
5.1.2 Measurement and signal generation requirements
5.2 Operational conditions — Calibration........od e
5.2.1  Electrical input/output, LIN protocol
5.2.2  [EPL-CT 1] Operating voltage range......
5.2.3  Threshold VOItages.......esly e
5.2.4  [EPL-CT 5] Variation of VSUP NON_ 0PS¢ 12
5.2.5 Igys under several conditions
5.2.6  Slope control........cp e
5.2.7  Propagation delay.............p0n....
5.2.8  Supply voltage offset......... ol
ST T U 11 L O oS
5.2.10 [EPL-CT 22] Verifying internal capacitance and dynamic interference +—
IUT as slave
5.3 Operation mode termination...
5.3 1 GONETAL o e
5.3.2  [EPL-CT 23] Measuring internal resistor — IUT as slave............c.cc...]
5.3.3  [EPL-CT.24] Measuring internal resistor — IUT as master
5.4 SEATIC LS CASES ). st
6 EPL 12 V LIN deyices without RX and TX @CCeSS ...
6.1 Test SPECHITAtION OVEIVIEW ...t
6.2 COMMUBNICALION SCHEIME  ....occ e
6.21) General......
6,22 IUT asslave....
6.2.3  IUT as master............
6.2.4 1UT class C device....
6.3 Test case Organization ...
6.4 Measurement and signal generation — Requirements
6.4. 1 DAt GENETATION ..ottt
6.4.2  Various requirements
6.5 Operational conditions — CaliDIration. ...
6.5.1  Electrical input/output, LIN protocol
6.5.2  [EPL-CT 25] Operating voltage range
6.5.3  ThreShold VOItAZES ...
6.5.4  [EPL-CT 29] Variation of Vsyp non op € [-0,3 Vto 7,0 V], [18 Vto 40 V]............... 51
6.5.5 Igys under several conditions
6.5.6  Slope control
6.5.7  [EPL-CT 35] Propagation delay ... 59
6.5.8  SUPPLY VOItAZE OFFSEL...ooooo e 65
0.5.9  FAIIUTE .o 74

© 1S0 2016 - All rights reserved iii


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

6.5.10 [EPL-CT 48] Verifying internal capacitance and dynamic interference —

TUT @S SIAVE ..ot
6.6 Operation mode termination
LGN T S €7 ¢ U= IO
6.6.2  [EPL-CT 49] Measuring internal resistor — [UT as slave.........cc,
6.6.3  [EPL-CT 50] Measuring internal resistor — IUT as master
6.7 STALIC LESE CASES ..ok
7 EPL 24 V LIN devices with RX and TX @CCESS ..............ooimiieseeseeseesoss e
7.1 Test specification overview............c.
7.1.1  Test case organization
7.1.2  Measurement and signal generation — Requirements
7.2 Operational conditions — CalibIation.......c e g ;
7.2.1  Electrical input/output, LIN protocol...........m sl e .
7.2.2  [EPL-CT 51] Operating voltage range.....
7.2.3  Threshold voltages..........conee
7.24  [EPL-CT 55] Variation of Vsyp NON 0P ---
7.2.5  Igysunder several conditions.....
7.2.6  Slope control........n. .
7.2.7  Propagation delay ... ot e ;
7.2.8  Supply voltage OffSet. ... S e
7.2.9  FAIIUTE ooy St
7.2.10 [EPL-CT 80] Verifying internal capacitance anddynamic interference —
TUT @S SIAVE ..o Simess s 114
7.3 Operation mode termination
0 T8 S €7 4 =) - | OO eSO
7.3.2  [EPL-CT 81] Measuring internal resjstor — IUT as slave.........c.cn 117
7.3.3  [EPL-CT 82] Measuring internal resistor — IUT as Master ... 117
7.4 STALIC EESE CASES ..ot (oot 118
8 EPL} 24 V LIN devices without RX and TX @€CESS ... 121
8.1 Test specification overview 121
8.2 Communication scheme..... 121
8.2.1 Overview........ 121
8.2.2 IUT asslave...... 122
8.2.3  TUT @S MG it it oot 122
Lo LU R 08 T= T O (17 (o 123
8.3 Test case organization
8.4 Measurement afid-signal generation — Requirements
8.4.1  Datal@eMOTAtION . ...cooi i
8.4.2  Various requirements...............
8.5 Operational conditions — Calibration
8.5.1C") Electrical input/output, LIN ProtoCol. ... 128
8.5:2>" [EPL-CT 83] Operating VOltage Tange ... 128
8.5.3  Threshold voltages
8.5.4  [EPL-CT 87] Variation of Vsyp noN op € [-0,3V to 7,0 V], [18 Vto 58 V]............... 135
0.2.0 [BUS UNAET SEVETAL CONMAITIONS.........oieeiiieieieiieesie it
8.5.6  Slope control..........ccc,
8.5.7 [EPL-CT 93] Propagation delay...
8.5.8  Supply voltage offset........cccccr.
8.5.9  FaTUI® oo
8.5.10 [EPL-CT 106] Verifying internal capacitance and dynamic interference —
TUT @S SIAVE ....oo ek
8.6 Operation MOde tErMINATION ...
B.6.1  GENETAL .o
8.6.2  [EPL-CT 107] Measuring internal resistor — IUT as slave.......
8.6.3  [EPL-CT 108] Measuring internal resistor — IUT as master ...
8.7 SEATIC TOST CASES ...
BIBLIOZGTAPIY ...

iv

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

Fo

ISO 17987-7:2016(E)

reword

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.
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Introduction

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 Local Interconnect Network
(LIN) protocol are signal-based communication, schedule table-based frame transfer, master/slave
communication with error detection, node configuration and diagnostic service transportation.

The LIN protocol is for low-cost automotive control applications, for example, door module and air
condition systems. It serves as a communication infrastructure for low-speed control applications in
vehicles by providing

signal{based communication to exchange information between applications in different nodes;
bitratg support from 1 kbit/s to 20 kbit/s,

deternpinistic schedule table-based frame communication,

netwofrk management that wakes up and puts the LIN cluster into sleep mode in.a‘controlled manjner,
status[management that provides error handling and error signalling,
transplort layer that allows large amount of data to be transported (such as diagnostic services],
specification of how to handle diagnostic services,

electriral physical layer specifications,

node description language describing properties of slave'fiodes,
network description file describing behaviour of comimunication, and

application programmer’s interface.

ISO 17987|(all parts) is based on the open.systems interconnection (OSI) basic reference model as

specified i ISO/IEC 7498-1 which structuresscommunication systems into seven layers.

The OSI mpdel structures data communication into seven layers called (top down) application lqyer
(layer 7), presentation layer, session layer, transport layer, network layer, data link layer and physical lqyer

(layer 1). A subset of these layers is.used in ISO 17987 (all parts).

ISO 17987|(all parts) distinguishes between the services provided by a layer to the layer above it
the protocl used by the layer'to send a message between the peer entities of that layer. The reasor
this distingtion is to make.the services, especially the application layer services and the transport I
services, r¢usable alsofor other types of networks than LIN. In this way, the protocol is hidden from

and
for
lyer
the

service usqr and it.is possible to change the protocol if special system requirements demand it.

ISO 17987 [allparts) provides all documents and references required to support the implementation of

the requirgrments related to the following:

Vi

ISO 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.

ISO 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.

ISO 17987-4: This part specifies the requirements for implementations of active hardware
components which are necessary to interconnect the protocol implementation.
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— 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.

— SO 17987-7: This part specifies tests to check the conformance of the LIN electrical physical layer
implementation (logical level of abstraction) according to ISO 17987-4.

© 1S0 2016 - All rights reserved vii
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Road vehicles — Local Interconnect Network (LIN) —

Part 7:
Electrical Physical Layer (EPL) conformance test
specification
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3.1
For

ISO

Scope

5 document specifies the conformance test for the electrical physical layer* (EPL)
munications system. It is part of this document to define a test that considers 1SO
17987-4.

pliant to ISO 17987-4. The primary motivation is to ensure a lev€l of interoperability
rers from different sources in a system environment.

5 document provides all the necessary technical informnation to ensure that test 1
sistent even on different test systems, provided that the particular test suite and the test
pliant to the content of this document.

Normative references

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

17987-4:2016, Road vehicles —(Local Interconnect Network (LIN) — Part 4: Electrical Phy
) specification 12V/24V

Terms, definitions;symbols and abbreviated terms

Terms and definitions
the purposesof this document, the terms and definitions in ISO 17987-4 and 1SO 17987
and [ECunaintain terminological databases for use in standardization at the following adg

[EC\Electropedia: available at http://www.electropedia.org/

bf the LIN
9646 and

purpose of this document is to provide a standardized way to verifyy whether a LIN bys driver is

of LIN bus

esults are
System are

bir content
pplies. For
[s) applies.

bsical Layer

6 apply.

dresses:

NOTE

ISO Online browsing platform: available at http://www.iso.org/obp

ECU and transceiver types.

3.2

%
us
c1/

Symbols

Percentage
Microsecond

2 capacitance
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CcoMMON capacitance in the communication line

C'LINE line capacitance

Cgus total bus capacitance

CMASTER capacitance of master node

CREF reference capacitance

CRXD RXD capacitance (LIN receiver, RXD capacitive load condition)
CSLAVE capacitance of slave node

€ mathematical symbol: replacement for “is an element of”
d2v/dt2 second derivative of Voltage (Volt2 per second?)

di/dt instantaneous rate of current change (amps per second)
D1/2 diode

Dser int serial internal diode at transceiver IC

Dser master|  serial master diode

Frs test system bit rate
Igus current into the ECU bus line
IBUS_LIM current limitation for driver dominant state driver on Vgys = VBAT max into ECU bus ljne

IBus No_BaT current at ECU bus line when Vgt Isdisconnected
IBus No_gNp current at ECU bus line whenVighp Ecu is disconnected

IBUS_PAS domm current at ECU bus line when driver off (passive) at dominant LIN-bus-level
(12 V LIN devices: Vpys =0 Vand Vgat = 12 V; 24 V LIN devices: Vgys = 0 V and
Vgar =24V)

IBus pas ret  current at ECU\bils line when driver off (passive) at recessive LIN-bus-level
(12 V LIN devices: 8 V< VpaT <18 V; 8 V< Vpys < 18 V; Vpys = VBaT;
24V LINdevices: 16 V< VpaT <36 V; 16 V< Vys <36 V; Vpys = VaT)

kQ kilo ohm

kbit/s K1lo b1t per second

LENRBys total length of bus line

LINBys LIN network

ms millisecond

nF nano farad

pF pico farad

pF/m pico farad per meter (line capacitance)

2 © IS0 2016 - All rights reserved
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ver

E bus edge
bus edge

N bus edge

N bus edge

R1/2 resistor
RcomMMoON resistor in the communication line
RBus total bus-resistor including all slave and master resistors
RBus = RMaster||Rslave1||Rslave2||to]|Rslaven
RREF reference resistor
Rmaster master resistor
Rpufl_up pull-up resistor
Rslave slave resistor
tBFY byte field synchronization time
tITl basic bit times
tEBS earliest bit sample time
trx_bd propagation delay of receiver
trx_fym symmetry of receiver propagation delay rising €dge propagation delay of rece
tLBY latest bit sample time
trx_pdf(1) propagation delay time of receiving node-1 at falling (recessive to dominant) L]
trx_pdf(2) propagation delay time of receivingiiode 2 at falling (recessive to dominant) L]
trx_pdr(1) propagation delay time of receiving node 1 at rising (dominant to recessive) LI
trx_pdr(2) propagation delay time of receiving node 2 at rising (dominant to recessive) LI
tsr sample window repetition time
THpom(max) maximum doniinant threshold of receiving node (volt)
TH:[om(min) minimum(dominant threshold of receiving node (volt)
THRecmax) ~ maxifmom recessive threshold of receiving node (volt)
THRgec(min) minimum recessive threshold of receiving node (volt)
\Y voltage
VanNoDE voltage at the anode of the diode
VBAT voltage across the ECU supply connectors
VBATTERY voltage across the vehicle battery connectors
VBs1/2 battery shift
VBus voltage on the LIN bus
VBUS_CNT centre point of receiver threshold
VBUS_dom receiver dominant voltage
VBUS_rec receiver recessive voltage

© ISO 2016 - All rights reserved
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VcATHODE
Vee/2
Vp1/2
Vbom

Venp1/2

voltage at the cathode of the diode

positive power supply voltage (e.g. 5 V)
voltage at diode between anode and cathode
dominant voltage

ground shift

VGND_BATTERY battery ground voltage

VGND_ECU

VHys
Viut
Vpsi1/2
VRec
VserDiode
Vshift_BAT

Vshift_Differ

voltage on the local ECU ground connector with respect to vehicle battery ground COIIl-
nector (VGND_BATTERY)

receiver hysteresis voltage

voltage at [UT supply pins

voltage at remote power supply no. 1/no. 2
recessive voltage

voltage drop at the serial diodes

battery shift

Lncedifference between battery shift and GND shift

Vshift GND GND shift

Vsup voltage at transceiver supply pins

Vsup NoN_dp 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
Vih_rec receiver threshold voltage of the dominant to recessive LIN bus edge
AF/FNom deviation from ndéminal bit rate

T time constart

Q ohm

3.3 Abbreviated terms

AC alternate-current

API application programmers interface

ASIC  application specific integrated circuit

BFS byte field synchronization

DC di

rect current

EBS earliest bit sample

EMC electromagnetic compatibility

© ISO 2016 - All rights reserved
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electromagnetic interference
electrical physical layer
electrostatic discharge
ground

implementation under test

latest bit sample

ISO 17987-7:2016(E)

Min.
no.
0SI
PD{
RC
RX
RXD
SB(
SR

TRX
TX

TXI]

Typ
UART

maximum

minimum

number

open systems interconnection
protocol data unit

RC time constant t (t = Cgys x Rpys)
RX pin of the transceiver
receive data

system basis chip

sample window repetition
transceiver

TX pin of the transceiver
transmit data

typical

universal asyrchronous receiver transmitter

4 |Conventions

ISO| 1798%7=~(all parts) is based on the conventions specified in the OSI Service Cpnventions
(ISO/IEC\10731) as they apply for physical layer, data link layer, network and transport piotocol and
diagrostic services.

5 EPL 12 V LIN devices with RX and TX access

This clause addresses class A and class B devices.

5.1 Test specification overview

5.1.1 Test case organization

The intention of each test case is described at first, with a short textual explanation. Before tests are

executed, the test system shall be set to its initial state as described in 5.2.

© ISO 2016 - All rights reserved
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The test procedure and the expected results are described in the form of a chart for each test case.
Table 1 is a typical test description and defines the test case organization.

Table 1 — Test case organization

IUT node as

Class A/B/C device as master
or slave or both

Corresponding test number TC x, TC y, where x, y are the

test case number

Initial state

Parameters:

Number of nodes

Number of node in the test implementation

Bus loads

In order to simulate a LIN network

Operational conditions:

IUT mode

Operation mode for the IUT (e.g. normal mode, low power

mode, ...).
TX signal State of TX pin at the beginning of the test«
RX signal Logical output voltages of the Rx pin corresponding to

recessive/dominant level at the LIN pin are taken from|the

datasheet of the IUT.

Vat, Vsup, ViuT, Ve, Vpsiy2,
VBus

Value in volt

Failure In order to set failure at

GND Shift Value in volt
Test steps Describe the test stages.
Response Describe the result expected in order to decide if'the test passed or failed.
Reference Corresponding number in ISO 17987-4.

IUT may be¢ a master or slave ECU or an individual tra@sceiver chip. The RX, TX and Vsyp signals shall
be accessilple for proper test execution. It is recommended to test with RX/TX access, if not possible,
testing accprding the specification without RX/TX-access (see Clause 6) is accepted. Depending on|the
type of IUT, the supply voltage is VgaT for ECUor Vsyp for a chip, referred to as Viyr in this descriptjon.

5.1.2 Mgasurement and signal generation requirements

Table 2 deffines the requirements in.measurement and signal generation.

Table 2 —(Measurement and signal generation requirements

Signal genpration: Rise/Fall time <20 ns (square wave)
<40 ns (triangle)
Frequency 20 ppm
Jitter <25ns
Signal megsurement: Dynamic signals: Oscilloscope 100 MHz rise time <3,5 1§s
Statie-signals: BE-veoltage 6;:5%
DC current 0,6 %
Resistance 0,5 %
Power Supply Resolution 10 mV/1 mA
(Vear, Vsup, Viut, Ve, Vesi/z, Accuracy 0,2 % of value
VBus)
6 © IS0 2016 - All rights reserved
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5.2 Operational conditions — Calibration

5.2.1 Electrical input/output, LIN protocol

The initial configuration for each test case is defined here. Any requirements for individual tests are
specified with the test case.

Table 3 defines the initial state of electrical input/output.

Table 3 — Initial state of electrical input/output

Parameters:
Number of nodes 1
Bus loads —
Operational conditions:
Initial state |IUT mode Set to normal/active mode
TX signal Recessive
VgaT, Vsup, Viut, Vee, Vesi/2, VBus Specified for each test
Failure No failure
GND shift ov

5.2/2 [EPL-CT 1] Operating voltage range

Thif test shall ensure the correct operation in the valid supply voltage ranges, by correct reception of
donpinant bits. The IUT is therefore supplied with anlincreasing/decreasing voltage ramp.
FigI]:

re 1 shows the test configuration of thefest system “Operating voltage range with RX and TX

”

dCCess .

Remote-Controlled
Rower Supply
Vps

4 |

Viut: [Vsup / VBaTl

Implementation

Under Test
LIN —®— Pulse Generator

GND
T 1

Measurement —

£

Figure 1 — Test system: Operating voltage range with RX and TX access

Table 4 defines the test system “Operating voltage range with RX and TX access”.

© IS0 2016 - All rights reserved 7
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Table 4 — Test system: Operating voltage range with RX and TX access

IUT node as

Class A device

Class B device as master or slave [EPL-CT 1].1, [EPL-CT 1].2

Initial state

Operational conditions:

Viut: [Vsup/VBat] Table 5

Test steps

shall be in operational/active mode

A voltage ramp is set on the Vsyp/Vpar as defined in Table 5. The LIN signal is driven with
a 10 kHz rectangular signal with a duty cycle of 50 % and a voltage swing of 18 V. The IUT

Response

Tha RYXY nin oftha ITIT chall chaovytha 10 LH 2 cignal A o o vinna g
THE T PO e e oS SO vy tritero eSS Y

dayiation Cf 10 0U (Hmc

voltage) is allowed (see Figure 2).

o
TSIt T TrotZ T rer e

v OO0ttt 5

Reference

ISO 17987-4:2016, Table 10, Param 9, Param 10

Figure 2 sHows the RX response of the test system “Operating voltage range”.

trigger point
l At=%10 % tgir (5 ps at 20 kbit/s)

S

N

NN
DA NNNANAN

2xtgrr (100 ps at 20 kbit/s)

Figure 2 — RX response of test system: Operating voltage range

Table 5 deffines the test cases for “Operating-voltage ramp”.

Table 5 —<Test cases: Operating voltage ramp

EPL-CT-T( Viut range: [Vsyp range/Vpar range] Signal ramp
[EPL-CT 1].1 |[7,0 Vto 18 V]/[8,0-V to 18 V] 0,1V/s
[EPL-CT 1].2 [[18 V to 7,0 ViJ/A[18 V to 8,0 V] 0,1V/s

5.2.3 Thrreshold voltages

5.2.3.1 (eneral

This grouploftests checks whether the receiver threshold voltages of the IUT are implemented correictly

within the entire specified operating supply voltage range. The LIN bus voltage is driven with a voltage
ramp checking the entire dominant and recessive signal area with respect to the applied supply voltage.
In 5.2.3.2 and 5.2.3.3, the signal shall stay continuously on recessive or dominant level depending on

the test case. In 5.2.3.4, the RX output transition is detected. Figure 3 shows the triangle signal on the

LIN bus.

© ISO 2016 - All rights reserved
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| amplitude
| (signal range)

v

AN

5.2{3.2

frenquency f= 20 Hz
symmetry: 50 %

Figure 3 — Triangle signal on the LIN bus

[EPL-CT 2] IUT as receiver: Vsyp at Vgys_dom (down)

Figlire 4 shows the test configuration of the test system “IU'Kas receiver Vsyp at VBus_dom (d|

Remote Controlled
Power Supply

Vps
1

Viut:-IVsupl

Implementation
RX Under Test
X LIN

GND

Pulse Generator

€1

Measurement

1

pwn)”.

——

Figure 4 — Test system: IUT as receiver Vsyp at Vgys_dom (down)

Table 6 defines the test system “IUT as receiver Vsyp at Vus_dom (down)”.
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Table 6 — Test system: IUT as receiver Vsyp at Vpys_dom (down)

IUT node as

Class A device

[EPL-CT 2].1, [EPL-CT 2].2, [EPL-CT 2].3

Initial state

Operational conditions:

Viur: [Vsupl

Table 7

Test steps A triangle signal with f = 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure 3).

Response The IUT shall generate a dominant or recessive value on RX as defined on Table 7 during
the falling slope of the triangle signal.

Reference I1SO 17987-4:2016, Table 10, Param 17, Param 18

150 17987-4:2016, Figure 4

Table 7 deffines the test cases for the falling slope of the triangle signal on the LIN bus.

Table 7 — Test cases: Falling slope of the triangle signal on the LIN bu's

EPL-CT-T( Viut: [Vsup] Signal range Expeeted RX signa

[18Vto 4,2 V] Recessive

[EPL-CT 2].1 7V -
[2,8Vto-1,05V] Dominant
[18Vt08,4V] Recessive

[EPL-CT 2].2 14V -
[5,6 Vto-2,1 V] Dominant
[20,7 V to 10,8V] Recessive

[EPL-CT 2].3 18V -
[7,2V tow2,7 V] Dominant

5.2.3.3 [EPL-CT 3] IUT as receiver: Vsyp at Vgys rec (up)

Figure 5 shows the test configuration of the test systetIUT as receiver Vsyp at Veus_rec (up)”.

Remote Controlled
Power Supply

Vps
1

Viut: [Vsupl

Implementation
Rx  Under Test

TX LIN

GND

€L

Pulse Generator

1

Measurement

1

Figure 5 — Test system: IUT as receiver Vsyp at Vgys_rec (up)

Table 8 defines the test system “IUT as receiver Vsyp at VBus rec (up)”.

10
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Table 8 — Test system: IUT as receiver Vsyp at Vgys_rec (up)

IUT node as

Class A device

[EPL-CT 3].1, [EPL-CT 3].2, [EPL-CT 3].3

Initial state

Operational conditions:

ViuT: [Vsupl

Test steps A triangle signal with f = 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure 3).

Response The IUT shall generate a dominant or recessive value on RX as defined on Table 9 during
the rising slope of the triangle signal.

Reference ISO 17987-4:2016, Table 10, Param 17, Param 18

150 17987-4:2016, Figure 4

Table 9 defines the test cases for the rising slope of the triangle signal on the LIN bus,

Table 9 — Test cases: Rising slope of the triangle signal on the'LIN bus

EPL-CT-TC Viut: [Vsup] Signal range Expected RK signal

[-1,05V to 2,8 V] Domingnt

[ERL-CT 3].1 7V
[4,2Vto 18 W Recess|ve
[-2,1 Vto %2 V] Domingnt

[ERL-CT 3].2 14V
[7,8 V&0 18 V] Recess|ve
[-207 V'to 7,2 V] Domingnt

[ERL-CT 3].3 18V
[10;8 V to 20,7 V] Recess|ve

5.213.4 [EPL-CT 4] IUT as receiver: Vsyp at Vgys

Thip test shall verify the symmetry of the receiver thresholds. For this purpose a voltage ramp on Vgys
shops the required threshold values.

Figlire 6 shows the test configuration ofthe test system “IUT as receiver Vsyp at Vpys”.

Remote Controlled
Power Supply

Vps
1

ViuT: [Vsupl

Implementation
RX Under Test

TX LIN—@®— Pulse Generator

GND

Measurement

£

Table 10 defines the test system “IUT as receiver Vsyp at Vgys”.

© ISO 2016 - All rights reserved
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Table 10 — Test system: IUT as receiver Vsyp at Vgys

IUT node as Class A device [EPL-CT 4].1, [EPL-CT 4].2, [EPL-CT 4].3
Initial state Operational conditions:
Viut: [Vsup] Table 11
Test steps A triangle signal with f = 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure 3).

Response

The RX output of the IUT shall switch from dominant to recessive when the LIN bus
voltage ramps up and it shall switch from recessive to dominant when the LIN bus voltage
ramps down.

Tha RYXY gutnuttrancition chall smaat tho folloving conditionc
THEe-rA- Ot pH e S eR-Saar e e tReTorowWiHig-coRattto

— VBUs_cNT = (Vih_dom + Vith_rec)/2 in the range of (0,475 to 0,525) x Vsyp
— VHyYs = Vih_rec ~Vth_dom shall be less than 0,175 x Vsyp

Reference

ISO 17987-4:2016, Table 10, Param 19, Param 20

Table 11 défines the test cases for “IUT as receiver Vsyp at Vgys”.

Table 11 — Test cases: IUT as receiver Vsyp at Vgys

EPL-CT-T( ViuT: [Vsup] |Signal range

[-1,05V to 8,05 V] up
[EPL-CT 4.1 7V

[8,05Vto-1,05V] down

[-2,1Vto 16,1 V] up
[EPL-CT 4).2 14V

[16,1V to -2,1 V] down

[-2,7 V to 20,7 V] up
[EPL-CT 4].3 18V

[20,7 Vto -2,7 V] down
5.2.4 [EPL-CT 5] Variation of Vsyp NON OP

Variation d
under volt§

Figure 7 sh

—

f Vsup NoN_op shall be checked githin this test, whether the IUT influences the bus dufing

12

ige and over voltage conditions.
ows the test configuration of the test system “Variation of Vsyp NoN_oP”-
Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vps1 VPSZ
€ 4
D
Viur: [Vsup / Viarl
Implementation R
Under Test
RX LIN
TX
GND
—L Measurement

1

Figure 7 — Test system: Variation of Vsyp NoN_oP
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Table 12 defines the test system “Variation of Vsyp NoN_oP”-

Table 12 — Test system: Variation of Vsyp NoN_oP

IUT node as Class B device as master [EPL-CT 5].1
Class B device as slave [EPL-CT 5].2
Class A device [EPL-CT 5].3
Initial state Operational conditions:
Viut: [Vsup/VBart] ViuT Signal with a 1 V/s ramp in the range see Table 13
Viut; Vps2 See Table 13
Bus load See Table 13
Teqt steps Avoltage ramp (up and down) is set on ViyT1. The stimulus stays for t =30 sat Viyr] =40 V. The

TX signal shall be left open if an internal pull-up is provided or applied with a rec¢ssive level.

Reg§ponse No dominant state on LIN shall occur.
The IUT shall not be destroyed during the test.

The afterward recessive voltage shall have a maximumrdeviation of +5 % fron] the before
recessive voltage.

Reference ISO 17987-4:2016, Table 10, Param 11

Table 13 defines the test cases “Variation of Vsyp NoN_oP”-

Table 13 — Test cases: Variation of Vsyp NoN oP

EPL-CT-TC Viyt range: [Vsyp range/Vpgar rangeé| Vps2 Bus load

[ERL-CT 5].1 [-0,3Vto8V],[18 Vto 40 V] 18V 60 k + diode (1N4148)
[EHL-CT 5].2 [-0,3Vto8V],[18Vto40 V] 18V 1,1 k + diode (1N4148)
[ERL-CT 5].3 [-0,3Vto7V],[18Vto40 W 18V 1,1 k + diode (1N4148)

5.2/5 Igysunder several conditions

5.2]5.1 [EPL-CT 6] Igys_Liv at dominant state (driver on)

Thip test checks the drive) capability of the output stage. A LIN driver shall pull the LIN bjus below a
cerfain voltage according to the LIN standard. The current limitation is measured indirectly

Figlire 8 shows the test configuration of the test system “Igys_rim at dominant state (driver qn)”.
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Remote Controlled
Power Supply
Vps

— ¢

Viur: [Vsup / Vearl

Implementation

Under Test Ipus RmEas
RX LIN e ®

— TX

Pulse Generator
GND

1 1

Measurement

1

Figure 8 — Test system: Igys ;M at dominant state (driver on)

Table 14 ddfines the test system “Igys 1M at dominant state (driverony’.

Table 14 — Test system: Igys_1.iv at dominant state (driver on)

IUT node 3s Class B device as master [EPL-CT 6].1
Class B device as slave
Class A device

Initial state Operational conditions:
Viut: [Vsup/Vear] See Table 15
RMEAS

Test steps The LIN pin is connected via RMgas to ViyT. The TX signal is driven with a rectangular
signal (T = 10 ms)with a duty cycle of 50 %.

Response LIN shall show the rectangular signal.
The dominant'state bus level shall be lower than TH_DOM = 0,251 x ViyT = 4,518 V for
transceiver.
The dominant state bus level shall be lower than TH_DOM = 0,251 x (Viyr - 1 V) = 4,267|V
for,ECU’s.

Reference SO 17987-4:2016, Table 10, Param 12

Table 15 de¢fines the test cases “Ipys_Lim at dominant state (driver on)”.

Table 15 — Test cases: Igys_ 1.1 at dominant state (driver on)

EPL-CT-TC ViuT: [Vsup/VBaT] |RMEAS
[EPL-CT 6].1 |18V 440 Q (0,1 %)

5.2.5.2 [EPL-CT 7] Igus_pas dom: IUT in recessive state: Vgys=0V

This test case is intended to test the input leakage current Igys pas dom into a node during dominant
state of the LIN bus.

Figure 9 shows the test configuration of the test system “Igys_pas dom IUT in recessive state Vgys=0V".
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Remote Controlled
Power Supply
Vps

14

Viur: [Vsup / Vearl

Implementation
oy Under Test Igus RuEas
na TIN
TX —L
GND
Measurement

Figure 9 — Test system: Igys pas dom IUT in recessive state Vgys=0V

Tabje 16 defines the test system “Igys_pas_dom IUT in recessive state Vgys =0 V”.

Table 16 — Test system: Igys_pas_domdUT in recessive state Vgys=0V

IUT node as Class B device as slave [EPLACT 7].1
Class A device
Initial state Operational conditions:
ViuT: [Vsup/VBat] See Table 17
RMmEAS
Tedt steps The TX signal is set recessive.
Reg§ponse The maximtim*value of voltage drop shall be higher than -500 mV.
Reference ISO 1798%=4:2016, Table 10, Param 13

Table 17 defines the testcases “Igys_pas_dom IUT in recessive state Vgys=0V".

Table 17 — Test cases: Igys_pas_dom IUT in recessive state Vgys =0V

EPL-CT-TC Viut: [Vsup/VBar] |RMEAS
[EHL-CT7]:1 12V 499 0 (0,1 %)

5.2.5.3  [EPL-CT 8] IBUS pAS rec: IUT In recessive state: Vsyp = 7,0 V with variation of Vgys € [8,0 V
to 18 V]

This test checks whether there is a diode implementation within the termination path of the IUT. The
reverse current should be limited to Igys_pas_rec(max) from the LIN wire into the IUT even if Vpys is
higher than the IUTs supply voltage ViyT.

Figure 10 shows the test configuration of the test system “Igys_pas rec IUT in recessive state”.
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Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vps1 Vps2

L 1

Viur: [Vsup / Veartl

LImopl entation
piem

Ipus RmEas
Under Test
RX LIN
TX
GND
Measurement
1

Figure 10 — Test system: Igys_pas_rec IUT in recessive state

Table 18 de¢fines the test system “Ipys_pas rec IUT in recessive state”.

Table 18 — Test system: Igys_pas_recdUT in recessive state

IUT node gs Class B device as master [EPL-CT-8F1
Class B device as slave
Class A device
Initial State Operational conditions:
Viut: [Vsup/VBat] See Table 19
RMEAS
Test steps Vpsz = Signal with.a 2 V/s ramp in the range [8 V to 18 V] up and down.
The TX signalis’set recessive.
Response The maximum value of voltage drop shall be less than or equal to 20 mV.
Reference ISO 17987-4:2016, Table 10, Param 14

Table 19 d¢fines thé.test cases “Igys_pas_rec [UT in recessive state”.

