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Foreword

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

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

The ISO 21111 series includes in-vehicle Ethernet requirements and test plans that are disseminated in
other international standards and complements them with additional test methods and requirements.
The resulting requirement and test plans are structured in different documents following the Open
Systems Interconnection (OSI) reference model and grouping the documents that depend on the
physical media and bit rate used.

In general, the Ethernet requirements are specified in ISO/IEC/IEEE 8802-3. The ISO 21111 series
provides supplemental specifications (e.g. wake-up, I/0 functionality), which are required for in-vehicle
Ethernet applications. In road vehicles, Ethernet networks are used for different purpose$ requiring
different bit-rates. Currently, the ISO 21111 series specifies the 1-Gbit/s optical and“[l00-Mbit/s

eledtrical physical layer.
The ISO 21111 series contains requirement specifications and test methods related to th¢ in-vehicle
Ethprnet. This includes requirement specifications for physical layer entity (e.g. connectors, physical

r implementations) providers, device (e.g. electronic control units, gateway units) sugpliers, and
em (e.g. network systems) designers. Additionally, there are test methods'specified for conformance
ing and for interoperability testing.

layg
Sys
test

Safé
are

ty (electrical safety, protection, fire, etc.) and electromagneticycompatibility (EMC) requirements
out of the scope of the ISO 21111 series.

Thd
Intd

structure of the specifications given in the ISO 2111X¥series conforms with the Opg
rconnection (OSI) reference model specified in ISO/IE€7498-1[1] and ISO/IEC 10731121,

n Systems

[SO|21111-1 defines the terms which are used in this’series of standards and provides ah overview

of t
and
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ISO
red
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ISO
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cony

ISO
veh

ISO
Sys
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con|
reqt

he standards for in-vehicle Ethernet including\thle complementary relations to ISO/IEC
the amendments, the document structureptype of physical entities, in-vehicle Ethery
ctionalities, and so on.

21111-2[4] specifies the interface bétween reconciliation sublayer and physical entit}
iced gigabit media independent.interface (RGMII), and the common physical entity w
chronized link sleep functionalities, independent from physical media and bit rate.

21111-3[3] specifies supplemental requirements to a physical layer capable of tr|
bit/s over plastic optical ,fibre compliant with ISO/IEC/IEEE 8802-3, with specific apy

21111-4l€l specifiesthe optical components requirements and test methods for 1-Gbit/s
icle Ethernet,

21111-5[4 specifies, for 1-Gbit/s optical in-vehicle Ethernet, requirements on the physi
em level,vequirements on the interoperability test set-ups, the interoperability test plan
requirements for the physical layer at system level, requirements on the device-level ph
formance test set-ups, and device-level physical layer conformance test plan that chec

munications inside road vehicles, and a test plan for physical entity conformance testing.

IEEE 8802
et specific

F including
hke-up and
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optical in-
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ks a set of

ntcfortha NCT ool lone o o valayzant £o0. J4 arc
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ISO 21111-6[8] specifies advanced features of an ISO/IEC/IEEE 8802-3 in-vehicle Ethernet physical
layer (often also called transceiver), e.g. for diagnostic purposes for in-vehicle Ethernet physical
layers. It specifies advanced physical layer features, wake-up and sleep features, physical layer test
suite, physical layer control requirements and conformance test plan, physical sublayers test suite and
physical sublayer requirements and conformance test plan.

ISO 21111-7 [9] specifies the implementation for ISO/IEC/IEEE 8802-3, which defines the interface
implementation for automotive applications together with requirements on components used to realize
this Bus Interface Network (BIN). ISO 21111-7 also defines further testing and system requirements
for systems implemented according to the system specification. In addition, ISO 21111-7 defines
the channels for tests of transceivers with a test wiring harness that simulates various electrical
communication channels.
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This document specifies the transmission media, the channel performance and the tests for an
ISO/IEC/IEEE 8802-3 in-vehicle Ethernet.

