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_oer21

20)4Z T o olm | Ry (C1-C20) &, (C6-C20) o} m: olmi-oln R F4 EE (C1-
C20)¢Zoltt, oju, X+ S EE Sed 4 Q).

stekal 1 YAl 3914, Ry, Ry, R, Ry B Ri9 &2 Slo]EFA] &474S XEsly, slo|=sA] &4 479

= =
Gzt SelEgAR AR A% d & glom, 1 Wik slelEsAR AfE AL ou 4 Aok

ulA 71E d

B4 BmAsEEe] Aol WAHE AeolN EHAe AT AA sHn, A AR T T
25 AESHA @S AEF, 34 104 R B Re= AR SHASE, -NRiRe, (C1-C10) &2, (C6-C10)
old EE ( 12)oF=2(C1 YL Bl £, Ry B Rpv AR SHASE 4 EE (C1-C100€Z0 A
o] For, Bt} FAE, $8H 104 Ry 2 R A2 SHAHSRE, NRjRp B (C1-C5) &Zo)al, Ry 2 Ry

AR EYhen i ER (ORI EE FET o=, BN 2004 R 2 RE A=

sqdem, 4 EE (C1-0)2A Ro] T Ed A& olfz, F34 304 ne 1 WA 39 AFoln

oln, Ry (C1-C5) &4 HE= ofm|i=oln,

Ue EAE, ZaAl 6§71 ) Sk -1 mE ) shehd 128 wEsh: waAdA U & 9

34k 1-1)

X
I
P 5%
R3—4|\I| N-R3;
R33 R32

slaha 2004, X& Z3ZAl 9A0lH, Ry, Ry, Ry 2 Ruv AZ SHHLZ 4 EE (C1-C20)¢Zolx, FA
= Rai, Ry, Ry 2 Rye AR 5HFHOR F£4 EE (C(1-C10)2Zd & i, Bod A= Ry, Ry, Ry 2
Rit A2 Egd0R, 2k mh (C1-05)9AY 5 Ao olm, XE § EE s 4 ek,

(she44) 1-2)

X
1
Cw,
Riz "N-Ra
R
seh 3ollAl, X& Z3A YiolH, Ry % Ry & AR 58AoE 4 EE (C1-C20)0¢ZolH, Ry (Cl-

=
C20)&dAolar, EA= Ry 2 Rp © AR 5HHYORE F4 EE (C1-C10)EZolH, Rz (C1-C10)d 4L 4= 3

A, WY EA+=, Ry 2 Ry © AR 5HAHORE Fh e (C1-05)¥dol, Ry (C1-C5)EAd & A}, 9]
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ol

Addelm v dAAA A o2, ZIA FHF FUIES E|olHESH] = (thioacetamide), FE]29-#lo}
(thiourea), EJQolAM|EloA|=(thioacetic acid), E]#H & (thiophenol), A#Hx=$#dol(selenourea, 1,1-
Dimethyl-2-selenourea) Ay olA|Eolufo]=  (seleno acetamide, 2-[2-fluoro—-4-[(5-hydroxypentyl)
selenolphenoxyl-)oll Al st} & & o) Agld 548 X33 5= gl

[e)

of.
2
=
£
O

AA ] Azl dol, #F71% &4 ZaAl i F71=] F= 10 WA 200mg/mL A
2= 10 WA 200mg/mLe] ars=e] ZaAl i F71eS R S A, ol o3 A%
=

Aoz PHT & gon,

2 2y e
o
N

o, e (il
tlo oo
12
o

fo ogh X0 AT

b oo T
m

f
ol

!

i ol
4

30
i)

