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Solar Cells
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Perovskite Precursor Solution
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Perovskite Colloid Imaging and EXAFS

" MACQUARIE
"= University

SYDNEY-AUSTRALIA

J. Kim et al., J. Am. Chem. Soc., 2020, 142, 6251-6260
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Stabilization of the Alkylammonium Cations in Halide
Perovskite Thin Films by Water-Mediated Proton Transfer

Byung-wook Park,* Jincheol Kim, Tae Joo Shin, Yung Sam Kim, Min Gyu Kim,*
and Sang Il Seok*
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Surfactant-assisted Perovskite Solution Control Gyeong G. Jeon
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Surfactant-assisted colloidal size and charge control in perovskite solutions
for high-performance and stable solar cells

Gyeong G. Jeon”, Sang Eun Yoon “, Jonghoon Han ", Hye W. Chun®, So Jeong Shin*, _
Min Jun Choi",_Sang Uk Park®, Seo-Jin Ko “, Shujuan Huang ”, Nochang Park “, Jong H. Kim ™",
Jincheol Kim "™

oo [

+4 " [Pbl,

L]
&

[E]

Surfactant: Dodecyltrimethylammonium bromide (DTAB)

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



- A
MACQUARIE
Il. Research - Solution ' N ;R
Colloid properties Gyeong G. Jeon
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Perovskite film characterisation (Adhesion) Gyeong G. Jeon |
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Perovskite film characterisation Gyeong G. Jeon
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Organic-Inorganic Perovskite Films
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Kelvin probe force microscopy - voltage and light bias
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Humidity-Induced Degradation via Grain Boundaries
of HC(NH,),Pbl; Planar Perovskite Solar Cells

Jae Sung Yun,* Jincheol Kim, Trevor Young, Robert J. Patterson, Dohyung Kim,
Jan Seidel, Sean Lim, Martin A. Green, Shujuan Huang, and Anita Ho-Baillie*
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Nanoscale characterisation — 2D perovskite Hongjae Shim ; \

Probing Nanoscale Charge Transport
Mechanisms in Quasi-2D Halide Perovskites AGNANO
for Photovoltaic Applications

Hongjae Shim, Abhinav S. Sharma, Rishabh Mishra, Jonghoon Han, Jihoo Lim, Dawei Zhang,
Zhi Li Teh, Jongsung Park, Jan Seidel, Michael P. Nielsen, Martin A, Green, Shujuan Huang,*
Jae Sung Yun,* and Jincheol Kim*

Parallel orientation Vertical orientation
Perovskite octahedral slab
.

CEM

Vertical Para Veartical

J. Kim* et al., ACS Nano 2024, 18, 45, 31002-31013
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TAS GIWAXS Pattern

PEA:MA4Pbsl1s

Control

04 <2} ~O— Target

—O—Excess Incident
03 X-rays
E 02
< Vertical Parallel Random
0.1 < Octahedron
® 3D cation
0.0
2D cation
-0.1 -
500 550 600 650 700 750
Wavelength (nm)
Control Target Excess

(111)
—(0100)
(080)

(060)
‘(040)

Parallel & Vertical Crystal Detection

(0100)

(060)

(*MACI concentration affects the orientation)

Control Target Excess

125 nm*! 115 nm*! e 102 nm*!

Topography overlaid with local slope maps

Lo (bright: parallel grains, dark: vertical grains)

. Kim* et al., ACS Nano 2024, 18, 45, 31002-31013
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Operational Condition

Photocurrent
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J. Kim* et al., ACS Nano 2024, 18, 45, 31002-31013
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Scanning Probe Microscopy of Halide Perovskite Solar Cells

Minwoo Lee, Lei Wang, Dawei Zhang, Jiangyu Li, Jincheol Kim,* Jae Sung Yun,*

and Jan Seidel*

Techniques Properties Merits Uimitations Uses in perovskite
AFMY Topography * Conductive substrate not re  Both sample and tip subjected * Morphology (grain size, facet)
quired to lateral forces * Roughness (degradation)
CAFMY Topography . Rk poprapby sd 645 o Conductive substrats required o |-V curve flocal hysteresis, photo
Adv. Mater. 2024, 34. 42. 2407291 Conductivity tronic properties * Contact mode, can damage dol voltaic characteristics)
d p ’ ’ ’ * Nointerference between topog icate and soft surfaces * Charge transport (transport layer
raphy and electronic structure properties)
due to separate detection sys * Conductivity (charge and ionic
tems conductivity)
PFMI Topography * Scans topography and piezore. o Contact mode, can damage del * Piezoelectric property (lonic mo
Plezoresponse sponse icate and soft surfaces tion)
* Examines forroelectric domains * Ferroelectric property (dipole in
duced charge transport)
* Ferroelastic property (local strain)
KPFMA Topography Surface © Measures contact potential dif: o Conducive subsirate requised o olocal surface potential (lon mi
potential ference (CPD) between the tip * Difficult to determine absolute gration, external stimuli)
and sample Fermi level (EF) value without * Work function and the evolution
internal calibration of surface photovoltage under it
lumination (open circuit potential
mapping, transport layer proper
ties) Cross-sectional KPFM (inter
facial charge transport)
5SNOM* Topography Surface * Provides  nanometer.scale * Complicated and delicate mea- * Chemical nano-scale spatial map
chemistry spatially resolved absorption, surement setup ping (Degradation, local chemical
reflection, and optical spec * Requires accurate laser align heterogeneity)
tra including FTIRD, Raman, ment ® Charge dynamics (local recombi
pump-probe,  photolumines nation, degradation)
cence, and THz spectroscopy.
STM# Atomic surface * Highest resolution (<10 pm) * Requires conductive surfaces o Analyzing surface defects and
structure * challenging sample  prepa structural inhomogeneity
mtion  (eg. Ulrasmooth * Observing atomic structure of the
surface) surf
sTSM local density of * Provides atomic level local elec * Low signalto-noise ratio

Table 1. Summary of SPM techniques for halide perovskite materials.

electronic states

tronic property information

Sensitive to environmental con
ditions

Requires conductive  surfaces
and ultrasmooth surface

* Analyzing electronic properties

tion

Determining energy level distribu

* AFM: Atomic Force Microscopy; ¢ AFM: Conductive Atomic Force Microscopy: ' KPEM: Kelvin peobe force microscopy; © PFM: piezoresponse force microscopy.
SNOM: scattering scanning near-field optical microscopy; ' E

Tunneling Spectroscopy

FTIR: Fourier Transform Infrared Spectroscopy;

STM: Scanning Tunneling Microscopy

STS: Scanning
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Scheme of charge trapping kinetics ﬁj

m-TiO, : photodoping
c-TiO, : low defect density & favorable band bending
But high interface traps

Indoor« » Outdoor

1.00 |- Electron Transport Layer l
¢ cTio, &’
S 0951 o mTiO, /I
& 090}
8
2 0.85F
§ . C'Iarge transport layer
o Tra
£ 080 ns')arent conductive oxige
1
0.75} ; [
o 10° 10° 10° Interfacial engineering (perovskite/ETL)

Perovskite

Light Intensity (Suns) i ALO, nanoparticle  Graphene Quantum Dot

High performance in Outdoor # Indoor
Controlling Interface trap is most important under indoor conditions

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

Preventing laser damage

(€) SnOJALO; -

EcoMat_ . = WILEY

Mitigation of parasitic leakage current in indoor perovskite
photovoltaic modules using porous alumina interlayer

Gyeong G.Jeon' | DaSeul Lee*** | Min Jun Choi' | You-Hyun Seo* |
Shujuan Huang® | Jong H.Kim' | Seong Sik Shin®*%’” | Jincheol Kim®
Defect passivation

— s WO ALO, (V,  =0403V) T T .
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210°l Ny, reduced PR o 3, 53 E
51 . Ny - H
3 10* g% I o e A
. £ n=1 " n>3 H a [FiLFTansam oo e H
: - - - g, s T £ 10' " § | reogess .
Perovskite Perovskite 5 10 : i 2 + S-PSC L asnssssmssssssssssmssssmast
© el i 1 | SRS Reduced defect
Al eve®e® 0,8 0 . . LK S 250lx  500lx  10001ux 1 SUN
Snos Snos 0.01 0.1 1
Voltage (V)
S-PSC SA-PSC 120 107.3mW cm2@23.03 cm? Unit cell
N - o ] o Module
f " r o < 15|PCE :33.49% @23.03 em® ., £ % 2 b
5 = o % SA-WPSM
< € @
= 101 = e
= @ 60
3 § °
, 3 ©
(11 st = 51 c.f. [Small cell PCE] = 304
<ib ' ’ § | 23.1% (1Sun) 2
. 5 0 o]
Damage from laser ablation 3 | 20%8% (1000w ] T : °.
— 0 2 4 6 g8 10 1 10 , 100
J. Kim* et al., EcoMat. 2024, 6, 6, e12455 Voltage (V) Area (cm’)
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High-Performance Perovskite Solar Cell via

RRL
Chirality-Engineered Graphene Quantum ig‘i‘

Dot Interface Passivation

Jonghoon Han, Xinchen Dai, Sandhuli Hettiarachchi, Zhi Li The, Sangwook Park,
Sam Chen, Binesh Puthen Veettil, Shujuan Huang,* Dong Jun Kim,*
and Jincheol Kim*

19/2024

, Chirality-Engineered
B G5 pasivacion Enantiomer

FTO /\J\
DL-Cysteine
—
EDC/NHS
cross-linking
GQDs Racemic GQDs
L-Cysteine
——
EDC/NHS
cross-linking
GQDs Chiral GQDs

: ; Twisted GQD
WiLEY 3ecn M e Strain-induced intrinsic electric field
(Out-of-plane direction)

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

PCE (%)

Current (A)

0.001 o SnO2 025

1
Electron only device SCLC
(——Sn0,

014« DL-GQDSSNO,

—s—L-GQDs/SnO. P

001 VA V) 5

L-GQDs/SnOz 0.38
DL-GQDs/Sn020.41

Voltage (V)

Perovskite film on:

\ * SnO,

N\ ¢ DL-GQDs/SNO,
¥ L-GQDssn0,

PL

PL Intensity {a.u.)

700 720 740 760 780 800 820 840 850 880 900
Wavelength (nm)

ZEe

20.77% > 22.15%
(increase 6.6%)

$n0, L-GQDS/Sn0, DL-GQDs/SnO;

Normalized PL Intensity

Normalized photocurrent (a.u.)

PCE (%)

tr-PL

Perovskite filmon:
s SnO,

s DL-GQDSSNO,|
s L-GQDSSNO,

T
200

T T 1
400 600 800
Time (ns)

TPC s sno,

PSC.

o+ DL-GQDS'SNO,
o L-GQDSSNO,

10.18us

2.87us

uonoeJxe abieyo pasoueyug

S]109J0p SS9

@ 1000 Lux

21.01% > 31.64%
(increase 50.6%)

r
SnO,

L-GQDs'Sn0; DL-GQDs/SnO,



Il. Research — Cell/Module

Green manufacturing

SYDNEY-AUSTRALIA

’ ‘ " MACQUARIE
o= = "= University

Jonghoon Han _

Toxic perovskite solution

o Representative choices
_CH.
WO et 2
CHy S0
DMF HiC™  CHy
DMSO
CH30.
Q*o SONAoH Solution /
cn; 2-ME Carcinogen Wet-film ,
Toxic Subs!rate
« rotation
A
' : A
»>r

Usage of eco-friendly solvent
with sustainable fabrication processes

::'.;.m Q ( P

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

Green Solution Processing of Halide Perovskite Solar RRL
Cells: Status and Future Directions Review m

Jonghoon Han, Ran Hee Kim, Shujuan Huang, Jincheol Kim,* and Jae Sung Yun*

3000 28
B Publication with the keyword * Non-Green Solvent
2500 "Green Solvnet” 264 *® Green Solvent « *
2000 4 [ Total Number of Publication . -‘ LS ]
& 1500 1 * tonic g 3
g L ] :
%1000 22 4 . i
L2 — {
o 500 1 g
k- I I E\ipn 4 . . H
o = = w ~ lon Juids v
P 0 Alu
E 25 18 4 .
E 20 16
Z 15 -
10 "1 ° )
5 12 4
0- T T T T T T T T T T T

& RPN a gr P RN S .| G, L s
s s s S S S S S S S S
Year Year

Green solvent candidate
Dimethyl sulfoxide (DMSO), Acetonitle (ACN), Ethanol, Water, lonic liquid,
y-Valerolactone (GVL), Triethyl Phosphate, Dihydrolevoglucosenone, ...

J. Kim* et al., Solar RRL. 2024, 2400262
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Green manufacturing Jonghoon Han ~ Wonseok chae
100% Green perovskite ink development 100% Green perovskite module fabrication
Challenge: Low Solubility Challenge: large-area film/device fabrication

g 20 - E 20
LY
< 15 g
> - .
= [ z '°1 Slot-die green
2 W] (mAvcm) 5 Perovskite solar cell
R e R e 2 10 -
5 @ se
(_:) Toxic 118 24.7 E Vo (V) (mAle FF (%) PSE
54 o m?) (%)
Non-toxic 5
Toxic 103 2254 6977 1619
Non-toxic Ink Ot——T——7—— 0
0o 02 o4 08 0.0 0.2 0.4 0.6 0.8 1.0
Toxic Ink (DMF/DMSO-base) Voltage (V)

Voltage

In preparation In preparation
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High-performance and scalable green manufacturing (From nano to real)
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perovskite
in solvent

g

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

perovskite
in solvent

Perovskite
crystalline

ol

EEEEEEEEEEEEEEEEEEEEEEEE

\:

Top contact

ABXq
perovskite

i

Target
High-performance
Manufacturability

- Scaling up

- Green (non-toxic)

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

J

3. Cell/Module Fabrication —

Interface Engineering

- Al,O; 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
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