ISO 21111-9 specifies the data link layer requirements and conformance test plan. It specifies the
requirements and test plan for devices and systems with bridge functionality.

1SO 21111-10[19] specifies the application to network layer requirements and test plan. It specifies the
requirements and test plan for devices and systems that include functionality related with OSI layers
from 3 to 7.

Figure 1 shows the parts of the ISO 21111 series and the document structure.

215500//155251?78;' ISO 21111 In-vehicle Ethernet A
7 N\ 1SO 21111-10 Application to network layer requirements and test plans
0Sl |ayers
3fo7
/ A 2] 1S0 21111-9 Data link layer requirements and conforutatice test plan
S
0S8l Jayer 2 ‘g ISO/1EC/IEEE 8802-2
Dath link =
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e ~— T
/““'““‘\ _5 ISO 21111-2 Common physicahentity requirements
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E ISO/IEC/IEEE 8802-3
&
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5 IS0 21111-3 Optical | | IS0 21111<5.0ptical 1S0 21111-6 IS0 21111-7
S 1-Gbit/s physical 1-Gbit/s physical Electrical 100-Mbit/s| |Electrical 100-Mbit/s
osI 1 ;—: entity requirements layer system physical entity physical layer system
Ph ayer} b and conformance feguirements and requirements and requirements and
N test plan test plans conformance test plan test plans
2 ISO/IEC/IEEE ISO/IEC/IEEE ISO/IEC/IEEE
8802-3 / Amd 9 8802-3 / A 8802-3 /Amd 1
[SO 21311-4 Optical 1-Gbit/s component ISO 21111-8 Electrical 100-Mbit/s '
requirements and test methods component requirements and test methods | |
\ J :
Fijgure 1 =\In-vehicle Ethernet document reference according to the OSI model
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Road vehicles — In-vehicle Ethernet —

Part 8:
Electrical 100-Mbit/s Ethernet transmission media,
components and tests
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Scope

5 document defines various parameters to be tested for the communication,chahnel be
brnet devices (e.g. ECUs for automotive application) and also for the transmission medi
es and connectors as a single component of which the communication*channel cor
Lment also specifies the general RF requirements for a physical layer communication

IEC/IEEE 8802-3. These requirements are related to signal integrity.of the communicati

L methods for electrical performances of the communication charinel/link and cables and
also specified in this document.

Normative references

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

IEC/IEEE 8802-3, Telecommunicationscand exchange between information technology
piirements for local and metropolitan qrea networks — Part 3: Standard for Ethernet

19642-2, Road vehicles — Autombotive cables— Part 2: Test methods

21111-1, Road vehicles - In-vehicle Ethernet — Part 1: General information and definitionsIEC 6
Fs), Connectors for electroniclequipment - Tests and measurements

and fixed connectars)for data transmission with frequencies up to 600 MHz
60512-25 (allparts), Connectors for electronic equipment - Tests and measurements

61935-14all parts), Specification for the testing of balanced and coaxial information technol
It 1: [nstalled balanced cabling as specified in ISO/IEC 11801-1 and related standards

tween two
h including
sists. This
hannel for
bn channel.

connectors

Pir content
pplies. For
[s) applies.

systems —

0512-25(all

60603-7-7:2010, Confiectors for electronic equipment - Part 7-7: Detail specification for 8-wdy, shielded,

gy cabling

3

Tarmcand dofinitianc
a1

LICIL IO dIiIlu IXACIVIIO

For the purposes of this document, the terms and definitions given in ISO 21111-1 and the following

app

ly.

[SO and [EC maintain terminology databases for use in standardization at the following addresses:

©IS

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

IEC Electropedia: available at https://www.electropedia.org/
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3.1

Ethernet data cable
single twisted pair cable that can transmit 100BASE-T1 Ethernet signals

Note 1 to entry: This is specified in Reference [11].

