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(Fluorine doped Tin Oxide, FTO), 2] % (Quartz), Si, ALOs, SiC, GaAs 2 InP 5 4
%o shE xgst 4 9l

Al ool whet, 7] Eep 2 V| dko] ARRE ¢ 9Ll HekaE v )
£ 3¢, &gl o1 =(Polyimide, PI), 3 2] ol H| 2% = (polyethersulfone, PES), 3
o} =1 & & o] E(polyacrylate, PAR), 3= 2| o H| 2 o] 1] =(polyetherimide, PEI), &
of &l 7l 1} 32 &4 o] E(polyethylene naphthalate, PEN), &t ol & &l €] &| 3Z & o]
E (polyethylene terephthalate, PET), 2 2] ¥ 'd 7l 4 3}0] = (polyphenylene sulfide,
PPS), = &) o} ¢l o] E (polyarylate), = ] 7} H. 4] ©] E (polycarbonate, PC), Al & &

Q 2= E g ol g o] E(cellulose triacetate, CTA) X A EZ Q. & ol A|E|o]|E L &
3] @ U] o] E(cellulose acetate propionate, CAP) & & o] % o] - &} & ¥ gsk 4=
AaL, v S A =, SekE 7] 32 Ee] ol e 9l vz el o] E(polyethylene
naphthalate, PEN) 2 2] ol & &l ] &| 32 & 2] o] E(polyethylene terephthalate, PET)
F Aok o= & 23S G 9l o, oo A gy = A& ol

wpt A sl =, 719 15 -4 4F8}E-(ITO; Indium Tin Oxide) & E 33 5= Q)
AL, oS b A e A =, 7] 32 Frel/Ql -4 AF3HE(ITO; Indium Tin Oxide) 3
Z A~ E/Q1F-F4] A3} E-(ITO; Indium Tin Oxide) = % o] & o] = &} & £ 3}
o U

E3 7)ol et 7| -g 2 Ee} , S 7o ®E AREE 4 QY

AA ol whe}, 79 ol Al A= s 4 9l

A1 A= B4 35 413154 (Fluorine doped Tin Oxide, FTO), Q1 F-54] 413}
= (ITO; Indium Tin Oxide), &7 3 & 2F&ol A (Al-doped Zine Oxide, AZO)
2 AF gHf- AFglol<d (Indium doped Zine Oxide, 1Z0) & A o] & o] = 3 &
e 4= ol o, vhg A el =, Al A 52 A5-74] A8 =(TO; Indium Tin
ot 9o, o]l Al gy = A of T
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[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

o]tk ) §717 X BH €l A i E 4 9 = o] B 27 5 9)

o

3=, A7F 7] el 79 Lit, Na*, KY, Rb', Cs¥, Fr*, Cu(D) %, Ag(D)*, Au(l)* &
= olE 2FY ok

Bi= Pb™, Sn™, Ge™, Cu™, Co™, Ni**, Ti™", Zr™*, Hf"* @ Rf** 5 2 o] & o] = S &
E3HS 4 QT

X&=F,ClILBr 215 o= sh & 28e = 9lor, o] 29 A7|7} 8
2 EAT ol gl V] B2 A gty = A2 oyt

A Aol o) whebA], | ZH A 7o) E 313 a2 W (single) T2, ©] F(double) T
Z, 2 (triple) -2, £+ 55 22 Wl- X ¥ (Ruddlesden-Popper) T2 4~ At

9 F x| HEH AT ol E g13E-2 51814 19] d| 2 H Aol E S ES
3k o] G AA-E 7HA] = FlolH, o] F F 9] HZE ATLolE 3H3tE-2 (Al),
(BDy(X1)e £} (A2),(B2)y(X2). 7} DT &2 ol A F545-8 F A3 318 weir.

ol ], (A1) (B1),(X1). & (A2),(B2),(X2).oN1 A4 2] Al R A2+= FHdat7 v A&
B 7 goleol™, Bl R B2z T ASAY M & th& 27k 34 FololaL
X1 % X2%F FYstAY A2 & 17} g0l & o v gt o
A2,B2, X2 9} A of it | 7}A] oo thE 4= Ql T

