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Effect of Annealing Temperature after Deposition on the Structural,

Electrical and Optical Properties of In,O, Films

Y. J. Lee, H. M. Lee, S. B. Heo, Y. S. Kim*, J. H. Chae*, Y. M. Kong, Daeil Kim'
School of Materials Science and Engineering, University of Ulsan, 680-749, Korea
*New Optics, R&D Team, Miryang, Gyeongnam, 627-803, Korea

Abstract We have investigated the structural, electrical and optical properties of In, O; thin films deposited by
RF magnetron sputtering and then annealed at 150°C and 300°C in vacuum. The structural and electrical prop-
erties are strongly related to annealing temperature. All the annealed In,O; films are grown as a hexagonal wurtz-
ite phase and the largest grain size is observed in the films annealed at 300°C. The sheet resistance decreases
with a increase in annealing temperature and In,O, film annealed at 300°C shows the lowest sheet resistance of
174 O/ [ . The optical transmittance of In,O, films in a visible wavelength region also depends on the annealing
temperature. The films annealed at 300°C show higher transmittance of 76% than those of the films prepared in

this study.

(Received September 27, 2011; Revised October 14, 2011; Accepted October 20, 2011)

Key words: In,O; Annealing, Optical transmittance, Sheet resistance, XRD

1.M B

#AZ TiO,, In,0, 223 GZO e Ak3bE wh
TAE H taEgeloh BieAe] FREES
SA7Rs HES 913 AlX AR Jpdsl] 9%

Lo Ag7h W= QITH1-3]. ©] —5011*1 In,0,

L
= &=

&,:s

Huke 7hAl ol T AR Fahesh )
A e B WAES Holt e e o

L-];qg Z¥= Emalsialo 24 H|glelekEn| 2 A4t

2 AL AR 52 TS 3y}
Nﬁé ‘i}lx:_% 545 vehdtt. ¢o]8$ In,0, B
9 718 B4S ATV Sete] 2
Eal H]O]xi 241, AR F45], 18]al Pkl E
£ 29EHH[2] 59 tig 7)ol /o] gt
F Senthilkumar 5[6}2 HAAPI=H (Electron
beam evaporation)®-2 #2713 9ol 250°Col|lA
A In,0, ¥ F27} dAje] 2% wet

TCorresponding author. E-mail : dkim84@ulsan.ac.kr

A offl Y e AE EAD, dAje)ewst

57}?301] fﬂrl’/} 2770

33 EH71 =l 1 %%‘

Asle) 7] Aol FAE A7stHom, Knshna
S8} ZFEE W4 3] DC v EE ~
HEY HO=Z In0, Bs FE8kaL, 200°C o)
o] 7 EellN FAE vhe thag o= dgEs
Elatas el

Z= Radlo Frequency(RF) U}:LH]E% <7 E]
°o183le] F7| 100 nme] In,0, v}=hS 5
& FAYE Tkl W2 A7) AR =
F FHES e In0, Bk AlRslal S
A2 &l mE In,0, WEke] 74, 7]

2 _1q,



In,0, 2H2 g2-olA f+2]718(Corning 1797,
W2 20 mmX 20 mm)l| IF%E Ak~ RF w1
HEE AWEHE ZXE ARgsle] 2= 53
Ao FE)71He oAE, Wk, TH75Y MHE 5
Bt 259 AHEIAL 2HEHE Bl EE A
7 3RIXE Zh= 0,655 99.95%) AHS38IaL,
EP 7|9 Abole] 7HAL 6 cmZ 2GSkt A
Hlo] 27|12F %= 7X107 Torr® wi718193aL, 53+
Ao AFEE 1.5X107° Torr= 7251530} A
FHO| o]ZFAE AASH] fI8le] 5% 1t o]
HHPS s &, 2 ~9ERS AXEIT 4
2 wpEke] HAAY|} A FARIAEEH
(JSM-820M JEOL)3} ¥ Z%Z=7 7|(Dektak,
VarianyS ARt 57331911, S2hte] SA=
Wit 100 nmel ek, 3 & HEke] A 1x
10 Torre] 21F Gxjg]ZellA 150°C2F 300°ColA
3087 ArfsIoH. ExjE]d] wE AgTxe] W
3= XA 34 7]X'pert PRO MRD, Philips, 7]
2SR LA FAENZ ST, AL -
7WX % E337)(Cary 100 cone, Varian)S ARE3}e]
7% RS SAIT vhke] HA e 44}
Hoz Z3ar GAe] 20 upe Bheke] 7]
2 gl 352 EAWske Figure of Merit[9] 5734
£ Blaste] A8t

3.8

Fig. 1= 932 A3} 150°C, 300°C A8 3¢
In,0, ¥Hete] XRD HHS HolFar 9lrh222). 3
Ay 39 wWh7FEFul Width Half Maximum,
FWHM) S22 ZAs}al Scherrer[10]9] 21& A}
B8P Bieke] W AR H] 27ID)E 7 T AU
t}. Scherrer #AAL D =09 /(B cosh)°]al <
714 = e XA 3, Be(222) 139
HW7pEoln o Bragg 314 A%E ovjgith &
Al 8% dAgo] WE In,0, 484 =
7]E Table 19 YeRJSIE.

(222)

(b)

Relative intensity (Arb. Unit)

(c)

20 30 40 50 60 70
26 (Degree)
Fig. 1. XRD patterns of the In,O; film as a function of

annealing temperature; (a) annealed at 300°C, (b)
annealed at 150°C and (c) as deposited In,O, film.

Table 1. Grain size of In,0O, film as a function of annealing
temperature

In,0, thin film Grain size (nm)

As deposition Amorphous
Annealing at 150°C 20
Annealing at 300°C 24
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Fig. 2. SEM micro structures of the In,O, film as a
function of annealing temperature; (a) as deposited In,0,
film, (b) annealed at 150°C, (c) annealed at 300°C
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Fig. 3. Optical transmittance of the In,O; film as a
function of annealing temperature.
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Table 2. Figure of merit of In,0O, film as a function of annealing temperature

In,0, thin film Figure of merit () | Sheet resistance (/ (1) Transmittance (%)
As deposition 1.82x 107 3060 74
Annealing at 150°C 518 x 107 1163 75
Annealing at 300°C 3.99x10™* 174 76
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