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Abstract In this study，a dielectric barrier discharge device with needle—plate electrodes was 
used to investigate the characteristics of the micro-discharge in argon at one atmospheric pressure 

bv an oDtical method．The results show that there are two discharge modes in the dielectric barrier 

discharge，namely corona mode and filamentary mode．The corona discharge only occurs in the 

vicinitv of the needle tip when the applied voltage is very low．However，the filamentary discharge 

mode can occur．and micro—discharge bridges the two electrodes when the applied voltage reaches 

a certain value． The extended area of micro—discharge on the dielectric plate becomes larger 

with the increase in applied voltage or decrease in gas pressure．The variance of the light emission 

waveforms is studied as a function of the applied voltage．Results show that very narrow discharge 

pulse only appears at the negative half cycle of the applied voltage in the corona discharge mode． 

However broad hump fabout several microseconds)can be discerned at both the negative half 
cycle and the positive half cycle for a high voltage in the filamentary mode．Furthermore，the 

inception voltage decreases and the width of the discharge hump increases with the increase in 

applied voltage．These experimental phenomena can be explained qualitatively by analyzing the 

discharge mechanism． 
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1 Introduction 

Gas discharge at atmospheric pressure is extensively 

applied because it can be easily used for batch pro— 

cessing and without vacuum condition 【 ～4j． Atmo— 

spheric pressure plasmas can be generated by corona 

discharge，arc discharge，dielectric barrier discharge， 

etc． In arc discharge．thermal plasma is generated， 

which are mainly applied in metallurgy，cutting and 

spraying．In corona discharge and dielectric barrier dis— 

charge．nonthermal plasma is generated．The plasma 

generated in corona discharge is confined in the vicin— 

itv of the electrode and hence with limited application． 

Among various modes of discharge dielectric barrier 

discharge is promising to generate plasmas and widely 

applied in material modification．UV and VUV gener— 

ation environmental protection fsuch as exhaust gas 

processing)，disinfection of medical apparatus，plasma 
display panels and propulsion of small satellites 71． 

Dielectric barrier discharge is a kind of non— 

equilibrium AC gas discharge，in which at least one 

of the two electrodes is covered by a dielectric layer． 

The discharge can only be sustained in AC current 

because of the existence of a dielectric layer． Under 

most circumstances．micro～discharge filaments are dis— 

tributed on the electrode stochasticaUv at high pres— 

sure ． These filaments can be self-organized under 

proper conditions where a pattern formation can be 

observed[U1．Experimental results show that no micro— 

discharge filament can be discerned and uniform dis— 

charge(called atmospheric pressure glow discharge)can 
take place in the gas gap for some special species such 

as helium，neon and nitrogen[10，1 1]
． Obviously，inves— 

tigations into micro—discharge are important for pat— 

tern formation dynamics and realization of atmospheric 

pressure glow discharge．In recent years，close attention 

has been paid to the characteristics of micro—discharge 

in the dielectric barrier discharge between two parallel— 

plate electrodes[9,10， |21
． Both experimental and theo— 

retical investigations about this kind of discharge con— 

figurations are conducted extensively．However，there 

have been relatively few studies about micro—discharge 

in a nonuniform field such as in needle—plate electrode 

c0nfigurations． 

In this study,a dielectric barrier discharge device 

with needle—plate electrodes is used to investigate the 

characteristics of the micro—discharge in argon at one 

atmospheric pressure by means of an optical method． 

The discharge mechanism is qualitatively examined by 

analyzing the waveforms of the applied voltage and the 

light em ission signals． 

2 Experim ental setup 

A schematic drawing of the experimental setup is 

shown in Fig．1． The plasma is generated between a 

needle electrode and a water electrode covered with a 
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Fig．1 Schematic diagram of the experimental setup 

layer of quartz glass with a thickness of 1．5 mm．The 

tungsten needle is with a tip radius of 220“m．A cylin— 

drical glass container filled with tap water is used as the 

water electrode with a diameter of 75 mm．Both ends 

of the glass container are sealed by quartz glass． A 

metallic ring is immersed in the water container and 

grounded．The needle is fixed by a piece of rubber and 

protrudes from the holder by 2 cm．The total length 

of the needle is about 5 am． The gas gap is 2．5 mm 

from the needle tip to the quartz glass．The discharge 

device is placed in a Perspex vacuum vesse1．The vessel 

is pumped by a mechanic pump to its limit and then 

filled up with argon(99．99％)as working gas．The gas 
pressure is kept at one atmosphere．The blunt end of 

