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AAFEAN (donor) B2, Axus) B2, 2 2rid 5242 a3t v Zed 33 E
AT 2
A1l o)A,

271 (donor ) =42 PBDB-T(poly[(2,6-(4,8-bis(5-(2-ethylhexyl)thiophen-2-y1)-benzo[1,2-b:4, 5-
b'ldithiophene))-alt-(5,5-(1',3"'-di-2-thienyl-5",7"'-bis(2-ethylhexyl)benzo[1',2'~-c:4',5'~
¢']dithiophene-4,8-dione))]), PCDTBT(Poly[N-9" -heptadecanyl-2,7-carbazole-alt-5,5-(4" ,7° -di-2-
thienyl-2" ,1° ,3" -benzothiadiazole)], PTB-7 (Polyl[[4,8-bis[(2-ethylhexyl)oxy]lbenzol[1,2-b:4,5-
b'ldithiophene-2,6-diyl][3-fluoro—2-[(2-ethylhexyl)carbonyl]thieno[3,4-b]thiophenediyl]] 9 PTB7-
Th(Poly[4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)benzol1,2-b;4,5-b' ]dithiophene-2,6-diyl-alt-(4-(2-
ethylhexyl)-3-fluorothieno[3,4-b]thiophene-)-2-carboxylate-2-6-diyl) ] = o]Fo]z FOogRXE 1ZF o|AS

Feteke A TR
3T% 3
A1l ghel A,

AR (acceptor) EZS ITIC(3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-
tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3'-d"']-s-indaceno[1,2-b:5,6-b" ldithiophene), ITIC-Th(3,9-
bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-tetrakis(5-hexylthienyl)-dithieno[2,3~
d:2',3'-d']-s—indaceno[1,2-b:5,6-b" ]dithiophene), ITIC-M(3,9-bis(2-methylene-((3-(1,1-
dicyanomethylene)-6/7-methyl)-indanone))-5,5,11, 11-tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3'-d"' ]-s~
indaceno[1,2-b:5,6-b"'Jdithiophene), IDIC(2,2'-((22,2'72)-((4,4,9,9-tetrahexyl-4,9-dihydro-s-
indaceno[1,2-b:5,6-b' Idithiophene-2,7-diyl)bis(methanylylidene))bis(3-0x0-2,3-dihydro-1H-indene-2,1-
diylidene))dimalononitrile), ITIC-4F(3,9-bis(2-methylene-((3-(1, 1-dicyanomethylene)-6,7-difluoro)-
indanone))-5,5,11,11-tetrakis(4-hexylphenyl)-dithieno[2,3-d:2",3'-d"' ]-s-indaceno[1,2-b:5,6-
b'Idithiophene), IEICO-4F((2,2'-((22,2'72)-(((4,4,9,9-tetrakis(4-hexylphenyl)-4,9-dihydro-s-
indaceno[1,2-b:5,6-b' ]dithiophene-2,7-diyl)bis(4-((2-ethylhexyl)oxy)thiophene-5,2~-
diyl))bis(methanylylidene))bis(5,6-difluoro—-3-oxo-2,3-dihydro-1H-indene-2, 1-
diylidene))dimalononitrile) 2L IEICO-4C1(2,2" -((2Z,2" Z)-(((4,4,9-tris(4-hexylphenyl)-9-(4-
pentylphenyl)-4,9-dihydro-s—-indaceno[1,2-b:5,6-b dithiophene-2,7-diyl)bis(4-((2-
ethylhexyl)oxy)thiophene-5,2-diyl))bis(methanylylidene))bis(5,6-dichloro-3-oxo-2,3-dihydro-1H-indene-

2,1-diylidene))dimalononitrile) &2 o]Fojz F O ZHE My 15 oS IEdsls 45 S35,
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o] LUNO #Mde] Apelol] ol Zejsof A7]1E Aitsh= As 9w gt

