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powder) & F7Fste] 120 CollA 24413+ &<t wwkstal, whgo] T4 % HW FEEIXFOR 5 9 FHTE
AZstel FEAA 3 &, tA] ofAE A= 50 mloll §ssta, WlFRTIMe] Y2 (Benzo -[2,1-b:3,4-b
" Jdithiophene—4,5-dione %+ Benzol[1,2-b:4,3-b’ ] -dithiophene—4,5-dione) 1¥& X7}sle] 120TelA 48
AlZE E9E wgke = gl o]% ) TLC g8l ¥ Whgo] FAHY FEEIFORE FF 9 FTHTE MHSA F

=
TAA sta A AAste] w4 19 EEAs 4 FHE nYstdeEs 1.0 g 5 7 U

AZ"(stille coupling)S o]&
0} ]‘:(DMF)OETH A

(Tris(dibenzylideneacetone)dipalladium(0)) < 0.1 Wx 10 &%, E (9_:%’:%‘“/‘
tolyl)phosphine)< 1.0 WA 40 E%E AFE3hH, H 2R Mo] 2 #(bromothiophene)
AT},

AAlSAE EF<(Toluene)eol 10, 13-bis(5-bromothiophene-2-yl)  -11,12-bis(octyloxy)dithieno[3,2-
a:2',3'-clphenazine %+= 10,13-bis -(5-bromo thiophene-2-yl)-11,12-bis(octyloxy)dithieno[2,3-a:3"',2'~
clphenazine®} 2,7-bis -(trimethyltin)-4,5-di(ethylhexyloxy)benzo{2,1-b:3,4-b"']dithiophenes Wil Wt
, Ega(guidzdolyE)uZeE(0) (Tris(dibenzylideneacetone) -dipalladium(0)) < 0.1 WA 10.0
%ot EF(L2EY) X2 (Tri ~(o-tolyl)phosphine)S 1.0 WA 40.0 &% ¥ 5 W#] 15 &
For 2MAE AAS 24 WA 168A17F FoF 90TolA wwre 4= 3t o]F 2-HEuN
bromothiophene)& 0.Iml F7}s}aL, 3 WA 14A17F Fot wks-& 4= doh, 29 o2 TLCESl 3 wHkgo
W HCIZE 954 Al § Jdd. O9 s EREXE0RE FF SHTE AHT s FEs A7

AAE s+ v
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>
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doped with poly(styrenesulfonic acid)), N,N'-®H]=(3-dE#Hd)-N,N-t]Jdd-[1,1'-8]#d]-4,4'-t]o}7I (TP
D)ol A8E & oy, AxRFES BHEE dFvF EFsiol=FAlF =W (aluninium trihydroxyquinoline;
Algs), 1,3,4-3Alt}olol=: H-=A¢] PBD(2-(4-biphenylyl)-5-phenyl-1,3,4-oxadiazole, FHA=AH FE=A <l
TPQ(1,3,4-tris[(3-phenyl-6-trifluoromethyl)quinoxaline-2-yl]lbenzene) % EzZ|o}Z {FEA To] AI&E &
ATk, A7 ARGFES D ATFETE A FEFE FHANHEE AEAR aEHoR AIGAA Fo=2H A