the needle is connected to the high voltage output of a 

power source，which can generate a sinusoidal voltage 

with a peak value of 10 kV and a frequency of 55 kHz． 

The applied voltage can be measured by a high voltage 

probe fTektronix P6015A，1000X)and recorded with an 

oscilloscope fTektronix DP040541．rI10 record the dis— 

charge images，a digital camera(Canon Powershot G1： 

3．24 mega pixels1 is used with an exposure time of 8 ms 

in our experiments．Light emission from the discharge 

is detected by a photomultiplier tube(RCA7265)and 

recorded by the oscilloscope． 

3 Results and discussion 

By increasing the voltage of the power source，corona 

discharges appear at the vicinity of the needle tip at a 

peek voltage( )of1．4 kV．The light emission from 
the discharge is very weak，as shown in Fig．2(a)．with 
the increase in applied voltage the light emission gets 

stronger and the diameter of the discharge increases 

slightly． In the corona discharge mode the discharge 

is almost spherica1．W hen the applied voltage reaches 

4．1 kV the discharge becomes a plasma channel that 

bridges two electrodes． This plasma channel can be 

called micro-discharge filament．From Fig．2(b)，it can 
be observed that the plasma channel has a horn shape 

with the strongest emission at the vicinity of the needle 

tip．The discharges almost keep the cylindrical plasma 

channel from’the needle tip to the middle of the gas 

gap．but diverge from the cylindrical channel in the 
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neighborhood of the dielectric layer．The emission on 

the right of the dielectric comes from the reflection of 

the quartz glass．W ith a further increase in the applied 

voltage，the emission from the discharges becomes in- 

tense．Fig．2(c)shows an image of the micro—discharge 
with at 4．8 kV． 

(a)1．4 kV，(b)4．1 kV，(c)4．8 kV 
Fig．2 Discharge images under different voltages 

From Fig．2．it can also be found that the diameter of 

discharge increases with the increase in applied voltage． 

observed through the water electrode．Fig．3 shows the 

discharge diameter as a function of voltage for difierent 

pressures．It is clearly shown that the diameter of the 

discharge increases with the increase in applied voltage 

and the same pressure．It decreases with the increase in 

gas pressure and the same voltage．Corona discharge 

can only appear when the applied voltage is slightly 

above the breakdown voltage，and then change to fila- 

ment discharge with a slight increase in voltage at low 

pressure．However，the discharge keeps in the corona 

mode over a wider range of the applied voltage at at— 

mospheric pressure．Under the corona discharge mode， 

the average free path of electrons increases with the de- 

crease in pressure．Therefore，the electrons gain more 

energy from the electric field under a 1ower pressure． 

Consequently，the corona discharge can be sustained 

at a broader area with the decrease in pressure．Simi- 

larly,the critical voltage decreases for the whole gas gap 

breakdown with the decrease in pressure．This is con- 

sistent with the experimental results shown in Fig．3． 

Under the filament discharge mode，charges move to- 

ward the dielectric and accumulate on the dielectric 
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Fig．3 Discharge diameter on the water electrode a．s a func— 

tion of voltage for different pressures 

1ayer to form wall charges．These wal1 charges will repel 

the forthcoming charges moving toward the dielectric 

layer．Therefore，the drift velocity is slow at the vicin- 

itv of the dielectric layer compared to that at the needle 

tip．The discharge tends to converge because of a pinch 

effect resulting from the electromagnetic attraction be- 

tween the moving charges．However，diflusion will cause 

the discharge to diverge and the repelling force from the 

wall charges will also cause the discharge to diverge． 

Consequently．the discharge is a channel near the nee— 

dle tip．while it is in a horn shape at the vicinity of 

the dielectric layer．More wall charges are accumulated 

on the dielectric layer with the increase in applied volt— 

age．The repulsion gets stronger with the increase in 

applied voltage．As a result，the discharge diffusion di— 

ameter increases with the increase in applied voltage． 

W ith the decrease in gas pressure，more wall charges 

are needed to quench the breakdown because of a lower 

electric field at a lower pressure．Based on the same 

reason，the discharge diflusion diameter increases with 

the decrease in gas pressure． 

Fig．4 shows the waveforms of the applied voltage 

and light emission signal in 

It can be found that there 

the corona discharge mode． 

is only one discharge pulse 

for one cycle of the applied voltage and the discharge 

pulse with a duration of about 0．1 s always appears at 

the negative half cycle．In the corona discharge mode， 

the high—field region only exists at the vicinity of the 

needle tip．W hen the applied electric field is above a 

critical value for breakdown．electrons emitted from the 

needle tip would gain energy from the electric filed to 
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Fig．4 Waveforms of(a)the applied voltage and(b)the 
light emission in the corona discharge mode 

