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F1E ik

F1E 45

.15
MATE 1800 EEKFINRE RN E— G, AKMEERETES

“H7 GFERAHMETR, 1879 €% EAFAEZEBAT, FLADT BEKH
WM, RS T AJOCHBEND Y. SEATREREM, A% B
R HE %, EEERERA N GER AR DNRERN, S8
WK BERFEM. THE 20 #HE 70 SRR AMEILLE, AE%%
ST TG BT B R . BEAh, T R B 2
KT EATES, CO. SO EBHIR, MEITRZRN, B R
BORT, WESR T MURRROAASEREE, TR 11 26 HM 0 Y A0 A ML R B S W,
1% BB R TSRS, ARARE AR R, F2RE
ST AP MTTT R EE . 7ERRAE BRI S, APH AL S B
FOACKE B PR R R4 R R R, BELVE ) AT, 12 BN F OB
iz —o2,

B NRHAERRTE 1954 FHREETUREIIE (Bell Lab. ) Fikili bk
K, BIEE, AREBBESREISESR. B—RARESE T RET-S
o RAHRERE BEER Gads HHEHAINE, HEADRBERR, ERBMHER
AHE R B Wi o 4 2 AT . BT B AR P B B E G 4T
MR RHG A BB L R I A S E T8, LU FE AN TR LA
Ak FL 1 B AR SR IT RS . 38 AP R M BT T R
KA . ARMEA A BRI A R SR, TEAEE SR, e
FAAGSE LU A, 0o L2 R A IR A b R AR . 3 S (ORIt
R 21 MR RNET R BT, F AR IR i Bk TG A P gy
RAEFRHATIIR . AR EEE S ARN G, R LaK 5ok I B it
BB RAYIAR A . FR TR A IS L5 |

T AR B b M A R Bk R 3, B T2, ARk,
M, EREAA R AR, SR WM BT E— R FANAY




FA YA MR B %5 RIE

BESUNZIERTNIE, XTEssARAESFEHREEL SR,
HRSTUAELEZESATREAZL, BEFRAYRFEETASHA B
T BN . EERERAYMNHER ESRENINERE, ¥SE
EETH L SRR KB B SR LS R P AR R A
TEBRAVEHEN B HELBBRFELERAYEREALZHRE polyner
light-emitting diode (PLED) ¥, EEWR AL polymer light-enitting
electrochemical cell (PLEC) ', % ¥l 2% photodetector™, JEAR Hl it
photovoltaic cell®HRI Bk field-effect transistor (FET) ™RJtFLRR
photoelectric coupling device™4, iXuudffH)7 tetk Ak Ol BB T H AR
AR R 31 Rt e

RAWAMHEE B S HEATYES AR ERBALAFRETEMA: m
ASEEER (spray), F& (reel-to-reel) Z75ikdlis, WHMIKE, HIEHE
M. KT S SR AT 2 XY . RE BT RSP R i R 1L
MR (BEEE 65", EARE BN F SA Kb, BT
MG AR SR 3] T SR (RIEIAAA R MER. AEER. SFEH
FBRLHENRE, LER. WIREFRNMEERENFE IR ERET TRA
HIBEL. BT A ERES ARG MR &M, SFSRNHEE,
T ER L BEET R, AENERAMR R, SAEES K
T, TR EARNAEEN, MESYRBEEMIEBRTIAE, &E
FERAENEEE LSRRGS AR RIS

1. 2 BELK H R AR AT T
1.2.1 EERIKPHEER IR
REEHA FRAMBENREY —, ERLRRHAZFINRR, FoK
. BN, EAREBARTT. BRA LT EAESE L
43 B 3 A P R R 0 L T T A R 0 e 2 B
ﬁl%%ﬂﬁ$gmkm%ﬁﬁI%%ﬁﬁﬁﬁ%&ﬁﬁﬁ%?ﬁé%4%m
(ZmibRE, 42/ 2/ 3 fELEREBRE 2200 AL L. mEEIXE KR




LR
BT
230
AN

K

19000

SPHEE

SATRA, AETETNZBRTRE BB B,

et 3

Ry
F
#

B 1 —1 FE KPR B IR 4 A0
F 1—1 FERIaE B 21 B B

R , =51
¥ 5850— 6680 45-51
— 5000—5850 3.8-45
= 4200—35000 3.2-3.3
wE < 4300 - <32

WAERE, RERAMAEEASFEOESR, B RRAN R AT
HBRAM TR LA, REERATLIL ST SE 5 T A, AP B PR Bl /e TR
RAET IR RN, LB, 3 8 A I RS VS £ b 2 AR g i
HE S Sk T T A o
1.2. 2 FUSRIBE R SERRIL

FE R R LT E, TR AN AR, — 7
Foob B2 PF IR R B 3D T BRI RS TR sk, 5 — 7T e TR 2 R
Tr R AR SRR AR BRI IR MO BLR ™. MR BT /T3
REFE, PRI TP 3.1 45, B OBCD (Z3F& 1E R RS FEAHMR i
4.3 8, FRAKM .




EaPRBRahRHESERIE

FECFERNFRGEERELSE (UMHELET) £ 1656t, SHAEEK
10. 7%, HBTFREAOKS, AWRERR (BEELEH) RF 136t, #HET
HRTFHFE & 264t (¥ 51%. P EBHEAHLERBER 33%, HRIEEZKAK 10
AES . B, RESFEOMFREY: BREEDK, HFREHTIE, AH
BeRER R T HAFEKT, RERHARES, RAREML, Fmeren, HHRRE
K. 2004 4, RERGENRSEN 19.7 ZmiRELE. XM, 5 2020 4F,
RE—REREIRTE R E N 26~33 ZMEIFHERE. JERS, HEME 33 {OUEARHEERI R
Bokaig, REMERENEEATE 2 9M, AmA 6.1 ZM. K7, # 2020
&, BREMRCBRETAMAE 22 WAL, AMME=BHRE 2 20, fit
EHROEIE T ZMER 4.1 2. thAh, RE K RRIRGLRTE S IR Hk B
FEME B —RAIREREN BRI RME, MESA MR IR EE RN
3 (8 WS ABIE SRS AU ARk b Tag 3 EY T
12 hEEEHRESH

£y | Bk (%) o (%) FTHR, (%) 7KEE (%)
1978 707 227 _ 3.2 . 34
1980 72.2 20.7 31 4.0
1985 75.8 17.1 2.2 4.9
1990 | 76.2 16.6 21 ' 5:1
1995 74.6 175 1.8 6.1
1999 67.1 234 28 6.7
2004 - 677 227 26 70

EFE R E AR MR R A M. AR T LUE Y E RIS R
—AECHRFIEE, B AR B 2 R R SR B e To%El B, B
BE Ve FEAE, MR ENAAER., BRERERE ARG R P E A

SIS R A B . 2 EEDHIRE N T0%. —SULFHRER 9o%, By

9 67%. —AALBRIN TONERE B FHRKE . TRy Suft i T 15 & B9 2 5P R A A B Ak
. HFREATRE H TR BT, 2020 EERES RSB ER B NS
FAAIE 3900 12350, HENAFSER 13% ",

a2t
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ik
2020
B
e
PN

A
s BA
BX
G
=351
£

BIE ik

1. 2. 3 AR K PRRE B ith %

W 1—2 SIRAMAEBIF R (BRE) FRE 1—3 Sl Bt -
A P R RGBT DU KT B S R BB R -4 80, ARE R
AU HUH SHELL 9T, 3] 2050 48, SRR ALIETE BEIRZ M b (0 LB K T
50%, TIAPEAEZERRIREE IR B EL G125 3 13%~15% BK SR ALIERO Tl H ol l, 2
2050 £ T B4 G RAE AR5 Ha P B LU T BARA 3 78%, AP B 7 5 L 2 5 ) 28%,
bR P SR A 25. 5% BIAH B AT A SRV AT O7%, APHALIAT] 66%,
For KA R S 63%. |

7 WRA IR 30~50 45, B B SRR s A0 A8 O T A S e R
B KL RAKH. EYREMAMNA. B8, REQKESRATFE
B34 115 K5, RAKREN 1000 K, £WFEEY 100 K, TiAMENE 109
T, BAERFE 1%HAPRE, HENARREET 3600 KK, WEIMTE
A RRIER TR R Y. ERR 154, REBREAL 1.5 FHim R BamL
AR, P LURERE E 200K B BRI ER A IR H R SCER AT R R . TR BOREI R B
2020 4, HEAIFEREE & — BB RO, M E BT T%IRTSE (5% .

