{: SCISPACE

formerly Typeset

@ Open access - Journal Article - DOI:10.1063/1.124174
Direct current glow discharges in atmospheric air — Source link [4

Robert H. Stark, Karl H. Schoenbach

Institutions: Old Dominion University

Published on: 14 Jun 1999 - Applied Physics Letters (American Institute of Physics)

Topics: Glow discharge, Atmospheric pressure, Cathode, Direct current and Current (fluid)

Related papers:

« Direct current high-pressure glow discharges

» High-pressure hollow cathode discharges

« Generation of large-volume, atmospheric-pressure, nonequilibrium plasmas
» Gas Discharge Physics

« Microplasmas and applications

Share thispaper: @ ¥ M &

View more about this paper here: https:/typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-
2vextbzos7


https://typeset.io/
https://www.doi.org/10.1063/1.124174
https://typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-2vextbzos7
https://typeset.io/authors/robert-h-stark-3yznkby4ct
https://typeset.io/authors/karl-h-schoenbach-42klcefqj0
https://typeset.io/institutions/old-dominion-university-17jpmjq6
https://typeset.io/journals/applied-physics-letters-1a09pi1y
https://typeset.io/topics/glow-discharge-17hcape5
https://typeset.io/topics/atmospheric-pressure-3uvsgd8x
https://typeset.io/topics/cathode-3ua012du
https://typeset.io/topics/direct-current-1fwt86zh
https://typeset.io/topics/current-fluid-kg90zrnz
https://typeset.io/papers/direct-current-high-pressure-glow-discharges-3fbf8y96co
https://typeset.io/papers/high-pressure-hollow-cathode-discharges-26h1keba7i
https://typeset.io/papers/generation-of-large-volume-atmospheric-pressure-6yzu6shfqa
https://typeset.io/papers/gas-discharge-physics-qdlikbrmnd
https://typeset.io/papers/microplasmas-and-applications-2ohd40t9oz
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-2vextbzos7
https://twitter.com/intent/tweet?text=Direct%20current%20glow%20discharges%20in%20atmospheric%20air&url=https://typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-2vextbzos7
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-2vextbzos7
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-2vextbzos7
https://typeset.io/papers/direct-current-glow-discharges-in-atmospheric-air-2vextbzos7

Old Dominion University

ODU Digital Commons

Bioelectrics Publications Frank Reidy Research Center for Bioelectrics

1999

Direct Current Glow Discharges in Atmospheric
Air

Robert H. Stark
Old Dominion University

Karl H. Schoenbach
Old Dominion University

Follow this and additional works at: https://digitalcommons.odu.edu/bioelectrics pubs

Part of the Electrical and Flectronics Commons, and the Plasma and Beam Physics Commons

Repository Citation

Stark, Robert H. and Schoenbach, Karl H., "Direct Current Glow Discharges in Atmospheric Air" (1999). Bioelectrics Publications. 255.
https://digitalcommons.odu.edu/bioelectrics_pubs/255

Original Publication Citation

Stark, R. H., & Schoenbach, K. H. (1999). Direct current glow discharges in atmospheric air. Applied Physics Letters, 74(25),
3770-3772. doi:10.1063/1.124174

This Article is brought to you for free and open access by the Frank Reidy Research Center for Bioelectrics at ODU Digital Commons. It has been
accepted for inclusion in Bioelectrics Publications by an authorized administrator of ODU Digital Commons. For more information, please contact

digitalcommons@odu.edu.


https://digitalcommons.odu.edu?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/bioelectrics_pubs?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/bioelectrics?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/bioelectrics_pubs?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/270?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/205?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.odu.edu/bioelectrics_pubs/255?utm_source=digitalcommons.odu.edu%2Fbioelectrics_pubs%2F255&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@odu.edu

APPLIED PHYSICS LETTERS

VOLUME 74, NUMBER 25

21 JUNE 1999

Direct current glow discharges in atmospheric air
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(Received 5 January 1999; accepted for publication 26 April 1999)

