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PERFEAMOHESIZ LY, TNETOEDRMUEL Y bhvbud” FFRR” g%k > T\ 5,
SiZzHbE UAYEARTL 7 ha=7 Ak, 1947 D~ T VI AZ DFEH» S 1960 FERKD
BRRN T VI AR ERTET F WML EA, LEOBEREZ /NUD TN ZIZENT D
JeaAgEe Uk, I OIPEMRIFEEK. B LFOREOREBELE 2D, 5 HOREHIK
D@EEFEFRY NT =7 KT 2 &2, REATANF—PoELRTFIVF I T, =2
WE—ZWTNA AL UTOEHEMEFRED, BIFRPEART 7 ) 0V —DRWEEEZ GRS S
ZEeMTERLB->TEY, TOERERITHENRBTL2LIATHD,

BIEZCTOYEARTL 7 A= ZAFED FTEHEARL Si. Ge SO ¥ EIZHEL
TE 7z, —HT, MEPRERE BB EEROREKENTHONT VWS, TORKIZBY)
PERE HREERTH D, B LERITBEHER (ZnO) b1 > YT A9 (ITO) D
EOICREENF AV UMEIRNZ O, BAEYPEERDONY RE¥ v v TR, MO
BERICE > TEEMEIGIH A RER 20, EHEEBREL LTEHHAIN TS, 1 VIV A -
FV) L - DD R B ERALY AR IGZO 13 a-Si 2 EETIBEIE 2O Z LS5 NT
BOW WHRT A ATVLALDONY 2T —VH TFT ME L UTEALINTW S, BYE
EARDYIEYIVEIZ Si % Ge DTAUIEY,

— JTERPEER IR SR EEAR T, SR e DB RIED BV, TIEREE
ROMBREZENR T TIERS AT THD I LIZED, Uz > THB B Z MR SR (2
HBOHFD ZLIFTERY, UL ZOEVHAEEEERICEEEERICAV I = — 7 R
L7269, RERIMMEERICEVERI=ZY NTH D5 THERICHEEEDOTM 25 L, #
e UTH7-2MEZ2EBTED, &, ARMEAROREE UTHEN RS, T icmy
EVORBEHD, TNEFBGITRHHBEUONTEDZ IV XY TIT NS ZADOEB 2 ERIE
%,

D& D ITRIARDLERT N A AR E UTHBMBHIRZEM NI TH D, KitfRe
S0 CHETOMBEERT NA A2 BT LD TIFAL, MECEEATETEIRNH LW
HREEERETLIEDTH D, RIZEHT NA ADMEFIBOBIRZ RS,
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1.2 EBET N ZRFFEDOBDIR

1.2 BT/ AFROBER
AETIEBUED T /N ARG BUR & WSS 2.

HRECEERDE T T /N ANDIGHIE 1970 FFROBIR R Z A0 E ) TH o7z, TOR
EOABLEREHNZHZRE LT N ADERIEIRINGE N>, LWVWHDE, Ak
PEAEFOF ¥ ) TIESTIIREML, 2 FHERYEY T TRET S 20, BEEN 107~
107cm?/Vs Y (K<, EFEEOD X S IZHRBIABEEAEN T /3 212 U ko 7z,

2000 4FEE & V) EI/NGEROFZ R L UTHBE EL ORI N7z, A% EL I3BKE)IC
TNEEEBBEPSBERN I EHERTHE, T ORGEHRBHRMESRIN, T+ A
TUARHBEL T4 A7 LA DNy 7 T — ViR, RFID & 7 k% BECHBBEORM -
W HH, SEETIE a-Si &V 1 HiEWBEIE 5cm?/Vs 2 A 2R R 55 25

HEETNA ZHDOMEBHE, &T /3 ADERT RN 2 R OBENH D, FHZTORERE
IRBEEICRESEEL, POT O AEEEERET D -OEETH D,

table.1
HifsE  ZRR YTV T T A
HWE NS VYU AA O O
FHEA A — R FIHA O
BRI O

Tabel.1 (2, REMBEEBETTNA ATHDIHEMRN T VI AR, FHAA A — R, HEKY
B THOONDMPIOREREEZ F LD/, KD TROFELZEEEIL. BiEE. 2858,
TENTI T ATHD, B TOMIHA)~Y— (ERT) EHDEA, R Y—IZIiX 1. BRI R
ERLL, BTN ATV — ROMEZGLNRN, 2. GO Y RTEDRMEDIXS D X8
REVEWSHENDH D, 202 DOBBEIE, FEREET NA AN TEAINDEICHTTE
LB E/FDOND N, ARBMIRIZBEINTHRY, LRSS TARRTIIRY v—%2FE
BRI UTHWS Z 8 IFEM TRV YL 72,

B0 72D 3 DOMERNZHELRE, B - 266 - 7TV 7 7 A GERE) OV
BEIE & RO —EOPRENTRIND, GBEENLER NT VY24 L K& E
(ZH ARG, KER — P EEGE I NEBBENBHTRNIEES A A — RTRETELT 7




1.2 BTN ZRFZEDOBDIR

AWHNONDG 2L, ULinL, WERBIFPHEE SN TV IZE D 5T, SRR
HIZEAMET E M RINE ORERE L BB T 2 BERDH D DPIFHRE > TR,

RICEEEIREDOR B & . MR DR Z BN D,




1.3 AREED TR O REERIRTE

1.3 BHRED FMHEOREIRE

1.3.1 BiE&

ATEAOKRFEEIRE SVOIFEREAERTH D, BRI S TA%RIC—HRIZE
MU, DOEMIBOKRRFEEN =KDV GFEET D, TFONRNYF U TIEET, »D
KRR AP DR ENFLEL RN, vV TBEHE XSmO TEY, V7LV (5,6,11,12-
tetraphenylnaphthacene) @%%u % W2 68 FET 128 W TERREBEE 40cm?/Vs % 7R
TIEMPREINTNBI

AR, ARERE BN R AMEERBD RS, AEMRIROEE - Z1H)
EREZ IO MIZ L, RFOHMRZEDDIERTHATHS, ABRERZMVAEZNI VYA
APEELE, 1L BRSO _BITERE E AR TS S LTS L 20 B 5 b U MR & S A
R U 72 350D BICHEER 2 A5 D bR 5 HEP h 5, wWIhIZLTE, Bf&HIREAS
Flz R U 72 A AW RAFEETHE-I N, 5N HEEKOREI I mm A —4—THb, Si
DE D ITHERIE TR E RHEBEOEIEFENE LN DT TIIEALS, ZORPAERHRSRHEML
WCRPBVEEDNDIDIATH D,

AR TIE, KEREER EIZEE D S AR % R I ani#is ShTng -8
BRZHTIA v 2Ty NECIRENS, 12V xy NT2HEORE 2L, R
FE D72 THAE 2 EIRRE I E 2 FEU X, KEEENR LICHRERE T ICAEHEAX
%, LU, BURCIEHMRZMFE> TV RIZEEDLT, AR EOBEEDIES DI AL
XV, THIERBEESORE A ZHETI ROV, MERGEDD D EKD T OBEED R
FEDOREEZII TV EEZLND, INOLDFREHEASIZ, PEERISKHEET /N A
X R0,

1.3.2 %itEs

25N R S B NRE L 2 IREBTH D, MUNREIESR (VA V) O TIES T DRk
RIS WIS, T LA v EDS UTH FERADOEEENERS, TDEOT VATV AVD
MHZAERRR (VA N Y )Y DBFHET D, TV AN VR IEFy ) TII/T S b
v T LT 720, BEIEIZEESICKRIEZRY, ULHrL, TRTETENTZ 7 A Si D
BENE % EHTOMENGFEHET D720, Fv V) TBEERT /N ZAOMREZE i DA FTEE b
FVIVAARKGEMTERE RSHHAINSEHERETH D,

ZAERDBIRIZEEAELED R4 7O AP, A¥VYI— R NEDOY Y N Ot A0




1.3 AREED TR O REERIRTE

THRIND, AZEKEDGRIFIERDOMEEPEKEL — M2 TT VA VT A ABKREILED
O UST REEA 1 M EED D ZEDHISNT WD, Fiflisd IZ AR, KR8 M
JEBIIZEONDS, DOV T LA YN Y Z) O ERKRES I 2082 KT L
MBETHE, /-, BiEGEFARICHERGIEICHERLUT, BEIEE R GEZED, L
MO THFIAZHET DI eNBETH D,

1.3.3 JEmE

TENT 7 A GEREE) I FRRMEEMIEOHEEE LS ZIREBTHD, 7O
M EAENT VA LTHD7-OBEIEIXME <. NN -diphenyl-N,N’-bis(3-methylphenyl)-[1,1-
biphenyl]-4,4’-diamine (TPD) ® & 512 1073cm?/Vs ROBHEZ RTEDE H DM, % < DO
BIOBEEE L 10°~100cm?/Vs TH D, BEIEIIMEO KA, KEREICHE — 28 Z kT %
ZENESTHY ., BEE LD S KREME - ENERI NS HRFEN S A A — R (OLED) TH
AXNnTnd 1,

1.3.4 XD

BRI AE @ﬁ{%ﬂwb EHWETTNA AT OKRERET D ICESHEPELETHL &H
Z %, BRI REREYE N R L, TRV 7 AIBEHEICRARH D, LG ITBEEIX
BRI RIEBRNE DD, Bl ZIZBEE 10cm?/Vs 222 E DY =y N 7T O ATEET
I, TENCKRIARE®RD?HD, £/, KEBEHL TETH D,

UM USRI IR T N EHENH S, T 1. T LA NN R OREDOE L., 2.
ATEADOEIE, ThHd, Kigdave 7 e LT, WHAYWEDOZAEREEREFHTH I LI
V. EE2 oOFHEEMHIT D,




1.4 WERYE

1.4 REWME

u
“y‘:l i I

10 105 104 103 102 107 1 cm?/Vs

Amorphous  Liquid Crystal Crystal
BV < BERE > B\
(=18 KEREG—4% &L

Fig.1 Schematic illustration of amorphous, liquid crystal and crystal.