Realistic range of cell production

104 {GW) H20% growth

EE Q0ur sstimate o
g W35% growth T
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olem vu 38 0 00 .00 M BN . K. 8B & 0. B
1802 1003 1994 1005 1095 1507 1933 1950 2000 200t 2002 2003 2004

B 1—3 R 2ENAMERLRERE  KE: REILFHRN

1. 3 FBER S AHRE Rt

1.3.1 BAMAPRREREmEKRE
1.3 1.1 R

LS L KRR N B4R, R BRI ERERBNER,
B SR AR S, XFBLEAR N EAE RIS RON. (MFRRRBRD ™7
USRS, FEST B AT A L

Fe AR R 2 SR K PR B AR T SEBE Y s R B A BRB SRR . O T EIX B LA
s A A B (BB BRAD, IR TR &M,
A BRI KR ASDEE RBAMARBRY o, MIZERASATH
Be g oy K T ERE T R BRI £, (hv= ), M Z A T HERE S AR D
BRI TR T 2O
p AT HE M AR EEIUR LT IR AR A K IR -

A0 = ke = 1.2 {(um)
E E

B. AR, HAE—ANRAEIMENSLR, #EEE R (B0, f
W (T ENERFNEHT, SHRE. SURRIikeE, RSN
BB S YR |

B 1-4 U R S WA, AT 2 B 1S A A S




(350

3—22}

GrEAY

6T HI
TG

SNl
rh oL B

LN}

HTFFRNB™, AREGYL SR, BEOCT P E R — R R TR
M) MARBHERT (BTFHE), RERTEALEREAYAAA, B
LESRB/ANTE. £B/REVAE. A/ ENROREN/ REYRE. 7
FHEABTORMEZHHG, IHERSENANERETFREATRE, RE
FHEEAR/ ARG, SR/ REYRE. B/ B AERAEN/ AR
BT, WRME AR RGBS TR

WP E NN TF o< ML i
"
&t

B M A B & e R
B 1—4 FAYARIR It 0 M BRSO T4 2

1.3.1. 2 REFHRFHEE

ERVDE T, BANETFRICETFRSRESE, TR R, S
MEEHBERERE. ENZHBITERS, MRS RESBULE AR
ﬁﬁ%ﬁ%,%%%ﬁﬁ%uﬂm%ﬁmﬁﬁi,ﬁ%iﬁ%?%?iﬁﬁ%%
YEEETH— AR, |




BEPAH b HESEE

D) el g
B 15 R—A BT EF Rl Rt ™

e B S

1—5 —AMJRELSF J RS R A RE K

SFBRAETEIEEAES, BERAFES, XMEEFRAR.
S, = 8y +hy' (FOH)

MR BREN TR TELE—A BREE, REFE— M EEN=850
T. |
S, - T, (HEFREFEH

M 0 = SR AR — A T [ B SR A B

T, — S, + v (BEY)

EHA SR NEAAES TR 455, SHERTERMER, RaER—7

SFEHELEES, MH—MEBIEE.
T +7, > S, +8, (SHRE—ZLEEXR)

RETHEZEAMNS,, RIMSEEIOCHRMAES T, BXTEER
HABE (O107s), FAEBRMA.
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T

F1E #p

BRI FRER —HFEBMESFAENREH, SIThRE—
MERES, MB—MEBES, BBEEHR— RN RE, WHVERT, -
BERTH A EHENES.

S, +hv— S,
8, +S8, & (S,5)* (H¥ET)
(5,5,)¥ = 5, +.5, + ™

MR LR BEWE BTREARNS TREREALR, BRI RBET LY.
TT) JetE 3R T pL

HAEBRTF O LB TR, ST SRR B LA TR,

(D HTFHU

LEREHEN/REWHEMP, RE—/MISNT R BERY, FEREN.
1) ZEREWESEREHERET 2. 00V, FFUUR AR X4 30% Mk
M. iDHEVEAM, BTHIBXERBEESN 1000, EEME, FHL/
REVHROREELHESS, NRERYRSTER, BEY 100nm, THI/E
EWIERIEN 60~90%. iii) Rk (EXHAREEHRILTESR, HHR
REBEBRIFETD. Bk, HTEIHAKMEAE, SREFREAYET H
BT 4L 3R ™

(2) BT 5™

SEBTF LA HEA K/ RERE, ARRERTIE, WERTET &
BPEE, RABRERERKA. BTFERSWAGHLLE P 8 A%
10nm, {HAELHH, W, HRTFHBERETALELK. |

(3) 4B

BRAE (B FBRRAMRRT - S FRE) BERECENES %/
SRAE. BEYW/ &BAT, RREEHHEFTRARTRANR (FA) B
(TA) WAPELZIE. XFEER#, BTFERLBHMEALETRE Q). B
SR AT M T4 (D). IR FA M 1A BERIREMA, HTABED
BRI B LA R R A BTN, BERTHES, MNP ERERRE TR,




BA YA M RE b A 4 S KA

1.3.1. 3 REFRFHEN. E5HE
D) JeA AT e

ERGIEAT, BRTEEABIINEHREXEN, BRERRETBEM
fiFoh b BAEBLRRT —RERBHN SRS, OIS MBS
bl S B B AT
(1) BsE B3R T A
O =R AR T B R B

4 o 4 5 PR T AR R AT, VT M PR I i A B, ZESMR
BT, B EARRRERE, IS RS TR a2 A R
SR R T R B R KR 0 SR S RS E A
FBTMREl, R B RE BRI (space charge limited current, Juac).
TR T, R R T R SRBR S AR, 1oV Rild” (1
— M V— MR d— R, TR xcd’ . REHAY:

9g,e V'’
J scrc = —W"

AL AT E MR, BB AR B PE N TR s RO BE SRR T e
BERTEAR — S — DG Bl 1B B A RO WS O A SRR IF 43- A Y R R 2
O IR I B (thermally stimulated current, TSC) ™7

TSC ¥R W LR A AE A A S B R v N R T AT SIS
i, FEREEE FRARTARNEENE, KEHEREHENRERRE,
SRR TR, TR AR M MU SR T A R .
MR TSR, MR EETAE. AR AR T, T
A, RUERKTARENBEITRE . MAFREXEFRAN TH, TX
th B B RS «

QB TR i ElE (isothermal decay current, IDC) ©

10




Ahe,
R
*fA]
Jsac)o

(1

GE I

W

AR

EIE &

5 TSC MISEEARML, Ea BB LR R A SRR TENE, TEl
TR B MRS, BB AR RBERTABR, R ek
FRRBA, P CABERT (8] 20 A s 0 (2 R e T M B B SR FE RS A JEESR 5L,
FEANFRE TREB BRI Foc () RENES, LU InTH /T 468, FBHE
SRR TR B PEBHA . BEBER R N RIEBEGE SR B B F AR A R .
|E, — E,| = kT In(vz)

J, = qkTdf,N(E)/ 2t

A B NRPWIRES: £ ABTRHEES: ChBERBEN, PhdannE,

VARTIRGIE; HRWEEL L AYERFEREREE. chETHhE. Rk

FEREE. 6 M TIBHIG S, |
DHBE BRI TIRE (photo-stimulated current, PSC) ™

AR T ORI AT BUB 6 TR T 52 KB FIOHE A, AT
WEEDR . R R IR T RIS 0 7 B T WL A b B 9
RBERBRIFRBRT, AETREEERAIEB SRR, MO T EE
RARR. BTHREN CETRERSRIEERRT) B T IR b hm s
(e () V52K, AR BRI 54 S SR WA AP ARTIT . PSC 2 PR AT I B 5 6
SHAR, SRR Jne SIS BAKIORT. B0 M BB BIEE A TE 0. 1~
2eV 21, ERKEHMERT, HFHRKEARMEIAR (12, 4um) F/A] 7K
(620nm).

(2) TBE (u)

ERSYT, BRFIHIBERE (<10%amV's) ™, HE—AE .
IBRMERNHMIEMTER. RN0E, » (EERNERERSS,
HT) e T7(0<n<2); TAERKBESA, W) oce™'¥ , BRGNS BST,
p SEELX, MARKERYT, wo)wo (1/2<0<1). FIRED 4 HEXKBT S

RN, TRB/K— %A ANER MR ST RR . o
M7 BRI, PR SRR . LG VR B 1 35 38 B P AR
B,
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AR R % S RE

IDEESRTHEE

MR B B AR AT RS, BAERZREANER, AR

FHEIEETS M o ARSI, R o 7e G RAERHT B . B TAEGRIRPER
FTRETHMLERSREZNEE, N ERRZBIR.

FERBHEEERR, SCRERERN AEBR LY, BTEERNRT 2R
&0, REEERIHINES. b THREBFFEEZERITENEERIET MRS
BaBErR i B PRI SR ISR S R . PSR EREEENRE, 'R
B EARSEEERT, ENENERAHEREC TR, BdE 5+
LWES, THPEEAT: HAKBHIRERT: ERSHRNBATES.
111) AL 4 |

BT EEE GRS, BRT (CRTRA) BEEEENERGESS

B AE bMEe FAEBBERER). MTHEHERT (BTREO &8
PR EREFEN—ND TFRERI S — 0T B T2REEKER
B2 F 2 IBBESS, WSS T 44 Be =% a0 T4t 6
FIFHFREHRRET CETREO M. S FZMNESREHREHT™
RS .

