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Abstract 

We present an experimental study of pattern formation in a Dielectric Barrier Discharge  in Neon 

at 1 torr and 1 mm gap. An intensified CCD camera is used to analyze the time evolution of the 

patterns during one cycle of the voltage waveform. The formation of a hexagonal pattern of 

filaments in a transient, glow-like regime is observed, followed by a honeycomb structure that 

corresponds to a Townsend discharge occurring outside the regions delimited by the previous 

filaments. A 2D fluid model can qualitatively reproduce these features and is used to help 

interpreting the experimental results. 

PACS. 52.80.-s Electric discharges - 89.75.Fb Structures and organization in complex 

systems-89.75.Kd Patterns 

1. INTRODUCTION 

Non equilibrium discharges are essentially 

nonlinear physical systems that can manifest a 

variety of instabilities. Dielectric Barrier 

Discharges (DBDs) [1] at or around 

atmospheric pressure are known to exhibit 

different forms depending on conditions 

(pressure, gap length, voltage amplitude and 

frequency, gas mixture …)[2,3]. In some very 

specific situations the plasma can be 

homogeneous, but in most cases the plasma is 

composed of filaments that can be self-

organized in space, synchronized or not in 

time, or apparently chaotic. 

A large variety of patterns can be observed in 

DBDs, the simplest of them being stationary 

hexagonal filament arrangements, stripes or 

concentric ring patterns, and some of them 

exhibiting complex dynamic behaviors. Some 

of the observed patterns are typical of reaction-

diffusion systems, and these discharges 

therefore provide flexible and experimentally 

convenient objects to study non-linear 

reaction-diffusion systems. 

The main purpose of the present work is to 

investigate hexagon pattern in neon trough 

experimental and numerical modeling studies. 

The first part of this article presents electrical  

measurements and high speed imaging of a  

hexagon structure, the second part shows 

numerical results that qualitatively reproduces 

the experimental results. 

2. EXPERIMENTAL 

CONFIGURATION 

The experimental setup is schematically shown 

in Fig 1. It consists of an electrode system 

placed in a vacuum chamber, a high voltage ac 

power supply and an image acquisition system 

connected to a personal computer. The 

electrode system has a sandwich-like structure. 

Between two thin dielectric glass plates, three 

spacers maintain a constant gas gap at 1 mm in 

the experiments reported below. The electrode 

system is hold by a PVC structure. In order to 

investigate pattern formation, transparent 

electrodes have been used. Those transparent 

electrodes are made of a copper mesh inside a 

PET film and are stuck on the back of the glass 

plates. They provide good homogeneity of the 

electric field thanks to the high conductivity 

and small thickness of the mesh. 



 

    

 FIGURE 1: Experimental setup 

The electrode diameter is 54.5 mm and the 

glass plate is 80 mm and 1 mm thick. The high 

voltage is generated by an association of a 

function generator with an audio amplifier 

followed by a transformer. The frequency 

range of  the system is 5 kHz to 100 kHz with 

voltage amplitude up to 5 kV. One electrode is 

grounded trough a 50 Ω resistor. The temporal 

evolution of the discharge was studied with 

current-voltage measurements and high speed 

imaging provided by an ICCD camera. The 

camera has been employed to see pattern 

formation during short exposure times of the 

order of the current pulse. The camera gate and 

the oscilloscope were synchronized with the 

applied voltage phase to get the maximum 

information on one discharge.  

3. RESULTS 

We investigate now a specific discharge 

operating point. The conditions of the 

experiment are 100 Torr, 45 kHz and voltage 

amplitude 500 V, and a gap length between the 

dielectric layers of 1mm. 

3.1. Experimental results 

When increasing the voltage amplitude in the 

conditions above, a few filaments form when 

the breakdown voltage is reached. Above a 

given voltage, these filaments fill the whole 

discharge surface, and form an hexagonal 

structure as shown in Fig. 2a in the case of a 

voltage of 500 V amplitude. The picture of Fig. 

2a has been taken with a standard camera.  
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FIGURE 2. Observation of a hexagonal pattern, (a) 

with a conventional camera; (b) and (c) are taken 

with the ICCD camera. The gate lengths are 

respectively 2 µs and 4 µs and the exposure time is 

16ms (see ∆t1 and ∆t2 on Fig. 3). 

