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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 p

desc 1bed in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval cr1ter1a 1neg

different types of ISO documents should be noted. This document was drafted in acéorda
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ded for the
ce with the

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent right

any

patent rights identified during the development of the document willbe in the Introdu

on the ISO list of patent declarations received (see www.iso.org/patents);

Any

frade name used in this document is information given for the-éonvenience of users 4

constitute an endorsement.

For

in explanation of the voluntary nature of standards;, the meaning of ISO specifig

exprgssions related to conformity assessment, as wellvas information about ISO's a

the

World Trade Organization (WTO) principles in‘“the Technical Barriers to Trade

www.iso.org/iso/foreword.html.

This

Elec

tirical and electronic components and general system aspects.

This| third edition cancels and replaces the second edition (ISO 10605:2008), whic
technically revised. It also incorporatésthe Amendment [SO 10605:2008/Amd 1 2014 and t
Corr]gendum ISO 10605:2008/Cor 1:2010.

The

]:ain changes are as follows}

introduction of alternative test set-up with field coupling plane for direct and indirect d
¢omponent (powered*up test);

minimum number of discharges changed from 50 to 10 for indirect discharge on
powered-up test);

interval-bétween successive single discharges changed from 50 ms to 1 s for indirect ¢
¢ompanent (powered-up test);

s. Details of
ction and/or

nd does not

terms and
Hherence to
(TBT), see

document was prepared by Technical Cominittee ISO/TC 22, Road vehicles, Subcomnjpittee SC 32,

h has been

he Technical

scharges on

component

lischarge on

nofagraonnd ~onnns fiom for Aicohavnagne o DUHT ninc for connannn tnaclkaging

Ad A+
atattoh-6ra-grounatone et oo atSerarge S o o PpHSTor-componeRtpacaghs

test method (unpowered test);

nd handling

optional test set-up and procedure for electronic modules (powered-up test) moved from Annex to

main body;

addition of new Annex G.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The electrostatic discharge, due to former charge build-ups generated, for example, when moving
about inside a vehicle or getting out of it, has assumed greater significance with the increase of vehicle
electronic modules. Tests simulating the electrostatic discharge of humans, in common use by various
industries, were examined and it was determined that they were not fully applicable to the automotive
environment. As a consequence, tests tailored to the automotive environment were developed.

Tests that simulate an electrostatic discharge (ESD) into a vehicle electrical system are based on the
human ESD model. Sensitive electrical devices can be adversely affected by energy either coupled or

radiated frr(:Jm eleetrostatic-diseharges:

This docu
vehicles.

ent describes ESD tests that are applicable to both automotive electronic moduleg and
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Road vehicles — Test methods for electrical disturbances
from electrostatic discharge

1 Scope

This document specifies the electrostatic discharge (ESD) test methods necessary to evaluate electronic
modytesimtended for vetticte use- ttappties to discirarges i the fotfowing tases:

— ESD in assembly;
— IESD caused by service staff;
— IESD caused by occupants.

This|document describes test procedures for evaluating both electronic/modules on th¢ bench and
complete vehicles. This document applies to all types of road vehicles regardless of thg propulsion
systdm (e.g. spark-ignition engine, diesel engine, electric motor).

The test for electronic modules on the bench described in thisjdocument applies to any DUT (powered
by an unshielded power system, DUT powered by a shielded.power system, self-powered DUT, etc.).

This|document does not apply to pyrotechnic modules.

2 Normative references

The following documents are referred to in_the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of\the referenced document (including any amendments) applies.

ISO [11452-1, Road vehicles — Cemponent test methods for electrical disturbances from [narrowband
radidted electromagnetic energy~=> Part 1: General principles and terminology

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 11452-1 and the following
apply.

ISO gnd [EC myaintain terminology databases for use in standardization at the following addresses:

— ISO/Qnline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: avallable at https://www.electropedia.org/

3.1

air discharge

test method characterized by bringing the test generator discharge tip close to the device under test
(DUT) (3.3); the discharge is by arcing on the DUT

3.2

contact discharge

test method characterized by contact of the test generator discharge tip with the device under test
(DUT) (3.3), where discharge is initiated by the generator discharge switch

©1S0 2023 - All rights reserved 1
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3.3
DUT

2023(E)

device under test
single component or combination of components as defined to be tested

3.4

direct discharge
discharge directly on the device under test (DUT) (3.3)

3.5
ESD

electrostat
transfer of
induced by 4

3.6

C d;ﬂ\'hal SC
blectrostatic charge between bodies at different potentials occurring prior to conta
in electrostatic field

ESD generator

instrument

3.7
GP
ground pla
flat conduct

Note 1 to ent

3.8
holding tim
interval of t
10 %

3.9

human ESD
network of
electrostatid

3.10
indirect dis
discharge td

that simulates the human ESD model (3.9)

he
ive surface (3.11) whose potential is used as a common reference

Fy: The test voltage should also be referenced to the ground\plane.

e
ime within which the decrease of the test voltage due to leakage, prior to the dischar

model
passive elements and voltage (that characterizes a charged person as a source
discharge (3.5) for automotiye conditions

charge
a coupling plane near the device under test (DUT) (3.3)

Note 1 to enftry: Discharge cutrpent produces a transient field that might affect the DUT. Indirect disc

simulates dis

3.11
surface
uninterrupt

charge by a humian being on items near the DUT.

ed Houdsing area, gap or opening

ct or

e, is

f an

harge

EXAMPLE

[ il A3 3ol S £ 4+ 4 3 4 1 3
JVVILUIITS, LllJ S VVILUIITS, }JUIIILD Ul LUIILALG, dIl VUIILS, DlJCCll\Cl UpClllllsD.

4 Test conditions

The user shall specify the test severity level(s) for the component and vehicle tests. Suggested test levels
are included in Annex C.

Standard test conditions shall be as follows:

— ambient temperature: (25 + 10) °C;

— relative

humidity between 20 % and 60 %.

If other values are agreed to by the users, these values shall be documented in the test report.

© IS0 2023 - All rights reserved
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5 Testlocation
Shielded enclosures or even absorber-lined shielded enclosures are allowed but not required.

NOTE ESD testing creates transient fields, which can interfere with sensitive electronic devices or receivers,
even at a distance of a few meters. It is advisable that this be considered when choosing a test location.

6 Test apparatus and instrumentation

6.1 ESD generator

The ESD generator characteristics shall be as specified in Table 1.

Table 1 — General ESD generator parameters

Parameter Characteristic
Outpgut voltage range contact discharge mode 2kVto 15 kV, orasrequired in the test plan @
Outgut voltage range air discharge mode 2kVto, 25KV, or asrequired in the test plan @
Outpgut voltage accuracy <5%
Outgut polarity Pgsitive and negative
ﬁ)isge( tg/zr)le of short circuit current in contact discharge mode (10% 0,7 ns to 1,0 ns
Holdjing time 25s
Storgge capacitancesP 150 pF, 330 pF
Discharge resistancesP 3300Q,20000

a2 Yee examples in Annex C.

b dtorage capacitance and discharge resistance‘are nominal values, ESD generator shall meet discarge current
specifications in 6.3.

NOTH When an ESD generator is supplied from an external supply source, AC or DC, or coptrolled by a
sepatate unit and this (these) cable(s) is (are) not combined (bundled) with the ESD generator disqharge return
cablef unintended current can flow through this (these) cable(s).

The ESD generator should be’able to generate a repetition rate of at least 20 dischargeq per second
down to manual controlwithout any degradation of the discharge current waveform.

The tip voltage showldbe checked continuously by the generator internal tip voltage superyision.

For dontact discharge a grounded discharge resistor with 1 MQ #20 % resistance from tip to ground
is recommeng@ed and prevents pre-pulse-voltage occurrence which can lead to non-reprqducible test
results; proper fixing of resistor shall not change the current shape.

In cafsésywhere a 2 m length of the discharge return cable is insufficient (e.g. for tall DUTs),|a length not
exceeding 3 m may be used and compliance with the waveform specifications shall be guaranteed (e.g.
by the manufacturer or from calibration).

The ESD generator protective earth terminal shall be terminated to the facility protective earth.