F1 Bl e st ge 1987d o] ~ExE

FotAH(Eastmann  Kodak Co.)ol ® S (Tang et al.,)el
1T0/CuPe(30nm)/PV(50nm) /Age] 22 248 wHEo] AM2.0 230 3helA] 0.95%0] FA¥adass g nusksl
thoolF 1% olshe] Faustadel] mEd Zo] &dll(fullerene)® =1 B o] FI=AQl PCBMS] 7ol &

Yol e WHE o] FA. 1 A3} ZYv R o]F E3E (binary blend)S F4d3te] o]&ste MA-o]FAH
% (Bulk heterojunction, BHJ) E}S} E&]m] EfFHA (Polymer solar Cells, PSC)®| 79 w3t a&(PCE)
o] 810 % FFE7A MAHI YE AFdo|rt. v}, o|F EFE(binary blend)S o] &dE EZ#dA
(fullerene) fr=A WA-o]F53 EelW BlFHA (B PSO= T4 AR Aste] g ®g ago] Hu

10~12%= A2 FHo=Z o SHHa ).

, ool 3k tjote g % E3E (ternary blend)® F&A F(active layer)S FATOZH Al 21U
T dEg W3 g8 (PCE)E NMAE 4 de 89 eEdA7 1d=E Q.

s S0, e M= 7IA+= Z8H S PSHT:PCBM (Poly(3-HexylThiophene) : Phenyl C61-Butyric acid
Methyl ester) o] EFEd F715ld] 35 EFES FAToZN FF HAE FYH JA97A 38t F
T4 285 MAst, old ugl 4EAFE=IS0O Y A€HA & (PCE)S /A 4 At Aold.

Wb B)-Z8dl AR (Non-ful lerene  acceptor), AEAH(small molecules)@ =} Hb7jo] Al &

(ternary blend)S 233te] FAHEE f7] BlYEAA= 7] EA/E#A {7 lFdA 0 st (1) &2
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T ERES AT
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. AR, dAF(donor) =E; WA =2 2 2ud fRAlE 236k vEd deEs dA
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TFAAR, 47 s TFEANA 2ud FEAE FFee SFES AT =FE] AA FHE Ve
It WA 20wt%2 ¥33 5= gtk By pAHer 2od FEAS Fieke HEdd g8 A 23
o HA FFE 7o FE wth WA 20wth, 1wtk WA 15wt%, lwt% WA 13wt%h, 1wt A 10wt%h, 1wt%h A
Twt%, Swt% WA 20wt%, 5Swt% WA 15wt%, Swt% WA 13wt%, Swt% WA 10wt%, 5wt% WA 7wth, 7wth WA
20wt%, 7wt% WA 15wt%, 7wt% WA 13wt%, 7wt% WA 10wt%, 10wt% WA 20wt% == 10wt% WA 15wt%, 10wt%
WA 183wtz EE 4
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A7 AAFI EFL dAARFAA] EZHZA, PBDB-T(polyl[(2,6-(4,8-bis(5-(2-ethylhexyl)thiophen—2-y1)-
benzol[1,2-b:4,5-b']dithiophene))-alt-(5,5-(1",3"'-di-2-thienyl-5',7'-bis(2-ethylhexy!)benzo[1',2'-
c:4',5'-c']dithiophene-4,8-dione))]), PCDTBT(Poly[N-9" -heptadecanyl-2,7-carbazole-alt-5,5-(4" ,7" -
di-2-thienyl-2" ,1° ,3" -benzothiadiazole)], PTB-7 (Polyl[[4,8-bis[(2-ethylhexyl)oxylbenzoll,2-b:4,65-
b']dithiophene-2,6-diyl]1[3-fluoro-2-[(2-ethylhexyl)carbonyl]thieno[3,4-b]thiophenediyl]] % PTB7-
Th(Poly[4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)benzol[1,2-b;4,5-b' ]dithiophene-2,6-diyl-alt—-(4-(2-
ethylhexyl)-3-fluorothieno[3,4-b]thiophene-)-2-carboxylate-2-6-diyl) ]2 o]Fz o 2REH 1F oJA4S
gt = gl FAHe®, PBDB-T(poly[(2,6-(4,8-bis(5-(2-ethylhexyl)thiophen-2-y1)-benzo[1,2-b:4,5-
b']dithiophene))-alt-(5,5-(1',3'-di-2-thienyl-5",7'-bis(2-ethylhexyl)benzo[1',2'-c:4',5'-
c¢']dithiophene-4,8-dione))]), Hi= PIB7-Th(Poly[4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)benzol[1,2-b;4,5-
b']dithiophene-2,6-diyl-alt-(4-(2-ethylhexyl)-3-fluorothieno[3,4-b]thiophene-)-2-carboxylate-2-6-
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divD1 == .

