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(57) Abstract: The present invention relates to an active layer for a solar cell having a bulk heterojunction structure. More specifically,
the active layer according to the present invention can improve the photoelectric conversion efficiency of a solar cell since perovskite
particles are distributed in a bulk heterojunction structure of a hole transport material (HTM) and an electron transport material (ETM).
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nanoparticles& 52 20| A solution 2] & 2 A 25} o] planer® Bl & 127}
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7] AEF45EE (HTM)2 PEDOT:PSS(poly(3,4- ethylenedioxythiophene):
polystyrene sulfonate), P3HT (poly(3-hexylthiophene-2,5-diyl)), PTAA(poly(tertiary
arylamine)), PCBTDPP(Poly[N-90-heptadecanyl-2,7carbazole-alt
-3,6-bis(thiophen-5-yl)-2,5-dioctyl-2,5-dihydropyrrolo[ 3,4]pyrrole- 1,4-dione]),
PDPPDBTE( Poly[2,5-bis(2-decyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-(E
)-1,2-di(2,2'-bithiophen-5-yl) ethene]),
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]]),
PCDTBT(Poly[N-9'-heptadecanyl-2,7-carbazole-alt-5,5-(4",7"-di-2-thienyl-2",1",3"'-b
enzothiadiazole)]),
PFB(poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-
phenyl-1,4-phenylenediamine)), PANI(Polyaniline),
spiro-OMeTAD(2,2',7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirobifluoren
e),
[5,15-Bis(phenylethynyl)-10,20-bis[(triisopropylsilyl)ethynyl]porphyrinatolmagnesiu
m(Il), 2,4-Bis[4-(diethylamino)-2-hydroxyphenyl]squaraine,
2,4-Bis[8-hydroxy-1,1,7,7-tetramethyl-1,2,3,5,6,7-hexahydropyrido[3,2,1-ij]quinoline-
9-yl]squaraine,Chloroaluminum Phthalocyanine, Tetracene, a-Octithiophene,
Pentacene, Lead(II) Phthalocyanine, Zinc Phthalocyanine, Copper(Il) Phthalocyanine
(a-form), Copper(II) Phthalocyanine ([3-form), Phthalocyanine Blue,
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[9]

[10]

[11]

[12]

[13]

a-Quaterthiophene, a-Quinquethiophene, Quinacridone(5,12-Dihydroquino[2,3-b
Jacridine-7,14-dione), 6T(a-Sexithiophene), a-Septithiophene, TiOPc(Titanyl
Phthalocyanine), Tris[4-(2-thienyl)phenyl]amine,
Tris[4-(5-phenylthiophen-2-yl)phenyl]amine H=+=
Tris[4'-(2-thienyl)-4-biphenylyl]amine(Zinc Phthalocyanine)d <= 9121, o] 9]
A ghE] = 21 oyt

7] AR5 2 E (ETM)2 PCBM([6,6]-phenyl-Cg,-butyric acid methyl ester),
Fullerene Cg, (pure), Fullerene C;y N.N
"-Bis(4-methoxyphenyl)-3.4,9,10-perylenetetracarboxylic Diimide, NN
"-Bis(3,5-dimethylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide, NN
"-Bis(2,6-diisopropylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide, Bis-PCBM, Cg
MC,, N,N'-Di-n-octyl-3,4,9,10-perylenetetracarboxylic Diimide, N,N
‘-Dimethyl-3,4,9,10-perylenetetracarboxylic Diimide,
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecafluorophthalocyanine Copper(1l),
ICBA(Indene-C60 bisadduct), [70]PCBM([6,6]-Phenyl-C;,-butyric Acid Methyl
Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride, 3,4,9,10-Perylenetetracarboxylic
Diimide, PCBB([6,6]-Phenyl-C61-butyric Acid Butyl Ester),PCBO([6,6]-Phenyl-Cs,
-butyric Acid n-Octyl Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride,
PTCBI(3,4,9,10-Perylenetetracarboxylic Bisbenzimidazole ),
1,6,7,12-Tetrakis(4-tert-butylphenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3.4,9,10-peryl
enetetracarboxylic Diimide ¥ <~ 31 2.1, o of] A|$t¥] = A o} ),