Aol = ZFA T FUIES & WA AT EAY slEgHo=R
b 2l 2, f71= &9 &l vA 54 77 Y 5 2 2
E, XEotrfoln, to|uExFolulo]l= | tho]xFolulol= | ol EUCEY, HE
ZAfol= ) o AE, a-ElFUlE, B-ElIUlE, voldol=R HIAUE, wWEkE, o
e, Izysg, Hueg  dAgs,  die, Z22Wxl (chlorobenzene),  1,2-T/EZE2WIAI(L,2-
dichlorobenzene), S22 X E(chloroform), ol EYEH (acetonitrile), =R =) oA Eoln =
(dimethylacetamide; DMAc), TlWld AZAlo]=(dimethyl sulfoxise; DMSO), ™€ old #Al=(methyl ethyl
ketone), WH n-Z23 AE(methyl n-propyl ketone), N-wE& 3] E2]=(N-methylpyrrolidone; NMP), Z =23l
F}RE o] E(propylene carbornate), YE=ZWEH(nitromethane), X (sulforane), olEHAZT]Z(ethylene
glycol) & @A}v| & F A~ Foln| = (hexamethylphophoramide; HMP)oll A &t} == & o4k AEiw AU 4 g},

g 728 2t 084 7] A4 9950 728 148 o, quddE 798 2950 d4HES 23
A s fo1Eel SaE Soe mxE s¥ mPe B oAt do] uigraAu, #AF Rx} b
o ofm g PUS AHgStel T, B odgo] §71% oo X el o ABHE A ohinh

_‘"—ll
Hhsh ol 0.1 WA 5mel FAE A wE /
OEd 77l A4 A9 99 713wl 23A 6 f71% 2PFS A7) 98, Re el A ¥
o o #AH R ol FHES 2pmgo] ool 5 gtk FA o]

B2 300 WA 600 rpme] Arpm ZHEe] FqE %, 800 WA 1200rpm 2 1800

= ¥4 ]

F718 A8 =¥, F4 ZIRNEGE] Y AA ALdFol §71E ZHIFTS I} F, A7} F
g2 = e, A g 4] 2z g f71E Z'Se] dRdE & vk Z3A 4 /718 2"
S addoz dEd Al7IY Z3A 920 FFE Fo 23 A5 A 345 Z2IAEgEe 2 5
o ot AE AFTH A, Ux X A A7) 55 ZIASEES] YA 7] WstE WA
A, H7E ZEF IdAYE B BEYV(AF, U, of2Z 9 AL dh} o) AYdE Ao &
Y7olA 150 WA 350TC e 222 3" =

AaAgs A V] g3 ARG S EAEE TS AL O3 Ax AESY AEE UEFE
E AR 78S diete £9S s dAold. A §He 23 mYol s S3EE Aol niEE
stk A7) AR AgFe FH AEE VFoE Y] AA AYss 92 & AR {7189 T/ 30nm A

AAEAL, 471 & WA= §7182S 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-octyl thiophene)), POT( poly(octyl thiophene)), P3DT(poly(3-decyl thiophene)),
P3DDT(poly(3-dodecyl thiophene), PPV(poly(p-phenylene vinylene)), TFB(poly(9,9'-dioctylfluorene-co-N-
(4-butylphenyl)diphenyl  amine), Polyaniline, Spiro-MeOTAD ([2,22" ,7,77" -tetrkis (N, N-di-p-
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methoxyphenyl amine)-9,9,9" -spirobi fluorinel), CuSCN, Cul, PCPDTBT(Poly([2,1,3-benzothiadiazole-
4,7-diy1[4,4-bis(2-ethylhexyl-4H- cyclopenta [2,1-b:3,4-b"' ]dithiophene-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']dithiophene)-
2,6-diyl)-alt-((5-octylthieno[3,4-clpyrrole-4,6-dione)-1,3-diyl)), PFDIBT(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]), PCDTBT(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), PTAA  (poly(triarylamine)), Poly(4-butylphenyl-

diphenyl-amine) % o]&9] FFFA A s} = & o A89E = ).

olwf, BFHIFTS Al 245 AT AFY W/Ee oUuA] wiAE FAATIE SHAA AR &
T AR 7189 A45E F2E M F Use B2

ATHET & fdl AR EHE &rle & Axd fr1Ee] &aEEH, 55 ZaAsRtE 2 ARdEEY &
Ay} glebd oz gk gk gulolw Fuksltl, A dZ, AIAGS A4S 8 AHEFHE fule 554
fujd = 9lon, AAAHS A o2, EFA(toluene), FEZZ(chloroform), FEE®A (chlorobenzene),
tlo]F = 2 Al (dichlorobenzene), °Y<(anisole), AU#(xylene) % 6 WA 149 BAFE 7IX& &

