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Experimental Verification to Elucidate Applicable Range of

Spark-Resistance Formulae

Yoshinori TAKA”

Abstract —In order to produce the new international standard for ESD (electrostatic

discharge) immunity test, it must be studied the characteristics of air discharge (spark)

phenomena. In this study, to elucidate the characteristics of spark discharge, especially to

verify the applicable range of spark-resistance formulae proposed by Rompe-Weizel and

Toepler, measurement system for the spark current waveform and spark length was

developed. In this paper, spark voltage waveform and spark length was derived and measured

at charge voltages from 300 V to 7000 V, these result was compared with calculated them

from Rompe-Weizel’s and Toepler’s spark resistance formulae. As a result, it was found that

Rompe-Weizel’s formula was applicable to calculate spark voltage waveform at the charge

voltage from 300 V to 7000 V.
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Digital oscilloscope
(Band width : 2.5 GHz)
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50-Q2 coaxial cable
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Micro motion stage

Fig.1 Measurement system for spark current and
spark length.
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Fig.2 Equivalent circuit for spark current.
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Fig.3 Measured spark current waveform and the Fig.4 Measured spark current waveform and the
corresponding spark voltages at a charge voltage of 300 corresponding spark voltages at a charge voltage of 700 V.
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Fig.5 Measured spark current waveform and the Fig.6 Measured spark current waveform and the
corresponding spark voltages at a charge voltage of 3000 V. corresponding spark voltages at a charge voltage of 7000 V.
%. 7272, 1000 VEL FCIEAAEREH100 umbL F & 72
0, FEHETHROBBIKE < 125720 —HHC 10000 g
Rompe-Weizel I3 C& 5 & IIWIETE 720, A = Rompe-Weizel .
FrR D FEBR CILEME IR Z L T b T, i% € 1000 o Toent o g!!
N /Y N ,, — T
i D[ 78 He BB B LT B ATREREAS 4012 £ e .
5. oto‘(ﬁ%éﬁt*ﬁ%&ﬁf@;@%ﬁﬁ“\f&zg 5 1 v
ThBb. £z, 7000 VELEOBEITBNTHAN E 6o "
ZETCHEHARBETHHMICONTHEHE LR ” o ©
RBLENDD. X
100 1000 10000
4., FL Charge voltage [V]
THVE TR ST 2 KAEHEH R o0 D 1
/31/ YCRELKS ﬁ)ﬁ’\é’ff 0, KAEBEEZRET 720 Fig.7 Spark length for charge voltages from 300 V
DR A B L, JIE LT KIEETRIEIE D 5 KAEE 07000 V.

R 28 M Lz, 24U L, Rompe-Weizel i35
& OToeplerfl| > & 2k & f:J‘(T‘ R A b L 71
Lz 5 Rompe -WeizelHl i’fﬂi@ EDFEBEIE
BODIZXHLT, ToeplerﬁlJ £132000 VU\J:O)
%%%EfiﬂkAoﬂ mmvuT®%%%
FEDRNZ LRI waﬂ&#%,lmmv



LU CIRAAEEDN00 umBL T & 72 0, B O

ROH S AT 5 72 D Rompe-Weizel I 3 5 9 &

WTBED & Z AWETE 2. A% FERMICEEL Y

Bt TH D, £72, 2000 VUL ETrxm#HiH]

DIEANZA D X HITHRZ DA, 7000 VELEIZBWT
BIME I DELSBRRDNER D S.

Bt BE

ARFFEIE B AR B D F[k27-29 4R ERE
Wz B4 GRER 5 : JSPS 15K05968) (2~
TBIRhbh-, ZZIEEHOEYFRT D,

ZE 3R
(1178508 - TRIESULFEESD OEMC (2B 540F
BN |, FEFEMA, Vol.132, No.5, pp.335-338 (2012-5)
[2]G. P. Fotis, I. F. Gonos, and 1. A. Stathopulos :
“ Measurement of the electric field radiated by
electrostatic discharges” , Measurement Science and
Technology, Vol.17, pp.1292-1298 (2006)
[3]R. Jobava, D. Pommerenke, D. Karkashadze, P.
Shubitidze, R. Zaridze, S. Frei, and M. Aidam :
“ Computer simulation of ESD from voluminous
objects compared to transient fields of humans” , IEEE
Trans. EMC, Vol.42, No.1, pp.54-65 (2001)
[4]G. Cerri, R. De Leo, and P. V. Mariani : “Theoretical
and experimental evaluation of electromagnetic fields
radiated by ESD” , Proc. 2001 IEEE EMC International
Symposium, Montreal, Canada, pp.1269-1272 (2001)
[5]0. Fujiwara : “An analytical approach to model
indirect effect caused by electrostatic discharge” , IEICE
Trans. COMMUN., Vol.E79-B, No.4, pp.483-489
(1996)
[6]IEC (International Electrotechnical Commission) :
“IEC 61000: Electromagnetic Compatibility (EMC) —
Part 4 : Testing and measurement techniques — Section2:
Electrostatic discharge immunity test”, Edition 1.2
(2001-4)
[7IEC (International Electrotechnical Commission),
“IEC 61000: Electromagnetic Compatibility (EMC) -
Part 4 : Testing and measurement techniques -
Section2: Electrostatic discharge immunity test, ~
Edition 2.0, Dec. (2008)
Bl BT - & AL - BRIE & : THFENENDLO
B REEZ T LI P B K D BRI D A ik
HIE ), BSEWA, Vol.126, No.9, pp.902-908 (2006-9)
OVIGE, #aFser, HER : 11,500VEL T OESD
(2 2 EIEEE DN Y R R OVE B E AT
JAZBS % SEBRAOGT ), BT IEBuR(E R R5EB,
Vol.J86-B, No.7, pp.1191-1198, 200347 H
[10]Yoshinori TAKA, Osamu FUJIWARA
“Verification of Spark-Resistance Formulae for
Micro-Gap ESD”, IEICE Trans, Commun., Vol.E93-B,
No.7, pp.1801-1806, July, 2010
[11] The Institute of Electrical Engineers of Japan (IEEJ),
“Handbook of Discharge”, Ohmsha Publishing Co.,
Ltd. pp.199-201 1995
[12] The Institute of Electrostatics Japan, “Handbook of

Electrostatics”, Ohmsha Publishing Co., Ltd. p.221 1994



