J. Korean Inst. Electr. Electron. Mater. Eng.
Vol. 37, No. 3, pp. 253-260 May 2024

doi: https://doi.org/10.4313/JKEM.2024.37.3.3
ISSN 1226-7945(Print), 2288-3258(Online)

Regular Paper

A2 29! 810 RF AHE| 2 S&t3
DEF ITO Hreto] St UXE| EO MHE Bhato| KA w5
dXlst, A, Mdal, AYs =2H s
FHRtsta 517) 3ot

Effects of Film Thickness and Post-Annealing Temperature on Properties of the
High-Quality ITO Thin Films with RF Sputtering Without Oxygen

Jiha Seong, Hyungmin Kim, Seongmin Shin, Kyunghwan Kim, and Jeongsoo Hong

Department of Electrical Engineering, Gachon University, Seongnam 13120, Korea

(Received February 10, 2024; Revised February 20, 2024; Accepted February 22, 2024)

Abstract: In this study, ITO thin films were fabricated on a glass substrate at different thicknesses without introducing oxygen

using RF sputtering system. The structural, electrical, and optical properties were evaluated at various thicknesses ranging from

50 to 300 mm. As the thickness of deposited ITO thin film become thicker from 50 to 100 mm, carrier concentration, mobility,

and band gap energy also increased while the resistivity and transmittance decreased in the visible light region. When the film

thickness increased from 100 to 300 mm, the carrier concentration, mobility, and band gap energy decreased while the resistivity

and transmittance increased. The optimum electrical properties were obtained for the ITO film 100 nm. After optimizing the

thickness, the ITO thin films were post-annealed at different temperatures ranging from 100 to 300°C. As the annealing

temperature increased, the ITO crystal phase became clearer and the grain size also increased. In particular, the ITO thin film

annealed at 300°C indicated high carrier concentration (4.32 x 10?! cm), mobility (9.01 cm?V-s) and low resistivity (6.22 x 10* Q-cm).

This means that the optimal post-annealing temperature is 300°C and this ITO thin film is suitable for use in solar cells and

display application.
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Table 1. Sputtering conditions for ITO thin films.

Parameters Conditions
Thickness 50, 100, 150, 200, 300 nm
Targets ITO (99.99%)
Substrate Soda-lime glass
Input power 100 W
Working pressure 5 mTorr
Base pressure 5 x 10 Torr

Gas flow Ar: 20 scem, O2: 0 scem

S 20 scem RUAIA 578 dHEE 5

Aol A= Ara /ol “41 greto] E77ﬂ°ﬂ
ILS mofstr] ffsh AmH 100 W= 11
A ZAE ITO &heke] =47t 50, 100, 150, 200
300 nm7} § £ A A|7HS ZH2F 2519 £5F &
Afolg 2AX 2 2o mhE 57 ¥etE doprr] sl
A A £ ITO Bfef2 A7 =28 ARESHo] 2= 4%, 5t
Al 15802 AR5tk 100°C, 200°C 300°Ce] oo
eF 2Eofl A 1AIRE 5o Zh2) EA12)S A5ttt

2.21TO 99} ©Wot

atare] =712 F|xjste}s] ojs) chobal
wopo] A28, We, PAK S4L BAskC
o] A7IA Ede & aut 54 7AHl(hall
measurement system, ECOPIA, Anyang-si, Republic
of Korea) AHg3tol 715toi i, Su1e % 28 We )

oluixlet e AEo| WeLH SHe UV-vis B
(JASCO V-730 UV/vis Spectrophotometer, TS
Science, Seoul, Republic of Korea)& A}-&-35to] H7}5}
et PAA SN B AE) BES 913 AR
0] 4 (SEM, SU8600, Hitachi, Tokyo, Ja-pan)& AF-&-5}
Fon ZAASH EXMHS XRD (Smartlab, Rigaku,
Tokyo, Japan)g AF&-5to] ZAFSHITH A &M ITO ¥k
9] &=/|= Alpha-Step profilometer (Alpha-Step-500
Profiler, KLA-Tencor, CA, USA)E AI235te] A9
t}. £ ol % 2|Aste upol S0 o] 2]e] oix|e)
e xS AR5 sl M7]2(LAB HOUSE muffle
furnace, LABNSHOP, Uiwang-si, Republic of Korea)
£ AHEsho] Ohfsh 2= oA dA 2 star, $9F 2 7]
£ ARESHA ITO ¥ate] A7|A, 3gstAl 9 12N §42
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Fig. 1. XRD patterns of ITO thin films deposited with different
thickness.

Table 2. Calculated grain sizes of ITO films deposited at various
thickness.

Thickness (nm) Grain size (nm)

50 Amorphous
100 Amorphous
150 18.39
200 26.24

300 14.97
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Fig. 2. SEM surface morphology images of ITO thin films deposited with different thickness (a) 50 nm, (b) 100 nm, (c¢) 150 nm, (d) 200 nm,
and (e) 300 nm.
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Fig. 4. UV-vis spectra and optical band gap energy of the ITO thin
films: (a) UV-vis spectra of ITO thin films deposited with different
thickness and (b) optical band gap energy of ITO thin films deposited
with different thickness.
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Fig. 6. SEM surface morphology images of ITO thin films post-
annealed at different temperatures (a) 100°C, (b) 200°C, and (c)
300°C.
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Fig. 7. Variation of the resistivity, carrier concentration and Hall
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Table 4. Electrical properties of ITO thin films post-annealed at
different temperatures.

Temperature Carrier C(z);lcengation Mo;bility Res_istivity
(X107 cm™) (cm=/V-s) (x10™ Q-cm)
R.T. 2.03 4.02 7.64
100°C 2.51 4.62 7.50
200°C 2.83 7.76 7.59
300°C 432 9.01 6.22
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