Fig. ] D& 22, WwWEIIFRE T ENT 7 AOFBIZAET MBI TH S, o1 HER
FPEHETHY . o, FY U TBEHE L KA —SEROBEKES HRITDH S,

BWEORDFHE LT, BEREICIVHEZTDIV A MY 7R e, BaorI)VF—IT &
DMZET 2V —E O Y ZEEDRH D, IHIZ, Y—FE MDY ZHRBIEDFORIRT 2
ﬁﬁ»ﬂﬁfﬁéo%ﬁﬁ%#m¢ﬁ7:%v7MmmaH%ﬁﬁ¥#m¢T4X3%vﬁm
etHTH B,

AT IFVIWRERMIZIFEISICAYFVIREHE ARA T Fy ZJEEMERH S, Fig2 IZA
AT FVIWEHE R F Y VEEHICE T2 0T OEEDOKT 272, 2~ F v 7K
BRR D T =R BB DR EZ & > 72REBTH Y . 4 FOELMLEICFRFEER RN, —
FHAAZ F v 7 EEMTIES TRAORKPECI A, BOMIES 2 R EEZ D, %
MFETIEAA D F v VR ERET Uz, ARA T F 0 ZHEEFIZIES SITHlPA WD EIEET
%, BATHFOEMIEIZKRFEED RV SmA % SmC 1, BN TH FALEDRET % B
D SmB ., X SIZERICE R ELBNS SmE, SmGMHETH D,

1.41 REMEORHH

W E BT 2 B2 RIS HERIZIEIATH D L WD EABTH D, FREMEDE O
AZIREIME 2 /R 39, EIXRHERITEV, T2 D 5T, W= & WD I <,
TN “DEERFHOEEIZA A VEETHD” LW MEE /-8By, Uh UBSI%,. Haarer
LT A ADF Y 7 (TR WRITB TR Y ETAA T F v 7 (BR) BB
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1.4 WW&EYE

A
'

Nematic

SmC SmG

Fig.2 Molecular consendation of calamitic liquid crystalline phase

TR R DOBLILEIIEFETHD L EZWLMILTH Y, A VEETIRRY, #
EOESNVEEYE T, 072 v EYIYA N Uk y EVTEE, §abbE R
HAREWN S EEETHD, ZORRIE., BRUEMUOERYE L FKICE T T/ AH
OFEERE UTHHATESZ Z & 2E KL TV,

PRIRDOWB BB DE T 7 /31 AHDPLEEMELE UTOREO—DIZ, BT B kR
RHIToND, AATF v BT 2 KOt REREZ BRNICER L, ERIEIDO-EOD
mERYEY L VEET S, FiZ, BEHEOEWEROBERSAIZE W TIX a-Si IZPLEd
ZEVWBEEEZRL. INETHLNRE EOBEEIL 0.5cm?/Vs IET D, X7, Bl
EDOBEENEY - BEICIERE L WO R H 5 P, BY - B ITRAE U R WA O E
iR L, ENIC B 2 0 TR O R Y ¥V 7 {£E % Disorder & 7 )V TS
%2 L&V HEERIICHHI N TS B, SGIICIXEY - IREIREEE, WEHEICB 2
TR F— L XOVDOIRBEE DDA (TRIVF—L )LD 5 EDIFE) 3 40~60meV & /NX
WZEICHKRT D, £72. A TERAOHIBENARETH D MEEETH D, WmD TIEK S
ERGMEZRODFTHDZENE L, FY VU TBEENREIREICHEL 2D, BIRES
MRS AETHRIET 22, A FIEFEMICHUTCRERMNT D, ZOHAIEFY Y TREE
EHEBUIR > 2 A TEV, — A, WEEZ2 2 OB THA TS 2 &, HERoE£E
IANF—IZE > THFIFAKEERAT S, ZOR, F¥ VU T7BEHEIFEREESAITEY, Z
DEDICBBERMEICE>TH PR E X v ) TEELAOGENETH Y, #IENT VIR
R AT g A G — RO U 22 B O T T N A A& EBLU 2B E I NT
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1.4 WERYE

Wa,

142 HRVEOZESEZREOHS

UL, RECIFEEMETIER L, HEWEDOLERERICEET 5, WEMHITMENCE
TNA AR E UTATH 208, BEED S TIEEHENERNTHL, £/, WHWE
D% HEMERIZEE T 5 2 DHOMBIE, ORI EAEERENZ RIS NTE
MRFXINEZETHD, TNXHREHOR SRS, D OERBEIEL2ET2LEE1EOLND

ZEEERLTHS

EHRE

e T AZYF VT HADFY P EEAD
Kaagé?}g&@aﬁ FLA VISV DB ER

FETRRRMBHI
EHRENSEEERL

LAY B
SO LICRE

Fig.3 Formation of polycrystalline phase with and without liquid crystalline phase.

WEEYE & IR EE DL AERm DA A —T % Fig3 IZR U7z, EREWEDZAERIE, Mk
SN N ﬁm*m%ny/ﬂﬁ/&Uﬁmﬁﬁ%~$Of\%ﬁ@%kﬁmmﬁﬂ
5, —H., WEMHEZRHEUTEEINAZZHERTIE, WREICEWT FORMkFE 2 Ri> 72
BRI I D 720, %mmbt%:Mﬁ:BH%%%@%&ﬁ#vUYﬁﬁﬁﬁtﬁ

:Ebémm LR TIT VAU YR ) RE Y ) TIEENSNZAZHE LYY, EEICE

SREBNMERIND, ZHIXHSHEEZRBE LU CEERIEIE2 22T, 2HEAOFETH -
tL7V{ynﬁy&9®m%t2%%%@@%@#Lﬁﬁﬁéﬂ%%%%b1méo
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1.5 ARWHFEOALER T /HK

1.5 FMROMUEMNIF/ER

ARIFEDMLED T, MBIOBR R E RX—AIZ U, 731 ABARBOEBRF TH D, Ai%E
F TN ZDRERD THAL 2 SEICE S, AEEEEOBERBOBND» O, AHEEARE U
THEBZMBREIMNEVSHIZEZADEDTHD, INETIZENLEDIZ, HHITDLZDIE
ARERHTH Y, B0 TEBBEYEDLREFEIRD, P LA O N TS AL R DR
B2 R DIZARTH D LERL -,

KD HZR AW E DO L #EREROGRMEE . TS ADRTEIHET D Z L IZHd, TN
A AT N T VALK, FERAA A — R, WEKGEREZEALZ, D IIRKNZAHEE
FTNAATHY ., BEFEHEZNTNRZ D, U UIRFEORETDH 2 55 7 mOHIEN %2
BRETNIE, &T /3 AL S RERERNE O NS IR L2, 3 DDOF /N1 ATH&ESD
ZiamOBEAMEZ R U, ARRPEERE U THERMRRDBEEWEDOLZFEMERTH DL LD
EaRkE ik, HENAFHEEZL T L2 HiMmA L,
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1.6 A SX DR

1.6 AEWIL DI

KX DORHIFEL T TH B,
Bl ETIEIAROEREBANEZ RN, F/2, KREOBRAIZIIMHE UT, MWELEAREH

B PERDENE L DT,

B2 BEIF TN T NA AEBOL K TRRE HIEDOEBETH 5,

BEIRBEIEN T VI AZ AT Uz, WEMHZERH U 28 a0 e A ¥ 20— F TR,
RIFR NI VI AR FEB U2, @OBEENY =y N 7O ATHELONAZBEI, HE
HDT LA VNI R DFERERU -2 12HD, TLA VNI VX)) OFERIH S N
TW3 Z &%, Time-of-Flight $£1Z & % &k DMl SHEMND 7z, BEIZ KT VI AL
M 5185025 FET BEjE &, Time-of-Flight {5 TR F 2 /)L 7 BEIE % Fig U 72,