Direct current glow discharges have been operated in atmospheric air by using 100 wm microhollow
cathode discharges as plasma cathodes. The glow discharges were operated at currents of up to 22
mA, corresponding to current densities of 3.8 A/cm” and at average electric fields of 1.2 kV/cm.
Electron densities in the glow are in the range from 10'? to 10" cm ™. 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.
[S0003-6951(99)01425-4]

Research on high-pressure glow discharges is motivated
by applications such as instantly activated reflectors and ab-
sorbers for electromagnetic radiation, surface treatment, thin-
film deposition, remediation and detoxification of gaseous
pollution, and gas lasers. Many of these applications require
the generation of air plasma at atmospheric pressure with
electron densities exceeding 10''cm ™. One of the major
obstacles in obtaining such a plasma are instabilities, particu-
larly glow-to-arc transitions (GAT), which lead to the fila-
mentation of the glow discharge in times short compared to
the desired lifetime of a homogeneous glow. These instabili-
ties generally develop in the cathode fall, a region of high
electric field, which in self-sustained glow discharges is re-
quired for the emission of electrons through ion impact.
Eliminating the cathode fall, by supplying the electrons by
means of an external source, is therefore expected to extend
the range of stable operation.

Recently, it has been shown that microhollow cathode
discharges (MHCDs) serve as electron emitters for high-
pressure glow discharges.! Microhollow cathode discharges
are high-pressure, direct current glow discharges between
closely spaced electrodes with an electrode opening of ap-
proximately 100 um and an electrode distance of about 200
pum. Experiments in argon and xenon have shown that dc
operation of microhollow cathode discharges in noble gases
is possible at atmospheric pressure.>*> More recently, stable
discharge operation has also been obtained in atmospheric
pressure air.* When operated in the hollow cathode discharge
mode electrons are extracted through the anode opening at
moderate electric fields. These electrons support a stable
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 this
method.! As shown in the following, the microhollow cath-
ode discharges can also be used to sustain dc glow dis-
charges in atmospheric pressure air.

The electrode system used in our experiments consists of
a microhollow electrode system and an additional electrode
with variable distance of up to 10 mm from the microhollow
anode. The electrode configuration and the experimental
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setup are shown in Fig. 1. Also shown are photographs of the
microhollow cathode discharge in air (end-on) and the
MHCD sustained glow between hollow anode and third elec-
trode (side-on). The pressure was, in this case, 10 Torr. The
microhollow cathode discharge is generated between two
plane—parallel electrodes with centered circular openings.
The electrodes consist of 100-um-thin molybdenum foils
and the cathode and anode hole diameter of the plasma cath-
ode ranges from 80 to 100 wm. The dielectric is alumina
(A1,03, 96% purity) of 250 um thickness and is placed as a
spacer between the electrodes. The anode of the microhollow
cathode geometry is on ground potential, the third electrode
is biased positively with respect to the microhollow anode. It
serves as anode for the microhollow cathode sustained
(MCS) glow discharge. The sustaining voltage of the micro-
hollow cathode discharge is in the range from 400 to 600 V
depending on current, gas pressure, and gap distance. The
MHCD current was limited to values of less than 22 mA dc
to prevent overheating of the sample.

MHCD

Cathode Anode

MCS Glow

- -

FIG. 1. Geometry of the microhollow electrode system with a third elec-
trode and the appearance of the discharge plasma, end-on and side-on.
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FIG. 2. MCS glow discharge in atmospheric air at two different current
levels 8.7 and 22 mA, respectively, at 0.2 cm gap distance. Upper photo-
graph: Vamuaep=499 V, Iyiucp=28.9 mA, Vyics=250 V, Iyics=8.7 mA.
Lower photograph: Vyucp=409 V, Iyiucp=27.0 mA, Vyics=238 V, Iycs
=22.0mA.

