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Effect of Rapid Thermal Annealing on the Properties of Transparent
Conducting ZnO/Ti/ZnO Thin Films
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School of Materials Science and Engineering, University of Ulsan, Ulsan 44776, Korea

Abstract

Transparent conducting ZnO/Ti/ZnO tri-layer films deposited on glass substrate with DC and RF mag-

netron sputtering were rapid thermal annealed at 150, 300 and 450°C for 5 minutes and then effect of annealing
temperature on the structural and optoelectronics properties of the films were investigated. The structural proper-
ties are strongly related to annealing temperature and the largest grain size is observed in the films annealed at
450°C. The electrical resistivity also decreases as low as 7.7 x 10 Qcm. The visible transmittance also depends
on the annealing temperature. The films annealed at 450°C show a higher transmittance of 80.6% in this study.
(Received November 5, 2022, Revised November 18, 2022, Accepted November 28, 2022)
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Table 1. The sputter deposition and rapid thermal annealing

conditions of the ZTZ films

7ZnO/Ti/ZnO vFe] J

Parameters Condition
Base pressure (Torr) 2.0x10°
Deposition pressure (Torr) 1.0 x 107
ZnO RF Power (W/cm?) 4.0
Ti DC Power (W/cm?) 2.0
Ar gas flow rate (sccm) 10
Deposition rate (nm/min) Zn0:4,Ti: 2.5
Substrate-target distance (cm) 6
Film thickness (nm) 50/10/50
Rapid thermal annealing condition
Working pressure (Torr) 1.0x 10"
Annealing time (Min.) 5
Annealing temperature [°C] 150, 300, 450
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Fig. 1. Crossectional SEM image of the ZTZ film.
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Fig. 2. XRD patterns of the ZTZ film as a function of
annealing temperature. (a) As deposition, (b) 150°C, (c)
300°C, (d) 450°C.
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Fig. 3. AFM image and RMS roughness of the ZTZ films as a function of annealing temperature. (a) As deposition, (b)

150°C, (c) 300°C, (d) 450°C.

Table 2. Grain size of ZnO (002) and Ti (200) plane of the
films as a function of annealing temperature

ZnO 20 FWHM Grain size

(002) (Deg.) (Deg.) (nm)
(a) 34.02 0.598 13.9
(b) 34.01 0.556 14.9
(c) 34.01 0.514 16.2
(d) 34.00 0.473 17.6
Ti 20 FWHM Grain size

(200) (Deg.) (Deg.) (nm)
(a) 47.04 0.838 10.3
(b) 47.04 0.800 10.8
(©) 47.03 0.770 11.3
(d) 47.03 0.732 11.8
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Fig. 4. Optical transmittance of the ZTZ film as a function
of annealing temperature. (a) As deposition, (b) 150°C, (c)
300°C, (d) 450°C.
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Table 3. Comparison of electrical properties of ZTZ film
as a function of annealing temperature

Temperature Carrier density Mobility  Resistivity
(°C) (x 10®cm™)  (ecm¥Vs) (x 107 Qcm)
As deposition 2.02 0.71 433
150 223 0.76 3.68
300 2.44 0.84 3.03
450 2.78 0.91 2.45

Table 4. Comparison of sheet resistance (Rs), visible trans-
mittance (T) and figure of merit (FOM) of ZTZ films as a
function of annealing temperature

Temgerature lgs T [%] FO]S\/I ;
°C) [x 10° Q/sq] [x 107 Q7]

As-deposition 3.94 71.7 2.05
150 3.35 78.2 2.55
300 2.75 78.8 3.34
450 2.23 79.4 4.44
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Fig. 5. Optical band gap of the ZTZ film as a function of
annealing temperature. (a) As deposition, (b) 150°C, (c)
300°C, (d) 450°C.
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