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Dielectric barrier discharges (DBD) are convenient plasma sources for the generation of 

non-thermal plasmas at atmospheric pressure. These have specific advantages, as short treatment 

times, room temperature operation, dispensing with the vacuum equipment, excellent flexibility 

with respect to their geometrical shape, working gas mixture, operation parameters and scaling-up 

to large dimensions. Barrier discharges exist in several configurations, numerous applications of 

DBD being currently exploited, based on surface or volume plasma chemistry. With respect to a 

uniform surface treatment, diffuse discharge conditions are very desirable, compared to the 

filamentary mode.  

Nonetheless, the generation of stable diffuse DBD at atmospheric pressure requires special 

operation conditions, allowing only small windows of their existence. Previous studies showed 

that these conditions are mainly determined by the properties of the feeding gas and the feeding 

voltage frequency, as one important point seems to be an occurrence of effective pre-ionization, 

Penning ionization via metastables and primary ionization at low electric field, as compared to the 

conditions of the filamentary DBD mode [1-3].  

Taking this into account, we investigate the temporal behaviour of a pulsed atmospheric 

pressure DBD, produced using designed HV pulses, as a function of the pulse parameters, aiming 

to identify and analyze the factors controlling the various discharge modes.  

The discharge is generated in an asymmetric plane-plane electrode configuration, where the 

feeding gas flow creates a discharge beam, which spreads on the dielectric placed on the grounded 

electrode, due to dielectric effect, in a surface discharge covering about 5 cm
2
. Under this 

arrangement the effective height of the surface discharge is 1 mm, whereas the discharge, covering 

a circular area, has axially symmetrical radial profile. The working gas is helium, with air traces 

entrained in the discharge by the gas flow. 

The HV pulses are controlled using a function generator connected to a custom designed 

HV amplifier. The positive pulses have variable parameters: 2-5 KV amplitude, 500 Hz - 10 KHz 

repetition frequency, 1 ns - 1 ms rise time, 10-100 ns high time and 1 ns - 1 ms fall time. The 

time-resolved diagnosis is performed by means of electric parameters measurement and emission 

spectroscopy. The electric parameters, i.e. voltage, current, charge, and the emission intensity of 

significant lines and band heads of excited species identified in the discharge, are simultaneously 

recorded using a digital oscilloscope for each set of experimental conditions. 

An example of the voltage and current waveform is presented in Fig. 1, distinctly showing 

single current pulses due to the primary and the secondary discharge generated by the rapid 

variation of the voltage. The maximum peak current is 2 mA and 0.3 mA for the primary and the 

secondary discharge, respectively, whilst the energy deposited in the discharge during one HV 

pulse is 0.2 mJ.  
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Results show that the factor controlling the discharge mode is the rate of variation of the 

voltage, i.e. pulse rise time for the primary discharge and fall time for the secondary discharge, 

whereas the repetition frequency and the high time (pulse width) have reduced or no influence. In 

this respect, Fig. 2 presents as example the current waveform evolution for increasing pulse rise 

time, illustrating the temporal behaviour of multiple discharges Townsend mode. 
 

 
 

Fig. 1 DBD voltage and current waveform for pulses with 3 KV amplitude, 10 ns rise time, 100 ns 

high time and 100 ns fall time 

 

 
 

Fig. 2 Current waveform for HV pulses with 3 KV amplitude, 100 ns high time, 100 ns fall time and 

variable rise time between 10-200 ns, in 10 ns steps 

 

It results that the single pulse discharge is generated only under conditions of fast variation 

of the electric field, allowing effective ionization and excitation processes by direct collisions with 

energetic electrons. These results, also correlated with the time variation of the emission intensity 

of various atomic and molecular excited species, can be discussed taking into account the 

respective roles of volume collision processes (electron-heavy particle and heavy particle-heavy 

particle), and of dielectric barrier by means of stored charge. 
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