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olo] @ W3l (Phl,) 641 mg, olole W3}t EEoln|tiF (formamidinium iodide; FAI) 217 mg, B &3} (PbBr,) 23

mg ¥ HE3} vEYd T E(nethylammonium bromide; MABr) 7 mgg UWlE ¥ Eo}v]=(N-dimethylformamide; DMF)

0.88 ml % uHgdAdZEAlol = (dimethylsul foxide; DMSO) 0.11 mle] Z3&-gufol]l falstd HEZBATIO|E AT

A goe Az

27 FA e ARG TS Ad-2E(W-0zone) EHAA7]E AREsto] 15E-ESH FHA S § 7]
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FHXAFPOIE AFA| §AE AV FAAMSE ARG S Aol Astste] 500 rpm olA] 5%, 1000 rpmell A 10%,
5000 rpm oA 30%7F ~WMIAY JGITh. o] of, &7 ~AWIAHo] 10%3F PH AHF ﬂoﬂ%oﬂEﬂE(diethlyl
ether) 1 ml& st L A3t ~2WIYE &53 & 100CAA 1At S st 7] F=444s)
EF ARAES Aol HAEZBAgtolE wuks Axekgith

A7) A 7B 2F10]E vhul Abo)l H7EA|Ql octylammonium azide £ 1 mlE Z3F3F 5 3000 rpm oA 30%3F

= 1 A=
2 ste] 7] 2B A7k E vpeks 42 8hglt)

spiro-OMeTAD(2,2',7,7'-Tetrakis[N,N-di (4-methoxyphenyl)amino]-9,9'-spirobifluorene) 100  mg, Li-
TFSI(lithium bis(trifluoromethanesulfonyl)imide) 23 ul, HIEZFEy2)d(4-tert-butylpyridine; tBP)
39uL % FK209 Co(IT1) TFSI ¢ 10 ple Z=Z=2wlAl 1.1 mLol] &35te] F3ALF EFES A=33.

47 ABARE GRS Y] FAE AznsslolE v el M@ F 3000 rpn oM 3037 ¥ =Y
st FEaaEe AFssic

—
o
Shd
L
BN
>~
Rad
ol
oL
)
0%
N

] Eﬂi‘_ﬂ_ﬁl?'}o]_ri. E}’E}' /8—7] %,]7}—Xﬂ

71 Aedgs el =5 (Aw) 100 mE =732 AHEste] SAete] AR ATlolE HYdA S Az

ol
o

(¥]aLe 1)

AR 1A, ) b FAHA e AL Asdsa, QA 19 BAF PHoR dznstelE
FAAE Az,

QIET )
AN 104, 7] FANE FASA @ AL ASS;, AN 13 FAS PYoR AZpTtolE e
A4 % Azs)

SFale Wk 2o B3 (Fourier transform infrared spectroscopy; FT-IR)S AFg3te] AAjo 1(After
Crosslinking) % H]®¢] 1(Before Crosslinking)ol]l W& H|ZH A7}o|E X HIA 2 AFddE 1F
o] 7twAZE At & 3o ZAIEITE.

% 38 FEshe], 2100 en AHOlA Ny T2 Fol=E RS Fabe] stwAFel AAHE AL FAsT)

(A3 2)

A Al 1(Additive-induced crosslinked film) 2 H]ale] 2(Pristine film)ol] W& HZB A7FlO]E
Chlorobenzene &"]lZ 33] spin-coatings T3] 4|23 F9o oju|A & Fstytu|glE FFste] = 4o =A|5FS

& Fzsto], Wi 2] HE AR E BFAAY AZulTtolE vet Y HFAY
& serstle,
W, % 49) S oluAE FEstel, WAl 1] e ARnsslelE BRaA Y Azn vt E et 3
YEe 359 AHGE AARE fA50] Be WFHL A FAs.

