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Abstract — Micro-gap discharge shows very fast transition 

duration of about 32 ps or less. Besides, breakdown field strength 
was examined to corroborate the very fast transition durations of 
about 32ps. Also, a relationship between breakdown field 
strength and radiated electromagnetic field intensity was 
examined in experimental study. As a consequence of the 
experiment using the system, the breakdown field strength was 
very high of about 80 MV/m in low voltage discharging of below 
350V. And so, the average electromagnetic field intensity is 
proportion to the breakdown field strength in under the 
maximum electromagnetic field intensity. In addition, maximum 
radiated EM field intensity shows approximately 3.5Vp-p 
respectively, the field radiation due to micro gap discharge has 
the some limit value in the maximum. And so, the electrode 
surface effect was confirmed that the received electromagnetic 
field intensity has a cyclic variation with the cleaning of electrode 
surface. The radiated electromagnetic field intensity was sudden 
increase just after the cleaning. 

I. INTRODUCTION 
Fast transients of electromagnetic field are arisen from gap 

discharges of ESD (electrostatic discharge) and electrical 
contacts. The transient due to gap discharge is a very wide 
band (high frequency) electromagnetic noise source. Over the 
past few years a considerable number of studies have been 
made on electromagnetic noises of the ESD and contacts from 
the point of view of the electromagnetic compatibility. The 
electromagnetic noise characteristics of gap discharge are 
gradually becoming clearer [1]-[7]. 

However, there has been only a little amount of information 
about measured voltage or current waveforms of the transition 
duration (voltage rise time and current rise time) due to a 
starting of the discharge in very wide band time domain [8]-
[11]. Very little is known about characteristics of the 
transition duration due to the ESD and the gap discharge. 

The main purpose of this study is to illuminate a 
relationship between the electromagnetic noise characteristics 
and the discharge phenomenon as the EMI source. Up to now 
we were set up an experimental system using the distributed 
constant lines to observe the transition durations due to low 
voltage gap discharge, because the transients are very rapid. It 
was possible to observe the voltage waveform and the 

frequency distribution of transition durations in 6GHz [12]-
[13]. Thereafter, the measurement system was improved on 
the band width from 6GHz to 12GHz using new coaxial 
electrode system. In the new system, the voltage and current 
waveforms were measured by an electric field sensor 
(infinitesimal monopole antenna), and a magnetic field sensor 
(infinitesimal loop antenna) respectively. The insertion loss of 
the coaxial electrode system was within about -3dB in 
frequency range below 12GHz. It was confirmed that voltage 
and current rise times of transition duration showed 32 ps or 
less [14]. 

Then, breakdown field was examined to corroborate the 
very fast transition durations of about 32ps. Gap length 
characteristics and breakdown field strength were examined in 
experimental study. The breakdown field strength was 
calculated by the gap length characteristics. The breakdown 
field was very high of about 80 MV/m in low voltage 
discharging of below 350V. In low voltage discharge, the 
breakdown field strength level is higher than a general 
discharge [15]. 

In this paper, the relationship between breakdown field 
strength and radiated electromagnetic field intensity was 
confirmed in experimental study. And so, we confirmed that  
the electrode effect of surface condition due to low voltage 
micro gap discharge affects a radiated electromagnetic field 
intensity. 

II. CHARACTERISTICS OF THE GAP LENGTH AND BREAKDOWN 
FIELD STRENGTH 

Figure 1 shows a longitudinal section view of the micro-
gap discharge experimental system as low voltage ESD. The 
system consists of a power supply (400V-1kV), source side 
coaxial semi-rigid cables (below 1m) with a needle electrode 
and a tapered coaxial electrode. In the experiment, gap length 
due to breakdown was measured by a micro meter head which 
have one micro meter resolution. Then, the gap length was 
decided by average value of over one hundred experiments. 
The breakdown field strength was calculated by the gap length 
characteristics. Figure 2 shows a photograph of the gap length 
characteristics measurement system. In this experiment, a  
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digital indicate micro head was used to measurement the gap 
length characteristics.  

Figure 3 shows the relationship between the discharge 
voltage and the gap length. In the figure, horizontal axis 
shows the discharge voltage from 300V to 800V, vertical line 
shows the gap length. These data indicate an average value of 
about 70 to 100 measurements. The circle symbol is gap 
length in 0.1mm radius of curvature of the needle electrode, 
triangle symbol is 0.5mm radius of curvature of the needle 
electrode. The gap length characteristic was increased in 
proportion to the discharge voltage. In the 326V of minimum 
discharge voltage, the gap length was 4 micro meters.  

The breakdown field E V/m was calculated by equation (1). 
 

E = V / d [V/m]           (1) 
 
Where, E is breakdown field, V is discharge voltage, and d 

is the gap length. 
The calculated breakdown field characteristic was shown in 

Fig.4. In the figure, horizontal axis is the discharge voltage 
from 300V to 800V, vertical line is the breakdown field due to 
discharging. In high voltage of about 450V to 700V, the 
breakdown fields were shown about 20 MV/m as constant.  

Fig.1. longitudinal section view of the tapered coaxial electrode 

 
Fig.2 Experimental setup of gap length measurement system. 

While in low voltage of below 350V, the breakdown field 
was increased to high field strength in suddenly. In the 326V 
of minimum discharge voltage, the breakdown field was 
reached to about 80 MV/m. 

III. THE RELATIONSHIP BETWEEN BREAKDOWN FIELD AND 
RADIATED ELECTROMAGNETIC FIELD INTENSITY 

The breakdown field showed very high strength value of 
about 80 MV/m in the 326V discharge. In low voltage 
discharge, the breakdown field strength level is higher than a 
general discharge.  

