
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



Figure S4 AES results of ZTN thin film



 Figure S5 XPS results of ZTN thin film



Figure S6 Experimental set-up for measuring optical/electrical properties of the devices.



Figure S7 EL spectrum of the conventional light sources (UV, blue, green and red light). 



Figure S8 Operation testing results of SH-PD (left) and DH-PD (right)



Figure S9 Voltage-dependent device operation test



Figure S10 R and EQE value of voltage-dependent on/off test



Figure S11. The performance comparison result of reported heterojunction-based PDs

 



Table S1 Bulk carrier concentration and mobility of ZTN thin-film



Table S2 Summary of voltage-dependent on/off test



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

heterojunction-based PDs
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