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High-voltage nanosecond discharge at moderate pressures develops in the form of fast ionization 
wave. Pulsed nanosecond discharge itself and in combination with AC or DC voltage is frequently 
used to generate spatially uniform and highly nonequilibrium plasma. High electric field in the 
ionization wave front produces high-energy electrons and supports uniform pre-ionization. 
Nevertheless there are some limitations to achieve homogeneous plasma excitation. ICCD images 
of discharge development in air at large discharge gap are presented for different pulse frequencies 
and pressures. 

 
 

Fig. 1. Experimental set-up for plane-to-plane nanosecond dielectric barrier discharge development 
investigations. Upper (positive) electrode: aluminum, thickness 10 mm, diameter 120 mm. Lower 
(negative) electrode: aluminum, thickness 10 mm, diameter 200 mm. Inter-electrode distance: 30 mm. 
Dielectric layer: quartz, thickness 8 mm, 300x300 mm2. High-voltage pulse: rise time 1.5 ns, duration at 
half-height 12 ns, amplitude (maximum voltage between electrodes) 7 kV, f = 30 kHz. Air, P = 4.5 Torr. 

 
 

In the plane-to-plane discharge geometry (Fig.1) development and propagation of the high-
voltage pulsed nanosecond discharge [1] was investigated. For different air pressures in the range 
from 0.6 to 20 Torr and frequencies of the high-voltage pulses (from 3 to 30,000 Hz) images of the 
discharge dynamics were obtained (Fig. 2, left and central columns). ICCD PicoStar HR12 camera 
by LaVision was used for these experiments. ICCD gate was equal to 1 ns, spectral response of the 
camera with the lenses was 350–650 nm. Main source of the emission is second positive system of 
N2. The discharge uniformity was analyzed for different conditions. It has been shown that the 
discharge is uniform in a wide range of pressure and frequency. Nevertheless there are obvious 
limitations. The inhomogeneity of the discharge increases with pressure because E/n value becomes 
too low to maintain the homogeneous excitation (Fig. 2, right, top). This inhomogenity is formed 
during the discharge development phase (Fig. 2, central column). For low-frequency regime plasma 
recombines between different pulses and initial level of electron number density is not sufficient to 
maintain the homogeneous discharge (Fig. 2, right, bottom). When frequency increases, plasma 
becomes uniform.  
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Fig. 2.   Dynamics of nanosecond discharge development in air at different pressures and frequencies. Left 
column: P = 10 Torr, f = 30 kHz. Numbers designate the time after high-voltage pulse appearance, in 
nanoseconds. Central column: the same, P = 20 Torr. Right column top: f = 30 kHz, τ = 10 ns after high-
voltage pulse appearance. From top to bottom: P = 0.6, 4.5, 10, 16 and 20 Torr. Right column bottom: P = 10 
Torr, τ = 10 ns after high-voltage pulse appearance. From top to bottom: f =  3, 30, 300, 3000 and 30000 Hz. 
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