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Identification of solid state nucleation
mechanism of Two—Dimensional
perovskite and optimization of
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Perovskite solar cell device?] &3 <k 7AES 43 3D
perovskiteo]] H]&] AtfFH O =2 <l Ao] 2 2D perovskiteE 0]
AFEE = ol BAEE a1 9tk 53] 3D perovskite layer$ell
2D perovskite layer®E capping layer® AME-3$F %+ 3D perovskite
layer?] W defect2 =°]1 SHIAS = 4+ Qo dAddE B
AT7F olHA L ATk AF7HA ol gt Fx2E AlFsks WHOE 2D
perovskite precursor £NS spin coatings E3 3D perovskite
layer 9lol 2D perovskite layerE A #sl= HbAlo] 71 wWo)
A8 9tk 78y 2D perovskite precursor® @.]] 5o
AbgsteE A2 34 34 F 3D perovskite layerel =73
A3F= 2D perovskite layer @A Aojel o7 &o] —f—xﬂfﬂ‘:}. o] &gt
TARS Adsty] &l a4k ubek FE el 2D perovskiteE ARESh
Solid=In plane—Growth(SIG) ¥7d°] A7lE . SIG ¥4 2D
perovskite layer®} 3D perovskite layer EHE] oy x| =jo]z <l
T Hs AEA2 3, 43 4=ES el 2D perovskite layer”F 3D
perovskite layer ol @I = Aol webd F EH AW
EAol ¥4 Aol & ¥ = T
ol A AW 5ol SIG ¥l F
OJH A A kil AT F AT AM = A ]
$18l 3D perovskite layerd ¥®W 5L ZddFo SIG ¥4
APet= A5 FFsRH olF 3l SIG 34l 4= =
¥ EAS gQlstal 2D perovskite layer A4S 93
perovskite layer® XW ZAS AAESGT. olgst o
gow  SIG Fd= ARgStaA sk AgAEe]  SI 4
HAYUSES olslistal A3 3D perovskite 54 H2 T 74

AaE AT EH Ees & Aolth

F980] : 3D perovskite, 2D perovskite, surface energy, surface
roughness, heterogeneous nucleation, activation energy
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Perovskite Solar Cell(PSC) device
Oﬂ tfst o] o=z Q) g EHFHA

ATE T3 25.7%(1]e EE&ES
o

deviced] &35 SlalA= d

sl=dl, active layer@ AMEE & 3D perovskiter ¥ FHa&S
Zk2 2 QO chemical, bias, heat, lightol]l ofgt <4
2D perovskitex= 3D perovskite®.t} ¥ HE-g-Ao] dlo
3t =& oAAS zkorm quantum well EAS 23 9] ion
dol PSCE A7|ZF &t Abgst=d &S Toh oldst SAAES
1983t 2D perovskite®t 3D perovskiteE®: HHAHOZ  AFES}H
71z sk we A7} o]FAFh ©o]F 2D perovskiteE capping
layer® AFE3l= WH> 2D perovskite® AFEehs e W EO]
zh= EAA (A &89 trade off) S B]AZFH 3D perovskite 2]
FARS 2 & e wHoez 44 ot Capping layer WS
H-9}e] wh$-& u"holFo] protection layer G Z AL ol
FAlel 3D  perovskite WS non-—radiative recombinations
ZoAF YF HAAE A Voo A5S 53 38 F7HA olfA
F A slEh2, 3, 4]. WA 2D perovskiteE capping layer®
AFE-3F 2D/3D heterostructure PSC devicet= ZFA|t EfSFd =] 713
Age Fx= Ay Qltd. 2D/3D  heterostructure perovskite

layer® AZs7] s ThFE el ATHI Qed, A B
FAAE henhd g9 AbgSE Ws 3 wms Apget
WHOR W 5 otk 89 Y F @A P wel AHEEE e

