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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ECECTROMAGNETIC COMPATIBILIT Y (EMC)—

Part 4-2: Testing and measurement techniques —
Electrostatic discharge immunity test

FOREWORD

stanar'zatl comprising

1) The IEC (International Electrotechnical Commission) is a worldwide organization 6
i i i i i Q promote

entrusted to technical committees; any IEC National Committee |nte c
participate in this preparatory work. International, governmental and o atizations liaising
with the 1EC also part|C|pate in thIS preparation. The IEC cllab ts s i{th the International

2) The formal decisions or agreements of the IEC on techpical/matters\express, as nearly as possible, an

international consensus of opinion on the relevant subje ical committee has representation
from all interested National Committees

3) The documents produced have the form of\eco i il ongl’use and are published in the form
of standards, technical specifications, techwj i and /they are accepted by the National
Committees in that sense

4) In order to promote international unificatin i njttees undertake to apply IEC International
Standards transparently to i eir national and regional standards. Any

divergence between the IEZ St qrresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marki indicate_its approval and cannot be rendered responsible for any
equipment declared to

6) Attention is dra ibil} a \ e’elements of this International Standard may be the subject
of patent rights. 3 i i i

International
frequency p

4-2 has been prepared by subcommittee 77B: High-
chnical committee 77: Electromagnetic compatibility.

It forms<{sectign par 4 of IEC 61000. It has the status of a basic EMC publication in

It is based _oh the~YEC 60801-2 (second edition: 1991): Electromagnetic compatibility for
industrial " process measurement and control equipment — Part 2: Electrostatic discharge
requiréments, prepared by IEC technical committee 65: Industrial-process measurement and
control.

According to a recommendation of ACEC at its meeting of December 1989, the scope of this
standard has been extended to all kinds of electrical and electronic equipment. For this
purpose it has been decided to transfer the 60801 series of publications to the 61000-4
series: EMC testing and measurement techniques, of technical committee 77.



https://iecnorm.com/api/?name=5ecfe74d516adff6af4ffd76fb8fca90

61000-4-2 © IEC:1995+A1:1998 -7-
+A2:2000

No technical changes, only editorial amendments, have been made with this transfer and
reference to IEC 60801-2 (1991) or IEC 61000-4-2 is equivalent.

77B(CO)21 and 77B/145/RVD], its amendment1 (1998) [documents 77B/216/FDIS and
77B/226/RVD] and amendment 2 (2000) [documents 77B/291+292/FDIS and 77B/298+299/RVD].

The technical content is therefore identical to the base edition and its amendments and has
been prepared for user convenience.

It bears the edition number 1.2.

A vertical line in the margin shows where the base publication
amendments 1 and 2.

Annexes A and B are for information only.
The committee has decided that the contents of the base publica 9 amendments will

* reconfirmed;
* withdrawn;
» replaced by a revised edition, or

@@
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INTRODUCTION

IEC 61000-4 is a part of the IEC 61000 series, according to the following structure:

Part 1: General
General consideration (introduction, fundamental principles)
Definitions, terminology
Part 2: Environment
Description of the environment
Classification of the environment
Compatibility levels
Part 3: Limits

Emission limits

Immunity limits (in so far as they do not fall under the
committees)

the product

Part 4: Testing and measurement techniques
Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidé
Installation guidelines
Mitigation methods and devices

Part 9: Miscellaneous

Each part is further supdivided i i are to be published either as international

These sections@’

accordingly.

published in chronological order and numbered

This section js
procedures rgé

sfandard which gives immunity requirements and test
atic discharge™.
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ELECTROMAGNETIC COMPATIBILITY (EMC) —

Part 4-2: Testing and measurement techniques —

Etectrostaticdiscirarge oty test

1 Scope

performance of electrical and electronic equipment
discharges. In addition, it includes electrostatic discharge
objects near vital equipment.

This standard defines:

— typical waveform of the discharge <
— range of test levels;

— test equipment;
— test set-up;

— test procedure.

