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AbstractðObservations of atmospheric pressure DBD plasma were conducted in Air, Ar-

gon, Helium, Nitrogen and Oxygen gasses at 1 and 3 standard liters per minute (slpm) flow 

rates, utilizing three types of excitation waveforms. Three phenomena were observed: 1) 

plasma streamers travel with the gas at the same speed as the gas for some but not all gases; 

2) ñshock wavesò are observed in Nitrogen plasma while the filaments have no directional 

preference with gas flow direction; and 3) Oxygen, Nitrogen and Helium plasmas were ob-

served to be rather uniform. (Some images are in color only in the online version). 
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I. INTRODUCTION  

 

Current applications of atmospheric pressure dielectric barrier discharge 

(DBD) include ozone production [1, 2], treatment of gases [3], industrial sur-

face treatment [4-7], and other applications. DBDôs biocidal properties make 

atmospheric pressure DBD potentially a favorable system for medical applica-

tions [8-11]. It has been shown experimentally that when exposed to DBD, the 

patientôs discomfort is directly related to the number of microdischarges, or fi-

laments, in this plasma [12]. Furthermore, the number of microdischarges de-

pends upon the excitation waveform, power, and type of gas [12]. A change in 

any of these three variables may result in a higher filament temperature, and 

thus increases the discomfort experienced by the patient. Thus, treatment 

without anesthesia requires plasma with little or no filamentation. This 

stemmed the need to observe and characterize plasma in which the excitation 

waveform, gas type, and flow rate were varied to obtain the most uniform 

lowest power plasma with highest bactericidal abilities (bacterial studies are 

not presented here, please see [9], [10] for further details).  
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Figure 1. Experimental Setup 

 
Three plasma excitation waveforms were used for characterization: a sinu-

soidal waveform, quasi-sine continuous waveform, and pulsed excitation. The 

surface power density was kept at a constant value for each gas, ranging from 

0.43 to 2 Watts/cm
2
. Air, Argon, Helium, Nitrogen and Oxygen were chosen 

for the experiments reported on in this paper. The three excitation waveforms 

chosen here are due to their availability in our lab and their use in medical and 

biological studies (see [9], [10]). Presented in this paper are the results and 

highlights of the observed effects that authors deemed of note. 

 
II. EXPERIMENTAL SETUP  

 

The experimental setup (Figure 1) features a water electrode 25.4 mm in di-

ameter separated from a brushed steel base by a 2 mm perforated aluminum 

spacer. The water electrode was comprised of a quartz viewing windows at the 

upper and lower surfaces. Regular tap water was degasified and used as a con-

ducting medium. The Nikon D70 camera was used for digital photography. 

Photos of the discharge were taken at decreasing shutter speeds from 30 

seconds to 1/6400 seconds to characterize plasma uniformity. The electrode is 

water cooled by allowing the water contained within the electrode to circulate 

to an ice-cooled external container (Figure 1). Due to the nature of the pump 

and the setup, water recirculation often resulted in bubble formation which is 

visible in pictures taken at short apertures; therefore, approximately 2-3 mm 

shadows seen in some of the pictures are artifacts of bubbles on the upper 

quartz window; these bubbles do not affect the plasma in any way as the lower 

plasma-contacting quartz is bubble-free. The plasma is formed within a two 

millimeter gap distance between the brushed steel and the lower quartz face of 

the electrode. Gas is introduced into the setup through ten out of twelve equi-

distant tubes which line the base of the chamber and exit through the remain-

ing two. 
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Waveforms 

The three waveforms chosen for these experiments were due to their availabil-

ity in our laboratory. A Sinusoidal, quasi-sinusoidal, and ñMicro-Pulsedò 

waveform were used. The pulse duration and characteristics of each waveform 

are given in Figure 2.  

 

a)  

b)  

c)  

Figure 2. Waveforms of a) pulsed waveform; b) continuous waveform; and c) 

sinusoidal waveform power supplies 


