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2,1S010605, GB/T17626.2, GB/T17215.301 and GB/T17215.322.
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Electrostatic discharge simulator is highest electrostatic voltage can be up to 30 kv, which is enough to cover the most severe standard
grade of electrostatic voltage requirement (the voltage requirements of the grade 4 air discharge electrostatic is 15 KV). The ESD test gun
can be used for the most of electrical and electronic equipment for electrostatic discharge test, and also can ensure comparability and

reproducibility of test.

Specifications:

Product Model
Output Voltage
Polarity
Energy Storage Capacitance
Discharge Resistor

Current Rise Time

Testing Functions
Trigger Mode
Numbers of Discharge

Repetition

Working Power

Calibrate Report:

Output Voltage (kV)

First Peak Current (A)

ESD61000-2
0.1~20kV+5%
Positive/Negative
150pF+10% (Replaceable)
3300Q+5% (Replaceable)

0.6~1ns

Single, Count, 20pps, Air, Contact, IEC level
MANUAL/AUTO
1~9999

0.055~99.99s

AC220V (Option 110V) +10%, 50/60Hz

Current at 30ns (A)

ESD61000-2A
0.1~30kV+5%
Positive/Negative
150pF+10% (Replaceable)
3300Q+5% (Replaceable)

0.6~1ns

Single, Count, 20pps, Air, Contact, IEC level
MANUAL/AUTO
1~9999

0.055~99.99s

AC220V (Option 110V) +10%, 50/60Hz

Current at 60ns (A) Rise Time (ns)
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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 envirenmental and instaliation 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 detalled Information, see Clause A.1).

NOTE From the technicaf paint of view, the precise term for the phenomenon would be static slectricity discharge.
Hewever, the term electrostatic discharge (ESD) Is widely used in the technical werld and In technical literature.
Therefere, it has been decided to retain the term electrostatic discharge in the titte of this standerd.

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“bg applied. Voitages for each test method are given in Table 1. The
voltages shown are“different for sach method due to the differing methods of test. This does
not imply that the test $éyerity Is equivalent between test methods.

Details concerning the varioussparameters which may influence the veltage 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 rélated to environmental (installation) ciasses.

For alr discharge testing, the test shall re applied at ail 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 spe€ified by product committees.

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

Table 1 - Test levels

Contact discharge Alr discharge
Test voltage Test veltage
Level Level i
kY kv
1 2 1 ' 2
2 4 2 4
3 & 3 g
4 g 4 15
%@ Special xa ) Spetcial
o "X" can be any level, above, below or in between the others. The level shall ba specified In the
dedicated equipment specification. If higher voltages than those shown are ¢pecified, special test
equipment may be needed.

€ Test generator

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

- charging resistor R;

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

— Vvoltage Indicator;
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— discharge switch;

— charge switch;

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

— pawer supply unit.

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

given.
R Ry
— & () Dig¢harge tip

Charga awitch Discharga switch

DC HY
supply ==C, +Cy

o Discharge return
cohnection

NOTE 1 Cg is & distributed capacitance which exists betwean the genarator and lts surroundings.

NOTE 2 Cg4+ 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 accarding to the methods
described in Ahnex B.
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Table 2 -~ General specifications

Parameters - Values
Qutput voltage, contact discharge ,
mode (see NOTE 1) At least 1 kV to & kV, nominal
' Quiput voltage, air discharge mode At least 2 kV to 18 kV, nominal (see
(sea NOTE 1) NOTE 3)
Tolerance of output voltage 15 %
Polarity of output voltage Pasitive and nepgative
Holding time 25 s
Discharge mode of operation Single discharges (see NOTE 2)

NOTE™ ©Open cireuit voltage measured at the discharge slectrode of the ESD
generator.

NOTE 2 Thelgensrator should be abla to gensrate at a repstition rate of at
least 20 discharges per second for exploratory purpeses.

NOTE 3 1t is nof necessary to uss a generator with 15 kV air discharge
cepability if the maximumsest veitage to be used is lower.

Table 3 — Contact discharge current waveform parameters

First peak Rise time ¢ Current current
Indicated | gurrent of discharge (25 %) {30 %) {£30 %)
Level voltage +15 % N at30ns | at60ns
kv A A A
1 2 7.5 0.8 4 2
2 4 15 08 8 4
3 6 22,5 08 : 12 8
4 8 30 0.8 18 8

The reference polnt for measuring the time for the current at 30 ns and 60 ns. s the instant when the current
first reachas 10 % of the 1™ peak of the discharge current.

NOTE The rise time, f, s the time intarval between 10 % and 80 % valus of 18 peak current,
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40 50 60 70 80 20 100
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1EC 2200r28

Figure 2 - Ideal contact discharge current waveform at 4 kV

The equation for the idealized waveform of Figure 2, I{1), is as follows:

I(f)zl—ixﬂ

n
( ! J
k4 Y Ty o Y T4
1+ —J T+ —
T %3

where

i‘n
k= exp [_ %L [ﬂZ_) J

1/n
kz = exp{—za—[ﬂ] ]
14 73

and

71 =1,1ns; H=2ns, ;512 ns; T, = 37 ns;
I =188 A{al4 kV), I, =93 A (at 4 kVY;

n =1,8.

The generator should be provided with means of preventing unintended radiated or conducted

emissions, either of pulse or continuous type, so as net fo disturb the EUT or auxiliary test
equipment by paraskic effects {see Annex D),

The discharge electrodes shall conform fo the shapes and dimensions shown in Figure 3. The
electrodes may be covered with insulated coatings, provided the discharge currant waveform
specifications are met.
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Bady of the generator

Interchangeable part {tip) 4——‘
!