T3 A7) Ax BEE AxegA BF 24, ITIC(3,9-bis(2-methylene—(3-(1,1-dicyanomethylene)-
indanone))-5,5,11,11-tetrakis(4-hexylphenyl)-dithieno[2,3-d:2",3'-d"' ]-s-indaceno[1,2-b:5,6-
b']dithiophene), ITIC-Th(3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-
tetrakis(5-hexylthienyl)-dithienol[2,3-d:2',3'-d']-s—-indaceno[1,2-b:5,6-b"]dithiophene), ITIC-M(3,9-
bis(2-methylene-((3-(1,1-dicyanomethylene)-6/7-methyl)-indanone))-5,5,11,11-tetrakis(4-hexylphenyl)-
dithieno[2,3-d:2',3'-d']-s-indaceno[1,2-b:5,6-b"' Jdithiophene), IDIC(2,2'-((22,2'7)-((4,4,9,9-
tetrahexyl-4,9-dihydro-s-indaceno[1,2-b:5,6-b' ldithiophene-2,7-diyl)bis(methanylylidene))bis(3-oxo-
2,3-dihydro-1H-indene-2,1-diylidene))dimalononitrile), ITIC-4F(3,9-bis(2-methylene-((3-(1,1-
dicyanomethylene)-6,7-difluoro)-indanone))-5,5,11, 11-tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3'-d"']-
s—indaceno[1,2-b:5,6-b']dithiophene), IEICO-4F((2,2'-((2Z,2'Z)-(((4,4,9,9-tetrakis(4-hexylphenyl)-4,9-
dihydro-s—indaceno[1,2-b:5,6-b' Idithiophene-2,7-diy1)bis(4-((2-ethylhexyl)oxy)thiophene-5,2-
diyl))bis(methanylylidene))bis(5,6-difluoro-3-oxo-2,3-dihydro-1H-indene-2, 1-
diylidene))dimalononitrile) L IEICO-4C1(2,2" -((2Z,2" 7Z)-(((4,4,9-tris(4-hexylphenyl)-9-(4-
pentylphenyl)-4,9-dihydro-s-indaceno[1,2-b:5,6-b dithiophene-2,7-diyl)bis(4-((2-
ethylhexyl)oxy)thiophene-5,2-diyl))bis(methanylylidene))bis(5,6-dichloro-3-oxo-2,3-dihydro-1H-indene-
2,1-diylidene))dimalononitrile) &2 o]Fo]x Fo2RE HEH= 15 oS £ 4= vk, pAFo=,
371 AR 54 ITIC(3,9-bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-
tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3'~-d"']-s-indaceno[1,2-b:5,6-b" ldithiophene), ITIC-Th(3,9-
bis(2-methylene-(3-(1,1-dicyanomethylene)-indanone))-5,5,11,11-tetrakis(5-hexylthienyl)-dithieno[2,3~
d:2',3'-d']-s—indaceno[1,2-b:5,6-b" ]dithiophene), IDIC(2,2'-((2Z,2'7)-((4,4,9,9-tetrahexyl-4,9-
dihydro-s—indaceno[1,2-b:5,6-b'ldithiophene-2,7-diyl)bis(methanylylidene))bis(3-ox0-2,3-dihydro-1H-
indene-2,1-diylidene))dimalononitrile), ITIC-4F(3,9-bis(2-methylene-((3-(1,1-dicyanomethylene)-6,7-
difluoro)-indanone))-5,5,11,11-tetrakis(4-hexylphenyl)-dithieno[2,3-d:2',3'-d' ]-s-indaceno[1,2-b:5,6~
b'Idithiophene), IEICO-4F((2,2'-((22,2'7)-(((4,4,9,9-tetrakis(4-hexylphenyl)-4,9-dihydro-s-
indaceno[1,2-b:5,6-b' ]dithiophene-2,7-diyl)bis(4-((2-ethylhexyl)oxy)thiophene-5,2~-
diyl))bis(methanylylidene))bis(5,6-difluoro—-3-oxo-2,3-dihydro-1H-indene-2, 1-

