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Testing shall consist of direct and indirect application of discharges to the EUT. Direct discharges are applied directly to
the EUT. Indirect discharges simulate discharges that occur to other conductive objects in the vicinity of the EUT and are
applied through an intervening metal, such as an HCP or VCP.
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The test shall subject the EUT to simulated discharges from humans. Discharges shall be applied to areas that are
accessible by operating personnel during normal operation. See clause 8.5, Selection of test points.

8.1 sZI6 =] R SMF  Laboratory test conditions
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The intent of ESD testing in the laboratory is to simulate both the level and type of ESD occurrences that are experienced
by the product in the field in a manner that is representative of, but not necessarily identical to, actual ESD.
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In order to minimise the effect of environmental parameters on the test results, ESD testing should be carried out under
the conditions defined in this clause.

8.1.1 3} ESMH Climatic conditions
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Unless otherwise specified by the committee responsible for the generic or product standard, the climatic conditions in
the laboratory shall be within any limits specified for the operation of the EUT and the test equipment by their respective
manufacturers.
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Tests shall not be performed if the relative humidity is so high as to cause condensation on the EUT or the test
equipment.
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(1) JEEE : 15~35C (59~98T )

(2) FEX R : 30%~60%

(3) KUK : 68-106 kPa

To ensure reproducibility of the test results, ESD testing should be performed under the following climatic conditions:
a) Temperature: 15-35°C(59-98%F )

b) Relative humidity: 30% to 60%
¢) Atmospheric pressure: 68-106 kPa
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change the test voltage to account for pressure variation will create site-to-site immunity variations in the EUT
air breakdown values.

5. A correction of the test voltage shall only be applied to air discharge testing if a dielectric barrier is tested. The
correction may lead to incorrect results if the failure mechanism is related to the energy of the current of the ESD
discharge.

NOTES

1. Standard conditions are defined as sea level (101,3 kPa and 15°C). Then 106 kPa is -383 m and 68 kPa is +3236

m altitude. International conversion for 1 kPa is 0,145 1bs/in2 or 0.2953 in Hg (typical reported atmospheric
pressure measurement in the USA) and 10 mbar.

2. Tests can be performed outside the recommended climatic conditions. However, the results may be significantly
affected with increased RH and variations in temperature. In case of dispute, testing at 21 degrees C and 50%
relative humidity at sea level takes precedence.

3. The actual environmental conditions existing during the test should be recorded in the test report. Instead of the
atmospheric pressure, the altitude can be noted. Due to weather systems, the barometric pressure at a constant
altitude changes only by typically +/- 3 %. If the barometric pressure is recorded, care must be taken that it is the
true barometric pressure and not the barometric pressure converted to sea level.

4. Air breakdown voltage at a fixed distance between electrodes is approximately proportional to atmospheric
pressure and inversely proportional to absolute (K) temperature. Therefore, when testing EUTs for air
breakdown (external or internal with either test method), the ESD test voltage level should be changed to reflect
the test equipment specification and the environmental test conditions. Typically, air breakdown voltage at sea
level will be about 40% higher than at 3000 m for the same gap distance. Failure to change the test voltage to
account for pressure variation will create site-to-site immunity variations in the EUT air breakdown values. A
correction of the test voltage shall only be applied to air discharge testing if a dielectric barrier is tested. The
correction may lead to incorrect results if the failure mechanism is related to the energy of the current of the ESD
discharge.

8.1.2 H 45 Electromagnetic conditions
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The ambient electromagnetic conditions should be such as not to influence the results of this test.

8.2 EUTZ%#  EUT set-up
8.2.1 EUT# {4 Fn/8i# /B = EUT software and/or mode of operation
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Choose test software for the EUT that will exercise all modes of normal operation.
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Where it is cost prohibitive to exercise all normal modes of operation because of EUT complexity, specific modes



expected or known to exhibit the most susceptibility should be exercised. Good engineering judgement shall be used in
selecting the operating modes to be tested. The modes exercised and the rationale for their selection shall be documented
in the test report.
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As the complexity of the machine operating system decreases, the probability of evaluating all or most modes of
operation increases.