This standard gives specifiCs performed in "laboratories” and "post-installation
tests" performe j i i

This standard does sify the tests to be applied to particular apparatus or

systems. Its main ~ i general basic reference to all concerned product
committees of~th . committees (or users and manufacturers of equipment)
remain respansibte ppropriate choice of the tests and the severity level to be applied

users and mantufactupers are strongly recommended to consider (in their future work or
revision of\.oeld standards) the adoption of the relevant immunity tests specified in this
standard.
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2 Normative references

The fnllnwing normative documents contain Inrm/iqinnq which thrnugh reference in this text

constitute provisions of this section of IEC 61000-4. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to
agreements based on this section of IEC 61000-4 are encouraged to investigate the
possibility of applying the most recent editions of the normative documents indicated below.
Members of IEC and ISO maintain registers of currently valid International Standards.

IEC 60050(161):1990, International Electrotechnical Vocabulary (IEV) — Chapteri 161:
Electromagnetic compatibility

IEC 60068-1:1988, Environmental testing — Part 1: General and guidgH

3 General

NOTE From the technical p of Vi q the phenomenon would be "static electricity
dlscharge However, the term ' ectr ic di " i |der used in the technical world and in technical

4.1
degradation
an undesired
from its inténded pe

departuke in the operational performance of any device, equipment or system
ormance. [IEV 161-01-19]

NOTE <The term "degradation" can apply to temporary or permanent failure.

4.2

electromagnetic compatibility (EMC)

the ability of an equipment or system to function satisfactorily in its electromagnetic
environment without introducing intolerable electromagnetic disturbances to anything in that
environment. [IEV 161-01-07]
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4.3
antistatic material
material exhibiting properties which minimize charge generation when rubbed against or

separated from the same or other similar materials

4.4

energy storage capacitor

the capacitor of the ESD-generator representing the capacity of a human body charged to the
test voltage value. This may be provided as a discrete component, or a distributed
capacitance

4.5
ESD
electrostatic discharge (see 4.10)

4.6
EUT
equipment under test

4.7
ground reference plane (GRP)
a flat conductive surface whose potentigal i

4.8
coupling plane

4.9

holding time
interval of time
discharge, is not

4.10

the ability of.a device, equipment or system to perform without degradation in the presence of
an electromagnetic disturbance. [IEV 161-01-20]

4.12

contact discharge method

a method of testing, in which the electrode of the test generator is held in contact with the
EUT, and the discharge actuated by the discharge switch within the generator

4.13

a;l d;ouhalyc |||cthud
a method of testing, in which the charged electrode of the test generator is brought close to
the EUT, and the discharge actuated by a spark to the EUT
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4.14
direct application
application of the discharge directly to the EUT

4.15

indirect application

application of the discharge to a coupling plane in the vicinity of the EUT, and simulation of
personnel discharge to objects which are adjacent to the EUT

5 Test levels

The preferential range of test levels for the ESD test is given in table 1.

Testing shall also be satisfied at the lower levels given in table 1.

la - Contiam ge 1b — Air discharge

Test, ge \) Test voltage
Level Level
kv

1 1 2
2 2 4
3 6 3 8
4 4 15
x 1 x Special

a%% The evel has to be specified in the dedicated equipment specification. If higher
voltage hamntho n are specified, special test equipment may be needed.
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6 Test generator

The test generatar consists _in its main parts of-

— charging resistor R,;

— energy-storage capacitor Cg;
— distributed capacitance Cy;
— discharge resistor Ry;

— voltage indicator;
— discharge switch;
— interchangeable tips of the discharge electrode (see figure 4);

— discharge return cable;
— power supply unit.

A simplified diagram of the ESD generator is given in figure ANSH U al details are not

6.1 Characteristics and performan
Specifications
— energy storage capaci

— discharge resistange 0Q+10 %;

— charging resistance
— output voltag eg

between 50 MQ and 100 MQ;

up to 8 kV (nominal) for contact discharge;
up to 15 kV (nominal) for air discharge;

— tolerance of the oltp +5 %);
— polarity of the sutput positive and negative (switchable);
— holding time; at least 5 s;

— discharge single discharge (time between successive
discharges at least 1 s);

— waveshape of th& discharge current: see 6.2.
NOTE 1) Open circuit voltage measured at the energy storage capacitor.

