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Investigation of Spatial Distribution of Plasma Density between the Electrode
and Lateral Wall of Narrow-gap CCP Source
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Abstract

The plasma density distribution in between the electrode and lateral wall of a narrow gap CCP was investigated. The
plasma density distribution was obtained using single Langmuir probe, having two peaks of density distribution at the
center of electrode and at the peripheral area of electrodes. The plasma density distribution was compared with the RF
fluctuation of plasma potential taken from capacitive probe. lonization reactions obtained from numerical analysis using
CFD-ACE" fluid model based code. The peaks in two region for plasma density and voltage fluctuation have similar spatial
distribution according to input power. It was found that plasma density distribution between the electrode and the lateral

wall is closely related with the local ionization.
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Fig. 1. Schematic diagram of CCP source.
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Table. 1. The reactions for Ar discharge included in this
simulation

Reaction Explanation Region
Art+e — Ar'+2e lonization Volume
Ar+e — Ar,te Excitation Volume
Ar,te = Ar'+2e Stepwise ionization Volume

Art+e — Arte Elastic collision Volume

Art — Ar Recombination Surface

Ar, — Ar Energy loss Surface
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Fig. 2. Plot for plasma density distribution for various
operating power at Py, = 20 mTorr.

1.6x10"" 4 I Inner peak
: L90
- Outer peak (®)
1.4x10"" 4 F80 &
@
1.2x10" 4 L70 é
_1.0x10" 60 o
£ 8.0x10° | (%0 =
= i 40 >
® 6.0x10° - /' <}
z v 30
10 | "_
4.0x10 = [0 8
" =
2.0x10" 4 L10 =
X
0.04 T T T S
200 300 400 500 600 700 800
Power (W)

Fig. 3. Histogram for peaks in discharge region (grey bar)
and diffusion region (light grey bar) at 20 mTorr argon
discharge and their ratio (black point).

T Aol 7IHE o Set=ep WEe] F2E QU
Ao wet Yepd Zlojtt B oA Fepznt
Ux Bxe FYAM Hipts 28 SYolA Hold
T5 Fashe Aol vetwth W 93 &4 9
o] ARl W 02 mellM Sek=rt Y% X=X
S zH3, o]% ZEt=Erl U= W 0.24 m7EA] ThHA]
S7FIATE Zashe A4S BT 02 m o]
o2 A=y Apolo] F7he sttt

z 17} e o] A7]ol AFagle] HFEHIAL,
7t A% 939 A7]e dEo] Sl wet Stet
AT} Fig. 3= QI7FA ™ mE + 499 =4 =2
716} 1 vlgolt},

17F = o] 200 WellA] 400 W= Z71e off, %3l
FHe] Tt F o R FA FrekAtt. T 17t
o] 400 WolA 800 W7HA] 2748 f, 4k <
ol Hx F7PL AE o g ARl whet B e
3| A (inner peak)l] tigt 4k J A I F(outer peak)2]

Vp fluctuation [A.U.]

0.0

T T T T T
0 50 100 150 200 250 300
Radial Position [mm]

Fig. 4. Plots of plasma potential fluctuation measured by
capacitive probe with oscilloscope for various 100 MHz
top electrode power, operated at ps, = 20 mTorr.
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Fig. 5. Histogram for voltage fluctuation peaks in
discharge region (grey bar) and diffusion region (light
grey bar) at 20 mTorr argon discharge and their ratio
(black point)
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Fig. 6. Plot of power deposition (a) and electron density
distribution (b). The maximum values are 1.4E5 W/m? for
(a) and 4.7E16 m> for (b). The minimum values are 0 for
(a) and 1.8E12 m? for (b).
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Fig. 7. Plots of distribution for plasma potential fluc-
tuation calculated by simulation.
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Fig. 8. Plots of reaction rate for argon excitation (a),
distribution of metastable (b), reaction rate for ground
state argon ionization (c), and stepwise ionization (d).
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