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Electrical and optical characterization of microdischarges from DC up to 
13,56 MHz in H2, O2 and water vapor 
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We present an experimental study of the atmospheric-pressure gas-breakdown phenomena in the hydrogen, 
oxygen gases and in water vapor microdischarges operated in the frequency range from DC up to 13.56 MHz. 
We have measured the electrical characteristics of the microdischarges, such as Paschen curves, and V-I 
waveforms, in the  DC, kHz and RF frequency range. The microdischarges were studied at different experimental 
conditions (pressure range 15 to 700Torr and the electrode distances ranging from 2.5µm up to 2mm). 

 
1. Introduction 
The non-equilibrium atmospheric plasma sources 
operating in the glow mode are highly desired in 
many industrial applications, however, in the case of  
high pressure, the discharges tends to be constricted 
and easily transit to arcs [1-4]. In order to stabilize 
the high-pressure plasma and avoid the constrictions 
and arcing, one of the ways is to spatially confine 
the discharges to the dimensions below 1 mm [3]. 
Many phenomena occurring in microdischarges are 
still not clearly understood especially in case of RF 
discharges Thus the knowledge of the physical 
phenomena occurring in the microdischarges, are 

very important [5-7]. In this paper, we present 
experimental study of the atmospheric pressure 
gas breakdown phenomena in oxygen, hydrogen 
and water vapour discharges operated in the 
frequency range from DC to 13.56 MHz and for 
micrometer electrode gaps. 
 
 

 
 

Figure 1: The Electrode system used in present 
experiment. The rounded edges eliminate the effects 
associated with the high electric field in the case of sharp 
edges. 
 
 
 

2. Experimental setup 
The two electrode discharge element consisted of 
bare molybdenum electrodes with dimension shown 
in Fig. 1. The discharge element was located in high 
vacuum chamber, pumped by turbomolecular pump. 
The detailed description of the apparatus can be 
found elsewhere [8]. 
The discharge was generated by supplying AC/DC 
power to the bottom electrode, while the top 
electrode was grounded. A current and voltage I-V 
probe was attached directly to the source, 
eliminating any cable connections, which might add 
inductance to the system. Probes were connected to 
an oscilloscope (Agilent DSO5032A) and calibrated 
with procedure to ensure accurate phase and power 
measurements [9]. Optical investigation of discharge 
were performed by a spectrometers OceanOptics 
SD2000(200–1100nm) and 2m monochromator Carl 
Zeiss Jena PGS2 coupled with an iCCD camera 
(Andor Istar). Images were taken by a camera 
(NikonD7100). 
 
 
3. Results and discusion 
In Fig, 2 we show the DC Paschen curves obtained 
for hydrogen, oxygen and water vapour at electrodes 
separation of 100µm. The general shape of low 
frequencies (100Hz -10kHz ) Paschen curves agree 
well with those obtained for dc discharge. 
Breakdown process is basically the same as in case 
of static field due to short transit time of electrons 
cloud compare to the period of the field [10].  
For the electric breakdown at higher frequencies, an 
important role plays the uniformity of the electric 
field. In the non-homogeneous electric field 
generated between electrodes with sharp edges we 
have observed a significant decrease of breakdown 
voltage compare to the DC and low frequency 
breakdown. In a homogenous field the effect was 
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opposite. (HF breakdown voltage was increasing 
with frequency). We associate this behaviour with 
the effect of high electric fields generated in the 
region of the sharp edges. For this reason we have 
developed and used electrode system displayed in 
Fig. 1, which reduced the effect of sharp edges.  
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Figure 2: DC Paschen curve for Hydrogen, Oxygen and 
water vapour at electrode distance of 100 µm  
 

 
 
Figure 3: Images of hydrogen discharges at different 
condition of pressure and frequency (d=100µm) 

 
 

 
 
Figure 4: Hydrogen: V-I waveform at frequency of 
4.3MHz and electrode distance of 100 µm and pressure 
700Torr 

 
In Fig 3 are shown images of hydrogen discharge for 
low(10kHz) and radio frequency(4.3MHz) at 

different pressure.  In Fig. 4 are shown the current 
and voltage waveforms discharge generated for 100 
µm electrode separation at 4,3MHz. The waveforms 
show the process of the discharge breakdown and 
afterwards the extinction of the discharge. 
Immediately after breakdown occurs, a ringing with 
a self-frequency of ~70MHz was observed due to 
the parasitic capacitance and inductance of the wires 
and probes. From I-V waveform it is clearly seen the 
distortion of the voltage after the first period due to 
formation of the space charge between the 
electrodes with a similar behaviour observed in low 
pressure glow discharges. 
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