2D organic spacer= 0“01] o] spin coatingst= WHo|thH[5, 6].
gy g5 AREE] 2D perovskite layers A& st WHS A
B4 = f9do] 3D perovskiteo] A Tﬂur 3D perovskite2}
ghgatel  dskA] v Y WAE oplEn7]. olgd wAAE
AAst7] A&l HE jang et al. =iolAd ‘ﬂxi Xﬂﬂﬁ 142l 2D
perovskite filme 3D perovskite 912 |7]i= 7l&°] A7lEAGH(8



Solid—In plane—Growth(SIG) gtz WH=E o 7=  2D/3D
heterostucture® A &sl= Ao &e

ARgel e FAAES AT & Atk E=I 3 AY F 3D
perovskiteo] WS Ao 7|X] o} HH&
e (e}

A9l 2D perovskite layerg A

A 2 A 47 g

SIG ¥4 2D perovskite?} 3D perovskite =22 <HAA
Afo] 2 Fgsto] vl ¢k s E49¢ 2D perovskiteZ} 3D perovskite 9]
= "ol HAA AY dyAE HEIANTIE WIFoE YHE=
Ayt v AFE F filmes JFFAA Az 49 dHES
7be & A Alzko] AvbH 3D perovskite layer $lolA 2D
perovskite7} AL o|F3 AAst= HFo] HAHET jang et al.S
T4 7} = oty A7 FA3Ee] 2D perovskite layer
% Sk, 18y 2D perovskite’} 3D perovskite
HelA Al A4S FAdst7] Helxe F E#ZEe] surface energy
zlolof o AWFE9] activation energys ZHAl HiE A7} FQ3H
n] = =4, olglst #HelA SIG FHel oie FEgst A
st F718Qd A7 H gt Activation energys WHS
=2 3D perovskite?}t 2D perovskite, 18|31 HEZo] of
interface®] Aol wet WA H=d o]# 3§ surface 59 &
z7dsto] 2D perovskite layer?] /4ol o & dojuA & = 3l
o R o tE AT
B =foaE SIG ¥4S AL 2D perovskite capping layer=
A2yt Abehs AFRECAl SIG 349 WAYUSTH olE AHsH
a8k = = WS AT Yl 2D perovskite A4 347F 2
o] FolX]= PEA2PbI4 ¥uH[20]& AR&sto] A4-5 skt kA
A5k vk}l o] SIG ¥4 3D perovskite flolA 13 ¥ =
#7407 3D perovskite layer®] ¥ EAJo] A3 Fo3 dksS &
Zolga BZE ik Wb 2] reactant T ol sh<l
perovskite®] ¥ AAS 43 SIG 545 Y3
AA 3} 2D perovskite layer A2F 7] #AAG S &2l
ol 3t A=} 2D perovskite layer A S A7t
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A2FE
Al 1 A Solid-In plane-Growth (SIG) 339 °]3j

Nucleation and growthi= YREH o2 gdlojiL} FAox A7 3}7}
dojdd = AHo] AAst= Ae Wt AAs= AF A7I7F
surface?] gibbs energy W3%3} volume?] gibbs energy 3}
ol Hort He AFS 9IS d dojdrh olw A A&
H Qo3 oA S Z+Z}t critical radius, activation energy@} ¥l =,
nucleations A2l =7|7} critical radiuse] EE3}%Igibbs energy
H3}o] o] activation energy s Ay thA] ZHAhsts WEEow s
) dojup= FAbolth, Nucleations IA F7HAZ Uz & A=),

AWMA = xS g oA doJy+= homogeneous nucleation®] 1l
|

THA= WEg 4ol &4 EeE #2224 Q1o xHeA
doJu= heterogeneous nucleation®©]th. EE wWHo] FUI =2
A3t 2= homogeneous® TFE A heterogeneouss 214 213}
A= olFa A7l wWEel surface®] gibbs energys 77t ZobA

activation energyS Y#F1L nucleations O A dojd 5 A
sttt dnbdo® ojyfg | & T ZIAe AL A FollA
A9t jang et al. =w% 3D perovskite layer$lel] 2D
perovskiteE A& A7]+= Solid—in plane—growth(SIG) ¥4
g wEre] HEeA oA M olF F3 1A heterogeneous
nucleation and growth”7} 7} 82 KOS5t}

