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Perovskite and Fabrication process
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i) separate optimizations (deposition
processes, chemical precursors);
iii) allowing different deposition methods

A — larger cation, e.g. MA, FA...
B — smaller metal cation, e.g. Pb, Sn...
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Previous Work: Modifying Complex-assisted
Sequential Spin-coating Process
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Why Dynamic Process is Better?

Deposit MAI-FAT into Pbl,-CsI-DMSO
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(1) Direct molecule exchange, forming
perovskite quickly

.

(2) Rapid perovskite formation, blocking
MAI-FAI intercalation, disordered perovskite
film

(3) After annealing, formation of perovskite
with various orientations; high degree of
disorder

(1) Prolonged intermediate phase Pbl,-Csl-
MAI-FAI-DMSO 1

(2) Slower perovskite crystallization, preferre
(100) orientation

*/

(3) After annealing, highly ordered (100)
perovskite with regular grain size
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(2) DMSO-complex
~ deconstructing perovskite |
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| (1) Initial perovskite
formation
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Dynamic process:
A longer
intermediate
phase necessary
for slower
crystallization

onset by dynamic
processes
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This work: Evaluate Cl-additive assisted film
formation by dynamic sequential process

Current researches

Early studies (2012-2013) ‘ MACI, FACI, PbCl, as additives
MAPDI,Cl; , as absorber :
Explanations?

Cl Cl
Pbl,-DMSQ in DMF MAI-FALI in IPA

““" &“:': i) theroles of two different
| Cl sources (MACI, FACI)
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1st-step Deposition 2nd.step Deposition

i) the time at which the CI
sources were added

30s, 1500RPM 30s, 3000RPM 100 °C, 10mins
=
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Design Methodology

Add in Pbl2 precursor Add in MAI-FAI precursor
Process #1: 1St MACI Process #3: 2"d-MACI
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Electrical Performance

Best condition: MACI added in the first step

MACI-based devices are better than FACI-based devices
1st-Cl-based devices are better than 2"-Cl based devices
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Grain Size Distribution

Film Morphology
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Better crystallinity when Cl is added in
the first step and when MACI is used

the trend in grain size does not
correlate with the trend in performance




Film Quality
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Bandgap

(e) Absorption edge (f) Threshold energy
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Cl Content
remained in the film

Cl/I ratios from x-ray photoelectron
spectroscopy (XPS)

CI 304 maci (0.058) > Cl/l 5,4 pacy (0.034)
> Cll 15t maci (0.024) ~ ClUI 15 pacy (0.023)

1. CI 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 (1%
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Cl’s effect

FTIR — As-deposited Perovskite

Using different additives, MACI, FACI, MAFACI
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the intensity becomes higher with CI
(regardless of Cl source used) and
when CI (regardless of Cl source
used) is added in the 2" step.

-> C| facilitates the intermediate
phase formation
-> more Cl in the 2"-C| film



MA vs FA FTIR — As-deposited Perovskite

Using different additives, MACI, FACI, MAFACI

Transmittance (%)
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FiIlm Formation Mechanism
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1. Adding Cl in the 15t step of a dynamic sequential process gives it an
opportunity to leave the film earlier to obtain appropriate amount of ClI

2. MACI 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.

 MACI should be used as the preferred source of additive over
FACI for slower crystallisation.

« This work has provided deeper understanding of Cl additive-
assisted film formation in a dynamic sequential process.
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