8.2.2 % Bhi & Auxiliary equipment
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If the EUT needs to interface with auxiliary equipment (AE) to operate in a realistic way, this auxiliary equipment shall

have proven to be immune at an equal or greater level than aimed for the EUT. If this is not the case, the /O cables can
be fitted with filters or ferrite toroids very close to the AE; see Annex D.

8.3 i #E= Discharge Modes
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Discharges can be applied to the EUT by two discharge modes: contact and air. Conductive surfaces are to be tested
using contact mode discharges. Non-conductive surfaces are to be tested using air discharges. Air discharges shall be
applied to those parts of the EUT to which it is not possible to apply contact discharges. Examples are non-conductive
surfaces, conductive parts or surfaces covered by insulating material or behind seams or slots and places where it is not
physically possible to position the contact discharge tip. Indirect discharge testing shall be performed using contact mode
discharges only. See Annex C for guidance on air versus contact discharge modes.
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In contact discharge mode, the tip of the ESD generator’s discharge electrode is brought in contact with the EUT before the
discharge switch is actuated to apply the discharge. In air discharge mode, the discharge electrode is charged to the test voltage
and then brought rapidly to the EUT, applying the discharge through an arc that happens when the tip approaches close enough to
the EUT to break down the dielectric between the tip and test point. See also clause 8.4.4.2.

8.3 HfiNfke  Application of the discharge
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Discharges shall be applied to all selected test points with the equipment operating normally. However, test points are to
be limited to those areas that are likely to be contacted during normal operation of the EUT; see clause 8.5.

ﬁ%m%@%:m%ﬁ—%ﬁi%Mﬁmmmrﬂwé%yw&@%m% Xt F A
REEINEE Al s AL (BlAnwE4s 2 2 7B 55) , RN/ 10 R MR ZE S,
F, FTE B AR W, SRR RS B s, A SRAE M B,
AR a2, BRa SEARAY R BE AN PR T (BIANFEFESK VI A7 A
A, AR 2KVAIAK VAR A HEAS Bl 1)



The test shall consist of at least 50 contact discharges of each polarity applied to each defined test point for the test level
specified. Those defined test points to which contact discharge cannot be applied (eg, covered by insulating material),
shall be tested by applying at least 10 air discharges of each polarity at the defined test level and all lower test levels. Air
discharges need not be applied at test levels below the voltage at which arcing does not occur. (For example, if no arc
occurs at 8 kV, then air discharges do not need to be applied at 2 and 4 kV.)

8.4.10 A B [ERUZEL  Test voltage steps

8.4.1. 185l fixss 5¥%  Contact Discharge Method
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Because the discharge current of ESD generators in contact mode is linear with respect to the charge voltage, it is
permissible to test at only the severity level required for the product and not at all lower voltage levels. See Annex C.

8.4.1.2Z8 Sl 5¥5  Air Discharge Method
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Some products have the tendency to exhibit susceptibility responses when exposed to specific ESD voltages, but not
necessarily at higher voltage levels. Because of this and the nonlinear relationship between charge voltage and discharge

current in the air discharge method, test points subjected to air discharges must be tested at lower test levels up to the
severity level required for the EUT. In the absence of other requirements, the test levels given in Table 1 should be used.
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For example, an EUT required to meet test level 3 (8 kV for air discharge method of testing) shall be tested at 2 kV, 4 kV
and 8 kV, unless discharges do not occur at the lower levels.
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NOTE: When no discharges (can) take place at these lower test levels, the product is deemed to comply with the
requirement to test at the lower levels.

