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(7] 3}ska 404, AT F7IYEE v &Z4EaS Bdola, N2 35 Edola, X T2 YaoH, nd
2 WA 6 Atole] A44=91.)

AT 7

A1&ol] 3lejA,

A7) Aol AEe Z] ~E d(polystyrene), P2VP(poly(2-vinylryridine)), P4VP (poly(4-vinylpyrdine))

PMMA(poly(methyl methacrylate)), Zg]etelo]l=(polyactide) @ Zg]X-elt]cl(polybutadiene) && o]Fo]zl
ol AMElE 15 ol AL EFow = HUHA.
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Aol ghefAl,

471 AR ADSE EHEET A E(Ti0,), FASAI=(Zn0) 2 o
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A3 10
Ao oA,

A7 AF AGELS PTAA(poly(triarylamine)), spiro-MeOTAD(2,2',7'-tetrakis—(N,N-di-p-methoxyphenyl-
amine)-9,9'spirobifluorene), 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
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vinylenel), P30T(poly(3-octylthiophene)), P3DT(poly(3-decylthiophene)), P3DDT(poly(3-
dodecylthiophene)), PPV(poly(p-phenylene vinylene)), TFB(poly(9,9'-dioctylfluorene-co-N-(4~
butylphenyl)diphenylamine)), PCPDTBT(poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-bis(2-ethylhexyl-4H-
cyclopental2,1-b:3,4-b' Jdithiophene-2,6-diyl)]1]), Si-PCPDTBT(poly[(4,4'-bis(2-ethylhexyl)dithieno[3,2-
b:2" ',3'-dlsilole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7-diyl]), PBDTTPD(poly((4,8-
diethylhexyloxyl)benzo([1,2-b:4,5-b'ldithiophene)-2,6-diyl)-alt-((5-octylthieno[3,4-clpyrrole-4,6-
dione)-1,3-diyl)), PFDTBT (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-thienyl-
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'-dlsilole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7-diyl]), PCDIBT(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'-dioctylfluorene-co-bis(N,N'-(4,butylphenyl))bis(N,N'-phenyl-1,4-phenylene)diamine),
F8BT(poly(9,9'-dioctylfluorene-co-benzothiadiazole), PEDOT (poly(3,4-ethylenedioxythiophene)),
PEDOT : PSS (poly(3,4-ethylenedioxythiophene) :poly(styrenesulfonate)), poly(4-butylphenyl-diphenyl-
amine) B o5 TTFAR o]Fox ToA HdEHE 1F o]l AS EAHORE = HFHA.

ATE 11
A1gel oA,

A7 BE A=S PEDOT:PSS  (poly(3,4-ethylenedioxythiophene) :poly(styrenesulfonate)) &= ofd#l
(aniline) 7l B2 AL EAo=R = HlUAA.
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(7] 88k 4ol A, A" FY7IYdEE Be 22EaSsS Edoa, N =
2 WA 6 Atole] AH4=41.)
7] FAH o] AFS ZE ~ A (polystyrene), P2VP(poly(2-vinylryridine)), P4VP (poly(4-vinylpyrdine)),

PMMA(poly(methyl methacrylate)), Z#]olElo]=(polyactide), Zg]5-Eltjdl(polybutadiene) = ZH
(fullerene) o2 o] Fo|Z oA AEE 1F o]dd 4 ATt

o

wdola, Xe &2 dielH, n

B71 AL 71 D A7) A2 718 Qe © SAIE(110), EF29 © SAO|=(FT0), QFEE © SApo]
(ATO), &7 =39 A3 SA|=(A20), A8 =3E A3 FAo]=(6Z0), & v 9=, 2 vx 9ol
o]
=4

2 In

_ﬁ_
AES EEHEUSARI=(Ti0), BASAI=(Zn0) R 7w =% A5 ko] = (Al-doped

Zn0), ©Tho] Al =(Sn0,), Ei= AlE ZFRUIO)E(Csy00:) = o] Fol Xl ol A ey = 15 o]dd & Ut

