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Foreword

The text of document 77B/574/FDIS, future edition 2 of IEC 61000-4-2, prepared by SC 77B, High
frequency phenomena, of IEC TC 77, Electromagnetic compatibility, was submitted to the IEC-CENELEC
parallel vote and was approved by CENELEC as EN 61000-4-2 on 2009-03-01.

This European Standard supersedes EN 61000-4-2:1995 + A1:1998 + A2:2001.
The main changes with respect to EN 61000-4-2:1995 are the following:

— the specifications of the target have been extended up to 4 GHz. An example of target matching these
requirements is also provided;

— information on radiated fields from human-metal discharge and from ESD generators is provided;
— measurement uncertainty considerations with examples of uncertainty budgets are given too.

The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2009-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2012-03-01

Annex ZA has been added by CENELEC..

Endorsement notice

The text of the International Standard IEC 61000-4-2:2008 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:

IEC 61000-6-1 NOTE Harmonized as EN 61000-6-1:2007 (not modified).



-3- EN 61000-4-2:2009

Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD
applies.

Publication Year Title EN/HD Year
IEC 60050-161 -1 International Electrotechnical Vocabulary - -
(IEV) -
Chapter 161: Electromagnetic compatibility
IEC 60068-1 - Environmental testing - EN 60068-1 1994%)

Part 1: General and guidance

") Undated reference.
2) valid edition at date of issue.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61000-4-2 has been prepared by subcommittee 77B: High-
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

This second edition cancels and replaces the first edition published in 1995, its amendment 1
(1998) and its amendment 2 (2000) and constitutes a technical revision.

It forms Part 4-2 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

The main changes with respect to the first edition of this standard and its amendments are the
following:

e the specifications of the target have been extended up to 4 GHz. An example of target
matching these requirements is also provided;
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e information on radiated fields from human-metal discharge and from ESD generators
is provided;

e measurement uncertainty considerations with examples of uncertainty budgets are
given too.

The text of this standard is based on the following documents:

FDIS Report on voting
77B/574/FDIS 77B/584/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
*+ amended.
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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 responsibility of the product
committees)

Part 4: Testing and measurement techniques
Measurement techniques
Testing techniques
Part 5: Installation and mitigation guidelines
Installation guidelines
Mitigation methods and devices
Part 6: Generic standards
Part 9: Miscellaneous
Each part is further subdivided into several parts, published either as international standards
or as technical specifications or technical reports, some of which have already been published

as sections. Others will be published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).

This part of IEC 61000 is an International Standard which gives immunity requirements and
test procedures related to electrostatic discharge.



61000-4-2 © |IEC:2008 -7-

ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

1 Scope

This part of IEC 61000 relates to the immunity requirements and test methods for electrical
and electronic equipment subjected to static electricity discharges, from operators directly,
and from personnel to adjacent objects. It additionally defines ranges of test levels which
relate to different environmental and installation conditions and establishes test procedures.

The object of this standard is to establish a common and reproducible basis for evaluating the
performance of electrical and electronic equipment when subjected to electrostatic
discharges. In addition, it includes electrostatic discharges which may occur from personnel to
objects near vital equipment.

This standard defines:

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

— test equipment;

— test setup;

— test procedure;

— calibration procedure;

— measurement uncertainty.

This standard gives specifications for test performed in "laboratories” and "post-installation
tests" performed on equipment in the final installation.

This standard does not intend to specify the tests to be applied to particular apparatus or
systems. Its main aim is to give a general basic reference to all concerned product
committees of the IEC. The product committees (or users and manufacturers of equipment)
remain responsible for the appropriate choice of the tests and the severity level to be applied
to their equipment.

In order not to impede the task of coordination and standardization, the product committees or
users and manufacturers are strongly recommended to consider (in their future work or
revision of old standards) the adoption of the relevant immunity tests specified in this
standard.

2 Normative references

The following referenced documents are indispensable for the application of this document.
For dated references, only the edition cited applies. For undated references, the latest edition
of the referenced document (including any amendments) applies.

IEC 60050(161), International Electrotechnical Vocabulary (IEV) - Chapter 161:
Electromagnetic compatibility

IEC 60068-1, Environmental testing — Part 1: General and guidance
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3 Terms and definitions

For the purposes of this part of IEC 61000, the following terms and definitions apply and are
applicable to the restricted field of electrostatic discharge; not all of them are included in
IEC 60050(161) [IEV].

31

air discharge method

method of testing in which the charged electrode of the test generator is moved towards the
EUT until it touches the EUT

3.2

antistatic material

material exhibiting properties which minimize charge generation when rubbed against or
separated from the same or other similar materials

3.3

calibration

set of operations which establishes, by reference to standards, the relationship which exists,
under specified conditions, between an indication and a result of a measurement

NOTE 1 This term is based on the "uncertainty" approach.

NOTE 2 The relationship between the indications and the results of measurement can be expressed, in principle,
by a calibration diagram.

[IEV 311-01-09]

3.4

conformance test

test on a representative sample of the equipment with the objective of determining whether
the equipment, as designed and manufactured, can meet the requirements of this standard

3.5

contact discharge method

method of testing in which the electrode of the test generator is kept in contact with the EUT
or coupling plane and the discharge is actuated by the discharge switch within the generator

3.6

coupling plane

metal sheet or plate, to which discharges are applied to simulate electrostatic discharge to
objects adjacent to the EUT; HCP: Horizontal Coupling Plane; VCP: Vertical Coupling Plane

3.7

degradation (of performance)

undesired departure in the operational performance of any device, equipment or system from
its intended performance

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

[IEV 161-01-19]

3.8
direct application
application of the discharge directly to the EUT

3.9

electromagnetic compatibility (EMC)

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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3.10

electrostatic discharge (ESD)

transfer of electric charge between bodies of different electrostatic potential in proximity or
through direct contact

[IEV 161-01-22]

3.1

energy storage capacitor

capacitor of the ESD-generator representing the capacity of a human body charged to the test
voltage value

NOTE This element may be provided as a discrete component or a distributed capacitance.

3.12
EUT
equipment under test

3.13
ground reference plane (GRP)
flat conductive surface whose potential is used as a common reference

[IEV 161-04-36]

3.14

holding time

interval of time within which the decrease of the test voltage due to leakage, prior to the
discharge, is not greater than 10 %

3.15

immunity (to a disturbance)

ability of a device, equipment or system to perform without degradation in the presence of an
electromagnetic disturbance

[IEV 161-01-20]

3.16

indirect application

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

3.17

rise time

interval of time between the instants at which the instantaneous value of a pulse first reaches
the specified lower and upper limits

NOTE Unless otherwise specified, the lower and upper values are fixed at 10 % and 90 % of the pulse magnitude.
[IEV 161-02-05, modified]

3.18

verification

set of operations which are used to check the test equipment system (e.g., the test generator
and the interconnecting cables) and to demonstrate that the test system is functioning

NOTE 1 The methods used for verification can be different from those used for calibration.

NOTE 2 For the purpose of this basic EMC standard this definition is different from the definition given in
IEV 311-01-13.
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4 General

This standard relates to equipment, systems, subsystems and peripherals which may be
involved in static electricity discharges owing to environmental and installation conditions,
such as low relative humidity, use of low-conductivity (artificial-fiber) carpets, vinyl garments,
etc., which may exist in all locations classified in standards relevant to electrical and
electronic equipment (for more detailed information, see Clause A.1).

NOTE From the technical point of view, the precise term for the phenomenon would be static electricity discharge.
However, the term electrostatic discharge (ESD) is widely used in the technical world and in technical literature.
Therefore, it has been decided to retain the term electrostatic discharge in the title of this standard.

5 Testlevels
The preferred range of test levels for the ESD test is given in Table 1.

Contact discharge is the preferred test method. Air discharges shall be used where contact
discharge cannot be applied. Voltages for each test method are given in Table 1. The
voltages shown are different for each method due to the differing methods of test. This does
not imply that the test severity is equivalent between test methods.

Details concerning the various parameters which may influence the voltage to which the
human body may be charged are given in Clause A.2. Clause A.4 also contains examples of
the application of the test levels related to environmental (installation) classes.

For air discharge testing, the test shall be applied at all test levels in Table 1 up to and
including the specified test level. For contact discharge testing, the test shall be applied at the
specified test level only unless otherwise specified by product committees.

Further information is given in Clauses A.3, A.4 and A.5.

Table 1 — Test levels

Contact discharge Air discharge
Test voltage Test voltage
Level Level
kV kV
1 2 1 2
2 4 2 4
3 6 3 8
4 8 4 15
x @ Special xa Special
a "x" can be any level, above, below or in between the others. The level shall be specified in the
dedicated equipment specification. If higher voltages than those shown are specified, special test
equipment may be needed.

6 Test generator

6.1 General
The test generator consists, in its main parts, of

— charging resistor R;

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

— voltage indicator;
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— discharge switch;

— charge switch;

— interchangeable tips of the discharge electrode (see Figure 3);
— discharge return cable;

— power supply unit.

A simplified diagram of the ESD generator is given in Figure 1. Constructional details are not

given.
Re Ry
Discharge tip

Charge switch Discharge switch

DC HV
supply —— Cg +Cyq

o Discharge return

connection
NOTE 1 Cyq is a distributed capacitance which exists between the generator and its surroundings.
NOTE 2 Cy4 + Cg has a typical value of 150 pF.

NOTE 3 Ry has a typical value of 330 Q.

Figure 1 — Simplified diagram of the ESD generator

The generator shall meet the requirements given in 6.2 when evaluated according to the
procedures in Annex B. Therefore, neither the diagram in Figure 1, nor the element values are
specified in detail.