diylidene))dimalononitrile) T= IEIC0-4C1(2,2" -((27,2" Z)-(((4,4,9-tris(4-hexylphenyl)-9-(4-
pentylphenyl)-4,9-dihydro-s-indaceno[1,2-b:5,6-b dithiophene-2,7-diyl)bis(4-((2-

ethylhexyl)oxy)thiophene-5,2-diyl))bis(methanylylidene))bis(5,6-dichloro-3-oxo-2,3-dihydro-1H-indene-
2,1-diylidene))dimalononitrile)¥ 4= Sit}.
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Ao, T 1 Wx 209 7], "aa 1 WA 209 2
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g7 2 'S 3 WA 209] Aol ERAZAVIR o] Fofxl Lo RFE MEHE 1F oot By TAAoR, 4
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T shue] o2, 2ud FEAE SaetE vEYA FFELS 2.1 eV o5k M= oyAE 7§ QT
= HZd 31852 2.1 eV o3}, 2.0 eV o3}, 1.8 eV WA 2.0 eV ==
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g5 £, 47 2ud FEAE Fieks vEdd ses AR sE=d 5 Tk

ES ¥¥ete e & =

254 eSS AF EFEY AA FHES JIFoR lwth WA 20wth, lwt% WA 15wt%h, lwt% WA 13wt%,
wt% WAl 10wt%, 1wt% WHA 7wt%, Swt% WA 20wt%, 5Swt% WA 15wt%, Swt% WAl 13wt%, Swt% WA 10wt%,
Swt% WA 7wt%, 7wt® WA 20wt%, 7wt% WA 15wt%, 7wt% WA 13wt%, 7wt% WA 10wt%, 10wt% WA 20wt%h =
= 10wt WA 1owth B 10wt% WA 13wthe] FFo = x3dd 4= v,

A7 Al A E A2 AL 5YHow dFuEAl), 9JF F4 AEE(indium tin oxide, 1T0), & (Au),

_8_
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L (Ag), Z2¥o] =¥ F4 43}E (fluorine doped tin oxide; FTO), &Fv]Fo] =¥ ofd AH3E
(aluminium doped zink oxide, AZO), <& o} AF3E (indium zink oxide, I1Z0), A& oFA F4 A3t&E
(indium zink tin oxide, IZTO) ZnO-Gas0s;, ZnO-Al,0; H <SFEJRY A1 AFS}E (antimony tin oxide, ATO)O. 2

o]foldl FomNE AuUH: 1F o/4e WY 4 AUk,

-

A7) FAMEZTL AsyES AEE E2(3,4-oEd USAEH)-Z2 (4-2~EHAME XYl E) (poly(3,4-
ethylenedioxy—- thiophene):polystyrene sulfonate, PEDOT:PSS) ¥x}¢} AbalZal=wl (MoOs), AbsteE 2~

