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Fig. 1 Device structure schematic diagram of WS,/Pt Schottky

junction photodetector
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Fig. 2 SEM images of WS, (a) WS,/Pt Schottky junction (b)
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Fig.3 CLSM optical images (a) of WS, and 3D structural diagram of WS, treated with ultraviolet ozone for 0 (b), 1 min(c), 2 min (d), 3 min

(e), and 4 min (f)
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Table 1 Surface roughness of WS, with different UV ozone

treatment durations

Treatment duration ~ Sy/nm  S,/nm Sar Spe/mm’™!
0 2 28 5.210x10°° 149.077
1 10 47 1.084x10°° 266.003
2 14 87 7.993x107* 178.659
3 11 48 6.128x10°° 261.568
4 3 28 6.985x107* 183.191

S§,—Sum of the highest peak deepest valley with the region; Sy, —Increase
in the surface area of the defined region compared to its original area; Sjc—

Average of the principal curvatures at the surface peaks

4 PtNPs ff) HRTEM &4
Fig. 4 HRTEM images of Pt NPs
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Fig. 5 XRD spectra of WS,, WS,/Pt Schottky junction (UVO) (a); Raman spectra of WS, (b)
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Fig. 6 Absorption spectra of WS,. WS,/Pt Schottky junctions (a);
PL spectra of WS, (b)
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Fig. 10 TRPL plots of (a) WS, and (b) WS,/Pt after different UVO treatment durations

2 AFRESE 638 nm I K T A PL IR S %K
Table 2 PL decay traces parameters of different samples at
wavelength of 638 nm

Sample A4, 71/ns Ay T/NS  Tayerage/MS
WS, 052 033 043 249 2.19
WS, of 1 min UVO 089 028 0.16 2.15 1.35
WS, of 2 min UVO 076 019 023 147 1.08
WS, of 3 min UVO 088 012 0.03 257 1.14
WS, of 4 min UVO 087 029 0.19 196 1.23
WS,/Pt 0.88 023 0.16 196 1.29
WSy/Ptof I minUVO 099 021  0.10 1.58 0.79
WS,/Ptof2min UVO  1.06 021  0.07 1.55 0.65
WS,/Ptof 3minUVO  1.01  0.13  0.03 193 0.74
WS,/Ptof4min UVO 095  0.16 0.09 141 0.77
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Table 3 Photoresponse performance of the different device
Treatment duration  R/(A-W™) Souofr Gain/% D'/(Jones) NEP/W

WS, 292 337 483 3.05x10'" 1.47x107
WS,/Pt 1085 227 1797 3.69x10'" 1.21x107
WS,/Ptof I min UVO 1532 2.14 2537 4.30x10" 1.04x107
WS,/Ptof2min UVO 1829  2.06 3071 4.93x10' 9.07x10°®
WSy/Ptof 3minUVO 1660  3.03 2749 3.97x10" 1.95x107
WS,/Ptof 4min UVO ~ 1.42 1.10 236 5.24x10" 8.53x107

WS,/Pt i FLERIN 55 A A 5 1 1 A ok 90 4 s —
&4 (TMDCs) 5% 43 J& 2 4 56 48 DU 2% 19 14 g 211,
EAS R 2, AR ST WS,/Pt S BRI 28 7 i 157 B Ty
T A7 7 ) A [R5 R, HoME e g A3 1 3 4
B, X—WEMMREZE T AN T AR S5
£ 1 WS,y/Pt ORI 25 Y 5 Bk R, [P i TR
FH 5 42 JE@ 4 oK kL T B0 TMDCs S HR I 45 76 ' FiL 7%

# 4 WSyPt SAh LA b B i FRIN 2% 55 SCRK b i e R
i e M B AL
Table 4 Photoresponse performance comparison of WS,/Pt UV
ozone treated photodetector with those in the literature

Active material RI(A-W™)  Spectral range  Reference
MoS,+Pt NPS 0.0514 Visible to NIR [28]
Multilayer WS, 0.7 Visible to NIR [29]
IL-WS, / Au NPs 1050 Visible to NIR [9]
WS,/ Au NPs 0.0399 Visible [30]
WS, / AuNPs 1.91 Visible to NIR [31]
UVO treated WS, /Pt NPs 18.29 Visible to NIR  This work
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Abstract: The surface roughness of multilayer WS, grown by chemical vapor deposition and modified with
platinum nanoparticles (Pt NPs) was tuned by ultraviolet ozone treatment with the durations ranging from 0 to 4 min.
The surface roughness (S,) reached a maximum value of approximately 14 nm when the treatment time was 2 min,
primarily attributed to the formation of amorphous WO, due to the oxidation of the WS, surface by ultraviolet ozone.
As the treatment duration was extended, the underlying fresh layers of multilayer WS, were exposed, mitigating the
aforementioned oxidation effect. Characterization results demonstrated that the WS,/Pt Schottky junction treated with
ultraviolet ozone for 2 min exhibited superior photoresponse performance in the wavelength range of 400—900 nm,
particularly at 750 nm in the near-infrared region, with a responsivity as high as 18 A/W, representing a nearly 60%
improvement compared to the untreated WS,/Pt Schottky junction. This enhanced performance can be primarily
attributed to the increased surface roughness of the WS, in the WS,/Pt Schottky junction induced by ultraviolet ozone
treatment. The increased roughness not only facilitated the separation of photo-generated electron-hole pairs but also
enhanced the hot electron injection from Pt to WS,.
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