6.2 Characteristics and performance of the ESD generator

The test generator shall meet the specifications given in Tables 2 and 3. Figure 2 shows an
ideal current waveform and the measurement points referred to in Tables 2 and 3.
Conformance with these specifications shall be demonstrated according to the methods
described in Annex B.
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Table 2 — General specifications

Parameters Values

Output voltage, contact discharge

mode (see NOTE 1) At least 1 kV to 8 kV, nominal

At least 2 kV to 15 kV, nominal (see
NOTE 3)

Output voltage, air discharge mode
(see NOTE 1)

Tolerance of output voltage 5 %

Polarity of output voltage Positive and negative

Holding time >5s

Discharge mode of operation Single discharges (see NOTE 2)

NOTE 1
generator.

Open circuit voltage measured at the discharge electrode of the ESD

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

NOTE 3

It is not necessary to use a generator with 15 kV air discharge
capability if the maximum test voltage to be used is lower.

Table 3 — Contact discharge current waveform parameters

. First peak Rise time ¢, Current Current
| Indicated current of discharge (£25 %) (£30 %) (£30 %)
Leve voltage 15 % s at 30 ns at 60 ns
kV A A A
1 2 7,5 0,8 4 2
2 4 15 0,8 8 4
3 6 22,5 0,8 12 6
4 8 30 0,8 16 8
The reference point for measuring the time for the current at 30 ns and 60 ns is the instant when the current
first reaches 10 % of the 1° peak of the discharge current.
NOTE The rise time, 1, is the time interval between 10 % and 90 % value of 1% peak current.
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Figure 2 — Ideal contact discharge current waveform at 4 kV

The equation for the idealized waveform of Figure 2, I(¢), is as follows:

oy
I(t)zixﬁ
")

where

o (nt 1/ n
e e )

1/
kz — exp _73[’114} !
2'4 73

and

7y =1,1ns; 5,=2ns; 73=12 ns; 7, = 37 ns;
Iy =16,6 A (at4 kV); I, =9,3 A (at 4 kV);
n =1,8.

—t 12
xexp| — |+ —2x
n 7o ko

The generator should 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 (see Annex D).

The discharge electrodes shall conform to the shapes and dimensions shown in Figure 3. The
electrodes may be covered with insulated coatings, provided the discharge current waveform

specifications are met.
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Body of the generator

»

Interchangeable part (tip)

" N

]

[ Ll

IEC 2207/08

3a) — Discharge electrode for air discharges

A
@12+ 1 % fffffffffffffffffffffffffff <;25° to 40°
v f

Sharp point

IEC 2208/08

3b) — Discharge electrode for contact discharges
Figure 3 — Discharge electrodes of the ESD generator

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 3a). Because the
same ESD generator is used no further specifications for the air discharge method exist.

The discharge return cable of the test generator shall be (2 £ 0,05) m long, and constructed to
allow the generator to meet the waveform specification. The length of the discharge return
cable is measured from the ESD generator body to the end of the connecting point. 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.

The discharge return cable used for testing shall be the same or identical with the cable used
during calibration.

In cases where a 2 m length of the discharge return cable is insufficient, (e.g. for tall EUTs), a
length up to 3 m may be used. The waveform specification shall be met with the cable(s) used
during testing.

6.3 Verification of the ESD setup

The purpose of verification is to ensure that the ESD test setup is operating. The ESD test
setup includes:

— the ESD generator;

— the discharge return cable;

— the 470 kQ bleeder resistors;

— the ground reference plane, and,

— all of the connections that form the discharge path.
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Examples for the ESD test setup are given in Figure 4 for table-top equipment and in Figure 5
for floor-mounted equipment.

To verify the proper ESD test setup, one verification method may be to observe that at low
voltage settings, a small spark is created during air discharge to the coupling plane and a
larger spark is created at higher settings. It is essential to verify the ground strip connection
and location prior to this verification.

Rationale: Since waveforms from ESD generators do not typically change in subtle ways (for
example, the rise time and duration of the waveform do not drift), the most likely ESD
generator failures would be that no voltage was delivered to the discharge electrode or that
no voltage control was present. Any of the cables, resistors or connections along the
discharge path may be damaged, loose or missing, resulting in no discharge.

It is recommended that the ESD test setup is verified prior to testing.

7 Test setup

7.1 Test equipment

The test setup consists of the test generator, EUT and auxiliary instrumentation necessary to
perform direct and indirect application of discharges to the EUT in the following manner:

a) contact discharge to the conductive surfaces and to coupling planes;
b) air discharge at insulating surfaces.

Two different types of tests can be distinguished:

— type (conformance) tests performed in laboratories;
— post installation tests performed on equipment in its final installed conditions.

The preferred test method is that of type tests performed in laboratories.

The EUT shall be arranged in accordance with the manufacturer's instructions for installation
(if any).

7.2 Test setup for tests performed in laboratories

7.21 Test requirements

The following requirements apply to tests performed in laboratories under environmental
reference conditions outlined in 8.1.

A ground reference plane (GRP) shall be provided on the floor of the laboratory. It shall be a
metallic sheet (copper or aluminum) of 0,25 mm minimum thickness; other metallic materials
may be used but they shall have at least 0,65 mm minimum thickness.

The ground reference plane (GRP) shall project beyond the EUT or the horizontal coupling
plane (when applicable) by at least 0,5m on all sides, and shall be connected to the
protective grounding system.

Local safety regulations shall always be met.
The EUT shall be arranged and connected according to its functional requirements.

A distance of 0,8 m minimum shall be provided between the EUT and the walls of the
laboratory and any other metallic structure.
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The EUT and ESD generator (including any external power supply) shall be grounded in
accordance with their installation specifications. No additional grounding connections are
allowed.

The positioning of the power and signal cables shall be representative of installation practice.

The discharge return cable of the ESD generator shall be connected to the ground reference
plane. Only in cases where the length of the cable exceeds the length necessary to apply the
discharges to the selected points, the excess length shall, where possible, be placed non-
inductively off the ground reference plane. The discharge return cable shall not come closer
than 0,2 m to other conductive parts in the test setup except the ground reference plane.

NOTE 1 It is allowed to connect the discharge return cable to the metallic wall of the test laboratory provided that
wall is electrically bonded to the GRP.

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

Where coupling planes are specified, for example to allow indirect application of the
discharge, they shall be constructed from a metallic sheet (copper or aluminum) of 0,25 mm
minimum in thickness (other metallic materials may be used but they shall have at least
0,65 mm minimum in thickness) and shall be connected to the GRP via a cable with a 470 kQ
resistor located at each end. These resistors shall be capable of withstanding the discharge
voltage. The resistors and cables shall be insulated to avoid short circuits to the GRP when
the cable lies on the GRP.

NOTE 2 The 470 kQ bleeder resistors which are contained in the grounding cables of the HCP and VCP (see
Figures 4 to 8) are used to prevent the charge applied to the planes disappearing instantly after the discharge of
the ESD generator to the plane. This increases the impact of the ESD event to the EUT. The resistors should be
capable of withstanding the maximum discharge voltage applied to the EUT plane during the test. They should be
positioned close to each end of the grounding cable in order to create a distributed resistance.

Additional specifications for the different types of equipment are given below.

7.2.2 Table-top equipment

The test setup shall consist of a non-conductive table, (0,8 £ 0,08) m high, standing on the
ground reference plane.

A horizontal coupling plane (HCP), (1,6 £ 0,02) m x (0,8 £ 0,02) m, shall be placed on the
table. The EUT and its cables shall be isolated from the coupling plane by an insulating
support (0,5 £ 0,05) mm in thickness.

NOTE It is recommended that the insulating properties are maintained.

If the EUT is too large to be located 0,1 m minimum from all sides of the HCP, an additional,
identical HCP shall be used, placed (0,3 £ 0,02) m from the first HCP. The table has to be
enlarged or two tables may be used. The HCPs shall not be bonded together, other than via
resistive cables to the GRP.

Any mounting feet associated with the EUT shall remain in place.

An example of the test setup for table-top equipment is given in Figure 4.
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Figure 4 — Example of test set-up for table-top equipment, laboratory tests

7.2.3 Floor-standing equipment

The EUT shall be isolated from the ground reference plane by an insulating support of 0,05 m
to 0,15 m thick. The EUT cables shall be isolated from the ground reference plane by an
insulating support of (0,5 = 0,05) mm. This cable isolation shall extend beyond the edge of the
EUT isolation.

An example of the test setup for floor-standing equipment is given in Figure 5.
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Figure 5 — Example of test setup for floor-standing equipment, laboratory tests

Any mounting feet associated with the EUT shall remain in place.

7.2.4

7.2.4.1 General

Ungrounded equipment

The test setup described in this subclause is applicable to equipment or part(s) of equipment
whose installation specifications or design precludes connection to any grounding system.
This includes portable, battery-operated (internal and external) with or without charger
(ungrounded power cable) 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 to
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twice the intended test voltage. Therefore, this type of equipment or equipment parts 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 of the
insulation with a much higher energy.

The general test setup shall be identical to the ones described in 7.2.2 and 7.2.3 respectively.

To simulate a single ESD event (either by air or by contact discharge), the charge on the EUT
shall be removed prior to each applied ESD pulse.

The charge on the metallic point or part to which the ESD pulse is to be applied, for example,
connector shells, battery charge pins, metallic antennas, shall be removed prior to each
applied ESD test pulse.

When one or several metallic accessible parts are subjected to the ESD test, the charge shall
be removed from the point where the ESD pulse is to be applied, as no guarantee can be
given about the resistance between this and other accessible points on the product.

A cable with 470 kQ bleeder resistors, similar to the one used with the HCP and VCP is the
preferred device to remove charges; see 7.2.

