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Effect of the Concentration of Oxygen Vacancies on the Structural and
Electrical Characteristics of MZO Thin Films
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ABSTRACT

We have investigated the effect of the concentration of oxygen vacancies on the characteristics of Mo-doped ZnO
(MZO) thin films for the TCO (transparent conducting oxide). For this purpose, MZO thin films were deposited by
RF magnetron sputtering at different substrate temperature from room temperature to 300°C. The electrical resistivity

of the MZO films decreases with increasing substrate temperature up to 100°C and then gradually increases at higher

temperatures. To investigate the influences of the ambient gases, the flow rate of oxygen and hydrogen in argon was

varied from 0.1 sccm to 0.5 sccm. The MZO thin films were preferentially oriented to the (002) direction, regardless

of the ambient gases used. The electrical resistivity of the MZO thin films increased with increasing Oz flow rates,

whereas the electrical resistivity decreased sharply under an Ar+H> atmosphere and was nearly the same, regardless

of the Ha flow rate used. As the oxygen vacancy concentration increases, the resistivity intended to decrease. In

conclusion, Oxygen vacancy affects the MZO thin film’s electrical characteristics. All the films showed an average

transmittance of over 80% in the visible range.
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Table 1. Sputtering conditions of MZO films

Deposition parameters Conditions
Target ZnOMo0O;  (9R2wt%)
Substrate Glass (corning 7059)
Initial pressure(torr) 3.0x10°
Working pressure (torr) 3.0x 1073
Film thickness(nm) 140

Substrate o N
temperature () RT (25°C) ~ 300°C
RF power(W) 60

Deposition time(min) 40

Ar:40, Hz flow rate: 0.1-0.5, Oz

Gas ambient(sccm) flow rate: 0.1~0.5
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1. Resistivity, Mobility and Carrier Concentration of
MZO thin films deposited at various temperatures.
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Fig. 2. Resistivity, Mobility and Carrier Concentration of
MZO thin films deposited at 100 °C with various H2
gas flow rate.
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Fig. 3. Resistivity, Mobility and Carrier Concentration of
MZO thin films deposited at 100 °C with various O

gas flow rate.
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Fig. 4. X-ray diffraction pattern of MZO thin films depo-
sited with various temperatures.
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Fig. 5. X-ray diffraction pattern of MZO thin films depo-
sited at 100 °C with various O: gas flow rate.
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Fig. 6. X-ray Photo Electron Spectroscopy images of MZO
thin films deposited at 100°C with various H. gas
flow rate.
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Fig. 7. X-ray Photo Electron Spectroscopy images of MZO
thin films deposited at 100°C with various O: gas
flow rate.
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films deposited at 100 °C with H. gas flow rate.
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