NOTE 2 The generator should be able to generate at a repetition rate of at least 20 discharges per second for
exploratory purposes only.

The generator shall be provided with means of preventing unintended radiated or conducted
emissions, either of pulse or continuous type, so as not to disturb the EUT or auxiliary test
equipment by parasitic effects.

The energy storage capacitor, the discharge resistor, and the discharge switch shall be
placed as close as possible to the discharge electrode.

The dimensions of the discharge tips are given in figure 4.
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For the air discharge test method the same generator is used and the discharge switch has to
be closed. The generator shall be fitted with the round tip shown in figure 4.

The discharge return cable of the (est generator shall be In general Z m tong, and constracted
to allow the generator to meet the waveform specification. It shall be sufficiently insulated to
prevent the flow of the discharge current to personnel or conducting surfaces other than via
its termination, during the ESD test.

In cases where a 2 m length of the discharge return cable is insufficient, (e.g. for tall EUTs),.a
length not exceeding 3 m may be used, but compliance with the waveform specification,shall
be verified.

6.2 Verification of the characteristics of the ESD generator

In order to compare the test results obtained from different test gerferators
shown in table 2 shall be verified using the discharge return ca 0 ke tsed he testing.

Table 2 — Waveform param@\

) First peak Current Current

Indicated current of discharge 30 %) (£30 %)

Level voltage +10 % at 30 ns at 60 ns
kv A /\ A A
1 2 7,5 4 2
2 4 15 8 4
3 6 22,5 12 6
4 8 30 16 8

generator during the verification procedure
shall conform to fj

The values of the
bandwidth measuwi

discharge current shall be verified with 1 000 MHz
A lower bandwi i i gtions in the measurement of rise time and amplitude of the

For verificatiem, [t i the discharge electrode shall be placed in direct contact with the
current-sensingttansducer, and the generator operated in the contact discharge mode.

The typical arrangement for the verification of the ESD generator performance is given in
figure 2. The bandwidth of the target has to be more than 1 GHz. Constructional details of a
possible design for the current-sensing transducer are given in annex B.
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Other arrangements that imply the use of a laboratory Faraday cage having dimensions
different from those in figure 2 are allowed; separation of the Faraday cage from the target
plane is also allowed, but in both cases the distance between the sensor and the grounding

The ESD generator shall be re-calibrated in defined time periods in accordance with a
recognhized quality assurance system.

7 Test set-up

b) air discharge at insulating surfaces.
Two different types of tests can be distinguished:

— type (conformance) tests performed in laboratori
— post installation tests performed on equipmenti

7.1 Test set-up for test

The following requireme
reference condit@

Local safetytegulations shall always be met.

The-EUT shall be arranged and connected according to its functional requirements.

A distance of 1 m minimum shall be provided between the equipment under test and the walls
of the laboratory and any other metallic structure.

The EUT shall be connected to the grounding system, in accordance with its installation
Qppr‘ifir‘atian Nao additional grmmding cannections are allowed

The positioning of the power and signal cables shall be representative of installation practice.
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The discharge return cable of the ESD generator shall be connected to the ground reference
plane. The total length of this cable is in general 2 m.

TN Ccases where (nis length exceeds (he lengin necessary 10 apply the discharges 10 be
selected points, the excess length shall, where possible, be placed non-inductively off the
ground reference plane and shall not come closer than 0,2 m to other conductive parts in the
test set-up.

The connection of the earth cables to the ground reference plane and all bondings shall be_of
low impedance, for example by using clamping devices for high frequency applications.

Where coupling planes are specified, for example to allow indirect apphcation~of the

7.1.1 Table-top equipment

The test set-up shall consist of a wood
plane.

be placed on the table. The EUT and
ylating support 0,5 mm thick.

An example of the test set-up for floor-standing equipment is given in figure 6.

