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The working principle of optoelectronic devices

The photo-generated current of the photodetector and the bias voltage have a significant linear relationship. This 

indicates that Ohmic contacts are formed when the bias voltage is as high as 3V.1-3 When the perovskite is in contact 

with the electrode and without additional bias, the device is in equilibrium state, forming a Schottky barrier.4 Once a bias 

voltage is applied to the photodetector device, ion migration and carrier trapping occur at the interface between the 

perovskite and the electrode, which may cause Ohmic contact on the interface. Under light conditions, the perovskite 

film generates a large number of photo-generated electrons, which can overcome the semiconductor band gap. The 

holes introduced by the light pass through the barrier and are then collected by the anode, while the active layer accepts 

the holes from the anode to realize the photoconductivity of the photodetector。



Supplementary Figures

Figure S1. (a) Structural diagram of Mo132; (b) Schematic representation of the 132 molybdenumatom fragment.

Figure S2. Schematic diagram of Mo132 passivation grain boundary



Figure S3. Elemental mappings of Sn and Mo.

Figure S4. XPS spectrum of SnO2@Mo132 Mo 3d.



Figure S5. Schematic illustration of doped system of composite. 

Figure S6. (a) EDS image of CH3NH3PbI3, (b) element distribution of four elements



Figure S7. (a) UPS photoemission spectrum of SnO2; (b) A plot of F against energy E for SnO2 and the intersection value 
is the band gap of SnO2; (c) UPS photoemission spectrum of SnO2@Mo132; (d) A plot of F against energy E for SnO2@Mo132 
and the intersection value is the band gap of SnO2@Mo132.

Figure S8. (a) Mott-Schottky curve of SnO2, (b) Mott-Schottky curve of SnO2@Mo132



Figure S9. The distensible view of time-dependent photocurrent shows the response time of the reference (a) and 
modified samples (b) under simulated AM 1.5 illumination.

Figure S10. (a) time-resolved current curve of the perovskite-based photodetector on the SnO2 layer under different 
light intensities, (b) Corresponding I-V curve.



Figure S11. time-resolved current curves of perovskite-based photodetectors with SnO2 layers doped with different 
polyoxometalates.

Figure S12. (a) Normalized current values of corresponding devices at 85℃ without encapsulation; (b) Normalized 
current values of corresponding devices in an ambient environment with an RH condition of 45 ± 5% without 
encapsulation.



Figure S13. (a) Photocurrent-time curve under different noise conditions under illumination; (b) Photocurrent-time curve 
under different noise conditions in the dark

Figure S14. Photographs of Mo132, SnO2@Mo132 and SnO2 samples.

Supplementary Tables



Table S1. The area under the deconvoluted subpeaks from the high-resolution O1s spectra of SnO2 and SnO2@Mo132.

O1 O2 O3 Ototal Olattice

(O1/Ototal)
Odefect

(O2+O3/Ototal)
Odefect/Olattice

SnO2 39000 21500 2000 62500 0.624 0.376 0.6026

SnO2@Mo132 40000 19000 2000 61000 0.6557 0.3443 0.5251
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