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Self-organization phenomenon in dielectric barrier discharge (DBD) is observed as 

regularly arrayed patterns of microdischarges in some gasses with specific electrode 

configurations [1]-[3]. The authors have been constructed and studied various types of compact 

plasma reactors that utilize piezoelectric transformers (PTs) in a unique way [4], [5]. The plasma 

reactors are advantageous to generate discharge plasmas with compact systems and to operate low 

voltages since the PT works as both high-voltage source and discharge electrode. In our 

experiments aimed to develop a PT-based excimer lamp [5], it was found that the self-

organization phenomenon was observed in our experiments, in which the DBD is generated in 

helium or argon at the lower pressure than atmospheric pressure. In this paper, we present 

characteristics of the self-organized patterns of the DBD generated by the PT in helium and argon. 

Figure 1 shows a schematic of the DBD electrode arrangement that contains the PT and the 

driving circuit. A Rosen-type PT used in this experiment is made of Pb(Zr·Ti)O3 and the 

dimensions are 60×13×1 mm. The PT surface that induces high voltage acts as one side of a 

DBD electrode. A glass plate 1-mm thick with indium tin oxide (ITO) contact works as a 

dielectric layer with a transparently conductive back electrode. The discharge gap is maintained by 

a spacer attached at central part of the PT, i.e., the node of the mechanical vibration. The PT 

including the electrode unit is located in a discharge chamber filled with helium or argon. While 

driving the PT, the DBD appears in the gap space due to high-voltage induced on the PT surface. 

Self organized patterns are found by adjusting gas pressures, gap length and admixtures of small 

amount of air. The observations are carried out using a single reflex camera in the direction 

perpendicular to the electrode surface. VUV emission spectra were also recorded by a 

monochromator with a CCD arrays for the detector mounted on the flange of the chamber to be 

isolated by a MgF2 window. In this case, the light emission from the DBD is captured directly in 

the lateral direction with respect to the electrode surface.  The monochromator has a focal length 

of 0.2 m, slit width of 0.055 mm and F-value of 4.5.  

Before the experiment, the chamber was evacuated sufficiently down to 10
-7
 Torr during 24 

hours and then filled with pure helium or argon. However, the self-organized patterns were not 

formed in both pure gases. It is interesting to note that the appearance of self-organized patterns 

requires a small amount of the air admixed. In the case of helium, an initial stage of the self-

organized patterns is recognized at the total gas pressure of 100 Torr admixed with the 0.24%-air. 

As increasing the content of helium above 200 Torr, the self-organized patterns are formed clearly, 

of which the hexagonal filaments are arranged regularly in the gap. The clear patterns are found in 

the gas pressure of 200-300 Torr. When increasing further the gas pressure up to 1000 Torr, the 

size of the spots broadens out, however, the number decreases and eventually dissolves.  
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Fig. 1 Schematic diagram of experimental setup. 

In argon with small amount of air, the self organized patterns are also observed at the 

primary voltage of 25 V and the gap length of 0.5 mm, depending on the gas pressure. In the 

lower gas pressure region of 50-75 Torr, a homogeneous (glow-like) discharge appears on the PT 

surface. The organized patterns are obtained in the gas pressure range from 100 to 250 Torr. 

However, some discharge spots are in motion and coupled to the other spots above 250 Torr. As 

increasing further the gas pressure, the organized patterns collapse, which result in the transition to 

the DBD mode. VUV emission spectra are also observed in the gas pressure range from 1 to 1400 

Torr. Emission peak is found at the wavelength of 126 nm that is radiated due to the Ar2
*
 excimers. 

The light intensity at 126 nm and discharge power as a function of the gas pressure is shown in 

Fig. 2. The regions of existence for the glow-like discharge, self-organization regime and the DBD 

modes are indicated in the figure as (G), (S) and (D), respectively. Although the light intensity at 

126 nm and the discharge power basically increases towards higher gas pressure, these values 

drop only in the region of existence of the self-organization regime (S). The decrease in discharge 

power after the transition to the self-organization regime is similar to the behavior reported by 

Zanin et al. [3] 

 
Fig. 2 The regions of existence of the glow-like discharge, the self-organization regime and the DBD 

modes are indicated as (G), (S) and (D). 
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