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Effect of Electron Thermal Motion on Inductively Coupled Plasma
Production Using a Spiral Antenna

Seiji TAKECHI* and Shunjiro SHINOHARA**

The effect of the electron thermal motion on inductively coupled plasma (ICP) production by the use of a
planar, spiral antenna was investigated experimentally.  Results were compared to the calculated ones by
the non-local model based on the electron motion.  Both of the measured skin depth of the evanescent wave
and antenna-plasma loading resistance suggested a collisionless {collisional) heating mechanism in the low

(high) collisionality for the ICP production.

In addition, changing the boundary condition, Ar f{illing

pressure and radio frequency (RF), the measured wave amplitude and the phase showed that the electron
thermal motion plays more important role under the low collisionality.
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Fig. 1  Schematic view of experimental device.



— 324 —

AL FTNT Y FFERCEFEEEGR T A EBICB T 2B TFORESH R

DT A28 A — ¥ OHIEIL, EEERTHRMA
WHBALBARIICTHENDS v 272770 -7k
PR 72— 7% AW TiTo 7.

3. INXxvyt>r D skin depth RU7
T =TI XTAFERD v/w KENE

Fig. 2 (a) - (c) 12, FhEHS 05 HB S B, Ok
18, BT HE n, BTFERE T. D4 ZEDHLT
B5E s 7z MBI B A A 2 R T (2 OFEBRICE
LTIy F7L— ML Twi\v), skin depth
DHEEIL > DIFEOHELD S REL o TWb. &EF,
ZOIRMEIE z FIEIH L CHREB NIz T % 95,
HEBEVEADTIE 20K BRAZERMERL TV
WZ LA Fig. 2(a) Hbhb. ZOWRLENE, &
o7 XETFI (local EFIV) DB ITFRIS T,
BFOHEEFEEZIY AN/-ET IV (non-local €
TIW) PO ThRWESHTERN, ZOEFILICLS
&, RIBOR/MEARRT AOMEIL, BHS L EIN
GERICL o TNY V AEETH5BETFLO/EN v T
YOI IREREBY A AEERTLTFRLTY

B, (arb. units)

Te (V)

10 T L) L) 1} 1 L}
E(a) —g=2.1 mTorr
1k AN == 3
E 5
oaf NN 3
s N .
0.01} AN -
Experiment
0_001 -1 n 1 1 1 1
10 3 P, L] v T T 1 T
F (b) '0\9__@..\ —o—P=2.1 mTorr | 1
[ Experiment —o--6.5
e i --X--26
7 I e —a—102
£ At —0---962
o
] e e e Hemmees X
‘-O 1L x* " -
Z
@ emme e ey
G
0-1 H L 'l L L L
6 T L] T LI T —
 (c) '
St \ ]
4L .o -
3 e ——— g ———p
3+ X ]
----- wenon
[ S A * X
2t - "":’.?2"-): —g—P=21mTorr] -
.0 : TXo3%
- wmeste— 102 E
. Experiment —o---962 J
% P) 7 3 B 0 12 14
z (cm)
Fig. 2  Axial profiles of (a) the excited axial magnetic

field B,, (b) electron density #. and (c) electron
temperature T, at the plasma center.
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Fig. 3 (a) Dependences of experimentally obtained skin

depth and skin depth calculated from collisional
and collisionless models on normalized collision fre-
quency v/w. (b) Dependences of experimentally
obtained loading resistances R, and calculated re-
sistanees from the two models on v/w.
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Fig. 4 (a) Axial profile of measured amplitude of the ex-
cited magnetic field B, and (b) one-dimensional
calculated profile using collisionless model, for the
case of L=15cm.
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Fig. 5 (a) Axial profile of measured phase of B, and (b)

corresponding one-dimensional calculated profile
using collisionless model, with L=15cm.
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