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II. Research (Solution, Film, Cell/Module)

I. Introduction

III. Conclusion

• Solution Chemistry — Controlling Colloids and Interfaces

• Film Characterisation — Nanoscale Insights with KPFM

• Device and Module — Interface Engineering and Green Solvent for Performance
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Solar Cells

https://www.irena.org/Publications/2023/Aug/Renewable-Power-Generation-Costs-in-2022

Levelised cost of electricity (LCOE)

compared with fossil fuel LCOE

2010-2022

Grid parity

$1 Billion Investment

in Solar cells
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Perovskite Solar Cells

Perovskite

Nature Energy 7, 794–807 (2022)

Perovskite precursor

solution spread
Spin-coating

Annealing

(100-150 ºC)

27.0 %

(Soochow U/UNSW)

34.9 %

(Longi)
Best research-Cell 

Efficiencies

Perovskite Solar Cell/module Industries/Institutes
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Perovskite Activities at MQ

1. Solution

• Precursor Solution Analysis

• Precursor Solution Design (non-toxic)

3. Cell/Module Fabrication

• Device Fabrication Engineering

Target

High-performance

Manufacturability

- Scaling up

- Green (non-toxic)

1. 2. 3.

2. Film

• Film quality Analysis
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Perovskite Activities at MQ

Perovskite solar cellsTandem

Single

Perovskite

Low-light intensity PV

Perovskite module

PV-Integrated Energy Storage Systems

Space Application

Tandem Solar Cells

Starting July 2024

Starting July 2024

Starting Oct 2023

Perovskite

Silicon

2019-2022

2020-2023

2021-2024
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Perovskite Precursor Solution

Colloid size

changes

Chemical 

coordination 

changes

high-valent 

iodoplumbate

Pb2+ PbI+ PbI2 PbI3
- PbI4

2-

Various iodoplumbate complexes

E. Radicchi et al., ACS Appl. Energy Mater.,2019, 2, 3400–3409

Effects of Solution Concentration
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10

Perovskite Precursor Solution

J. Kim et al., J.Am.Chem.Soc., 2020, 142, 6251−6260

MAPbI3 

+ I3- Solution 

J. Kim et al., J. Am. Chem. Soc., 2020, 142, 6251−6260
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Perovskite Colloid Imaging and EXAFS

Total internal reflection fluorescence microscopy

MAPbI3 + I3-

solution

Extended X-ray absorption fine structure (EXAFS, Pb LIII-edge)
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Extended X-ray absorption fine structure (EXAFS, I K-edge)

I2

Rt →100 ˚C Rt →100 ˚C Rt →100 ˚C

J. Kim et al., J. Am. Chem. Soc., 2020, 142, 6251−6260
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Electronic and Device Performance Characteristics

Spatial CPD maps & Surface photovoltage (SPV) profiles 

Space charge limiting current  

MAPbI3 (Target)
Voc: 1.11 V

Jsc: 23.43 mA/cm2

FF: 0.79

PCE: 20.6%

FAPbI3 (Target)

J. Kim et al., J. Am. Chem. Soc., 2020, 142, 6251−6260
Control Target Excess
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B. Parkⱡ, J. Kimⱡ et al., Adv. Mater., 2023, 35, 2211386
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Surfactant-assisted Perovskite Solution Control

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon

Surfactant: Dodecyltrimethylammonium bromide (DTAB)
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Colloid properties

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon
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Perovskite film characterisation (Adhesion)

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon

- - - - - - --

or

FTO/SnO2
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Perovskite film characterisation

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon

Top Buried
PL

mapping

- - - - - - --

or

FTO/SnO2

Better lifetime

Less defect

ToF-SIMS
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Substrate charges

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon

Surface zeta potential

(Substrate surface charge) 

- -+-
Substrates

Colloids

- -+ +
-+ or

or

Matching
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Photovoltaic performance

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon

Substrate

Colloids +-

- - + +

+- +- +-Substrates

Colloids

- -+ +
-+ or

or

Matching
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Photovoltaic performance

J. Kim* et al., Chem. Eng. J., 2025, 519, 164991

Gyeong G. Jeon

MAPbI3 FAPbI3 Wide Bandgap (1.67 eV)

PCE: 24.5 %PCE: 19.4 %

iPCE: 

34.7 %

iPCE: 

39.0 %

Controlling and matching colloidal charges is important
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Organic-Inorganic Perovskite Films

H. Lu et al. iScience 2020, 23, 8, 101359

Defects (perovskite) 1015 ~ 1018 cm-3

Power conversion efficiency > 27%

(Thanks to defect tolerance)

Grain

Grain boundary
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Kelvin probe force microscopy – voltage and light bias