Table 19 — Test cases: Igys_pas rec IUT in recessive state

EPL-CT-TC Viut: [Vsup/Vear] |RMmEAs
[EPL-CT 8].1 70V/80V  |1000Q (0,1 %)

5.2.6 Slope control

5.2.6.1 Purpose

The purpose of this test is to check the duty cycle of the driver stage.

5.2.6.2 [EPL-CT 9] Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

Figure 11 shows the test configuration of the test system “Slope control”.
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Remote Controlled

Pulse Generator

4

Power Supply 1 Power Supply 2
Vps1 VPSZ
L L
Viur: [Vsup / Vearl Rgus
hnplementation
Under Test
LIN
Caus
GND I
Measurement
1

Figure 11 — Test system: Slepe control

Table 20 defines the test system “Slope control”.

Table 20 — Test system: Slope control

IUT node as

Class A device

Class B device as master or slave

[EPL-CT 9].1 to [EPL-CT 9].18

Initial state

Operational conditions:

Bus loads
Viu: [Vsup/ViaT]
Vps2

See Table 21
See Table 21
See Table 21

ISO 17987-4:2016, Figure 5

Teqt steps TXD i§ driven with a rectangular signal (T = 192 ps) with a duty cycle of 50 %.
TXD.slope time <500 ns, 100 % voltage swing.

Reg§ponse The measured duty cycle D3 shall be greater or equal than 0,417 for Vsyp =[7,0 Y to 18 V],
the measured duty cycle D4 shall be less than or equal to 0,590 for Vsyp =[7,6 Vo 18 V]. If
Vsup is not accessible, then Vgar - 0,7 V shall be used for calculation of the duty ¢ycle.

Reference ISO 17987-4:2016, Table 12, Param 29, Param 30

Table 21 defines the test cases “Slope control”.

Table 21 — Test cases: Slope control

ViuT: [Vsup/VBAT Vps2 Bus loads Duty cycle
EpL-eTTe wsh | esh (Caus; Reus) D3Min. | D4Max.
[EPL-CT 9].1 7,0 V/8,0V 60V |1nF(1%); 1kQ (0,1 %) 0,417 —
[EPL-CT 9].2 7,0 V/8,0V 6,6V |1nF(1%); 1kQ (0,1 %) 0,417 —
[EPL-CT 9].3 70V/8,0V 6,0V |6,8nF (1 %); 660 Q (0,1 %) 0,417 —
[EPL-CT 9].4 70V/8,0V 6,6V 16,8nF (1 %); 660 Q (0,1 %) 0,417 —
[EPL-CT 9].5 7,0 V/8,0V 6,0V |10 nF (1 %); 500 Q (0,1 %) 0,417 —

© ISO 2016 - All rights reserved

17


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

Table 21 (continued)

ViuT: [Vsup/VBAT Vps2 Bus loads Duty cycle
EpLeTTe @D | e (Caus; Reus) D3 Min. | D4Max.

[EPL-CT 9].6 7,0 V/8,0V 6,6V |10 nF (1 %); 500 Q (0,1 %) 0,417 —

[EPL-CT 9].7 7,6 V/8,6 V 6,6V |1nF (1%);1kQ(0,1%) 0,417 0,590
[EPL-CT 9].8 7,6V/8,6 V 7,2V |1nF (1 %); 1kQ (0,1 %) 0,417 0,590
[EPL-CT 9].9 76V/8,6V 6,6V 16,8nF (1 %); 660 Q (0,1 %) 0,417 0,590
[EPL-CT 9].10 7,6 V/8,6 V 72V |6,8nF (1 %); 660 Q (0,1 %) 0,417 0,590
[EPL-CT 9] 11 76V/B,6V 6,6V |10 nF (1%); 500 (0,1 %) 0,417 0,500
[EPL-CT 9].12 7,6V/8,6 V 7,2V |10 nF (1 %); 500 Q (0,1 %) 0,417 0,590
[EPL-CT 9].13 18V/18,6 V 170V |1 nF (1 %); 1kQ (0,1 %) 0,417 0,590
[EPL-CT 9).14 18V/18,6 V 176V |1nF (1%); 1kQ (0,1 %) 0,417 0,590
[EPL-CT 9].15 18V/18,6 V 17,0V 6,8 nF (1 %); 660 Q (0,1 %) 0,417 0,590
[EPL-CT 9].16 18V/18,6 V 17,6V |6,8nF (1 %); 660 Q (0,1 %) 01417 0,590
[EPL-CT 9].17 18V/18,6 V 17,0V |10 nF (1 %); 500 Q (0,1 %) 0,417 0,590
[EPL-CT 9].18 18V/18,6 V 176 V. {10 nF (1 %); 500 Q (0,1 %) 0,417 0,590

5.2.6.3 [EPL-CT 10] Measuring the duty cycle at 20,0 kbit/s — IlUT as transmitter

Figure 12 dhows the test configuration of the test system “Measuring the duty cycle”.

Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vp51 VPSZ
L L
Viur: [Vsup / Vearl Rgus
Implementation
Under Test
A t RX nder Tes LIN
ulse Generatorn; C
[ | TX T BUS
GND
% £
Measurement

Figure 12 — Test system: Measuring the duty cycle

Table 22 defines the test system “Measuring the duty cycle”.
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Table 22 — Test system: Measuring the duty cycle

ISO 17987-7:2016(E)

IUT node as

Class B device as master or slave

Class A device

[EPL-CT 10].1 to [EPL-CT 10].18

Initial state

Operational conditions:

Bus loads See Table 23

Viut: [Vsup/Vear] See Table 23

Vps2 See Table 23
Test steps TXD is driven with a rectangular signal (T = 100 us) with a duty cycle of 50 %.

TXD slope time <500 ns, 100 % voltage swing.
Regponse The measured duty cycle D1 shall be greater or equal than 0,396 for Vsyp=]7,0 ¥ to 18 V],

the measured duty cycle D2 shall be less than or equal to 0,581 for Vsyp={7,6 Vo 18 V].

If Vsyp is not accessible, then Vgar — 0,7 V shall be used for calculation of the dut cycle.
Reference ISO 17987-4:2016, Table 12, Param 27, Param 28

ISO 17987-4:2016, Figure 5
Tabje 23 defines the test cases “Measuring the duty cycle”.

Table 23 — Test cases: Measuringthe duty cycle
ViuT: [Vsup/VBAT Vps2 Bus loads Duty gycle
EPL-CTTC T (Caus; Raus) D1Min. | DZ Max.

[EFL-CT 10].1 7,0V/8,0V 6,0V 1 nF (1%); 1kQ (0,1 %) 0,396 —
[ERL-CT 10].2 7,0V/8,0V 6,6V 1 nF (1%); 1kQ (0,1 %) 0,396 —
[ERL-CT 10].3 7,0V/8,0V 6,0 V. 6,8 nF (1 %); 660 Q (0,1 %) 0,396 —
[EBL-CT 10].4 7,0V/8,0V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,396 —
[EHL-CT 10].5 7,0V/8,0V 6,0V 10 nF (1 %); 500 Q (0,1 %) 0,396 —
[EHL-CT 10].6 7,0V/8,0V 6,6 V 10 nF (1 %); 500 Q (0,1 %) 0,396 —
[ERL-CT 10].7 7,6 V/8,6,V 6,6V 1 nF (1 %); 1kQ (0,1 %) 0,396 0,581
[EFL-CT 10].8 7,6 V[86:V 7,2V 1 nF (1%); 1kQ (0,1 %) 0,396 0,581
[ERL-CT 10].9 7,6'V/8,6 V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,396 0,581
[ERL-CT 10].10 %6 V/8,6 V 7,2V 6,8 nF (1 %); 660 Q (0,1 %) 0,396 0,581
[ERL-CT 10].11 7,6 V/8,6 V 6,6 V 10 nF (1 %); 500 Q (0,1 %) 0,396 0,581
[ERL-CT 10].12 7,6 V/8,6 V 7,2V 10 nF (1 %); 500 Q (0,1 %) 0,396 0,581
[EHL-CT 10]13 18V/18,6 V 170V 1 nF (1 %); 1kQ (0,1 %) 0,396 0,581
[EHL-CT 10}.14 18V/18,6 V 176 V 1 nF (1 %); 1kQ (0,1 %) 0,396 0,581
[EHL-€T 10].15 18V/18,6 V 170V 6,8 nF (1 %); 660 Q (0,1 %) 0,396 0,581
[EAL=€T 10].16 18V/18.6V 176V 6.8 1nF (1%): 66090 (0.1 %) 0,396 0,581
[EPL-CT 10].17 18V/18,6 V 170V 10 nF (1 %); 500 Q (0,1 %) 0,396 0,581
[EPL-CT 10].18 18V/18,6 V 17,6 V 10 nF (1 %); 500 Q (0,1 %) 0,396 0,581

5.2.7 Propagation delay

5.2.7.1 Overview

The following test checks the receiver’s internal delay and its symmetry. The method for measuring the
values is shown in ISO 17987-4:2016, Figure 5.

© ISO 2016 - All rights reserved
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5.2.7.2 [EPL-CT 11] Propagation delay of the receiver

Figure 13 shows the test configuration of the test system “Propagation delay”.

Remote Controlled
Power Supply
Vcc VPS

;t T
Viur: [Vsuel

Kroap

Implementation

Under Test
RX LIN [—@— Pulse Generator

GND

€1

— Measurement —

1

Figure 13 — Test system: Propagation delay

Table 24 de¢fines the test system “Propagation delay”.

Table 24 — Test system: Propagation delay

IUT node 3s Class A device [EPL-CT 11].1, [EPL-CT 11].2, [EPL-CT 11].3
Initial statle Operational conditions:
RXD C=20pF (5%)
Viut: [Vsup] Rroap = 2,4 kQ (0,1 %): pull-up resistor for “open drain” trgns-
ceiver only; see Table 25
Ve Value depends on the tested device (5 V or 3,3V )
Test steps LIN bus is'driven with a 10 kHz rectangular signal with a duty cycle of 50 %,

Vpusstarts at Vsyp and ramps down to 0 V within 20 ns and vice versa.

Response The'measured time tyyx_pq shall be less than 6 ps.

trx_sym = trx_pdf — trx_pdr Shall be in the range -2 to +2 ps.
Reference ISO 17987-4:2016, Table 14, Param 31, 32

ISO 17987-4:2016, Figure 5

Table 25 defines the test cases “Propagation delay”.

Table 25 — Test cases: Propagation delay

EPL-CT-TC ViuT: [Vsup]
[EPL-CT 11].1 [70V
[EPL-CT 11].2 |14V
[EPL-CT 11].3 |18V

20 © IS0 2016 - All rights reserved
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5.2.8 Supply voltage offset

5.2.8.1 Purpose

The

purpose of this test is to check the robustness in case of Vgar and ground shift.

5.2.8.2 GND/Vpar shift test — Dynamic

Figure 14 shows the test configuration of the test system “GND — Vpgar shift test — Dynamic”.

As
fro

Thd
ind
sup|

5.2

Table 26 defines the test system “IUT as a class A device”.

L 4
+

” Vi + Vi +

\) VBATTERY Bt () BS2 ()

+ [oNoNoNe] #

Vb1 ()_ Vb2 ()_

D1
Viur: [Vsur] R1 Viur: [Vsue]
@———— TXD1 LIN1 ® LIN2 TXD2
R2
"

()_ Vsic veel RXD1 a RXD1 veez

( ‘ ;+ 5V GND GND

2 = c2

+ +

'~ Vet i Venn2

h concept, the two operating voltages (Vcc and Vsyp) are ground-free and completely

higI1

plies, in order£oyexclude interconnections.

5V

Figure 14 — Test system: GND — Vgat shift test — Dynamic

each other; and with thag;"a superposition with each of these voltages with low frec
frequency may be realized independently.

operating voltages:Vec depends on the specific part (3,3 V or 5 V). However, they majy
rectly through suitable triggering. The two voltages need independent, ground-free dir

8.3 [EPL~CT 12] GND shift test — Dynamic — IUT as a class A device

decoupled
uency and

y be varied
bct current
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Table 26 — Test system: Dynamic — IUT as a class A device

IUT node as

Class A device

[EPL-CT 12].1

Initial state

Operational conditions:

VBATTERY

VBs1 0,1 x VBATTERY

Vb1

VGND1 0,03 x VBATTERY

Vpso 0,03 x VpaTTERY

Vb2

VGND2 [0,5 xsin(2 x Tx 5 xt) +0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

€2 20 pF (including input capacitance of oscillpscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (L.%):

The test shall be repeated with R1 =500 Q (0,1 %) and C¥ = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range'ef0,376 to 0,601

(D1-2pustoD2+ 2 us).
Reference [SO 17987-4:2016, Table 10, Param 23

ISO 17987-4:2016, Table 12, Param 27, 28

5.2.8.4 [EPL-CT 13] GND shift test — Dynamic —IUT as a class A device

Table 27 de¢fines the test system “Dynamic — IUT+as a class A device”.

22

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

Table 27 — Test system: Dynamic — IUT as a class A device

IUT node as

Class A device

[EPL-CT 13].1

Initial state

Operational conditions:

VBATTERY 92V

VBs1 0,03 x VBATTERY

Vb1 04V

VGND1 [0,5 xsin(2 x Tx 5 x t) + 0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

Ves2 0,1 x VBATTERY

Vb2 1V

VGND2 0,03 x VBATTERY

€2 20 pF (including input capacitance pfoscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain‘transceiver assgmbled
Teqt steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = T\iF (1 %).

The test shall be repeated with R1 = 500 Q (0,1 %),and C1 = 10 nF (1 %).
Regponse The duty cycle measured at RXD2 shall be in the range of 0,376 to 0,601

(D1-2pustoD2+ 2 us).
Reference [SO 17987-4:2016, Table 10, Param 23

ISO 17987-4:2016, Table 12, Param 2%28
5.218.5 [EPL-CT 14] Vpar shift test — Dynamic — IUT as a class A device

Table 28 defines the test system “Dynamic¢« IUT as a class A device”.

© ISO 2016 - All rights reserved
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Table 28 — Test system: Dynamic — IUT as a class A device

IUT node as

Class A device

[EPL-CT 14].1

Initial state

Operational conditions:

VBATTERY 9,2V
VBs1 [0,5x sin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

Vb1 1V

Vann1 0,03 x Vgarrppy

Vas2 0,03 x VBATTERY

Vb2 0,4V

Venpz 0,1 x VBATTERY

€2 20 pF (including input capacitance of oscillpscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (L.%):

The test shall be repeated with R1 =500 Q (0,1 %) and C¥ = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range'ef0,376 to 0,601

(D1-2pustoD2+ 2 us).
Reference [SO 17987-4:2016, Table 10, Param 22

ISO 17987-4:2016, Table 12, Param 27, 28

5.2.8.6 [EPL-CT 15] Vpar shift test — Dynamic —IUT as a class A device

Table 29 dg¢fines the test system “Dynamic — IUT+as a class A device.
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Table 29 — Test system: Dynamic — IUT as a class A device

IUT node as

Class A device

[EPL-CT 15].1

Initial state

Operational conditions:

VBATTERY 92V

VBs1 0,03 x VBATTERY

Vb1 04V

VGND1 0,1 x VBATTERY

Vgso [0,5 xsin(2xmxbxt)+05]x01xVparrppy

5 Hz sinus signal with offset

Vb2 1V

VGND2 0,03 x VBATTERY

€2 20 pF (including input capacitance pfoscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain‘transceiver assgmbled
Teqt steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = T\iF (1 %).

The test shall be repeated with R1 = 500 Q (0,1 %),and C1 = 10 nF (1 %).
Regponse The duty cycle measured at RXD2 shall be in the range of 0,376 to 0,601

(D1-2pustoD2+ 2 us).
Reference ISO 17987-4:2016, Table 10, Param 22

ISO 17987-4:2016, Table 12, Param 2%28
5.218.7 [EPL-CT 16] GND shift test — Dynamic — IUT as a class B device

Table 30 defines the test system “IUT as a‘class B device”.

Table 30 — Test system: Dynamic — IUT as a class B device

IUT node as

Class B device

[EPL-CT 16].1

Initial state

Operationalconditions:

ISO 17987-4:2016, Table 12, Param 27, 28

VBATTERY 9,2V

\/:5 0,1 x VBATTERY

VGND1 0,03 x VBATTERY

VBs2 0,03 x VBATTERY

Vb1 ov

Vb2 ov

Venp2 [05 xsin(2xmx5xt)+05]x071xVpaTTERY

5 Hz sinus signal with offset

C2 20 pF (including input capacitance of oscilloscope)

R2 2,4k (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1kQ (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,376 to 0,601

(D1-2pstoD2 + 2 us).
Reference ISO 17987-4:2016, Table 10, Param 23
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5.2.8.8

Table 31 defines the test system “Dynamic — IUT as a class B device”.

[EPL-CT 17] GND shift test — Dynamic — IUT as a class B device

Table 31 — Test system: Dynamic — IUT as a class B device

IUT node as

Initial state

Class B device [EPL-CT 17].1

Operational conditions:

VBATTERY 92V

Vggs 0,03 x VRATTERY

VGND1 [0,5 x sin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset

Vesz 0,1 x VBATTERY

VN2 0,03 x VBATTERY

Vb1 0V

Vb2 0V

c2 20 pF (including input capacitance'of oscilloscope)

R2

2,4 kQ (0,1 %): Only for oper drdin transceiver assembled

Test steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and Glx="1 nF (1 %).
The test shall be repeated with R1 =500 Q (0,1-%) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in'the range of 0,376 to 0,601
(D1-2pustoD2+ 2 pus).
Reference [SO 17987-4:2016, Table 10, Param 23

ISO 17987-4:2016, Table 12, Param-27, 28

5.2.8.9 [EPL-CT 18] Vpar shift test — Dynamic — IUT as a class B device

Table 32 dg¢fines the test system “Dynamic — IUT as a class B device”.
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Table 32 — Test system: Dynamic — IUT as a class B device

IUT node as

Class B device

[EPL-CT 18].1

Initial state

Operational conditions:

VBATTERY 92V
VBs1 sinus voltage with 0,1 x VgaTTERY amplitude and
0,5 x 0,1 x VpaTTERY Offset and a frequency of 5 Hz

Venp1 0,03 x VBATTERY

VBs2 0,03 x Vgarrgpy

Vb1 0V

Vb2 0V

VGND2 0,1 x VBATTERY

€2 20 pF (including input capacitance pfoscilloscope)

R2 2,4 kQ (0,1 %): Only for open drain‘transceiver assgmbled
Teqt steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = T\iF (1 %).

The test shall be repeated with R1 = 500 Q (0,1 %),and C1 = 10 nF (1 %).
Regponse The duty cycle measured at RXD2 shall be in the range of 0,376 to 0,601

(D1-2pustoD2+ 2 us).
Reference ISO 17987-4:2016, Table 10, Param 22

ISO 17987-4:2016, Table 12, Param 2%28

5.218.10 [EPL-CT 19] Vpar shift test — Dynamic — IUT as a class B device

Table 33 defines the test system “Dynamic¢« IUT as a class B device”.

© ISO 2016 - All rights reserved
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Table 33 — Test system: Dynamic — IUT as a class B device

IUT node as

Class B device

[EPL-CT 19].1

Initial state

Operational conditions:

VBATTERY 92V

VBs1 0,03 x VBATTERY

Va1 0,1 x VBATTERY

VBs2 [0,5 xsin(2 x Tt x5 x t) + 0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

Venp2 0,03 x VBATTERY

Vb1 0V

Vb2 0V

€2 20 pF (including input capacitance of oscillpscope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (L.%):

The test shall be repeated with R1 =500 Q (0,1 %) and C¥ = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range'ef0,376 to 0,601

(D1-2pustoD2+ 2 us).
Reference [SO 17987-4:2016, Table 10, Param 22

ISO 17987-4:2016, Table 12, Param 27, 28
5.2.9 Faplure

5.2.9.1 Rurpose

The purpose of this test is to check whethef some parasitic reverse currents are flowing into the IU[T.

5.2.9.2 [EPL-CT

Figure 15 ghows the test configuration of the test system “Loss of battery”.

20] Loss of battery
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Power Supply
Vgus = Vps
P — |
Viur: [Vsup / Vearl
R
Implementation Igus MEAS
RX Under Test |y
TX
GND
Measurement

Figure 15 — Test system: Loss of' battery

Tabje 34 defines the test system “Loss of battery”.

Table 34 — Test system: Loss of battery

IUT node as

Class B device as master or slave

Class A device

[EPL-CT 20].1

Initial state

Operational conditions:

Viutr = GND

Failure
0 <Vpys < 18V

RMEAS

Viut: [Vsup/Vear]
Loss of Battery

10kQ (0,1 %)

Tedt steps

Thepower supply is disconnected from the IUT VjyT PIN.

Vgys = Signal with a 2 V/s ramp in the range [0 V to 18 V] up and down.

Regponse

During all test, no parasitic current paths shall be formed between the bus line ajnd the IUT.
Igys shall be less than 100 pA, means 1 V voltage drop over R = 10 kQ.

After reconnecting battery line, the IUT shall restart after failure recovery.

ISO 17987-4:2016, Table 10, Param 16

Reqerence
L

5.2.9.3 [EPL-CT 21] Loss of GND

Figure 16 shows the test configuration of the test system “Loss of GND”.

© ISO 2016 - All rights reserved
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Remote Controlled Remote Controlled
Power Supply Power Supply
Vps1 Vgus = Vps2
L | L
Viur: [Vsup / Vearl
. Rmeas
Implementation Igus
RX Under Test [N <
TX
GND
I
Measurement
1

Figure 16 — Test system: Loss of GND

Table 35 dé¢fines the test system “Loss of GND”.

Table 35 — Test system: Loss of GND

IUT node 4 Class B device as slave [EPL-CT.24].1

7]

Class A device

Initial statle Operational conditions:
Viut: [Vsup/Viat] Viur=Vps1 =12V
GNDsyp/GNDpAT = Viut Local GND shorted to ViyT
Failure Loss of ground

RMEAS 1kQ (0,1 %)

Test steps The ground‘is)disconnected from the IUT.

VBus =/Signal with a 2 V/s ramp in the range [0 V to 18 V] up and down.
Response Duringall test, no parasitic current paths shall be formed between the bus line and the IPJT.

Igys shall be included in #1 mA, means 1 V voltage drop over R = 1 kQ.
After reconnecting ground line, the IUT shall restart after failure recovery.
Reference ISO 17987-4:2016, Table 10, Param 15

5.2.10 [EPL-CT 22] Verifying internal capacitance and dynamic interference — IUT as slave
The purpose of this testis to check the internal capacitance of the IUT under normal and fault conditions.

The IUT shall not interfere dynamically with bus signals when it is in passive (non-transmitting) or
unpowered state.

In case of a switchable internal pull-up resistor, the internal pull-up resistor shall be active.

Figure 17 shows the test configuration of the test system “Verifying internal capacitance and dynamic
interference — IUT as slave”.
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Power Supply

Vps S4

1
S3
s1 MI
GND
RRger
Vir: [Vsup / Vearl L S5A R,

N h COMMON
i Pulse Generator

S5B

Tmplementation
Under Test
IUT

CRrEp T Ccommon
GND
‘ Input Trigger

GND Measurement

[

s2 /~
1

L

Fighre 17 — Test system: Verifying internal capacitance and dynamic interference — IUYT as slave

Table 36 defines the test system “Switch settings dependingi@n1UT configuration”.

Table 36 — Test system: Switch settings depending on IUT configuration

Swijtch |Setting
Normally closed.

53 In case where IUT has switchable anddeactivated internal pull-up (e.g. in power loss conditiofis), open S3.
Normally closed.

>4 In case where IUT is a 3-pinmode or ECU, where reverse polarity protection is included in IJ T, open S4.

S54/B In case where IUT is conneécted by a wire harness: During refference.measurement, cl.ose beth S5A and
S5B and disconnect IUTfrom harness. So the harness capacitance is accounted for in the|reference.

Table 37 defines the test system “Verifying internal capacitance and dynamic interference — IUT as slave”.
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Table 37 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

IUT node as Class B device as slave [EPL-CT 22].1, [EPL-CT 22].2, [EPL-CT 22].3
Class A device
Initial state Operational conditions:
Viut: [Vsup/VBar] 14V
Rcommon 1kQ (0,1 %)
CCcOMMON 750 pF (1,5 nF + 1,5 nF in series) (1 %)
Rpgr 30Kk0O (0,1 %)
CREF 250 pF (100 pF || 150 pF parallel) (1 %)
Test steps The LIN Bus is driven with a 10 kHz rectangular signal with a duty cycle of 50 %

Rise time <20 ns. Slope time measurements are done at 10 %, 90 % of slope voltage.
S5B closed: Measuring rise time Trgr on a known capacitance of 250 pF 4750 pF.

S5A closed: Measuring rise time Tint with the IUT internal capacitance + 750 pF.

Response CsLavEg shall be less than or equal to 250 pF: Tint < TRER
The IUT shall not interfere with the dynamic stimulus.
Reference ISO 17987-4:2016, 5.3.6, Param 37
ISO 17987-4:2016, 5.3.9.2.

Table 38 ddfines the test cases “Verifying internal capacitance andidynamic interference — IUT as sldve”.
Table 38 {— Test cases: Verifying internal capacitanceand dynamic interference — IUT as slqve
EPL-CT-T( Condition S1 S2
[EPL-CT 22].1 |Normal power supply IUT shall be innormal mode. Vps GND
[EPL-CT 22]. IUT loss of GND (IUT GND shorted to‘power supply). Vps Vps
[EPL-CT 2R].3 |IUT loss of Vps (IUT ViyT: [Vsup/VBaT] shorted to GND). GND GND

5.3 Operation mode termination

5.3.1 Geperal

An externdl resistor Rypeasds,switched to the LIN pin. To get the value of the internal resistor, curfent

and voltagg shall be measured. These values are gathered for two different settings, and the intefnal

resistanceis calculatedwith Formulae (1), (2), (3) and (4).
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Voltage at Ript (With Rppeas1)

vRint_measl = VIUT - Vdiode - Vmeasl = (Imeasl - Ileakl ) x Rint M
VRint_measZ = VIUT - Vdiode - VmeasZ = (ImeaSZ - IleakZ) X Rint (2)

Formula (1) - Formula (2) = Formula (3):

(VIUT B Vdiode - Vmeasl ) - (VIUT - Vdiode - VmeasZ) = (Imeasl - Ileakl) x Rint - <ImeasZ - IleakZ ) X Rint (3)
VmeasZ - Vmeasl = (Imeasl - ImeasZ) x Rint - (Ileakl - IleakZ ) x Rint
with the assumption
Ileak ~ const — Ileakl = IleakZ
Theg internal resistor is calculated:
\% -V
_ meas2 meas1
Rint - I 1 (4)
meas1 meas2

Figuire 18 shows the test configuration of the test system “Operation mode”.

Remote Controlled
Power Supply
Vps

1

Viur: [Visup'/ Viatl i LIN Imeas1/2
¢

Ifiplementation y, .. —>
Under Test Y

GND

L

Rmeasl /2

Measurement

L

Figure 18 — Test system: Operation mode

5.3.2 [EPL-CT 23] Measuring internal resistor — IUT as slave

Table 39 defines the test system “Measuring internal resistor — [UT as slave”.
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Table 39 — Test system: Measuring internal resistor — IUT as slave

IUT node as

Class A device

Class B device as slave

Initial state

Parameters:
Rmeasl 10 kQ (0,1 %)
Rmeas2 20 kQ (0,1 %)

Operational conditions:

Viut: [Vsup/VBar] 14V

Test steps The IUT shall be in operational/active mode. There is no communication on the LIN bus.
If the IUT incorporates a bus dominant state timeout detection, which disables the IUTs)pul}-up
resistor, the measurement shall take place before a timeout is detected.
Response Rint value shall be included in the range [20 kQ; 60 kQ]; see Formula (4).
Reference ISO 17987-4:2016, Table 11, Param 26
5.3.3 [EPL-CT 24] Measuring internal resistor — IUT as master
Table 40 d¢fines the test system “Measuring internal resistor — IUT as master”.
Table 40 — Test system: Measuring internal resistor)— IUT as master
IUT node ds Class B device as master
Initial state Parameters:
Rmeast 1kQ (0,1 0/0)
Rmeasz 2 kQ (0,1 %)
Operational conditions:
Viut: [Vsup/Vearl 14y
Test steps The IUT shall be in operational/dctive mode. There is no communication on the LIN bus.
If the IUT incorporates a bus-dominant state timeout detection, which disables the IUT’s pul}-up
resistor, the measurement'shall take place before a timeout is detected.
Response Rint value shall be inglided in the range [900 ; 1 100 kQ]; see Formula (4).
Rmeas]_ = 1 kQ (0,1 %); Rmeasz = 2 kﬂ (0,1 %).
Reference ISO 17987-4,;2016, Table 11, Param 25
5.4 Statjc test cases
The motivation ofsstatic test cases is to check the availability and the boundaries in the datashegt of

the IUT. Fdr all integrated circuits, every related parameter in Table 41 shall be part of the dataslheet

and fulfil {

he-specified boundaries in terms of physical worst case condition. Datasheet param

bter

names may

pa | PR o 41 - Tolal 4411 Ao - £, A PR ok Y 1 4
UTVIALT ITUIT UIT TI4dHITS TIT 1dUIT 71, UUU T UIIS LAdST, d LTUSSTITITTTIILT TIST (U4dldsSIItTl Ve

sus

Table 41) shall be provided for this test. Parameter conditions may deviate from the conditions in
Table 41, if the datasheet conditions are according to the physical worst case context in Table 41 at least.

If one parameter does not pass this test, the result of the whole conformance test is “Failed”.
See ISO 17987-4:2016, Table 10 and Table 20.

