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Study on Influence of Electromagnetic Noise Radiated by Electrostatic
Discharge on Signal Transmission Lines of Electronic Equipments
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Abstract; Electronic equipments driven by microcomputer, which are commonly used for factory
automation (FA) and computer integrated manufacturing (CIM), are susceptible to electromag-
netic interference (EMI) due to electromagnetic noise, because their signal level is relatively low.
Malfunctions of an electronic equipment induced by electromagnetic noise sometimes bring about
industrial accidents and electrostatic discharge (ESD) is one of the main noise sources in indus-
try. For example, ESD from a charged worker gives malfunctions of an electronic equipment in
the vicinity. To prevent such accidents due to ESD, transient change of electric field, influence of
discharging gap length on noise spectrum and electromagnetic energy of noise radiated by ESD
have been studied by focusing mainly on ESD from a human body. On the other hand, typical
capacitance of a conductive charged matter in industry ranges from several to a few hundred pF.
Few are studied on the influence of capacitance of a charged matter on electromagnetic noise
radiated by ESD.

In this paper, the influence of capacitance of a conductive charged matter on the noise induced
by ESD was studied experimentally with special reference to the effect on signal transmission
lines of electronic equipments. A capacitive spark circuit was used as a model of ESD generation
and a loop antenna for magnetic field detection was used as a model of a signal transmission
line. The principal results obtained by this study are as follows;

(1) The rate of change of discharge current was maximum for the capacitance of less than 3pF
and the gap length of less or equal 0.5 mm.

(2) The peak-to-peak voltage of noise induced in the loop antenna, located 10 cm away from
an ESD source increased in proportion to the capacitance up to 1000 pF for the gap length of
0.5 and 2 mm.

(3) The peak-to-peak voltage induced in the loop antenna located 2m away from an ESD
source was maximum for the gap length of 0.3 mm and the capacitance of about 3 pF. This
result approximately coincided with that for the effect of the rate of change of discharge current.
(4) The dependence of the peak-to-peak voltage induced in the loop antenna located 2m away
from an ESD source on capacitance was small for the capacitance ranging from about 3 to 1000

pF.
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(5) The peak was observed on the spectrum of magnetic field measured at 2m away from an

ESD source, and the frequency which gave maximum magnetic field intensity decreased with the

square root of capacitance.

Keywords; Static electricity, Electrostatic discharge, Electromagnetic noise, Electromagnetic inter-

ference, Electromagnetic field
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Fig. 1 Schematic diagram of experimental setup.

XREEOHE

ST 3 (Fig. 1), RERBENOESRIER 2,
YT AT ERRRLR) NS TIEHNTSE
Bowy F (B 10 mm) LBF—-724HL, &
Boy FEBlT—7DA 5275 XIZLCR 4 —
Z (ba—Vyw b¥y b —F, 4332A B) THIEL
7282502 pH Thotz, RBICEMEROER
INHEFEBEe Yy F (H&Z 10 mm, £ 8 cm)
12, FHEHK 50 cm X 50 cm X 3 mm) O
LIZEVT S O (R 25 mm) 277
NI E > THRFSI N, REEERMES O mm D
L&, BMEROREMIZFRET LY 20 mm L
FITMET 2, IV Fr DB EZRANF -k
fici3, FREIED Ro (1000MQ) 24 LTHEREIN
LERSEEERZERALL, 307 HIcEES
NEBELANXT—IREER—EMEREICKE
X THRIBIN, RERZFICKEEN Ry a2~
FTUrHOBERE C TL-TEZBHER CRy
KR L THEIRNICEDRIN S, REBFROBKRE
I ER & EHRSMREICER I L 2 B
AVvyEr e bFUR T3 —=2CT-1 (77 bu=7
R, JABEHE 25 kHz~1 GHz) RV CT-2 (F
7 bu=72X, FEEHS 1.2 kHz~200 MHz)
EHEHAL, REERBEEOBAICETYZ2L - X}
V=V eFiuRa—7 (Ea—vy by h—F,
HP54510A #Y, FRik#Eis 1 DC~250 MHz) %14
HUL7, BB/ 4 XBIZEICE, /4 XDFEEZR~
7 MaHiEERE LT, BEREEHEN EMI 7
o—7 (T~ Vv, MA2601B &, FikEces 5~
1000 MHz) EVBRBEHDT 75747 « 54 R—
W Tr7F (P ENyFZ b, TRI7203 B, Bk
B 1 25~230 MHz) 2R L, BikEx~7 k

- 155 -

4

|

Capacitance(pF)
N
T

-l
I

0 ) 1 ) 1 L 1 1 5 1 |
0 1 2 3 4 5
Gap iength(mm)
Fig. 2 Dependence of capacitance between discharg-

ing and earthed electrodes on gap length
(Diameter: 20 mm).

BRERBOMETERRE&HFE (D =20 mm)

° g=0.5mﬁ\)\ / \/

 5ns <

Fig. 3 Example of discharge current wave form.
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Fig. 4 Spectrum of discharge current wave form.
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Fig. 11 Dependence of peak-to-peak voltage of noise

due to ESD on gap length (I = 2 mm, C ~
3 pF).
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Fig. 12 Dependence of peak-to-peak voltage of noise
due to ESD on gap length (I = 2m, C= 100
pF).
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Fig. 13 Dependence of peak-to-peak voltage of noise

due to ESD on gap length (I = 2m, C=
1000 pF).
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Fig. 14  Magnetic field spectrum due to ESD

(l=2m, C~ 3 pF, g= 0.5 mm).
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Fig. 15 Magpnetic field spectrum due to ESD

(I =2m, C =100 pF, g = 0.5 mm).
ESD /1 XOBMARBEHARS F 1
(I =2m, C = 100 pF, g = 0.5 mm)

EZZITY, Fig. 12 R 13 OERSE L2, 100
PEF D3y F oy 2M4mLzgaicid, 74X~
R EERMES 0.7 mm BE TR L L 501k
L, 1000 pF ® 2 » 7 o4 244 L7284 1 i35
AR E— I A LN o720, b
BEREDOBINC & - THIERIEEY EMI 70 —70
BENROEERERCBIT L LIGERLTY



- 162 -
87
P1.91 MHz
- v 78.77 {dBuV)
3
Sl
s Wy
g 57 "l[ﬂllhw
(]
g Pt o
3
o
w
17
10 230
Frequency(MHz)

Fig. 16  Electric field spectrum due to ESD
(I =2m, C = 100 pF, g = 0.5 mm).
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Fig. 17  Relation between capacitance and frequency
which gave maximum magnetic field inten-
sity.
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