6011

I
y
E
]
(=]
H

IEC 220708

3a) - Discharge electrode for air discharges

RS
i1 o 25° 10 40°
+ oy /_ﬂ ©

Sharp point /

IEC 2208408

3b) - Discharge efectrode for contact discharges
Figure 3 — Discharge glectrodes of the ESD generator

For the air discharge test method the same gengrator Is used and the discharge switch has to
be closed. The generator shall be fitted with thesfound tip shown in Figure 3a). Because the
same ESD generator s used no further specifications for the alr discharge method exist.

The discharge return cable of the test generator shall be (2 + 6,05) m long, and constructed to
allow the generator to meet the waveform speclficatiort. The Jength of the discharge return
cable is measured from the ESD generator hody to the endwof the connecting point. 1t shali be
sufficiently insulated to prevent the flow of the discharge curfent'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 ldentiCal 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

fength 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 purpese of verification is to ensure that the ESD test setup is operating. The ESD tfest
setup includes;

— the ESD generator;

— the discharge return cable;

— the 470 kil bieeder resistors;

- the ground reference plane, and,

- ali of the connections that form the discharge path.



61000-4-2 © [EC:2008 - 15—

Exampies for the ESD test setup are given in Figure 4 for table-top equipment and in Figure &
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 verity the ground sirip 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 moest likely ESD
generator fallurgs 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 auxiiiary 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;
k) air discharge at insulating surfaces.

Twe different types of tests can be distinguished:

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

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

The EUT shall be arranged in acceordance with the manufactures’s instructions for installation
(if any).

7.2  Test setup for tests performed In laboratorles
7.21  Test requirements

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

A ground reference plane (GRP) shall be provided on the floor of the laboratory. 1t 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 ieast 0,65 mm minimum thickness.

The ground reference piane (GRP) shall project beyond the EUT or the horizontal coupling
plane (when applicable) by at least 0,5m en 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
accerdance with their installation specifications. No additional greunding 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 shail, where possible, be placed non-
inductively off the ground reference plane. The discharge return cable shall not come closer
than 0,2 m fo other conductive parts in the test setup except the ground reference plane.

NOTE t it is allowed to connect the discharge return cable to the metailic 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 specifled, for example to aliow 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 materlals 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 te the GRP when
the cable lies on the GRP.

NOTE 2 The 470 kG2 biseder resistors which are ‘contained in the grounding cables of the HCP and VCP (see
Figures 4 to 8} ere used to prevent the charge appliéd to'the planes disappearing instently after the discharge of
the ESD generator fo thée plane, This increases the impaci’ofithe ESD event to the EUT. The resisters should be
capable of withstanding the maximum discharge voltageapplied to the EUT plane during the fest. They should be
positioned closs to sach end of the grounding cable in érderto credts a disiributed 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 + 0,88) m_high, standing on the
ground reference plane.

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

NOTE MU is recommendad thet 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 shali 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 exampie of the test setup for table-top equipment is given in Figure 4.
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/
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Figure 4 — Exampie 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 exampie 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, jaboratory tests
Any mounting feet assoclated with the EUT shall remaln in piace.

7.2.4 Ungrounded equipment
7.2.4.1 General

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 sysiem.
This includés portable, battery-operated (internal and external) with or without charger
{ungrounded power ¢able) and double-insulated equipment (class i} 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



61000-4-2 © IEC:2008 =19 -

twice the intended test voltage. Therefore, this type of equipment er equipment parts could be
charged at an unrealisticaliy 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 {est 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 metaltic point or part to which the ESD pulse is to be applied, for exampie,
connectar 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 registance between this and other accessible points on the product.

A cable with 470 k& bhieeder resistors, simlilar to the one used with the HCP and VCP Is the
preferred device to remove.charges; see 7.2,

As the capacitance between . BEUT and HCP (table-top) and between EUT and GRF (floor-
standing) is determined by the.sizé 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’clése as possible, preferably less than 20 mm from the
EUT test point. The second resistor shall/be connécted 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 résults of some
equipment. A test with the cable disconnected dufing.the ESD pulse takes precedence over
the test with the cable instalied during the test, ptovided 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 shalh.bg~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 bé monitored by a nen-
contacting electric field meétar, When the charge has decayed below 10 % of the initial véiue, the EUT is considered
to be discharged.
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Flgure 8 ~ Example of a test setup for ungrounded table-top equipment



61000-4-2 @ IEC:2008 -21-

Protective conductor

a4

Ungrounded
Typical poshtion for direct VeP power cable

discharge to EUT 0.6 mx06m

e ;ulating

support

Ground reference
piane (GRP})

420'%erf]

Cable with hieeder resistors -
for EUT discherge

IEG 2213708

Figure 7 — Exampie of a test setup for ungrounded floor-standing equipment
7.2.4.2 Table-top equipment

Table-top eguipment without any metaliic connection to the ground réference plane shall be
instatied similarly to 7.2.2 and Figure 4.

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

7.2.4.3 Floor-standing equipment

Floor-standing equipment without any metallic connection to the ground reference plane shall
be instalied similarly to 7.2.3 and Figure 5,



- 22— 61000-4-2 © IEC:2008

A cable with bleeder resistors shail be used between the metaliic 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-Instaliation tests

These post Instaliation tests, which are performed in situ, may be applied when agreed
betwaen 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 sity ESD testing. The mean time to fallure
(MTTF} of many moedern electronic circuits decremses significantly if these cirqults had once to withstand the
dischargs of static electriclly. The malfunction does not ieed to eceur immediately during the ESD test but the
device will often fail mueh faster than a device which never had to withstand ESD tesis. 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 ks final
installation conditions,

in order to facilitate.a’connection for the discharge return cable, a ground reference plane
shall be placed on the/fiodr of the installation, close to the EUT at about 0,1 m distance. This
plane should be of coppgrtr aluminium not less than 0,25 mm thick. Other metallic materials
may be used, providing/tlie minimum thickness Is 0,85 mm. The plane shouid be
approximately 0,3 m wide, and2 m in length where the installation allows.

