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Figure S1. AFM images of the ZnO dense thin films (converted from 30nm Zn thin film).

Figure S2. XRD patterns of the ZnO dense thin film (a) and the ZnO dense/porous thin film 
on the FTO substrate (b). (w/o means that the ZnO dense layer without ZnO nano-array)
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Figure S3. Transmittance of the porous ZnO thin film with and without the dense ZnO layer

Figure S4. SEM image of the porous ZnO thin film grew on the FTO substrate without ZnO 
dense layer.



Figure S5. I-V curve of TiO2/ CH3NH3PbI3 solar cell device (under AM 1.5G 100mW/ cm2 

simulated sun light).

Table S1. Parameters of thin films measured with 355 nm laser.
Tt (s) Tr (s) L

CH3NH3PbI3 7.5 × 10-8 4.0 × 10-4 1.4 × 10-4

PbI2 7.3 × 10-6 4.0 × 10-4 1.38 × 10-2

 

Figure S6. TPV curve of the porous ZnO nano-array thin film.



Figure S7. XRD pattern of fresh CH3NH3PbI3/ ZnO solar cell device.