Guidance on automatic operated ESD testing can be found in Annex G.
6.2 Discharge tips

6.2.1 Contact discharge tip

The discharge tip for contact mode ESD is shown in Figure 1. The tip is typically made of stainless steel.
For contact discharge to pins the discharge tip shape can be varied. The diameter of the tip shall be
12 + 1 mm. Springs for safe contact and a bending of not more than 90° are possible. The current shape

©1S0 2023 - All rights reserved 3
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with modified tip shall comply with the given specification. The angle “alpha” shall be between 25° and

40°.

|
12 1
|

Key

Dimensions in millimetres

1 sharp pdint

6.2.2 Air discharge tip

Figure 1 — Contact discharge tip of the ESD generator

The discharge tip for air discharge mode ESD is shown in Figure 2.

50 1

Key

1  body of dimulator

Y

Dimensions in millimetres

SR&4

NOTE
used to avoid pre-discharge.

For air discharge at test voltages higher than 15 kV, a larger tip (e.g. 20 mm to 30 mm diameter) can be

Figure 2 — Air discharge tip of the ESD generator

© IS0 2023 - All rights reserved
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6.3 Discharge current specifications

6.3.1 Contact discharge mode current specifications

ISO 10605:2023(E)

The contact discharge mode currents shall be verified according to Annex A. The contact discharge
mode waveform parameters for each discharge network shall be within the value ranges specified in

Table 2.

Table 2 — Contact discharge mode current specifications

Norﬁ?tﬁlﬁmm ; a . a .
itamnce/ resist- "ui' 1 Tolerance | . wmldl “1/"| Tolerance | . cml‘u “2/| | Tolerance
arjce values test voltage testvoltage restvoltage
A/kV % A/kV % A/kY %
2 1
15( pF / 330 Q 3,75 £10 (at t; = 30 ns) *30 (at£p= 60 ns) *30
2 1
33( pF /330 0 3,75 £10 (att, = 65 ns) *30 (att, = 130 ns) *30
+3O 0,275 0;15
150 pF /2 000 Q 3,75 3 (At £, - 180 ns) +30 (at t, = 360 ns) %50
+30 0,275 0,15
330 pF /2000 0 3,75 3 (at £, = 400 ns) +30 (at ¢, = 800 ns) *50

defined in Annex B.

NOTE 1 The peak current level is taken from the measurement system'without any data interpolation.

NOTE 2 The target used with this measurement system fulfils the requirements of Clauses A.1 and A.2. 4

An example is

The
from|

measurement times (30 ns, 60 ns, 65 ns, 130 s, 180 ns, 360 ns, 400 ns and 800 ns)
the resistance-capacitive (RC) time constant - 40 % (current ¢;) and +20 % (current

two values on the falling slope of the current\pulse in accordance with IEC 61000-4-2.

Examples of calculated contact dischatge waveforms in accordance with the specificatior

are given in Figures 3 a) and 3 b).

are derived
»), to define

s in Table 2

Y
4 [
3
~“‘ '....'
0.".
2 j \ ."..'
{ N\ 2
N n.,../
1 \ l.l. ......
1 \\ .....'....llll
\\
0
0 20 40 60 80 100 120 140 160 180 X

a) Calculated contact discharge waveform of ESD generator
(for 150 pF / 330 pF, 330 2 and 1 kV)
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LT /3 /4
0 100 200 300 400 500 600 700 800 X

Key
X time [nq]
Y current|[A]

1 150 pF, B30 Q
2 330 pF, B30 Q
3 150 pF, R kQ
4 330pF R kO

b) Calculated contact discharge waveform of ESD generator
(for'150 pF/330 pF, 2 kQ and 1 kV)

Figure 3 — Caleulated contact discharge waveform of ESD generator

6.3.2 Air discharge mode current specifications

Information|on possible air discharge generator verification procedures is given in Annex E.

6.4 Ground-plane

The ground plane (GP) shall be metallic sheets (e.g. copper, brass or aluminium) and have a minimum
thickness of 0,25 mm.

NOTE If aluminium is used, care is taken that oxidation does not prevent a good ground connection.

The minimum width of the GP shall be 800 mm, or the width of the entire underneath of the test setup
[DUT and associated equipment (e.g. harness including supply lines, load simulator located on the test
bench and AN(s)), excluding battery and/or power supply] plus 200 mm, whichever is the larger.

The minimum length of the GP shall be 1 600 mm or the length of the entire underneath of the test
setup [DUT and associated equipment (e.g. harness including supply lines, load simulator located on the
test bench and AN(s)), excluding battery and/or power supply] plus 200 mm, whichever is the larger.

6 © IS0 2023 - All rights reserved
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In case of very large DUT, the above GP dimensions/shape can be adapted by using a GP extension.

Connection between an already existing GP and a GP extension should have a DC resistance lower or
equal to 2,5 mQ.

6.5 Field coupling plane

Details of the construction of the field coupling plane can be found in Annex F.

6.6 Insulating block

pernjittivity should range between 1 and 5 (e.g. polyethylene). The blocks shall be (504/- 5) mm in

Insu"lating blocks, if used, shall be constructed of clean non-hygroscopic materials.The relative
height and extend beyond the test setup by at least 20 mm on all sides.

6.7 | Dissipative mat

Dissipative support from a material which has a surface resistivity between 107 () per squafe and 107
per square with a height between 2 mm and 3 mm.

6.8 | Uncertainty (informative)

Refer to IEC 61000-4-2:2008, Annex E.

7 Discharge modes

7.1 | General

Discﬂ:arges can be applied by two dischargemodes: contact and air. See Annex D for guidlance on air
verslis contact discharge modes.

7.2 | Contact discharge mode

In the case of contact discharges, the discharge tip (see Figure 1) shall touch a conducting point on the
DUT [before the discharge switch is actuated.

Where painted surfaees-Cover a conducting substrate, the following procedure is used. If the coating
is not declared to b an insulating coating by the equipment manufacturer, then the pointed tip of the
genefator penetrates the coating so as to make contact with the conducting substrate.

7.3 | Air discharge mode

In aif dlscharge mode the dlscharge t1p is charged to the test voltage and then brought with the

’ roact [ ' ' ens when the
tip approaches close enough to the DUT to break down the dlelectrlc materlal between the tip and test
point.

The speed of approach of the discharge tip is a critical factor in the rise time and amplitude of the
injected current during an air discharge. Because the approach speed is not trivial to measure, in
practice the ESD generator should approach the DUT as quickly as possible (e.g. between 0,1 m/s and
0,5 m/s) until the discharge occurs or the discharge tip touches the discharge point without causing
mechanical damage to the DUT or generator.

Where painted surfaces cover a conducting substrate or dielectric surfaces are used as boxes, the
following procedure is used. If the coating is declared to be an insulating coating for the dielectric
surfaces, then the surface is tested as an insulating surface using the air discharge mode.

©1S0 2023 - All rights reserved 7
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8 Component immunity test method (powered-up test)

8.1 General

These tests ¢

onsist of direct and indirect types of application of discharges to the DUT, as follows:

direct type discharges (contact or air discharge mode) are applied directly to the DUT and to the

remote parts thatare accessible by the vehicle users, e.g. surfaces of switches, diagnostic connectors,

buttons

(see 8.3).

indirecttypedischarges (contactdischarge mode) simulate discharges thatoccur to other conductive

objects [in the vicinity of the DUT and are applied through an intervening metal, such as to GH (see

8.4).
For direct and indirect discharge testing of electronic modules, the ESD generator shall be eonfigured
with the 33D pF or 150 pF capacitor, depending on the DUT location in the vehicle (see\10.1), and the
330 Q resistor. If the DUT location is not specified, the 330 pF capacitor shall be used:
Conductive $urfaces shall be tested using contact discharge mode. For contact discharge, use the coptact
discharge tip (see Figure 1). Air discharge may also be applied to conductive sutfaces, if required ip the
test plan.
Non-conducfive surfaces shall be tested using air discharge mode( kor air discharge, use the air
discharge tip (see Figure 2).
Before applying any discharges to the DUT, verify that the "ESD generator discharge verification
procedure, ps specified in Annex A, has been performed within the time period established by the
laboratory qr the customer.
8.2 Test plan
Prior to performing the test, generate a test plan)including the following:
— the detgiled test set-up;
— test points;
— electronic module mode of operation;
— any spefial instructions,and’changes from the standard test.
8.3 Test procedure for direct discharges
8.3.1 General
Discharges $hall be applied to all specified test points with the equipment operating in normal mpdes.