This ground reference plane shouldsbe 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 génsrator shall be connected to the reference plane.
Where the EUT is installed on a metal tablesthe table shall be connected to the reference
piane via a cable with a 470 kQ resistor located at @ach end, to prevent a build-up of charge.

The ungrounded metallic parts shall be tested follgwing 7.2.4 The cable with the bieeder
resistors shall be connected to the GRP close to the EUT,

An example of the setup for post-installation tests is given i Figlire 8.
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Figure 8 — Example of test setup for floor-standing equipment,
post-instailation tests :

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 eléctromagnetic reference conditions as
specified in 8.1.2 and 8.1.3.

8.1.2 Climatic ¢onditlions

The EUT shall be operated within its intended climatic conditions.



-24 - 610600-4-2 © IEC:2008

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 B0 %;
-~ 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 snvironments,
8.1,3 Eiectromagnetic conditions

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

8.2 EUT exercising

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

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

If monitoring equipment is required, 1t should be decoupled from the EUT in order to reduce
the possibility of falseé 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 o 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 fleorsstanding:

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

- at each point, whather contact or alr discharges are e bedpplied;

~ the test level to be applied,

— the number of discharges to be applied at each peint for conformange 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 pian.

NOTE 1 Refer t& Annex E for sxamples of uncertainty budgets in case of nacessity to provide measursment
uncertainty,

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

28.3.2 Direct application of discharges to the EUT

Unless stated otherwise in the generic, producti-related or product-family standards, the
electrostatic discharges shail be applied anly {o those points and surfaces of the EUT which
are accessiblé to persons during normai use. The fallowing exclusions apply (i.e. discharges
are not applied {6 those items):

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

c)

d}

e)

In

those points and surfaces which are only accessible under service by the (end-juser.
Examples of these rarely accessed points are as follows: battery contacts while changing
batteries, a cassette in a telephone answering machineg, gtc.;

these 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 wali-
side of equipment or areas behind fitted connectors;

the contacts of coaxial and muiti-pin connectors which are provided with a metallic

connector shell. in this case, contact discharges shall only be applied to the metallic sheil
of these connectors.

Contacts within a non-conductive (for example, ptastic) 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

- Conngstor cover . B . .
Case shell matertal Alr digcharge to: Contact discharge to!
1 Metallic Nene - - Shell
2 ' Me_ta!liﬁ fnsulated Gover Shell whe.n accessible
3 - Metallic Metallic = Shell and cover
4 insulated Nane a -
E 1n_sulat_ed Insulated Cover -
6 - Insulated Metallic - : | Cover
NOTE Incasea cover is applied to provide (ESD} shieiding to the connactor pins, the cover or the
equipment near to the connector to which the covar is applied should be labslled with an ESD
warning.
a If the préduct {family) standard requires testing to individual pins of an insulated connactor, air
discharges shall apply.

those contacts of connectors or other accessible parts that are ESD sensiiive because of
functional reasons and are provided with an ESD warning’ label, for exampie, r.f. inputs
from measurement, receiving or other communication functions.

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

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) shali be applied.

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

For the time Interval between successive single discharges an Iinitial 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 perpendicutar, 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 generater 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 slectrode shall touch the EUT,
befare 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 e generator shall penetrate the coating so 4s to make contact with the
conducting substrate."Cgating 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 cass of alr discharges, the’'ESD generator shall approach the EUT as fast as possible
until contact between the electrode 4nd 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 retriggéred for a new single discharge. This procedure
shall be repeated untif the discharges are copipleted. 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
8.3.3.1 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)gjven 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 horizontaly 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 {fest.
8.3.3.3 Vertlcal 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
0,5m x 0,6 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
Hluminate 0,5 m x 0,5 m area of the EUT surfacs.

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
manufagturer or the requestor of the test, or agreed between the manufacturer and the
purchaser of the product. The recommended classification is as follows:

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

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

¢) temporary loss offunction or degradation of performance, the correction of which requires
operator intervention;

d} loss of function or dégradation 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 considersd
insignificant, and thérefore accépiable.

This classification may be used as a guide, in formulating performance critetia, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria betwean tife manufacturer and the purchaser, for gxample
where no suitable gensaric, product er produtt-family standard exists.

10 Test report

The test report shatl contain all the information necessary toseproduce the test. In particuiar,
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 agssociated equipment, for examplé\brand name, product
type, serial number,

~ lidentification of the test equipment, for exampie, brand name, product type)serial number;

- any special environmental conditions in which the test was performéd, for example,
shiglded enclosure;

— any specific conditions necessary to enable the test to be performed;
~ performance level defined by the manufacturer, requestor or purchaser;
- performancs criterion specifiad 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 rationate for the pass/fail decision (based on the performance criterion specified in the
generi¢, 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.



A.4  Selection of test levels

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

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

Retative humidity Antistatic Synthetic
Class as low as materiai materiat | Maximum voltage
% 3 KV
1 35 ‘ x 2
2 10 X _ 4
3 50 x 8
4 10 _ x 16

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 isvel 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 ¢urrent which may be
obtalned through a variety of combinations of eharging voltage, peak discharge current and
rise time.

For exampls, the required ESD stress for the/18.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 matérials, higher voltages than 15 kV
oceur.

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

A.5  Selection of test points

The test points to be considered may, for example, include the foliowing locations as
applicable:

~ polints on metallic sections of a cabinet which are electrically isolated from ground;

— any point in the control or keyboard area and any other pgint of man-machine
communication, such as switches, knobs, buttons, indicators, LEDs, slots, grilies,
connector hoods and other operator-accessible areas.



