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MEASUREMENTS OF POWER TRANSFER TO OVERDENSE
PLASMA IN LOW-PRESSURE MICROWAVE
DISCHARGE")

Z. ZAKRZEWSKT’), M. LUBAKNSKP), T. KOPICZYNSKI?), Gdansk J. MUSIL’) Praha

The results of experimental investigation of a stationary  microwave (2.45 GHz)
discharge in helium at pressures of hundreds of Pa are presented. They are in a good
agreement with the analytical model.

The possibility of an effective generation of low pressure overdense plasma with the
help of a simple waveguide structure has been shown.

HU3MEPEHNHA ﬂmwm&ﬂ: MOIMHOCTH CBEPXTLIOTHOII IUIA3ME
B MUKPOBOJHOBOM PA3PAIE MMPH HU3KOM JAABJEHUH

B pa6ote npusenens pesynbtatei SKCHEPHMEHTANLHOTO UCCIIEROBAHKSA CTALMOHAp-
HOTO MUKpoBORHOBOTO (2,45 ') paspsaga 8 renun TIpH AaBJAEHUH HECKOMLKO coTeH [1a,
KOTOpbLIE HAXONATCA B XOPOLLEM COPNIACHH C AHATHTHYECKON MOTENLIO. Onucana Takoke
BO3IMOXKHOCTL 3¢h(eKTHBHOIO reHepHpOBaHus CBEPXNIOTHOM NNA3MbI IPH HU3KOM B~
AICHHH € MOMOLLLIO BOHOBOAA MPOCTOH hOpPMBbI,

L. INTRODUCTION

A microwave discharge in the rectangular waveguide is convenient both to
handle experimentally and to describe analytically. Such a discharge in a matched
waveguide has already been described [1, 3]. As far as the balance of microwave
power is concerned it is not very efficient because of the losses in the matched load.

It is a purpose of this work to present the possibility of an effective generation of
low pressure plasma of an overcritical electron density using a simple waveguide
structure,

. EXPERIMENTAL SET-UP AND PROCEDURE

The stationary microwave discharge was sustained by the wave in a rectangular
Waveguide (72 mm X 34 mm) at a frequency of 2.45 GHz and power up to 80 W.
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The discharge tube (of 10 mm and 12 mm internal and external diameter, -

respectively) was placed as in Fig. 1. The metal rings in the tube provide the
limiting surface both for the diffusing particles and the electromagnetic field,
The simplified diagram of the external set-up is shown in Fig. 2. The microwave
power is fed into a waveguide tract containing the &mnrm.nmo tube and terminated by
a movable shorting plunger. The experimental set-up allows a direct recording of
the reflected power and the relative light intensity versus position of the plunger.
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e Fig. 2. Simplified diagram of experimental set-up.

Following the previous experience [4] it was assumed that the intensity of light was
proportional to the electron density in the plasma. The validity of this assumption
has been indirectly confirmed during the experiments presented here. .

The procedure was as follows. For each value of the neutral gas pressure a series
of recordings was made ooq@mVQSEUm to various levels of the incident wave in the
waveguide, A typical result is shown in Fig. 3. Although the details vary, the
general shape of the obtained curves remains unchanged for various discharge
conditions.

HI. THEORETICAL MODEL

To describe the behaviour of the discharge a simplified analytical model is used.
The discharge plasma enveloped in the glass walls is considered to be a local
dielectric obstacle in the waveguide. Its influence on the propagation of the wave
may be determined if the equivalent circuit of this discontinuity is known. Such an
approach has often been used. : ,

The foollwong assumptions are made. The plasma is axially homogeneous and
the skin effect may be neglected. Consequently the electric field is uniform
throughout the plasma.In this case both the plasma and the tube wall have [5] an
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equivalent circuit in the form of a single impedance shunting the waveguide in the
plane of the axis of the column. Losses in the waveguide walls and in the plunger
can be neglected. Thus the power P; of the incident wave is divided between that
absorbed in the plasma, P., and that reflected, Pr. Because of the uniformity of the
electric field in the plasma, P, is proportional to the average electron density.
The simplified theory predicts the general dependence of Py and P, on the
position of the plunger as shown in Fig. 3 (1 — distance from the axis of the
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Fig. 3. The dependence of the reflected power and light intensity on the position of the plunger as
recorded during the experiment (P, = const.).

column, A, — wavelength in the waveguide). For any pressure and any incident
power there is a position of the plunger, corresponding to the maximum absorbed
power. All the further results refer to that position. Moreover, at each pressure
there exists one value of incident power PP such, that all this power is transferred

into the plasma. Let us define for each' pressure
h#"mu-\ﬁmv:.w Pa=PA/P7. AHV

It follows from the theory that at each pressure the absorbed power depends only
on the incident power

‘>\§~”w\’\w~"|N|./\M~E ANV
1
and

:.\xo!.NN/\NI 1, 3)

where r denotes the electron density normalized in respect to its critical value.
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IV. RESULTS AND DISCUSSION

The results of measurements and of the theory are presented in Fig. 4 and Fig, 5.
Each point represents results for the position of the plunger corresponding to the
maximum absorbed power. For each pressure the value of PP was determined
providing the best fit of the results, . A

The proposed theoretical model properly describes the behaviour of the
discharge. At each value of gas pressure there exists a value of incident power,

T, at which all the energy is transferred to the plasma. To sustain the discharge,
the incident power has to be larger than PP*/4. The simple waveguide structure,
with one adjustable element makes an effective generation of overdense plasma
possible. . [
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