e Ao AFome o|BRES Fol 9B T 4 Utk

2 odgo] wE Ay FAESSe AFHog AV duAE AT Ve S Fse BAToEA HI 9o
T ATE e olFF AETERY F v Al ¥Ha oF HY FxRv= ¥ FEHZAHABHI: bulk
heterojunction) AFIFL = o 47 olFF H F+2v wholdolo(bi-layer) AFIFL = Ut 7]
BHJ(bulk jeterojunction) A33d FEA 9= nd VA9 pd WEAVF SA=H FEAASTS X9 5 9
o}, &3k, A7) wpol#lole](bi-layer) pn FEFE FEAH 9= pd wh=A] vty n vk vtk 27) S
o2 o|RoZ FEAHSTS S F du. FAHoR, Y] FAWMEASTL F oo 2 p¥ wt=AVF A
2o} GFo] A olF A E(exciton) S FAL, 7] dAEC] pn HFFlA HAxle} oz FHeldn).
FelE Axet JEFe oy wEA wbet 2 pd gkex] wiwto g 747k o)Fsta olEo] 27t Al M A2 A
ol FHEoZH FoA A7] duAR o] & F Qlth. oluf, V] FHAWMIASTES FIAHYEAZA p-f7Ivt
A 3EEQ AARFAEAY n-friEA] B AxFLEEDS X8 § drt. AV FHEsse 3 o
7lell oste] 7] AARLFAEA] Ao}l AFo] A olFE AAE(exciton)S FASIIL, 7] dA|Eo] HAF
N/ AR e] Ao Axiel Agor Hadr, Eold dAxlel e dAAgodEd 4 AxEEEdR 7
7y o) F3taL olEe] 77t Al AFH A2 Aol FHELZHA FA A7) oUARZ o] & 5 U}
oyt FFAHEHEZA, WYL 3lr] g 12 e dud fFEAE X8 5 v
[3}3h2] 1]
082
7/ \
N N
n
R1 R2

37) ek 1A,
Ve P el X R XE 47 2Peit 1Y 722 Urhia,
X1 2 Xow A2 5EHo=Z C, 0, S EE Seold,

12X T 999 shbeE Colx v A shbeE 0, S BE SeolH,

rir

TE AR} FA EAS z2t= B2 (p-type molecular) FE AR WA EAS zk= E2b(n-type molecular)o] i,

A= N, 0, S ¥ Seo 2 o]Fox FozXHE AR 15 o4 FHZ U5 L83t 5 WA 20 Y=k 3
g 2ol 7|0,

R R R AR SHAOR 4 vhhg 1 U1K 259 ¢77]; &4 1 WA 259 &FA7]; &4 5 A 30
o] ofh7]; Aole v A7), 7] s AolopETlelal

)

7] o], Aoledly], Arwdly], d&7] ¥ AolotETd EAsE Fa T oy o] a1
WA 259 7], w1 WA 259 dEAlY], s B 1 UlA] 309] ofH7E A3 H= A ST,
=

m R e M2 5HHe
ek, B owe mE AW Ao e 19 2e 722 FAE LEAe; PCoBM(phenyl C61-
butyric acid methyl ester) =& PCyBM(phenyl C71-butyric acid methyl ester) % T3 Zzd

(fullerene) %A =2 o] AFAoldE 7] =] HIANHZAA EIdd 4 Jub. ojw], IEA}
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PCBM 1:10 WA 10:1 W19 v]&(w/w)E E3d
50 A 3002 9 2=oll 1% WA 2443t &
B odgoa A7) A2d T A A ov]Ehe T =

Mre Aoz dk4=(Work function)7} 22 F502 FA= g, & E9, F(Aw), 2(Ag), @
F(LD), #t2ulg0g), EFvEAD S22 FAHAY, dFvaE/ e (AllLD), &FvE/EshtE S
(Al:BaF,), &Fvlw/E3tulE/vlE %LT':L(AI.Ban-Ba), A7/ 2 FE(AlCa), e/ e (lgiAg),

A= 4 vk o,

FFE/weelE GEALLIF) $o 55 g 7A4d & v
ofst, &7 Med W& viFoeR, Ardet mus Fste] £ dHE v A iy, s A4
d= 2 EHS dAsh] f9 Aew, oyl Adues st = AL oy

AN 1: f71 AN 18R AxE 1

10, 13-bis(5-bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno[3,2-a:2',3"'~c]phenazine 3} 2,7-
bis(trimethyltin)-4,5-di(ethylhexyloxy)benzo —{2,1-b:3,4-b'ldithiophene®] A T} 22 FuEd
1(J. Org. Chem. 14 (2012) 4718-4721, J. Mater. Chem, 22 (2012) 12523-12531)& #=3le] FA4s3it).
10, 13-bis(5-bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno[3,2-a:2',3"'-c]phenazine H=+ 10,13-bis(5-
bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno-[2,3 -a:3',2'-c]phenazine 0.2 g7} 2,7-
bis(trimethyltin)-4,5-di(ethylhexyloxy)benzo{2,1 -b:3,4-b'ldithiophene 0.16 g& &F<l 9 mlo] =o]a
Ega(guld g lobs =) tj &5 (0) (Tris(dibenzylideneacetone)dipalladium(O) S =g Z(Aldrich)Ab) 5
mg I Ef(e2E)FE~9e (Tri(o-tolyl)phosphine, ==X (Aldrich)AHS 7 mgS H7bste] 10 #3F w0
Wk & 90 T ellA 72 AIZE aRkeklth. mRxEto s Z—EiEM}O]Eﬂ(2—bromoth1ophene)§ 0.1 ml 37}a}o]
12 AIZF wgkgk oh AAlske] &47] sheha] 72 el FEusg 18RS AZXSATHESE: ¢F 0.18g).

