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Dielectric barrier discharge (DBD) is one of the most remarkable non-equilibrium plasma 

sources that are feasible to apply to various surface treatments such as cleaning, etching and 
ashing processes for TFT-LCD production even at elevated pressures. When the DBD system is 
used in the TFT-LCD industry, the essential points to be considered should be the productivity of 
the process and the possibility of treating the large-area glass substrate for massive manufacturing. 
To meet such criteria, a spray-type DBD reactor has been suggested as shown in Fig. 1. [1] It has 
multi spray-holes perforated on the grounded electrode attached to a dielectric barrier to blow off 
the produced plasma and reactive species efficiently from an inside discharge region onto a 
working substrate, passing through a spray region outside the grounded electrode exit. In this type 
of reactor, its characteristics become more complicated than those of the conventional planar-type 
one since the generation and transport of charged and reactive species are influenced by perforated 
electrode geometry and gas flow through the holes. 

To investigate the plasma characteristics coupled with the effects of spray-hole geometry 
and gas flow in the spray-type DBD reactor, a two-dimensional numerical simulation is performed 
on the spray-type DBD of a N2/SF6 mixture gas [2] for silicon substrate etching. And a parametric 
study is carried out for the dependency of its operating and design conditions such as inlet flow 
rate, frequency of applied voltage and spray-hole size. The simulation code is developed in the 
single-hole region, of which computational domain is depicted in Fig. 2, and this code consists of 
three numerical modules: i) discharge simulation on the distributions of electric field and charged 
species densities, ii) flow simulation on the velocity flow field and the characteristics of neutral 
species, and iii) reaction calculation for the determination of source or sink terms of charged and 
neutral species. 

 The spray-type DBD shows the typical characteristics of the planar-type DBD, but the 
specific feature is revealed by the surface discharges formed along the spray-hole barrier wall. 
These surface discharges produce the high-density electrons propagating towards the powered 
electrode (Fig. 3 (a)) and extend the high density region of reactive species, like fluorine atom (Fig. 
3 (b)). As the gas flow rate increases from 100 to 500 slpm, the high density region of fluorine 
atom narrows down, and the density distribution of neutral species becomes uniform over the 
substrate surface. When the operating frequency is changed, a low-frequency (20 kHz) condition 
is relatively more advantageous than higher frequencies of 40 and 60 kHz for an efficient 
production of fluorine atoms because high density electrons are generated at the lower frequency 
condition. In the variations of spray-hole size from 0.4 to 1.2 mm, the spray-hole effect for the 
enhancement of the discharge ignition is reduced and the plasma flow velocity of effluent stream 
increases as the diameter of spray-hole decreases. 
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Fig. 1  Schematic diagram of a spray-type DBD. Fig. 2  Computational domain for a single-hole region.
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Fig. 3  Density distributions of plasma species at t = 540.28 μs. 
                 (Numbers typed near the contour lines are the power of 10) 
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