A UiERE sht EE E ool AuHE WY 4 Ytk

A2ATE AR AYF el ANk ALAT] HAFOE BFAA Bopl M FYHOR AgHE FE A
Solw Ttk AAH A d=, AzAFe F, &, WP, BeE, Fel, SFVE, Sh, FHALE, I

a8,
ATk, A2HFL E81F 52 (physical

L=
, F
L EAd 9
vapor deposition), 382 Z=Z(chemical vapor deposition) ¥ & ZZ(thermal evaporation)ol <3 A%

o3, EYAAY A AxdE Fedh, ol B T HukEQl olsE w7 18 AAS d o Ao Eig
Wojm | I wgo] AAjE AAjd o) A= AE & gled EEO|H

(Al 1)

B2 3 2 (Al Aol ¥ E f8 7]3(FT0; F-doped Sn0;, 8 ohms/sq, Pilkington, ©]3} FTO 7]

A=)
S 25 x 25 mm A2 AEI & F FES o A5t BEZFHOZ FI0E AA 3.

Adt B ol E FI0 719 floll AAEAToRA oF 50 nm FAC] A™-E 2] Ti0, Fehe S5 I

A AAA7] 60 e Ti0, EE(Ti0, 7]+ 2 1 F3H%7} 83]F titanium perocomplex

g
qste] Azx)ol old AERE L A(ethyl cellulose)7t 10 5% %= ELZol] &€ o
3]

12417F a4 2t g AE=
Q2 &N Ti0, 1g% 5 ml A7FSta, BlE9 &= (terpinol)S Ti0, 1 g& 5 g H7lete] E3s & od g=&
7Aet STHHLRE A At Ti0, Ho]~ESE A X33

% 50 nm Al AW 29| Ti0, Wete] SR FI0 719 9o, 4719 WgoR Azt Ti0, dej=EE -
Y Zyow IS 500 TollA 2 AIZE &9k dAxelste] FA7F 2F 1 um ¢ oh34d dwhuhs Az
Z1gke] 2x7F o "ozl o, Tl IAFHT T Ae Ho|2Ed AMES fUIE JEEH V)Y 5
A (wettability) S =o]7] 98, oF 587F 2] A/Q2&(UV/ozone) AHE ¥t L 3, 60 TE FAH 40
mM TiClZegdol] 73S @t 3 oF 1A3F Bt @ 5 go]l249 detsz Az 2 #zx3ta oA 500 T
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|4 30 & X8 E APt
Azd 934 Ti0, del(b3Ad F7] dAA AES)EFSE ShS; FS5TAE 23817 98k, 2.5 mLe] olAlE
o SbCls(Aldrich A3F) 0.65g< FH7bstel &ast ALdTA €M7 25 nle o] w3k Na,S,0;(Aldrich)

3.95¢%9 Az ATA §AL EF
ok o Ti0, MERE B A
2

ol 2A17Ee WA el 3y

RELE

= [e 3]
AT FAE ShS;e Ar 2171914 300 |4 5% 5t A8 E stk
FELA7 PP O2A ARAGZ Ao 878882 (organosul fur  compounds)®l  E] o} A Eolu| =
(thioacetamide, Aldrich)E N-N-tjw|€ ¥ Eo}nlo]|=(N,N-Dimethylformamide, DMF, Aldrich)el] 100 mg/mL &%=
2 %9l f71% S8 2000 rpn 100 & B9t AWRRGe], §71% 2WEE I,
23 FZ® F, Ar 9171 300 ColA 5 &< dAe e, 8N4 (Chemical bath deposition) o2 th¥
A ARG T e] mHd AAE ShS;el W AEE FASIYT. B oM EeinE §As xg $ ool &
Balels W AYES 23] AAE ShSsoll tiste] XpSE A4S BEAS ZAF Sh, SE ALY = 08 g A