SIG ¥4 94 9 7]% heterogeneous nucleation and
growth[9, 10, 11]¢ HAFFAl 2D perovskite’} 3D perovskite
layer?lelA seed® ¥Adstal ddste #do] Xyt ofn Seed
A e wks EZQ 2D perovskite layer’} 3D perovskite
layer ¥Xde] Aol 2D perovskite, 3D perovskite® 3w}
AEHE st AA A9 energys #AAaA7IE WFOT dojuh+=
ddolth. SIG +39 xAHRgS Azt Wt SEMe &3l #Estd
% 13 o] HAF " 7]/ heterogeneous nucleation and growth}

dl 3D perovskite layer ¥Weol 2D perovskite
Seed’} A= ¥4 Algko] AEFH Seedq] A7I7F AA EWHE
AdE s g1 & Stk ol Y W 34 nucleation and

growthe} FU3sH4 ¥3F =2 2D perovskites} ®i7 E2<¢l 3D
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perovskite o] @ekelS uw), 3D perovskite® U} Atz o2 <k st
=21 2D perovskite7} 3D perovskite ¥R |A nucleation and
growth¥}do] Z&xlo] 2D/3D perovskite layer AA] AE <HA 3t
AHE WskA7]17] wtolth T ol Ik olyA ol wep wkg-
4 A= 2D perovskite layer?] 77} AAE o] UAA Azte] s=2w

Fa B384l 2D perovskite layerd AN FA7F AAEE A

815 &l F=2 & dglen I 29 RARE F3

>,
™

AT
Avdsklvt

SIG 34 38 F, 2D perovskite?] AT S zddF+=
QAZE 4, AL "I o] wWhgel AR FosiA e (A=
W& E, WREAZE JE W s 2EsTE gy ed=Ed AA
Hbg-of Fofsto] REg Ao JF& = ¥ 719 (2D perovskite) 7}
w7} 713 (3D perovskite) > UF 29l (reactant)©] =AYt} o] A
ATelMe= d, ARE S oY 2 R eclsd diEd dae
AYEHAAR =4 FHo|A dojui= heterogeneous nucleation=>
Tw wdol o' ‘WA wHhZo] doju=x|7t Fod WHyolh o
el st A7 QY. 53] heterogeneous nucleation
gh-g-o] dojib= W ofyA|ol webd WAl H=d, 1% 33 o)

7]l EA° surface energy’t ¥S5F WES B FyEEHE
energy’} ¥9°}4 activation energyE Y37 wj&Fo|tt. wEbq SIG
&% YntA<Ql heterogeneous nucleation and growth®} 53}
3D perovskite®] surface energy’} =S5 o g7 HESO|
dojdrr= AeE AEstel 3 A= A58 & At 28y
SIG ¥4 =49 A Wyt Ade = 24 F ke J45AA
s dovle #HAolr] wwEel #AE O AREE R

heterogeneous nucleation and growthold uWElyE SA3E= o

S5 &A1 AHolgtn A4, ek 14 nucleation  and

growth®re] SH3 Zxio] EATHH olgst zojfdEs Flsta
reactant®] A& At ¢ £ YN QS ZFE Zlo] Qs
SIG &4 7 929 interfaceolA] dojvb= @Adol7] el wEg-ell
Zholsl+= 3D perovskite®t 2D perovskite® EHO] EAJo] =3t
AgS sh=d, & AFoA & nucleation and growth WHg-o] dojuf=

3D perovskite layer® TW EA W3lE FHOR ASFE
FYst 242 FAFHYoY 1" 49 o] surface energy® 7]

] FA surface roughness® WHPE W ox ®W Aol
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3D perovskite layer& AFE-3tt}h 2D perovskite layer @43l =}pol &
= T AS AoRE AiFEHI

