HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 84, NUMBER 2 12 JANUARY 2004

A uniform glow discharge plasma source at atmospheric pressure
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An atmospheric-pressure, uniform, continuous, glow plasma was produced in ambient air assisted
by argon feeding gas, using a 13.56 MHz rf source. Based on the measured current—voltage curve
and optical emission spectrum intensity, the plasma showed typical glow discharge characteristics,
free from streamers and arc. The measured rotational and vibrational temperatures were in the range
of 490 to 630 K and 2000 to 3300 K, respectively, within the operation range of argon flow rate and

rf power. From the spatial measurement of total optical emission intensity, and rotational and
vibrational temperatures, the plasma shows very high uniforfatyer 93% in the lengthwise
direction. The plasma size for this study was 200 ®¥BO mmx5 mm, although a plasma was
produced in the scaled-up version of 600 mm in length, aiming for large-area plasma applications.
© 2004 American Institute of Physic§DOI: 10.1063/1.1639135

Atmospheric plasma sources have recently received inthe plasma covering area. A typical plasma area of the device
creased attention due to their many advantages, such as hawder study was 200 mrb0 mm and the height was 4—-6
ing no need for expensive vacuum equipment, being lowsmm, as shown in Fig. (b). However, since the lengthwise
cost and simple systems, and easy to operate. Because of tilimension is an important parameter if a material for treat-
advantages, many types of atmospheric plasma sources havent is transported across the plasma, the scaled-up version
been developed in a wide range of frequencies from dc tavith a 600 mm length produced a uniform plasma as this
microwave, or in a short pulse. For example, a microwavearticle was being written. By controlling the operation
and rf plasma torch, a dielectric barrier dischaf@8D), an ~ scheme, generation, and sustainment of plasma with bare,
arc plasma torch, a capacitively coupled, atmosphericconducting bottom electrode was also possible. The central
pressure plasma jet are well-known examples of atmospheri@lectrode was powered by a 13.56 MHz rf souf660 W
plasma sources:® In some application areas of atmospheric maximum powerwith a matching network. The plasma was
plasmas, especially for surface modification of large-aregenerated in ambient air with argon gas supplied through a
materials such as fabrics, polymers, or glass plates for liquid
crystal displays or plasmg di;play panelg, having a large ()
plasma volume or area with high uniformity in plasma pa- RF source
rameters is one of the most important requirements that the Dielectric
plasma source should satisfy. With this motivation, a large-
area, atmospheric pressure, continuous, uniform plasma
source was developed and is described in this letter. It uses a ) ]
DBD-type hardware arrangement in which we observed that Piioenie
a dielectric material covering electrodes limits the overcur- conductor
rent leading to arc and assists producing a stable, uniform
glow plasma at atmospheric pressure.

A schematic diagram of the discharge system is shown in
Fig. 1. One of the important features of the system is its
double structure with two side-discharge gaps, which provide
not only volumetric but also stable plasma generation. In
each side-discharge gap, an alumina plate covers each side
electrode. A similar structure is placed between the central
powered electrode and a bottom conductor, and the bottom- Spectrometer
discharge gap distance was varied up to 6 mm for high-

performance plasma generation. The slit-type plasma pro- (b) Sz 5cm
duced at each side gap assists plasma generation between the
powered electrode and the bottom conductor for enlarging

5mm
dAuthor to whom correspondence should be addressed; electronic maiFIG. 1. (a) Schematic diagram of the experimental setup é»da photo-
wchoe@kaist.ac.kr graph of the generated plasma.
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FIG. 2. (a) Current and voltage wave form in the absence of discharge andre also observed due to the ambient air.

(b) in the presence of discharge. Once a discharge occurs, voltage drops, and

at the same time, current increases. The phase angle betvaehV also

changes fromr/2 to #/4, which indicates power coupling to the plasrt@.  optical emission signals, there was no sign of the existence
The measured—V characteristic curve is shown to be similar to that of a of either arc or filaments.