B 4 TETIEFL A A 7 — R (Organic Light-emitting Diode: OLED) % #iit U 7z, ¥ & % %
HU L8 Rl UBRWEKROBIR-EERMEO BN, WEHERE LU 2285 THE
FAED 2 MIPAERE LS Bz, ZHIET LA VYNNI VR ) DBF Y ) THEIZE 2 5 2 DMER
INTWEOTHD, WRMERD LU LD REFRESIZED, EHRETHLAELLZ
EMHLPITE DTz, FERE U THMERZ RN 7Y E D % 55 SN S D F86 % HH
U. Z#&s OLED BRE)% B U 72,

5 5 RIS PIE D% K SLENE 2 WK EIIEA U 2R e e, mREmEO D+
Bl DORIEMEZFIH TS Z T, NI ATOY Y v I Y 3 UG ICHEERRT DK S
NdZ 2 MFFUI, FEBRIHERUETFE, BUE 2T Z & THRFL 20 7O/ - R
PRRFALR Y . KEGEMEEN ET 282 /ML, Bv oA VT Y TR AVZEN
A7 ARE L T DN S, BULIEFIZETH ¥ V) TIEREN M E L2 Z & 2B 50U 7,

FOomTIE, UEDOKRZFLFED, WITNOAKEFT /N1 AZBWTEH, WAHERH
U722 A8 RIS H U WE DI TRIF 2R 2R U, WEMHZREI T2 Toe 2An6H
Thdehiimlz, ZNODFEEMSHETE, WEWEDOLEEERIL, ROGHKE T
TNA AFLEARI R U CTHLEBMRIRTH B,
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1.6 A SX DR

IR BF SR DER

AWZE TR D AR ERIT L ER E B35 0% < BEEEROHEBNP Y TEE LA
WIZEDRD D, REITIIMRE & U TSR ARCEEROME - Kz tiik L. A2
PEAKE UTHOBEORANBHEZ Z LD/,

B E(R & MY E K
I RILF—iRRE

9. R AECPEARZINTNO RN F—L ROV THERD,

NV RigE

BRREOTRIF—REEDR

1.8V RiEE 2. FENRVREE
(FFRe 2 M4 (EH k)
A (c) itk :
]
— rer 1
| (b) 324k ;:::]h@ﬁ ] LUMO
¥ | @em IN ]
'k‘_ A > H
Ho| | ¥ :
N N 1
" I - |
i 9"
1
i SF12D
1

IXRILF—REERR

Fig4 Energy diagram of l.inorganic material (band) and 2.organic material (HOMO-
LUMO). Difference between metel, semiconductor and insulator is shown in the band diagram

MBI OB EZIIFEFTHE, HFEDIUNTORINEEFEZN LU CIAERAG2ED L
X, BT HFOEFIIN > TETHENKAEAN - EEMEHEICHHT S, SAEVERRTIC
E3lE, RHEULPEIXRTNTIVEER LMETHE2EKT D, ZOREBTIIMEFDOETD
FERABUIRE G R2MIEREL TS Y, ERICL>THBTED, TNV REEDND
ITXRNF—IRETHY, REFLMETHFOF Yy 72NV R¥ vy TR, flHAT IV
¥—M% Figd IZR7,

BE. PER, MBAOEVWIIEEFLMETHFS LNV Ry Yy TOBRNIZED
(Fig.4(a)-(c))e SBMEITIINY RE¥ Yy THREELET. 7oV IVANURNY RFUZH D /-
OIEFZTOEDIMEEIZFET S, TADLDLERFEEICBOVTHRO TEWVERR (10°S/m
PLE) 259, —FHPEEK HEATIEZZ2IVIVRUBRNY Ry y THIZEEL, fliET
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1.6 AR DRERK

WO OARERE L 2B FVELLHEIZHFET D, LB TAY RF v THRLIERR/NE
<. JEOBEEIZ L VERE U I3HisEN 2k N2 R DOMPEERTHY, LY KRE
BX vy TEALVEEBRM O T/NI (107°S/m A F) £ DOBHMfEIATH S,

JE/NY R#EE— HOMO,LUMO

ERYOEAERBEAIZF TFTHY . KNS RDMEPEERE KRELBENEED,

T DOBRINEE T %2 N U EHEAIZATHRTHUTEY ., 2785 Lika FRICE < 550
DFEINTEVMHEEHLTOS, ZOLOBEERE UTHEEYIINY RE2BERLTES Y,
ZTOIZANF AT D T2 DIZREAT D, UAaro TETIRES FIZREML THE
T5, COFREIZLIDBEBTOLEEREDORE B NIEL TIETHEND,

EREMBITIENY RIBEZER LR WO T, i T HAREE L O D IEFRIEH W 208,
FkkDE & & LT HOMO/LUMO &\ 5 S5 % v %, HOMO(Highest Occupied Molecular
Orbital) IZ7 THOBETHED S B, BTN EHOTWIENDOFTHREETIINT LRI
F—2EWHLE % 59 . LUMO(Lowest Unoccupied Molecular Orbital) 1343 PN D %+ #fiE D
256, BINEHOTWARWEMRDOFTHREETICHTETRNF—IEVHETH 5, ‘(ﬁ%ﬁi
BRI TN E VD EWZRAICE TIX, i 7§85 & HOMO/LUMO &\ 5 #E&
AUEDEUTHES 2N TES, 2L, NV RTIEHARONDTNAY RE vy 7oRbY
INF—=Frw TS FEEMES,

BRFOTRINF WA 2 REARSERTHRD L, B2 0GR OP, ZO¥RMADODYLEEZT
INWF—=DT 4 AL —H—LIER, U o TEBMEBIO T XV F—HA L WNSGE, 0
HOMO-LUMO 13543 T-D ¥R D EYfER 5 L T\ %, LA Figd 12dH D & 5 IZH Y DHERS
ENYVREODEDIZHIK Z R H D, ULNLUETDEHETE HOMO-LUMO 14245 7D ¥
Thd,

REFY U7

BIETIZ BV THER E HIRIERDEND, N RFY Y TOREIXDENIH D &R/,
BEPERIEER EIEEN D & D12, BIROBMT 2V F — (# 26meV) THfiE 17 D —EBDE
FAWFEINKNEF YV T E UTHEAET D20, MRS REERERT, — AR EE
T IFEN D BRI DO TRV F—F vy TIZEEEEA L) KE L, BIROBT X)L F—
TlZ HOMO OB I X g, REF Y ) 7O THRV, TOEKRTHBEMENI AR
IR TIE AR AR TH B,

MBI DEER o[S/m] &
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1.6 A SX DR

o =enyu (1)

THZOND, e lFREME, n IMRIHOEBNELE., p3F vV TBHETHL, X (1)
FEEBENF YV T OMEBFHERETREL L 2R LTS, LAV o Tk e DI 1
SAEBMEITE, ¥y VT OBEEE u IAROMHELES, ERIIIAEMEH2ZEETED,
TROLF Y )T 2RI EK T IUE, AR 2 GRS UTHRDS e A s 2 &
Thd,

0 Bln B e R+—/7 5 & T 9 HE

TR P EAR IR ADENFIZE T, AREERIZETZ pBnBEULIERF—/T7 7
TRV D REUIRHTRELZ AU 2 2 &b D,

9. KEEE U CER/AREEART, pRn Bl WD SEOERISE L S, MHELEARD
BEIE p Mn HIZZNZENHIEF Y ) TR —INV/EFTHD L E2EBEKT D, HIOSWH
%95 PERD T IV I VANVHIEIEFH/BEFISEOVWTWS EER5, —H., B
BRDOGEIEINRDE Y NIEF ¥V TIIIFEEL R, ZTO/ZOARKIE p B/mn B2 S KAl
B, HARICETOEBMENImEMETH S, UL, EENICEREEROFTHR—ILO
FEEZBEALCTNEDEZ p B, BFE2BHILPTVEDEZ n BLEIFA TV,

Fz, RFPF—/T 7 TREVIEEELEZEELDLLY, BELEEKIIBNTRSF—/T 71T
BNFEBARZDEDTIEAR L, FERIZR/IMT S K=Y v THD, 4805 BRI ER
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Fig.5 Carrier conduction mechanism in organic materials
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2.1 T AEHETOv A

Ny T 7B
B A OB DNy 7 78 UT MoOx, ZnO, PEDOT:PSS % i\ 7z,

MoOx IZHfiEE 9999% DEEY — A FHWVWTHEHZEREIZEYBEL -, BEL — ME
0.1A/sec TH 5,

ZnO & DC ANy &Y VN K D L 72, MR ZnO 1B ERHMELS DC A\ &) v
I I RNDT, WED Al BRI N2 =7y M2 Wz, BiEL — K ;’c04A/sec Tdh
5, BoNIRISLEARETH S 7,

PEDOT:PSS (3 EMN & D TR Y —Th D, KAEMDTEHBEE UTHREINTEY, AWk

Tl Clevios P VP Al 4083(Heraeus) = W7z, miffiid PEDOT KiBHK: T & J — ) =4:1(w/w)
DWW % 0.2um OBUKMELILVT—ZAT T — 71 VA %@L /2. 3000rpm,30sec TAE YV
dI—hU. 150 CT 5 Dz % U, BEIZH 20nm ThH D,