A7) AE AEES PTAA(poly(triarylamine)), spiro-MeOTAD(2,2',7'-tetrakis—(N,N-di-p-methoxyphenyl-
amine)-9,9'spirobifluorene), 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]), P30T (poly(3-octylthiophene)), P3DT(poly(3-decylthiophene)), P3DDT(poly(3-
dodecylthiophene)), PPV(poly(p-phenylene vinylene)), TFB(poly(9,9'-dioctylfluorene-co-N-(4~
butylphenyl )diphenylamine)), PCPDTBT(polyl[2,1,3-benzothiadiazole—4,7-diyl[4,4-bis(2-ethylhexyl-4H-
cyclopental2,1-b:3,4-b" Jdithiophene-2,6-diyl)]1]), Si-PCPDTBT(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]), PBDTTPD(poly((4,8-
diethylhexyloxyl)benzo([1,2-b:4,5-b' ]dithiophene)-2,6-diyl)-alt-((5-octylthienol[3,4-clpyrrole-4,6-

dione)-1,3-diyl)), PFDTBT(poly[2,7-(9-(2-ethylhexyl)-9-hexyl-fluorene)-alt-5,5-(4",7,-di-2-thienyl-
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2',1',3"'-benzothiadiazole)]), PFO-DBT(poly[2,7-.9,9-(dioctyl-fluorene)-alt-5,5-(4"',7'-di-2-thienyl-
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'-dlsilole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7-diyl]), PCDIBT(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'-dioctylfluorene-co-bis(N,N'-(4,butylphenyl))bis(N,N'-phenyl-1,4-phenylene)diamine),
F8BT(poly(9,9'-dioctylfluorene-co-benzothiadiazole), PEDOT (poly(3,4-ethylenedioxythiophene)),
PEDOT: PSS (poly(3,4-ethylenedioxythiophene) :poly(styrenesulfonate)), poly(4-butylphenyl-diphenyl-

amine) B ©]E8] FFTHAR o] Fo| Tl MAEE 1F o] Fd 5 Sl

A7) BzE H=E PEDOT:PSS  (poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)) X ofd™
(aniline)Al 4L 4 Ao},

2 g o] AAlde] mE HSAA Az PHS Al 713 el BRE AS5E gAste], 47 Al 713 2 37
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L, 2 oo A FtolE 33tES X Fete FEFTAE AT owHN, T3

% 3a 2 = 3be= HAo]dTe] dAE I Aol wE BeF dxe] U % diS =ARE A
ARE T 7 (SEM) o] ] A] o] T}

& 3¢ 2 & 3de Aol Sl E A 2 wlaodl mE B dxe] W 39S = AR
178 (SEM) o] A o]t

4= Aol d ol P (w/o PS)E A &2 wlale] B s o] dS o] A (v PS)E & Tl Aol w
Bz o] ) M-7kA 3] 2~ E- (IV-visible absorption spectra)s EA|gH “Lgjzolt},

fu b

5 Ao AZo] A (w/o PSHA & Hlue D sjAwo]dZo] FA(w PS)E 2 TP HAdol w
kAol 9 kzt F-&(external quantum efficiency; EQE) Z~FE 2 F3}-&(transmission)S FA|
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(current density)E A3 Tz olal, & 6bE A o] Zo
3

1 A (w/o PS)FHA &2 vlutef] w2 gl X
o] A (voltage)ol WE HF WX (current density) S EA|3F 1gZo

=3
e L ]L%O] A (w/o PSHA] &2 dlue B gjrjdo]dZo] FAd(w PS)E £ Hge]l HA|de o}
2 A Hi+ & (average efficiency)S =AISH T8 Zojt},
T 82 Aol AZF o] FA(w/o PS)EA] 82 Hlaud 2 gawe]AFo] FAd(w PS)E = o] HAjod u}
2 gFHdA A Al7(storage time)o wWE HA FH(average efficiency) B At FE(relative

humidity) & Z=AIgE 283X o|t),

9at F|AIHo] A Zo]l A (w/o PSH A e Hlad D sfAdo]dZo] A (w PS)HE 1 Igol HA|dof u}
A53] d FAF ~HAEZ~FY(intensity modulated photocurrent spectroscopy; IMPS) &7
2 48 Al Ag(diffusion coefficient; Dn)E E=A|SF Z1ef X o]t},
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E gb=iAHle] A Fo] A (w/o PSR &2 Hlae] L gAwo]dTo] FA(w PSE & Arge] Aol uwf
E HIAR Y Ar 24 FHAY ~FEZAF9)(intensity modulated photovoltage spectroscopy; IMVS) &4
o7 Ao Az AMeo] 9 (charge carrier's life time; sn)< FA|$ 1gfZo|t},

wgg YAl Aok FAF g
A% =295 9 Q% 205 /A8 UeEe gxste] ¥ uwe] ANdE s AdetAu, @
ol Aol ols) AVHAY BA=E AL oprt.
<]

e

2 ““ﬂ*%ﬂ’ﬂ AFEE golE AAdES AWsy] $% Aolw B MWS Agetuzt e AL ofyrk.
WA Ao A, T4 BT B3I AFeH] &e 3 E5de Xttt WA A AlEEHE "EEsG
(co mprlses)' ‘%/EL—‘:* "¥8Feb=(comprising)"S AFH TAHLA, WA, 5F L/EE= a2 E sy ol o
2 FA8a, B, 2 2/EE 2] &4 B F71E ASHH &