D T hce et ens 222 Diagnosiics of the produced plasma were performed
bottom gap distance. mainly by optical emission spectroscopy. As shown in a typi-
cal emission spectrum depicted in Fig. 3, excited argon
] . atomic lines(696.5, 763.5, 811.4 nm, etovere dominantly
gas hole array. Introduction of argon gas flow was very im-,pseryed due to the argon feeding gas. On the other hand, the
portant for uniform and stable plasma generation within thegy molecular spectrunf306—310 nmy, N, molecular spec-
capability of the rf power supply used for the experiment.q;m (330-425 niy, and excited oxygen atom emission lines
The electrical characteristics of the produced plasma Were777 and 844 nmwere also seen because the plasma was
measured by a curreiifektronix™ TCP202and a voltage  generated in ambient air. Based on the emission spectrum,
probe (Tektronix PE015A. The visible emission spectrum rotational temperature T(,) and vibrational temperature
from the dischgrge was obtained through a Chromgx 250igT, ) were obtained through the analysis of @Ref. 8 and
spectrometer with a CCD detector and a photomultiplier tubeN2 second positive system molecular  spectrum,
(PMT). respectively''° Due to frequent collisions among heavy par-
Figures 2a) and 2b) show current () and voltage ¥)  ticles at atmospheric pressure, it is known that rotational
measured in the absence of and in the presence of diSChargémperature is nearly equal to gas temperattiihe vibra-
respectively. The current trace in the figure represents thgonal temperature provides the information of the energy
current through the bottom conductor. When the discharg@ansfer between electrons and heavy particles, especially
does not occur, the phase angle between current and voltaggolecules. It was obtained by the typical Boltzmann plot
is 7/2, indicating that the equivalent circuit of the system ismethod of nitrogen molecular emission spectrum. In general,
purely capacitive. The capacitance of the system obtaineghe vibrational temperature lies between gas temperature and
from the slope of andV is 32.2 pF, which is nearly equal to electron temperature, and shows the same tendency as elec-
the capacitance of 30.8 pF calculated from the purely capaciron temperaturé®
tive equivalent circuit with known dielectric size and gap The spatial uniformity of the plasma was measured be-
distance. In the presence of discharge, however, the voltagguse of its importance in the practical application to large
becomes smaller but the current becomes larger. The phaggea surface treatment. As shown in Figa)4 the line-
angle is nown/4 due to the role of plasma as a conductingintegrated total emission intensity that is proportional mainly
medium with low electrical resistance. It is also seen in theto Ar | intensity was measured at each local position. It is
|-V characteristic curve depicted in Fig(c® where the shown to be very uniforn96.7% along the lengthwise di-
slope of the curve that is proportional to the characteristiaection; that is, thex direction indicated in Fig. 1. Here, the
impedance becomes very small after the onset of dischargepatial uniformity is defined as-d(max—min)/(max+min)
At 10 £pm argon flow rate and 4 mm bottom gap distance,n percent. The spatial distributions ®f,; and T, are also
the breakdown voltage was 435 V peak. The discharge susery uniform(94.6% and 93.5%, respectivelyas is seen in
tain voltage was about 170 V peak and remained approxiFigs. 4b) and 4c), respectively. The high uniformity of vi-
mately constant despite the increased current.IFhécurve  brational temperature suggests that the molecular excitation
in Fig. 2(c) looks almost identical to that of a typical low- process occurs uniformly over the whole plasma length. The
pressure, normal glow discharg&he total optical emission uniformity remained almost same as the input power and
intensity measured by a PMT shown in FigdRsupports the argon flow rate were varied. The total emission intensity
dc-like characteristic of the glow plasma. The small ripple inmeasured along the side, that is, in thdirection, showed a
the PMT signal is attributed to the 13.56 MHz noise. Notsymmetric and more or less flat profile with respect to the

only by visual observation, but also from the electrical andmiddle position at 25 mm, except for a small dip toward the
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FIG. 4. Spatial distribution ofa) total optical emission intensitgp) rota-  FIG. 5. Rotational temperature measured as a functi¢g)@rgon flow rate

tional temperature, an@) vibrational temperature measured in the length- (at 300 W, and (b) input rf power(at 20 {pm). T,o decreases as flow rate
wise direction. The spatial uniformity is 96.7%, 94.6%, and 93.5%, respecincreases due to more significant cooling by the introduced cold gas par-

tively. At 300 W of input power and 2@pm of argon flow rate. ticles. T,y increase as input power increases is attributed to more energy
transfer from heated electrons to heavy neutrals.

middle point. This is because the effect of the slit-type plastemperatures and optical emission intensity botb iandy
mas formed at each side gap and pushed downward by g@rections ensures the uniform quality over the whole range
flow becomes relatively small toward the middle point. How- of plasma covering area.
ever, the uniformity was still goo®0%).
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