As the capacitance between EUT and HCP (table-top) and between EUT and GRP (floor-
standing) is determined by the size of the EUT, the cable with bleeder resistors may remain
installed during the ESD test when functionally allowed. In the cable with bleeder resistors,
one resistor shall be connected as close as possible, preferably less than 20 mm from the
EUT test point. The second resistor shall be connected near the end of the cable attached to
the HCP for table-top equipment (see Figure 6), or GRP for floor-standing equipment (see
Figure 7).

The presence of the cable with the bleeder resistors can influence the test results of some
equipment. 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.

Therefore as an alternative, the following options may 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;

— sweeping of the EUT with a grounded carbon fibre brush with bleeder resistors (for
example, 2 x 470 kQ) in the grounding cable.

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.
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Figure 6 — Example of a test setup for ungrounded table-top equipment
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Figure 7 — Example of a test setup for ungrounded floor-standing equipment

7.24.2 Table-top equipment

Table-top equipment without any metallic connection to the ground reference plane shall be
installed similarly to 7.2.2 and Figure 4.

When a metallic accessible part, to which the ESD pulse is to be applied, is available on the EUT,
this part shall be connected to the HCP via the cable with bleeder resistors; see Figure 6.

7.24.3 Floor-standing equipment

Floor-standing equipment without any metallic connection to the ground reference plane shall
be installed similarly to 7.2.3 and Figure 5.
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A cable with bleeder resistors shall be used between the metallic accessible part, to which the
ESD pulse is to be applied, and the ground reference plane (GRP); see Figure 7.

7.3 Test setup for post-installation tests

These post installation tests, which are performed in situ, may be applied when agreed
between manufacturer and customer. It has to be considered that other co-located equipment
may be unacceptably affected.

NOTE In addition, the EUT itself may suffer significant ageing from in situ ESD testing. The mean time to failure
(MTTF) of many modern electronic circuits decreases significantly if these circuits had once to withstand the
discharge of static electricity. The malfunction does not need to occur immediately during the ESD test but the
device will often fail much faster than a device which never had to withstand ESD tests. Taking this into
consideration it may be wise to decide to perform no in situ ESD testing at all.

If it is decided to perform post installation ESD tests the EUT shall be tested in its final
installation conditions.

In order to facilitate a connection for the discharge return cable, a ground reference plane
shall be placed on the floor of the installation, close to the EUT at about 0,1 m distance. This
plane should be of copper or aluminium not less than 0,25 mm thick. Other metallic materials
may be used, providing the minimum thickness is 0,65 mm. The plane should be
approximately 0,3 m wide, and 2 m in length where the installation allows.

This ground reference plane should be connected to the protective earthing system. Where
this is not possible, 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.
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.

The ungrounded metallic parts shall be tested following 7.2.4 The cable with the bleeder
resistors shall be connected to the GRP close to the EUT.

An example of the setup for post-installation tests is given in Figure 8.
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8 Test procedure

8.1 Laboratory reference conditions
8.1.1 Environmental parameters
In order to minimize the impact of environmental parameters on test results, the tests and

calibration shall be carried out in climatic and electromagnetic reference conditions as
specified in 8.1.2 and 8.1.3.

8.1.2 Climatic conditions

The EUT shall be operated within its intended climatic conditions.
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In the case of air discharge testing, the climatic conditions shall be within the following
ranges:

— ambient temperature: 15 °C to 35 °C;
— relative humidity: 30 % to 60 %;
— atmospheric pressure: 86 kPa (860 mbar) to 106 kPa (1 060 mbar).

NOTE Other values may be applicable for equipment used only in particular climatic environments.
8.1.3 Electromagnetic conditions

The electromagnetic conditions of the laboratory shall be such as to guarantee the correct operation of
the EUT in order not to influence the test results.

8.2 EUT exercising

The test programs and software shall be chosen so as to exercise all nhormal modes of
operation of the EUT. The use of special exercising software is encouraged, but permitted
only where it can be shown that the EUT is being comprehensively exercised.

For conformance testing, the EUT shall be continually operated in its most sensitive mode
(program cycle) which shall be determined by preliminary testing.

If monitoring equipment is required, it should be decoupled from the EUT in order to reduce
the possibility of false indications.

8.3 Execution of the test
8.3.1 Discharges to the EUT

The testing shall be performed by direct and/or indirect application of discharges to the EUT
according to a test plan. This should include:

— 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 conformance 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.

NOTE 1 Refer to Annex E for examples of uncertainty budgets in case of necessity to provide measurement
uncertainty.

NOTE 2 In case of variations in test results, Annex F proposes an escalation strategy of ESD to determine the
sources of differences.

8.3.2 Direct application of discharges to the EUT

Unless stated otherwise in the generic, product-related or product-family standards, the
electrostatic discharges shall be applied only to those points 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;
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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 changing
batteries, a cassette in a telephone answering machine, etc.;

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

d) the contacts of coaxial and multi-pin connectors which are provided with a metallic
connector shell. In this case, contact discharges shall only be applied to the metallic shell
of these connectors.

Contacts within a non-conductive (for example, plastic) connector and which are
accessible shall be tested by the air-discharge test only. This test shall be carried out by
using the rounded tip finger on the ESD generator.

In general, six cases shall be considered:

Table 4 — Cases for application of ESD on connectors

Case Connector Cove.r Air discharge to: Contact discharge to:
shell material
1 Metallic None - Shell
2 Metallic Insulated Cover Shell when accessible
3 Metallic Metallic - Shell and cover
4 Insulated None a -
5 Insulated Insulated Cover -
6 Insulated Metallic - Cover
NOTE In case a cover is applied to provide (ESD) shielding to the connector pins, the cover or the
equipment near to the connector to which the cover is applied should be labelled with an ESD
warning.
a |If the product (family) standard requires testing to individual pins of an insulated connector, air
discharges shall apply.

e) those contacts of 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 the previous cases, the accompanying documentation should give special ESD
mitigation procedures.

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 each pre-selected point at least 10
single discharges (in the most sensitive polarity) shall be applied.

NOTE 1 The minimum number of discharges applied is depending on the EUT; for products with synchronized
circuits the number of discharges should be larger.

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.
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NOTE 2 The points to which the discharges should be applied may be selected by means of an exploration
carried out at a repetition rate of 20 discharges per second, or more.

The ESD generator shall be held perpendicular, whenever possible, to the surface to which
the discharge is applied. This improves repeatability of the test results. If the ESD generator
cannot be held perpendicular to the surface, the test condition used to perform the
discharges shall be recorded in the test report.

The discharge return cable of the generator shall be kept at a distance of at least 0,2 m from
the EUT whilst the discharge is being applied and should not be held by the operator.

In the case of contact discharges, the tip of the discharge electrode shall touch the EUT,
before the discharge switch is operated.

In the case of painted surfaces covering a conducting substrate, the following procedure shall
be adopted:

If the coating is not declared to be an insulating coating by the equipment manufacturer, then
the pointed tip of the generator shall penetrate the coating so as to make contact with the
conducting substrate. Coating declared as insulating by the manufacturer shall only be
submitted to the air discharge. The contact discharge test shall not be applied to such
surfaces.

In the case of air discharges, the ESD generator shall approach the EUT as fast as possible
until contact between the electrode and the EUT is made (without causing mechanical
damage). After each discharge, the ESD generator (discharge electrode) shall be removed
from the EUT. The generator is then retriggered for a new single discharge. This procedure
shall be repeated until the discharges are completed. In the case of an air discharge test, the
discharge switch, which is used for contact discharge, shall be closed.

8.3.3 Indirect application of the discharge
8.3.31 Discharges to objects near the EUT

Discharges to objects 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 addition to the test procedure described in 8.3.2, the requirements given in 8.3.3.2 and
8.3.3.3 shall be met.

8.3.3.2 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 before the discharge
switch is operated (see Figure 4).

Product standards may require that all sides of the EUT are exposed to this test.

8.3.3.3 Vertical coupling plane (VCP)

At least 10 single discharges (in the most sensitive polarity) shall be applied to the centre of
one vertical edge of the coupling plane (Figures 4 and 5). The coupling plane, of dimensions
0,5 m x 0,5 m, is placed parallel to, and positioned at a distance of 0,1 m from, the EUT.
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Discharges shall be applied to the coupling plane, with sufficient different positions such that
the four faces of the EUT are completely illuminated. One VCP position is considered to
illuminate 0,5 m x 0,5 m area of the EUT surface.

9 Evaluation of test results

The test results shall be classified in terms of the loss of function or degradation of
performance of the equipment under test, relative to a performance level defined by its
manufacturer or the requestor of the test, or agreed between the manufacturer and the
purchaser of the product. The recommended classification is as follows:

a) normal performance within limits specified by the manufacturer, requestor or purchaser;

b) temporary loss of function or degradation of performance which ceases after the
disturbance ceases, and from which the equipment under test recovers its normal
performance, without operator intervention;

c) temporary loss of function or degradation of performance, the correction of which requires
operator intervention;

d) loss of function or degradation of performance which is not recoverable, owing to damage
to hardware or software, or loss of data.

The manufacturer’s specification may define effects on the EUT which may be considered
insignificant, and therefore acceptable.

This classification 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.

