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Figure 1. XRD patterns of In»Os; thin films deposited at
several oxygen flow ratios with (a) 10%, (b)
20%, (c) 30%, (d) 40% and (e) 50%.
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Figure 3. Absorbance and transmittance spectra of In;Os
thin films grown at various oxygen flow ratios.

Journal of the Korean Vacuum Society 19(2), 2010



eI

=l

MER 2vEY o S5

rSL'

g L7t SRl et Fde] vk 0= ofF
b= 213 frAReldT) InnOs whehe] a2 Ak el
 Atol& HolA| &kar, 3¢ 94 400~1,100 nmel A
FHA 80%°lA FaL 95%= EsIitt. o PS5 = F2
£0] &L vhw 7)ol A WAk = QAL o) 1 At

of oJalf PAE= 1A FHEMN, Bhetat f2] 7]a Apol o
7o) FetA o7 11ty WHORE ol Q)55 on|gh
o} [17]. 9 430~ 1,100 nmollA] Ak f51] 10%, 20%,
30%, 40%, 50%= 21 Whate] st FE-2- 247} 86.0%,
86.0%, 86.4%, 86.9%, 87.1%°|c}. Ak 4|7t 574

of wh} W+t TJJrIErOl 7R & o Atk SEM HlolHE
AR A {7 50%Y w2 Axke] 7] BT}
R T HWI 2 o] A9 gloAl AL o] vkt
UFollA] AbRhe= ghgo] Aobx] Fakgo] S7kehs Zo%
ekeh = Qlek 3 At A A7 InOs BFre] ZRAdt
R o] =4 %Erﬂ,%% o] uhkS: Bjokaix|
oF FHaate] £ A=0 & 7}**3—% =

gutA o7 AA xqo]o}g He
T ast JAF FAR ol |A] Ay }OH WA=
Al

Olt

.

A ‘=

A [18] aﬁv—A(hv—Eg)l/ ;Ljfﬂ_?am. SHE!
Ex= %
74 °1]‘4X]T: zi—% A JJFZ}/] Oﬂbﬂxl hv, y——iﬁ*g (ahv)*
o] FroZ FAE Fig. 4914 & = Utk In,0y 2rete)]
g =R oY= Fig. 4914 H43] S7keHs ¢
G99 doly ghell tighk A4S a=0%1 Ao Aoz

30
n 10%
i . 20%
e E,=12x10°T+3.648 A 30% 4
s = | v 40% ;’,
= 2l % 3 * 50%
o 5 I .
E o 368
o 15L 8 t
° e 267
e ©
et o I
o 10| 3
= 1
£ L 10 20 30 40 50
z 5L Oxygen Flow Ratio (%)
0
1 1 1 i} 1 1 1

2.8 3.0 3.2 3.4 3.6 3.8 4.0
Photon Energy (eV)

Figure 4. Plot of (¢)? vs photon energy Avfor the InyOs
thin films grown at various oxygen flow ratios.
Inset shows the optical band gap as a function
of oxygen flow ratio.

g 73eke] A 19(2), 2010

welo] Eago] Ak fapulel Wabl VA Ft

01 T 2] p = FEE AASA A &

H|7}F Z¥2}F 10%, 20%, 30%, 40%, 50% -2 S7} ol w}a}
whuko] gl wl=A) oux)= 22t 3.66, 3.67, 3.69,
3.69, 3.71 eVO& 713130tk Fig. 49] 4] 198 Aba
fregv| o] Wstel oigk Mgy oAU o] S Al vE
WA Aelck, A3 dlolgE 7P & uEE AL B =1.2%
107° T+3.648 eVollom, 07|14 T Aba f3uE
ERdIT} AkA 780171 10% 571l whet WA o)
= 91 12 meV 718 ov)gic)

Fig. 5= A& T2 Ak Fg= fe] 7]3 fledl 57
450 nm=z =29 Iny0s vheke] x7)2 B4 W3S e}
W Aofrk Ak F3H] 10%014 T2 Ing0; vhe] 4
Qo Ha} 0o = 1.7x10" em ™, & o)BLRE
6.5 cm*/Vsec, HIA3} 7+ 6.8 107" Q@ cmo|Yth 2ka
frg]|7F S7Feel met dsh eniake] w57t S71slele
u, Ak 3] 30%014 w48 AhAadte] Hagks e
WAL, ThA] Ak )7 S71el wet S7kehs A
= WYt} whHol A7) v)A T ke AxpAow 71)\3};}
7h Ak ) 30%Cl M Hoigks VFER AT AR
| 30%M A4 &t WA} FE7F HAgks A 17] HW
g} gho] gk 2t SRS XRD dlofEolA] Aka

2] 30%014] 941 A7) (222)H Bk (400)HolA 314
=] A717F Y A3, Ede A7 4wl Ao
AbET) 919 AR B stef uleke] A7) ulAek ¢k
2 p~ ()19 AL SRS & 5= SISITh o714

jus)

T
L 10‘5 L .
5 S \\ /Soo.
'E 10" | N /
E \
§ | Ny A
g 10 | ]
F
=) L
Q 10" L 1 L 10
-
N\
$ 40 .-'..\ 1 E
\ ha
Na L ..-' 8 M ® T
— . A - 2 >
= sl 7, \ =
2 Ly \ j01
1 |4 \ g
g of . T
. L L L L 0.01
10 20 30 40 50

Oxygen Flow Ratio (%)

Figure 5. Carrier concentration, Hall mobility and elec—
trical resistivity of In:Os; thin films deposited
at several oxygen flow ratios.

