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Preparation of Low-Resistivity GZO Thin Films Using Pulsed Laser
Deposition and Investigation of Optoelectronic Properties
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Abstract Ga-doped ZnO (GZO) transparent conductive thin films are deposited on glass substrates via the pulsed
laser deposition method; further, the influence of oxygen pressure on the structure, surface morphology, and
photoelectric properties of the GZO thin film is systematically investigated using X-ray diffractometer, ultraviolet-
visible spectroscopy, atomic force microscopy, and Hall test system. Results show that all the samples exhibit a
hexagonal wurtzite structure with a preferred orientation along the c-axis. Homogeneous, dense, and compact
surfaces are obtained for all the GZO films. The crystal size initially increases and then decreases with the increasing
oxygen pressure; optimum crystallinity is observed at an oxygen pressure of 0.5 Pa. The prepared GZO films
exhibit a transmittance higher than 91.97% in the visible region; the band gap of the GZO film is 3.492-3.576 V.
The carrier density and Hall mobility initially increase and then decrease with the increasing oxygen pressure. The
resistivity initially decreases when the oxygen pressure increases. However, with a further increase in the oxygen
pressure, the resistivity increases. The minimum resistivity of 2. 95X 107" Q. cm is observed when the oxygen
pressure is 0.5 Pa.
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Fig. 1 XRD patterns of GZO films deposited at

different oxygen pressures
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Table 1 Microstructure parameters of GZO films under different oxygen pressures

Oxygen B 5 Lattice constant /
Thickness /nm 20 /(%) wise /(%) Crystal size /nm RMS /nm
pressures /Pa (107" m)
0 139 34.87 0.386 5.1416 20.84 1.4
0.5 243 34.95 0.238 5.1302 33.80 3.9
1.0 264 34.97 0.25 5.1274 32.18 3.5
5.0 294 35.04 0.366 5.1174 21.98 1.8
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Fig. 2 AFM images of GZO films deposited under different oxygen pressures.
(a) 0 Pa; (b) 0.5 Pa; (¢) 1.0 Pa; (d) 5.0 Pa
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Resistivity of GZO film, carrier density, and Hall mobility vary with oxygen pressure. (a) Resistivity varies with

oxygen pressure; (b) carrier density and Hall mobility vary with oxygen pressure
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different oxygen pressures
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