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Propagation Characteristics of Noise Waves Caused by
Electrostatic Discharge

S. MASUDA,* T. SONOBE** and K, [TOH***
(Received January 10, 1983)

It is investigated that the nature and behaviours of surface propagating voltage waves and
radiant electromagnetic waves caused by the electrostatically induced spark or the discharge
of electrification of human body. A cylindrical Faraday cage with one meter height and one
meter diameter, having a circular hole on its top copper plate, is constructed. The effective
diameter of the hole is changed within the range of O cm to 10cm by replacing copper con-
centric circular plates having different inner diameters. Sparking is generated at the center
of the top plate of the cage. Characteristics of the spark-induced propagating voltage and
electromagnetic waves are studied in both the inside and outside of the cage using an antenna
and magnetic probe in combination with a transient digitizer. The existence of surface propa-
gating voltage waves traveling on the top copper plate is confirmed in detail, then the
frequency components of the radiant electromagnetic waves are compared with those estimated
from the distributed constant circuit. Besides, the frequency characteristics of the penetrating
signal wave through the hole into the cage are investigated. It is discovered that the cage
behaves like a cavity resonator at some frequency components. So, it is necessary to shield
the cage sufficiently even for a weak radiant electromagnetic field.
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Fig. 1 Faraday cage.
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(a) Hole size: 10cm in diameter

(b) Hole size: 2cm in diameter
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Fig. 2 Experimental circuit.

VAENLTED, bk T.D. OB/ 4 X7 41
& (TDK / 4 X7 4+ ~x ZAC 2220-00) %, #o1
AVERESE Y F.Co 0fMUlCfT o 2%k l% F.C.
CABLOIRL, 7408 r—2% F.C. Ol cHEs
IRD LS UTD M7, #Euci: 10 cm §F 04
Wa v,

3. EHERRREEITR

K LD 7T, WEHHC X v RHEhDES
LIRS IR (REA DR O CHED) %
HHETTIE  (IRRERERE-B et o) o 2@ b 5
T & EHERR Lie. BRI O RBEHK S 10, 50, 100
(F), 200, 400 MHz ¥ CHiggxhiz. Emi F.C
PAETER D, FOXEkD FEREMLH 100 MHz
TH oV,

3.1 ROKMPCLDEHRFREADR

7virE I=5cm o TE7vF+ (BEBHEED
1m)* % F.C. R7A BT H 2cm, ApEH R 12 cm
(X b 37 cm) OB T v T F B R AFEORS
FICERE L, KIE LS A oL T.D. T
BHIL. fREHS (@)~ RT. ROKEIEPS

(c) Without hole

2V/div, 10ns/div, E~8kV

X 3 NROKMC X BBEMBIEAOHE

Fig. 3 Photos of some penetrating waves depending on the hole sizes.
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Fig. 4 Waves in the Faraday cage in closed state.
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Fig. 5 Radiant electromagnetic frequency
components depending on the length
of grounding path of discharging con-
denser.
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Fig. 6 Ratio of the measured maximal voltage
amplitude at d=4m to 4=1.63m.
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(b) Perpendicular direction (c) Axis direction

0.2V/div, 5ns/div
(a) Central axis of the magnetic probe is parallel to the radius axis of the F.C.
(b) Central axis of the magnetic probe is perpendicular to the radius axis of the F.C.
(c) Central axis of the magnetic probe is parallel to the cylindrical central axis of the F.C,
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Fig. 8 Observed waves by magnetic probe.
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(a) 10mV/div, 5ns/div

(b) 50mV/div, 5ns/div
Hole size: 5cm
(a) Observed wave 5cm perpendicular type antenna
(b) Observed wave by magnetic probe
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Fig. 10 Observed waves of discharging test of electrification of human Body.
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Fig. 11 Ratio of two induction voltages, one
is that top position of antenna is at
25 cm under the hole, the other is that
it is at 1cm under the hole.

Hole size: 10cm in diameter, Tip position of
antenna: 50 cm under the hole.
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Fig. 12 Observed wave in the case.
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Fig. 13 Ratio of induction voltage depending on the difference of tip positions
of antenna on condition that the hole size is 10 cm in diameter.
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Fig. 14 Ratio of induction voltage depending on the difference of tip positions
of antenna on condition that the hole size is 2cm in diameter.
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app. Fig. 1 Observed waves of terminal voltage
of discharging condenser C (1).
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app. Fig. 3 Radiant electromagnetic field strength
to discharging resistance R.
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app. Fig. 2 Observed waves of terminal voltage of discharging condenser C (2).
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