
 

29 Nov - 1 Dec 2022, Newcastle, Australia 

 

Cation-Diffusion-Based Passivation for High Bandgap Single Junction Perovskite 
Cell and Double Junction Perovskite-Perovskite Tandem with Record Fill Factors  
Md Arafat Mahmud1,2*,, Jianghui Zheng1,2,3,4, Shi Tang1,2, Chwenhaw Liao1,2, Guoliang Wang1,2

,  
Jueming Bing1,2,  Tik Lun Leung1,2, Anh Dinh Bui5,  Hongjun Chen1,2, Jianpeng Yi1,2, Stephen P. 

Bremner3, Hieu T. Nguyen5, and Anita W. Y. Ho-Baillie1,2,3* 
 
Affiliations: 
1School of Physics, The University of Sydney, Sydney, NSW 2006, Australia 
2The University of Sydney Nano Institute (Sydney Nano), The University of Sydney, Sydney, NSW 
2006, Australia  
3Australian Centre for Advanced Photovoltaics (ACAP), School of Photovoltaic and Renewable 
Energy Engineering, University of New South Wales, Sydney 2052, Australia 

4Sustainable Energy Research Centre, School of Engineering, Macquarie University, Sydney, NSW 
2109, Australia  
5School of Engineering, The Australian National University, ACT 2601, Australia 
*Correspondence to: anita.ho-baillie@sydney.edu.au (A. H.-B.), md.mahmud@sydney.edu.au (M. 
A. M.) 
 
Metal halide perovskite solar cell is the fastest-growing photovoltaic technology in terms of 
efficiency improvement. The best laboratory 1.53 eV cell efficiency has reached 25.7% from 3.8% 
in just over 10 years.1 As a wide range (1.2 eV to 2.3 eV) of bandgap is realisable for perovskites 
by tuning their composition in precursor preparation, perovskites are suitable for low-cost, solution-
processable multi-junction tandem solar cells, having an efficiency potential over 40%.2 High 
bandgap (1.7 eV to 2.0 eV) perovskite cells are integral to such tandems, but current 
demonstrations suffer from high voltage deficit3 compared to their low mid-bandgap (1.5 eV to 1.6 
eV) counterparts producing lower voltage outputs, lower fill factors (FF) in high bandgap devices 
(Figure 1) indicating room for improving bulk and interface quality,4 reducing their susceptibilities to 
carrier recombination. 
 
A number of recent studies have focussed on bulk5-10 and/or surface passivation11-17 of high 
bandgap perovskite films to reduce their trap-assisted recombination. A major limitation in the 
demonstrated passivation strategies is that the passivation effect is confined to either bulk or only 
at one perovskite/charge-transport-layer interface. Another limitation is the type of perovskite 
devices that have benefited from successful passivation strategies. For example, double-sided 
interface passivation has been shown to be successful for mid bandgap perovskite cells which are 
predominantly n-i-p devices18-21 where the n-type layers are fabricated first and p-type layers are 
fabricated last. However, p-i-n devices can achieve higher efficiency potentials than n-i-p ones for 
tandem application,22 as they have less optically absorptive transport layers on the sun-facing side. 
 
Highlights of the Work 
 
In this work, we develop a double-sided surface passivation that is compatible with p-i-n perovskite 
cells that also provides simultaneous bulk passivation for high bandgap perovskite cells for the first 
time. This concurrent bulk-passivation and surface-passivation scheme is based on the partial 
diffusion of bulky organic cations from the surface-layer into the bulk passivating defects while the 
surface-remaining cations passivate the perovskite surface. This is different to previous work23 
whereby diffused-halide (inorganic anions) was responsible for the passivation of the perovskite 
bulk amid the bulk only.  
 
Evidence of the cation diffusion have been found using ionic distribution profiling, Fourier transform 
infrared spectroscopy, and crystallography and one of its effect on the perovskite device is 
bandgap widening.  
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More importantly, performance of high-bandgap (1.75eV) champion p-i-n perovskite solar cell 
devices improved by 1% absolute after implementing the concurrent bulk and surface passivation 
scheme on one side and another 1% absolute if implemented on both sides (Table 1). The 
champion cell achieved the highest FF of 86.5% and power conversion efficiency of 20.2%. These 
values are the highest for perovskite cells with bandgap > 1.7eV (Figure 1). This strategy has also 
been implemented in high bandgap cells for the demonstration of perovskite-perovskite tandems. 
Latest tandem cell results will be provided in the conference presentation.  

 
 
Figure 1. Fill factors (FF), b. power conversion efficiency (PCE), c. short circuit current 
density (JSC), and d. open circuit voltage (VOC) of mid- and high- band gap solar cells with 
record-efficiencies reported in peer-reviewed articles24 
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Table 1 Photovoltaic parameters - averaged from 15 cells and measured for the champion 
device in each category: control (un-passivated), single side (SS) passivated and double-
side passivated perovskite solar cells  

Device Average 

/Champion 

VOC 

(mV) 
JSC 

(mA/cm2) 
FF 

 (%) 

PCE (%) 

Control 
Average 1085±11 19.3±0.1 84.3±0.5 17.6±0.2 

Champion 1104 19.4 84.7 18.1 

SS 
Passivation 

Average 1179±7 19.2±0.2 84.5±0.6 19.1±0.1 

Champion 1187 19.2 85.0 19.3 

DS 
Passivation 

Average 1208±7 19.3±0.1 85.6±0.5 19.9±0.2 

Champion 1210 19.3 86.5 20.2 
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