3.2
power sum alien near end crosstalk loss
PSANEXT
—ANEXT(f)y;
PSANEXT (f) =—10logo » 10 10
j=1
where
PSANEXT is the PSANEXT;
f is the frequency;
j is the disturbing signals;
N is the disturbed signal;
m is the number of disturbing pairs.
Aanexrl  is the ANEXT.

Note 1 to enjtry: Power sum alien near end crosstalk loss is expressed in dB.

3.3
power sun
PSAACRF

PSAAC

AACRHR

where

PSAAC
f

n attenuation to alien crosstalk ratio far end
—AACRF( f)y j
RF (f)y =—10log;q » 10 10

j=1
(f)Nj :AFEXT(f)Nj _IL(f)N

RE is the-PSAACRF;

isthe frequency;

is the disturbing signals;

AACRF
AFEXT
IL

is the disturbed signal;

is the number of disturbing pairs;
is the AACRF;

is the AFEXT

is the IL

Note 1 to entry: power sum attenuation to alien crosstalk ratio far end is expressed in dB.
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4 Abbreviated terms

AACRF alien attenuation to crosstalk ratio far-end

AFEXT alien far end crosstalk loss

AFEXTDC alien far end cross conversion loss common to differential
AFEXTDS alien far end cross conversion loss single ended to differential
ANEXT alien near end crosstalk loss

ANEXTDC alien near end cross conversion loss common to differential
ANEXTDS alien near end cross conversion loss single ended to differential
cC communication channel

CIDM characteristic impedance differential mode

CUT cable under test

DUT device under test

ECU electronic control unit

ES environment system

GNIb ground

IL insertion loss

LCL longitudinal conversion loss

LCTL longitudinal canversion transmission loss

MD media depeiident interface

PCH printed.¢ircuit board

PSANEXT power sum alien far end crosstalk loss

PSAACRF power sum power-sum alien attenuation to crosstalk ratio far-end
RL return loss

RT room temperature

SMA SubTmTature type A&

SCC standalone communication channel

S-Parameter scattering parameter

TDR time domain reflectometry

VNA vector network analyser

wcCC whole communication channel

©1S0 2022 - All rights reserved 3
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5 Communication channel/link
5.1 General

5.1.1 Definition of communication channel

This clause specifies the general RF requirements for a physical layer communication channel according
to Figure 2, which shall conform with ISO/IEC/IEEE 8802-3 (100BASE-T1) for in-vehicle Ethernet
applications.

The maxinfum Tength of WCC s not defined. It depends on the characteristics of each single compo:rnt.
These comlponents should be chosen to achieve a typical length of 15 m and in maximum 4, jrlline
connectord for car applications.

The combipation of channel length and maximum inline connections shall be decided.in-accorddnce
with the cdmpliance with the channel RF performance specification specified in this document.

Connector$ and cables which are applied to the communication channel shall fulfil at least electifical
requiremepts (e.g. Open Alliance TC2 100 baseT1 specification[11]).

1 2
3 3
MD! !MDII
e ; ¥
L [
6
[

Key
device |
device R

physical entity
device connector
inline connector
cable

N O U W e

communication channel
Figure 2 — Definition of communication channel

NOTE The number of inline connections in Figure 2 is an example.

4 © IS0 2022 - All rights reserved
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5.1.2 Operating temperature

The communication channel requirements are valid within the temperature range of the intended
application. In general, the communication channel is used in between -40 °C and 105 °C. In some
applications, an operating temperature of 85 °C, 100 °C, or 125 °C is required.

5.1.3 RF parameters

For all parts of the communication channel, the RF requirements are defined in terms of the following
RF and S-parameter (see Table 1).

