St HHI SIS

J. Surf. Sci. Eng.

Vol.56, No.2, 2023.
https://doi.org/10.5695/JSSE.2023.56.2.147

ISSN 2288-8403(Online)

{Research Article)

ZnO/Ti/ZnO 8f9te| 2FY A H7| &ty 28 : M A+
X 2z

R, UQAPT, 0|1k, 3

Enhancements of Crystallization and Opto—Electrical performance of
ZnO/Ti/ZnO Thin Films

Jin-Kyu Jang*", Yu-Sung Kim" ", Yeon—-Hak Lee®, Jin—Young Choi*®, In-Sik Lee®,
Dae-Wook Kim®, Byung—Chul Cha®, Young—Min Kong?, Daeil Kim*"

®School of Materials Science and Engineering, University of Ulsan, Ulsan 44776, Republic of Korea
®Advanced Forming Processes R&D Group, Korea Institute of Industrial Technology, Ulsan 44413, Republic of Korea

(Received 22 February, 2023 ; revised 12 March, 2023 ; accepted 23 March, 2023)

Abstract

Transparent ZnO (100 nm thick) and ZnO/Ti/ZnO (ZTZ) films were prepared with radio frequency
(RF) and direct current (DC) magnetron sputtering on the glass substrate at room temperature. During
the ZTZ film deposition, the thickness of the Ti interlayer was varied, such as 6, 9, 12, and 15 nm,
while the thickness of ZnO films was kept at 50 nm to investigate the effect of the Ti interlayer on the
crystallization and opto-electrical performance of the films.

From the XRD pattern, it is concluded that the 9 nm thick Ti interlayer showed some characteristic
peaks of Ti (200) and (220), and the grain size of the ZnO (002) enlarged from 13.32 to 15.28 nm as Ti
interlayer thickness increased. In an opto-electrical performance observation, ZnO single-layer films
show a figure of merit of 1.4x10™"" 27!, while ZTZ films with a 9 nm-thick Ti interlayer show a higher
figure of merit of 2.0x10” Q.
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Table 1. Experimental conditions of ZnO Single layer and ZnO/Ti/Zn0 (ZT2) thin films.

Parameters Condition
Base pressure (Torr) 1.5 x 10°
Deposition pressure (Torr) 1.0 x 103
ZnO RF Power (W/cm?) 4.0
Ti DC Power (W/cm?) 2.0
Ar gas flow rate (sccm) 10
Deposition rate (nm/min) ZnO : 4, Ti: 2.5
Film thickness (nm) 100,
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Fig. 1. XRD diffraction pattern of ZnO single layer and ZTZ tri-layer
films. (@) ZnO 100 nm, (b) ZnO 50/Ti 6/Zn0 50 nm, (c) ZnO 50/ Ti 9/
Zn0 50 nm, (d) ZnO 50/Ti 12/ZnO 50 nm, (e) ZnO 50/Ti 15/Zn0O 50

nm.
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Table 2. Comparison of ZnO (002) grain sizes.

Thickness 2 Theta FWHM  Grain size
(nm) (Deg.)  (Deg.) (nm)
ZnO (100) 33.95 0.678 12.26
ZTZ (50/6/50) 34.00 0.624 13.32
717 (50/9/50) 34.02 0.598 13.90
ZTZ (50/12/50) 34.03 0.573 14.51
ZTZ (50/15/50) 34.04 0.544 15.28
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Fig. 3. Visible transmittance of ZnO single layer and ZTZ
tri-layer films. (a) ZnO 100 nm, (b) ZnO 50/Ti 6/Zn0O 50
nm, (¢) ZnO 50/ Ti 9/ZnO 50 nm, (d) ZnO 50/Ti 12/Zn0O
50 nm, (e) ZnO 50/Ti 15/Zn0 50 nm.

Fig. 2. Surface AFM 3D images and RMS roughness of ZnO single layer and ZTZ tri-layer
films. (a) ZnO 100 nm, (b) ZnO 50/Ti 6/Zn0 50 nm, (c) ZnO 50/Ti 9/Zn0 50 nm, (d) ZnO 50/

Ti 12/Zn0 50 nm, (e) ZnO 50/Ti 15/ZnO 50 nm.
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Fig. 4. Optical band gap of ZnO single layer and ZTZ tri-
layer films. (@)ZnO 100 nm; 3.847 eV, (b) ZnO 50/Ti 6/
Zn0 50 nm; 3.937 eV, (¢) ZnO 50/ Ti 9/Zn0O 50 nm:;
4.016 eV, (d) ZnO 50/Ti 12/Zn0O 50 nm; 4.118 eV, (e)
Zn0 50/Ti 15/Zn0 50 nm; 4.212 eV.

Table 3. Electrical properties of the ZnO and ZnQ/Ti/ZnO (ZTZ) thin films.

Thickness Carrier density Mobility Resistivity
(nm) (cm™) (cm?/Vs) (Q2cm)
ZnO (100) 7.25 x 10 0.043 2.03 x 10°
ZTZ (50/6/50) 4.56 x 10" 0.496 2.76 x 10!
ZTZ (50/9/50) 2.02 x 10% 0.715 4.33 x 102
ZTZ (50/12/50) 6.32 x 10% 1.023 9.67 x 1073
ZTZ (50/15/50) 9.53 x 10% 1.245 5.27 x 1073

Table 4. Figure of merit of the ZnO single layer and ZnO/Ti/ZnO (ZTZ) tri-layer films.

Thzﬁlr(rrll)ess Sheet resistance [2/Sq.] Transr[l;}:]ttance Flgur? ;_{]merlt

ZnO (100) 2.03 x 10" 88.3 1.4 x 101
ZTZ (50/6/50) 2.58 x 10° 82.3 5.5 x 10°
ZTZ (50/9/50) 3.94 x 10° 77.8 2.0 x 10°°
Z7T7Z (50/12/50) 856 65.9 1.8 x 10
Z7T7 (50/15/50) 454 52.6 3.5 x 10°
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