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The Effect of Different Substrate Temperature
on the Electrical Properties of Al-doped ZnO Thin Films
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Abstract — In this paper, the effect of substrate temperature on structural,

electrical and optical properties of

aluminium-doped zinc oxide (AZO) films were investigated. AZO thin films were prepared on glass substrate by pulsed
DC magnetron sputtering technique. The properties of AZO were measured by using XRD, AFM, UV spectrophotometer,
and hall effect measurement system. The resistivity of AZO films was improved under the condition of high substrate
temperature. The resistivity decreased from 9.95x1072 Q-cm to 1.1x107° Q-cm as a result of high substrate temperature
and the average transmittances in visible range were above 80%.
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Table 1 Deposition condition of AZO thin fim

Parameter Value
Target Al 1.0 at% doped ZnO
Power mode Power : 200 W
Frequency : 30 kHz
Base pressure 6x107° torr
Working pressure 6x1072 torr
Ar gas flow rate 20 sccm
Substrate distance 60 mm

Substrate temperature 25, 200, 300, 400, 500°C
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Fig. 1 XRD patterns of AZO thin films deposited at various
substrate temperatures
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Table 2 Crystalline size and stress calculated from XRD

results

Substrate Crystallite Stress

temperature (°C} 20 | FWHM size (nm) (GPa)

200 34.00 | 0.5092 16.327 -5.6040

300 34.20 | 0.3171 26.232 -2.9982

400 34.30 | 0.3076 27.049 ~1.7068

500 34.30 | 0.2798 29.737 -1.7068
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Fig. 2 The results of Hall effect measurement of AZO thin
film
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Fig. 3 AFM images of AZO thin films deposited at various
substrate temperatures
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Table 3 Surface roughness measured from AFM

Substrate temperature (°C) 200 | 300 | 400 | 500
Root mean square roughness (nm) [5.085(2.215|2.06411.053
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Fig. 4 Optical transmittance of AZO thin films
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