Any-mounting feet associated with the EUT shall remain in place.
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7.1.3 Test method for ungrounded equipment

The test method described in this subclause is applicable to equipment or part(s) of equip-
ment whaose installation Qppr‘ifir‘afinnc Qar dpcign prpr‘ludp connection to any grmmding

system. Equipment, or parts thereof, includes portable, battery-operated and double-insulated
equipment (class Il equipment).

Rationale: Ungrounded equipment, or ungrounded part(s) of equipment, cannot discharge
itself similarly to class | mains-supplied equipment. If the charge is not removed before the
next ESD pulse is applied, it is possible that the EUT or part(s) of the EUT be stressed up)te
twice the intended test voltage. Therefore, double-insulated equipment could be charged at
an unrealistically high charge, by accumulating several ESD discharges on-the capacitance of
the class Il insulation, and then discharge at the breakdown voltage o lation with a
much higher energy.

The general test set-up shall be identical to the ones d
respectively.

To simulate a single ESD event (either by air or by contactdischs y)arge on the EUT
shall be removed prior to each applied ESD pulse.

coupling planes, ial K

As the capacnance ACP (table-top) and between EUT and GRP (floor-
' he EUT, the cable with bleeder resistors may remain
installed during the BS t wh nctionally allowed. In the discharge cable, one resistor

shall be conpé OSSIb|e preferably less than 20 mm from the EUT test point.

equipment./inscasegf dispute, a test with the cable disconnected during the ESD pulse takes
precedence over the test with the cable installed during the test, provided that the charge has
sufficiently decayed between the successive discharges.

As an alternative, the following options can be used:
— the time interval between successive discharges shall be extended to the time necessary
to allow natural decay of the charge from the EUT;

- a carbon fibre brush with bleeder resistors (for example, 2 x 470 kQ) in the grounding
cable;

- an air-ionizer to speed-up the "natural" discharging process of the EUT to its environment.
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The ionizer shall be turned off when applying an air-discharge test. The use of any alternative
method shall be reported in the test report.

NOTE In case of dispute concerning the charge decay, the charge on the EUT can be monitored by a non-

contacting electric field meter. When the charge has decayed below 10 % of the initial value, the EUT is considered
to be discharged.

The tip of the ESD generator shall be held normal (perpendicular) to the surface of the EUT.

7.1.3.1 Table-top equipment

For table-top equipment, the EUT is placed on the horizontal coupling plane on top «f the
insulating foil (0,5 mm thick), as described in 7.1.1 and figure 5.

7.1.3.2 Floor-standing equipment

Floor-standing equipment without any metallic connection
be installed similarly to 7.1.2 and figure 6.

These tests are optional, and not mand i ests; they may be applied only when
agreed between manufaciure cust be considered that other co-located

The equipment or syste in its final installed conditions.
In order to facilita:e a discharge return cable, a ground reference plane

allation, close to the EUT at about 0,1 m distance.
This plane should aZluminium not less than 0,25 mm thick. Other metallic

materials may ke

this is not possibile, it\should be connected to the earthing terminal of the EUT, if available.

The discharge return cable of the ESD generator shall be connected to the reference plane at
a point-close to the EUT. Where the EUT is installed on a metal table, the table shall be
connected to the reference plane via a cable with a 470 kQ resistor located at each end, to
prevent a build-up of charge.

An example of the set-up for post-installation tests is given in figure 7.
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8 Test procedure

81 | aboratory reference conditions

In order to minimize the impact of environmental parameters on test results, the tests shall be
carried out in climatic and electromagnetic reference conditions as specified in 8.1.1 and 8.1.2.

8.1.1 Climatic conditions

In the case of air discharge testing, the climatic conditions shall be within the follgwing
ranges:

— ambient temperature: 15 °C to 35 °C;
— relative humidity: 30 % to 60 %;
— atmospheric pressure: 86 kPa (860 mbar) to 106 kPa

NOTE Any other values are specified in the product specification.