B oAM= ¥ Z4 (2D perovskite film) ¥ w7l 2 (3D
perovskite film)2e TH EA 3 oz <ld ®vlH = HAEZH AEV}
SIG &4l F= 4= BdFse= Ae FHo2 7] "l 249
TAQLAEE AU FASHA Ags dHolA xdH 545 v Folof
stoh, ol = =}
o AgstA S F 3l
perovskite?] ¥H EALS
3}skA el W o = 4 9=, 3D perovskite layer”} ¢ SFo}
scratching@ 2 7[AIA Q1 W& Abgat7] ol o o] EAskaith
welA] 3D perovskite layer® XWHS ®HlEFE Wy oy 3D
perovskite®] AX AAe] ToIst= additiveFS ZAsE W9 Ul
HIA|A Fde =4 7 A FAks 384 SAS 2oy grain
size$} surface roughness &9 W3tE & + AATH[12, 13]. o] €A
ZH9 3D perovskite layers= 3 of#le] bulk EAe] Ao
SIGe #ojsts W SAS A = Stk olgA #FE xd
EA SIG ¥42 A= heterogeneous nucleation and growth
HHo=r st 17 5%F #o] =2 surface energye & 3D
perovskiteo] 342 R&E uf activation energyE U HFH ¢
w2 3 ¢kl ElA 2D perovskite layers AT § S oz oAte

=
=
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I 2t} o]#EA Heterogeneous nucleation and growth e

2GS o didE = dyel AA AF Aol vluw, +4S F3k
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A 2 A surface energy®] W& SIG FA x}9]

1_4
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AHEA © # Methylammonium chloride (MAC]) < 3D perovskite 2]
e FolTFe EEE ¢8A Atk MACT 557F 447+ (AHE-3t
3D perovskite &l wet AHs v %kol gdepd) olst®
o2l 3D perovskite®] AAAdo] ol St filme AT &
th Riol2 MACL 57 U5 Fow Ao ®igyt vepdA dck17].
a8y A-8s 52 MACI AH-2 annealing 85 F3te] MAS Cl
o] ¥ F3H[12]Ho] =49 AL SAS A sdsHA AT
& 9tk A gl AHg-H MACIS 5% 23%, 29%, 35%, 41% Z7OZ
A Z+E 3D perovskite filme 19 69 YelWow ¥ 73 7o)
absorbance cutoff A8 photoluminescence peak® X7}
796nm~798nm= A9 FAF AS &l & QASUTE w=gk IF 89
XRD &4oA Y2+ 3D perovskite peak® ¢A7F BF 13.96° =
Fdsty 19 93 o] UV-Vis absorbance #ts F3l AAkst
bandgap©o] ¢F 1.55eVZ Tds =2 43 FAREE Fsty 574 (FA
gt band gap)©] YEFSTE o]€A AlZE 3D perovskite 71¥ flol 1
2 103 Zo] mg AZFE 2D perovskite 7] H O 2 SIG ¥A4S W33t
™ 3D perovskite layer ¢l 2D perovskite layer7} /4 ¥t} MACI
FEE A8 AZ3 3D perovskite filmS % Zde] A#glo] ¥
Aol HgHA = ¥ 11 Y XRD I® AelA 54° 2D
perovskite peak< ##3 = QlGlt}, olw 23% MACI %271(59.6%) °ll
A 29% MACI %=7(63.3%), 35% MACI Z71(100%)7k4 2D
perovskite peak®] oAt} 41% MACI Z7(35.7%) 1~ 2D
perovskite peake] JHASA ol MAClI s%E° w2t 2D
perovskite layer A4 A =7} @A AL &l

el ol d zpolE ¥ 3elld dwd A 2ol MACI F5xe
uk2} A #¥E 3D perovskite layer®] surface energy %k°|7} activation
energy°l G Fo] et Ao 7 dAsF Tt Heterogeneous
nucleation W7 2]-> homogeneous nucleation®] 3]} %24 2] H3}
of W& gibbs energy W3t WA (FA D)ol ¥ =& wizf 71 AL
olo] o] g MEF Fo] FriE o] 229 o] THFH

AGh = AGy + AGsnm (1)

AGn = AGy + AGsom + AGsnw  (2)