¥ 2 H ~7}o] E ) A= FAPbL(Formamidinium-lead-iodide), MAPbI,
(Methylammonium lead iodide), FAPbI, Cl,, MAPbIL, Cl,, FAPbI; Cl,), (MAPbBI; (Cl,
)., FAPblL; Br,, MAPbI; Br,, FAPbI; Br,), (MAPbI; Br,), MAPbI, ,Cl,, MAPbB13,
MAPbH(L,Br);, MASnX; %= MASn,sPby s, 4= T}
By o] o Felol ubE 7 BB AA = BY] B FAA G BYFL FF s
Ag ¥ourgel v SWow s

g o] A fEfol whE BAAE ST A2
AZFEEAMETM Y AAFEEFDETM S EFAA A

= O

T OE SHo R s

7] AEF45EE (HTM)2 PEDOT:PSS(poly(3,4- ethylenedioxythiophene):
polystyrene sulfonate), P3HT (poly(3-hexylthiophene-2,5-diyl)), PTAA(poly(tertiary
arylamine)), PCBTDPP(Poly[N-90-heptadecanyl-2,7carbazole-alt
-3,6-bis(thiophen-5-yl)-2,5-dioctyl-2,5-dihydropyrrolo[ 3,4]pyrrole- 1,4-dione]),
PDPPDBTE( Poly[2,5-bis(2-decyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-(E
)-1,2-di(2,2'-bithiophen-5-yl) ethene]),
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[15]

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]]),
PCDTBT(Poly[N-9’-heptadecanyl-2,7-carbazole-alt-5,5-(4",7"-di-2-thienyl-2",1",3"-b
enzothiadiazole)]),
PFB(poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-
phenyl-1,4-phenylenediamine)), PANI(Polyaniline),
spiro-OMeTAD(2,2',7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirobifluoren
e),
[5,15-Bis(phenylethynyl)-10,20-bis[(triisopropylsilyl)ethynyl]porphyrinatolmagnesiu
m(Il), 2,4-Bis[4-(diethylamino)-2-hydroxyphenyl]squaraine,
2,4-Bis[8-hydroxy-1,1,7,7-tetramethyl-1,2,3,5,6,7-hexahydropyrido[3,2,1-ij]quinoline-
9-yl]squaraine,Chloroaluminum Phthalocyanine, Tetracene, a-Octithiophene,
Pentacene, Lead(II) Phthalocyanine, Zinc Phthalocyanine, Copper(Il) Phthalocyanine
(a-form), Copper(II) Phthalocyanine ([3-form), Phthalocyanine Blue,
a-Quaterthiophene, a-Quinquethiophene, Quinacridone(5,12-Dihydroquino[2,3-b
Jacridine-7,14-dione), 6T(a-Sexithiophene), a-Septithiophene, TiOPc(Titanyl
Phthalocyanine), Tris[4-(2-thienyl)phenyl]amine,
Tris[4-(5-phenylthiophen-2-yl)phenyl]amine H=+=
Tris[4'-(2-thienyl)-4-biphenylyl]amine(Zinc Phthalocyanine)
A e = A2 oyt

A7 AA42 A (ETM)S PCBM([6,6]-phenyl-Cg,-butyric acid methyl ester),
Fullerene Cg, (pure), Fullerene C;y N.N
"-Bis(4-methoxyphenyl)-3.4,9,10-perylenetetracarboxylic Diimide, NN
"-Bis(3,5-dimethylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide, NN
"-Bis(2,6-diisopropylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide, Bis-PCBM, Cg
MC,, N,N'-Di-n-octyl-3,4,9,10-perylenetetracarboxylic Diimide, N,N
‘-Dimethyl-3,4,9,10-perylenetetracarboxylic Diimide,
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecafluorophthalocyanine Copper(1l),
ICB A(Indene-C60 bisadduct), [70]PCBM([6,6]-Phenyl-C;;-butyric Acid Methyl
Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride, 3,4,9,10-Perylenetetracarboxylic
Diimide, PCBB([6,6]-Phenyl-C61-butyric Acid Butyl Ester),PCBO([6,6]-Phenyl-C;
-butyric Acid n-Octyl Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride,
PTCBI(3,4,9,10-Perylenetetracarboxylic Bisbenzimidazole ),
1,6,7,12-Tetrakis(4-tert-butylphenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3.4,9,10-peryl
enetetracarboxylic Diimide ¥ <~ 31 2.1, o of] A|$t¥] = A o} ),

