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ifa] 779 0 hy 8 h. 16 hy 24 h kRS 7 JlFRic N G-0. G-8. G-16. G-24.
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K 1 (a) ZnO/o-Ga:0s NRAs HJHi| % JifE 7w Z & (b) PEC BUSRAMARINE 6 Fo P REMI 1R .
Fig. 1 (a) Schematic diagram of the preparation of ZnO/a-Ga.Os NRAs; (b) Photoelectric

property testing device for PEC ultraviolet detectors.
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lum e oo % M0 uN 6,

K 2 ANEPTRAR [] ) ZnO NRASs ) SEM [, il st M I {% 2% SEM f /7 (a. b) 4 h,
(c. d) 6h, (es ) 8h. (g. h) 10h.
Fig. 2 SEM images of ZnO NRAs at different deposition times; the insets correspond
low-magnification SEM images (a, b) 4 h, (c,d) 6 h, (e, f) 8 h, and (g, h) 10 h.
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A 3 AEWTAAR A ) ZnO NRAs #fi SEM I8 (@) 4h. (b) 6h. (c) 8h. (d) 10h.

Fig. 3 The cross-sections SEM images of ZnO NRAs at different deposition times: (a) 4 h, (b) 6 h,

(c)8h, and (d) 10 h,

HHE ZnO NRAS A=K AR, A SR IRIURI (] 6 h (IAE &, 76 H R I 4%
B GaxOz. Bl 4 BIL 1 AN A 7K FAMS [F] S5 A4 1 1l 4% 1) ZnO/a-Ga203 NRAS HZ
HHAESE. Hrdr, B4 () A (b) RETERRTEI Y 6 h ) ZnO NRAS [¥] SEM H#
Fro (c-h) A ZnO/0-Ga;03 NRAS ] SEM B, Gk FE K AR AT
&, HERFHET Zn0 NRAs F5 K. AFEZKMAF AT ZnO/a-Gaz0s NRAs [f]
SEM B4 F: (a. b)0h, (c. d)8h, (e.f)16h, (g« h) 24h. 7
a-Gax0s Ja FE MR M AN TG, AE1E— € K SCIR S o FEZK A 1155 R P 156 45
Ty 0-GaOs5eZE N MAKIE], P T — SRR A 50 SR, Bl K A [a]
(I3, R RS ELBOEHE , X AT B2 a-GaxOs i A AL I - P 435 it FE AR 45 L




4 AN[EZK S ] ZnO/o-Ga20s NRAs K[ SEM [ F: (a. b) 0 h; (c. d) 8 h; (e, f) 16 h;
(g. h)24h.

Fig. 4 SEM images of the ZnO/a-Ga,O3 NRAs with different hydrothermal times (a, b) 0 h;
(c,d) 8 h; (e, f) 16 h; (g, h) 24 h.
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e b A AR ST I PEZ) D 1583 A, 57577 ZnO ¥ (1100 &THAHTF: 4T
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:"F NSl
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Bl 5 ZnOlo-Ga 03 #7454 TEM B f: (a) TEM f&F, (b) HR-TEM HE s (c) Wt kB RAE
WA FRT IR, (d) ZLERBZHE A S ks FFT 8 7: (e-h) TEM-EDS Jt# 71 ¥l
Fig. 5 TEM results of the ZnO/u-Ga203 core-shell structure (a) TEM image, (b) HR-TEM image;
FFT patterns of the lattice in the (c) Blue and (d) Red dashed boxes; (e-h) TEM-EDS elemental
mapping images.
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Fig. 6 (a) XRD, (b) Raman, (c) XPS full survey, and elemental high-resolution XPS profiles (d) O
1s, (e) Zn 2p, (f) Ga of the ZnO, a-Ga,03 and ZnO/a-Gaz0s.
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Fig. 7 Raman spectra of the (a) ZnO and (b) a-Ga;0s.
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Fig. 8 (a) OCVD curves with its electronic lifetime curves in the inset and (b) EIS-Nyquist
diagram of the UV photodetectors based on ZnO/a-Ga;03 NRAs.
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Fig. 9 (a) Photocurrent response of ZnO/a-Ga>O3 NRASs photodetectors under periodic

light/darkness. (b) Responsivity (R) of the ZnO/a-Ga,0O3 NRAS photodetectors.
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Fig. 10 Response times of the ZnO/a-Ga,03 NRAs photodetectors (a) 0 h, (b) 8 h, (c) 16 h, (d)
24 h.
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Table 1 The charge transfer resistance (R¢t) at.the photoanode interface and the response

performances of the detectors

Samples G-0 G-8 G-16 G-24
Ret (Q) 9.070x10° 1.084x10% 1.348x10* 1.087x10°
Jse (PA cm™?) 274 335 38.4 28.6