AGy = —V,Agy, AGsom = YamAc , AGsnw = (ynw—Ymw) Aw
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AG, : A sle] w2 7] ~o| 1% W3}, AGs,nm : nucleus9} T FE
ol U] W3}, AGs,nw : nucleus® substrate® =

ol  F7F#l  AGsnwzE QI3 homogeneous nucleation]
activation energyX.t}h Y2 activation energy S ZHAl H+=4d], AGs,nw
= ow—ymw) Aw  ZNA yaw—Ymw=—Yamcos (@) (01 contact angle) =
surface energy’} 4= 07} ZrolA AGs,nw FE3F Zolxzit), 114¢
nucleation< &2 FE| W37 ¢lo] A5 Al contact angle (0) >
& & g9lou surface energy’t Ea5% 0 #tol Fopx= A A
S %3] 3D perovskite layer ¥WQ surface energy’} %<
activation energy”’} YolXth= gl A<l
activation energy+ ZA7d3ste}l A4 A4S ¢ g1 W=7
t}[14, 15, 16].

2= AAE surface energy®l zbol7}t olgst A#E REESIA
goldly] Yl 2= 129 #o] Atomic force microscopy? Kelvin
probe force microscopy REE AFE3] 5% wE 3D perovskite
layer %9 surface potentiale 7433t MACIY 557} 23%,
29%, 35%% =7} wol surface potential ko] 7435} 2ol
AATH18, 19]. Surface potential gto] FAFri= 7
o e [Axe] EAE electron energy’} HolAE A st
@8] WA o|UA|E S surface energy density”Z} th
T vk 29 11, 125 S8 23% ~ 35%2] MACIEEE 2t

M+ ¢ 2 surface energy densityE 2S5 nucleation

MNrlo ki ogk
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activation energys Y3 2D perovskite layerg g3l W=
F ATk olEA 23%, 29%, 35%2] MACI sxelA 3D
perovskite®] ¥W SA w2} SIG ¥FES AYsk dolEg}
Heterogeneous nucleation W3S Fa oidst A7 dXxs= A
S golg = k. =3 surface energy’F ¥ MACI 23% %713
=2 MACI 35%%A 22 A Z3 3D perovskite layer¥ell SIG 332
1023 Ayst Axp 7% 1338 o] surface energy’} =< MACI
35%F7AA 2D perovskite layer7} B €HsHA wrEolxl Z1S Fal
g g otk 2y 1" 12004 vebd wkek o] MACH 41%%319)
A% MACI 23% %71 HY ¢ w2 surface potentiale ZEA|7F 19 11
Ael o] 2D perovskite peake]l T W2 Za = F Stk ol &
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Al 3 A Surface roughness®] W& SIG FA *}o]

Surface energy = (surface energy density) x (surface area)©

Z UehE=d), KPEMO 2 =43 surface potentialghs w9 HA

et AsE SASEY o= WA S E surface energy’F ofd

e 5 Qe SAolth 28y

Surface area®l #3 ARE ¥t A oo} G surface

energy#k= SAT F Qv W2 oYt webA MACI 41%x71 9

A FA3A 2D perovskite peak®] A shE dAS A s YA =

surface energy density$} 7 surface areacl 3t AR E o] 119
afjoF Tk,

AutA 07  Surface energy density®} surface areal] #
=

surface energy densityol]l =3k

o

2&

surface energy AA|2] zo]lE F4 3= WHOE contact angle 5
HhHo] AbgEh 28y A4 heterogeneous nucleation and growth
¢} % heterogeneous nucleation and growth® x}o]= <QI3fA]
contact angle =74 WHol AgE £ gled, ole 1A
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A3FE W
A1 A AR =2

Lead bromide (PbBr2) and lead iodide(PbI2) were purchased
from the Methylammonium bromide (MABr), formamidinium iodide
(FAI) were purchased from Greatcellsolar. Lead (II) oxide (PbO),
butylamine (CH3(CHZ2)3NH2), hydriodic acid (HI, 57 wt% in H20),
hypophosphorous acid solution (H3PO2, 50 wt% in H20), anhydrous
dimethylformamide (DMF), anhydrous dimethylsulfoxide (DMSO),

chlorobenzene and acetonitrile were purchased from Sigma—Aldrich.