Product response may be affected by the polarity of the discharge. Both polarities of discharge shall be

used during

testing to determine their effect on the DUT.

8.3.2 Testset-up

Two alterna

tive test setups can be used:

— test setup with GP only;

— test setup with GP and field coupling plane.

The test set-up to be used shall be defined in the test plan.

© IS0 2023 - All rights reserved
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8.3.2.1 Testset-up with GP only

Place the DUT on the GP (see Figure 4). Chassis-mounted DUTs shall be placed on and directly connected
to the GP. DUTs that are not chassis-mounted shall be placed with an insulating block between the DUT
and the GP (see 6.5).

For testing, the DUT shall be connected to all peripheral devices (e.g. load simulator, AN(s), power

supply, battery) necessary for functional testing. The test harness shall be 1 700 ( +380 ) mm long (or as

agreed upon the test plan).

If vehicle intent peripheral devices are not available for testing, substitute peripheral devices and test
discharge points shall be addressed in the test plan.

All cpmponents on the test table shall be a minimum distance of 200 mm from each-other. The lines
shall|be laid in such a way that they run parallel to the GP edges and the plane and/liKe all ¢omponents,
they(shall be a distance of 100 mm * 10 mm away from the GP edges. The linesshould be bundled and
shalllbe secured on an insulating block, in accordance with 6.5. The wiring type is defined hy the actual
systdm application and requirement.

Unlefs otherwise specified, the load simulator and remotely accessible-part of DUT shall e placed on
an injsulating block.

The [supply battery shall be on the test table, with the negative terminal of the battpry directly
connected to the GP. The explosion hazard of the battery shall be taken into account and |[appropriate
prot¢ctive measures taken.

The ESD test bench (test surface) shall be a minimum~of 100 mm from other conductive structures,
such|as the surfaces of a shielded room.

The same generator discharge return cable to-the GP shall be used for verification and testing. While
the discharge is being applied, the dischargeeturn cable of the generator shall be kept at lgast 200 mm
away from the DUT and all cables connectéd to the DUT (to reduce coupling from this cable fvhich might
affedt the test results).

©1S0 2023 - All rights reserved 9
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2
/ e 6
S y Arg T 38 o K\
I 5 93 7

11
3 |:|rQ/ / | e\ |
/ N4 \ N\ // |
< ~ R 7
L S~ 12 —
| L | w Ll
Key
1 DUT 7  GP connection
2 ESD gengrator 8 remotely accessiblerparts of the DUT
3 ESD geng¢rator main unit 9  load simulator
4 non-congluctive table 10 battery
5 GP 11 insulating'blocks (for non-chassis mounted DUT)
6 facility protective earth 12 insuldting blocks

Figure 4 < Test set-up example for testing powered DUT immunity to direct ESD with GP gnly

8.3.2.2 T¢st set-up with GP and field coupling plane

Place and connect chassis mounted DUTsion-the field coupling plane. DUTs that are not chassis-moynted
shall be pladed with a dissipative matbetween the DUT and the field coupling plane.

For testing,[the DUT shall be connected to all peripheral devices necessary for functional testing The
test harnesg(es) (LV, HV, etc.).shall have a length of 1 700(+380) mm and placed directly on the|field
coupling strfp. The harness(es) shall exit the DUT harness support 10 mm from the edge of the discharge

island most|distant fronitheé DUT. The ground reference for the DUT wiring harness and load box is at
point 10 shgwn in Figuke'5.

The field coupling.plane shall be large enough so as to extend beyond the DUT on all sides by at|least
10 mm.

The ground connection (wiring) of the DUT shall be connected according to the intended grounding
configuration in the vehicle (for local ground, directly connected to the field coupling plane (key 12)
and for remote ground connected to ground reference point (key 10) via the wiring harness(es), in

Figure 5).
The battery ground shall be electrically connected to the ground reference point.

All of the switches, displays, sensors, actuators, etc. required to operate the DUT shall be part of the test
configuration. Wherever possible, production intent parts and wiring shall be used.

Unless otherwise specified, the load simulator and remotely accessible part of DUT shall be placed on
an insulating block.

Any peripheral devices shall be separated from the field coupling strip by at least 200 mm.
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If vehicle intent peripheral devices are not available for testing, substitute peripheral devices and test
discharge points shall be addressed in the test plan.

Dimensions in millimetres
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Key
1 xeld coupling plane 10 ground reference point
2 ield coupling strip 11 DUT local ground (if required)
3 discharge island 12 coupling fixture ground reference poin{
4  DPUT and wiring harness(es) isolation block 13 facility protective earth
5 DUT 14 GP
6  DUT wiring harness(es) 15 ESD generator main unit
7  battery 16 dissipative mat (for the non-chassis mgqunted DUT)
8  lpad simulator 17 remotely accessible parts of the DUT
9  grtificial network (AN} (iftrequired in the test plan) 18 insulating block

NOTH The tolerance/of dimensions is £5 %.

Figure 5 —/Test set-up example for testing powered DUT immunity to direct ESD with GP and
field coupling plane

8.3. Testmethod

The discharges shall be applied to all accessible points on the DUT that can be touched during normal
operation (surfaces, tip switches, switches, connectors, antennas, displays etc., as well as the diagnostic
plug with pins). Ungrounded conductive surfaces shall be tested for subsequent voltage breakdown at
the desired test voltage. The individual discharge points shall be specified in the test plan.

DUTs that are accessible to occupants inside the vehicle shall be tested using an ESD simulator with a
discharge network of 330 pF and 330 (; otherwise, use a discharge network of 150 pF and 330 Q. Refer
to Clause C.4 for discharge probe and test level information.

For direct discharge, the ESD generator's discharge tip is held perpendicular to the surface of the DUT
when possible; if not possible, an angle of at least 45° to the surface of the DUT is preferred.

©1S0 2023 - All rights reserved 11
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All test points shall be tested with the required test voltage steps and both polarities. Suggested test
levels are given in Clause C.4.

For each polarity and test voltage, at least three contact discharges to conductive points on the DUT,
only as defined in the test plan, shall be carried out at each of the specified discharge points. In this
process, the ESD simulator with the contact discharge tip shall be positioned on the device and then
discharged.

For each polarity and test voltage (see Annex C), at least three air discharges shall be carried out at each
of the specified discharge points. In this process, the ESD simulator with the air discharge tip shall be
moved towards the discharge point in the way described in 7.3.

The time inferval between successive single discharges shall be as long as necessary in order tosallow
charges that were built up due to the tests to dissipate, but not less than 1 s, in order to ensure thgt the
charges arefremoved before each new discharge

The methodis described below can be applied.

— Between two individual discharges, the charge applied shall be removed via-a grounded discharge
resistorjwith 1 MQ #20 % resistance by touching the discharge point and thehousing. Alternatjvely,
a duration of at least 2 s can be allowed to pass between two discharges.

— If'the tine interval is lengthened between two successive discharges; the build-up charge vanjshes
due to the natural charge decay.

— Air-ionigers may be used to speed up the “natural” discharging process of the DUT to its environient.
The ion]zer shall be turned off when applying an air discharge test.

The test volfages (in accordance with Annex C) shall be increased, using at least two values, up tp the
maximum te¢st level.

NOTE Sqme products have the tendency to exhibit(susceptibility responses when exposed to specifif test
voltages, butnot necessarily at other test voltage levels.

The perfornpance of the DUT shall be monitdred and recorded according to the test plan.
8.4 Test procedure for indirectdischarges

8.4.1 Genleral

Discharges to objects placed ot installed near the DUT are simulated by applying contact discharges of
the ESD gengrator to a GP2or'to a field coupling plane.

8.4.2 Testset-up

Two alternar:ive test setups can be used:

— test setup with GP only;
— test setup with GP and field coupling plane.

The test set-up to be used shall be defined in the test plan.

