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Measurement of transient electric-fields emitted from ESD in spherical
electrodes by using broadband optical electric-field sensor

Shinobu ISHIGAMI™ Ken KAWAMATA " Shigeki MINEGISHI " and Osamu FUJTWARA *

T Faculty of Engineering, Tohoku Gakuin University 1-13-1 Chuo, Tagajo, Miyagi 985-8537 Japan
1 Center for Industrial and Governmental Relations, University of Electro-Communications 1-5-1 Chofugaoka, Chofu,
Tokyo 182-8585 Japan

E-mail: T {shinobu, kawamata, smine}@mail.tohoku-gakuin.ac.jp, I fujiwara@nitech.ac.jp

Abstract A fast-transient electromagnetic field is emitted by an electrostatic discharge (ESD) event. The field caused by
an ESD often gives a serious impact on electric/electronic equipment/facilities. Especially, a micro-gap discharge below 1 kV
produces broadband electromagnetic noises of which frequency is more than several gigahertz. Therefore, we investigate an
emission mechanism of transient electromagnetic fields due to the ESD event by using spherical electrodes. In this paper, the
electric-field waveforms were measured using an optical electric-field sensor to elucidate the mechanism of the ESD event. As
a result, we concluded that the measured electric field represent a feature of as including a quasi-static field, an inductive field,
and a radiation field. It was confirmed that the mechanism of electromagnetic emission caused by the ESD in spherical

electrodes could be explained as a dipole-radiation model.

Keyword electrostatic discharge (ESD), transient electromagnetic field, optical electric-field sensor, quasi-static field,
induction field, radiation field



LHEAERE Y ERA:
EMBEESDIC L4 @EERDATE

MEASUREMENT OF TRANSIENT ELECTRIC-FIELDS
EMITTED FROM ESD IN SPHERICAL ELECTRODES
BY USING BROADBAND OPTICAL ELECTRIC-FIELD SENSOR

at BN E - fEFRE EIEFRAF)
BR 18 (BRBEXF)

PEMEHIZ &
201947190 BHRIFEAHE
ROLFRAE

TAPANEFRBEDASA=TLAU N LRERE

VAT LRESLNILOIEEREL AL AEBHEE DR EE

T ERREOEREL S PTUMERIZHS

ROV IEEDEEEL

E A

00110011
00110011
00111011 =»-+=0
00110011

A2 1L A '

/AR

EBEETN\ARAERBHELE:  VIEVITIELRY
TADRIVEFHE RIERYETIE

mm) ESOGLISERTHA L RIERMIEEISHT BED(
52 T AERERT B, JAXDEANSEERLEETD
AN=XLEERIBET SR ENHS

ESDIZ& A B EBRSTDEMCET ILIE

ESDICKDZBH BRI DAN_XLLBIRESR

DB EROBUAE~QREEROBERE Hid—
QHE#EHM-OREERORBE RO ERE T

¥

WEEBORBETILELTOBREBRERALT, REIC
KM ERHEDERBRHICOWTAIELT-.
(D?h—)?yv‘-i—{:,):éiiﬁ%mﬁi&ﬁz

QEfEE ﬁb\eﬁﬁeﬁ«m,&ﬁ,mﬁﬁﬁﬁ%ﬁ

ESDICHI A /NILAMERHR /A XD FEE

- FEEMA L DIEfPE 2 ESD (BHERME) M
TINAREE E#@'ELLE — xa
IR ERF D A RAT

ESDOBEZESL T ICRUEMNDEH

i
| R LA DO BHEE RS |

EERONEERRZ LT NS RICAYRD EEE/ (X
EBESOEEICKYBRDDOEBICHEERA #aM/(4X
EEHS OGEBRETERREL TRBICHRS MEt/ 41X

EMCOEm ML ELDBRENEIMLATNTND

240X vy TESDICK DM EHIRD
HEM

BEOVEEICLSMEDH BT ORREES
NERTHLAILLFL MM DRFEICR 5

BaNbhHD ZERBHD

BFIZIKVUL T OREIC FFICIKVA T OREIC
5 $B AR 0O B I BETHDIIL £
FIICE T2 EMNEE L 7YY BRI 30psEA T

8OMV/mlIiET 2 l 12GHz E 2 $ L35

KV TFDIA2Ax vy ESDIZEBL. WE/\S5A—4
(MBEX - BIBY A X) L EMEMETH DL TRES

Digital Oscilloscope
(Tektronix: DPO72004B, 20 GHz, 50 GS/s)

*— Coaxial line
Attenuator 10 dB

Double Ridged
Guide Horn Antenna
(ETS3155,1-18 GHz) Distisics

(1m)
Spherical Electrodes

(Five types) ° °

High resistance EtEREEZ30mm
iines (30kD) —f———|

High resistance
(50 kQ) !.

