
Accepted Manuscript

Full Length Article

Low temperature solution-derived TiO2-SnO2 bilayered electron transport layer
for high performance perovskite solar cells

Haixia Xie, Xingtian Yin, Jie Liu, Yuxiao Guo, Peng Chen, Wenxiu Que,
Gangfeng Wang, Bowen Gao

PII: S0169-4332(18)32563-7
DOI: https://doi.org/10.1016/j.apsusc.2018.09.146
Reference: APSUSC 40450

To appear in: Applied Surface Science

Received Date: 28 June 2018
Revised Date: 28 August 2018
Accepted Date: 17 September 2018

Please cite this article as: H. Xie, X. Yin, J. Liu, Y. Guo, P. Chen, W. Que, G. Wang, B. Gao, Low temperature
solution-derived TiO2-SnO2 bilayered electron transport layer for high performance perovskite solar cells, Applied
Surface Science (2018), doi: https://doi.org/10.1016/j.apsusc.2018.09.146

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.apsusc.2018.09.146
https://doi.org/10.1016/j.apsusc.2018.09.146


  

1 
 

Low temperature solution-derived TiO2-SnO2 bilayered electron transport 

layer for high performance perovskite solar cells 

Haixia Xiea, Xingtian Yina, , Jie Liua, Yuxiao Guoa, Peng Chena, Wenxiu Quea, , Gangfeng Wangb, 

Bowen Gaoc 

aElectronic Materials Research Laboratory, Key Laboratory of the Ministry of Education, International 

Center for Dielectric Research, Shaanxi Engineering Research Center of Advanced Energy Materials 

and Devices, School of Electronic &Information Engineering, Xi'an Jiaotong University, Xi'an 710049, 

Shaanxi, People's Republic of China. 

bState Key Laboratory for Strength and Vibration of Mechanical Structures, Department of Engineering 

Mechanics, School of Aerospace Engineering, Xi'an Jiaotong University, Xi'an 710049, Shaanxi, 

People's Republic of China. 

cSchool of Machinery and Architectural Engineering, Taishan University, Taian, 271021, Shandong, 

People’s Republic of China. 

Abstract 

Planar lead halide perovskite solar cells have shown a promising application in the field of 

printable solar cells. However, high-performance planar perovskite solar cells typically need a 

high-temperature process to achieve crystallized titanium oxide films as the electron transport layers, 

which hinders their application in flexible plastic substrates. Here, we demonstrate a bilayered 

TiO2-SnO2 film as an excellent substitute for electron transport layer using a low temperature liquid 

phase method. The bilayered TiO2-SnO2 film exhibits efficient electron extraction and hole blocking 

ability even at a low processing temperature of 150 oC. The as-obtained solar cells exhibit a champion 

power conversion efficiency of 18.85% (Voc = 1.100 V, Jsc = 22.52 mA·cm-2 and FF = 0.761) under one 

sun illumination, which is much higher than the devices based on individual SnO2 or TiO2 electron 

transport layers. The higher electron extraction driving force at the SnO2/perovskite interface and the 

stronger hole blocking ability due to the defect-free physical contact at the TiO2/FTO interface are 

suggested to be the main reasons for the improved device performance. 
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