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Direct current glow discharges in atmospheric air

Robert H. Stark? and Karl H. Schoenbach
Physical Electronics Research Institute, Old Dominion University, Norfolk, Virginia 23529

(Received 5 January 1999; accepted for publication 26 April 1999)

Direct current glow discharges have been operated in atmospheric air by usipgnli®@rohollow

cathode discharges as plasma cathodes. The glow discharges were operated at currents of up to 22
mA, corresponding to current densities of 3.8 Afcamd at average electric fields of 1.2 kv/cm.
Electron densities in the glow are in the range from?16 103cm™3. Varying the current of the
microhollow cathode discharge allows us to control the current in the atmospheric pressure glow
discharge. Large volume atmospheric pressure air plasmas can be generated by operating
microhollow cathode discharges in parallel. 199 American Institute of Physics.
[S0003-6951(99)01425-4]

Research on high-pressure glow discharges is motivatesetup are shown in Fig. 1. Also shown are photographs of the
by applications such as instantly activated reflectors and abmicrohollow cathode discharge in aiend-on) and the
sorbers for electromagnetic radiation, surface treatment, thirMHCD sustained glow between hollow anode and third elec-
film deposition, remediation and detoxification of gaseougrode (side-on). The pressure was, in this case, 10 Torr. The
pollution, and gas lasers. Many of these applications requirenicrohollow cathode discharge is generated between two
the generation of air plasma at atmospheric pressure withlane—parallel electrodes with centered circular openings.
electron densities exceeding #6m~3. One of the major The electrodes consist of 1Qgm-thin molybdenum foils
obstacles in obtaining such a plasma are instabilities, particuand the cathode and anode hole diameter of the plasma cath-
larly glow-to-arc transition§GAT), which lead to the fila- ode ranges from 80 to 10@m. The dielectric is alumina
mentation of the glow discharge in times short compared t§Al,O3, 96% purity of 250 um thickness and is placed as a
the desired lifetime of a homogeneous glow. These instabilispacer between the electrodes. The anode of the microhollow
ties generally develop in the cathode fall, a region of highcathode geometry is on ground potential, the third electrode
electric field, which in self-sustained glow discharges is reds biased positively with respect to the microhollow anode. It
quired for the emission of electrons through ion impact.serves as anode for the microhollow cathode sustained
Eliminating the cathode fall, by supplying the electrons by(MCS) glow discharge. The sustaining voltage of the micro-
means of an external source, is therefore expected to extefi@llow cathode discharge is in the range from 400 to 600 V
the range of stable operation. depending on current, gas pressure, and gap distance. The

Recently, it has been shown that microhollow cathodeMHCD current was limited to values of less than 22 mA dc
discharges(MHCDs) serve as electron emitters for high- to prevent overheating of the sample.
pressure glow dischargésviicrohollow cathode discharges

are high-pressure, direct current glow discharges betwee MHCD
closely spaced electrodes with an electrode opening of a
proximately 100um and an electrode distance of about 200 Cathode Anode

pm. Experiments in argon and xenon have shown that d
operation of microhollow cathode discharges in noble gase
is possible at atmospheric presséifeMore recently, stable
discharge operation has also been obtained in atmosphel
pressure aif.When operated in the hollow cathode discharge
mode electrons are extracted through the anode opening
moderate electric fields. These electrons support a stab
plasma between the microhollow anode and a third posi
tively biased electrode. Direct current glow discharges in ar '.
gon at one atmosphere have been generated using tf
method! As shown in the following, the microhollow cath-
ode discharges can also be used to sustain dc glow di
charges in atmospheric pressure air.

The electrode system used in our experiments consists ¢
a microhollow electrode system and an additional electrod
with variable distance of up to 10 mm from the microhollow
anode. The electrode configuration and the experiment:

MCS Glow

FIG. 1. Geometry of the microhollow electrode system with a third elec-
2Electronic mail: stark@ece.odu.edu trode and the appearance of the discharge plasma, end-on and side-on.
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sustaining current8 mA) for the MCS discharge. The mi-
crohollow cathode discharge acts as a constant current source
for the air glow. In this mode the forward voltage in the
microhollow cathode discharge, which serves as the plasma
cathode, decreases slightly with currérig. 3). Small varia-
tions in the MHCD voltage cause, therefore, large swings in
the electron current, and consequently, the current in the air
glow.

