
 
Fig. 1 Experimental setup. 
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Dielectric barrier discharges (DBDs) at atmospheric pressure exist in many configurations. 
They consist of streamers which propagate in few tens of nanoseconds. The understanding of their 
propagation leads to many experiments and simulations [1-3].  

The results demonstrate the existence of cathode directed streamers. When the cathode is 
covered by a dielectric material, charges are accumulated on the surface by the plasma filaments. 
These charges have a great influence on the plasma ignition and development, as they lead to 
particular patterns, and modify the ignition voltage [4, 5]. In surface discharges, the influence of 
deposited charges increases. Recently, we have showed that deposited charges in surface 
discharges could trigger the streamers ignitions [5]. In order to get a better understanding on the 
surface streamer propagation, we propose a method to perform CCD imaging on an AC discharge 
of low frequency (50 Hz).  

Figure 1 shows the experimental setup. The discharge is obtained with two flat electrodes 
being on both sides of a 2 mm thickness glass plate. The upper electrode has a rounded shape, of 2 
cm in diameter. The lower electrode is much larger (8 cm in diameter). In this case plasma 
initiates only on the upper side. The lower electrode is grounded. 

 The upper electrode is linked to two power supplies: 

- A 50 Hz sinusoidal signal (A2E Technology), which is the main applied voltage. The 
maximum of applied voltage is 10 kV (20 kV peak to peak).  

- An additional pulsed high voltage generator with a rise time of 1.5ns and peak amplitude 
of 1.5 kV. The additional pulse is superimposed to the 50 Hz AC voltage (see figure 2) and is used 
to trigger the streamers ignition.                                              
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Fig. 2 The nanopulse is added 1 ms before 
the maximum of applied voltage. 



With the sinusoidal signal only, the streamer ignitions appear randomly during the period. 
In this case, time resolved imaging of the streamers propagation can not be performed. 

 When the pulse is added to the circuit, it allows triggering streamers ignitions with a low 
jitter (about 1 ns). The propagation of the streamers can be detailed with CCD gates of 1 ns. The 
pictures show bright, adjacent spots propagating simultaneously, from the edge of the metallic 
electrode towards the cathode surface. Some spots are farther than the other ones, with a 
corresponding delay of about 1 ns. 

 

Figure 3 shows the distance between the farthest spot and the edge of the electrode, as a 
function of the time. One can see that the streamers reach 40 % of their maximal extension in only 
1 or 2 ns. After the first nanoseconds of the propagation, the distance increases more slowly. The 
calculation of the corresponding velocities gives values varying from 108 cm/s near the metallic 
electrode to 106 cm/s at the end of the propagation (see figure 4). These values are in good 
agreement with those measured for a pulsed nanosecond surface discharge [3], and seem to be 
higher than those measured in gas gap discharges [2].  

These results will also be discussed using the results of previous studies [4, 5] about self 
organization and synchronous ignitions in dielectric barrier discharges.   
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Fig. 3 Distance between the tip of the 
farthest spot and the edge of the metallic 
electrode as a function of the propagation 
tome step.  
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Fig. 4 Calculated propagation velocity as a 
function of the distance from the metallic 
electrode.  