10 Test report

The test report shall contain all the information necessary to reproduce the test. In particular,
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 performed, for example,
shielded enclosure;

— any specific conditions necessary to enable the test to be performed;
— performance level defined by the manufacturer, requestor or purchaser;
— performance criterion specified in the generic, product or product-family standard;

— any effects on the EUT observed during or after the application of the test disturbance,
and the duration for which these effects persist;

— the rationale for the pass/fail decision (based on the performance criterion specified in the
generic, product or product-family standard, or agreed between the manufacturer and
the purchaser);

— any specific conditions of use, for example cable length or type, shielding or grounding, or
EUT operating conditions, which are required to achieve compliance;

— climatic conditions;
— drawing and/or pictures of the test setup and EUT arrangement.
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Annex A
(informative)

Explanatory notes

A.1 General considerations

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

The extensive use of microelectronic components has emphasized the need to define the
aspects of the problem and to seek a solution in order to enhance products/system reliability.

The problem of static electricity accumulation and subsequent discharges becomes more
relevant for uncontrolled environments and the widespread application of equipment and
systems.

Equipment may also be subjected to electromagnetic energies whenever discharges occur
from personnel to nearby objects. Additionally, discharges can occur between metal objects,
such as chairs and tables, in the proximity of equipment. It is considered that the tests
described in this standard adequately simulate the effects of the latter phenomenon.

The effects of the operator discharge can be a simple malfunction of the equipment or
damage of electronic components. The dominant effects can be attributed to the parameters
of the discharge current (rise time, duration, etc.).

The knowledge of the problem and the necessity to have a tool to assist in the prevention of
undesirable effects due to the discharge of static electricity on equipment, have initiated the
development of the standard testing procedure described in this standard.

A.2 Influences of the environmental conditions on the levels of charge

The generation of electrostatic charges is especially favored by the combination of synthetic
fabrics and dry atmosphere. There are many possible variations in the charging process.
A common situation is one in which an operator walks over a carpet and at each step loses or
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
protection 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 the type of synthetic fabric and the relative humidity of the environment.
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Figure A.1 — Maximum values of electrostatic voltages to which operators may be
charged while in contact with the materials mentioned in Clause A.2

A.3 Relationship of environmental conditions to discharge current

As a measurable quantity, static voltage levels found in user environments have been applied
to define immunity requirements. However, it has been shown that 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 long arcing path
which increases the rise time, hence keeping the higher spectral components of the
discharge current less than proportional to the pre-discharge voltage.

— High charge voltage levels will more likely develop across a small capacitance, assuming
the amount of charge should be constant for a typical charge generation event.
Conversely, high charge voltages across a large capacitance would need a number of
successive generation events which is less likely to occur. This means that the charge
energy tends to become constant between the higher charge voltages found in the user
environment.

As a conclusion from the above, the immunity requirements for a given user environment
need to be defined in terms of discharge current amplitudes.
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Having recognized this concept, the design of the tester is eased. Trade-off in the choice of
tester charge voltage and discharge impedance can be applied to achieve desired discharge
current amplitudes.

A.4 Selection of test levels

The test levels should be selected in accordance with the most realistic installation and
environmental conditions; a guideline is given in Table A.1.

Table A.1 — Guideline for the selection of the test levels

Class Relative humidity Antist:«}tic Synthe_tic Maximum voltage
as low as material material
% kV
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.

For some materials, for example wood, concrete and ceramic, the probable level is not
greater than level 2.

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, include the following locations as
applicable:

— points on metallic sections of a cabinet which are electrically isolated from ground;

— any point in the control or keyboard area and any other point of man-machine
communication, such as switches, knobs, buttons, indicators, LEDs, slots, grilles,
connector hoods and other operator-accessible areas.
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A.6 Technical rationale for the use of the contact discharge method

In general the reproducibility of the air discharge method is influenced by, for example, the
speed of approach of the discharge tip, humidity, and construction of the ESD generator,
leading to variations in pulse rise time and magnitude of the discharge current.

In air discharge ESD testers, the ESD event is simulated by discharging a charged capacitor
through a discharge tip onto the EUT, the discharge tip forming a spark gap at the surface of
the EUT.

The spark is a very complicated physical phenomenon. It has been shown that with a moving
spark gap the resulting rise time (or rising slope) of the discharge current can vary from less
than 1 ns and more than 20 ns, as the approach speed is varied.

Keeping the approach speed constant does not result in constant rise time. For some
voltage/speed combinations, the rise time still fluctuates by a factor of up to 30.

NOTE At high voltages, the air discharge can occur in multiple successive discharges.

A triggering device which is commonly known 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 ESD generator is a device that produces a specified current
pulse (amplitude and rise time).

This current is related to the real ESD voltage, as described in Clause A.3.

A.7 Selection of elements for the ESD generator

A storage capacitance shall be used which is representative of the capacitance of the human
body. A typical value of 150 pF has been determined suitable for this purpose.

A resistance of 330 Q has been chosen to represent the source resistance of a human body
holding a metallic object such as a key or tool. It has been shown that this metal discharge
situation is sufficiently severe to represent all human discharges in the field.

A.8 Rationale related to the generator specification

A number of reasons have been postulated as being the cause of the reproducibility
differences when applying the ESD test to actual EUTs. The test set up, calibration issues,
etc. have been considered and proposals included in this publication.

Changes to the ESD generator specification have also been considered but no changes are
proposed in this publication. The following is a summary of the rationale for this decision.

The two potential technical reasons, with respect to the generator specification, that have
been raised as being the cause of reproducibility concerns are:

= the discharge current waveform of the generator after the first peak, i.e. between 2 ns and
60 ns;
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= the E-field radiated by the generator when the electrostatic discharge is applied to the
EUT.

The first reason was dealt with by the maintenance team and a tolerance of + 35 % of the
idealized form shown in Figure 2 was specified between 2 ns and 60 ns. During the
development of this standard, this potential change to the discharge current specification was
further modified to control the fall time of the first peak to (2,5 £ 1) ns at 60 % of the initial
peak.

Round robin tests were conducted on different EUTs in three different laboratories with two
types of generators, one type of generator being compliant with IEC 61000-4-2 Edition 1, the
other type with the added specification as indicated above. Five different generators of each
type were provided by five different manufacturers in this respect.

The results of the round robin tests of the modified ESD generator were in summary:

— there was a variation in the test level, at which the considered EUTs were affected,
between different ESD generators;

— the modification of the discharge wave shape did appear to clean up the discharge
current shapes in both the time and frequency domains;

— however, the new waveform did not lead to any significant improvement in the
reproducibility of the test results on actual EUTs.

The second reason was considered, however, the resources required to undertake a further
round robin series of tests would be significant with no guarantee that this parameter was the
cause of reproducibility issues. Substantial technical study is needed to quantify the impacts
from radiated fields on actual EUTs and to understand how to control the associated
parameters that impact reproducibility of test results.

It was considered that the changes included in this publication would improve the
reproducibility of the tests. Further investigation could be proposed for future editions of this
standard in estimating the impact of E-field radiation on reproducibility.
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Annex B
(normative)

Calibration of the current measurement system and measurement
of discharge current

B.1 Current target specification — input impedance

The coaxial current target used to measure the discharge current of ESD generators shall
have an input impedance, measured between the inner electrode and ground, of no more than
2,1 Qatd.c.

NOTE 1 The target is supposed to measure the ESD current into a perfect ground plane. To minimise error
caused by the difference between a perfectly conducting plane and the input impedance of the target, a 2,1 Q limit
was set for the input impedance. But if the target’s input impedance is too low, the output signal will be very small
which may cause errors due to coupling into the cables and the oscilloscope. Furthermore, when a much lower
resistance value is used, parasitic inductance becomes more severe.

NOTE 2 The input impedance and transfer impedance (Zsys, Clause B.3) may be measured with high accuracy at
d.c. or at low frequency.

B.2 Current target specification — insertion loss

B.2.1 Measurement chain

Instead of specifying the insertion loss of the coaxial current target, the insertion loss of the
measurement chain consisting of the target, attenuator and cable is specified. This simplifies
the measurement system characterisation, as only this chain and the oscilloscope need to be
characterised, instead of each element individually.

The variation of the insertion loss of the target-attenuator-cable chain may not exceed:
+0,5 dB, up to 1 GHz
+1,2 dB, 1 to 4 GHz.

With respect to the nominal value S, of the insertion loss:

Spq = 20log [2Zg,¢/(Ri, + 50 Q) ] dB, where R;, is the d.c. input impedance of the target-
attenuator-cable chain, when loaded with 50 Q.

NOTE 1 Different calibration time intervals can be used for the d.c. transfer impedance and the more involved
insertion loss measurements. If a repeated d.c. transfer impedance measurement shows a result which differs from
the original measurement by less than 1 %, the user may 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.

NOTE 2 The target-attenuator-cable chain should always be considered as one entity. As soon as one element
gets exchanged, or even when it gets disassembled and re-assembled, the whole chain needs re-calibration in
order to insure compliance with the specification.

B.2.2 Target adapter line

The target adapter line shown in Figure B.1 connects a 50 Q coaxial cable to the input of the
ESD current target. Geometrically, it smoothly expands from the diameter of the coaxial cable
to the target diameter. If the target is made such that the impedance calculated from the
diameter ratio “d” to “D” (see Figure B.2) is not equal to 50 Q, the target adapter line shall be
made such that the outer diameter of its inner conductor equals the diameter of the inner
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electrode of the current target. The impedance shall be calculated using the dielectric
constant of the material that fills the conical adapter line (typically air). The target adapter line
shall maintain (50 + 1) Q within a 4 GHz bandwidth. The return loss of two target adapter lines
placed face-to-face shall be better than 30 dB up to 1 GHz and better than 20 dB up to 4 GHz
with a total insertion loss of less than 0,3 dB up to 4 GHz.

50 Q conical adapter line ESD current target

IEC 2215/08

NOTE Other shapes than conical are acceptable.