A<

rlr

AE O 94
471 A E A " veAd dAAF dEs Aol EAEA 7] A &2 PCPDIBT [Poly(2,6-
(4,4-bis-(2-ethylhexyl)-4H-cyclopental2,1-b;3,4-b' |dithiophene)-alt-4,7(2,1,3-benzothioadiazole)), 1-
material]& 1,2-tJZ2241%1(1,2-dichlorebenzene)ol] 5 mg/mL =2 =<9 €945 2000 rpm 100x9] FHo
2 23 3YsY, g3 A2 A9 iR 73S PCPDIBTRE a1, o34 dA d93 447 PCPDIBT &
Hol=&  3th.  o]%F, Al PEDOT:PSS [poly(3,4-ethylenedioxythiophene)poly(styrenesulfonate)]&
PCPDTBT®} 2 ~¥3IH o=z F3 }Oﬂ‘:} syzE B 4T AgEe ARd mAE (5 x 10 torrolah)
o] dF&7] (thermal evaporator)® Au & MFF&ate], F77F ¢ 90 mn o] Au H5S FAs0U. A5 F
Z 3120 T Ar B97]0lA 308 For xm sto] HFHAAE AzZsAT

bAE = QAT (= 29] TA treatment 3al).

(Al 2)

AAle 1604, FEFAZE AR G AARNGE TS Az T, FFFAI 29 AYE 98, vﬂ%’fﬂ&%
(organosulfur compounds)i E] 2 $-#o}(thiourea, Aldrich)ZE N, N-t] W] & 3 F-o} o] = (N, N-
Dimethylformamide, DMF, Aldrich)el 100 mg/ml FE2 59 7% &A& AMEE AL A9sta, A Onﬂ 17}
TA HEAANE AFEHATE. Hegdol &de =xg &, olE dWdEhe W AHE 3 B4R
SbeSzell tiste] XPS®= A4S A A3 Sh, SE AT = 08} 22 4TS FAE F dv vhE diae 2

F = 2T (% 2 TO treatment Fil).

(v]5zel)
FERA FHE G AAALEL AET F, HeoHIENES o] gl mWANE kA g, Hhe
AF A9FS AT A2 Addsn AAd 1 AP PHo vm o HPAAE AxsGch, B vl
o Whiom AET ShSol vlehe] XPSE EAL BT A3 b, § 9o 05 L A WAL & Ax A

7b ohe o] 9lgo] E91attH(E 2 NO treatment 1),

A7 AAjell, Aol 2 ® vludR Axzd AR Y AR-AY S4S SA3] A, A e EFA (0RIEL
class A solar simulator, Newport, model 91195A)¢} ZA2~-1]E](source-meter, Kethley, model 2420)Z A}-&
&t o | EQE(external quantum efficiency): 300W A= ¥ (Xenon lamp, Newport), 3% 7](monochromator,
Newport cornerstone 260)) % HE]-1E (multi-meter, Kethley model 2002)E A}&3to] Ao, A4
1 9 vlade] M= 548 & 1o EASSIT.

AL FQA AxE 49 24T 2 554 ST ¥ olT FEH ¢ Agatainh,

‘\

rin
Ay

L
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100mW/cm o] FFl A 7% o]

Alglo] Mg &8 (energy conversion

S4& 7,

e i O =

[0121]

s

KeN
=

o] M3 @8 (energy conversion efficiency)

b o mgel vt

S

6% ol

efficiency)o] ¥

o)

[0122]

T olye} of

g

ps

opu =,

relo] s e

3]
T

g AAjdel =

1AL 5714 W gel

S

LS|
=

[0123]

oV

A4

EORES

8

97

53]

900

750

— T
600

S——— bl

450

o
=)

o o o o o oM

=] 0 © < ™~

=

(%) 30d|

«
]

i
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o . In] (] Te] 00
~ o — —
=W
O (Lwoyyw) Aysusp Jualind

Wavelength (nm)

Voltage (V)

B
H

No treatment
— TA treatment
—_— TO treatment

Sb 3d,,
Sh,S,

sh 3d,,

|Sb3dandO1s

(‘'n"e) Aususu|

540 536 532 528 524
Binding energy (eV)

544
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