
Scientific Achievement: 
We developed a method to fabricate highly stable perovskite 
solar cells under high relative humidity (50%), without any 
encapsulation. A typical solar cell retains 80% of maximum 
efficiency after 1,200 hours (Fig. 1) and the material is stable 
for more than 2,500 hours. 
Significance and Impact: 
The method developed in this paper can make feasible the 
large-scale fabrication and application of perovskite solar 
cells.  
Research Details: 
• Stability of perovskite solar cells was improved by an optimized P3HT 

hole-transporting layer, optimized mesoporous TiO2 layer, and small 
amount of tetraethyl orthosilicate (TEOS) as an additive to the 
perovskite material. 

• In TEOS-doped device, water molecules from air that penetrate the 
P3HT covering layer react with TEOS, forming SiO2 and ethanol. 
Ethanol evaporates from the device, leaving the SiO2 at the grain 
boundaries. SiO2 physically passivates the grain boundaries, thus 
forming an in-situ protection layer to prevent further infiltration of 
water though the most vulnerable grain boundaries (Fig. 2). 
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Fig. 2. Mechanism of the TEOS activity in the perovskite 
layer. 

Fig. 1. Long-term stability among the TEOS-doped device, 
undoped device, and spiro-MeOTAD reference device. 
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