Spiro—OMeTAD was purchased from MS solution.
A 2 4 e A7

SnO2 ETL layer fabrication

2.5cm x 2.5cm® FTO7]#(MS solution, Ashahi)< deionized water
with detergent, deionized water, acetone, [PAZE Z}ZF 105 F9l A
Aatdct.  A7A 92 tin chloride(1.565g), Urea(7.5g),
HCI(7.5ml), thioglycolic acid(150ul) 2 600ml deionized waterel] &
grato] Al xzstaith AFHE THe Axd ATA el @ & &
70ColA 15413 st 7FEsiint. ®bgol EW 7|¥&  deionized
waterel] @7 &3 MAHE 33 AAS & hotplateo] A 150CE 14

b 7rEsksi.

Fabrication of 3D perovskite film

DME/DMSO(8:1 v/v) &% &wjel 0.869 gml—1 FAPbI3, 0.035 gml-
1 MAPbR3, 0.028 gml-1 MACI& &3tste] 3D perovskite A7 &
NS AP AFA £9& FTO/Sn02 71 Yo 27t 5%, 30%
=<t 27 1,000rpm$} 5,000rpmel A 2 step 2% FHES X &sh
5000rpme] X&H 3 10x FHell 1mle folg o2& 23514 7]
& 9ol FAT o]F AFE &4 dES AESHA hotplateo] &7
156° CeollAl 103 &<t dAgstdt.
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Fabrication of 2D perovskite film

o
=
Z

2.5 cm x 2.5cm] fluorine doped tin oxide (FTO) ¥ & 7|

deionized water with detergent, deionized water, acetone, IPAZ Z}
7} 10% F< AlFE3iTE. 2D perovskite AAl 99 ¢ U H&
de S8l 61 sk 02 Sk=viR AgE st (PEA)2PbI4
AA &> ACN/NMP (5:4 v/v) &3 &l (ImD ol PEAI(0.1g) ¥
PbI2(0.092g) & &8t Azt AFA &= 7o =23 7
23% F9°F 5,000 r.p.m=E 7] Yo ~¥ FHI}F SH, 5000rpmel] =

23k 5 10% FHel 1 mle] deld oHEE ALsHA 71 9o Fdvh

SIG process

2D/3D heterostructureE A Z3}7] Y&l Hot press o] AFEE AT}

A Z+E (PEA)2Pbl4 ¥Fehe- 3D perovskite film ol 283 90T
A 1031 AAsk oigo=w Tt Al&ekdTt.

Hole transport layer and counter electrode fabrication

spiro—OMeTAD £ (0.9mgml-1 in chlorobenzenee) of| &=
bis (trifluoromethanesulfonyl) imide (Li—TFSI) 23ul(540 mgml-1 in
acetonitrile), 10pl of cobalt—TFSI (375mgml-1 in acetonitrile),
39ul  of 4—tertbutylpyridines  FH7}sle]  AFEAT. o]+
FTO/Sn02/3D/(SIG-2D) F-Z& o]Fo]x 7] f]e 2,000 rpm 30%
EQt 23 IHSI T Au A= dFe o8] FREUoH, T2t

