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Figure S1. SEM image of GaN NRs
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Figure S2 Photograph of the fabricated SH-PD.



Figure S3 FE-SEM image of ZTN thin film
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Figure S4 AES results of ZTN thin film
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Figure S5 XPS results of ZTN thin film
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Light source

Figure S6 Experimental set-up for measuring optical/electrical properties of the devices.
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Figure S7 EL spectrum of the conventional light sources (UV, blue, green and red light).
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Figure S8 Operation testing results of SH-PD (left) and DH-PD (right)
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Figure S9 Voltage-dependent device operation test
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Figure S10 R and EQE value of voltage-dependent on/off test
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Figure S11. The performance comparison result of reported heterojunction-based PDs
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Table S1 Bulk carrier concentration and mobility of ZTN thin-film



Voltage Photocurrent Dark current Responsivity EQE
1V 0.504 pA 0.315 A 0.759 pAIW 1.78x10%%
2V 1.020 pA 0.572 pA 1.81 pAIW 4.25%x10%%
3V 7.341 pA 1.000 pA 25.3 pAIW 5.95x103%
4V 37.14 pA 10.81 pA 1.44 mAIW 3.38x10"%
5V 733.7T pA 13.46 pA 3.32 mA/W 7.79%x10"%

Table S2 Summary of voltage-dependent on/off test




Material Photocurrent Dark current Wavelength Al Ref

MoS,/GaN 40.5 yA 0.2 uA 405 nm 40.3 pA M1

MoSe,/GaN. 10.5 uA 0.95 uA 365 nm 9.55 uA 21

Mo S,/MoO- 47nA 1.3 pA 550 nm 47nA 31

MoS,/MoO; 16.56 nA 6 pA 420 nm 15.56 nA [41
MoS,/Au NPs/WS, 230 nA 1.1 pA 520 nm 230 nA 51

ZTN/GaN/Si T33 uA 13 uA 532 nm 720 uA This work

Table S3 The photocurrent, dark current and wavelength comparison result of reported

heterojunction-based PDs
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