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Sequential deposition:

i) solving solvent incompatibility; 

ii) separate optimizations (deposition 

processes, chemical precursors);

iii) allowing different deposition methods

Perovskite - ABX3

X - anion, e.g. halide (I, Br, Cl…)

A – larger cation, e.g. MA, FA…

B – smaller metal cation, e.g. Pb, Sn… 

(a) (b)

Perovskite and Fabrication process
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Previous Work: Modifying Complex-assisted 

Sequential Spin-coating Process

J. Bing, J. Kim, M. Zhang, J. Zheng, D.S. Lee, Y. Cho, X. Deng, C.F.J. Lau, Y. Li, M. Green, S. Huang, A. Ho-Baillie. The Impact of a Dynamic Two-Step 

Solution Process on Film Formation of Cs0.15(MA0.7FA0.3)0.85PbI3 Perovskite and Solar Cell Performance. Small. 2019 Mar;15(9):1804858.



Why Dynamic Process is Better?
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J. Bing, J. Kim, M. Zhang, J. Zheng, D.S. Lee, Y. Cho, X. Deng, C.F.J. Lau, Y. Li, M. Green, S. Huang, A. Ho-Baillie. The Impact of a Dynamic Two-Step 

Solution Process on Film Formation of Cs0.15(MA0.7FA0.3)0.85PbI3 Perovskite and Solar Cell Performance. Small. 2019 Mar;15(9):1804858.
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Earlier deconstruction 

onset by dynamic 

processes

Dynamic process: 

A longer 

intermediate 

phase necessary 

for slower 

crystallization

J. Bing, D.S. Lee, J. Zheng, M. Zhang, Y. Li, J. Kim, C.F.J. Lau, Y. Cho, M. Green, S. Huang, A. Ho-Baillie. Deconstruction-assisted perovskite formation 

for sequential solution processing of Cs0.15(MA0.7FA0.3)0.85PbI3 solar cells. Solar Energy Materials and Solar Cells. 2019 Dec 1;203:110200.



This work: Evaluate Cl-additive assisted film 

formation by dynamic sequential process
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Early studies (2012-2013)

MAPbIxCl3-x as absorber

Current researches

MACl, FACl, PbCl2 as additives

Explanations?

i) the roles of two different 

Cl sources (MACl, FACl)

ii) the time at which the Cl 

sources were added

Cl Cl

J. Bing, D.S. Lee, Y. Cho, J. Zheng, Y. Li, S. Tang, M. Zhang, S. Huang, A. Ho-Baillie. Understanding how chlorine additive in a dynamic sequential 

process affects FA0.3MA0.7PbI3 perovskite film growth for solar cell application. Materials Today Energy 2020 Dec; 18: 100551. 



Design Methodology
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Add in PbI2 precursor Add in MAI-FAI precursor

Glass/FTO/c-TiO2/mp-TiO2 

/MA0.7FA0.3PbI3/Spiro-OMeTAD/Au



Electrical Performance

Best condition: MACl added in the first step

JSC (mA/cm2) VOC (mV) FF (%) Eff (%)

No Cl
Average 21.3±0.3 1056±7 75.0±2.5 16.8±0.5

Best Device 21.6 1066 75.4 17.4

1st-MACl
Average 22.5±0.3 1101±13 77.6±1.8 19.3±0.5

Best Device 22.5 1116 80.2 20.2

1st-FACl
Average 22.4±0.3 1094±15 77.4±1.2 19.1±0.5

Best Device 22.6 1113 79.3 19.9

2nd-MACl 
Average 22.0±0.4 1071±4 75.1±2.5 17.7±0.7

Best Device 21.8 1072 79.6 18.6

2nd-FACl
Average 22.0±0.3 1070±9 74.5±1.3 17.6±0.4

Best Device 21.8 1080 76.8 18.1

MACl-based devices are better than FACl-based devices

1st-Cl-based devices are better than 2nd-Cl based devices



Film Morphology
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• Better crystallinity when Cl is added in 

the first step and when MACl is used

• the trend in grain size does not 

correlate with the trend in performance 

  

  

  

  

 



Film Quality
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and when MACl is used

• Higher PL response, longer carrier lifetime, lower 

Urbach energy and lower trap density



Bandgap
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1. Larger absorption edge (Eg)

2. Larger Threshold energy (Eth)

3. Shorter steady-state PL emission peak 

wavelength

2nd-Cl films have wider bandgap than 1st-Cl films

-> Probably more Cl in the 2nd-Cl film?

2nd-Cl films 



Cl Content 

remained in the film

Cl/I ratios from x-ray photoelectron 

spectroscopy (XPS)

Cl/I 2nd MACl (0.058) > Cl/I 2nd FACl (0.034) 

> Cl/I 1st MACl (0.024) ~ Cl/I 1st FACl (0.023)

1. Cl Only detectable on the surface 

2. Remained Cl amount and carrier 

lifetime follow the opposite trends

Too much Cl – detrimental effects (2nd)

Appropriate amount of Cl – beneficial (1st)



Cl’s effect
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the intensity becomes higher with Cl 

(regardless of Cl source used) and 

when Cl (regardless of Cl source 

used) is added in the 2nd step.

-> Cl facilitates the intermediate 

phase formation

-> more Cl in the 2nd-Cl film
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MA vs FA
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MA slows down crystallisation

FA accelerates crystallisation



Film Formation Mechanism

1. Adding Cl in the 1st step of a dynamic sequential process gives it an 

opportunity to leave the film earlier to obtain appropriate amount of Cl

2. MACl allows a more ordered perovskite growth with slower crystallisation



Conclusion

• Cl improves film quality and facilitates intermediate complex

formation.

• The time at which Cl is added into a dynamic sequential

process is critical. Cl added in the first step is more beneficial.

• MACl should be used as the preferred source of additive over

FACl for slower crystallisation.

• This work has provided deeper understanding of Cl additive-

assisted film formation in a dynamic sequential process.
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