2 A AFEEE "AA, et "SEY, "A" T2 7EE A9 Fd(aspect) EE AAVE bE
P e AAERY FEEAL, o]Fe] ' AoR sAE ok = AL oYt

wek, ‘= olgte gol= wield =¥]3 'exclusive or'ol7|EutE EIZA S =73 'inclusive or'E 9H]
sty &, 9 dFHA &gE 3 e Eo 2Ry Yol @ &, 'x7F a BE bE ol&dt' g 13
L ¥3#9e 24 DS (natural inclusive permutations) % ol 3}E o3},

T, B A 2 HFIEM AFEEE T EE(Ma" e "an")S, 28 AFHEA e 3 EE d ¥
glo] #3stk Flojgta Fo R RE WEslx e g, gty og "sh oS ou|etE AoR A Hojof g
o}

w3, =, 5, 99, 1A 8% T FiEeo] g2 FE "t e " ot @ u, g FEo HlE ¢
of Y& ATt ofz} Fbol g2 o, T, 99, 78 84 Fol MAFH ' AeE 2.

T 18 #xsd, 2 aiel Axde] wE ggAxE Al 7]3(111) D BE AF(112)S 23gEE JeE A
=(110; counter electrode), 7FE] A=(110) Aol FAE HET ALF(120), FF ALZ(120) ol FAH
I, AT A AATS WA= A AF(140), AF HAEF(120)F sHA|Ho] A Z(140) ] oldA=
ez Y BFAY FEFA130), A A (140) 3 FEFEFA(130) Aol FAE A= AEE(150) 2
A AZ(150) ol FAE A2 7)9(160)S EFHTE.

Mg AAE Hgge] QAW FIAt BERA0G] EFEL, BERAI0) Vel FERE BAE A4
T T N D R N I

(conduction band) 2 FY= 4

FdE AAE A4 AUE(1500S F3 A2 B0 0w ATHL, ofF 9% H=s Fo dFHL A 7
+H AF(11000.2 o]Fdd 4 At}

@, A2 Aol A3 sk FF4E BAL 4T ADF(120) ) 429l AZo) oo s AT,
AvshEl o2& ek F4 (charge neutrality)® ol%7] 918l ZH&H AF(110)9] AWe] £&e Axpsh 49l
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goomM Y X7 A%E & Qlort, o) ARHE AL ohn,
FHEH AF(110)2, Al 719(111) B BHx d5(112)& 238k, Al 78112 502 AHEE 5 ).

Qi g5 W, AF ¥ SAF=(1T0), Z2F ¥ © Ao =(F10),
2z @51~%AkﬂC(AﬂD g =Y A3 SAl=(620), & U 9
B(NDZE o]FoZ oA A™E = 15 ool A82 4 A,

AL 7RIS 5 7)do] AgE &
FEE QLA E(AT0), FFV)E =
A, & b stolo] % B L F

BZ  A=(112)& PEDOT:PSS (poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)) I ofd#

(aniline) Al 284 4 dt}.

F71=el Al 711D H 2 =4 Ay AT (1200 M2 E4de] @8, A9
*i<rﬂ€4 A1 711D 2224 =2 A dE3(120) Atololl sgo] 2y +=
(112)s FAFe=zm, A1 71H(11DIH Ay dLs(12009] HdAHe FAA, A 88 FHNE

Ay ADd=(hole transporting layer; 120)& Z}&E A=(110) Aol dA <},

A HAL=(120)2 PTAA(poly(triarylamine)), spiro-MeOTAD(2,2',7'-tetrakis—(N,N-di-p-methoxyphenyl-
amine)-9,9"'spirobifluorene), P3HT(poly[3-hexylthiophenel), MDMO-PPV(poly[2-methoxy-5-(3"',7'~
dimethyloctyloxyl)]-1,4-phenylene vinylene), MEH-PPV(poly[2-methoxy-5-(2''-ethylhexyloxy)-p-phenylene
vinylene]), P30T (poly(3-octylthiophene)), P3DT(poly(3-decylthiophene)), P3DDT(poly(3-
dodecylthiophene)), PPV(poly(p-phenylene vinylene)), TFB(poly(9,9'-dioctylfluorene-co-N-(4~
butylphenyl)diphenylamine)), PCPDTBT(poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-bis(2-ethylhexyl-4H-
cyclopental2,1-b:3,4-b' Jdithiophene-2,6-diyl)]]), Si-PCPDTBT(poly[(4,4'-bis(2-ethylhexyl)dithieno[3,2-
b:2" ',3'-dlsilole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7-diyl]), PBDTTPD(poly((4,8-
diethylhexyloxyl)benzo([1,2-b:4,5-b' ldithiophene)-2,6-diyl)-alt-((5-octylthieno[3,4-clpyrrole-4,6-
dione)-1,3-diyl)), PFDTBT (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-thienyl-
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'-dlsilole)-2,6-diyl-alt-(2,1,3-benzothiadiazole)-4,7-diyl]), PCDIBT(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'-dioctylfluorene-co-bis(N,N'-(4,butylphenyl))bis(N,N'-phenyl-1,4-phenylene)diamine),
F8BT(poly(9,9'-dioctylfluorene-co-benzothiadiazole), PEDOT (poly(3,4-ethylenedioxythiophene)),
PEDOT : PSS (poly(3,4-ethylenedioxythiophene) :poly(styrenesulfonate)), poly(4-butylphenyl-diphenyl-
amine) B o]FY FFFAR o]Fox TN HdEd" 1F o }E EFE £ dx, ugHsHAE

