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Z=(work function)”} ZJo]
A2d= Zrzbe] Ay o] FAFIE 2AY
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ksl
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=
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=

= (Au),
olE9 &

e oput},

vl

[e]

L

=

=1]

AFs}5=4 (FT0; Fluorine doped Tin Oxide), & - 4F&21(ITO; Indium doped Tin Oxide), 4ts} o}, &
U= %-H (carbon nanotube), L@ (graphene)
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[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]
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Al A AEE 98 FHHOE AgHE B4 ol Fshtb, 37 A4A9Se £x A 3] A=
nogtolE whuah 8bd WeS B gt BAS Adshs Aol felsin
e, 0 A 9 Az, 37 AFAYFe AFARA 4718 EE P1Ed 4 oAt pAgew,

poly(3,4-ethylenedioxythiophene) polystyrene sulfonate(PEDOT:PSS) =+ copper phthalocyanine(CuPc)s 3}

2o AFAEA 719 e g2E 2etE ) EdBdyd AsEE ) vlhvg AReHE | UARRSEE e olE9] &

T&AkskE Wk = Qlot, oo AFHA] grom FE HEZBEATIO|E FH LA A A9
u

KeR
BA4HoR AHgEE B Folw Fdht, 4] 4¥eEY B¥ A 4] fznsvelE uuta
Bl 5= (]
=1 i T
B e H2EaglolE HEdAE Alwsi, 4] dRzBATbolE A= s7] (1) WA (3)9] =3 T
=] A =

(1) A3 E S (power conversion efficiency; PCE)o] 26% ©o]4¢l HlZ2H A7}o]lE B U=

(2) WAt (open circuit voltage; Voo)7F 1.17 V o]4F¢l #HZ2H AF10]E B A

(3) @ dFH = (short circuit current density; Je)7F 25.8 mA/cm2 ol A¢l HZH ATo|E EH A
A7) HRBEATIIE FHALRGE Aedd o], A7) HRBEATE FHAAE FEdt 2B aTl0lE FR
272k AWy o g Axd ¢ ol wk, A HRZBEAFPOlE Gzt AzWHolA Aed BE U

d Fdejo] mEW, 2 Wyl wmE HRZHATE FHAzbeE, HSHAR FE A9, FHHstage] Al
1.59] Fd oA 26% o] dd & Ark. FAH R, E Ui wE HRZHATLE FHAhate] P as
S AN 1.59 B slell A 24% o], 25% o] HEE 26% oAU 4 Qlom, Aso == 30% o]3), 28% o]} Ei=
27% )&t 4 k. FAF R, 24 WA 30%, 25 WA 28% FE= 26 WA 279D 5 drh. B W] wE #H2
H2glolE FdiaAsE, HYAANZE 53 A, dZBExgl0lE FETH AFe wtubzte] E(trap) %
Asgt Tol T3] Ho] e WY oA =& FHUHIAETES GAT § rh. 2 @y i H2radlelE
FdaAks dedt A ddedS S LAY, T, At dZBEaTt0lE Fdiate ARWHoeR
Azd 5 9ok

2 odyo] w2 H2HAT0E FALAE, HIFARAE T3S A$-, AEAL(open circuit voltage; Vo) 7t

1.17 o] 4 ok, FAASZ ) 1.10 V o]AF, 1.12 V o], 1.14V o), 1.16 V o]AF &= 1.17 V o]y
T gon AstorE= 1.25 V o]s}, 1.24 V o]s}, 1.22 V o8} ¥ 1.20 V o|std F Adr}. FA|F o=

1.10 WA 1.25, 1.12 WA 1.24, 1.14 WA 1.22, 1.16 WA 1.20 == 1.17 WA 1.20 V4 F v}, & 2
of M FHRBEATOE FHazte] MEASE 7] 2B adlelE FALRte] Az dedt A7) Al
A=, A7 A2ds, A7) Slz2BxagtolE ubek 9 AspdFo] xgsle 3ehgol wet dedt ¥

.
A S oglont, ¥ owwe] mbE szusvtels Fads 4Ed AuAW dAsaws
T

S
= —_
% 7ba & ged mE, 4Ed 99 el Fe APALE 94T 5 Ak
4 =

Houbgo] wlE HR2HAT0lE FHAAE, HUHAAR RS AS-, dEHAFEE(short circuit current
2 2 2
density; Jo)7F 25.5 mA/em o] 4= vk, FAHOZ, 24 mA/em ©]4F, 25.5 mA/em’ o4k = 26 mA/cm O]

qd 4 e, Ao z=, 30 mA/cm2 o]s}, 29 mA/cm2 o]} = 28 mA/cm2 o]l

WA 30 mA/en’, 25.5 WA 29 mA/cn’ = 26 WA 28 mA/em @ 4

Az G AFUEE 7] HZ2E2FF0|E FdAhate] AxzWHAA et A7) Alds, A7 A2 =,
7] HAZB 2710l E ubel g At gl Egsle skl wEl dedt He oA AYEE dEHAREE
2 4 5 Qlou, B owdel e NznsslE FAAE AET AT ANDEFL AL 5 A8l
ugl, At 1 o =2 dEAdAFEEE GAdE 4+ ).