(W05), eAbshuhbgE (V,05), AbstZ (Ni0) 5o dola&atstaS x3ks 4= ol

ot 47) Aet W8S ugoR, AAdsh mHS Fxdel B WS tg PAsA APt ] A4
w o] ALNNE Sgstes AL o,

FEEEE 20 mLoll Fola FAdEd 3~4 F&S UIste] 80 TollA

IDTT-BT 0.18 g9 Zthd(Rh) 0.256 g &
3 Ay AHAs RD-12 Yelge nEYd SEHE (AN 0.03 g&

6
48 ARF Bk mubsleith, g $4
29}

g
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[0056] Az 2: RD-29] A=

CEH13

2 . )L/TCGHH NC\'/CN
NN //” I\
<F\8 s~ ]

f// > ’( + g N
) A \ L
N‘S’N O \// \SI/— N mo {\\
CeHig™ 1 \\ RiiH
C6H13
IDTT-BT
g CgH
)] 6' 13 C H
Fa - 6113
T :
3 ( 7\ 0 NN
N R Y ]/
o /N -0 S, =Y _“/87/ - “—8 CN
VY aYaPRaba R
NC sj\/\/j xsj ‘ L \S) O%I\d ‘\CN
e (
TP )
CgH1g CeHig \
RD-2 P
[0057]
[0058] IDTT-BT 0.075 g$} Rh—H 0.133 ¢ 2 F2EFE 15 nlol] Holxz IAdgd 2 W8S Hrtste] 80 TollA 48 Al
7t FF ket 2 5 A4 AASY Rb-22 el HEY A SEHE (AN 0.04 g2 IA
[0060] A 1 WA 3, vlae 1 € v 2: 77| FANTSZ A=
[0061] A7) Az 2004 AxT v EHA ﬁ}ﬂ“ RD-2; PBDB-T ¥ ITICY] H|&<S 3}7] 3% 19 2 Zy{od 3}t
o FEHSFS AT F71F I LS A
¥ 1
[0062] PBDB-T %3fH| ITIC 530 RD-2 Z&FH)
A 1 40 54 6
A 2 40 51 9
Ao 3 40 48 12
Hlaof 1 40 60 -
Hld 2 40 45 15
[0063] TAReR, T4 F8713F Ao 1T0Zo] FAH 7|3 FHE ofAE W o) AZ RS oA ALHor =&
b ZzAbsle] Al skar, 100C, JF st A7 5o Axd F (V-2 A 7oA 15 b A2kl
[0064] AdA oz 45 PEDOT:PSS(Heraeus Clevios™ P VP Al 4083)% 0.45 um PIFE A #x] LE]S o] &3lo] oz
(filtering)3tl o™, 28 7] (shaker)oll A xw¥ksle] PEDOTH PSS7F Al H+&= AL 99kt
[0065] Al 204 Az dHEZHA FHEE, PBDB-T % ITICE A7) % 19 2L Hg=E yIFE=dA
(dichlorobenzene)oll &aA|A 24 A7+ wwkelg o™ 5 ym PTFE A #8%] FE]ES o] &3slo] oJzslnt. Ui &=
HE IT0Z Ao thedst rpne] £E2 40% 59 A3 I3t}
[0066] FH)" 7] A (substrate) ¥ A|RES ZFEH v (glove box) & o|FdlF om | oA Ful"E IT0Z Aol 2000 rpm
o] &£xg 40% %o ~¥ 3Tk, 1¥ thg, PEDOT:PSSE 110 TeollA 20 ¥, AedotronTMCE 140 Coll A
20 #, 452 120 °coﬂ*1 1 AIZE B dAEsle AFEME AAGN e, SHTHS A 557
IRAES AYFAY. 2 3, BEILY ASEEES $367] 98] €527 (thermal evaporator)®] 3y 3