Table 1 — Definitions for RF and S - parameter

Item | Parameter
Impedance

CIDM |ZRF

Single channel characteristics (port 1, 2)
RL Sdd11» Sddz2

IL Sqdz1

LCL Sqc11 Sdezz
LCTL Sdc12» Sde21
Cross talk single channel and other signals (chanhels/port 3 to port x)
ANEXT Sdd31 Sddx1
AFEXT Sdd32 Sddx2
PSANEXT? N/A
PSAACRFb N/A
ANEXTDC SqeafrSdex1
ANEXTDS Ss31 Sdsx1
AFEXTDC Sac32 Sdex2
AFEXTDS Sds32r Sdsx2

Note In prineiple, the limits for S-parameter are valid in the frequency range 1 MHz
< f< 66 MHz. For-kCL, LCTL, AFEXTDC, AFEXTDS, ANEXTDC, and ANEXTDS limits are
valid up to f= 200 MHz.

a  SeeBA2.
b _See)3.3.

© IS0 2022 - All rights reserved 5
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5.1.4 Definition of whole communication channel

10

Key
device 1
device 2
power, pignals, and other system
device ¢onnector

SCC
etherngt data cable
inline cpnnector
cable ofher system
ES
10 WcCC

O 0 N O U1 H W N -

Figure 3 — Definition of whole communication channel

In a practl 2] cyci—nm, the r‘nmmunn‘ahnn channel which trancmits F't]nnrnnf CIgnalc 1snot dlcr‘rnfn, but

coexists with power lines and control signal lines other than Ethernet signals in the wiring harness
bundle. Considering this condition, the whole communication channel (WCC) is defined in Figure 3.
Therefore, the communication channel is always subjected to electromagnetic interaction. Hereafter,
the communication channel, which is dedicated to transmit Ethernet signals, is defined as standalone
communication channel (SCC) and a cabling system which is not for Ethernet signals is defined as an
environmental system (ES).

5.1.5 Definition of coupling zone

Electromagnetic interaction between ES and SCC are separated into four different zones (Figure 4).

6 © IS0 2022 - All rights reserved
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5 { S\ S\, ’} C
6 10

zone 1

zone 2

zone 3

zone 4

port1

port 3A

port 3B

port 4B (line without noise)
port 2 (100BASE-T1 channel)
port 4A (line with noise)
connector

. |wiring harness/cable bundle

Figure 4 — Zone concept for electromagnetic interaction between ES and SCC

Table 2 defines)four coupling zones. Examples of the dominant disturbing source apd related
S-parameter atieach zone are shown in Table 2.

For|evaluation the WCC, it should be tested as a complete system including all zones. For apalysis and

opt

mization or evaluation of single components of WCC, the zone should be tested separately

Table 2 — Coupling zone definitions

- untwist region outside connector
(valid for ECU connector and inline
connector)

Zone Interaction / cross talk|Dominantdisturbingsource (if|Related S-parameter (exemplary)
to differential mode|present)
port1 / port2 (SCC)
1 Multi-pin connector Line(s) with high common mode|Port 3A: Sy 134 (Sqs134)
noise
2 Connecting area connector - cable|Line(s) with high common mode

noise

Port 3A: Sy.13a (Sgs13a)

Depending on the application configuration, the WCC will contain of a combination or a subset of the defined zones.

© IS0 2022 - All rights reserved
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Table 2 (continued)

Zone Interaction / cross talk|Dominantdisturbingsource (if| Related S-parameter (exemplary)
to differential mode|present)
port 1 / port 2 (SCC)

3 Connecting area connector - cable | Line(s) with high common mode |Port 3A: S .13 (Sqs134)
- twist region outside connector |noise

4 Cable bundle wiring harness Line(s) without common mode|Port 3A: Sy 134 (Sgs13a)

noise and other communication

lines Port 3B: de13B

POI‘t 48' S,q,n,”}

Depending on the application configuration, the WCC will contain of a combination or a subset of the defined zones.

5.2 Spegification of single channel charactoristics for SCC, cable and connecter

5.2.1 Spkcification of SCC in WCC configuration including assembly

For the evdluation of the complete channel implementation, the requirements fer, WCC shall be applied.
To be able|to setup a compliant 100BASE-T1 channel implementation, the cables and connectors that
fulfil the re¢spective requirements should be used. Please refer to ISO/IEC/AIEEE 8802-3:2021,96.7 fpr a
detailed specification.