2 T2 R E 2Tl E SHE-S (ADLBL(X1). ¢ (A2).(B2),(X2). ¢}
(A3),(B3)y(X3). 7} DLt 2 o A FEF53(130)2 A g Aol ol Al, A2,
A3E TUE ALY A2 THE 17} o] 2011, B1, B2, B3&= S U AU A2 &
27F9] F4: 9ol W= 37} F4 kol 0], X1, X2, X33 FUS Y A= )
2 17} 8ol &5 ou3it}. o 7] A AL, Bl, X1 2} A2, B2, X2 2 A3, B3, X33= %]
o]k A= 1 7HA] ol/de] thE 4 St
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g of AAldlo] whE w5 Ak e ] Al & FEl Al
=]

3} A 9 344t
o1& whubo] AREE A| ¢hi= A2 Wat 5T A S, Fitokel FAH Az 5
TEEAT FETIAEE S T
AR} F455L Z8 9 (fullerene, C60), =21 @l F-%4, 3 2 & (perylene),

TPBi(2,2",2"-(1,3,5-benzinetriyl)-tris(1-phenyl-1-H-benzimidazole)), PBI
(polybenzimidazole) 2 PTCBI (3,4,9,10-perylene-tetracarboxylic bis-benzimidazole),
NDI (Naphthalene diimide) & ©]& 9] /%A, TiO,, SnO,, ZnO, ZnSnOs, 2.,4,6-
Tris(3-(pyrimidin-5-yl)phenyl)-1,3,5-triazine, 8-Hydroxyquinolinolato-lithium, 1,3,5-
Tris(1-phenyl-1Hbenzimidazol- 2-yl)benzene, 6,6'-Bis[5-(biphenyl-4-yl)-1,3,4-
oxadiazo-2-yl]-2,2'-bipyridyl, 4,4'-Bis(4,6-diphenyl-1,3,5-triazin-2-yl)biphenyl(BTB),
Rb,CO; (Rubidium carbonate), ReO;(Rhenium(VI) oxide) &= 2] o] &= o] - s} & E
ket = 9la1, Z ]9l {5 A= PCBM ((6,6)-phenyl-C61- butyrlc acid- methylester)
3= PCBCR ((6,6)-phenyl-C61-butyric acid cholesteryl ester) & 5~ 9} 2.1, o] of] gt
B = A 0}14 E}

AE 535S Q¥ 4% S P3HT (poly[3-hexylthiophene]), MDMO-PPV
(poly[2-methoxy-5-(3',7'-dimethyloctyloxyl)]-1,4-phenylene vinylene), MEH-PPV
(poly[2-methoxy-5-(2"-ethylhexyloxy)-p-phenylene vinylene]), P3OT (poly(3-octyl
thiophene)), POT( poly(octyl thiophene)), P3DT (poly(3-decyl thiophene)), P3DDT
(poly(3-dodecyl thiophene), PPV (poly(p-phenylene vinylene)), TFB (poly(9,9'-
dioctylfluorene-co-N-(4-butylphenyl)diphenyl amine), Polyaniline, Spiro-MeOTAD
([2,22°,7,77’-tetrkis (N,N-dipmethoxyphenylamine)-9,9,9”-spirobi fluorine]), CuSCN,
Cul, MoOy, VO, NiOy, CuO,, PCPDTBT (Poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-
bis(2-ethylhexyl-4H- cyclopenta [2,1-b:3,4-b']dithiophene-2,6-diyl]], Si-PCPDTBT
(poly[(4,4’-bis(2-ethylhexyl)dithieno[3,2-b:2’,3’-d]silole)-2,6-diyl-alt-(2,1,3-benzoth
iadiazole)-4,7-diyl]), PBDTTPD (poly((4,8-diethylhexyloxyl) benzo([1,2-b:4,5-b']
dithiophene)-2,6-diyl)-alt-((5-octylthieno[3,4-c]pyrrole-4,6-dione)-1,3-diyl)), PEDTBT
(poly[2,7-(9-(2-ethylhexyl)-9-hexyl-fluorene)-alt-5,5-(4', 7,-di-2-thienyl-2',1', 3'-
benzothiadiazole)]), PFO-DBT (poly[2,7-.9,9-(dioctyl-fluorene)-alt-5,5-(4',7'-di-2-.thie
nyl-2', 1', 3'-benzothiadiazole)]), PSIFDTBT (poly[(2,7-dioctylsilafluorene)-2,7-diyl-
alt-(4,7-bis(2-thienyl)-2,1,3-benzothiadiazole)-5,5"-diyl]), PSBTBT (poly[(4,4"-bis(2-
ethylhexyl)dithieno[3,2-b:2",3"-d]silole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7-
diyl]), PCDTBT (Poly [[9-(1-octylnonyl)-9H-carbazole-2,7-diyl]-2,5-thiophenediyl
-2,1,3-benzothiadiazole-4,7-diyl-2,5-thiophenediyl]), PFB (poly(9,9”-dioctylflu
orene-co-bis(N,N”'-(4,butylphenyl))bis(N,N"-phenyl-1,4-phenylene)diamine), F§BT
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[209]