[3}3h2] 7]

CgHi7O  OCgHy7

A 20 F71FHAEEE LEA Ax 2

10, 13-bis(5-bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno -[2,3-a:3"',2'-c]phenazine™} 2,7-
bis(trimethyltin)-4,5-di(ethylhexyloxy)benzo -{2,1-b:3,4-b']dithiophened] A& v}y & FuE3
1(J. Org. Chem. 14 (2012) 4718-4721, J. Mater. Chem, 22 (2012) 12523-12531)& #F=3le] FAdsqict.
10, 13-bis(5-bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno[3,2-a:2',3"'-c]phenazine H=+& 10,13-bis(5-
bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno-[2,3 -a:3',2"'-c]phenazine 0.2 g7} 2,7-
bis(trimethyltin)-4,5-di(ethylhexyloxy)benzo{2,1 -b:3,4-b']dithiophene 0.16 g< EF 9 mlo] =zo]x
Ega(ruda dolAE)ejZeb5(0) (Tris(dibenzylideneacetone)dipalladium(0), Eﬂﬂ(Aldrich)’*}) 5
mg ¥ E(e2EZ)E~A2 (Tri(o-tolyl)phosphine, &= X (Aldrich)Ah)<S 7 mgS #H7}ske] 10 3 W
WkEk B 90 ColA 72 Al whbsigicth, mix|wto g 2-dU Z R alo ]_‘2{1(2—bromoth10phene)€ 0.1 ml H7}sled
12 AIRF wgkgt ohg- gAlske] sh7] 318k 8% yEhE - WEE RS AXSATHE SR °F 0.18g).
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CgHi7O0  OCgHyy

AAd 30 F71FALA AE 1

AAel 1ol AT FEAESE AZAE olgste] ted g2 2o FUEHALAE

18 o2 Q14 PEDOT:PSS(Heraeus Clevios™ P VP Al 4083)% 0.45 m PIFE A% AE|E o]gake] of3}

(filtering)3tsl o™, 87| (shaker)oll A n¥Fs}e] PEDOTH PSS7F AHid] H&= AL 99kt

Ao 1 o mE f7]FHuE 1EAe} S80S S F2MAl(dichlorobenzene)ol| o8] 714 X2 &3

AA 24 ANZF wRkelglom | 5 um PTFE A ##] FHE o] g3le] ofnalqict. obA Fuld 1105 “dell 2000 rpm
2

TE 40% Eob A¥ mEsd)

=H|¥ 7] & (substrate) ¥ A|BES F2H vx(glove box)E o)F3Fi o, kA ¥ ITOZ Aol 2000 rpm
o] £EE 40% ¢t A% ZYEPY. 2¢W v, PEDOT:PSSE 110 ColA 20 &, AedotronTMCE 140 Coll A
20 ¥, mEA, T FHYZL 120 ColA 1 A7 B9 A5t FHLuS AASGeY, FAZHEL A

9F AFHFEY ARASE AYFAT. 2 F, EILY AFEEE FHs] skl AFH7I(thernal
evaporator)®] TRE AH(1x10° torr o8& o]%aom | BE BaF,(0.1 A/s, 2 nm)/Ba(0.2 A/s, 2
nm)/AL(5 A/s, 100 nm)=o.2 A8 P53,

