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Effect of Electron Irradiation on the Properties of GZO Thin Film
and its Gas Sensor Applcation.

Daeil Kim'
School of Materials Science and Engineering, University of Ulsan, 680-749, Korea

Abstract in this work, Ga doped ZnO (GZO) films were prepared by radio frequency (RF) magnetron sputter-
ing without intentional substrate heating on glass substrate and then the effect of the intense electron irradiation
on structural and electrical properties and the NOx gas sensitivity were investigated. Although as deposited GZO
films showed a diffraction peak for ZnO (002) in the XRD pattern, GZO films that electron irradiated at electron
energy of 900 eV showed the higher intense diffraction peaks than that of the as deposited GZO films. The elec-
trical property of the films are also influenced with electron’s energy. As deposited GZO films showed the three
times higher resistivity than that of the films irradiated at 900 eV. In addition, the sensitivity for NOx gas is also
increased with electron irradiation energy and the film sensor showed the proportionally increased gas sensitivity
with NOx concentration. This approach is promising in gaining improvement in the performance of thin film gas
sensors used for the detection of hazard gas phase.
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Table 1. Experimental parameters and conditions

Parameter Condition
Base pressure 7 x 107 Torr
Deposition pressure 3% 10 Torr
Target GZO b wt. % Ga)
Target to substrate distance 70 mm
RF power density 4 W/em?
Deposition rate 10 nmymin.
Ar/O, Gas flow rate 15/3 sccm
Electron irradiation energy 450, 900 eV
NOx gas concentration 10, 20, 40 ppm
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Fig. 1. The schematic diagram of the gas sensitivity
measurements.
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Table 2. Variation of the resistivity of GZO films as a
function of electron irradiation energy

Electron energy Resistivity
3.4 x 107 Qem
2.0 %107 Qcem

1.0 x 102 Qcm

Non- irradiation
Irradiation at 450 eV
Irradiation at 900 eV
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Fig. 2. XRD pattern of the electron irradiated GZO
films with different electron irradiation energy.
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Fig. 3. AFM image of a 2 x 2 pm? region of the GZO
films irradiated with different electron energy. (a) As
deposited GZO film, RMS roughness; 3.1nm, (b)
Electron energy 450 eV, RMS roughness; 2.4 nm, (¢)
Electron energy 900 eV, RMS roughness; 2.0 nm.
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Fig. 4. Variation of resistance of the GZO film as a
function of NOx concentration.

Table 3. Gas sensitivity of the GZO thin film sensor as a
function of NOx concentration

NOx gas concentration Sensitivity
10 ppm 21%
20 ppm 35%
40 ppm 47%
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