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Fig. 1. (a) Schematic diagram of the experimental setup; (b) schematic diagram of the GaSe/B-Ga,O3 heterojunction photodetector.
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Fig. 2. (a) XRD of GaSe films; (b) XRD of GayOj films; (¢) SEM images of GayOj films; (d) SEM images of GaSe surfaces;
(e) cross-sectional SEM images of GaSe grown on Ga,Oj; (f) cross-sectional SEM images of Ga,O53 grown without GaSe on sapphire;
(g) absorption spectra of GaSe, 8-GayOj films and GaSe/B-Ga,0O3 heterojunctions; (h) (ahv)®-hv curves of GaSe films; (i) (ahv)*hv

curves of GayOj films.
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Fig. 3. (a)The semi log I-V curves of the heterojunction-based PD under dark and illumination of 254 nm light with various light
intensities; the semi log IV curves under darkness and light of (b) photodetector, (c) Ga,Oj film, (d) GaSe; It curves with light
on/off switching at (e¢) 0 V under various light intensities and (f) various bias voltages under 254 nm light illumination with an in-
tensity of 365.3 pW/cm?; fitting response times under (g) 254 nm light illumination with an intensity of 365.3 uW/cm? at 10 V,
(h) 365 nm light illumination with an intensity of 348.3 uW/cm? at 10 V.
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Fig. 4. (a) Spectrum responsivity of the GaSe/3-Ga,O5 photodetector; (b) linear relationship between responsivity and detectivity

as a function of light intensity.
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Table 1.  Comparison of the performances of Ga,Os-based photodetectors.
photodetector Wavelength/nm Iy, /PA PDCR R/(mA-W'') D'/Jones Reference
GaSe/3-Gay04 254 1.83 5.5x10° 1.49 6.65x10'"  This work
MoS,/Gay04 254 0.9 670 2.05 1.2x101 [40]
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CuCr0,/Gay04 254 18 3.5x10* 0.12 4.6x10M" [44]
FTO/TiO2/Si-doped Ga,O3/TFB/PEDOT:PSS 254 390 242.56 1.02 0.46x 10" [45]
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Fig. 5. (a) Band arrangement of GaSe and Ga,Os; (b) band transport mechanism of heterojunction at zero bias; (c) band transport

mechanism and equivalent circuit model of heterojunction under positive bias.
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Abstract

UV photodetectors have the advantages of high sensitivity and fast response speed. As an ultra-wide
bandgap semiconductor, gallium oxide (Ga,O3) plays an extremely important role in detecting deep ultraviolet.
It can form a typical type-Il heterostructure with GaSe, promoting carrier separation and transport. In this
work, Gay,05 epitaxial films are grown on sapphire substrates by plasma-assisted chemical vapor deposition
(PECVD). The GaSe films and GaSe/3-Ga,0O3 heterojunction photodetectors are grown on gallium oxide films
by Bridgeman technology. The detector has a good response to deep ultraviolet light, the dark current of the
device is only 1.83 pA at 8 V, and the photocurrent reaches 6.5 nA at 254 nm. The UVC/Visible (254 nm/
600 nm) has a high rejection ratio of about 354. At very small light intensities, the responsivity and detection
can reach 1.49 mA/W and 6.65 x 10'! Jones, respectively. At the same time, due to the photovoltaic effect
formed by the space charge region at the junction interface, the detector exhibits self-powered supply
performance at zero bias voltage, and the open-circuit voltage is 0.2 V. In addition, the detector has a very good
sensitivity. The device can respond quickly, whether it is irradiated with different light intensities under
constant voltage, or with different voltages under constant light intensity. It can respond within milliseconds
under a bias voltage of 10 V. This work demonstrates the enormous potential of heterojunctions in photoelectric
detection by analyzing the photophysical and interface physical issues involved in heterojunction
photodetectors, and provides a possibility for detecting the deep ultraviolet of gallium oxide.

Keywords: photoelectric detector, GayO5, GaSe, self-power
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