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Fig. 1. (a) Schematic diagram of the preparation of ZnO/a-
Gay03 NRAs; (b) photoelectric property testing device for
PEC ultraviolet detectors.
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Bl 2 REDURE R A ZnO NRAs (1 SEM B, 4B %R ARG % SEM B8 (a), (b) 4 b; (c), (d) 6 b; (e), (f) 8 h; (g), (h) 10 h

Fig. 2. SEM images of ZnO NRAs at different deposition times; the insets correspond low-magnification SEM images: (a), (b) 4 h;

(¢), (d) 6 b; (e), () 8 hj; (g), (h) 10 h.

B 3 RREPUEEA ZnO NRAs # i SEM I8 A (a) 4h; (b) 6h; (c) 8h; (d) 10 h
Fig. 3. The cross-sections SEM images of ZnO NRAs at different deposition times: (a) 4 h; (b) 6 h; (¢) 8 h; (d) 10 h.
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K 4 AREKHEE Zn0/a-Ga,05 NRAs i SEM M8 H

(a), (b) 0 hs (c), (d) 8 b; (e), (f) 16 h; (g), (h) 24 h

Fig. 4. SEM images of the ZnO/a-GayO3 NRAs with different hydrothermal times: (a), (b) 0h; (c), (d) 8 h; (e), (f) 16 h; (g),

(h) 24 h.

500 nm

5  Zm0/a-Ga,04 #%5c 451 TEM M
2168 R LR AE P9 A% FFT B8 A5 (e)—(h) TEM-EDS JG % 43 i £

(a) TEM & f; (b) HR-TEM & F; (c) (b) " sl R HE P9 TS FET B8 A5 (d) (b) B

Fig. 5. TEM results of the ZnO/a-GayOj3 core-shell structure: (a) TEM image; (b) HR-TEM image; FFT patterns of the lattice in
the (c) blue and (d) red dashed boxes in (b); (€)—(h) TEM-EDS elemental mapping images.
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B 6 ZnO, a-Gay03 K Zn0O/a-Ga,O3 B XRD i & (a), Raman Yii (b), XPS 43 (c); M43 ¥E%F XPS i O 1s (d), Zn 2p (e), Ga (f)
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

Zn0, o-Gay03 and ZnO/a-Gay0s3.
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Fig. 7. Raman spectra of the (a) ZnO and (b) a-GayOs.
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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,O3 NRAs.
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Fig. 9. (a) Photocurrent response of ZnO/a-Gay,O3 NRAs photodetectors under periodic light/darkness; (b) responsivity (R) of the

Zn0/a-Gay03 NRAs photodetectors.
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Fig. 10. Response times of the ZnO/a-Ga,0; NRAs photodetectors: (a) 0 h; (b) 8 h; (¢) 16 h; (d) 24 h.
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Fig. 11. (a) J- Py, 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 6; and (f) J,-6; radargram of the UV photodetectors.

# 2 ZnO A BERESIMARII AR P RE LA
Table 2.  Performances comparison of ZnO-based self-powered ultraviolet detectors.
Devices A/nm 7,/Ta/ms R/(mA-W1) D”/Jones Type Refs.
Zn0/GaN 360 350 3.5%x101 solid [56]
ZnO/PLZT 360 40/50 3.96 6.6x10' solid [57]
Zn0 /e-Gay04 254 523.1/31.7 4.12 2.24x10" solid [58]
Zn0/V,GayO3 266 150/1100 7.975 — solid [28]
Zn0/Gay03 251 0.1/0.9 9.7 6.29x 10" 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 1.2x10% PEC
This work
Zn0/a-Gay04 365 29/30 170 5.3x10M PEC

4.5 eV 1 3.15 eVP2. FRYELZAELR AL F 2R FIRERLI,
Zn0/o-GayO3 5 i 25 (1 F: 4 i % i (AE,) 2028
1.35 eV, i i fs & (AE,) %/, 290 0.19 eV.
Zn0 5 a-Ga,O4 ¥ RAME n RSk, TAES R
FEGE L LS, I ZnO/o-Ga,O4 KA I
PEC RIS AMAI 45 (1 M RE L T ZnO 9K 2 L[]
B3 HTAENLHIAN T : 24 365 nm ZAMEIEST
FEBA T, ZnO MLISOEF RE & ™ Az e A L 25 9T
XF; JGHL T2 ZnO S YRR ALK, Bl AR

BRI TR L. T ZnO Ml o-Gay0;
IR 2 AEq, K H ZnO b AR YE
Bt o-GayOy B2 AR, I, o-Gay04
VEIBRESZ M T A i+ OH MR &, WK T
JerL . SUIEFEAS, T ZnO fil a-Ga,O4 Z A4
e 2Eg /N, ek as o nT LAl i g o i 2l 442
BRI/ H R A AL, TF M NapSO, ¥ i
7k OH (ht + OH = OH-)PY. & J5, OH-7E
Pt XLl E#L )R OH (e + OH- = OH)P,
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Fig. 12. (a) Schematic structure of the ZnO/a-GayO3 NRAs under UV radiation; (b) schematic energy bands at the
photoanode/electrolyte interface; (c) schematic energy bands of the ZnO/a-GayO3 heterojunction; (d) schematic working mechani
sm of the PEC-type UV photodetectors based on ZnO/a-Ga,O3 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/a-Gay03 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-GayOs
heterojunction enhances the separation efficiency of photogenerated carriers. Moreover, the Ga,O5 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 pW/cm?, the
Zn0/a-Gay05 NRAs photoanode detector achieved a photocurrent density of 38.4 WA /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.

Keywords: ZnO/a-Gay03, nanorod arrays, heterojunction, barrier layer, ultraviolet photodetector
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