Figure B.1 — Example of a target adapter line attached to current target

Inner electrode /\

“Hoo

1A

r:v’\\ ‘é:j/\\\/ \/,

Resistive gap

Ground

\\
@d Outer diameter of inner electrode - 2d
@D Inner diameter of the ground structure @D

IEC 2216/08

Figure B.2 — Example of a front side of a current target

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

The insertion loss of the chain is determined with a VECTOR network analyzer (VNA). Other
systems to measure magnitude insertion loss may also be used provided that sufficient
accuracy can be achieved.
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The measurement procedure for the insertion loss is the following:

e Calibrate the network analyser at the calibration points shown in Figure B.3 (between
attenuator and target and between attenuator and target adapter line).

NOTE 1 If no network analyser is used, the procedure needs to be modified accordingly.

NOTE 2 Instead of d.c. the lowest frequency available with the network analyser should be used. The d.c.
characteristics are measured separately.

NOTE 3 The stability of the centre contact of two adapter lines or of adapter line and target should be verified
through repeated measurements, disconnecting and reconnecting the devices using different centre line angles.

e Connect a target adapter line to the target-attenuator (> 20 dB)-cable chain and insert it as
shown in Figure B.3.

e Measure the insertion loss.

The insertion loss variation shall meet the requirements given in Clause B.2.

Measurement equipment

i

O ou

50 Q conical adapter line \

Attenuator B )

Calibrate the measurement equipment at these points IEC 2217/08

Figure B.3 — Example of measurement of the insertion loss
of a current target-attenuator-cable chain

B.3 Determining the low-frequency transfer impedance of a target-attenuator-
cable chain

The low-frequency transfer impedance 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 Q load at the output of the cable (i.e., which is placed at the end of the cable instead of the
oscilloscope).

In an ESD measurement, an oscilloscope displays a voltage Vg if a current /g, ¢ is injected
into the target. To calculate the unknown current from the displayed voltage, the voltage is

divided by a low-frequency system transfer impedance Zsys.
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Figure B.4 — Circuit diagram to determine the low-frequency system transfer impedance

NOTE 1 The internal circuit of the target shown is just an example. Other internal circuits are possible.

The low-frequency system transfer impedance of the target-attenuator-cable chain can be
determined by:

e Injecting a current Isys of approximately 1 A into the front side of the current target. The
front side is the side to which discharges are made.

* Zsys is the key quantity for the generator calibration. The 50 Q load shall have a tolerance
of maximum of £1 %.

e Measuring the voltage V 5o across the precision 50 Q load.
e Calculating the transfer impedance by:

Vs0
I sys

Zsys =

NOTE 2 To verify that thermal voltages do not influence the result, the measurement can be done with positive
and negative current. Both results should be within less than 0,5 % of each other.

Other methods to determine the transfer characteristics of the whole target-attenuator-cable
chain may be used.

B.4 Calibration of ESD generator

B.4.1 Calibration result

Comparable calibration result of an ESD evaluation is extremely important. This is particularly
the case when tests are to be conducted using ESD generators from different manufacturers,
or when testing is expected to extend over a long period of time. It is essential that
repeatability be a driving factor in the evaluation. The ESD generator shall be calibrated in
certain defined time intervals with respect to a recognized quality assurance system.

NOTE The process in this annex is given for calibration purposes. A different procedure for verification of the
generator before testing is mentioned in 6.3.

The calibration of the ESD generator shall be performed within the range of the climatic
conditions as specified in 8.1.2.

B.4.2 Test equipment required for ESD generator calibration
The following equipment is required for calibrating ESD generators:

e oscilloscope with sufficient bandwidth (=2 GHz analogue bandwidth);
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e coaxial current target-attenuator-cable chain;

e high-voltage meter capable of measuring voltages of at least 15 kV. It may be necessary
to use an electrostatic voltmeter to avoid loading the output voltage;

e vertical calibration plane with the coaxial current target mounted in such a way that there
is at least 0,6 m from the target to any edge of the plane;

e attenuator(s) with sufficient power capability as needed.

NOTE An example of a suitable coaxial current target is given in Annex C.
B.4.3 Procedure for contact mode generator calibration

The current target shall be mounted at the centre of the vertical calibration plane meeting the
requirements of B.4.2. The connection for the ESD generator return current cable (ground
strap) shall be made at the bottom centre of the plane 0,5 m below the target. The ground
strap shall be pulled backwards at the middle of the cable, forming an isosceles triangle. It is
not allowed to let the ground strap lay on the floor during calibration.

Follow the steps given below to verify if the current waveform of an ESD generator is within
specifications. Record the wave-shape and measure the following parameters:

1 peak value of the discharge current [A];

I3q value of the current 30 ns after the peak current has reached 0,1 times Ip [A];

Igo value of the current 60 ns after the peak current has reached 0,1 times Iy [A];

rise time of the current [ns].

Table B.1 — Contact discharge calibration procedure

Step Explanation

Discharge the ESD generator at each test level as
defined in Table 1 five times for both polarities, store | The specifications shall be met for all 5 discharges.
each result.

Measure I, I3, Igo, tr ON each waveform. The parameters shall be checked at each test level

Current at 30 ns

Check if I30 is 2 A + 30 %

The parameters shall be checked at each test level@

Current at 60 ns

Check if Igg is 1 A + 30 %

The parameters shall be checked at each test level@

Peak current

Check if I, is 3,75 A+ 15 %

The parameters shall be checked at each test level@

Rise time
The parameters shall be checked at each test level

Check if #,is 0,8 ns + 25 %

a8 The value of the current given in this table corresponds to a voltage of 1 kV. This measured value
changes proportionally to the generator voltage.
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The generator should be installed on a tripod or equivalent non metal low loss support.

NOTE 2 The generator should be powered in the same way as it will be used during test.

Figure B.5 — Typical arrangement for calibration of ESD generator performance

Shielding of the oscilloscope is not necessary if it can be proven by measurement that indirect
coupling paths onto the measurement system do not influence the calibration results.

The calibration system can be declared sufficiently immune (i.e. no Faraday cage necessary)
if no triggering of the oscilloscope results when:

the oscilloscope trigger level is set to <10 % of the lowest test level, and,

the ESD generator is discharged with the highest test level to the outer ring of the target
(instead of to the inner ring).
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Annex C
(informative)

Example of a calibration target meeting the requirements of Annex B

Figures C.1 to C.5 give construction details of a target which meets the requirements of
Annex B. This target is designed to give a flat insertion loss if 1 m of RG 400 cable is used. It
is suggested to connect a 20 dB or larger attenuator directly to the target's output port to
avoid multiple reflections.

NOTE Figures C.1 to C.5 are examples; therefore no tolerances are specified.
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Figure C.1 — Mechanical drawing of a coaxial target (drawing 1 of 5)



61000-4-2 © IEC:2008

Printed circuit board

41 -

Resistors are only
shown for 90°

O

Key

Resistor size
Value
Placement
Material

Vias

lgi

210

212

0805
51 Q

touching, exactly symmetric (use a template)

0,5 mm FR—4, gold plated

R\
.

Vias

3,3

Hole

Enlargement of the resistor region

IEC 2221/08

Dimensions in millimetres

two rings of vias on each side of the resistors plus one ring close to the outer edge of the printed

circuit board. Approximately 25 resistors are needed

Figure C.2 — Mechanical drawing of a coaxial target (drawing 2 of 5)
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Figure C.3 — Mechanical drawing of a coaxial target (drawing 3 of 5)
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Figure C.5 — Mechanical drawing of a coaxial target (drawing 5 of 5)
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Annex D
(informative)

Radiated fields from human metal discharge and ESD generators

D.1 Overview on the processes causing intended and unintended fields

D.1.1 General

The electrostatic discharge from a human (via a small, hand-held metal piece) is the basis for
the current waveform specified in this standard and its predecessors. This discharge from a
human as well as the discharge from an ESD generator, are responsible for generating
associated strong electromagnetic fields.

The following subclauses first review the process of a human discharge, and then review the
process as it occurs with an ESD generator.

D.1.2 Human ESD
For an ESD event from a human to an EUT, the following sequence of events will occur.

a) As the hand-held metal piece approaches a metallic surface of an EUT and prior to the
discharge of current, an electrostatic field exists. There is no (or only very little) current
flowing and no relevant magnetic field is present.

b) Once the discharge is initiated between the hand-held metal part and the EUT, the
electrostatic field collapses within the gap between the two. Starting from its initial
value it collapses to a voltage across the gap of about 25V to 40 V within 50 ps to
5 ns. The collapse time is depending on arc parameters, voltage, etc. The initial
collapse of the electric field is the first step in a series of events that causes strong
transient electromagnetic fields.

c) A current starts flowing on the metal part held by the human and on the EUT. The
foremost current front expands with the velocity of light and within about 0,8 ns, it has
reached the arm of the person. As the current continues to expand further on the EUT
and the arm, it will experience reflections and losses due to radiation and resistance,
leading to a complex pattern of current density on both the EUT and the person.

d) As the discharge process continues, the highest frequency components of the current
will be attenuated quickly, mainly due to radiation. The current then becomes smoother
(i.e. with less high-frequency content) as time increases and finally the body reaches a
new electrostatic equilibrium with the EUT. The remaining charge on the body,
however, may not be zero, as the arc might extinguish before the body has completely
discharged. If the hand and metal object continues to approach the EUT, a second
discharge might occur at a lower voltage leading to a sequence of ESDs, each one at a
lower voltage, and each one having a faster rise time (partially attributed to the lower
voltage).

e) During each discharge sequence, an observer located on some point of the hand, body
or EUT will observe a charge density prior to the discharge, during the discharge
phase a fast changing current and after the discharge a small remaining charge.

f) From antenna theory it is known that changing charge densities and changing currents
will cause radiated fields. In close proximity the fields are dominated by the current
and the charge directly, and in larger distances the current and charge time derivative
will determine the fields. The transition region between the close proximity fields (near
field) and fields seen at a larger distance (far field) is more complex. Measurements
and simulations have shown that transient fields of ESD, at least for the most
disturbing first nanoseconds, will reach far field conditions at a distance of 10 cm from
the arc.
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g) From the above it is clear that the current and charge time derivative are extremely
important regarding upset (non destructive error) of electronic systems.

h) It is important to note that in a human discharge, the current and charge derivatives
are determined by the collapse time of the voltage in the arc. Thus, the current rise
time at the discharge determines the high-frequency components.