PTAA(poly(triarylamine))7} AF&4 4= T},
A W o] A (140)2 A A& (120) Holl A=, G337 A= AZ2FS WA s},

, HAIH 0] A F(140)2 FETA(130)7F FAHA &2 d99] AT dET(120) 2 A= AEF(150)7F AH
ﬂoi»ﬁiﬁF e Aggro 2y, Ax 2 gFo] HE ALEF (12003 A HEF(150) ArelollA AjAjH
o)

=
(recombination)o] doji} A%} F&o] ZAHE AL A

ik

A o] A =(140)S Z] 2F W (polystyrene), P2VP(poly(2-vinylryridine)), P4VP(poly(4-vinylpyrdine)),
PMMA(poly(methyl methacrylate)), Zg]o}e}o]=(polyactide), Zg]5-Eltjd(polybutadiene) = Zgj@
(fullerene) 0.2 o]F o7 oA Aeld 15 o)A 4 U},

R, A ]S (140)2 Fo AT (12003 A4 AE5(150) Atole] HPgAdE FA1H o .

Fabol et oldds Yk TN BT 4T ALTO0)E A ALB00] YA o
S 32s 2] il A% BEo] BASE FAL A e, ¥ ouRel Axdel e Head 3
3 ARFW0)3 A4 ALEA50) Aolo] AAMAEAE EATORA, £E FIY U FAEE 78
@ 4 Qol, mEERY ohle S FYAA = Yok

TR, ol xR Jl&, umEERE ofy Aol ded FEY dEdAYH S LA (Building-
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[0071]
[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

S=54l 10-1809869

integrated photovoltaics; bipv) BHSAAZS Az & 4 Ur}.

o] FFFA(130) = F& AES(120)7 A He]AS5(140)0l oL A= FE2 PFAJ ).

el AA-4F 4L A, B4 k9 5

Sl

FEZFA(130) = HAH o] HAZTS #Ese] AE AEF(120) UFod JAH4E 5+
T =
7 A5 %A 4 E ¥ (quantum—confinement effect)ol]l o8] U=YA}

ox
e H

o,

rh

2717} Ae

omyE WatE WE AUAE 7H 5 Aok

FUAE Fejo FEFAZL ofd WA AYF D 4F A2F Aolo] n2A FYHE BEFAL B EF

AG= s BIPVE HFAAzE AFgely] AEThs BAGel ATk, AW, B el Axdd] we ol

= oo FEFAE A4 A9F D AT 993 Aol FEAow F4H Qol, ¥ FAEL ] 1
Fabgo] = ;

AnfanXSnﬂ

31812 1 WA 813HA] 4elA, AE I RE ©E
olm | n& 2 x| 6 Alole] Ao},

dE E9], AT (CHNHs)n,  ((CzHsz+1)nNHs)o(CHsNHs)n, (RNHy),,  (CnHoneNHs)s,  (CENHs),  (CFNH)n,

((CzFy,41)nNH;) o (CFaNH3)n,  ((CzFaz41)nNHy)y B (CnFongNHs)p (n 1014091 H54=, z&= 10142 A5 Y 5 3l

rir

Ry

4

Tdola, N2 w5 =Hola, X = 94

= 27k9] Mo v, JER 5%, 47

, 4Z4E EF &%, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po =& o]59 =3t
ola, X& Cl, Br, I & ol&59 U 4 3

rie

—~

olife] FEF F5& oAU Ge, Sn, Pb, Eu =& Yb¥ & Aok, =3I, 44y EF F5
Srd 4= ot

Ca &=

rlo
i

o 21 h

ug A8 A=, FEFAE CNLPbIse]l A2 =
w3, H2ZHA2AT10lE 33E-L H2ZHA710lE YA A A (nanocrystal particle)d 4 Ut