[210]

[211]

[212]
[213]

[214]

[215]

[216]

(poly(9,9”-dioctylfluorene-cobenzothiadiazole), PEDOT (poly(3,4-ethylenedioxyt
hiophene)), PEDOT:PSS, poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate),
PTAA (poly(triarylamine)), poly(4-butylphenyldiphenyl-amine), 4,4'-bis[N-(1-
naphtyl)-N-phenylamino]-biphenyl (NPD), H| Zx(N-(1-4-3Z & -3 )yl %] T (a-
NPD), N.N-T] (U225 1-2)-NN- 1 3 -l 4 L (NPB), NN'-H ) | -N N'-H] 2~
G- E A d)-1, -t A d-4,4-E] o} ¥l (TPD), -8 ZEE Ao} (CuPe), 4,4,4"-E
2] 2 (3-v &l 7 d o} 1] 1) E 2] 7)) d o} 2l (m-MTDATA), 4,4',4"-E 2] 2~ (3-v &l 5l
o}u] 1) ] = Al Hl A (m-MTDAPB), 2~ EFB 22 E (starburst) & o} 721 4.4'4"-E 7]
(N-7HalE ) E 2] o J o} (TCTA), 4,4 4"- E 2] 2~(N-(2-L} . 8)-N-3| d o} 1] r-)-
E g ol l(2-TNATA) B o] 59| &F Aol A 2o & shit o] 4} Al e &=
glo}, 7] BAS) #4H = 5L ot

4T FE5Fe SNmY PP Bl F4E 5 L, Slay WS

o O [€) - [«] AA 5 b | [«] L —/—\-T_i
], axdolay, $EgaT ol 3y, WY WA, &R rtelad, s1etu] o}
A, v, F3Y, HAE, o2y, 209 TdY, a2 ZHE U v s
by

npx] o 2 A2 AdF =43 Aol A2 ATE A EE BA(S250)E W3

A2 A= A7 H EXo] 3 AeA] B2 E FHAE 5= ), A2 #

1] F(AD), S(Ag), F(Aw), T2 (Cu), ZEHE(P), WF @), SV FFA A 3=
(ITO), 135 oFIA 8= (120), &7V Fold At eh=(AZ0), £ o Atet54
(FTO), 8-} =5 H(CNT) 2 22 H(graphene) 5 A% o= &} =2 ¥ 3+a
T AUtk

A2 A= &A2H o

T

(130) ol A= A2 H 270l E F555(140), M| 2B A7l0| E FE 45
(140) “dll FAd == A2 Ast FE53(150) R A2 A3t 752(150) ol P4 =
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[217] B ol Ao & | ZH TP E FA LA o A Al A ETS B
g of A of|of] whE & AFSHE Bl o Al WS Bote] Alxw oS Ak st
& gl ARgE = vt

[218] ¥ o] AAdo] wtE H 2 H A7o|E BA LA Al AsE 45(130) ©]
g o AAldof whE & ket E Wbl Al o R A2y w4 Ak skE
hbg 3180 2 A ITO 7| 3ol A FA glo]l AFH o Ut AA =55
EE= AR Feess A dss a3 &+ dv

[219]  EF, el Ao mE sz E avtel E Ak Al As 5 S
(130)0] - g o] A A ool mpE F& AstE W] Al o R Az o4
AbelE wlure £ 31El o 2 4 W 2 H A7)0l E Gl A A v FE e 4 g}

[220] - ahgo] Ao u}E FHZH AT E §ol FA )i Boukbyg o] A A] o o
& w287 0| E FR ezt A2y o8 Al xs o, g o] Ao
2 A2 A7 0| E JFA LA} TS FHAE XS IR, SR =
ool dig A2 st & sk

[221]

[222] Azl 1: 74 AtgE A4 &

[223]  0.012 M9 SnCl, & 400mlel --#l| ©H(urea) 5g, HCI 3~5mlE &3 A 71 5,
100u12] €] = ¢] 5 4K Thioglycolic acid)S & 9ol A 7}alo] 4 AMetE A7
A &g A 23t

[224]