8.1.2 Electromagnetic conditions

8.2 EUT exercising

For conformance
(program cycle)

— representative operating conditions of the EUT;

— whether the EUT should be tested as table-top or floor-standing;

— (the points at which discharges are to be applied;

=\" at each point, whether contact or air discharges are to be applied;

— the test level to be applied;

— the number of discharges to be applied at each point for compliance testing;
— whether post-installation tests are also to be applied.

It may be necessary to carry out some investigatory testing to establish some aspects of the
test plan.
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8.3.1 Direct application of discharges to the EUT

Unless stated otherwise in the generic, product-related or product-family standards, the static
plpr‘frir‘ify dicr‘hargpc shall he applipd nnly to those pnin'rq and surfaces of the EUT which are

accessible to persons during normal use. The following exclusions apply (i.e. discharges are
not applied to those items):

a) those points and surfaces which are only accessible under maintenance. In this case,
special ESD mitigation procedures shall be given in the accompanying documentation;

b) those points and surfaces which are only accessible under service by the (end-)user.
Examples of these rarely accessed points are as follows: battery contacts while chahging
batteries, a cassette in a telephone answering machine, etc.;

c) those points and surfaces of equipment which are no longer agcessiblegafter fixed
installation or after following the instructions for use, for exampl smnand/or wall-
side of equipment or areas behind fitted connectors;

d) the contacts of coaxial and multi-pin connectors which metallic
connector shell. In this case, contact discharges shall only ke app etallic shell
of that connector
Contacts within a non-conductive (for exampl and which are
accessible shall be tested by the air-discharge tgst all be carried out by

using the rounded tip finger on the ESD generatar.

In general, six cases shall be considered: &
Case Connector Cove_r |r dis Contact discharge to:
shell material

1 Metallic None Shell

2 Metallic 'N#Ed b({ve?\) \\) Shell when accessible

3 Metallic [\ \vgta\l‘lic \J Shell and cover

gl TR XSS :

ML ANET S :

6 Ins% d \Q\tams/\v/ Cover
NOTE In ca e ago vaide (ESD) shielding to the connector pins, an ESD warning
:2b;plpsl,lho resenton-that cover or on the equipment near to that connector to which the cover

@s{i@\& t%mll ste}/ard requires testing to individual pins of an insulated connector, air
isch

e) those contacts~af connectors or other accessible parts that are ESD sensitive because of
functional reasons and are provided with an ESD warning label, for example, r.f. inputs
from\measurement, receiving or other communication functions.

Rationale: Many connector ports are designed to handle high-frequency information, either
analogue or digital, and therefore cannot be provided with sufficient overvoltage protection
devices. In the case of analogue signals, bandpass filters may be a solution. Overvoltage
protecting diodes have too much stray capacitance to be useful at the frequencies at
which the EUT is designed to operate.

In all previous cases, special ESD mitigation procedures are recommended, to be given in
the accompanying documentation
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The test voltage shall be increased from the minimum to the selected test level, in order to
determine any threshold of failure (see clause 5). The final test level should not exceed the
product specification value in order to avoid damage to the equipment.

The test shall be performed with single discharges. On preselected points at least ten single
discharges (in the most sensitive polarity) shall be applied.

For the time interval between successive single discharges an initial value of 1s is
recommended. Longer intervals may be necessary to determine whether a system failure has
occurred.

NOTE The points to which the discharges should be applied may be selected by means g
out at a repetition rate of 20 discharges per second, or more.

explorationcarried

The ESD generator shall be held perpendicular to the surface to
applied. This improves repeatability of the test results.

The discharge return cable of the generator shall be kept aj.a di : ast’ 0,2 m from
the EUT whilst the discharge is being applied.

In the case of painted surfaces cover
be adopted:

surfaces.

In the case of ,\ p

each discharge,
The generator .is
repeated umn f
discharge

or a new single discharge. This procedure shall be
are completed. In the case of an air discharge test, the

Discharges| to’ obje placed or installed near the EUT shall be simulated by applying the
discharges. of the ESD generator to a coupling plane, in the contact discharge mode.

