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Establishment of hybrid ring-shaped hollow discharge and application to large-diamet
er high-density plasma source
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Radio frequency(RF) capacitively coupled discharge plasma is widely used for the
preparation of functional thin films which play an important role for solar panel and liquid crystal displ
ay devices. However, the RF capacitively coupled plasma has a weak point that the productivity of the thin

films is very low. Thus, high-density plasma source is required from the microelectronic industry. In thi

s work, a novel plasma production method is proposed and is confirmed. The requirement is attained by the
combination between ring-shaped hollow electrode and the coating of high secondary electron emission mater
ial to the electrode. In future, this proposal can be attained by developing the scale-up.



1)

120nm/min
101 cm-3

(A)

(B) (©

()

@

1 165mm 200mm
matching |
network

L ¢ grounded
B enclosure
gas inlet
_
= /|
RF Power
fna s, O
ing-shaped - Z4
::Islio?lv a(leil):ctrode 200 mm
Probe to pump
— [> 777
$165 mm o
¢ 100
b 85
$ 65
10




1 2

10mm 10mm
100mm 20mm
800pF
13.56MHz
200nm
1
10*Pa 3
Vie p
3
MgO
Al
20W
100:1
peak-to-peak
5.3 53.2Pa
MgO
Al
(2)Mgo Al
T p
r=37.5mm
z=12mm MgO
5.3 10.6Pa 1.8eV
2.4eV
42 .6Pa Al
MgO
MgO
Al
400
350 o
8
300 e 9 s .,
—~ 250 = o8 8 o
>
w 200
>
150
RF power 20 W
100
oAl
0 0 1IO 2I0 3l0 4I0 5I0 60

P (Pa)

5
RF power 20W
4
3 oo
™~ oo 50
9 e o0 . a .
~ 2 _—- o e ®
1 F oAl
[ e MgO
O 1 i 1 i i i i
0 20 40 60
p (Pa)
Te p
25 |
. RF power 20W
2
— °
g 1.5 i L 4 = ® ®
° O ° .
=) - o .
xX 1
Q
= oood 0o
0.5 oAl
o MgO
0 1 i 1 L L n n
0 20 40 60
p (Pa)
7e p
e p
MgO
10.6Pa  2.2x10%cm®
Al 10.6Pa  1.3x10%cm®
10.6Pa
MgO 5.3Pa
Al
2
MgO 2
2
®



Y.Ohtsu and Y.Kawasaki, Criteria of

20 - -

" 5 . radio-frequency ring-shaped hollow

18 - -

o) ‘ s ; ! ' cathode discharge using H2 and Ar gases
71 *ox D e : . for plasma processing, J.Appl.Phys.,
élz R f . 113, (2013), 033302-1-5.
& x 9 http://dx.doi.org/10.1063/1.4776220
2 10 | ¢z=20mm X !

& g | Wz=30mm _ .
2 . Ardomn Y.Ohtsu and K.Kihara, Production of
N | ez=50mm low electron temperature plasma and
1 xa=60mm coating of carbon-related water
Z repellent films on plastic plate, IEEE
o5 0 15 m 35 W 3 @ 45 s Trans. Plasma Sci., Spe0|al Issue_on
s oD B Carbon-Related Materials Proces§|ng
by Plasma Technologies,
40(2012)1809-1814,
10.1109/TPS.2012.2194513
z=20 Y.Ohtsu, Y.Yahata, J.Kagami,
30 40 50 60mm Y.Kawashimo, T.Takeuchi, Influence of
6.7Pa trench shape of ring-shaped hollow
50w electrode on high-density capacitive
coupled plasma, Proc. Plasma
Conference 2011, 22P027-0, 1-2
4 8
z=20mm 24.8  z=30mm N.Matsumoto, Y.Ohtsu, Characteristics
22.6% z=40mm  23.2% z=50mm  22.3% of capacitively coupled collisional
60mm  23.1% plasma with RF ring-shaped hollow
30mm cathode, ICRP-8/SPP-31, 2014.2.6,
z  30mm
4
10%
2013 25
2013.12 1
Y.Ohtsu, Production of high-density RF
plasma using ring-shaped hollow
cathode for material processing, 5"
International Workshop on Plasma
6 Scientech for All Something (PLASA-5),
Y.Ohtsu, M.Shigyo, M_Akiyama, 2013.6.21-22,
T.Tabaru, Production of radio
frequency magnetron plasma by monopole
arrangement of magnets for target
uniform utilization, Vacuum, 101 2012.12.10-13
(2014), 403-407.( )
Y.Ohtsu, J.Eguchi, Y.Yahata,
radio-frequency magnetized
ring-shaped hollow cathode discharge IEEE 2012
plasma for low-pressure plasma 2 2012.11.27
processing, Vacuum, 101 (2014)46-52.
Y.Ohtsu and M.Z.Hassan, Wood surface
Y.Ohtsu, Y.Yahata, J.Kagami, treatment by atmospheric RF
Y.Kawashimo, T.Takeuchi, Production capacitively coupled plasma jet, Proc.
of high-density radio frequency plasma The 7% Asia-Pacific International
source by ring-shaped hollow-cathode Symposium on the Basics and
discharge at various trench-shapes, Applications of Plasma Technology,
IEEE Trans. Plasma Sci., Special Issue 2012.4.14-15, Taiwan
on lon sources, 41 (2013),1856-1862. Y.Ohtsu, Numerical simulation of rf
capacitive coupled plasma with



ring-shaped hollow cathode, 2™ AISC
International Symposium, 2012.3.1-2,

Y.Ohtsu, High-density RF plasma by

hollow cathode for plasma processing,

4st International Workshop on Plasma

Scientech for All Something (Plasas-4),
2011.10.9,

2

¢ )
2012 ,118-127.

Y.Ohtsu, Preparation of Zirconium
Oxide Thin Film by Plasma Coating
Method and its Hydrohobic Nature in
Zirconium Characteristics, Technology
and  Performance, Nova  Science
Publisher, Inc. New York, (2012),1-26.

2012-140903
2012 6 22

http://www.ee.saga-u.ac. jp/plasma/index
.html

@
OHTSU, Yasunori

50233169

@



