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ABSTRACT

The annealing temperature effect of transparent conducting oxide film grown on glass substrate for solar cell application was studied
in this paper. Using pulsed DC magnetron sputtering with 1 at% Al-doped ZnO target, TCO films were deposited on corning 7059
glass at room temperature. Al:ZnO thin films were annealed at 200, 400, 600°C for 10 min and annealing resulted in lower biaxial
compressive stress of about 1 GPa and increased average crystallite size in all films. The as-grown film shows the resistivity
of 1 x10? Q+cm and transmittance under 80%, whereas the electrical and optical properties of film annealed at 400°C are enhanced

up to 5x 107 Q-cm and 85%, respectively.
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Fig. 1. XRD patterns of Al:ZnO films at different temperatures.
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Table 1. Sputtering Condition of the Al:ZnO Thin Films

Parameter Value
Target Al 1.0 at% doped ZnO
Asymmetric bipolar pulse DC
Power : 200 W
Power mode Frequency : 30 kHz

Positive duty : 15%
Negative duty : 35%

Base pressure 6x107° torr
Working pressure 6x107 torr
Ar gas flow rate 20 scem

Substrate temperature Room temperature

Substrate distance 60 mm

as grown 34.42
annealed at 200°C ©
annealed at 400°C

{
(
{
(d) annealed at 600°C

a
b
G
d

Intensity (arb. unit)

32.0 325 330 335 340 345 350 355 36.0
26 (degree)

Fig. 2. The deviation of (002) peak angles of Al:ZnO films at
different temperatures.
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Table 2. (002) Peak Angles and Calculated Stress from XRD Patterns of Al:ZnO Films at Different Temperatures

Annealing temperature (°C) As grown 200 400 600
Peak angle (degree) 34.06 342 3426 34.34
c-axis lattice parameter 5.2854 5.2434 5.2345 52227
Compressive stress (GPa) 6.56 2.90 2.13 1.10
FWHM (radian) 0.007282 0.006407 0.005356 0.005086
Crystallite size (nm) 20.80 23.66 28.32 29.83
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Fig. 3. Resistivity, mobility, and electron concentration of
Al:ZnO films at different temperatures.
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Fig. 4. Transmittance of Al:ZnO films at different temperatures.
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Fig. 5. Scanning electron microscopy images of Al-doped ZnO
films at difference temperatures: (a) as grown, (b) 200°C,
() 400°C, and (d) 600°C.
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