The SCC for testing the complete WCC shall comply with the specifieation in Table 3.

Table 3 — Specification of SCCfor WCC

Parameters Specification Test reference
CIDM Zgr 100 Q+ 10 %cd IEC 62153-1-1
ILe Sdad21? 1 MHz: <1,0dB IEC 61935-1
10 MHz:_(<2,6 dB
33 MHz <4,9 dB
66 MHz: <7,2dB
RL Sdd11 Sddz2” 1 MHz: =18,0dB
20 MHz: =18,0dB
66 MHz: >12,8dB
LCL Sac11 SGe? 1 MHz: =43,0dB
LCTL SaéAnSqc12° 33 MHz =43,0dB
50 MHz: =39,4dB
200 MHz: =273dB

a  Logarithmic 'scale for loss value (dB) axis and linear interpolation for limit value at logarithmic scale of frequgncy
(MHz) axis areapplied.

b Linear scale for loss value (dB) axis and linear interpolation for limit value at logarithmic scale of frequency (MHz) axis
are applied.

¢ Measurement is done at systems rise time of 700 ps.

d  Actual measurements are corrected with use of a proper correction method. Annex B shows the information of the
correction method. The specification is valid for the corrected value CIDM_, ccteq(t). Both actual measurements CIDM
measured(t) and corrected values CIDM . .oteq(t) shall be plotted in the same graph.

¢ Because of the deviation between IL at room temperature and temperature dependent IL of the used cable, the limit is
valid for the corrected IL according to 6.3.3.5.

8 © IS0 2022 - All rights reserved
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5.2.2 Specification of the cable in SCC

The cables used in SCC shall fulfil the cable electrical requirements (e.g. Open Alliance TC2 100baseT1
specificationl[11]).

5.2.3 Specification of the connector in SCC

Table 4 specifies the connectors used in SCC.

Table 4 — Connector specification in SCC

Parameters Specification Test referénge
Intra pair skew Tintra pair x None ¢ IEC 60512-25-4,
CIDM YA 1000 +10%4d IEC 60512-257
IL Sddz21° 1 MHz: <0,025dB [EC 60512-25-2

10 MHz: <0,038dB
33 MHz: <0,05dB
66 MHz: <0,075dB

RL Sad11r Sdd22? 1 MHz: >38,0dB IEC 60512-25-5
33 MHz: =38,0dB
66 MHz: =30,5dB

LCI Sae11 Sdezz® 1MHz: >46,0 dB IEC 60603-7-7
LCTL Saca1 Sde12? 50 MHz: > 46,0dB
200 MHz:_+ 34,0 dB

a | Linear scale for loss value (dB) axis and linear interpelation for limit value at logarithmic scale of frequendy (MHz) axis
are ppplied.

b [Logarithmic scale for loss value (dB) axis\and’linear interpolation for limit value at logarithmic scale pf frequency
(MHz) axis are applied.

¢ |No limit, the measurement result may-be used for compensation of connector propagation delay skew at the layout of
ECU.

d  |Measurement is done at systemsyise time of 700 ps.

5.3| Specification related to the electromagnetic interaction between SCC and HS

5.3]1 Specification of the connector

The connectors used in WCC shall comply with the specification in Table 5.

Table 5 — Specification of alien cross talk for the connector

Parameters Specification TestTeference
ANEXT/AFEXT Sda31> Sdax1, Sad32r Sdax2 2 1MHz: =70,4dB IEC 60512-25-1

16 MHz: =46,3 dB
33 MHz: =40,0dB
66 MHz: =34,0dB

a Linear scale for cross talk value (dB) axis and linear interpolation for limit value at logarithmic scale of frequency
(MHz) axis are applied.