8.4.2.1 Test set-up with GP only

Place the DUT on the GP (see Figure 6). Chassis-mounted DUTs shall be placed on and directly connected
to the GP. DUTs that are not chassis-mounted shall be placed with an insulating blocks between the DUT
and the GP (see 6.5).

The DUT shall be positioned on the GP such that its closest surface is 100 mm = 10 mm from the edge
of the GP receiving the discharge. The DUT may need to be repositioned during the test, when applying
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ESD to the edge of the GP, in order to maintain this 100 mm * 10 mm spacing between the DUT edge and
the edge of the GP.

For testing, the DUT shall be connected to all peripheral devices necessary for functional testing. The
test harness shall be 1 700 ( +380 ) mm long (or as agreed upon the test plan).

If vehicle intent peripheral devices are not available for testing, substitute peripheral devices and test
discharge points shall be addressed in the test plan.

All components on the test table shall be a minimum distance of 200 mm from each other. The lines
shall be laid in such a way that they run parallel to the GP edges and the plane and, like all components,

they
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be secured on an insulating block, in accordance with 6.5. The wiring type is defined}
m application and requirement.

sulating block.

supply battery shall be on the test table, with the negative termrinal of the batt
ected to the GP. The explosion hazard of the battery shall be takémjinto account and
bctive measures taken.

hdirect discharge, the discharge return cable of the ESD genétator shall be connected
ed in the test plan), as shown in Figure 6. The ESD test bgnch (test surface) shall be a

bame generator discharge return cable to the GP _shall be used for verification and te
ischarge is being applied, the discharge return ¢able of the generator shall be kept at 1g
from the DUT and all cables connected to the DUT (to reduce coupling from this cable
t the test results).

het discharges shall be applied to:
he GP at points around the cable-harness with a distance of 100 mm #* 10 mm;

he edges of the GP.

y the actual

5s otherwise specified, the load simulator and remotely accessible part of BPUT shall e placed on

ery directly
appropriate
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minimum of
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Key
1 DUT 7  GP connection
2 ESD gengrator 8 remotely accessible parts of the DUT
3  ESD geng¢rator main unit 9 load simulator
4 non-congluctive table 10 battery
5 GP 11 insulating block, (for non-chassis mounted DUT)
6 facility protective earth 12 insulating blocks

Figure 6 —| Test set-up example for testing powered DUT immunity to indirect ESD with GP jonly

8.4.2.2 Test set-up with GP and field coupling plane

The DUT shall be placed on the field coupling plane (see Figure 7). Place and connect chassis-moynted
electronic modules directly on the field'coupling plane.

For testing,[the DUT shall be connected to all peripheral devices necessary for functional testing The
test harnesg(es) (LV, HV, etc)-shall have a length of 1 700(+380) mm and placed directly on the|field

coupling strjip.

The harnesg(es) shall exit the DUT harness(es) support 10 mm * 1 mm from the edge of the discharge
island most|distantfrom the DUT. The ground reference for the DUT wiring harness(es) and load hox is
at point 10 shown'in Figure 7.

The DUT coupiing plane shall be targe enough so as to extend beyond the DU T on ail sides by at least
10 mm.

The ground connection (wiring) of the DUT shall be connected according to the intended grounding
configuration in the vehicle (for local ground, directly connect to coupling plane ground reference point
(key 12) and for remote ground connect to ground reference point (key 10) via the wiring harness(es),

in Figure 7).

If the case of the DUT is conductive and is grounded in the vehicle application, it shall be grounded to
the field coupling plane or at point 12 in Figure 7.

The battery ground shall be electrically connected to the GP at point 10 shown in Figure 7.

All of the switches, displays, sensors, actuators, etc. required to operate the DUT shall be part of the test
configuration. Wherever possible, production intent parts and wiring shall be used.
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Unless otherwise specified, the load simulator and remotely accessible part of DUT shall be placed on
an insulating block.

Any peripheral devices shall be separated from the field coupling strip by at least 200 mm.

If vehicle intent peripheral devices are not available for testing, substitute peripheral devices and test
discharge points shall be addressed in the test plan.

Dimensions in millimetres
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Key
1 xeld coupling plane 10 ground reference point
2 ield coupling strip 11 DUT local ground (if required)
3 discharge island 12 coupling plane ground reference point
4 DUT and wiring harness(es)-isolation block 13 facility protective earth
5 DUT 14 GP
6  DUT wiring harness{(es) 15 ESD generator main unit
7  battery 16 remotely accessible parts of the DUT
8  lpad simulator 17 insulating block
9  grtificiaknetwork (AN) (if required in the test plan)

NOTH The tolerance of dimensions is £5 %.

Figure 7 — Test set-up example for testing powered DUT immunity to indirect ESD with GP and
field coupling plane

8.4.3 Test method

Unless otherwise specified, the ESD simulator shall have a discharge network of 330 pF and 330 (2 and
the contact discharge tip shall be used.

Discharges should be applied:
— to the GP (if using Test set-up with GP only);
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https://standardsiso.com/api/?name=3da43b6b64055eb72954e9cd02fa79f1

ISO 10605:

2023(E)

— to the centre of the free area not covered by the wiring harness(es) at each of the three specified
discharge islands (if using Test set-up with GP and field coupling plane).

For each polarity and test voltage, at least 10 contact discharges shall be applied either to each discharge

point on the

GP (see 8.4.2.1) or each discharge islands.

The time intervals between successive single discharges shall be 1 s or longer.

Unless otherwise specified in the test plan, for DUT with multiple harness(es) branches (i.e. separate

connectors),

the branches shall be tested separately and as a combined bundle.

Do not discharge directly to the harness(es). If there are more than 40 lines in the harness(es) bundle,

the harness
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[ying any discharges to the DUT.'verify that the ESD generator discharge verific

[es) bundle shall be flipped over (180°) and the indirect coupled test repeated.

res to coupling planes (i.e. indirect discharges), the discharge tip is in the same plane 3
king contact with the edge of the plane. No discharge is made to the flat surfdee 6f the

ages, shall be increased, using at least two values, up to the maximum test level.
me products have the tendency to exhibit susceptibility responses‘when exposed to specifi

not necessarily at other test voltage levels.

pnent packaging and handling test method \(unpowered test)

ral

1l subject the DUT to simulated discharges\from humans during the assembly process
fase. Testing shall consist of direct application of discharges to the DUT.

hs specified in Annex A, has béen performed within the time period established b
r the customer.

taging and handling test; the ESD generator shall be configured with the 150 pF capg
stor value specified ip-the test plan.

forming the.test, generate a test plan, including the following:
iled test:set-up;

Nts;

s the
GP.

specific cases (e.g., dedicated software analysis) discharges with an increased tepetition ratle can

C test

orin

htion
7 the

citor

— any spe

electronic module mode of operation;

cial instructions and changes from the standard test.

9.3 Test procedure

9.3.1 General

The test shall be performed by direct contact discharge to all pins and contacts (LV connectors, HV
connectors, etc.), and/or air discharge mode on all surfaces and points that can be touched during the
assembly process or in the service case.
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Apply the ESD at (as a minimum) each connector pin, case, button, switch, display, case screw and case
opening of the DUT that is accessible during handling. For this procedure, recessed connector pins are
considered accessible during handling.

To access recessed connector pins, an insulated solid wire with a cross-section between 0,5 mm?2 and
2 mm? and a maximum length of 25 mm shall be used.

Discharge to pins of a connector with closely-spaced pins may be difficult. In this case, it is possible to
use insulated solid wire with a cross-section between 0,5 mm?2 and 2 mm?, and a maximum length of

25m

Dischnrgpq shallbe ;\pp]ipd toall Qppr‘ifipd test pointsin the test p]nn Product response ma
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;;rnd the GP with a maximum length of 200 mm and @minimum cross section area of 0,1

e polarity of the discharge. Both polarities of discharge shall be used during testing+
effect on the DUT.

Test set-up

est set-up for testing of packaging and handling sensitivity is shown in"Eigure 8. The I
d without peripheral devices, as delivered by the supplier.