Table 41 defines the test system “LIN static test parameters for datasheets of integrated circuits”.
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Table 41 — Test system: LIN static test parameters for datasheets of integrated circuits

Conformance
testis passed
No Reference Parameter | Min. | Max. | Unit i‘;?é?ﬁg;/ Valid for if valll)le is
< 2
1. Param 9 VBaT? 8,0 18,0 \% ECU operating All devices Min. Max.
voltage range with
integrated
reverse
polarity diode
2. Param 10 VSUp? 7,0 1380 V| SUpply voltage Al devices M. Max.
range without
integrated
reverse
polarity diode
3. Param 11 Vsup NoN oP | -0,3 40,0 V | Voltage range with- |All deviees Min. Max.
in which the device
is not destroyed. An
optional time limit
for the maximum
value shall be at
least 400 ms. No
guarantee of correct
operations
4, Param 82 VBUS_MAX_ -27,0 40,0 V  |Voltagérange with- |All devices Min. Max.
RATINGS in which the device
istiiot destroyed. An
optional time limit
for the maximum
value shall be at
least 400 ms. No
guarantee of correct
operation.
5. Param 12 IBUS_LIM® 40 200 mA |Current Limitation |All devices Min. Max.
for Driver dominant |with inte-
state driver on grated LIN
VBus = VBAT max4 transmitter
6. Param 13 IBUS_PAS_dom -1 — mA |Inputleakage cur- All devices — Min.
rent at the receiver |with integrat-
incl. slave pull-up re- | ed slave pull-
sistor as specified in | up resistor
Param 26 driver off
Vpys=0V
Vear=12V
7. Param 14 IBUS_PAS_rec — 20 WA |Driver off All devices Max. —
8V<Vgar<18V
8V< VBUS <18V
Vgus > Vpar
8. Para15 IBHSNO—END 1 1 AA—Controlunit-discon—-AH-devices Max Min.
o nected from groun
GNDpevice = Vsup
0V< VBUS <18V
Vear=12V
Loss of local ground
shall not affect com-
munication in the
residual network.
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Table 41 (continued)

Conformance
testis passed
No Reference Parameter Min. Max. | Unit i‘::(;?&l(:;/ Valid for ifvalll)le is
< =
9. Param 16 IBUS_NO_BAT — 100 LA | Vpar disconnected |All devices Max. —
Vsuyp = GND
0V<Vpgys<18V
Node shall sustain
the current that
can flow under this
condition. Bus shall
remain operational
under this condition.
10. Param 17 VBUS_dom — 0,4 Vsyp |Receiver dominant |All devices — Maxk
state with inte-
grated LIN
receiver
11. Param 18 VBUS_rec 0,6 — Vsup |Receiver recessive |All devices Min. —
state with ifite-
grated-LIN
receiver
12. Param 19 VBUS_CNT 0,475 | 0,525 | Vsyp |VBus_cNT = (Vih_dom.{All devices Max. Mii.
+ Vih_rec)/2¢ with inte-
grated LIN
receiver
13. Param 20 Vays — 0,175 | Vsup |VHys = Vith, rec— All devices Max. —
Vith_dota with inte-
grated LIN
receiver
14. Param 27 D1 0,396 — — “JTHRec(max) = All devices — Mif]
(Duty 0,744 x Vsyp; V\;lt? I;iﬁ}\l
Cycle 1) TH = grated -
y 0 5[8)‘1'“("‘1/3") _ transmitter
’ X VSup; D1 valid for
Vsup =7,0Vto18V; |20 kbit/s
tgiT = 50 ps;
D1-= tBusfrec[min)/
(2 x tgiT)
15. Param 28 D2 — 0,581 — | THRec(min) = All devices Max. —
(Duéy 0,422 x Vsyp; w1ti1 1(;1;31\]
Cydle2) THpom(min) = grarec
¥ 0 Zgim("\l;") _ transmitter
’ * VSUP; D2 valid for
Vsup = 7,6 Vto 18 V; |20 kbit/s
teiT = 50 ps;
D2 = tBusfrec(max)/
(2 = tgiT)
16. Param 29 D3 0,417 — — | THRec(max) = All devices — Min.
(Duty 0,778 x Vsyp; w1t? 1(;1;(;}\]
Cycle 3) THp = gratec -
y 0 61%“’(“\}3") ] transmitter
616X Vsup; D3 valid for
Vsup =7,0Vto18V; |10,417 kbit/s
terT =96 us;
D3 = tBus_rec(min)/
(2 x tgiT)
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Table 41 (continued)
Conformance
testis passed
No Reference Parameter Min. Max. | Unit (‘::(:)I:(Iiril;g;/ Valid for ifvalrl)le is
< 2
17. Param 30 D4 — 0,590 — | THRec(min) = All devices Max. —
0,389 x Vsyp; with inte-
(Duty grated LIN
Cycle 4) THDom(min) = transmitter
0,251 x Vsup; D4 valid for
Veyp=76V1t018V: (10,417 kbit/s
tgiT = 96 ps;
D4 = tBus_rec[max)/
(2 = tpiT)
18. Param 31 trx_pd — 6 pus |Propagation delay of | All devices Max. —
receiver with inte-
grated LN
receiver
19. Param 32 trx_sym -2 2 us |Symmetry of re- All devices Max. Min.
ceiver propagation_~with inte-
delay rising edge grated LIN
with respect tg receiver
falling edgé
20. Param 26 RSLAVE 20 60 kQ |— All devices Max. Min.
with integrat-
ed slave pull-
up resistor
21. Param 25 RMASTER 900 1100 0, |'The serial diodeis |All devic- Max. Min.
mandatory. es with
. integrated
Only for valid f(ilr master pull-up
_transcelver wit resistor
integrated master
pull-up resistor.
22. Param 37 CSLAVE - 250 pF [Capacitance of All LIN slave Max. —
slave node devices
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Table 41 (continued)

Conformance
. . Comment/ . testis passed
No Reference Parameter Min. Max. | Unit condition Valid for ifvalue is
< =
23. 6.3.7.1 LIN device — — — |AIl LIN device All devices — —
states chang- state changes on
es conditional events
(e.g. temperature
shut-down) shall be
specified in the LIN
device datasheet.
24. — LIN trans- — — — |Amaximum LIN All devices — —]
ceiver input transceiver input
capacitance capacitance shall be
specified in the LIN
device datasheet.
Please consider the
datasheet limits
(e.g. voltage, tem-
perature).
The value should be
as low as possible.
a Vpar dendtes the supply voltage at the connector of the control unit and may bedifferent from the internal supply Vsjjp
for electronic components (see ISO 17987-4:2016, 5.3.2).
b Vgyp dendtes the supply voltage at the transceiver inside the control unitandmay be different from the external supply
Vpar for confrol units (see ISO 17987-4:2016, 5.3.2).
¢ Igys: Currgnt flowing into the node.
d A transcejver shall be capable to sink at least 40 mA. The maximuin current flowing into the node shall not exceed
200 mA undpr DC conditions to avoid possible damage.
e Vinh_dom: receiver threshold of the recessive to dominant,LIN bus edge. Vi _rec: receiver threshold of the dominant to
recessive LIN bus edge.

6 EPL 12 V LIN devices without RX and TX access

This clausq

6.1 Test

This test s
(see ISO 17

Lacking ac
functions d

addresses class C devices.

specification overview

087-4) withhifraccessible TX and RX pin. This may be the case for integrated devices.

Cess to.the/TX pin, the IUT is stimulated to transmit LIN frames to the bus to test the trang

Lackingac

the test system and the IUT.

6.2 Communication scheme

6.2.1 Ge

neral

pecification is(intended for LIN conformance tests of the electrical physical layer of E[CUs

mit

fthe'device. The LIN frames transmitted by the IUT can then be evaluated by the test sysfem.

Less to the RX pin, the reception of the [UT is tested by establishing a communication between

Depending on the IUT type (class C device as master/slave), several different communication schemes
are used for conformance testing; see 6.2.2 to 6.2.4.

6.2.2

IUT as slave

The following (mandatory) test frames named in concordance with ISO 17987-3 are used for slave tests.

38
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le 42 defines the test frames used for slave tests.

Table 42 — Test frames used for slave tests

Test Frame Requirements for the test frame

TST_FRM_RDBI_0 |ReadByldentifier (Identifier = 0).

All other parameters shall be filled with default values according to the IUT specification

and according to the test case specification.

TST_HDR_SR_3D |Slave response header, Identifier = 3D1¢.

Thd
maj

One
con
(wi

6.2

If p
foll

The
1)
2)

3)
4)
5)

6)
7)

Ond
con

test system as master, cyclically transmits a TST_FRM_RDBI_0 followed by TST_HDR (SK
Kimum supported bit rate unless defined otherwise by the test case.

TST_FRM_RDBI_0 followed by a TST_HDR_SR_3D is referred to as one comMunicati
munication cycle is considered successful if the IUT as slave responds correetly to TST_H
h positive or negative response, depending on TST_FRM_RDBI_0).

3 IUT as master

bssible, a test application is installed on the IUT as master. The test application shall s
bwing test schemes:

Bit rate: maximum bit rate supported by master applicatiohyunless specified otherwise b
Checksum model: Enhanced checksum.

communication between the test system and th€ TUT shall be implemented as follows:
Counter = 0;

IUT as master: Transmit a frame headen) (ID 011¢), followed by response of one data by
[00]) and check sum;

Test system as slave: If frame is feceived without errors, store received counter and set tre
IUT as master: Transmit fratnie header (ID 021¢);

Test system as slave: If.transmit flag is set, respond with one data byte (stored counte
check sum, and cleak transmit flag;

[IUT as master;lftest system has answered without errors and received counter value ==
counter value,\increment counter by 1;

Go to step)2).

_3Dwitha

bn cycle. A
DR_SR_3D

upport the

y test case;

te (counter

nsmit flag;

r [00]) and

rfansmitted

sidered successful if the counter is incremented in step 6) verified by the test system in

onsecutive

sequéence of steps 2) to 7) is referred to as one communication cycle. A communicaqon cycle is

co

—

TITUTTICAtiON CyTIe):

There shall be a possibility to deactivate transmission of LIN headers by the IUT (e.g. by setting an
input pin), so that the LIN bus remains recessive.

If bit rates of both higher than 10,417 kbit/s and lower than or equal to 10,417 kbit/s are supported by
the application, there shall be a possibility to select between maximum bit rate and 10,417 kbit/s or

low

er (e.g. by setting an input pin).

If no test software can be installed on the IUT as a master (e.g. integrated device), a device-specific
communication scheme is used which allows verification if the IUT as master correctly receives
responses from the test system.

© ISO 2016 - All rights reserved
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6.2.4

IUT class C device

6.2.4.1 General

For class C devices (e.g. microcontrollers with integrated transceiver or SBCs with integrated UART and
transceiver), a test application is required.

The type of test application depends on the type of integrated device.

6.2.4.2

IUT class C device as slave

This devicg

For confor

support th
— Applic
— Checks
The comm
1) Countg
2) Test Sy

(count
3) IUTas
4) Test Sy
5) IUT ag

sum, a
6) Test §

value 4
7) Gotoqd
One seque
considered
6243 1

This devicg

If the IUT
pull-up cir

 type only supports slave applications.

mance testing, the IUT class C device as slave is supplied with a test application which s

e following test schemes:

htion can adapt to all bit rates supported by the device;

um model: Enhanced checksum.

inication between the test system and the IUT shall be implemented’as follows:

r=0;

rstem as master: Transmit a frame header (ID 011¢), follewed by response of one data |

br [00]) and checksum;
slave: If frame is received without errors, store re¢eived counter and set transmit flag;
stem as master: Transmit frame header (ID 021¢);

slave: If transmit flag is set, respond with one data byte (stored counter [00]) and ch
hd clear transmit flag;

ystem as master: If IUT as slavée has answered without errors and received cou
= transmitted counter value, increment counter by 1;

tep 2).

successful, if the coutiter is incremented in step 6).

UT as a class C'device as master
 type only)supports master applications.

Hoes 1ot have an integrated master pull-up resistor, it shall be equipped with an exte

hall

yte

eck

hter

hce of steps 2) to 7)is referred to as one communication cycle. A communication cycle is

‘nal

Cuitry as specified in the [UT’s datasheet. If the IUT’s datasheet does not specify a pul

up

circuitry, t

e CIrcultry as described 1n kFigure IY 1S used.

Figure 19 shows the default master pull-up circuitry.

40
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D (1N4148)

R (1kQ / 0,1%)
Viut: [Vsup / VeaTl

Implementation

Under Test LIN

Figure 19 — Default master pull-up circuitry
For|conformance testing, the IUT class C device as master is supplied with a test application Which shall
support the following test schemes:

— | Bit rate: maximum supported bit rate, unless specified otherwjise by test case;

— | Checksum model: Enhanced checksum.

Thg communication between the test system and the IUT shall be implemented as follows:
1) [Counter = 0;

2) |IUT as master: Transmit a frame header (ID-011¢), followed by response of one data byfe (counter
[00]) and checksum;

3) |Test System as slave: If frame is receivedwithout errors, store received counter and set trgnsmit flag;
4) |IUT as master: Transmit frame header (ID 0214);

5) |Test System as slave: If trarismit flag is set, respond with one data byte (stored countelr [00]) and
check sum, and clear tragsmit flag;

6) |IUT as master: If Test System as slave has answered without errors and received counter
value == transmitted counter value, increment counter by 1;

7) |Go to step 2).

Ong sequence, of steps 2) to 7) is referred to as one communication cycle. A communicatjon cycle is
conpidered successful, if the counter is incremented in step 6), verified by test system in dqonsecutive
conjmunigation cycle.

lea 3 3 iting a port
us remains recessive.

C-S1d PDe d DO
pin) so that the LIN b
If bit rates of both higher than10,417 kbit/s and lower than or equal to 10,417 kbit/s are supported by
the device, there shall be a possibility to select between maximum bit rate and 10,417 kbit/s or lower
(e.g. by setting a port pin).

6.2.4.4 1IUT as a class C device as master or slave for devices which support both master and
slave applications, two IUTs are needed

One IUT is provided with a slave application as described in 6.2.4.2, one IUT is provided with a master
application and, if required, external master pull-up circuitry as described in 6.2.4.3. During GND shift
and Vgar shift tests, communication is established between these two [UTs.
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The communication scheme is as follows:

1) Counter = 0;

2) Master IUT: Transmit a frame header (ID 011¢), followed by response of one data byte (counter
[00]) and checksum;

3) Slave IUT: If frame is received without errors, store received counter and set transmit flag;

4) Master IUT: Transmit frame header (ID 0214);

5) Slave IUT-_If transmit fl;\g is set rpqpnnd with one data hvte [Q‘rnrpd counter [00]) and check sum,
and clgar transmit flag;

6) Master IUT: If slave IUT has answered without errors and received counter value == transmifted
countqr value, increment counter by 1;

7) Go to dtep 2).

One sequence of steps 2) to 7) is referred to as one communication cycle. A comimunication cy(ir is

considered successful, if the counter is incremented in step 6), verified by test.system in consecufive

communication cycle.

If the seled

internal pyll-up resistor), the IUT provided with the slave application is used for all remaining

cases and i

If the seled
be tested 4
parameter

6.3 Test

The intention of each test case is described at fir'st, with a short textual explanation.

Before test

The test p
Table 43 d¢

tion of master/slave application does not affect the physicallayer of the device (e.g. sw

s regarded as IUT class C device as slave.

tion of master/slave application does affect the physical layer of the device, the IUTs §
oth as IUT class C device as slave and IUT class:Cdevice as master for test cases where
5 differ for master and slave.

case organization

s are executed, the test system shall be set to its initial state as described in 6.5.

‘ocedure and the expectedyresults are described in the form of a chart for each test c
fines a typical test description.

Table 43 — Typical test description

itch
test

hall
test

Ase.

IUT node ds |Class A/B/Gdevice as master or slave |Corresponding test number TC x, TC y, where x, y afe
or both the test case number.
Initial stale  |Parameters:
Number of nodes Number of node in the test implementation
Bus loads In order to simulate a LIN network
Operational conditions:
IUT Mode I())(}));rea;tizgé\g’oii for the IUT (e.g. normal mode, low
VearVsupViur Value in volt
Failure In order to set failure at
GND Shift Value in volt
Test steps Describe the test stages.
Response Describe the result expected in order to decide if the test passed or failed.
Reference Corresponding number in ISO 17987-4.
NOTE IUT class C device as master or slave ECU.

42
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Depending on the type of IUT, the supply voltage is Vgar for class C device or Vsyp for class A device,
called ViyT in this description.

6.4 Measurement and signal generation — Requirements

6.4.1 Data generation

The test system shall be able to transmit LIN frames with adjustable recessive/dominant levels. For
example, with the test system acting as master and the IUT as slave responding to LIN headers sent by
the test system.

FigJJre 20 shows the LIN header sent by test system as master with dominant voltage (Vpem&its) adjusted
and{IUT as slave answering with nominal dominant voltage (Vpom_iuT)-

vl..lN A

VREC [ -_ [ [
Voom s [ ® 060
vDum_lUT I -
I
Sync
L Break Field | Field ‘ PID Response »‘
L Header sent by-test system | Response sent by IUT as slave »‘
-t
|

Figure 20 — LIN header sent by test system as master with dominant voltage (Vpom 19 adjusted
and IUT as slavesanswering with nominal dominant voltage (Vpom 1uT)

Figlire 21 shows the LIN(header sent by test system as master with recessive voltage (Vrec 1) adjusted
and/ IUT as slave answefing with nominal recessive voltage (VRec 1uT)-
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vLIN A

VREC_IUT —

vREC,TS — . . .

Voom |—

Sync
L Break Field | Field PID Slave Response 4
L Header sent by test system Response sent by IUT as’slave »‘

Figure 21 — LIN header sent by test system as master with recessive yveltage (Vgrec 1s) adjusted
and IUT as slave answering with nominal recessive voltage (Vrec 1uT)

The test system shall be able to transmit LIN headers and responses. It shall be able to receive [LIN
frames and change its own responses dynamically.

Data generption by the test system may be realized as shown'in Figure 22.

Data Generation

Recessive ViRed Ts Veull-up
Voltage
Power Supply

4

Tx T
______ N\ Sw2

GND

1

Dominant Vpom_Ts GND

Voltage [

Power Supply

1

LIN bus

Rx

€1

Figure 22 — Data generation

Data generation includes two power supplies that provide the recessive and dominant voltage (Vgec_
Ts and Vpom Ts) for LIN frames transmitted by the data generation. Data generation shall be able to
transmit recessive bits by connecting the LIN bus to its recessive voltage power supply using a low-
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impedance path (Sw1l) so the transmitted recessive level will not be corrupted by the IUT’s internal
pull-up resistor if Viyt > VLIN bus. The internal recessive voltage Vgec s is provided to the test setup as
Vpull-up to supply a pull-up resistor if necessary.

Vbom_Ts and Vrec_1s/Vpull-up is specified in the test cases where data generation is used.

6.4.2 Various requirements

Table 44 defines the data generation, signal measurement and power supply requirements.

Fable-44—PData-generation;sighalHmeasurementand-powersupplyrequirements
Data generation Resolution 10 mV
Accuracy 0,2 %, of value
Rise/Fall time <20'ns
Bit timing precision 20 ppm
Internal resistance <1Q
Sighal measurement Dynamic signals Oscilloscope 100 MHz
Rise time <3,5 nfs
Static signals: DC voltage 0,5%
DC current 0,6 %
Resistance 0,5%
Power supply Resolution 10 mV/1 mA
(Vde, Viur, VLN Accuracy 0,2 % of value

6.5 Operational conditions — Calibration

6.5{1 Electrical input/output, LIN protocol

The initial configuration for each testicase is defined in Table 45. Any requirements for individual tests
are|specified in each test case.

Table 45 — Initial state of electrical input/output

Parameters —

Number of nodes 1

Bus loads —

Operational conditions —

IUT mode —

VgaT, Vsup ViuT, Vps Specified for each test
Fatlure Ne-faitare

GND shift ov

6.5.2 [EPL-CT 25] Operating voltage range

This test shall ensure the correct operation in the valid supply voltage ranges, by correct reception of
dominant bits. The IUT is therefore supplied with an increasing/decreasing voltage ramp.

Figure 23 shows the test configuration of the test system “Operating voltage range without RX and TX
access”.
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Table 46 dé¢fines the test system “Operating voltage range without RX and TX access”.

VPull-up
Remote Controlled
Power Supply
Vps
1
[] Reus Data_
Generation
Viur: [Vsup / Vearl
Implementation
Under Test 1y LIN bus Vrects
VDOM_TS
GND —L
— Measurement —
1

Figure 23 — Test system: Operating voltage range without RX and TX access

Table 46 — Test system: Operating voltage range without RX and TX access

IUT nodeds |[Class Cdevice as master [EPL-CT 25].1,[EPL-CT 25].2
Class C device as slave [EPL-CT 25].3, [EPL-CT 25].4
Initial stale |Operational conditions:
Viut: [Vsup/Vear] See Table 47
Vbom_Ts ov
VRec_TS/VPull-up 18V
Test steps A voltage ramp is(set'on the Vgat/Vsup as defined on Table 47.
LIN communication is established between test system and IUT.
Response ANl IUT communication cycles sent during signal ramp shall be successful.
Reference I1SO 17987-4:2016, Table 10, Param 9, Param 10

Table 47 d¢fines.the'test cases “Operating voltage ramp without RX and TX access”.

Table 47 — Test cases: Operating voltage ramp without RX and TX access

EPL-CT-TC Viyt range: [Vsyp range/Vgar range] Signal ramp RBus

[EPL-CT 25].1 [70Vto18V]/[8,0Vto18 V] 0,1V/s 30 kQ (0,1 %)
[EPL-CT 25].2 [18 Vto 7,0 V]/[18 V to 8,0 V] 0,1V/s 30 kQ (0,1 %)
[EPL-CT 25].3 [70Vto 18 V]/[8,0 Vto 18 V] 0,1V/s 1kQ (0,1 %)
[EPL-CT 25].4 [18 Vto 7,0 V]/[18 V to 8,0 V] 0,1V/s 1kQ (0,1 %)

46
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6.5.3 Threshold voltages

6.5.3.1 General

This group of tests checks whether the receiver threshold voltages of the IUT are implemented correctly
within the entire specified operating supply voltage range. Communication is established between the
test system and the IUT, during which the dominant or recessive levels of the LIN frames transmitted
by the test system are varied with respect to the applied supply voltage. Communication shall be either
successful or unsuccessful, dependent on the recessive/dominant levels.

6.5]3.Z [EPL-CT 26] IUT as receiver: Vsyp at VBUS_dom LdOWN)

Figlire 24 shows the test configuration of the test system “IUT as receiver Vsyp at Veys'dom (down)”.

VPull-up
Remote Controlled —
Power Supply

Vps
1
Data
Generation
Viur: [Vsuel H] Rgus

Implementation
Under Test LIN _‘&bus VREC_TS

Vpom_1s

GND 1
L

— Measurement —

€1

Figure 24— Test system: IUT as receiver Vsyp at Vgys_dom (down)

Tabje 48 defines the-test system “IUT as receiver Vsyp at Veus_dom (down)”.
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Table 48 — Test system: IUT as receiver Vsyp at Veus_dom (down)

IUT node as

Class C device as slave

[EPL-CT 26].1,.[EPL-CT 26].2, [EPL-CT 26].3

Class C device as master

[EPL-CT 26].4,.[EPL-CT 26].5, [EPL-CT 26].6

Initial state

Operational conditions:

ViuT: [Vsup]
VpoMm_Ts
VREc_ts/Vpull-up

RBus

Table 49

Test steps

Communication is established between the test system and the IUT. The initial dorfin
level transmitted by the test system is the lowest voltage as defined in Table 49 foreach
case. The dominant level transmitted by the test system is increased by 20 mV aftet,gach
communication cycle until the highestlevel as defined in Table 49 for each test case is reached.
The last Vpom at which communication is successful is recorded as Vih_doms

See Figure 20 for an example of the communication between test system astaster and slave

See 6.4.1 for requirements on the data generation unit.

ant
est
UT

UT.

Response

Communication shall be successful or unsuccessful as defined in-Table 49.

Reference

ISO 17987-4:2016, Figure 4

ISO 17987-4:2016, Table 10, Param 17, Param 18

Table 49 de¢fines the test cases “IUT as receiver Vsyp at Veus_dom (down)”.

Table 49 — Test cases: IUT as receiver, Vsyp at Vgys_dom (down)

EPL-CT{TC  |ViyT: [Vsup] VpoM_ts VRECETS Expected Eg;r:lrlrtlunlcatlon Rpus
[-1,05Vto 2,8 V] Successful
[EPL-CT 26].1 7V 18V
[4,2Vto 18 V] Unsuccessful
[-2,1Vto 5,2V] Successful
[EPL-CT 26].2 14V 18V 1k (0,1 %)
[78Vtod8YV] Unsuccessful
[-2,7 Vt0.7,2 V] Successful
[EPL-CT 26].3 18V 20,7V
[10,8 Vto 20,7 V] Unsuccessful
{~1,05Vto 2,8 V] Successful
[EPL-CT 26].4 7V 18V
[4,2Vto 18 V] Unsuccessful
[-2,1Vto5,2V] Successful
[EPL-CT 26].5 14V, 18V 30 kQ (0,1 Po)
[78Vto 18 V] Unsuccessful
[-2,7 Vto 7,2 V] Successful
[EPL-CT 26].6 18V 20,7V
[10,8 Vto 20,7 V] Unsuccessful

6.5.3.3

[EPL-CT 27] IUT as receiver: Vsyp at Vgys_rec (Up)

Figure 25 shows the test system “IUT as receiver Vsyp at VBys_rec (up)”.

48
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VPull-up
Remote Controlled I
Power Supply

Vbps
L
Data
Generation
Viur: [Vsuel [I] Reus

Implementation
Under Test LIN _‘w VREC_Ts

Vbom_ts

GND L
1

— Measurement —

1

Figure 25 — Test system: IUT as receiver Vsyp at Vgys_rec (up)

Table 50 defines the test system “IUT as receiver Vsyp atVys_rec (up)”.

Table 50 — Test system: IUT.as receiver Vsyp at Vgys_rec (Up)

IUT node as Class C device as slave [EPL-CT 27].1, [EPL-CT 27].2, [EPL-CT 27].3
Class C device as master [EPL-CT 27].4, [EPL-CT 27].5, [EPL-CT 27].6
Initial state Operational conditions:
Viut: [Vsup] See Table 51
Vbom_Ts
VREC_TS/ VPull-up
RBus
Tedt steps Communication is established between the test system and the IUT. The initigl recessive

level transmitted by the test system is the highest voltage as defined in Table 51 fpr each test
case. The recessive level transmitted by the test system is decreased by 20 mV aftler each [UT
communication cycle until the lowest level as defined in Table 51 for each test casqg is reached.

The last Vrec at which communication is successful is recorded as Vip rec.

See Figure 21 for an example of the communication between test system as master aTd slave [UT.

See t‘]naph:r 641 for raqnirnmnnfc onthe data gnnnrafir\n unit

Response Communication shall be successful or unsuccessful as defined in Table 51.
Reference ISO 17987-4:2016, Table 10, Param 17, Param 18

[SO 17987-4:2016, Figure 4

Table 51 defines the test cases “IUT as receiver Vsyp at Veus_rec (up)”.
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Table 51 — Test cases: IUT as receiver Vsyp at Vgys rec (up)

Expected communication
EPL-CT-TC | Viur: [Vsur] | Vpom_ts VREC_TS xp resultu Rpus
[EPL-CT 27].1 . 105V [18Vto 4,2 V] Successful
' ' [2,8 Vto-1,05V] Unsuccessful
[18Vto 7,8 V] Successful
[EPL-CT 27].2 14V 21V 1kQ (0,1 %)
[5,2Vto-2,1V] Unsuccessful
[EPL-CT 27].3 18V 27V [20,7 V to 10,8 V] Successful
- - {72V t0o=27"1 tmsuccessiut
[EPL-CT 2}].4 7y 105V [18Vto 4,2 V] Successful
) ’ [2,8Vto-1,05V] Unsuccessful
[18Vto 7,8 V] Successful
[EPL-CT 2}].5 14V 2,1V 30k (0,1 o)
[5,2Vto-2,1V] Unsuccessful
[EPL-CT 2/].6 18V 27V [20,7 Vto 10,8 V] Successful
' ' [7,2Vto-2,7V] Unsuccessful

6.5.3.4 [EPL-CT 28] IUT as receiver: Vsyp at Vgys

This test s
in 6.5.3.2

Table 52 dgfines the test system “IUT as Receiver: Vsyp at Vgys’

Table 52 — Test system: IUT as:receiver: Vsyp at Vgys

all verify the symmetry of the receiver thresholds. It evaluates Vin_dom (3 values) measyred
nd Vin rec (3 values) measured in 6.5.3.3.

IUT node as Class C device as slave [EPL-CT 28}:1, [EPL-CT 28].2, [EPL-CT 28].3
Class C device as master |[EPL-CT\28].4, [EPL-CT 28].5, [EPL-CT 28].6
Initial state Operational conditions:
Viut: [Vsup] See Table 53
Vth_dom
Vth_rec
Test steps Calculate
Veus_eNT2Vih_dom + Vih_rec)/2
and
Viys = Vih_rec ~Vth_dom
Response VBis_cnt shall be in the range of [0,475 to 0,525] x Vsyp VHys shall be less than 0,175 x Vg|jp,
Reference [SO 17987-4:2016, Table 10, Param 19, Param 20

vvvvv

Table 53 — Test cases: IUT as receiver: Vsyp at Vgys

EPL-CT Vth_dom as measured in test case | Vi rec as measured in test case Viut: [Vsup]
[EPL-CT 28].1 [EPL-CT 26].1 [EPL-CT 27].1 7V
[EPL-CT 28].2 [EPL-CT 26].2 [EPL-CT 27].2 14V
[EPL-CT 28].3 [EPL-CT 26].3 [EPL-CT 27].3 18V
[EPL-CT 28].4 [EPL-CT 26].4 [EPL-CT 27].4 7V
[EPL-CT 28].5 [EPL-CT 26].5 [EPL-CT 27].5 14V
[EPL-CT 28].6 [EPL-CT 26].6 [EPL-CT 27].6 18V
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6.5.4 [EPL-CT 29] Variation of Vsyp non_op € [-0,3 V to 7,0 V], [18 V to 40 V]

ISO 17987-7:2016(E)

[EPL-CT 29] shall be checked within this test, whether the IUT influences the bus during under voltage
and over voltage conditions.

Figure 26 shows the test configuration of the test system “Variation of Vsyp NoN_oP”-

Remote Controlled
Power Supply 1
Vps1

Remote Controlled
P2 power Supply 2

- D

Viur: [Vsup / Vearl Reus

Implementation N
Under Test

GND

£

Measurement

1

4

Figure 26 — Test'system: Variation of Vsyp NoN oP

Table 54 defines the test system “Vdriation of Vsyp NoN_opP”-

Table'54 — Test system: Variation of Vsyp NoN_oP

IUT node as

Class G-device as master [EPL-CT 29].1
ClassC device as slave [EPL-CT 29].2

Initial state

Operational conditions:

ViuT: [Vsup/VBaT] Signal with a 1 V/s ramp in the range as defined in T
Vps2 See Table 55
RBus See Table 55

There is no communication on the LIN bus.

Teststeps

A VOItage Tamp (up and dow) IS Set o VU T
The stimulus stays for t = 30 s at VgaT = 40 V.

{VsoUp/VBaTH

Response

No dominant state on LIN shall occur.

The IUT shall not be destroyed during the test.

The afterward recessive voltage shall have a maximum deviation of +5 % from the before

recessive voltage.

Reference

ISO 17987-4:2016, Table 10, Param 11

Table 55 defines the test cases “Variation of Vsyp NoN_opP”-
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Table 55 — Test cases: Variation of ysyp NoN 0P

EPL-CT-TC

Viyt range: [Vsyp range/Vpar range]

Vps2

RBys

[EPL-CT 29].1

[-0,3Vto8V],[18V to 40 V]

18V

[EPL-CT 29].2

[-0,3 Vto 8 V], [18 V to 40 V]

60 kQ (0,1 %) + diode (1N4148)

1,1kQ (0,1 %) + diode (1N4148)

6.5.5 Igys under several conditions

6.5.5.1 [EPL-CT 30] Igys_Lim at dominant state (driver on)

This test checks the drive capability of the output stage. A LIN driver shall pull the LIN bus belgw a

certain voltage according to the LIN standard. The current limitation is measured indirectly.

Figure 27 ghows the test configuration of the test system “Igys_Lim at dominant state (drivér en)”.

Remote Controlled
Power Supply

Vps
e

Implementation
Under Test LIN

GND

— Measurement —

il

Figure 27 —Test system: Igys 1M at dominant state (driver on)

VPull-up

Viur: [Vsup / Vearl ﬂ] Rius

LIN bus

Data
Generation

VREC_TS

Vpom_ts

€

Table 56 d¢fines the test.system “Igys_Lim at dominant state (driver on)”.
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Table 56 — Test system: Igys_11v at dominant state (driver on)

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 30].1

Initial state

Operational conditions:

ViuT: [Vsup/Veat]

See Table 57

VDom_TS
VRec_TS
RH”C
Tedt steps The LIN pin is connected via Rgys to ViyT: [Vsup/VBaT]- A LIN communication‘iS)gstablished
between the test system and the IUT.
Resgponse One communication cycle shall be successful.
The dominant state bus level shall be lower than TH_DOM = 0,251 X VjyT = 4,518|V for inte-
grated devices.
The dominant state bus level shall be lower than TH_DOM = 0,251 x (Viyr -1 V) E 4,267V
for ECUs.
Reﬁerence ISO 17987-4:2016, Table 10, Param 12
Table 57 defines the test cases “Ipys_Lim at dominant state (driver on)”.
Table 57 — Test cases: Igys_L.iv at dominant state (driver on)
EPL-CT-TC Viut: [Vsup/Vearl VboM_Ts VRec_TS Rpus
[EAL-CT 30].1 18V 0V 18V 440 Q[(0,1 %)
6.5/5.2 [EPL-CT 31] Igys_pas_dom: IUT in recessive state: Vgys =0V
Thif test case is intended to test the inputleakage current Igys pas dom into a node during dominant
stafe of the LIN bus.
Figlire 28 shows the test configuration of the test system “Igys_pas_dom [UT in recessive state Ypys=0V".
Remote Controlled
Power Supply
Vps
1
Viur: [Vsup / Veatl
Ilee{nel'lntation Isus
UnucI 15t LIN
GND
£
]
Measurement
L
Figure 28 — Test case — Igys_pas dom IUT in recessive state Vgys=0V
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Table 58 defines the test system “Igys_pas dom IUT in recessive state Vgys =0 V”.

