
Supplementary Information 

Enhancing Efficiency of Perovskite Solar Cells using 

Mesoscopic Zinc-Doped TiO2 as Electron Extraction Layer 

through Band Alignment 

Ming-Chung Wu,‡a,b,c* Shun-Hsiang Chan,‡a Kun-Mu Lee,a,b,c* Shih-Hsuan Chen,a 

Meng-Huan Jao,d Yang-Fang Chen,e and Wei-Fang Sud* 

 

a. Department of Chemical and Materials Engineering, Chang Gung University, 

Taoyuan 33302, Taiwan. 
b. Center for Reliability Sciences & Technologies, Chang Gung University, Taoyuan 

33302, Taiwan.  
c. Division of Neonatology, Department of Pediatrics, Chang Gung Memorial 

Hospital, Linkou, Taoyuan 33305, Taiwan. 
d. Department of Materials Science and Engineering, National Taiwan University, 

Taipei 10617, Taiwan. 
e. Department of Physics, National Taiwan University, Taipei 10617, Taiwan. 

 

 

 

‡ M.-C. Wu and S.-H. Chan contributed equally 

 

*Corresponding authors.  

Ming-Chung Wu: e-mail, mingchungwu@mail.cgu.edu.tw; phone, +886 3 2118800 

#3545; fax, +886 3 2118800 #5324 

Kun-Mu Lee: e-mail, kmlee@mail.cgu.edu.tw; phone, +886 3 2118800 #3891; fax, 

+886 3 2118800 #5324 

Wei-Fang Su: e-mail, suwf@ntu.edu.tw; phone, +886 2 33664078; fax, +886 2 

23634562 

 

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2018



 

Fig. S1 Photographs of KPFM measurement under wavelength-switchable LED light 

source illumination. (a) 470 nm, (b) 530 nm, (c) 656 nm, (d) 850 nm, and (e) white light. 

 



 

Fig. S2 UPS spectra of the meso-TiO2 with different Zn doping level. (a) Secondary-

electron cut-off, and (b) the valence-band region. 

 

 



 

Fig. S3 Azimuthal intensity plots that corresponding to Fig. 4(a) and 4(b) along the ring 

at q=10 nm-1, produced by the (110) plane of the CH3NH3PbI3 film. 
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Fig. S4 Bar charts of ΔCPD v.s. different wavelengths of light for CH3NH3PbI3/meso-

TiO2/dense TiO2/FTO structure with non-doped meso-TiO2 and 5.0 mol% meso-

Zn:TiO2 

 

 

 

 

 

Fig. S5 Cross-section SEM image of electron-only device for SCLC measurement. 

 