1.3.1. 4 BEABRERRRY LV E571E

A fe et K LB e — AR IR — R (U &R, WA 16 Fiw.
Ext AR R RERE L, UTIASHERHEERN:
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e
e
B
¥

BIE g

Bl 1—6 KPFHEEEM 7 thas &

a) JFEEFBJE (Open—circuit voltage, V. ) ML SEERIBIOASMEIRGITTF, 750

b)

BRLE S DB R TS RAER RN E, B RN 2 Bk
(EEAIAL, TRFE T RERKIRE IR, TRV T ES
ESAHMB BT, REFOKRE, BMORSHSEEL X,
TR 1T0/polymer/4Jf B MRIY B R A WA B e By, BLFF By o
Vo BT IE S AR I TR, W T AR R R R R, SUITER
R RIE T T R I HOMO L5 e T (R B E S B0IE LUMO PO 8s2
g, |

HIf ELIE [E (Short-circuit current density, J.) BPZEAPHAE LM IF 4R
ST IR . BLRY S PRSP EL BRI 5 R4 40 T > SO T 45 T
BEAER IR AR, IR MREHES, TR T4 T BAR
Bi. L SMANHIE T EABXE, RIFNEIETY, 8RR ammg,
B b IR R, MTTHKERCRN L. FRBEBOLESSHME,
FEERRME T SA 7 0EREE, S EBRR L. FRKENTIE,
HERSWIRE S T IWEAY, HRERmIBR I R . R RIR AT, AL
AEERXTTFEA PIHT MIA K R P GAE B MM, M IER s
RS, SRR . B ASTNIR P BOIINTTA, WR L




B AYA MRS H 5 EE

c)

d)

1.

5Hmﬁﬁﬁﬁ%%,ﬂﬂﬁ%%%ﬂ%ﬁﬁ?ﬁém@

% MF (Fill Factor, FF), AR BRI RE KX Ve ZH,
IR T 6 Hait BeHE s AR AL B TR AR B AT BRI e B it
%Emﬁﬁ:E$ﬁ@@&5%ﬁ@@ﬂmmﬁ,ﬁi%%ﬁﬂWﬁ%@*ﬁ
ﬁm%ﬁﬁ%@ﬁ(%ﬂmxhﬂEEQﬁﬁ%EEWQﬂQZw,ﬁu%
TR, FFET 1 BE AN AR R, — R, FF BT L.
HRE TS AHEN S BN BEANRMm. EXA:

P
FF — MAX — Jm Vm
v J v J
oc 5S¢ oc  5C

e L LSRR EATIE AL . BREGIE T R EFERK
fE, ALAERAEET SRR ERE, ERRNRE. 7 170 S5iEHE
s A PEDOT: PSS H/E 7 LA B E7E T, K% PEDOT: PSS Myfefsy
T IT0 54 M0 HOMO 20, BRITERMER, WD REkAaHE. ERRSE
ﬁ%¢aAumﬁ%m%%%ﬁ%E?w,ﬁ%@%umﬁ&%%k%@ﬁ
AR5 52 pk B0 LUMO A2 RRBKEB e, /b 5 KRR, MTiRREAE T .
g B4 3% (Power conversion efficiency, PCE), REWPAHCHERERE
£ /DAY 4 A HEE — 5 o S i R B AN G R B R E s
q:ﬂmnmm=ﬁmm“mm%=ﬂéfﬁﬂm%

P P

in in in

P, RASIGREE. TR Ak B S b ) Ye ik ma RE S B R, TR
R AT 3 K FR TR SR 7 BL 5% T A B L SR EAR T H B0 i S 66 82
BHARE. |
3.1.5 BEA AL Bt p S gm

HARE . IR, e, 35 7% P, L 25 3 0 5 0 e B 3 SR B 2RI

SRS R, B 1T R A PR R RO SR . B R RO
AR o LA n A HFOR ARE R BRI A B R AR T i
g, {E PN ERRATENIS, BRTHERER L, i — 4y RLE T S8 B LI
KRR, TITRRGEBEREE £ REREKHEH, Bl T AP A 5 RobR S i A e
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F1E &

Y-
., | R,
i Hi—o
g h <
R JphC’D Iyt R, = 4
Fl. »
O
B 1-7 AMDAE S B
O IR AR I TR L T = BARIOMT /s =5 A S4BT 1 ol
R F/2 TR AP I ML — PR S T
e J= 1, fexp(s ‘mA)u I
2T : 1+R/R RA
L5 kg Boltzmann WA, e BB, TRER. FHATCHE .
fﬁ Voc=nsz]n{l+'3’:" (1- 7. ;A)}
LA 1 Yy
S =R TR Um0 1)
OB £, REDBRRTERERBLE (B AD R RAENEAT
- P, REEET READHABEREE— KRS, I 4R T
- BRI A (THAERER. B4 JFEERI 2, AR, o
0 V ZeHihy JV ISR AR B S R
R, ~()"
e EREAEIRRABET, “REREDE, SMILE GERFD Firetd
A FHFRAMUE B+ R, BEH R AKEE, Bl AT 2B
T it OEBEAL R, £ B ERSRUEEA TS SERA TSR, B
B WERTE p RESHERETABHERNTRE, THETRSHSART. &
AR BEREALR L AN, BRTELREM SRR LI ERIEN, R, %%
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TR I R b R il 4 19 /AT

ENTETEATIFBEE L, -V SRR i, & b s A
SCHEST i R

R~ |

R E TR ERIE VAR T, RS SE, LA R,
BRI RR -V IAREK A

O KBS ELE ¥, AT AP A B A RUEAE O~ Vo2 [, P R 7
F o amE . T EIBREEER (K4 VR <D B TV s
o T AR B . RAE FI G LR 0~ 1,
i P R RS, PRBT DU o FE SRR R/ B AR AR

WE. TEF, VLLIGETR Ko METnE st EFkRE, SFEERER

04 B RIROR SE T A b e FE R LU e i, 1B KPR B e i o R AR A AR AR
F (PCE) EFr L&EE M.
1.3.1. 6 BAMAREE AR IBIFHE |

KA R IE R AR IR — Fh g K RO AR RO R 3 rRRE, Bl AL
FAF Sy oL AR S EL BV RIS e B AR LB R R R . B TOBIB AR, ¥
KRBT EL IR A, SRR RR O R B A it B GRS

Se Ak B AR R R, FriNHREERE, MEMBH (00 X
FR—BAIFE (—DHT) AW BAMHERBFEESSET CRIEFD. BE-—
ARTFREERBRT (50 #EDT | 1. SN NE R EmERNT
ERIBAR A I, BIEBHERAN L, RBRKBERRENNK, EEH
WE L. AEH.

1240% J,,
AxF,

IPCE =

Ty M B FEE P [UA/ om’] 5 Py NBTHGER W/’ A, ANBFSERIBAR [nm]

PR UK RS ABOIR B B B, TAIAE ARG RD G
48 5 KM MSEATITED . i, AETERALAPH s s M GEoR, LU
B RS

1.3

i 4
JE i
JEE Y
H2,
i
R
B i,
1R
EAR




jinjed

l/j\’

B
Q1R

JFE

AT
LRI

S ARy (i

o™

H

|

BTN (s
B =
e o1

LRt
A3

BI1E &

1.3.2 REMAaER BN

AT T A RIBISE AR BRIk s . FRERETHRT -
SRR (D) BRITIREHEE (0 1T0) ##, BF2aME (1) RYEE
REVEAR (ALY H#.

1.3.2. 1 BEAPARERH™

NER%

LiF
{— 5 —®aw

- [l ﬁ)\;g%ﬂ I . PEDOTPSS

Bl 1—-8 BRERGSALHRER

ETAMKRBN S B/ EGA/EB MM By —REREVLESEPERE
B, WENHEZHEME. TERMBERN, TRAEIERBE, BFAKED
BT AR 2 N B HLE S HOMO A0 LUMO 8% . T BRI PRAR R Th iR
AANTERE, B, X FEEE TR, F R R E 7R R E AR R
ER AR, R RSN, RN TR N 5
BRREMNES, XRERTRAEZRE. 0B SN a8 4064 B BERT,
WA ZRR A ERREN G SR, TER MREREREE S BR (AEWIhE.
IR B IX PP AT S 0 R R PR PE SRR RS, T84 AR 0 B R ] ) R 32 65
AMRURBRCERTHEST ), B, BIRECETFEEMETHRTES,
XA SRR AR ZEWR SR TEREA, 8RR E Hmig
RS EANTTRACEE, SEARNETERRE, EAREERANDIRE, B
WREZ AR TFREAEBRLIENBEEUETESREK.




