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IEC 61000-4-2 ESD E&d.2.0 2008
Immunity to the discharge of electrostatic
electricity

Accelonix EMC workshop 17-9-2019
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Electrostatic Discharge (ESD)

. ESD is the most common EMC test performed.
ESD is a good starting point.

. The setup is not complex and is very economical

. The application of the actual standards gives good results.
A product tested according the ESD standards will have a high immunity to the ESD in the ,real world*

Note: The methodology and the levels defined by the standards exceed the conditions met in the ,real world*
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(Electrostatic Discharge (ESD)
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Electrostatic voltages

K Guideline for the selection of the test levels
UkV] & .
1
16 : Class rel humidity Antistatic Synthetic max. voltage
15 1 al low as material material [kV]
14 : %
1 35 X 2
13 2 10 X 4
12 3 50 X 8
11 4 10 X 15
10 synthetic
9
8
7 Means of Generation 10-25% RH 65-90% RH
6 woll Walking across carpet 35'000 V 1'500V
1
5 ' ] ] Walking across vinyl tile 12'000V 250V
g' . ! antistatic  \yorker at bench 6'000 V 100V
5 i ) Poly bag picked up from 20'000 V 1'200V
1 i : bench
: : »  Chair with urethane foam 18000 V 1'500 V
1 1

15% 35%
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Body discharge of human being

Discharging by a metallic tool
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Simplified diagram of ESD-Simulators

/ \’—'—|:|—’—-—'—/ﬂ—|—o Discharge tip

Charge SWItCh

DC

HY

supply

\_/

Discharge switch

O connection

NOTE 1 Cy is a distributed capacitance which exists between the generator and its surroundings.

NOTE 2 Cy + Cg has a typical value of 150 pF.

NOTE 3 Ry has a typical value of 330 Q.
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Figure 1 — Simplified diagram of the ESD generator

Discharge return
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Modes of discharges
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Test Levels

. For air discharge all test levels up to requirement have to be tested.

. For contact discharge only the specified test levels have to be tested (however,

we recommend to continue testing as for air discharge).

Maximum 1 discharge per second

min. 10 discharges with stronger polarity

Level Air discharge Contact discharge
1 2 kv 2 kv
2 4 kv 4 kv
3 8 kv 6 kV
4 15 kv 8 kV
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Specification contact discharges :

According to EN 61000-4-2:2009

current [A]

ID TEK/SCD5000,V81.1,DIG/2.0,DSY/3.00

V1=1.567v
V2=783mv.

1= 31311208
2= 61.4481ns

dv=-784mv
dt= 30.1370ns

10
\ “ Fr\f»v/
5 |
lso g ]
7 10 20 30 40 50 60 70 80 90 100 Recten= 12 pt
=y time [ns] e
Indicated First peak Rise time ¢, Current Current
Level voltage current of discharge | with discharge switch at 30ns at 60ns
[kV] [ns] [A] [A]
(= 15%) (+ 25%) (= 30%) (= 30%)
1 2 7:5 0.8 4 2
2 4 15 0.8 8 4
3 6 225 0.8 12 6
4 8 30 0.8 16 8

The reference point for measuring the time for the current at 30ns and 60ns is the instant when
the current reaches 10% of the 1* peak of the discharge current.

NOTE: The rise time t, is the interval between 10% and 90% value of the 1* peak current.
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ESD waveform verification

Tools needed

- DSO with a bandwidth of at least 2GHz
- Faraday cage

- Pellegrini target

At voltage levels +/- 2kV, +/- 4kV, +/- 6kV, +/- 8KV :

Four parameters need to be measured at each voltage level:
- Initial peak current
- Rise time between 10% and 90% of the initial peak
- Current value at 30ns
- Current value at 60ns

The time domain for the initial peak and rise time measurement is recommended to be set to 1ns/Div.
For the current measurement at 30nS and 60ns a setting of 10ns/Div is recommended as being appropriate
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ESD waveform verification

o lT CTR2 Aacaior Oscilloscope

SMA 20d8 v

{20 lv1 500 l "

