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Hybrid organometal halide perovskite solar cells (PSCs) 
have drawn significant attention owing to their 

excellent physical properties: large absorption coefficients, 
high carrier mobility, tunable bandgaps and specifically 
long charge carrier diffusion lengths. PCBM as the most 
commonly used ETL in p-i-n planar PSCs is not perfect. 
On the one hand, its intrinsic organic properties lead to 
poor lifetime. On the other hand, PCBM is undesirable for 
protecting the perovskite from the invasion of the ambient 
oxygen and moisture. We herein demonstrate an inorganic/
organic hybrid, Zn0.8Cd0.2S nanoparticles (ZCS) embedded 
in PCBM, as an efficient electron transport layer (ETL) for 
air-processed p-i-n perovskite solar cells (PSCs), as shown 
in Figure 1, and the doping effect and doping mechanism 
are systematically studied. As compared to the PCBM, the 
ZCS@PCBM ETL exhibits improved electron extraction at the 
perovskite/ETL interface, increased electron transportation 
within the ETL, enhanced charge collection efficiency, and 
suppressed interfacial charge recombination, resulting in 
significantly improved power conversion efficiency (PCE) 

from 14.41% to 17.18% by 19.2%. Interestingly, the ZCS 
nanoparticles can protect the perovskite layer from the 
erosion by the ambient moisture, and 82% of the initial PCE 
for the non-encapsulated devices with ZCS@PCBM ETL is 
retained after 500 h storage in the atmosphere (humidity 
30-60%) versus only 13% of the initial PCE remained for 
PCBM ETL without ZCS doping. recognition.
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