BA KPR BRI A # 5 RIE

1.3.2.2 mgkﬂﬁﬁﬁ@ﬁgﬁﬁﬂ
Cathode { A1) )

e IYPR AN "

" ptvpe (MDMOPEY y—
T Ancde (IFOY

glass

Bl 1—9 WERBFLEHRE
9T s R R AR T RO, R TSR AR/ SEARGUREE o

¥

TEEE R, A PRRISERZ R TE T A B A S84 o P PR S AR, 2 5 )
A%

BE TN R A H R — R AR KR SRR RS B LSRR I — AT AR (O
B P70 BT A —URIZE TE Coo— (D), (EMA—ATT I ZHEFIE (= E
ANEEWEFEMAETEA Co)e T ) S S8 o PR P AT 850 T 8 Y PR B
B, ﬁbﬂﬁﬁfﬁiﬁﬂﬁ]Eﬁ?%‘%%‘zE‘J*%%%*@ﬁiﬂ‘]ﬂ%%ﬁ#ﬂﬁ@ﬁ?E‘]:?l‘&%@'%
Gk, XTI TR AL TR AR O6BrbmEE), M=
S ELR LB OGAR BB BRI R G TR 0 4 B T S 6 R AR R T

1 AR Sk 5 R Al BB A . TR R AT D/A AT B

a Betn T W AErAR LIRS, P T AL SR AL AIEM, D/A FHl
AR, MTTRAE T F A 30 7 FBHE R A RN AW EHEE

P BT EA I B ARG D/A SRR/

I 4o

P}
Sy
Jari

=
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1.3.2.3 ,\,kbﬂjﬂ}ﬁ‘é‘g%}m[m,sg‘m

Active layer

“E‘ransparenz
conductive
polymer

Transparent
conductive
oxide

Glass

Bl 1—10 9B ERPHAE S 2 R X MV SEM. ARM & TEM .

JLRBI AT i (Bulk heterojunction) S&{H4s R HIT M E H L84k /
ZHLREH. E—eBE X L, B 1-9 RS ER RN HE 110 Fimfaik

7T B A X 0 J 45 PR A2 A 2 18] (A SO LR T AR . ZE4RPE S R 820k
AREAR ST, MERERFT T, GUHREENE SR, it
FET RO CERLNERII I, WA R R T EE R .
ﬁmmmm%ﬁﬁﬂﬁﬁﬁéﬁ—@,%ﬁ?mﬂ%mﬁﬁ,ﬁﬁzﬁﬁ%ﬂ
REZA D/A FHIFFES B AR, PRULEAT A B AR R, AR 100% . 8 SR i
BT AR R,
1.3.2.4 HithzhHy
a) D-D+A-A B Z5 g™
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REYARH B b gl % 5 RAE

_CuPc (35 A)

CuPc (35 A)

ITO coated glass | ITO coated glass

Bl 1—11 D-D+A-A B b E5F
ZREMM KA R GG T IR T R BT S MIILR, EBTIHR
PHEEFILAY p-i—n Z45H), TEIRE NI S/ BF S/ RITES B K
PR A . SR RRE B AN S MR Sk B — A s (i
R B EAL FE ARR B

b) & FF B
(@) b o
e = 3% lge
— Ag o [ ]
!? PTCBI ! prcal
Ty 3 '
L Presl (
I ! PICBI
— LoprCsl e 41 e ,
i CuPe - 0 ? CuPc SR |
hw hV 0
series connection parallel connection
lsc"'isc !SC'.SXISC
VOC;SXVOC 'Voczvcjc

Bl 1—12 HE (a) FHEE(b) BRI RE E
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Lk
1)
(i

KA

F IR AR BH B8 P AR st P LA FE 40 R KPR O, B K A S o ) T B
R, FFERRESEIURRIATRE IR, SR BR AR5 1 R LIl ROt i e B 2
B, XPEtheE T 288, BREEIVNSTFRRES I, EREMEER
B BIIHIRE .

Top
“contact

Top
Gell

i)

_ Bottom
" Cell

~Boflom

contact

Light

B 113 HBE A

1.3, 3 R AUIATRAEE ok 2 A AOHARY
1.3.3. 1 B AR

ERHICRBIE, BB TR RTINS AL+ S
%W@wmmmoﬂ%%%ﬁﬁ%%ﬁ%ﬁ%%? R BRI, SR

WA ML . 7L/ ST 0 S B 06 B W S P
) IR

H TR TIORNE, B RS T RE MMM . SR
9, BHICRBENE . A G S PR RREERR. B A
AR PP B T LR LA
(D R RH
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REePAmsEEmaHE SR

— ki, KRS BT R R, T Ag. Mg. Al. Ca, In%%,

WP ANE AL, XIEALETREENNHOEER. BERSULREN

th, % Ca EMIRL, KRB D ZHE AW T BT EHPPR I R RRMBE.
{8 Ca BB BE, MIFREBATH Ca SE. T 1250 T JLFEREKZ)

E‘ﬁo .
#1-2 AHEREBHIIRE
B Au Cu Ag Cr Al In Mg Nd Ca

g (eV) 5.1 47 4.6 4.3~ 4.28 4.1~ 3.66 3.2 2.9
4.5 4,2

(2) &8
TR B RS BASHRIER, SOESSTHTHEML, MEHFNE

AR, B, HEEDRENEBMENRBLEEREBERENERE L
HRIBRESER, WMg: Ag (10: 1), Li: Al (0.6%L1) &&mtk. H Li:

Al B4R Mg: Ag S&MThRABSIRIN 3. 2eV R 3. TeV, SLRAEM, Li: AL fERAR
R A AR, Mg Ag HOR. AL MIESE. Mg: Ag (10: 1) SE&BRKISE
F, AU LIRS RN, W UTEE AU B s A
SBEE, B4, BHARITLUER R —$RBERPNELRE, REEES

AR R R e P

(3) BE&HH
SR A2 — IR S bt e, W LiF. Li0. Mg0. ALO, FSHiI—ER

B Al AR k. EEREIARN B Tt R LAl AL mRERRHRS,
AR T S SR AT 1V Stk ik . BB RFRIBREERIAEN
E SRR S REZ R E S A, Wil BIRRSE S F R,
11) BRBET |

BT EESARERNE, EXBEADRBUITEEE. 3T ABHAE A
LED i, —ANERE DI ER. HENEBRBREBEES 15~20nm B LZEH,
BB K2 50~100nm B ABME. XA, BENRTEEFELL 50~100nm IR
BN T, FR, AMSsmmb BB A BN T . FTUER SR ARRE

22

0X

iy

1

&+

LK
HLH



2,

VR
2
=P

2.9

FaoER
B
1Li:

EEIK
kit
EHE i
52

it
"M,
i)
o R 4

——

B1E Hig

HIEZEB SR (0 Ao, B SRS GNEER) R ITO(EALMAS, indiun-tin
oxide) S HIBHE . I KA AIBH A #)2 170, 1T0 f In,0(90% ) il Sn0, (10%) -
HIVR SR, AR 3. TeV, FOKREMTE 4.5~4.9 ZH]. 110 BRI R P/
ZAEA, B2 IT0 7E 400~1000nm K70 B B ik 80% Bl L, hoh, 7EiF%e
SR EHREFELE. WREAGOENFEESHGE, WHEEESHS,
AZTHAN n BB, {F 100nm FRY ITO BAIR R, 1T0 BEHRE, n)
ITO 3 EL BEIE MR AT R SRR, (B ITOBERE JLESKETTEE) M mEH
MHEERE, MNRISTREIEERS. 54, IT0 KBk AERRS 2, BReaE
FREE. AIARSHMBNENESS 110 EMRREFYER, RS L
MES RSB E, B TR 1T0 Rl SHE VRIS R B M, M
TSBIT0 fATH2i0. Fik, 170 XEOHFLCEAEEE,. 170 WER
REHREERHASE T HEBMENERELE, BT HEMESNRE BT
ERLRERY, EFFTHAREKT 110 FEMESEKRE, # 1T0 BHEHTY
RREMINT 0.1~0.3eV, MFTEINT F/REEREESH, B, SHFAMLE L
BE T DA — PR YE 1T0 R, MimiEasirrtae., v

ITO el ARIRER &Y CRED Hih E A2 FMEEAE, M aT LS &
FUMRESWIOREY. ZMFHERBETLSR E—E 1. 5o MERBEER S
FOEA AR E X B2 S IR SR A A

K P PEDOT : PSS L8 % i) 110 14444 . PEDOT:PSS/TT0 BARZER = iR
ENUR B R it A )72 B2 o PEDOT : PSS I T B A 5% 2L RS R 461, [51 Bk FH) PEDOT : PSS
BRI AAREFNER . ERGWAFEEEM, PEDOT:PSS ME T EHE
5 170 Mg Inl i S, FIA PEDOT: PSS 54t Tl LA S B F 3% 2 s TR,
XA e T PSS BARM1ER . 2 A PEDOT: PSS ¥R T LA B 1 2% o s 5 B 7
1.3. 3.2 X EE MM
D R&YHs