8.4.2 ESDE4-HInt 8] 7] i Time between ESD events
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The time interval between successive single discharges should be as long as necessary to determine whether the EUT has
completed an error recovery or retry cycle. Every discharge should be considered individually; therefore, time needs to be
allowed between discharges to ensure that a failure is not due to sequencing, but due to the individual ESD event and that
any charge imparted on the EUT is allowed to dissipate.
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The time interval between successive single discharges is recommended to be 1 s. Faster repetition rates, e.g. up to 20

discharges/s, are allowed to make the test time shorter, provided the faster rate does not influence test results. By using
the EUT charge removing measures as described in clause 7.1.4, a maximum time of 10 s should be used as slowest limit



considering automated repetitive testing.
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1. Higher repetition rates are advantageous to those who want to perform multiple trials ESD testing in order to expedite
the test time. However, when the EUT passes the test at the level with the lower repetition rate, the EUT is considered to
comply.
2. Where it is possible for the application of the discharges to be synchronous with the EUT operation cycle,
consideration should be given to vary the discharge repetition frequency randomly.
3. All 50 contact discharges can be applied in a single sequence. After this sequence, it can be verified whether the EUT
operating as intended, as it is irrelevant for the test whether an error after the first or the last discharge.

8.4.3 ESDXk AESRTEBAER BFUALE  Orientation of ESD generator
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For direct discharges to the EUT, the ESD generator’s discharge tip is held perpendicular to the surface of the EUT or
HCP when a small EUT is considered, see annex D. For discharges to coupling planes (i.e., indirect discharges), the
discharge tip is in the same plane as the HCP or VCP while making contact with the plane’s edge. No discharges are
made to either side of the flat surfaces of the HCP and/or VCP.

8.4.4 X EUTHJE##HE  Direct application of discharge to the EUT
8.4.4.1 HEfhen A e 4% B2Electrode connections for contact discharge method
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In the case of direct contact discharges, the tip of the discharge electrode must touch a conducting point on the EUT
before the discharge switch is actuated.
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Where painted surfaces cover a conducting substrate, the following procedure is used. If the coating is not declared to be
an insulating coating by the equipment manufacturer, then the pointed tip of the ESD generator penetrates the coating so
as to make contact with the conducting substrate. If the coating is declared to be an insulating coating, then the surface is
tested as an insulating surface using the air discharge method and no electrical contact shall be made with the conducting
substrate.

8.4.427E S5 i HEEUTERE  Speed of approach for air discharge method
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The speed of approach of the discharge electrode is a critical factor in the rise time and amplitude of the injected current
during an air discharge. The speed of approach should be between 0,1 - 0,5 m/s for any test. Because the approach speed
is not trivial to measure, in practice the ESD generator should approach the EUT as quickly as possible without causing
damage to the EUT or ESD generator. The ESD generator should not be stopped when the arc occurs, but rather should

be followed through until the electrode touches the surface. 84.5 HCP*[]VCPT:T: « I‘E—IJ ﬁﬁﬁlﬂ ” EFJ‘ H"J{i }Eﬁ
Indirect application of the discharge using the HCP or VCP
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Discharges to objects placed or installed near the EUT are simulated by applying contact discharges of the ESD generator
to the HCP or VCP that is connected to the GRP via a bleeder wire. The bleeder wire prevents a charge build-up on the
coupling plane, see clause 6.6.
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Contact discharges shall be applied to the centre of one vertical edge of the VCP while the VCP is positioned parallel to
and 0.1 m from the EUT surface and/or cables connected thereto. With a tall or broad EUT, the VCP shall have its centre
at the centre of the EUT. If the height of the EUT is greater than 0.5 m, consideration should be given to applying indirect
discharges with the VCP at different heights and positions corresponding to the location of the sensitive circuitry of the
EUT. Discharges using the VCP should be made to all four sides of all equipment.
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With indirect contact discharges to the HCP the discharges shall be applied to each centre position (front, back and sides)
of the EUT on the HCP. The EUT shall be kept at 0.1 m from the edge of the HCP. It may be necessary to move the EUT
on the HCP for each face tested.