¥ 2 1 ~7}o] E ) A= FAPbL(Formamidinium-lead-iodide), MAPbI,
(Methylammonium lead iodide), FAPbl; (Cl, MAPbI; Cl,, FAPbI; Cl,), (MAPbI; Cl,
)x, FAPbL; Br,, MAPbI; Br,, FAPbI; (Bry), (MAPbI; Br,), MAPbIL; [Cl,, MAPbB13,
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tE of7F & 7 Ak whehA], ofeff Aol A ARE = Bl 7w A
AP g Bl 10 R ol ajH ol A= qF B, A A &S A etr] 9 g
A A gof & o] & ¥ of of Fhrt.

Egh 545 A= o] doR AT o glon, o] A s E =
A el A A L ojn & 7 A1 E Aot whehA] of ) ol A AFS =
ol degh &l o WA o ofd 1 o7} 7hA = o m] &F W AA Hyto] A3
H&S Etl=® ol ¥ ofof gt}

SH, AL A2 9 o= dd 4 245 S dYetet ALEE
UARE, A QAES GojEo oste] FAHHA =k &5 e 4
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g, S, A, A 8 S o] o] thE R e ol B el sl ar
oo, of 2 FEY ubE 9ol Y= Ay Rt ol I SRt e,
Fo, A ok Fol A = A= EIe

thE Aol 7t glebd, 2 B Aol AL E = BE &l B 384 &olE
Fohi= o] Foh= Y mdokell A T4 A4 e T Aol Al FE A e m
olgllE o = om 2 ALEE S A AR o = |
oo = &oled BWsHA 583 Aouo] A F= oA oR
= st A H A Fet

S, 2 S Ao oA, B 34 7T e Al gk A A 9]
Aol &g ol e A E BE s 59 5= dvfal A= B Folli=, L
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&0 (terminology) &> - W o] Ao E A 43| xdst] Al AFEH
SOl EEA, o= AL, 28] o & B 2 U o] 5k Wobe] |
ol wek depd = k. whebA, 2 o] Eoll thEk g o= E W AlA Hulk
AR W& EdE el of & slojt

45 gz, Eody o o o wE B A S 2T
A& %5 2 (HTM, Hole Transport Material) 2} A 2} <=2 2 (ETM, Electron

Transport Material)©| *H =1 ©] &% ¥ (Bulk hetero Junction) 7-2& A 8h=
2] S (active layer); B A7 M o] FH T2 o A F Yol #4kd
| 2 H A~ 7}o] E Q1 Z(perovskite particle)E 3 33T}

2 kg ol A 9] g4 Fx(active layer)i= 3 7 ¥ 33 (photoelectric conversion
layer) & 2 A, 3 Z}(photon) 7} ZFf 7] 2] o (carrier) &= ¥ 3% = A5 o w5t
A A= A A (exciton generation), I Al & Hexciton diffusion), 9 Al &

-2 (exciton dissociation) 2 # &} 4=%-(charge transfer), 7| 2] &1 =% (carrier
collection)®] ¥ 2] 34 o] # 8 ¥ = A4 ot}

Y42 555 Fxetd, ¥ 0y o] B« 8 24 F(100)
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[38]

[39]