ionize argon atoms．The num ber ot electrons increases 

due to the avalanche process． The driR velocity of 

electrons is very low when the electrons move to the 

low—field region．Therefore，the needle tip with nega— 

tive potential is covered by electron cloud．Because of 

the shielding effect of this electron cloud，the electric 

6eld near the needle tip is 1owered and the discharge is 

quenched．As a result，the emission wavc form shows a 

pulse．0nly discharge emission at the negative half cy— 

cle is observed because the breakdown field with nega- 

tive potential is lower than that with positive potentia1． 

Fig．5 shows the waveforms of the applied voltage 

and the light emission in the filamentary mode． It is 

shown that the discharge is composed of a pulse with 

a duration of about 1 s and a hump(continuous dis— 

charge profile1 with a duration of about 6 s for the 

positive half cycle of the applied voltage and the neg— 

ative one．respectively．The different waveforms may 

result from different discharge mechanisms for the two 

diffI rent half cycles．Assume that the discharge hump 

results from the formation of a cathode fal1 region．Dur— 

ing the discharge，an electron avalanche develops from 

the instantaneous cathode(needle electrode)to the in- 

stantaneous anode(water electrode)，and most posi— 
tive ions are generated near the instantaneous anode． 

They will slowly move towards the instantaneous cath— 

ode(needle electrode)and collide with the cathode to 
generate secondary electrons． W hen most ions reach 

the vicinity of the cathode，the net electric field is af- 

fected by these space charges，and the voltage is mostly 

applied on the gap between the cathode and the layer 

of space charges．This region is called the cathode faU 

region． W hen the cathode faU region is formed ions 

have enough energy to generate secondary electrons at— 

ter they have been accelerated in the cathode fall region 

and electrons can also have enough energy to cause the 

avalanche in the cathode fa11 region even if the voltage 

is not too high． So the voltage to maintain the dis— 

charge is lowered significantly compared to Townsend 

discharge．Therefore．there is a hump lasting until the 

applied voltage decreases to a certain value． 

Fig．5 Waveforms of(a)the applied voltage and(b)the 
light emission in the filamentary mode at low voltage 

This pulsed discharge at the positive half cycle re_ 

sults from the Townsend breakdown mechanism where 

no cathode fall region is formed．W ithout the formation 

of a cathode fall region，the voltage to sustain the dis一 
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charge is fairly high and the discharge quenches quickly 

because of the accumulation of wall charges．Therefore
． 

the discharge pulse can only be observed at the positive 

half cycle．The cathode fall region is first formed in the 

negative half cycle probably because the ions converge 

towards the needle electrode due to the electrode con— 

figuration．The higher the ion density is．the easier the 

cathode fall region is to form． 

W ith a further increase in the applied voltage
． a dis— 

charge hump can appear in each half cycle，as shown 

in Fig．6．The appearance of hump discharge in both 

half cycles indicates that the cathode fall region can be 

formed even if the water electrode is the instantaneous 

cathode． The formation of the cathode fall region in 

the positive half cycle may result from the ion accumu— 

lation during the previous Townsend discharge pulse
． 
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Fig．6 Waveforms of(a)the applied voltage and(b)the 
light emission at high voltage 

W ith the further increase in applied voltage．the in— 

ception voltage decreases． That is to say,the break— 

down moments for both half cycles are in advance．The 

discharge can be ignited at the falling edge of the ap— 

plied voltage for a sufficiently high voltage，as shown 

in Fig．7．The wall charges accumulated on the dielec— 

tric increase with the increase in voltage．The electric 

矗eld of the wall charges will help the breakdown of the 

forthcoming half cycle．Therefore，the applied electric 

field for the breakdown decreases with the increase in 

voltage． 
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Fig．7 Waveforms of(a)the applied voltage and(b)the 
light emission when the breakdown occurs at the falling edge 

of the voltage 
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4 Conclusion 

Ilhe characteristics of a dielectric barrier discharge in 

argon with needle—plate electrodes was investigated at 

one atmospheric pressure by an optica1 method．Exper- 

imental results show that there are two discharge modes 

in the dielectric barrier discharge，namely the corona 

discharge mode and filamentary mode．The corona dis— 

charge only occurs in the vicinity of the needle tip for 

a very low applied voltage．However，the filamentary 

discharge mode can occur，and micro-discharge bridges 

the two electrodes，for the applied voltage reaching a 

certain value．The extended area of micro—discharge oil 

the dielectric plate becomes larger with the increase in 

applied voltage or the decrease in gas pressure． The 

variance of light emission waveforms as a function of 

the applied voltage is studied．Results show that in the 

corona discharge mode a very narrow discharge pulse 

only appears at the negative half cycle of the applied 

voltage． However in the filamentary mode a broad 

hump can be discerned at both the negative half cycle 

and the positive half cycle for a high voltage．Further— 

more，the inception voltage decreases and the width 

of the discharge hump increases with the increase in 

applied voltage．These experimental phenomena have 

been assessed qualitatively by analyzing the discharge 

mechanism ． 
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