The electron density, can be estimated from the elec-
trical parameters of the discharge, the electric figldthe
current density, and the electron mobility,:

Ne=j/(Epee), 1)
with e being the electron charge apg, obtained from

FIG. 2. MCS glow discharge in atmospheric air at two different current (,LLep)TO=0.45><106 (c? Torr/V s). (2)
levels 8.7 and 22 mA, respectively, at 0.2 cm gap distance. Upper photo-

graph:  Viuco=499 V, lyrco=8.9 MA, Vyyes=250 V, Ics=8.7mA.  This equation holds for airat room temperatur&,. Recent

Lower photograph:Vico =409V, luco=27-0MA, Vies=238 V. lues  measurements showed that the gas temperatireir glow

—220mA. discharges at currents of approximately 10 mA is close to
2000 K?#

Since possible discharge instabilities like thermal insta-  In order to take this elevated gas temperature into ac-
bility or attachment instabilitymay occur on a time scale of count, it was assumed that,p depends linearly of:
microseconds and less, too fast to be observed with dc cur-
rent and voltage monitors, we have in all measurements (1eP)7=TITo( eP) 7, ©)

monitored the current and voltage by means of fast electri(_:e}&\ssuming that the electric field in the discharge is given as
probes and recorded the traces by means of a 400 MHz digjhe anode voltage divided by the gap distance, and that the
tal oscilloscope. In addition, the appearance of the dc disg rrent density at midplane is the current divided by the
charge has been recorded by means of a charge-coupled qgpss section of the discharge at this plane, the electron den-
vice camera. _ o sity at this position can be estimated. The cross section of the
Figure 2 shows atmospheric pressure air discharges @fischarge was obtained from Fig. 2, by considering the ra-

two current levels of 8.7 and 22 mA, respectively. The airgjys where the intensity decreased to half of the maximum
plasma is cylindrical with the diameter at the plasma CathOd‘ﬁqtensity, as the effective discharge radius. Fer

determined by the hole diamet&t00 um). At 8.7 mA the  _ g0 Torr,j=3.8A/cn? and E=1.2kV/cm, and T

diameter increases to 430m in the midplane of the dis- _2000K, the estimated electron density at midplane is 5
charge gap, and then shrinks again to approximately the 1gl2cm3.

cathode diameter at the third electrode. At 22 mA the diam- | 4ir, the main electron-loss process is electron attach-
eter in the midplane is about 8Gfm. The current density i ent to oxygen. The energy density required to sustain a
at the <_:urrents of 8.7 and 22 mA, and 6 and 3.8 Alcm discharge in such an attaching gas is given as
respectively.

Figure 3 shows the development of the MCS air glow ~ P=neWion/T, (4)

discharge current with increasing MHCD current at atmo—Wherene is the electron densityV,,, the effective ionization

spheric pressure. The voltage at the thi_rd electrode was _ke%ergy, andr is the average lifetime of the electrons. At
constant atV=250V. The MCS glow discharge current is o entrations of #6cm™3, in atmospheric airz is 10 ns®

identical to the plasma cathode current above the minimunAssuming that the effective ionization energy is 50 eV, the
power density required for the sustainment of an atmospheric

! air plasma with electron densities of x80%cm™2 is
55 @ Current _ 1.0 4 kWicnf. Assuming that the average electric field in the
< v Voltage [ S glow is 1.2 kV/cm, and the current density at midpoint be-
E 15 ] _ 0.8 e tween the electrodes is approximately 3.8 Afcthe experi-
8 SR mentally obtained power density is 4.6 kW/na value
,EE 10 | i 05 which is close to the theoretical value.
o - 06 Although the plasma volume in this experiment is still
::; 5 ] vv",," v I S only cubic millimeters, the described method allows us to
vvwvy' [ > . P S ;
Y usigy | 04 scale it up t_o larger values. .In the longitudinal dwecuop this
0 : . ' mes . can be achieved by extending the electrode gap, which re-
0 5 10 15 20 quires increasing the applied voltage. In the transverse direc-

tion large volume plasma operation can be achieved by su-
perimposing microhollow cathode discharge supported

FIG. 3. MCS glow discharge current vs MHCD current and forward voltage9l0Ws through parallel _operatidn?l'he possible i_ndiVidual
vs current of the MHCD for constant volta§g,cs at the third electrode. ~ control of each of the discharge elements permits us to gen-

Current pHcp (MA)



3772 Appl. Phys. Lett., Vol. 74, No. 25, 21 June 1999 R. H. Stark and K. H. Schoenbach

erate any desired plasma pattern in the transverse plane. AR. H. Stark and K. H. Schoenbach, J. Appl. P85, 2075(1999.
limiting factor is the power density, which at this point ?K. H. Schoenbach, A. El-Habachi, W. Shi, and M. Ciocca, Plasma
would prevent us from generating large volume plasmas., Sources Sci. Technog, 468 (1997).
However, experimental results with combustion-assisted, A El-Habachi and K. H. Schoenbach, Appl. Phys. L@8, 7 (1998.

. L “R. Block, O. Toedter, and K. H. Schoenbach, Bull. Am. Phys. %G.
glow discharges in air indicate that the power can be reduced1478(1998
b.y. orders of mfagmtle%EXper_'m?mS. with Com_bUSt|bIe ad- 5Y. P. RaizerGas Discharge Physic€nd ed.(Springer, Berlin, Germany,
ditives and additives with low ionization potential are under- 1993,
way. 5R. J. Vidmar, IEEE Trans. Plasma S&B, 733(1990.
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