HATATHSERAYAREEDNRS WA I EARRAERARE
Z¥5 ¥ (poly (p-phenylenevinylene), PPY) (MEH-PPV, MDMO-PPY&g) [+ ©0ml  jor
EHAUZREER) (polythiophene, PTh) (P3HTZE) ™*1, Zmf#4 (polypyrrole,
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RO AR b ME & 5

PPy) ™", B (polyaniline, Pan)™™, FE3EHEI (polyfluorene, PF)IFLE
Y% . LA EL-180TR. HEIRBEMATEYBREZFIANMER, €
NIRRT, AERSHEI/GEEE, BTAR, FHAGRIFNFER
SEWF R,

— LIl i T EFAHANER Y (HEinH s BB AIMEH-CN-PPV) 1 a] LI
fEr T2 R EL . 19984, FriendffFF/DARIE T FAREMHTAEYPOPTIE N BT
#54k, FAMEH-CN-PPVEURCoAE N T 24K, FIHEEBA B M6 Rt 34, a2
BB R RRUR R T EA M1, 9%,

& Cigtes )

Bl1—14 KFHREE M FAHILYEE-S4 (a)PPY, (b)MEH-PPV, (c)CN-PPY,
(d) MDMO-PPV, (e)P3HT, (F)POPT, (g)EHH-PpyPz, (h)PTPTB, (i)BBL, (j)F8BT,
(k) PFMO.

IDFH PN T -
AR R BAEP EANENAD TR EEFIEEY, BER™, o ikH

A IPCEBM™ % (E1-15) .
B LAY R MR PRIF NI 54k, A BIEKEmatE, 7E600—800mm
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B1E HER

E:3- RIER X AT AR . R AR AR BT 2R R SR E,
5, B HABRNEITAWEES, ££300~600nmtiE X 1% /75 598 R
B 20014F, SUBFREMIFriend® AHRIE T FI LSRRI SR 4 FHBC—PhCI24E
AT RENERNSYPTCBIM N B TR REM T E 0, R, S5
BAA #FFITO / HBC—PhCI2: PTCBI / Al, 7E490nmit4METHTIETIMY, BBHHRN
B HEIKF. 95% ™,
HEE
F8BT,  BI1—15 KPFIESEIREIENAST. ()PTCBL, ()PTCDA, (c)Me-PTCDI,
(d) Pe-PTCDIL, (e)H.Pc, (f)MPc(M=Cu, Zn, Ni, Co), (g)TPyP, (h)TPD, (i)CBP,
(j}C60, (k)5, 6-PCBM.
. IIT) 4= 440K & |
20024, AlivisatosWf%i#7EScience L RENE, WETHEARRERIR
800m W BB TR S BRI R TEHL 8K K FCdSe 55 P3IT 1 5 B BE S0 4 0
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AWK BIBE i) 3% L5 AL

e E, HI% TR/ TN, EAML. SERIKBEAHT, RBRERSE
KEL. 7%, 20054, SargentZIifiE T AHPbSEF A& LA LR TS RGN
A, AR KRR T AN R S R i R, MTER A PR
g BT B PR O MEBR B BN I SE . IRIRE TR, BEGKRLT RN
] LU 8 i v

1.3. 4 BAYMAPHRE R REIR S RIIER

B 1 —4 50T RAY AR AR RMA G AR, I,

R S A AR M F B R T E S X e PR, B REMES
20, HARRGUE, BERTCLABRARRIMAE, T BLAAERLRY A BESR i UL
1.3. 4.1 SR

MBI MRS, BEREGMOEE, PMUEEMERETRN. REEED
A EZREINRLAANERY, WATEMEEARANRE RS . BETLLE
TR, RS HPE S FHATHE, LR EORE™ .

BRI AR, T LLE S CH LA B AR Bt b 3 B R S I AR ST IR R
BANFCHIEE N, T DR — SRR AR TSR SR T REE
BR TS —REAARKSSEBAEY R, Aol mnREZEEY BRI

ETRAREMERLARS: —EXAFBATBACE, AXARMNEN

U, KA R FERBUR T LR TR, SRR R KRR E K.
VXF MRS I, KR HANE. W ERE, TR a2
W, P B B I A R e,
1.3. 4. 2 E B EHITER

B AL 2 R T AL A 51 A R A e DL R b e R S E A A T
MBI, BibL, FEBTAEMEAARNSIOIBE, WTFSAMEEES
R TSR, BT R R RS U B — =% SR g 3t
 BYPKELC PPV MR, RAETBEMERF (ordered phase) RIMSEMEN™,
DU (R R AR TR Sk A 7 4 T TR PR

T AR TR TR 2, TR BT TR, o
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vES
ER R

b

il

L
Ll

HE 4w

REEBEHTVARENR T, KE. £KHR, TUBSIEERTES, o
FFAGE AN, CdSe KA, Baprg" W,
1.3. 4. 3 EHLEHE NS

HeHR = S AR S IS R R, M AR R Rse
#, ARR=EFNEEYINESYE, TASELHOENRESETY 8
KEMY., ERGY-EVRNESY~RRER, BEER TR —2REL
TERE RIS, B O 5 T — A A L 43 B8 S T 0 i S A S
B eHUEFAE T WRMRREE, BRI ST AR A AT,
HESEAERNRE. ETFI, ARSI THENRE, 35—k er ke
B, G—WOTRARSER, B—WATIHERN. ETIHE TBERM,

ESIFIRAES, BEIRAN Y. |

D A, RRAGEH. RS RE LR R 05 i 2
WL IR B AR,

ID AR BBERERS T REF. SEB0ERNESH T EA%L
FIREH P05 R G Y, T ZE LR T 1 4136 1 o2 M Sk SRR 4
B B,

D & MEFZHERY WERAYLEREOEHE) DEHEILEY
B ERR T ARG E SRS, Be TASE, '

IV) R HUER AL 5 FUIE R by 1 s 4™
1.3. 4.4 AL

Padinger ¥ AKFREUE MEBITF, BLmS b 00 P B 8 (R 3- CLJEMEN) (P3HT) -
PCBMSLIR A RIE B T H B IL S B B F 2 15E KR ED, 38 (R Sk
HRGERNTET, SHEFEANER, BRTHARENES, FEBENN
F 0. 1%REB3. 5%, VRN, WidiE4IPIHT SPCEMIG LK), & rilasiE s
RS HEAT MALER, ARARRT A I V2 5 vRAR B A PR PR 28 A o R e BEL)
AR LA SRERRRT (BEERTOARES) , MEEE
ARSI KIE IR, BT mE ek Hs~6%"", :
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BE&WAM b H&5RIE

1.3.4.5 (A EZI6

B E A} 5 Jin Young Kim# AJRIE T FHTi [OCH (CH) ] AT IR A6 & Ti0x et
FPIHTSPCRMFLIENE |-, SSMFHERBRIT XIBEMIER MR, HERK
P EIER5% .. AAEZF Akinobu Hayakawa Bl T FIATiOxtE A B F HE
RIS R AR, SNREEART KBNS, ERFE100mN/ cn’l)
SERBI 100/, FLYEREDIARAHI94% ",

1.4 FRUHIRMEENE
12365 YA P A6 o it o T R B RN 2R 4 (0 A R ER K RS R M G v B
., AR EER AR E PRI (085 45 f s S PR RE AR W LA T T 43
PrANE, BFmT
o #T PPV Hi4Y, WIRABARMNEEX R SRR (5 3 F).
o XITERENATEY, AN LEARENBEL NG =BMEEX SRR
iz (8 4 %) .
o FHAFHNESYRE, HMARMNESY-REWAMagR (R 53).
o FFIMEN Co MRNAHRRSYWHA—RESYHEENRE GV KM R
(FE6H).
o ERWMAMBAWAMIATHN, WNSBNESYARRGERMCET H).

1.5 B3

1. #5Wel, KPAGEMFRIA, JbRARHRERA, 1975

2. TPHE, ENERL, BIEE, KFDGKRE, #AdEE, 1987,

3.  Burroughes J.H. Light-emitting diodes based on conjugated polymers.
Nature. 1990, 347, p39-4i.

4.  Pei Q.B. Polymer light-emitting electrochemical cells. Science. 1995,
269, pl086-1088.

5. Richard H. Friend, Andrew B. Holmes, Donal D. C. Bradley, Robert N.

Marks , Photodetector device having a semiconductive conjugated

28

10.




ek

B

&
i)

B

mers.