ol H| 2B 2TF0] E @ Xh(particle)(150)7F A of LTt

A F 522 HTM)(110)= PEDOT:PSS(poly(3,4- ethylenedioxythiophene):
polystyrene sulfonate), P3HT (poly(3-hexylthiophene-2,5-diyl)), PTAA(poly(tertiary
arylamine)), PCBTDPP(Poly[N-90-heptadecanyl-2,7carbazole-alt
-3,6-bis(thiophen-5-yl)-2,5-dioctyl-2,5-dihydropyrrolo[ 3,4]pyrrole- 1,4-dione]),
PDPPDBTE( Poly[2,5-bis(2-decyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-(E
)-1,2-di(2,2'-bithiophen-5-yl) ethene]),
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]]),
PCDTBT(Poly[N-9’-heptadecanyl-2,7-carbazole-alt-5,5-(4",7"-di-2-thienyl-2",1",3"-b
enzothiadiazole)]),
PFB(poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-
phenyl-1,4-phenylenediamine)), PANI(Polyaniline),
spiro-OMeTAD(2,2',7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirobifluoren
e),
[5,15-Bis(phenylethynyl)-10,20-bis[(triisopropylsilyl)ethynyl]porphyrinatolmagnesiu
m(Il), 2,4-Bis[4-(diethylamino)-2-hydroxyphenyl]squaraine,
2,4-Bis[8-hydroxy-1,1,7,7-tetramethyl-1,2,3,5,6,7-hexahydropyrido[3,2,1-ij]quinoline-
9-yl]squaraine,Chloroaluminum Phthalocyanine, Tetracene, a-Octithiophene,
Pentacene, Lead(II) Phthalocyanine, Zinc Phthalocyanine, Copper(Il) Phthalocyanine
(a-form), Copper(Il) Phthalocyanine(f-form), Phthalocyanine Blue,
a-Quaterthiophene, a-Quinquethiophene, Quinacridone(5,12-Dihydroquino[2,3-b
Jacridine-7,14-dione), 6T(a-Sexithiophene), a-Septithiophene, TiOPc(Titanyl
Phthalocyanine), Tris[4-(2-thienyl)phenyl]amine,
Tris[4-(5-phenylthiophen-2-yl)phenyl]amine H=+=
Tris[4'-(2-thienyl)-4-biphenylyl]amine(Zinc Phthalocyanine)d <= 9121, o] 9]
A g = A of T

7] AR5 2 E (ETM)(130)2 PCBM([6,6]-phenyl-Cg;-butyric acid methyl

ester), Fullerene Cq, (pure), Fullerene Cy,
N,N'-Bis(4-methoxyphenyl)-3.,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(3,5-dimethylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(2,6-diisopropylphenyl)-3,4,9,10-perylenetetracarboxylic Diimide,
Bis-PCBM, CyMC; N,N'-Di-n-octyl-3.,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Dimethyl-3.4,9,10-perylenetetracarboxylic Diimide,
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecafluorophthalocyanine Copper(1l),
ICBA(Indene-C60 bisadduct), [70]PCBM([6,6]-Phenyl-C;,-butyric Acid Methyl
Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride, 3,4,9,10-Perylenetetracarboxylic
Diimide, PCBB([6,6]-Phenyl-C61-butyric Acid Butyl Ester),PCBO([6,6]-Phenyl-Cs,
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[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

-butyric Acid n-Octyl Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride,
PTCBI(3,4,9,10-Perylenetetracarboxylic Bisbenzimidazole ),
1,6,7,12-Tetrakis(4-tert-butylphenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3.4,9,10-peryl
enetetracarboxylic Diimide ¥ <~ 31 2.1, o of] A|$t¥] = A o} ),

2 H 2Tl E QRK(150)3= o5 g2 ol At E] 01 A dF o EM,
32+¢l 71 ¥l (contact) T-2 5 F/d &, S e o thH|slo] L 9%'“&"1 ol
32 25 Y=(anode) 3} &= (cathode) Z;ol] B.F T oM A= HA &
=g FAof), o] & 1t FH WM g8 FHATITh

¥ 2 1 A7)0l E ) A}H(150)+= FAPbL(Formamidinium-lead-iodide), MAPbI,
(Methylammonium lead iodide), FAPbl; Cl,, MAPbI; Cl,, (FAPbI; Cl)), (MAPbDI; Cl
ox, FAPbL; Br,, MAPbI; Br,, (FAPbI; Br,), (MAPbI; Br,), MAPbI; ,Cl,, MAPbB13,
MAPb(LBr);, MASnX, 3= MASnO Pbys1,2 5= 91T}

e, B ol o AElo) whE /A0 4] BHES Fha 5
Show, B} Al st A= Al % %(200) 71 TR = el A H <=
42100 2 471 B4 F Aol WA H = A2 AFHG00E e 4 .

A1 A =00)F A2 A =300 22 &= (anode) B %= (cathode)d I~
Ao Al A=F00)0] &= A5 A2 HA=1(300)> F=roll sl E s, A1
A=(200) F=l A9 A2 A=300)2 =0l e = vk 3] F52
514 3+ = (transparent cathode)d 4~ ) T}.

