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PROBE DIAGNOSTICS OF HIGH-FREQUENCY GAS DISCHARGES SUSTAINED IN WAVE FIELDS OF
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Abstract. Results for plasma parameters, including their radial distributions, from probe di-
agnostics of diffusion-controlled gas discharges sustained in the wave fields of azimuthally-
symmetric Trivelpiece-Gould modes are presented. The study stresses on the probe theory cho-
sen and on the procedure developed for processing the measured probe characteristics.

1. Introduction

Recent studies [1-7], both theoretical and experimen-
tal, on high-frequency discharge production in an exter-
nal magnetic field by travelling Trivelpiece-Gould modes
have demonstrated the high-efficiency of maintenance of
these discharges, which makes them certainly very attrac-
tive for use in the gas-discharge applications [8]. This
motivates the interest in their diagnostics by probe di-
agnostics techniques [7], aiming at obtaining local data
for the plasma parameters. However, as it is well known
[9-11], using probes for diagnostics of high-frequency
discharges and discharges with magnetized plasma pro-
duction requires special care for avoiding or accounting
for the influence on the probe characteristics of the high-
frequency field producing the discharge and of the exter-
nal magnetic field.

The study is an extension of recent experiments [7] on
probe diagnostics of 27 MHz argon gas discharges with
magnetized plasma production in a diffusion controlled
regime by the wave fields of azimuthally-symmetric
Trivelpiece-Gould modes. Choosing the probe theory
[12,13] of thick sheaths around the probe, a procedure

for processing the probe characteristics and results — ra-
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from the diagnostics of the discharges are presented.

°

2. Experimental arrangements and conditions

The experimental set-up (Figure 1) is the same as it is
described in [7]. Argon 27 MHz discharges of magne-
tized plasmas are produced in a gas-discharge tube (ra-
dius B = 3cm and length L 1.5m) by the wave
fields of Trivelpiece-Gould modes launched by applying
of power P < 3 W to a double-ring coupler. The gas
pressure p and the external magnetic field B are varied
in the experiments: p = (0.01 — 0.1) Torr, B < 810G.
A passive compensation method is applied for avoiding
distortion of the probe characteristics due to effects of the
high-frequency field. The measurements of the plasma
parameters are performed by using a cylindrical radially-
movable probe. The radial profiles of plasma parameters
shown in Section 4 are at a fixed position (50 cm) from
the discharge end which is achieved by changing the ap-
plied power.

Under gas-discharges conditions, as given above, the
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Figure 1. Experimental set-up

plasma is strongly magnetized (e > Ve_,, w Where
Q, is the electron gyro-frequency, w is the wave fre-
quency, and v._, is the electron-atom collision fre-
quency) and the external magnetic field has a strong im-
pact on the transverse ambipolar diffusion coefficient

aiinD, =D, [142(QeQi/ve-avi—o|™", one has
Q.Qi/Ve—ali—q > 1;here D, is the coefficient of lon-
gitudinal diffusion, ; is the ion giro-frequency and v, —;
is the ion-atom collision frequency.

The problem for probe diagnostics of magnetized plas-
mas is solved here by choosing a probe radius r, small
enough in order to have the unequalities r,,,r,, >
r, fulfilled; here r,, and r_, are the electron- and ion-
giroradii. As it is known, validity of these uriequalities
permits application of a probe theory for unmagnetized
plasmas. With the highest value of B = 810G chosen,
a probe with a radius 7, = 0.05mm, as it is taken in the
experiment, meets this requirement. However, the small
radius of the probe introduces also complications, since
with 7, < A, (where A is the Debye length) in the ex-
periments, the sheath around the probe is thick and the
standard method [14] for determination of the plasma pa-
rameters from the probe characteristics is not applicable.

3. Theoretical basis of the procedure of the probe
diagnostics

The procedure, developed here for diagnostics with a
cylindrical probe, is based on the Allen-Boyd-Reynoids
(ABR) theory [12] of radial motion of cold ions to a
spherical probe under conditions of a thick sheath around
the probe. Thus, the electron temperature is obtained from
the electron part of the probe characteristics in the stan-
dard manner:

Alnl,
~all

where e and & are the electron charge and the Boltzmann
constant, respectively, and I, and V, the electron current
and the voltage, are taken from the probe characteristics.