From the above, it is clear that the transient fields of a human-metal ESD are an important
part of the ESD process. An ideal ESD generator would reproduce them in some quantified
fashion. The field strengths of human-metal ESD, etc., are well known.

D.1.3 ESD generator

The next step is to analyze and compare process that occurs in present ESD generators. As
most ESD testing is performed in contact mode, for reasons of reproducibility, the following is
limited to contact mode ESD generators.

a) The discharge tip of the ESD generator is contacted to a grounded (in most cases) part
of the EUT.

b) Prior to the discharge, a capacitor is charged within the ESD generator. In many
designs most of the electrostatic field resulting from the charging process is confined
within the ESD generator. As a result, the electrostatic field in the vicinity prior to the
discharge is much less than the electrostatic field one would measure at the same
point from a human charged with the same voltage.

c) The discharge is initiated by the closure of a relay internal to the ESD generator. The
design of these special relays allows a very good reproducibility of the discharge
current; however, because the relay is internal and not at the point at which the ESD
generator touches the EUT, the initiation of discharge current flow is quite different
from a human discharge.

d) The voltage collapse times within the relay are very fast, certainly less than 100 ps,
which leads to a current wave travelling away from the relay in all directions and on all
contacting metal parts and other metal parts in proximity. The current wave will
propagate at the velocity of light (in dielectrics at reduced speed). The rise time of this
current wave equals the voltage collapse time.

e) The voltage collapse time is less than 100 ps, but this standard requires a current rise
time of (0,8 £ 0,2) ns measured at the point of contact to the target. To achieve this,
measures are designed into the ESD generators that increase the rise time from the
very low value within the relay to the standardized values at the discharge tip.

f) The transient fields are caused by all current time derivatives and charge density time
derivatives. An important difference between the discharge from a generator and that
from a human with metal must be noted: For a human discharge the current rise time
at the arc is the fastest process and it determines the spectrum of the transient fields.
However, with an ESD generator in contact mode the high-frequency spectrum is
determined by the voltage collapse of the relay, not by the current rise time at the
discharge tip.

g) Since all the changing currents in the generator cause transient fields, there is a
contribution of the 100 ps rising currents in the relay to the transient fields from an
ESD generator, as well as the contribution from the (0,8 £ 0,2) ns rising currents at the
point of discharge. The transient fields caused by the faster events in the generator
are in general unwanted transient fields since they increase the high-frequency content
of these radiated fields beyond those developed from an equivalent human-metal
discharge having the same current rise time and peak value at the point of discharge.

From the above it can be seen that the strength of the contribution of the fast rising currents
to the transient fields is strongly dependent on the design of the ESD generator. This field
contribution might be well suppressed, or it might dominate the transient fields in any given
generator. Unfortunately, these contributions are not regulated in this standard resulting in the
possibility that upset events during ESD testing can be highly dependant on the specific
generator being used.
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D.2 EUT reaction to ESD testing

During an ESD test the response of an EUT to a broad range of electrical disturbances is
tested. The range includes: Voltage for dielectric breakdown, secondary breakdown at a gap
away from the injection point, current for Rl drop, magnetic field for Ldi/dt drop, magnetic
fields for induced voltage, and electric fields for induced voltages (fields can be in both far
fields and near fields). In this regard an ESD test differs from EMI testing by combining
multiple tests into one.

Some examples of EUT failures due to different disturbances of the ESD test are:

— discharge into a connector PIN causing damage to an IC;

In this example the energy dissipated in the IC, the maximum current or the charge
transferred through the IC will most likely determine the damage threshold;

— discharge through a gap in a plastic enclosure allowing a spark to reach an IC;

In this case the ESD test determines the dielectric breakdown strength of the gap
through the plastic seam.

— discharge to a chassis causing the system contained in the chassis to become upset.

In this example, it is most likely that the transient fields of the ESD event coupled into
traces, wires or directly into ICs of the system, cause voltages or currents that will
upset the logical function of the system.

The coupling mechanism from the current within the ESD generator to the fields is dominated
by the current’s time derivative, even at relatively moderate distances of e.g. 20 cm. Further,
the coupling between the field and a wire, trace or IC in an EUT is a function of the rate of
change of the electric and the magnetic field. In summary: The time derivatives involved both
in the field creation and in the induction process contribute to the injected current, which
leads to different pulse shapes for the current at the discharge tip and to different induced
voltages in traces due to the fields. The induced voltages in traces typically have a width
much more narrow than the initial ESD discharge current as defined in the standard, and they
may exhibit ringing.

Due to the dependence of the transient fields on the design of the specific ESD generator
(especially those field components with energy at frequencies above 300 MHz) one needs to
expect that the induced currents on a trace, wire or within an IC are strongly affected by the
specific design of the ESD generator. This could lead to large variation of test results (in most
cases system upset, not destruction) if the same EUT is tested with different ESD generators
and if the manufacturer of the ESD generator has not taken precautions to minimize the
unwanted part of the electromagnetic fields that are caused by the fast voltage collapse within
the relay. Note that these differences in test results only occur if the EUT is sensitive to high
frequency fields, mainly >1 GHz.

D.3 Transient fields of ESD reference event

Transient fields of human metal ESD having rise times of about 850 ps at 5 kV charge
voltage have been measured. An ideal ESD generator should reproduce these fields for 5 kV
contact mode testing. To obtain the data, broadband (1 dB between 1,5 MHz and 1,5 GHz)
field sensors have been placed on the vertical reference plane at a distance of 0,1 m from the
discharge point, i.e. target position.
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Figure D.1 — Electric field of a real human, holding metal, charged at 5 kV measured
at 0,1 m distance and for an arc length of 0,7 mm

The electrostatic field dominates the electric field. The field decreases from the electrostatic
value to 20 % of its initial value in a fall time, which is similar to the current rise time.

An example of a magnetic field is shown in Figure D.2, based on a discharge current having a
500 ps rise time.

Human/metal ESD, 5 kV, approximately 500 ps current risetime, 0,1 m
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Figure D.2 — Magnetic field of a real human, holding metal, charged at 5 kV, measured
at 0,1 m distance and for an arc length of approximately 0,5 mm
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The magnetic field waveform follows the current waveform.

A possible problem in field waveforms from ESD generators is ringing. Field values from the
ESD generators may be far less or far greater than the human/metal field waveforms,
depending in a large degree on the angle with which the ESD generator and the ground strap
are oriented to the field sensor.

D.4 Induced voltage in a small loop

The transient fields of the ESD will induce voltages in traces on PC boards. If a small loop is
placed on a ground plane, a measurement of the high-frequency content of the transient fields
can be derived in a way that does not require calibrated broadband field sensors and that
reflects the process of induction into a trace more directly than the field measurement. A test
setup is shown in Figure D.3.

Direction to ESD
generator
-

Semi-circle loop

Co-ax connection
to 50 Q load

IEC 2227/08

Figure D.3 — Semi-circle loop on the ground plane

In Figure D.3 the loop radius is 14 mm. The wire diameter is 0,7 mm. The loop is placed at a
distance of 0,1 m from the ESD generator.

Typical induced voltages of human metal ESD at 5 kV having approximately 850 ps rise time
are shown in Figure D.4.
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Figure D.4 — Voltages induced in a semi-loop

In Figure D.4, the loop radius of 14 mm is placed at a distance of 0,1 m for human-metal ESD
(5 kV, rise time about 850 ps, arc length around 800 um). The semi-loop is loaded with 50 Q.

D.5 Measuring radiated fields due to an ESD by using commercial field probes
and ESD generators

An example of a test setup to measure radiated ESD fields is shown in Figure D.5.

Digital oscilloscope

/

ESD generator

o 50 Q p D)
; e Loop probe

50 Q coaxial cable

Or monopole probe
A [

IEC 2229/08

Figure D.5 — Example of test setup to measure radiated ESD fields

To measure E and H fields, the following instruments should be used:
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memory digital oscilloscope with bandwidth of at least 2 GHz;

set of commercial H (small loop with shield for E rejection) and E field (small monopole)
probes;

50 Q coaxial cable;

ESD generator.

Measurement setup (see Figure D.5):

The measurements should be carried out in a shielded room (not necessary if the
environment does not produce significant interference).

The ESD generator should be set to 5 kV.

ESD discharge current should be measured according to the setup reported into the
standard for comparison with the ESD reference mathematical waveform.

The digital oscilloscope should be within a shielded enclosure.

The field probes should be connected to the oscilloscope by a 50 Q coaxial cable and
positioned at the edge of the shielded box as indicated in Figure D.5.

The coaxial cable should be positioned in a manner to prevent possible pickup of radiated
fields (e.g. coaxial cable very close to the box and shield cable connected to the box).

The voltage drop on the 50 Q impedance of the oscilloscope will be measured. The ESD
should be performed by contact mode on a large surface of the shielded enclosure.

The ESD generator should be shift to measure the radiated fields at more than one
distance from the probes.