High Voltage D.C. Power Supply
(HAMAMATSU : C3350,0-3kV)

1-18 GHz BHLK ST DRERD AT L




BHIRORATEEFZEEEREO

peak to peakf Til3E (A83HE)

200 ps/div.
500 mV/div.

IbEAY LAY

—®

B

Feed Poi

—o

Spherical Electrode  Horn Antenna

MRIo—J

A;/QW;H

HEER B

AEMPO001 (10MHz-18GHz)

BHE:2.5mm><0.7mm \

EDFTAZNLBROTS EDVICLY
ADFY A7IIERO TS THYICLY

MAITO—JICKLHERK

1= S o CRETE N - BRIR D ARl

s [E R 245 (30mmEEAE, 400V)

BRI NE

2.1:

0.5 Vidiv. 400 ps/div.
A

HHER

- h A BERI#936ps, 1/ UL AER OB ERRI#100ps
ZIEEE RO MO EFIAD, L REEFL—

iz D B E
EIE600V)

0.5 Vidiv. 400 ps/div.

E —Field Sensor DC Power supply

(SEIKOH GIKEN : C3-1055 with CS-1210,

i

it |

100 kHz-10 GHz) \

Distance : 25 mm

Distance : 30 mm

= = -

VAN A
[V e B W S P ANV
e T T
| FarField |[ NearField |[ very Near Field el '
Spherical Electrode bl fEvs) §

0.5 Vidiv. 400 ps/dw.

Distance : 70 mm

Distance : 250 mm

0.15 V/div. 400 ps/div.

BEEZE30mm, TEBE500V

FER U FICLHERKAAE

BREDRERE

9 10
‘ 05 Vidiv. 400 psidiv. o (t ) TEM el
| 1 E@= { J- ¢ (IA )dt + X ( ) c[ﬂrA } Signal Preamplifier Directional (]):P]‘,“i“l‘ T 'I(';rﬂmi}r]mw)r
— genror | Avensor ool £ =
x =
Li=t—— Vertical
[ | c £ feld
e P ey s
- e analyser
LA HADOAIZHNT, i ||
: “W ST EUE EHEREERD, BHO3EIZRK L
FER BEROBELZILOBEIES, THhbMEIS TEMEJLIZEI AL DBRE. B = Zo P
I &5 HEREIHHI BISRETLORFE;  £,-7
i)
= 2R FRERERE, BEHO2RICRILA, TEMEIMZA NSNS ERDBAP,, P, -Py, P,

0.5 Vidiv. 400 psidiv.

BROBEELIZHAE

HIE ST ERERL, IEHICRILH],
BEROEEL L DEREH 125

i\ ToTHREF Fy=20lo

\

o [\
%? J MEAMEEHRD
S FAR—ILETIL

Distance : 250 mm

0.15 V/div. 400 ps/div.

—201 Zyb,.,
og, | ¥E0Tret
| - 210 Vod

TEMEILZRW=ERtE YD
ToTHRERIERE



Electric Field [V/m]

100.0

——AF [dB/m] |1

90.0

80.0

70.0

AF [dB/m]

NI

60.0

50.0

40.0

0.01 0.1 1 10

Frequency [MHz]

FRALEABEREYOT7UTHER

100 1000

3

MEN)TIE, s>t THUT!

10000 niEE

ZEGy
=HE
=HE O AEFIER
S, HED MEEFRL
T, BEXREO TS
EOGREHEEZ 2L,
EiE30mmE B TE=1573
ps&HETE (L)

[~

1000

LAEms, prstFo fBst
[d x>c=47mm CBE

100

10 ATESDSOIERE=F147Tmm 100 1000

Distance x [mm]
EWEFEI0Mm, FEEEE500V

HENZEANDE—VEFIENEL

‘B (ESD) IZff D BIFEHA L ASREE B ERSREE. 39,2, pp 48-53 2015)
MREEESD 1o fE D 0 27 U RIS BB DB IR AR <2 boLe,
FEA. Vol135, no.5, pp.265-270 (2015)

0.5 Vidiv. 400 ps/div. 0.5 Vidiv. 400 ps/div.

e

¥ —2{l:4.5kVim

Distance : 25 mm ™
L 1

A

s

[ =g 4.50vm

et

l Distance : 30 mm

A\ | ‘ il
\ T ) \ A
v

~ ™

' —2{i: 1.2kV/m ’—-\,

Distance : 250 mm

I
I
l
J

0.15 V/div. 400 ps/div.

E—f@:35kVim

Distance : 70 mm 0.5 Vidiv. 400 ps/div.