1995,

rt N.

igated

B1E SR

10.

polymer , United States Patent , Patent number: 5523555
(a)Tsukamoto, J.; Ohigashi, H.; Matsumura, K., and Takahashi, A. A -
Schottky-barrier type solar-cell using polyacetylene. Jpn. J. Appl.
Phys. 1981, 20(2), pl27-129;(b) Kanicki, J. and Fedorko, P.
Electrical and photovol taic properties of trans-polyacetylene. J. Phys.
D: Appl. Phys. 1984, 17, p805-817;(c)54. Glenis, S.: Horowitz, G. ;
Tourillon, G., and Garnier, F. Electrochemically grown polythiophene
and poly(3-methylthiophene) organic photovoltaic cells. Thin Solid
Films 1984, 111(2), p93-103;(d)55. Koezuka, H.:; Hyodo, K., and
MacDiarmid, A. G. Organic heterojunctions utilizing twoconducting
polymers: poly{acetylene)/poly (N-methylpyrrole) junctions. J. Appl.
Phys. 1985, 58(3), pl279 - 1284; (e) Fang, Y.; Chen, S. A., and Chu, M.
L. effect of side—chain length on rectification and photovoltaic
characteristics of poly(3-alkylthiophene) Schottky barriers. Synth.
Met. 1992, 52(3), p261-272;(f) Horowitz, G. and Garnier, F.
Polythiophene - GaAs p - n-heterojunction solar-cells. Sol.Energy
Mater. 1986, 13(1), p47 - 55.
Tsumura A, Koezuka H, Ando T. Macromolecular electronic device:'
Field-effect transistor with a polythiophene thin film. Appl Phys Lett,
1986, 49: pl210~1212
Drury C J, Mutsaers C M J, Hart C M, et al. Low—cost all~polymer
integrated circuits. Applied Physics Letters, 1998, ?3:. 108. 110.
(a) Brabec, C. J.; Sariciftci, N. S.; Hummelen, J. C. A&. .
Funct. Mater. 2001, 11, 15; (b) Brabec, C. J. Sol. Energy. Mater. Sol.
Cells 2004, &3, 273; (c) Coakley, K. M.; McGehee, M. D. Chem. Mater.

2004, 16, 4533; (d) Shaheen, S. E.; Ginley, D. S.; Jabbour, G. E. MRS

Bull, 2005, 30 10.
(a) Ma, W.; Yang, C.; Gong, X.: Lee, K.: Heeger, A. J. AdN. Funct.

29




FEEYI AR e K H-& SRIT

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mater. 2005, 15 pl1617-1622; (b) Reyes—Reyes, M. ; Kim, K.; Carroll, D.
L. Appl. Phys. Lett. 2005, 87,083506-3; (c)Li G, Shrotriya V, Huang JS,
Yao Y, Moriarty T, Emery K, et al. Nat Mater 2005;4:864.

A, RERRMHAETIE, HAKB, 2004, 2, plb.

R, JER, RERFEFROEASHER, FREYP, 1996, 4, p2—4
¥, REEHRMERSEAT MREETL X R, P EBRIE:
FHOGREVE, 2006, 5, pb4—57.

R, BREREELRNENZFEST, THRAFEHTHEERE
i, 2006, 18, p9—13.

ML KRB BeRMTHEF IR, FHE=, pd0—4.

i, EPKHBEHRBTSEEITH, KUS5E#, p20.

TUORE, FREESKIEEEE, BEEFEEARES IR, p25-27.

HEE (CESERMMESTIE) BEdift, 1992,

FRIESE, FEER, HEY, B FEE FilAHaERm 5B KR ,
faE Tk tH R4, 2005,

Sam-Shajing Sun, Niyazi Serdar Sariciftci, Organic photovoltaics
mechanisms, materials, and devices, CRC Press, 200b.

C. J. Brabec, V. Dyakonov, J. Parisi, N. 5. Saricifteci, Organic
photovoltaics concepts and realization, Springer Press, 2003.
Jenny Nelson, The physics of solar cells, Imperial College Press, 2002.
Peter Peumans, Aharon Yakimov, Stephen R Forrest, Small molecular
weight organic thin—film photodetectors and solars, J. Appl. Phys, 2003,
93, p3694-3723.

Chrisoph J. Brabec, N. Serdar Sariciftci, Jan C. Hummelen, Plastic
solar cells, Adv. Funct. Mater. 2001, 11, pl15-26.

Stephen R. Forrest, The limits to organic photovoltaic cell efficiency,
MRS Bulletin, 2005, 30, p28-32.

BENFE OUEEARBERTEHRRIZ) , RHEELRE, 2001,

30

27.

28.

29.

30.

31.

32.

33.

34.

[on S SR o o SN o WA wyor Bt ued




JS,

1ics

mnic

J02.

slar

2003,

stic

ency,

B1E 4

27.

28.
29.

30.

3L
32.
33.
34.

35.

i

H. A. M. vanMullekom, J. A. J. M. Vekemans, E. E. Havinga, E. W. Mei jer,
Developments in the chemistry and band gap engineering of -
donor-acceptor substituted conjugated polymers, Materials Science and
Engineering, 2001, 32, 1-40.

J. J. M. Halls, K. Pichler, R. H. Friend, Exciton diffusion and
dissociation in a poly(p-phenylenevinylene)/C60 heterojunction
photovoltaic cell, Appl. Phys. Lett. 1996, 68, p3120-3122.

V. I. Arkhipov, P. Heremans, Why is exciton dissociation so efficient
at the interface between a conjugated polymer and an electron acceptor?
Appl. Phys. Lett. 2003, 82, p4605-4607

Mark A. Stevens, Carlos Silva, David M. Russell, Richard H. Friend,

Exciton dissociation mechanisms in the polymeric semiconductors
poly (9, 9-dioctylfluorene) and poly (9, 9-dioctylfluorene
—-co-benzothiadiazole), Phys. Rev. B, 2001, 63, 165213.

D. Moses, M. Sinclair, A. J. Heeger, Carrier photogeneration and
mobility in polydiacetylene: Fast transient photoconductivity, Phys.

Rev. Lett. 1987, 58, p2710-2713.

N. S. Sariciftci, Primary photoexcitations in conjugated polymers:’
Molecﬁlar exciton versus semiconductor band model, World Scientific
Publishing, Singapore, 1997.

J. S. Salafsky, Exciton dissociation, charge transport, and
recombination in ultrathin, conjugated polymer-Ti0Z nanocrystal
intermixed composites, Phys. Rev. B 1999, 59, 10885.

R. Kersting, U. Lemmer, M. Deussen, et al, Ultrafast field-induced
dissociation of excitons in conjugated polymers, Phys. Rev. Lett. 1994,
73, pl1440-1443.

A. Rose, Space-charge-limited currents in solids, Phys. Rev. 1955, 97,

pl538-1544.

31




oA &S5RI

36.

37.

38.

39.

~40.

41.

42.

43.

44.

45.

T. A. T. Cowell, J. Woods, The evaluation of thermally stimulated
.current curves, Br. J. Appl. Phys. 1967, 18, pl045-1061.

C. Lavergne, C. Lacabanne, A review of thermo-stimulated current,
Flectrical Insulation Magazine, IEEE, 1993, 9, pb-21:

J. G. Simmons, M. C. Tam, Theory of isothermal currents and the direct
determination of trap parameters in semiconductors and insulators
containing arbitrary trap distributions, Phys. Rev. B 1973, 7,

p3706-3713.

Yoshiaki Takai, Koji Mori, Teruyoshi Mizutani, Masayuki Teda, Study

on electron traps in polyethylene terephthalate by thermally
stimulated current and photo—stimulated detrapping current analyses,
Jph. J. Appl. Phys. 1977, 16, p1937-1940.

E. Lebedev, Th. Dittrich, V. Petrova—Koch, et al, Charge carrier
mobility in poly (p-phenylenevinylene) studied by the time—of-flight
technique, Appl. Phys. Lett. 1997, 71, p2686-2688.

Brian A. Gregg, Mark C. Hanna, Comparing organic to inorganic
photovoltaic cells: Theory, experiment, and simulation, J. Appl. Phys.
2003, 93, p3605-3614.

Henry J. Snaith, Neil C. Greenham, Richard H. Friend, The origin of
collected charge and open—circuit voltage in blended polyfluorene
photovoltaic devices, Adv. Mater. 2004, 16, pl640-164b.

Christoph J. Brabec, Antonio Cravino, Dieter Meissner, et al.,Origin
of the open circuit voltage of plastic solar cells, Adv. Funct. Mater.

2001, 11, p374-380.

Jie Liu, Yijian Shi, Yang Yang, Solvation—induced morphology effects

on the performance of polymer—based photovoltaic devices, Adv. Funct.

Mater, 2001, 11, 420-424.

A, Pivrikas, G. Juska, A. J. Mozer, et al. Bimolecular recombination

32

46.

47.