2% AHgEtel Au A0 BY WAL Aojs Tt

A 3453

X—ray diffraction spectrax= XA FE7} 3= Rigaku SmartLab2]
XA 3AA(0 Ka, 6 = 1.54A, 200mA, 45kV, 9kW) & ALg-3to] =
gakdtt. 2= XRD #ES Ma=dista 7]x3st s r]7]d oA
0.02° ¢ A¥lom 23 1° o A7 £E2 FA38%0th SEM o]v A=
field—emission scanning electron microscope (MERLIN, Carl Zeiss)
T AHEske] Aol UV-Vis F5 AFERS S487] s UV-Vis
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spectrophotometer (Cary 5000 UV—Vis—NIR, Agilent Ltd, USA) &
ARESEATE 87 ZdEl PLY AIRE 3 PL AFEHS S4517] 9130
FluoroMax—4 spectrofluorometer (Horiba)E& A}F&3Ith  oluj
Xenon lamp (150W) & &3 463nm A2 335 7H7 o= AHE
39t} Surface potential, surface roughnessE =437 YA an
atomic force microscope (AFM; Park NX10, Park Systems, Korea)
of theket 2% 54 AulE FFato] ARgeRdith @ TEM A&+
focused ion beam(FIB, Helios 650, FED< o]&3lo] 331t}
Selected area electron diffraction (SAED) 412 200-kV field—
emission TEM(Tecnai F20; FED < AREsto] 3 ¥ ltt. High—
resolution transmission electron microscopy (HRTEM) ©]u]X]|i=
200kV field—emission TEM(JEM—2100F; JEOL) ol ¢]sl 5% it}
Az Hlel o8 fFRe dstE HAss7] 98 low—dose TEM %=1
S AT B AR AES SAED w412 49 ~10 e—/A2, HRTEM
o] A% ~100 e—/A22 FA =3t

AF—-As 54 9B 9tA g7 A2(~25 Oe°lx UV 2
B glo] 100mW cm—2914 AM 1.5G 3lellAd Hgd Al EdolE
(Sol3A, OrieD) 9 Keithley 2400 &2 54 ZAZ ZAHAFUG
(N2 atmosphere). 29 ZA%& Si 7] A (Rc—1000-TC-KG5-N,
VLSI Standards, USA, 20201 6€ KH74)S Ab&ate] RAH ST
PSCe =% WA 0.096 cm2ol o] 3= vkAa= dAFgYo
IV 292 Abd 27 glo] 0.216 V s—19 A7 &%, 0.1 ~ 1.2 VY
270 W9, 0.0216 Ve At dA W ofgE 9 e RFoA 473

s

2 ATE A TAA S0 Al x2AE whol 3 EAdF YT
ok gekst S Anlel 24 e ASddn dEgAAY AT
A QS dol olF R EFYY. AFM AH]E E3% surface morphology,

surface potential S8 &Y AAHA stAo] =S wWerom 1
F
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Abstract

Identification of solid state nucleation
mechanism of Two—Dimensional
perovskite and optimization of
fabrication Process

Wonjin Cho
Department of Mechanical Engineering
The Graduate School

Seoul National University

To improve the efficiency and stability of perovskite solar cell
devices, the method of using 2D perovskite with relatively high
stability compared to 3D perovskite is becoming common.

In particular, a structure using a 2D perovskite layer as a capping
layer on top of a 3D perovskite layer can reduce surface defects and
increase stability of the 3D perovskite layer, so many related studies
are being conducted. Until now, the method of fabricating a 2D
perovskite layer on a 3D perovskite layer through spin coating of a
2D perovskite precursor solution has been most commonly used as a
method of fabricating such a structure. However, the method of
dissolving the 2D perovskite precursor in a solution causes damage
to the 3D perovskite layer during the process, and it is difficult to
control the formation of the desired 2D perovskite layer. To solve
this problem, a solid—in plane—growth (SIG) process using 2D
perovskite in the form of a solid thin film has been introduced. The
SIG process is a method in which a 2D perovskite layer is formed on
a 3D perovskite layer by applying heat and pressure after bringing
the two surfaces into contact due to the energy difference between
the surfaces of the 2D perovskite layer and the 3D perovskite layer.
Therefore, it was expected that the interfacial properties of the two
materials could have a great influence on the process results, but no
study has been conducted to confirm the effect of the interfacial
properties on the SIG process yet.

In this study, to confirm the importance of interfacial properties, a
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study was conducted to proceed with the SIG process by adjusting
the surface properties of the 3D perovskite layer.

Through this, the surface characteristics that can affect the SIG
process were confirmed and the optimal surface conditions of the 3D
perovskite layer for the creation of the 2D perovskite layer were
presented. These research results will help researchers who want to
use the SIG process in the future to understand the mechanism of the
SIG process and improve the process results through appropriate
control of 3D perovskite properties.

Keywords : 3D perovskite, 2D perovskite, surface energy, surface
roughness, heterogeneous nucleation, activation energy
Student Number : 2021—-27746
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