ESD Introduction
Basic Standard : IEC 61000-4-2
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e MIL-STD-883C 4 %3z 7 #c3% (Human-Body
Model, HBM)

e EIAJ-IC-121 #5 E 2% 7 -5 (Machine Mode],
MM)

 ESDA/JEDEC— & = 7 f3-3' (Charged-Device
Model, CDM)

e |EC 61000-4-2 System Level &3P 35 Hi- 7"



|IEC 61000-4-2
e [EC61000-4-2 % % %A S nE L .

*RFETE
— typical waveform of the discharge current;
— range of test levels;
— test equipment; (150 pF & 330 Q)
— test setup;
— test procedure;
— calibration procedure;

— measurement uncertainty.
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Contact discharge current parameters

| First peak Rise time 7 Current | Current

Indicated | current of discharge (+25 %) (£30%) | (£30 %)

Level | voltage 15 % , at30ns | at60ns
kV A A A
1 2 13 0,6 ] 2
) 4 19 0,6 b 4
3 i 22,5 0,6 12 i
] 8 30 0,6 16 i

The reference point for measuring the time for the current at 30 ns and 60 ns 1s the instant when the current
first reaches 10 % of the

NOTE The rise time, #, is the time interval between 10 % and 90 % value of 1% peak current.

peak of the discharge current,




IEC 61000-4-2 test level

Contact Discharge Air Discharge
Level Test Voltage kV Level Test Voltage kV
1 2 1 2
2 4 2 4
3 6 3 8
4 8 4 15
X et Special G Special

Nores

1. %" is an open level. The level has to be specified in the dedicated equipment specification. If higher voltages than
those are specified, special test equipment may be required.




HBM versus IEC 61000-4-2

$The MIL-STD-883 HEM N

specifies current rise time % T
IS 25 ns. zs R B

.............................................................

IEC61000-4-2;

> The IEC ESD pulse rise ,_ﬂ

time has to less than 1 ns.

»ESD energy of IEC
61000-4-2 is large than ~ *

. HBM; 8kV

""""""""""""""""""""""""""""

-------------------------------------------

HBM ESD model

.....................................
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HBM versus [EC 61000-4-2

Peak current of HBM vs. IEC 61000-4-2 Standards

Applied Voltage (kV) Peak Current (A) Peak Current (A)
Human Body Model IEC 61000-4-2
2 1.33 7.5
4 267 15.0
: 4 .00 225
| 8 5.33 300
10 6.67 375

The Amount of Current Released During a Strike
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Typical posltion for direct

N
~ dischange i EUT
Power supply \ ‘ |

Typleal postion for Indirect
dischargs to HCP

Insuiatin Typical position for Indrect
suppart 9 dischange o VCP

Harizontal couping plane
{HCP} 1.6 m < D.EM

Protective conductor

/

Nor-conducing tabd

MG DoonE

Protective conductor

/ Typical positian for
diract dischargs

Indirect dischangs by VCP
(including VCP camier)

Typical posttion for Indirect
/ discharge o VCR

IEC Zrobd
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Afid e 1 AR (EUT)

Optional external batteny/charger

-
Horizontal coupling plans
(HCP) 1.6 m=0,8m Powe i
supply | Optional ungrounded power cable
\ | |
| |
|

Indirect discharge
by VCP
Insulating support

Typical position fior ndirect
discharge to VCP
|
| |
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0.1m | | | conducior
. « 0, | - |
. ‘ i - / +
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Mon-conducting table

round reference
plane (GRP)

EC 22100

Example of a test setup for ungrounded table-top equipment
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ESD/BIzATR B 15 2

e — Ambient temperature: 15 'C to 35 C;
e — Relative humidity: 30 % to 60 %;

e — Atmospheric pressure: 86 kPa (860 mbar) to
106 kPa (1 060 mbar).
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Test Method

* Direct application of discharges

Contact discharge & Air discharge

— Contact discharge: ¥t4% (T 0+ ¥ jf 2 chg 3
FRPEE; 3R TR T +4kV( ®F AR

— Air dlscharge ;Hﬁ‘f /F AR 2V ezt &
IR AT B R T +8kV(l’§ * 8mm fﬁ] EC;F:
= *3—%3& SRR Jfﬁ ) ﬁ\

_ > R GE N briE S 5N d 25%, 50%, 75%, 1 3
100% w AR,




Indirect discharge( ¥ £ 7 )

* Indirect application of the discharge
Vertical coupling plane (VCP#-% %)

Horizontal coupling plane (HCP-K T &)
o Xpd fME > N2 £ FE KT 4R i 10cm §E
e o



Selection of test points
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EUT reaction to ESD testing
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ESD protection
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Differential mode Common mode




TVS protection

power p lane
\ * \*\local transzorb \
O L H C?
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(a) j,_, 0V plane (b) l
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TVS application
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P E s ot ““4usec 120Hz
e AR w112V, F

. 120Hz
: —
;
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— — »

e 120Hz=0.0083 sec;

o BT & Pp=11.2Vx25A=280W;

o LDy X LM EH FEWNIT REREERIF okl
Pave =280x(4us/0.0083s)=0.1349 W



System level ESD [# +#]
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Path of discharge
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System level ESD [# +#]

27



Summary
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» Categories of uncertainty
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Measurement Uncertainty of ESD

o THIEP T HRNTLE PR BN FRFEKE
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e Type A: £ P ﬁzﬁ:a‘jy; .~ ESD3xF ¥ > » ~ ESDx
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 Type B : mismatch chain — oscilloscope, target-
attenuator-cable chain; calibration of target,
oscilloscope, attenuator; static voltage; reading of
peak value ;reading of 10 % level; reading of 90 %
level; reading of time at 30 ns and 60 ns;

Eg



Measurement Uncertainty of ESD

e 223 |EC 61000-4-2 Annex E;
E.2 Categories of uncertainty, and
E.4 Calculation of type B uncertainty



Measurement uncertainty of ESD

» The following MU are recommended for
aboratories which perform calibrations:

e RisetimetrMU<15%

e PeakcurrentlpMU<7 %
e Currentat30ns MU <7 %
e Currentat60ns MU <7 %
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