Table 58 — Test system: Igys_pas_dom IUT in recessive state Vgys =0V

IUT node as Class C device as slave [EPL-CT 31].1
Initial state Operational conditions:
Viut: [Vsup/Veat] See Table 59
RMEAS
Test steps There is no communication on the LIN bus.
Response The maximum value of voltage drop shall be higher than -500 mV.
Reference [SO 17987-4:2016, Table 10, Param 13

Table 59 dgfines the test cases “Ipys_pas_dom IUT in recessive state Vgys = 0 V”.

Table 59 — Test cases: Igys_pas dom IUT in recessive state Vgys =00V

EPL-CT-T(

Viut: [Vsup/VBar] RMEAS

[EPL-CT 3{1].1

12V 49970 (0,1 %)

6.5.5.3 [EPL-CT 32] Igus_pas rec: IUT in Recessive State: Vgar = 8,0 V'with Variation of Vgys €

[8,0 Vto 1B V]

This test checks whether there is a diode implementation within,the termination path of the IUT. [The
reverse cufrent should be limited to Igys_pas_rec(max) from ghe LIN wire into the IUT even if Vys is

higher than the IUTs supply voltage Vpar.

Figure 29 shows the test configuration of the test system;"Ipus_pas rec IUT inrecessive state: Vpar=§,0V

with Variation of Vgys € [8,0 V to 18 V]”".

Remote Controlled. Remote Controlled
Power Supply 1 Power Supply 2
Vp51 VPSZ

1 L

VitrH[Vsup / Veartl

Implementation
Under Test Igus RmEas

LIN

GND

L

Measurement

€1

Figure 29 — Test system: Igys_pas_rec IUT in recessive state: Vgar = 8,0 V with variation of Vgys €
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Table 60 defines the test system “Igys_pas_rec [UT in recessive state: VgaT = 8,0 V with variation of Vgys

[8,0 Vto 18 V]".

Table 60 — Test system: Igys_pas rec IUT in recessive state: Vgar = 8,0 V with variation of Vgys €

[8,0 V to 18 V]

IUT node as

Class C device as master [EPL-CT 32].1

Class C device as slave

Initial state

Operational conditions:

Vg Voup/Vpaz] See Tahle 61
RMEAS
Tedt steps Vpsp = Signal with a 2 V/s ramp in the range [8 V to 18 V] up and down.
There is no communication on the LIN bus.
Reg§ponse The maximum value of voltage drop shall be less than or equal to 20 mV.
Reqerence ISO 17987-4:2016, Table 10, Param 14

Table 61 defines the test cases “Igys_pas rec IUT in recessive state: Vgar.=8,0 V with variatio
[8,qVto 18 V]".

[8,0 Vto 18 V]

Thble 61 — Test cases: Igys_pas rec IUT in recessive staterVar = 8,0 V with variation

In of Vgys €

bf Vgus €

EPL-CT-TC

ViuT: [Vsup/Veat]

RMEAS

[EHL-CT 32].1

7,0 V/8,0 V

1000 Q (0,1 %)

6.5)6 Slope control

6.5/6.1 Purpose

The purpose of this test is to check the duty cycle of the driver stage.

6.516.2 [EPL-CT 33] Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

Figlire 30 shows the test-eonfiguration of the test system “Measuring the duty cycle at 10,417 kbit/s —
[UT|as transmitter”.
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VPull-up
Remote Controlled 4
Power Supply
Vps
+ Data
Rgus Generation
Viur: [VSUP / Vgarl
Implementation
IInder Test RV P LIN bus VRec_1s
Vpom_Ts
——Cgus
GND | _L
Measurement

1

Figure¢ 30 — Test case — Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

Table 62 de¢fines the test system “Measuring the duty cycle<at'10,417 kbit/s — IUT as transmitter”.

Table|62 — Test system: Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

IUT node ds |Class C device as master [EPL-CT 33].1 - [EPL-CT 33].18

Class C device as slave

Initial statle Parameters:

Bus loads See Table 63
Operational conditions:
Viut: [Vsup/VBarl See Table 63
Vbom_Ts Y
VRec_TS/ ¥-Pull-up See Table 63
Test steps A LIN éomimunication is established between the test system and the IUT. The highest bit rafte

supported by the IUT (but a maximum of 10,417 kbit/s) is used.

Master IUT: The test system records one LIN frame transmitted by the IUT. The exact bit raf
of the IUT is identified by measuring the time between the falling edges of the start bit and pit

Zofthe synch hyrp fieldin the recorded frame

[¢]

tBus_rec(max) and tBus_rec(min) are measured at bit 0 of the synch byte field in the recorded frame.

Slave IUT: TST_FRM_RDBI_0 followed by TST_HDR_SR_3D is transmitted by the test system.
TST_HDR_SR_3D is recorded by the test system. The exact slave bit rate is identified by meas-
uring the time between the falling edges of the start bit and bit 2 of DB3 (RSID = F21¢) of the
slave answer.

tBus_rec(max) and tBus_rec(min) are measured at bit 1 of DB3 (RSID = F21¢) of the slave answer.

Response The measured duty cycle D3 shall be greater than or equal to 0,417 for Vsyp=[7,0 Vto 18 V],
the measured duty cycle D4 shall be less than or equal to 0,590 for Vsyp = [7,6 V to 18 V]. If
Vsup is not accessible, then Vgar — 0,7 V shall be used for calculation of the duty cycle.

Reference I1SO 17987-4:2016, Table 13, Param 29, Param 30
ISO 17987-4:2016, Figure 5
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Table 63 defines the test cases “Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter”.

Table 63 — Test cases: Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

Duty cycle

EPL-CT-TC Viur: [Vsup/Vear] | ¥ Ree-TS/VPull- ((]:3 us .kf{ads D3 D4
up BUS; RBUS) Min. Max.

[EPL-CT 33].1 7,0 V/8,0 V 6,0V 1nF (1 %); 1kQ (0,1 %) 0,417 —

[EPL-CT 33].2 7,0 V/8,0 V 6,6V 10F (1 %); 1kQ (0,1 %) 0,417 —

[IEDI CT '-Z'l} 3 '7,n \II/Q’n L R’ﬂ AVA R’Q nkE (1 OA); 6600 (0’1 0/) ﬂ’A.1 7 —

[EPL-CT 33].4 7,0 V/8,0 V 6,6 V 6,8 nF (1 %); 660 Q (0,1 %) 0,417 —

[EPL-CT 33].5 7,0 V/8,0 V 6,0V 10 nF (1 %); 500 Q (0,1 %) 0,417 _

[EPL-CT 33].6 7,0 V/8,0 V 6,6V 10 nF (1 %); 500 Q (0,1 %) 0,417 —
[EPL-CT 33].7 7,6 V/8,6 V 6,6V 1nF (1 %); 1kQ (0,1 %) 0,417 | | 0,590
[EPL-CT 33].8 7,6 V/8,6 V 72V 1nF (1 %); 1kQ (0,1\9%) 0,417 | | 0,590
[EPL-CT 33].9 7,6 V/8,6V 6,6V 6,8 1F (1%); 6600 (0,1%) | 0417 || 0,590
[EPL-CT 33].10 7,6 V/8,6 V 7,2V 6,8nF (1%); 6600 (0,1%) | 0417 || 0590
[EPL-CT 33].11 7,6 V/8,6 V 6,6V 10 nF (1 %3500 Q (0,1 %) 0,417 | | 0,590
[EPL-CT 33].12 7,6 V/8,6 V 72V 10 nE,{19%); 500 Q (0,1 %) 0,417 | | 0,590
[EPL-CT 33].13 18V/18,6 V 17,0V 14F 11 %); 1kQ (0,1 %) 0,417 | | 0,590
[EPL-CT 33].14 18V/18,6 V 17,6 V IhF (1 %); 1kQ (0,1 %) 0,417 0,590
[EPL-CT 33].15 18V/18,6 V 17,0V 6,8nF (1%);6600(0,1%) | 0417 || 0,590
[EPL-CT 33].16 18V/18,6 V 17,6V 6,81F (1%); 660 2 (0,1%) | 0417 || 0,590
[EPL-CT 33].17 18V/18,6 V 17,0¥, 10 nF (1 %); 500 Q (0,1 %) 0,417 | | 0,590
[EPL-CT 33].18 18V/18,6 V 176V 10 nF (1 %); 500 Q (0,1 %) 0,417 | | 0,590

6.5/6.3 [EPL-CT 34] Measuring the duty cycle at 20,0 kbit/s — IUT as transmitter

Figuire 31 shows the test configuration of the test system “Measuring the duty cycle at 20,0 kbit/s —
[UT|as transmitter”.
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Figurle 31 — Test system: Measuring the duty cycle at 20,0 kbit/s — IUT as transmitter

Table 64 dé¢fines the test system “Measuring the duty cycle«at'20,0 kbit/s — IUT as transmitter”.

Table 64 — Test system: Measuring the duty'\cycle at 20,0 kbit/s — IUT as transmitter

VPull-up
Remote Controlled 4
Power Supply
Vps
+ Data
Rgus Generation
Viur: [VSUP / Vgarl
Implementation
IInder Test RV P LIN bus VRec_1s
Vpom_Ts
——Cgus
GND | _L
Measurement

1

IUT node 3s Class C device as master [EPL-CT 34].1 - [EPL-CT 34].18
Class C device as slave
Initial state Parameters:
Bus loads See Table 65
Operational conditions:
ViuT: [Vsup/VBATI See Table 65
Vbom_Ts oV
VRecTS/V Pull-up See Table 65
Test steps A LIN communication is established between the test system and the IUT.
Master IUT: The test system records one LIN frame transmitted by the IUT. The exact] bit
rate of the IUT is identified by measuring the time between the falling edges of the star{ bit
and bit 7 of the synch byte field in the recorded frame.
tBus_rec(max) and tBus_rec(min) are measured at bit O of the SynCl’l byte field in the recorded frame.
Slave IUT: TST_FRM_RDBI_O0 followed by TST_HDR_SR_3D is transmitted by the test system.
TST_HDR_SR_3D is recorded by the test system. The exact slave bit rate is identified by
measuring the time between the falling edges of the start bit and bit 2 of DB3 (RSID = F214)
of the slave answer.
tBus_rec(max) and tBus_rec(min) are measured at bit 1 of DB3 (RSID = F21¢) of the slave answer.
Response The measured duty cycle D1 shall be greater than or equal to 0,396 for Vsyp=[7,0 Vto 18 V],
the measured duty cycle D2 shall be less than or equal to 0,581 for Vsyp = [7,6 V to 18 V]. If
Vsuyp is not accessible, then Vgar - 0,7 V shall be used for calculation of the duty cycle.
Reference ISO 17987-4:2016, Table 12
ISO 17987-4:2016, Figure 5
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Table 65 defines the test cases “Measuring the duty cycle at 20,0 kbit/s — [UT as transmitter”.

Table 65 — Test cases: Measuring the duty cycle at 20,0 kbit/s — IUT as transmitter

EPL-CT-TC Viut: [Vsup/VBat] | VRec TS/ Vpull-up ((l?;uss;l(f);ﬁ) D1 l\]/l)il:lt.y c}]’)czl(:v[ax,
[EPL-CT 34].1 7,0V/8,0V 6,0V 1 nF (1%); 1kQ (0,1 %) 0,396 —
[EPL-CT 34].2 7,0 V/8,0 V 6,6V 1 nF (1 %); 1kQ (0,1 %) 0,396 —
[EPL-CT 34].3 7,0 V/8,0 V 6,0V 6,8 nF (1 %); 660 Q2 (0,1%) | 0,396 —
[ERL=CT 3212 7,0V/8,0V 5,6V 6,8 TF (1 %J; 660 (I (0,1 %) 0,396 —
[EHL-CT 34].5 7,0 V/8,0V 6,0V 10 nF (1 %); 500 Q (0,1 %) 0,396 —
[EHL-CT 34].6 7,0 V/8,0 V 6,6V 10 nF (1 %); 500 Q (0,1 %) 01396 —
[EHL-CT 34].7 7,6 V/8,6 V 6,6V 1 nF (1 %); 1kQ (0,1 %) 0,396 0,581
[EHL-CT 34].8 7,6 V/8,6 V 7,2V 1 nF (1 %); 1kQ (0,1 %) 0,396 0,581
[EHL-CT 34].9 7,6 V/8,6 V 6,6 V 6,8 nF (1 %); 660 Q (0,1\%) | 0,396 0,581
[EHL-CT 34].10 7,6 V/8,6 V 72V 6,8 nF (1 %); 660@QY0,1%) | 0,396 0,581
[EHL-CT 34].11 7,6 V/8,6 V 6,6V 10 nF (1 %); 5000 (0,1 %) 0,396 0,581
[EHL-CT 34].12 7,6 V/8,6 V 7,2V 10 nF (1 %);500 Q (0,1 %) 0,396 0,581
[EHL-CT 34].13 18V/18,6 V 17,0V 1 nF{1\%); 1 kQ (0,1 %) 0,396 0,581
[EAL-CT 34].14 18V/18,6 V 17,6 V 1.nE (1 %); 1 kQ (0,1 %) 0,396 0,581
[EHL-CT 34].15 18V/18,6 V 17,0V 6,80F (1%); 6600 (0,1%) | 0,396 0,581
[EHL-CT 34].16 18V/18,6 V 17,6 V 6,8 nF (1 %); 660 Q2 (0,1%) | 0,396 0,581
[EHL-CT 34].17 18V/18,6 V 17,0V 10 nF (1 %); 500 Q (0,1 %) 0,396 0,581
[EFL-CT 34].18 18V/18,6 V 17,6V 10 nF (1 %); 500 Q (0,1 %) 0,396 0,581

6.5]7 [EPL-CT 35] Propagation delay,

6.5

The
by s

7.1 Propagation delay with minimum/maximum duty cycles

following test checks thereceiver’s internal delay and its symmetry. The test is dong indirectly
etting the duty cycles d¢f the responses transmitted by the test system to the maximum|/minimum

valyes. Furthermore thetest system bit rate is adjusted to achieve a worst case deviation frgm the IUT.

Byt
effo
whi

es sent by the tesStsystem would then look as shown in Figure 32 and Figure 33. To red

pce testing

rt, only the rising edges are transmitted delayed or in advance, as shown in Figure 34 and Figure 35,
ch does notaffect the test result.
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Figure 32 — Byte with minimum duty cycle (falling edges transmitted in advance, rising edges
transmitted delayed)
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Figure 33 — Byte with maximum duty cycle (falling edges transmitted delayed, rising edgé¢s
transmitted in advance)
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Figure 34 — Actual byte transmitted by test system with minimum duty cycle (rising edges
transmitted delayed)
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6.5{7.2

Figlire 36 shows the test configuration of the test system “Propagation delay at 10,417 kbit/g".

| Start

Stop

Bit Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit 6 Bit 7 | Bit

transmitted in advance)

[EPL-CT 36] Propagation delay at 10,417 kbit/s
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Figure 36 — Test system: Propagation delay at 10,417 kbit/s

Table 66 defines the test system “Propagation delay at 10,417 kbit/s".
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Table 66 — Test system: Propagation delay at 10,417 kbit/s

IUT node as Class C device as master [EPL-CT 36].1 - [EPL-CT 36].6
Class C device as slave [EPL-CT 36].7 - [EPL-CT 36].12
Initial state Operational conditions:
Viut: [Vsup/Vear] See Table 67
Vbom_Ts ov
VRec_1s/ VPull-up See Table 67
Test steps For master [UTs and slave IUTs without making use of synchronization, a LIN communica-

tion is established between the test system and the IUT. The highest bit rate supported .y
the IUT (but a maximum of 10,417 kbit/s) is used. The IUT bit rate Fjyt is measured (magter
bit rate in synch field, between falling edge of start bit and bit 7; slave bit rate in data byte
1, falling edge of start bit and bit 7, possible for values 4016 to 7F1¢).

For slave IUTs making use of synchronization, Fyt is set to the nominal bitrate
(e.g. 10,417 kbit/s).

The test system bit rate is adjusted to Frg as defined in Table 67. Frgis'2 % for master [U[Ts
and slave IUTs without making use of synchronization, and 0,5 % for slave [UTs with mak-
ing use of synchronization.

The rising and falling edges of the test system data are sent delayed or in advance as de-

fined in Table 67.
Response 256 consecutive IUT communication cycles are succe$sful.
Reference IS0 17987-4:2016, Table 13, Param 29, 30

ISO 17987-4:2016, Figure 5

Table 67 dg¢fines the test cases “Propagation delay at 10,47 kbit/s”.

Table 67 — Test cases: Propagation delay at 10,417 kbit/s

Viut: VRec_Ts/ ..
EPL-CT-TC - F Rising edge R
[Vsup/VBar] Vpull-up TS geds BUS
[EPL-CT 36].1 _ Transmitted delayed by
Frur x (1 - Frs) ty3 + tf3; see Formula (5
[EPL-CT 36].2 7oVv/80v yov T itted delayed b
- b]. ransmitted delayed by
Frur x (1 +Frs) ty4 + tgy; see Formula (6
[EPL-CT 36].3 _ Transmitted delayed by
Frur > (1 - Frs) tr3 + tr3; see Formula (5
14,0 V/14,6 V 14V - 30 kQ (0,1 0)
[EPL-CT 36].4 Frur x (1 + Frs) Transmitted delayed by
T TS trq + tfg; see Formula (6
[EPL-CT 36].5 _ Transmitted delayed by
Frur > (1 - Frs) tr3 + tr3; see Formula (5
" 18,0V/18,6 V 18V -
R rar 1) [ e
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Table 67 (continued)
Viur: VRec_ s/ -
EPL-CT-TC - F R d R
[Vsup/VBarl Vpull-up TS 1sing eqge BUS
[EPL-CT 36].7 _ Transmitted delayed by
Fur (1 - Frs) tr3 + tr3; see Formula (5
[EPL-CT 36].8 7oV/80Vv 7oV T itted delayed b
- . ransmitted delayed by
Fiur > (1 +Frs) tr4 + tgg; see Formula (6
[EPL-CT 36].9 B Transmitted delayed by
Fur (1 -Frs) tr3 + tf3; see Formula (5
14,0 V/14.6 V 14V 1kQ (0,1 %)
[ERL-CT 36].10 Frur  (1+ Frg) | [T20SmITted delayed by
i TS tr4 + tfg; see Formula (6
[ERL-CT 36].11 B Transmitted delayed by
Fur (1 - Frs) tr3 + tf3; see Formulafb
18,0V/18,6 V 18V -
[EHL-CT 36].12 Frur * (1 + Fror) Transmitted delayed by
IuT TOL trq + tig; see Formula (6
BIT|3 falling/rising edges transmitted delay:
1 1
(0,417><2><—J——
¢ -t = LBUS_rec(min) ~ tBIT| B ‘(D3_min x2x tBIT)_ Cpif ‘ B Frs ) Frg 5)
BB 2 | ‘ 2 ‘ 2
BIT|4 falling/rising edges transmitted delay:
1 1
[0,590><2><—J——
. |*BUS_recmax) ~ tBIT | B ‘(D4_min X2x gy ) ~ iy ‘ ~ Frs ) Frg ¢
6.5{7.3 [EPL-CT 37] Propagation delay at 20,0 kbit/s
Figlire 37 shows the test configuration of the test system “Propagation delay at 20,0 kbit/s”.
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Figure 37 — Test system: Propagation delay‘at 20,0 kbit/s

Table 68 dé¢fines the test system “Propagation delay at 20,0.kbit/s”.

Table 68 — Test system: Propagation delay at 20,0kbit/s

IUT node gs Class C device as master [EPLCT 37].1 - [EPL-CT 37].6
Class C device as slave [ERL-CT 37].7 - [EPL-CT 37].12

Initial state Operational conditions:
Viut: [Vsup/VBat] See Table 69
Vbom_Ts ov
VRec_TS/VPull-up See Table 69

Test steps For masterdYTs and slave IUTs without making use of synchronization, a LIN communication
is establishied between the test system and the IUT.
The WTbit rate FiyT is measured (master bit rate in synch field, between falling edge of sfart
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possjble
forvalues 4016 to 7F16). For slave IUTs with making use of synchronization, Fyyr is set tofthe
nominal bit rate (i.e. 19,2 kbit/s).
The test system bit rate is adjusted to Frgs as defined in Table 69. Frg is 2 % for master [JTs
and-stave g s withewtmalking use-of synehronizationand-0:5-Yo-for-stave o Fs-with-maling
use of synchronization.
The rising and falling edges of the test system data are sent delayed or in advance as defined
in Table 69

Response 256 consecutive communication cycles are successful.

Reference ISO 17987-4:2016, Table 12, Param 27, 28
[SO 17987-4:2016, Figure 5

Table 69 defines the test cases “Propagation delay at 20,0 kbit/s”.
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Table 69 — Test cases: Propagation delay at 20,0 kbit/s

EPL-CT-TC | Viyt: [Vsup/VBaT] ‘\’,ReC—TS/ Frs Rising edge RBus
Pull-up
[EPL-CT 37].1 _ Transmitted delayed by
7,0V/8,0V 70V Fiur > (L= Frs) tr1 + tr1; see Formula (7
[EPL-CT 37].2 ’ ’ ’ Flur  (1+ Frs) Transmitted delayed by
T TS ty2 + tfp; see Formula (8
[EPL-CT 37].3 _ Transmitted delayed by
Frur x (1 - Frs) ty1 + tf1; see Formula (7
14,0V/14,6 V 14V 30 kQ (0,1 %)
[ERL-CT 37].4 Frur x (1 + Frs) Transmitted delayed by
T TS ty2 + tfp; see Formula (8
[ERL-CT 37].5 _ Transmitted delayed by
18,0 V/18,6 V 18V Flur > (L= Frs) tr1 + tr1; see Formula (7
[EHL-CT 37].6 ' ' Fuur x (1 + Fs) Transmitted delayed by
T TS ty2 + tfp; see Fonmula (8
[EHL-CT 37].7 _ Transmitted delayed by
7,0V/8,0V 70V Frr> (- Frs) tr1 + teg§ see Formula (7
[EHL-CT 37].8 ' ' ' Fuur x (1 + Fs) Transmitted delayed by
T TS trg+trz; see Formula (8
[ERL-CT 37].9 _ Transmitted delayed by
Frur x (1 - Fx§) ty1 + tf1; see Formula (7
14,0 V/14,6 V 14V _ 1k (0,1 %)
[ERL-CT 37].10 Frut x (L3 Frs) Transmitted delayed by
T TS ty2 + tf2; see Formula (8
[ERL-CT 37].11 _ Transmitted delayed by
18,0 V/18,6 V 18V Fropx (1 - Frs) tr1 + tf1; see Formula (7
[ERL-CT 37].12 ' ' Flur (1 + Frs) Transmitted delayed by
IuT TS tr2 + tfz; see Formula (8
BIT|1 falling/rising edges transmitted delay:
1 1
[0,396x 2 % —J - —
f —r - LBUS_rec(min) (" PBIT | ~ (Dl_min x2x tBIT)_ Cpir ‘ ~ Frs ) Frs 0
BIT|2 falling/risingedges transmitted delay:
1 1
[0,581 X 2 X —] -—t
e <X - LBUS rec(max) ~ UBIT (DZ_max x2x tBIT) ~tir| Frs ) Frd @
6.5.8 Supply voltage offset
6.5.8.1 Purpose
The purpose of this test is to check the robustness in case of Vgat and ground shift.
6.5.8.2 GND/Vpar shift test — Dynamic
Figure 38 shows the test configuration of the test system “GND/Vpar shift test — Dynamic”.
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Figure 38 — Test system: GND/VpaT shift test — Dynamic
6.5.8.3 [EPL-CT 38] IUT GND shift test — Dynamic — at 20kbit/s
Table 70 de¢fines the test system of “GND shift is applied to the IUT”.
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Table 70 — Test system: GND shift is applied to the IUT

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 38].1 - [EPL-CT 38].4

Initial state

Operational conditions:

VBATTERY See Table 71
VBs_DG 0,1 x VgaTTERY [part of VREc DG/ VPpull-up)
Vb pg 1V [partof VRec_pG/ Vpull-up] (use 0 Vif Drey_Batt is implemented)
VGND_DG 0,03 x VpaTTERY [part of VREC_DG/ VPull-up)
VREC_DG/ VPull-up 0,744 x (VBATTERY - VD_DG - VBS_DG - VGND_DG); See|Figure 38
VboMm_pG 0,284 x (VBATTERY - VD_DG ~ VBS_DG - VaND_D@)nsee Figure 38

VREC.DG
Test system slew rate 1,67 x ————

Cpir

VBs_iuT 0,03 x VgarTERY [part of ViyT]
Vp_1ut See Table 71 [part of ViyT] (use0 V if Drey Batt is implemented)
Viut VBATTERY - VBs_tuT - Vp_fuT~ VGND_IUT; see Figure 38]
VGND_IUT [0,5 x sin(2 x Tt x 5 x&) +0,5] x 0,1 x VBATTERY

5 Hz sinus signalwith offset, [part of Viyr]; see Figyre 38

Teqt steps

19,2 kbit/s).

For master IUTs and slave [UTs without making use of synchronization, a LIN com|
is established between the test system ahd-the IUT.

The IUT bitrate FiyT is measured (master bit rate in synch field, between falling ej{dge of start
bit and bit 7; slave bit rate in data hyte 1, between falling edge of start bit and bi
for values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, Fiyt is set to the nominal bit rate (i.e.

The test system bit rate.is adjusted to Frs as defined in Table 71. FroL, is 2 % for thaster IUTs
and slave [UTs without making use of synchronization, and 0,5 % for slave IUTs with making
use of synchronization.

Imunication

7, possible

Regponse

256 consecutive I[UT communication cycles shall be successful.

Reference

ISO 17987-4:2016, Table 12, Param 27, 28
ISO ¥7987-4:2016, Figure 5

Table 71 defines the test cases of “GND shift is applied to the [UT”.

Table 71 — Test cases: GND shift is applied to the IUT

EPL-CT-T€ Frs VeatTERY |IUT node as Vp ut Rpus
[EHLZCT 3811 | Fue x (1 - Frgy) Class C device as master 30 kQ
’ A 92V Class C device as slave 1kQ

[EPL-CT 38].2 | Fyur x (1 + Froy) Class C dev?ce as master 30 kQ
Class C device as slave 1kQ

Class C device as master 04V 30 kQ

[EPL-CT 38].3 | Flur = (1 ~FroL) 20,7V Class C device as slave 1kQ
[EPL-CT 3814 | Fiur x (1 + Froy) Class C device as master 30 kQ
Class C device as slave 1kQ

6.5.8.4

[EPL-CT 39] Test System GND shift test — Dynamic — at 20 kbit/s

Table 72 defines the test system of “GND shift is applied to the test system”.

© ISO 2016 - All rights reserved
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Table 72 — Test system: GND shift is applied to the test system

IUT node as Class C device as master |[EPL-CT 39].1 - [EPL-CT 39].4
Class C device as slave
Initial state Operational conditions:
VBATTERY See Table 73
VBs_pG 0,03 x VpaTTERY [part of VRec_pG/Vpull-up]
Vb pG 0,4V [part of VREc_DG/ VPull-up] (use 0 Vif Drey_Batt is implemented)
VGND_DG [0,5 xsin(2 xx5xt)+0,5] x 0,115 x VpaT
[partof VREC_DG/VPull-up]
VREC_DG/VPull-up 0,744 x (VBATTERY - VD_DG ~ VBS_DG ~ VGND_DG); see Figure38
VpoM_pG 0,284 x (VBATTERY - VD_DG - VBs_DG - VaND_DG); see Figlre 38|
VREC.DG
Test system slew rate 1,67 x ————
Cair
VBs_1uT 0,1 x VparTERyY [part of ViyT]
Vp_ 1ot See Table 73 [part of Viyr] (use 0 V if DRrev Batt is implemented)
Viur VBATTERY - VBs_iuT - Vp_tuT; see Kigure 38
VGnd_1uT 0,03 x VgaTTERY; see Figure 38
Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communicagion

is established between the test system and the [UT.

The IUT bit rate FyyT is measured (master bit ratein synch field, between falling edge of sfart
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possjble
for values 4016 to 7F1¢).

For slave [UTs with making use of synchronization, FiyT is set to the nominal bitrate (i.e. 19,2 kbif/s).

The test system bit rate is adjustedite Frs as defined in Table 73. FroL, is 2 % for master [UTs
and slave IUTs without making gise of synchronization, and 0,5 % for slave IUTs with maKling
use of synchronization.

Response 256 consecutive [UT communication cycles shall be successful.
Reference IS0 17987-4:2016, Table'10, Param 23

Table 73 dé¢fines the test cases of‘GND shift is applied to the test system”.

Table 73+ Test cases: GND shift is applied to the test system

EPL-CT-T( ETs VeatTERY |IUT node as Vp 1ut RBus
[EPL-CT3P]1 | Eigrx (1 - Frol) Class C device as master 1y 30 kQ
9.2V Class C device as slave 1kQ
Class C device as master 30 kQ

[EPL-CT 3p]2 |Fyt *x (1 + Fror) - - - 1V -
L1455 U devICE dS5 SIdve 1 K2
[EPL-CT391.3 | Fyurx (1 - Fro) Class C device as master . 30 kQ
20,7V Class C device as slave 1kQ
[EPL-CT39].4 | Fyurx (1+FroL) Class C device as master v 30 kQ
Class C device as slave 1kQ

6.5.8.5 [EPL-CT 40] IUT Vpar shift test — Dynamic — at 20 kbit/s
Table 74 defines the test system of “Vpar shift is applied the IUT”.
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Table 74 — Test system: Vgt shift is applied the IUT

IUT node as Class C device as master [EPL-CT 40].1, [EPL-CT 40].2,
Class C device as slave [EPL-CT 40].3, [EPL-CT 40].4
Initial state Operational conditions:
VBATTERY See Table 75
VBs DG [0,5 xsin(2 x x5 xt)+0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset [part of VRec_pa/Vpull-up]
VD DG 1V [partof VRec pa/Vpull-up] (use 0 Vif Drey Battis implemented)
VGND_DG 0,03 x VpaTTERY [part of VRec_pG/Vpull-up]
VREC_DG/VPull-up 0,744 x (VBATTERY -~ VD_DG — VBS_DG - VGND_DG); s€e Figure 38
VDboM_DG 0,284 x (VpaTTERY - VD_DG - VBS_DG - VGND,DG); see Figure 38
Vrec.nG
Test system slew rate 1,67 x ———
Chir
VBS_IuT 0,03 x VaTTERY [part of Viyt]
Vb 1ut See Table 75 [part of Viyf] (use 0 V if Drey Batt is implemented)
Viut VBATTERY - VBs_iuT ~<Vp_[uT; see Figure 38
VGND_IUT 0,1 x VBaTTERY; Se¢Eigure 38
Teqt steps For master IUTs and slave IUTs without making use of synchronization, a LIN communication

is established between the test system and'the [UT.

The IUT bit rate Fiyt is measured (master bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bit 7, possible
for values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, Fiyr is set to the nominal bit rate (i.e{19,2 kbit/s).

The test system bit rate is adjusted to Frg as defined in Table 75. Froy, is 2 % for thaster IUTs
and slave IUTs without inaking use of synchronization, and 0,5 % for slave [UTs with making
use of synchronization:

Response 256 consecutivetlUT communication cycles shall be successful.
Reqerence ISO 17987-4£2016, Table 10, Param 23

Table 75 defines the test(Cases of “Vpar shift is applied the IUT”.

