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gas-surface reaction in sputtering process for transparent conductive
oxide
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Sputtering processes have been widely used as thin film deposition
in various fields. In this study, we focused on Indium-zinc-oxide(1ZO) and Gallium doped
zinc-oxide(GZO) as transparent conductive oxide and investigated gas phase — surface
reaction. We monitored In and Zn densities and clarified the relation between radical
composition, film composition, and electrical property such as resistivity, carrier density
and mobility.

1,800,000 540,000 2,340,000
900,000 270,000 1,170,000
2,700,000 810,000 3,510,000

Indium-tin-oxide
(1ITO)
Indium-zinc-oxide(1ZO) In
Gallium doped
zinc-oxide(GZO)




(MHCD)
120 In
Zn
12O
GzO
12O
GzO
2
100Torr MHCD
MHCD
He
MHCD
12O GzO
12O
GzO
In, Zn, Ga
)
(multi-MHCL multi-Micro  Hollow

Cathode Lamp)

34mm 110mm 4
0.7mm Cu
Cu
Cu
He
400V 40mA 0.01MPa
—>
—>
multi-MHCL Cu
Cu
2
He 0.01MPa
He Ar 2
2
um
1/10
multi-MHCL
um
S/IN



Cu
)
multi-MHCL
2
multi-MHCL
RF13.56MHz
Ar 300sccm 5Pa
50mm
70mm
Light (In and Zn)
substrate
multi-channel \ multi-micro hollow
spectrometer cathode lamp
" | |

\

optical fiber

Pb
5-10kPa

500-900K

RF 30W

T Sl
| DX | DJ<—}— magnet

Q RF power supply
target

0.5-1.3

5Pa 550K

1000

3 I =
g el <—E { % 5
g i { {15 2
o 6000 } ‘=
e
é 400. g
s [ § o3
‘—E 200-_ ° E
0 1 1 1 1 0.5
4 5 6 7 8 9
Pressure (kPa)
3 multi-MHCL Pb
GZz0O
Ga Zn
4 RF
Ga 7% ZnO 93%
Ar 300sccm 3Pa 4
Ga Zn RF
10%-10%cm™
re Ga
{E\ 10" L© Zn o o
S F °
> i
) 10
g 10y
I
> r ° °
S 10°F  °
o E
©
108 PR R S Y PR Y PR I S S
80 100 120 140 160
input RF power (W)
4 Ga Zn RF
120 In
Zn 5
In 10.7% ZnO 89.3%
Ar 300sccm  PF
50W 5 In Zn
10°-10%cm?
Ar
In Zn

Zn



15 05
A Zn -
& e In S
§ O In/zZn E
o 10f 404 =
_18 é\
= 2
2 3
2 5| Jo3 6
3 2
g
0 0.2
0 2 4 6 8 10 12
Pressure (Pa)
5 In Zn
XPS In(3d) zn(2p) O(1s)
6 120 O(1s)
In/Zn In Zn
0]
In/Zn
InO
InO
12 6800
Qj 6400 ; :-3;
O o~
° 23
g 16000 & 0
e S o
S 20
g 5600 & ©
g E
© . 5200
0.3 0.4 0.5
Ratio of density (In/Zn)
6 120 O(1s) In/Zn
1ZO N
7 8 9
In/Zn
In/Zn
In/Zn=0.31 5x10%m Q ITO

10
10-3 R [ ]
€
S
2 w04k
2
8 1w0%|
10°® . I .
0.3 0.4 05
Ratio of density (In/zZn)
7 In/Zn
In/Zn
1ZO
Zn
3 In 2 Zn
10
>
x . .
e 10°L
2 :
3 -
[=} L
=
10 . I .
0.3 0.4 0.5
Ratio of density (In/Zn)
8 In/Zn
1027 -
o
”')E [
> 0%
% 3
o -
:E 10%5L ()
S 3 °
1024. . I .
0.3 0.4 0.5
Ratio of density (In/zZn)
9 In/Zn
10 120 450

800nm 80%



Moss-Burstein

theory

In/Zn=0.31
In/Zn=0.37
= |n/Zn=0.45

N 1 . 1 . 1 . 1
300 400 500 600 700 800
Wavelength (nm)

10 120

2
1. Mari Inoue, Takayuki Ohta, Naoki Takota,
Shigeki  Tsuchitani, Masafumi Ito, Seigo
Takashima, Hiroyuki Kano, Koji Yamakawa,
Keigo Takeda, and Masaru Hori, Line-Profiles
and Translational Temperatures of Pb Atoms in
Multi-micro Hollow Cathode Lamp Measured by
Diode Laser Absorption Spectroscopy, Jpn. J,
Appl. Phys.,(2012).