EEEIB
Al, MgAg. Ag 2z, WINY HAEKEETHEL 72, S —VOBRIZIZA LY
A0 %W, IR 4x1074Pa DELZE R, 1A/sec (MBHZ &V %4 ER$2) TIHR 57,

2.1.3 AEONIEE
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GBI ERIE, N—7 4 2% ER< 72 02um O PEFT 7 4 VR %@L THH
fFRU 7=,

A D= MI&OHBEDTHIE, Ef & EHORHEIVE, BEOFA. MEIOBEMEIE TR E
D, AV lifol@b MGEIIEBIENE UIEIZ R 57200 DT, SR DRI % 17 5 VAT
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TEE 22 2 CTRITEHEET 2 LAy, BO5NDIREITAERDIERE L BB THIEL /-,
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Fig.6 I/ 7 A )VOEREL . MBRIOFEAZRIR LU 72, H T ARIVITEBD DW= 2 D
T AHREY BOREETH D, W) EDORITIEHN T AAR—Y % 8L 725885 b
RY REHAV, BILFyy TRIFAR—FOY 1 ickY ary ba—Ih U7,

HTARNVANDMEIDEAN, HT ARV 2MROEAGRIREICIMEAL, v v 7O
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2.1 T AEHETOv A

>

material in liquid phase material is injected cooled and crystallized

by capillary action

e 1
N

uv Cure Resin N
with Spacer r(— Electrode

e———— Material

[ r'y

Electrode

Fig.6 Schematic illustration of fabrication process of glass cell, and injection of a material into the cell.
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2.2 WMEE o ik

2.2 YMEHED A%

2.2.1 DSC. RytEEMER: WM S L ORI O T

Differential Scanning Calorimetry(DSC) (£, #EI DO (24 S Bid D28k 2 HlE iUk & 1
WKL & DEEE L UCHIET D, DSC 12 & 3 HIEIZEFDOWFETIRIA < — &Iz b,
AT EHRBOMHERBIREDOHEIZHW -, /2, HEBIZEERIBEDOKRIINS, HKE
UMD EEE2 HOEEEET 22 TES, HW /2% EIL DSC-60(E R MERT)
Thd, HIEREEHNAFHLK T TTNVIZOLAZ ) VT2V EHWTITS -,

i YC BB BRI R DI IR ETH B, WD FIXEFNT B G E2 RS, MRl
B U 72w O & LS, RGBSR L 2 MO T ORIGRE %2 & X, mYCOMEDT
NEBET D, FWRAIZZENET RS RAEEBEER (77 AF v) 2F>TE Y, W&
MORZEIZHHAARETH S, BIgIImILEEMEE ECLIPSE LVI00POL(= 1 V) % A /=,

222 MRIRAARY ML, PLZAARY ML, EL ARY ML St DT

AT D 1w BFRGFHEMRONRIUEL, HOMO » 5 LUMO NDE BRI H U 7z
T-n *BRY, ANTOBEBEHEDIOICERENZ2ELHTFTO, NOFILEEFHDS>H 1 #
DETM*HENEE TS n-m * BEEDPETHD, AS TOETREIZ. TOEREREIC
BAKFELTE Y, HIRINARY MVDEOD S EEREDENR ) FOEFIREZ HiRT D
ZYWHRETH D, /2. KEGEMAOMEHI KRG 2 RINT 2 BEAH Y, MEOEMEDH
BriZ® /2, OLED HOMBIDOEEIZIE, BEDFREIEZ B B WARIOEE I U 7,
B I H AL YR U-3900H(H LN 727 ) 1Y — X)) TR > 7=,

Y6V 2 2t > A (Photo-luminescence: PL) AXZ7 MLk, MENSDFIETH Y OLED (2
FHIEETH D, NME-EH LIEERE 2 BE T 5, HIEIX 365nm DijEKEET. YILVFF v
VIV AR PMA-TTERR S b =27 ARA2tt) TIrA o 72,

TV 7 ba I 3+t v A (Electro-luminescence: EL) I3 G D PL & 4D | EMDIE A-
G- R VE@FETH S, OLED O EL AR "UVinh, ZBFOFKEBED D FIZHKT
ZMMEHID I EINTED, WEIXD B EF SR-3A(TOPCON) % WM =,

2.2.3 Time-of-Flight j%: & X @ 11
Time-of-Flight(TOF) {EIEMEINIZAE D F v ) 7 2 ER L, TOMLEELZBIEETLHFIET
H2, INNEZEREZBIRNZHIEN TR 2720, MEIO/NIVY OBEE L JfES Z LT
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2.2 WMEE o ik

electrode . electrode
—_ material ~ _
+ — Better carrier transport (ideal)
+ ‘/
Pulse Laser| |+ —_
- — s Carrier transport is disturbed by
® - impurities or grainboundaries.
% (more realistic)
— | ==
Photo generated N Tt t(s)
7777 carrier sheet

[l 00O [

Fig.7 Experimental setup for the time-of-flight measurement. Material is sandwitched by a
pair of electrodes. When a pulse laser is illuminated from one side of the electrde, carrier sheet
is generated, and couducted by an applied volatage. The carrier conduction is measured as a
displacement current with an oscilloscope. Ideal transient photo-current has a kink point like a
red line; however in many cases, we just obtain the current like black line owing to the grain
boundaries and impurities.
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2.3 T/NA ADFH

2.3.1 AFM: SR DOFREAAR O FEAE

JE IS 0D 2R T IR D B2 U3+ [ 0 8% (Atomic Force Microscope: AFM) T{77% 2 7z,
AFM (3710 — 75k & IR E OMICE < {2 d U, REPREZBHT 5, G
FHIBEWN 2 BB GNDT, Ay Y TE—REHLE, aYy YV TE—RTE, RIT
2HYFUN=DHEEDBE TR E>TEDLLZ Z e 2HH L CRERREZES,

2.3.2 XRD: 9 FBc M DL

AR RLD 4 FREC NI X &R [ (X-ray Diffraction: XRD) (Z & D HIE U 7z, iXBIHR DR F 43
IR E 2 2B a,. AR XARET Iy V0422 UTTHT 5, MREE2ET 26
MEITIE, D FERAPEREDOIREIZIAS HWOEND, AiiTlk., CuK aff (4 =0.15418nm) %
X#EE U, 1 ReoREIFr /88— 2 J{lE U 7=,

2.3.3 FET OFHiA
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8
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Fig.8 Typical characteristics of organic thin film transistor. (a) Transfer characteristics. (b)
Output characteristics.

B EAR  HHLERITTDOMEN RIS ERLZN, AEERAIENT VY A X (Field
Effect Transistor: FET) DM, £ MOSFET OFEFRIIZE & DWW TR IND,
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—EIZU, = NBEEZZAIEZBEOY —A- R A VEBEROMERETH S, Fig.8(a) D
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573w hF—FEANRI STV LHMIND Z 2%\, 72, ER-EERMEOIRE MK
EMa L), H2EFBETO In(J/T?)-1000/T OREFEZ #i< L ERERIHEND B3 20
ERRDMEEZI D epp, THEMNH, WEMRGFEZHET S Z & TEHRVPI > TR & F DFREEE
B ¢ WABEEOLND, 72720, ZOGGEIBEHELREKGEELZFEDZ ENE <, @ik
BHTIERD,

Yay MRS TEBNPSDF ¥ TOEAMEEIND &, BAIITEIREIXZE
& fur il R B iR (Space Charge Limited Current: SCLC) T#H X5, SCLC I, F¥ V) 7H
FEAINMAEMIETLIELVE, EWOLOSHZITTFEAINDIF YV TOENELRDLE
Ud, ZORWTIEF ¥V TIHFEAEMEGICEMIERL, EMUAZEMOMELIERICELST
FY VT OEADLLINDG, DR,

2
J= Z,ue%

DR LD, LITEMHEEHTHLS, COXDPSEBHELZRKDD Z L WAHETIEH DD,

BEENEBFURGEME 2R/ RO EARHETH 5,

2.3.5 BAHEEXEEROFEE
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- > >
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Fig.9 Typical characteristics of organic thin film solar cell. (a) J-V characteristics under light
illumination. (b) Incident photon to current efficiency (IPCE) or external quantum efficiency
(EQE) spectra.
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L—&%EHW5, FINELED 0 DK, D F Y E#&EEE (Short Circuit) JRRED IR % KB it
Jsc IR, BHEA 0 DK, D F Y A (Open Circuit) JREEDEE % BIEE Voc & FER,
NG 2 DORIEMIE, KBFEMFFEDIHE/ ST A —& L LT NISERI NS, €512
DEBERINTA—LRIZT IV 7 727 X—FF Ths, FF & Fig.9(a) iz 2 DDruss
FEDOHTHY,
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FF =
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EIEEN, EQE % A7 MLFEIRU 72 E D id IPCE(Incident Photon to Current Efficiency) A%
M NVTHD, ULNPL, 2TONRIFIEHNVENTXRIZE>TEZR DS, KiwTIiX IPCE &
5,
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3.1 AHERN D VYA X

3.1 BAHWEENS VIR

Fig.10 Schematic illustration of device operation of OFETs.