(<0

w3k, 2] A A HA EFH (ultraviolet-visible spectroscopy; UV-vis)E AFg3sle] AAld 1o W& =
BaglolE B4R (Bare) 2 AAlo] 1o w2 2B ~710|E Y22 13](1 wash), 23](2 wash) ¥ 33 (3
wash) AlFAlY] FHEE A3 & 59 ZAET.
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[0114]

[0115]
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=
A
7

52 i
o

fut
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(A3 3)

ol "W (bulk)%
Aol Aquk 7ha A gto] owtr] o

ERERE S
391591t}

TRt §As

ble] xg
Fow

=
I
N
_|_,
El
i,
o
i)
N
g
.
éa
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XA FHA B39 (X-ray photoelectron spectroscopy; XPS)E Alg3sle] AA)d 10 wE HR2HA7}0|E E9F

A o] F B 2Tbo| E whuke] Ph 4f I AE

A7LA7} F7)E o)

% 6% Fxdtol,

S7gstel = 6
A7 A9} HZBAgtelE

o =Ast3let.

wpato

| Asgo

e

T7F As) Ag AF(space charge limited current; SCLC)WHS AF&3le] Al 1(Additive treated) % H]xL

o 20 M sEBATbO|E BjFHA ] AT

L& (Nl A

, AT 1

o wE

W2 H 2Tt B

3 E® W= 368 x 10 Jom 02 AAFEQICH

rro =2 _7_;—]

o 1-=

B iAo =
Hh B e 2]

o] = 7
ZA Ak Aet(trap-filled-limit voltage; V)= <& -V
shobal A A dE A AT,

ol =AY

o] wmeld(kink point)E A3 EHY

A Ak 0.36 V2 SAEAL, de EF A== 5.09 x 10 /em &2 Atz o] AAd 14 w2 HzH 27}
OlE ElYHR e AL Ert ER W HIA 9] dsgo R Qs hAhEE AL AT

(A3 5)

Ao 1 2 Hald 20 w}E HEZHAT10)E EjUH A9 F&dF(photoluminescence; PL)EA (= 89 #=) 2
AlZrel w2 Fdbg WMSH(E 89 9%)S S5t T 8ol EAISHITE. AAld 1o wE Hl2H AT E HYgR
Ao Fg 54 (Additive treated) R AIREel whE Fg WS (1) BT Ml 20] mE FZB ATl E

BepaAe] Bry 5

=

d(Bare) 2 A

o= uhze] EASHE AFol 7]

(A3l 6)

Ao 1(Additive
Perovskite)ol] w2
Alsksiet.

after

crosslinking),

|3kl whE

A7 A sk As Lo

= 99] ReveE AWk (reverse) 227 (scan),

H] ]

—

1(Additive before crosslinking) %
HZHE2Tt0lE BlgA e 1 SIN Fx7el e dFde-dy 4
Forx= AWk (forward) 2=Mg oju]3ic}.

Fug s (r,) w Aolde s, oo, Amnrt
Qeto] EAAOR HES

(|

H)alo]  2(Bare
248k & 9o &

A7 HZBATMlE HAAY dEARFEE), MEELV,), ZHEFEF) 92 FdE3aE & (power

conversion efficiency; PCE)E 3&}7] ¥ 1] XE7]s}T}.
¥ 1

270 wF3k Jse Voo FF PCE

: % %

(mA/cmZ) (V) (%) (%)

Al 1 o wl-ak 23.2 1.12 76.9 20.0

g Hl- 3k 23.2 1.11 76.1 19.7

Hlald 1 o wl-ak 23.1 1.11 77.1 19.8

g Hr- 3k 23.0 1.12 76.5 19.7
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[0118]

[0119]

[0120]

[0121]

[0123]

[0124]

[0125]

[0127]
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H o] 2 ou)3k 22.3 0.96 64.2 13.6
sk 22.0 1.02 62.0 13.8

APFEo] A FLEE AAA
AE Ak, ey, Al 2004
2 Aol 19 w2 #|ZH 7)o

(m o ¥

(Add 7)

2AAld 1(Additive with crosslinking), Wlxao] 1(Additive without crosslinking) = #H]ale] 2(Bare
Perovskite)ol] w2 HRH27lolE gFXxe] &F A tidt HgAde St = 100 Z=AEI . H=
B2glolE A9 By AL RH 50~60% 2 A2o]tt.