8.5 WA MAIEEE  Selection of test points
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The discharges shall be applied to the EUT at operator accessible points and to the vertical edge of the VCP. Examples of
operator accessible points include any point in the control or keyboard area and any other point of human-machine
communication devices such as switches, knobs, and buttons.
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NOTE: If the normal product installation will always have a protective ESD cover or cable connected, then the
application of electrostatic discharges to open connector pins is not required by this standard.
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The discharges shall be applied only to those points and surfaces of the EUT, which are accessible to persons during
normal use of the intended functions. All points tested shall be listed in the test report. All other points and surfaces,
which the manufacturer does not consider to be normally accessible by an operator when the EUT is in normal use, shall
be excluded from the test.
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The following exclusions apply:

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

2) Those points and surfaces which are only accessible under service by the (end-)user. Examples of these rarely
accessed points are: battery contacts while changing batteries, a cassette in a telephone answering machine, etc.

3) Those points and surfaces of equipment which are no longer accessible after installation or to which the instructions
for use prohibit access, e.g. the bottom and/or wall-side of an equipment or areas behind fitted connectors.

4) 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 that connector.

5) Those contacts of connectors or other accessible parts that are ESD sensitive because of functional reasons and are
provided with an ESD warning label, e.g. RF inputs from measurement, receiving or other communication functions.
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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, band-pass

filters may be a solution. Overvoltage protecting diodes have too much stray capacitance to be useful at the frequencies
where the EUT is designed to operate.
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Contacts within a non-conductive, e.g. plastic, connector and which are accessible to persons during normal use of the
intended functions shall be tested by the air-discharge test only. This test has to be carried out by using the rounded tip
finger on the ESD generator.
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Table 5 - Test point cases to be considered
Case Connector Covr material Air discharge to: Contact discharge to:
1 Metallic None -- Shell
2 Metallic Insulated Shell when accessible
3 Metallic Metallic -- Shell and cover
4 Insulated None --
Insulated Insulated --
6 Insulated Metallic Cover
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Discharges should be applied to all equipment and peripherals that form the EUT system. Ungrounded conductive
surfaces should be tested for subsequent breakdowns at the desired test levels.
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No restriction is placed on the number of pre-selected points to be tested. However, air discharge to the test points which
allow direct contact ESD testing is not a requirement. The application of discharges to any point of the equipment that is
accessible only during maintenance is not required unless agreed upon by the manufacturer and the user.

8.6] “EAEHN” JEN  Escalation Strategy
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Experience has shown that during ESD testing, occasionally errors occur which can hardly be reproduced. To allow the
user a pass/fail judgment the following strategy is suggested:

A0 BAE R R I 25 2% FRARE 8 I oSk IR B, R B SOk B MEARE (&
B % 5L AT DO S AR R R ), AR A AT DIARIE AN FRURR R B A W K

If an error occurs at a particular test level at a particular test point and the operator expects this to be a random event
(note: the operator may declare any error as a "random" event), the operator may repeat the test at this point according to
the following procedure.
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If more than 1 error occurs in the first 50 discharges, the EUT fails the test at that test point and test level. The error is
considered to be caused by an ESD event
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If 1 error occurs in the first 50 discharges and the operator suspects this to be a random event, a second test is run at that
test point applying 100 new discharges. If no errors occur in this set of 100 discharges, the EUT passes the test at that test
point. If more than one error occurs in this set of 100 discharges, the EUT fails the test. If exactly 1 error occurs in this set
of 100 discharges, a third test is performed.
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The third test is to apply 200 new discharges at that test point. If no errors occur in this set of 200 discharges, the EUT
passes the test at that test point. If 1 or more errors occur in this set of 200 discharges, the EUT fails the test.