Tl E Y2 AdR = HRZBEATOJE Y
SRR s 9 x93 Qo
w3, H 2B 2A7t0lE YyreAAJA = HZo]-A(core-shell) T+F25 714

ATt

_/,:
- e AznsstlE hedRYAE AL ARBAIOIE e
} =

=20l A 30| W Al HEH AT o] E
Uaedddx mols I A2 H2BAT0E Y dAAJAE Xk AS X3 § k. oqU)A, Al
Sznzolol = YA Aa @ A2 AZnoslel = gl Az dold Bl e

Foj-d Fxo] FF7] slolH T HRZEAIOIE Y AAJA BE Fo-d Fxo Fr|g&ddeln HzZR
2710|E YA ]dA s Fojuoh si=o] & BAR A4S Ao mA AAEo] Hojd L I FEELEE
3 & g
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s==4

[0094]

o]
AN

Gk

13

Fol VhedAe] uTae

5]

S AT

"

[0095]

AMXs 1+

ol
oy

iy

AMX4 EE"TE Alr 1M11X3n+1 ( n

W]

7 2 1 2 7}o]

2 WA 6rkole]

KR
y

AMXy,

AMX,

-
(¢}

[0096]

il

(Zn0)

FFR U] 0] E(Cs,C03) 2 o] F¢]

(140) 7} F&5A(130) Aol 3

=
[

s Al H o] A

12} 5 (150) =

S
!

[0097]

m
=

=

CEERE

(Ti0s),

ElEHE T S Afo] =

(150)&

CERERR

12 A3

S
!

[0098]

=
T

49

15 o]

oA AElE =

X

s
o

Al

L
T

(SHOQ) ,

=

Zn0) ,

o))

A2 7]13(160)

(150) “gell &A= aL,

=
[

A A

KR
y

A2 7]1#(160)

[0099]

EIERRIES
A2 A0 E(620),

/\01—

A2 712(160)

i
(F10),

ol
H

Tl

[0100]

KR
y

Rl

Bl LAFo]=(ATO),

ol

!

E]

[e]

1.

o

PN
=

o AHg

1% ©

L
L

U FHE(INDZ o] Fof7 TolA] Aes

1
A
jrut

X
mmo

==

7:51,

A2 713 (160) L 59

A1 71#(110) 2

eI

TC

[0101]

A2 713(16

sz sl g Aol

i)
=

71 (A1 713(111)

A=
‘I‘Ug

o

"

Z(self-passivation)

o

A7 A W o] 4

| rxz gyEomA,

A2 7]

=i
=

713 (A1 713(111)

=]
71

o

3|

98 Az stol e

E
T

s

oy,

0

mmo

A

(160)) o=

[0105]

st

317 =

2F
=

3

= X
L

T3 el a4

[0106]

[0107]

ik

= wA(5120),
yo 437} Ao

3

e

@A (S110),

s

20 B
;S_“IE 65]/‘61

1

E

7

B

A (S130),

she

4

=
=

4
A (S140) ,

B A3e %

™o

s A H] o]

i)
=

A

A (S160)

25
[SIn=]

s

st

344

JH ol S-S

i

L
L

=+

A (S150) 2

L
L

@A(S110) &

L
Fu

el

SeE A3e 94

BH

[0108]

3t

Bl LA}o] = (FT0),

A AR =(6Z0),
)

A1 7|

[0109]

ot o

U
PN
T

KX
y

]
FH(OND) =

5
e
F ® SAIE(T0)7h AH8E & .

B

]

eI}
i

Al 713

A=,

g

BZ A= PEDOT:PSS (poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate)) T+ old#(aniline) 7l

[0110]

O

A+

oW

X
B

JFA ZHUE (Ink-jet printing),

gl t}o] FH(Slit dye coating),

Zlo] =¥ (spray coating) ® o FEH(dip coating) & o]Fo]A oA AElg

2=
=

g (Spin-coating),

™

[0111]

o

A,

=
=

A1 (S120)

[0112]

tE]

& SAF] E(FT0),

A AR =(6Z0),
o

o
of
il
el

A2 7|

[0113]

ot o

Ui
o~
e

KX
=

%
=0 |
W o
Be )
H
T
VR
~
S -
S
Sy
IS
©° o
—_—
7A
off
=
ro 2

|
-]

m U
Mo
iy
=

w4
< W
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]
[0134]

[0135]