5s otherwise specified, the DUT shall be placed on a dissipative miatlocated on the GP (s
11l be ensured that the mat projects beyond the DUT by at least 50 mm on all sides.

and connect chassis-mounted electronic modules directly 'on the GP, when applicable,

und connection copper wire shall be added, only for'testing of the pins, between the

ed upon the test plan). In case of several, not galvanically connected ground pins, a s¢
hch ground pin shall be used.

irect discharge (contact discharge mode-and/or air discharge mode), the discharge ret
SD generator shall be connected to the 'GP, as shown in Figure 8.

FSD test bench (test surface) shall'be a minimum of 100 mm from other conductivg
as the surfaces of a shielded room.

ame generator dischargeeéturn cable to the GP shall be used for verification. The disc}
of the generator should be positioned at least 200 mm away from the DUT while the
b applied. The dischatge return cable shall also be kept at least 200 mm away from the

D determine
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e 8 — Test set-up example for packaging and handling sensitivity classification

r method

scharge, the ESD generator's discharge tip.is held perpendicular to the surface of the
le; if not possible, an angle of at least 45%to the surface of the DUT is preferred.

(see Annex C). The time interval between successive single discharges shall be as lo

order to allow charges that were built up due to the tests to dissipate, but not less tha
ensure that the charges aresremoved before each new discharge. The methods desc
e applied.

build-up can be eliminated by briefly connecting a grounded discharge resistor with
esistance in the following sequence: (1) between the discharge location and ground, an
h the ground point of the DUT and ground. If there is evidence that the wire does not
act on the téstresult, it can remain connected to the DUT.

me interval is lengthened between two successive discharges, the build-up charge van
he natural charge decay.

esting

DUT

scharges shall be applied to all diréct discharge test points for each specified test voltage

hg as
nils,
ribed

1 MQ
d(2)
have

ishes

Air-ioni

zers may be used to speed up the “natural” discharging process of the DUT to its environment.

The ionizer shall be turned off when applying an air discharge test.

The test voltages, shall be increased, using at least two values, up to the maximum test level.

NOTE
voltages, but

not necessarily at other test voltage levels.

Some products have the tendency to exhibit susceptibility responses when exposed to specific test

Once complete testing has been performed, the DUT shall pass complete function testing successfully.
There shall be no permanent damage. In addition, the effectiveness of the EMC protective circuits (e.g.
input capacitors ensuring electromagnetic interference immunity and emission, respectively) should
be tested after ESD exposure, in accordance with Annex C.

18
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10 Vehicle test method

10.1 General

Choose a generator capacitance of 330 pF for areas that can easily be accessed only from the inside of
the vehicle and resistance of 330 Q or 2 k. The maximum test voltage can be limited in this case to
15 kV. Choose a capacitance of 150 pF for points that can easily be touched only from the outside of the
vehicle and resistance of 330  or 2 k(). In this case, the maximum test voltage is 25 kV. Areas that can
be touched both from the outside and inside shall be tested with both generator capacitance values and
15 kV and 25 kV maximum test voltage, respectively.

Before applying any discharges to the DUT, verify that the ESD generator discharge |verification
procgdure, as specified in Annex A, has been performed within the time period established by the
laboratory or the customer.

Conductive surfaces shall be tested using contact discharge mode. For contact discharge, us¢ the contact
discharge tip (see Figure 1). Air discharge may also be applied to conductive surfaces, if required in the
test plan.

Non-conductive surfaces shall be tested using air discharge mode~For air discharge, |use the air
dischjarge tip (see Figure 2).

10.2 Test plan

Priof to performing the test, generate a test plan, including-the following:
— fest points;

— ¢lectronic module mode of operation;

— vyehicle modes of operation (e.g. drive, idle, cruise);

— 3ny special instructions and changesfrom the standard test.
10.3 Test procedure

10.3{1 General

Testlh[wg shall consist pf'eontact and/or air discharge mode application.

Discharges shall be-applied to all specified test points with the vehicle operating as defined in the test
plan] Product response may be affected by the polarity of the discharge. Both polarities pf discharge
shalllbe used\during testing to determine their effect on the DUT.

10.3}2_Test set-up

For areas accessible only from the inside of the vehicle, the ESD generator ground connection shall be
connected directly to the grounded metallic part of the body (e.g. seat railing, door latch). Figure 9 a)
provides an example of test set-up for an internal point.

For areas accessible from the outside of the vehicle, the ESD generator ground connection can be
connected directly to the nearest metallic part of the body, or directly to a metal plate placed under the
wheel closest to the application point (as defined in the test plan). Figure 9 b) provides an example of
test set-up for an external point.

The metal plate placed under the wheel (see Figure 9 b) shall have dimensions with at least 100 mm
extension in regard to the projected surface of the tyre.

©1S0 2023 - All rights reserved 19


https://standardsiso.com/api/?name=3da43b6b64055eb72954e9cd02fa79f1

ISO 10605:2023(E)

In a standard test sequence, the engine of the vehicle shall be running in drive or idle mode. If the test
sequence involves tests of systems (e.g. cruise control) at road speeds using a dynamometer, specify the
speed in the test plan.

b) external point

Key

1 DUT

2 ESD generator

3 ESD generator main unit

4  ESD generator ground connection
5 metal plate

Figure 9 — Example of vehicle ESD test setup (internal and external point)
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10.3.3 Test method

For direct discharge, the ESD generator's discharge tip is held perpendicular to the surface of the DUT

when possible; if not possible, an angle of at least 45° to the surface of the DUT is preferred.

At least 3 discharges shall be applied to all direct discharge test points for each specified

test voltage

and polarity (see Annex C). The time interval between successive single discharges shall be as long as

necessary in order to allow charges that were built up due to the tests to dissipate, but not 1

essthan1s,

in order to ensure that the charges are removed before each new discharge. The methods described

below can be applied.

hetween the ground point of the DUT and ground. If there is evidence that the wire/d
any impact on the test result, it can remain connected to the DUT.

f the time interval is lengthened between two successive discharges, the hujld-up chai
dlue to the natural charge decay.

Air-ionizers may be used to speed up the “natural” discharging processefthe DUT toitse
The ionizer shall be turned off when applying an air discharge test:

The test voltages, shall be increased, using at least two values, upto the maximum test leve

NOT]H
volta

Some products have the tendency to exhibit susceptibility responses when exposed td
bes, but not necessarily at other test voltage levels.

Once
Ther
inpu
be te

complete testing has been performed, the DUT:shdll pass complete function testing
e shall be no permanent damage. In addition, the effectiveness of the EMC protective

capacitors ensuring electromagnetic intenference immunity and emission, respecti
sted after ESD exposure, in accordance with Annex C.

Testing is performed on and in the vehicleby applying air discharges or contact discharge (:
in thie test plan) on all areas that can.be reached by the person using the vehicle (e.g.
swit¢hes, displays, surfaces, steeringlock, controls, antennas).

11 Test report

As rgquired in the test plan, the test report shall be submitted detailing information regar
equipment (in particular discharge network values), test levels, test area, systems teste
points, environmental conditions, grounding conditions, DUT operating mode, DUT
condiitions, systemd interactions and any other relevant information regarding the test.

with 1 MQ
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Annex A
(normative)

Current target specification and verification of ESD generator

A.1 Current target specification — Input impedance

The current]
inner dischd
2,1 Q.

NOTE 1
the differenc
for the input
small, which
resistance

NOTE 2

A.2 Verif

A.2.1 Gen

Correlation
conducted U
over a long |

generator shall be verified in defined time perioeds in accordance with a recognised quality assuf

system.

The ESD ge
testing inde

A.2.2 Tes
The followir
oscillos

current

The target is supposed to measure the ESD current into a perfect GP. To minintize’error caus

vallue is taken, parasitic inductance becomes more severe.
Alnex B provides a description of an example for the current target,

target used to measure the discharge current of ESD generators, measured betwee
rge tip and ground, shall have an input impedance at a direct current (d.c.) of ne,more

e between a perfectly conducting plane and the input impedance of the target,a 2,1 Q limit
impedance. However, if the input impedance of the target is too low, the dutput signal will be
can cause errors due to coupling into the cables and the oscilloscope. Furthermore, if a much

ication of ESD generator

eral

pf the results of an ESD evaluation is extremely important, particularly when tests are
sing ESD generators from different manufacturers, or when testing is expected to ex
eriod of time. It is essential that repeatability be a driving factor in the evaluation. The

herators shall meet all specifications at any specified repetition rate used for compl
pendent of guidance / fixation (robot, stand or manual handling).