Annex D (Informative)

Test Set-up Guidance
D.1 Guidance
To ensure better reproducibility of the test results, the following considerations should be
made. The influence of these measures may be EUT dependent. It is for this reason that
this
information is not incorporated into the normative part of the standard.
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D.2 Cable layout
Cables that are connected to the EUT during the ESD test should be positioned 30 mm
above
the GRP or HCP to establish a transmission line with characteristic impedance of
approximately 150 Q. This characteristic impedance of the transmission-line will last until
twice the propagation delay of the cable over metal plane, typically 3,3 ns/m in free space
(CO
= 3.108 m/s). Considering the rise time of the discharge wave shape (0,7 — 1 ns rise time
with
a decay time of about 3 times the rise time results in 4 ns total discharge time) physical
lengths of 0,7 m (2 times 0,7. 3,3 ns/m) will be sufficient to satisfy this requirement.
Meeting this cable geometry for all cables connected to the EUT during the test will
enhance
reproducibility of test results.
D.3 Cable termination
When the geometrical requirements of D2 for the cable layout are met, the cable currents
resulting from the initial discharge will be stabilised. However, additional test set-up
measures



may be needed to stabilise effects from the bulk current that arrives after the initial
discharge.

These effects may be stabilised by terminating cables dropped from the HCP to the GRP at
the point where each cable reaches the GRP. A short circuit to the GRP or termination with
a

coupling/decoupling network (CDN) according to IEC 61000-4-6, representing a common
mode impedance of 150 €, may be used for this purpose.

NOTE: The common-mode termination will only affect EUTs that are sensitive to the bulk
discharge current rather

than the initial discharge current.

In case the CDNSs are not used, all cables connected to the EUT could be short-circuited to
the GRP from the high-frequency point of view. In this case, the length of all cables should
be

at least 1,5 m (= sum of cable length on the table plus the table height). For the purpose of
common-mode termination CLC-filters should be used rather than LCL-filter types.
Although

the length of the cable(s) does NOT account for proper characteristic transmission-line
impedance at 30 ns (2 times 1,5. 3,3 ns/m = 10 ns), measurements have proven that with
table-top equipment this way of termination is the most suitable alternative.

NOTE: When the cables are left open (in common-mode) at the end, reflections, i.e.
resonances, will occur on the

cables that may affect the EUT adversely. This condition should be avoided.

In case loaded CDNs are used, both with table-top as with floor standing equipment, the
length of the cables connected becomes irrelevant as the transmission-line impedance
established geometrically will be terminated resistively. Under this common-mode
terminated

condition, the CDNSs can be located close to the EUT.

D.4 ESD generator orientation

As defined in the main part of the document, the ESD generator shall be held perpendicular
to

the (large) EUT and/or GRP or HCP that is near to the ESD generator as the waveshape
characteristics of the ESD generator are specified accordingly during calibration. Putting
the

ESD generator under a small angle (< 70 degrees, figure D1) to the EUT, HCP and/or GRP
at

close distance will influence the stray capacitance between the ESD generator and its
environment substantially. Accordingly the waveshape and initial peak current will be
affected.

D.4.1 Testing small table-top equipment.



The test set-up will be as defined in clause 7.1.1. However, when applying the direct
discharge to a small EUT (maximum dimension 0,2 m), the EUT can be put at maximum
in 6

orthogonal orientations with respect to the HCP. The EUT shall be positioned at least 0,1
m

from the edge of the HCP. To ensure that the ESD generator will deliver the correct
discharge

current waveshape to the EUT, the ESD generator’s discharge electrode has to remain
perpendicular to the surface of the HCP under all test conditions.

It is never allowed to put the ESD generator’s discharge electrode in parallel to the HCP at
close distance and move the EUT towards the tip such that a discharge can take place to
the

EUT.

For EUT with dimensions over 0,15 m, it will depend on the size of the ESD generator
whether it can be held perpendicular to the surface of the EUT. In case the ESD generator
cannot be held away from the HCP by at least 0,1 m, the orientation of the ESD generator
shall remain perpendicular to the HCP surface during the test.

1< 200 when height above HCP

1s less than 0,1m

>0,I m

>0,l m

HCP Insulation material, d = 0,03 m

L, W, HEUT <0,2 m

Cable(s)

>0,6 m>0,1 m

Edge of HCP

0,03 m

Figure D.1 - ESD generator orientations when testing small products

The accessible point(s) of the EUT can only be touched under certain EUT orientations
only.

No test should be carried to these accessible points when they cannot be reached without
fulfilling the requirements as indicated above.
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