Figures 2b and 2c show the pictures obtained 

with the ICCD camera integrated over 2 and 4 

µs respectively around the first current peak 

and the second current peak of the measured 

current represented on Fig. 3. Since the 

periodicity of the current is quite good (jitter 

much smaller than the current pulse duration), 

these images have been integrated over several 

cycles to get enough signal. 

The time resolved pictures of Figs. 2b and 2c 

are very interesting because they show two 

different and embedded structures. The first 

one, which forms during the first current peak 



(see Fig. 3) is an hexagonal pattern similar to 

the one that can be seen with the standard 

camera (Fig. 2a), but with a background light 

outside the filaments that seems relatively less 

important than in Fig. 2a.. The second structure 

forms during the second (and much smaller) 

current peak (see Fig. 3).  It appears somehow 

as the negative of the pattern of Fig. 2b and 

exhibits a honeycomb structure where the 

centers of the cavities coincide with the 

maximum light intensity of the first structure. 
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FIGURE 3. Applied voltage and discharge current 

wave forms. Driving frequency 45 kHz, inter-

electrode gap 1 mm,  DBD in Ne at 100Torr. ∆t1 

and ∆t2 correspond the time intervals over which 

the images of Figs. 2b and 2c respectively are 

integrated. 

The results of Figs. 2 and 3 can be interpreted 

as follows. The first current peak corresponds 

to the formation of organized filaments in a 

transient glow regime. This current charges the 

dielectric surface until the voltage due to the 

surface charges induces a decreases of the gap 

voltage and a decay of the current. This is a 

well know feature of DBDs. However, since 

the applied voltage waveform continues to 

increase, the voltage across the gap will 

increase again after the current pulse. Since the 

charge deposited by the first current pulse on 

the dielectric surface is maximum in the 

centers of the filamentary discharges, i.e. the 

points of maximum light intensity of Fig. 2b, 

the voltage drop across the gap is larger away 

from these points and new discharges may be 

ignited first in the regions in between the 

filaments associated with the first pulse. 

The light (Fig. 2c) associated with the second 

current pulse of Fig. 3  is much more diffuse 

than the light of the filamentary discharges 

corresponding to the first pulse. This suggests 

that the regime of the discharge in the 

honeycomb structure of Fig. 2c is a Townsend 

discharge where a neutral plasma is actually 

not present, and where the density of positive 

ions is much larger than the density of 

electrons. This explanation of the hexagonal 

and honeycomb structures of Fig. 2 is 

supported by the fluid models (next section 

below). 

3.2. Results from a fluid model 

The discharge model is based on solutions of 

ion and electron transport equations coupled 

with Poisson’s equation for the electric field in 

a 2D Cartesian geometry [4]. The charging of 

the dielectric layers is taken into account self-

consistently. This 2D model has been 

previously used to describe the evolution of 

self-organized filaments in DBD[5] (see also 

the 3D model based on the same physical 

assumptions
 
and used in Ref. [6]).   
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FIGURE 4: Applied voltage and calculated (2D 

model) current waveforms. DBD in Ne, 50 torr, 

dielectric layer thicknesses 2 mm, gap length 2 mm, 

applied voltage amplitude 650 V, and frequency 25 

kHz, secondary emission coefficient 0.1.  The 

current on each electrode is shown. 

Simulations have been performed for 

conditions similar but not identical to those of 

the experimental results above (so that 

comparisons are only qualitative): Ne at 50 

torr, dielectric layer thickness 2 mm, gap 

length 2 mm, sinusoidal voltage waveform at 

25 kHz, 600 V amplitude. The secondary 

electron emission coefficient is supposed to be 

equal to 0.1. The applied voltage and 

calculated current waveforms are plotted in 

Fig. 4. The current is similar to the measured 

current, the second pulse being less apparent 

than in the experiment. 
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FIGURE 5: Calculated (a) electron density, 

(b) ion density, and (c) ionization rate, in the 

conditions of Fig. 4, spatially integrated along 

the discharge axis and represented over three 

half-waves of the voltage as a function of 

transverse direction and time. Log scale, two 

decades. The maximum electron number 

densities are on the order of 0.5 10
12 

cm
-3
. 