E and H calculation from measured induced voltage into the probe load:

Measure with a digital oscilloscope the voltage drop v(z) on a load of 50 Q due to radiated
fields produced by ESD generator.

Calculate V(w) as the Fourier Transform (FT) of v(¢).
Calculate or measure the transfer function 7(w) for the field probe used.

Calculate E(¢) and H(z) fields as Inverse Fourier Transform (IFT) of V(w)/T(w).

Some results are given in Figures D.6 and D.7. The numerical simulation data is used to
validate and vice-versa the procedure of calculating H field from measured voltage drop data
into the loop.
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Figure D.6 — Comparison between measured (solid line) and calculated numerically
(dot line) voltage drop on the loop for a distance of 45 cm
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Figure D.7 — Comparison between calculated H field from measured data (solid line)
and H field calculated by numerical simulation (dotted line)
for a distance of 45 cm

D.6 Simple procedure to estimate radiated fields and voltages induced
by ESD generators

The following procedure can be used to estimate fields radiated by ESD generators using
measured ESD current:

e The standardized or measured ESD current is used at tip level.
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e The victim circuit is considered electrically short and, in first approximation, the per unit
line parameters can be neglected.

e Once the interfering fields are known in time domain, induced voltage can be computed by
the equivalent circuit of Figure D.8.

e The contribution of E field can be neglected for circuits that have at least one low load
impedance (e.g. high-speed digital devices).

e H field is calculated by the simple equation: H = I/(2nr), where r is the distance between
the tip current and the victim circuit. Other contributions such as current in ESD relay,
displacement current, ground strap, etc., are neglected.

e Comparison between estimated (worst-case) and actual results obtained from a test-setup
is provided to quantify the differences (e.g., see Figure D.9 for H field).

! Vs (2)

Hi ) ‘(T'-->Ei<f) ! izs i =0 <¢> ‘

IEC 2232/08

Figure D.8 — Structure illuminated by radiated fields and equivalent circuit

Vs(t)zuA%Hf, (1) Ig (t):Cxlxh%Ef(t)

where

A=Ixh Area of the loop C =line capacitance/m
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Key
Radiated H fields at a distance r = 45 cm
Solid line measured

Dotted line calculated using /(2nr)

I is the measured ESD current

Figure D.9 — Radiated H fields

D.7 Reference document

S. Caniggia, F. Maradei, Numerical Prediction and Measurement of ESD Radiated Fields by
Free-Space Field Sensors, IEEE Trans. on EMC, Vol.49, August 2007.



61000-4-2 © |IEC:2008 - 55 -

Annex E
(informative)

Measurement uncertainty (MU) considerations

E.1 General

The repeatability of EMC testing relies on many factors or influences that affect the test
result. These influences develop errors in order to generate disturbance quantity which may
be categorized to random or systematic effects. The conformance of the realized disturbance
quantity with the disturbance quantity defined in this standard is usually confirmed by a series
of measurements (e.g. measurement of the rise time with an oscilloscope using attenuators).
The result of each measurement is only an approximation to the value of the measurand and
the measured quantity may differ from the true value by some amount due to MU. A critical
element in determining MU is the uncertainty associated with calibration of test
instrumentation.

In order to achieve a high reliability of calibration results, it is necessary to identify the
sources of uncertainty involved in the measurement instrumentation and to make a statement
of the uncertainty of the measurement.

E.2 Categories of uncertainty

Errors of measurement generally have two components; a random component (herein after
referred to as type A) and a systematic component (herein after referred to as type B).
Random uncertainty is associated with unpredictable effects. Systematic uncertainty is
generally connected with the instrumentation used for the measurement. Systematic
components can sometimes be corrected or reduced, but random components by definition
cannot. Within a given measurement system there may be many effects which can influence
either of these components.

It can happen that a random uncertainty of one test method can become a systematic
uncertainty in another where the results of the first are applied. To avoid this possible
confusion instead of systematic and random uncertainty the types of uncertainty contribution
are grouped into two categories.

— Type A: those which are evaluated by statistical methods estimating their standard
deviations for a series of tests. This generally follows a Normal or Gaussian type of
distribution.

Distribution Combined uncertainty Comments

B T2
Normal or Gaussian Uc)= (n-1) IE1(”J' —u) Typically sourced from verification records

— Type B: those which are evaluated by other means. They are usually associated with
effects such as mismatch, cable losses, and non-linear characteristics in instrumentation.
In an analysis the magnitude and distribution of type B uncertainties can be estimated
based upon calibration data, instrument manufacturer’'s specifications or simply by
knowledge and experience.

The classification into type A and type B does not mean that there is any difference in the
nature of the components, it is a separation based on the evaluation of their nature. Both
types can have probability distributions and the uncertainty components resulting from either
type may be quantified by standard deviations.
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Limitations

The following limitations and conditions apply to the considerations in this text.

The wuncertainty budget is limited to the wuncertainty due to the measurement
instrumentation (type B uncertainty). This does not, however, imply that a laboratory
should ignore the influence of type A uncertainties, but that these should be separately
assessed by individual test laboratories to obtain a more complete picture of their MU.

All contributions are assumed to be uncorrelated.
A level of confidence of 95 % is regarded as acceptable.

NOTE An example of a type B uncertainty budget is given in Table E.1, E.2 and E.3.

E.4 Calculation of type B uncertainty

The standard uncertainty is calculated from the determined value by applying the divisor
assigned to its probability distribution.

The divisors for the individual probability distributions considered in this document are:

Distribution Divisor Comments
k = 2 for 95 % confidence
Normal Coverage factor, &
Typically sourced from calibration certificates
Typically sourced from manufacturer’s data for the
Rectangular V3 ypiealy instrument
Mismatch uncertainty
U-shaped V2 Uncertainty contribution most likely to be at the
limits

In all cases where the distribution of the uncertainty is unknown, the rectangular distribution is
taken as the default model.

Calculating the combined standard uncertainty for any test involves combining the individual
standard uncertainties. This is valid provided that all quantities are in the same units, are
uncorrelated and combine by addition in a logarithmic scale (usually in dB). However, the
units for ESD calibrations as well as measurements should be given in %; calculating it as

(unit_in_dB)
10 20 x 100

The result of this calculation is a combined standard uncertainty, u.(y), where

ue(v)=y 2 ul ()

with u;(y) defined as the individual standard uncertainty.

The Student’s r-distribution gives coverage factors (i.e. multipliers) for the uncertainty,
assuming that the output variable, y, follows a Normal distribution.

By multiplying u.(y) by a coverage factor (k) an expanded uncertainty, U;, giving a greater
confidence level can be achieved. The coverage factor is obtained by the degrees of freedom;
calculated from the relation between type A and type B uncertainties.
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E.5 Compilation of an uncertainty budget

An uncertainty budget is a list of the probable sources of error in a measurement with an
estimation of their probability distribution.

The calculation of an uncertainty budget requires the following steps:

a) specify the characteristic of the disturbance quantity (i.e. what is being generated
by the instrumentation);

b) identify the contributions to uncertainty and their value;
c) define the probability distribution of each contribution;
d) calculate the standard uncertainty u(x;,) for each contribution;

e) calculate the combined uncertainty u.(y) , the coverage factor, k, and the expanded
uncertainty, U= ug(v) X k;

f) apply the expanded uncertainty;

g) publication of the expanded uncertainty in quality documentation as necessary (It
is not required for the test laboratory to publish these figures in test reports unless
requested to do so).

Example of uncertainty budgets with identified contributors and associated values are given in
Clause E.6. It should be noted that these are intended for guidance and a calibration- or test
laboratory should identify the actual contributors and values for their particular test setup (i.e.
the final budget may identify a minimum list of contributors that should be taken into account.
A test lab will then need to identify additional contributors. This will provide better comparison
of uncertainty between test labs).

E.6 Uncertainty contributors of ESD

Uncertainties for ESD calibration as well as for ESD tests cannot be handled in the same way
as for emission- and other measurements since ESD tests do not have a numerical result, but
will give a simple pass or fail as test result. During the ESD tests the disturbance quantity
characterised by several parameters is applied to the EUT. One or more observable signals of
the EUT are monitored or observed and compared against agreed criteria, from which the test
result (pass/fail) is derived.

NOTE 1 For calibration, the word EUT is equal to: ESD generator under calibration.

NOTE 2 The phrase measurement instrumentation refers here to the instrumentation used for calibration.

A classical MU can, in principle, be applied to the measurement of the signals from the EUT.
Since the process of measurement for the monitoring is EUT specific, a basic standard can
not and should not deal with MU for the monitoring system (the observer), however, this may
be performed.

Uncertainties can also be specified for the parameters of the disturbance quantity. As such,
they describe the degree of agreement of the specified instrumentation with the specifications
of this basic standard.

These uncertainties derived for particular measurement instrumentation do not describe the
degree of agreement between the simulated electromagnetic phenomenon as defined in the
basic standard and the real electromagnetic phenomena in the world outside the laboratory.
Therefore, questions regarding the definitions of the disturbance quantity (e.g., ESD gun
positioning to the target plane) are not relevant for the measurement instrumentation
uncertainties.

Since the influence of the parameters of the disturbance quantity on the EUT is a priori
unknown and in most cases the . EUT shows non linear system behaviour, a single uncertainty
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number cannot be defined for the disturbance quantity as overall uncertainty. Each of the
parameters of the disturbance quantity should be accompanied with a specific uncertainty,
which may yield to more than one uncertainty budget for the test.

NOTE 3 This annex focuses on the uncertainties for calibration as an example.

