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Influence of Film Thickness on the Structural, Electrical
and Optical Properties of the GZO/ZnO Films
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Abstract Ga doped ZnO (GZO) single layer and GZO/ZnO bi-layered films were deposited on glass substrates
by radio frequency magnetron sputtering and then the influence of film thickness on the structural, electrical, and
optical properties of the films was considered. Thicknesses of the GZO/ZnO films was varied as GZO 100 nm,
GZO 85 nm/ZnO 15 nm and GZO 70 nm/ZnO 30 nm, respectively. The observed result means that optical trans-
mittance and electrical resistivity of the films were influenced with film thickness and GZO 85 nm/ZnO 15 nm bi-
layered films show the higher figure of merit than that of the films prepared other films in this study.
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Table 1. Experimental conditions
Parameters Conditions
GZO (ZnO :Ga,0,4 = 95:5 Wt. %)
GZO/Zn0 target ZnO (Purity 99.99 %)
Base pressure (Torr) 7 %107
Deposition pressure (Torr) 1x107°
RF power density (W/cm?) 2.8 2.5
Ar gas flow rate (sccm) 15 10

Film thickness (nm)

GZO thin film; 100, 85, 70

ZnO thin film; 15, 30
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2. AEEHY
=2 A ZIRFEZ 7x 107 Torr= wj718+ o]
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Fig. 1. XRD pattern of GZO and GZO/ZnO films with
different thickness. (@) GZO 100 nm, (b) GZO 85 nm/
ZnO 15 nm, (¢) GZO 70 nm/ZnO 30 nm, (d) ZnO 100 nm.
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Table 2. Variation of grain size of GZO/ZnO bi-layered
films

Thickness (nm) Grain size (nm)
GZ0 100 11.6

GZ0 85/7Zn0 15 124

GZ0 70/Zn0 30 14.2

(a)

Fig. 2. Surface morphology (scan area; 2 x 2 um?) and
RMS roughness of GZO and GZ0O/ZnO films with different
thickness. (a) GZO 100 nm, RMS; 0.78 nm (b) GZO 85
nm/ZnO 15 nm, RMS; 0.87 nm (¢) GZO 70 nm/ZnO 30
nm, RMS; 0.95 nm.
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Fig. 3. Optical transmittance of GZO and GZO/ZnO
films with different thickness in a wavelength of 300-900
nm. (@) GZO 100 nm, (b) GZO 85 nm/ZnO 15nm, (c)
GZO 70 nm/ZnO 30 nm, (d) ZnO 100 nm.
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Table 3. Variation of electrical properties of GZO/ZnO bi-layered films as a function of film thickness

Film thickness (nm) Carrl(irlc gzrézﬁi{tsr)atlon 1 01}/{(21)111121%”18’1) (Ff (S)Stglczl) Reference
GZO0 100 3.2 6.6 3.0
GZ0 85/7Zn0 15 2.8 10.5 2.1 This study
GZ0 70/Zn0 30 2.3 11.7 24
GZO0 100 Annealing at 300°C in a vacuum Un-Known 2.2 [3]

Table 4. Figure of merit of GZO/ZnO bi-layered films as a function of film thickness

Film thickness (nm) |Sheet resistance (¢ [])| Optical transmittance (%) Figure of merit (x 10°Q™)
GZ0 100 3034 79.3 3.24
GZ0 85/7Zn0 15 2096 80.5 5.45
GZ0 70/ Zn0 30 2409 81.1 5.11
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