Timing is the same as in Fig. 4. At time 

indicated t1 on Fig. 5c, the pattern corresponds 

to the hexagonal pattern of Fig. 2b. At time t2 

the pattern corresponds to the honeycomb 

structure of Fig. 2c. 

The calculations are performed in a Cartesian 

simulation domain in the plane defined by the 

discharge axis (axial direction) and a direction 

parallel to the electrodes (transverse direction). 

The results can therefore not be presented in a 

form directly comparable with Fig. 2. One 

interesting way to look at the results is to plot 

the discharge properties (e.g. electron density, 

ion density, ionization rate …) integrated along 

the discharge axis and as a function of 

transverse position and time. Such plots are 

represented in Fig. 5. We see on Fig. 5 that a 

periodic pattern is formed during the first 

current pulse, as in the experiment. The pattern 

that would be seen at time t1 of Fig. 5c 

corresponds to the hexagonal pattern of Fig. 

2b. After the first pulse, a second regime takes 

place where the electron density is much 

smaller than the ion density and the ionization 

rate is non zero only in regions outside the 

locations of the first periodic structure. The 

pattern that would be seen at time t2 of Fig. 5c 

corresponds to the honeycomb structure of Fig. 

2c. Obviously (because electron and ion 

densities are on the same order at time t1 in 

Fig. 5, while the ion density is much larger 

than the electron density at time t2), time t1 

corresponds to a filamentary glow discharge 

while time t2 corresponds to a Townsend 

discharge. 

 This tends to suggest that the regime 

associated with the first pulse is a transient 

filamentary and self-organized glow discharge 

(similar to the hexagonal pattern of Fig. 2b), 

while the second pulse corresponds to a 

Townsend regime where a plasma is not 

formed and light is emitted in regions outside 

the filaments of the first current pulse 

(honeycomb structure of Fig. 2c). 

4. CONCLUSION 

DBDs give rise to a large variety of static and 

dynamic patterns. In this paper we have 

illustrated how detailed ICCD images of the 

discharge associated with fluid models can 

help understanding and clarifying the 

mechanisms responsible for pattern formation. 

We have shown an example of double pattern 

that can only be seen with a high speed camera 

and that is composed of an hexagonal structure 

superimposed on a honeycomb structure of the 

light emitted by the discharge. The two 

patterns occur successively in time and are 

associated respectively with a filamentary 

glow regime and with a diffuse Townsend 

discharge. Future work includes the 

experimental and numerical study of different 



static and dynamical patterns in DBDs, and 

will be aimed at understanding the phase 

transitions between chaotic, organized, and 

homogeneous forms of these discharges. 
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FIGURE 3: Experimental setup 
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FIGURE 4. Observation of a hexagonal pattern, (a) with a conventional camera; (b) and (c) are taken with the 

ICCD camera. The gate lengths are respectively 2 µs and 4 µs and the exposure time is 16ms (see ∆t1 and ∆t2 on 

Fig. 3). 
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FIGURE 3. Applied voltage and discharge current wave forms. Driving frequency 45 kHz, interlectrode gap 1 

mm,  DBD in Ne at 100Torr. Dt1 and Dt2 correspond the time intervals over which the images of Figs. 2b and 2c 

respectively are integrated. 
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FIGURE 4: Applied voltage and calculated (2D model) current waveforms. DBD in Ne, 50 torr, dielectric layer 

thicknesses 2 mm, gap length 2 mm, applied voltage amplitude 650 V, and frequency 25 kHz, secondary 

emission coefficient 0.1.  The current on each electrode is shown. 
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FIGURE 5: Calculated (a) electron density, (b) ion density, and (c) ionization rate, in the conditions of Fig. 4, 

spatially integrated along the discharge axis and represented over three half-waves of the voltage as a function of 

transverse direction and time. Log scale, two decades. The maximum electron number densities are on the order 

of 0.5 10
12 

cm
-3
. Timing is the same as in Fig. 4. At time indicated t1 on Fig. 5c, the pattern corresponds to the 

hexagonal pattern of Fig. 2b. At time t2 the pattern corresponds to the honeycomb structure of Fig. 2c. 


