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Fabricate a self-powered, broadband (UV–visible) photodetector by sensitizing wide-bandgap 

ZnO nanorods (NRs) with narrow-bandgap PbS nanoparticles, using photo-reduced graphene 

oxide (RGO) as a transparent top electrode, and evaluate its performance at zero applied bias. 

Vertically aligned ZnO NRs were grown on FTO-coated glass by hydrothermal synthesis and 

annealed at 400 °C. PbS nanoparticles were deposited by chemical bath deposition (lead acetate 

+ thiourea, pH ~10, 5 h). Graphene oxide (Hummer's method) was spin-coated on the PbS/ZnO 

NRs and photo-reduced under UV (15 min) to form the conducting RGO top electrode. Final 

device: FTO / ZnO NRs / PbS / RGO, active area 0.15 cm², silver-paste contacts. 

  

Fig. 1. Schematic of the FTO/ZnO NRs/PbS/RGO self-powered broadband photodetector. 

Working Principle 

PbS nanoparticles on the ZnO NR surface extend light absorption from the UV into the 

visible/near-IR (400–1000 nm), forming a p-PbS/n-ZnO heterojunction. Under illumination, 

electron–hole pairs generated at the depletion region are separated by the built-in field and swept 

to the FTO and RGO electrodes without any external bias, giving self-powered photodetection 

with high external quantum efficiency and fast response. 

Key Results 
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Parameter Value 

Maximum EQE ~78%  

Responsivity (Rλ)~0.25 A/W  

Detectivity (Dλ) ~82,944.55 Hz¹ᐟ²/W at 400 nm 

Rise / Recovery time ~65 ms / ~74 ms 

ON/OFF ratio ~715 

Rectification ratio~9.5 at −1 V 

VOC / JSC / PCE 0.27 V / 1.03 mA cm⁻² / 0.73% 

The device shows almost linear photocurrent with optical power (5–100 mW/cm²) and 

outperforms comparable PbS/ZnO devices in rise/recovery time and detectivity (Table 1 of the 

paper), while control devices (ZnO NRs/RGO, PbS/RGO) show negligible photoresponse — 

confirming the PbS/ZnO p-n junction is essential. 

Conclusion 

A low-cost, hydrothermally grown PbS-decorated ZnO NR/RGO heterojunction achieves self-

powered broadband (350–700 nm) photodetection with ~78% EQE, 0.25 A/W responsivity, 

~65/74 ms rise/recovery times, and photovoltaic behaviour (VOC ~0.27 V, PCE ~0.73%), 

demonstrating strong potential for zero-bias, broadband optoelectronic applications. 

 


