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It is widely believed that, at low frequencies of 1—-100 kHz, the generation of atmospheric pressure
glow dischargesAPGD) requires a dielectric barrier added to at least one electrode. This letter
reports the experimental observation of a uniform and stable APGD generated between two bare
electrodes without a dielectric barrier over a wide frequency range from 20 kHz to 260 kHz. Below
70 kHz, it is shown that preionization in the rising phase of the applied voltage is important and
plasma generation occurs in the voltage-falling phase. Mechanism of barrier-free APGD is found to
be different from both atmospheric dielectric-barrier discharges and radio-frequency APGD.
© 2005 American Institute of PhysidDOI: 10.1063/1.1879095

Large-volume glow discharges generated at atmospheric  Current-voltage characteristics of the barrier-free APGD
pressure are currently one of the most important topics in gasiake an interesting comparison with that of atmospheric
discharge physics because of their immense potentials fdPBD. At 20 kHz, the discharge current of the barrier-free
numerous application’s.These atmospheric pressure glow APGD has one large peak every half cycle of the applied
dischargegAPGD) are nonthermal capacitive plasmas gen-voltage, similar to atmospheric DBD. However, this is where
erated between two parallel electrodes. For the frequencihe similarity ends. As shown in Fig. 1, the discharge event
range of 1—-100 kHz, it is widely believed that the necessarpccurs in the voltage-falling phase and this is very different
condition to generate stable APGD is to insulate at least onom atmospheric DBD for which the discharge event occurs
electrode with a dielectric barriérin this letter, we report in the voltage-rising phase. Given that bare electrodes are
the observation of stable and uniform glow discharges beused in the barrier-free APGD, both the voltage-rising phase
tween two bare electrodes without a dielectric barrier at freand the voltage-falling phase should have similar gap voltage
quencies from 20 kHz to 260 kHz. They are different fromand so the observation of strong discharge events only in the
previously reported barrier-free APGD that are generated iyoltage-falling phase is intriguing. At 50 kHz and 70 kHz,
dc? at 60 Hz? or at radio frequencies in the megahertzthere appear two competing discharge events, one in the
range>® In our experiments, barrier-free APGD were gener-Voltage-rising phase and the other in the voltage-falling
ated in helium between two parallel stainless-steel electrodgdase. Increasing the excitation frequency to 260 kHz, the
of 2 cm diameter and with a gap size of 1.5 mm. The elecCurrent spike seen previously in the voltage-falling phase
trodes were not water cooled.

With a nanosecond intensified CCD camera system soo
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FIG. 3. Simulated(a) discharge current density and applied voltag®;
disappears and the current-voltage pattern is now similar tﬁlectron density(c) ion density; andd) electric field for a 20 kHz barrier-
. 6 ree APGD.
radio-frequency APGD:
To understand discharge events in the voltage-falling