EREBRSIR N Z > Y A& (Organic Fleld Effect Transistor) I&% D4 D V) 8K 126 1
Mﬂ%ﬁwtb7//1&f%é Fig.10 | Th4x%ﬁ®Xﬁ—2A%ﬁwtoﬁ%¢éw
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(BT v 2 I)VIFAEARIE T ORE O A FEE TR S 1D 72 B3 H5% FET ORI 5
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BlE £ IZBEIE 10cm?/Vs [ZEWEDE STV B 5431
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3.2 EFIVME

3.2 EFIL#MH

R= C4Hg, CgH13, CgH17, C10H21

Fig.11 Chemical structure of quaterthiophene derivatives.

E 5 I)V#k L U T QuaterThiophene(BA N QTP & I9) iFE k% #A 2, QTP DfLEiEE %
Fig.11 (2779, Fig.12 1%, 8-QTP-8 (5,5 -dioctyl-2,2’:5,2”:5”,2" -quaterthiophene) > DSC
EFERTH D, QTP FEMRIZILNIEIIZ &SRO EM (A A2 F v 7 G H#H: SmG) 2 FFD,
Table.2 {2 QTP FHEUADIERE 2 E 2 £ L /=,
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Fig.12 DSC chart of 8-QTP-8. Both cooling and heating rate was 5 C/min. 2.96mg of the
material was used.
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table.2 Phase transition behavior of quaterthiophene derivatives determined by DSC.

4-QTP-4 Cryst. 79.6 SmG 183.8 Iso.
6-QTP-6 Cryst. 84.6 SmG 180.8 Iso.
8-QTP-8 Cryst. 905 SmG 1744 Iso.
10-QTP-10  Cryst. 99.8 SmG 1694 Iso.
12-QTP-12  Cryst. 1055 SmG 163.2 Iso.

B RS, M-I OEBEEIE T IV INVEOREIZINZ., WATHOEBRESR IR EX
Nz 7=, JIFHOEX L OMEIE—MIZIZE 2BV, QTP DGE ICIFMIBHAEIE &, Hfhli
AR DN I W,

R D2 % ARIR T 2 726D, MORHIKEH UG U 7z, MIBH % K5 D 72 O Ak D F e 1%
55 <. ﬂﬁ%%$0%m%%a@ﬁ&@ﬁ%#ﬁ@f%é VOHRTINASTAIOARY NI T
T4 — SRRV ER 2R 57, QTP FOARMYITI T ORI THD L EZLND
‘\$%%tﬁﬂ@Rﬂﬁ@Mﬂ@ﬁ<\ﬁ@@ﬁﬁ%ﬁbkﬁ7A7D?bﬁ774~f
I % SEEHCR N> 72, TI T, BEBEL UTHEDORE /NI W n-~A"FH V2 H
72o QTP FFEMRIXEIR T n-ANFH UADBERENAL+2BOT, WK AT L0 NI T
T4 —DREEREMB LU BB OER2ITR /2, WTLIO NI T T 4 —TKEBDDARHY)
2R\, X ) IV n-AFH U TENTNEER 2TV, I5IEME/LZ, 2TO
HER % AR R L 72,
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3.3 REHEZFALALZHEREEDIFER &M

BRAHZ R TS AIED 2, TV YNNI VR ) ORED/NI WL/ T X
%, MMBITIED 2N, RFFLE TR THEZ 24 SMHEERPERORIEARE UTHWS Z &
&Y, AV aA— MNETH—POEBEE2 R TEEHEELEEONI L E2MELTH
2 8401 IR AR & R U 2 SRS R IE O TE RS, WIS DAY Y a— METHMT
HBILERLULTWD, AHITIE QTP FEAKEZEE NI VI ARAEMAT S Z & &2 HIZIZ,
BEMZRAL Y2 D@ B RO R & A A7,

polycrystals with different spin-coat temperature
(a) 70 °C (cryst.) (b) 95 °C (lig.cryst.) (c) 118 °C (lig.cryst.)
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Fig.13 Microscope images of 8-QTP-8 thin film fabricated by spin-coating under various
temperature condition. (a) Under 70 ‘C (crystalline phase). (b) Under 95 C (Liquid crystalline
phase). (c) Under 118 ‘C (Liquid crystalline phase). Spin-coating was carried out with 1wt%
diethylbenzene solution at 3000rpm for 30s. Below each photograph, a profile section deter-
mined by laser micrograph was shown. Under 70 ‘C, the resulting film didn’t cover the whole
substrate, and there were numerous cluster of polycrystal. On the other hand, under 95 and 118
‘C, thin films completely covered the substrate.

Fig.13 7% 8-QTP-8 DAY Y I — N Lk il oD BB S AE R & L — Y HEIEE I & 2 Wi
T07 74V THd, ALY I— MNDIRE%, 8-QTP-8 WitfRETH 2 70 C. HAMIRAE
Tdhd 95118 CLZAbL X7, QTP iFEARIZINABENDEMMEIMEN 20, @il E THEL
ARE R E IR Y TF VR YV 2RI 2, BEE 1wt THhHd, ALY I—REA—T
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VPNCERE U, FEAE H O S5 P SR & 2 NV L T 3000rpm, 30s TAE Y I— kU7,

Fig.13(a) #% 8-QTP-8 M TH S 710 CTAY Y A— MU EFERTH D, KOO Al
JEAL U 7= 8-QTP-8, 2D ENIZEMD Si0, TH D, 8-QTP-8 DMk: i AN IZ B R X 4,
ZOREY) TRREHRRENRZ D2 2”0, FENPENEEZ2E > THARWY, Bim o771V
(2B PR R AV I N, TR S IEERS AT U 2 2 OB AR L. T OB T
FEEDIE P Z SR Pho7272d L HERIL 72,

—HAY v a— NiE% 8-QTP-8 DML £ T EFE I Y25 L. Fig.13(b) DEIEAE S
N3, HERREIFBHETT, BEPERESEICERI NG, ME T a7 71 0hb, —iEs
DEL BRSO TVWDED DD 2 A3, Hb FIZH S0nm DEFEIEE I NT WD, HEHHIEETO
AE Y D= N RO THEBEDHIRIZ L & RO EHDOEIEDTE . € DBIER RN M U 72
EFEZLND, DEVEFMHERET D Z & T, ABCIREED S EHEO & IZ & D WSO
HAIEI X N7z, Bt um BROBE B EFE % IZ U dewetting 96 & £ U D HEERHE I
WL WEPHE U ZBICD FORENR—HFRI>TWE I L E2RET D, 72720 QTP &
RO (4 FFEFHEAEFHOEV) W% R 720, BERREHNTHS, ALY I— R NEER
18 CETETD L LD —BRKREAFOMWENE SN, BED EFIZ XD BFEEORFEE
M EMY . BEEHHY 100nm (2L 72,

AR N 2 VY A& TlaMiE e AREERE O 1~2 278 (3 nm) ([2F ¥ 2V
XN X5z by Fav a7 NUBZRFDGE, BEOBIZEE» S F ¥ 2V ETOE
I 2RI, 2V R 7 NP ELT RN H 2 B0, ZD72D5E2IE— TR,
WEEVEHONZ 95 Cr 8ESZM L U7,

Fig.14 7Y 95 CTHE L 72D XRD HIEFERTH B, 20=2.78° DE—I N HEEIND
d-spacing 31.8A 1% 8-QTP-8 DA FRIC—8 T 5, LAMN>TISCTTAY Y I— b L2k
T 8-QTP-8 73 FIFFEMRITH U CERICEER M TH D, I AITFEEMH A D EKAEE % F]
TROMEE T Y ARIZE > THHDKIRETH D, BERS Figld 1 2y MIHd &
512, BERAEETCIEAFHEO T 22y 3V 7O [ANERE R —HNTH B 720, HR
BoF Y ) TREIENDNOTHS,

Fig.15 WM ZERE U CTAYY 3— MU 2SR e . ISR U 724G & O XRD #lE
FERTHD, MEHET IV FIVEHDFE O 4-QTP-4 2 W, AE Y I— MEIX Iwt% DY TF )L
RYY VT 75 COWFMBEE FTHRIEL 72, BBEEIE n-~F 3 212 4-QTP-4 % AR
U. 2 7 AT TIRZ I 2 R I B 72, WHIZE U RO 2 A8 F 25 2 HWTY
SWHLY . ERICEEHE 21778 5 7=,
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Fig.14 XRD pattern of poly-crystalline thin film of 8-QTP-8. The film was fabricated by spin-
coating which was carried out at 95 C, 3000rpm for 30s. 1wt% diethylbenzene solution was
used. Sharp peak at 260=2.78° was observed. The d-spacing calculated from this peak is 31.8A
which is corresponding to the molecular length of 8-QTP-8. This result means the molecules
set perpendicular in this thin film, which orientation is suitable for FET, because the derection
of m-m interaction agrees with the current flow direction of FET.
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B E L 7ZFESF TR, 2T PREERREEZN > TS EEZOND, BIRKEDRES
D=V LEIUMEIZAE Y D= METEE—2I03HD I enb, ALY I— N TEdEIZ AR
R IEGETERONDETOS FREIFRLERREIIH YD, SWHFPEEZR>TH
BLEZOND, AR HEEFE U 72 152 IS AH O IR B, %@Exﬁ%’éa‘i)éﬁ}ﬁ@(ﬂ
EHREWECLOTHE, DEVHEMEZRELZAY Y I— MNMER, H—LREFEOEHKE
RHT, ILHIIFONDFEHOBRPIEE S VENZ[IETH D,
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Fig.15 (a) XRD pattern of poly-crystalline thin film of 4-QTP-4. The film was fabricated by
spin-coating carried out at 75 ‘C, 3000rpm for 30s. 1wt% diethylbenzene solution was used.

(b) XRD pattern of polycrystal of 4-QTP-4. This polycrystal was grown in n-hexane solution

which was slowly evaporated during 2 month. In both cases, sharp peaks appeared, which is

corresponding to perpendicularly molecular orientation.
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3.4 Time-of-Flight &I & % & ferda X 514

electrode

i

Fig.16 Schematic illustration of injection process of material into glass cells. Glass cell is
heated at isotropic temperature: material put at the edge of the cell is melting and injected by
capillary action. This process naturally causes crystallization via liquid crystal phase.
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mEIE 2720 T L METHREWMSEMHERH LU TEERETEL2 L WRI Y N TH
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Fig.17(a) », 8-QTP-8 ® Time-of-Flight {£1Z & 2 Bk FEDORERERTH D, WEy
Y TINE 22um DA T ARIVIZ, FEHEEICTHEIZ2EALUTER-LU -, SHH. B,
kA OMIERE ¥ BIEIX. TNEN 205 C/70V, 110 ‘C/10V, 24 'C/20V TH 2, HJitH,
WAH, FEEMHCIEDBBIDIREL G 5Nz, F v ) 7 OEERZ KT F 7800, BH)
JEIZZFNTI 3.02x1074, 4.84x1072, 4.84x1072cm?/Vs & HEEE 57z,

%  DHBFNEDOHFREFERTIE, Fy U TMEBT VA VNV EVIHEI N, Z0&L
D BRI SN, Fig.17 D & 512, Time-of-Flight 1512 & 2 &IE BT INIE A 5 2455
MIOBEENEETELZZLARPHATH S, ZHIXHBEHICIE N TH FEHAH S 720
ZAERIERE L 2BE LA YN VX)) OFEPIHII NG 72O Th 2, M Terthiophene
HEAERTH, % ?:?EIEE'I BB BMEEN T VA VN Y XD ICHEBI NN LB S NTX
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Fig.17 (a)Results of time-of-flight measurement with 8-QTP-8. The cell thickness was 22um.
Measurement was carried out at 205, 110 and 24 C for isotropic, liquid crystalline and crys-
talline phases, respectively. An applied voltage was 70, 10 and 20V, respectively. In all cases,
clear kink point was observed. The carrier mobility was calculated from the kink points as
3.02x107, 4.84x1072, and 4.84x10~2cm?/V's for Isotropic phase, liquid crystalline phase, and
polycrystalline phase. (b) Transient photocurrents of 8-QTP-8 at polycrystalline phase (25 C).
The cell thickness was 22um. The inset shows the inverse of transit time as a function of
applied voltages, indicating mobility independent of electric field.
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Fig.18 (Z 15um D A 7 A IV HhdD 8-QTP-8 D& & Y MR G 5 % /59, Fig.18(a) 1% 160
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2\, Fig.18(c) 13 8-QTP-8 £ D EM 7O 7 7 A IV TH D, HIARIMEE ZIEA,
ffbtg. FD o AR EZRW Y Y TV E L —YBEMEE CBE U -, Z8EROFE 2um

WX UT, LAY NNy R) DS T 14um (SETDBEBANRALNZ, LR ->TT LA
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Fig.18 Transmission polarization microscopy images of 8-QTP-8 in 15 um liquid crystal cell
under crossed nicol. (a) 160" C smectic G phase. (b) 40 C polycrystalline phase. The
domains in the liquid crystalline phase was maintained during a crystallization, and formed
grains. Hence, grain boundaries happened along the grains, though fine structure was appeared
in each grains. (c) a profile section determined by laser micrograph of 2um polycrystal.
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Fig.19 Schematic illustration of crystallization of non liquid crystalline material (isotropic)

l carrier transport

grain boundary

and liquid crystalline material (liquid crystal).
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Fig.20 Device structures of top-gate, bottom-contact type OFET used in this study. 1 wt%-
diethylbenzene solution of 8-QTP-8 was spin-coated onto the cleaned SiO, (300 nm)/Si sub-
strate at 3000 rpm for 30 s while the substrate was kept at 95 C in an oven during spin-coating.
50nm thick Au was evaporated through a metal mask onto the resulting polycrystalline thin film
at 2x10~°Torr. The channel length and width of FETs were 100um and 1000um, respectively.

Fig.20 \CE T #iE% "9, A8 FET THRH MR R NAT— N Ny Tav &0 Nk R
U7z, FEMRIZIE 300nm DO BARRALAEAS p*Si Fibi & W, SiO, & iRz, p*S % 7 — M &
U7z, B, 95 CO SmG SAHIRE I T 1wt% D 8-QTP-8 DY TF IRV ¥ UK
% 3000rpm, 30s CAY Y d— kU7, KR LBOEKE DL S0nm TH-> 72, A%
JED EIZ 2x107%orr DEET, V—Z/RL A VEME LT S50nm D Au % A XY AT &
UT#E L, 2cmx2.5cm O EIZ 6 DORTHMEHMUZ, F ¥ 2IVEIX 100, 50, 20um
D 3D, F¥FINVIEIE 1000um TH D, F v FRIVHOREZERE IEYELRIZZ 9 ) LY |
) — & e L 72,

Flg.21 7% 8-QTP-8 Z WV /=i k5> Y A X DIEERME L MO TH L, Fr rIVE
100um,. F ¥ *IViE 1000um OEIEFERTH 5, mEkMEixY — A/ R LA VRIZ-50V % F
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Fig.21 Transfer and output characteristics of OFET with the semiconductor layer of 8-QTP-
8. The channel length and width of FETs were 100um and 1000um, respectively. The FET
mobility was estimated to be 0.14 cm?/Vs in the saturation regime. V,;, and on-off ratio were
1.9 V and 10, respectively.

0.14cm?/Vs & B 517z, U EWMiEld 1.9V, ON/OFF i 10° TH D, HREEEEITALE
FY VT BRDBNDOT, T VIAZEEHROF X ) TIETRTEENGEAIND, TDL
OEMEAKEDO Y R NPT NS ALK EREE 2525, QTP FEAED LS IZF
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QTP A& (RIX 1990 EFRDEHEHEIE N 5 VY A Z RPN SR INT VBB TH
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NAATUNMRELNTVARY, BEKETIEF ¥ RIVENES RS LBHIEMETT S, Zh
IEF ¥ RVBEIBDSIER 5 72720, FERBARAOEELZZITP TV EWEEE XN TS B2,
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NEF, BHEEETIE 1Asec MFO L — N THABE %2 2T, MOERBEEDO Y ho—)
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ZZWZETREHIETARTHENATY = NNy TaVv 27 NIORZFTHD, 7z
7 10-QTP-10 Z FIW/ZAR MAT — R AR ML VA Y NIDEFT, BEREIZEIDBHE
0.2cm?/Vs D I T3 B | K% TE 8-QTP-8 % AT 95 C DM AHTEE 12 T mifix
U. RhATI VR NIOFE T %2 FE L 720, BEIEIX 5.0x10%cm?/Vs TH o 72, ZHIEA
¥y a—hOBRIZY —A/R LA VEMAEEE U THREREOERIEEL 2D EZD
N3, FHZAY Y O— N CTIRIEED S EEO B BN IR 2 % 720, BEEYORE 21
PTV, TOHBEEKETIEH, FEL— BN &, BEOERICEREL 20 703 R £
TYA V=Y avdd-0BEERH>TEZTNITHEA LB THRENTERTVOT, R
AAVAZ NTEBEEI G,

table.3 Summary of a fabrication condition and mobility of OFET with quaterthiophene de-
tivatives. V.D., S.C., and R.T. mean vacuum deposition, spin-coat, and room temperature,

respectively.
QTP derivative | fabrication condition FET mobility (cm?/Vs) Reference

6-QTP-6 V.D.atR.T. 0.16 (W/L=1.5:1) [52]
9%x1073 (W/L=4:1) (521
3.0x1072 (W/L=100:1) (51]
2.4x1072 (W/L=10:1) (53]
V.D.at 50 C 0.12 (W/L=1.5:1) [52]
6.0x1072 (W/L=4:1) [52]
V.D. at 100 C 4.6x1072 (W/L=1.5:1) (52]
3.9x107 (W/L=4:1) [521
S.C.atR.T. 1.2x1072 (W/L=100:1) (51]
8-QTP-8 VD atR.T. 7.0x1073 (W/L=10:1) [53]
10-QTP-10 VD atR.T. 0.2 (bottom-contact, W/L=13:17) B3I
10-QTP-10 VD atR.T. 0.1 (W/L=13:17) (531

Fig22 ICAY Y I— MNEDOEKRIEE L BONABEEZ £ &7, RE IR DR
EEFEAWCTAY Y 2— MERNIZHIE U 72, 70 (&&E&MHE. 79, 95 CIXBSMETH D, W
FHTAEYY2— Fde, BOVBHIESIONIRELDEINELNZ, 6 BT DEHMN
0.12+0.02cm?/Vs TH o /=, FERMMHTAY Y I— 92 e BEE, X655 IZEAL -,
79 ClEAERM ) ) ORE LD TREIZLIRWBIFTH DM, 710 CIlRdLFEFITLDX
LDOINKREL, BEES —HM LA UL, WEMEEETH S 118, 125 CTEHE T2 /FH
UM, BIRD &S ICEBEL B2 /272030 27 NEHFIOFENKEL, AERT—RIIE
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Fig.22 Summary of mobility with various spin-coat temperature. The channel langth was 100,
50, and 20um. 125 C and 118 C were also used for a spin-coat condition; however consistent
results could not be obtained. For 6 samples fabricated at a liquid crystalline temperature (95
C), average mobility of 0.12 + 0.02 was calculated.
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Fig.23 Summary of TOF and FET mobility of QTP derivatives with different side alkyl chain
length. FET mobility is eveluaterd in saturated region at room temperature. TOF mobility was
calculated in thier polycrystalline phase and isotropic pahse at 24 ‘C and 205 C, respectively.
There are almost no changes of the TOF mobility in isotropic phase, because the mobility in
isotropic phase is strongly governed by the molecular core structure. Small increase of mobil-
ity in short alkyl chain derivatives is supposedly due to the slightly short molecular distance.
On the other hand, FET and TOF mobility at polycrystalline phase were increased in longer
alkylated derivative.

Fig.23 |% QTP FFEARDHIHE L F vV 7 BEE DM TH S, Time-of-Flight %12 & 1) 3k
DI HE S ZAER DI I BEES KO FET BE#IE 2R U 72, £ TOFEZEIRT Time-of-
Flight 135 /i#H 205 'C. %#& 54 24 ‘CTHIE U /=, FET fHlIX=IETH 3,

LEHHTETIVFAVEEIL2DLT, IZEABEETI0* A—F—DF v ) TBHET
Hor, GIRETHFIXT VA LBEELIY ., HFRIEEE SA DA RISEN S 728, i
WCHARTBEEIFMET T S, 7 FHEE#HIES FELYVEEVDT, YIFIVHOE I ITMHE
BRTHDIDIIHEYTHD, 272U, 4-QTP-4, 6-QTP-6 TH TRENEDHIMMNRSND Z &
5, FAHMENWZ LRI TROEFENE S R2BERH Y. TOBRIZTIVFIVHOEX
NEYVTORYEVTITHELTWDEEZLND,
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—FZAEEHTIE, ERETILVFIVEEECILVIBEIEZ R U2, TR —BIcH T
BEEZHITIREE2RZTEZ LN, MOWEMETIET NV FIVEITEIZ EWFHETE D
FYVTRBEELZRTIENREINT VD, ZOEWVIEZT L OFEREDILNGDENIZ
HkT D, TIVFNBEIENEEF v ) TRIENEHO WO HE L RO (5 FEEHD
INE V) FEEEAHDRERERTH Y . 2T EOBENT N 2D T IVFIVEHNEEZILTHEL S
AlEDEEZOLND, —H., Fig.23 OFERIFLZAERMOFERTH Y., I 7DD T HEI R
WD TIVFNBEOEEINI N, LUATIVFIVENEWNIFY FET. NV 7BEIE L €12 1
U7z, FET BEIEIZE L TSR T AEROHE 1 H ) B8 7L L8y 5 L
DT EVEEEER M ETHEEZLNT VDS,

BENED 7 VX IOVBEDKIF DSV 7 B8 & V) FET BEIE T/RI WA, TV F LN
fEmtEZm EXIEd 3R, ZUBERTH D, DF Y. Time-of-Flight iEDHIE S Tli,
HAERT2F YV THMETH D20, HERHPAMP B IZHKLZNTY THAF v )
TREEICYETS, —f. FET O5&IFEHERZHWEL TWD 20, @BREZF v 7IZ
oThIY 3O LN, KR UTBEEIZNT D Ty TORENDR, EEIZHIE
DXy ) 7EELZFHET DL, TOF J{lIETIXL —H — lpulse DT IV F—% 5u), EEMH
B 4mm M, LIVE 10u 2 m, Fv V) TEESERE 0.1% L2, 1 7VATELD VY
T EEIL 100 fH/em® DA — X —TdHh 5, FET € CIXRIFM RO BHME SuA. F ¥ 2IVE
100um, F ¥ FJ)ViE 1000um, F % 3 I)V4HIE 6nmQ2 £ FJ8) £ 35 &, 10'8 fil/cm® A —&—&
TOF {liE & V) SHIEWEETE v U 7HFEET D, U > TNV T BB SRS KRG &
2% ¥ V7 NIy TOMETHEED 7 IV X IVBUREEDEEE TH Y . FET DGAIET DOMKIF
PEAVNI K BFEE ONAZAREENH D, ZD & D ITHEYE DL @ TR/ NIV BEIE D
RED D AEETH Y, RIEEDIRTHIEHD DAY, FET BEIE L/ OV 7 RBEIEN T L F IV EEIH
UTCHOMERZ RE 22 b, MRIAROMEE L UTH FifE e BEIEOBRZ FHIIC X
rEEZTHS,
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3.7 F&&H

RETIZHEIE S T VY A X ORME LGB 2178 27, W T VY A SIFHEMOKFF IS
MeimdFZFTHY, HEHIIW U TEREICEM U7 50nm F2E TH— R EREEREIRD 5
nd,

SO A 729 Y C b B QuaterThiophene DiEEA%E E T IIVMMEL L U THET 21748572, W
I E D LRGN 25572012, A Y 3— M & D EE IR 2 - I E AR
WHIBA L 7z, 295985 2 TAY Y I— MHRODE, WEDFER >R SR DI K — % i
%ﬁﬁ@ﬁ%ﬁﬂ"\ﬁ%ﬁ%ﬁmbt eI N SN, AY Y O— MEOTEE D
EFHIRIE (D U RS TR S 2 & B IS S S U, AR S oz,
NEBEBEP S DOHEFERPEI 5220 TH D, —FH., WAEHEZRHIENIXEREH 2 E S #
JEAME 5 N7z, XRD HlE & V) 2 FEANIZEMRIZ U TEETH > /2, ZHISHERN T VI A

WCERBETRETH B,

BONHEREZRNATY — NIy TV R NOER NS VY ARITHEMUZE 25,
FIFBEE D F ¥ ) TREE 0.14cm?/Vs 21572, TOMEIZZ OB COWE Tk L NIVIZE
LTWd, v hTORAZENNDLT, HZEKGE CTRERHEN T THESKRE I 2@ e
FFEEDOESOEEEN GOSN HAIL, WRHZRE U2 2 TEEESER b D 7L 1 Ny
VE)MERINTNE I THD, ZLA YN0 Z Y OFT I Time-of-flight 7% W T
11785 7z, Time-of-flight JEDOWE T, ZEFREBIZEPDPDLTH V7 GABBENBEED K
UM TE Sz, ZHET VA U U XYRE v ) TEHIEISEL THWARWZ 2 EKRL T
%, Z®D& 51T Time-of-Flight ¥k T TOF BHEEMNEEL NS Z L 3RS MRTRERZ &
ThY., FET BEIE L TOF BEED LK Z TR 572, W HOBEE XM EIOMEE 7 )V F IV
RIZIGUCHBEOME RE7/Z, UH U TOF BEIEDIE D X7 )V F VR T DKM
HHETH > 7z, T2 TOF IERFDF ¥ V) 7 LM FET BRENRFIZHART 4 A BT <L b
W TOEEEL)ZIRTWVD, TIVFIVEOEIIEREL 720 FREDTILNDMEN &
DEHEZEIZEN-ZLI2LDeEZOEND,

MR DO Z A5 EEIZEE N 5 Y Y AL HOPEREE UTENZHEEZ R 2, b
MOF v ) TREEETDOEDEFMmAKDOT FORETREY), ILLEBEELZELITIE
MBIl ZZZ2BE DD, LML, AETHUZNRIXREMEOMEZIZLTEY ., MR
DIATHEZEZATHRMEMETHLIRVBEHTE MR L U THEHTH %,
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BA4E