[ equipment required for ESD generator verification
1g equipment i§ hequired for calibrating ESD generators:
cope with-at'least 1 GHz analogue bandwidth;

target;

high-vo

h the
than

ed by
is set

very
ower

to be
tend
ESD
ance

ance

tage meter capable of measuring voltages of at least 25 kV with atleast 5 % accuracys; it

may

be necessary to use an electrostatic voltmeter to avoid loading the output voltage;

distance of at least 0,6 m from the target to any edge of the plane;

attenuator(s), as required.

A.2.3 Procedure for contact mode generator verification

reference plane at least 1,2 m x 1,2 m, with the coaxial current target mounted such that there is a

Prior to verifying the discharge current, the amplitude of the ESD generator's test voltage should be
determined using a high-voltage meter, at the tip. The accuracy of the test voltage measurement shall
be as specified in Table 1.
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The verification of discharge tip output voltage should consider electrical structure of ESD generator
(e.g. electrical circuit structure) and specification (e.g. input impedance and input stray capacitance) of
high-voltage meter for correct measuring.

The following environmental conditions at the time verification is performed shall be recorded:
— temperature;
— relative humidity.

These conditions should be within the limits specified in Clause 4.

The [current target shall be mounted at the centre ol the vertical verification plane| of at least
1,2 m x 1,2 m (see Figure A.1). The connection for the ESD generator discharge returwcable to the
verification plane shall be made directly below the target, at a distance of 0,5 mbelow the target.
The discharge return cable shall be pulled backwards at the middle of the cable{formingfan isosceles
trial]ile. The discharge return cable shall not lie on the floor during verification.

The measurement discharge current procedure is shown in Table A.1. The following parameters shall be
meagured, or obtained from measured values, in order to verify whethekor not the current waveform
of an| ESD generator is within specifications:

— Ip, the peak value of the discharge current, in A,

— Iy, the value of the current at ¢4, in A (from Table 2),
— L, the value of the current at ¢, in A (from Table 2),
— {, therise time of the current, in ns.

The gverage value of a parameter X, is indicated-by )_(X

EXANPLE Tp signifies the average of the peak current values.

Table A.1 — Contact discharge current waveform verification procedure

Resistance
3300 2kQ
Step - - Explanation
Capacitance Capacitance
150\pF 330 pF 150 pF 330 pF
Multiple meas-
urements are
taklen as the
acc¢ptance cri-
Dischargé the terila are given
ESD| genera- for [parameters
tor ata’ given ohtlained on
test voltage the average of
10 times, store 10 discharges.
each result. This is done be-
cause there will
be some dis-
charge-to-dis-
charge variations.
The parame-
?42?13?;112’3?}; ters have to be
2 r checked at each
waveform.
test level.
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Table A.1 (continued)
Resistance
330 Q 2kQ )
Step - - Explanation
Capacitance Capacitance
150 pF 330 pF 150 pF 330 pF
Average is taken
Calculate the on the parame-
averages I , I, ters, not by aver-
_ P aging the wave-
, 12 and tr of forms. This way
the measured any jitteren the
Ip, I}, I, and ¢ trigger, wil| not
values. influénce the av-
eraging.
Check Again, compli-
eck: ance of the|ESD
Check if Check if Check if Check if |
current at {,/| _ N ~ - generatof is
testvoltage (A/| [, =2 £ 30 % |I; =2 £ 30% |, =0,275£30 % |I, =0,275030 % |verified or} the
KkV). average of the
parameter.
Check Again, compli-
eck: ) ) ) ) ance of the|ESD
current at },/ (ihe_ck if ) (ihe_ck if ) (ihe_ck if . (ihe_ck if ) gen'e.rato L s
test voltage (A/ L=1+30% |I,=1%30% |[L =015 % 50 %/, =0,15 + 50 % |verified o1} the
kV). average of the
parameter.
Again, compli-
Check: ance of the|ESD
eak current if T = 0 T = +30 ¢ generatof is
Eestvoltage A; Checkif L 3,75£10 % Chesk if I, = 3,757 % verified or] the
kV). average of the
parameter.
Checkrise tine.| Check if 0,7 ns < t. <1 ns
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Dimensions i

>1 200
|

n millimetres

)i

\

N Ul AW N
oo

The

targd
by m
verif]
resu
oute
the V|

ESD generator perpendicular to vertical verification plane

urrent target

ertical verification plane

round point

lischarge return cable pulled backwards at its miidpoint

scilloscope (a shielded enclosure for the osciloscope and connecting cables may be used but ng

Figure A.1 — Typical arrangement for verification of ESD generator performa

t mandatory)

nce

thielded enclosure, with a vertical ground reference plane of at least 1,2 m x 1,2 m in which the

t is mounted in order to’shield the oscilloscope used, may not be necessary if it ca

ication results. When the oscilloscope is set to a trigger level that is < 10 % comy
ting peak outpuf-voltage from the first peak current, and the ESD generator is disch
" ring of the €arget (instead of to the inner ring) and no triggering of the oscilloscope 1
erification system can be declared sufficiently immune and no shielded enclosure is n¢

h be proven

easurement that indirect coupling paths onto the measurement system will not influence the

ared to the
hrged to the
results, then
reded.
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Annex B
(informative)

Standard target drawings and target verification method

B.1 Standard target description

=

Figures B.1 to B.5 illustrate a method or design for a target that meets the requirements of Annex
NOTE This target is different from the one defined in the first edition of this document.

This target |is designed to give a flat insertion loss if 1 m of RG 400 cable is usedI{s suggested to
connect an gttenuator of at least 6 dB directly to the output port of the target in orderto avoid multiple
reflections. [The target does not need to be identical to the one illustrated in Figurés B.1 to B.5.

Dimensions in millimptres

a) Top view

Dimensions in millimetres

26 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=3da43b6b64055eb72954e9cd02fa79f1

ISO 10605:2023(E)

Key
1 threadedholes

b) Bottom view

10

60

50

$26,5
16,5

ol

11,25

14,75

17,25

Y

c) Cut side view

Figure B.1 — Mechanical drawing of a current target — Central brass part
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Dimensions in millimetres

?10
$12
70

resistor|region consisting,of approximately 25 resistors (shown only for 90°):

— registor size:

— redistor valué:

|

|

|
1

NS

a) Printed circuit board

2 3

b) Enlargement of the resistor region

0805
51Q

— plalcement: touching, exactly symmetric (use a template)
— material: 0,5 mm FR4, gold plated
— vias: two rings of vias on each side of the resistors plus one ring close to the outer

edge of the PCB

3,3 mm diameter hole

vias

Figure B.2 — Mechanical drawing of a current target — Printed circuit board
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Dimensions in millimetres

16,5

10,5
@5

) um
I

1225

R
135

5,25
6,25

a) Polyfluor plastics (PTFE) part1

610
5
M3
|
|
4/'['-.5 [ / ?— §~
LN .
| ~|
®1,3

b) Centre conductor, brass

Dimensions il millimetres

X

A

15

c) Top part of centre conductor, stainless steel

©1S0 2023 - All rights reserved 29


https://standardsiso.com/api/?name=3da43b6b64055eb72954e9cd02fa79f1

ISO 10605:2023(E)

15

o7

A
Y

®16,5

A

d) PTFE partII

A\

30
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Dimensions in millimetres

oL

?1,3

17
9.b

|
I
|
|
|
|
!
012,5

$3,3

o175

e) Sub miniature version A — Coaxial RF (SMA) connector
Key

1 ¢entreconductor

NOT £ 1 A cirvailar Ntuna cannactar can hao nead inctand
Fr—t -SH -y pe-conhRector-eahpeuSeaihisteats

NOTE 2 In subfigures a) to c) the parts have symmetry of rotation.