2.
, vol. 130, 972-976

(2010).
http://dx.doi.org/10.1541/ieejfms.130.972

12
1.
He
, 72
31a-ZJ-13
2011 8 29 9 2
2. M.lnoue, T.Ohta, M.lto, and M.Hori,

Characteristics of Indium-zinc-oxide Films
Formed by Magnetron Sputtering Based on Gas
Phase Monitoring, The 5th International
Conference on PLAsma-NanoTechnology &
Science (IC-PLANTS 2012), p-53, Freude,
Inuyama International Sightseeing Center, Aichi,
Japan, March, 9-10, 2012

3. M. Inoue, T. Ohta, N. Takota, M. Ito, M. Hori,
Formation of indium-zinc-oxide film using RF

magnetron sputtering diagnosed by ultra violet
absorption  spectroscopy, 4th International
Symposium on Advanced Plasma Science and its
Applications for Nitrides and Nanomaterials
(ISPlasma2012), P3019A, Chubu University,
Aichi, Japan, March, 4-8, 2012

4. M.Inoue, T.Ohta, T.Kanae, M.lto, M.Hori,
Kinetics of metastable He atom middle pressure
in micro hollow cathode discharge

64" Annual Gaseous electronics Conference,
DT3.00007, Salt Lake City, USA, 14-18,
November, 2011

5. M. Inoue, T. Ohta, T. Kanae, M. Ito, M. Hori,
Behaviors of metastable He atoms in the
multi-Micro Hollow Cathode Lamp measured by
laser absorption spectroscopy, 30th International
Conference on Phenomena in lonized Gases,
B6-144, Belfast, United kingdom, 9.Aug-2.Sept,
2011.

6.

He , 58
, 24p-EB-13, 2011 3
24 3 27

7. M. Inoue, T. Ohta, T. Kanae, N. Takota, M. Ito,
H. Kano, K. Yamakawa, and M. Hori, Behavior
of Atomic Species in the Multi-Micro Hollow
Cathode Lamp Measured by Laser Absorption
Spectroscopy, The 4th International Conference
on PLAsma NanoTechnology & Science
(IC-PLANTS 2011), P-47, Takayama Public
Cultural Hall, gifu, 10-12, March, 2011

8. M. Inoue, T. Ohta, T. Kanae, M. lIto, K.
Yamakawa, M. Hori, Behavior of Metastable He
Atom in the Multi-Micro Hollow Cathode Lamp
Measured by Laser Absorption Spectroscopy, 3rd
international symposium on advanced plasma
science and its application for nitrides and
nanomaterials (IS plasma 2011), P2-012,
pp.102, Nagoya, 6-9, March, 2011

9 M. Inoue, T. Ohta, N. Takota, M. Ito, H. Kano,
K. Yamakawa, and M. Hori, Behaviors of Pb
Atom in the Multi-Micro Hollow Cathode Lamp
Measured by Diode Laser Absorption
Spectroscopy, 3" international symposium on
advanced plasma science and its application for
nitrides and nanomaterials (IS plasma 2011),
P1-001, pp.55, Nagoya, 6-9, March, 2011

10. T. Ohta, M. Inoue, N. Takota, M. Ito, and M.



Hori, Formation mechanism of
indium-zinc-oxide film using RF magnetron
sputtering based on optical diagnostics of gas
phase, 63rd Gaseous Electronics Conference and
7th International Conference on Reactive
Plasmas, CTP184, Paris, France, 4-8, October,
2010

11.

Pb
71 , 15a-D-13,
2000 9 14 9 17

12. T. Ohta, Optical diagnostics of plasma
processing, 1st international workshop on plasma
scientech for all something (Plasas-1), Beijing,
China, 15-16, May 2010

@)
OHTA  TAKAYUKI

10379612



