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SPECIAL ISSUE—New generation solar cell

S-shaped current-voltage characteristics in perovskite
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(Key Laboratory for Renewable Energy, Chinese Academy of Sciences; Beijing Key Laboratory for New Energy Materials and
Devices; Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

( Received 23 October 2014; revised manuscript received 24 November 2014 )

Abstract

Analysis of the DC current-voltage (I-V') characteristics is an effective approach to investigate the charge transport
properties in a solar cell. The perovskite solar cell attracted wide research interest in the past two years due to their
outstanding photovoltaic capacity. However, the charge transport characteristics and working principles of this kind
of cells have not been clearly clarified. In this work, the I-V characteristics of the perovskite solar cell have been
investigated from the experimental and theoretical perspective views. Moreover, the S-shaped I-V feature coming from
the limitation of interfacial charge transport was focused on. With a series connected diode model, the I-V characteristics
of the solar cell are investigated and simulated. It is found that the charge accumulation appears gradually when the
interfacial charge transport velocity is decreased, lowering the output of the cell. When the interfacial charge transport
decreases gradually, the short-circuit current density and the fill factor of the cell also decrease obviously. In experiments,
limitations of charge transport at the front and back contacts of the cell have been designed, successfully producing varied
S-shaped I-V features. It is found that both in the hole transport material-free and in the p-i-n perovskite solar cells,
the S-shaped I-V characteristics can appear. Moreover, the origins of these features in various experimental conditions
have also been discussed, which can be the energy barriers or large charge transport resistances in the cell. These energy
barriers and resistances will lower the charge transport velocity and may cause charge accumulation, thus leading to
the appearence of the S-shaped features. Meanhiwle, the emerging S-shaped I-V curves all have their own features,
which may be due to the specific interfacial energy band structures. Thus, to promote the cell performance, the charge
transport and interface energy barrier should be attached importance to and carefully designed. This work directly shows
the interface factors that can significantly affect the cell performance, and gives a theoretical guide in cell design. By
considering these limiting factors, the cell fabrication has been carefully designed with the control on the thickness of the
mesoporous layer and the perovskite absorber film deposition, and a forward-swept efficiency of 15.5% can be achieved

without any modification of the cell.
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