Research Report of the Research Institute
of Industrial Safety, RIIS-RR-89, 1989
UDC 537.24:621.391.822

HEIBECH > BEWR 1 AOBTFEECRETEE
Mg &% ¥ 8 B

Nuisances on Electronic Device due to Electromagnetic Wave Radiated
with Electrostatic Discharge

by Yasuyuki TABATA* and Hajime ToMITA*

Abstract; An electrostatic discharge “ESD” is known to cause various nuisances on sensitive
electronic components and devices, such as electric overstresses, latent failures and malfunctions.
An electromagnetic noise radiated with ESD also affects adversely electronic circuits, both analog
and digital, using ICs and LSIs. The latter, an electromagnetic interference “EMI” of electronic

_ circuits due to ESD, is increasing as electronic devices become more and more complex.

From the background described above, an electrostatic damage level and immunity test of
the ICs and LSIs have been studied and the nuisances almost solved from a view point of
product reliability of the electronic solid circuit in industry. However, characteristics of
electromagnetic fields radiated with ESD, as a radio frequency noise “RFN” due to ESD, have
hardly been investigated, since a transient phenomenon as ESD is difficult to measure accurately;
as a result, the noise level induced by ESD in the electronic devices has not been covered
quantitatively yet.

The purpose of this study is to provide a frame of the electromagnetic field and RFN due to
ESD. The method of approach is simple; the discharge current waveform of the ESD occurring
between a charged metallic sphere and grounded one is observed with a frequency-wide-band
oscilloscope, and then the electromagnetic field strength around the ESD source and the RFN
level induced in electronic devices are deduced from numerical analyses applying the discharge
current waveform to the Maxwell Equation and Antenna Theorem, respectively, because the ESD
occurring between conductors is the most generally accepted one for determining theoretically
and experimentally the electromagnetic field strength and REN level due to ESD.

This paper discusses the main factors of the ESD controlling the electromagnetic field
strength and RFN level. The results obtained from the numerical analyses and experiments are
summarized as follows: '

(1) The discharge current reaches immediately a peak value after the ESD occurs between
metallic spheres, and its rise time, a few ns, is somewhat longer than a time constant of the
discharge circuit used in the experiment. ‘

(2) The electromagnetic field radiated in free space depends on the discharge current, and the
maximum values of the field strength deduced from the numerical analysis are about 10 V,/m
and 100 mA_~m, respectively in the case that the on-set voltage of ESD is about 10 kV.

(3) The ESD causes the EMI in an electronic circuit in the vicinity of the ESD source, and the
radiated electromagnetic field controls primarily the RFN induced in the electronic circuit in the
region more than about 1.0 m apart from the ESD source.

(4) The RFN level due to ESD, the voltage induced in the electronic circuit, depends primarily
on the high frequency elements of the discharge current and on-set voltage.
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Fig. 1 A model for analyzing electromagnetic field.
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Fig. 2 Electrical setup for experiment.
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Fig. 3 Current wave forms of ESD.
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