©1S0 2022 - All rights reserved 9
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Table 5 (continued)

Parameters

Specification

Test reference

sion @
ANEXTDC/ANEXTDS
AFEXTDC/ANFEXTDS

Cross talk mode conver-|Sg.31, Sqcx1, Sds31> Sdsx1 2

Sdc32 Sdex, Sds32s Sdsxz

1MHz: =246,0dB
50 MHz: =46,0dB
100 MHz: =>40,0dB
200 MHz: =34,0dB

IEC 60603-7-7

(MHz) axis are applied.

a Linear scale for cross talk value (dB) axis and linear interpolation for limit value at logarithmic scale of frequency

5.3.2 Specification of SCC in WCC including assembly

The SCC for testing the complete WCC shall comply with the specification in Table 6.

Table 6 — Specification of SCC in WCC

Test reference

1E€'61935-1

Parameters Specification

PSANEXT b} ¢ 1MHz: =51,5dB
100 MHz: =>31,5dB

PSAACR-F Y ¢ 1 MHz: =56,5dB

100 MHz: =16,5dB

sion @
ANEXTDC/ANEXTDS
AFEXTDC/ANFEXTDS

Cross talkjmode conver-|Sy.31, Sqex1 Sds3tr Sdsx1 2

SdC32' Sdch, S'ds32' Sdst a

1 MHz: =243,0.dB
50 MHz: 43,0 dB
100 MHzr >39,4dB
200MHz: =227,3dB

IEC 61935-1-1

(MHz) axis are applied.

a Linear fcale for cross talk value (dB) axis and linear interpolation for limit value at logarithmic scale of frequgncy

b This spgcification is valid for any WCC. To compare’WCC with specific cables and connector types a four-around{one
test setup adcording to Annex C may be used.

¢ The parjameter is specified in ISO/IEC/IEEE 8802-3.

6 Testmethods

6.1 Apppratus

6.1.1 Tept equipment

A vector netwofk-analyser (VNA) and a time domain reflectometer (TDR) in combination with a fest
fixture with/he parameters specified in Table 7 shall be used.

Table 7 — Requirements for test apparatuses

Measurement Apparatus Requirements
Mixed mode S-parameter |VNA Type of apparatus 4 ports vector network
analyser
System impedance 50 Q
Frequency range 0,3-1000 MHz

Test fixture

See Annex A for an example.

10
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(CIDM)

Table 7 (continued)
Measurement Apparatus Requirements
Characteristic Impedance|TDR Type of apparatus 2 channel differential mode

System impedance

50 Q (single ended)/100 Q
differential mode

Rise time Pulse generator: < 25 ps
internal (< 100 ps at test
fixture)

Analyser:

no filter/700 p$ internally
adjustable

(usedcdigital filter charac-
terjstic’of test apparatus)

Test fixture Seé Annex A for pn example.

6.112 Precautions for VNA
Test operators shall take the following precautions for VNA accordifig'to IEC 61935-1.
1) [The reference plane of the calibration shall coincide with thé measurement reference plane. If it is
not the case, the magnitude of the deviation shall be detérmined.
2) |Consistent resistor loads shall be used for each paireficonductors throughout the test s¢quence.
3) |The alignment of the cable under test shall be ¢hosen as defined for the single tests an( it shall be
fixed throughout the test sequence.
4) |Sharp bends and restrains for the cable under test shall be avoided throughout the test §equence to
prevent cable and adapter discontinuities.
5) |Coaxial cable, balanced cable and:traces of the circuit on the test fixture shall be kept jas short as
possible to minimize resonanceand parasitic effects.
6) |Overload conditions of the-network analyser shall be avoided.
6.1{3 VNA setting parameter
Test operators shall(set the VNA parameters as shown in Tables 8 and 9.
Table 8 — VNA settings for S-parameter
Parameter Setting
Sweep f i ¢ 300 kHz
Cxaz £ 1 CLl
Sweeptfron +-GHz
Sweep type Logarithmic
Sweep points 1600
Output power >-10 dBm
Measurement bandwidth <500 Hz
Logic port impedance differential mode 100 Q
Logic port impedance common mode 200 Q
Data calibration kit (VNA) Use an appropriate calibration kit.
(The calibration kit shall be identified
in the test report.)
©1S0 2022 - All rights reserved 11
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Table 8 (continued)

Parameter

Setting

Averaging function

Single time measurement*

Note: A multiple-averaging setting
can be used along with the recording
of the actual averaging time used.