Figure B.3 — Mechanical drawing of a current target
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Dimensions in millimetres

$16,5

26,5

?60

70

a) Top view,

T XV —{T 1 LI BL

$3,2

b) Cut side view

Flgure B.4 — Mechanical drawing of a current target — Cover, stainless steel
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Key
PTFE part Il

op part of centre cohductor
dover

dentre conductor

TFE partl

dentralbrass part
JMA,connector

O N O Ul D W DN
—

MT resistors

Figure B.5 — Mechanical drawing of a current target

B.2 Current target specification

B.2.1 Current target specification — Insertion loss

Instead of specifying the insertion loss of the current target, the insertion loss of the measurement
chain consisting of the target, attenuator and cable is specified. This simplifies the measurement
system characterization, as only this chain and the oscilloscope need to be characterized, instead of
each element individually.
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The variation of the insertion loss of the target-attenuator-cable chain shall be less than +0,5 dB
between d.c. and 1 GHz.

NOTE 1 If the variation limits of the insertion loss are exceeded, then by means of complex Fast Fourier
transform (FFT) and inverse FFT, this response can be compensated for. However, this is not recommended.

NOTE 2  Different verification time intervals can be used for the DC transfer impedance and the more involved
insertion loss measurements. If a repeated DC transfer impedance measurement shows a result which differs
from the original measurement by less than 1 %, the user can assume the insertion loss of the target-attenuator-
cable chain has not changed, providing the same cable and attenuator are used and no other indications (e.g.

loose or damaged connectors) indicate otherwise.

B.2.2 Tar

pet adapter line

The target gdapter line shown in Figure B.6 may be used to connect a 50 () coaxial cable torthe inp

the ESD cur
target diam
Figure B.7)

inner conduy
be calculate
air). The tar
target adapt
two target

NOTE [

Key
1
2

conical 4
ESD curr

ent target. Geometrically, it smoothly expands from the diameter of the coaxial cable 4
bter. If the target is made such that impedance calculated from the diametet-ratio d to [j
s not equal to 50 Q, the target adapter line shall be made such that the guter diameter
ctor equals the diameter of the inner electrode of the current target~The impedance
d using the relative permittivity of the material that fills the targetjadapter line (typ
et adapter line shall maintain 50 Q * 2 % within a 1 GHz bandwidth. The return loss o
er lines placed face-to-face shall be greater than 30 dB up to 1 GHz. The insertion loss ¢
apter lines placed face to face shall be less than + 0,3 dB frem d.c. to 1 GHz.

1d
erfacing with other connectors fulfilling the impedance and.Joss demands is possible.

1

dapter line
ent target

Figure-B.6 — Target adapter line attached to current target

ut of
o the
(see
of its
shall
cally
ftwo
fthe
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inner electrode

Hesistive gap

dround

guter diameter of the inner discharge tip
inner diameter of the outer discharge tip

Figure B.7 — Front side-of a current target

B.2.3 Determining the insertion loss of-a current target-attenuator-cable chai

The

Figu

nsertion loss of the chain is determinéd by comparing a through connection to th

To ayoid reflections between the:moderately matched signal sources and the highly refle
it may be necessary to insert-well-matched attenuators between the signal source and

Typi

fally, a 20 dB attenuator on each side is sufficient. It is also important to avoid co

between the attenuatorand the target or the target adapter line, as they may introduce re
chanjging the cable lengths between the measurement system and the target, it can be d

refle

insertion loss versus frequency curve.

n

e chain (see

e B.8). The preferred measuremeént’equipment is a network analyser. A spectrum analyser with
tracking generator or other systems to/measure magnitude insertion loss may also be used|

rting target,
the target.
ax adapters
flections. By
ptermined if

ctions are sufficiently suppressed. Those reflections will show up as periodic undulations on the
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Key
network|analyser
ESD current target
50 Q conlical adapter line
attenuatpr A

coaxial cpble (between attenuator A and network analyser and betweén attenuator B and network analyger)
network|analyser output connector

1

2

3

4

5 attenuatpr B
6

7

8  networklanalyser input connector
9

calibratel the network analyser at these points
NOTE The ESD current target, attenuator A and the“coaxial cable are the target-attenuator-cable ¢hain,

which is verified using this set-up.

Figure B.8 — Network analyser measurement of the insertion loss of a current
target-attenuator-cable chain

The measurpment procedure for theinsertion loss is to calibrate the network analyser at the verificption
points shown in Figure B.8.
If no network analyser is used) the procedure is modified accordingly:

— connecfatargetadapter line to the target-attenuator-cable chain and insertitas shown in Figur

o
53

— measurg the insertion loss.

The variatign-of the insertion loss of the target-attenuator-cable chain shall be less than +0,% dB,
between d.card-6H=

NOTE1 Insteadofd.c. thelowestfrequency available with the network analyserisused. The DC characteristics
are measured separately.

NOTE 2  Different verification time intervals for the DC transfer impedance and the more involved insertion
loss measurements can be used. If a repeated DC transfer impedance measurement shows a result which differs
from the original measurement by less than 1 %, the user can assume that the insertion loss of the target-
adapter-cable chain has not changed, providing the same cable and attenuators are used and no other indications
(e.g. loose or damaged connectors) indicate the opposite.

B.2.4 Determining the DC transfer resistance of a target-attenuator-cable chain

The DC transfer resistance of a target-attenuator-cable chain is defined as the ratio between the current
injected to the input of the target and the voltage across a precision 50 () load at the output of the
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cable (i.e. placed at the end of the cable instead of the oscilloscope). The circuit diagram is illustrated in
Figure B.9.

In an ESD measurement, an oscilloscope displays a voltage V. if a current I is injected into the target.
To calculate the unknown current from the displayed voltage, the voltage is divided by a DC system
transfer resistance Z,..

1 3
/sys 6 !_ ----------- _! ,_ ----------- _l
(O — A
| ] | ¢
8 5 | 2 e <l O
| | |
| | |
| | |
L S R I _d
Key
1 farget
2 gxample of internal circuit of a current target (other circuits ate possible)
3  dttenuator
4 internal circuit of an attenuator
5 IC current source
6 gmmeter
7  $0Qload
8 (digital voltmeter (DVM)

Figure B.9 — Circuit diagram to determine the DC system transfer resistangce

The DC system transfer resistance of the target-attenuator-cable chain may be determfined by the
metHod below.

— Injecta currenty of approximately 1 A into the front side of the current target. The fropt side is the
gide to which’discharges are made. The current shall be known within +1 %. Larger cirrents may
Ibe used if they do not thermally stress the target beyond its specifications. Measure the test voltage
V acrossithe precision 50 Q load.

— (alculate the transfer impedance according to Formula (B.1):

V
ZSys = T (B.1)
sys
NOTE To verify that thermal voltages do not influence the result, the measurement can be done with positive

and negative current. A check is made that the two results are within 0,5 % of each other.

Other methods to determine the transfer characteristics of the whole target-attenuator-cable chain
may be used.
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Annex C
(informative)

Function performance status classification (FPSC)

C.1 General

This annex
functions o
based on th{

brovides a general method for defining the acceptable performance of electrical/elect
[ automotive electrical systems during and after ESD immunity testing. Thisymeth
e following considerations:

ronic
bd is

b) aDUT/yehicle can include one or several functions (e.g. an electronic unit can manage front wiping,
courtesl lighting and low beam lighting);

c) a functifon can have one or several operating modes (e.g. low beam ON;low beam OFF, courtesy
lighting ON, courtesy lighting OFF);

d) an operfating mode can have several statuses (I, I, III, IV) (e.g. it low beam ON operating mode,
the statius II can be associated to low beam OFF during distutbance application with automatic

recover

The functiopal performance status classification is applicable-to each function.

C.2 FPSC
The approad

a)
vehicle
unit can

b) afuncti

bus.

It has to be
tested unde
which the d
optimized d|

It should als|
as one. It sH
no specific

functiopal performance status classification is applicable to each individual function; hen

y of low beam after disturbance suppression).

approach

h is based on the following principles:

vill have many functions and a DUT is likely to include several functions (e.g. an elect
manage front wiping, courtesy lighting and low beam lighting);

pn can be a simple on-off operation or it can be complex, like data communication on 3|

emphasized that) as described in this document, components or systems shall on
I the conditiens.that represent the simulated automotive electromagnetic environme
bvices would-actually be subjected. This will help to ensure a technically and econom
esign for\potentially susceptible components and systems.