227



1y
e

[=7]
o
T

£
o
T

(]
(=]
T

/\A

Oxygen Flow Ratio (%)

Figure of Merit (Q 'cm’")

Figure 6. Figure of merit of In:Os thin films deposited
at various oxygen flow ratios.

=(—

%D} [4]. AN p= A7) WA, T 33 99 430
~1,100 nmellA 9] Hit T35S ERIL] Fig. 62 A
2 OE Ak R A IngOs Bbeke] #4
LrERd Zlo|th, Ak frk] 10%9) 30%0l4] 4378k uhat
o) A A w7 Higk 62.2 Q em 9} F4gk 5.9
Q 'em ™S UERARITE o] AnpEILE] A4 )7} 20%

o o HHe] Frg A Adstre] AAEe & 4 ARATh

ATE

FESPEA of Dl EE 2

t InzOs T <] }\]@]'m

271,
XRD9} SEM rﬂ JEl= FE 1
=kl 2] 30%% *é%

A %hﬂmﬂr g4 e A

AT Rk L S0 el A,

AR Ay

MRS ghe: Ak R 20%2 F2E ee] 75 3
4k Ptk 419 Aok 0 ] ol 10,
wo] T2, A7) R Y3 B4 HeHoR Aojske
Fag vwrele Ala,

228

e

Hadd

[1] S. Cho, Trans. Electr. Electron. Mater. 10, 185 (2009).

[2] A3lr, d=73k3]A] 18, 384 (2009).

[3] T. Moriga, M. Mikawa, Y. Sakakibara, Y. Misaki,
K. Murai, I. Nakabayashi, K. Tominaga, and J. B.
Metson, Thin Solid Films 486, 53 (2005).

[4] V. Senthilkumar and P. Vickraman, Curr. Appl.
Phys. 10, 880 (2010).

[5] P. Malar, B. C. Mohanty, and S. Kasiviswanathan,
Thin Solid Films 488, 26 (2005).

[6] Ch. Y. Wang, V. Cimalla, H. Romanus, Th. Kups,
M. Niebelschutz, and O. Ambacher, Thin Solid
Films 515, 6611 (2007).

[7] M. Bender, N. Katsarakis, E. Gagaoudakis, E.
Hourdakis, E. Douloufakis, V. Cimalla, and G.
Kiriakidis, J. Appl. Phys. 90, 5382 (2001).

[8] F. O. Adurodija, L. Semple, and R. Bruning, Thin
Solid Films 492, 153 (2005).

[9] V. Korobov, M. Leibovitch, and Y. Shapira, Appl.
Phys. Lett. 65, 2290 (1994).

[10] Z. X. Mei, Y. Wang, X. L. Du, Z. Q. Zeng, M
J. Ying, H. Zheng, J. F. Jia, Q. K. Xue, and Z.
Zhang, J. Cryst. Growth 289, 686 (2006).

[11] H. Morikawa and M. Fujita, Thin Solid Films 359,
61 (2000).

[12] W. Y. Chung, G. Sakai, K. Shimanoe, N. Miura, D.
Lee, and N. Yamazoe, Sens. Act. B 65, 312 (2000).

[13] V. Brinzari, G. Korotcenkov, and V. Matolin, Appl.
Surf. Sci. 243, 335 (2005).

[14] B. Radha Krishna, T. K. Subramanyam, B. Srinivasulu
Naidu, and S. Uthanna, Opt. Mater. 15, 217 (2000).

[15] T. Gao and T. Wang, J. Cryst. Growth 290, 660
(2006).

[16] S. T. Tan, X. M. Sun, X. H. Zhang, S. J. Chua,
B. J. Chen, and C. C. Teo, J. Appl. Phys. 100, 033502
(2006).

[17] Y. M. Lu, C. M. Chang, S. I. Tsai, and T. S. Wey,
Thin Solid Films 447-448, 56 (2004).

[18] 2A1%, gh=xl38k3]#| 18, 377 (2009).

Journal of the Korean Vacuum Society 19(2), 2010



<L Research Paper> Journal of the Korean Vacuum Society Vol.19 No.3, May 2010, pp.224~229

Influence of Oxygen Flow Ratio on the Properties of

InoO3 Thin Films Grown by RF Reactive Magnetron Sputtering
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Indium oxide (In;Os) thin films have been prepared on glass substrate by using
radio-frequency reactive magnetron sputtering with changing the oxygen flow ratio. The
substrate temperature was kept at a fixed value of 400°C, and the sputtering gas and reactive
gas were supplied with argon and oxygen, respectively. The oxygen partial flow ratio was
varied by controlling the amount of oxygen with respect to the total mixed gases, 10%,
20%, 30%, 40%, and 50%. The optical, electrical, and structural properties of the deposited
thin films were investigated by using ultraviolet-visible-near infrared spectrophotometer, Hall
measurement, and X-ray diffractometer and scanning electron microscopy. The In,O; thin
film deposited at 20% of oxygen flow ratio showed an average transmittance of 86% in
the wavelength range of 430~1,100 nm, an electrical resistivity of 1.1x10™ Qcm. The results
show that the transparent conducting films with optimum conditions can be achieved by
controlling the oxygen flow ratio.

Keywords : In,0; thin film, RF reactive magnetron sputtering, Oxygen flow ratio
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