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Table 1.  Percentage of atoms of each element and
0O/Ga ratio in a-GaO,.
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N1 7931 2037 0.32 3.89
N2 7733 21.19 1.48 3.64
N3 7711 21.57 1.32 3.57
N4 7737 21.73 0.91 3.56
N5  76.60 22,57  0.83 3.39
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Fig. 1. X-ray diffraction pattern of a-GaO,, thin film.
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Fig. 2. (a) Ultraviolet-visible light absorption curve of a-GaO, thin film; (b) the hu—(ahu)2 relationship curve of a-GaO,, thin film;

(c) the Ina-hv relationship curve of a-GaO, thin film.
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Table 2. E, and Ey of a-GaO,.
Ffh NI N2 N3 N4 N5
E,/eV 5.200 5.237 5.271 5.277 5.282
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Fig. 3. (a) XPS valence band spectrum of a-GaO, thin films; (b) valence of a-GaO, film with the maximum energy value.
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(a)—(e) a-GaO, W O 1s By XPS il (£)—(j) a-GaO, WK Ga 3d XPS 3%
Fig. 4. (a)—(e) O 1s XPS spectra of a-GaO,, thin film; (f)—(j) Ga 3d XPS spectra of a-GaO, thin film.

%3 a-GaO, WASMIKES CGal i

Table 3. Oxygen vacancy concentration and Gal*

concentration in a-GaO,.

FEf S1 S2 S3 S4 S5
0/Calt 3.89 364 357 356  3.39

AN/ % 36 35 38 40 38

Gal* Vi / % 58 62 67 68 76
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5 HIE W e i (I B B AR & B PIL R
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_ pep2 —4¥Bn qv
J=A"T exp( T )exp (nk’T) , (7)

O AR AT AR, T AR ppn
PARIE b NBURUED IR, n WA T, a-GaO,
FOAT A bR B — JTE 25 224 2. % (7) itk
TPBCEA IR pn, . n T F 275

A*T? kT
n — 1 T 3
¥B n To q (8)
_a _dv
"T kT d(nJ) )
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Fig. 5. The a-GaO, Schottky device: (a) Structure; (b) J-V curves; (c) InJ-V curves; (d) 1/C2%-V curves.
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Table 4. Ideal factors n and potential barriers gy
of Au/ a-GaO, interface.

Ron,sp =

FE i S1 S2 S3 S4 S5
n 1.663 1.397 1.041 1.395 0.923
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qx/eV 4.233  4.234 4288 4.297 4.303
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Fig. 6. Schematic diagram of the band structure at the Au/a-GaO, interface.
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Fig. 7. (a) Schematic diagram of TLM structure; (b) dia-
grams R, -L of a-GaO,.
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Ryeet 0f the TLM structure of a-GaO,.
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Band structure of high O/Ga ratio a-GaO,, and its electron
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Abstract

Amorphous gallium oxide (a-GaO,) exhibits excellent electrical conductivity, a wide bandgap, high
breakdown field strength, high visible light transmittance, high sensitivity to specific ultraviolet wavelengths,
low preparation temperatures, relatively simple processing, wide substrate applicability, and ease of obtaining
high-quality thin films. These attributes make it a suitable candidate for applications in transparent electronic
devices, ultraviolet detectors, high-power devices, and gas sensors. Presently, the research on a-GaO, remains
limited, focusing primarily on films with an O/Ga ratio less than or equal to 1.5. Increasing the concentration of
oxygen vacancies to enhance the conductivity of the material often leads to a reduction in its bandgap, which is
undesirable for high-power applications. Variations in O/Ga in the films can affect the formation of chemical
bonds and significantly influence the band structure. In this study, five groups of a-GaO, thin films with high
oxygen-to-gallium ratios are successfully fabricated by increasing the gas flow rate at low sputtering power. The
elemental compositions of the films are analyzed using energy dispersive spectroscopy (EDS), revealing the
O/Ga ratio gradually decreasing from 3.89 to 3.39. Phase analysis by using X-ray diffraction (XRD) confirms
the amorphous nature of the films. Optical properties are characterized using an ultraviolet-visible
spectrophotometer (UV-Vis), indicating that the optical bandgap and the density of localized states gradually
increase. X-ray photoelectron spectroscopy (XPS) is utilized to analyze the elemental compositions, chemical
states, and valence band structures of the films, showing that the valence band maximum decreases and the
content of Ga,O within the material increases. Subsequently, Au/a-GaO,/Ti/Au Schottky devices are fabricated
under the same processing conditions. The -V characteristics of these devices are measured using a Keithley
4200, revealing changes in the electron transport mechanism at the metal-semiconductor (MS) interface, with
the gradual increase in electron affinity calculated. C-V characteristics are measured using a Keithley 590, and
the donor concentration (density of localized states) at the interface is calculated to gradually increase. In
summary, by controlling appropriate process parameters, it is possible to improve the conductivity of electronic

devices while increasing the bandgap of a-GaO,, which is significant for high-power applications.
Keywords: amorphous gallium oxide, O/Ga ratio, band structure, electron transport mechanism
PACS: 71.23.Cq, 71.55.4, 73.20.At, 73.30.+y DOI: 10.7498/aps.74.20241571
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