Table 75 — Test cases: Vpat shift is applied the IUT

EPL-CT-TC Frs VeatrTERY |IUT node as Vp_1ut Rpus
Class C device as master 30 kQ

[EPL-CT20]-1 | Fiur < (1~ Frou) 9.2V Class C device as slave 1kQ
[EPE=6F463-2— Froyme f-From) Class C dev?ce as master 30 kQ
Class C device as slave 04V 1kQ

Class C device as master 30 kQ

[EPL-CT 401.3 | Fiyr x (1 - Frou) Class C device as slave 1kQ
[EPL-CT 40].4 | Fyr x (1 + FroL) 207V Class C dev%ce as master 30 kQ
Class C device as slave 1kQ

6.5.8.6 [EPL-CT 41] Test System Vpar shift test — Dynamic — at 20 kbit/s

Table 76 defines the test system of “Vpar shift is applied the test system”.
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Table 76 — Test system: VpaT shift is applied the test system

IUT node as Class C device as master |[EPL-CT 41].1, [EPL-CT 41].2,
Class C device as slave [EPL-CT 41].3, [EPL-CT 41].4
Initial state Operational conditions:
VBATTERY See Table 77
VBs_DG 0,03 x VgarTERY [part of VREc_pG/Vpull-up)
Vb pG 0,4V [partof VREc_pG/Vpull-up] (use 0 Vif Drey_Battis implemented)
VGND_DG 0,1 x VpaTTERY [part of VREC_DG/VPull-up)
VREC_DG/ VPull-up 0,744 x (VBATTERY - VD_DG - VBS_DG -~ VGND_DG); see Figure 38
VpoM_DG 0,284 x (VaTTERY - VD_DG - VBS_DG - VGND_DG); see Figure 38
Test system slew rate 1,67 x VRE&
Cpir
VBs_1uT [0,5 x sin(2 x 1t x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset [part of Viy]
Vp_1uT See Table 77 [part of ViyT] (use 0 Viif Drey Batt is implemented)
Viut VBATTERY - VBs_tuT - Vp_1ut - VGND_IuT; see Figure 38
VGND_1UT 0,03 x VBATTERY; see Figure-38
Test steps For master IUTs and slave [UTs without making use ef.synchronization, a LIN communication

is established between the test system and the [UT:

The IUT bit rate Fryt is measured (master bit nate'in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte 1, hetween falling edge of start bit and bit 7, possjble
for values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, Fjyris set to the nominal bit rate (i.e. 19,2 kbit/s).

The test system bit rate is adjusted to Frs as defined in Table 77. Froy, is 2 % for master IPJTs
and slave IUTs without makinguse of synchronization, and 0,5 % for slave IUTs with maHling
use of synchronization.

Response 256 consecutive IUT communication cycles shall be successful.
Reference ISO 17987-4:2016, Table 10, Param 23

Table 77 de¢fines the test cases af VpaT shift is applied the test system”.

Table-77 — Test cases: Vpar shift is applied the test system

EPL-CTHTC Ers VeaTtTERY |IUT node as Vp_ 1ot RBus

) Class C device as master 30 kQ
[EPL-CT 4111 ¢Fyarr = (1 - Frou) 92V Class C device as slave 1kQ
[EPL-CT A4j2—FrorefirFror) Class C dev%ce as master 30 kQ
Class C device as slave v 1kQ

[EPL-CT 411.3 | Fiyr x (1 - Frou) Class C device as master 30 kQ
Class C device as slave 1kQ

[EPL-CT 41].4 | Fiyr x (1 + Froy) 207V Class C dev%ce as master 30 kQ
Class C device as slave 1kQ

6.5.8.7 [EPL-CT 42] IUT GND shift test — Dynamic — at 10,417 kbit/s

Table 78 defines the test system of “GND shift is applied to the IUT”.
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Table 78 — Test system: GND shift is applied to the IUT

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 42].1, [EPL-CT 42].2,
[EPL-CT 42].3, [EPL-CT 42].4

Initial state

Operational conditions:

VBATTERY See Table 79
VBs_DG 0,1 x VgaTTERY [part of VREc DG/ Vpull-up]
Vb pg 1V [partof VREc_pG/Vpull-up] (use 0 Vif Drey_Batt is implemented)
VGND_DG ov
VREC_DG/ VPull-up 0,778 x (VBATTERY ~ VD_DG - VBS_DG — VGND_DG); seeFjgure 38
VboM_DG 0,251 x (VpaTTERY - VD_DG - VBS_DG — VGND_DG)sSee Flgure 38
VrEC.DG
Test system slew rate 2,18 x —————
Cair
VBs_1uT 0V, [part of ViyT]; see Figure 38
Vp_1ut See Table 79 [part of ViyT] (use.0'V if Drey Batt is imp}emented)
Viut Vpar - VBs_tut - Vp_tuT - VGNp_1uT; see Figure 38
VGND_IUT [0,5 xsin(2 x Tx 5 x t) + 0;5] x 0,1 x VBATTERY
5 Hz sinus signal with/offset, [part of ViyT]; see Figuie 38
Teqt steps For master IUTs and slave [UTs without making use of synchronization, a LIN communication
is established between the test system aridithe IUT. The highest bit rate supported by the [UT
(but a maximum of 10,417 kbit/s) is uséd.
The IUT bit rate FyyT is measured (master bit rate in synch field, between falling eldge of start
bit and bit 7; slave bit rate in data byte 1, between falling edge of start bit and bif 7, possible
for values 4016 to 7F1¢).
For slave IUTs with making use of synchronization, FjyT is set to the nominal bit rate
(i.e. 19,2 kbit/s).
The test system bit rate is adjusted to Frg as defined in Table 79. Frq, is 2 % for thaster IUTs
and slave [UTs without making use of synchronization, and 0,5 % for slave IUTs with making
use of synchrenization.
Regponse 256 consecutive IUT communication cycles shall be successful.
Reference ISO 17987-4:2016, Table 10, Param 23
Ta blg 79 defines theltest cases of “GND shift is applied to the IUT”.
Table 79 — Test cases: GND shift is applied to the IUT
EPL-CT=TC Frs VeaTTERY |IUT node as Vb 1ut Rpus
Class C device as master 30 kQ
[EPL=CT 4211 | Frur > (1 - Frou) Class-C-device-asslave 1kQ
9,2V
[EPL-CT 42].2 | F (1+ Fron) Class C device as master 30 kQ
- . x (1+
T ToL Class C device as slave 04V 1kQ
[EPL-CT 42].3 | F (1 - FroL) Class C device as master ’ 30 kQ
- . X -
1T ToL 207V Class C device as slave 1kQ
[EPL-CT 42].4 |F (1+ Frou) ’ Class C device as master 30 kQ
- . x (1 +
1T ToL Class C device as slave 1kQ
6.5.8.8 [EPL-CT 43] Test System GND shift test — Dynamic — at 10,417 Kkbit/s
Table 80 defines the test system of “GND shift is applied to the test system”.
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Table 80 — Test system: GND shift is applied to the test system

IUT node as Class C device as master |[EPL-CT 43].1, [EPL-CT 43].2,
Class C device as slave [EPL-CT 43].3, [EPL-CT 43].4
Initial state Operational conditions:
VBATTERY See Table 81
VBs_pG ov
Vb pG 0,4V [partof VRgc_pG/Vpull-up] (use 0 Vif Drey_Battis implemented)
VGND_DG [0,5 x sin(2 x 1t x 5 x t) + 0,5] x 0,1 x VBATTERY
[partof VREC_DG/VPull-up]
VREC_DG/ VPull-up 0,778 x (VBATTERY - VD_DG — VBS_DG — VGND_DG); see Figure'88
VpoM_bG 0,251 x (VBATTERY - VD_DG - VBS_DG — VGND_DG)
[part of VREc_DG/VPpull-upl; see Figure 38
VREC.DG
Test system slew rate 2,18 x ————
Cpir
VBs_iut 0,1 x VgarTERY [part of ViyT]
Vp_1uT See Table 81 [part of ViyT] (use 0 ¥~if Drev Batt is implemented)
Viur VBATTERY — VBs_1uT - Vp_1uT >Vénp_1uT; see Figure 38
VGND_IUT 0V [part of ViyT]; see Figute 38
Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communicagion

is established between the test system and the IUT>The highest bit rate supported by the [UT
(but a maximum of 10,417 kbit/s) is used.

The IUT bit rate Fyyt is measured (master.bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data byte;1¢between falling edge of start bit and bit 7, possjble
for values 4016 to 7F1¢).

For slave IUTs with making use of synchronization, Fjyris set to the nominal bit rate (i.e. 19,2 kbit/s).

The test system bit rate is adjusted to Frs as defined in Table 81. Frqy, is 2 % for master I Ts
and slave IUTs without making use of synchronization, and 0,5 % for slave IUTs with maNing
use of synchronization.

Response 256 consecutive IUT{communication cycles shall be successful.
Reference ISO 17987-4:2016,Table 10, Param 23

Table 81 de¢fines the test casés-of “GND shift is applied to the test system”.

Tablé81 — Test cases of: GND shift is applied to the test system

EPL-CTTC Frs VeaTtTERY |IUT node as Vp 1ot Rpus|
Class C device as master 30 k(]

[EPL-CTH3LE | Furx (1 -Frou) ... |Class C device as slave 1 kQ
[EPL-CT43].2 | Fuur x (1 + Fro) et Class C dev%ce as master 30 kQ
Class C device as slave v 1kQ

Class C device as master 30 kQ

[EPL-CT 43].3 Frur x (1 - Frou) Class C device as slave 1kQ
[EPL-CT 43].4 | Fuyr x (1 + Fro) 207V Class C dev%ce as master 30 kQ
Class C device as slave 1kQ

6.5.8.9 [EPL-CT 44] IUT Vgar shift test - Dynamic - at 10,417 Kbit/s

Table 82 defines the test system of “Vpar shift is applied the IUT”.
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Table 82 — Test system: Vpat shift is applied the IUT

IUT node as

Class C device as master

Class C device as slave

[EPL-CT 44].1, [EPL-CT 44].2,
[EPL-CT 44].3, [EPL-CT 44].4

Initial state

Operational conditions:

VBATTERY See Table 83
VBs_DG [0,5 xsin(2 xtx5xt)+0,5] x 0,1 x VBATTERY
(5 Hz sinus signal with offset) [part of VRec_pa/Vpull-up)
Vb bg 1V [partof VRc_pG/Vpull-up] (use 0 Vif Drey_Batt is implemented)
VGND_DG UV [partol VREc_DG/VPull-up]

VREC_DG/ VPull-up 0,778 x (VBATTERY - VD_DG - VBS_DG — VGND_DG);-s€e Fjgure 38
VDOM_DG 0,251 x (VpaTTERY - VD_DG - VBS_DG — VGND_DG);See Flgure 38
VREC DG
Test system slew rate 2,18 x ————
Cair
VBs_1uT 0V [part of Viyt]
Vp_ 1ot See Table 83 [part of Viyr] (use 0 V if Drev Batt is impjemented)
Viur VBATTERY — VBs_1uT - Vp_fur - Venp_1uT; see Figure 3§
VGND_IUT 0,1 x VpaTTERY; SeeFigure 38
Tedt steps For master IUTs and slave IUTs without makingluse of synchronization, a LIN communication
is established between the test system and. the IUT. The highest bit rate supported by the IUT
(but a maximum of 10,417 kbit/s) is used,
The IUT bit rate FyyT is measured (master bit rate in synch field, between falling edge of start
bit and bit 7; slave bit rate in data.byte 1, between falling edge of start bit and bif 7, possible
for values 4016 to 7F1¢).
For slave IUTs with making useof synchronization, Fjyr is set to the nominal bit rate (i.e|19,2 kbit/s).
The test system bit rate-is:adjusted to Frs as defined in Table 83. FroL is 2 % for thaster IUTs
and slave IUTs withputimaking use of synchronization, and 0,5 % for slave IUTs with making
use of synchronizatien.
Regponse 256 consecutive lUT communication cycles shall be successful.
Reference ISO 17987+4:2016, Table 10, Param 23
Table 83 defines the test\cases of “VpaT shift is applied the [UT”.
Table 83 — Test cases of: Vpat shift is applied the IUT
HPL-CT-TE Frs VgaTTERY |IUT node as Vp ot Rpus
[EPL-CTo44].1 | F (1 - FroL) Class C device as master 30 kQ
- . X —
1T ToL 92V Class C device as slave 1kQ
! Class C device asmaster 30 kQ
EPL-CT 44].2 [Fiyrx (1 +F
[ ] T ( ToL) Class C device as slave 04V 1kQ
[EPL-CT 44].3 | F (1 - Fron) Class C device as master ' 30 kQ
- . X -
T T 207V Class C device as slave 1 kQ
[EPL-CT 44].4 | F (1+ Fron) ’ Class C device as master 30kQ
- . x (1 +
T oL Class C device as slave 1kQ
6.5.8.10 [EPL-CT 45] Test System VT shift test - Dynamic - at 10,417 kbit/s
Table 84 defines the test system of “Vpar shift is applied to the test system”.
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Table 84 — Test system: Vgat shift is applied to the test system

IUT node as Class C device as master |[EPL-CT 45].1, [EPL-CT 45].2,
Class C device as slave [EPL-CT 45].3, [EPL-CT 45].4
Initial state Operational conditions:
VBATTERY See Table 85
VBs_ DG 0V [part of VRec_pG/ Vpull-upl
Vb pG 0,4V [partof VRgc_pG/Vpull-up] (use 0 Vif Drey_Battis implemented)
VGND_DG 0,1 x VgaTTERY, [Part of VRec_pG/Vpull-upl
VREC_DG/ VPull-up 0,778 x (VBATTERY - VD_DG - VBs_DG - VGND_DG); see Figure 38
VpoM_DG 0,251 x (VgaTTERY - VD_DG - VBS_DG - VGND_DG); see Figue 38
VrEC.DG
Test system slew rate 2,18 x ————
Cpir
VBs_1uT [0,5 x sin(2 x x5 x t) +0,5] x 0,1 x VBATTERY
(5 Hz sinus signal with offset) [part of Vyr]
Vp 1t See Table 85 [part of ViyT] (use 0 V,ifDgev Batt is implemented)
Viur VBATTERY - VBS_1uT - Vp_1uT - VenNDJiuT; see Figure 38
VGnd_1uT 0V [part of Viyr]; see Figure3¢
Test steps For master IUTs and slave IUTs without making use of synchronization, a LIN communication

is established between the test system and the IUT, The highest bit rate supported by the [UT
(but a maximum of 10,417 kbit/s) is used. The [UT bit rate FjyT is measured (master bit fate
in synch field, between falling edge of start bitand bit 7; slave bit rate in data byte 1, betwgen
falling edge of start bit and bit 7, possible for values 4014 to 7F1¢). For slave IUTs with maKing
use of synchronization, Fiyr is set to the pominal bit rate (i.e. 19,2 kbit/s).

The test system bit rate is adjusted to Frrs as defined in Table 85. Froy, is 2 % for master I Ts
and slave IUTs without making use«of'synchronization, and 0,5 % for slave IUTs with maKing
use of synchronization.

Response 256 consecutive IUT communication cycles shall be successful.
Reference ISO 17987-4:2016, Table 10, Param 23

Table 85 dé¢fines the test cases of “Vgar shift is applied to the test system”.

Table 85 —CFest cases of: Vpar shift is applied to the test system

EPL-CTHTC Fqs VBaTTERY |IUT node as Vp_1ut Rpus|
[EPL-CT45].1 | Fus 11 - FroL) Class C dev%ce as master 30 k(]
92V Class C device as slave 1kQ

[EPL-CT 4513 Fyur x (1 + FroL) Class C dev?ce as master 30 k(]
Class C device as slave . 1kQ

Class C device as master 30 kQ

[EPL-CT45]3 | Fur < (1 -FroL) 20,7V Class C device as slave 1kQ
[EPL-CT 45].4 | Fyur x (1+ FroL) Class C deVTce as master 30 kQ
Class C device as slave 1kQ

6.5.9 Failure

6.5.9.1 Purpose

The purpose of this test is to check whether some parasitic reverse currents are flowing into the IUT.
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Figure 39 shows the test configuration of the test system “Loss of battery”.

9.2 [EPL-CT 46] Loss of battery

1

Remote Controlled
Power Supply 1

Vps1
1

1

ISO 17987-7:2016(E)

Under Test

Viur: [Vsup / Vgarl

Implementation

RwmEeas

LIN

Measurement

€1

Figure 39 — Test system: Loss of battery

Table 86 defines the test system “Loss of battery”.

Table 86— Test system: Loss of battery

IUT node as Class C device as master [EPL-CT 46].1
Class C deviee'as slave
Initial state Parameters:
RMEAS 10 kQ (0,1 %)
Operational conditions:
Viut: [Vsup/VBat] = GND
Failure Loss of battery
0<Vps1 <18V
Tedt steps The power supply is disconnected from the IUT VjyT PIN.
Vpgy = Signalwitha 2 V/srampintherange [0 Vto 18 V] up and down
Response During all test, no parasitic current paths shall be formed between the bus line and the IUT.
Igys shall be less than 100 pA, means 1 V voltage drop over Rygas = 10 kQ.
After reconnecting battery line, the IUT shall restart after failure recovery.
Reference ISO 17987-4:2016, Table 10, Param 16
6.5.9.3 [EPL-CT 47] Loss of GND

Figure 40 shows the test configuration of the test system “Loss of GND”.

© ISO 2016 - All rights reserved

75


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vps1 Vps2
1 1

Viur: [Vsup / Veartl
RMEas
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Under Test =™

GND

Measurement

€1

Figure 40 — Test system: Loss of GND

Table 87 d¢fines the test system “Loss of GND”.

Table 87 — Test systém: Loss of GND

IUT node gs Class C device as slave [EPL~CT 47].1

Initial stafle Parameters:
RMEAS 1kQ (0,1 %)
Operational conditions:
ViuT: [Vsup/Vear] Viur=Vps1 =12V
GNp_1uT = VIuT Local GND shorted to Viyr
Failure Loss of ground

Test steps The ground'is disconnected from the IUT.

Vpsp = Signal with a 2 V/s ramp in the range [0 V to 18 V] up and down.

Buring all test, no parasitic current paths shall be formed between the bus line and the IJUT.

Response Igys shall be included in +1 mA, means 1 V voltage drop over Rygas = 1 kQ.

After reconnecting ground line, the IUT shall restart after failure recovery.
Reference [SO 17987-4:2016, Table 10, Param 15

6.5.10 [EPL-CT 48] Verifying internal capacitance and dynamic interference — IUT as slave

The purpose of this testis to check the internal capacitance of the IUT under normal and fault conditions.
The IUT shall not interfere dynamically with bus signals when it is in passive (non-transmitting) or
unpowered state.

Figure 41 shows the test configuration of the test system “Verifying internal capacitance and dynamic
interference — IUT as slave”.
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Pulse Generator
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‘ Input Trigger
s2 /
GND Measurement.
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[

Fighire 41 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

Table 88 defines the switch settings depending on IUT configuration.

Table 88 — Switch settings depending on IUT configuration

Swijtch Setting decription

S3 Normally closed. In case where IUT hasiswitchable and deactivated internal pull-up (efg. in power
loss conditions), open S3.

S4 Normally closed. In case where TUT is a 3-pin node or ECU, where reverse polarity pfotection is
included in IUT, open S4.

S54/B In case where IUT is connected by a wire harness. During reference measurement, close bpth S5A and
S5B and disconnect IUT from harness, so the harness capacitance is accounted for in thg reference.

Table 89 defines the test system/Verifying internal capacitance and dynamic interference — IUT as slave”.

Table 89 — Test systéni:'Verifying internal capacitance and dynamic interference — IUT as slave

IUT node as

Class C device as slave

[EPL-CT 48].1, [EPL-CT 48].2, [EPL-CT 48].3

Initial state Parameters:
Rcommon 1kQ (0,1 %)
CCOMMON 750 pF (1,5 nF + 1,5 nF in series) (1 %)
RREF 30 kQ (0,1 %)
CREF 250 pF (100 pF || 150 pF parallel) (1 %)

Operational conditions:

ViuT: [Vsup/VBarl]

14V
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Table 89 (continued)

IUT node as Class C device as slave | [EPL-CT 48].1, [EPL-CT 48].2, [EPL-CT 48].3
Test steps The LIN Bus is driven with a 10 kHz rectangular signal with a duty cycle of 50 %.

Rise time <20 ns. Slope time measurements are done at 10 %, 90 % of slope voltage.
S5B closed: Measuring rise time Trgp on a known capacitance of 250 pF + 750 pF.

S5A closed: Measuring rise time Tjn with the IUT internal capacitance + 750 pF.

Response Csrave shall be less than or equal to 250 pF: Tip < TRER
The IUT shall not interfere with the dynamic stimulus.
Reference ISO 17987-4:2016, Table 20, Param 37

ISO 17987-4:2016, 5.3.9.2

”

Table 90 ddfines the test cases “Verifying internal capacitance and dynamic interference ~-1UT as sldve”.

Table 90 1— Test cases: Verifying internal capacitance and dynamic interferencé — IUT as slave

EPL-CT-T( Condition S1 S2
[EPL-CT 48].1 Normal power supply [UT shall be in normal mode. Vps GNI
[EPL-CT 4B].2 IUT loss of GND (IUT GND shorted to power supply). Vps Vpg
[EPL-CT 4B].3 IUT loss of Vps [IUT ViuT: (Vsup/VBat) shorted to GNDJ. GND GNII

6.6 Operation mode termination

6.6.1 Gejneral

An externdl resistor Rypeas is switched to the LIN piny To get the value of the internal resistor, curfent
and voltagg shall be measured. These values are«gathered for two different settings, and the intefnal

resistancefis calculated using Formulae (1), (2);(3) and (4).

Figure 42 dhows the test configuration of the/test system “Operation mode”.

Reniote Controlled
Rower Supply
Vps

%\

Viur: [Vsup / Vearl i LIN Imeas1/2
Implementation ., i *—>
Under Test Y

GND

L

Rmeasl /2

Measurement

£

Figure 42 — Test system: Operation mode
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6.6.2 [EPL-CT 49] Measuring internal resistor — IUT as slave

Table 91 defines the test system “Measuring internal resistor — IUT as slave”.

Table 91 — Test system: Measuring internal resistor — IUT as slave

IUT node as Class C device as slave [EPL-CT 49].1

Initial state Parameters:
Rmeas1 10 kQ (0,1 %)
Rimeas 20k0 (0,1 %)
Operational conditions:
Viut: [Vsup/Vaat] 14V

Tedt steps The IUT shall be in operational/active mode. There is no communication en the ILIN bus.
Ifthe IUT incorporates a bus dominant state timeout detection, which'disables the¢ IUT’s pull-
up resistor, the measurement shall take place before a timeoutis-detected.

Reg§ponse Rint value shall be included in the range [20 kQ; 60 kQ]; see Formula (4).

Reference ISO 17987-4:2016, Table 11, Param 26

6.6)3 [EPL-CT 50] Measuring internal resistor — IUT as master

Tabje 92 defines the test system “Measuring internal resiste)—< [UT as master”.

Table 92 — Test system: Measuring internal resistor — IUT as master

IUT node as Class C device as master [EPL-CTF50].1
Initial state Parameters:
Rmeas1 1TkQ (0,1 %)
Rmeas? 2k (0,1 %)
Operational conditions:
Viut: [Vsup/Vear] 14V
Tedt steps The IUT shall.be in operational /active mode. There is no communication on the ILIN bus.

If the IUT\incorporates a bus dominant state timeout detection, which disables th¢ IUT’s pull-
up resistor, the measurement shall take place before a timeout is detected.

Re§ponse Rintwvalue shall be included in the range [900 ; 1 100 kQ]; see Formula (4).
Rneas1 = 1 kQ (0,1 %); Rmeas2 = 2 kQ (0,1 %).
Reference [SO 17987-4:2016, Table 11, Param 25

6.7| Static test cases

Thd.metivation of static test cases is to check the availability and the boundaries in the dhtasheet of
the IUT.

For all integrated circuits, every related parameter in Table 93 shall be part of the datasheet and fulfil
the specified boundaries in terms of physical worst case condition. Datasheet parameter names may
deviate from the names in Table 93, but in this case, a cross-reference list (datasheet versus Table 93)
shall be provided for this test. Parameter conditions may deviate from the conditions in Table 93, if the
datasheet conditions are according to the physical worst case context in Table 93 at least.

If one parameter does not pass this test, the result of the whole conformance test is “Failed”.
See IS0 17987-4:2016, Table 8, Table 10, and Table 20.

Table 93 defines the test system “LIN static test parameters for datasheets of integrated circuits”.
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Table 93 — Test system: LIN static test parameters for datasheets of integrated circuits

Conformance test
No Reference Parameter Min. Max. Unit Comn_lelnt/ Valid for Is passed if value is
condition
< =
1. Param 6 tBFS — 2/16 tBIT Value of accuracy of the | All devices Max. —
byte field detection
2. Param 7 tEBS 7/16 tBIT Earliest bit sample All devices — Min.
time,tggs < tLBS
3. Param 8 tLBS — 10/16 tRIT Latest bit sample, All devices Max. —
tLBS 2 tEBS
TgiT - tBFS
NS
4., Pararh 9 VBard 8,0 18,0 \% ECU operating voltage |All devices with Min. May.
range integrated reverse- .q/
polarity diode /\ .
/\'
(%2
A\
5. Paran] 10 Vsuypb 7,0 18,0 \ Supply voltage range All devices without | % Min Maj
integrated reversq\
polarity diode g
— -
6. Paran] 11 Vsup_NON_oOP -0,3 40,0 \'% Voltage range within All dev%s\ Min. May.
which the device is not O
destroyed; no guaran- Q
tee of correct 0peration<0
S
7. Param] 82 VBUS_MAX_RAT- -27,0 40,0 \'% Voltage rangeﬁ/%hin All devices Min. May.
INGS which th ice is not
destroy o guarantee
of corzéct operation
A\Q)
(V3
8. Param] 12 Igus_LIM® 40 200 %’\' Current limitation for All devices with Max. Min.
. C) driver dominant state |integrated LIN
.\\ driver on transmitter
( 1) VBus = VBAT_maxd
N\ . . .
9. Paran] 13 IBUS_PAS_dom -1 O— mA Input leakage current All devices with — Mii].
C) at the Receiver incl. integrated slave
. slave pull-up resistor as | pull-up resistor
C) specified in Param 26
\% driver off
% Vgys=0V
<> Var=12V
10. Paran] 14 @_pAs_rec — 20 pHA Driver off All devices Max. —
&j 8V <Vgar<18V
% 8V< VBUS <18V
VBus > VBat
11. Param 15 IBUS_NO_GND -1 1 mA Control unit disconnect- | All devices Max. Min.
ed from ground
GNDpevice = Vsup
0V<Vpys<18V
Vear=12V
Loss of local ground
shall not affect commu-
nication in the residual
network.
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Conformance test
No Reference Parameter Min. Max. Unit Comn'le.nt/ Valid for Ispassed ifvalue is
condition
< =
12. Param 16 IBUS_NO_BAT — 100 HA Vpat disconnected All devices Max. —
Vsyp=GND
0<Vgys<18V
Node shall sustain the
current that can flow
under this condition.
Brs-sheat-rerrath
operational under this %
condition. r\
'A 2]
13. Param 17 VBUS_dom — 0,4 Vsup Receiver dominant All devices wi \ — Max
state integrated
receiver/\
N
14. Param 18 VBUS_rec 0,6 — Vsup Receiver recessive state | Al ices with Min —
i ted LIN
x\ iver
k\
15 || Pparam19 Veus.cont | 0475 0,525 Vsup | Vpus.ont= O Al devices with Max Min
(Vth_dom * Vth 2e integrated LIN
O receiver
16. Param 20 Vyys — 0,175 Vsup Vhys = \%re\c - Vih_dom |All devices with Max. —
5\0. integrated LIN
@ receiver
oS
17. Param 27 D1 0,396 — — HRec(- All devices with — Min
$ max) = 0,744 x Vsup; integrated LIN
(Duty . transmitter
Cycle 1) \Q) THpom(-
N\ may =0,581 x Vsyp; | D1 valid for
O 20 kbit/s
\ Vsyp=7,0Vto18V;
\b tgiT = 50 ps;
\\CJ D1 = tBus_rec(min)/
C) (2 x tgir)
\M
18. Param 28 D2 e\ 0,581 THRec(min) = All devices with Max. —
( ) 0,422 x Vsyp; integrated LIN
(Duty transmitter
Cycle 2) N THDom(min) =
% 0,284 x Vsyp; D2 valid for
N\ 20 kbit/s
% Vsyp=7,6Vto18V;
0 tgiT = 50 ps;
Q‘ D2 = tBus,rec(max)/
VN (2 x tpiT)
A\
19. &W9 D3 0,417 — — THRec(- All devices with — Min
max) = 0,778 x Vsyp; integrated LIN
% (Duty transmitter
Cucle Q) Tl—lu rt
max) = 0,616 x Vsyp; D3 valid for
10,417 kbit/s
Vsyp=70Vto18V;
teiT =96 us;
D3 = tBus_rec(min)/
(2 x taiT)
20. Param 30 D4 — 0,590 — THRec(min) = 0,389 x Vsyp; | All devices with Max. —
integrated LIN
(Duty THpom(min) = 0,251 x VSup; | transmitter
Cycle 4)
Vsup=7,6Vto18V; D4 valid for
tpiT = 96 ps; 10,417 kbit/s
D4 = tus_rec(max)/
(2 x tgir)
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Table 93 (continued)

Conformance test
No Reference Parameter Min. Max. Unit Comn_le'nt/ Valid for Is passed ifvalue is
condition
< =
21. Param 31 trx_pd — 6 us Propagation delay of All devices with Max. —
receiver integrated LIN
receiver
22. Param 32 trx_sym -2 2 us Symmetry of receiver All devices with Max. Min
propagation delay integrated LIN
rising edge with respect | receiver
to falling edge
23. Param] 26 RsLAVE 20 60 kQ The serial diode is All devices with Max. Min
mandatory. integrated slave
pull-up resistor
24. Param] 25 RMASTER 900 1100 9] The serial diode is All devices with Max. Mi
mandatory. integrated master;
pull-up resistor
Only for valid for trans-
ceiver with integrated
master pull-up resistor
25. Param] 37 CSLAVE — 250 pF Capacitance of slave AII'LIN slave Max. —
node dévices
26. 6.3.141 LIN device — — — Al LIN device state All devices — —
states changes changes on conditiohal
events (e.g. temperature
shut-down)shall be
specifiedfimthe LIN
device.datasheet.
27. — LIN transceiver — — — A maximum LIN trans- — —
input capaci- ceiver input capacitance
tance shall be specified in the
LIN device datasheet.
Please consider the
datasheet limits (e.g.
voltage, temperature).

a Vpar denotes|
IS0 17987-4:—

b Vgsyp denotes
IS0 17987-4:20)

¢ Igys: Current

d Atransceive
possible damag]

€ Vih dom: rece

5.3.2).

16,5.3.2).

flowing into théynode.

b

the supply voltage at the confiector of the control unit and may be different from the internal supply Vsyp for electronic components (sg

the supply voltage atthetransceiver inside the control unit and may be different from the external supply Vgar for control units (see

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 avp

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

[}

id

7 EPL 24 V LIN devices with RX and TX access

This clause addresses class A and class B devices.

82
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7.1 Test specification overview

7.1.1 Test case organization

ISO 17987-7:2016(E)

The intention of each test case is described at first, with a short textual explanation. Before tests are
executed, the test system shall be set to its initial state as described in 7.2.

The test procedure and the expected results are described in the form of a chart for each test case. The
table below is a typical test description.

Table 94 defines the test case organization.
Table 94 — Test case organization
IUT node as Class A/B/C device as mas- |Corresponding test number TC x, TC y, where X, y are|the test
ter or slave or both case number
Initial state Parameters:

Number of nodes number of node in the test implementation

Bus loads in order to simulate a LIN network

Operational conditions:

IUT mode Operation mode for the IUT (e.g. normal mode, low ppwer
mode, ...).

TX signal State of TX pin at the beginning of the test.

RX signal Logical outputvoltages of the Rx pin corresponding o reces-
sive/domindnt level at the LIN pin are taken from thq datasheet
of the [UT

VBat, Vsup, Viut, Vec, Valuein Volt

Vps1/2, VBUS

Failure In order to set failure at

GND Shift Value in Volt

Teqt steps Describe the test stages.

Re§ponse Describe the result expected in order to decide if the test passed or failed.

Reference Correspondirig humber in ISO 17987-4.

