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ABSTRACT 

The effects of the conduction band offset (CBO) between the electron selective layer (ESL) 

and the perovskite layer in planar-heterojunction perovskite solar cells (PSCs) have been 

systematically investigated for the first time. To obtain different values of CBO, Magnesium 

doped zinc oxide (Zn1-xMgxO (ZMO)) thin films with a tunable conduction band energy level 

were employed as a model ESL in planar PSCs. We found that the charge recombination at the 

interface between the ESL and perovskite is strongly dependent on the CBO values: When the 

cliff structure is formed, i.e., when the conduction band minimum (CBM) of the ESL is lower 

than that of the perovskite, the interface recombination became dominant, and the open-circuit 

voltage (Voc) worsened. When the spike structure is formed, i.e., when the CBM  of the ESL is 

higher than that of the perovskite, the interfacial recombination is largely suppressed, which 

leads to an increased Voc of the solar cells. Additionally, we found that an appropriate amount of 

Mg doping in ZnO to form ZMO reduced carrier concentration and improved carrier mobility, 

thereby enhancing the charge collection efficiency of the photoexcited electrons by the FTO 
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