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Barrier Corona of Direct Current (BCDC) [1] is implemented in the rotor-type electrode systems 

with the moving dielectric layer and with the corona-producing cathode and the grounded anode 

which are disposed near dielectric surface. In contrast to [2], key feature of this discharge consists in 

spatial separation of the charging and discharging processes on the dielectric barrier surface. It 

paves the way to new organization of electro-physical processes during the interaction of plasma 

structures with the charged dielectric. Remarkable physical effect observed in BCDC is associated 

with generation of near-wall quasi-homogeneous plasma layers in electronegative gases at sub-

atmospheric and atmospheric pressure [1]. This complex electro-physical process was named by 

uniform surface discharge (USD) in work [3]. 

For USD-excitation it was used experimental setup shown in Fig.1. This installation comprises 

the rotor-type electrode system (1, 3, 4, 6), a system for registration of current-voltage characteristics 

(2, 7), a system for measuring of surface potential (5, 8, 9) and a camera (10). Blade-type (or wire-

type) cathode and anode were placed above the dielectric surface at distance h0.5 mm according to [3]. 

In this case, capacitance of dielectric barrier is charged up to the cathode potential [4]. In the inter-

electrode space L = 20-40 mm gas-discharge process is maintained in the air on the surface of the 

dielectric layer with d = 0.3-1 mm at |U|<20 kV and V<20 m/s.  

The current-voltage characteristics of USD are shown on the Fig.2. Curves 1 and  2 (see Fig. 2) have 

inflection points (a,b) which are typical for barrier discharge [2].   These points arise due to plasma 
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Fig.1. Scheme of experimental setup: 1-blade-type cathode; 

2,8 – electrostatic voltmeters C-197; 3-rotor-electrode; 4-

dyelectric layer; 5-electrostatic probe 6 - blade-type anode; 

7-ampermeter; 9 - high-voltage switch; 10 camera.  L-inter-

electrode space; h- charge and discharge gaps; d- dielectric 

thickness; V- linear speed of dielectric layer 

Fig.2. The current-voltage characteristics of 

uniform surface discharge at different dielectric 

thickness d (L=28 mm, h=0.5 mm, V=2.8 m/s): 1 – 

d=0.7 mm, 2 – d = 0.875 mm. a, b – plasma 

formation points in the inter-electrode space L 
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Fig.3. Light emission of uniform surface discharge on movable dielectric layer in the inter-electrode space L=28 mm 

(d=0.875 mm, , h=0.5 mm, V5 m/s): a) -the plasma layer propagation at high voltage U=-16 kV=constant; b) – full 

gas-discharge overlapping L at U=-19 kV=constant. 1 - Cathode. 2 – Anode.   

ignition in the inter-electrode space L. Besides voltage U current-voltage characteristics can be 

influenced by the dielectric layer thickness d, the linear velocity V and the length of the electrode 

gap h. In this case, the discharge current increases proportionally with V and d as well as decreases 

with increasing h [1].  

For low voltage U, gas-discharge process is concentrated in the gaps h while the inter-electrode 

space L remains dark. When the voltage U reaches the points a, b (see Figure 2) then plasma layer 

begins to propagate from anode to cathode. The frontier position of the plasma layer into L is 

determined by cathode voltage U. In this state the discharge view is shown in fig.3.a). With further 

increase of |U| the plasma layer overlaps the inter-electrode space L without sparking (Fig. 3 b).  

It is obvious that one needs to explain high stability of the ionization processes in the discharge. In 

order to describe the initial stage of USD-formation we have  proposed a quasi-stationary physical model 

which considers that charge distribution on a moving dielectric is time-invariant. In our case, it is possible 

when the characteristic time of the analysis does not exceed   << L/V [1]. 

The model is relates to the electron output from traps by Poole-Frenkel mechanism as well as 
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the subsequent breakdown of gas by 

Townsend's theory. In the simulation, it 

was considered that the plasma layer 

propagation accompanied by partial 

neutralization of the surface   charges. 

According to [1], growth of |U| leads to 

the formation of stepped potential 

distribution j(x) (see. Fig.4). 
Fig.4. Simulative potential distribution on the dielectric surface at 

different cathodic voltages: 1-U=-7 kV; 2- U=-18 kV 
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Fig.5. The calculated potential distribution in the inter-electrode space L =20 mm with the charge relief on the 

dielectric (see Fig.4): а) U=-7 kV; б) U=-18 kV. X,Y - coordinate system 2r0=0.5 mm –cathode/anode diameter;  

d=1 mm; 1=1;  2=3 – dielectric permeability 1-areas where electric field  achieves  30 kV/cm 

Believing that the volume charge density in the initial stage of USD is not great, in this work it was 

carried out 2D-modeling of the electric field into L using the ANSYS software. Results presented in 

Fig.5 are in the agreement to [7] and also they demonstrate the enhancement of the electric field at a 

boundary of the deposited charges structure. Enhancement occurs both in gas and in solid dielectric. 