S=S0dl 10-1809869

e, A2 A5E EFe3 ' SAIE(FT0) 0] AFEd 5 9l

Az AGFe QEFH, RF vt ER 29, DC v EE 29HY, W a2 ER 29y, 4358y
2 A SEE R ofFofX oA AEEE o) shte] WHoer g9 4 i, viEAslE, A A
452 dvTHeR g4E 5 A

AR AT el obdAE FElE 2w H7le FFFAE Fdshs dAG10E AFFH

FHFAE dRZusvtolE iEs P F Qla, dEusbolE SetEe 5] seha 1 A geha 42
FEAEE =4 5 AT

[3}hsh4] 1]

AMX;

[3hsh4) 2]

AMIX,

[shsh2] 3]

AMX,

[shsh2] 4]

Anf 1MnX3n+ 1

et 1 ulA she o)A, Ak £
olv], n& 2 VA 6 Abo]e] Holr,

v e A=, A CHNHPbIzo]l AFE-E o STt

u&
njr
t
o
.
N
)
il
b
il
i,
o
I
=
o
il
b
il
i,
o
I
<
o
(i)
il
Ry
rﬁ
o

BErA+= 2% A" (Spin-coating), =% the] ¥ (Slit dye coating), ¥IA ZHE(Ink-jet printing),
23X o] ¥ (spray coating) @ H FE¥(dip coating) &2 o]Fo|F oA HElE= o o] Wylow
d4E g da, v, FErAs 29 28 e d4E Ao

FlmB2Tte|E Sheted ol A4 JHE 7] wiEol &u7t SEsiAl HW Aol F4HA Ak, whebA,
o] Aaloo] wE BEFAA ] AARE = FEFAE, H2RATlelE SgE S 29 293 vy, e
TEAA HZBATI|E Sges AASMHoRHA, ofddE FHo] FEFAE T 5 T

A A ol B3t dAe] AZ2eds WAshs Aruoldss sk SAS10)E At

Aol FE Zg]~E]d(polystyrene),  P2VP(poly(2-vinylryridine)),  P4VP(poly(4-vinylpyrdine)),
PMMA(poly(methyl methacrylate)), Z2°telo]=(polyactide), Z2|¥Eb]dl(polybutadiene) 2 ZHe]#A
(fullerene) 2.2 o]Fojzl oA AEE 1F oFd 4 <z, uldZsAE, drdoldEe Zo|xgd
(polystyrene)o] AbE-E o 9t}

Aol S =3 Y (Spin—coating), £3 vl Y (Slit dye coating), YAA =
printing), 2Xdo] F¥(spray coating) ¥ W FH¥(dip coating) &2 o]Fo]7 oA AEly

g
[€]
of Weor gAdd o gla, wiAslE, Aol ATE A9 IR R gAdE ¢ Sl

HA o] AT 23 Ao FAFo=HN, gh2 T Aol dTs WE AZE Wl #dst
ATt

FurAl 2 Aol S el A AT ek dAI(S150) S 11EFH

np 2 1A A AE5L2 PTAA(poly(triarylamine))”’} AF8€E 4= 9t}.

Ay AdEe 23 HE(Spin-coating), <3 tio] H¥(Slit dye coating), AUIA ZAE(Ink-jet
printing), 2=Xdo] F®(spray coating) ¥ o FHB(dip coating) &2 o|FoZ To|A HAEEHE= o= st
o Whio = YPAdE 4 Ja, v, AE dETS 23 IYeR Fgdd 4 .
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[0136]

[0137]

[0138]

[0140]
[0141]

[0142]

[0144]

[0145]

[0146]

[0147]

[0148]

[0150]

[0151]

[0152]

[0153]

[0154]

on

=505l 10-1809869

RAo R, A3 A9F o HeH %L PAss wAS1600E Ad g

AE ADE o AeE AFS FAGE BAGIS0E AT AREA AW A2 AR Aol SeE A
9i 29ow agste] s AxAA X el AAde] B gPAAE A% 5 A,

Zyow s AF AgSAA FAR A2 7w AeE AT Aol AR ol AT W], 3
A9E Ao Fled 432 2244 & A

EEER DR R )
s,

H
L A7

Heolwl (45 nL, HWEHE 5 40%, TCI) ¥ 8.9 E3}422H50 mL, & & 57%, Aldrich)& 0T oA &
AIRE EQE wRbAl T, ayk /\]ﬂ £ 3 S%7](evaprorator) & ©|-&ste] 50TCelA 1 AZF &+ 5
A4, CHNH I 39T E dAvk. @& CHNHI 9909 X8 Eol7] flste], ogh&o] vl Holar, fd
El2E olgdte] AAA I FH, 2447t ok IAF QBN HAxFe £F CLNLI I39HE AR
40 wt%2] CH;NH,PbI; &S Fw0|sl7] 218te], A3 ClNH;I9F Phly(Aldrich)E 1:19] & W&=2 y-FEHZF
(y-butyloractone) Wellx &&3te] 60 CTollA 304