= 10% FEstel, AAd 1o wWE dRHATe|E BFAA s A7) A 500A1RF B ellE 7] B8
o] 90%S Sx|ETh. ulald 1o WE FHEBATolE EUAXE Ay ZAdA 50047 o3 %27 &89
820E FA&tgith. WhA | Hlald] 20] WE HZ B AFIOE Bl HAAE Ay 27 A] 500417 o]F 7] §&9
38%E A8 Aol 1A AAld 1o W HZEXAFPlE BRI kAol 94 U HE A3
ol AAl 1 9 vl 19 HIIA &AFA4E Ho oY FES WA, JtuE AS ¢ 22 AfEoem

I
Qlsto] mpupzke] A wol7] Widl ALR ALREY.

(m
fuj
o2
=L
2
1o,
4
i)
b
N
=
8
@D
=
(@)
o
=
=3
o
o
a
o
=
%,
@D
tlo

AN 1(additive) % H]ald] 2(Bare)ol] W& H=ZH A7)0

at
-
=

S FAzxate], AAd 1o WE FHEHEAFI)E
254 TS 7HAE RS AT, v, H]
2 %

‘oo F
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1. C-H Stretch 2. N

[t} }'""I‘ﬂ[l W\/ Vfﬂ" “‘\f!}

—— Before Crosslinking —— Before Crosslinking — Before Crosslinking
—— After Crosslinking —— After Crosslinking |—— After Crosslinking

3500 3000 2500 2000 1500 3000 2500 2100
Wavenumber (cm™) Wavenumber (cm™) Wavenumber (cm™)

Transmittance (a.u.)
Transmittance (a.u.)
Transmittance (a.u.)
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k1
N2
N

Initial

Pristine film

Additive-induced
Crosslinked film

ZIHS3d 10-2025-0104592

Solvent
washing

—>

Solvent
washing

—

After

z95
Bare
— 1 wash
P
= | 2wash
\_‘_'i 3 wash
()]
Q
o
]
L0
[ -
®]
w
_Q.
<C

300 400 500 800 700
Wavelength (nm)

EH6

Bare
—— Additive treated

Pb 4f

Intensity (a.u.)

PE°! Po'l
148 144 140 136 132
Binding Energy (eV)
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EH7
i ® Bare
101 < Additive treated
< g
g 100 n=1 n>3 n=2
T
u
3 107 :
i Vg 0.26V
1021 N,: 3.68 x 10"°/cm’
10 10°
V (Voltage)
EH8
10"
—_ 2
S 2
5, o
> = 7,:1.98 ps
2 T
m -
E El
£ 5 107
= - Bare
o Additive treated
700 750 800 850 900 0 1 2 3 4 5
Wavelength (nm) Time (us)
EH9
{\.
=
=
E
>
= _ |
c 10-4—+— Bare Perovskite(Rev)
8 —-— Bare Perovskite (For) 3 \
Py —e— Additive before crosslinking (Rev :‘g
c 51— Additive before crosslinking (For)
g Additive after croslinking (Rev) ¥
L:J 0 Additive after crosslinking (For) \ '~i
00 02 04 06 08 10 1.2
Voltage (V)
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60+

40+

Norm. PCE

20

_|—=— Bare Perovskite
—e— Additive without crosslinking

0

|-+ Additive with crosslinking RH=50~60%
0 100 200 ' !

300 400 500

Time (h)

46.0 ° Additive
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