Such field enhancement creates favorable conditions for the electron emission from some polymeric 

materials with the traps energy Utr = 0.65-0.75 eV and the traps size atr<10 nm [8].  

For these conditions the electron emission distribution as a function of the charges localization in the 

dielectric layer is shown in Fig. 6. The form-factor of curves in Fig. 6 depends on the density of the 

deposited charge and electric field in the dielectric. If traps are localized at a depth |Y|d/2=0.5 mm then 

distribution ne correlates with density of the surface charge (curves 2 and 4 in Fig.6) since the field is 

uniformly distributed in this place. If the charge accumulation occurs in the dielectric sub-layers with 

|Y|<0.05 mm then emission process is shifted to the border of the charges structure (curves 1, 3) where 

the electric field can achieve 100 kV/cm. 

Simulation of the plasma formation near the anode was executed according to an algorithm [9]. 
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Fig.6. Distribution of the uncoupled electrons on the 

charged surface formed by means Poole-Frenkel’s emission 

mechanism at different localization Y of traps in dielectric: 

1-U=-18 kV, Y=-0.05 mm;  2-U=-18 kV, Y=-0.5 mm;  

3-U=-7 kV, Y=-0.05 mm; 4-U=-7 kV, Y=-0.5 mm; =10
-6
 s.  

Fig.7. The modeling of electron avalanches (U=-

18 kV, L=20 mm) in area near anode at different 

start-up position: a)-x0=6.9 mm;  b)-x0=7.5 mm   
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Fig.8. Effective generation zone of electrons in 

avalanche heads at boundary of the charges relief: 

1-U=-18 kV, 2- U=-7 kV 

Fig.9. Dynamics of electron generation in avalanche heads  depending 

on start position of  electron  emitted by dielectric substrate at U=-18 

kV: 1-x0=7.65 mm;  2-x0=8.16 mm; 3-x0=8.58 mm 

According to Fig. 7, when electron avalanches generated by emission propagate along the electric field 

lines so they ere moving away to a distance 0.5-0.75 mm from dielectric. In low electric fields electrons 

attach to the gas molecules and only on the boundary of j(x) there are conditions for their duplication (Fig. 

8).  Avalanches which arise in this area can come to the surface of the anode and increase charge of heads up 

to 10
5
 electrons (Fig. 9). On the one hand these results demonstrate the impossibility for transformation of 

single electron avalanche to the streamer [6] but on the other hand the obtained data can not explain the 

observed increment in current-voltage characteristics (points a, b in fig.2). This leads to the necessity of 

analysis collective discharge processes which are associated with the propagation of the avalanches groups in 

the gas [10]. The merge process of electron avalanches leads to the formation a conductive cluster. In our 

opinion it can explain the uniform plasma formation on the charged surface of the moving dielectric. 

The scientific work was realized by partial support of Russian Foundation of Basic Research (Project 

12-02-00992-а) and Ministry of Education and Science of the Russian Federation under the Program a 

competitive recovery of SSAU among the world's scientific and educational centers during 2013-2020. 

References  

[1] Barrier Corona of Direct Current: Formation and examples of application / O.A Zhuravliov et al., Samara 

State Aerospace University Press, Samara:  2010. - 183 p. [in Russian] 

[2] Samoilovich V., Gibalov V., Kozlov K. Physical chemistry of the barrier discharge. Düsseldorf: DVS, 1997.  

[3] Patent № 216244, RU, Intern’l Class H 01 S3/097 Device for uniform surface discharge excitation in dense 

gases/ O.A. Zhuravliov et al. Filed: 27.02.1998. 

[4] Investigation of barrier corona discharge integration performances/ V.P. Shorin et al., Proceedings of the 

Samara Scientific Center RAS, 2004., Vol.6, i.1 –P.113-118 [in Russian] 

[5] Bobe W. and Fritzsch L. Poole-Frenkel Effect on Centres with Screened Coulomb Potential Physica Status 

Solidi (B) 1974, Vol.61, i.1, P.K35–K39. 

[6] Raizer Yu.P. Gas Discharge Physics, Springer. Berlin-New York, 1997. 

[7] Schaffert R. M. Electro-photography, John Wiley & Sons., New York, 1975.     

[8] Pope M., Swenberg C. E Electronic Processes in Organic Crystals and Polymers. New York. Oxford Univ. Press, 1999. 

[9] Certificate No. 2014611307 (RU) Automated information system for clustering investigation in gas discharge  

using percolation  theory / D.A. Rybakov, Kh.D. Lamazhapov, A.V. Ivchenko  Filed: 19.09.2013.  

[10] Lamazhapov Kh.D., Rybakov D.A, Ivchenko A.V. Inhomogeneity consideration in gas discharge models-ceedings 

// In Proceedings of 3-st International Conference on Phenomena in Ionized Gases (ICPIG), 2013.-3р. 

41st EPS Conference on Plasma Physics P2.133