J. Yun et al., Adv. Ener. Mater. 2016, 6, 13, 1600330

Kelvin probe force microscopy (KPFM)

More ion migration

at grain boundaries

Bias-response Light-response
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J. Yunⱡ, J. Kimⱡ et al., Adv. Func. Mater. 2018, 28, 11, 1705363

PTT reduced mobile ions 

at the grain boundaries

Kelvin probe force microscopy – perovskite degradation study
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Nanoscale characterisation – 2D perovskite

J. Kim* et al., ACS Nano 2024, 18, 45, 31002–31013

Hongjae Shim
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Nanoscale characterisation – 2D perovskite

J. Kim* et al., ACS Nano 2024, 18, 45, 31002–31013

Parallel & Vertical Crystal Detection

(*MACl concentration affects the orientation)

Topography overlaid with local slope maps

(bright: parallel grains, dark: vertical grains) 

PEA2MA4Pb5I16

Hongjae Shim
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Nanoscale characterisation – 2D perovskite

J. Kim* et al., ACS Nano 2024, 18, 45, 31002–31013

Carrier movement

@interface between vertical and parallel

Hongjae Shim
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Nanoscale characterisation – 2D perovskite

J. Kim* et al., ACS Nano 2024, 18, 45, 31002–31013

control

target

excess

I.

II.

III.

Hongjae Shim
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Adv. Mater. 2024, 34, 42, 2407291
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Scheme of charge trapping kinetics

m-TiO2 : photodoping 

& favorable band bending

But high interface traps

c-TiO2 : low defect density

High performance in Outdoor ≠ Indoor

Controlling Interface trap is most important under indoor conditions

J. Kim et al.,  Nano Energy 68 (2020) 104321

Interfacial engineering (perovskite/ETL)

Al2O3 nanoparticle Graphene Quantum Dot
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ntrap reduced

J. Kim* et al., EcoMat. 2024, 6, 6, e12455

Damage from laser ablation

Preventing laser damage

Defect passivation

c.f. [Small cell PCE]

23.1% (1 Sun)

29.58% (1000 lux)

Shunt path

Reduced shunt path

Reduced defect

Gyeong G. JeonInterface Engineering for Leakage Suppression and Module Stability



II. Research – Cell/Module

Interface Engineering with Strain-Induced Electric Field

J. Kim* et al., Solar RRL. 2024, 8, 2400367

Twisted GQD

Strain-induced intrinsic electric field

(Out-of-plane direction)

SCLC

tr-PL

PL TPC
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20.77% → 22.15%
(increase 6.6%)

21.01% → 31.64%
(increase 50.6%)

@ 1000 Lux@ 1 Sun

Chirality-Engineered 

Jonghoon Han

Enantiomer
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Green manufacturing Jonghoon Han

Review

Green solvent candidate

Dimethyl sulfoxide (DMSO), Acetonitle (ACN), Ethanol, Water, Ionic liquid, 

γ-Valerolactone (GVL), Triethyl Phosphate, Dihydrolevoglucosenone, …

J. Kim* et al., Solar RRL. 2024, 2400262

Toxic perovskite solution

Usage of eco-friendly solvent 

with sustainable fabrication processes

Kwon et al., Nano Convergence 2023, 10, 28
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Green manufacturing

Non-toxic Ink

Toxic Ink (DMF/DMSO-base)

P1 P2 P3

< 100 µm

Jonghoon Han

In preparation

100% Green perovskite ink development

Challenge: Low Solubility

100% Green perovskite module fabrication

Wonseok chae

In preparation

Solution design (additives, solvent mixture)

Challenge: large-area film/device fabrication

Air knife technic, solution optimisation

Poor film

quality



III. Summary

High-performance and scalable green manufacturing (From nano to real)

1. Solution

• Perovskite precursor control

- Colloidal solution properties 

  (e.g., iodoplumbates)

- Total internal reflection fluorescence 

microscopy (colloid imaging)

- Surfactants modify colloidal charges, 

influencing film quality

- Charge matching is important

3. Cell/Module Fabrication

• Interface Engineering

- Al2O3 ​ mesoporous layer passivates defects 

and prevents laser damage (P1, P2, P3).

- Chiral GQD engineering creates a twisted 

graphene structure, generating intrinsic electric 

fields and enhancing charge extraction.

• Green perovskite module manufacturing

- Green solvents face solubility and scaling 

challenges.

- GVL is a promising green fabrication solvent

Target

High-performance

Manufacturability

- Scaling up

- Green (non-toxic)

1. 2. 3.

2. Film

• AFM-based analysis

- light and bias responses reveal ion migration

- CPD variations explain properties (e.g., delta-

phase, degradation mechanisms)

- Carrier dynamics analysed in vertical and 

parallel planes of 2D perovskites

feedback
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