phase, we have developed a simple hydrodynamic plasmgpace-charge field is greater near the cathode, and the near-
model based on our previous wérkut with two plasma  cathode electric field is now higher than that of Point 2. So,
species only, namely electrons and helium ions. Figure Zn the time duration from Point 3 to Point 4, more electron-
shows the numerically simulated discharge current densitjon pairs are produced thus creating more space charges and
and applied voltage for all four frequencies. The appliedincreasing further the electric field near the cathode. Conse-
voltage used in the simulation is necessarily greater than thguently, at Point 4, the electric field near the cathode exceeds
measured voltage because stepwise ionization and Pennifige breakdown field at a location near the cathode and an
ionizatior! are not included in our model. In terms of the avalanche is induced there leading to the large current peak
wave form, numerical prediction resembles closely experiin Fig. 3(a). In other words, sufficient preionization prior to
mental results of Fig. 1. At 20 kHz, there is a strong dis-breakdown throughout the voltage-rising phase is necessary
charge event in the voltage-falling phase and none in theéo provide substantial space charges and the latter then add to
voltage-rising phase. As the frequency increases, an addihe applied voltage to elevate the electric field above the
tional discharge event in the voltage-rising phase emergésreakdown electric field. This is why the discharge event of
and eventually at 260 kHz the discharge event at the voltagesarrier-free APGD occurs in the voltage-falling phase.
rising phase disappears. Discharge mechanism of barrier-free  Further evidence to support the above interpretation is
APGD appears to be different from both atmospheric DBDobtained from the ionization rate and the loss rate of elec-
and radio-frequency APGD. trons to the electrodes. Using the gap voltage, we estimate
Figure 3 shows at 20 kHz simulated spatial profiles ofthe electron loss rate from the time required for an electron
electron density, helium ion density, and the electric field ato reach the anode from the middle of the gas gap. In Fig. 4,
different instants during the first half cycle of the appliedit is shown that the gap voltage needs to be about 880 V for
voltage when the cathode is on the right-hand side. At Poinglectron gain to balance out electron loss. This corresponds
1, most electrons are located near the cathode and the electtig an electric field of 880 V/1.5 mm=5.9 kV/cm. If the
field is very small with negligible space charges. Under theelectric field exceeds this threshold at any point within the
influence of the applied voltage, electrons are driven towar@jas gap, an avalanche is likely to be triggered. Figu 3
the anode, and at Point 2 many electrons are lost to thehows that the peak electric field is 5.2 kV/cm at Point 2 and
anode. As a result, the space-charge field remains small argl2 kV/cm at Point 4, suggesting gas breakdown is only pos-
the electric field in the gap is set up largely by the appliedsible at Point 4. This is precisely the findings of Figa)3hat
voltage. This is confirmed by the similar slopes of the elecbreakdown occurs at Point 4 but not Point 2 even though
tric field at Point 1 and Point 2 in Fig.(8). The lack of these two points have an identical gap voltage.
sufficient space charges keeps the electric field below the Discharge events in the voltage-rising phase observed at
breakdown field and as such there is no discharge at Point Bigher frequencies are found to be associated to significant
At Point 3, the applied voltage is the largest leading to in-electron acceleration by the rapid oscillating field of the ap-
creased gas ionization and increased charge particle denglied voltage. This increases the kinetic energy of electrons

ties. As shown in Fig. @), the resulting increase in the resulting greater gas ionization. Equally importantly the
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10°€ ' Y Y T In summary, experimental observation of barrier-free
APGD was reported at low frequencies from 20 kHz to
260 kHz and numerical simulation was used to understand
their discharge mechanism. It has been established that at
20 kHz rapid electron loss to the electrodes prevents suffi-
cient space charges from being built up and as such gas
breakdown in the voltage-rising phase is not possible. In-
stead, preionization in the rising phase of the applied voltage
. o 5 is important to create sufficient space charges to compensate
107 lonization P for electron loss, leading to gas breakdown in the voltage-

{ f falling phase.
H 4

10°k

10E -

Electron gain and loss rates (s™)

Y I

0 200 400 600 800 4 1000
Gap voltage (V)

The authors acknowledge the technical help of Dr. Yun
Yang.

1 . . - ] .
) . . J. R. Roth,Industrial Plasma Engineerindrinciples, Vol. I(Institute of
FIG. 4. Simulated electron production and loss rates as a function of the gapPhysics Publishing Philadelphia? PA ?_g;s P (

voltage. 23, Kanazawa, M. Kogoma, T. Moriwaki, and S. Okazaki, J. Phy<21D
838(1988.

. . o ®R. H. Stark and K. H. Schoenbach, J. Appl. Phgs, 2075(1999.
rapid changing voltage traps more electrons within the elec-*M. Laroussi, I. Alexeff, J. P. Richardson, and F. F. Dyer, IEEE Trans.
trode gap thus reducing electron loss to the electrodes. Tthlasma Sci.30, 158(2002. '
combination of these two factors allows for the rapid estab- é P;Lr.k' I HZ”QS’SH'CmHe”AmaTnﬁS : S'Lz%m%gégl(égbi)eong' R F ek
. I - . Shim, and C. S. ng, Appl. Phys. \ .
lishment of a_n_adequate electric field fo_r gas breakdown iNs3” 3 shi, X. T. Deng, R. Hall, J. D. Punnett, and M. G. Kong, J. Appl.
the voltage-rising phase when the excitation frequency is pnys. 94, 6303(2003.

sufficiently high. M. G. Kong and X. T. Deng, IEEE Trans. Plasma S8l, 7 (2003.

Downloaded 20 Aug 2009 to 158.125.80.71. Redistribution subject to AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp



