Book Of Abst

Septembeéet8 2625
Hot el G Wi ne e Jazz A

5

Perugi a, | t al vy



SCI ENTI FI C AND ORGANI ZI

PSCO 2025

SCHNEINIT C(RIMCTEC O

Hewnw enwvithSnai t
Uni ver sityndft e@x fKar
FiipboiDp phoeclisDe A

Uni versity of Pe

Anmmama&dseirbzaa Pet

11T, I1Ttaly
Md K NK-eoruNlaz e e 1 ORBAININGZCOINBMTTHET
EPFL, Switzerle

Belade Biizerre Bl z

Uni versity of Pe

Giulia Marra Mar r
CNRSCI TECI taly
Maip leazia Melthii z |

<

Uni versity of Pe
Ollvie MAazari Bi z z
CNRSCITEC, Ital
ClraloeneMo | on

Uni versity of Oxfor




| NVI TED LECTURES

PSCO 2025

Albxeixan Kiwaen Y U ¢ NarGy warkP ar k
City University of SKKU, KOR
Ammam&dairbzasa Pet Paalb Booc Boi X
11T, 1T | TQ (WPRIVE)S
Danlé elcechi€or t Rw WanWa n g
University of Bo Westl ake Universit
Dew €hiao Zhao SasccaFeaelnadima n
Sichuan Univer si EPFCH
HelnbdolinBol i nk Sahil Eland | sl ar
UVEG, ES Oxford University
Hemymiai t h Seeab oo It o
University of Oxfor University of Hyoc¢
Hou! Yi SeldaiDimal Ol t ho
Nat | Uni versity Si University of Wupp
Joeeslelp huthdM. L u SthuaxTéaoa Ta o
Nat | Renewabl e Ene Eindhoven University
Linnnaopekl e pper Sthiu 1Zai Hayase
University of Twrh#&niversityommuBli eattdiR
Maop iVailoMawsii | o g Siivih awiela Col el
Uni versity of At CNRNANOTEC, I T
MaimtiblnfolSt ol t Sitve MleectAl br ec
The Chinese Universit Hel mhol tz Zentrum E

Yuwa/my dhan Zh ot

HKUST, HKG



08:30

09:00

09:12

09:24

09:36

09:48

08:50

Session Chair

Session Title

09:12

09:24

09:36

09:48

10:00

Day 1 - Monday, September 15th 2025

CONFERENCE DESK

Town Hall
Edoardo Mosconi, CNR i SCI TEC AG. Nattao Perugi a,
Special Session - Catalysis

Introduction to CATALYSIS Session by Prof. Lorenzo Malavasi , University of Pavia and INSTM, Italy

Luca Gregori , University of Perugia, Italy
Computational modeling of perovskite for photovoltaics and photocatalysis

Costanza Tedesco , University of Pavia, Italy
Metal halide perovskites and graphitic carbon nitride heterojunctions for ammonia and hydrogen
production

Diego Sorbelli , University of Perugia, Italy
Cooperative CO, activation: lessons from molecular systems for emerging catalytic materials

Sofia Lerda, University of Perugia, Italy
Computational insights into selective catalysis by dirhodium complexes
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COMPUTATIONAL MODELING OF PEROVSKITE FOR
PHOTOVOLTAICS AND PHOTOCATALYSIS

Luca Gregori,'Edoardo Mosconi? Filippo De Angelist %3

tUniversity of Perugia, Italy
2Computational.aboratoryfor Hybrid/OrganicPhotovoltaic{ CLHYO),Istituto CNRdi Scienze
Tecnol ogie Chi mi c h&CITEG,iVia Elcedi Sdtta 8, 06423 PefuGidy Raly.
3SKKU Institute of Energy Science and Technology (SIEST), Sungkyunkwan University, Suwon 440
746, South Korea

edoardo.mosconi@cnr.it

Hybrid AMX3 perovskites (A=Cs, C#NH3z; M=Sn, Pb; X=halide) have in the last years
revolutionized the scenario of photovoltaic technologies. Despite the extremely fast
progress, the materials electronic properties which are key to the performance are relatively
little understood.A series of computational simulation carried out using-Iarinello
molecular dynamics havgeen performed investigating the nature of the perovskites/TiO
interface, the role of moisture the perovskitedegradatiorprocess anthe effect ofthe
defecton thedeviceworking mechanism. Finally, a series of different strategies will be
reported to increase the device stability and efficiency.[1] While instability in aqueous
environment has long impeded employment of metal halide perovskites for heterogeneous
photocatalysis, remt reports have shown that some particiridralideperovskiteg THPS)

can be waterstable and active in photocatalytichydrogen production. Tainravel the
mechanisticdetails underlying thephotocatalyticactivity of THPs, wecompare the
reactivity of the watestable and active DMAShBr(DMA = dimethylammonium)
perovskite against prototypical MASnl and MASnBg compounds (MA =
methylammonium)employing advanced electronatructure calculations, see Figure 1.

We find that the binding energy of electron polarons at the surface of THPs, driven by the

M APbIJ MASn I,, DMASRH Br;
- r '.* -
. w, o

[ P ‘ [
o P o
Eogtdoot Th b gy e e
'P 'F

Ty

Surface | ¢ 1 Stabilized by
Dissolution 0D-5SnBr,

o0 a0l A e LDl

conduction band energetics, is cardinal for photocatalytic hydrogen reduction.[2]
Figure 1: Abinitio moleculardynamicgAIMD) simulationsof THP/waterinterfaces

[1] Yang,S.;Chen,S.;Mosconi,E.; Fang,Y.; Xiao, X.; Wang,C.; Zhou,Y.; Yu, Z.; Zhao,J.;Gao,Y.; De
Angelis, F.;Huang,J. Stabilizinghalideperovskitesurfacedor solarcell operationwith wide-bandgapead
oxysaltsScience2019 365 473.

[2] Kaiser W.; Ricciarelli D.; Mosconi E.; Alothman A. A.; Ambrosio F.; De Angelis F. "Stability of Tin
versus Lea¢Halide PerovskitesAb Initio MolecularDynamicsSimulationsof Perovskite/Water
Interfaces'J. Phys.Chem. Let{.2022 13, 2321.
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METAL HALIDE PEROVSKITES AND GRAPHITIC CARBON NITRIDE
HETEROJUNCTIONS FOR AMMONIA AND HYDROGEN PRODUCTION

CostanzaTedescq' Luca Gregori,? FrancescaMerlo,* Angelica Simbula,® Edoardo
Mosconi? Filippo De Angelis? Andrea Listorti, * Lorenzo Malavast

1Departmenbf ChemistryandINSTM,Universityof Pavia,Pavia, Italy
2Departmenbf Chemistry BiologyandBiotechnologylniversityof PerugiaandINSTM,Perugia, Italy
3 Department of Physics, University of Cagliari, Monserrato, Italy
“Departmenpf ChemistryUniversityofB a r i N oArl ddani, Italy

costanza.tedescoOl@universitadipavia.it

Therequesfor sustainablend renewablenergysourcesas motivated aignificantshift toward
innovative methods for producing and storing clean energy through green solar fuels.
Photocatalytically active heterojunctions based on metal halide perovskites (MHPS) are drawing
important interest for their tuneable ability to promote several important redox reactions, in the
field of green fuels productiomhis study investigates two composite systems: a classic double
perovskitebased,Cs,AgBiClg/g-CsN4,H and a vacancyorderedperovskitebased,Cs,SnBr/g-

C3N,4.P! The first system has been studied and employed for bothdsdlan hydrogemyeneration

from chloride mediaand ammoniaproductionfrom nitrogenfixation andthe second

one for ammonia production, due to its remarkable photofixation activity. The efficiency of the
CsAgBIClg/g-C3N,4 system depends on the relative amounts of perovskite and carbon nitride to
promotes the two reactionSpectroscopic investigations and density functional theory (DFT)
modelling reveal that perovskite halide vacancies are primary reactive sites for hydrogen
generation and can be, together withC4N, nitrogen vacancies crucial also for nitrogen
reduction™ On these bases, again through a combined experimental and computgtjmnaaich,

we provide a detailed framework of the mechanism supporting the efficient nitredeetion
reaction to ammonia observed in,68BR/g-C;N, system. The vacaneyderedperovskite is
characterized by a higher surface density of halide vacancies than the classicpgoonsite

and for this reason €SnBr/g-CsN, system achieves the highest ammonia evolutosof 266

e mo t L. Photoluminescence studies and differential transmission measurements stress the
importance of compositional engineering in enhancing photocatalysis efficiency for both
reactions. This work represents a significant advancement in photocatalytic grepnddietsion,
especially in the field of nitrogen photofixation, proposing materials and structures that can
potentially improve sustainable ammonia production, thereby contributing to energy independence
and reduced carbon emissions.

[1] C. Tedescol.. Gregori,A. Simbula,F. Pitzalis,A. Speltini,F. Merlo, S. Colella,A. Listorti, E. Mosconi,A.

A. Alothman,W. Kaiser,M. Saba,A. Profumo,F. De Angelis, L. Malavasi,Adv. Energyand Sustain.Res.2024
2400040.

[2] C. Tedesco,A. Simbula, R. Pau, F. Merlo, A. Speltini, V. Armenise, A. Listorti, L. Gregori, A. A.
Alothman, E. Mosconi, M. Saba, A. Profumo, L. Malav&silar RRL2025 202400778.
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COOPERATIVE CO 2 ACTIVATION: LESSONS FROM MOLECULAR
SYSTEMS FOR EMERGING CATALYTIC MATERIALS

Diego Sorbellt?

Department of Chemistry, Biology and Biotechnology, University of Perugia, Italy
2Priztker School of Molecular Engineering, University of Chicago, United States

diego.sorbelli@unipaq.it

Understanding and controlling cooperative effects in the activation of carbon dioxide is central to
the development of nexfeneration catalytic platforms for small molecule conversion. While
cooperative reactivity is often rationalized through structamdl electrostatic descriptors (e.g., the
OCO bending and bond el on g adriven polarization)Ct@ese or
simplified models frequently fall short in capturing the complexity of real systems.

In this contribution, we demonstrate how a carefully designed computational protocol reveals the
breakdown of these assumptions in a class of apolar and weakly polar bimetallic molecular
complexes'® We uncover mechanistic pathways unexpectedly governed by elsbi@dng

bonds, elucidating the role of metale t a | interactions in enabl i
conversion. Furthermore, we assemble carefully selected computational approachies aiith

of assessing the nature and extent of the carbon disuiolsrate interactions, revealing
unprecedented and namuitive trends that challenge traditional views of reactivity based on
simple descriptors. By disentangling electronic and geometnitributions to activation, our
protocol provides transferable insight into the role of bond character in enabling efficient
cooperative activation.

We argue that the principles extracted from these molecular systems can inform the rational design
of heterogeneous or heterogenized catalysts. By rethinking the stiueagatévity relationship,

our findings offer conceptual tools to inform the ratiodesign of complex catalytic substrates,
including heterogeneous systems targeting small molecule conversion.

[1] D. Sorbelli, L. Belpassi, P. Belanzodi,Am. Chem. So2021, 143 1443314337.
[2] D. Sorbelli, L. Belpassi, P. Belanzo@ihem. Sci2022 13, 46234634.

[3] D. Sorbelli, L. Belpassi, P. Belanzoimorg. Chem2022 61, 17041716.

[4] D. Sorbelli, L. Belpassi, P. Belanzo@ihem. Sci2023 14, 889-896.

[5] D. Sorbelli, L. Belpassi, P. Belanzo@ihem.Commun2024 60, 12221238.
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COMPUTATIONAL INSIGHTS INTO SELECTIVE CATALYSIS BY
DIRHODIUM COMPLEXES

Sofia Lerda,! Matthias Peeters? Lorenzo Baldinelli,* Giovanni Bistoni,! and Alois
Firstner?

1Department of Chemistry, Biology, and 246 Biotechnology, University of Per«@$d 23 Perugia, Italy
2Max-PlanckInstitut f;r Kohlenforschung, 244 85470 MJheim/Ruhr, Germany

sofialerda@dottorandi.unipq.it

Dirhodium paddlewheel complexes are powerful catalysts with broad applications in asymmetric
synthesis. We investigated a recently developed example that is chiral at both inequivalent metal
centers despite containing only achiral ligaRsThis heterochiral catalyst furnishes stannylated
cyclopropane derivatives with excellent diasteraod enantioselectivity. Remarkably, the same
cyclopropanation reaction catalyzed by this complex gives a completely different selectivity
pattern when thetannyl substuent on the diazo precursor is replaced by a fluorinated group. To
investigate the origin of these contrasting outcomes, we combined conformational sampling with
DFT refinement to study the two carbene intermediates and their reactivities. For théattdnny
case, the calculated transition states reproduced the experimentally observed high selectivity,
showing that steric effects and aM--O hydrogen bond cooperate to favorably yield the cis
(1R,2R) product. On the other hand, the fluorinated carberemediate leads preferentially to

the trang1S,2R) cyclopropane. This switch in selectivity was found to arise from increased
structural rigidity of the carbene intermediate, attributed to two key noncovalent interactions: the
same hydrogen bond obsedvereviously and an additional halogéalogen interaction.
Quantum chemical characterization revealed the latter to be primarily dominated by London

dispersion, in contrast to conventional halogen bonds, which are usually driven by electrostatics
(2]

0] (o)
Messn F3C
OEt OEt
N N
é SnMe; 2 2 f CF;3
ty < Ar& > N
Ar COOEt catalyst catalyst Ar COOEt
cis-(1R,2R) CH.Cl,, RT pentane, -40°C trans-(15,2R)

Figure 1. Schematic representation of the cyclopropanation reactivities promoted by the same heterochiral
dirhodium catalyst. On the left, the stannylated diazo compound leads to-{hi&@&) cyclopropane; on the right,
the fluorinated diazo compound yields trens(1S,2R) product.

[1] M. Peeters, L. Baldinelli, S. Lerda, G. Bistoni, A. FurstdeAm. Chem. So2025,1 4 7, 124181 12424.
[2] M. Peeters, S. Lerda, G. Bistoni, A. FUrstner, manuscript in preparation.
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INNOVATIVE MATERIALS
FOR PEROVSKITE/Si TANDEM SOLAR CELLS

GennaroV. Sanning'?3L. Lancellotti,* E. Bobeico! I. Usatii,'! M. F. Caso! M. Della
Noce!G. Nasti,! C. Serpicol?E. Santoro! P. Scognamiglio} L. V. Mercaldo! and P.
Delli Venerit

1 talian National Agencyfor NewTechnologies, Energgnd SustainabldEconomicDevelopmenfENEA),
Portici(NA), Italy
2 Departmenbf Chemical Sciences, Universitf NaplesFedericoll, Naples,ltaly
3 ltalian NationalInteruniversityConsortiumof Materials Scienceand Technology(INSTM),Florence,ltaly
gennarovincenzo.sannino@unina.it

Within the GoPV project, ENEA is focusing on the development of innovative materials
for high-efficiency perovskitésilicon tandem solar cells. While silicon heterojunction
(SHJ) and perovskite solar cells (PSCs) individually achieve power conversion efficiencies
(PCEs) above 27%, their monolithic integration enables broader spectral otiliaat has
already delivered record efficiencies above 34%. Despite this potential, several challenges
must be addressed to enaBlealableand costeffective deploymet. The main issues
concern the intrinsic instability of hybrid perovskites, the parasitic absorption and
processing complexity of doped amorphous silicon contacts, and the reliance orn indium
based transparent conductive oxides (TCOSs).

ENEAGs strategy focuses on three direction:
inorganic CsPhl| expected to offer enhanced thermal and photostability, (i) developing
dopant free selective contacts (MQOLIiF, and seHassembled monolayers (SAMSs)) to
simplify processingand reduce optical losses, and (iii) reduaingeliminatingthe use of
indium in TCOs. Initial results demonstrated that M@&®@d LiF can provide opetircuit
voltage and fill factor values comparalte conventional SHJ call while SAM-based
approaches showed feasibilias electrorselective contacts but led to shunted devices
when deposited on textured silicon. To address this issue, different SAM deposition
procedures were tested to optimize coverage on textured surfaces.

In parallel, we developed lotemperature device architectures for CsRialsed PSCs,
investigating both nip and pin configurations. PCEs up to 9% were achieveddevites

using SN as electrontransportlayer, while up to 16% were obtainedin pin devices

employing2PACzSAM as hole transport layer. Finally, preaffconcept tandem devices
were demonstrated irboth fourterminal and monolithic configurations, employing the

& &

TilAg

( )_ ITO/Glass
+ Spiro-OMeTAD
MoOx
( )— ITO
+
p —type a-Si:H O— l Tclo l
o dasiH
p- lype a-Si:H - 12 nm
c-Si wafer
<100> FZ n-type c-Si wafer
<100> FZ n-type

device structures illustrated in the figure below.
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TCOs AND SELECTIVE CONTACTS FOR TANDEM SOLAR
CELLS

Antonio Terrasi,!? Federica Floriol2 Maria Pilar Miritello 2, Salvatore La
Manna?, VannaTorrisi 2, Giorgia Franz@?, lurie Usatii®, EugeniaBobeicd, Lucia
V. Mercaldo?®, Paola Delli Veneré

IDepartmendfPhysicsandAstronomyi Et tMa1j e r Bnivarsityof Catania,ltaly
2CNRIMM CataniaUnit, Italy
SENEA,TERIN'SPV CentroRicerchePortici, Italy

antonio.terrasi@ct.infn.it

As part of the work on TCOs and selective contacts for the GOPV project, our group has
identified several materials with potentially interesting eleofrtical properties. For
TCOs, two materials with excellent electrical conductivity and transparenttyguipost
deposition thermal processegereidentified (seetable),andtheir functionalityis goingto
betested aftemtegration into a photovoltaic cell. 1ZO (Zoped Indium oxide) and 1ZrO
(Zr-doped Indium oxide) films, in the range thicknesslB0 nm, have been deposited by
magnetron sputtering onto silicon and glass substrates. Work functionslsaveeen
measured viphotoemission at ambient pressure.

TCO Resistivity Mobility Carrierdensity Trasparency Work Function
(Ohmcm) (cm?/V s) (cnm3) (% @ &= 550nm) (eV)
1ZO (136nm) 5,4410* 17,4 6,61x10%° 80 4.54
1ZrO (11 nm) 6,4x10% 22,7 4,82x10° 85 4.74

The next step was a first attempt of implementing these TCOs intefiséshied, cut from

4 incheswafers,crystallinesilicon photovoltaiccells producedoy the ENEA-Portici. 1ZO

and 1ZrO films, both around 100 nm thick, were deposited on four structures terminated
with n-type or p type doped silicon. As comparison, the same devices were completed with
ITO deposited by ENEA without breaking the fabrication process. Due to theuptten

in the cell manufacturing process, with transportation from the ENEA laboratories to those
at UniCT, and vice versa, the performances of the devices suffered some problems, e.g. s
shapes and lower life time for thearriers, but Voc and IQE were consistentwith
expectationsAs anexamplejn figure 1 wereportthe IQE curves of devices deposited with

our TCOs and standard ITO.
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Figure 1: Internal QuantunEfficiencyfor photovoltaicsolar cellswith 1ZO, 1ZrO depositedat UniCT (1,2,3,4)and
ITO deposited at ENEA (5)
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RECENT PROGRESSIN DMSO-FREE TIN PEROVSKITES

DebendraPrasad Panda! Muhammad Okash Ur Rehman?! Rabeblssaouil
Madineh Rastgoo! Lorenzo Miele,! and Antonio Abate!?

Departmenbf Chemical Materialsand IndustrialProductionEngineering Universityof NaplesFederico
Il, Naples 80125, Italy
2HelmholtzZentrumBerlin fur MaterialienundEnergie(HZB), Hahn-MeitnerPlatz 1, 14109Berlin,
Germany

debendraprasad.panda@unina.it

Dimethyl sulfoxide (DMSO) is a widely used solvent for processing perovskite solar cells
(PSCs). Although it regulates the crystallisation dynamics, it also induces several
detrimental effects, such as catalysing the deprotonation-sifeAcations, promoting
interfacial void formation, and facilitating iodine extraction from the perovskite, fi
eventually leading talevice degradation. Besides, it oxidise$'$m Srf*, which results in

self pdoping, limiting the performance of #iSCs%? Therefore, DMSGiree processing
route is crucial for efficient tnPSCs. Previously, we have demivated an alternative
solvent system, a mixture of DEF (NNNDi et hy| f or mami de)- and
Dimethylpropyleneurea) for t#?SC fabrication, whichcan completely supress the?Sn
oxidation. Recently, by using a pyridinium additive, vimproved the crystallisation
dynamics and achieved a PCE of 9.5%. Later, the introductionned@pant, DMBI has
shown excellent improvement compared to the reference devices, demonstRiiEgfa
9.7%. Further, by employing a uniquimterfacediffusion strategywhere buky PEA"
cations from the bottom interface of perovskite diffuse into the bulk during film formation,
we have achieved a PCE of 10.4% (Figure)ll&ecently, we have achieved PCE of 10.7%
by substituting formamidinium with methylammonium cation, which suppreakselone

pair expression and enhances the efficiency and stability-8fS®s (Figure 1-).
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Figure 1. (a) Schematiof devicearchitecture.(b) To~SIMSmeasuremerghowing PEAlocatedin the
perovskite region of the stack. (c) Statistics of PCE of Control and PEAI diffude8ds. (d) Statistics
of PCE of FA and FAMAased devices. (e) ChampioW and (f) PCE tracked under maximum power
point.

[1] Di Girolamo,etal. ACSEnergyLett.2021,6,9 5971 96 8.
[2] Pandap. P.,etal. ACSEnergylLett.202510,3 7891 37 98.
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DESIGN OF STRONG AND WEAK INTERMOLECULAR INTERACTIONS
TO ENGINEER BURIED INTERFACES IN INVERTED WIDE -BANDGAP
PEROVSKITE SOLAR CELLS

Annamaria Petrozza

Center for Nano Science and Technology, Istituto Italiano di Tecnologia, via Rubattino 81, 20134 Milano, Italy
annamaria.petrozza@iit.it

The interfaces between the charge extraction layers and the perovskite layer are critical in defining
the performance and stability of wibandgap (WBG) perovskite solar cells (PSCs). They govern
multiple critical factors affecting the operation of phaittaic devices such as the energetics of

the contact, and the crystallization process of the thin film, thus its structural and electronic quality.
Seltassembled monolayers (SAMs) have emerged as promising candidates -sslduiee
materials for invegd PSCs, thanks to the flexibility provided by the large library of their
functional groups. Herein, we outline a molecular hybridization strategy through the incorporation
of the histamine molecule into the-(8,6-dimethyt9H-carbazol9yl)butyl]phosphonic acid (Me
4PACz), which is one of the most common hole extracting layers. Playing with intermolecular
strong and weak interactions, we can contextually act on multiple processes. The proton transfer
from the phosphonic acid @up of the Me4APACz to the dtylamine functional group of histamine
enables the design of the interface dipole to facilitate hole extraction and minimize recombination
losses. Then, the protonated amines balance the nucleation of halide components and stabilize the
halide ions in theperovskite, avoiding their migration. Thus, thiensional nanovoids and
tensile stress at the bottom surface wére re
interactions between the imidazole moiety andAPACz improve the moleculassembling of

the SAM, reducing disorder at the interfacial contact. The general impact of these results has been
tested on PSCs based on lead-tmakde perovskites with two different bandgaps. The inverted
WBG PSCs with 1.77 eV bandgap present a powevarsion efficiency (PCE) of 20.34%, and
maintain 95.5% of the initial PCE after 1000 hours of continuous illumination. The highly
challenging WBG PSCs with 1.83 eV bandgap deliver a PCE of 18.99% Wifaa high as

1.364 \franking among the highest reped PCEs anioc values for such large bandgap.
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REDEFINING SOLAR ENERGY WITH LOW -DIMENSIONAL
PEROVSKITES: BREAKTHROUGHS IN ACTIVE MATERIALS AND
INTERFACE CONTROL

Matteo Degant, Riccardo Pallottal, Francesco Toniold, Masoud Karimipour?, Chang-Qi
Ma3, Alessandro Mirabelli*, Tianyu Xu®, Samuel D. Stranké, Monica Lira Cantu?, and
Giulia Grancini?

IUniversity of Pavia, Italy
?Institute of Nanoscience and Nanotechnology (ICN2), Spain
3 Suzhou Institute of Narbech and Nandionics, China
“University of Cambridge, United Kingdom

matteo.degani@unipv.it

The use of large organic molecules, either as active materials or as passivating agents for
perovskite surfaces, has emerged as a highly effective strategy. Indeed, by controlling the crystal
growth of perovskites, it is possible to obtain efficient ackayers with a large bandg&p. On

the other hand, the incorporation of organic salts effectively suppresses interfacial defects,
mitigates norradiative recombination, and consequently enhances both the efficiency and long
term stability of perovskiteddar cells (PSCs). Depending on their chemical nature and deposition
conditions, these cations can satisemble into ultrathin molecular layers or induce the formation

of low-dimensional perovskite phases, each imparting distinct structural and eleetfeais on

device operatioffl. The effectiveness of such passivation strategies also depends on the device
architecture (regular or inverted), and two representative examples will be prééhted

Cation LDP
Passivation Passivation

AR 1A @B ex

r 20

r3b

Figure 1. Schematic representation of passivation using large organic molecules

[1] A. Zanetta, V. Larini, Vikram, F. Toniolo, B. Vishal, K. A. Elmestekawy, J. Du, A. Scardina, F. Faini, G. Pica, V.
Pirota, M. Pitaro, S. Marras, C. Ding, B. K. Yildirim, M. Babics, E. Ugur, E. AydirQCMa, F. Doria, M. A. Loi,

M. De Bastiani, L. MHerz, G. Portale, S. De Wolf, M. S. Islam and G. Grancini, Nat. Commun., 2024, 15, 9069
[2] S. Teale, M. Degani, B. Chen, E. H. Sargent, G. Grancini, Nat. Energy 2024, 9, 779.

[3]M. Degani, R. Pallotta, G. Pica, M. Karimipour, A. Mirabelli, K. Frohna, M. Anaya, T. Xu, C. Q. Ma, S. D.
Stranks, M. L. Cantu and G. Grancini, Adv. Energy Mater., 2025, 15, 2404469

[4]F. Toniolo, L. Pancini, A. Oranskaia, N. Mrkyvkova, P. Siffalovic, R. Pallotta, M. Degani, F. Doria, U.
Schwingenschlogl, G. Grancini, submitted
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OPTIMIZATION OF NARROW - AND WIDE -BANDGAP SUBCELLS FOR
EFFICIENT 4 -TERMINAL ALL -PEROVSKITE TANDEM SOLAR CELLS

Marina Ustinoval? Erica Magliano®?, Federico Trezzint, Renhao Zhend, Francesco
Tosch?, Aldo Di Carlo*?

1C.H.O.S.E. (Center for Hybrid and Organic Solar Energy), Electronic Engineering Department, University of
Rome Tor Vergata, Italy
2|stituto di Struttura della Materia (CNHRSM) National Research Council, Italy

marina.ustinova@uniroma2.it

Perovskite solar cells are considered highly promising for-gemération photovoltaics due to

their tunable bandgap and lasest fabrication. AHperovskite tandem architectures can overcome

the efficiency limitations of singlnction devices, but thepractical realization is hindered by
instability of PBSn narrowbandgap absorbers and interfacial losses in ‘watwigap cells.
Addressing these challenges requires optimization of perovskite composition and charge transport
layers.

In this work, we designed a widendgap top cell and a mixed-Bh perovskitewith 1.26 eV
bandgap)ottom cell for the fabrication of-terminal altperovskite tandem solar cells. Through
improved passivation of the widendgap perovskite layer, as well as its interfaces with the charge
transport laye® specifically selfassembled monolayers such as@®2PACz and MeAPACz as

HTLs and PCBM/AZO as ETIs we enhanced thedé and fill factor (FF), achieving a power
conversion efficiency (PCE) of 15%. To adskehe problem of instability of the leland gap
perovskite subcell containing PEDOT:PSS, alternative HTL materials were ajjlidtermore,

we present a comparative study of the influence of various additives on the performan&nof Pb
perovskite solar cells. The best combination of additives significantly enhaacehd FF of the
APlosSnyslz solar cells (A=Cs, MA, and FA) up to 0.9V and 78%, respectively. The stabilized
PCE of 18.9 % was achieved in the encapsulated pingle junction solar dsl For further
improvement of the intrinsic photostability of the-Bh perovskite absorber layer, the fabrication
process for the alternative narrdandgap absorber FARBBSMn sls was optimized. Preliminary
results have demonstrated a PCE of 14%, highlighting the potential ofE3BH for fur
development to achieve more stable and efficient bottom subcell, suitable for tandem applications.
The combination of the obtained subcells in thHerdninal altperovskite tandem cells provided

the PCE ©22.5 %.

We acknowledge the GOPV project RdAS2D19CSEAA_00011TIPO A- Ministry of Environment and Energy
Security (MASEj CUP E83C23000840001
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MODELING AND SCREENING OF OPTIMIZED PEROVSKITE
MATERIAL

Filippo De Angelig*?3

tUniversity of Perugia, Italy
2INSTM, ltaly
3SKKU Institute of Energy Sci. & Tech. (SIEST), SKKU, Korea

filippo.d.angelis@gmail.com

Perovskite solar cells are making their way to the market despite intrinsic instability issues remain.
Also, replacing lead by less toxic elements remains a major challenge, with tin likely being the only
suitable alternative. While ledshsed perovskiteare affected by instability related to iodide
oxidation, tine based materials are plagued by stability of Sn(IVV) phases, which are related to the
lower oxidation potential of tin compared to lead. A related phenomenon is the stability of tin
vacancies, wich introduce significant loping in tinrhalide perovskites, while their ledsed
counterpart are essentially intrinsic semiconductors. Defect activity clearly controls doping and
could also contribute to the instability towards Sn(lV) phases. Congotioping and defect
activity thus represents a pathway towards obtaining stable perovskites with optimal optoelectronic
properties. The different defect activity of -tiand leaebased materials is at the origin of their
respective thermal and phioiducel degradation phenomena, including halide demixing and loss

of I> in leadhalide perovskites.

Here we present results of advanced modelling studies on the defect mediated degradation pathway:
of prototypical leadand tinbased materials. We show that iodine chemistry dominates$ beseti
perovskites while Swacancies are central in promoting bathaterial pdoping and formation of
Sn(lV) phases. Interestingly, whiledoping dominates in the bulk, Sn oxidation is only favoured

at surfaces or grain boundaries. Thus achieving uniform thin films coupled with proper surface
passivation strategies regsent a pathway towards achieving more stable-b&#ed devices. We
further unveil the key factors determining the stability of mikatide THPs against photoinduced
halide segregation phenomena. Molecular and ionic strategies to mitidafeng in THPsare

also presented.
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LOW -TEMPERATURE STRAIN -FREE SEMI-SOLID/LIQUID
ENCAPSULATION FOR PEROVSKITE SOLAR CELLS AND MODULES

Sanjay Thorat,! Cosimo Anichini, * Jessica Barichellc? Paolo Mariani,? Miguel Molina
Garcia,! Marilena |. Zappia, ! Elena Magliano? Luca Gabatel! Antonio E. Del Rio
Castillo,! Sara Pescetell?, Luigi Vesce? Fabio Matteocci? Sebastiano Bellant Aldo Di
Carlo,? and Francesco Bonaccorsé

1BeDimensional S.p.A., Via Lungotorrente Secca 30R, 16163 Genova, ltaly
2CHOSE Centre for Hybrid and Organic Solar Energy, University of Rome Tor Vergata, Via del Politecnico 1,
00133 Rome, ltaly

s.thorat@bedimensional.it

Perovskite solar cells (PSCs) are emerging as adiffgiency photovoltaic technology, but their
instability is posing challenges to their commercialization. Recent stability assessments have been
conducted on perovskite solar farfisbut reliable accelerated aging tests on lange cells still

remain insufficient. To achieve a Levelized Cost of Energy (LCoE) comparable to commercial
silicon photovoltaics, perovskite solar modules (PSMs) are expected to provide stable output for at
least 20 years in outdoor conditions, while withstanding thermomechanical stresses caused by
temperature fluctuations. In this study, we present an innovative industrially compatible
encapsulation process by laminating {mmnperature straifree semisolidliquid encapsulant
adhesives onto PSC/PSMs. In addition, the incorporation eflimensional (2D) hexagonal boron
nitride (-BN) flakes, produced by liquighase exfoliatiof! into the polymeric matrix enhances

the barrier and thermal management characteristics of the encapsulant. The proposed encapsulatec
PSCs and PSMs withstood multifaceted accelerated aging tests, includin® IS@&conditioning

(240 h), ISOSD2 (85°C, >100 h), ISOSL1 (light soaking, >1000 h), as well as a customized
thermal shok test (200 cycles) and modified humidity freeze test (10 cycles), retaining more than
80% of their initial power conversion efficien€yOur results represent a significant progress
towards the realization of logrm stable PSMs by using industrially compatible laminable
advanced composite encapsulants enabled by 2D materials.

Mesoscopic PSMs @ wlo encapsulation @ PIB @ PIB:h-BN
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Figure 1: a) Schematic of the cell layout in which the rommpact layers of the device are fully covered by the
encapsulant. b) Evolution of power conversion efficiency in time of the PSC not encapsulated, encapsulated with
PIB and PIB:hBN under ISO%.-1 and ISG-D-2 conditions

AcknowledgementsT hi s project received funding from the Europ
and innovation action under grant agreement No. 101084124. This project received funding from the Italian Ministero
della Transizione Ecologica (MITE), GoPV project.

[1] S. Pescetelliet al, Nat. Energy2022 7, 597 607
[2] F. Bonaccorsaet al, Mater. Today2012 12, 564
[3] P. Mariani,et al., Nature Commur2024 15, 4552
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PEROVSKITE SOLAR CELLS FROM NIP TO PIN

Nam-Gyu Park,!?

1Schoolof ChemicalEngineering Sungkyunkwabyniversity,Korea
2SKKUInstituteof EnergyScienceand TechnologySIEST) Sungkyunkwabklniversity,Korea

nparkr@skku.edu

Meeting the escalating electricity demands of our advancing society, particularly at the
terawatt scale, requires achieving high powenversion efficiency and low cost ppeak

watt in solar cell technology simultaneously. Before the advent of perovskite solar cells
(PSCs), only a limited range of materials and technologies could satisfy both criteria. This
presentation will detail the evolution towanuisctical solidstate perovskite solar cesd

outline future research directions in this field. Begng with an overview of initial
technologies, the discussion progresses to the emergence e$tatdigperovskite solar

cells. The initial implementations of methylammonium lead iodide (MARi®Erovskite as
sensitizers in liquieelectrolytecontained structures yielded disappointing results, with
efficiencies as low as-8% in 2009 and susceptibility to MAPpldissolution. A
breakthrough occurred in 2012 with a pioneering study demonstrating a 9.7% efficient PSC
that remained stabléor 500 hours, achied by employing a solid hol&ansporting
material. This key advancement rendered PSCs a viable and durable technology. Power
conversion efficiency of 27% has been recently achieved from the inverted (PIN) structure
with formamidiniumleadiodide (FAPbk), makingit a strongcompetitorto existingsolar
technologies. With their immense potential for sustainable energy, PSCs represent a game
changing solution and will be ready for commercialization once stability challenges are
successfully addressed.
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RECENT PROGRESS ON PEROVSKITE-BASED PHOTOVOLTAICS

Rui Wang,!

! Department of Materials Science and Engineering at Westlake University, Zhejiang Province, PR China
wangrui@westlake.edu.cn

Perovskite materials, most notably orgdead iodide species, have recently demonstrated great
potential in future higiperformance photovoltaicSOur group has made contributions to
addressing the complex scientific challenges in perovskite solar cells, leveraging a
multidisciplinary background that spans materials science, information science, and energy
science. Leveraging crossciplinary expeise, new hole transport materials and amidirium
based modifier molecules were designed and synthesized to achieve precise modulation of
perovskite properties. Innovative characterization methodologies were employed to elucidate new
mechanisms for the enfeement of device stability and reguldibe surface electronic state of
perovskite materials. Through the development of thilok preparation techniques and electrical
passivation strategies, higffficiency perovskite/CIGS tandem solar cells were successfully
realized.In this talk, | will present our recent progress in improving the stability, efficiency, and
reproducibility of perovskitdasedphotovoltaicsand discuss the potential for commercialization
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TURNING CRYSTALLIZATION INTO A CHARACTERIZATION TOOL
FOR PEROVSKITE -BASED DEVICES

Pablo P. Boix

! Instituto de Tecnologia Quimica, Universitat Politécnica de ValénCiansejo Superior de Investigaciones
Cientificas (UPVCSIC), Avd. dels Tarongers s/n, Valéncia 46022, Spain

Pablo.P.Boix@itg.upv.es

Metal halide perovskites combine exceptional optoelectronic properties with structural and
chemical versatility, making them compelling alternatives to conventional semiconductors. Yet,
their instability and performance limitations demand deeper insigtdsthe fundamental links
between crystallization, material evolution, and device operation. While crystallization control is
often viewed primarily as a synthetic challenge, it can also serve as a powerful characterization
platform.

We demonstrate humidigriven in situ nanocrystal composite formation, enabling-tiesd
monitoring of 00 3D perovskite evolution with photoemission efficiencies above 90% and
enhanced stability suitable for photocataly®ls Confined monocrystal growth integrated into
high-performance memristors provides a direct window into electroformation processes and
resistive switching mechanisis Complementarily, advanced impedance spectroscopy captures
phase dispersion effects associated with ionic modulatiwhile curreritvoltage curve
reconstruction reveals recombination resistances and guides optimization pathwaysgedn
solar cell§-,

Altogether, this multidimensional framework illustrates how crystallization can act as both a driver
of improved device performance and a versatile probe of material properties across length scales.
By turning crystallization into a characterization toek uncover key degradation pathways,
identify stabilityf efficiency tradeoffs, and provide actionable insights for the design of robust,
applicationoriented perovskite devices.

Acknowledgements This work is part of the project PID2023%18800BC31 funded by
MICIU/AEI/10.13039/501100011033 and by ERDF/EU. The work was partially funded by Generalitat Valenciana
for the funding via Pla Geft (grant ESGENT 010/2024). These results are part ofrire GNS2023144270 funded

by MICIU/AEI/10.13039/501100011033 and by European Union NextGenerationEU/PRTR
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[3] I. FernandezGuillén et al. Adv. Elec. Mat 2024

[4] P.F. Betancur et alPCCP, 2024

[5] O. Salis et al. ACS Energy Lett2024
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ION MIGRATION IN CARBON-BASED MULTI -POROUSLAYERED -
ELECTRODE PEROVSKITE SOLAR CELLS (MPLE -PSCS)

Seigolto?

!GraduateSchoolof EngineeringUniversityof Hyogo,Japan.
itou@eng.thyogo.ac.jp

Organicinorganic metal halide perovskite solar cells (PSCs) were developed by Prof. T.
Miyasaka's group in 2009, and the PCE has rapidly increased over 26.6%nmavder to
fabricate costeffective and high-stable PSCsfor the commercialization,our group has
focusedon the fabrication of mulporouslayeredelectrode PSCs (MPLBSCs), which

have exceptional stability (experimental acceleration test over 3,000 h inhdsnhpests

(85 °C and 85% RH.) in accordance with IEC 61215:2021).

In this study, we compared the operational performance of MPREs using BAVA -
MAPDbIs; and CsFAPR under varying scan rates and capacitance conditions. -FhV&A5
MAPDbIs-based devices exhibited notable ion migration and charge accumulation,
particularly at high scan rates, which may negatively affect the operational performance. In
contrast, CSFAPB based devices showed stalii&/ characteristics, reduced hysteresis,
and consistent photocurrent generation under continuous illumination[1]. However, while
the longterm stability of 5AVA - MAPDI3 is well-established in the literature, lobgrm

data for CsFAPBI remain limited,emphasizing the need for further investigati®hese
findings highlight the importance of selecting appropriate perovskite materials and
optimizing device architectures to enhargtability and accelerate the commercialization

of MPLE-PSCs.

In the conference, we wiltliscussthe origin of capacitanceindion migrationof MPLE-

PSCs in detalils.

[1] R.Tsuji, S.Ito, etal., ACSEnergylLett 2025 10, 1275 1283.
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LIKE PEOPLE, PEROVSKITES ARE NOT PERFECT: ATOMISTIC
INSIGHTS INTO MOLECULAR PASSIVATION & DEFECT
MIGRATION

Saiful Islam*

lDepartment)f Materials, Universityof Oxford, UK
Saiful.islam@materials.ox.ac.uk

Further breakthroughs in perovskite solar cells and optoelectronics require advances in new
compositions and underpinning materials science. Indeed, a deeper understanding of these
halide perovskite materials requires atom@nd nanescale characterizatio of their
transport,electronic, defect and stability behaviour. This presentation will describe recent
combined atomistic modelling and experimental studies on metal halide perdvékibes

two fundamental areas related to improving operational stability in optoelectronic devices:
(i) insights into passivatingerovskites with molecular compounds includisgrface
interactions of aminailane additives; (ii) investigating the effects of different sized A
cations, Bsite cation dopants and mixed-Bh composition®n iodideion migration in

halide perovskites.

[1] Y.H.Lin etal., Science2024 384,767.

[2] Z.Jiaetal.,EnergyEnviron.Sci, 2024 17,7221.
[3] K. Deyetal.,EnergyEnviron.Sci, 2024 17,760.
[4] A.N. Arberetal.,ChemMater., 2025 37,4416.
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CHIRALITY IN HYBRID METAL HALIDE SEMICONDUCTORS AND
QUANTUM DOTS
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In hybrid metal halide semiconductors based on the family of halide perovskites, interesting effects
can arise from inclusion of chiral molecules. Chiroptical properties result and are typically induced

from structural symmetry breaking by incorporatng & i rali t 88 or gani c

cat

structure. Restricting this to-sites limits the compositional space. Another route involves highly
efficient firemote chirality transfero where
metal halidesemiconductor by a proximal chiral molecule that is not interspersed as part of the

structure yet | eads to |l arge circular di
functional theory calculations reveal that the transfer of stereochenfmahation from the chiral

chro

proximal molecule to the inorganic framework is mediated by selective interaction with divalent

metal cations. Anchoring of the chiral molecule induces a casymmetric distortion, which is

discernible four to five inorgani@ayers into the metal halide lattice. These properties enable a new
class of devices with additional functionality regarding photons with controlled polarizations, and

spin based magneto devices.
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PROBING IONIC CONDUCTIVITY AND ELECTRIC FIELD SCREENING
IN PEROVSKITE SOLAR CELLS: A NOVEL EXPLORATION THROUGH
ION DRIFT CURRENTS

Matthias Diethelm,'? Tino Lukas,' Joel Smith,! Akash Dasguptal Pietro Caprioglio,*
Moritz Futscher,? Roland Hany;? Henry J. Snaith!

IDepartmenbf Physics Universityof Oxford, ClarendonLaboratory,Oxford OX13PU,UK
2Empa,Swiss-ederallaboratoriesfor Materials Scienceand Technologyl_aboratoryfor ThinFilms and
Photovoltaics, CFB600 Dubendorf, Switzerland
SEmpa,SwissederalLaboratoriesfor Materials Scienceand Technologyl aboratoryfor FunctionalPolymers,
CH-8600DUbendorf Switzerland
aCurrentaddressFluxim AG, Katharina-SulzefPlatz2, 8400Winterthur,Switzerland

matthias.diethelm@fluxim.com

It is widely accepted that mobile ions are responsible for the slow electronic responses observed
in metal halide perovskitbased optoelectronic devices, and strongly influence -temg
operational stability. Electrical characterisation methods mos#greb complex indirect effects

of ions on bulk/interface recombination, strugglequantifytheion density and mobility, and are
typically not able to fully quantify the influence of the ions upon the bulk and interfacial electric
fields. We analyse thieiasassisted charge extraction (BACE) method for the case of a screened
bulk electric field, and introduce a new characterisation method based on BACE, termed ion drift
BACE. We reveal that the initial current density and current decay dynamics deptredion
conductivity, which is the product of ion density and mobility. This means that for an unknown
high ion density, typical in perovskite solar absorber layers, the mobility cannot be directly
obtained from BACE measurements. We derive an analyticaleimto illustrate the relation
between current density, conductivity and bulk field screening, supported biydiffuision
simulations. By measuring the ion density independently with impedance spectroscopy, we show
how the ion mobility can be derivedofn the BACE ion conductivity. We highlight important
differences between the levand highion density cases, which reveal whether the bulk electric
field is fully screened or not. Our work clarifies the complexrelated processes occurring within
perowskite solar cells and gives new insight into the operational principles of halide perovskite
devices as mixed ionielectronic conductors!
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Figure 1. Graphicalabstract

[1] M. Diethelm,T. Lukas,J. Smith, A. DasguptapP. Caprioglio, M. FutscherR. Hany andH. J. Snaith,Energy
Environ. Sci2025 18, 1385 1397.
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CIRCULAR RECOVERY OF CRITICAL COMPONENTS IN
PEROVSKITE SOLAR CELLS VIA GREEN SOLVENT PROCESSING
FOR HIGH -EFFICIENCY AND LOW -IMPACT DEVICES

Matteo Degani' Valentina Larini, * Riccardo Pallotta,! Fabiola Faini,! Lorenzo Pancini}
Filippo Doria, ! Changzeng Ding? Chang-Qi Ma,? Giulia Grancini !

IUniversity of Pavia, Italy
2Suzhou Institute of Nafbech and Nandionics, China

matteo.degani@unipv.it

Environmental imperatives and international regulations are increasingly demanding sustainable
solutions for the endf-life management of perovskite solar cells (PSCs). In this context, we
demonstrate a robust and circular recycling approach employieg g@vents to recover and
reuse the most critical and environmentally impactful components of ES@sparticular,
transparent conductive oxide (TGE)ated glassésaccounting for 56% of the total cost and 96%

of the carbon footprint of PSC modudeare efficiently refurbished from-np architectures using
dimethyl sulfoxide to selectively dissolve thgpper device layers. Employing the recovered
substrates, negeneration PSCs are produced reaching a champion power conversion efficiency
(PCE) of 22.6%, matching that of devices based on fresh compdfents.

The iterative reuse of these components underscores the technical feasibility of the proposed
protocol. Furthermore, a comparative life cycle assessment (LCA) between this recovery strategy
and conventional landfill treatment for both PSCs and silicongwiatiics demonstrates the clear
environmental advantages of the recycling route, including lower energy consumption and a
reduced ecological footprint. This study highlights a scalable and environmentally responsible
pathway toward the circular manufactyy of perovskite solar technologies.

Landfill Recycle
ers |te “ ° o
C ETUHTL
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Recycling loop

Downcycling

Figure 1: Schematic representation of virtuous versus non virtuousd&si€ed waste disposal

[1] Larini, V., Ding, C., Wang, B., Pallotta, R., Faini, F., Pancini, L., Zhao, Z., Cavalli, S., Degani, M., De Bastiani,
M., Doria, F., Ma, GQ., You, F. and Grancini, GEES Sola2025 1(3), 378 390.

[2] Larini, V., Ding, C., Faini, F., Pica, G., Bruni, G., Pancini, L., Cavalli, S., Manzi, M., Degani, M., Pallotta, R.,
De Bastiani, M., Ma, C. Q. & Grancini, GAdvanced Functional Materia2023 2306040 1i 8.
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WATER -BASED RECYCLING STRATEGIES FOR LEAD RECOVERY
FROM END-OF-LIFE PEROVSKITE SOLAR CELLS
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Themostefficienthalideperovskitesolarcells(PSC)rely ontheuseof Pb,whichremainsessential

for achieving high photovoltaic performance. Furthermore, metal alternatives have lower
availability than PBY However, one of the main barriers to the lasgale commercialization of

PCS modules is the toxicity associated with lead, particularly if devices are discarded in landfills
attheendof theirlife cycle? Recyclingthereforeemergessa solutionto mitigateenvironmental

risks while recovering valuable materials. Moreover, from an economic standpoint, the recovery
of strategic materials such as conductive glass, HTL materials, and metal contacts can make the
process more cosfffective.

Commonrecyclingapproachemvolve polaraproticsolventssuchasdimethylformamidé DMF),
o-butyrolactone (GBL), or dimethyl sulfoxide (DMSO) to dissolve the perovskite Ber.
However, their toxicity raises serious health and environmental concerns-Vager recycling
processearemoreenvironmentallyfriendly, yettheyoftenresultinincompletaecoverytypically
yielding Pbp while leaving behind high concentrations of Pb in the aqueous Wastereover,
mostrecyclingprotocolsaretestedn asfabricateddeviceswhile endof-life devicesmayundergo
structural and chemical changes due to ageing.

Our work focuses on the recovery of strategic materials frorroehfi devices, aiming to close

the loop throughreintegration into the production cycle. We avoid the use of toxic solvents and
ensurghatnoPbisreleasednto theenvironmentWe developwaterbasedPbrecoverystrategies
using metatorganic frameworks (MOF) as green adsorbents. To minimize the environmental
impact of the adsorbent, we selected materials with high natural availability and low toxicity.
Additionally, we compare ball milling, a loenergy, solventree synthesis ntkod, with the
conventional solvothermal approach to produce these M@iesing toward scalable and
sustainable recycling solutions.

[1] A. B. Gian,EuropeanCommissionStudyontheE U dist of Critical RawMaterialsi Final Report202Q
[2] G. Flora,Interdiscip.Toxicol.2012 5(2), 47i 58.

[3] B. J.Kim, NatureCommunication2016,7, 11735.

[4] Z. Wu, EnergyEnvironmentaScience2024 17, 4248.

[5] F. Schmidt,Journalof HazardoudMaterials2023 447, 130829.
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INSIGHTS INTO DEGRADATION PATHWAYS OF TRIPLE -CATION
PEROVSKITE THIN FILMS UNDER OUTDOOR AND INDOOR
CONDITIONS: ACOMPARATIVE ANALYSIS

Muhammad Bilal,* Madsar Hameed? Jing Li, * Joe Briscoe! Zhe Li '

1Schoolof Engineeringand Materials ScienceQueenMary Universityof London,UK
m.bilal@gmul.ac.uk zhe.li@gmul.ac.uk

The remarkable tunability of perovskite materials perfectly aligns with the requirements of indoor
photovoltaic applications, presenting a promising alternative to conventional batteries for
powering the Internet of Things (1oT).!! The power conversionefficiency (PCE) of mixed
perovskitesolarcellsunderindoorconditionshasexceeded0%,butthereis alack of rational data

on the stability anddegradatiorpathwaysof perovskitesunderindoor low-light conditions? To
address this challenge we investigates the degradation pathways otatipte perovskite

Cs . (FA . MA . ) . cr . Br . ) thin
Using a combination of XRD, SEM, UVis, and XPS and PL anales, we explored how high

and lowlight intensitiesunder inert, pur@xygen, and humidity conditions influence structural,
morphological, and chemical stability. Results indicate distinct degradation pathways in outdoor
and indoor conditions. Outdoor hfexposure accelerates degradation via lead iodide formation
and phase transitions to orthorhombic structures, while indoor lighting preserves the tetragonal
phase with minimal degradation. Humidity was identified as a critical factor, causing severe
structural breakdown and the formation of ledwhsed oxide and carbonate complexes. These
findings underscore the promising potential for perovdbésed devices to achieve enhanced
long-term stability under controlled, lelight environments, where degrauet is significantly
minimized compared to higimtensity or outdoor light exposure.

Figure 1 Experimentaframeworkfor investigatingstability in perovskitethin film

[1] D. Dou, H. Sun, C. Li, S. Gan, L. Li, AiPer ov s k i Indeor BPhateveltdicsandt hei r Compet i f
Advanced Functional Materia2024 34, 2314398.

[2] Y. Tang,Z. Zhang,H. Liu, M.H. Aldamasy,M. Bilal, F. Yang,J. Yang,C. Qin, Y. Yang,

Z.Li, Y. Liuy M. L,ABal anci ng bandgap an eatientperovskie fot effieientsirgaor t i n
photovoltaicsodo SQ0246v2elt261tYyi na Materi al s
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INTER-LAYER DIFFUSION OF EXCITATIONS IN 2D PEROVSKITES
REVEALED BY PHOTOLUMINESCENCE REABSORPTION
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Two-dimensional lead halide perovskites (2DPs) offer chemical compatibility with-three
dimensional perovskites and enhanced stability, which are attractive for applications in
photovoltaic and lighemitting device$t?! However, such lowered structural dimensionality
causes increased excitonic effects and highly anisotropic cbarger transport4 Determining

the diffusivity of excitations, in particular for cof-plane or intedayertransport, is therefore
crucial, yet challenging to achieveet¢, we demonstrate an effective method for monitoring-inter
layer diffusion of photoexcitations in (PEA)bL thin films by tracking timedependent changes

in photoluminescence spectra induced by photon reabsorption &ffe€tsough selective
photoexcitation from either substrat air-side of the films we reveal differences in diffusion
dynamics encountered through the film profile. We extract-talependent diffusion coefficients
from spectral dynamics through a edienersional diffusion model cquled with an interference
correction for refractive index variations arising from the strong excitonic resonance of2DPs.
Such analysis, together with structural probes, shows that minute misalignment of 2DPs planes
occurs at distances far from the substrate, where efficienplane transport consequently
overshadows the less efficient aftplane transport in the direction perpendicular to the substrate.
Through detailed analysis, we determine a lowaduiplane excitation diffusion coefficient of

(0.26 + 0.03) x 18 cmPs?, consistent with a diffusion anisotropy of ~4 orders of magniflide.
Figure: Excitationdiffusionin (PEA)Pbl, thin filmstrackedbythe photonreabsorptionmethod
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Adv. FunctMater. 2019 29, 1902656.

[3] X. Lou, Y. Li, H. Lei, Y. Zhang,H. Zhou, E. Shi,H. Zhu, ACSNan02024 18, 20659.
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CRYSTALLIZATION VIA AEROSOL PROCESSING MITIGATES
INTRINSIC QUANTUM CONFINEMENT EFFECTS AND BOOSTS
OPTOELECTRONIC PERFORMANCE OF FAPDI ; FILMS
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Formamidinium lead iodide (FAPB) is widely recognized as a benchmark perovskite absorber,
offering great potential for efficient and scalable photovoltaic devices. However, its full potential
is compromised by its inherent tendency to exhibit intrinsic quantum confinement (QC) effects,
originating from the spontaneougormation of confinednanodomainsn otherwisebulk films.

The presence of these domains is distinctly identified as high energy features in the absorption
spectrum and has been correlated with reduced photovoltaic efficiency. In this talk, | will present
our recent efforts to adess this challenge through the deployment of an aeasswdted
crystallization (AAC) strategy. As unfolded by our experimental findings, this approach enables
the fabrication of highly crystalline FAP®films while concurrently suppressing the formation of

QC nanodomains.By leveraging a suite of complementary sttath/and timeesolved optical
spectroscopic approaches, we further demonstrate that AAC processed films exhibit substantially
reduced nowadiative recombination, higher chargarrier moblities, and extended carrier
diffusion lengths compared to those prepared by conventional thermal annealing. The observed
improvements in key optoelectronic metrics are driven by a synergistic effect of enhanced
structural coherence and mitigation of quemconfined regions. Taken together, these findings
position AAC as a powerful strategy for overcoming persistent limitations in FBARbh
fabrication, offering a clear pathway toward enhanced photovoltaic performance.
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Figure 1: Suppression of QC effects in FABWIIms prepared via aerosaissisted crystallization enhances carrier
mobility and diffusion length
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IN SITU INTERFACE FORMATION AND CHARACTERIZATION FOR
INVERTED ARCHITECTURE PEROVSKITE SOLAR CELLS
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Organic inorganic lead halide perovskites are at the forefront of novel solar cell development due
to their highly desirable optoelectronic properties. To approach facilelgezapa-n architecture
cellsutilizing straightforwardlepositiortechniquesreincreasinglyinvestigatedin thesedevices,
remaining charge losses are mainly associated with recombination at interfaces between the
perovskite and charge transport layérsAdditionally, absorber phase decomposition under
external stressors hindec®mmercialization as ion movement and chemical reactions drive
deterioration within the material staBkAs a result, it is imperative to understand the interfaces
present in the device, including energetic alignment, and reactions occurring during interface
formationandoperationThepresentedesearctaddressetheaboveby focusingon MAPDI3 single

crystals with consecutive in situ evaporation of charge transport layers and a silver back contact.
Thereby we fabricateda well-definedhalf-cell modelsystemfor aninvertedperovskitesolarcell.

We use Xray photoelectron spectroscopy to attain quantitative, qualitative, and energetic
information on the present species and reaction pro&utsmy talk, | will present higiguality
synchrotron data from the abadescribed experiment. By tracking characteristic core levels, the
energetic alignment between the different materials was determined including the observation of
significant downwardsand bending of C60 to BCP (Figure 1). This is suggested to benefit
efficient charge extraction in a fudevice. Furthermore, ion movement is observed and followed

in relationto thelayerassemblyThepermeabilityof thedifferentmaterialdoiodideionsbecomes
evident. Under illumination, we further observe the irreversible diffusion of Ag which results in
perovskite degradation. Yet, the recorded data suggests that this can be mitigated by thicker
passivation layers of BCP for which formation and camattion of Ag is observed.

Along these examples the talk will explain and demonstrate the great utility of in situ
characterization methods for informed materials design to the perovskite community.
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Figure 1: Scheme ahe experimentaprocedure followedo fabricateand measure irsituinterfaces
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EXPLORING PHOTOINDUCED PHASE SEGREGATION IN MIXED
HALIDE PEROVSKITE POWDERS

Markus Griesbach! FatemehHaddadi Barzoki,? Tobias Siegert! Anna Kéhler,* Helen
Gruninger?

1SoftMatter OptoelectronicsUniversityof Bayreuth,Germany
2InorganicChemistryand BavarianCenterfor Battery TechnologyBayBatt),Universityof Bayreuth Germany

markus.griesbach@uiiayreuth.de

Mixed halideperovskitehhaveemergedsleadingcontender$or multi-junctionsolarcells,thanks
to their tunable band gap<ontrolled by halide compositi@nand excellent optoelectronic
propertiesYet, their potentialis heldbackby akeyweaknessphaseanstability. In compoundsike
MAPDIs.xBrx, exposure to light drives halide segregation, splitting the material into tcalile
brominerich domainghatultimatelycompromiseleviceperformanceDespiteextensivaesearch,
themechanismbehindthis light-inducedinstability remainpoorly understoodastheyareshaped
by a complex interplay of a multitude of different factors.

In this study,we synthesize@suiteof MAPbI1 sBr1 spowdersszia mechanochemicabutes! using
differentsynthesistrategiesstartingwith precursopowderdMAX andPbX; (X=I or Br) or parent
perovskite powders MAPEMAPDBTr3 as educts for the ball milling procedure. Additionally, we
prepared mixed halide perovskite powders incorporating varying amounts of the ionic liquid
BMIMBF 4, which has been showia act as passivating agertl We characterized the structural

and optical properties of the samples using a range of complementary methods, such as SEM, X
ray diffraction (XRD), thermallystimulateduminescencéT SL) aswell asphotoluminescencand
solid-stateNMR spectroscopyefoundthatthedifferentsynthesispproachekadto systematic
changes in crystallite size and defect density among otherwise compositionally similar powder
samples.

To investigate phase segregation behavior, we performasduinKRD measurements under
illumination. We find that the segregation kinetics are primarily governed by the defect density,
whereas the extent of segregation, i.e. the thermodynamics, is dibiatenystallite size. In
particular, in small crystallites the halides separate less, and we predict that segregation even
completelyceasedelowathresholdof aroundl0-15nm. Therecoverybehaviorof thesegregated
samples in the dark, was governed by different factors than the segregation process. In particular,
the presence of BMIMBFdecreases the segregation rate, yet enhancgwifteg rates.

Together, these findings provide more profound experimental insight on the kinetics and
thermodynamics of halide segregation and its correlation to material structure, which might offer
a pathway toward more stable perovskite materials for photovoltdicapms in the future.
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MAPDBr ;-MAPDI 3 GRADIENT FILMS PREPARED AT ROOM

TEMPERATURE BY POWDER AEROSOL DEPOSITION (PAD) FOR
CONTROLLED ION AND ELECTRON TRANSPORT

Tianshan Xu,! Markus Griesbach? Till Scholz! Anna Kéhler,? Ralf Moost
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2SoftMatter Optoelectronicsiniversityof Bayreuth,Germany
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In halide perovskites, the diffusion of ions, driven by an electric field, concentration gradients, or
light, usually causes an electric field that impacts the motion of electrons. This coupling of ion and
electron transport is undesired, leading, e.dnyiteresis in solar cell structures due to the much
slower ion motion than electron motiBhin this study, we report a novel approach to fabricate
MAPbBJYAPDI gradient fil ms at room temperatt
method (PAD) [Figurdl], a solverdfree and scalable technique. This method enables the use of
mechanechemically synthesized powders to deposit dense films at room temperature, thereby
decoupling the halide synthesis from film formatid#.The resulting gradient films enable
spatially resolved optical and electrical measurements, thus providing deeper insightsiinto ion
electron interactions and fietiependent phenomena in complex perovskite systems.
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Figurel. Left: Schematic illustration of PowderdiMMARbIIos ol
(black)vertical gradientfilm. Bl Middle:M A P b Borange) M A P b(black)vertical gradientfilm. Right: Electric
field configurations for gradient film characterization.

SEM images of the PAIgradient flms show that a dense and nanocrystalline film structure is
achieved. EDXmapping reveals a clear vertichstributionof bromideand iodidejndicatingthe
formation of a compositional gradient within the film. The resulting gradient structure enables
spatial control over halide composition, leading to tailored band alignment and improved
separation of ion and electron transport. We investigated thesedfeatpplying electric fields both
along and perpendicular to thengpositional gradient, focusing on how electric field orientation
influences ionic and electronic transport propedtiebaracterized by impedance spectroséopy

as well as optical behavior, probed by fluorescence lifetime microscopy (FLIM). This work
highlights the potential of Powder Aerosol Deposition for engineering perovskite interfaces and
advancing the design of higdificiency, stable perovskite solar cells.

[1] C.Li etal., Adv.Mater.2016 28, 24462454.
[2] S.Biberger etl., SolarRRL2023 7, 2300261.
[3] F. Panzer eal., Materials 2016 9, 277.
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ATOMISTIC AND PHOTO -PHYSICAL INSIGHTS INTO VAPOUR -
DEPOSITED CsPbBrs; and CsPbls PEROVSKITES FOR EMISSION AND
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Qimu Yuan,! Weilun Li,? Yinan Chen? JoshuaR.S.Lilly,  Ford M. Wagner! Vincent J. Y.
Lim, ! Marina R. Filip, ! Laura M. Herz,! Joanne Etheridge? Michael B. Johnstort

1Department)f PhysicsUniversityof Oxford, ClarendonLaboratory, OX13PU, UnitedKingdom
2Schoolof Physicsand AstronomyMonash UniversityyIC, 3800,Australia

gimu.yua@physics.ox.ac.uk

Vapour deposition is an established, solvMea¢ method welbuited for the uniform growth of
metathalideperovskites (MHPs) thin films, and their integration into optoelectrdeigces??

In particular, allinorganic MHPs of CsPX(X = Br or I) have garnered significant attention,
owing to enhanced thermal durability and facile fabrication compared to the enganganic
counterparts. However, there currently lacks a detailed account of the crystallisation process of
vapourdeposited inorganic perovskites, especially on both rmierotural and atomistic scales.
Therefore, we coupled phefhysical invstigations with scanning transmission electron
microscopy (STEM) and systematically scrutiniseebepositedrCsPbBg®! andg-CsPbb.™!

For CsPbBg, which is an ideal candidate for perovskite laser applications, we examineugbtoe

on the amplified spontaneous emission (ASE) characteristics from varying precursatifisof
CsBr:PbBs (Cs:Pb) from Csleficient (0.85:1) to Gsich (3:1). We obtained importainisights

on the thirfilm growth: at both Csleficient and Csich conditions, formation o€sPhBrs and
CsPbBrs impurity phases are consistently associated with a poor and incoroyyistallisation.
With high Csexcess ratios, presences of Ruddledélepper (RP) planar defects asmajor
sourcesof nonradiative recombinationcentres which quenclhe photoluminescence (PL)
emission Neverthelessa smallamountof CsBr excessluring co-evaporation(Cs:Pb=1.5:1) can
significantly improve the resulting microstructures, achieving films with a homogenous, compact,
and uniform morphology. We observed wadfined grains >500 nm in size with a highly oriented
growth. Moreover, we elucidate that films wadhCs:Pb ratio of 1.5:1 exhibit relative suppression
of both impurity phases and Rfefects, which all together attribute to enhanced absorption
coefficient,PL intensity, and favourable ASE threshdfdis.

In the homologous CsPidystem, achieving stable CsPhiith an orthorhombiarphase from
vapour deposition is currently a major challenge. Hereunderlinetheimportanceof excess Cs

as aprerequisitdor phasestableg-CsPb owing to theformation of RP planar faults and turning
points, which both alleviate the internal lattice strain. However, increasingmedjated
recombination dynamics are identified concurrently, with the density eddRétts increasing
linearly with the Csl:Phlprecursor molar ratio, which is detrimental to PL emission and charge
carrier lifetime. Therefore, for the incorporationgg€sPbs as theactivelayer into efficientsolar
cells and optoelectronic devices, the degree eéXeess must be carefully fitened for a balance

of both phasestability and optoelectronic performarite.

[1] Yuan. Q etal., ACSAppliedMaterial & Interfaces2022 15(1), 772 781.

[2] ZizlspergerM., Nerreter, S.Yuan, Q etal., NaturePhotonics2024 18(9), 975981.
[3] Yuan. Q etal., manuscriptsubmitted
[4] Li. W, Yuan. Q etal, manuscriptunderreviewin Advancedaterials
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ION MIGRATION AND DOPANT EFFECTSIN THE GAMMA -CsPbl;
PEROVSKITE SOLAR CELL MATERIAL: ATOMISTIC INSIGHTS
THROUGH AB INITION AND MACHINE LEARNING METHODS
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Inorganic halide perovskites such as CsRivé attracting increasing attention for solar cell and
optoelectronic applications. lonic migration is known to be an important factor for perovskite
behavior, but the impact of cation dopants on iodide diffusion in the room temperature
orthorhombic gamm&sPbk is not fully understood, especially at the atomic level. Here, we
investigate the effect on iodide migration of incorporating different cations (includfigBsa",
andCu?") intogammaCsPbs, focusingon maintaininganinorganicphaseratherthandopingwith
molecularorganicions. Throughacombinatiorof abinitio andmachindearning(ML) techniques,

our results show that the simulated structure, band gap and ion migration energies are in good
agreement with experimental data. We find that partiadiigbsubstitution does not have a major
suppressing effect on iodide ion transport, whghriportant in guiding future doping work. An

ML interatomicpotentialmodelwasderived for thefirst time, for large scalesimulationg~80ns)

of the pristine and Sdoped materials, which reveal iodide diffusion paths along thé Pb
octahedral edgesith no correlated cation motion. Structural analysis indicates an ordered cation
sublattice putdisorderin theanionsublatticandicativeof highiodideion mobility similarto fast

ion conductors.
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FROM SOLUTION TO THIN -FILM: APPROACHES TO IMPROVING
THE OPTOELECTRONIC PROPERTIES OF HALIDE PEROVSKITES
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Metal halide perovskites have emerged as outstanding semiconductors for solar cells due
to their excellent optoelectronic properties. Among these materials, formamidinium lead
iodide (FAPD}) is particularly notable as a competitive candidate for sijugietion solar

cells because of it®ptimal bandgap. However, a significant challenge is that the

p h ot o aphase FAPRLI thn easily undergo phase transition to an undegigtse
FAPbL under ambient conditiort8. Additionally, most highly efficient perovskite solar
cells are achieved through the solvequienching technique, which is incompatible with
largescale production. Conversely, gas quenching is a potential deposition technique which
can enable largscaledevice fabricatiof?! yet using this method, perovskite tHims
fabricated from the traditional DMF/DMSO solvent system suffer from poor optoelectronic
properties and stabilif§! In this context, achieving highg u a | iFAPpl; via gas
guenching is challenging, but it holds great promise for ensuring temg stability. Here,

we use a DMF/NMP solvent system for FARhising the gasjuenchingmethod and
achieve a power conversion efficiency (PCE) of 21.0% and a sstaigy efficiencyof

20.3%, achieving the highest efficiency of addiivee FAPb}-based inverted PSCs to
date.The devices fabricated using the DMF/NMP solvent system show significantly higher
efficiencies than those prepared from DMF/DMSO. We also intedubulk additive to
modulate crystallisation kinetics and demonstrate that this additive effectively suppresses
the formation of undesired hexagonal phase. Interestingly, we find that the additive
influences the interactions of the precursor ink with NMARich was not observed in the
DMSO system. Additionally, this treatment prevents undesired phase formation and
enhances crystallinity of the-FAPbL, leading to improved absolute photoluminescence
(PL), device efficiency, and lorgerm stability. We fhricated invertegtructured FAPhI

perovskite solar cells using the gassisted technique and show that the inclusion of this
additive results in slightly improved device performance, achieving a PCE of 21.7% and a
steadystate efficiency of 21.3%. Our findings illuminate the complex chemical interactions
within precursor ink, offering valuable insightsnto their influence on crystallisation
behaviour and, consequently, optoelectronic properties.

[1] Chen,H., Chen,Y., Zhang,T., Liu, X., Wang,X. andZhao,Y . Advaicesoh i g h p e rbfloarcnka npchea s €
FAPbbperovskite for efficient an20212(5)a2000180.photovoltaics
[2] Yu, Y., Zhang,F.,Hou,T., Sun,X., Yu, H. andZhang,M., iAReviewonGa s Q u eTedhriqudorg=fficient
Perovskite Sol 20215086).2180886.So0l ar RRL

[3] Brinkmann,K. O., He, J., SchubertF., Malerczyk,J., Kreusel,C., van GenHassendF-., Weber,S., Song,J., Qu,

J. and Riedl, TA Ext r e me | yquanahibgudegositignaok halide perovskites on top of hydrophobic hole
transport materials for inverted(fn) sol ar cel |l s by targeting the precu
& Interfaces2019 11(43), 4017240179.


mailto:ruohan.zhao@physics.ox.ac.uk

RESOLVING LOCAL STRUCTURE IN METAL HALIDE PEROVSKITES
USING SEM-EBSD BY MINIMIZING BEAM DAMAGE

Lars Sonneveld® Nikolai Orlov,! Yang Lu,?®SamuelD. Stranks,?® Erik Garnett,! Bruno
Ehrler?
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Understanding crystal grain orientation and surface termination is essential for optimizing the
performance and stability of perovskite solar cells. While techniques like GIWAXS and XRD
provide valuable macroscopic insights, they fall short of resolvigstaltographic details at the
grain level. Electron backscatter diffraction (EBSD) offers nanoscale resolution but has
traditionally been limited in hybrid organic perovskites due to their sensitivity to electron beam
induced damage.

Recent advancements in detector technology and data processing have opened new possibilities
for applying EBSD to these materials. In this work, we systematically explore key measurement
parameters such as beam current, accelerating voltage, spot sideemposure timd to
understand their effects on both electron b&ashuced degradation and sigtteinoise ratio. We
introduce data analysis strategies that minimize electron dose, enablingreggiationmapping

while mitigating damage. Additionallyye investigate local heating effects and demonstrate that
operating at lower beam currents significantly reduces thermal degradation.

Our results highlight tradeffs between resolution and stability and provide practical guidelines
for optimizing EBSD conditions in sensitive perovskite systems. This work supports the broader
goal of enabling detailed microstructural analysis in perégsiésearch and accelerating the
development of more efficient solar devices.

AcknowledgementsWe acknowledge the Dutch Research Council (NWO), Gatan (EDAX), Amsterdam Scientific
I nstruments (ASI) and CL Solutions for financing the
Upd (NWO project number 19459)
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UNVEILING THE FUTURE OF PEROVSKITE SOLAR CELLS: THE
PROMISING POTENTIAL OF ADDITIVE FOR PRECURSORSTABILITY

Dilek ¢ é r,'aBkrak Giiltekin?

1SolarEnergylinstitute, EgeUniversity, Tlrkiye
dilekcirak89@gmail.com

In this study, 3,4ibromothiophene (DBT) additive was added to the precursor solution to
stabilizethe precursowusedin the productionof solarcells. With theinfluenceof externalfactors,

they are exposed to during the process between synthesis and coating, perovskite precursor
solutions exhibit aging effects that are an important roadblock to producingffigjency solar

cells™™ A thin film coated with fresh solutions after the synthesis of the precursor solutions creates
a photoactive black phase, while films made with aged solutions createphotoactive yellow
phasé? One of the most effective approaches to reducing these phasiidres is additive
engineering. By adding a DBT additive to perovskite precursor solutions, we ashainghase
changes would be avoided, and the storage time would be increased. It has been shaggjested
sulfur atomsin DBT will interactwith lead,andbromine'sstericeffectwill helpto stabilize the
perovskite. XRD, UWVIS, and AFM analyses were performed to see the effects of additive and
aging on the perovskite structure in fresh and aged precursor solutions with different amounts of
additives added. Ac c or dadditige istthe opmtimum amoairdon | t s
stabilization because it prevents the formation of the yellow phase without damaging the
perovskite structure. In addition, solar cells were produced with the fresh precursor solutions
synthesized and performance anasyaere carried out.
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Figure I: a) XRD peaks of thin films prepared with standard solution and yellow phase formation with aging, b)
XRDpeaksof thin films preparedwith DBT addedsolutionsand suppressiomf theyellowphase ) the shiftin the
XRD peaks due to the incorporation of the additive into the perovskite structure, axicpdjformances of solar
cells prepared with and without additive solutions.

[1] H. Min etal., Adv.EnergyMater.2019 9(17).
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ADDITIVES IN METAL -HALIDE PEROVSKITE SOLAR CELLS: A
COMPUTATIONAL STUDY
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Perovskite solar cells (PSC) have gained attention in the last years because of teestlow
materialsconstituentssimplesolutionfabricationprocess! high absorptiorcoefficient inawide
wavelength rand® and increasing power conversion efficiency (PCE), which has recently reached
the value of 26.7 %! However, longterm stability is still one of the key issues that impedes rapid
commercializatior!! To overcome this problem, different strategies for stabilizing the active layer
have been explored, including compositional engineering, contratedohology, grain size
control, perovskite deposition techniques, interfacial engineering, and manydtAarsasyto-
implement approach is the use of adai, which in small quantities firtene the materials
properties and increase the stability of the deWcda this work, | present the results of DFT
calculations that have been conducted in this field, placing soldigives on a Pblterminated
surface of a MAPRQI perovskite. The results include optimizgdometries, adsorption energies,
contact energies, molecular distortion energies, perovskite distortion energies and the PDOS of the
systems. These results are important to evaluate the influertbe &finctional groups on the
interactions with the surface: in particular, the final geometries show how the additives connect
with the perovskite. The adsorption energy valu€@f on the surface of the perovskite obtained
with DFT calculations (~0.22 eV) is in goocgreement with the result obtained with molecular
dynamics simulations (-0.15 eV). Moreover, athedata willbe usedto predicttargetproperties

of theperovskitestrainingamachindearningalgorithm.

[1] YaoguangRong,Yue Hu, Anyi Mei, HairenTan, Makhsudl. Saidaminov,Sangll Seok,MichaelD. McGehee,

Edwar d H. Sar geGhal IHomggense i f cHra nc,o mimer ci2@1Bi zi ng perovsk
[2] Dian Wangn, MatthewWright, NaveerKumarElumalai,AshrafUddin, iStability of perovskitesolarc e | 2016 0

[3] Ling Mao, ChangyingXiang, fiA comprehensiveeviewof machindearningapplicationsin perovskitesolar cells:
Materials discovery, device perfor ma202le, process opt.i
[4] JuanPabloCorreaBaena,Michael Saliba, Tonio BuonassisiMichael Gratze, Antonio Abate, Wolfgang Tress,

Ander s Hargofneilsdets, aind chall eng28l¥ of perovskite solar ¢
[5] Silvia Valero, TomasSoria,NevenaMarinovaandJuanLuis D e | g eEffidentaniistableperovskitesolarcells

based on perfl 208i nated pol ymerso


mailto:amanda.covarelli@dottorandi.unipg.it
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GREENER AND MORE STABLE MIXED LEAD-TIN HALIDE
PEROVSKITES USING DMS

Daphne Dekker,! Bruno Ehrler?

L MPV-SEMDepartmentAMOLF, AmsterdamiNetherlands
d.dekker@amolf.nl

Owing to their low bandgap, mixed leéid halide perovskites have considerable potential both

in high efficiency single junction solar cells and in@drovskite tandem solar celtsHowever,

due to the facile oxidation of 3nto Srf*, their stability is inferior to that of their pure lead
counterpart, inhibiting this potential. While degradation through external factors camtvelled

by proper encapsulatidfi,and several additives have successfully been usprkte@nt oxidation

during the fabrication proce§$some intrinsic instability remains.

The usage of dimethyl sulfoxide (DMSOQ) as a solvent has been identified as one of the culprits for
this intrinsic instability. Because DMSO has a very high boiling point, some DMSO molecules
remain in the perovskite film, even after annealing, where theyact as a source of oxygen for

tin oxidation® Some studies have addressed this issue by replacing DMSO by other solvents or
additives. However, these often require the use of toxic or environmentally harmful solvents, like
dimethylformamide (DMF¥! Recently, Zuo et al. showed a fabrication method that uses DMSO
as a solvent but efficiently extracts this from the film by replacing the antisolvent by dimethyl
sulfide (DMS). This method improves both efficiency and stability of-lesbd perovskite sl

cells, while only using green solvents for the fabricaibn.

In this study,we extendthis methodo mixedleadtin perovskitesWe compardilms madeusing

a DMFbased recipe to flms made using only green (anti)solvents: DMSO, DMS, and aBisole.
optimizing the fabrication, we can form dense, flat films with this recipe. By measuring the
photoluminescence quantum yield and photoluminescence lifetime of these films at regular time
intervals, we show the differences in their quality and stabM#g. hereby contribute to the
advancement of leaiih perovskite solar cells, both in terms of performance and stability, and
potential for safer scalability.

[1] F. Yang,AdvancedMaterials2024 36, 2314341.
[2] F. RombachNature2024 Preprint.

[3] R.Lin, NatureEnergy2019 4, 864-873.

[4] A. Abate, ACSEnergyLetters2023 8, 1896:1899.
[5] G. Nasti,ACSEnergyLetters2022 7, 31973203.
[6] W. Zuo, AdvancedMaterials2023 35, 2302889.
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SOLVATED Pbl, CLUSTERS PRECEDING THE CRYSTALLIZATION OF
LEAD HALIDE PEROVSKITES 1 A UV/VISIN-SITU STUDY

Maximilian_Spies® Simon Biberger,! Fabian Eller,> Eva M. Herzig,? Anna Kéhler?

1Soft Matter Optoelectronics (EPII), University of Bayreuth, Bayreuth, Germany
2Dynamicsand StructureFormation, Universityof Bayreuth Bayreuth,Germany
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The solutionbased fabrication of reproducible, higbality lead iodide perovskite filmdemands

a detailed understandingf the crystallization dynamics, which is maindietermined by the
perovskite precursor solution and its processing conditions. We conducted a systensétic in
study during the critical phase before the nucleation in solution to elucidate the formation
dynamics of lead iodide perovskite films. Usiny dbsorption spectroscopy during spin coating
allows us to track the evolution of iodoplumbate complexes present in the precursor solution. We
find that prior to film formation, a novel absorption signature at 3.15 eV arises. We attribute this
to the emergnce of a PI#DMF solvated (PDS) phase. The amount of PDS phase is closely
connected to the concentration of the solution layer during spin coating. We also propose that PDS
clusters are a predecessor of crystalline perovskite phases and act as nucleation seeds in the
precursor solution. In this way, our work provides insights the early stages of perovskite
crystallization.
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INDIUM AND SILVER RECOVERY FROM PEROVSKITE THIN FILM
SOLAR CELL WASTE BY MEANS OF NANOFILTRATION
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Lausanne, 1015, Switzerland
3Departmenbf PhysicsUniversityof Oxford, ClarendonLaboratory,ParksRoad,Oxford OX13PU, UK
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Dibendorf, 8600, Switzerland
SDepartmenbf Environmentall echnologyWageningetuniversity,6708PB, Wageningerthe Netherlands

sebastian.hedwig@fhnw.ch

The rapid deployment of perovskite solar cells (PSCs) poses challenges for sustainable raw
material supply and waste management of the future, particularly due to their use of precious raw
materials such as indium (In) and silver (AgY.his study presents a novel ardvironmentally

benign process for the recovery of Rbin and Ag from enaf-life PSCs, integrating
hydrometallurgical extraction and advanced nandfiltration (NF) technologies.

Following mechanical dismantling and aqueous Pitovery?? In and Ag were extractedsing

nitric acid, achieving recovery efficiencies of 87 + 7% for both mé&fako separate and
concentrate these elements from the acidic leachate, we employed a-lbudtdayerby-layer

(LbL) NF membraneThelLbL membranaemonstratedearcompleteln retention(96.9+ 0.4%)

and negligible Ag retention, resulting in a concentrated In stream and a dilute Ag permeate.
Compared to a commercial agigsistant NF membrane, the LbL membrane achieved similar
separation performance with significantly lower pressure (5 bar vead5and higher flux (30

L/mzh vs. 6 L/m2h), reducing energy consumption by over 85%. By modifyingdbeiposition,

the LbL membranes gained stability towards a number of highly concentrated inorganic acids,
expanding their range of applications beyémd Ag recovery from PSC¥

Life cycle assessment confirmed the environmental benefits of the processes in comparison to
primary raw material extraction, especially when acid reuse strategies were considered. Hence, the
hydrometallurgical recovery of Pb, In and Ag offers a scalaht® environmentally benign
solution for material recycling from negeneration photovoltai¢d?

[1] L. Wagner,J. Suo,B. Yang, D. Bogachuk,E. Gervais,R. Pietzcker,A. Gassmann,. C. Goldschmidt,AThe

Resource Demand of Teraw&tale Perovskite Tandem Photovoltai2z823 https://doi.org/10.2139/ssrn.4493241.

[2] F. Schmidt, M. Amrein, S. Hedwig, M. Kob&zerny, A. Paracchino, V. Holappa, R. Suhonen, A. Sch&ffeT,
ConstableH .J.Snaith,M. Lenz, fiOrganic solventfree Pbl, recyclingfrom perovskitesolarcellsu si ng hot wat
Journal of Hazardous Materia®023 447, 130829. https://doi.org/10.1016/j.jhazmat.2023.130829.

[3] M. Amrein, K. Rohrer,D. HengevossH. Jin, H. J. Snaith,M. ThomannF. NieschM. Lenz,filndiumand silver
recovery from perovskite thin fi2028 sol ar cell waste |
[4] M. Amrein,K. Rohrer,D. HengevossJ . Miller, B. Vallat, D. Rocco,M. ThomannF. NiieschS. Hedwig,

M. Lenz, fiStability Assessmendf Layerby-Layer Nanofiltration Membranedor ElementRecoveryfrom Highly

Aci di c 202% hitps:#doi.org/10.2139/ssrn.5208726.
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UTILIZATION OF IONIC LIQUIDS IN TRIPLE -CATION PEROVSKITE
SOLAR CELLS
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Figure 1: AFM micrographsof pristineperovskiteand IL dopedperovskiteilm, respectively.

The functional design of ionic liquid (IL) additives provides a versatile strategy to enhance the
morphological quality and lontgrm stability of perovskite solar cells. In this study, we examine
the influence of structurally distinct ammonitrased ILs o triple-cation perovskite films. By
exploring variations in their functional groups, we reveal significant improvements in film
morphology and interface quality. Morphological and optical characterizations show that IL
incorporation enhances grain sizeproves grain boundary connectivity, and reduces surface
roughness, all contributing to more efficient charge transport. IL additive PSC achieved the highest
power conversion efficiency (PCE) of 17.65%, while the pristine perovskite film, without any
additve, exhibits a PCE of 16.38%. These results underscore the potential of tailored IL additives
to optimize perovskite film formation and enable more stable and efficient photoataes.
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FUNCTIONALIZED P -TYPE TRIAZATRUXENE -BASED SELF ASSEMBLY
MONOLAYERS FOR PEROVSKITE SOLAR CELLS
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In recent years, sedssembled monolayer (SANdgased holeselective layers have been proposed

as an alternative to conventional HTLs in perovskite solar cells, offering advantages such as
reduced material use, simplified fabrication, and lower c¢Bs#s. p | a-noajugated
triazatruxeneébased selassembly monolayers (TA3AMs) was synthesized with three
anchoring groups for covalent binding to the transparent electrode surface, enabling a tripodal
attachment and controlled molecular orientation. Thgodial binding motif facilitates robust
surface coverage and stable integration of the SAM layer.-filmMncharacterization was
conducted through UWis absorption spectroscopy, photoluminescence lifetime measurements,
and surface morphology analysis wiFM and SEM. Electrochemical properties and energy
level alignment were evaluated using cyclic voltammetry (CV) and Kelvin probe measurements
to assess charge extraction and transport efficiency at the perovskite interface. TRAMAlas
implemented aan interfacial layer in inverted perovskite solar cells, resulting in a 5% increase in
power conversion efficiency compared to conventional @ Cz and 2PACmaterials.

PCBM/C60

PEROVSKITE

TAT SAM

Figure 1. Schematidlustration of the pi ii n perovskitesolar cell architectureincorporatingthe synthesize 8AMs
as the holeselective contact. R = Br, MeO, and MeOPh

[1] Wang,S.,Guo,H., & Wu, Y., iAdvantagesindchallengeof selfassemblednonolayerasa hole-selective
contact for p e MaeviaskFuturee2028 2(1). bttps://doedrgl1&.1088/2752724/



mailto:zeynepgunel94@gmail.com
https://doi.org/10.1088/2752-5724/

SCALABLE FABRICATION OF PEROVSKITE QUANTUM DOT
LAYERS WITH INKJET PRINTING
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In thisstudy, inkjetprinting studiesof CsSn sPly sBrs quantumdots (QDs) and thel i ©oated
coreshellderivativesasactive layersn photovoltaicdeviceswvere carried out. The QDs are pre
crystallized and dispersed in a stable ink formulation, eliminating the need fedgpmstition
crystallization steps such as antisolvent or inert gas treatments; only mild thermal annealing is
applied™! Surface modification with @minopropyl)triethoxysilane (APTES) replaces
oleylamineligands,improvingink-substraténteractionandenabling uniforndropletspreading?
Atomicforcemicroscopy(AFM) measurementgvealsmoothsurfacesvith low root-meansquare
roughness of 13.9 nm (Figure -@ix Smallangle Xray scattering (SAXS) measurements
performedn solutionphaseconfirm preservedanocrystastructurewith an averageadiusof ~9

nm (Figurelb). Photoluminescen¢PL) analysisshows a strongmissiorpeak centeredt ~513

nm (Figure 1a), indicating minimal quenching and retained optical quality. These findings
demonstratéhe potentialof APTEScapped QDsgor uniform,scalablankjet-printedactivelayers

in perovskite quantum dot photovoltaics.
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Figure 1:a) Photoluminescence Spectra of G35Rb0.5Br3 QuantumbDot Thin film b) Pore Size Distributiomf
CsSi9.5Pb0.5Br3 QuantumDot SAXScurve ¢,d) CsSi9.5Pb0.5Br3 QuantumbDot AFM Images

[1] C. Zheng,X. Zheng,C. Feng,S. Ju,Z. Xu, Y. Ye, T. Guo, F. Li, Organic Electronics2021, 93, 106168.
[2] C. Meng,D. Yang,Y. Wu, X. ZhangH. Zeng, X. Li, Journal of MaterialsChemistry202Q 8(4
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INTEGRATING METAL HALIDE PEROVSKITE TOP CELLS WITH
BOTTOM CELLS FORMED BY CRYSTALLINE SILICON OR LOW
BAND GAP

Steve Albrecht?!

IHelmholtz Zentrum BerlitGermany
steve.albrecht@helmholterlin.de

Perovskites into monolithic tandem devices have recently attracted increased attention due to the
high efficiency potential and application relevance of these cell architectures. Here we present our
recent results on monolithic tandem combinations of shite/ topcells with crystalline silicon,

and SAPb perovskites as well as tandem relevant aspects of perovskite single junction solar cells.
In 2020, we have shown that sasembled monolayers (SAM) could be implemented as
appropriate hole selective contacts. The implementation of new generation SAM molecules
enabled further reduction of neadiative recombination losses with high open direoltages

and fill factor. By finetuning the SAM molecular structure even further, the photostability of
perovskite composition with tandeigieal band gaps of 1.68 eV could be enhanced by reduction

of defect density and fast hole extraction. That embhleertified efficiency for perovskite/silicon
tandems at 29.15%.

By optical optimizations, we could further improve this value to 29.80% in 2021. Periodic
nanotextures were used that show a reduction in reflection losses in comparison to planar tandems,
with the new devices being less sensitive to deviations from optitayer thicknesses. The
nanotextures also enable a greatly increased fabrication yield from 50% to 95%. Moreover, the
openci rcuit voltage is I mproved by 15 mV due
perovskite top cell on top of the nanotend.

In the end of 2022, we enabled a new world record for perovskite/silicon tandem solar cells at
32.5% efficiency. We demonstrated that an additional surface treatment strongly reduces interface
recombination and improves the band alignment with the C60@beitansporting material. With

these modifications, single junction solar cells show high open circuit voltages of up to 1.28 V in
a pi-n configuration, and we achieve 2.00 V in monolithic tandem solar cells. A comparable
surface treatment was also apglto 1.80 eV band gap perovskites to enable Voc values of 1.35

V and these were integrated into monolithiepdrovskite tandem solar cells enabling a certified
efficiency of 27.5%.

In addition to the experimental material and device development, also main scientific and

technological challenges and empirical efficiency limits as well as advanced analysis methods will
be discussed for perovskite based tandem solar cells. In addésaits on upscaling and stability
of these industrial relevant tandem solar cells by thermal evaporation will be shown



UNDERSTANDING AND IMPROVING THE STABILITY OF
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Improving the stability of perovskitkased tandem solar cells is the last major scientific and
technical challenge to be overcome before commercialization. In this cantgxte ions play a
significant role, yet their exact impact on the overall performance and stability of perdyesbete
photovoltaics remains not well understood. \Wéeently found that an increasing bulk and
interfacial trap midgap trap density is apparently not the most decisive factor for perovskite solar
cell degradation. Insteaitljs the generation of an increasing number of mobile ions under external
stressors, which progressively screen the {mifteld, leading to charge extraction los$€sin

this talk, I will discuss our recent understanding of how ion migration influences the performance
and stability of various perovskite solar cells, including Si/perovskite armmeedliskite tandem

solar cells! as well as single junctions with 2D perovskite capping layers, which substantially
influence the ionic properties and device stabilitywill also discuss the intriguing correlation
between halide segregation and ionic losses in-watwigap perovskite solar cells, which suffer
from very large ionic losses that can reduce the stetdg current by over 10 mA/cmz. | will then
address ha performance recoverya crucial factor for operational device stabilityelates to

ionic loss and ion density recovery. Finally, | will elaborate on several strategies to mitigate mobile
ion-induced performance degradation for stable-gexteration provskitebased solar cells.
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TIN-BASED PEROVSKITE SOLAR CELLS MECHANISM OF
DEGRADATION AND DIRECTION TO ENHANCE STABILITY

ShuziHayase

TheUnviersityof Electro-Communications]apan
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The Snbased PVK is the best ligharvesting material among halide perovskites as
single junction solar cells and tandem solar céllee highest efficiency of the former and
the latter is 17.1% and 24.5% respectively. To improve the efficiency dfaSed
perovskite solar cells, reducing’Simpurity and bandgap offset, suppressing strain at the
interface, decreasing defect densities are the direction for the research. We have reported
15.3% and 23.3% respectivefy An alternative way to enhance eféiaiy is to fabricate
all-perovskite tandem solar cells. They are composed of the top cdA\(RHV with
1.77 eV bandgap), the bottom cell (SAHPYK- PV with 1.25 eV bandgap), and
interconnecting layer, and the efficiency is 30.1%. We have reported B§.8ftimizing
the interconnection lay&?. In addition, we demonstrated the-Riee perovskite tandem
cells composed of wide bandgap-BWK/CIGS cell§.

The most serious concern is the stability of the bottom ¥&#.focus on the stability
against heat exposure (85 ) and xenon | a
thermal stability of Stbased PVK PV was improved by introducing inorganic layer such
as GeOx and ALD SnOx as the ion blocking layer agaifistrid I’ or by avoiding ion
sources such as PEDE@ISS. DMSO in the perovskite precursor ink damages the Sn
based PVKPV. We will show one ofthe approaches to preparing DM&®e ink. In
addition, wefound that carbazolree SAM (ethylenediamine tetramethyl phosphonic
acid: EDTMP)) gave efficiency over 20% similar to conventional 2PACz with carbazole
group, and unexpectedly improved light exposure stability. Less damage against UV
exposure, weak proton acidity, high surface coverage of EDTMP may explain the high
stability against light exposure. The reaction mechanism of degradation would be
discussed by the analysis of the damaged solar cells. We expect further stability
improvemen, according to théirection obtained by our research.

[IILi ang Wang, Shuzi Hayase, et al ., AExceeRhsedg 15% F
Perovskite Solar Cell so, 16842S Energy Lett. 2024, 9,
[2QILi ang Wang, S huzi % Ravgr&LeneersioreBfficieady of Based Rero&Kite Solar

Cells via Efficient Reduction of Sn4+0, Angewandt e,

[3]Gaurav Kapil, Shuzi Hayase, et al., i Tlead perovskite solar cells fabricated on hole selective

monol ayerso, ACS En®figy Letters, 2022,7, 966

[4]1Bi, Huan; Hayase, Shuzi, et al., "All Perovskite Tandem Solar Cells Approach 26.5% Efficiency by
Employing Wide Bandgap Lead Perovskite Solar Cells with New Moakecular HTL Layer", ACS Energy

Letters, 2023, 8, 3852859.
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INVESTIGATION OF THE ELECTRONIC STRUCTURE OF 3D HALIDE
PEROVSKITES AS WELL AS 3D/2D INTERFACES

SelinaOlthof
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Two-dimensional (2D) halide perovskites have gained significant attention for enhancing
both the performanceand stability of perovskitedevices.While bandgap changesand

crystal structure variations are well established, the energy level positions and band
alignments at interfaces remain less understood. To address this, we systematically
investigate alkylammoniurhased RuddlesdeR o p p e r perovskites (n =
varyingd k vy | chain |l engths (from propyl ammoni un
ray diffraction (XRD), optical analysiand ultraviolet photoelectron spectroscopy (UP'S).

UPS reveals systematic changes in the density of states (DOS), depending on the length of
these spacer cations. These variations can be well explained by comparison to calculations
of the density of states done by density functional theory (DFT) whendeoimg) the low

probing depth of UPS. Surprisingly, the ionization energy (i.e., VB position) remains
nearly constant across all samples. and are in a similar range as the 3D forming MAPDI3,
suggesting that the increase in band gap for 2D perovskites peshosninantly due to an
upward shift in the conduction band.

Whenperformingphotoluminescence and reflectispectroscopyneasurementsn these

various 2D layers, only minor band gap variations (up to 90 meV) are observed as a function
of spacer cation length. Here, no linear trend is found, rather an intriguirgveddeffect
emerges, where perovskites with audmbered alkyl chains exhibit a ugtshifted
absorption onset compared to their emaimbered counterparts. DFT simulations attribute

this effect to PH-Pb bond distortions within the inorganic framewdrluenced by the
packing efficiency of the alkydhains.

Finally, I will present reflection electron energy loss spectroscopy (REELS) measurements,
which probe inelastic electron scattering to provide insights into electronic transitions from
conduction to valence band states. By tuning the excitation energy, it is possible to adjust
the probing depth from ~1 to 10 nm, enabling us to assess surfadecatmns and their

impact on the optical gap. This is particularly relevant for investigating 2D perovskite
formation on 3D layers, for which | will present several examples.

[1] M. ChoghaeiM. Schiffer,V. Tyagi, M. Righetto,J. Du, M. Buchmdiller,K. O. Brinkmann,G. Brocks,P.
Gorrn,

L. M. Herz,S.Tao,T. Riedl, S. Olthof. Odd-eveneffectsin leadiodide-basedRuddlesdenPopper2D
perovskites.

Journalof MaterialsChemistryA, 2025 DOI: 10.1039/D5TA01234A.
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UNDERSTANDING DEGRADATION AND ENHANCING EFFICIENCY
IN PEROVSKITE SOLAR CELLS

Henry J. Snaith,*
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Perovskite solar cells are efficient in single junction devices, very efficient in two junction tandem
cells, especially when combined with silicon, and commercial products are starting to be deployed.
However, there remains a need to understand and furtitigate degradation under a range of
environmental stress conditions, and specifically under the combined stress of heat and light. Here
| will present a range of different studies upon understanding degradation and improving stability
for perovskite skar cells. In addition, although single junction cells and tandems with silicon are
already approaching their feasible efficiency limits, the potential for even higher efficiencies with
3 to 5 junction perovskite solar cells remains. The key challengesanerhow do we obtain
comparably high voltages from very wide band gap perovskite solar cells? and how do we stabilize
our very wide band gap cells against issues such as d{salplegation, compositional
inhomogeneities, and surface/interface defectgil present some work related to this topic.
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EXCITONS IN LOW -DIMENSIONAL HALIDE PEROVSKITES FROM
FIRST-PRINCIPLES CALCULATIONS

L. Leppert, F. K. Lie, K. Fykouras, P. Lechifflart, D. Holleman,

MESA+ Institute for Nanotechnology, University of Twente, Enschede, NL
l.leppert@utwente.nl

Excitons, neutral quasiparticles formed by electnote pairs, play a key role in the optoelectronic
properties of semiconductors. Understanding their formation, transport, and dissociation is
essential for interpreting experiments, predicting materiahier, and designing new materials

for targeted applications. Lodimensional halide perovskite semiconductors provide a versatile
platform for studying excitons due to their structural tunability and facile fabrication.-@a&si
dimensional (2D) halid@erovskites, consisting of metadlide octahedral layers separated by
organic spacers, are particularly promising. Their unique structure, which disrupts octahedral
connectivity in one direction, results in anisotropic chargeier masses and dielectsicreening,
promoting the formation of strongly bound excitons. Hmshciples calculations of excitonic
properties in these materials have been limited by the largeelh#izes of most experimentally
synthesized quagiD perovskites. However, recemidvances in hardware and méargdy
perturbation theory methods, such as@wand BetheSalpeter Equation approaches, now enable
detailed insights into these systems. In this presentation, | will showcase how these methods allow
for a microscopic understanding of the emergence ofjnirterlayer and chargeansfer excitons

and their coupling to lattice degrees of freedom in ddimensional halide perovskites. Our
calculations provide predictive accuracy, explain experimental observations, and dpeaypat

for tuning excitonic properties in these complex, heterogeneous materials.
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All-PEROVSKITE TANDEM SOLAR CELLS
DeweiZhao,! Cong Chent, Jingwei Zhu?, Yuliang Xu?, Yi Luo?

ICollegeof Materials Scienceand Engineering SichuanUniversity,Chengdus10065,China
dewei.zhao@scu.edu.enddewei_zhao@hotmail.com

Tandem solar cells using all metadlide perovskite thin films show great promise for next
generatiorsolarcellsin termsof reducedcost,flexibility, andhigh efficiency,aneffective

way to breakthe ShockleyQueissetimit of singlejunctioncells. Low-bandgapmixedtin
(Sn}lead(Pb) and wideébandgap perovskite solar cells, as the key to make highly efficient
all-perovskite tandem solar cells, have been gaining extensive interest due to their
appropriate bandgaps and promising application to build efficieqeatdivskite tandem
cells. Growth process of perovskites plays a crucial role in the formation efjhaiiy
perovsktes. We will present perovskite crystallization regulation strategies such as
universal close space aaling (CSA) and buried interfa@essisted growth, etc to increases
grain size, enhances crystallinity, and prolongs carrier lifetimes wibdwigap (~1.25 eV)

and widebandgap (~1.78.80 eV) perovskite films, leading to higjuality perovskite
absorberdayers. We will also present new sasembly monolaydSAM) materialsfor
efficient wide-bandgapperovskitesubcellsandtheir mechanisms for reducing interfacial
charge noswradiative recombination losses. We will also discuss the design and
optimizatian of interconneting layers for ghlerovskite tandems.

[1] DeweiZhao*, et.al.,Nat. Commun.2025,16,240

[2] Deweizhao*et.al.,Sci.Adv., 2024,10(16),eadl2063
[3] Deweizhao*,et.al., EnergyEnviron.Sci.,2024,17,202
[4] DeweizZhao*,et.al.,Nature,2023,618(7963)80

[5] Deweizhao*,et.al.,Nat.Energy2023,8(7),714

[6] DeweizZhao*,et.al.,Nat.Energy2022,7,744i 753

[7] Deweizhao*,et.al., Adv. Mater.,2023,35(22),2300352
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UNLOCKING THE POTENTIAL OF PEROVSKITE SOLAR CELLS:
FROM SINGLE -JUNCTION TO TANDEM

Yi Hou"?
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Perovskite solar cells (PSCs) hold great promise as either standalone technology or in conjunction
with silicon in tandem configurations. However, the commercialization of-stéates-art PSCs

faces two primary challenges: interface recombination loss#sl@gradation. To address these
hurdles, we've focused on developing novel interface materials and innovative device design
concepts. During this presentation, I'll delve into the rationale behind inverted perovskite design
and shed light on how we plam tinlock the vast potential of this technology in different tandem
devices. I'll highlight its advantages and prospects for future advancements. Additionally, I'l
discuss the rationale behind widandgap perovskite design for achieving record performiance
perovskite, perovskite/organic, perovskite/Si, and tgpretion perovskite/perovskite/Si
tandems. I'll explain how perovskibmsed tandem solar cells have attained high efficiencies and
unveil the immense potential of this technology. The advaremsrted herein show that it is
possible and powerful to marry the traditional PVs and perovskite technologies in tandems.
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SOLVING PEROVSKITE INSTABILITY AT ITS SOURCE NEXT -
GENERATION PHOTONIC DEVICES AND SOLAR CELLS

Maria Vasilopoulou

Instituteof NanosciencandNanotechnologyNational Centerfor ScientificResearcibemokritos, 15341, Agia
Paraskevi, Attica, Greece

m.vasilopoulou@inn.demokritos.gr

Despite remarkable progress in perovskite optoelectronics, theédongperational stability of

these devices remains a critical bottleneck, fundamentally limiting their commercial deployment.
Here, we identify the origin of perovskite instability astéeidformationof atomicplaneswith
highplanardensityduringcrystallizationwhich act as preferential sites for defect accumulation,
dislocation formation, and phase degradatibm.contrast, our investigationsreveal that
crystallographicplaneswith low atomic density inherently promote smooth, homogeneous
surfaces that encapsulate perovslgt@ins and interfaces, functioning as selfassembled
nanomembrane$hese atomically thin, lowdensity planes serve as intrinsic barriers, effectively
isolating the perovskite lattice from environmental stressors and suppressing the propagation of
defects.

Building onthismechanistizinderstandingye introduceatargetedn-situ engineering strategy

that selectively modulates the crystallization pathway, favoring the growth etldéogity
encapsulating planes while suppressing the rapid emergence efdeigsity, defeeprone
planes.The resultingperovskitefilms exhibit adramaticreductionin defect density, extended
charge carrier lifetimes, and exceptional morphological uniformity. Thesesrsedfpsulated
structures also display robust resistance to humidity and thermal stress, maintaining structural
and optoelectronic integrity under 85%ative humidity at 85 °C.

Engineered perovskites enable photoluminescence quantum yield approaching unity and high
temperature superradiance opening the path towards room temperature superradiance lasers.
Photovoltaic devices achieve a certified power conversion efficiency of’@6\iHile retaining

over 95% of their initial efficiency during extended operational testing. This work not only
elucidateshe crystallographiorigin of perovskitanstabilitybutalsoestablisheanewparadigm

for self-protectionthrough the deliberate engineering of ldensity nanomembrane planes,
paving the way for thaext generationof durable,high-performanceperovskitephotovoltaic
technologies.
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SnINDUCED PHASE STABILIZATION OF CsPbl; QUANTUM DOTS
FOR STABLE RED LIGHT -EMITTING DIODES
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and Elke Debroyée

1Departmentf Chemistry KU LeuvenBelgium
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Strain engineering, potentially by chemical doping, is a key strategy to enhance lxiti¢heal

stability and optoelectronic performance of halide perovskiés particular, partial substitution

of Phb] wi th Sn) in CsPhbl I ntroduces a su
radius of Sn] . This not only stabilizes th
addressing key environmiah concerns. While Hisn alloyed perovskites have been extensively
explored for photovoltaics, their potential for liggrhitting applications remains largely untapped.

In this presentation, | will demonstrate a systematic approach to develapf Shoyed CsP
guantum dots (QDs) tailored for ligktnitting diodes (LEDs). We first optimized the hot
injection synthesis by carefully considering the traffe between quantundot size and
monodispersity, achieving small QDs with narrow size distributions and high photoluminescence
guantum yields (PLQYs). Subsequentl vy, del i b
stability without compromising optical properties. A widinge of complementary techniques,
including transmission electron microscopy and tmesolved spectroscopy, were employed to
investigate the structural and photophysical effects eh8orporation. Proebf-concept LEDs
fabricated with these QDs exhiba significantly enhanced performance. These findings
(manuscript submitted) build on our previous efforts in perovskite stabilization for PED&
underscore the promise of -@tloyed perovskites for nexfeneration optoelectronic devices
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Figure 1 : a) Stability tests of reference CsBland Snp-alloyed QD samples (stored as spincoated films in a
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LED device
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[1] J. Teunissenk. Debroyeetal., J. Phys.Chem.C 2023 127, 48,23400 23411.
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MULTISCALE MODELLING OF PEROVSKITE SOLAR CELL
INTERFACES TO OPTIMISE EFFICIENCY AND DURABILITY
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Engineering interfaces in perovskite solar cells has driven recent advances in stability and
efficiency. Interactions between surface defects in the perovskite and passivating material can
suppress undesirable phase transitions, andrambative recombination. Accordingly, many
different approaches, including molecular layers and 2D/3D heterojunctiondyé@veshown to
enable these improvements. However, experimentally identifying the most important defect
interactions for loss mitigation has proven prohibitively expensive and challenging, impeding a
consensus on the most effective strategy. Here we explgitite of simulation techniques to
overcome these difficulties.

In this work, we explore perovskite solar catissilico at a range of lengthcales, revealing which
interfaces most significantly affect efficiency and durability. We have developed-afstheeart
perovskitesilicon tandem device model including transfer matrix method and raytrapiics,
carriertunnelling,andion migration,coupledwith awidely useddrift-diffusion solver!! Starting

with an industrially relevant perovskitex TOPCon architecture, we quantify potential
performance improvemenfrom interface passivation throughout the device. We then move down
the lengthscales to alinitio modelling, elucidating the atomistic mechanisarsving improved
efficiency and stability in a novel interface passivation scheme demonstrated experimentally. A
clear strategy for ameliorating the most critical interface identified by the device model hence
emerges. Our methodology uniquely providespdphysical insight, whilst remaining broadly
applicable to a range of device architectures.
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Figure 1: Overview of simulation scheme. The underlying models and input parameters are presented, with
example®f outputsincludingJ-V curveoptimisationandDFT explorationof interfacepassivatiorstrategies.
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MOLECULAR ENGINEERING OF FUNCTIONAL COMPONENTS
TOWARDS HIGH PERFORMANCE PEROVSKITE SOLAR CELLS
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Perovskite solar cells (PSCs) with certified power conversion efficiency (PCEs) over 27% show
great promise for scalgp and future commercialization due to relatively simple fabrication
methods. For any solar cell technology to be successful, threeandestnust be fulfilled: low

cost, high efficiency, and loAgrm stability. Although PSCs have climbed to commercially
attractive PCE values, mucieeded long er m st abi l ity hasnot beer
degradation of individual layers and undesipeacesses at interfaces. In this talk, novel molecular
approaches and innovations that are currently unpublished will be presented towards highly
efficient and stabilized PSCs including novel small cations for itiireensional (3D) perovskite
compositiors, passivating organic cations sandwiching 3D perovskite layer to obtain defectless
interfaces thaprevent leadeakage causeshvironmentatisks,andholeselective selfassembled
monolayers with dual functionality.

First, a novehpproactusing a simple organic fluorinated methylammonium catoreplacethe

widely usedmethylammoniuntation will be presented/Vith the addition ofa novel small cation
perovskite compositions are thermally more stable and enables more reproducible device
performance achieving a power conversion efficiency (PCE) of 25.67%. Importantly, the long
term operational stability for 2000 h is demonstrated.

Secondly, the energy barrier of 2D perovskite formation foothno-, meta andpara-isomers of
(phenylene)di(ethylammonium) iodide (PDEAIthat were designed for tailored defect
passivation was studiét. Treatment with the most sterically hinderetho-isomer not only
prevents the formation of surficial 2D perovskite film, even at elevated temperatures but also
maximizes the passivation effect on both shallewd deegevel defects. The ensuing PSCs
achieve PCE of 23.9% with lortgrm operational stality showing a great prospect of a simple
passivation strategy forming a thin organic salt layer instead of a surficial 2D perovskite laye
Thirdly, a series of unpublished isothiouronium agents for PSCs were molecularly engineered to
study their passivation effect for the first time. In comparison to traditional ammonium salt
passivation, a novel approach improved charge transport and cagilifi enhanced overall
performance reaching a PCE over 26% for sandyassivated PSCs.

Lastly, unpublishedailoredhole selectiveselfassemblingnonolayerg SAMs) will bepresented,

which are developedith optimized dipole momerandfunctionalanchoring groupsaximizing
transport properties. Such SAMs not only efficiently extract and transport charges but also interact
with the perovskite layer from degradation by interfacially stitching with the 3D perovskite layer
forming a protective layer under the perowslkabsorber in order to improve the perovskite/HSL
interface.

[1] C.Liu, Y. Yang,K. Rakstyset al.,Nat. Commun2021, 12, 6394
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Long-term operational stability is essential for the commercialisation of perovskite solar cells. This
operational stability has been shown to be limitedheyinfluence of mobile ior$. Mobile ions

likely accumulate at the interfaces with the charge transport layers (€ Mhis resultsin
accumulation of photogenerated charges and therefore in increaseadiaiverecombination

and decreased operational stabflity’!. Inorganic CsPhlperovskite solar cellachieve a high
operational stabilityand efficiencies of up to 21.256, which corresponds to 75 % of the radiative
limit for the band gap of 1.72 ef¥f. However, there is a lack of comparative studies of stability
and the role of mobile ions for a range of other inorganic perowskigositions.

This study investigates the influence of mobile ions on the operational stability forkBgRpl
inorganic perovskite solar cells with band gaps ranging from 1.7 eV to 2 eV. First, the peak
hysteresis and the ionic losses are quantified in fast hysteresis measurements by mE¥suring
curves with a wide range of scan speeds as presented in a previous pulblicdoand, the
operational stability is measured by tracking the power conversion efficiency of the solar cells at
maximum power point for 1508ours. Third, these findings are generalised using measurements
on organieinorganic perovskite solar cells with a wide range of band gaps.

As a result, the operationalstability is strongly dependenbn the peak hysteresiswhich is a
measure of the influence of mobile ions. Increasing the Br content from :@sRE8Pb] 4Bri 6
leadsto an increasein peakhysteresisndex from 0.15to 0.71 andto a decreasen Tgo from

850h to 28h. In addition, fast hysteresisneasurementbefore and after the aging experiment
revealthat the Jsc and PCE loss causedby mobile ions is significantly increasedTheseionic

losses can be quantified as the difference between theistafRCE and the steadyate PCE.

The staticion PCE is measuredvhen the scanspeedis fast enoughto measurea reverseand
forward J-V curve before mobile ions start moving. The stesidye PCE is measured when the
scan speed is slow enough for all mobile ions to accumulate at a CTL during the reverse scan. In
thesecasesthe influence of mobile ions on the reverseand forward scansis identical and no
hysteresis is observed. These results further strengthen our findings of a general dependency of
operationalstability onthe peakhysteresisndex, allowing for a predictionof the Tgo basedon

the peak hysteresis index.
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[1] J. Thiesbrummeettal., Nat. Energy2024 9, 664 676.

[2] G. Richardsoretal., EnergyEnviron.Sci.2016 9, 1476 1485.
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Despite the rapid advances of the perovsésed devices record efficiencies, especially siticon
perovskite tandem cells, some obstacles remain before the technology reaches maturity, such as
device instability under many different stresses, such astumgjishigh temperature or
illumination.

This work aims at implementing CsCl as a passivating additive, to improve stability by targeting
two key factors in degradation mechanisms: point defects and ion migration. (EfC$
flexibility, in that it allows for different mechanisms depending on the conditjgassivation by

free CsCl or passivation by an inorganic 2D perovskitdkisCl,, formed by reaction between

CsCl and Phbl This second mechanism is of particular interest to us, begguilgethe free CsCl

would mainly passivate point defects, the formation of the 2D phase would also participate more
efficiently in limiting the ion migratiort2!

Here, we show an optimized protocol for CsCl integration in a 1 cm? single junction perovskite
cell mimicking a silicorperovskite tandem, with a silicon heterojunctlide substrate, allowing

for easy transfer to tandem after development of the protiessCsCl treatment yields enhanced
stability under continuous illumination at open circuit voltage, notafily no Voc losses after 72

h while the untreated reference loses 10% of its initial X and FFalso show improved stability,
resulting in a 2@ PCE loss in 72 h under such stress against 48% for the reference cell. The
promising results obtained on the model single junction were transferred to 1 cm?2 and 9 cm?
silicon-perovskite tandem cells, to reproduce the early results in continuous illionjrextd to
extend them with 1SOS protocol stability teStanainly light cycling (ISOS.C) and outdoor

aging (ISOS0).

The improvement observed with the CsCI treatment shows an impact of the additive on the
perovskite, but the nature and the location of said impact are still unclear. To decipher the
mechanisms involved, advanced characterizations were used. The addiiveobeas studied

by probing the chlorine chemical environment and spatial distribution, respectivelyray X
Absorption Spectroscopy (XAS) and Nanoscale Secondary lon Mass Spectroscopy (NanoSIMS).
It was found that the chlorine environment hints atraermediate mechanism between the free
CsClI and the formation of the 2D perovskiteRs.Cl2, suggesting the observed effects might

be linked to both point defect passivation and ion migration hindrance. Meanwhile, the spatial
di stribution seems rather homogeneous | atera
be a clear correlation between chlorine accumulation and lgoaindaries. However, the depth
profiles show an accumulation of chlorine at botlerfaces of the films, with a constant baseline

in the whole film. This result suggests that the main impact of the additive could be located near
the surface of the film,ldaough more characterizations would be needed to verify that, either by
assessment of the ion migration dynamics or by monitoring defect densities in thiec@gil

film.

[1] Z. Li etal.,J. Phys.Chem Lett.202Q 11, 4138.
[2] X. Zhaoetal., Science2022 377, 307.
[3] M. Khenkinetal., NatureEnergy202Q 5, 1, 35.
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MODELING OF PEROVSKITE OPTOELECTRONICS: FROM
PHOTOLUMINESCENCE AND RECOMBINATION KINETICS TO
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The performanceof optoelectroniadeviceslike solarcells and LEDs critically depends on the
recombination processes. Hence, it is crucial that the associated parameters coasssiéntly
estimated both at the material and device level. While optical spectroscopy techniques are used at
a material level, transient switching cheteristics are widely used at a device level (see Fig. 1).
Often, several of these techniques are used in isolation which leads to inconsistency among the
parameter sets obtained through such methods. In addition, several lacunae are evident in the
analyss of experimental data both systemic as well as conceptuBbr example, (i) transients

are often analyzed and interpreted in terms of exponential dedaiesthe underlying trends are
clearly norexponential (i.e., power law or logarithmic), (ii) excitonic effects are wrongly
attributed to monomolecular recombination rates, (iii) parameters back extracted from PL
transients are seldom cross verified agesteadystate PL, (iv) the influenaef trapsontransients

is not elucidated ina quantitative manner, and (v) lack of coherent analysis of multiple
characterization schemes to assurecatisistency of back extracted recombination parameters.
Much of the abowenentioned issues stem from the lack of availability of hierarchically compact
analytical models to analyze material/device characterization schemes. Through a series of recent
publications, we have tried to bridge this §&band we aim to present the same to a broader
community in this presentation. Specifically, we exploi® the origin oflogarithmicor power

law transients in pumprobe spectroscopy, (i) influence of excitons in PL transients, (iii)
predictionof intensitydepenént PLQE usingparameterdackextractedrom PL transientsand

(iv) analysisof VOC transientso backextractrecombinatiorparametersit adevicelevel.

Solar cell

@ |
Sor,, Al W s
q.% qa“" Constant
ce illumination Voc(t)
+ Laser pulse
l""'?;

Hiumination
Intensity
| E
PLQE (%)

s
PEETIT BET ITT T REETTIT BRI S ETTTT M

%
Je
[
Open circuit
Voltage

10! 10! 10°
Intensity (mW,fcmz)
Figure 1. Material/Device characterization for Perovskite optoelectronics. Left panel depicts agmalog
spectroscopgchemanith free carrier-excitondynamicsMiddle panelshowsopen circuittransientmeasurements
back extract recombination parameters. Right panel shows PL Quantum Efficiency comparisons.
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As perovskite photovoltaic (PV) and optoelectronic technologies begin to be deployed at
commercial scales, fundamental challenges remain to push these materials and devices toward
their theoretical maximum efficiencies. Specifically, as iterative developared manufacturing
processes seek to converge on optimal conditions to increase device stability, characterization
remainsabottleneckio rapidly assesshe effectsof thesevariations,taking up to 50% of thetotal

device fabrication timé&! Here, we showcase Prism, a rapid, multimodal, and automated
characterizatioplatform capableof measuringandextractingkey materialparametersgliagnostic

of PV device performance. Using transmission and both speeteaily temporallyresolved
photoluminescence measurements, we determine absorption coefficients, carrier mobilities, and
charge carrier lifetimes in perovskite PVs, within a fewigeltonds, key metrics which have been
shown to be indicative of overall device performalitéle measure hafompleted device stacks

which go on to full device fabrication and demonstrate that predictions ofainoeit voltage

(Voc) from material paraeters extractedia our measurements are >90% accutturther, our

in-house machine learning models achieve >95% prediction accuracy over kegtPas: \bc,
shortcircuit current (do), Fill Factor, and Power Conversion Efficiency (PCging only thin

film optical properties measured from hathcks of devices which were subsequently completed.
Harnessing the ability to rapidly characterize these materials in Prismmeasure368 unique
heterostructuredeviceswith extractedmaterialparametersisedto train a neural network using

to ultimately predict photovoltaic propertiésFinally, we demonstrate that our models are able

to rank the importance of specific material paransetelirectly linking the most impactful
physically interpretable optoelectronic properties to overall device performance. These rapidly
determined propertfunction correlations provide researchers with direct insight on the most
impactful process parameseto achieve maximal device efficiency, allowing for R&D pipelines

to quickly identify key variables which have outsized contributions on overall device performance.
Taken together, Prism as an automated, multimodal characterization tool in tandem with our
analysis and machine learning workflows accelerates perovskite PV characterization, process
optimization, and allows for efficient iteration by leveraging large datasets connected to machine
learning models.

AcknowledgementsThis material is based upon work supported by the United States Department of Energy, Office
of Science, Office of Energy Efficiency and Renewable Energy (EERE) under the Solar Energy Technologies Office
Award Number DESC0024014.
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Hybrid halide perovskites (HHPs) have drawn the attention of the scientific community tthee to
outstanding power conversion efficiency (up to 2#26f HHP-based solar cells as well as their
low-cost solutioAbased processing methods.

One of the HHPs which has been extensively studied is formamidinium lead iodide {APbI
which is known to undergo a phase transition from the not photoactivpanouskite 2H phase,
which is stabl e at r oom t e mpgpleasedduhic), whichistable t h e
over 150°G? However, the temperature at which this structural phase transition desnet

yet beendetermined. Fothis reasonwe investigated therystalstructureof FAPbk from room
temperature up to 200°C, in order to determine at which temperature the phase transition takes
place.

FAPbl; was synthesised following the inverse temperature crystallisation nmiéthxydmixing

the precursors FAI and Pbin GBL. The obtained FAPblpowder was thoroughly investigated

by in-situtemperaturelependenk-ray diffraction (XRD) from room temperaturéRT) upto 200

°C (Figure 1). We found, that the phase transition starts at 108 °C, where both phases, the
2H-phase and the cubic perovskite phase, coexist over a certain temperature range. The phase
transition is completed at about 160°C.

We also show that once FARdopts the cubic perovskite structure, it does not change back to
the 2H phase immediately upon cooling. When cubic FARDbleft under N atmosphere for a
prol onged peri od ophase stabileses(pEto 6gdays. Plengeshyms fo havet h e
a stabilising effect on the cubic phase of FAPbI
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Figure 1: Exemplarilyin-situ XRD patternof FAPbI3 showingthe phasetransitionfromthe 2H-phase(100Bragg
peak, orange -phasa (a0 Bragy peakoblatksquard).

[1] NREL BestResearckCell Efficiency Chart,https//www.nrel.gov/pv/celefficiency.html
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In the progress towards gderovskite tandem solar cells, significant effort is focused on
optimizing halftini half-lead perovskites. However, their struciyyeperty relationships remain
underexplored, largely due to the difficulty in probing shedrsus longrange ordering of tin

and lead atoms in the lattice. The tin and lead arrangement has been suggested to impact defect
density, oxidation resistance, band gap variations, and has recently become a particularly hot
topic, as many recordfficiency inilead solar cells have been reported to achieve high
performance by mitigating clustering of lead andf.It thus deserves more attention. We
investigate the presence of largeale lead and tin clusters in CgBin.xI3 through energy
dispersive Xray spectroscopy. Under the spatial resolution of 100 nm, none are observed. To
probe the shostange order in the atomic lattice we employ sshate nuclear magnetiesonance

on thefull seriesrangingfrom CsPbj to CsSn. **Cs NMR indicatesthe formationof a fully-

mixed, random solid. To further investigate local atomic structure, we employ agsalgtion
scanning transmission electron microscopy on ¢&3m sls.

e=| ®=Sn> @ =Pb* =(Cs*

Figure 1: Possibldattice configurationsof ceasiuntin-leadperovskitesa perfectalloy with alternatingtin and
lead (left), a fullymixed but random solid (middle), and nhanodomains of pure tin and lead (right).

[1] T. Leijtens,ACSEnergylL etters2017,2, 21592165.
[2] W. Zhang,AdvancedVaterials 2023 35, 2303674.
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EFFICIENT AND ROBUST FLEXIBLE PEROVSKITE SOLAR CELLS
FOR SPACE APPLICATIONS
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Flexible perovskite solar cells (FPSCs) have great potential in space applications due to their low
cost, light weight and irradiation resistance. However, the efficiency of FPSCs is still lagging
behind their rigid counterparts. Extra research efforts are neededtess several stabilitysues

facing extreme space environment, such as vigovduation, high vacuum and large temperature
variation. In this presentation, | will discuss our recent developments in fabricating efficient and
robust FPSCs for spacpgications.

Firstly, ultrathin FPSCs were fabricated using celess polyimide (CPI) thin films with thickness

of 10 & m:thinTFRRCs achidve aapower conversion efficiency (PCE) of 22% and an
outstanding specific power density of 50 W/g, surpassing most existing solat! Ggils.ultra

thin FPSCs demonstrated exceptional mechanical robustness, maintaining perfonance
under rigorous bending and twisting. Moreover, CPI exhibited better thermal expansion matching
with perovskite and demonstrated enhansgability under lowtemperature conditions and
thermal cycling.

Secondly, a highly adhesive polyamidminebased hyperbranched polymer (HBP) was
developed to reinforce the interface of FPSCs. The abundant functional end groups of HBPs
provide strong adhesion between Srédd perovskite layers, increasing the interface toughness
(Gc) of ETL/perovskite interface from 1.08 to 2.13 J-frand enhance the stability during repeat
bending®?! Furthermore, a musseispired HBP with dopamine ergioups was introduced into

the perovskite thin films to enforce the grain boundaries and passivate defects, resulting a FPSC
with PCE of 24.43%

Thirdly, to address the issues of vacuum induced degradation, initiating from perovdkite
decomposition at grain boundaries, we developed an grain boundary (GB) strengthen strategy
throughin-situ polymerization at perovskite GBs. The polymer network blocks gas releasing
pathways at GBs. Together with a conductive oxide electrode patyiner/oxide composite
flexible encapsulation layers, we achieved &dl@ reduction of vacuuanduced PCE decay.
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Figure 1. Ultra-thin FPSCawith light-weightandits robustnesagainstvigorousmechanicatieformation

[1] C. Jia,NanoEnergy 2024 131A110259.
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ADDITIVE -FREE SEQUENTIAL THERMAL EVAPORATION OF NEAR-
INTRINSIC LOW BANDGAP PEROVSKITES:
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Singlejunctionperovskitesolarcells (PSCs)arenearingthe maximumefficiencyattainablewith

a single absorber layer. To exceed this limit, tandem cells are utilized. These architectures
necessitate low bandgap materials, achieved by partially substituting leadft) #h tin(Il)

(Sr?") in the perovskite structure. In this study, we present the sequential thermal evaporation
(STE) of the low bandgap formamidinium letd iodide (FAPlsSrvsls). An alloy of Snp and

Pbk is prepared by heating and evaporated in vacuum, followed by the deposition of FAI. This
layerby-layer technique vyields highly oriented, compact, and crystalline thin films with
continuous grains averaging ovemh in size throughout the film thickness. Photoconductance
measurements reveal mobilities exceeding 66/@fs) and lifetimes surpassing ®. Most
interestingly structural analysis indicates that precursor interdiffusion readily occurs at room
temperature, resulting a mixed amorphous material. Complete crystallization into the perovskite
phase requires annealing at 200In contrast to findings with pure lead perovskitesTE of

mixed lead tin perovskitesallows the fabricationof 750 nm thick films in a single cycle. A
comparison between the sTE films and spyated samples of the same composition shows the
superior photoconductance of the sTE films without the need faxdglitives such as SaFPSCs
produced using this method, with the architecture ITO/PEDOT/kFb sl 3/Cso/ BCP/Ag, reach
efficiencies over 10%. Overall, this stullighlights the potential of STE in producing highality

low bandgap perovskite materials and solar devites.

[1] J. Yan et al., fiCrystallization Processfor High-Quality Cs0.15~A0.85°bl2.858r0.15 Film Deposited via
Simplified Sequent AGSAppMNEaargyMam20E3v6,a1p0a65.at i o n o

[2] L.M. vanderPoll etal., ASmallMethodsAdditive-Free SequentiallhermalEvaporationof NearIntrinsic Pb-Sn
Per ov s2R24 P481246.
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OPTIMIZING EXCITED CHARGE DYNAMICS IN LAYERED HALIDE
PEROVSKITES THROUGH COMPOSITIONAL ENGINEERING
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Dion-Jacobson phase multiyered halide perovskites (MLHPS) improve carrier transport and
optoelectronic performance thanks to their shorter interlayer distance, long carrier lifetimes, and
minimized nonradiative losses. However, limited atomistic insighto dynamic structure
property relationships hinder rational design efforts to further boost their performance. Here, we
employ nonadiabatic molecular dynamics, tidwmmain density functional theory, and
unsupervised machine learning, uncovering thpaich of Acation mixing on controlling the
excited carrier dynamics and recombination processes in MLHPs. Mixing sisiater Cs with
methylammonium in MLHP weakens electyphonon interactions, suppresses the nonradiative
lossesandslowsdownintra-bandhot electronrelaxationsOn contrary, largessizedguanidinium
incorporation accelerates noadiative relaxations. The mutual information analyses reveal the
importanceof interlayerdistancesintraandinter-octahedrahngledynamicsandA-cationmotion

in extending the excited carrier lifetime by mitigating fradiative losses in MLHPs. Our work
provides a guideline for strategically choosing#ions to boost optoelectronic performance of
layered halide perovskités.

Figure 1. Schematiof strategicA-cationmixingin layeredhalide perovskites (LHPspr enhanceahargecarrier

dynamics. Unlike mixing small fractions of largized guanidinium (GA), fractional mixing of inorganic Cs with

methylammonium in LHReakenlectronphonon interactions, suppresses the bamtdand nonradiative losses,
and slows down intrband hot electron relaxations.

Acknowledgements

[1] Nayak, PK., & Ghosh, DNano Letters2025 25(13),5520 5528.


mailto:cyz218649@chemistry.iitd.ac.int

16:12 16:45

COFFEE BREAK PM

Session Chair

Session Title

16:45 16:57

16:57 17:09

17:09 17:21

17:21 17:33

17:33 17:45

17:45 1757

17:57 18:09

18:09 18:21

18:21 18:33

18:33 20:00

20:00 20:30

Town Hall

Hou Yi, lliktional University Singapore, Singapore

Session 3A i Advanced Perovskite
Technologies

Markus Lenz, FHNW, Switzerland

PERCENT- An open access tool to predict
environmental Pb concentrations and their possible
impacts on soils.

Weilun Li , Monash University, Australia
Connecting atomic structure to performance of
perovskite solar cells

Marco Moroni , University of Pavia, Italy
3D chiral hybrid perovskite derivatives: structural
and functional insights

Inna Ivashchenko , Cracow University of
Technology, Poland

Compositional design approach for pe-LED
production based on 3D lead-free halide double
perovskites

Xinyu Shen , Oxford University, United Kingdom
Rational design of phosphine oxide for efficient
perovskite light-emitting diodes

Zhongcheng Yuan , Oxford University, United
Kingdom

Applications of perovskite LEDs in multifunctional
display and light communication system

Marcel Kouwenhoven , AMOLF, The Netherlands
Writing with light: optical excitation-induced
memory in mixed halide perovskites

Yasuhiro Yamada , Chiba University, Japan
Anti-stokes optical cooling in CsPbBr/A/Cs*PbBr 3
Dot-in-crystal perovskites: exploring the potential
and fundamental limits

Sownder Subramaniam , imec, Belgium
Energetics and defect landscape of soft-sputtered
SnOM: implications for
lowleakage photodetectors

Trumpet

Daniele Cortecchia, University of Bologna, Italy

Session 3B i Characterization 2

Chuanxiao Xiao , Ningbo Institute of Materials
Technology & Engineering, Chinese Academy of
Sciences, China

Characterization technique development and
failure analysis of perovskite solar cells

Sander Heester , Zernike Institute for Advanced
Materials, The Netherlands

The Red, White & Blue: Identifying the dominant
recombination loss mechanism in perovskite solar
cells

Rebecca Belisle , Wellesley College, United
States

Photodriven iodine expulsion and its impacts on
microscale heterogeneity

Nada Mrkyvkova , CEMEA Slovak Academy of
Sciences, Slovakia

Complete operando study tracking perovskite solar
cells degradation

Iwan Zimmermann , IPVF, France

Large scale deposition of uniform perovskite films
in ambient atmosphere by combining slot-die
coating and vacuum flash quenching

Elnaz Ghahremani Rad , The University of British
Columbia, Canada

Exploring charge collection efficiency losses of
perovskite solar cells using hysteresis and
impedance measurements

Federico Ventosinos , ICMOL - Universidad de
Valencia, Spain

Unraveling ion transport and electronic states in
perovskite thin films using moving grating
techniques

Roel Vanden Brande , KU Leuven, Belgium
Chemical vapor deposited highly crystalline
CsPbBr3 films for enhanced broad-range
photodetection with ultra low dark current

Yudi Wang , Dalian University of Technology,
China

Graphene oxide doping boosts efficiency of
perovskite solar cells with carbon electrode
towards 24%

POSTER SESSION

FREE TIME

20:30 22:30 SOCIAL DINNER




PERCENT- AN OPEN ACCESS TOOL TO PREDICT ENVIRONMENTAL
PB CONCENTRATIONS AND THEIR POSSIBLE IMPACTS ON SOILS
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Although a possible environmental risk (i.e. probability x impact) of lead (Pb) leaching from
perovskite solar cells (PSCs) is frequently highlighted, it is seldomly quantified. The possible
negative environmental impact on protected entities will depenthe concentration of Pb, as

well as its speciatidrand the transfer within the exposure pathway conside@liously, there

is a physical limit to thickness of the perovskite layer in photovoltaics and thus a limit to the
amount of Pb that can leach and enter surface waters, sediments soils, and ultimately biota. We
have come across several studies that use unrealistic asswsrgdtiout leaching, which end up
misrepresenting the actual Pb concentrations and impacts.

To realistically assess potential environmental risks, we have developed aacopss web tool

called "PERCENT" (PERovskite leaChing assEssmeNt Tool). This tool allows both professionals
and the public to interactively estimate the predicted environineoiaentrations (PEC)f Pb

in soils. The tool allows the user to set factors such as PSC composition, Pb layer thickness,
module area and soil volume affected. Based on the PECs calculated, the user is provided with a
context menu to explain possiblepacts to be expected at such Pb soil concentrations. These are
based on regulations of Swiss soil protection, which are well detailed, documented and publicly
available. All assumptions and calculations are documented, which offers a transparent approach
to addresspotential concernsof the public as well asto verify and modify own assumptions

by the perovskite community.

We demonstrate the tool using different scenarios on perovskite composition and extent of
leaching.We thenput the calculated PECs agell as indicated impacts into perspective in terms

of soil fertility as well as food and fodder production (again, following Swiss regulations). Our
findings indicate that Pb leaching from typical PSCs under most assumptions presents no to
minimal impacts on soils themselves as well as through soil usage.
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In-depth characterization of materials and device properties is crucial for enhancing photovoltaic
conversion efficiency and improving reliability. In this presentation, | will share our recent
advancements in the characterization of stétihe-art perogkite solar cells, focusing on the
following key areas:

1) Silicon-Perovskite Tandem Cells: | will begin by discussing our contributions to the
development of champion silicgrerovskite tandem cells. Using Kelvin probe force microscopy,
we gaineduniqueinsightsinto the effectsof carriertransportayertreatmentandthedistribution

of internal electric fields within the tandem structure.

2) New Techniques in Characterization: | will present preliminary results from ongoing efforts
in my group to develop advanced characterization techniques. Specifically, we applied scanning
capacitancenicroscopyto perovskitematerialdby incorporatinga high-quality aluminathin film,

which allowed us to map carrier distribution and investigate variations in carrier concentration and
type. Additionally, | will introduce a 3D tomography current mapping method to evaluate how
surface and bulk passivation tneents influence carrier transport properties in perovskite thin
films. Furthermore, | will discuss stead@yate currenvoltage analysis, highlighting the
comparison of modified asymptotic Pmax scans and maximum power point tracking of high
performance p@vskite solar cells.

3) Failure Analysis of Perovskite Solar Cells: Finally, | will address the failure mechanisms in
perovskite solar cells and modules, including potemi@dliced degradation, Ultraviol@tduced
degradation, and phase segregation, providing insights intcdhéllereges and opportunities for
improving longterm stability.
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CONNECTING ATOMIC STRUCTURE TO PERFORMANCE OF
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Metal halide perovskites, renowned for their exceptional diginvesting capabilities, have

emerged as promising candidates for rgeteration higkefficiency, lowcost solar cells.

Advancements in photovoltaics materials rely on understanding thaiatredationships between

material properties and structure. While extensive research has been conducted on perovskite solar

cells, most characterisation techniques operate at mesoscopic to macroscopic scales, using large

area probes. These methods, wlgolve features from a few nm to mm, cannot fully capture the

remarkable performance of perovskite solar cells, such as defect tolerance, ferroic properties, and

unsolved challenges like ion migration and hysteresis.

In contrast, transmission electron microscopy (TEM) offers unmatched asoaie resolution,

however, applying TEM to halide perovskites has been severely restricted due to their extreme

sensitivity to beam damage, preventing reliable direct charactenisat

In this work, we develop and apply lesose electron microscopy techniques to elucidate the

atomic structures of critical defects in electsmnsitive metal halide perovskites and examine

their effectson materialstability andoptoelectronidoehaviour We uncover vacancgrderingand

ion migration during the degradation in orgaimiorganic hybrid CsxFAxPbk.[I Additionally,

we study RuddlesdeRopper defectd! and twin defect§! in vapour deposited CsRand their

correlations with phase stability, optoelectronic properties and ferroic propeitjasy1). These

findings offer strategic pathways for defect engineering to advance the performance and durability

of perovskite solar cells.
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Figure 1: Application of lowdose TEM to reveal the atomic structure of defects in halide materials and correlate
themto the propertiesof solar cells.(A) Vacancies(B) RPplanar defects(C) Antisitedefects(D) twin boundaries.

[1] Li, Weilun, etal., NatureCommunication2023 14.1 8523.
[2] Li, Weilun, etal., AdvancedMaterials underreview.
[3] Li, Weilun,manuscripto be submitted.
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THE RED, WHITE & BLUE: IDENTIFYING THE DOMINANT
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Photovoltaics play a key role in the renewable energy transition, with perovskite solar cells
standing out as one of the most promising with high power conversion efficiencies, desirable
characteristics and great versatility. The efficiency of theseisefainly limited by nonradiative
recombination, whether at one of the interfaces between the perovskite layer and transport layers
or within the bulk of the perovskite itself. However, it is difficult to probe which of these dominates
the losses duringoperation, complicating further improvements. Here we introdane
experimentalmethod for identification of the limiting aspectof perovskitesolar cells under
operating conditions in terms of recombination losses. We illuminate a bifacial cell from both sides
separately with either red, blue or white light, each absorbed differently in the cell depending on
the position in the device. Using the faictor from the device characteristics for each case, taking
into account the direction of illumination, vaee able to accurately identify which part of the cell

is limiting the performance. This method and principle are not limited to bifacial cells, but are
equally applicable using two monofacial cells, depositgdrnmndnip configuration respectively.

We show that this holds for many typical perovskite solar cells usingdiffifision simulations.
Finally, we issue a protocol to determine the dominant recombination channel under operating
conditions in perovskite solar cells
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3D CHIRAL HYBRID PEROVSKITE DERIVATIVES: STRUCTURAL
AND FUNCTIONAL INSIGHTS
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In the past few years, chiral hybrid orgamorganic perovskites (HOIPs) have emerged as
promising materials for applications in optoelectronics, spintronics, photodetection, energy
harvesting and beyond, enabling the absorption and subsequent emigsiterined light with
enhanced tunability across the electromagnetic spe¢tdirBo far the research has largely
focused on 2D and qua®D HOIPs, along with a few 1D and 0D ones, demonstratngarkable
chiroptoelectronic and spipolarization propdies. However, expanding the corhesharing
interconnection of the inorganic motif in the three dimensions is challenging due to steric
constrains, as the bulky chiral cations prevent the accordance with the Goldschmidt tolerance
factor, but highly demaredi for isotropic charge transport since the organic layers usually act as
dielectrics in lowdimensional systent¥.

In our work, we have engineered novel chiral HOIPs derivatives featuring a 3D-shanirgy
octahedral architecture closely resembling that of prototypical perovskites. This structural motif
is attained by incorporating the relatively small ditopic catri§-3-aminoquinuclidine RIS

3AQ) leading to theRIS3 AQ) Pb Brr materi al s, exhibiting
electronicband structure in agreement with a thdgmensionally delocalized excitation, in sharp
contrast with the Ruddlesdétopper counterparR(S3AQ)PbBu-2Br presenting typical 2D
features. The measured chiral anisotropy factor is in good agreement with values predicted from
first-principlescalculationgor sucha chiralinorganicframework,anda pronouncedashbaype

spin splitting is observed in the conduction band, expected for acemirosymmetric
semiconductor and arising from the synergy between sgiit coupling and structural chirality.

A lower exciton binding energy was found out in the 3D contioos indicating a more stable
excitonic population and being beneficial for an enhanced charge transport. Conductivity
measurements are currently ongoing to further assess the impact of these electronic properties on
the material's potential performaniceoptoelectronic applications. The demonstrated 3D chiral
HOIP derivatives, featuring a wide chemical tunability, represents a promising platform for
developing nexgeneration nonlinear functional materials.

Acknowledgementsghis work hasbeensupportedy FondazioneCariplo, grantn® 20231246.

[1] J.Ma, H. Wang,D. Li, AdvancedVaterials2021, 33, 2008785.

[2] E. I. Jung,H. J. Lee,J. Kim, Q. T. Siddiqui, M. Kim, Z. Lin, C. Park,D. H. Kim, Materials Scienceand
Engineering: R: Report8024 160, 100817.
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Journal of Materials Chemistry 2021, 9, 2155121575.


mailto:marco.moroni@unipv.it

PHOTODRIVEN IODINE EXPULSION AND ITS IMPACTS ON
MICROSCALE HETEROGENEITY
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Selective halogen oxidation has been linked to a variety of compositional and operational
instabilities in lead halide perovskite materials. These effects range from largely reversable
changes in films and devices (i.e. curreoltage hysteresis and carinduced halide
segregation) to permanent degradation (i.e. electrode corrosion). What is common amongst these
effects is that they stem from a dynamic and mobile ionic defect population, and a deep
understanding of the evolution of this population i®dedl to maximize both the immediate
performance and longerm stability of perovskite devices. In this work, we present new insights
into the photodriven halogen oxidation process. We show that extended light soaking not only
impacts the bulk structure, chemistry, and optoelectronic performance of MBRhJt
perovskite films but also the chemistry and optoelectronic performance at the microscale. Using
multimodal microscopy, we document a selective iodine expulsion process that results in
substantial miphological and locatompositional changes in perovskite films. With this
technique we monitor change in absorption, photoluminescence, andajuadevel splitting at

the micron scale for a range of MAPIRI1x)3 films under onesun light soaking conditions. We
apply this technique to track reversible changes (that evolve in a period of secorui)aoent
changes (assessed after a period of days) in the film. In the case of J@ARbis halogen
expulsion and redistribution appears to result in perovskite film with increased bandgap and
performance homogeneity, and overall improved optoelectronic performance and stability. Taken
together, this work advances our understanding of the conppletostabilities present in lead
halide perovskites and elevates thiortance of understanding and controlling microstructure to
achieve long term performance stability in this class of materials.
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Figure 1: Map of centerof massfor photoluminescencgpectraof a MAPbI2Br perovskitefilm after 10 minutes
(left) and 48 hours (right) of ~1 sun light exposure
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The perovskite structure holds immense potential for intelligent synthesis, enabling the creation
of new materials grounded in the fundamental science of crystal chemistry. The tuneable crystal
structure and variable chemical composition of perovskites position them as prooasutigates

for fuel cells, memory devices, and photovoltaic applications. Experimental results show that in
this case, the halide double perovskites (HDPs) can transform the bandgap from indirect to direct
states and alter the phaiminescence quantum vyield (PL QY), which characterizes their
photoluminescence properties. More importantly, HDPs can emit efficient white luminescence as
self-trapped excitons (STEs), making them suitable as inexpensive white phosphors. The STEs
can traisfer excitons to dopants like 8tor RE*, further tuning the emission from visible (Vis)

to the neainfrared (NIR) regior!?

In our case, we investigated various compositiorts@Ps: CsNalnCk, CsNay.sAgo.4InCls, and
CsAgInCls doped with SB, EF*, Ho*, and YB*. The samples were obtained by using solid
state, hydrothermal, and precipitation techniques. Additionally, HDPs with the general formula
CeNaRECE (RE - La, Ce, Pr, Nd, Eu, Tb, Ho, Er, Tm, Yb) were synthesized. ThayX
diffraction and Raman spectroscopy were used to analyse the crystal structures and vibrational
characteristics of the samples. The compositions of the samples were checked using the energy
dispersive Xray spectroscopy (EDS) method, and someay ptotoelectron spectra (XPS)
spectra were measured. The luminescent properties in the rangeld®@b0m were investigated

for the first time, revealing significant potential for advanced applications. Upconversion was also
fixed in the investigated samplaghich makes them suitable candidates for the transformation of
the sunlight from the NIR region to the Vis region.

Some prototypes of the LED, based on the UV chip (320 nm) and synthesized HDPs powder
samples as the luminophore material, were prepared. The emission spectra were measured under
4.45.0 V bias voltage, and the prepared LED emitted blue, green and \ghitédepending on

the HDP composition). It was possible to obtain efficient, stable multimodal emission in
Sb**/RE**-codoped HDP samples using dowsanversion to cover the \ANIR spectral range.

The LED prototypes were stable and showed similar charstitsrafter six months.
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Over the past fifteen years, perovskite solar cells have experienced a spectacular increase in power
conversion efficiency (PCE), with the laboratdrgsed prototypes now matching the -top
performing silicon cell§! However, the poor lorterm stability of perovskite solar cells (SCs)
hinders their widespread commercialization.

Our work introduces a comprehensive 24/7 operando degradation monitoring egploe
deposited perovskite SCs. Employing targeted diagnostic techniques simultaneously, such as
photoluminescence (PL), grazhmgcidence wideangle Xray scattering (GIWAXS), volampere
characteristics (¥ curves), and electrochemical impedance spscopy (EIS), we have analyzed

the concurrent evolution of the devices' efficiency, optoelectronic properties, and crystallographic
structure. The longerm study under condimns simulating an outdoor environmérgpecifically,

onesun illumination intensity, solar cell temperature of 85 °C, and reproducible atmo$phere
reveals the perovskite SCs' degradation mechanisms.

To the best of our knowledge, such a complex operando characterization of perovskite SCs is
currently lacking and might be of great importance for the future improvement of their efficiency

and stability.
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Figure 1: Schematidllustration of theexperimentmonitoringtheperovskitesolar cell degradationin operando.
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Metal halide perovskites have shown great potential forgemération displatechnologies due

to their high colour purity and photoluminescence quantum yields. Although genevakydered
defecttolerant compared to conventional semiconductors, accumulating evidence indicates that
defects still critically impact the performance and stability of perovskite-lgyitting diodes
(LEDs).! Additionally, the influence of carrier injection and charge transport layers plays a vital
role in determining deviceefficiency. In this work, we systematically investigate the
multifunctional roles of phosphine oxide molecules in enhancing perovskite LED performance.
Based on the principles of defect passivation, we introduce diphenylphosphinamide and
phosphonic acidsaadditives to effectively passivate surface defects, regulate phase distribution,
and promote efficient energyansfer in quaskD perovskite films. These treatments lead to
significantly improved optoelectronic properties and device efficiedéigauthermore, we
design tris(4trifluoromethylphenyl)phosphine oxide to tailor the energy level alignment and
improve hole mobilitywithin the widelyused poly(9vinylcarbazole) (PVK) hole transport layer,
achieving further performance enhancements, particularly in blue perovskite*LEDs.

Our results demonstrate that phosphine oxide can serve dual functions: as effective passivation
agents for perovskite films and as modifiers for charge transport layers. This dual strategy provides
a versatile platform for simultaneously optimizing botk #missive layer and carrier transport
interfaces in perovskite LEDs. These findings offer valuable insights for advancing high
performance, stable perovskhased optoelectronic devices.
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LARGE SCALE DEPOSITION OF UNIFORM PEROVSKITE FILMS IN
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Deposition of uniform and pinholieee perovskite layers at the industrial scale remains a
challenge towards commercializing perovskite solar cells-di#etoating has demonstrated to

be a viable technique for deposition of wet films on large surfdceemogeneous drying of
these wet films is crucial for the formation of highly crystalline and dense perovskite layers. In
this study we compare conventionakanife drying (AKD) and vacuum flash quenchifigVFQ)

on 15 x 15 crhsubstrates. We presehetdesign of an iouse built vacuum chamber allowing

to pump to around 10 Pa in 10 seconds (Figure 1a). We observe that AKD for large samples is
challenging as the slemoving air stream affects the drying towards the end of the sample leading
to thickness gradients and a nomiform crystallization with incomplete surface coverage (Figure
1c). On the other hand, VFQ allows for a quick and controlled solvent removal resulting in highly
uniform perovskite films (Figure 1b). Furthermore, we demonstratehbatolvent composition

is crucial in controlling the perovskite morphology. Different DMF:NMP ratios of 7:3, 6:1 and
9:1 are investigated. We find that lowering the NMP content to 10 vol% improves the perovskite
morphology compared to 7:3 and 6:1 DMF:NN#®ios.

c)

o Vacuum flash quench

‘l.

Air knife drying

Figure 1: a) image othevacuum flash setup, pictures (framd backside) and SEihagesof the perovskite films
fabricatedusing:b) vacuunflashquenchingimproveddepositionwith DMF:NMP ratio of 9:1, ) air-knifedrying:
non-uniform crystallization along the substrate.

Finally, the optimized perovskite is employed in NIP opaque small cells andnmoohiles
(64cnt) with efficiencies up to 18%. Furthermore, this perovskite layer is employed iR semi
transparent PIN mianodules for 4T tandem applications.

[1] A. Agresti,F. Di Giacomo,S. PescetelliA. Di Carlo,NanoEnergy2024 122,109317.
[2] Y. Xu, C.Zhou,X. Li, K. Du, Y. Li, X. Dong,N. Yuan,L. Li, J. Ding, SmallMethods2024 2400428.
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Metal halide perovskites possess unique optical and electronic properties, including high light
absorption, high mobility, tuneable bandgaps and high defect tolerance, making them very
promising for achieving high performance optoelectronic devices. Hedemonstrate examples

of using perovskites as emitters for applications in multifunctional displays and visible light
communications (VLCs).

Firstly, we develop multifunctional displays using highly phgsponsive metal halide perovskite
LEDs (PeLEDs) as pixels. Here, we develop multifunctional displays using highly -photo
responsive metal halide perovskite LEDs (PeLEDs) as pixels followingreuious publicatioft!

With efficient defects passivation in perovskite layers, the red emissive PeLEDs shows an external
guantum efficiency (EQE) of 10% when working at LED model and a power conversion efficiency
(PCE) of 5.34% at photovoltaic modBlue to the strong photo response of the PeLED pixels, the
display can be simultaneously used as touch screen, fingerprint sensor, ambient light sensor, and
image sensor without integrating any additional sensors. In addition, deceritleéctricity
conversion efficiency of the pixels also enables the display to act as a photovoltaic device which
can charge the equipméfitThe multiplefunctions of our PeLED pixels can not only simplify the
display module structure and realize ulthen and lightweight display, but also significantly
enhance the user experience by these advanced new applicatmmh#his is a feature hardly
possible for conventional LED technologli@s.

Additionally, we further demonstrate perovskitebasedvVLCs systemwith PeLEDsandPePVs.

These demonstrations show that perovskite optoelectronics will have special advantages in the
future for high performance and lesost telecommunication devices.
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Figure 1. Displayandtouchcontroldemonstrationsf our PeLEDdisplay.
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MEASUREMENTS

Elnaz Ghahremani Rad,* Enrique H. Balaguera? Abraha T. Gidey and Alexander R. Uht

ITheUniversityof British Columbia,3333UniversityWay,Kelowna,British ColumbiaV1Y5Y2,Canada

2EscueIaSuperiorde CienciasExperimentaley TecnologiaUniversidadReyJuanCarlos,C/ Tulipan,s/n,28933
Mdstoles, Madrid, Spain
elnaz.ghahremanirad@ubc.ca

The stability of perovskite solar cells (PSCs) remains a critical challenge, as they degrade under
real world conditions, leading to significant performance losses. Understanding the physical
mechanisms behind this reduction of efficiency is essentiahfogation. Our study observes a
notable decrease in shiacircuit current density §C) due to degradation. Contributing factors
include the migration of positively charged halide vacari&ieignic redistribution, charge
accumulation at interfaces leading to field screeffingnd intrinsic material instability! These
processes impact charge collection and recombination, introduce hysteresis v toevé and

alter the impedance resporf8eesulting in a doubknductor feature at low frequencies. Negative
capacitance in the impedance response is commonly linked to the inaftedrde hysteresis!

We show how PSC degradation leads to significant current reduction inthehdracteristics,
connects to a prominent inverteid/Jhysteresis with the hallmark of a curve inclination around 0O

V, and causes a doublaductor feature in the impedance respes. A theoreticaimodel
numerically identifies theeasondor this typeof currenthysteresis irdegraded halide PSCs,
providing new insights into significant current reduction upon degradation via Impedance
Spectroscopy. Futurefefts to addresslegradatiorcould focus ondefect passivation, interface
stabilization with robust materials, optimizing device architecture to reduce ionic migration, and
encapsulation techniques to protect against environmental stress. These strategies have the
potential to greatly enhance thalsitity and performance of PSCs over time.

[1] E. HernandeBalaguera, B. Arredondo, C. Pereyra and M.{0amt4i Par amet eri zati on of t |
chemical inductance of metal halide perovskite solar cells exhibiting coqtasee | e me nt Jownalafvi or o
Power Source2023 560, 232614.

[2] J. Thiesbrummel, S. Shah, E. GutierRartida, F. Zu, F. Peff@amargo, S. Zeiske, J. Diekmann, F. Ye, K.P.

Peters, K.O. Brinkmann, P. Caprioglio, A. Dasgupta, S. Seo, F.A. Adeleye, J. Warby, Q. Jeangros, F. Lang, S.

Zhang, S. Albrecht, T. Riedl, A. Armin, D. Neher, N. Koch, Y. Wu, V.M. Le Corre, H. Snaith and M. Stolterfoht,

fi | énducedfield screeningas a dominant factdn perovskitesolar cell operationals t a b NdturetEgedgy

2024 9, 664-676.

[3] C. Gonzales, A. Guerreroand J. BisquBriG pect ral properties of the dynami
perovskitcb ased memri st or e x hi bAppied Rhysicelette@X2i118& capacitanceo
[4] E. Ghahremanirad, O. Almora, S. Suresh, A.A. Drew, T.H. Chowdhury and ARiABhe yond pr ot ocol
Understanding the electrical behavi or AdvdncegpEnergyv ski t e
Materials2023 13, 2204370.

[5] J. Bisquert and A. Guerrero, Chemical Inducfayrnal of the American Chemical Socigf22 144, 5996

6009.
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WRITING WITH LIGHT: OPTICAL EXCITATION -INDUCED MEMORY
IN MIXED HALIDE PEROVSKITES

Marcel Kouwenhoven! Erik Garnett?

IAMOLF, Amsterdam
2University of Amsterdam

m.kouwenhoven@amolf.nl

Mixed Metal halide perovskites (AB¢X x-3)3) are widely recognized as one of the ngsimising
materials for next generation solar cells, lightitting diodes, and photodetectors. They display
great light harvesting properties, tunability, ease of fabrication, low costs, and defect tolerance.
However, their lack of stability under extetrstimuli, such as light illumination, has so far
prevented large scale utilization in devices. One demonstration of this instability is the reversible
halide segregatiombserved in mixedhalide perovskites. Upon illumination, these materials
transition from a homogeneously mixed state to a Amaltidgap configurationyith iodiderich

and bromiderich domainsforming over seconds. Irthis studywe show that, rather than being
merely a drawback, this photoinduced instability can be leveraged for functional device
applications. Specifically, we demonstrate the potential of mixed halide perousKitessedas

optical information storagedevices.By trackingthe photoluminescence (PL) over time under
femtosecond pulsed laser excitation, we show that input dependent optical excitation induces
controlled and reversible segregation, leading to distinct PL wavelength #Hiftencode
excitation  parameters. First, we track the PL of MAPbEBR): and
C.0{FA08dMA0.17)0.9Pb(Bho.slo.s)3 over time for different excitation conditions. We show that
varying the laser pulse repetition rate between 10 kHz and 40 MHz for a range of average
excitation intensities between -@etertnined¥ates ofd 30
halide segregation in the perovskite. Second, we show that aftemgwinformation into the
perovskitejt displayslong retentiontime, allowing for the informationto bereadout with atime

delay. Finally, by heating the sample, demonstrate that the halidegregation can breversed
quickly, essentially erasing the written information. Our findings highlight the potential of
perovskites for higldensity, rewritable optical memory and neuromorphic computing, utilizing
their intrinsic dynamic responses for ngeneration photuc technologies.
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UNRAVELING ION TRANSPORT AND ELECTRONIC STATES IN
PEROVSKITE THIN FILMS USING MOVING GRATING TECHNIQUES

FedericoVentosinos'? Mateo Tentor,? Javier A. Schmidt? Henk Bolink?*

tUniversityof Valencia,Spain
2Institutode Fisicadel Litoral, Argentina

venfe@uv.es

lon migration is a defining characteristic of metal halide perovskites (MHPs) and a major
contributor to the instability of perovskite solar cells. Understanding this phenomenon requires
accurate characterization of ion concentration, mobility, and activanergy. In this work, we
demonstratéow theMoving Grating TechniquéMGT)®! can providenot only thedrift mobility

and recombination lifetime of free carriers but also insights into ion transport and the density of
states (D.O.S.) in perovskite thiilms.

Previous studiéd haveshownthatMGT measurementsxhibit a high-frequencypeakassociated

with photocarriers, as well as a ldvequency peak attributed to ion motiShHere, we reporthe
observation of a third peak at even lower frequencies (see Figure 1). By solving the transport
equationd accounting for the D.O.S., ion contributions, and multiple recombination patdways

we attribute this additional peak to defects within the D.O.S.

Our findings highlight MGT as a versatile and powerful tool for probing critical transport
propertiesn perovskitefilms, offering valuableinsightsinto carrierdynamicsjon migration,and
defectrelated phenomena.
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Figure 1. MGT curve measured for a triple cation formamidinium based(82).2Pb(10.9Br0.1)3) wide band

gap perovskitehin film. Threeclearly visible peaksare seenFromlowerto higherfrequencytheseare relatedto
D.O.S. defect states, lon”s mobilities and concentration and free carrier dynamics.

[1] U. Haken,M. Hundhausen,. Ley; Appl.Phys.Lett 1993 63, 3066.
[2] F Ventosinosetal., J. Phys.D: Appl. Phys.202Q 53 415107
[3] N. Korneevetal., Appl. Phys.Lett. 2024 124, 011104.
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ANTI-STOKES OPTICAL COOLING INCSPBBR / CDOP-BIBR
CRYSTAL PEROVSKITES: EXPLORING THE POTENTIAL AND
FUNDAMENTAL LIMITS

Yasuhiro Yamada,! Takeru Oki,! Takumi Yamada? Shuheilchikawa,® Kazunobu Kojima®
and Yoshihiko Kanemitst?

1Graduate School of Science, Chiba University, Japan
2Institute of Chemical Research, Kyoto University, Japan
SGraduateSchoolbof engineeringOsakaUniversity,Japan

yasuyamada@chiba.jp

Halide perovskites possess a unique combination of high photoluminescence (PL) efficiency and
strong electroiphonon interaction8;?l which are rarely found together in conventional
semiconductors. Among the intriguing applications enabled by these properties is optical cooling
via antiStokes photoluminescence (ASPL). In ASPL, PL photons have higher energy than
excitation light. If theexternal PL quantum efficiency is 100%, the material loses its internal
energy through photoabsorption and subsequent ASPL, resulting in optical cooling. While rare
earthdoped crystals have demonstrated AS cooling down to cryogenic temperatureseéhkeir w
optical absorption limits the cooling performance. In contrast, halide perovskite semiconductors
offer both strong light absorption and efficient ASPL, making them promising candidates for
optical cooling materials. However, it is still difficult toraeve and maintain the neanity PL
guantum efficiency required for AS cooling.

Il n this study, we focus on a novel perovskit
(QDs) embedded in a Cs PbBr hoigdr yesrtyasltoa | s t(r(
exhibits neawunity PL quantum efficiency and improved photostahififf To evaluate the
cooling potential of this system, we performed tirasolved PL spectroscopy. In particular, we
investigated the role of Auger recombination, an intrinsic nonradiative process in QDs under
intense excitation. From the excitationiensity-dependent PL dynamics, we quantified feger
recombination rate and determined the optimal excitation conditions for maximizing cooling gain.
Based on these results, we estimate the upper limit of cooling power to be approximately 2 fW per
QD.

Finally, we experimentally demonstrated optical cooling by applying continwaus laser
excitation to highly luminescent CsPbB# / Cs
Temperature changes were evaluated using a newly developed PL thermometry technique with
an accuracy of ~1 K. Under optimized conditions, we observed a temperature reduction of
approximately 9 K, providing thiérst clear evidence of optical coolimg halide perovskite QDs.

These findings highlight the unique advantages aflbglerovskites for optical cooling and clarify
fundamental limitations stemming from Auger recombination. Our work offers a viable route
toward lightdriven solidstate cooling and opens new possibilities for thermally managed
optoelectronic devices based perovskite materials.

Part of this work was supported by the Asahi Glass Foundation, JSPS KAKENHI (Grant No.
JP25K01649), and JSTREST (Grant No. JPMJCR21B4).

[1] Y. Yamada etl., Phys.Rev.Lett 2021, 126 237401.

[2] Y. YamadaandY. KanemitsunpgAsiaMater.2022 14, 48.
[3] Y. Kajino etal., Phys.Rev.Mater. 2022 6, L043001.

[4] Y. Yamada eé&l., NanoLett 2024 24, 11255.
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CHEMICAL VAPOR DEPOSITED HIGHLY CRYSTALLINE CsPbBr
FILMS FOR ENHANCED BROAD-RANGE PHOTODETECTION WITH
ULTRA LOW DARK CURRENT

RoelVandenBrande,! Sudipta Seth}! Elke Debroye*

1Department of chemistry, KU Leuven, Belgium
roel.vandenbrande@kuleuven.be

CsPbBr has attracted signi fi can tperfoartaice nt i ©
optoelectronic applications, including-rdy detection, owing to its superior charge transport
properties, long carrier diffusion lengths, broad light absorption, amelable bandgaf. In
particul ar, CsPbBr has demonstr at-eodt hggh r ong
sensitivity direct Xray detectors, surpassing current market standards limited by pomy X
absorption or expensive processing meth8ds.

I n this presentation, [ wi || focus on the f
built chemical vapor deposition (CVD) system (Figure 1). Unlike conventionatcspiting
techniques, this solvedffitee vapotphase approach significantly remhs crystal surface defects

and enhances film uniformity. | will elaborate on the impact of different CVD settings and
substrate. Structural and optical characterization reveals that these films exhibit unprecedented
guality compared to wet synthesis meatho Xray diffraction (XRD) confirms phasgure
CsPbBr formati on, bot h di r e csynthgsized rcrgstals, pr e
demonstrating the reproducibility and versatility of the CVD technique. Scanning electron
microscopy reveals large grainzes (~20 um), while timeesolved photoluminescence
spectroscopy demonstrates extended luminescence lifetimes of up to 45 ns.

To evaluate their practical applicability, premffconcept photoand Xray detectors based on
these films have been devel oped. -hhsed devicel 00
exhibits a signato-noise ratio (SNR) of 5*1Dunder a bias voltage of 5 V. The ultralow dark
current of sukpA is proof of the improved quality of the thin films. Notably, devices maintained
performance and stability over several days of continuous operation (bias voltage of 5 V). These
findings posiionCVD-g r o wn  Gas @ighB/ipromising platform fonextgeneration, stable
(high-energy) radiation detection technologies.

1 I > T
- I i i vacuum
Ar gas \ pump

4’ | N —a
precursor(s) I Evaporation I Deposition substrate

Figure 1. Schematicepresentatiorof the CVDtechnique.

[1] ClinckemalieL., fiPhaseEngineeringCompactand Flexible CsPbBg Microcrystal Films for Robust XRay
Det e cXNatenGhemC 2024 12(2), 655663.

[2] ClinckemalieL., i Ch a | |laedogpertanitiesfor CsPbBg Perovskitesn Low- and High- Energy Radiation
Det e cACSEnergylLetters2021, 6(4), 12901314.


mailto:roel.vandenbrande@kuleuven.be

ENERGETICS AND DEFECT LANDSCAPE OF SOFT-SPUTTERED S n O
IMPLICATIONS FOR PEROVSKITE SOLAR CELLS AND LOW -
LEAKAGE PHOTODETECTORS

Sownder Subramaniam,*??Yinghuan Kuang,!Isabel Pintor Monroy,* Tom
Aernouts,!® Jef Poortmans??3Jan Genoé-?

limec,imo-imomecBelgium
2KU Leuven, Leuven, Belgium
3Energyville, imemomec, Belgium
sownder.subramaniam@imec.be

SnQy is apromising electroransport layer (ETL) foimverted [iii n perovskitesolar celld? but

the scalability of commonly used atomic layer deposition is limited by precursor cost and low
throughput. We explore sputtering as a scalable alternative, studying the impact of sputtering
power,pressure an@>/Ar ratio inthe plasma on Snptoelectronic properties and demonstrate

its application in solar cells and photodetectors.

X-ray photoelectron spectroscopy (XPS) and ultraviolet photoelectron spectroscopy (UPS)
measurements reveal improved conduction band alignrenid bet ween SnO | (
perovskite at higher sputtering pressures, while the film remains sub i chi omet r i c
1.74). Although this points to oxygen deficiency and urabardinated Sn species (defects), the
capacitancevoltageprofiling (Fig.1b) revealghatdepositingathigherpressuréandconsequently

higher power) suppresses trap state formation. Devices usingthittré3 n m) SnO i
C /| SnO bilayer ETL HKgllgwca mpac et tme rLfi &/ l@an
Incontmst, thi ckeib5nBnr&ultinlShapedrcarenfoltade (JV) curves, likely

due to charge buildup and transpdenV-d)ofas t at i
depositedSnOx.Thin layersreducethe transporpath, mitigatingtheseeffects.Notably,the same
substoichiometric SnOx exhibit strongly suppressed leakage currefit Akfin? at -0.5V)3
favourable for photodetector applications requiring low dark current. We hypothesize that higher
pressuregeducesnergetialamagdo the substratewhile increaseg@owerhelpin densificationof

thefilms. Currenteffortsfocuson substratdeatingandpostannealingo enhancemobility. These

findings underscore key procépsopertyper f or mance rel ati onsédi ps
potential in perovskite solar cells and photodetectors.
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Figure 1 (a) Energylevelalignmentof sputteredSnCx with otherlayers,(b) Capacitancessfrequencyplotsfor

different SnQ@ (Power /Pressure /@flow rate), (c) JV curves comparison with reference ETL.
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GRAPHENE OXIDE DOPING BOOSTSEFFICIENCY OF PEROVSKITE
SOLAR CELLS WITH CARBON ELECTRODE TOWARDS 24%

Yudi Wang,! Zonglong Zhu,? Yantao Shtt
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2City Universityof Hong Kong China
wangyd@dlut.edu.cn

Carbonbased perovskite solar cells-ESCs) processed at low temperature are gaining attention
due to their enhanced stability and eelectiveness. However, these benefits are typically offset

by inferior device performance stemming primarily from ie@ate charge transfer between the

hole transport layer (HTL) and the carbon electrode. Herein, we introduce a novel approach
utilizing graphene oxide functionalized with carboxyl groups {GOOH) to efficiently dope the
Spiro-OMeTAD, simultaneously fadthting interfacial charge transfer and immobilizing thé Li

ions, thereby improving device performance and stability. Mechangtidy elucidates the
valence electron transfer between GOOH and SpirdDMeTAD, as well as the delocalized
electron of GGCOOH enablesthepopi ng wi t hout oxygen ex-posur
" conjugated HTL/ car bon-Cibondsallowsahe éxationTo reobile o r me
Li* ions for enhanced device stability. The resultin§@®Cs achieve a record power cersion
efficiency (PCE) of up to 23.7% (certified: 23.08%) with exceptional operational stability. This
work remarks aignificant breakthrough in improving the performance é?®Cs processed at

fully low temperature to catch up with PSCs with metal electrodes.

0, doping GO doping

P H U i VA HHRNNTs o F b bt R OGAAACAAAAACACAAAAGAIOE
EAGAAOTIAAAGACIE S EEE rv:vanvrPerovsklt AAAAAAAAAACAAAIAFAAAAAOE
AadAS A Al sl s sl nld A ASAAAL AL sl ld

Figure 1: A schematicshowingthatconventionalD2 dopingis time-consumingandleadsto perovskitedegradation,
while GGCOOH doping achieves rapid oxidation and Li+ fixation as well as conjugated interfacial contact.

Acknowledgement2he authors thank Shaik M. Zakeeruddin and Michael Grétzel for their help with the initial phase
of preparation of this manuscript. The work was supported by the National Natural Science Foundation of China
(22109019, 52272193).
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MOLECULAR ENGINEERING OF ORGANIC AND HYBRID
MATERIALS FOR HIGHLY EFFICIENT AND STABLE PEROVSKITE
SOLAR CELLS

Alex Jen

Department of Materials Science & Engineering, City University of Hong Kong
alexjen@cityu.edu.hk

A novel strategy has been developed to reduce the photovoltage loss dfawdigp (WBG)
perovskite solar cells by constructing a localized 2D/3D perovskite heterojunction at the buried
interface through intricate Lewis aemhse interaction betwedmleselectivesel-assembled
monolayer §AM) and organic ammonium ligand§his not only significantlyreduced defect
densitybut alsofacilitated charge extraction and perovskite crystallization without compromising
bulk optoelectrical properties of 3D perovskildese led to a record,30f 1.382 V for 1.79 eV

PSC, whichexceeds 90% of its Shockk&yueisser limited valuerhe device retained 95% of its
initial PCE (20.3%) after maximum power point trackingdeer 700 h.By integrating tis WBG

PSC wih an organic rear subcell,peerovskiteorganic tandem celvas fabricated to achiewae
recordhigh PCE of 27.11% (certified 26.3%).

Regarding the development of regular bandgap PS@&sgral novel interface and additive
engineering approaches have been implemented, like polyoxometalates (POMsg@midifing
clusters to enable PSCs to achieve very RGE (> 27%) and excellent stability. Moreover, new
multifunctional redox additives have also been developed for their incorporation in Pb/Sn binary
perovskite devices to overcome the crystallization and oxidation issues that strongly hinder the
developmenof highly efficient and stable narrow bandgap PSCs. Their integration with a WBG
perovskite subcell to form-Z tandem devices has achieved a redogth PCE of 30.1% with

good operational stability.

l1.ARedox Mediator Stabilized Wi de BaQrghgiaTanddmer ov s
Sol ar Cel |l so, S. Wu , Y. Yan, J . YYi Jan Natire Endrgya n g ,
2024 9, 411.
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Chu, Nature Photonics2024 18, 1243.

3.iMol ecul arly tailorable metal oxide clusters er
solar cell so, F. Li, C. Zhao, Y. Li, Z. -XYhang,

Jen,Sci. Adv,.2024 10, eadq1150.
4. A Hy d r o g eBnidgeB dnteminediate for Perovskite Solar Cells with Enhanced Efficiency and

Stabilitybod, F. Li, X. Deng, Z. Shi, S.-HWang, Z. Z
F. R. Lin, SW. Tsang, X. K. Chen, and A. ¥.. Jen,Nature Photonics2023 17, 478.
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INTERFACE ENGINEERING OF PEROVSKITE SOLAR CELLS

Silvia Colella

CNRNANOTEC)|nstituteof NanotechnologyBari, Italy
silvia.colella@cnr.it

The control of interfaces in perovskite solar cells is a central lever for improving charge
extraction, reducing recombination losses, and enabling high device performance.

We reporton two unconventionaktrategiedor modifying the surfaceof variousperovskite
compositions.The first exploits molecular passivation by using compounds capable of
generating lighinduced zwitterionic states, such as polychlorinated Thiele hydrocarbons
(TTH) .[ 1] These stable singlet diradical oi d:
devices, simultaneously ensure efficient Pb passivation through chlorine substituents, favorable
energy level alignment, and a photoinduced dipole effect. Altogether, these featlues
interfacialresistanceandenablea markedenhancemertf the opencircuit voltagein inverted

solar cells. The second strategy relies on plasased processes, which provide solvese,

scalable, and versatile means of tailoring the perovskite surface.[2] Different gas plasmas,

i ncl udi ng A Fcontaihing atmosphieres wareplared on both Rbased and Rb

free perovskites. Among the most notable effects, Ar plasma was found to reduce defect density
in MAPDbI ,[3] while N pl asma effectibely s
thereby improvingboth device stability and performance. Interface engineering through
molecular modifiers and plasma treatments can be tailored to different perovskite compositions,
however it remains highly specific to each material system and thus a key determinant of th
future development of perovskite solar cells.

References:

[1] F.RussoS.Masi,V.Tedeschil.Gregori,G.Ventruti,E.Mosconi,F. De Angelis,G.M. Farinola,
F.FracassiD.Blasi,|. Mora-Sero, A. Listorti, S. Colellad Si ngl et di-typaphssivaingoi ds as
interlayer for CsPbl3 perovskite solar cell séb, ur

[2] V. Armenise S. Covella,F. FracassiS. Colella,andA. Listorti, 6 P | aBasadl echnologiedor Halide
Perovskite 3ardRRL02024,Iddi: 40.1602/60lr.202400178.

[3] A. Perrotteetal., 6 P | aDyivemAtomic-ScaleTuningof Metal Halide PerovskiteéSurfaces:
Rationaleand Phot ov ol tSalarKRRLREP, Hoi: £0d00R/swIin202300345.

[4] S.Covellaetal.,6 P | aBagsadodificationof Tin Halide Perovskitdnterfacedor Photovoltaic
Applicationsé,
ACSAppliedMaterial & Interfaces2024,doi: 10.1021/acsami.4c09637.

[5] S. Covellaetal., manuscripin preparation.



MATERIALS THEORY OF HALIDE PEROVSKITES
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Halide perovskites are a versatile class of materials with tunable photonic, electronic, and spin
related properties, making them promising for applications from solar energy to quantum
technologies. Their soft, ionically conductive lattice and chemi&dildility enable tailored
functionalities and seamless device integration. Our group appliepriimstples simulations and
machine learning to uncover the structym®perty relationships that influence performance and
stability.

A key focus is the chemistry and physics of defects, which play a central role-tetamgtability.

We model defect formation and migration pathways, and propose strategies such as compositional
tuning and surface passivation. In parallel, we explonaldy in hybrid perovskites, examining

how chiral ligands induce spselective effects like chiral induced spin selectivity (CISS) and
enhance chiroptical responses, paving the way for spintronic and chiral optoelectronic devices.



PEROVSKITE MICROSTRUCTURAL DISORDER

Yuanyuan (Alvin) Zhou?
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Hybrid perovskites are a class of emerging semiconductors that have shown great promise
for low-cost, printable solar cells and optoelectronics. Regardless of the numerous, swift
developments of perovskite devices in the recent decade, the field sslbdaglantitative
materialsscience understanding of these fascinating solids. In this context, while the long
range or shortange microstructural disorder is known to affect the overall performance of
perovskite solar cells and optoelectronics, it remésns incognita worthy of halepth,
systematic exploration. In my talk, | will elaborate on two key types of microstructural
disorder, interfacial nangroove, and intr&rystal disorder, which show nontrivial effects

on carrier injection, chemical staibyl, and device reliability of perovskite. We then
translated our fundamental understanding of such microstructure disorder into the device
practice, innovating material microstructures to enable stable and efficient perovskite solar
cells. This researctsia prototype fopavingthe way towardtheorydriven, predictable
processing/synthesiesr morecommercially viable solar cells and optoelectronics.
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LASING IN 2D PEROVSKITES:
THE CRITICAL ROLE OF COMPOSITION AND STRUCTURE

Daniele Cortecchial?

1 Departmentf Industrial Chemistryfi T oM @n t a rUaiversiyaf Bologna,40129,Bologna,ltaly
2 ltalian Instituteof TechnologyCenterfor NanoScienceand TechnologyMilan, 20134 Italy

daniele.cortecchia2@unibo.it

Low-dimensional metal halide perovskites are attracting great interest for photovoltaics and
photonics. In particular, 2D tin perovskites have been shown to have good optical gain
properties which make them promising for applications as coherent ligleesBLOn the

other hand, the ability of leadohsed 2D perovskites to sustain lasing remains highly
controversial, and stable operation at room temperature in 2D perovskite films is still
challenging?

Here we show that both Sn and-Pdised 2D perovskites thin films can achieve amplified
stimulated emission (ASE) and compare their properties as function of temperature and
optical pumping conditions. We f umduaer i nv
characteristics by studying perovskite structures employing different aromatic and
alkylammonium templating cations. By employitig, 1*C, 1°N, 11°Sn and®®’Pb solid state

NMR spectroscopy, we were able to discern the local structural environofghts 2D
perovskite of interest through their characteristic spectral fingerprints.-l&poe
relaxation measurements reveal that the local supramolespadial arrangementsthe
moleculamotionsandstructurakigidity arekeyfactors shaping the energetic landscape of
the material and its luminescence properties.

Our work provides a deeper understanding of the struptagerties relationship of this
class of soft semiconductors to assist the rational engineering of materials with improved
optical properties for lasing applications.

[1] A. L. AlvaradelLeanosetal, ACSNano,2022 16, 12,2067%+20679.
[2] J.Duanetal, AdvancedVaterials,2024 36,2403455.
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TIN-HALIDE PEROVSKITE SEMICONDUCTORS FOR NEAR -
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Annamaria Petrozza
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Light-emitting diodes (LED) with different emission spectra are widely used in our daily life for
a variety of applications. However, due to fundamental restrictions ofdigftting materials, the
development of neanfrared LEDs (NIRLEDS) is still moast. Recently, solutieprocessed tin
halide perovskites (THPs) have emerged as one of the most promisiagntigitmg materials for
NIR-LED applications. Here, first, how the defects chemistry of THPs affects the light emission
efficiency of the semicatuctor will be presented. Then, efforts in materials engineering to design
and master the electronic properties of THP films will be discussed. In particular, a facile yet
highly effective strategy will be presented to master the defects activity in TyH&sviloping
selfencapsulated tihalide perovskite films. The resulting film exhibits a significantly reduced
trap density and mitigated-goping density such that it is exploited to boost radiative charge
recombination to reach a photoluminescence aqunantield approaching 50%. Leveraging these
advancements, NHREDsdemonstrate a peak external quantum efficieafcy12.4%,
accompanied by a substantial improvement in operational lifetime.
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VAPOR PHASE DEPOSITED PEROVSKITE SOLAR CELLS.

Henk J. Bolink,*

! Instituto de Ciencia Molecular, Universidad de Valencia, C/ Catedratico J. Beltran 2, 46980 Paterna (Valencia),
Spain.
henk.bolink@uv.es

| will report on the progress on vapor phase deposited perovskites, including novel low vacuum
based deposition methods such as efgpmee and vapor transport sublimation. The integration of
these perovskite in single and tandem type solar cells willidmigbed. Also the performance
evolution of these films and devices under accelerated and outdoor stress conditions will be

presented.
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EVALUATING 10x10CM? PEROVSKITE MODULE DURABILITY:
PERFORMANCE UNDER IEC DAMP HEAT CONDITIONS
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lwan Zimmermann,! Karim Medjoubi !

Hnstitut Photovoltaiquel 6 {dé-Feance(IPVF), 18 BoulevardThomasGobert,91120PalaiseaufFrance
’EDF Researcl& Development] 8 BoulevardThomasGobert,91120PalaiseaufFrance

cynthia.farha@ipvf.fr

This study investigates the loigrm stability of 10x10 cm? perovskite photovoltaic modules
subjected to accelerated aging under damp heat°@85% RH), following IEC 61215
protocols?! The aim was to limit power degradationto below 5% after 1000 hours of
exposuré? Six modules, fabricated across three production batches, were tested for up to 4150
hours in a climate chamber. Module performance was monitored throMgbharacterization,

optical imaging, photoluminescence (PL) and electroluminescence (EL). As tiasindcigure

1, some modules remained stable or even improved during the early stages of aging, while others
showed significant degradation, with power conversion efficiency losses up to 30%. A key
difference between batches was the perovskite drying method: vacuung wias used for batch
STO08, whereas air knife drying was applied in STOO and STO05. Notably, the vadci@ashmodule
exhibited an ShapedilV curve after only 500 hours. RRFLS mapping shows dncrease up

to 3% correlated to the ®C enhancement observed iVIcharacteristics. Bandgapapping
revealed no changes in the perovskite composition over time, thereby ruling out moisture ingress
as a contributing factor in the degradation mechanism. Using EL imaging, heterogeneous
degradation was observed, sudgmsthe occurrence of electrode degradation. This mechanism is
the primary contributor, notably influencing the fill factor and charge extraction pathways, and it
may be responsible for theshaped distortion observed in th¥ turves. PL at both OC ar&C

will be presented for different perovskite stacks showing the charge extractions efficiency
evolution through DH. This work confirms the potential for perovskite modules to remain stable
under harsh conditions but also underscores the critical infuaindrying method on perovskite
thermal stability. In addition, using advanced characterization techniques, is essential to better
understand the degradation mechanisms and proposing pathway for enhancing the stability of the
perovskite PV technologies.
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Figure 1. PerformanceEvolutionand DegradationAnalysisof PerovskiteModulesUnderDampHeatAging

[1] M. V. Khenkinetal.,hi Consensus statement for stability assess
photovoltaics bas bda Ememny20265A5 3589, doc Hd088/s4156019 0529

5.

[ 2] M. Kentges, S. Kurtz, C. PRaftrrmancd and kliabiliyathn, K. A
photovoltaic systems: subtask 3.2: Review of failures of photovoltaic modules: IEA PVPS task 13: external

final report IEAPVPS 2014 Sankt Ursen: International Energy Agency, Photovoltaic Power Systems

Programme, doil0.2314/GBV:856979287.
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ELECTRON AND HOLE SELECTIVE SELF-ASSEMBLING
MONOLAYERS FOR PEROVSKITE SOLAR CELLS

TadasMalinauskas, Lauryna Svirskaite, Mantas Marcinkas, Vytautas Getautis

Faculty of ChemicalTechnologyKaunasUniversityof Technologylithuania
tadas.malinauskas@ktu. It

Introductionof the materialsforming hole selectiveselfassemblednonolayer(SAM) madea
significant contribution towards development ei-p architecture perovskite solar cells (PSCs).
Applying small but important structural changesresultedin a steadyincreasein p-i-n PSC
performanceCombinedwith conformalcoverageminimal parasiticabsorptionandlow material
consumption, SAM HTMs became an important research subject for optoelectronic applications,
suchas hybrid and organic photovoltaics,perovskite/silicontandemsor organic light-emitting

diodes. These materials effectively combinetwo functionalities: a hole-selectiveunit and a
phosphonic acid group that facilitates monolayer formation. While this general strategy has been
alsousedwith electronselectivechromophoresprogressn this areahasbeenhinderedby the

limited availability of suitable chromophoresand their challengingproperties,such as low
solubility.

Recent advancements with nfullerene acceptors have demonstrated potential of alternative
chromophores, inspiring new approaches in development of elesglective monolayers
(eSAMs).

To improve performance of both hole and electron selective materials, we are focusing on the
molecular design of the compounds. This includes optimizing the central core as well as
modificationof functional groups attached to it.tlee currentvork wedemonstrate newlectron
selective and hole selective materials suitablediep and pi-n architectures as well as for various
perovskite compositions.

AcknowledgementsThe PEPPERONI Project No. 101084251 is acknowledged. This projecfusaed by the
European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or the European Climatigastructure and Environment Executive Agency (CINEA).
Neither the European Union nor the granting authority can be held responsible for them.

[1] HaoChenetal., Science2024 384, 189 193.

[2] https:/www.freethink.com/energy/tandesolarcell.
[3] M. J o &tdl., ACSEnergylLett.2022 7, 1298 1307.
[4] K. O.Brinkmann efal., Nature2022,604, 280" 286.
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PIONEERING METAL -FREE PEROVSKITE SOLAR CELLS:
ENHANCING CARBON ELECTRODE PERFORMANCE THROUGH
POST-LAMINATION TREATMENTS
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Fraunhofer Institute for Solar Energy Systems (ISE), Germany
2MaterialsResearctCenter(FMF), Universityof Freiburg, Germany

hadi.mohammadzadeh@ise.fraunhofer.de

Perovskite solar cells (PSCs) have emerged as a breakthrough technology, achieving efficiencies
comparable to silicon photovoltaiés However, their reliance on metal top electrodes, such as
gold (Au), introduces challenges related to cost and-terg stability. Carboibased electrodes

offer apromisingalternativeto overcomehesechallengesNevertheless;onventionableposition
techniques, such as blade coating, often face solvent incompatibility with underlying charge
transport layers, limiting eifiency and reproducibilit{-!

In this study,we explorealaminationbasedapproactwherepre-driedcarbonfilms areappliedto
perovskite haHcells. This technique mitigates solvertated issues, leading to increased epen
circuit voltage and photoluminescence intensity. However, laminated carbon (CLam) electrodes
exhibit a larger series resistance, negatively impactingfithé&ctor and power conversion
efficiency (PCE). To address this, we introduce a -faysination solvent treatment and
demonstrate that-wylene significantly reduces the series resistance, achieving a PCE of 21%, as
one of the highest efficieres reported for carbemased perovskite solar cell (CPSCs) with almost
zero hysteresis. In comparison, devices with Au electrodes reached a PCE of 23.1%.

While the lamination process itself may not yet be ideal for direct industrial implementation, this
study provides a crucial step toward developing scalable, stable, andneefECs. The insights
gained from this work contribute to the broader goahafieving coseffective and sustainable
photovoltaics, highlighting the potential of pgsbcessing treatments to overcome limitations in
laminated carbon electrodes. This advancement brings the field closer to commercially viable
CPSCs, reinforcing therole in the future of renewable energy.
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Figure 1: JV curvesof perovskitesolar cell with AuandCLamelectrodes.

[1] NREL BestResearctCell Efficiency Chart.https//www.nrel.gov/pv/celefficiency.html(27 March2025)
[2] M. Hadadiangtal., EnergyEnviron.Sci.202Q 13, 1377%1407.
[3] D.Bogachuketal., Adv.EnergyMater.2022 12(10) 2103128.
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LATTICE AND PHOTO-STABILITY OF METAL HALIDE
PEROVSKITES: A COMPUTATIONAL PERSPECTIVE
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Metal halide perovskites are outstanding materials for photovoltaics due to their excellent
optoelectronigropertiesandthe tunablebandgaps!!! Despitethe very high efficienciesprovided

in solar cells, 26% for leadased perovskites, one of the most critical issues to be addretised is
limited longterm stability of these materials. The elaboration of successful strategies aimed
improving the stability requires a deep understanding of the degradation mechanisms for the
different chemical compositions.

In this presentation, based on DFT simulations, we provide a theoretical perspective about the
degradation mechanisms of metalide perovskitessthe chemical composition (RisSn, Ivs

Br), by focussing on the defeattivated lattice instabilities and the phakegradation of the
materials. Potential strategies to increase@ng stability will also be discussed.

I> expulsion is a critical photdegradation path in leaddide perovskites. The computational
analysis of the defect chemistry highlights that the plleigradation process is activated by the
photooxidation of iodide and it is strongly correlated witle tthermodynamic stability of the
lattice, with FA beingless photestable than MAthan Csperovskited? Alloying the halide site

with Br improves lattice stability but it does not deactivate iodide pbwigation and thalerived
perovskiteslemix undefight stress. Strategiémsed oheuse of passivatingiolecules to reduce
defect density and limikInucleation at the surface will be analyzed, as well as the impact of the
molecule dipoles on the electronic levels at the interface.

On the other hand, in Srased low band gap perovskites, tin oxidation is the main process limiting
the stability of the material. Beside direct oxidation by oxygen which can be prevented by
encapsulation, tin oxidation is triggered by hole trapping astinkace as a response to the high
p-doping in the bulk Defect analysis highlights that the organic cation does not sensibly impact
the stability of the acceptor defects responsible for tdeging, which is mainly modulated by

the metal. Computatioitg designed strategies based on trivalent ion doping and the use of Sn(IV)
chelating agents upon synthesis to redudeging will be discusseld.

AcknowledgementsFunded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union or CINEA. Neither the European Union
nor the granting authority can be held responsible for théALHALLA project has received funding from Horizon
Europe Research and Innovation Action programme under Grant Agreement n° 101082176.

[1] Greenretal., iThe Emergencef Perovskite Sola€ e | Nas.Bhoton.2014 8 (7), 506 514.

[2] Zhou et al,, iHow Photogenerated, Inducesl R Phade Formatiorin Lead Mixed Halide Perovskites.
Advanced Material2024 36 (1), 2305567.

[3] Gregoriet al., iQuantifyingthe Effect of Interfacial Dipoles on the EnergyLevel Alignment of MetaHalide
Perovskite® ACS Energy LetR024 9 (11), 53295333.

[4] Gregori et al., ACombining Trivalent | o n D evithi Halige Alloying to Increasethe Efficiency of Tin
Perovskite® Small2024 2403413.
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SCALABLE FABRICATION OF EFFICIENT FAPDbI3 PEROVSKITE
SOLAR MODULES USING GREEN SOLVENT -BASED INKS
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2 EDF, ElectricitédeFranceR&D, 7 BoulevardGaspardMonge,91120PalaiseaufFrance.
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High-performance perovskite solar cells (PSCs) are traditionally fabricated using toxic
solvents and inert atmosphdyased spitoating, which hinder scalable, efteendly
manufacturing" To address these limitations, we developed a greerdxiaity, volatile
solventbased ink forformamidinium lead iodide (FAP¥, a promising lowbandgap
perovskite materiaf:® Thisformulation enables slatie coating under ambient conditions,

a method compatible with largescale production®? We investigatedthe influence of
additives on the structural and optoelectronic properties of FAPBI thin films.
Characterization through hyperspectral photoluminesa@a@ping (e.g., QFLS, bandgap,
Urbach energy) and electrical techniques (KPFM, SPV, EL) demonstextadednon
radiativerecombinatiorand improvedreproducibility acrossfilms and complete devices.
These enhancements directly result from the green solvent processing route, which
facilitates more uniform film formation and improved defect passivation. Using this
optimized ink, we achieved PSCs with >19% power coneersificiency on small areas
(0.09 cm?) and >16% for seriggerconnected minimodules (64 cm? aperture area). Our
results demonstrate the feasibility of scalable, environmentally responsible perovskite
fabrication using green solvents. Furthermore, tiveld@ed semtransparent minimodule
architecture presents a promising platform4derminal tandem integration with silicon

photovoltaics, pushing forward the commercial viability of ngemeration solar
technologies.

Modularization of Solar Devices

Perovskite Ink
in Green Solvents

Figure: Schematicepresentatiorof theoperair basedslot-die coatingprocessrom greensolventbased
perovskite ink and the modularization of perovskite solar devices.

[1] S. Sidhik, Science2024 384(6701),1227-1235

[2] S. K. PodapangiRSCAdv. 2023 13(27),18165 18206.

[3] S. Masi, ACSEnergyLetters202Q 5(6), 19741985

[4] R. PatidarMaterialsTodayCommunication202Q 22, 100808.
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DMSO-FREE MIXED TIN-LEAD PEROVSKITE SOLAR CELLS WITH
ENHANCED STABILITY
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Mixed tin-lead halidgperovskitesarepromising candidates féow-bandgap solacells in tandem
architectures. However, their practical application is hindered by poor stability, often aggravated
by solvent residues and uncontrolled oxidation of SRurthermore, the conventional solvent to
process these materials, dimethyl sulfoxide (DMSO), can be reduced in the presence of iodide
ions, generating in turn iodidgased oxidant species that can further degrade Sn(ll) perovskite
materialt:-?!

In this work, we present a DMSfoee fabrication route for mixed tilead perovskite solar cells

that enables operation under maximum power point tracking (MPPT) for over 1000 hours with
minimal efficiency loss. Our approach employes MACI as an additivembination of XPSand

EDX analyses reveal that Glccumulates at the film surface, likely forming a tirychloride

layer via interaction with surface Sn and O species. This layer acts as a passivation barrier,
suppressing oxygen adsorption, preventBig* oxidation upon ambient air exposureand
mitigating photoinduced?2l expulsioni a known degradation pathway in halide perovskites

leads to device instability under operation. These findings highlight the critical role of interface
chemistry and processing conditions in achieving {tamg stability in lowbandgap perovskite

solar cells.

[1] Saidaminowetal., ACSEnergyLett.202Q 5, 4.
[2] Pascuaktal., ChemEur. J. 2022 28, 12.
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FULLY ECO-FRIENDLY SOLVENT STRATEGIES FOR SCALABLE,
HIGH -PERFORMANCE PEROVSKITE SOLAR CELLS
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Figure 1. Schematics of PSCs using different solvent proceastsic solvents anb, all-green solventg,
Hanserspherefor the perovskiteprecursorwhereeachaxisrepresentsl i s p e r spolarf U @gidPydrogen
bondi ng (diDéyice pedarmaercss.of PSCs fabricated with toxic andrakn solventsg, PCMs

fabricated by all green solvents.

The commercialization of perovskite solar cells (PSCs) remains limited by the environmental and
health risks associated with toxic solvents used during fabricd&tion this study, we present a
fully green sol v e-swaerolacjoset(@Vin andaimehylsdfoxideo(DMSO)

for the formation of perovskite active layers. Solvent selection was guided by Hansen solubility
parameters and further supported byation energy calculation& VL facilitates thedissolution

of formamidinium, while DMSQOenhances the solubility of lead halides, jointly enabling the
formation of uniform, crystalline perovskite films with low trafate densities. This green solvent
system was extended to the processing of surface passivation afthhspmrt layers, witl2-
methyltetrahydrofuran employed to enhance charge carrier extraction. Devices fahrstated

this all-greenapproachachieveda powerconversiorefficiency (PCE) of 24.61%, comparable to
benchmark devices processed with conventional toxic solvents. Notably, the scalability of the
system was demonstrated by achieving a PCE of 21.71% over a 23.@&tiva?area. Life cycle
assessment (LCA) indicates a substantial reduction in both environmental burden and human
health impact, supporting the viability of this solvent system for sustainable;sizatpe PSC

manufacturing. This work provides a scalabid @ceconscious pathway toward higlfficiency
perovskite photovoltas.

[1] Kim, H. J.etal., i GreenSolventStrategiegoward SustainabldPerovskiteSolarCellFabr i cat i on. 0 So
2024 8(5).
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Despite the high efficiencies achieved in perovskdsed applications, further advancements are
limited by considerable defect densities throughout the perovskite thin films, including the bulk,
grain boundaries, and interfaces. Various passivationegtest have been applied to alleviate
defect densities and suppress chasgmbination. Although the concepts of defect formation
and passivation are widely investigated and implemented in schdged methods, their
development in vapedeposited perakite devices is less explored. Vapor deposita@n
perovskite®offersbenefitssuchas enhancefilm uniformity, improvedcontrolover stoichiometry

and morphology, and the potential for lasyea highthroughput processing.

In thiswork, we depositheperovskiteby thermalco-sublimationof its precursosaltsand monitor
thepropertieof theperovskitefilm by in situ photoluminescencgpectroscopywith this method,

we can obtain information on growth dynamics, optoelectronic properties, and defect formation in
real time. This approach provides direct information on the-radrative defect density
evolution™? Moreover, it offers direct insights into the interface and bulk passivation strategies
employed. We believe that this réathe study offers a promising pathway toward effective defect
mitigation and enhanced device fabrication optimization.

Figure 1. Schematicef experimentasetup

[1] V. Held, ACSAppl. Mater. Interfaces2024 16(27),35723 35731.
[2] V. Held,J. Phys.ChemLett.2022 13(51),11905 11912.
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