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Analysis of Plasma Parameters from Impedance of an Inductively Coupled Search
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Abstract

The impedance of the search coil wound around a discharge tube changes with the plasma parameters because of the properties of the
plasma diamagnetism. We propose a method to evaluate the plasma parameters such as electric conductivity, collision frequency, electron
density and electron temperature by analyzing the impedance of the search coil. Since this method requires the radial electron density
distribution to evaluate plasma parameters, such electron density distributions as: (1) Oth order Bessel profile, (2) modified Bessel profile, (3)
profile constricted around the central axis of the plasma column and (4) trapezoid profile are taken into account. For (1) or (2) expected in
plasmas that a direct or two-step ionization is dominant in a mercury-argon plasma, or (4) for the plasma including negative ions, it is found
that the coupling of the search coil with the plasma is strong enough to evaluate the plasma parameters with good accuracy. On the other
hand, for (3) the variation of the impedance caused by the introduction of the plasma into the discharge tube is too small in the wide range of
the electron density and electron temperature, which makes the accuracy of plasma parameters evaluation worse. It is clarified that the exact
radial electron density distribution will lead to the evaluation of plasma parameters with high accuracy in the present method.
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Table 1 ‘I/J:pedance of the search coil measured at the negative glow
7 v 7Bk R X
(mA) (Q at 30MHz) | (Q at 30MHz2)
0 0.418 38.726
600 2.716 37.268
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Table 2 Impedance of the search coil measured at the positive column

7 v 7Rk R X
(mA) (Q at 30MHz) | (Q at 30MH?2)
0 0.417 38.992
600 0.867 38.926
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Table 3 Calculated plasma parameters for the negative glow

BFEESH % v 20 T,
(@’'m") (GHz) (x10" em®) ®
Eq.(12) 47.1 0.392 6.68 6790
Eq.(18) 56.0 0.402 7.87 6890
Eq(19) REXT RERT RERT REFT
Eq.(16) 17.7 0.372 2.85 6670
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Table 4 Calculated plasma parameters for the positive column

RFBESH % v ne0 T,
@'m’) (GHz) (x10" em™ ®
Eq.(12) 6.44 148 329 14900
Eq.(19) 8.23 1.05 3.07 12300
Egq.(4) 105.4 2.04 763 18400
Eq.(16) 2.42 142 122 14800
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