7] &= (Anode)2 = (Au), Z(Ag), &F1| F(Al) L2l H(graphene),
EF4(Carbon), =91 (graphite), T4 ¥ A1 =7 H(SWCNT, Single Wall Carbon
Nano Tube) £+= U™ ©AL = F H(MWCNT, Multi Wall Carbon Nano Tube)d

—I_/

_l

A
T 3

71 %k%(c:athode)% ITO(Indium Tin Oxide), FTO(Fluorine doped Tin Oxide),
GZO(Gallium-Zinc Oxide), IZO(Indium Zinc Oxide), IGZO(Indium-Gallium-Zinc
Oxide), ~1 &l 3 (Graphene), ©] & 3}& 2] H dl(MoS,), ¥+
EHA U e 5 H(SWCNT), v 3 §HA 1 e 7 H(MWCNT), 55 47|+ (metal mesh),
*P?ﬂrg(omde)/ﬂi(Metal)/APﬁ}g(omde) -‘rL (OMO) OMO W+ 4= o,
71 34 = Ag, Al Cu, Ni, Fe, Ti &£ T At

T 6l 578 Az, By o o]&]EHoﬂ[q_E A E 54 B A(HTM) 3
AAFEEAETM S EFAA Al £ A& Azsh= dAS100); 7] Al
8 ol ¥ 2 H A7}l E 12K (particle) & F7HHA A2 & A& Al £dh=
GA(S200); R 7] A2 B & DA sz @AI(S300)E E ST B AL
:@El/gz_/] ;q]zu]—m

7] AE4%EF (HTM)-S PEDOT:PSS(poly(3,4- ethylenedioxythiophene):
polystyrene sulfonate), P3HT (poly(3-hexylthiophene-2,5-diyl)), PTAA(poly(tertiary
arylamine)), PCBTDPP(Poly[N-90-heptadecanyl-2,7carbazole-alt
-3,6-bis(thiophen-5-yl)-2,5-dioctyl-2,5-dihydropyrrolo[ 3,4]pyrrole- 1,4-dione]),



WO 2021/010555 PCT/KR2020/000302

[48]

[49]

PDPPDBTE( Poly[2,5-bis(2-decyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione-(E
)-1,2-di(2,2'-bithiophen-5-yl) ethene]),
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]]),
PCDTBT(Poly[N-9’-heptadecanyl-2,7-carbazole-alt-5,5-(4",7"-di-2-thienyl-2",1",3"-b
enzothiadiazole)]),
PFB(poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-
phenyl-1,4-phenylenediamine)), PANI(Polyaniline),
spiro-OMeTAD(2,2',7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirobifluoren
e),
[5,15-Bis(phenylethynyl)-10,20-bis[(triisopropylsilyl)ethynyl]porphyrinatolmagnesiu
m(Il), 2,4-Bis[4-(diethylamino)-2-hydroxyphenyl]squaraine,
2,4-Bis[8-hydroxy-1,1,7,7-tetramethyl-1,2,3,5,6,7-hexahydropyrido[3,2,1-ij]quinoline-
9-yl]squaraine,Chloroaluminum Phthalocyanine, Tetracene, a-Octithiophene,
Pentacene, Lead(II) Phthalocyanine, Zinc Phthalocyanine, Copper(Il)
Phthalocyanine(a-form), Copper(Il) Phthalocyanine(f3-form), Phthalocyanine Blue,
a-Quaterthiophene, a-Quinquethiophene, Quinacridone(5,12-Dihydroquino[2,3-b
Jacridine-7,14-dione), 6T(a-Sexithiophene), a-Septithiophene, TiOPc(Titanyl
Phthalocyanine), Tris[4-(2-thienyl)phenyl]amine,
Tris[4-(5-phenylthiophen-2-yl)phenyl]amine H=+=
Tris[4'-(2-thienyl)-4-biphenylyl]amine(Zinc Phthalocyanine)d <= 9121, o] 9]
A e = A2 oyt