Jo (pA cm?) 45 48 5.1 4.3

R (A/W) 0.11 0.14 0.17 0.12

D* (Jones) 1.2X 101 1.4X 101 5.3X 101 41X 101
7 (Ms) 24 30 29 26
73 (Ms) 42 34 30 39
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Fig. 11 (a) Jsc-Pinc scatter plots; (b) Red and (c) Blue dashed box enlarged view and its linear

fitting curve; (d) Schematic diagram of the multi-angle measurements; (e) Response curves for



UV light of different ¢; and (f) J,-6i radargram of the UV photodetectors.
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Table 2: Performances comparison of ZnO-based self-powered ultraviolet detectors

Devices A (nm) 7/ 74 (MS) R(mA/W) D" (Jones) Type Refs.
ZnO/GaN 360 / 350 3.5x10% solid [56]
ZnO/PLZT 360 40/50 3.96 6.6x10%0 solid [57]

Zn0/e-Gay03 254 523.1/31.7 412 2.24x1022  solid [58]
ZnO/V-Gay03 266 150/1100 7.975 / solid [28]
Zn0/Gaz0s 251 0.1/0.9 9.7 6.29x10%2 solid [30]
ZnO/CFP 365 76.51/48.51 31.76 / PEC [59]
Zn0O/ZnS 340 40 56 / PEC [26]
ZnO/TiO> 365 13.5/40 / / PEC [27]
ZnO NRAs 365 24 /42 110 1.2x101 PEC )
Zn0/a-Gay03 365 29/30 170 5.3x10% PEC This work
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Fig. 12 (a) Schematic structure of the ZnO/a-Ga.O3 NRAs under UV radiation; (b) Schematic

7

energy bands at the photoanode/electrolyte interface; (c) Schematic energy bands of the

ZnO/u-Ga»03 heterojunction; and (d) Schematic working mechanism of the PEC-type UV

photodetectors based on ZnO/a-Ga,03 NRAs.
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Abstract

The one-dimensional nanoarray heterostructure exhibits multiple advantages,
including direct charge transport channels and an inherent electric field, making it an
ideal structure for manufacturing high-performance optoelectronic devices. In this

work, the ZnO/u-GaOs nanorod arrays (NRAS) heterostructures on titanium

substrates_are fabricated via the hydrothermal method, and_then applied as the

photoanodes of photoelectrochemical (PEC) ultraviolet detectors. The built-in electric

field generated by the ZnO/a-Ga.O; heterojunction enhances the separation efficiency

of photogenerated carriers. Moreover, the Ga-0s coating reduces surface states on the

ZnO NRAs, further boosting the response rate, while also acting as a barrier layer to

minimize carrier recombination at the solid-liquid interface. Under UV irradiation of

200 uW cm, the ZnO/a-Ga0s NRAS photoanode detector achieved a photocurrent
density of 38.4 pA cm and a responsivity of 0.17 A W-—1.55 times higher than that
of the detector based on ZnO NRAs photoanode. Additionally, the wire-shaped

detector demonstrates excellent linear response across the UV line irradiation angle

range from 0° to 360°. This work provides insights for enhancing photogenerated
carrier separation efficiency and reducing solid-liquid interface recombination in PEC

ultraviolet detectors.
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Fig. (a) Schematic structure of the ZnO/a-Ga.0O3 NRAs under UV radiation; (b) Schematic
energy bands at the photoanode/electrolyte interface; (c) Schematic energy bands of the
ZnO/u-Ga»0s3 heterojunction; and (d) Schematic working mechanism of the PEC-type UV

photodetectors based on ZnO/a-Ga203 NRAs.