In @ddition to the test procedure described in 8.3.1, the requirements given in 8.3.2.1 and
8:3:2.2 shall be met.
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8.3.2.1 Horizontal coupling plane (HCP) under the EUT

Discharge to the HCP shall be made horizontally to the edge of the HCP.

At least 10 single discharges (in the most sensitive polarity) shall be applied at the front edge
of each HCP opposite the centre point of each unit (if applicable) of the EUT and 0,1 m from
the front of the EUT. The long axis of the discharge electrode shall be in the plane of the HCP
and perpendicular to its front edge during the discharge.

The discharge electrode shall be in contact with the edge of the HCP (see figure 5).

In addition, consideration should be given to exposing all sides of the EUT

8.3.2.2 Vertical coupling plane

Discharges shall be applied to the coupling plane,
the four faces of the EUT are completely illuminated

9 Evaluation of test results

The test results shall be classified (in terms\of loss of function or degradation of
performance of the equipment under\ test performance level defined by its
manufacturer or the reques between the manufacturer and the

a) normal performanceg its\specified by the manufacturer, requestor or purchaser;
b) temporary | W degraddation of performance which ceases after the
disturbance c¢ S j i the equipment under test recovers its normal

performance,

insignificant, and theréfore acceptable.

This elassification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.
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10 Test report

The test report shall contain all the information necessary to rppmdnr‘p the test In partir‘nlar

the following shall be recorded:

the items specified in the test plan required by clause 8 of this standard;

identification of the EUT and any associated equipment, for example, brand name, product
type, serial number;

identification of the test equipment, for example, brand name, product type, serial number;

any special environmental conditions in which the test was perfor
shielded enclosure;

med, for example,

O Discharge tip

DC HV supply

Discharge return
connection

1IEC 001195

NOTE C4, omit in the\figure, is a distributed capacitance which exists between the generator and the EUT,

GRP, and coupling

possible to shew this in tHe circuit.

Figure 1 — Simplified diagram of the ESD generator
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Figure 2 — Example of arrangement for verification of the ESD generator
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peak

0% —7—————t+— — — — —— ———

90 % ——

/ at 30 ns (\

/ at 60 ns (\ \

IS

IEC 003195

Values are given in table 2.

Figure of the output current of the ESD generator
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\ / Body of generator

7/

(Note)

Interchangeable part (tip)

-0,05

@12

1EC 004195

¥sions in millimetres

NOTE The dischargge

ay) shall be mounted as close as possible to the tip of the discharge
electrode.

Discharge electrodes of the ESD generator



https://iecnorm.com/api/?name=5ecfe74d516adff6af4ffd76fb8fca90

61000-4-2 0 IEC:1995+A1:1998 - 47 -
+A2:2000

Typical position for

direct application

Typical position for indirect Typical position for indirect
discharge to HCP discharge to VCP

Dimensions in metres

Horizontal coupling
plane (HCP)

IEC 063/98

ure 5 — Example of test set-up for table-top equipment —

Laboratory tests
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Typical position for

direct application indirect discharge by VCP

Protective conductor /
o\ Typical position\for

W discharge to"VCP

T
PSR

\;\&

Power supply

Ground reference plane Power supply

IEC 006195
Figure 6 — Example of test set-up for floor-standing equipment, laboratory tests
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Protective conductor

IEC 007/95

-up for floor-standing equipment,
pnstallation tests
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Metallic EUT part

Conductive
adhesive
copper foil

\

lonizer

ESD
generator 47\0 kQ

Ground reference plane

807/2000

Figure 8 — Test set-up for ungroun

Y

lonizer \|

Wall outlet

Ground reference plane
T

IEC 1808/2000

Figure 9 — Test set-up for ungrounded floor-standing equipment
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Annex A
(informative)

Exptamatory TTotes

A.1 General considerations

The problem of protecting equipment against the discharge of static ele
considerable importance for manufacturers and users.

ricity has.gained

relevant for uncontrolled environments and the widesp
systems in a wide range of industrial plants.

gains electrons from” his body to the fabric. Friction between the operator's clothing and his
chair can_also produce an exchange of charges. The operator's body may be charged either
directly™~or by electrostatic inductions; in the latter case a conducting carpet will give no
pratection unless the operator is adequately earthed to it.

