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Figure S1. Schematic diagrams showing the two-step CVD process synthesis of Cs3Sb2X9 perovskite thin 
films.
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Figure S2. (a) Unit cells and (b) 2D layered structures of Cs3Sb2I9 and Cs3Sb2Br9 perovskite thin films.



Figure S3. XRD spectra of as grown and annealed Cs3Sb2I9 thin films.



Figure S4. XRD spectra of as grown and annealed Cs3Sb2I9 thin films.



Figure S5. 3D view AFM images of (a) Cs3Sb2I9 and (b) Cs3Sb2Br9 perovskite thin films along with their 
corresponding height scale.



Figure S6. XRF spectra from (a) Cs3Sb2I9 and (b) Cs3Sb2Br9 perovskite thin films showing the atomic ratio 
of different elements.
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Figure S7. Ellipsometric experimental and simulated spectra (a) Psi, and (b) Delta of Cs3Sb2I9 perovskite 
thin film at 65° angle of incidence.

Figure S8. Ellipsometric experimental and simulated spectra (a) Psi, and (b) Delta of Cs3Sb2Br9 perovskite 
thin film at 65° angle of incidence.



Figure S9. Schematic representation of the surface photovoltage (SPV) in a p-type semiconductor. 
Trapping of holes at the surface gives rise to a downward band bending. Upon illumination, the photo-
generated electrons neutralize the trapped holes on the surface, thus reducing the band bending which 
appears as the increase in the work function. CBM- Conduction band minimum, VBM- Valence band 
maximum, WF- Work function.

 

Figure S10. (a) A schematic diagram and (b) optical image of the Cs3Sb2X9 perovskite film photodetector.



Figure S11. Photoresponse curves with different illumination power density for (a) Cs3Sb2I9 and (b) 
Cs3Sb2Br9 film photodetectors.

Figure S12. Photoresponse curves with different bias voltage for (a) Cs3Sb2I9 and (b) Cs3Sb2Br9 film 
photodetectors.



Figure S13. Wavelength dependent photoresponse of (a) Cs3Sb2I9 and (b) Cs3Sb2Br9 thin film 
photodetectors.

Figure S14: XRD spectra of (a) Cs3Sb2I9 and (b) Cs3Sb2Br9 films in fresh and after 45 days stored in ambient 
condition.



Figure S15: Reproducible on/off response of Cs3Sb2I9 film photodetector at 1 V bias with illumination 
power density 54 mW/cm2 after 45 days stored in ambient condition.

Figure S16: Reproducible on/off response of Cs3Sb2Br9 film photodetector at 1 V bias with illumination 
power density 70 mW/cm2 after 45 days stored in ambient condition.

Table S1: Comparison of the stoichiometry of Cs3Sb2I9 films with different molar ratios

Molar ratio

(CsI:SbI3)

Observed atomic 

percentage

Observed atomic ratio 

(Cs:Sb:I)

Expected atomic 

ratio (Cs:Sb:I)

1:1 Cs= 26.9



Sb= 17.7

I= 55.4

4.47:2.87:9

Cs= 24.6

Sb= 16.6

1:1.5

I= 58.8

3.77:2.54:9

Cs= 23.6

Sb= 16.2

1:2

I= 60.3

3.52:2.42:9

Cs= 21.3

Sb= 14.6

1:3

I= 64.1

3:2.05:9

3:2:9
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