Smoothing function

Deactivated

Table 9 — VNA settings for impedance

6.2 Proc

6.2.1 Ca

All tests sh

Parameter Value
Rise time 700 ps
Sweep fg . 700 kHz
Sweep fg,, 1,4 GHz
Sweep type Linear
Sweep points 2000

Filtering

Hann window or similar window

TDR Type

Step

Output power

Minimum -16,dBm

Measurement bandwidth

<500 Hz

Port reference impedances

50 (single ended port impedances
(This results in 100 ( differential
mode reference impedance after con-
version to mixed mode parameters.)

Data calibration kit (VNA)

Use an appropriate calibration kit.
(The calibration kit shall be identified
in the testreport.)

Averaging function

Single time measurement*

NOTE A multiple-averaging setting
may be used along with the recording
of the actual averaging time used.

Smoothing function

Deactivated

edure

ble

6.2.2 Co

nnector

all be operated according to ISO 19642-2. See also Reference [11].

6.2.2.1 General

All tests shall be operated according to IEC 60512-25 series and IEC 60603-7-7.

If the connector under test has more than two conducting pins, all pairs of pins which are used for a
part of SCC of 100BASE-T1 shall be tested. Cross talk in between pins in SCC and all other pins in the
connector shall be tested, unless otherwise specified.

6.2.2.2 Testsetup

The terminal of the connector under test shall be crimped firmly as recommended on the conductors
out of circuit board of the test fixture.

12
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2.3 Test temperature

Unless otherwise agreed between the supplier and the customer, the measurements shall be operated
in the room temperature defined as 23 + 5 °C, 25-75 % RH, in addition, at -40 °C and at either of 85 °C,

100

6.2.

°C,or 125 °C.

2.4 Test fixture

The test fixture shall comply with IEC 60512-25-1. An example is shown in A.1. The test fixture shall
be low attenuation, high symmetry between the two differential lines of the pair and match to 50 Q of

Sin

le-ended impndnnr‘p

The
med
sho
con

Reg
att

Thd
cha

Key]

connector test fixture shall provide an optimal connection of connector terminal
lsurement equipment. In order to avoid parasitic effects at the test fixture, a priated cil
1ld be used with impedance-controlled traces (which should be as short as possible) an
hectors. Please see A.1 for a detailed picture.

ardless of either device connector or inline connector, the measurement reference plang

he geometrical boundary electrical contact system of the connector, as shown in Figure 3.

measurement reference plane may be moved to the RF connector an'the test fixture, if th
Facteristics of the test fixture are calibrated and corrected for measurement.

1 1
YRR

measurement reference plane
conductor

termincal

crimp

tespfixture

5 with the
cuit board
1 RF board

is defined

e electrical

RF-connector (SMA)

O N O U1 D W N

connector (DUT)
PCB

Figure 5 — Measurement reference plane on the test fixture (connector)

© IS0 2022 - All rights reserved
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6.2.3 WCC

6.2.3.1 General

The test of WCC shall be done in accordance with the test procedures specified in 6.3.1 and 6.3.2.
For testing the complete WCC, all cables and connectors to be used in the WCC shall be in IUT
(implementation under test).

6.2.3.2 Testsetup

Untwisted jzomre{zometamt-2 i Figure4and-Tabte 2} shatt beconfigured-imr the same mmrammmeras mass
productior]. All interactions between SCC and ES according to Table 2 shall be included into the/fest
setup.

For testing the complete WCC with taking actual implementation into account, the following setup may
be recomnjended. Please see an example in Figure 6.

— Allcomponentsin WCC are installed on an insulation support with €. < 1,4 and 10 * 0,5 mm thickness
over larger 1 m x 2 m dimension ground reference plane.

— Groundl reference plane overlaps all components of the test configuration within minimum 30 fjnm
(3 timgs height over reference ground plane).