=2 &8 49, I FE(fill factor; FF)7}F 85% o]
o ) = 85% ol 4 glon ) Asloz= 95 o3, 90%
3F & 86% olstd 4 Ak, FAIFH SR, 80 WA 95%, 82 WA 90%, 84 WA 83% H+= 85 WA
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%, 50,000z ©], 100,000% ]/, 500,000% ©]%

”é
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94

aF, Al

o
=

(AAle 1D

o]
35wth HAkst A (H0,) 48 100 mloll G354 (1V) 43HE(SnCl,5H,0) 20 mmol 2 AJEZ2F(citric acid) 5

2,000A1 2k ©]

Wb, B
a

[0122]
[0123]
[0125]
[0126]

olo
<

545 (NHOH)

SR

o

s}

Zg gHE 70 CollA] 1247

<

Ia

A

o 25 wt%

=

=

d=s A7, 2

=]

sto] Akt 41 (Sn0y) o] ¥ =5 SF3Att.

Jol seakshEA] (Sn(OH)

i

k)
o

A7F2

=]

=

=

(AA)e 2)
35wth kst A (H,0,) 48 100 mlol G354 (1V) 43HE(SnCl,5H,0) 20 mmol 2 AJEZ2F(citric acid) 5

110 ml

[0129]
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3
olo
&

[e)

2+ (NIL,OH)

R

[e)

s}

<

Ia

A

o 25 wt%

Foict.

°

T

o] pHE 1002 %74

S

s,

=0l 10 wt% HiFskra(H0,) &S

S

(¢

Q ol

B

[<)

Lol AP (KO & F9

]

245 wnksto] FElo] A (peptization)

7] Aetol

s}

S

—~

=

o
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XO

[0132]
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LS|
a1/

T FEE 2.8 wthz 3

(A4 3)

[0134]

vzl

;oT

il

el
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ol 35}
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[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0149]

[0150]

[0152]

[0153]

[0155]

[0156]

SIHS31 10-2025-0052049

(AAd 4)
B4 =3 A3 (fluorine-doped tin oxide; FTO, oRA}al#8, 12-13 Q/en’) NWE Holefwm
A A skt
0.2 M9 12h=5:7 T]o]| AT &2 ZEAlo] = B A (oA ol EVo| E ) (titanium diisopropoxide
bis(acetylacetonate))8N& 7] B4 =3 A4 Add 5% EEsE 339 3 Y HEgEE

(Ti0) 5= A58t

>

o
=
EL

il

At dS &AS 7] EHElgatstES Aol 3000 rpme.2 40%7F 2~ 39 (spin-coating) 3t
7] 52101]*1 150CZ 1A7HEet dAeste] dstdedsS AS533ltt.

olv] = (dimethylformamide; DMF) % tjw|€d2EAlo]=(dimethyl sulfoxide; DMSO)ZE 8:19] H-yuH|=
Tl &3] 0.9 mlol 810 mgd] V3}EEoI|YES(formamidinium lead chloride; FAPbI;), 30 mg

&5 (methylammonium chloride; MACI) 2 1 mge] @slelMEE ™ (acetylcholine chloride) & &
BagtoE ATA oS Az},

It

EE
ohoal g 2

o O o o
o
< 1

bl

1o,
2
)
)
fr rum

Ol
ol
o
)
)

Sl 47 B

A F35kaL 1000 rpm 914 10% H 5000 rpm oA 103
. A7 ~mmEe] 1027

-
APEJS o, F7] FHdsta e A ol odddeH=
(ethyl ether) 1 mlE Astelgtt. 2WFEo] dEFHI, A7) 71FE 120ToAA 4087 A7 ste] AZ2B A9

o|E wtuts A =31t}

offt oX
N

2
> =
g
Mo
o, )‘
o
32
_Q

i3

A3l olAEEH Y 0.83 mge ofolAZTEHUFLE(isopropyl alcohol; IPA) 1m1 ol Lol W g o3 Hu
g o} 1 ¥ (phenethylammonium iodide; PEAI) 4 mgS ojo]AZ R AL 1 mlo L 5 Y] HEBRA
Fro|E whub Abof| 7hzb £=xFA o2 5000 rpme] Z 7oA 30%7F A3 Eﬂ_‘a(spm—coa ing) g3t g7] =
27to|E whubs REeis) akgitt.

Spiro-OMeTAD 94 mg; EZ|HEXEHo]E(tributyl phosphate; tBP) 39 ul; 2§ H|A(EEFZWEdyE
d)olu=(1ithium bis(trifluoromethanesulfonyl)imide)-olH I EYEZ &N (520 mg/ml) 23 pl; ¥ ZLE H]
Z(EFEFozrerd ¥y d)oln]=(cobalt bis(trifluoromethanesul fonyl)imide)-ol|EVEZ LM (375
mg/ml) 9 pl; & FZZ WA (chlorobenzene) 1 mlol] 8313+ Spiro-OMeTAD & NS A %39},

&3l
ks

7] Spiro-OMeTAD &%
Spiro-OMeTAD A-&H &3

47 dEnagtolE wbuk Abe] EXEI 3500 rpm ol 3023 2@EE o]

71 AedEs Aol 5(Adwe SIS AEeR 70 i A S8l HRB AT E FaAE AFsH3iT.

ofj

AAEE Z2o)l= &N (Tin(IV) oxide, 15% in H,0, colloidal dispersion, Alfa-Aesar)S Habdg

(v]aLe] 2)

Ao 4ol A, 7] AAle] 26 wE ARG F &N Al 2.8 wthe FE F
oxide, 15% in H,0, colloidal dispersion, Alfa-Aesar)S AM&3lE AL A28}

2 A RBATIE FHAaAE Al
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