(Rl ]

rmﬂmMoH

w
rD:
olo
>
i)
i

FTO 7]%(pilkington, TEC-8)& 208 %< oehe ZLo|r ZL&uli 7] (ultrasonicator)E o]-&3ste] A A3
H, oldE F71E8S AAsy] ekl Zer=rk(plasma) S stgith.  Ti0, A AE=S FAstr] st
of, olgh& (99.5% SAMCHIN) &9 % 20 mMe| ElElg vo]lAhXZ 2 RAlo|= H| (o HOHEYO|E) (o]AX=R
FEe F 75 %, Aldrich)E o]83}o] 450 ColA] BT WS 23] A9},

old A= Fe)e CHNH,PbI; 2Hehe A3ty Yste], Ti0, dz d&Zo] FAHA FI0 7] 9ol 50 ul
CHNH;PbI; €8S ©¥ & 5, 5000 rpmollA] 120 % ToF ~WFESS 100 C Zd o E(hot plate) oA 2

® B Az,

F1eE A2 A4 7] YA, A" 170 71 9ol DE 3 PEDOT:PSS/MEHE (1:2 vol:ivol) £9L 50 L
TEZ 3000 rpmoll A 60 = EoF 23 FEE I 150°C hot plate YoM 2082 FoF Az3)
4 Awa) g wle) BT oo ZeEoldolnl 2omg & 48 ¥, 15 ulel Li-TFSI/obEro]E

2
=
(170mg/InL) 213} 30 pL t-TBP/OPAIEL OIS (InL/Inl) &2 Hrbste] wlgel. wulg 43 ALA &
A2 oldU= Fele] CHNIPDL o) EE F, 7HeE AFE G FROR wyse] s ARAA B

A& A=)

[AA4]

FTO 7]%(pilkington, TEC-8)& 20% &<t g2 FHolA ZS3EH7|(ultrasonicator)ES ©]-&35to] A3k
g, golde #71ES AAS] st EE=vk(plasma) A B E sy, Ti0, AA "AEFS JA5H7] s
o] o B2 (99.5% SAMCHUN) & = 20 mMe| Elelg tolAXZ 2 ZEAlo|= H| A (OIAEOHEY|O|E) (o] AX R
e F 75 %, Aldrich)S o] 83to] 450 ColA EF WHS =& dAdsioc).

ofd:WE FEfO] CHNHPbI; whebs FAd3sh7] flsted, Ti0, A= dgZo] FA4E FI0 7] $lo 50 nl
CH:NHsPbI; €918 =¥3%F %, 5000 rpmolA] 120 % &< 2 FESFe] 100 C SHE# o] E(hot plate) $JolA 2

2 5ot Az,

AR AGSH Y ALT9 A4 "AdS B AA AT AATS 9] Y&, EgzEle] A (PS) H A H]
ol & At Zglxeloldl HAW oA F& FASr] A, FEzEholdl (MV =192,000, Aldrich)/
24 (0.1g/mL) €9 500 pLEs ofdA:A= FHeje CHNHPbI; ¥FaF 9o =% ZF 5000 rpmollA] 30% E<F ~¥
YT CHNHPhl; ol A" Fzeloldl HA Mol d & AA 371 ¥sA, 5000 rpm oA =3 FE
%, EF<l 200 ulEs =xste] AAF}.

FHeE A=FS A shr] YA, AFE 170 715 Yol ZEj$ PEDOT:PSS/HWEHE (1:2 vol:vol) €ME 50 pl
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[0155]

[0157]

[0158]

[0171]

[0172]

[0173]

[0174]

[0176]

[0177]

S550dl 10-1809869

=EF, 3000 rpmell Al 60 Z FeF ~¥ I F, 150C hot plate YoNA 208 Bt Az,

Ae AEA &AL L] EF< Aol Ee|Eg|obHobdl 20mg &

(170mg/1mL) €43} 30 pL t-TBP/oFAlEYo]E™ (ImL/ImL) &S

)
AS oldAW= e CHNILPbI; $19 =X F, JheH AFS da SO TAste] s HAx2=AA egA

A& AlAeeit.
ojglll A= = 3a WA & 9bS FIshe], 1 @] Al

u}
= 3a B = 3be dAMo]dTe] FAE B owye] Ao wE

AW 7 (SEN) o] m]A] o]

g

A4 (v PS) B wwe] A
El

= 5% HAoldTol A (w/o PS)E A &2 Hluld E gAjwo]dFo] &
2 ggAA 9F A G&(external quantum efficiency; EQE) 23
gk o)t