[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0077]
[0078]

[0079]

[0080]

[0081]

[0082]
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131(1)(1076 torr O] & o]FdR o, EF BaF,(0.1 A/s, 2 nm)/Ba(0.2 A/s, 2 nm)/Al(5 A/s, 100 nm)<

0w A% A4S FIHFAAS Az

Agd 1

A7] Azd 1 WA 2 oA AzE BEHd sgEe] s 2@ d7] sleky 5AS melshy] sk shr)ek @
2 AgS S35,

W AAERS o]8-ste] 300 nm WA 1000 mm s} WLl 2RAE BFS sto] FF5 AAERNS S
ou, 7 AFE & 2 o YERAG.

T 28 Ay, Alzxd 19 vZYdA 3FE(RD-1) E Alzd 29 vZHA 3FHE(RD-2)9 &3 992550
W= 850 nm= W2 FH9 oGS 55 4 Ak o= 300 WX 500 nme] @IS F55tE AATAN =
AL o] &3 FUIHIFAAE Ax A A G HE T4 5 e AHS HE 5 Ao

3L ALY A7|EIeY EAIS dobsly] Yste] AL A FH(Cyclic Voltammetry, CV)E S35 o,
12 E3) oA (HOMO, LUMO) #8-8 3kit.

[}

T3S Ay, 2ud fFEAE s vEYA FFES AN Ed2 Zh7 0.98 2 1.02 VoA
onsetS YERH® 7 HOMO level& - 5.38 ¥ 5.42 eV & Z& HOMO levelS HQITh olx Hx} F7 &EAe
HOMO level Xt} e 2t & hole blocking 9&& & 4

T 4o= 33 9 A75EtE EAS nlgom Azl BEA AT 22 2L vEHA FFE ouyx F
& MEd=E YeRSiY.

545 A¥ed, 2ud FEAE E3sts v EHA SFFEELS AT EERY & HOMO level S E3)
hole blocking S 3, LIMO levelo] HAAF7] 43 ITIC FZ=xlE2 LUMO level Alolol FEA)s)ed

=]
=
electrong EHFHOZ o]FA|A Jsc A =S = F+ 9

Ago 2

2 o] w2 {73 olyA] &S Hrieky] Y5t shrlek 22 23S sl

A7) AA e Bol Al AZE G FARREANE 7)EE 2400 AP E9F kg o)A A (0riel 150W solar
simulator)E AF&3] Zz2e] AxE TE=ZFA(Air Mass 1.5 Global, 100 mW/crt, 25C)o A w&HdFd = (short
circuit current density, Js), 7R-d<t(open circuit voltage, Vo), ABEFE(fill factor, FF), @ o4x
213t a8 (power conversion efficiency, PCE)S 743 tt. olu] 7] AFeFS Si Bl A4 (Fraunhofer
Institute for Solar Energy System, Mono-Si + KG filter, Certificate No. C-ISE269)% ZAA3FoH, F7]
AWzt 2 492 4 w2 At 49 23 7] £ 2 2 = 5ol YERSIT.

U

it

X 2

Jsc Voc FF PCE

(mA/cn’) W) (%) (%)

AA4 1 16.6 0.878 62.3 9.1
AAH 2 16.6 0.878 62.3 9.1
A 3 17.1 0.899 63.5 9.7
vl 1 15.6 0.878 62.5 8.6
Hlaof 2 15.8 0.899 63.1 9.0

& YEd ool

o
7} 16 WA 18 mA/em & H]Ie]HT} Eo thet
3k S

¥ 2 % =58 AErRd, AAd 1 YX 32 dEHFEE el
5 yehfa ol mEl oluA] A aEe] 9.1% oo 4% RS 4 ¢ ) T3, A At T 49
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A shgtes A7kl =i At (Voe) o ®Wskglo]l LUNO

Hrkge] F74sH S1W Voo Alsh 4
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