7] AR5 2 H (ETM)-2 PCBM([6,6]-phenyl-Cg;-butyric acid methyl ester),
Fullerene Cq, (pure), Fullerene C,
N,N'-Bis(4-methoxyphenyl)-3.,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(3,5-dimethylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(2,6-diisopropylphenyl)-3,4,9,10-perylenetetracarboxylic Diimide,
Bis-PCBM, CyMC; N,N'-Di-n-octyl-3.,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Dimethyl-3.4,9,10-perylenetetracarboxylic Diimide,
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecafluorophthalocyanine Copper(1l),
ICB A(Indene-C60 bisadduct), [70]PCBM([6,6]-Phenyl-C;;-butyric Acid Methyl
Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride, 3,4,9,10-Perylenetetracarboxylic
Diimide, PCBB([6,6]-Phenyl-C61-butyric Acid Butyl Ester),PCBO([6,6]-Phenyl-C;
-butyric Acid n-Octyl Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride,
PTCBI(3,4,9,10-Perylenetetracarboxylic Bisbenzimidazole ),
1,6,7,12-Tetrakis(4-tert-butylphenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3.4,9,10-peryl
enetetracarboxylic Diimide ¥ <~ 31 2.1, o of] A|$t¥] = A o} ),

A7) H 2 H 2~ 9}o] E ] A}= FAPbL(Formamidinium-lead-iodide), MAPbI;
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[50]

[51]

[52]

[53]

[54]

(Methylammonium lead iodide), FAPbl; Cl,, MAPbI; Cl,, (FAPbI; Cl)), (MAPbDI; Cl
ox, FAPbL; Br,, MAPbI; Br,, (FAPbI; Br,), (MAPbI; Br,), MAPbI; ,Cl,, MAPbB13,
MAPb(LBr);, MASNX; 3= MASn, sPby 152! 5= 2T},

S300 GAI =, 7] A2 & o] A3 ¥ (spin-coating) ¥ A 2] = 3=

o} A A 8] A stai A} Bkt o] & A Al of =

71 EH"ok%iX])«] Xﬂ

H 7 el AAaEEdHTM) T 4 35F
| 2 H A~ F}ol E Q] Z(particle) E 57} - nLH}
<318 Mg spin-coating W2 S 2 (A= HH /\C}oﬂ)
A =2 A 23}

O =

SHH, ¥ A of SRdel] AjAIE g el A dlEE oldlE w7l Al 5
o & AALEE Aol A x| For, & g o] Mo S dAstara sk A2
ottt 7]l A" A el & o] 2loll it - o] V] A ARl vt s E
UE HY ol 5ol A Thsetths A2, 2 o] S8k 7w okl A

Fape] A4 7431 Al 7 A @ ol v,
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AT
@%$%%§mn®4ﬂﬂ$€%§@nwﬂmiﬂ%4%®mmmm
Junction) T-Z2 & & A 8F= &4 S (active layer); 2
A7) W ol FH TS BAYF el BAbe s 2H stbolE
R TR SV
A1 gl JofA,

A7) A2 E A7)0l E A=,

FAPbl;(Formamidinium-lead-iodide), MAPbI;(Methylammonium lead iodide),
FAPbL,; (Cl,, MAPDI; (Cl,, (FAPDI; (Cly), (MAPDBI; Cly) FAPbI; (Br,, MAPbI;
Br,, (FAPbI, Br,); (MAPbI; Br,), MAPbI; ,Cl,, MAPbBr3, MAPb(I,Br),,
MASNX; B3 MASn,sPbysLS! 218 57 0 2 of= B A& 24 =
A1 gl JofA,

7] A &44E 2 (HTM) PEDOT:PSS(poly(3,4- ethylenedioxythiophene):
polystyrene sulfonate), P3HT (poly(3-hexylthiophene-2,5-diyl)),
PTAA(poly(tertiary arylamine)),
PCBTDPP(Poly[N-90-heptadecanyl-2,7carbazole-alt-3,6-bis(thiophen-5-y1)-2,
S-dioctyl-2,5-dihydropyrrolo[3,4]pyrrole-1,4-dione]),

