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In the past five years, organohalide lead perovskite solar cells have shown remarkable progress 

in terms of their power conversion efficiency (PCE) while retaining the potential of being flexible 

devices. In order to maximize flexible prospect of perovskite solar cells (PSCs), carbon-based 

transparent conductors, such as carbon nanotubes (CNTs)[1] and graphene[2], have been used to replace 

indium tin oxide (ITO). Natural abundance and mechanical resilience of the carbon materials supersede 

ITO, which cracks under 60° bending angle.[3] Unfortunately, only few studies have reported flexible, 

and tin oxide-free PSCs using carbon electrodes. Most of the flexible PSCs reported rely on metal oxide 

transparent conductors, which limit their efficiency and flexibility.[4]  

Here, we demonstrate flexible ITO-free perovskite solar cells by using aerosol-synthesized 

single-walled CNT (SWCNT) films. Using the CNT films as the bottom electrode, the two mainstream 
HNO3 and MoOx doping methodologies were employed to enhance the conductivity and to control the 

wettability. Throughout the fabrication, we compared the two doping methods with different conditions 

and investigated various mixed halide perovskite layers in the energetics point of view. Moreover, 

graphene-based PSCs were fabricated to compare with the CNT-based PSCs. We discovered that thin 

MoOx layer-deposited CNT PSCs were more reproducible than either HNO3-doped CNT PSCs or 

graphene-based PSCs. Whereas, HNO3-doped CNT PSCs gave the highest PCE of 16%. Based on this 

result, we fabricated flexible devices and demonstrated successful flexible application of CNT in PSCs.  
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