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Abstract

Ga doped ZnO (GZO)/Al bi-layered films were deposited on the glass substrate by RF and DC magnetron
sputtering and then vacuum annealed at different temperatures of 100, 200 and 300°C for 30 minutes to
consider the effects of annealing temperature on the structural, electrical and optical properties of the films.
For all depositions, the thicknesses of the GZO and Al films were kept constant at 95 and 5 nm, respectively,
by controlling the deposition time. As-deposited GZO/Al bi-layered films showed a relatively low optical
transmittance of 62%, while the films annealed at 300°C showed a higher transmittance of 81%, compared
to the other films. In addition, the electrical resistivity of the films was influenced by annealing temperature
and the lowest resistivity of 9.8 x 10~ Qcm was observed in the films annealed at 300°C. Due to the increased
carrier mobility, 2.35 cm” V™'S™ of the films. From the experimental results, it can be concluded that increasing
the annealing temperature enhanced the optical and electrical properties of the GZO/Al films.
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Table 1. Experimental conditions

Parameters Conditions
Thickness (nm) GZO, 95 Al 5
Base pressure (Torr) 7x 1077
Deposition pressure (Torr) 1x107
Power density (W/cm?) RE, 5 DC, 3
Ar gas flow rate (sccm) 20 10
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Fig. 1. (A) XRD patterns of GZO, GZO/Al films. (a)

GZO, (b) GZO/AI, (c) GZO annealed at 300C,
(d) GZO/Al annealed at 300°C. (B) XRD patterns
of GZOJ/AI bi-layered films annealed at different
temperatures. (a) As deposition, (b) 100°C, (c)
200°C, (d) 300°C.
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Fig. 2. Depth profile of GZO/AI bi-layered film annealed XPS depth profile &4 2ot}
at 300°C. =z} Zlolo| W} sAF & Zn, O, Ga L83

Fig. 3. AFM images and average roughness (Ra) of GZO/AI bi-layered films annealed at different temperatures. (a)
As deposition, Ra : 2.2 nm, (b) 100°C, Ra : 2.4 nm, (c) 200°C, Ra : 2.5 nm (d) 300°C, Ra : 2.6 nm.
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g oor b RS & & A
0 GZO i ITO% e F¥F a4 9g+
= T OLED &4 §71% S22 & Hate FYst
= 0 Eu gag FEAYY s Fad FHolh
Table 4. Figure of merit of GZO/AI bi-layered films as a
3(‘)0 . 460 : 5(')0 . 660 : 7(')0 : 860 900 function of annealing temperature
Wavelength (nm Sheet Optical
gth (nm) Temlgerature Resistance |Transmittance Figure Of
: - . . (O 0 Merit ()
Fig. 4. (A) Variation of optical transmittance of the films. (/o) (%)
(a) glass substrate, (b) GZO/glass, (c) Al/glass, As deposition 767 62 1.08 x 107
(d) GZO/Al/glass. (B). Variation.of optical trans- 100 285 68 748 % 107
mittance of GZO/AI bi-layered films annealed at 200 177 4 270 % 107
different temperatures. (a) As deposition, (b) :
100°C, (c) 200°C, (d) 300°C, (e) Glass. 300 99 81 1.19x 107
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Table 5. Comparison of work function of ITO, GZO and
GZO/Al bi-layered films

Work
Film Surface treatment function | Reference
(eV)
ITO |Ar'ion irradiation 4.2 13)
GZO | Electron beam irradiation 44 7)
GZO/Al | Annealing at 300°C 4.5 This study
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