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Fig. 1. A schematic diagram of the cylindrical inductively

coupled plasma reactor.
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Fig. 2. Argon plasma emission spectroscopy at 10 Pa for
13.56 MHz radio-frequency discharge. The radio-frequency
power is fixed at 400 W and the measurement plane is r =

0 cm.
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Fig. 3. (a) The electron density and (b) electron temperat-
ure of 13.56 MHz/2 MHz discharge at different power. The
gas pressure is fixed at 10 Pa and the measurement posi-

tion is z = 10 cm, r = 0 cm.
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Fig. 4. The skin depth versus input power for 13.56 MHz/
2 MHz discharge at 10 Pa.

3.2 SJE 10 Pa. BSRAESS BIIRH AT
BTGB HHERS T

B SRR 10 Pa, BREIFSTHIH 13.56 MHz
M1 2 MHz, 755 AT 400, 600, 800, 1000 W

105202-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 10 (2019) 105202

B, M T/ F1 (2 = 10 cm) bHLF2 AR
TREE 531 & B(a) FEL 5(b) 230 A m ARG
PITACHLIN , R - BE Rt 1) 2 LAY AZ L.

3

7
§ of
3
—
~
i
#
.
g
0 1 1 1 1 1
0 2 4 6 8 10 12 14
AZMAE /cm
1.5
—a— 400 W
—e— 600 W
@ —a— 800 W
g —v— 1000 W
NU 1.0
=)
Al
~
Y
g-l‘
0.5
B
(b)
0 1

0 2 4 6 8 10 12 14
AR /cm
5 JEN 10 Palt}, z = 10 cm 4b, 13.56 MHz/2 MHz

L TP L T BE AR ] 43 AT (a) S 13.56 MHz; (b) I
i 2 MHz

Fig. 5. The radial distribution profiles of electron density
for (a) 13.56 MHz and (b) 2 MHz discharge. The gas pres-

sure is fixed at 10 Pa and the measurement plane is z = 10 cm.

NI 5 oAl DL s AR 43 ) i FR
TEDNR—E AT, PR M oA Y 20
PRI o3 A, TR R R A B AR B UG, SR
Y FE 2RI RN, I ik
BRI E NS, MR E R I B+ mT LA
TERBUE I ] N 2Rt BB IR Z I iR S R 2090, Z 578
R SE PR Z AT 2R AR, I Srh ki kA
AR PR AR A HL -, AT ] R AR ) i v
DHERL Ji8b, W T2 b ok IR i s =, HL A
MK BE A 370 mm, 420 58 B A 260 mm, K 96 kb
KF 1, BHTFERGERNNG SEERREE R
PR, B IR 30 2 LR R E, BRIk, A e AR
RTBZNHET, RAFBORFor i B,
HGARI) LY 5347

FEARF ST, a1 o IR AR 1) 43 A

WNIE 6 Fros, B EA, 26 SO R A DR AR R Y
BT, = A3, T F TR R A 1) 43 A R T
%, TR NG A LT, SO T R 2t
i B B T ) LR Nz T R 1) 32 A8 FELIG S AR R
ZIEmEE OB s R, Sk kAR
SRR R e hE, HARBE A A RE e IRk & e
{14 RO A R 38 3] 38 30 % 4 000 el AR i
HRJRR N LR R LIRSS, BRI AR AR AT I e
R, KR E R F R, TR = R
et Z G e R AN, Ar+e(11.4eV) — Ar* + e,
FEAET K Ar R TIRZMEE R, Z )5 XL
AR Ak S ] Jis 5 oL iz g 10 i AR P S e Al
HLES, Ar* +e(4.2eV) — Art + 2¢, HIL S8 T
A OE e s il ol 1= i - 3 i< Rlebin s i

2.5

TR JeV
N
o

1.5
(a)
10 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14
A2 /cm
4
—a— 400 W
> 31
Q
~
B
e
=
2,0
(b)
1 1

0 2z 4 6 s 10 12 1
R HIE /cm

K6 SR 10 Pa i, m R AL IR B9 42 10 2

i (a) FH 13.56 MHz; (b) {45 2 MHz

Fig. 6. The radial distribution profiles of electron temperat-

ure for (a) 13.56 MHz and (b) 2 MHz discharge. The gas

pressure is fixed at 10 Pa and the measurement plane is z =

10 cm.
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Fig. 7. The radial distribution profiles of metastable states
for (a) 13.56 MHz and (b) 2 MHz discharge at 10 Pa.
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Fig. 8. The radial distribution profiles of electron density
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is fixed at 100 Pa and the measurement plane is z = 10 cm.
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100 Pa, the measurement plane is z = 10 cm.
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Abstract

Inductively coupled plasmais widely used in semiconductor and display process because of its desirable
characteristics such as high plasma density, simple structure and independently controllable ion energy. The
driving frequency is a significant parameter that generates and maintains the plasma. However, the effects of
different driving frequencies on the radial distribution of the plasma parameters are hardly investigated. So a
large area cylindrical inductively coupled plasma source driven separately by 2 MHz and 13.56 MHz is
investigated. In order to perform a comprehensive investigation about the effect of driving frequency, the
radially resolved measurements of electron density, electron temperature and density of metastable state atoms
for the argon discharge are systematically analyzed by Langmuir double probe and optical emission
spectroscopy at various power values and gas pressures. It is found that input power values at high frequency
(13.56 MHz) and low frequency (2 MHz) have different effects on plasma parameters. When discharge is driven
at high frequency, the electron density increases obviously with the increase of power. However, when discharge
is driven at low frequency, the electron temperature increases evidently with the increase of power. This can be
explained by calculating the skin depths in high and low frequency discharge. When the discharge is driven at
high frequency, the induced electromagnetic field is higher than that at low frequency, and the single electron
obtains more energy. It is easier to ionize, so the energy is mainly used to increase the electron density. When
the discharge is driven at low frequency, the skin layer is thicker, the number of heated electrons is larger, and
the average energy of electrons is increased, so the energy is mainly used to raise the electron temperature. At a
gas pressure of 10 Pa, the electron density shows a ‘convex’ distribution and increases with the increase of input
power for both the high-frequency and low-frequency discharge. While the distributions of electron temperature
are obviously different. When the discharge is driven at high frequency, the electron temperature is relatively
flat in the center of the chamber and slightly increases on the edge. When the discharge is driven at low
frequency, the electron temperature gradually decreases along the radial position. This is due to the one-step
ionization in the high-frequency discharge and the two-step ionization in the low-frequency discharge. In order
to prove that the low-frequency discharge is dominated by two-step ionization, the spectral intensities of the
argon plasma under the same discharge conditions are diagnosed by optical emission spectroscopy. The number
density of metastable states is calculated by the branch ratio method. The results are consistent with the
analyses. At a gas pressure of 100 Pa, the electron density increases and then decreases with the increase of
radial distance, and the overall distribution shows a “saddle shape” for high frequency and also for low
frequency discharge. Although the uniformity of electron density improves with the gas pressure, the uniformity
at low frequency is better than that at high frequency. The reason can be attributed to the fact that the skin

layer of low frequency is thicker and the heating area is wider.
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