......... o
For example:

A discharge current of 7.5A will give a voltage reading of 1.5V on the DSO

lo_ce_loui.x
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Set-up for calibration of ESD pulses
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| EsD | c;‘;fgtr:f]m i Shielded
| generator | ! enciosure
| perpendicular | ! far the
S ! 1 I oscilloscope
.| | Current target and .
i | Current targe ! connacting Pellegrini target
! ! cables —
1 —~ ]
=0, ! | .
i e Measuring 20hm +5%
| Resistor
] .
0,5m I Design As per |IEC 61000-4-2, Ed.2:2008
Ground strap pulled | Mains filter and EN 61000-4-2:2009
backwards at ! Output Coaxial SMA Connector
its midpoint - } -
i Attenuator An additional attenuator must be
I connected to the output of the CTR 2
depending on the input capability of
Mains cord the oscilloscope.
Insertion loss +0.5dB up to 1 GHz and
+1.2dB up to 4GHz
MNOTE 1 The generator should be installed on a tripod or equivalent non metal low loss support. This must always be measured as a
NOTE 2 The generator should be powsrad in the same way as it will be used during test. "Target-Attenuator-Cable" chain.
The target itself must not be
MOTE 3 A reversed setup compared to Figure B.S can also be used. measured.
ESD testvoltage  +30kV
Dimensions 70mm (diameter) x 30mm
Weight Approx. 400g
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Set-up for the calibration of ESD pulses

Please observe that the ground return cable shall be pulled backwards at its mid
point to form a large loop.

This is of high importance as the ground return cable may heavily influence the
ESD pulses, especially at the measuring point at 30ns and 60ns.

If this fact is not properly observed you may see oscillations on the scope
disturbing the pulse characteristic

decelorix
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Summary of the essential changes from previous Ed.1.0

Amendment limit deviations for the waveform of the current pulse:

« first discharge current peak +/-15%

* rise time: 0.8ns +/-25%
For calibration each single pulse must meet the waveform specification.
Distance test set-up to walls or other metallic parts: >0.8m

Ground return line can be connected on the metallic wall of the laboratory,
if this is extensively connected with the reference ground surface.

2m ground return line is not allowed to hold in the hand.
Figures were changed, also the VCP has been included at floor-standing devices
The use of an air ionizer is not allowed.

At contact discharge it is not a must to test each test level individually up to the
demanded level, this only applies to air discharge.
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Test set-up for table top devices according IEC 61000-4-2

Optional external battery/charger
|

Horizontal coupling plane ‘I
|

(HGP) 1,6 m x 0.8 m Powst |
supply Optional ungrounded power cable
| 7
|
I

Indirect discharge
by VCP

Typical pesition for indirect

discharge to VCP II ‘I ‘,\nsulatmg support

Protective
conductor

Cable with bleeder resistors
for EUT discharge

Insulating support

Typical position for direct
discharge to EUT

\Typ\cal position for
indirect discharge
to HCP

Ground reference

|
plane (GRP) j 470 ke
Non-conducting table

f
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Test set-up ESD according to EN61000-4-2

— Vertical coupling
plane (VCP)

isolated
support

Test table with horizontal
coupling plane (HCP)

Set of grounding resistors
of 2x470 kOhm each

ESD gu with
grounding of 2m length

Grounding of
reference plane

‘mlonix Reference ground plane



emtest TISEO

Test set-up and test execution

. The horizontal coupling plane (HCP) must have a size of (1.6 +0,2)m x (0.8 £0,2)m.

. The HCP is 0.8m above the ground plane (GRP) on an non-metallic table and is connected
via 2 x 470 kQ to the GRP.

. The ground plane (GRP) shall project beyond the EUT or the dimensions of the HCP by at least 0.5m and shall be
connected to the protective grounding system.

. The HCP shall project beyond the EUT including connection lines by at least 10 cm to all sides.
. The EUT table has to provide a distance of >0.8m to any other conducting structures.
. The EUT and cables shall be isolated from the coupling plane by an insulating support (0,5 £0,05)mm thick.