Since possible discharge instabilities like thermal insta-
bility or attachment instability® may occur on a time scale of
microseconds and less, too fast to be observed with dc cur-
rent and voltage monitors, we have in all measurements
monitored the current and voltage by means of fast electrical
probes and recorded the traces by means of a 400 MHz digi-
tal oscilloscope. In addition, the appearance of the dc dis-
charge has been recorded by means of a charge-coupled de-
vice camera.

Figure 2 shows atmospheric pressure air discharges at
two current levels of 8.7 and 22 mA, respectively. The air
plasma is cylindrical with the diameter at the plasma cathode
determined by the hole diameter (100 wm). At 8.7 mA the
diameter increases to 430 wum in the midplane of the dis-
charge gap, and then shrinks again to approximately the
cathode diameter at the third electrode. At 22 mA the diam-
eter in the midplane is about 860 wm. The current density is
at the currents of 8.7 and 22 mA, and 6 and 3.8 A/cmz,
respectively.

Figure 3 shows the development of the MCS air glow
discharge current with increasing MHCD current at atmo-
spheric pressure. The voltage at the third electrode was kept
constant at V=250V. The MCS glow discharge current is
identical to the plasma cathode current above the minimum
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FIG. 3. MCS glow discharge current vs MHCD current and forward voltage
vs current of the MHCD for constant voltage Vg at the third electrode.
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sustaining current (8 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 current (Fig. 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 n, can be estimated from the elec-
trical parameters of the discharge, the electric field E, the
current density j, and the electron mobility w, :

n.=jl(Ep.e), ()
with e being the electron charge and u, obtained from

(Kep)7,=0.45X 10% (cm®Torr/V's). )

This equation holds for air’ at room temperature 7. Recent
measurements showed that the gas temperature 7 in air glow
discharges at currents of approximately 10 mA is close to
2000 K.*

In order to take this elevated gas temperature into ac-
count, it was assumed that w,p depends linearly on T:

(mep)r= T/To(/-LeP)TO- (3)

Assuming that the electric field in the discharge is given as
the anode voltage divided by the gap distance, and that the
current density at midplane is the current divided by the
cross section of the discharge at this plane, the electron den-
sity at this position can be estimated. The cross section of the
discharge was obtained from Fig. 2, by considering the ra-
dius, where the intensity decreased to half of the maximum
intensity, as the effective discharge radius. For p
=760 Torr, j=3.8 Alem®> and E=12kV/iem, and T
=2000K, the estimated electron density at midplane is 5
X102 cem 3.

In air, the main electron-loss process is electron attach-
ment to oxygen. The energy density required to sustain a
discharge in such an attaching gas is given as

P=n,Wi,,/T, 4)

where n, is the electron density, W, the effective ionization
energy, and 7 is the average lifetime of the electrons. At
concentrations of 10'>c¢cm™3, in atmospheric air, 7is 10 ns.®
Assuming that the effective ionization energy is 50 eV, the
power density required for the sustainment of an atmospheric
air plasma with electron densities of 5X102cm™ is
4 kW/cm®. Assuming that the average electric field in the
glow is 1.2 kV/cm, and the current density at midpoint be-
tween the electrodes is approximately 3.8 A/cm?, the experi-
mentally obtained power density is 4.6 kW/cm®, a value
which is close to the theoretical value.

Although the plasma volume in this experiment is still
only cubic millimeters, the described method allows us to
scale it up to larger values. In the longitudinal direction this
can be achieved by extending the electrode gap, which re-
quires increasing the applied voltage. In the transverse direc-
tion large volume plasma operation can be achieved by su-
perimposing microhollow cathode discharge supported
glows through parallel operation.” The possible individual
control of each of the discharge elements permits us to gen-
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erate any desired plasma pattern in the transverse plane. A
limiting factor is the power density, which at this point
would prevent us from generating large volume plasmas.
However, experimental results with combustion-assisted
glow discharges in air indicate that the power can be reduced
by orders of magnitude.® Experiments with combustible ad-
ditives and additives with low ionization potential are under-
way.

This work was funded by the Air Force Office of Scien-
tific Research in Cooperation with the DDR&E Air Plasma
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