The following list shows contributors used to assess both the measuring instrumentation and
test setup influences:

e reading of peak value;

e reading of 10 % level;

e reading of 90 % level;

e reading of time at 30 ns and 60 ns;
* low-frequency transfer impedance Zg;
e static voltage;

e mismatch chain - oscilloscope;

e target-attenuator-cable chain;

e oscilloscope horizontal measurement contribution;
e oscilloscope vertical measurement contribution;

e measurement system repeatability (type A);

e ESD generator orientation (type A);

e ESD generator location (type A);

e variation in test setup (type A);

e calibration of target, oscilloscope, attenuator.

It shall be recognized that the contributions which apply for calibration and for test may not be
the same. This leads to (slightly) different uncertainty budgets for each process.

Aspects such as ESD gun orientation are considered to be type A uncertainties and such
uncertainties are not generally treated in this basic standard. An exception to this rule has
been made to account for the measurement system repeatability for measurements as well as
for calibrations.

E.7 Uncertainty of calibration results

It is recommended to produce independent uncertainty budgets for each calibration item; that
is I, I39, Igg, t,. For an ESD test, the disturbance quantity is the discharge current from the
ESIS generator that is applied to the EUT. The calibration items of this disturbance quantity
are I, Ig, Igg and 1. As described in Clause E.6, an independent uncertainty budget should
be calculated for each of these parameters.

Tables E.1, E.2 and E.3 give examples of calculated uncertainty budgets for these
parameters. The tables include the contributors to the uncertainty budget that are considered
most significant for these examples, the details (hnumerical values, type of distribution, etc.) of
each contributor and the results of the calculations required for determining each uncertainty
budget.
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Table E.1 — Example of uncertainty budget for ESD rise time calibration

Value ui() ui(v)?
Contributor Distribution Comment
ps ps ps?
Normal Uncertainty of peak value 6,3 %
Reading of peak value 50 25 625 (Table E.2) times measured rise
k=2 time 800 ps
Rectangular
. . o
Reading of time by 90 % 25 14 196 20 GS/s oscilloscope sampling rate
peak current L _ \/*
Divisor = /3
Rectangular
. . o
Reading of time by 10 % 25 14 196 20 GS/s oscilloscope sampling rate
peak current L _ \/*
Divisor = /3
Total oscilloscope Normal . .
horizontal measurement 36 18 324 ::hr:ngst(:ﬁocsilgbr:tlon laboratory of
contribution (NOTE 1) k=2 P
Target-attenuator-cable Normal From the calibration laboratory of
: 30 15 225 .
chain k=2 the oscilloscope (NOTE 2)
Normal ; ;
Repeatability 45 45 2025 ?\lbéﬁgeg from type A evaluation
Divisor = 1 ( )
Sum 3 591
Comblngd standarq _ Root 60 ps
uncertainty uc on rise time
; Normal 120 ps
Expanded uncertainty U Confidence level 95 %
on rise time k=2 (15 %)

NOTE 1 The total oscilloscope horizontal measurement contribution contains the uncertainty contributions of the
oscilloscope horizontal resolution, interpolation resolution, time base resolution, frequency measurement, rise time
correction, etc.

NOTE 2 The calibration certificate of the chain often contains only the frequency response of attenuation. Here it has
been assumed, that also the uncertainty contribution to rise time measurement has been supplied by the calibration
lab, therefore k = 2.

NOTE 3 The repeatability is normally taken from at least 5 consecutive measurements. This is a type A evaluation

and the formula for the standard deviation s([l) for a set of n repeated measurements is given by

— 1 : =2
@ = e )

. th - . .
with g;: result of the j° measurement and ¢ arithmetic mean of the results.
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Table E.2 — Example of uncertainty budget for ESD peak current calibration

Value ui(y) ui(y)?
Contributor Distribution Comment
% % %
Total oscilloscope vertical Normal . .
measurement contribution 3,2 1,6 2,56 :;rgg:act:glrmratlon
(NOTE 1) k=2 y
Normal ; ;
Target-attenuator-cable chain 3,6 1,8 3,24 IFrt())m calibration
k=2 aboratory
Mismatch: chain to U-shaped 2 14 2 From calibration or
oscilloscope Divisor = \/5 ’ specifications (NOTE 2)
Low-frequency transfer Normal 6 6 _12 | Internal calibration
impedance =2 6x10 3x10 9x 107 | (NOTE 3)
Repeatability Divisor = 1 1,5 1,5 2,25 Sj’;f‘u'gﬁgnfr(onotTygi)A
Sum 10,05
Combined standard
uncertainty u, on peak current Root 3.7
Expanded uncertainty U of k=2 6.3 % Confidence level 95 %
peak current

NOTE 1 The total oscilloscope vertical measurement contribution contains the contributions of oscilloscope vertical
resolution, LF linearity, HF linearity, offset resolution, etc. The calibration has to cover the whole frequency range,
i.e. f< 2 GHz. However, the flatness has not to be better than that of a first order filter with . = 2 GHz cut off: i.e.

A(f) ~ | 1+ (f/fc)2|_1/2-

NOTE 2 The mismatch contribution is due to the output reflection factor I';, of the target-attenuator-cable chain and
the input reflection factor T'; of the oscilloscope. They should be obtained either from the calibration certificates or
from specifications. Due to second order contributions of the errors in T', a reliable specification is sufficient. Note
however, that also a specification has to cover the whole frequency range, and this is often not the case with
oscilloscopes, so additional measurement might be required.

The mismatch contribution is:
I'ox T, with U-shaped distribution, yielding the divisor 2 .

This mismatch uncertainty formula assumes that the oscilloscope’s amplitude response has been calibrated
according to radio-frequency calibration concepts, i.e. the voltage error is referenced to the incident voltage from a
50 Q source and not to the actual voltage at the input. This should be verified in the certificate, else a different
formula has to be applied.

NOTE 3 It is assumed that the laboratory has a separate calibration instruction, with an uncertainty assessment
that yields the extended uncertainty U of this calibration.

NOTE 4 The repeatability is normally taken from at least 5 consecutive measurements. This is a type A evaluation

and the formula for the standard deviation s((}) for a set of n repeated measurements is given by

n

$(9)= n(n—1) /‘z=:1

(qj _q)z

. th - . .
with g;: result of the j° measurement and ¢ arithmetic mean of the results.
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Table E.3 — Example of uncertainty budget for ESD I3, Ig, calibration

Value uify) ui(y)?
Contributor Distribution ) Comment
% % %
Normal ;
Uncertainty of Table E.2 6.3 3,15 9,92  |Yncertainty of peak current
k=2 (Table E.2)
Sensitivity of current reading at
30 ns or 60 ns, for a
Rectangular measurement at time interval
: : u bet the 10 % peak current
Reading of time at 30 ns or etween the p
60 ns 9 A 0,17 0,098 0,0096 value and 30 ns or 60 ns.
k=3
20 GS/s oscilloscope sampling
rate (two readings each with
50 ps uncertainty)
Sum 9,93
U Root 3,15 %
; Normal
Expanded uncertainty U on I3q 6.3 % Confidence level 95 %
and Igg k=2

Product committees or accreditation bodies may impose other interpretations.

E.8 Application of uncertainties in the ESD generator compliance criterion

Generally, in order to be sure the generator is within its specifications, the calibration results
should be within the specified limits of this standard (tolerances are not reduced by MU).

The following MU are recommended for laboratories which perform calibrations:

Rise time ¢, MU <15 %
Peak current Ip MU<7 %
Current at 30 ns MU<7 %

Current at 60 ns

MU<7 %
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Annex F
(informative)

Variation in test results and escalation strategy

F.1 Variations in test results

As a result of the complex nature of ESD and the necessary tolerances on test equipment,
some variation in the results of ESD tests can be expected. Often, these variations are
differences in the test levels at which errors occur or the types of errors that the EUT
experiences during the test. Depending on the test level at which they occur, such test result
variations can affect the decision whether the EUT passed or failed the test.

In the case of differences in test results, the following steps should normally be taken to
determine the source of the differences.

o Verify the test setup; examine all the details, including the position of each cable and the
condition of the EUT (e.g., covers, doors).

e Verify the test procedure, including the EUT operation mode, position and location of
auxiliary equipment, operator position, software state, application of discharges to the
EUT.

e Verify the test generator; is it operating correctly? When was it calibrated last? Is it
operating within specifications? Are test result differences due to the use of different
generators?

If differences in test results are caused by the use of different ESD generators, then the
results with any generator that meets the requirements of 6.2 can be used for determining
compliance with this standard.

F.2 Escalation strategy

If differences in test results occur when all conditions of the test, including the ESD generator,
are the same, then the following escalation strategy may be applied to determine compliance
with the standard. This strategy would be applied individually to each test point experiencing
variable test results.

a) The first test is (was) to apply the prescribed number of discharges to a test point
according to 8.3 (for example 50 discharges) with the intended test level. If no
unacceptable effect occurs in this first set of discharges, the EUT passes the test at
that test point. If one unacceptable effect occurs in this set of discharges, a further test
according to the following point b) is performed. If more than one unacceptable effect
occurs in this set of discharges, the EUT fails the test at that test point.

b) The second test is to apply a new set with doubled number of discharges at that test
point with the intended test level. If no unacceptable effect occurs in this set of
discharges, the EUT passes the test at that test point and test level. If one
unacceptable effect occurs in this set of discharges, a further test according to the
following point c), may be performed; otherwise the EUT fails the test at that test point.
If more than one unacceptable effect occurs in this set of discharges, the EUT fails the
test at that test point.

c) The third test is to apply a new set with the same number of discharges as in point b)
at that test point with the intended test level. If no unacceptable effect occurs in this
set of discharges, the EUT passes the test at that test point. If one or more
unacceptable effect occurs in this set of discharges, the EUT fails the test at that test
point.
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