PDPPDBTE( Poly[2,5-bis(2-decyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-d
ione-(E)-1,2-di(2,2'-bithiophen-5-yl) ethene]),
PCPDTBT(Poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-bis(2-ethylhexyl)-4H-cycl
openta[2,1-b:3,4-b'|dithiophene-2,6-diyl]]),
PCDTBT(Poly[N-9’-heptadecanyl-2,7-carbazole-alt-5,5-(4",7"-di-2-thienyl-2",
1”,3”-benzothiadiazole)]),
PFB(poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-
phenyl-1,4-phenylenediamine)), PANI(Polyaniline),
spiro-OMeTAD(2,2',7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirob
ifluorene),
[5,15-Bis(phenylethynyl)-10,20-bis[(triisopropylsilyl)ethynyl]porphyrinato]ma
gnesium(Il), 2,4-Bis[4-(diethylamino)-2-hydroxyphenyl]squaraine,
2,4-Bis[8-hydroxy-1,1,7,7-tetramethyl-1,2,3,5,6,7-hexahydropyrido[3,2,1-1ij]qu
inoline-9-yl]squaraine,Chloroaluminum Phthalocyanine, Tetracene,
a-Octithiophene, Pentacene, Lead(Il) Phthalocyanine, Zinc Phthalocyanine,
Copper(1l) Phthalocyanine(a-form), Copper(Il) Phthalocyanine(f3-form),
Phthalocyanine Blue, a-Quaterthiophene, a-Quinquethiophene,
Quinacridone(5,12-Dihydroquino[2,3-b]acridine-7,14-dione),
6T(a-Sexithiophene), a-Septithiophene, TiOPc(Titanyl Phthalocyanine),
Tris[4-(2-thienyl)phenyl]amine, Tris[4-(5-phenylthiophen-2-yl)phenyl]amine
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[7d - 4]

[T 7]

UL 3= Tris[4'-(2-thienyl)-4-biphenylylJamine(Zinc Phthalocyanine))$! %12
S5do= OP‘ﬂ“ﬁﬂ%ﬂgﬁ%
Al 18l Aol A,
@ﬂﬁﬂ??%@@ﬂﬂ%HBM@@prMhMMkmmeM
ester), Fullerene Cq, (pure), Fullerene C,
N,N'-Bis(4-methoxyphenyl)-3.,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(3,5-dimethylphenyl)-3,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(2,6-diisopropylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide,
Bis-PCBM, C4MC; N,N'-Di-n-octyl-3.,4,9,10-perylenetetracarboxylic
Diimide, N,N'-Dimethyl-3,4,9,10-perylenetetracarboxylic Diimide,
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecafluorophthalocyanine
Copper(Il), ICBA(Indene-C60 bisadduct), [70]PCBM([6,6]-Phenyl-C;;-butyric
Acid Methyl Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride,
3,4,9,10-Perylenetetracarboxylic Diimide, PCBB([6,6]-Phenyl-C61-butyric
Acid Butyl Ester),PCBO([6,6]-Phenyl-Ce;-butyric Acid n-Octyl Ester),
3,4.9,10-Perylenetetracarboxylic Dianhydride,
PTCBI(3,4,9,10-Perylenetetracarboxylic Bisbenzimidazole ),
1,6,7,12-Tetrakis(4-tert-butylphenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3.4,9,1
O-perylenetetracarboxylic Diimide®l 21-& 57 & = &= B % A&

A 13 S E3et= F 7 H A A

AETFEEAHIM Y DTS EDETM)S 34 A A1 |98
Az 2,

7] A1 E Aol H| ZH 2T}o] E Q] Z(particle) S F715F] A2 8-S
A zsE w2

7] A2 F NS A s GAE EeshE B A g EA4 5

A 6 3ol A,

7] AF4EEH (HTM)2 PEDOT:PSS(poly(3,4-
ethylenedioxythiophene): polystyrene sulfonate),
P3HT(poly(3-hexylthiophene-2,5-diyl)), PTAA(poly(tertiary arylamine)),
PCBTDPP(Poly[N-90-heptadecanyl-2,7carbazole-alt-3,6-bis(thiophen-5-y1)-2,
S-dioctyl-2,5-dihydropyrrolo[3,4]pyrrole-1,4-dione]),

PDPPDBTE( Poly[2,5-bis(2-decyldodecyl)pyrrolo[3,4-c]pyrrole-1,4(2H,5H)-d
ione-(E)-1,2-di(2,2'-bithiophen-5-yl) ethene]),
PCPDTBT(Poly[2,1,3-benzothiadiazole-4,7-diyl[4,4-bis(2-ethylhexyl)-4H-cycl
openta[2,1-b:3,4-b'|dithiophene-2,6-diyl]]),
PCDTBT(Poly[N-9’-heptadecanyl-2,7-carbazole-alt-5,5-(4",7"-di-2-thienyl-2",
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[ 8]