= 55 Fxshd, siAHlo] ol Fd(w/o PS)HA 42 Hale]
PS) # I e *e‘f‘]oﬂoﬂ w2 BFHAe] TG FE(a

oo w2 el FHdA et FAFS

&) &, 15 pLe Li-TFSI/otAELto] E
Hrlete) En|gt). Fv)E AF AYA

of WE A el mE FFEs I
_] =ye]

Alw PSE & o] AAlefol ut

(s}
Ed 9 E3S(transmission)S EA

of mE EFAA B iAol dTol A (w

verage visible transmittance; AVT)2 Z}z}+

Aol dZo] @ (w/o PS)EA &

g, Aol aEe] B PHTE B we] Axelo] e BHA s
o vmde] e BPAART § 2 9% g Bk g dehls 4 4 5 9
9% PR BES olgdtel AE FAF AmE

A7 g vl A

% Ga> HAHle]AZol FA(w PS)H )
(current density)E ZEAIS Z1giZo]al, & 6bi= 4]

|
o] At(voltage)ol W AF Ux(current density) S E=A3F 21
%= 6a ¥ = 6be AW A AEi(forward scan condition), &
& el A ST
% 6a ¥ % 6bE F=xsHH, A

Aol Het(voltage)o WE HAF HXx
Fd(w/o PS)E A & vl wE YA
g Zojr}

ek =AL A (reverse scan direction)

O = O
P (w/o PSHA &2 Hlud w Eﬂook AR o =2 AR ‘?j_‘E(current den51ty)a UrE]rlHL AL & F

ATt
LHER AT
7 *W]O]*d%ol d(w/o PS)HA] &L mlate] B s A[H]o]



[0178]

[0179]

[0181]

[0182]

[0183]

[0185]

[0186]

[0187]

[0188]

[0190]

[0191]

[0193]

S=50dl 10-1809869

= re Hx
=]

dzshd, Aol F ol A (w/o PSHA &2 vludo] w2 gFHX 2 Ao AT
PS) ¥ ¥ ubgo]l Ax|de wE AR H+ X FH(average device efficiency; havg)
+

12 8, drmeldFo] Fd(w PS)E = el HArjdo w2 gFHA e HF X a-&(average device
efficiency; havg)e] 4= A& & = Ao,

= 82 FAHolAZo] A (w/o PS)EH A e nvluld = A Ho]AZFo] A (w PS)FE E Hbg o] AA|do] u}
2 HYAXY A AlZ(storage time)ol wWE it FH&(average efficiency) L At HFX(relative

humidity) & E=A]S 2|zl

% 8% Fashw, AAuloldFe]l FH/o PHHA ke wumeldl W YA Wi AEES 6,256
5.600% s, WAl AZe] FH G PS)E B WPl el wE B BT BEL 10,4504
9.9242 Fradht Hom o, WF A& ¥% TF& el

E 9av Aol dF o]l B (w/o PS)HA g2 Hlad R gAjuo]dTo] FAd(w PS)E ¥ U] HAA|d] u}p
2 HUSAR Y Fr 24 FHdF 2F9EZ2~T5(intensity modulated photocurrent spectroscopy; IMPS) =3
o7 Ao A A4 (diffusion coefficient; Dn)E EA|3F ZLgf3E o|t}.

T Obe dAHlelAZ o]l B (w/o PSEA &2 HlaLe] 9 sjAujo] ATl P (w PS)E £ Lol AAde u}
E HIAR e e 2H FHdg ~FEZ~F9(intensity modulated photovoltage spectroscopy; IMVS) &4
o A& Mt AMelol 9 (charge carrier's life time; sn)& %A|G L3 o]t}

% 9a % LobE e, siAloldTol A (w PS)E 2 Il Ao wE A= FHAlHe]d el
G (w/o PS)EA &L wlalde] wWE ejFdA el nvluste] SbA 2 dst Age] FHS 747, 147 o
1.574) S7Fak3itt.

Fl

2 o8, B A9 A4 AuF % AF ADF Aolo] Mol dF e EUFozA, A4 AekE 2 4
T A9F AoldAg A R gFe) Axge] A AAHE A% & & Aok,

olgat gol B owme u% WAE AN Hwe] o8 dwsglont, B owme 479 A gy5E
A€ ohn, ¥ we] &ahi: FolA B4 A4S Ak Aew oeld A= s 54 L Wdel
Fsstt,

11 A1 7] 112: Bz A=

110: 748 A= 120: AF Ag=
130: FE A 140: sHA H o] A=
150: Az} A3 160: A2 7%
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