EWBEE30Mm, TEEES00V
BREEDE —V1E 7574570 566d8759r w2
14

FED

BREMOLEFHEAER L HERANT, HEEI /0% vy

JESDIZ&2BEBFRRMEDREET 1.

(N BENSOEMISKY, BEETHER KR, EHETEFER KR, I
EA TSR ERAOE LTS,

(2)ZOZAL D, ESDI=kBHERMSTE, CNETOBELEYS K-
EFADSDHHFAN=ZLTHLEEZ NS,

(B RLALITONTIE, ChETOEROERHERLOERNRLN, st
ILAVEDERE, SHBHOBENHS.

B ABREUYOERICELT,
RBIBFARKICES#O-LET.



MALNEN BT EREETER BB
THE INSTITUTE OF ELECTRONICS, IEICE Technical Report
INFORMATION AND COMMUNICATION ENGINEERS PEM2019-2 (2019-7)

(K fEGEE ] R REELBIN 2 W= m Bk ER '
DE%E & EMC A% v F~D A

B FERT BAR

TRk H R PESE AT > 7 — T 010-1623 FKH HTH BRI T 0% 4-21
TRKH T3 @S M7 TO011-8511 Fk B LK H i s SO T 1-1
E-mail: T kurosawa@ait.pref.akita.jp, I komakine@ akita-nct.ac.jp

HHOEL FEEEEMNPICHE L8R 0 OBELE 2 AT L CEHICRESE, Zha%2(E L CHELRAL
EOBENBEZWET H, HEREBELENZ AW mEEER e P2FB L. Ty R—T N ~=0 AR %
WELIRICHYY, 1-18 GHz O JE I 454t CEMRFHAZ AlRE L Uiz, £/, Bk~ A 2702 N v 7T A Ourts
AEHAICIE, 2 GHz IZB W CEENK OIRIER KOO A 25 C& 7. Zo' %% EMC /A X AFX ¥ T2
L, BT D4E U5 ERHERT 2 a5 D 7 & CRMERTRE S Lz, TR AE > hA —HF R v b
TR IEAR O FER A AL, BB K0 SRR s Z LA 60 E L.

F—U— K ERFHA, ZPHGL, FEARBELER, SR, EREREL W N

[Invited Lecture] Development of High Frequency Electric Field Sensor
with Optically Modulated Scattering Technique
and its Application to EMC Noise Scanner
Takahiro KUROSAWA" and Takashi KOMAKINE*

T Akita Industrial Technology Center, 4-21 Sanuki, Araya, Akita, 010-1623, Japan
I National Institute of Technology, Akita College, 1-1 Iijima-Bunkyo-cho, Akita, 011-8511, Japan
E-mail: T kurosawa@ait.pref.akita.jp, }komakine@ akita-nct.ac.jp

Abstract Electric field measurement sensor based on the modulated scattering technique with optically modulated
scatterer had developed. The scattered wave by the semiconductor scatterer was modulated with the light which has higher
energy than the band-gap energy of the semiconductor. By using germanium disk as the scatterer, microwave field could be
detected in the frequency range of 1-18 GHz. On near field measurements, distribution of the in-plane field component on the
microstrip line and the patch antenna could be measured. This sensor was adopted to the EMC scanner, which could measure
the microwave electric field distribution on electric equipment. Measurement of the field distribution on the giga-bit ethernet
switching hub was demonstrated.

Keywords electric field measurement, modulated scattering, semiconductor scatterer, microwave filed, EMC scanner
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Calibration of Optical Electric-Field Probe in Liquid Phantom Using Sheathed
Dipole Antenna

Jerdvisanop CHAKAROTHAI" Nozomu ISHII"-*  Kanako WAKE® Katsumi FUJII
and Soichi WATANABE*

T National Institute of Information and Communications Technology,
4-2-1 Nukui-Kitamachi, Koganei, Tokyo, 184-8795 Japan
I Faculty of Engineering, Niigata University, 8050, Ikarashi 2-nocho, Nishi-ku, Niigata, 950-2181 Japan
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Abstract In order to check compliance for MHz-band wireless power transfer systems, we have proposed a calibration
method for electric-field probe immersed inside a liquid phantom simulating a biological tissue by using a sheathed dipole
antenna. We use the proposed method to determine the distance characteristics of transmitting antenna factor of the sheathed
dipole antenna by using two-antenna method via the power transmission formula and, then, estimate the distance characteristics
of average electric-field strength created by the sheathed dipole antenna in the liquid phantom. In this paper, we construct a
calibration system for an opto-electric probe immersed inside the liquid phantom with a concentration of 0.074 mol/l and
calculate the conversion factor for the probe at 100 kHz and 6.8 MHz.
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