0 bé noted that this annex is not intended to be a product specification and cannot fun
ould be used in conjunction with a specific test procedure in this document. Therg

ce, a
ronic

data

y be
ts to
cally

ction
fore,

values for the test signal severity level are included In this annex since they shou

d be

determined by the vehicle manufacturers and component suppliers. Nevertheless, using the concepts
described in this annex and by careful application and agreement between manufacturer and supplier,
this annex can be used to describe the functional status requirements for a specific device. This can
then, in fact, be a statement of how a particular device can be expected to perform under the influence
of the specified test signals.

C.3 Essential elements of FPSC

C.3.1 General

There are two elements, outlined in C.3.2 and C.3.3, required to describe an FPSC.

38
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2 Function performance status

This element defines the expected performance objectives for the function of the DUT subjected to
the test conditions. The four function performance statuses of the function (expected behaviour of the
function observed during testing) are listed below.

NOTE 1

status of the defined function during and after a test.

NOTE2  The minimum functional status is given in each test. An additional test requirement c
between supplier and vehicle manufacturer.

a)
b)

c)

d)

C.3.

This element is applicable to every single individual function of a DUT and describes the operational

an be agreed

tatus I: The function performs as designed, during and after the test.

tatus II: The function does not perform as designed during the test, but returns.attg
ormal operation after the test.

tatus III: The function does not perform as designed during the testwand does n
ormal operation without a simple driver/passenger intervention, such as turning off,
r cycling the ignition switch after the disturbance is removed.

tatus IV: The function does not perform as designed during.or after the test an
eturned to proper operation without more extensive intetvention, such as discon
econnecting the battery or power feed. The function sHall'not have sustained any
amage as a result of the testing.

3 Testsignal severity level

This|element defines the specification of test sighal severity level (test severity level)

signd

metHod. The test signal severity levels should be determined by the vehicle manufacturer
depejnding on the required operational charaeteristics of the function.

C4

C.4.

FPSC approach example

1 General example of FPSC application

Figufe C.1 demonstrates the relationship between the test signal severity levels and their co
function performance status classification.

Compments listed in\Eigure C.1 can be interpreted as follows:

a)
b)

c)

the function'should be nominal event No. 1 (Status I) up to severity level L;;

matically to

bt return to
on the DUT,

l cannot be
necting and
permanent

of essential

| parameters. The test signal severity level ig;the stress level applied to the DUT for any given test

and supplier

'responding

:[nexpected event No. 2 is allowed above test severity level L;;

nexpected event No 3 is allowed abhave test severity level | 5

Users may group functions into categories to allow the use of different test levels.

© IS0 2023 - All rights reserved

39


https://standardsiso.com/api/?name=3da43b6b64055eb72954e9cd02fa79f1

ISO 10605:2023(E)

Function performance
status

Unexpected event No. 4
(Status 1V type, Status I, 11
and III allowed)

Unexpected event No. 3
(Status III type, Status I
and II allowed)

Unexpected event No. 2

Test severity levels

(Statuc Il tung Statc ]
C J P =7

allowed)

Nominal function -
event No. 1
(Status I type)

C.4.2 Sugpgested test severity levels

Tables C.1 ta C.9 provide examples of test severity levels.

Table C.1 — Component test — Example severity levelsfor direct contact discharge

Figure C.1 — Illustration of function performance status classification

Tlest severity level Category 1 Category 2 Category 3
Ly, +8kV +8kV #15kV
L; +6 kV +8kV +8kV
L, 4 kV 4 kV 6 kV
Ly; 2 kV £2kV 4 kV

Tapble C.2 — Component test.— Example severity levels for direct air discharge

Test severity level Category 1 Category 2 Category 3
Ly, *15kV +15kV +25kV
Ls; 8 kV *8kV *15kV
Ly; +4 kV +6 kV +8 kV
Ly; +2kV 4 kV 6 kV

Table|C.3,~—+Component test — Example se

verity levels for ind

irect contact discha

Tlestseverity level | Category 1 Category 2 Category 3
Ly, +8kV +15kV +20 kV
Ls; +6 kV *8 kV +15kV
L; 4 kV 4 kV *8kV
Ly; +2kV 2 kV 4 kV

Table C.4 — Component test — Packaging and handling — Example severity levels for direct
contact discharge (connector pins)

Category 1 Category 2 Category 3
Full func-
tion after +1kV +2 kV +4 kV
test
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Table C.5 — Component test — Packaging and handling — Example severity levels for direct air

discharge
Category 1 Category 2 Category 3
Full function +8 kV +15 kV +25 kV
after test

Table C.6 — Vehicle test — Example severity levels for contact discharge
(test points accessible only from inside vehicle)

Test severity level Category 1 Category 2 Category 3
Ly; 6 kV +8 kV +8 kV
Ls; +4 kV +4 KV +6 KV
L; +2 kV +2 kV +2.kV
Ly; not applicable not applicable not-applicable

Table C.7 — Vehicle test — Example severity levels forair discharge
(test points accessible only from inside vehicle)

Test severity level Category 1 Category 2 Category 3
Ly; +8 kV +15kV) *15kV
Ls; +6 kV +8'kV +8 kV
L,; 4 kV ¥4 kV +6 kV
Ly; +2kV 2 kV 4 kV

Table C.8 — Vehicle test — Example severity levels for contact discharge
(test points accessible only from outside vehicle)

Test severity level Category 1 Category 2 Category 3
Ly; 6 kV +*8kV +8kV
L; +4 kV +6 kV +6 kV
Lo, £2kV £2kV 4 kV
Ly; not applicable not applicable +2kV

Table €C.9"— Vehicle test — Example severity levels for air discharge
(test points accessible only from outside vehicle)

Test severity level Category 1 Category 2 Category 3
Ly; +15kV +15kV #25kV
Lg; +8kV *8kV *15kV
Lo, +4 KV +6 KV +8 KV
Ly; 2 kV 4 kV *6 kV
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Annex D
(informative)

method guidance — Generator resistor value and air or
contact discharge

D.1 Resig

Testing with
with 330 Q
ring). A test

Selection of

D.2 Test

The particu
determined
test. Clauses

itor value selection

1 2 kQ) resistor represents the discharge of a human body directly through the skin. Te
resistor represents the discharge of a human body through a metallic part)(e.g. tool
with a 330 Q resistor is more severe than testing with 2 k(.

the discharge resistance to be used for the test should be specified in-the test plan.

mmethod selection

lar test method (air or contact) selected as appropriate.for DUT evaluation shou
by first establishing an intended result for the information that will be gained from the
D.3 to D.5 provide an overview of the two approaches;in conjunction with the advan

and disadvantages of each approach.

D.3 Air discharge

D.3.1 Gen

The air disq
effect, this n
to vary sign

D.3.2 Air

The main bd
for breakdo
caused by pl

eral

heans that the impulse current'waveforms delivered to the DUT are allowed (and expe
ficantly from pulse to pulse;

discharge advantages

nefit is that any insulating surfaces or air gaps in the DUT that prevent ESD can be evaly
wn voltage. Another advantage of the air discharge method is that DUT responses w
nenomena thatdare similar to actual ESD events. This means that for a given test voltagg

ESD pulse may cause-a\DUT response, while another pulse may not. When the DUT does respong

response m
relationship

hy be different from discharge to discharge. Finally, air discharge simulates the non-I
betweéen amplitudes of voltage and current found in natural ESD.

sting
key,

d be
ESD
ages

harge method virtually replicates 'ESD, as it would occur in the actual environment. In

cted)

lated
i1l be
,one
|, the
near

D.3.3 Air

lischargedisadvantages

The major disadvantage to the air discharge ESD method is that, in practice, performance of the
method may result in a tedious test series. The air discharge test may require several hours of test time
because of the need to apply (possibly) hundreds of ESD pulses to a DUT in order to fully (adequately)
evaluate and understand the responses of the DUT and their probabilities of occurrence. Apart from the
disadvantage of test time, the DUT may respond inconsistently to the ESD excitations. This produces
serious repeatability problems in the test results, requiring further ESD tests to ultimately determine

the perform

42

ance profile of the DUT.
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