[225] Azl 2: 74 AHEE vEg 8-

[226]  0.012 M2] SnCl, =& 400mlel $-#| ©Hurea), HC1 3~5mlZ &1 A1 71 5, 100ul
o] ¥] & =] & 4K Thioglycolic acid)E & ol H7tsto] 55 AbslE A4 &
& A& O, F5 A E AT A &S 70°CE A E LB 64 o] B
et} ol 5 Fal whE A uhtslrt b et 5 AbslE 24 A4S 23t e o
& AbsHE REg 898 Al gt

[227]

[228] Az ¢l 3: [CH;NH3PbBr; ]y 05- [HC(NH,),Pbls] .05 -8 <H

[229] 1.4M 5 5 9] [CH;NH;PbBr; Jg05- [HC(NH,),PbL 05 -& N> -Z 3 &l (& 2+= t}
ol el d ZAlol ol UWE X ol =5 . [ &2 S35 £ S & A4S
o] HO(NH,),[9} PbLE 1;:1 & B] & B of 2t &8} A] 7] 32 CH;NH;Bre} PbBr,
£ L1 = H &2 55 o) gt &S| A A Alzxzskglth

[230]

[231]  H®]ale 1

[232]

Lin* 1 in 2171 9] $-2/ITO(Indium Tin Oxide) 7] %S AW B4 A 255, ol
B oA E - o7 A H & A stt) x| e M- 9 &2 (UV ozone clearner)
5 o] g3lo] Al F oz {-EATO7] & 30+ 52 Al (cleaning) 3l =T}, A7



22

WO 2024/136583 PCT/KR2023/021421
(cleaning) ¥ F2/ITO 7| 7|2 Edolo) Fo} =2 Whako = Al Az 1
o A Al z&k dk-g g s 7| H EF o] & XA 71T}

[233] 7| EHOI7FHI 9 &N 1RE 5AIKE o] 70 °CE A E Qo] Bakgh
oh A7) Agk JAAAIZE 5 A 79 Edo] £ vEg £ 0 2 HE] 7o
STHITE AHS AYsHar 150°C] &5 2 A 270 7% 8 gHE g o] E(Hot
plate)oll A 1 Al {F &9t E A ] 44 -& 18 sto] SnO, ks A A sHSITh

[234]

[235]  AAl 1 [FeATO)= 4 At 3k = Bhe

[236] Lin* 1in 2719 #2//ITO(Indium Tin Oxide) 7] & Al &4 A 5747, ol
B oA E - o7 A H & A stt) x| e M- 9 &2 (UV ozone clearner)
5 o] g3lo] Al F oz {-EATO7] & 30+ 52 Al (cleaning) 3l =T}, A7
(cleaning)¥! F2/ITO 7| 7|3k Ed o]o)] ZLo} =2 Whafo = A9 Az 2
oA Az jEg &) ' 7|2 EFo] & XA

[237]  Z1® Eol7b @l § & T1RE 5A1ZF o] 70°CcE A
th 7] Ak AN E s 2 A" V]

T

1
o2,
Ot
ok,
ki

ZRFRANE
4

[238]

[239]  AAd 2: [FEATO)F S AtslE vt

[240] 1 in * 1 in =7] 2] PEN(polyethylene naphthalate)/ITO(Indium Tin Oxide) 7]3Z-&
AMEAAA S5/, o e, ol A& T o2 A H & s o). & 24
L(UV ozone clearner)S ©]-§-8F] A % & o] 21 PEN/ITOY] -2 30+ &<F Al
(cleaning) 3l &= TF. Al (cleaning)¥ PEN/ITO 7|3%h& 7|32 Ed| o]0l Lof =2 |t
Fo g A Azl 204 Al xg kg &l s 7| Edo] E A

[241] 71 Edol7FHR 9 & T2 541 o] 70 °CR A A Qo) Bt
Uk 7] 53 IAAIRE et A 7 Evo] B whg N o2 E 7o
THFE AHE A5k 150 °Co] 25 H st 21o] fA1H 3 ol E(Hot
plate)oll A 1 Al 7+ &9 E A ] 24 -& 13 sto] SnO, BHik& A A5G}

[242]
[243] Hl o] 2
[244]  ®]5ze] 194 A2k Sn0, B} Abe] FA Ao Az 3ol A A &L

[245] 23 5E

= 9o
(e} T=
th A2t SR AEE v 2 H Ao E vkl 3] T4 ol 90 g/L 55 2] Spiro-
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[246]
[247]

[248]
[249]

[250]

[251]
[252]

[253]
[254]

[255]

[256]

[257]
[258]
[259]