A.8 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 phenomenen. 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 dees not resuit 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 ¢an oscur in multiple successive discharges.

A triggering deviee which is commonly known to produce repeatable and fast rising discharge
currents is the relay” The relay should have sufficlent 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 puiséShape 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 refated to the real ESD voltage Jas described In Clause A.3.

A.7T Selection of elements for the ESD-generator

A storage capacitance shall be used which is represenitative of the capacitance of the human
body. A typical! value of 150 pF has been determined suftaplefor this purpose.

A resistance of 330 Q has been chosen to represent the souree résistance of a human body
holding a metallic object such as a key or too!. it has been shown_that this metal discharge
situation js sufficiently severe to represent all human discharges in the fleld.

A.8 Rationale related to the generator specification

A number of reasons have been postulated as being the cause of the reproductbitity
differences when applying the ESD test to actual EUTs. The test set up, calibration issues,
etc. have been consldered 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 foliowing 1s 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;



» the E-field radiated by the generator when the electrostatic discharge is applied {o 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 2ns and 60ns. During the
development of this standard, this potential change to the discharge current specification was
further modified to contrel the fall ime of the first peak to (2,52 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 genérator being compliant with EC 61000-4-2 Edition 1, the
other type with the added specification as indicated above. Five different generators of each
type were provided by flve 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,
betwgen different ESD generators;

— the modification of the discharge wave shape did appear to clean up the discharge
current shapeés.n both the time and frequency domains;

— however, the /new waveform did not lead to any significant improvement In the
reproducibility ofih@itest 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 {o quantify the impacts
from radiated fields on actual EJT&\and to understand how to conirol the associated
parameters that impact reproducibility_ef test results.

it was considered that the changes included in this publication would improve the
reproducibility of the tests. Further investigatiofigould be proposed for future editions of this
standard in estimating the impact of E-field radiationoon reproducibiity.
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Annex
(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 rmore than
2,1 Qatdec.

NOTE 1 The targel is supposed to maasure the ESD eurrent into a perfect ground plane. To minimisse error
caused by the diffefgfice 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 teo low, the output signal will be very small
which may ceuse srrors dueito coupling into the cébles and the oscilloscops. Furthsrmare, when & much lower
resistance value is used, parasitic inductance becomes more severs,

NQTE 2 The input impedanceiend transfer impadance {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 farget, attefuator and cable is specified. This simplifies
the measurement system characterisation, as. oniythis chain and the oscllioscope need to be
characterised, instead of each element individually.

The vatiation of the insertion loss of the target-attenuatér-c&ble chain may not exceed:
+0,5 dB, up to 1 GHz
+1,2 dB, 1 to 4 GHz.

With respect to the nominal value § of the insertion loss:

Szq = 20log [2Z,,/(R;, + 50 Q) ] dB, where R, is the d.¢. Input impedance of the target-
aitenuator-cable thain, when loaded with 50 Q.

NQTE 1 Diffarent calibration time intervals tan be used for the d.e. transfer Impedanse and the more involved
ingertion joss measurements. If & repeated d.c. transfer impedance measuremant showe & resuit which differs from
the original measurement by less than 1 %, the user may assurme the insertion logs of the target-attenuator-cable
chain has not changed, providing the same cable and attenuator are used and no other indications {s.g., loose or
damaged ¢onnectors) 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 énd ré-assembled, the whole ¢hain nesds re-calibration in
order to insura compliance with thé specification.

B.2.2 Target adapter line

The target adapter line shown in Figure B.1 connscts a 50 © coaxial cable to the input of the
ESD current target. Geometrically, it smoothly expands from the diameter of the coaxial cable
to the target didmeter. 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 iine shall be
made such that the outer diameter of its inner conductor equals the diametsr of the inner
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electrede 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
shalf 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 t 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.

§0  conical adapter line ESD current target

EC 221508

NOTE Other shapes than conicél are acceptable.

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

\_,_____
@d  Outer diameter of inner electrade .
@D Inner diameter of the ground structure @D

1EC 2216406

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

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

The {nsertion loss of the chain is determined with a VECTOR network analyzer (VNA). Other
systems to measure magnitude insertien 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:

» Calibrate the network analyser at the calibration points shown in Figure B.3 (between
attenuator and target and between attenuator and target adapter ling).
NOTE 1 If no network analyser Is used, the procedure needs to be modified accordingty.

NOTE 2 Instead of d.c. the lowsst frequency avallable with the netwerk analyser should be used. The d.c.
characteristics are measured zeparately,

NOTE 3 The stability of the centre contast of twe adapter lines or of adapter line and target should be verifisd
through repested measuremasnts, disconnecting and reconnecting the devices using différent centre line angles.

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

¢ Measure the insertion loss.

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

Measuremant equipment

\@ 9 ' ) q

£0 0 conical adapter line

ESD eurrent target

™~

Attenuater B Attenuator A

Callbrate the measurement equipment &t thasg points 18C 221708

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

B.3 DPetermining 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 € 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 ¥, If @ current 7, is injected
into the target. To calculate the unknown current from the displayed voltage, the voltage is
divided by a fow-frequency system transfer impedance Zg,,
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Target Altenuator
Iys i Cable
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Current circuit of cirguit 500 G) ¢ Y60
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current attenuator |
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e e —— e e

IEC 2218/08

Figure B.4 ~ Circult dlagram to determine the fow-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 systeny transfer impadance of the target-attenuator-cable chain can be
determined by:

+ Injecting a current /,,, of approximately 1 A into the front side of the current target. The
frant side is the side go which discharges areé mads.