43.

49,

b0.

al.

5H4.

29.




ted
nt,

ect

ors

udy
1ly

es,

ier

ght

nic

Iy S.

1 of

‘ene

.gin

.er.

iwets

ict.

.ion

BI1E &

46.

47.

48.

49,

50.
.51.
92.
23.

94.

05,

coefficient as a sensitive testing parameter for low-mobility
solar-cell materials, Phys. Rev. Lett. 2005, 93, 176806.

Ingo Riedel, Vladimir Dyakonov, Influence of electronic transport
properties of polymer—fullerene blends on the performance of bulk
heterojunction photovoltaic devices, Phys. Sat. Sol, 2004, 201,
p1332-1341. .

P. Peumans, A. Yakimov, S. R. Forrest, Small molecular weitht organic
thin-film photodetectors and solar cells, J. Appl. Phys. 2003, 93,
p3693-3723.

Christoph J. Brabec, Sean E. Shaheen, Christoph Winder, N. Serdar
Sariciftci, Effect of LiF/metal electrodes on the performance of
plastic solar cells, Appl. Phys. Lett. 2002, 80, pl1288-1290.
Seunghyup Yoo, Benoit Domercq, Bemard Kippelen, Intensity—dependent
equivalent circuit parameters of organic solar cells based on
pentacene and C60, J. Appl. Phys. 2005, 97, 103706.

£, B BOKFH it — A FE B H B G BEOVR, MEW BT, 2005,
10, p701-719.

A. K. Ghosh, T. Feng, Merocyanine organic solar-cells, J. Appl. Phys.
1978, 49, p5982-5989.

G. A. Chamberlain, P. J. Cooney, S. Dennison, Photo—voltaic properties
of merocyanine solid-state photocells, Nature, 1981, 289, p45-47.

T. Moriizumi, K. Kudo, Merocyanine—dye photovoltaic cell on plastic
film, Appl. Phys. Lett. 1981, 38, p85-86.

G. Yu, C. Zhang, A. J. Heeger, Dual-function semiconducting polymer
devices: Light-emitting and photodetecting diodes, 1994, 64,
pl1540-1542.

C. W. Tang, Two—layer organic photovoltaic cell, Appl. Phys. Lett, 1986,

48, pl83-18b.




Ry mas R i & 5%

95b.

o7.

08.

59.

60.

61.

62.

63.

64.

65.

J. J. M. Halls, K. Pichler, R. H. Friend, et al. Exciton diffusion and
dissociation in a poly(p-phenylenevinylene)/C60 heterojunction
photovoltaic cell, 1996, 68, p3120-3122.

L. C. Chen, D. Godovsky, 0. Inganas, et al. Polymer photovoltaic
devices from stratified multilayers of donor—acceptor blends, Adv.
Mater. 2000, 12, pl367-1370.

M. Granstrom, K. Petritsch, A. C. Arias, et al. Laminated fabricaton
of polymeric photovoltaic diodes, Nature, 1998, 397, p257-260.

G. Yu, J. Gao, J. Hummelen, et al. Polymer photovoltaic cells: enhanced
efficiencies via a network of internal donor—acceptor heteréjunctions,
Science, 1995, 270, pl789-1791.

Sean E. Shaheen, Christoph J. Brabec, N. Serdar Sariciftci, et al. 2.5%
efficient organic plastic solar cells. Appl. Phys. Lett. 2001, 78,
p841-843.

Rene A. J. Janssen, Jan C. Hummelen, N. Serdar Sariiciftci,

Polymer—fullerene bulk heterojunction solar cells, MRS bulletin, 2005,

30, p33-36.

P. Sullivan, S. Heutz, S. M. Schultes, et al. Influence of codeposition -

on the performance of CuPc—C60 heterojunction photovoltaic devices,
Appl. Phys. Lett. 2004, 84, pl1210-1212.

Jiangeng, Xue, Soichi Uchida, Barry P. Rand, et al. Asymmetric tandem
organic photovoltaic cells with hybrid planar-mixed molecular
heterojunctions, Appl. Phys. Lett. 2004, 8b, pb757-5759.

Afshin Hadipour, Bert de Boer, Jurjen Wildeman, et al.
Solution—processed organic tandem solar cells, Adv. Funct. Mater. 2006,
16, pl897-1903. ‘

H. Ishii, K. Sugiyama, E. Ito, et al, Energy level alignment and

interfacial electronic structures  at organic/metal  and

34

72.

73.

74.

66.

67.

68.

69.

70.

71.

o1

(&3¢

tr
di
mo

19
of
OX]
SP4

Ap1

ing




1 and

;tion

taic

Adv.

aton

inced

stons,

2. 5%
78,

fteld,

2005,

ition

ices,

indem

sular

al.

2006,

; and

and

F1E Fig

66.

67.

68.

69.

70.

71.

72.

73.

74.

organic/organic interfaces, Adv. Mater. 1999, 11, p605 - 625.

K. Seki, N. Hayashi, H. 0ji, et al, Electronic structure of
organic/metal interfaces, Thin Solid Films 2001, 393, p298 - 303.

I. 6. Hill, D. Milliron, J. Schwartz, and A. Kahn, Organic
semiconductor interfaces: electronic structure and transport
properties, Appl. Surf. Sci. 2000, 166, p354 - 362.

J. Campbell Scott, Metal -organic interface and charge injection in
organic electronic devices, J. Vac. Sci. Technol. A, 2003, 21,.
p521 - 531.

B. A. Gregg, Excitonic sclar cells, J. Phys. Chem. B 2003, 107,

p4688 - 4698.

A. B. Djurisic’, C. Y. Kwong, P. C. Chui, and W. K. Chan,

Indium-tin-oxide surface treatments: influence on the performance of
CuPc/C60 solar cells, J. Appl. Phys. 2003, 93, p5472 - 5479.

J. S, Kim, M. Granstrom, R. H. Friend, et al, Indiumtin oxide
treatments for single- and double—layer polymeric light—emitting
diodes: the relation between the anode physical, chemical, and
morphological properties and the device performance, J. Appl. Phys.

1998, 84, p6859 - 6870.

J. S. Kim, F. Cacialli, A. Cola, G. Gigli, and R. Cingolani, Increase
of charge carriers density and reduction of Hall mobilities in
oxygen—plasma treated indium-tin—oxide anodes, Appl. Phys. Lett. 1999,

75, pl9-21.

F. Nu esch, J. Rothberg, E. W. Forsythe, et al, A photoelectron
spectroscopy study on the indium tin oxide treatment by acids and bases,

Appl. Phys.Lett. 1999, 74, p880 - 882. | |
K. Sugiyama, H. Ishii, Y. Ouchi, and K. Seki, Dependence of

indium—tin-oxide work function on surface cleaning method as studied

35




EEYAR AR AT & 5 R

75.

76.

71.

78.

79.

80.

81.

82.

33.

by ultraviolet and x—ray photcemission spectroscopies, J. Appl. Phys.
2000, 87, p295 - 298.

J. H. Burroughes, D. C. C. Bradley, A. R. Brown, et al, Light—emitting
diodes based on conjugated polymers, Nature, 1990, 347, p539-54l.
C. J. Neef, J. P. Ferraris, MEH-PPV:improved synthetic procedure and
molecular weight control, Macromolecules, 2000, 33, p2311-2314.
Salima Alem, Remi de Bettignies, Jean-Michel Nunzi, Efficient
polymer-based interpenetrated network photovoltaic cells, Appl. Phys.
Lett. 2004, 84, p2l178-2180.

J. M. Kroon, M. M. Wienk, W. J. H. Verhees, et al,‘Accurate efficiency
determination and stability studies of conjugated polymer/fullerene
solar cells, Thin Solid Films, 2002, 403-404, p223-228.

Zhan’ ao Tan, Erjun Zhou, Yi Yang, et al, Synthesis, Characterization
and Photovoltaic Properties of a Class of Thiophene Copolymers
Containing Conjugated Side—Chains, Euro. Polym. J. 2007, 43, p855-86l
Erjun Zhou, Zhan’ ao Tan, Lijun Huo, et al, Effect of Branched
Conjugated Structure on the Optical, Electrochemical, Hole Mobility
and Photovoltaic Properties of Polythiophenes, J. Phys. Chem. B, 2006,
110, p26062-26067.

Erjun Zhou, Zhan’ ao Tan, Youjun He, et al, Synthesis, Hole Mobility
and Photovoltaic Properties of Two Alternating
Poly (3~ (hex—1-enyl) thiophene-co—thiophene}s, J. Polym. Sci. Part A:
Polym. Chem. 2007, 45, p629-638.

Jianhui Hou, Zhan’ ao Tan, Yong. Yan, et al, Synthesis and Photovoltaic
Properties of Two-Dimensional Conjugated Polythiophenes with
Bi (thienylenevinylene) Side Chains, J. Am. Chem. Soc., 2006, 128,
p4911-4916.