AAd 40 7713 RA AXE 2

FAHANRE DR AAd 25 ST AL A

o

7] el 3 8 Aol A AlxE 73R @
Hlae] 10 #7138 18R A=

10, 13-bis(5-bromothiophene-2-y1)-11,12-bis(octyloxy)dithieno[3,2-a:2",3'-clphenazine  thAlel]  10,13-
bis(5-bromothiophene-2-y1)-11,12-bis(octyloxy)dibenzola,clphenazines AF&3 RS A|Qslas, AA4 1
I Y o ® Azt 7] g8k 92 YEhlE FWEE aEAE A5l

[3}eh4 9]
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Agd 1

A7) AAe 1, 2 2 vlad 19 FFEE FGrlslr] ko] ek g2 AYS Syt

W =4 EHS o]&3e 250mm WA 600nm g HlolA &5 ~FEHS FAHIIG e, 1 Aites = 29
Uelileon | o7 A= AAld 1, B AAld 2, CE Hlud lo]t}. & 25 ZF3H, E Wy wE 7]
FAWEg R vl 19 BlE FFEAl FuptA FHEHE AL UL 5 A

AYd 2

A7) Az AAd 3 % 49 K71FALA ] 1 /s o FA SEE SSFASGAFH(Cyelic voltammetry) ]
£3 ARANFAS S48 on, 1 A9E = 39 YT, = 304 A AAld 30]a1, B AAld 40
o}.

AYq 3

2 ol w2 f7]3 "] AUA] a&S HUshr] feke] shrek e AdS 3sd.

71 A 3, 4 E ovlad] 2004 AxzE {71FALAE 7168 2400 AsvE e BlgF BA G (Oriel
150W solar simulator)E A3 Z4zte] AxE FEZZA(Air Mass 1.5 Global, 100 mW/cnt, 25TC)olA w4
FU%(short circuit current density, Js), 7H¥A < (open circuit voltage, Vo), ZHE|(fill factor,
FF), 2@ o= A3 F&(power conversion efficiency, PCE)& =A3tt. olw] A7) AFHSS Si gBldA
A4l (Fraunhofer Institute for Solar Energy System, Mono-Si + KG filter, Certificate No. C-ISE269)° 2
AARsP o, §713 AL S 9 12 R AP, S=HE AxE= 517 F 1o YERAT

F 1
LF_L'E‘ Jsc (HIA/CIHZ) Voc (V) FF (%) PCE (%)
A 3 9.740.1 0.8640.1 0.5740.01 4.740.1
Al 4 9.740.1 0.90£0.1 0.55%£0.01 4.840.1
Hlnlof 2 8.2+0.1 0.8640.1 0.654+0.01 4.440.1

371

=

101]/‘1, %‘\QE‘](FF)% ‘%]EH ﬁéﬂ'a&joﬂ}ﬂ %j_?ﬂ]—%k(vmax) X @%’EIE]E(JmaX) /(JSCXVOC)O]:‘:"y OﬂL‘]X] %%-‘é‘—%
(PCE)2 FF X (JscXV,oe)/Pin®]™, Pin 100[mW/cn] o] T},

A7 318 AHEY, B 4y mE {7 3diA s duX] AZ ago] FHEE o YEeiRt FAH
o2, HOMO @ (eF 5.13£0.1 V)Oﬂ LA 24E 4 lom old wEt frFH At duX] W a&S
ok 9% o] IAE F UutkeE AS &

T 4w AAe 3, 4 9 Hlate] 20 mE f7]FHAze] 88 HAFE =R, wEbdFEE(short
circuit current density, Js), 7W¥H<H(open circuit voltage, Vo)< YERAAT. &= 42 B, 2Ad 3
249 A§- vlald 24 vlE =2 G488 HolE AS AT 5 Tt

Ad o 4

371 Al 3, 4 R ulae] 2o wE F71GALAe sl wE Rt aS (RS Btskglnh. 9
a8 IPCE measurement system (McScience, K3100) AH]|E o] &3] =A3Act. WA, Si F ¢}
(ORIEL, CELL POSITION)Z o]&3dle] Au]E HA(calibration)d & HAld 3, 4 2 H|nld 20] w}E &
2AHS Aol At g9 oF 300 WA 1100nm GGl A B YAa RS FAHIAY. 1 A
B, AAle] 3 9 49 i {r]FHAAe] R gAa o] Hlud 20 HF H53E

o o fo o
ox 2 (XN

‘l—ﬂi&-{g

0;
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