»  Zgys Is the key quantity for the generater calibration. The 50 ( load shall have a tolerance
of maximum of 11 %.

= Measuring the voltage 7', across the precigion, 50 Q load.
+ Caleulating the transfer impedance by:

Vsn

Isys

Zyyy =

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

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

B.4 Calibration of ESD generator

8.4.1  Callbration result

Comparable calibration resuit 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 diffsrent procedurs for verification of the
genesrator before testing is mentioned in §.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:

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

« high-voltage meter capable of measuring voltages of at least 15 kV. It may be necessary
to use an electrostatic voltmetsr to avoid lvading the eutput voltage;

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

o altenuator(s) with sufficient power capability as needed.
NQTE An example ¢f & suitable coaxial current terget is given in Annex C.

B.4.3 Procedure for contact mode generator ¢alibration

The current target shali 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 c¢entre of the plane 0,5 m bslow the target. The ground
strap shall be pulled backwards at the middie of the cable, forming an isosceles triangle. It is
not allowed to let the ground strap lay on the figor 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:

peak value of the discharge current [A];

I3y value of the current 30" ns after the peak current has reached 0,1 times /, [A];

Isp  value of the current 60 n¢ afterthe peak current has reached 0,1 times 7, [A];

I rise time of the current [ns]

Table B,1 - Contact digtharge calibration procedure

Step B ' Explanation

Discharge the ESD gsner_atbr at each :tegt lovel a8 _
defined In Teble 1 five fimes Jor both polarities, store | The specifi¢ations shall be met for ali § discharges.
aach result.

Measurs Ty Inp, fgo, £ on each waveform. k Thg parametsts shall be ¢hecked at each teat level

current 4t 30 ns ' '

Chetk f I3gis 2 AL 30 %

Current at 60 n's.

Check If fgp is 1 A £ 30 %

Peak current

Check if I,is 3,76 A+ 15 %
Rise time .

Check if1,is 0,8 ns 226 %

8 The Qaiue of the currént given in this table cori’espgnds to a \}@E!age of 1 kV. This measured vélué
changes prap'artiongffy to-the generator vgtt_ag_a.

“The parameters shall beechigtked at sach test laveld

' The parameters shall ba checked at 8ach test leveld

- The parametsrs shall ba thecked at ¢ach test laval®

The parametars shall be checked at ¢ach test lavel
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1EG 221808

NOTE 1 Ths generatar should be installed on a tripod/er equivalent nen metal low foss support.
NOTE 2 The ganerator should be powered in the same way as it will be used during test.

NOTE 3 A reversed setup compared to Figure B.5 can alst basised.

Figure B.5 - Typlcal arrangement for callbration of ESD generator performance

Shielding of the oscillosceope is not necessary if it can be proven by measurement that indirect
coupling paths ontd the measuremetit system do not influence the (calibration resuits.

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

» the oscilloscepe trigger level I8 sat to £10 % of the lowest test leval, and,

« the ESD gsnerator is discharged with the highest test levsl to the outer ring of the target
{instead of to the inner ring).
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Annex D
(informative)

Radiated fields from human metal discharge and ESD generators

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

D.1.1 General

The electrostatic discharge frem a human {via a smali, hand-held metal piece) is the basis for
the current waveform specified in this standard and its predecessors. This discharge from a
human &s well as the discharge from an ESD generator, are responsible for generating

associated strong electromagnetic fields.

The foliowing subelauses first review the process of a human discharge, and then review the

process as it pccutswith an ESD generator,

D.1.2 Human ESD

For an ESD event from a human to an EUT, the following sequence of events will oceur.

a) As the hand-held metal piece,approaches a metallic surface of an EUT and prior to the
discharge of current, an elgcirestatic tield exists. There is no (or only very litfle) current

tiowing and no relevant magfiglic field is present.

b) Once the discharge Is Initiated\bstween the hand-held metal part and the EUT, the
electrostatic field collapses withindhelgap between the two. Starting from its initial
value It collapses to a voltage acrosg e gap of about 25V to 40V within 50 ps to
5 ns. The collapse time is depending.on arc parameters, voltage, etc. The initia!
collapse of the eiectric field Is the firststep Th a serles of events that causes strong

transient electromagnsetic fields.

c) A current starts fiowing on the metal part held By the human and on the EUT. The
foremost current front expands with the velocity oflight.and within about 0,8 ns, it has
reached the arm of the person. As the current contifiUes to expand further on the EUT
and the arm, it will experience refliections and. lbsses 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
wili be attenuated quickly, mainly due to radiation. The current thén 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 extingulsh before the body has completely
discharged. If the hand and metal object tontinues to approach the EUT, a second
discharge might occur at a lower voltage leading to a sequence of ESDs, each one at a
lower voitage, and each one having a fastér rise time (partially sttributed to the tower

voitage}.

e) During each discharge sequence, an observer focated on some point of the hand, body
or EUT will observe a chargs density prior to the discharge, during the discharge

phase a fast changing current and after the discharge & small rémaining charge.

f) From antenna theory it is known that changing charge densities and changing currents
will cause radiated fields. In ¢lose proximity the fields are dominated by the current
and the charge directly, and in larger distances the current and charge time derivative
wili determine the fields. The transition region between the close proximity fields (near
field) and fiside seen at a larger distance (far fisld) is more complex. Measureaments
and simulations have shown that transient fieids of ESD, at lsast for the most
digturbing first nanoseconds, will réach far field conditions at a distance of 10 ¢m from

the arec.
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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 arror) of elactronic 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 compenents.

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 wouid 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 presant ESD generators. As
most ESD testing is performed in contact mode, for reasons of reproducibility, the following is
limited to contact madeé 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 é&lectrostatic field resulting from the charging process Is confined
within the ESD geherdtor. As a result, the electrostatic field in the vicinity prior to the
dischargé is much legs than the electrostatic field one wouid measure at the same
point from a human charged with the same voltage.