The graphic representation of figure A.1 shows the voltage values to which different fabrics
may be charged depending on the relative humidity of the atmosphere.

Equipment may be directly subjected to discharges of voltage values up to several kilovolts,

depending on tne type or syntnetic Tapric ana the relative numidity Or the envirornment.
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A.3 Relationship of environmental levels to air and contact discharge

As a measurable quantity, static voltage levels found in user environments have been applied

to define immunity requirements. However, it has been shown thaft energy transfer IS a
function of the discharge current rather than, as well as, of the electrostatic voltage existing
prior to the discharge. Further, it has been found that the discharge current typically is less
than proportional to the pre-discharge voltage in the higher level ranges.

Possible reasons for non-proportional relationship between pre-discharge voltage and
discharge current are:

— The discharge of high-voltage charges typically should occur through™a
which increases the rise time, hence keeping the higher spectra
discharge current less than proportional to the pre-discharge voltage.

oQg arcing path
compoxrents of the

successive generation events which is less likely to
energy tends to become constant between the hig

Having recognized this concept, the desi
tester charge voltage and discharge iry
current amplitudes.

A.4 Selection of test le

The test levels ghould
environmental C'o

cihss eﬁ@mmty Antistatic Synthetic Maximum voltage
as as material material

1 35 X 2
2 10 X 4
3 50 X 8
4 10 X 15

The installation and environmental classes recommended are related to the test levels
outlined in clause 5 of this standard.
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For some materials, for example wood, concrete and ceramic, the probable level is not
greater than level 2.

NOTE It is important, when considering the selection of an appropriate test level for a particular environment, to

understand the critical parameters of the ESD effect.

The most critical parameter is perhaps the rate of change of discharge current which may be obtained through a
variety of combinations of charging voltage, peak discharge current and rise time.

For example, the required ESD stress for the 15 kV synthetic material environment is more than adequately
covered by the 8 kV/30 A class 4 test using the ESD generator contact discharge defined in this standard.

However, in a very dry environment with synthetic materials, higher voltages than 15 kV occur.

In the case of testing equipment with insulating surfaces, the air discharge method with voltages up to 15 KV may
be used.

A.5 Selection of test points

The test points to be considered may, for example, includé
applicable:

— any point in the control or keyboard area
communication, such as switches, knobs, buttons

— indicators, LEDs, slots, grilles, conng

for example, the speed oKapp
equipment, leading to iat

In previous desi
capacitor throug
surface of the EUT.

The spark is gwve 3 ¢ rySical phenomenon. It has been shown that with a moving
spark gap the Lt i 8 (or rising slope) of the discharge current can vary from less

voltage/speed.cbrabinations, the rise time still fluctuates by a factor of up to 30.

One proposed way to stabilize the rise time is to use a mechanically fixed spark gap. Although
the riSe*time is stabilized with this method, it cannot be recommended because the resulting
rise time is much slower than the rise time of the natural event to be simulated.
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The high-frequency content of the real ESD event is not properly simulated with this method.
Using various types of triggering devices (e.g. gas tubes or thyratrons) instead of the open
spark, is another possibility, but such kinds of triggering devices produce rise times which are

ctill ton laow caomnarad ta tha rica timac af thao raal CECQMN Avant
St T—too—ToWw— o par e t—to— ot e S Or—tHe—Teat v-ert

corrEoTT

The only triggering device known today which is able to produce repeatable and fast rising
discharge currents is the relay. The relay should have sufficient voltage capability and a
single contact (to avoid double discharges in the rising part). For higher voltages, vacuum
relays prove to be useful. Experience shows that by using a relay as the triggering device, not
only the measured discharge pulse shape is much more repeatable in its rising part, but also
the test results with real EUTs are more reproducible.

Consequently the relay-driven impulse tester is a device that produces
pulse (amplitude and rise time).

This current is related to the real ESD voltage, as described in

holding a metallic object such as a ke
situation is sufficiently severe to represe
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