ANl 3: | 2 H 2T o] E B A
AA e 1A A2 EE SnO, W 9] B S ATl Al 3o M A2t & s
A& =¥ (F)3HaL, 5000pm 22 4~ FE S Al ZEA Tt 43 ' A gke]
[e]

A2 SR A F 2B A7bo]E ko] 3] 4ol 90 g/L 5% 2] Spiro-
MecOTAD & N (ZZ 2l Aol 5ol BHA] Spiro-MeOTADE 88| A A A] | 2
thye I3 ¥ ¥ (F9))38kaL, 2000 rpm O & 343 3F 27 HH & i)

=

ol mp 7] & 3 ] AFF 27| AF =TS X 10 torr 2 A4 5 += 2

E vto] 3] F4l ol 90 g/l 59| Spiro-
MeOTAD & N (FZ 2l A o) 5ol 2] Spiro-MeOTADE & 3| Al A A #| 2}
3FaL, 2000 rpm Q& 343 7F 27 I ¥ S APl

)o
ol mp 7] & 3 ] AFF 27| AF =TS X 10 torr 2 A4 5 += 2
= Z

Hl 1l 3

lin * 1 in Z17]9] §-2]/ITO(Indium Tin Oxide) 7| #-& AHZA A F57F=, o
B oA E - o7 A H & A stt) x| e M- 9 &2 (UV ozone clearner)
& o] &3t A& H A {ATOY] e 301 &< Al 4 (cleaning) 3l & T} Al A
(cleaning)¥ F-2|//ITO 713 1l A8 4 SnO, U= YA} & I (Alfa Aesarol A
T, pH 6 1%, Y= A Z17] 3~5 nm, 54 (iv) AF8}&2, H,0 F 20| = -4k
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ol & o] g3k 3} 8} foll ZAW S Eaf A £H A, F-EATO =2 A At
S A A FoHA FA AR dldlo] A = A4S ok = git)

[273] L3E A A of 20 w}hE FE= ALSLE HluLe T ghof A slo] d AT 7] Ao ml=
Al B3l s ek B A S E3F5EE Al 2 20 whE G5 A E vk &
oS- o] &35t 3} 8} 8-l FAHS F& A £ 7], PENITO® &2 40 ZAgh
S HATHA] FoHA 4 43LE dluto] Al v = A8 o= 9

[274] ol =, w2 A vhu}3} 7} 715 ek 34 Akl E B A S X35 %é— AreE
HES 8-S 53] &8 8N SAH S St A YEld AR B 4 QY

[275]

[276] 9= Hlnle 20 E W EH ATlo)|E FA A} A Ao 30 b E 2 H AT
ol E FA LA, A A 40 WE HZH AT E §9 FA Axe] AF-AAGHE
A& E=A 3 1ol

[277] ¥ 12 Z 90 hE ANE Flo] FAMIA G ES EA|S Folt)

[278] =99 7 12 ANFEf Y X](ORIEL class A solar simulator, Newport, model
91195A)%} A 2=-V| B (source-meter, Kethley, model 2420)& AF-8-3}31 01, T4
2710 1,000 Wm'e] Az 75 2 25oce] e 2o SA469

[279] [3E 1]

[280] -

Jsc (mA/cm®) Voc (V) FF PCE (%)
H| 2012_32/7| 2 Forward 22.16 101 71.12 15.92
H[202_92]7| % Reverse 2187 104 76.00 17.29
AN 03_F2[7| 2 Forward 23.16 114 82.21 2171
AHA03 82|7| T Reverse 23.13 1.15 82.93 22.06
AN 04 GH7| T Forward 2148 1.16 7731 19.27
HA 04 57| 2 Reverse 21.08 116 7492 1831

[281]

[282] S0 F18 FAEHHE, A A 30 1hE s 133&7}01 A A= H] Ly
20| & H 2 HAFLO|E FAALARETY =2 FAASg &S YERYE A S &
= Ut} o= A A ] 39 w2 H 2 H ATo| E F A Ao A ARE-EH A AT 4] 19]]
wE G4 A3 E Bheto] f-2]/ITOY AshS WHEA] ol A3k 1528 2]
) ol el E AR B S )

[283] Ll =9 ¥ 12 X, AAd 40 whE W2 H ATl E {4 FA AR}
T 18% o173l =2 FHMIAGES JER = A S & 5 Q) o] = A Ao 49
wWE 2 H A7 o) E S A xfol| A AFEEl A A] o 20 whE FE: 4F3LE Hl o)
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