¢) The discharge is initiated by the closure of a refay internal to the ESD generator, The
design of these special relays @lows a very good reproducitility of the discharge
current; however, because the relay is internal and net &t the point at which the ESD
generator toughes 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 diractions and on all
contacting metal parts and other metal partssin 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 thisstandard requires a current rise
time of (0,8 + 0,2) ns measured at the point of contact\té the targst. To achieve this,
measures are designed Into the ESD generators that inctedsa the rise time from the
very low vaiue within the relay to the standardized values at the/discharge tip.

f) The transient fields are caused by afi current time derivatives and charge density time
derivatives. An important difference between the discharge from a génerator and that
frem a human with metal must be noted: For a human discharge thegurrent rige time
at the arc is the fastest progcess 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 tollapse of the relay, nét by the current rise time at the
dis¢harge tip.

@) Since ali 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 figlds caused by the faster events in the generator
are in general unwanted transient fields since they increase the high-frgquency content
of these radiated fields beyond those developed from an eguivalent human-metal
discharge having the same currentriss timé and peak value at the polnt of discharge.

From the above it can be sgen that the strength of the contribution of the fast rising currents
to the transient fields is strongly dependent on the design of the ESD gensrator. 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
possibllity that upset events during ESD testing ¢an be highly dependant on the specific
generater being used.
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D.2 EUT reaction te ESD testing

During an ESD test the response of an EUT to a broad range of electrical disturbances is
tested. The range includes: Voltagé for dislectric breakdown, secondary breakdown at a gap
away from the injection paoint, current for Rl drop, magnetic field for Ldi/dt drop, magnetic
flelds for induced voltage, and electrlc fields for Induced voltages (fields can be in both far
fields and near fields). In this regard an ESD test differs from EM{ testing by combining
muitiple tests into one. '

Some examples of EUT fallures 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 1C, the maximum gurrent or the charge
transferred through the 1C will most #ikely 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 dfelectric breakdown strength of the gap
through the plastic, seam.

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

In this example, it is mdst likely that the fransient fie/ds of the ESD event coupled into
traces, wires or diractly“into ICs of the system, cause voltages or eurrents that will
upset the logical function of the system.

The coupling mechanism from the cufreft\within the ESD generator to the fields is dominated
by the current’s time derivative, even attelatively moderate distances of e.g. 20 em. Further,
the coupling between the field and a wiré, trace or 1C in an EWT 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 th¢ Induction pro¢ess coniribute to the Injected current, which
leads to different pulse shapes for the curréntiat.the,discharge tip and to different induced
voltages In traces due to the fislds. The induced voltages in traces typically have a width
much more narrow than the initial ESD discharge current as defined in the sfandard, and they
may exhibit ringing.

Due to the dependence of the transient fields on the desigh\ofithe specific ESD generator
(especially those field componants with energy at frequencies above~300 MHz) éne neéds to
expect that the induced currents an a trace, wire or within an IC arg strongly affected by the
specific design of the ESD generator. This could lead to large variation gf/tast results (in most
cases system upset, not destruction) if the same EUT is tested with differént,ESD generators
and if the manufacturer of the ESD generator has not taken precautiong’ to minimize the
unwanted part of the electromagnetic figlds that are caused by the fast voltage collapse within
the relay. Note that these differences in test resuits 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 ESGD Raving rise times of about B850 ps at 5 kV charge
voltage have been measured. An ideal ESD generator should reproduce these flelds 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 réference plane at a distance of 0,1 m from the
discharge point, i.e. target positien.



Annex E
(informative)

Measurement uncertainty (MU} considerations

E.1{ General

The repeatability of EMC testing relies en 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
guantity with the disturbance quantity defined in this standard s usually confirmed by a series
of measurements (€.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 s the uncertainty associated with calibration of test
instrumentation.

In order fo achigve a high reliability of calibration resuits, It is necessary to identify the
sources of uncertainty)involved In the measurement instrumentation and to make a statement
of the uncertainty of the/measurerment.

E.2 Categories of uncértainty

Errors of measurement generally have twe components; a random component (herein after
referred to as type A) and a syStematic component (hergin after referred to as type B).
Random uncertainty Is associated -with unpredictable effects. Systematic uncertainty is
generally connected with the instrumentation used for the measurament. Systematic
components can sometimes be correctedsor reduced, but random components by definition
cannot. Within a given measurement system’th&re may be many effects which can infiuence
either of these components.

it can happen that a random uncerfainty of one (test method can become a systematic
uncertainty In another where the results of the first dre, applied. To avoid this possible
confusion instead of systematic and random uncertainty thedypes of uncertainty contribution
are grouped into two categories.

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

Distribution Combined uncertainty ' Commenté

1 1 r 2
Neormal or Gausslan Ug{y)= —'"(n._.i} 151(”] -u) L Typically sourced from verification recerds

~ Type B: those which are evsluated 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 unceriainties can be estimated
based upon calibration data, instrument manufacturers specifications or simply by
knowledge and experience.