4% 9]

1”,3”-benzothiadiazole)]),
PFB(poly(9,9'-dioctylfluorene-co-bis-N,N'-(4-butylphenyl)-bis-N,N'-
phenyl-1,4-phenylenediamine)), PANI(Polyaniline),
spiro-OMeTAD(2,2',7,7'-Tetrakis-(N,N-di-4-methoxyphenylamino)-9,9'-spirob
ifluorene),
[5,15-Bis(phenylethynyl)-10,20-bis[(triisopropylsilyl)ethynyl]porphyrinato]ma
gnesium(Il), 2,4-Bis[4-(diethylamino)-2-hydroxyphenyl]squaraine,
2,4-Bis[8-hydroxy-1,1,7,7-tetramethyl-1,2,3,5,6,7-hexahydropyrido[3,2,1-1ij]qu
inoline-9-yl]squaraine,Chloroaluminum Phthalocyanine, Tetracene,
a-Octithiophene, Pentacene, Lead(Il) Phthalocyanine, Zinc Phthalocyanine,
Copper(1l) Phthalocyanine(a-form), Copper(Il) Phthalocyanine(f3-form),
Phthalocyanine Blue, a-Quaterthiophene, a-Quinquethiophene,
Quinacridone(5,12-Dihydroquino[2,3-b]acridine-7,14-dione),
6T(a-Sexithiophene), a-Septithiophene, TiOPc(Titanyl Phthalocyanine),
Tris[4-(2-thienyl)phenyl]amine, Tris[4-(5-phenylthiophen-2-yl)phenyl]amine
£ = Tris[4'-(2-thienyl)-4-biphenylyl]amine(Zinc Phthalocyanine)$! 7S
530w b= A& 25 A=,

Al 6 el Lo A,

7] AAEEEH (ETM)2 PCBM([6,6]-phenyl-Cg-butyric acid methyl
ester), Fullerene Ce (pure), Fullerene Cy,
N,N'-Bis(4-methoxyphenyl)-3.,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(3,5-dimethylphenyl)-3,4,9,10-perylenetetracarboxylic Diimide,
N,N'-Bis(2,6-diisopropylphenyl)-3.4,9,10-perylenetetracarboxylic Diimide,
Bis-PCBM, C4MC; N,N'-Di-n-octyl-3.,4,9,10-perylenetetracarboxylic
Diimide, N,N'-Dimethyl-3,4,9,10-perylenetetracarboxylic Diimide,
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-Hexadecafluorophthalocyanine
Copper(Il), ICBA(Indene-C60 bisadduct), [70]PCBM([6,6]-Phenyl-C;;-butyric
Acid Methyl Ester), 3,4,9,10-Perylenetetracarboxylic Dianhydride,
3,4.9,10-Perylenetetracarboxylic Diimide, PCBB([6,6]-Phenyl-C61-butyric
Acid Butyl Ester),PCBO([6,6]-Phenyl-C¢;-butyric Acid n-Octyl Ester),
3,4.9,10-Perylenetetracarboxylic Dianhydride,
PTCBI(3,4,9,10-Perylenetetracarboxylic Bisbenzimidazole ),
1,6,7,12-Tetrakis(4-tert-butylphenoxy)-N,N'-bis(2,6-diisopropylphenyl)-3.4,9,1
O-perylenetetracarboxylic Diimide®l 21-& 57 & = &= B % A&

Al Z o] A ZHHH,

Al 6 el Lo A,

A7) A2 E AF)ol E A=

FAPbl;(Formamidinium-lead-iodide), MAPbI;(Methylammonium lead iodide),
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FAPbL, ,Cl,, MAPbL, Cl,, (FAPbIL, ,CL), (MAPbL Cl,), FAPbL, Br,, MAPbL,
Br,, (FAPbL Br,), (MAPbL, ,Br,), MAPbL, Cl,, MAPbBr3, MAPb(LBr);,
MASNX; B3= MASn, sPbysLQ1 218 54 02 shi= Bl Fd A& 2459

;(ﬂltﬂ—lﬂq
42 10] Al 6 Fell 9lofA,
A1 A2 &N e 231 ¥ (spin-coating) F E A &= T eHE A&
S 0% shz BPaAE BYFe) Az,
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