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Novel low power microwave plasma sources

at atmospheric pressure

Abstract. The aim of this paper is to present the results of our experimental investigations concerning novel low power microwave plasma sources.
Such devices are of high interest from industry point of view, namely for plastic or metal surface treatment. Proposed by us plasma sources are
small, simple and low cost. Plasma generated by them is of reqular shape. They can be operated at atmospheric pressure, at standard frequency of

2.45 GHz and microwave power lower than 500 W.

Streszczenie. Celem pracy jest zaprezentowanie opracowanych przez nas nowych mikrofalowych zrédet plazmy matej mocy. Takie urzgdzenia
cieszg sie zainteresowaniem przemystu w celu zastosowan w obrobce plastikowych i metalowych powierzchni. Zaproponowane przez nas zZrodfa
plazmy matej mocy sg mate, proste | tanie. Pracujg pod ci$nieniem atmosferycznym | standardowej czestotliwosci 2,45 GHz. (Nowe matej mocy

mikrofalowe zrédfo plazmy przy ci$nieniu atmosferycznym)
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Introduction

To meet industry expectations of having small and low
cost source of plasma for surface treatment we started an
experimental investigations concerning this problem. One of
the promising plasma application is the removing of
unwanted photoresist in the semiconductor and photo-
electronic industries [1]. Produced plasma is used for the
removal of pollutants in order to improve surface conditions
and to enhance the adhesion strength of substrate before
photoresist coat. Microwave plasma surface treatment also
find applications in cars production, aviation industry,
textiles and in biomedical engineering [2-5]. Except above-
named properties generated plasma should be regular in
shape. Currently, devices provided plasmas in the form of
flame [6] or column [7] are well known. In this paper we
present results of our work and we propose a few novel low
power microwave plasma sources. These are: waveguide
slit plasma generator, multijet microwave plasma generator
and microwave plasma sheet generator. All of them were
designed, built and testes in our Centre for Plasma and
Laser Engineering of our Institute. They are operated at
atmospheric pressure, at standard frequency of 2.45 GHz
and microwave power not exceeding 500 W.

Experimental setup

The diagram of the setup used for experimental
investigations of novel microwave plasma sources is shown
in the figure 1. Its essential components are: microwave
generator, isolator, directional coupler with power meters,
three stub tuner, microwave plasma generator, gas flow
control and measurement system and movable plunger.
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Fig.1. The diagram of the setup for experimental investigations
of novel microwave plasma sources

The microwave generator is a source of electromagnetic
radiation at frequency of 2.45 GHz and maximal microwave
power of 2 kW. Calibrated directional couplers are used to
sample the incident and reflected microwave power at the
plasma generator input. The diverted fractions of power are

measured with power meters. The three stub tuner and
movable plunger are impedance matching devices.
Matching the impedance of a plasma generator to the
impedance of a transmission line is in some cases desirable
for better microwave power transfer. Generally, they can
exist in the experimental setup but not have to. The
microwave plasma generator can be supplied by coaxial
cable or stripline structures in the case of lower microwave
powers. When operating with higher microwave powers the
plasma generator should be fed through waveguide. In this
paper we present plasma generators based either on
stripline structure or rectangular waveguide. For initiate the
discharge a high voltage spark source is used. In the figure
2 the diagram of the setup for industry applications is
shown.
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Fig.2. The diagram of the setup for industry applications

Comparing with setup presented in the figure 1 there is lack
of microwave power measurement system and impedance
matching devices. Also the microwave generator is of
different structure. Because of demand not too high
microwave power to supply our novel plasma sources the
microwave generator can incorporates the magnetron
typical for microwave ovens assuring power up to 1000 W.
It should be also noted that such device does not require
the water cooling. It can also work without isolator.

All experimental tests were performed with argon and neon
at a flow rate up to 25 I/min and microwave power up to
500 W.

Waveguide slit plasma generator

The new waveguide slit plasma generator is based on
the WR 430 standard rectangular waveguide. Its sketch is
presented in the figure 3. It has the form of the wedge
waveguide tipped with a slit of dimensions 1x54.6 mm.
From microwave power input side the generator is
terminated with a teflon plate which prevent flowing of the
gas to the waveguide circuit. Generated in the waveguide
slit plasma due to the gas flow leaves the waveguide
region. Protruded plasma gives the possibility of contact
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with treatment material. For initiation the discharge the
absorbed microwave power P4, as low as 50 W, is required.
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Fig.3. The sketch of the waveguide slit plasma generator

The photos of the slit argon plasma for different values of
absorbed microwave power P4 and gas flow rate of
Q=25 I/min are presented in the figure 4. As it can be seen
depending on the absorbed microwave power P, the
plasma has the form of separate or confluent spots. Figure
5 shows photo of the waveguide slit neon plasma for
absorbed microwave power Ps=65W and gas flow rate
Q=25 I/min. Figure 6 shows reflected Pr at waveguide slit
plasma generator input and absorbed P, in the plasma
microwave powers measured versus incident microwave
power P;. As it can be seen the reflected microwave power
Pr in a whole range of applied incident microwave power P;
is on the unsatisfactory level. For assuring better efficiency
of microwave power transfer to the plasma the three stub
tuner can be used. In the figure 3 the sketch of the
waveguide slit plasma generator equipped with three stub
tuner is shown.

P,=100 W

Fig.4. Waveguide slit argon plasma for different values of absorbed
microwave power P,. Gas flow rate Q=25 I/min.