[IUT|may be a master or slaye ECU or an individual transceiver chip. The RX, TX and Vsyp signls shall be
accessible for proper test execution. It is recommended to test with RX/TX access, if not possjble testing
according the specification without RX/TX access (see Clause 6) is accepted. Depending on [the type of
[UT} the supply voltage is Vpat for ECU or Vsyp for a chip called ViyT in this description.

7.1{2 Measurement and signal generation — Requirements

Tab

e95.defines the measurement and signal generation — Requirements.

© ISO 2016 - All rights reserved
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Table 95 — Measurement and signal generation — Requirements

Signal generation: Rise/Fall time 40ns
Frequency 20 ppm
Jitter <30 ns
Signal measurement: Dynamic signals: Oscilloscope 100 MHz
Rise time <3,5ns
Static signals: DC voltage 0,5%
DC current 0,6 %
[ Resistance 0,59
Power Suplply Resolution 10 mV/1 mA
(VBat, Vsug ViuT, Vec, Accuracy 0,2 % of value
Vps1/2, VBup)

7.2 Operational conditions — Calibration

7.2.1 Elg

The initial
specified W

Table 96 dg

7.22 [E]

This test s

ctrical input/output, LIN protocol

fines the initial state of electrical input/output.

Table 96 — Initial state of electrical input/output

configuration for each test case is defined here. Any requireménts for individual tests|are
rith the test case.

Initial state |Parameters:

Number of nodes

Bus loads

Operational conditions:

IUT mode Set to normal/active mode
TX signal Recessive

Vat, VsupViuT, Vee, Vesi/2, Veus |Specified for each test
Failute No failure

GNDJshift ov

PL-CT 51] Opérating voltage range

dominant

Figure 43 phows the test configuration of the test system “Operating voltage range with RX and

access for 24.Y LIN systems”

hall ensure'the correct operation in the valid supply voltage ranges, by correct receptiop of
its. TheNUT is therefore supplied with an increasing/decreasing voltage ramp.

TX

84
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Remote-Controlled
Power Supply
Vps

T

Viut: [Vsup / Vearl

Implementation

Under Test
— RX LIN

—@— Pulse Generator

ISO 17987-7:2016(E)

GND

€L

Measurement

£

Tabje 97 defines the test system “Operating voltage range with*RX and TX access”.

€L

Figure 43 — Test system: Operating voltage range with RX and TX access

Table 97 — Test system: Operating voltage range with RX and TX access

IUT node as Class B device as master or slave

Class A device

[EPL-CT 51].1, [EPL-CT 51].2

Initial state Operational conditions:
ViuT: [Vsup/VBar] Table 98
Tedt steps A voltage ramp is set'on the Vsyp/Vpar as defined on Table 98. For BR_Range_20K 24 V LIN

system the LIN signal is driven with a 10 kHz rectangular signal with a duty cycle of 50 %,
a voltage swingof 36 V and a rise/fall time of 40 ns. For BR_Range_10K 24 V LINsystem the
LIN signal isdriven with a 5,2 kHz rectangular signal with a duty cycle of 50 % gnd a volt-
age swing of 36V and a rise/fall time of 40 ns. The IUT shall be in operational/active mode

Re§ponse For BR_Range_20K 24 V LIN system the RX pin of the [UT shall show the 10 kHz $ignal and
for<BR) Range_10K 24 V LIN system the RX pin of the IUT shall show a 5,2 kHz signal. A
maximum deviation of 10 % (time, voltage) is allowed (see Figure 2).

Reqerence ISO 17987-4:2016, Table 15, Param 7, Param 8, Param 52, Param 53

trigger point

FigJJre 44 shhows the RX response of the test system “Operating voltage range”.

| At=210 % tgrr (5 ps at 20 kbit/s)

v

S

N

NN
OANNNANAN

A

2xtgrr (100 ps at 20 kbit/s)

Figure 44 — RX response of test system: Operating voltage range
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Table 98 defines the test cases for “Operating voltage ramp”.

Table 98 — Test cases: Operating voltage ramp

EPL-CT-TC Viut range: [Vsyp range/VgaT range] Signal ramp Test

[EPL-CT 51].1 [15,0Vto 36 V]/[16,0 Vto 36 V] 0,1V/s BR_Range_20K test
[EPL-CT 51].2 [36 Vto 15,0 V]/[36 Vto 16,0 V] 0,1V/s BR_Range_20K test
[EPL-CT 51].3 [70Vto36V]/[8,0Vto36V] 0,1V/s BR_Range_10K test
[EPL-CT 51].4 [36 Vto 7,0V]/[36 Vto 8,0 V] 0,1V/s BR_Range_10K test

7.2.3 Threshold voltages

7.2.3.1 eneral

This group of tests checks whether the receiver threshold voltages of the IUTcaré implemented
correctly within the entire specified operating supply voltage range. The LIN bus yoltage is driven with
a voltage 1famp, checking the entire dominant and recessive signal area with-respect to the appllied

supply volfage. In 7.2.3.2 and 7.2.3.3, the signal shall stay continuously on recessive or dominant |

bvel

depending|on the test case. In 7.2.3.4, the RX output transition is detected. Eigure 45 shows the triangle

signal on the LIN bus.

period T =1/f

I amplitude
p
| (signal range)

Y .

frenquency f = 20 Hz
symmetry: 50 %

Figure 45 — Triangle signal on the LIN bus

7.2.3.2 [EPL-€T 52] IUT as receiver: Vsyp at Veys_dom (down)

(o : )

Figure 46 s i i —dom
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Remote Controlled

Power Supply
Vps

L

RX

Viut: [Vsupl

Implementation

Under Test

LIN

ISO 17987-7:2016(E)

Pulse Generator

Tabje 99 defines the test system “IUT as receiver Vsyp@t Vgus_dom (down)”.

GND

€

Measurement

1

Figure 46 — Test system: IUT as receiverdsyp at Vgys_dom (down)

Table 99 — Test system: IUT as receiver Vsyp at Veys_dom (down)

1

IUT node as

Class A device

[EPL-CT 52].1, [EPL-CT 52].2, [EPL-CT 52].3

Initial state

Operational conditions:

1SO\17987-4:2016, Figure 4

ViuT: [Vsup] Table 100
Tedt steps A triangle signal with f = 20 Hz and symmetry of 50 % is set on the LIN Bus (see|Figure 45).
Resgponse The IUT shall'generate a dominant or recessive value on RX as defined on Table|100 during
the falligg slope of the triangle signal.
Reference ISO 17987-4:2016, Table 15, Param 62, Param 63

Tabje 100 defin€s‘the test cases for the falling slope of the triangle signal on the LIN bus.

Table 100 — Test cases: Falling slope of the triangle signal on the LIN bus

EPL-ET-TC Viut: [Vsup] Signal range Expected RX signal Test
[36 V104,27 V] TECessIve BR_Range_10KTest
[EPL-CT 52].1 7V -

[2,8Vto-1,05V] dominant BR_Range_10K test

. BR_Range_20K,
[36Vto9,0V] recessive BR_Range 10K test

[EPL-CT 52].2 15V BR R 20K

B . _Range_ ,
[6,0 Vto-2,25V] dominant BR_Range 10K test

. BR_Range_20K,
[41,4V to 21,6 V] recessive BR_Range 10K test

[EPL-CT 52].3 36V BR R 20K

B . _Range_ ,
14,4 Vto -5,4 V] dominant BR_Range 10K test
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7.2.3.3 [EPL-CT 53] IUT as receiver: Vsyp at Vgys_rec (Up)

Figure 47 shows the test configuration of the test system “IUT as receiver Vsyp at Vgus_rec (up)”.

Remote Controlled
Power Supply
Vps

€L

Viut: [Vsupl

Implementation
Under Test
RX LIN —@— Pulse Generator

GND
T 1

TX

Measurement

1

Figure 47 — Test system: IUT as receiver Vsyp at Veuys_rec (Up)

Table 101 defines the test system “IUT as receiver Vsup at Vgus_rec (Up)”.

Table 101 — Test system:dUT as receiver Vsyp at Vgys_rec (up)

IUT node 3s Class A device [EPL-CT 53].1, [EPL-CT 53].2, [EPL-CT 53].3
Initial state Operational conditions:
Viut: [Vsup] Table 102
Test steps A triangle signal with f = 20 Hz and symmetry of 50 % is set on the LIN Bus (see Figure #5).
Response The IUT shall generate a dominant or recessive value on RX as defined on Table 102 duijing
the rising-slope of the triangle signal.
Reference ISO17987-4:2016, Table 15, Param 62, Param 63
1SO 17987-4:2016, Figure 4

Table 102 defiries the test cases for the rising slope of the triangle signal on the LIN bus.

Table 102 — Test cases: Rising slope of the triangle signal on the LIN bus

EPL-CT-TC Viut: [Vsup] Signal range Expected RX signal Test
[-1,05Vto0 2,8 V] dominant BR_Range_10K test
[EPL-CT 53].1 7V -
[4,2Vto 36V] recessive BR_Range_10K test
[-2,25V to 6,0 V] dominant BR_Range_20K, BR_Range_10K test
[EPL-CT 53].2 15V -
[9,0Vto36V] recessive BR_Range_20K, BR_Range_10K test
[-5,4Vto 14,4 V] dominant BR_Range_20K, BR_Range_10K test
[EPL-CT 53].3 36V -
[21,6 Vto 41,4 V] recessive BR_Range_20K, BR_Range_10K test
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7.2.3.4 [EPL-CT 54] IUT as receiver: Vsyp at Vgys

This test shall verify the symmetry of the receiver thresholds. For this purpose, a voltage ramp on Vgys
shows the required threshold values.

Figure 48 shows the test configuration of the test system “IUT as receiver Vsyp at Vgys”.

Remote Controlled
Power Supply
Vps

£

ViuT: [Vsupl

Implementation
Under Test
RX LIN —@®—] Pulse Generator

GND
T e

TX

Measurement

£

Figure 48 — Test system: IUT as receiver Vsyp at Vgys

Table 103 defines the test system “IUTas receiver Vsyp at Vgys”

Table 103 — Test system: IUT as receiver Vsyp at Vgys

IUT node as Class A device [EPL-CT 54].1, [EPL-CT 54].2, [EPL-CT 54].3
Initial state Operational conditions:
Vv [Vsup] Table 104
Tedt steps A'triangle signal with f=20 Hz and symmetry of 50 % is set on the LIN Bus (see [Figure 45).
Response The RX output of the IUT shall switch from dominant to recessive when the LIN pus voltage
ramps up and it shall switch from recessive to dominant when the LIN bus voltage rimps down.
The RX output transition shall meet the following conditions:
VBUs_cNT = (Vth_dom + Vih_rec)/2 in the range of (0,475 to 0,525) x Vsyp
VHYS = Vih_rec — Vth_dom shall be less than 0,175 x Vsyp
Reference ISO 17987-4:2016, Table 15, Param 64, Param 65

Table 104 defines the test cases for “IUT as receiver Vsyp at Vgys”.
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Table 104 — Test cases: IUT as receiver Vsyp at Vgys

EPL-CT-TC Viut: [Vsup] Signal range Test
[-1,05V to 8,05 V] up BR_Range_10K test
[EPL-CT 54].1 7V
[8,05Vto-1,05 V] down
[EPL-CT 541.2 sy [-2,25V to 17,25 V] up BR_Range_20K,
' [17,25 V to 2,25 V] down BR_Range 10K test
[EPL-CT 54].3 36V [-5,4Vto41,4V]up BR_Range_20K,
. [41.4V to 5,4 V] down BR_Range_10K test

7.2.4 [EPL-CT 55] Variation of Vsyp NoN_oP

The variatjon of Vsyp non op shall be checked within this test, whether the IUT influences the [bus
during under voltage and over voltage conditions.

Figure 49 ghows the test configuration of the test system “Variation of Vsyp NoN_0R-

Remote Controlled Remote Controlled
Power Supply 1 Power Supply 2
Vps1 VPSZ

Viur: [Vsup / Veartl
Implementation
Under Test
RX
TX
GND
_L Measurement

1

Figure 49 — Test system: Variation of Vsyp NoN oP

Table 105 defines the test system “Variation of Vsyp noN_op”

Table 105 — Test system: Variation of Vsyp NoN 0P

IUT node 4s Class B device as master [EPL-CT 55].1 (BR_Range_20K)/
[EPL-CT 55].4 (BR_Range_10K)
Class B device as slave [EPL-CT 55].2 (BR_Range_20K)/
[EPL-CT 55].5 (BR_Range_10K)
Class A device [EPL-CT 55].3 (BR_Range_20K)/
[EPL-CT 55].6 (BR_Range_10K)
Initial state Operational conditions:
Viut: [Vsup/VBat] Viut Signal with a 1 V/s ramp in the range
ViuT; Vps2 See Table 106
Bus load See Table 106
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Table 105 (continued)

Test steps

sive level.

A voltage ramp (up and down) is set on ViyT1. The stimulus stays for t = 30 s at Viyr1 =58 V.
The TX signal shall be left open, if an internal pull-up is provided or applied with a reces-

Response

recessive voltage.

No dominant state on LIN shall occur.

The IUT shall not be destroyed during the test.

The afterward recessive voltage shall have a maximum deviation of +5 % from the before

Reference

1SO 17987-4:2016, Table 15, Param 56

mle 106 defines the test cases “Variation of Vsyp noN op”-

Table 106 — Test cases: Variation of Vsyp NoN_oP

ViyT range:

KEPL-CT-TC [Vsup range/Vpar range] Vps2 Bus load Test
[ERL-CT 55].1 [[-0,3Vto16V],[36Vto58V] |36V |60k + diode (1N4148) BR_Range_2pK test
[EHL-CT 55].2 |[-0,3Vto16V],[36Vto58V] |36V [1,1k + diode (11N4148) BR_Range_2pK test

[EBL-CT 55].3 |[-0,3Vto15V],[36Vto58V] |36V [1,1k+ diode(1N4148) BR_Range_2pK test
[EHL-CT 55].4 |[-0,3Vto8V],[36Vto58V] 36V |60k + diode (1N4148) BR_Range_1QK test
[EHL-CT 55].5 |[[-0,3Vto8V],[36Vto58V] 36V |1,1 k¥ diode (1N4148) BR_Range_1{K test
[EBL-CT 55].6 |[[-0,3Vto7V],[36Vto58V] 36V |1;15k+ diode (1N4148) BR_Range_10K test

7.2{5

7.2]5.1

Thip test checks the drive capability of\the output stage. A LIN driver shall pull the LIN b
cerfain voltage according to the LIN standard. The current limitation is measured indirectly

Figlire 50 shows the test configuration of the test system “Igys_rim at dominant state (driver

Igys under several conditions

[EPL-CT 56] Igys_Lim at dominant state (driver on)

Remote Controlled
Power Supply

Vps

— ¢

Viur: [Vsup / Vearl

Implementation
Under Test

RX

us below a

”

on)”.

Pulse Generator

TX

GND

LIN ,T_,—

1

N

Measurement

4

Figure 50 — Test system: [gys_ ;v at dominant state (driver on)

Table 107 defines the test system “Igys_rim at dominant state (driver on)”.
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Table 107 — Test system: Igys_1.1m at dominant state (driver on)

IUT node as

Class A device

Class B device as master [EPL-CT 56].1

Class B device as slave

Initial state

Operational conditions:

RMEAS

Viut: [Vsup/VBar]

See Table 108

Test steps

The LIN pin is connected via Rpmgas to Viyt. The TX signal is driven with a rectangular signal

(T =10 ms) with a duty cycle of 50 %.

Response

transceiver.

LIN shall show the rectangular Signal.
The dominant state bus level shall be lower than TH_DOM = 0,284 x ViyT = 10,224 V|for

The dominant state bus level shall be lower than TH_DOM = 0,284 x (ViyT+1¥) =9,94 V for EQU’s.

Reference

ISO 17987-4:2016, Table 15, Param 57

Table 108 ¢

lefines the test cases “Igys_Lim at dominant state (driver on)”.

Table 108 — Test cases: Igys_Lim at dominant state (driver on)

EPL-CT-T( Viut: [Vsup/Vear] [RMEAS
[EPL-CT 5p].1 36V 480 Q (0,1 %)
7.2.5.2 EPL-CT 57] Igus_pras_dom: IUT in recessive state: Vgys =0 V

This test ¢
state of the

Figure 51 §

LIN bus.

hse is intended to test the input leakage current Igys pas dom into a node during domiant

hows the test configuration of thetest system “Igys pas dom [UT in recessive state Vgys =@ V”.

Remote Controlled
Power-Supply

Vps

D

Viur: [Vsup / Vearl

Implementation
Under Test Igus Rmeas
RX UN—<—¢—{—1—¢—
TX
GND
Measurement
1

Figure 51 — Test system: Igys pas dom IUT in recessive state Vgys=0V

Table 109 defines the test system “Ipys_pas_dom IUT in recessive state Vgys =0 V”.
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IUT node as

Class B device as slave [EPL-CT 57].1

Class A device

Initial state

Operational conditions:

Viut: [Vsup/VBar] See Table 110

RMEAS

Test steps The TX signal is set recessive.
Response The maximum value of voltage drop shall be higher than -1 000 mV.
Re‘erence ISO 17987-4:2016, Table 15, Param 58
Table 110 defines the test cases “Igys_pas dom IUT in recessive state Vgys = 0 V”.
Table 110 — Test cases: [gys_pas dom IUT in recessive state Vgys =0V
EPL-CT-TC ViuT: [Vsup/Veat] |RMEAS
[EHL-CT 57].1 24V 499 Q (0,1 %)
7.2{5.3 [EPL-CT 58] Igus_pas rec: IUT in recessive state: Vsyp,=(7,0 V with variation of Vgys €
[8,Q Vto36V]
Thip test checks whether there is a diode implementationswithin the termination path of tie IUT. The
reverse current should be limited to Igys_pas_rec(max) from the LIN wire into the IUT even if Vgys is
higher than the IUTs supply voltage Viyr.
Figlire 52 shows the test configuration of the test$ystem “Igys_pas rec IUT in recessive statef.
Remote Controlled Remote Controlled
Power Supply-1 Power Supply 2
Vpsi Vps2
1 1
Viur: [Vsup / Vearl
Implementation
Under Test Isus Rueas
RX LIN
TX
GND
L
Measurement
1
Figure 52 — Test system: Igys _pas rec IUT in recessive state

Table 111 defines the test system “Igys_pas_rec IUT in recessive state”.
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Table 111 — Test system: Igys_pas_rec IUT in recessive state

IUT node as

Class A device

Class B device as master

Class B device as slave

[EPL-CT 58].1

Initial state

Operational conditions:

Viut: [Vsup/VBar]

See Table 112

RMEAS
Test steps Vpsp = Signal with a 2 V/s ramp in the range [8 V to 36 V] up and down.
The TX signal is set recessive.
Response The maximum value of voltage drop shall be less than or equal to 20 mV.
Reference [SO 17987-4:2016, Table 15, Param 59
Table 112 defines the test case “Ipys_pas_rec IUT in recessive state”.

Table 112 — Test cases: Igys_pas_rec IUT in recessive state

EPL-CT-T(

Viut: [Vsup/VBar]

RMEAS

[EPL-CT 5

Bl.1 [7,0V/8,0V

1000 Q (0,1 %)

7.2.6  Slg

7.2.6.1 K
The purpo
7.2.6.2 |

Figure 53 5

pe control

urpose

be of this test is to check the duty cycle of the driver stage.

EPL-CT 59] Measuring the duty cycle at 10,417 kbit/s — IUT as transmitter

hows the test configuration of thetest system “Slope control”.

Remote Controlled Remote Controlled

Power Supply 1 Power Supply 2
Vps1 VPSZ
L L
Viur: [Vsup / Veartl Rgus
Implementation
RX Under Test LIN ®
—Pulse-Generatoet
[ | TX T UBUS
GND
1 L
Measurement
1

Figure 53 — Test system: Slope control

Table 113 defines the test system “Slope control”.
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Table 113 — Test system:
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Slope control (BR_Range_10K)

IUT node as

Class B device as master or slave

Class A device

[EPL-CT 59].1 to [EPL-CT 59].18

Initial state

Operational conditions:

Bus loads See Table 114
Viut: [Vsup/Vear] See Table 114
Vps2 See Table 114

Test steps TXD is driven with a rectangular signal (T = 192 us) with a duty cycle of 50 %.
TXD slope time <500 ns, 100 % voltage swing.

Regponse The measured duty cycle D3 shall be greater or equal than 0,386 for Vsyp =[70 V fo 36 V], the
measured duty cycle D4 shall be less than or equal to 0,591 for Vsyp =f7,6'V to 3p V]. If Vsyp
is not accessible, then VgaT - 0,7 V shall be used for calculation of the duty cycle,

Reference [SO 17987-4:2016, Table 18, Param 74, Param 75
ISO 17987-4:2016, Figure 5

Table 114 defines the test cases “Slope control”.
Table 114 — Test cases: Slope<ontrol
pL-ct-rc | Vot [Vsup/Vear] | Vesz Bus{oads Duty cyfle
i (PS 1) (PS2) (Cyis; Reus) D3min. | |D4 max

[EP|L—CT 59].1 7,0V/8,0V 6,0V 1 nEA1 %); 1 kQ (0,1 %) 0,386 —

[EPlL—CT 59].2 7,0V/8,0V 6,6 V 1'nF (1 %); 1 kQ (0,1 %) 0,386 —

[EAL-CT 59].3 7,0V/8,0V 6,0V 5,8 nF (1 %); 660 Q (0,1 %) 0,386 —

[ERL-CT 59].4 7,0V/8,0V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 -

[EPlL—CT 59].5 7,0V/8,0V 6,0 V 10 nF (1 %); 500 Q (0,1 %) 0,386 —

[EPlL—CT 59].6 7,0V/8,0V 6,6 V 10 nF (1 %); 500 Q (0,1 %) 0,386 —

[ERL-CT 59].7 7,6 V/8,6 V 6,6 V 1 nF (1 %); 1kQ (0,1 %) 0,386 0,591

[EAL-CT 591.8 7,6 V/8,6 V! 72V 1 nF (1 %); 1kQ (0,1 %) 0,386 0,591

[ERL-CT 59].9 7,6 V/86,V 6,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

[EPlL—CT 59].10 7,6/8,6 V 72V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

[EPlL—CT 59].11 7,6V/8,6 V 6,6 V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

[EAL-CT 59].1 7,6 V/8,6 V 72V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

[EAL-CT 59].13 36'V/36,6 V 35,0V 1 nF (1 %); 1kQ (0,1 %) 0,386 0,591

[ERL-CT 59914 36 V/36,6 V 35,6 V 1 nF (1 %); 1kQ (0,1 %) 0,386 0,591

[EPlL—CT 59].15 36V/36,6 V 350V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

[EP|L—CT 59].16 36V/36,6 V 35,6V 6,8 nF (1 %); 660 Q (0,1 %) 0,386 0,591

[EPL-CT 59].17 36 V/36,6 V 350V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

[EPL-CT 59].18 36'V/36,6 V 35,6V 10 nF (1 %); 500 Q (0,1 %) 0,386 0,591

7.2.6.3 [EPL-CT 60] Measuring the duty cycle at 20,0 kbit/s— IUT as transmitter
Figure 54 shows the test configuration of the test system “Measuring the duty cycle”.
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Figure 54 — Test system: Measuring the duty cycle

Table 115 defines the test system “Measuring the duty cycle”.

Table 115 — Test system: Measuring thé duty cycle (BR_Range_20K)

IUT node gs Class B device as master or slave [EPL-CT 60].1 to [EPL-CT 60].18
Class A device
Initial state Operational conditions:
Bus loads See Table 116
Viut: [Vsup/VBat] See Table 116
Vps2 See Table 116
Test steps TXD is driven(wjth a rectangular signal (T = 100 ps) with a duty cycle of 50 %.
TXD slope tirnie <500 ns, 100 % voltage swing.
Response The measured duty cycle D1 shall be greater or equal than 0,330 for Vsyp = [15,0 V to 34 V],
theameasured duty cycle D2 shall be less than or equal to 0,642 for Vsyp = [15,6 V to 36 {].
If Vsup is not accessible, then Vgar - 0,7 V shall be used for calculation of the duty cycle.
Reference 1SO 17987-4:2016, Table 17, Param 72, Param 73
[SO 17987-4:2016, Figure 5
Table 116 defines the test cases “Measuring the duty cycle”.
Table 116 — Test cases: Measuring the duty cycle
Viut: [Vsup/V ' Bus loads Duty cycle
EPL-CT-TC o [(P%J% ol (Pgsé) (Csus; Rpus) D1 min. | D2 max.
[EPL-CT 60].1 15,0V/16,0V 14,0V 1nF (1 %); 1kQ (0,1 %) 0,330 —
[EPL-CT 60].2 15,0V/16,0V 14,6 V 1nF (1 %); 1kQ (0,1 %) 0,330 —
[EPL-CT 60].3 15,0V/16,0V 14,0V 6,8 nF (1 %); 660 Q (0,1 %) 0,330 —
[EPL-CT 60].4 15,0V/16,0V 14,6 V 6,8 nF (1 %); 660 Q (0,1 %) 0,330 —
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Table 116 (continued)

[EPL-CT 60].5 15,0 V/16,0 V 14,0V |10 nF (1 %); 500 Q (0,1 %) 0,330 —
[EPL-CT 60].6 15,0 V/16,0 V 14,6V |10 nF (1 %); 500 Q (0,1 %) 0,330 —
[EPL-CT 60].7 15,6 V/16,6 V 14,6V |1nF (1%); 1kQ (0,1 %) 0,330 0,642
[EPL-CT 60].8 15,6 V/16,6 V 152V |1 nF (1 %); 1kQ (0,1 %) 0,330 0,642
[EPL-CT 60].9 15,6 V/16,6 V 14,6V |6,8 nF (1 %); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 60].10 15,6 V/16,6 V 152V [6,8nF (1 %); 660 Q (0,1 %) 0,330 0,642
[EPL-CT 60].11 15,6 V/16,6 V 14,6V |10 nF (1 %); 500 Q (0,1 %) 0,330 0,642
[EHL-CT 60.12 15,6 V/16,6 V 15,2V [10 nF (1 %); 500 Q2 (0,1 %) 0,330 0,642
[EAL-CT 60].13 36V/36,6 V 350V |1nF (1%); 1k (0,1%) 0,330 0,642
[EAL-CT 60].14 36V/36,6 V 356V  |1nF (1%); 1kQ (0,1%) 0,330 0,642
[EAL-CT 60].15 36V/36,6 V 350V |6,8nF (1%); 660 Q (0,1 %) 0,330 0,642
[EAL-CT 60].16 36 V/36,6 V 356V |6,8nF (1%); 660 Q (0,1 %) 0,330 0,642
[ERL-CT 60].17 36 V/36,6 V 350V |10 nF (1 %); 500 Q (0,1 %) 0,330 0,642
[EAL-CT 60].18 36V/36,6 V 356V |10 nF (1 %); 500 Q (0,1%) 0,330 0,642
7.2)7 Propagation delay
7.2{7.1 Overview
The following test checks the receiver’s internal delay and-‘its symmetry. The method for megasuring the
values is shown in ISO 17987-4:2016, Figure 5.
7.2{7.2 [EPL-CT 61] Propagation delay of the receiver
Figuire 55 shows the test configuration of the test system “Propagation delay”.
Remote Controlled
Power Supply
Ve Vps
4
Viur: [Vsuel
RLoap .
Implementation
RX Under Test LIN —@— Pulse Generator
T
X GND
1
— Measurement —
A€
Figure 55 — Test system: Propagation delay
Table 117 defines the test system “Propagation delay”.
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Table 117 — Test system: Propagation delay

IUT node as Class A device [EPL-CT 61].1, [EPL-CT 61].2, [EPL-CT 61].3
Initial state Operational conditions:
RXD C=20pF (5%)
ViuT: [Vsup] Rroap = 2,4 kQ (0,1 %): pull-up resistor for “open drain” trans-
ceiver only; see Table 118
Ve Depends on device under test (5 Vor 3,3 V)
Test steps LIN bus is driven with a 5 kHz rectangular signal with a duty cycle of 50 %, Vgys starts at

XL 1 1 Ao L o 4.0 I
VSUP d11u ldlllpb UUWIT LU U 'V WILIIIT FU 115 dIIU VILT V1 5d.

Response The measured time tyx_pq shall be less than 6 ps.

trx_sym = trx_pdf - trx_pdr shall be in the range -2 to +2 ps.
Reference ISO 17987-4:2016, Table 19, Param 76, Param 77

ISO 17987-4:2016, Figure 5

Table 118 defines the test cases “Propagation delay”.

Table 118 — Test cases: Propagation delay

EPL-CT-T( Viut: [Vsup] Test

[EPL-CT 6]1].1 7,0V BR_Range_10K test

[EPL-CT 61].2 15V BR_Range_20K, BR_Range_10K test
[EPL-CT 6}].3 36V BR_Range_20K, BR_Range_10K test

7.2.8 Supply voltage offset

7.2.8.1 HRurpose

The purpose of this test is to check the robustness in case of Vpar and ground shift.

7.2.8.2 GND/Vpar shift test — Dynamic

Figure 56 dhows the test configuration of the test system “GND — Vpar shift test — Dynamic”.
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Figure 56 — Test system: GND — Vgt shift test — Dynamic

Corncept: The two operating voltages (Vcc and Vsyp) aresground-free and completely deco
each other and with that, a superposition with each of‘these voltages with low frequenc
frequency can be realized independently.

The operating voltages Vcc depends on the spegific part (3,3 V or 5 V). However, they maj
indjrectly through suitable triggering. The twovoltages need independent, ground-free dir
supplies, in order to exclude interconnections.

7.218.3 [EPL-CT 62] GND shift test= Dynamic — IUT as a class A device

Table 119 defines the test system “IUT as BR_Range_20K 24 V class A device”.

ipled from
y and high

' be varied
bct current
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Table 119 — Test system: Dynamic — IUT for a BR_Range_20K 24 V LIN Class A device

IUT node as

Class A device

[EPL-CT 62].1

Initial state

Operational conditions:

VBATTERY 18,4V

VBs1 0,1 x VBATTERY

Vb1 1V

VGND1 0,03 x VBATTERY

Vpso 0,03 x VpaTTERY

Vb2 0,4V

VGND2 [0,5 x sin(2 x x5 x t) +0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

C2 20 pF (including input capacitance of oscillosgope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %)-

The test shall be repeated with R1 =500 Q (0,1 %) and C1,=d0'nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range0£,0,310, 0,662

(D1-2pstoD2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72, 73
7.2.8.4 [EPL-CT 63] GND shift test — Dynamic — IUT as a class A device

Table 120 defines the test system “IUT as BR_Range, 10K 24 V class A device”.

Table 120 — Test system: Dynamic=— IUT for as a BR_Range_10K class A device

IUT node gs Class A device [EPL-CT 63].1
Initial state Operational conditions:

VBATTERY 9,2V

VBs1 0,1 x VBATTERY

Vp1 1V

Vonnt 0,03 x VBATTERY

VBs2 0,03 x VBATTERY

Vp2 04V

VGND2 [0,5 x sin(2 x x5 x 1) +0,5] x 0,1 x VBATTERY

O 72 5IMuUs SIghdl WILIT OI1SEU

C2 20 pF (including input capacitance of oscilloscope)

R2 2,4kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 5,208 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,366 to 0,611

(D3 -2 usto D4 + 2 us).
Reference [SO 17987-4:2016, Table 15, Param 68

[SO 17987-4:2016, Table 18, Param 74, 75
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[EPL-CT 64] GND shift test — Dynamic — IUT as a class A device

Table 121 defines the test system “Dynamic — IUT as BR_Range_20K 24 V class A device”.