A. Relationship Between  Breakdown Field Strength and 
Radiated Electromagnetic Field Intensity 

Then, a relationship between the breakdown field strength 
and radiated electromagnetic field intensity was examined in 
experimental study. Figure 5 shows a measurement system of 
the radiated electromagnetic field intensity due to the low 
voltage discharging. The measurement system has two 
construction part, these are a radiation part and a detection 
part. The radiation part consists of a high voltage D.C. power 
supply and dipole electrode elements with the discharge gap. 
The electrode elements were made by brass sticks, length of  

Fig.3 Relationship between discharge voltage and gap length 

Fig.4 Relationship between discharge voltage and breakdown fields 
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Fig.5 Measurement system of the radiated electromagnetic field intensity 

Fig.6  The relationship between breakdown voltage and radiated 
electromagnetic field intensity. (Voltage value measured by oscilloscope)  

 
an element is 110mm, diameter is 5mm, and radius of 
curvature of the electrode element is 2.5mm, respectively. 
Resonant frequency of the electrode elements is about 
680MHz. Power source supplied to the electrode elements 
with aluminum foils as the feed line. The gap length is 0.012 
mm, 0.038 mm. 0.04mm, 0.05 mm, 0.06 mm and 0.07 mm.  

The detection part consists of a dipole antenna and 
digitizing oscilloscope (Tektronix TDS694C, 3GHz, 10GS/s). 
The dipole antenna has resonance frequency accord with 680 
MHz of the electrode elements. The detectible dipole antenna 
was set near the electrode elements, distance is 1m. This 
experimental system constructs at a normal laboratory 
environment, which has not the electromagnetic field isolation 
and an air control system.  

In the experiments, a gap length is set at 0.012mm, 
0.038mm, 0.04mm, 0.05mm, 0.06mm, and 0.07mm. The 
source voltage of the DC power supply is increased slowly. 
When discharge occurred, the radiated electromagnetic field 
intensity was measured by the oscilloscope with the dipole 
antenna in time domain. The electromagnetic field intensity 
was expressed by the measured peak-to-peak voltage value of 
the oscilloscope. 

Figure 6 shows an experimental result of the relationship 
between breakdown voltage and radiated electromagnetic field  

Fig.7 The relationship between breakdown field strength and radiated 
electromagnetic field intensity. (Voltage value measured by oscilloscope) 

 

Fig.  Electrode surface effect of the gap discharge with periodically cleaning 
of the gap electrode every ten discharge. (Gap length is 0.038 mm, Number of 
discharge is from 51th to 121th of 200 discharges) 

 
intensity value. Horizontal axis shows the breakdown voltage, 
and vertical axis shows the voltage measured by the 
oscilloscope in each gap length. The received field intensity 
values were expressed average value of two hundreds (200) 
experiments. In small gap of 0.012mm, discharge voltages are 
about 410V, the voltage of field intensity measured by the 
oscilloscope is about 2.2Vp-p. While in 0.05mm gap length, 
discharge voltages are about 880V, field intensity values are a 
low density of about 1.4Vp-p. The relationship between 
breakdown voltage and radiated electromagnetic field 
intensity has not proportional relation. It is confirmed that the 
radiated electromagnetic field intensity value in voltage 
discharge of about 400V is higher than that of the voltage 
discharge of about 900V.  

The relation of the breakdown field strength and the 
radiated electromagnetic field intensity value are shown in 
Fig.7. Horizontal axis shows the breakdown field strength, 
and vertical axis shows the voltage measured by oscilloscope. 
This experimental result has two typical characters. In first, 
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maximum voltage shows approximately 3.5 Vp-p respectively, 
the electromagnetic field radiation due to micro gap discharge 
has the limit value in the maximum. In second, the average 
electromagnetic field intensity value was rise due to increase 
of the breakdown field. Then, the average electromagnetic 
field intensity is proportion to the breakdown field value. 

B. Electrode Surface ffects 
Figure 8 shows electrode surface effects of the gap 

discharge with periodically cleaning of gap electrode. The gap 
electrodes clean every ten discharges. The cleaning process is 
polish using a compound cream and washing of industrial 
alcohol. In the figure, horizontal axis is number of discharges 
from 51 th to 121 th in tow hundred (200) discharge, and 
vertical line is received electromagnetic field intensity Vp-p 
[V]. In result, the received electromagnetic field intensity has 
a cyclic variation of ten discharges. The radiated 
electromagnetic field intensity is sudden increase just after the 
cleaning. It is deliberate that the breakdown field strength is 
very high by the uniform electric field in symmetrical 
electrode in just after the cleaning. 

 

IV. CONCLUSION 
The relation between breakdown field strength and radiated 

electromagnetic field intensity was confirmed. 
As a consequence of the experiment using the system, the 

breakdown field was very high strength of about 80 MV/m in 
low voltage discharging of below 350V. The relationship 
between breakdown voltage and radiated electromagnetic field 
intensity was confirmed. The radiated electromagnetic field 
intensity value in voltage discharge of about 400V was higher 
than that of the    voltage discharge of about 900V.  

Also, the relation of the breakdown field strength and the 
radiated electromagnetic field intensity were confirmed. 
Maximum radiated electromagnetic field intensity value 
shows approximately constant value respectively, the 
electromagnetic field radiation due to micro gap discharge has 
the some limit value in the maximum. And so, the average 
electromagnetic field intensity is proportion to the breakdown 
field value in under the maximum electromagnetic field 
intensity value. 

Besides, the electrode surface effects were confirmed that 
the received electromagnetic field intensity has a cyclic 
variation with the cleaning of electrode surface. The radiated 
electromagnetic field intensity is sudden increase just after the 

cleaning. It is deliberate that the breakdown field strength is 
very high by the uniform electric field in symmetrical 
electrode in just after the cleaning. 
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