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Laser Scattering Diagnostics of Molecular and Electron Properties of
H2/CH4 Microwave Discharge Plasma

Soushi NARISHIGE, Kiichiro UCHINO,
Katsunori MURAOKA and Tadanori SAKODA
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For the measurements of molecular and electron properties in a microwave discharge plasma
produced in a gas mixture of Hz and CH4, laser Raman scattering and laser Thomson scattering
have been applied as diagnostic methods. Measured gas temperatures were more than 1500 K in
the plasma center and about 300 K near the chamber wall.  On the other hand, Hz densities were
at 20 % of the initially filled H2 density in the plasma center and almost 100 % at the chamber wall.
It was shown that the decrease in the density of Hz in the plasma was caused by the increase in
temperature. The larger decrease of the measured density of CHs molecules compared with that
of Hz density, was largely affected by dissociation. Also, electron density and electron
temperature of the Ho/CH4 plasma were successfully measured for the first time. Based on the
results of these measurements, discharge and molecular-reaction processes were analyzed
quantitatively

Key words: Jaser Raman scattering, laser Thomson scattering, microwave plasma, molecular
density, molecular temperature, electron density, electron temperature
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Table 1 Frequency shifts of Q-branch and S-branch Raman
scattering and their wavelengths of Raman lines
when Nd: YAG/SHG was used.

7 | volem™) | Lo(mm) | vg(em™) [ 2 s(nm)
0 4158 683.2 353 542.3

1 4152 683.0 588 549.3
2 4141 682.5 817 556.3
3 4124 681.7 1038 563.2
4 4102 680.6 1253 570.1

ZIZT. BEHEICo,= 43952 cm’, 0= 117.9 cm™, B,
=60.8 cm™, 0, =3.0 cm™ & V7Y,
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Fig.1 Schematic diagram of experimental apparatus.
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Fig.2 H, emission profile of H,/CH, plasma

and timing of laser injection.
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Fig.3 Q-branch vibrational Raman scattering spectrum of H,

measured at the plasma center.
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Fig.4 Boltzmann plots of Q-branch vibrational Raman scattering

signals shown in Fig.3.
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Fig.5 H; denisty and temperature profiles measured in the chamber.
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Fig.6 n. and T, profiles measured in H; plasma.
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Table 2 Partition of electron energy dissipated by reactions.

Reaction Dissipated power (W) | Fraction (%)
Ionization 5 1.8
Dissociation 22 8.1
cxctation 5 18
exenation, 160 59
excliation 7 28
coliiion 4 Ls
Total 272 100
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BTED,
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Fig.7 Degree of dissociation of H, gas
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under thermal equilibrium condition.
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Fig.8 Calculated H atom density profile. Solid curve shows the

result for y = 0.99 and error bars show variation of the density

when the value of y was changed between 0.9 and 0.999.
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Fig.9 Laser scattering spectrum of Hy/CH, plasma.

The timing of laser injection is 7 ms.
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