The numerical procedure given below concerns the de-
termination of the plasma density from the ion saturation
current of the current-voltage probe characteristics.

As it is known, in the ABR-theory the distribution of
the potential in the vicinity of the probe is described by
the Poisson equation, in our case, in a cylindrical geom-

etry:
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for the electron concentration is assumed and the ion con-
centration is expressed through the ion saturation current
I i

2e]V[)1/2] —1;

m;

n;=I; [27rrle( 4
€q is the vacuum permittivity, [ is the probe length, and
m,; is the ion mass.

In normalized quantmes E=r/x,,n = —eV/kT,

J = L;(kT:127) "t y/m;/2e9n.o ) equation (2) reads:
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The boundary conditions-applied at r — oo [r > (50 —
100)A, in the numerical calculations] are for the poten-
tial and its first derivative, The former, reduced to a re-
quirement for a quasi-neutrality (n.o = n; = n), leads
to

e =J (6)

and the latter, obtained from (6), is in the form:

-1
gg- = [Je"nil/z - %Je”n'B/Z] . Q)

A family of numerical solutions of eq. (5) is shown in
Figure 2. The values &, and 7, of the quantities £ and 5
are for r = r,. In fact, the results in Figure 2 represent
- in normalized quantities — ion-saturation parts of probe
characteristics. The validity of the boundary conditions
used and of the solutions obtained is checked by a com-
parison of the results for &, = 1 with a corresponding
solution graphically shown in [11].
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Figure 2. Theoretical results — in normalized quantities —
for ion-saturation parts of the probe characteristics

Since the Debye length A, = (eokT./e*n)/? stays
as a parameter in the solutions (Figure 2), the value of
the plasma density n comes out from the fit of the ion-
saturation part of a probe characteristic measured with
a theoretical result for a given £, value (obtained as de-
scribed here and shown in Figure 2).

4. Results and discussions

The results from the probe diagnostics of the discharge
are for the radial profiles of the electron temperature (Fig-
ure 3) and of the plasma density (Figures 4 and 5) mea-
sured for different values of the gas pressure p and of the
external magnetic field B.
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Figure 3. Radial profiles of the electron temperature at..
different gas-pressure (p) values and B = 650G
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Figure 4. Radial profiles of the plasma density for B =
650G and different gas-pressure (p) values. Experimen- ~
tal results by symbois; fit by a Jy-Bessel function in solid
curves
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Figure 5. The same as in Figure 4 but for p = 3 x 1072
Torr and different values of the external magnetic field B

The obtained almost constant values of T, across the
plasma radius is attended by local electron heating in the
wave field. As it should be expected for a diffusion con-
trolled regime, the measured radial profiles of the plasma
density could be approximated by a Jo(ur/R)-Bessel
function, with a given value y of the parameter of radial
plasma-density inhomogeneity. With the p-increase, the
electron temperature decreases and the plasma density in-
creases. Increasing B leads to flattening of the density
profiles in the central region of the plasma column.

Stressing here the procedure for processing the probe
characteristics we should mentioned that the theoretical
results for the saturation current graphically presented in
[11] may be also used. However, the applicability of these
results is limited by the set of ,-values chosen. Although
in diagnostics of comparatively higher-density plasmas
the error would not be big (e.g., error of 5% forn = 5 x
10° cm™3), in diagnostics of lower-density plasmas the
error increases (e.g., error of 50% forn = 5x 10® cm™3).
This calls for necessity for including numerics, as it is
done here, in the experimental procedure of the probe di-
agnostics under conditions of thick sheaths around the
probe. Having theoretical resuits for the ion saturation
current available for arbitrary £, improves the accuracy,
in the determination of the plasma density.

5. Conclusion

Results from probe diagnostics of plasmas produced in
the wave field of Trivelpiece-Gould modes are presented
in the study. By choosing a proper radius of the probe
and developing a procedure for data processing within the
radial motion theory of thick sheaths around the probe,
magnetized plasmas are diagnosed by a method of probe
diagnostics of unmagnetized plasmas. It is shown that in-
cluding numerics, which provide theoretical results for
the ion saturation parts of the probe characteristics, im-
proves the accuracy of the determination of the plasma
density.
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