Jianhui Hou, Zhan’ ao Tan, Youjun He, et al, Branched poly(thienylene

36

)
84. ]
(
1
85. H
(
g
C
86. ]
N
It
87. K
D
G
88. A
n
89. E
St
90. Al
ok
mj
o
91. .
o]
12
92. A
ph




hys.

ting
41,

» and

rient

*hys.

lency

rene

ition
ymers
>-861
1ched
ility

2006,

ility
ating

rt A:

ltaic

with

128,

ylene

|

B1E Hig

84.

85.

86.

87.

88.

89.

90.

91.

92.

vinylene)s with absorption spectra covering the whole visible region,
Macromolecules, 2006, 39, pd657-4662.

Erjun Zhou, Zhan’ ao Tan, Chunhe Yang, et al, Linking Polythiophene
Chains through Conjugated Bridges: A Way to Improve Charge Transport
in Polymer Solar Cells, Macromol. Rapid. Commun. 2006, 27, p793-798
Erjun Zhou, Chang He, Zhan’ ao Tan, et al, Effect of Side—Chain End
Groups on the Optical, Electrochemical, and Photovoltaic Properties
of Side-Chain Conjugated Polythiophenes J. Polym. Sci. Part A: Polym.
Chem., 2006, 44, p4916-4922.

J. Duchet, R. Legras, S. Demoustier—Champagne, Chemical synthesié of
polyprrole: structure-properties relationship, Synth. Met. 1998, 98,
pl13-122.

K. Keiji Kanazawa, A. F. Diaz, Roy H. Geiss, et al, Organic metals:
polyprrole, a stable synthetic metallic polymer, J. Chem. Soc., Chem.

Commun. , 1979, p854—855.

A. J. MacDiarmid, J. C. Chiang, A. F. Richter, et al, Polyaniline: A
new concept in conducting polymers, Synth. Met. 1987, 18, p285-290.

E. M. Genies, A. Boyle, M. Lapkowski, et al, Polyaniline: a historical
survey, Synth. Met. 1990, 36, pl39-182.

A. C. Arias, J. D. MacKenzie, R. Stevenson, et al, Photovoltaic
performance and morphology of polyfluorene blends: a combined
microscopic and photovoltaic investigation, Macromolecules, 2001, 34,

p6005-6013.

J. J. M. Halls, A. C. Arias, J. D. Mackenzie, et al, Photodiodes based
on polyfluorene composites: influence of morphology, Adv. Mater. 2000,

12, p498-502. 7 _

A. J. Cadby, P. A. Lane, H. Mellor, et al, Film morphology and
photophysics of polyfluorene, Phys. Rev. B, 2000, 62, plb604-15609.

37




B &P AH & SRIE

93.

94.

95.

96.

97.

98.

99.

100.
101.

102.

103.

104

Sheng—Gao Liu, Guodong Sui, Russell A. Cormier, et al, Self-organizing
liquid crystal perylene diimide thin films: spectroscopy,
crystallinity and molecular orientation, J. Phys. Chem. B, 2002, 106,
p1307-1315. '

Neil Bruce McKeown, Phthalocyanine Materials: synthesis, structure
and function, 1998, Cambridge University Press.

Francois Diederich, Marcos Gomez—Lopez, Supramolecular fullerene
chemistry, Chem. Soc. Rev., 1999, 28, p263-277.

.. Schmidt-Mened, A. Fechtenkotter, K. Mullen, et al, Self-organized
discotic liquid crystals for high—efficiency organic photovoltaics,
Science, 2001, 293, pll19-1122.

Wendy U. Huynh, Janke J. Dittmer, A. Paul Alivisatos, Hybrid
nanorod-polymer solar cells, Science, 2002, 295, p2425-2427.
Steven A. Mcdonald, Gerasimos Konstantatos, Shiguo Zhang, et al,
Solution—processed PbS quantum dot infrared photodetectors and
photovoltaics, Nat. Mater. 2005, 4, pl38-142.

Christop Winder, Niyazi Serdar Sariciftci, Low bandgap polymers for

photon harvesting in bulk heterojunction solar cells, J. Mater. Chem., -

2004, 14, pl077-1086.

WA, S, EWEES TR EL ER, 2006, 69, w059.

A. Goetzberger, C. Hebling, Photovoltaic materials, past, present,
future, Sol. Energ. Mater. Sol. Cells, 2000, 62, pl-19.

Adolf Goetzberger, Christopher Hebling, Hans-Werner Schock,

Photovoltaic materials, history, status and outlook, Mater. Sci. Engin.

2003, R40, pl-46.

0. Ingnas, L. S. Roman, F. L. Zhang, et al, Recent progress in thin
film organic photodiodes, Synth. Met. 2001, 121, pl1525-1528.

L. S. Roman, 0. Inganas, T. Granlund, Trapping light in polymer

38

10

106

107

10§

109

110

111

112.




zing

opy,

106,

ture

rene

ized

ics,

brid

al,

and

i for

lem. ,

sent,

wck,

ingin.

thin

[ymer

B1E Hip

105.

106.

107.

108.

109.

110.

111.

112,

photodiodes with soft embossed gratings, Adv. Mater. 2000, 12,
p189-195.

Michael Niggemann, Benediket Blasi, Andreas Gombert, et al, Trapping
light in organic plastic solar cells with integrated diffraction
gratings, Proceedings of the 17th European Photovoltaic Solar Energy
Conference, Munich, Germany, 2001.

L. A. A. Pettersson, L. S. Roman, 0. Inganas, Modeling photocurrent
action spectra of photovoltaic devices based on organic thin films,
J. Appl. Phys. 1999, 86, p487-496.

W. M. V. Wan, R. H. Friend, N. C. Greenham, et al,‘Modelling of
interference effects in anisotropic conjugated polymer devices, Thin
Solid Films, 2000, 363, p310-313.

A. C. Arias, J. D. Mackenzie, R. Stevenson, et al, Photovoltaic
performance and morphology of polyfluorene blends:. a combined
microscopic and photovoltaic investigation, Macromolecules, 2001, 34,
6006-6013.

C.W.Strui jk, A. B. Sieval, J. E. J. Dakhorst, et al, Liquid crystalline
perylene diimides: architecture and charge carrier mobilities. J. Am. "
Chem. Soc. 2000, 122, pl1057-11066.

J. J. Dittmer, E. A. Marseglia, R. H. Friend, Electron trapping in
dye/polymer blend photovoltaic cells, Adv. Mater. 2000, 12,
pl270-1274.

Jianxin Geng, Tingying Zeng, Influence of single—walled carbon -
nanofubes-induced crystallinity enhancement and morphology change on
polymer photovoltaic devices, J. Am. Chem. Soc. 2006, 128,
pl6827-16833. _

E. Kymakis, G. A. J. Amaratunga, Sing-wall carbon nanotube/conjugated

polymer photovoltaic devices, Appl. Phys. Lett. 2002, 80, pll12-114.

39




FE&MARERbH &S5RI

113. R. Schroeder, J. R. Heflin, H. Wang, et al, Control of excited state
dynamics in ionically self-assembled monolayers of conjugated -
molecules, Synth. Met. 2001, 121, pl521-1524.

114. J. W. Baur, M. F. Durstock, B. E. Taylor, et al, Photovoltaic interface
modification via electrostatic self—assemblj. Synth. Met. 2001, 121,
pl547-1548.

115. A. C. Arias, N. Corcoran, M. Banach, et al, Vertically segregated
polymer—blend photovoltaic thin—film structures through surface
modiated solution processing, Appl. Phys. Lett. 2002, 80, pl695-1697.

116. A. M. Ramos, M. T. Rispens; J. K. J. van Duren, et al, Photoinduced

if electron transfer and photovoltaic devices of a conjugated polymer |
with pendant fullerenes, J. Am. Chem. Soc. 2001, 123, p6714-6715.

117. Zhan’ ao Tan, Jianhui Hou, Youjun He, et al, Synthesis and photovoltaic

| properties of donor—acceptor double-cable polythiophene with high
content of CB) pendant, Macromolecules, 2007, 40, pl1868~1873.

118. B. de Boer, U. Stalmach, C. Melzer, et al, Synthesis and
self-organization of PPV-based block copolymers fo photonic

applications, Synth. Met. 2001, 121, pl541-1542.

119. K. Kim, J. Liu, et al, Roles of donor and acceptor nanodméins in 6%

efficient thermally annealed polymer photovoltaics, Appl. Phys. Lett.,

. 2007, 90, 163511.
k% 120. A. Hayakawa, 0. Yoshikawa, T. Fujieda, et al, High performance
polythiophene/fullerene bulk-hererojunction solar cell with a TiOx

hole blocking layer, Appl. Phys. Lett., 2007, 90, 163517.

40