Table 121 — Test system: Dynamic — IUT as a BR_Range_20K class A device

IUT node as Class A device [EPL-CT 64].1
Initial state Operational conditions:
VBATTERY 18,4V
Vgg1 0,03 x VRATTERY
Vb1 04V
VGND1 [0,5x sin(2 x x5 x 1) +0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
VBs2 0,1 x VBATTERY
Vb2 1V
VGND2 0,03 x VBATTERY
C2 20 pF (including input capatitance of oscilloscope)
R2 2,4 kQ (0,1 %): Only for{open drain transceiver assgmbled
Tedt steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1k (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500:Q2-(0,1 %) and C1 = 10 nF (1 %).
Reg§ponse The duty cycle measured at RXD2 shall'be in the range of 0,310 to 0,662
(D1-2pstoD2+ 2 us).
Reference [SO 17987-4:2016, Table 15, Patam 68
[SO 17987-4:2016, Table 17 Param 72, 73
7.2{8.6 [EPL-CT 65] GND shift test== Dynamic — IUT as a class A device

Table 122 defines the test system “Dynamic — IUT as BR_Range_10K 24 V class A device”.
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Table 122 — Test system: Dynamic — IUT as a BR_Range_10K class A device

IUT node as

Class A device

[EPL-CT 65].1

Initial state

Operational conditions:

VBATTERY 92V

VBs1 0,03 x VBATTERY

Vb1 0,4V

VGND1 [0,5 xsin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY

5 Hz sinus signal with offset

VBs2 0,1 x VBATTERY

Vb2 1V

VGND2 0,03 x VBATTERY

C2 20 pF (including input capacitance of oscillosgope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 5,208 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %)-

The test shall be repeated with R1 =500 Q (0,1 %) and C1,=0'nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range0£,0,375 to 0,601

(D3 -2 usto D4 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72, 73

7.2.8.7 [EPL-CT 66] Vpar shift test — Dynamic — IUT as a class A device

Table 123 defines the test system “Dynamic — IUTras a BR_Range_20K 24 V LIN Class A device”.

Table 123 — Test system: Dynamic~=~IUT as a BR_Range_20K 24 V LIN Class A device

IUT node gs

Initial statle

Class A device [EPL-CT 66].1
Operational conditions:
VBATTERY 18,4V
VBs1 [0,5 xsin(2 xx5xt)+0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Vb1 1V
Vondi 0,03 x VBATTERY
VBs2 0,03 x VBATTERY
Vp2 04V
VGND2 U T X VBATTERY
C2 20 pF (including input capacitance of oscilloscope)
R2 2,4kQ (0,1 %): Only for open drain transceiver assembled

Test steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1-2ustoD2+ 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 67
[SO 17987-4:2016, Table 17, Param 72, 73
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[EPL-CT 67] Vpar shift test — Dynamic — IUT as a class A device

Table 124 defines the test system “Dynamic — IUT as a BR_Range_10K 24 V class A device”.

Table 124 — Test system: Dynamic — IUT as a BR_Range_10K class A device

IUT node as Class A device [EPL-CT 67].1
Initial state Operational conditions:

VBATTERY 92V

Vgg1 [05xsin(2xmx5xt)+0,5]x01xVRATTERY

5 Hz sinus signal with offset

Vb1 1V

VGND1 0,03 x VBATTERY

VBs2 0,03 x VBATTERY

Vp2 04V

VGND2 0,1 x VBATTERY

C2 20 pF (including input capatitance of oscilloscope)

R2 2,4 kQ (0,1 %): Only for{open drain transceiver assgmbled
Tedt steps A signal at 5,208 kHz is set on TXD1.

The test shall be done with R1 =1k (0,1 %) and C1 = 1 nF (1 %).

The test shall be repeated with R1 = 500:Q2-(0,1 %) and C1 = 10 nF (1 %).
Reg§ponse The duty cycle measured at RXD2 shallbe in the range of 0,375 to 0,601

(D3 -2 psto D4 + 2 ps).
Reference [SO 17987-4:2016, Table 15, Patam 67

ISO 17987-4:2016, Table 18;,Param 74, 75
7.2]8.9 [EPL-CT 68] Vpar shift test= Dynamic — IUT as a class A device

Tabje 125 defines the test system “Dynamic — IUT as a BR_Range_20K 24 V class A device.
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Table 125 — Test system: Dynamic — IUT as BR_Range_20K class A device

IUT node as

Class A device

[EPL-CT 68].1

Initial state

Operational conditions:

VBATTERY 18,4V

VBs1 0,03 x VBATTERY

Vb1 0,4V

VGND1 0,1 x VBATTERY

Vpso [05 xsin(2xmxbxt)+05]x01xVparrepy

5 Hz sinus signal with offset

Vb2 1V

VGND2 0,03 x VBATTERY

C2 20 pF (including input capacitance of oscillosgope)

R2 2,4 kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %)-

The test shall be repeated with R1 =500 Q (0,1 %) and C1,=0'nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range/0£,0,310 to 0,662

(D1-2pstoD2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 67

ISO 17987-4:2016, Table 17, Param 72, 73

7.2.8.10 [EPL-CT 69] Vpar shift test — Dynamic — IUT as a class A device

Table 126 defines the test system “Dynamic — IUTras a BR_Range_10K 24 V class A device.

Table 126 — Test system: Dynamic — IUT as BR_Range_10K class A device

IUT node gs Class A device [EPL-CT 69].1
Initial state Operational conditions:
VBATTERY 9,2V
VBs1 0,03 x VBATTERY
Vb1 0,4V
Vonnt 0,1 x VBATTERY
VBs2 [0,5 xsin(2 x T x 5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Vp2 1V
VGND2 U,US X VBATTERY
C2 20 pF (including input capacitance of oscilloscope)
R2 2,4kQ (0,1 %): Only for open drain transceiver assembled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %) and C1 = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 ustoD4 + 2 us).
Reference ISO 17987-4:2016, Table 15, Param 67
ISO 17987-4:2016, Table 18, Param 74, 75
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7.2.8.11 [EPL-CT 70] GND shift test — Dynamic — IUT as a class B ECU
Table 127 defines the test system “IUT as a BR_Range_20K 24 V class B device ECU".

Table 127 — Test system: Dynamic — IUT for a BR_Range_20K 24 V LIN ECU

IUT node as Class B device as master or slave [EPL-CT 70].1
Initial state Operational conditions:
VBATTERY 18,4V
Vggs 0,1 x VRATTERY
VGND1 0,03 x VBATTERY
VBs2 0,03 x VBATTERY
Vb1 1V (use 0V if Drey Batt is implemented)
Vp2 0,4 V (use 0 Vif Drey _Batt is inplemented)
VGND2 [0,5 x sin(2 x Tt x 5 x £) 40,5] x 0,1 x VBATTHRY
5 Hz sinus signal witheffset
C2 20 pF (including input capacitance of oscillpscope)
R2 2,4 kQ (0,1 %)«Only for open drain transcgiver
assembled
Tedt steps A signal at 10 kHz is set on TXD1.

The test shall be done with R1 =1k (0,4.%) and C1 = 1 nF (1 %).
The test shall be repeated with R1 = 500 Q (0,1 %) and C1 = 10 nF (1 %).

Regponse The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1-2pstoD2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72, 73

7.2{8.12 [EPL-CT 71] GND shift test — Dynamic — IUT as a class B ECU
Tabje 128 defines the test system “IUT as BR_Range_10K 24 V class B device ECU”.
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Table 128 — Test system: Dynamic — IUT for as a BR_Range_10K class B ECU

IUT node as Class B device as master or slave |[EPL-CT 71].1
Initial state Operational conditions:
VBATTERY 92V
VBs1 0,1 x VBATTERY
Vonb1 0,03 x VBATTERY
VBs2 0,03 x VBATTERY
Vpi 1V (use 0 Vif Dpgay pateis implemented)
Vp2 0,4V (use 0 Vif Drey Batt is implemented)
VGND2 [0,5 x sin(2 x x5 x t) + 0,5] x 0,1 x VBATTERY,
5 Hz sinus signal with offset
C2 20 pF (including input capacitance of gscilloscope)
R2 2,4k (0,1 %): Only for open drajr transceiver assem-
bled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF ('%).
The test shall be repeated with R1 =500 Q (0,1 %) and C1<= 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 pstoD4 + 2 ps).
Reference [SO 17987-4:2016, Table 15, Param 68
ISO 17987-4:2016, Table 18, Param 74, 75

7.2.8.13 [EPL-CT 72] GND shift test — Dynamic —IUT as a class B ECU
Table 129 defines the test system “Dynamic — IUT-as BR_Range_20K 24 V class B device ECU".
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Table 129 — Test system: Dynamic — IUT as a BR_Range_20K ECU

IUT node as

Class B device as master or slave

[EPL-CT 72].1

Initial state

Operational conditions:

VBATTERY 18,4V
VBs1 0,03 x VBATTERY
Vp1 0,4V (use 0 V if DRey Batt is implemented)
Vp2 1V (use 0 Vif Drey Batt is implemented)
Venpg [0,5 xsin(2xmxbxt)+05]x01xVparrepy
5 Hz sinus signal with offset
VBs2 0,1 x VBATTERY
VGND2 0,03 x VBATTERY
C2 20 pF (including input capacitance of oscillosfope)
R2 2,4k (0,1 %): Only for open'drain transceivef assembled
Tedt steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 =1 aF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %) afid'C1 = 10 nF (1 %).
Reg§ponse The duty cycle measured at RXD2 shall be in thetange of 0,310 to 0,662
(D1-2pstoD2 + 2 ps).
Reference ISO 17987-4:2016, Table 15, Param 68
ISO 17987-4:2016, Table 17, Param 72¢7.3
7.2{8.14 [EPL-CT 73] GND shift test — Dynamic — IUT as a class B ECU
Tabje 130 defines the test system “Dynamic>— [UT as BR_Range_10K 24 V class B device ECJ".
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Table 130 — Test system: Dynamic — IUT as a BR_Range_10K ECU

IUT node as

Class B device as master or slave

[EPL-CT 73].1

Initial state

Operational conditions:

VBATTERY 92V
VBs1 0,03 x VBATTERY
Vb1 0,4V (use 0 V if Drey Batt is implemented)
Vp2 1V (use 0 Vif DRey Batt is implemented)
Venpa [05 xsin(2xmxbxt)+05]x01xVparrppy
5 Hz sinus signal with offset
Vgs2 0,1 x VBATTERY
VGND2 0,03 x VBATTERY
C2 20 pF (including input capacitancemf'oscilloscop¢
R2 2,4k (0,1 %): Only for open drain’transceiver

Nt

assembled

Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (1'%).
The test shall be repeated with R1 =500 Q (0,1 %) and C1<= 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 pstoD4 + 2 ps).
Reference [SO 17987-4:2016, Table 15, Param 68

ISO 17987-4:2016, Table 17, Param 72,

73

7.2.8.15 [EPL-CT 74] Vpar shift test — Dynamic —1UT as a class B ECU
Table 131 defines the test system “Dynamic — [UT-as a BR_Range_20K 24 V class B LIN ECU".
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Table 131 — Test system: Dynamic — IUT as a BR_Range_20K 24 V LIN ECU

IUT node as

Class B device as master or slave

[EPL-CT 74].1

Initial state

Operational conditions:

VBATTERY 18,4V
VBs1 [0,5 xsin(2 x T x5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Vp1 1V (use 0 Vif DRey Batt is implemented)
Vp2 0,4V (use 0 Vif DRey Batt is implemented)
VGND1 0,03 x VBATTERY
VBs2 0,03 x VBATTERY
VGND2 0,1 x VBATTERY
C2 20 pF (including input capacitance of osc]lloscope)
R2 2,4k (0,1 %): Only for'epen drain trans¢eiver
assembled
Tedt steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1,=1 nF (1 %).
The test shall be repeated with R1 =500 Q (0,1,%) and C1 = 10 nF (1 %).
Reg§ponse The duty cycle measured at RXD2 shall be in¢herange of 0,310 to 0,662
(D1-2pustoD2+ 2 pus).
Reference ISO 17987-4:2016, Table 15, Param 67
ISO 17987-4:2016, Table 17, Param*72, 73
7.2{8.16 [EPL-CT 75] Vgar shift test — Dynaniic — IUT as a class B ECU
Tabje 132 defines the test system “Dynamic'— IUT as a BR_Range_10K 24 V class B LIN ECUT.
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Table 132 — Test system: Dynamic — IUT as a BR_Range_10K ECU

IUT node as Class B device as master or slave |[EPL-CT 75].1
Initial state Operational conditions:
VBATTERY 92V
VBs1 [0,5 xsin(2 x Tt x5 x t) + 0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Vb1 1V (use 0 Vif Drey Batt is implemented)
Vp2 0,4V (use 0 Vif Drey Batt is implemented)
VGND1 0,03 x VBATTERY
VBs2 0,03 x VBATTERY
VGND2 0,1 x VBATTERY
C2 20 pF (including input capacitance of gscilloscope)
R2 2,4k (0,1 %): Only for open drajr transceiver assem-
bled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF ('%).
The test shall be repeated with R1 =500 Q (0,1 %) and C1<= 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range of 0,375 to 0,601
(D3 -2 pstoD4 + 2 ps).
Reference [SO 17987-4:2016, Table 15, Param 67
ISO 17987-4:2016, Table 18, Param 74, 75

7.2.8.17 [EPL-CT 76] Vpar shift test — Dynamic —IUT as a class B ECU
Table 133 defines the test system “Dynamic — IUT-as a BR_Range_20K 24 V class B LIN ECU”.
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Table 133 — Test system: Dynamic — IUT as BR_Range_20K ECU

IUT node as

Class B device as master or slave

[EPL-CT 76].1

Initial state

Operational conditions:

VBATTERY 18,4V
VBs1 0,03 x VBATTERY
Vp1 0,4V (use 0 V if DRey Batt is implemented)
Vp2 1V (use 0 Vif Drey Batt is implemented)
Veonpa 0.1 x VBATTERY
VBs2 [0,5 xsin(2 x T x 5 xt) +0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset
Von2 0,03 x VBATTERY
c2 20 pF (including input capacitance of oscillosfope)
R2 2,4kQ (0,1 %): Only for opéen drain transceivel assembled
Teqt steps A signal at 10 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = T\iF (1 %).
The test shall be repeated with R1 =500 Q (0,1 %),and C1 = 10 nF (1 %).
Regponse The duty cycle measured at RXD2 shall be in the range of 0,310 to 0,662
(D1-2pustoD2+ 2 us).
Reference [SO 17987-4:2016, Table 15, Param 67
ISO 17987-4:2016, Table 17, Param 72,73
7.218.18 [EPL-CT 77] Vpar shift test — Dynamic — IUT as a class B ECU
Tabje 134 defines the test system “Dynamic¢-— IUT as a BR_Range_10K 24 V class B LIN ECU{.
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Table 134 — Test system: Dynamic — IUT as BR_Range_10K ECU

IUT node as

Class B device as master or slave

[EPL-CT 77].1

Initial state

Operational conditions:

VBATTERY 92V
VBs1 0,03 x VBATTERY
Vb1 0,4V (use 0 V if Drey Batt is implemented)
Vp2 1V (use 0 Vif Drey Batt is implemented)
Veonpa 0,1 x VpaTTERY
Vgs2 [0,5 x sin(2 x wx 5 xt) +0,5] x 0,1 x VBATTERY
5 Hz sinus signal with offset;
Venp2 0,03 x VBATTERY
€2 20 pF (including input capacitance ofescilloscope)
R2 2,4 kQ (0,1 %): Only for open drain/transceiver assemhled
Test steps A signal at 5,208 kHz is set on TXD1.
The test shall be done with R1 =1 kQ (0,1 %) and C1 = 1 nF (L.%):
The test shall be repeated with R1 =500 Q (0,1 %) and C¥ = 10 nF (1 %).
Response The duty cycle measured at RXD2 shall be in the range'ef'0,375 to 0,601
(D3 -2 usto D4 + 2 us).
Reference [SO 17987-4:2016, Table 15, Param 67
[SO 17987-4:2016, Table 18, Param 74, 75
7.2.9 Fallure

7.2.9.1 HRurpose

The purpose of the test is to check whether(some parasitic reverse currents are flowing into the [UT.

7.2.9.2 [EPL-CT

Figure 57 dhows the test configuration of the test system “Loss of battery”.

78] Loss of battery
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Remote Controlled

Power Supply
Vgus = Vps
P — |
Viur: [Vsup / Vearl
R
Implementation Igus MEAS
RX Under Test |y
TX
GND
Measurement

Figure 57 — Test system: Loss of‘battery

Tabje 135 defines the test system “Loss of battery.

Table 135 — Test system: Loss of battery

IUT node as Class B device as master or slave” |[EPL-CT 78].1
Class A device
Initial state Operational conditions:
Viur = GND Viut: [Vsup/VBar]
Failure Loss of Battery
0 < Vgys =36V
RMEAS 10 kQ (0,1 %)
Tedt steps The power supply is disconnected from the IUT ViyT PIN.

VigUs = Signal with a 2 V/s ramp in the range (0 V to 36 V) up and down.

Reg§ponse During all test, no parasitic current paths shall be formed between the bus line and the IUT.
Igys shall be less than 100 uA, means 1 V voltage drop over R = 10 k(.

After reconnecting battery line, the IUT shall restart after failure recovery.
Referénce ISO 17987-4:2016, Table 15, Param 61

7.2.9.3 [EPL-CT 79] Loss of GND

Figure 58 shows the test configuration of the test system “Loss of GND”.
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Remote Controlled Remote Controlled
Power Supply Power Supply
Vps1 Vgus = Vps2

L | L

Viur: [Vsup / Vearl
. Rmeas
Implementation Igus
RX Under Test [N <
TX
GND
I
Measurement

Figure 58 — Test system: Loss of GND

Table 136 defines the test system “Loss of GND”.

Table 136 — Test system:Loss of GND

IUT node 4

7]

Class B device as slave [EPL-CT.79].1

Class A device

Initial statle Operational conditions:
Viut: [Vsup/Vsar] Viur = Vps1 =24V
GNDsyp/GNDpAT = Viut Local GND shorted to ViyT

Failure Loss of ground
RMEAS 1kQ (0,1 %)
Test steps The ground‘is)disconnected from the IUT.

VBus =/Signal with a 2 V/s ramp in the range (0 V to 36 V) up and down.

Response Duringall test, no parasitic current paths shall be formed between the bus line and the IPJT.
Igys shall be included in #2 mA, means 2 V voltage drop over R = 1 kQ.

After reconnecting ground line, the IUT shall restart after failure recovery.
Reference ISO 17987-4:2016, Table 15, Param 60

7.2.10 [EPL-CT 80] Verifying internal capacitance and dynamic interference — IUT as slave
The purpose of this testis to check the internal capacitance of the IUT under normal and fault conditions.

The IUT shall not interfere dynamically with bus signals when it is in passive (non-transmitting) or
unpowered state.

In case of a switchable internal pull-up resistor, the internal pull-up resistor shall be active.

Figure 59 shows the test configuration of the test system “Verifying internal capacitance and dynamic
interference — IUT as slave”.
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Power Supply

Vps S4

1
S3
s1 MI
GND
RRger
Vir: [Vsup / Vearl L S5A R,

N h COMMON
i Pulse Generator

Tmplementation SSB
Under Test |
T CRrEp T Ccommon o
GND
‘ Input Trigger
s2 /
GND Measurement

L

Fighire 59 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

Table 137 defines the test system “Switch settings depending’on IUT configuration”.

Table 137 — Test system: Switch settings depending on IUT configuration

Switch Setting
Normally closed.
3 In case where IUT has switchablesand deactivated internal pull-up (e.g. in power loss ¢onditions),
open S3.
Normally closed.
>4 In case where IUT is a 3-pifi node or ECU, where reverse polarity protection is included in IJT, open S4.
S54/S5B In case where IUT iScohnected by a wire harness: During reference measurement, close bpth S5A and

S5B and disconnect IUT from harness. So the harness capacitance is accounted for in the reference.

Tablle 138 defines the test system “Verifying internal capacitance and dynamic interferepce — IUT
as dlave”.
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Table 138 — Test system: Verifying internal capacitance and dynamic interference — IUT as slave

IUT node as Class B device as slave [EPL-CT 80].1, [EPL-CT 80].2, [EPL-CT 80].3
Class A device
Initial state Operational conditions:
Viut: [Vsup/VBar] 24V
Rcommon 1kQ (0,1 %)
CCcOMMON 750 pF (1,5 nF + 1,5 nF in series) (1 %)
Rpgr 30Kk0O (0,1 %)
CREF 250 pF (100 pF || 150 pF parallel) (1 %)
Test steps The LIN Bus is driven with a 10 kHz rectangular signal with a duty cycle of 50 %

Rise time <40 ns. Slope time measurements are done at 10 %, 90 % of slope yoltage.
S5B closed: Measuring rise time Trgr on a known capacitance of 250 pF 4750 pF.

S5A closed: Measuring rise time Tint with the IUT internal capacitance + 750 pF.

Response CsLavEg shall be less than or equal to 250 pF: Tint < TRER
The IUT shall not interfere with the dynamic stimulus.
Reference ISO 17987-4:2016, Table 20, Param 37 and
ISO 17987-4:2016, 5.3.9.2.
Table 139 defines the test cases “Verifying internal capacitance and dynamic interference — IUT as sldve”.
Table 139|— Test cases: Verifying internal capacitanceand dynamic interference — IUT as slave
EPL-CT-T(¢ Condition S1 S2
[EPL-CT 8p].1 |Normal power supply IUT shall be innormal mode. Vps GND
[EPL-CT 8p].2 |[IUT loss of GND (IUT GND shorted to‘power supply). Vps Vp4
[EPL-CT 8pP].3 |IUT loss of Vps (IUT ViyT: [Vsup/VBaT] shorted to GND). GND GNI
7.3 Operation mode termination
7.3.1 Gepneral
An externdl resistor Rypeasds,switched to the LIN pin. To get the value of the internal resistor, curfent
and voltagg shall be measured. These values are gathered for two different settings, and the intefnal

resistance

Figure 60 1

116

is calculatedising Formulae (1), (2), (3) and (4).

hows the‘test configuration of the test system “Operation mode”.
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Tabje 140 defines the test system “Measuring internal‘resistor — IUT as slave”.

£

Rmeasl /2

Figure 60 — Test system: Operation mode

[EPL-CT 81] Measuring internal resistor — IUDas slave

Table 140 — Test system: Measuring internal resistor — IUT as slave

IUT node as |Class A device
Class B device as slave
Initial state |Parameters:
Rmeast 10 kQ (0'1 %)
Rmeas?2 20 kQ (0,1 %)
Operational ‘conditions:
ViuriAYsup/ Vearl 24V
Tegt steps The IUT shall be in operational/active mode. There is no communication on the LIN pus.
If'the [UT incorporates a bus dominant state timeout detection, which disables the IlUT’s pull-
up resistor, the measurement shall take place before a timeout is detected.
Regponse Rint value shall be included in the range [20 k(); 60 kQ]; see Formula (4).
Reqerence ISO 17987-4:2016, Table 11, Param 26
7.3.3 [EPL-CT 82] Measuring internal resistor — IUT as master

Table 141 defines the test system “Measuring internal resistor — IUT as master”.

© ISO 2016 - All rights reserved

117


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-7:2016(E)

Table 141 — Test system: Measuring internal resistor — IUT as master

IUT node as

Class B device as master

Initial state

Parameters:
Rmeast 1kQ (0,1 %)
Rmeasz 2 kQ (0,1 %)

Operational conditions:

ViuT: [Vsup/VBar] 24V

Test steps The IUT shall be in operational/active mode. There is no communication on the LIN bus.
Ifthe IUT incorporates a bus dominant state timeout detection, which disables the IUT’s pul}-up
resistor, the measurement shall take place before a timeout is detected.

Response Rint value shall be included in the range [900 ; 1 100 kQ]; see Formula (4).
Rmeas1 = 1 kQ (0,1 %); Rmeas2 = 2 kQ (0,1 %).

Reference ISO 17987-4, Table 11, Param 25

7.4 Static test cases

Static test|cases aim to check the availability and the boundaries in the datasheet of the IUT. For all
integrated|circuits, every related parameter in Table 142 shall be part.of the datasheet and fulfilfthe

specified
deviate fr

oundaries in terms of physical worst-case condition. Datasheet parameter names may
the names in Table 142, but in this case, a cross-reference list (datasheet versus Table 142)

shall be provided for this test. Parameter conditions may deviate from the conditions in Table 142, iff the
datasheet ¢onditions are according to the physical worst case-context in Table 142 at least.

If one parameter does not pass this test, the result of the whole conformance test is “Failed”.
See ISO 17987-4:—, 5.3.6, 5.3.5.1 and 5.3.5.2.

Table 142 defines the test system “LIN static test parameters for datasheets of integrated circuits”.

Table 142 — Test system: LIN static test parameters for datasheets of integrated circuits

Conformarjce
\ . Comment/ . testis passqd if
No | Refg¢rence Parameter Min. | Max. | Unit condition Valid for value is
<
1. Paran} 52 VBAT_BR_Rarige-20k? | 16,0 36,0 \% ECU operating All devices Min. Max.
voltage range with integrated
reverse polari-
ty diode
2. Paran] 53 VSUp_BR_Range_ZOKb 15,0 36,0 \% Supply voltage All devices Min. Max
range without inte-
grated reverse
polarity diode
3. Parant+54 Y BAT BRRange oK+ 150 366 aa EcH-operating AH-deviees M MAx
voltage range with integrated
reverse polari-
ty diode
4, Param 55 VSUP_BR_Range_lOKb 7,0 36,0 \% Supply voltage All devices Min. Max.
range without inte-
grated reverse
polarity diode

118

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

Table 142 (continued)

ISO 17987-7:2016(E)

No

Reference

Parameter

Min.

Max.

Unit

Comment/
condition

Valid for

Conformance
testis passed if
value is

s 2

Param 56

Vsup_NON_oP

-0,3

58,0

Voltage range
within which

the device is not
destroyed. An
optional time limit
for the maximum

All devices

Min. Max.

value shall be at

least 350 ms. No

guarantee of cor-
rect operation.

Param 57

IBus_LIMS

75

300

mA

Current Limita-
tion for Driv-

er dominant
state driver on
VBus = VBAT max{

All devices'with
integrated LIN
transmitter

Max.

Param 58

IBUS_PAS_dom

-1

mA

Input leakage
current at the
receiver,inélJslave
pull-up.résistor as
speeified in Param
71 dtiver off

Vieus=0V
VeaT =24V

all devices with
integrated slave
pull-up resistor

—+ Min.

Param 59

IBUS_PAS_rec

20

A

Driver off

8V<Vpgar<36V
8V<Vpgys<36V
VBus > Vear

All devices

Param 60

IBUS_NO_GND

mA

Control unit
disconnected from
ground

GNDpevice = Vsup
0V<Vgys<36V
VeaTr =24V

Loss of local
ground shall not
affect communica-
tion in the residual
network.

All devices

Min.

Param 61

IBUS_NO_BAT

100

HA

VgaT disconnected
Vsyp = GND
0V<Vgys<36V

Node shall sustain
the current that

All devices

calr f‘lUVV UlldCl
this condition.
Bus shall remain
operational under
this condition.

Param 62

VBUS_dom

0,4

Vsup

Receiver domi-
nant state

All devices with
integrated LIN
receiver

— Max.

10.

Param 63

VBUS_rec

0,6

Vsup

Receiver recessive
state

All devices with
integrated LIN
receiver

Min. —

11.

Param 64

VBUS_CNT

0,475

0,525

Vsup

VBus_cNT = (Vih_
dom + Vth_rec)/2¢

All devices with
integrated LIN
receiver

Max. Min.
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Table 142 (continued)

Conformance
. . Comment/ . testis pas_sed if
No Reference Parameter Min. Max. | Unit condition Valid for value is
< 2
12. |Param 65 VHys — 0,175 |Vsup |VHYs = Vth_rec- All devices with | Max. —
Vth_dom integrated LIN
receiver
13. |Param 72 D1 0,330 |— — THRec(max) = All devices with — Min.
0,710 x Vsyp; integrated LIN
(DUTV (‘V(‘]P 1) _ I dllbllliLLb‘l
THpom(max) = D1 valid for
0,554 x Vsup; 20 kbit/s
Vsyp=15,0Vto
36 V; tgiT = 50 us;
D1= tBus_rec(min)/
(2 x tgiT)
14. |Param 73 D2 — 0,642 |— THRec(min) = All deviceswith | Max. -+
0,446 x Vsyp; integrated LIN
(Duty Cycle 2) trang;mitter
ggg%m(“\}i“) - D2 valid for
130& X VSUP; 20'kbit/s
Vsyp=15,6 Vto
36 V; tiT = 50°Us;
D2 = tBus_rec(max)/
(2 x taep)
15. |Paran} 74 D3 0,386 |— — THRé¢(max) = All devices with — Min
0,744 x Vsyp; integrated LIN
(Duty Cycle 3) trang;mitter
0 abom(max) = D3 valid for
281 X VSUP; 10,417 kbit/s
Vsyp=7,0Vto
36 V; tgiT =96 us;
D3 = tBus_rec(min)/
(2 x tgiT)
16. |Paran} 75 D4 — 0,591 |— THRec(min) = All devices with | Max. -+
0,422 x Vsyp; integrated LIN
(Duty Cycle 4) trangsmitter
ggg‘:}mm\‘;ﬂ) - D4 valid for
1405 X VSUP; 10,417 kbit/s
Vsup=76Vto
36 V; tgiT =96 us;
D4 = tBus_rec(max)/
(2 » tgit)
17. |Paran] 76 tx_pd — 6 us Propagation delay |All devices with | Max. -+
of receiver integrated LIN
receiver
18. Parant77 TrX_sym =2 2 s S_yuuucu Yy ofre= Atdeviceswith Marx: Min.
ceiver propagation |integrated LIN
delay rising edge |receiver
with respect to
falling edge
19. |Param 71 RsLAVE 20 60 kQ — All devices with | Max. Min.
integrated slave
pull-up resistor
20. [Param 70 RMASTER 900 1100 |Q The serial diode is |All devices Max. Min.
mandatory. with integrated
. master pull-up
Only Va!ld for_ resistor
transceiver with
integrated master
pull-up resistor
120 © IS0 2016 - All rights reserved



https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

Table 142 (continued)

ISO 17987-7:2016(E)

No

Reference

Parameter

Min.

Max.

Unit

Comment/
condition

Valid for

Conformance
testis passed if
value is

s 2

21.

Param 37

CsLAVE

250

pF

Capacitance of
slave node

All LIN slave
devices

Max. —

22.

6.3.7.1

LIN device states
changes

Al LIN device state
changes on condi-
tional events (e.g.

All devices

CIIpeETdiure biluL—
down) shall be
specified in the LIN
device datasheet.

23.

LIN transceiver
input capacitance

A maximum LIN
transceiver input
capacitance shall
be specified in the
LIN device data-
sheet. Please con-
sider the datasheet
limits (e.g. voltage,
temperature).

The value should
be as’low as pos-
sible.

All devices

a Vi

by

C

—

i
d A
200

eV
rec

saT denotes the supply voltage at the connector of the control unit and may be different from the internal sjupply Vsyp
for glectronic components (see ISO 17987-4:2016, 5.3.2).

sup denotes the supply voltage at the transceiver inside the control unit and may be different from the extgrnal supply
Vpalr for control units (see ISO 17987-4:2016, 5.3.2).

us: Current flowing into the node.

transceiver shall be capable to sink at least 40 mA. The maximum current flowing into the node shall not ¢xceed

mA under DC conditions to avoid possible damage.

th_dom: Receiver threshold of the recessive to dominant LIN bus edge. Viy_rec: receiver threshold of the domjinant to

ssive LIN bus edge.

8
Thi

8.1

Thi
ISO

EPL 24 V LIN devices without RX and TX access

5 clause addresses\class C devices.

Test specification overview

5 test specification is intended for LIN conformance tests of the electrical physical layer of ECUs (see

17987=4) with inaccessible TX and RX pin. This may be the case for integrated devices.

Lacki
functions of the device. The LIN frames transmitted by the I[UT can then be evaluated by the test system.

e transmit

Lacking access to the RX pin, the reception of the IUT is tested by establishing a communication between
the test system and the [UT.

8.2 Communication scheme

8.2.1 Overview

Depending on the [UT type (class C as master/slave), several different communication schemes are used
for conformance testing; see 8.2.2 to 8.2.4.
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8.2.2

IUT as slave

The following (mandatory) test frames named in concordance with [SO 17987-3 are used for slave tests.