The classification into type A and fype B does not mean that therg is any difference in the
nature of the compenents, it is a separation based on the evaiuation of their nature, Both
types can have probabllity distributions and the uncertainty components resulting from either
type may be quantified by standard deviations.
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E.3 Limitations

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

« The uncertainty budget is limited to the uncertainty due to the measurement
instrumentation (type B uncertainty). This does net, however, imply that a laboratory
should ignore the infiuence of type A uncertainties, but that these should be separately
asgessed by individual test iaboratories to abtain a more compléte pleture of their MU,

+ All contributions are assumed to be uncorrelated.
» Alevel of confidence of 95 % is regarded as acceptable,

NOTE An sxample &f a type B uncertainty budgst is given in Table E.{, E.2 and E.3.
E.4 Calculation of type B uncertainty

The standard uneertainty is caiculated 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:

Distributlon | pivisor Comments
k & 2 for B % confidence
Normal Coverage'Taztor, k
i Typically sourced from calibration certificates
Rectangular \E Typically sourced from manufacturer’s data for the

instrument

Mismatch uneertainty

U-shaped ¥z Uncertainty contribution most likely to be at the
limits

In ail 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 invélves combining the individual
standard uncertainties. This is valid provided that all quantities @re)in the same units, are
uncorrelated and combine by addition in a logarithmic scale (usuallydn dB). However, the
units for ESD calibrations as well as measurements should be given In" % calculating it as
{unit_in_dB)
16 20 x 100

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

e (¥) = T uF ()

with w(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 variabie, y, follows a Normai distribution,

By multiplying u.(y) by a coverage factor (%) 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 caiculation of an uncertainty budget requires the following steps:

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

b} Identify the contributipns to uncertainty and their value;
c) define the probability distribution of each contribution;
d} caiculste the standard uncertainty «(x;) for each contribution;

g} calculate the combined uncertainty u (v} , the coverage factor, k, and the expanded
uncertainty, &= . (v} % k;

f) apply the€xpanded uncertainty;

g) publication ofithe expanded uncertainty in quality documentation as nacessary (It
is not required forthe test laboratory to publish these figures in test reports unless
requestad to do s9)

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 edntributors and values for their particular test setup (i.e.
the final budget may identify a minimumJigtof contributors that should be taken into account.
A test fab will then need to identify additionai€antributors. 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'nat 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 fo the EUT. One or more observable signals of
the EUT are monitored or observed and compared against agreed ériteria, from which the test
result {pass/fail) is derived.

NOTE 1 For calibration, the word EUT Is aqual to: ESD generator undar calibration,

NOTE 2 The phrase méasurement instrumantation 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 monltoring is EUT specific, a basi¢ standard can
not and should not deal with MU for the monitoring system (the observer), however, this may
be performed.

Unecertainties 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 definaed in the
baslec standard and the real electromagnetic phenomena in thé world outside the laboratory.
Therefore, questions regarding the definitions of the disturbance quantity (#.g., ESD gun
positioning to the target plans) 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 yiéld to more than one uncertainty budget for the test,

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

The following fist shows contributors used to asséss both the measuring instrumentation and
test setup influences:

+ reading of peak value;

» reading of 10 % level;

» reading of 80 % level;

+« reading of time at 30 ns and 60 ns;
« low-frequency transfer impedance Zyys:
+ static voltage;

+ mismatch chaln/~ oscilloscope;

« target-attenuator-cable chain;

¢ oscilloscope horizontal/measurement contribution;
¢ osciloscope vertical measurement contribution;

s measurement system repeatabiiity (type A);

» ESD generator orientation (typé A);

s ESD generafor focation (type A);

» variation in test setup (type A);

e calibration of target, oscllloscope, attenuatar.

it shall be recognized that the contributions which appiyfor 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 e type A uncertainties and such
uncertainties are not generally treated in this basic standard. An exception to this rule has
heen made to account for the measurement system repeatabilityforimeasurements as well as
for calibrations.

E.7 Uncertainty of calibration results

It is recommended to produce independent uncertainty budgets for each calibration item; that
i I, T3p. Igp. 1. For an ESD test, the disturbance quantity Is the discharge current from the
ESL generator that is applied to the EUT. The calibration items of this disturbance quantity
are I, Iy, Igp @nd 7. As described in Clause E.6, an independent uncertainty budget should
ke 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 budgst that are considered
most significant for these examples, the details (numerica! values, type of distribution, etc.) of
each contributor and the results of the cal¢ulations required for determining &ach uncertainty
budget.
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Table E.1 - Example of uncertainty budget for ESD rise time calibration

value | = )
Contributor Distribution ) i) Comment
Ps | ps | ps2 | _ _
Nermat : _'Unceﬂain_ﬁy of peak value 6,3 %
Reading of peak vatue _ 50 25 825 (Table £.2) times measured rise
[ k=2 _ _ tims 804 ps
. . Recianguiar
Reading of time by 80 % 25 L 14 198 20 GS/s oscilloscops sampling rate |
peak current Divisor & _J;
. Rectangular
Reading of time by 10 % i i ; i . . N
peak current Divisor = -,/5 25 14 1886 -20 G$/s oscilloscope sampling rate
“Total oscilloscope Narm.al - i
horizontal measurement 36 18 324 Q:"g;;ﬁo?cnobr:"“ fabaratery of
| contribution (NOTE 1) k= 2 . pe
Target-attenuator-cable Nermal a0 : 1% | 298 | #rom the calibration laboratory of
chain ks 2 i ‘the ascilloscopa (NOTE 2)
Normal . ' . Y
- | . Qbtained from type A evaluation
Repeatabilit 45 45 I 2025 g -
P y Divisor = 1 | | _(NOTE 3)
' ' - Sum | 3881 '
Combined standard '
uncertainty #; on fise time : Rost S0ps
Expandead uncertainty L/ Normal 120 ps
on rise time =2 8 %) Confidence level 85 %

NOTE 1 The total oscitloscope herizontal measufement cuntrlbution cantams the uncertainty contributions of the
oscilloscope horizontal résolution, interpolation resdlution, time bBase resolution, frequancy measurément, rise time
correction, efc.