. The grounding ratio of the EUT shall be according to the real ratio, i.e. if the EUT is additionally grounded in practice,
then this has to be considered as well in the test set-up. Attention, but not at HCP!

. The return cable of the test gun or discharge circuit respectively has to be connected with the GRP and has to be
leaded in a distance of 20.2m to the EUT and its lines while discharging.

. The tester is not allowed to hold the return cable in the hand.
. The test gun is kept in a 90° angle to the discharge point. If this is not possible, it has to be stated into the test report.

Accela‘n.ix
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Direct discharge as contact discharge
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Indirect discharge on HCP
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Indirect discharge on VCP
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Test points according to EN 61000-4-2

DII‘GCt dISChal'ge %\ Position for direct
Power supply discharge to EUT
All accessible points (touchable by user) ‘

/ Position for indirect
Housing: edges, angles, surfaces, slots, sl R b
indicator parts

support 0.5mm
Operating parts: switches, buttons, plugs,
etc.

Interfaces with metallic housing:
only contact discharge on plug housing

Interfaces with isolated housing:
only air discharge on plug housing

In certain cases product standards can
request the discharge on pins

Indirect discharge

Edge of vertical coupling plane, VCP with 10 cm
distance to each EUT side.

Edge of horizontal coupling plane, EUT with each side
with 10 cm distance to the discharge point.

i

Position for indirect
discharge to HCP Horizontal coupling plane

HCP) 1.6m x 0.8m

Wooden table h=0.8
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Test procedure for ungrounded devices

* Problem:
— A prior loaded test point cannot discharge itself completely.

* Consequences:
— Cascading of test voltage (over-tested)

— Too low discharge current (under-tested)
— Non-reproducible behavior of EUT

* Remedy:
— Removing load before next discharge:

— Fixing an discharge connection (2 x 470kQ) on supply
point (see figure right hand)

— Discharging manually with carbon fiber brush in line with
discharge connection (2 x 470kQ)

— Increasing time between discharges!?!

— According to the new standard it is not allowed to use an
ionisator

‘ccelo?_&%

\ [ Optional ungrounded power cabl
| i

Insulating support
I

Protectiv
conductc

Cable with bleeder resistors
for EUT discharge

Insulating support

[ 0,1m
Typical position for direct
discharge to EUT

(3]
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Test set-up for ungrounded floor standing devices

Protective conductor

Vertical Coupling Plane
(VCP)

Indirect discharge
to VCP

Power cable

Signal cable

Ground reference
plane (GRP)

supply

‘mla-n.i.x
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Test set-up for floor-standing devices, post installation

Indirect discharge by VCP
{including VCF canri

Protective conductor

Typical position for direct
discharge to EUT

cccccc
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Test set-up for floor-standing devices, post installation

For informative testing:

If you want to strengthen the ESD noise current, connect the reference
ground plane or the Ground return line direct to the EUT housing.
Depending on the ground point, certain coupling paths could be
simulated.

Amlo-n.i.x
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Summary electrostatic discharge ESD

* Interference source:

Static charging by load separation due to friction of badly conductive materials. When
approaching variably charged elements the interfering charge exchange happens.

 Parameter:

Sploradic, pulse-shaped, high-energy, high-frequency, broadband disturbancies arise as single
pulses

St?(ndard: Rise times in ns range with amplitudes of 2kV, 4kV, 6kV, 8kV, 12kV, 15kV, 20kV,
25kV.

Practise: Amplitudes of several 10kV.

* Impact:
Impact of signal in data processing fields (Logic error and its consequences).
Impact of analogue signals and controls.
Destruction of semiconductors.
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ESD Simulators

Current ESD simulators from the AMETEK CTS product lines

/v emtest

dito NX30 NX30.1

T3SEO
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NSG 435 NSG 437 NSG 438 NSG 439
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Thank you!

Accelonix B.V.
Luchthavenweg 18-b
5657 EB Eindhoven
T: +31 40 750 1650
E: sales@accelonix.nl
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