— The digtance between all components in the WCC is not smaller than 30 mm (3 times height ¢ver
reference ground plane).

— For small WCC configuration, the cable is routed in a strajght way.

— For lafige WCC configuration, the cable segment is artanged as a meander between the connecfors
to avoid parasitic coupling.

— The mjnimum bending radius of the cable shall not be smaller than the minimum bending raglius
specified in the relevant cable specificationy

— The orientation and direction of devices and inline connectors are kept horizontal to ground
reference plane.

— The ground reference of the(test fixture is connected to the ground reference plane with [low
impedance.

14 © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=d30ce42ba52eb1e5f5f020e243e4fee7

ISO 21111-8:2022(E)

Dimensions in mm

/
7
Pl 3 w4 A A b 2
/L
> /] g
T u us . D S
0 Uuuuvyu 230 =
] T r A N
/ it L =30
-
g 3 A
8 v U \ A
=4
m
M
22 000
Key
1 |ground plane
2 |insulation support
3 |ECU connector
4 |inline connector
5 |portl
6 |port2
7 |test fixture
8 |GND connection test fixture
9 |cable to VNA/TDR
Figure 6 — An example of the WCC test setup
6.2{3.3 Test teniperature
The test of WCC'is operated at room temperature of 23 5 °C, 25-75 % RH.
6.2{3.4. \Test fixture
Thelreasurementreference-plane-is-definedattheseometrical- boundary-electrical-contaet system of

the device connector at both ends of WCC, as shown in Figure 7 and Figure 5.

6.2.

3.5 Correction of test results

The test results of WCC shall be corrected by using the temperature dependent IL performance of the
cable at fixed frequencies of f= 1 MHz, 10 MHz, 16 MHz, 33 MHz, and 66 MHz. The correction formula is

as given in Formula (1)

ILwcc_max temp = ILwcc_RT + (ILcabIe_max temp/m ~ ILcabIe_RT/m) *1

© IS0 2022 - All rights reserved
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where
ILyyec max temp is the value insertion loss for measured WCC configuration at maximum temperature;
IL,cc pr is the value insertion loss for measured WCC configuration at RT;
IL ¢ gple_max temp/m 1S the value insertion loss per meter for measured cable at maximum temperature;
IL capie_rT/m is the value insertion loss per meter for measured cable at RT;
l is the length of measured WCC configuration.
1 2
L
3 5\ 3
f_% f_%

;

F—Q“‘ AN

==t

4(‘/

40

Key
device 1
device 2
[ES] pojver signals, and other system

device tonmerctor
measurement reference plane
ScC

wiring harness/cable bundle
inline connector

WCC

O 0 N O U1 b W N

Figure 7 — An example of the WCC test setup
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6.3 Testresults
The test results shall be reported. Reporting contents should include the following items:

— date and time of test,

— identification of DUTs (e.g. product numbers and serial numbers of cables and connectors under

test),

— test condition (e.g. temperature, humidity, cleanness),

— detailed testsetup;

— |results of S-parameter:

— actual measurement values in dB with the pass/fail criteria,
— achart against the logarithmic frequency up to 1 000 MHz,
— |results of TDR measurement:

— differential impedance values in Q with the pass/fail criteria,

the correction method):
— linear time scale in ns in X-axis,
— additional linear length scale in m in X-axis.

NOTE The length is calculated using 2/3 of ¢y or real phase velocity of cable/connector an

— charts of actual measurement values and corrected values-(see Annex B for the infqrmation of

l correction

of two-way of pulse propagation. Where, ¢§ds the velocity of light transmission in the vaccum space.

© IS0 2022 - All rights reserved
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Annex A
(informative)

Extended test setup definitions

A.1 Conpectorfixture

Figure A.1 shows a detailed example of the test fixture. Qq/q/

O T
N~
® .
Figure A.1 S Example of the test fixture of connectors
O B
%{0
O
Q~
)
R
)
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