Fig.5. Waveguide slit neon plasma for absorbed microwave power
P,=65 W. Gas flow rate Q=25 I/min.
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Fig.6. Reflected Pgr at plasma generator input and absorbed P, in
the plasma microwave powers measured versus incident
microwave power P,

Multijet microwave plasma generator

The idea of the multijet plasma generator is based on
the surface wave sustained discharges in dielectric tubes
[8, 9]. In such a discharge the surface wave propagates
along the interface between the plasma it creates and the
dielectric tube enclosing the plasma. The wave traveling
along the plasma column surface is continuously
transferring a fraction of its power to the plasma it
maintains. The column ends where the wave power is
already too low to sustain the plasma. Ensuring appropriate
gas flow rate the plasma exits out of the tube forming
plasma jet. In the figure 7a the surface wave sustained
argon plasma column in a singular dielectric tube in the
WR 430 waveguide can be seen while in the figure 7b two
microwave plasma jets in a reduced height section of the
WR 284 waveguide are shown.
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Fig.7. Surface wave sustained plasma column in a singular
dielectric tube a) and two microwave plasma jets in a reduced
height section b) of the WR 284 waveguide. Absorbed microwave
power P,=500 W, argon flow rate Q=15 I/min.

Similarly like in [10], we accommodated a few quartz
discharge tubes in one launching gap of the Surfaguide. We
coupled six single tubes together, with a low loss dielectric
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glue, in a single file. The inner and outer diameters of each
tube are 1 and 5 mm, respectively. Such small tube inner
diameter prevents plasma filamentation. In the figure 8 the
photo of the six microwave plasma jets, for absorbed
microwave power P,=500 W, and argon total flow rate
Q=15 I/min, can be seen. Changing the gas flow rate and
position of the tubes within the waveguide the length of the
plasma jets can be changed.
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Fig.8. Six microwave plasma jets in a reduced height section of the
WR 284 waveguide. Absorbed microwave power P,=500 W, argon
flow rate Q=15 I/min.

In the figure 9 different possible configuration of six
microwave plasma jets on the WR 284 waveguide wide wall
can be seen. In the figure 9a perpendicularly to waveguide
axis, in the figure 9b parallel to waveguide axis and in the
figure 9c not tested during our investigations centrally
placed plasma jets in the form of fascile. Figure 10 shows
six microwave plasma jets in a reduced height section of
the WR 284 waveguide during metal plate treatment.
Absorbed microwave power P,=500 W, argon flow rate
Q=15 I/min.
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Fig.9. Different configuration of six microwave plasma jets on the
WR 284 waveguide wide wall: a) perpendicularly to waveguide axis
b) parallel to waveguide axis c) centrally in the form of fascile
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Fig.10. Six microwave plasma jets in a reduced height section of
the WR 284 waveguide during metal plate treatment. Absorbed
microwave power P,=500 W, argon flow rate Q=15 I/min.

Microwave plasma sheet generator

Presented in this section microwave plasma sheet
generator was firstly described in [11] and [12]. Its main
advantage is a shape of generated plasma, namely sheet
shape. It is convenient from surface treatment point of view,
thus attractive for industry. The plasma is generated inside
a quartz box through which the working gas flows. Because
of the gas flow the plasma goes out of a box permitting the
processing of the material’s surface (see figure 11).
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Fig.11. Plasma sheet, fed through waveguide, during metal plate
treatment. Microwave power P=250 W, argon flow rate Q=25 I/min.

The exemplary dimensions of the generated plasma
sheet could be 50 mm of width and 1 mm of thickness for
absorbed microwave power P,=200 W and argon flow rate
Q=5 I/min. Depending on the microwave power and gas
flow rate the gas temperature of the generated plasma
varies from 400°C to 800°C. Presented here plasma sheet
generator can be supplied from a waveguide (see figure
11), from a wedge waveguide (figure 13) or a stripline
(figure 12). Figure 14 presents the reflected Pr at plasma
generator input and absorbed P4 in the plasma microwave
powers measured versus incident microwave power P;in
the case of plasma sheet generator supplied from
a waveguide wedge.
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Fig.12. Stripline based device for generation of the microwave
plasma sheet. Microwave power P=300W, argon flow rate
Q=5 l/min.

Quartz box

Fig.13. Plasma sheet generator supplied from a waveguide wedge.
Microwave power P=300 W, argon flow rate Q=5 I/min.
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Fig.14. Reflected Pk at plasma generator input and absorbed P, in
the plasma microwave powers measured versus incident
microwave power P, in the case of waveguide wedge based device.

Conclusions

The undisputed advantages of presented in this paper
microwave devices are as follows. They are of small
dimensions (a few centimetres) and simple in design thus
cheap in production. They can be operated at atmospheric
pressure what eliminates an expensive vacuum apparatus.
Standard microwave frequency of 2.45 GHz and microwave

power not exceeding 1000 W allows to use cheap
commercial magnetrons such as that installed in microwave
oven. Sustaining the plasma in quartz tubes or box prevent
contaminations from metallic electrode. Plasma generated
in presented devices is of regular shape. To strictly evaluate
the usefulness of presented in this paper plasma devices
for surface treatment, the knowledge of the plasma
parameters like electron density and gas temperature is
crucial. Thus the spectroscopic diagnostic and plasma gas
analysis are planned.

Assuming, we conclude that presented in this paper devices
makes them attractive for industry in surface treatment of
various materials.
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