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Fig. 1. (a) The XRD pattern of the Gay,O3/Al;;Gag N heterojunction, and (b) its schematic diagram of the UV photodetector.
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Fig. 2. UV-vis absorbance spectrum of the (a) Al;;GayoN and (b) Ga,O; thin films. The corresponding insets are the functions of

(ahv)? versus hv, respectively.
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Fig. 3. The semi-log IV curves of the GayO3/Al;;GagoN heterojunction photodetector: (a) In the dark under 254 nm light illumina-

tion; (b) in the dark and under 365 nm light illumination.
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Table 1.  Summary on the performance of the dual-band, dual-mode heterojunction photodetector.
P K254 nm #1365 nm

(1YY R /(mA-W1) D" /Jones EQE /% R /(mA-W1) D" /Jones EQE/%
-5 2.09 1.60 x 101 1.01 0.22 1.69 x 1010 0.075
—4 2.02 1.80 x 104 0.97 0.16 1.44 x 101 0.055
3 1.17 1.92 x 104 0.84 0.13 1.39 x 10 0.044
-2 1.49 3.00 x 10! 0.72 0.10 2.02 x 101 0.034
-1 1.16 1.52 x 104 0.66 0.07 9.53 x 10° 0.025
0 0.13 9.37 x 10° 0.06 0.01 6.18 x 108 0.003
1 8.47 4.48 x 10" 4.07 0.88 4.68 x 10' 0.300
2 19.28 7.92 x 102 9.25 2.08 8.54 x 10" 0.707
3 33.81 1.06 x 102 16.23 5.32 1.66 x 101 1.808
4 49.62 1.25 x 102 23.98 14.24 3.56 x 10" 4.841
5 66.32 1.41 x 102 31.84 34.75 7.42 x 101" 11.815
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Fig. 4. The I-t curves under (a) 254 nm and (b) 365 nm light illumination at zero bias.
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Fig. 5. The I-¢t curves at (a) positive voltages and (b) negative voltages under the illuminations of 254 nm UV light. The I-¢

curvesat (c) positive voltages and (d) negative voltages under the illuminations of 365 nm UV light.
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Abstract

The deep-ultraviolet (DUV) photodetectors (PDs) have important applications in lots of fields. Thus,
developing self-powered DUV PDs and excavating the inherent mechanism seem seriously crucial to achieving
further actual applications. The construction of heterojunction can lead to many desired characteristics in
optoelectronic devices. In the field of DUV photodetection, Ga,O3 has been a popular subject for constructing
DUV PDs. So, it is necessary to develop self-powered GayOs-based DUV PDs through fabricating its
heterogeneous structure. Therefore, in this work, the Ga,0O5/Al;;Gagy N heterojunction DUV PD is fabricated
and discussed, which can achieve 254 and 365 nm DUV light photodetection. At positive voltages and negative
voltages, the heterojunction PD can operate in a photoconductive mode or a depletion mode, respectively. In
view of the PD performance, it displays decent dark current and DUV photoresponses. At voltage of 5 and -5 V,
under 254 nm DUV light illumination, the photoresponsivity (R) is 2.09 and 66.32 mA /W, respectively, while
under 365 nm DUV light illumination, R is 0.22 and 34.75 mA /W, respectively. In addition, under the built-in
electric field (Eyyiein), R is 0.13 and 0.01 mA/W for 254 nm and 365 nm DUV light illumination, respectively.
In all, the fabricated heterojunction PD displays promising prospects in the coming next-generation

semiconductor photodetection technology. The results in this work indicate the potential of Ga,O5/Al,;GagoN
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heterojunction with high performance DUV photodetection. Furthermore, except for the characterizations of the
materials and photodetector, in the end of this paper, the operating mechanism of the dual-band dual-mode
heterojunction PD is analyzed through its heterogeneous energy-band diagram. It is concluded that the
illustrated dual-band dual-mode Gay03/Aly GagoN heterojunction can be sensitive to UVA waveband and UVC
waveband in the electromagnetic spectrum, extending its photodetection region. And, the dual-mode
(photoconductive mode and depletion mode) photodetection indicates two kinds of carrier transports in one PD,

which can be attributed to the successful construction of the N-N tomo-type Gay,O3/Al);Gag¢N heterojunction.
Keywords: heterojunction, deep-ultraviolet detection, dual-band, dual-mode

PACS: 73.40.Lq, 85.60.Gz, 95.85.Mt DOI: 10.7498/aps.72.20221738
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