Table 143 defines the test frames used for slave tests.

Table 143 — Test frames used for slave tests

Test Frame

Requirements for the test frame

TST_FRM_RDBI_0

ReadByldentifier (Identifier = 0).

At other parameters siatt be fiited withrdefautt vatues accoraing to the tU T spectfica
and according to the test case specification.

ion

TST_HDR_

BR_3D |Slave response header, Identifier = 3D1g.

The test sy

stem as master, cyclically transmits a TST_FRM_RDBI_0 followed by TST_HDR_SR_3D with a

maximum pupported bit rate unless defined otherwise by the test case.

One TST_HRM_RDBI_0 followed by a TST_HDR_SR_3D is referred to as one communication cycle. A

communication cycle is considered successful if the IUT as slave responds corréctly to TST_HDR_SR| 3D

(with positfive or negative response, depending on TST_FRM_RDBI_0).

8.2.3 IUT as master

If possible| a test application is installed on the [UT as master. Fhe test application shall support|the

following test scheme:

— Bitrate: Maximum bit rate supported by master application, unless specified otherwise by test cpse;

— Check$um model: Enhanced checksum.

The commfinication between the test system and,the IUT shall be implemented as follows:

1) Countgr = 0;

2) IUT as|master: Transmit a frame header (ID 011¢), followed by response of one data byte (counter
[00]) and checksum;

3) Testsystem as slave: If frame is.ceceived without errors, store received counter and set transmit fllag;

4) IUT as|master: Transmitframe header (ID 021¢);

5) Test system as slavenlf transmit flag is set, respond with one data byte (stored counter [00]) and
check $um, and clear transmit flag;

6) IUT asmaster:Iftestsystem hasanswered withouterrorsand received counter value ==transmifted
countdr value, increment counter by 1;

7) Goto step23:

One sequence of steps 2) to 7) is referred to as one communication cycle. A communication cycle is
considered successful, if the counter is incremented in step 6), verified by test system in consecutive
communication cycle.

There shall be a possibility to deactivate transmission of LIN headers by the IUT (e.g. by setting an

input pin),

so that the LIN bus remains recessive.

If bit rates of both higher than10,417 kbit/s and lower than or equal to 10,417 kbit/s are supported by
the application, there shall be a possibility to select between maximum bit rate and 10,417 kbit/s or
lower (e.g. by setting an input pin).
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If no test software may be installed on the IUT as master (e.g. integrated device), a device-specific
communication scheme is used which allows verification if the IUT as master correctly receives
responses from the test system.

8.2.4 IUT Class C device

8.2.4.1 General

For class C devices (e.g. microcontrollers with integrated transceiver or SBCs with integrated UART and
transceiver), a test application is required.

The type of test application depends on the type of integrated device.

8.214.2 1IUT Class C device as slave
Thip device type only supports slave applications.

For|conformance testing, the IUT class C device as slave is supplied with a‘test application Wwhich shall
support the following test scheme:

— |Application can adapt to all bit rates supported by the device;

— | Checksum model: Enhanced checksum.

Thg communication between the test system and the IUT shall be implemented as follows:
1) [Counter = 0;

2) |Test System as master: Transmit a frame header (ID 014¢), followed by response of on¢ data byte
(counter [00]) and checksum;

3) |IUT as slave: If frame is received withaut errors, store received counter and set transmit flag;
4) |Test System as master: Transmitframe header (ID 021¢);

5) |IUT as slave: If transmit flag is set, respond with one data byte (stored counter [00])|and check
sum, and clear transmit flag;

6) |Test System as master? If IUT as slave has answered without errors and receivg¢d counter
value == transmitted-counter value, increment counter by 1;

7) |Goto step 2);

Ong sequence ‘of'steps 2) to 7) is referred to as one communication cycle. A communicatjon cycle is
conpidered-suc¢cessful, if the counter is incremented in step 6).

8.214:3 ™ TUT class C device as master

This device type only supports master applications.

If the IUT does not have an integrated master pull-up resistor, it shall be equipped with an external
pull-up circuitry as specified in the IUT’s datasheet. If the IUT’s datasheet does not specify a pull-up
circuitry, the circuitry as described in Figure 61 is used.

Figure 61 shows the default master pull-up circuitry.
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D (1N4148)

R (1kQ / 0,1%)
Viut: [Vsup / Veatl

Implementation

Under Test LIN

Figure 61 — Default master pull-up circuitry
For conformance testing, the IUT class C device as master is supplied with a test.application which shall
support the following test scheme:

— Bitrate: maximum supported bit rate, unless specified otherwise by test case;

— Check$um model: Enhanced checksum.

The commfinication between the test system and the IUT shall beximplemented as follows:
1) Countgr = 0;

2) IUT as|master: Transmit a frame header (ID 011¢), followed by response of one data byte (counter
[00]) and checksum;

3) Test Syjstem as slave: If frame is received without errors, store received counter and set transmit fllag;
4) IUT as|master: Transmit frame header (AD:0214);

5) Test System as slave: If transmit flag is set, respond with one data byte (stored counter [00]) and
check $um, and clear transmit flag;

6) IUT a$ master: If test system as slave has answered without errors and received counter
value $= transmitted counter value, increment counter by 1;

7) Goto step 2);

One sequence of steps’2) to 7) is referred to as one communication cycle. A communication cyctz is
considered successful, if the counter is incremented in step 6), verified by the test system in consecufive
communication ‘¢ycle.

There shal ap leg ) 2
us remains recessive.

O
pin) so that the LIN b

If bit rates of both higher than10,417 kbit/s and lower than or equal to 10,417 kbit/s are supported by
the device, there shall be a possibility to select between maximum bit rate and 10,417 kbit/s or lower
(e.g. by setting a port pin).

8.2.4.4 1UT class C device as master or slave for devices supporting both master and slave
applications (two IUTs are needed)

One IUT is provided with a slave application as described in 8.2.4.2, one IUT is provided with a master
application and, if required, external master pull-up circuitry as described in 8.2.4.3. During GND shift
and Vgar shift tests, communication is established between these two [UTs.
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The communication scheme then looks as follows:

1) Counter =0;

2) Master IUT: Transmit a frame header (ID 011¢), followed by response of one data byte (counter
[00]) and checksum;

3) Slave IUT: If frame is received without errors, store received counter and set transmit flag;

4) Master IUT: Transmit frame header (ID 021¢);

5) Slave IUT: If transmit ﬂng is set rpcpnnd with one data byte (Q'rnrpd counter [Oﬂ]) and check sum,
and clear transmit flag;

6) |Master IUT: If slave IUT has answered without errors and received counter valie == transmitted
counter value, increment counter by 1;

7) |Goto step 2);

Ondg sequence of steps 2) to 7) is referred to as one communication cycle> A communicatjon cycle is

conpidered successful, if the counter is incremented in step 6), verified by.the test system in qonsecutive

conjmunication cycle.

If the selection of master/slave application does not affect the physical layer of the device

inte
cas

par

8.3
The
Befi
Thd

{)fetﬂ]e

rnal pull-up resistor), the IUT provided with the slave dpplication is used for all rem|
s and is regarded as IUT class C device as slave.

e selection of master/slave application does affect the physical layer of the device, the
sted both as IUT class C device as slave and IUT ¢lass C device as master for test cases
hmeters differ for master and slave.

Test case organization
intention of each test case is described at first, with a short textual explanation.

pre tests are executed, the test.system shall be set to its initial state as described in 8.5.

Table 144 — Typical test description

e.g. switch
Qining test

[UTs shall
where test

test procedure and the gxpected results are described in the form of a chart for each test case.
Table 144 defines a typical test description.

IUT node as |CGlass A/B/C device as master or slave|Corresponding test number TC x, TC y, whiere x, y are
or both the test case number.
Initial state\/| Parameters:
Number of nodes Number of node in the test implementation
Bus loads In order to simulate a LIN network
Operational conditions:
[UT Mode ;)(}))Ve\::;trir(l):dg’[(.)ge for the IUT (e.g. normal mode, low
VBarVsupViur Value in volt
Failure In order to set failure at
GND Shift Value in volt
Test steps Describe the test stages.
Response Describe the result expected in order to decide if the test passed or failed.
Reference Corresponding number in [SO 17987-4.
NOTE IUT may be a class C device as master or slave ECU.
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Depending on the type of IUT, the supply voltage is Vgat for class C device or Vsyp for class A, called
Viut in this description.

8.4 Measurement and signal generation — Requirements

8.4.1 Data generation

The test system shall be able to transmit LIN frames with adjustable recessive/dominant levels. For
example, with the test system acting as master and the IUT as slave responding to LIN headers sent by
the test system.

Figure 62 ghows the LIN header sent by test system as master with dominant voltage (Vpom Ts) adjusted
and IUT as|slave answering with nominal dominant voltage (Vpom_iuT)-

VLIN A

Viee H —_— - -

VDom_TS T . . .

VDom_IUT B

Sync

L Break Field | Field PID Response »‘
L Header sent by test system Response sent by IUT as slave »‘

Figure 62|— LIN header sent by test system as master with dominant voltage (Vpom 1s) adjusted
and IUT as slave answering with nominal dominant voltage (Vpom_1uT)

Figure 63 ghows the LIN header(sent by test system as master with recessive voltage (VRrec 1s) adjugted
and IUT as|slave answering with nominal recessive voltage (VRec 1uT)-
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VLIN A

vRECJUT f— — —

VREC,TS — . . .

Voom |—

Sync
L Break Field | Field PID Slave Response »‘
L Header sent by test system Response sentby IUT as slave »‘

Figure 63 — LIN header sent by test system as master with recessive voltage (Vgec Ts)] adjusted
and IUT as slave answering with nominal recessive voltage (Vrec 1uT)

The test system shall be able to transmit LIN headers anduesponses. It shall be able to feceive LIN
frames and change its own responses dynamically.

Datp generation by the test system may be realized as'Shown in Figure 64

Data Genération

Recessive Vrec_ts Veull-up
Voltage
Power Supply

1

Tx T
______ N\ Sw2

GND

1

Dominant Vpom_Ts GND

Voltage [

Power Supply

1

LIN bus

Rx

€1

Figure 64 — Data generation

Data generation includes two power supplies that provide the recessive and dominant voltage (VRec Ts
and Vpom Ts) for LIN frames transmitted by data generation. Data generation shall be able to transmit
recessive bits by connecting the LIN bus to its recessive voltage power supply using a low-impedance
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path (Sw1) so the transmitted recessive level will not get corrupted by the IUT’s internal pull-up
resistor if Viyr > VLIN_bus. The internal recessive voltage VRrec_ts is provided to the test setup as Vpyl-up
to supply a pull-up resistor if necessary.

VDom_Ts and Vgec_Ts/Vpull-up is specified in the test cases where data generation is used.

8.4.2 Various requirements

Table 145 defines the data generation, signal measurement and power supply requirements.

Table
Data generation Resolution 10 mV
Accuracy 0,2 % of value
Rise/Fall Time <40 ns
Bit timing precision 20 ppm
Internal resistance <1Q
Bit timing for BR_ 20.kbit/s
Range_20K 24 V LIN tgit = 50 ps
systems
Bit timing for BR_ 10,417 kbit/s
Range_10K 24 V LIN tgit = 96 us
systems
Signal medsurement Dynamic signals Oscilloscope 100 MHz
Rise time <3,5 ns
Static signals: DC voltage 0,5%
DC¢urrent 0,6 %
Resistance 0,5 %
Power supply Resolution 10 mV/1 mA
(Vee, Viut, VLIN) Accuracy 0,2 % of value

8.5 Operational conditions — €alibration

8.5.1 El¢ctrical input/output,)LIN protocol

The initial|configuration fofeach test case is defined in Table 146. Any requirements for individlual
tests are specified in eachitest case.

Table 146 — Initial state of electrical input/output

Parametens —

Number of es 3

Bus loads —

Operational conditions —

IUT mode Set to normal/active mode
Veart, Vsup, ViuT, Vps Specified for each test
Failure No failure

GND shift ov

8.5.2 [EPL-CT 83] Operating voltage range

This test shall ensure the correct operation in the valid supply voltage ranges, by correct reception of
dominant bits. The IUT is therefore supplied with an increasing/decreasing voltage ramp.
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Figure 65 shows the test configuration of the test system “Operating voltage range without RX and TX
access”.

VPull-up

Remote Controlled
Power Supply
Vps

£
H [] Rgus Data

Generation
Viut: [Vsup / Vearl

Implementation

LIN bus VRec_Ts
Under Test LIN
Vpom_ts
GND —L
— Measurement —
1

Figure 65 — Test system: Operating voltage range without RX and TX accesg

Table 147 defines the test system “Operating voltage range without RX and TX access”.

Table 147 — Test system: Operating voltage range without RX and TX access

IUT node as Class C device as master [EPL-CT 83].1, [EPL-CT 83].2
[EPL-CT 83].5, [EPL-CT 83].6
Class C device as slave [EPL-CT 83].3, [EPL-CT 83].4
[EPL-CT 83].7, [EPL-CT 83].8
Initial state Operational conditions:
Viur{Vsup/VBar] Table 148 (BR_Range_20K) /
Table 149 (BR_Range_10K)
Vbom_Ts oV
VRec_TS/VPull—up 36V
Tedt steps A voltage ramp is set on the VpaT/Vsyp as defined in Tables 148/149.
LIN communication is established between test system and [UT.
Regponse Al TUT communication cycles sent during signal ramp shall be successful.
Reference ISO 17987-4:2016, Table 15, Param 52, Param 53

Table 148 defines the test cases “Operating voltage ramp without RX and TX access for BR_Range_20K
24 V LIN systems”.
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Table 148 — Test cases: Operating voltage ramp without RX and TX access
for BR_Range_20K 24 V LIN systems

EPL-CT-TC Viyt range: [Vsyp range/Vgar range] Signal ramp RBus
[EPL-CT 83].1 |[15,0Vto36V]/[16,0Vto36V] 0,1V/s 30 kQ (0,1 %)
[EPL-CT 83].2 |[36Vto15,0V]/[36Vto16,0V] 0,1V/s 30 kQ (0,1 %)
[EPL-CT 83].3 |[15,0Vto36V]/[16,0Vto36V] 0,1V/s 1 kQ (0,1 %)
[EPL-CT 83].4 |[36Vto15,0V]/[36Vto16,0V] 0,1V/s 1 kQ (0,1 %)

Table 149 defines the test cases “Operating voltage ramp without RX and TX access for BR_Range_ 10K
24 V LIN systems”.

Table 149 — Test cases: Operating voltage ramp without RX and TX access
for BR_Range_10K 24 V LIN systems

EPL-CT-T( Viyt range: [Vsyp range/Vpar range] Signal ramp RBus
[EPL-CT 8B].5 |[[7,0Vto36V]/[8,0Vto36V] 0,1V/s 30kQ (0,1 %)
[EPL-CT 8B].6 [[36Vto7,0V]/[36Vto8,0V] 0,1V/s 30kQ (0,1 %)
[EPL-CT 8B].7 |[[7,0Vto36V]/[8,0Vto36V] 0,1V/s 1kQ (0,1 %)
[EPL-CT 8B].8 |[[36Vto7,0V]/[36Vto8,0V] 0,1V/s 1kQ (0,1 %)

8.5.3 Thireshold voltages

8.5.3.1 (eneral

This group|of tests checks whether the receiver threshold:voltages of the IUT are implemented correfctly
within thelentire specified operating supply voltage raflge. Communication is established between|the
test systenp and the IUT, during which the dominant or recessive levels of the LIN frames transmitted
by the test|system are varied with respect to the‘applied supply voltage. The communication shalll be
either succdessful or unsuccessful dependent.on the recessive/dominant levels.

8.5.3.2 [EPL-CT 84] IUT as receiver:Vsyp at Vgus_dom (down)

Figure 66 ghows the test configuration of the test system “IUT as receiver Vsyp at Veus_dom (down)’
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VPull-up
Remote Controlled I
Power Supply
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L
Data
Generation
Viur: [Vsuel [I] Reus

Implementation
Under Test LIN _‘w VREC_Ts
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GND L
1
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Figure 66 — Test system: IUT as receiverVsyp at Vgys_dom (down)

Tabje 150 defines the test system “IUT as receiver Vsyp at VBuys dom (down)”.

Table 150 — Test system: IUT as receiver Vsyp at Vgys_dom (down)

IUT node as Class C device as slave [EPL-CT 84].1, [EPL-CT 84].2,
[EPL-CT 84].3, [EPL-CT 84].7,
[EPL-CT 84].8, [EPL-CT 84].9

Class C device as master [EPL-CT 84].4, [EPL-CT 84].5,
[EPL-CT 84].6, [EPL-CT 84].10,
[EPL-CT 84].11, [EPL-CT 84].12

Initial state Operational ¢conditions
Viut: [Vsup] Table 151 (BR_Range_20K),
Table 152 (BR_Range_10K)
VpeM_rs

VREC_TS/ VPull-up

Rpus

Tedt steps Communication is established between the test system and the IUT. The initial dominant
level transmitted by the test system is the lowest voltage as defined in Table 151Jand

Table 152 for each test case. The dominant level transmitted by the test system if increased
by 20 mV after each IUT communication cycle until the highest level as defined ip Table 151
and Table 157 for each test case 1s reached. The [ast Vpom at which communication is suc-
cessful is recorded as Vin_dom.

See Figure 62 for an example of the communication between test system as master and
slave IUT.

See 8.4.1 for requirements on the data generation unit. The rise and fall time of the LIN
signal shall be less than 500 ns.

Response Communication shall be successful or unsuccessful as defined in Table 151 and Table 152.
Reference ISO 17987-4:2016, Table 15, Param 62, Param 63

ISO 17987-4:2016, Figure 4

Table 151 defines the test cases “IUT as receiver Vsyp at Veus_dom (down)”.
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Table 151 — Test cases: IUT as receiver Vsyp at Vgys_dom (down)
for BR_Range_20K 24 V LIN systems

Expected
EPL-CT-TC Viut: [Vsup] VboM_Ts VREC_TS communication Rpus
result
[-2,25V to 6,0 V] Successful
[EPL-CT 84].1 15V 36V
[9,0 Vto 36 V] Unsuccessful
[-3,6 Vt0 9,6 V] Successful
[EPL-CT 84].2 24V 36V 1kQ (0,1 %)
[14,4 V to 36 V] Unsuccessful
L [-5,4Vto 14,4 V] Successful
[EPL-CT 8#].3 36V 41,4V
[21,6 Vto 41,4 V] Unsuccessful
[-2,25V to 6,0 V] Successful
[EPL-CT 8#1].4 15V 36V
[9,0 Vto 36 V] Unsuccessful
[-3,6 Vto 9,6 V] Successful
[EPL-CT 8#4].5 24V 36V 30 kQ (0,1 po)
[14,4 Vto 36 V] Unsuccessful
[-5,4Vto 14,4 V] Suceessful
[EPL-CT 8{t].6 36V 41,4V
[21,6 Vto 41,4 V] Unsuccessful

Table 152 glefines the test cases “IUT as receiver Vsyp at Vgys_dom (down)”for BR_Range_10K 24 V[LIN

systems.
Table 152 — Test cases: IUT as receiver Vsyp at Vys_dom (down)
for BR_Range_10K 24 V LIN'systems
Expected
EPL-CT-T( Viut: [Vsup] VboM_Ts VREC_TS communication Rpus
result
[-1,05 V to 2;8-V] Successful
[EPL-CT 8#].7 7V 36V

[4,2 V(o836 V] Unsuccessful

[-3,6 Vto 9,6 V] Successful

[EPL-CT 8#4].8 24V 36V 1kQ (0,1 %)

[14,4Vto 36 V] Unsuccessful

[-5,4Vto 14,4 V] Successful

[EPL-CT 8#].9 36V 41,4V

[21,6 Vto 41,4 V] Unsuccessful

[-1,05Vto 2,8V] Successful

[EPL-CT 8#].10 7V 36V

[4,2Vto 36 V] Unsuccessful

[-3,6 Vto 9,6 V] Successful

[EPL-CT 8#].11 24V 36V 30 kQ (0,1 %)

[14,4 V to 36 V] Unsuccessful

[-5,4Vto 14,4 V] Successful

[EPL-CT 8|4].12 36V 41,4V

[21.,6 Vto 41,4 V] Unsuccessful

8.5.3.3

[EPL-CT 85] IUT as receiver: Vsyp at Vgys_rec (up)

Figure 67 shows the test system “IUT as receiver Vsyp at VBus_rec (up)”.
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Tabje 153 defines the test system “IUT as receiver Vsyp at' VBus _rec (up)”.
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Figure 67 — Test system: IUT as receiver Vsyp at Vgys_rec (up)

Table 153 — Test system: IUT\as receiver Vsyp at Vgys_rec (Up)

IUT node as

Class C device as slave FEPL-CT 85].1, [EPL-CT 85].2,
EPL-CT 85].3, [EPL-CT 85].7,
EPL-CT 85].8, [EPL-CT 85].9

EPL-CT 85].6, [EPL-CT 85].10,

[
[
Class C device as master: [EPL-CT 85].4, [EPL-CT 85].5,
[
[EPL-CT 85].11, [EPL-CT 85].12

Initial state

Operational conditions:

Viut: [Vsue] Table 154 (BR_Range_20K),

Vpom.Ts Table 155 (BR_Range_10K)

VRECTS/VPull-up

RBus

Tegdt steps

Communication is established between the test system and the IUT. The initial recpssive level
transmitted by the test system is the highest voltage as defined in Table 154 and Table 155
for each test case. The recessive level transmitted by the test system is decreased by 20 mV
after each IUT communication cycle until the lowest level as defined in Table 154 and

Table 155 for each test case 1s reached.
The last VRec at which communication is successful is recorded as Vip_rec.

See Figure 62 for an example of the communication between test system as master and
slave IUT.

See 8.4.1 for requirements on the data generation unit. The rise and fall time of the LIN signal
shall be less than 500 ns.

Response

The Communication shall be successful or unsuccessful as defined in Table 154 and
Table 155.

Reference

ISO 17987-4:2016, Table 15, Param 62, Param 63
ISO 17987-4:2016, Figure 4

Table 154 defines the test cases “IUT as receiver Vsyp at VBus_rec (Up)”.
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Table 154 — Test cases: IUT as receiver Vsyp at Vgys_rec (up) for BR_Range_20K 24 V LIN systems

Expected
EPL-CT-TC Viut: [Vsup] Vpom Ts VREC_TS communication RBus
result
[EPL-CT 85].1 15V 295y [36Vt09,0V] Successful
) ’ [6,0 V to -2,25 V] Unsuccessful
[36Vto 14,4 V] Successful
[EPL-CT 85].2 24V -3,6V 1kQ (0,1 %)
[9,6 Vto-3,6 V] Unsuccessful
EPL-CT 8': 3 TR IV [41 A\ to 21 F\V] Successful
[EPL- Pl - [14,4 Vto-5,4 V] Unsuccessful
[EPL-CT 85].4 15V 208y [36Vto9,0V] Successful
' ' [6,0 V to -2,25 V] Unsuccessful
B [36Vto 14,4 V] Successful
[EPL-CT 8p].5 24V -3,6V 30 kQ (0,1 po)
[9,6 Vto-3,6 V] Unsuccessful
[EPL-CT 8bL.6 36V c4V [41,4Vto 21,6 V] Successful
Pl ’ [14,4 V to -5,4 V] Unsuéeessful

Table 155 [defines the test cases “IUT as receiver Vsyp at Vgys_rec (up)”for BR_Range_10K 24 V|Lin

systems.

Table 155|— Test cases: IUT as receiver Vsyp at Vgys_rec (up). for BR_Range_10K 24 V LIN syst¢ms

Expected
EPL-CT-T( Viut: [Vsup] VboM_Ts VREC\TS communication RBus
result
[EPL-CT 85].7 7y 105V [36V'to 4,2 V] Successful
Pl ’ [2,8Vto-1,05V] Unsuccessful
B [36Vto14,4V] Successful
[EPL-CT 8p].8 24V -3,6V 1kQ (0,1 %)
[9,6 Vto-3,6 V] Unsuccessful
[EPL-CT 85].9 36V SV [41,4V to 21,6 V] Successful
Pl ’ [14,4 Vto-5,4 V] Unsuccessful
[EPL-CT 85110 v 105V [36Vto4,2V] Successful
) ’ [2,8 Vto-1,05V] Unsuccessful
B [36Vto 14,4 V] Successful
[EPL-CT 8p].11 24V -3,6V 30 kQ (0,1 Po)
[9,6 Vto-3,6 V] Unsuccessful
[EPL-CT 85].12 36V _ [41,4V to 21,6 V] Successful
) ’ 14,4Vto-54V Unsuccessful
D

B L

T

acaluays L
<

LY AVA
cerver——vSgPacVvBTS

This test shall verify the symmetry of the receiver thresholds. It evaluates Viy_dom (3 values) measured
in 8.5.3.2 and Vip_rec (3 values) measured in 8.5.3.3.

Table 156 defines the test system “IUT as Receiver: Vsyp at Vgys”.
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Table 156 — Test system: IUT as receiver: Vsyp at Vgys

IUT node as Class C device as slave [EPL-CT 86].1, [EPL-CT 86].2,
[EPL-CT 86].3, [EPL-CT 86].7,
[EPL-CT 86].8, [EPL-CT 86].9
Class C device as master [EPL-CT 86].4, [EPL-CT 86].5,
[EPL-CT 86].6, [EPL-CT 86].10,
[EPL-CT 86].11, [EPL-CT 86].12
Initial state Operational conditions:
Viut: [Vsup] Table 157 (BR_Range_20K),
Vth_dom 1dUIC 1J0 LUl\_l\ﬂllsC_LUl\)
Vth_rec
Tedt steps Calculate

VBuUs_cNT = (Vih_dom + Vih_rec)/2
and

VHys = Vth_rec _Vth_dom

Regponse Vgus_cnt shall be in the range of [0,475 to 0,525] x Vsyp-VHys shall be less than
0,175 x Vsup.
Reference ISO 17987-4:2016, Table 15, Param 64, Param 65

ISO 17987-4:2016, Figure 4

Tabje 157 defines the test cases “IUT as receiver for BR_ Range_20K 24 V LIN systems: Vsyp 4t Vpus”.

Table 157 — Test cases: IUT as receiver for BR_Range_20K 24 V LIN systems: Vsyp at Vys

EPL-CT Vih_dom @s measured in test.case |Vi, rec as measured in test case Viut: [Vsup]
[ERL-CT 86].1 [EPL-CT 84].1 [EPL-CT 85].1 15V
[ERL-CT 86].2 [EPL-CT 84].2 [EPL-CT 85].2 24 Y
[EHL-CT 86].3 [EPL-CT 84].3 [EPL-CT 85].3 36 Y
[EHL-CT 86].4 [EPL-CT 84].4 [EPL-CT 85].4 15V
[ERL-CT 86].5 [EPL-CT 84{:5 [EPL-CT 85].5 24V
[ERL-CT 86].6 [EPL-CT 84].6 [EPL-CT 85].6 36

Table 158 defines the.test cases “IUT as receiver for BR_Range_10K 24 V LIN systems: Vsyp 4t Vgys”.

Table 158 <2 Teést cases: IUT as receiver for BR_Range_10K 24 V LIN systems: Vsyp at Vgys

EPL-CT Vth_dom as measured in test case |Viy rec as measured in test case Viut: [Vsup]
[EHL-CT\86].7 [EPL-CT 84].7 [EPL-CT 85].7 7V
[EHLECT 86].8 [EPL-CT 84].8 [EPL-CT 85].8 24\
[EPL-CT 86].9 [EPL-CT 84].9 [EPL-CT 85].9 36
[EPL-CT 86].10 [EPL-CT 84].10 [EPL-CT 85].10 7V
[EPL-CT 86].11 [EPL-CT 84].11 [EPL-CT 85].11 24V
[EPL-CT 86].12 [EPL-CT 84].12 [EPL-CT 85].12 36V

8.5.

This test checks whether the IUT influences the bus during under voltage and over voltage conditions.

4 [EPL-CT 87] Variation of Vsyp Non_op € [-0,3 Vto 7,0 V], [18 V to 58 V]

Table 68 shows the test configuration of the test system “Variation of Vsyp NoN_oP.

© ISO 2016 - All rights reserved
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Remote Controlled Remote Controlled
Power Supply 1 P2 Power Supply 2
Vps1
T ; T

Viur: [Vsup / Vearl Reus

Implementation |y
Under Test

GND

€L

Measurement

14

Figure 68 — Test system: Variation ofVsyp NoN OP

Table 159 defines the test system “Variation of Vsyp NoN 0P

Table 159 — Test system: Variation of Vsyp NoN oP

IUT node 3s Class C device as master [EPL-ET 87].1, [EPL-CT 87].3,
[EPL-CT 87].5, [EPL-CT 87].7
Class C device as slave |[EPL-CT 87].2, [EPL-CT 87].4,
[EPL-CT 87].6, [EPL-CT 87].8
Initial state Operational conditions:
Viut: [Vsup/VBar] Signal with a 1 V/s ramp as defined in Table 160, Table 161.
Vps2 See Table 160, Table 161.
RBus See Table 160, Table 161.
There{s11o communication on the LIN bus.
Test steps Agoltage ramp (up and down) is set on ViyT: [Vsup/VBat]. The stimulus stays for t = 30 s 4t
VBAT =58 V.
No dominant state on LIN shall occur.
The IUT shall nothe destroved during the test
Response 7 =
The afterward recessive voltage shall have a maximum deviation of +5 % from the before
recessive voltage.
Reference [SO 17987-4:2016, Table 15, Param 56

136 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=1e290cf49a9490da67d7c7e9479c6eb9

ISO 17987-

7:2016(E)

Table 160 defines the test cases “Variation of Vsyp Non_op for BR_Range_20K 24 V LIN systems”.

Table 160 — Test cases: Variation of Vsyp non_op for BR_Range_20K 24 V LIN systems

EPL-CT-TC Viyt range: [Vsyp range/Vgar range] |Vpsz |Rpus

[EPL-CT 87].1 |[[-0,3Vto16V],[36Vto58V] 36V |60k (0,1%) +diode (1N41438)
[EPL-CT 87].2 |([-0,3Vto16V],[36Vto58V] 36V [1,1kQ (0,1 %) + diode (1N4148)
[EPL-CT 87].3 |[-0,3Vto15V],[36Vto58V] 36 V. [60kQ(0,1%)+diode (1N4148)
[EPL-CT 87].4 |[-0,3Vto15V],[36Vto58V] 36V 1,1 kQ (0,1 %) + diode (1N4148)

Table 161 defines the test cases “Variation of Vsyp non_op for BR_Range_10K 24 V LIN systems”.

Table 161 — Test cases: Variation of Vsyp non_op for BR_Range_10K 24 V/\LIN systems

EPL-CT-TC Viyt range: [Vsyp range/Vgar range] |Vpsz |Rpus

[EBL-CT 87].5 |[[-0,3Vto8V],[36Vto58V] 36V |60k (0,1%) +diede (1N4148)
[EHL-CT 87].6 |[-0,3Vto8V],[36Vto58V] 36V [1,1kQ(0,1,%) +diode (1N4148)
[EBL-CT 87].7 |[-0,3Vto7V],[36Vto58V] 36 V. [60KkQ (0/47%) + diode (1N4148)
[EHL-CT 87].8 |[[-0,3Vto7V],[36Vto58V] 36 V. [1,1 kQ(0,1 %) + diode (1N4148)

8.5/5 Igysunder several conditions

8.5)5.1 [EPL-CT 88] Igys Lim at dominant state (driver on)

Thip test checks the drive capability of the output'stage. A LIN driver shall pull the LIN bjus below a

cerfain voltage according to the LIN standard. The current limitation is measured indirectly

Figlire 69 shows the test configuration of the test system “Igys_Lim at dominant state (driverjon)”.

VPull-up
Remotée Gontrolled
Power Supply
Vps
A
Data
Generation
Viut: [Vsup / Vearl Reus
Implementation
LINDb
Under Test  [|N|—@ us Viecs
Vbom_ts
GND _L
— Measurement —
1

Figure 69 — Test system: Igys_11v at dominant state (driver on)

Table 162 defines the test system “Igys_rim at dominant state (driver on)”.
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