NOTE 2 The calibration certificats of the chain often contains ofly the frequency vesponse of attenuation. Here it has |
 been assumed; that alés the uncedtainty contribution to ffse $ime measurement has bssn supplied by the caiibration |
lab, tharefore k& 2. i

NOTE 3 The repeatability Is normally taken from at leaet § consacutive measurements. This Is & type A evaluation '

'and the formula for the standard deviation s{a} for & set of n repeuated meaguraments is glven by

1 2
' n(n l)f“"" D

with g5 result of !hejth measurement and (} arithmetic mean of the results.




~ 80 = 61000-4-2 © 1EC:2008

Table E.2 - Example of uncertainty budget for ESD peak current catibration

Value | vyl
Contributor Distribution . ) ,@N . Comment

% % % :
Total oscilivacope vertical Norm &l . » .
meesurement conteibution 32 1,8 2,56 Wﬁoa_.me%qum:o:
(NOTE 1) k=22 _ | averatery
. . Normai . [ Erom cafibration
Target-attenustdr-cable chain ke 2 . 36 1.8 3,24 laboratory
Mismatch: chain fo U-shaped i From calibration or

N 2 1.4 2 ;
oscillostope Divisor = V2 ! pecifications (NOTE 2)
Low-frequency transfer Normal ; -6 5 -1z [Internal ealibration
Impedance xe2 . Ex10 3x 10 9x1D (NOTE 3)
Repeatability Divisor=1 | 15 1.5 2,28 M_.uhn”mm.”ﬁﬁowmuw
Sum 10,06 |

Combined standard
| ungertainty ue on pask current Rest 31 .
wwwmmﬂwmeuﬁnozmsz Uot ks2 6.3 % _ | Gonfidencs lsvel 85 %

NOTE 1 The total escliioscops verticel maasurement sontribution taing the sentributions of vstilloscope vertical
resolution, LF lingarity, HF linearity, offst réselution, ate. The calibration has to cover the whols frequency rarige,
l.e. £< 2 GHz, However, the flatness hias rotito be beiter than that of & first ordar filter with Je B 2 GHz cut off: f.a,
AGY ~ 11+ 2|12, _

NOTE 2 The mismatch eontribution is dus te the gutpul reflection factor T, of the target-attenvater-cable chain and
the input reflgttion factor Ty of the oscilloscope. They should be obtained either from the calibration certificates or
from gpecifications. Due to second drder contributions ef thé errors In T, & reliable specification i sufficisnt. Nete
however, that alss & speciication has to cover the whols fiequenty range, end this is often not the casa with
oscilloscopes, $& additional measurement might be réquired:

The mismatch gontribution is:
To-x T, with U-shaped distribution, yielding the divisor ¥z,

This mismaich uncertainty formuls assumas that the oscilloscope’s amplitdds) response has besn calibrated
according to radio-frequency calibration concepts, i.e. the voltage srror is refetenced-to the incident veltage from a
50 1) source and nst to the actual voltage at the input. This should be verified in the certificate, elée & differant
formula has to be appliad.

NOTE 3 i Is mssumed tha! the laboratery has a separate calibration instruction, with én uncertainty assessment
that yielde the extendad uncertainty T of this calibration.

NOTE 4 The repagtabliity is normelly taken from at least 5 consecutive measurements. Thie is & type A wvaluation

‘and the formula for the standard deviation s( mv for & set of n repeated measurements is given by

- I ¥ -
T 3Q.~qu.nmnm$ 7

with ¢;: result of n:m...,: measurement and g arithmetic maan of the results,
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Table E.3 - Example of uncertainty budget for ESD Iy, Is, callbration

Value i w02
Contributor Bistribution ) ém Camment
% % %
. ’ Normal .c:nm:wiw of paak current
Uncertainty of Table E.2 p=2 8,3 3,18 2,92 (Table £.2)
Sengitivity of current reading at
30 ns or 80 ns, fora
Rectangular ‘measurement at {imé interval
: ; A0 1 . [ batwesn the 10 % peak current
Reading of time at 30 n$ or 0.17 0,098 0,0098  |valie and 56 ns ouﬂ_u.mo g
60 ns k=3 o
20 G8/s oscillescope sampling
rate (two readings sach with
80 ps uncertdinty)
Sum £,83 .
T Raoot 3,46 %
Expanded uncertainfy I on I3 Normal 8,3 % Confidence level 95 %
k=2

and fgg

Product commitiees er‘@cereditation bodies may impose ether interpratations.

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 fiiis standard (tolerances are not reduced by MU),

The following MU are recommended for taboratories which perform calibrations;

Rise time 1, MU £ 15 %
Peak current f, MU<7%
Current at 30 ns MUST %
Current at 60 ns MU<T%
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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 expécted. Often, these variations are
differences in the test levels at which errors accur or the types of errors that the EUT
experiences during the test. Depending on the test level at which they occur, such test result
vartations can affsct the deciaion whethier 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.

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

+ Verlfy the test pfocedurs, including the EUT operation mode, position and location of
auxiliary squipment, operator position, software state, application of discharges to the
EUT.

» Verily 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
génerators?

If differences in test results are cadsed by the use of different ESD generators, then the
resuits with any generator that meets‘thé requirements of 6.2 ¢an be used for determining
comphance with this standard.

F.2 Escalation strategy

If differgnces in test rasults 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 Individdally'to each test point gxperiencing
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 B0 discharges) with the Inténded 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 éffect occurs in this set of dischiarges, & 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 1o apply 4 new set with doubied 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 fest level. If one
unagceptable effect occurs in this set of discharges, a further test accerding to the
foliowing point ¢), may be performed; atherwise the EUT falls the test at that test point.
if more than one unacceptable effect occurs In this set of discharges, the EUT falls the
test at that test point.

¢) The third test is to apply & 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 ohe or more
unacceptable effect occurs in this set of discharges, the EUT fiils the test at that test
point.