KT A+ — RANDEFH

TTYE D %45 FERRIL, Time-of-Flight & CEMEENTMECTEI 2 IZET LA VN UK
D DOGERDB N, THIRBEEMETOS FERAMKT VNS 726 TENZRBETH S, Time-of-
Flight {517 7 A )V CTHRKEE FHOF v ) THEZBIRT 20, ZHIEEEFEEL A
7 — R (Organic Light-emitting Diode, OLED) DZE L W U THh 2, T I TAE TIIREIE
DLAERERICS T2 BIFRT v ) TEEE AL 2. Z455 OLED OEBL % A4 7,

%H#d OLED 1218 2 DR R H D, 1 DR FOLENTH S, @H OLED IZHWHNT
WA T EINT 7 AMEHE, BITFIEEELREBTH D, T O/ ORRFRNIT RO —EB 2
fEa b, FEUBROVERS (X —2 ARy M) BWEU, FEOEAIKEI 5 Z L AHEINTHY
% 900 S e UCTH T AR T, 2 WTREAZIRY @, A IHERAL U RV T3 ANE
L5 M, FERALIIHERNZBTRXTH Y. Fia b URWREEIX RV, O ShEaIZE
FHNCLEBRETHY . BIFHREIED RN, SHEROMERIET V& LR ERTIZ
HR 9 2 DO AE—MTH LA, BWEWMEOZ KR XD A —MIdm ik TaE & B L
2o B 1 DEEVBEIEICHRKRTDIREFLF YY) THETH S, OLED IF22 [ i il R E
% (Space Charge Limited Current, SCLC) #HI% TER#I 9% A%, SCLC TH U D ERIIBEE &
LEHIBERIZH D, L) EBEEDOMEI THIVE, KEBR TCRIREREZM T I LTI,

??S%ff%iﬁtiﬁi ARG 2B U 72, —MIIZIEAE Y O — NEEPZEEIHC NS

. MER T O ZOMEIEE VEENER TH D, CIVANOMEHEACTHEIEZERT 5 &,

{ﬁﬁ%b‘T%’C MOMBHEE BB R OM R H D, — T, BEMEZEZHRUIZS S, BERE

B T2 ZBVEVDIFRDDH DL, ZAUTH U TIARBEEICAB LR ARY v —CHEMZ

fERE L CTxtIG U7z H T AR UG D OLED 3Bl &5 23 dp 2 126617641 23 TR ARRH X K it
MZRERLPOHEHNTWS, ZITIRAIOTEHERMEICE DR FE2HRET D,
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4.1 BHEEFNAX A 7 — R (Organic Light-emitting Diode: OLED) R%

4.1 HEHRINY 1 +— K (Organic Light-emitting Diode: OLED) #%5i

(a) @& b) =& (c)EER
i gjﬁgﬁﬁ B
L EAMZE ] EAwzm L -
ZEFABHE(ITO) EREREHE Z B RBHE
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e e i |
ks i I:I [
ERLEER %%gﬂﬁﬁiﬁ R
Eibad | BFEER BEE+BR

Fig.24 Device structures of typical OLEDs. (a) two-layer, (b) three-layer and (c) single-layer.
Energy diagrams are also shown.

Organic Light Emitting Diode(OLED. #4445 EL) I3 & FREAR R T ARG THEAMLS
NE-EEETT N ATH D, FEOFE. 1960 FRIZA AV EDOBBTT Vb IU®
VTV enwo BEBEEREE AT 2MBIORER &2 BA ZET, BRI ER X
NI e THBO50 UnL 7Y s Ty il Tk eiE Iz 100V %8 X - EEH
BETHY, FHHREM, ZNEBTEAVPKRECTH o2 L2k d, TDOHE 1987 FIC
C.W.Tang %12 & V). 10V FLE DEIHIEE T 1000cd/m?> DKERE % B9 2 A5 H i e I o it g
TG X N2 (Fig.24(a), mWVEEDER L LT

o HT. F—ILZTNTNIIHUTHF YV TEADES MBI OB
o HHEEDIE % 100nm FEEEIC U, FUINEE D)% KB
o BEANANBMAHEEBEETH D MgAg DFIH

NETOEND, MERIFECHEH WL HHET D20, TENT 7 ADHNLNZ, 1988 4
CIXZEL D FE % IO ICRBIY, BS—I)VEEE ACE/E Tk EO S E RO F T2 W
U 72187 (Fig.24(b))y ZD LD IR EIDRBZZTEINT 7 ADAKE*FEE LR EEHDD T
FE—RKTH B,

—Ji. METARSHEETHERLZSOD R HD, AEMEOREEITITERKS TR %2 E
ZHHREFDRIA TOR ATIREIET 2 B ENXHD, BETORLAIER T NEA L/ AN
DETAFTHY ., T2y hTORvAIZE BTV ONEEZ HWS ELHETH
%, BETNA ZADHEIE 1990 F£1217D 7208701 1 DDk ELIZ 1) TIEFEM AR L FBOLE
FIRNRIMENZD, FY VT b7y T RN OAFIETRIET 2 0ED T D BRI
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4.1 BHEEFNAX A 7 — R (Organic Light-emitting Diode: OLED) R%

% (Fig.24(c)).

OLED O#EI{EREIEA T TH D,

1. 7/ —R&AY—REIZEELAMIN, 7/ — KNSR —NB Y — RNLETNE

BEAICEAIND,

2. BAINZF YV TR ENTNERENEZIZET D,

3. HEEATDMIPVWTETER—APEES L, BhiET2 48T 5,

4. FHE SRS S U < ISR L1535,

5. BRERE NS TN ZSNBA LD I b,

OLED ¥+ V) 7 DEA, ik, HEAL VO BEZRTHRLIZEDZ T NS ATH S,
OLED IZEWTHEAF Y U TEIZHTLIH) HINAT 4 b VBOEETDH DI E TR
N EUFORTHEZ N,

Mo =Y X Ngr X Mgt X gy iU (6)

YIFREAINEZBTFER—NVOENEDOERT, BTLHE—NVNYENLTOEAINDY;
By X1 THd, BFER—NDELLMPNRELFEAIND L, RoZF Y ) TITHEES
TR EME THEL, OLED O&R %2 B I YD, nper (TFAICFS T I TFOEK
MERTHD, BTLH—INVOEBEOEMGEAENOHIE FER I NS GE I, —EEERE
ZHIEREN 13 DEAETELD Z DML NT WD ”lﬁﬁﬁﬂéﬁmawt EIE IR
MO DRIEBIRIZEH TH D D THEAITIEFLGTERY, ULAad> T HEMERED A%
FMHETELE, nper=025 THd, HEFOEEHAREZHOCHEHEIERICE>T=8HHE
IREE S DIEEFE 2 FIHT L. npre=1 8272 ngsy ISGIEIREED > LIRS LIS T 5
HETHD, AEMEHIZ D negy WE <. BEY BB Z ZARIE pigy D 1EWVEE 8D, &
B nyow ISEEENTHRELZEE 73 2N MR TH D, HERGHETIXZ O
N mL (VW 20% FRE L BEEE SN Y 80% I EEMTOFLCHAIEN%
BEHENAEE S 5 732 ETHRIZE MR,
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4.2 TFIVkE

4.2 EFILMHE

HER D OLED TldF v ) 7TOMEEIZFESGTLH2HRAMMEBIE, ¥ )T7IZ0T2 R ov S
ERYFERFLDE UTEHLS T AN FORERWEDODND, KHIETEZDKRAN-TANR
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Fig.25 (a) molecular structure of 8-PNP-O12 [2-(4’-octylphenyl)-6-dodecyloxynaphthalene].
(b) Absorption and photoluminescence spectram of 8-PNP-O12. Measurements were carried
out at room temperature. 1.24um quatz cell and 15um glass cell was used for absorption and
PL measurement, respectively.

™A MEIDE T I+ & LT 8-PNP-O12[2-(4’-octylphenyl)-6-dodecyloxynaphthalene] %
FW 7= (Fig.25(a)). 8-PNP-O12 I3 452 E CHMEMEIDE T IVLEY L U THREINT WD
MEITH Y . ALFREE A D8 % & 72 BATEERE IS T RANER I N T
7 [21.23,30,7475]

AbEL % £ 455 OLED OB A MPEHORAZHIIE 2 2H b, £T. BTL RO
TMERENEHIIND Z 2 ThHD, DFVHRA MBHIETF & HR—IVO 2k aaE, &0
DEGERYT, £/, BT LHF—NOBEHENMZIFAUTHL I LEHEEHD 1 DTHD, &
TR —IVOBEENRE DG, T35 ARIZE T BT LR —IVDOEINDINT ¥V A
N, BEEESAETORNENTESRVE WS HERIIIETS G IhTnd, 1 - FA—ILo
FYVTBRHENFRETHINS, @ESARTOIEEREL 72,

DSC & feuaiiifisgg & V. 8-PNP-O12 DM 2

ISO 121 C SmA 100 C SmB 64.3 ‘C SmE 56.6 C Cryst
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Thbd,

Fig.25(b) IZ 8-PNP-O12 DKUY AR 27 h)L & PL ARZ ML & FET, RILARZ ML
1.24pum DA )V, PL A2 R 15um D A5 A I)VICHE %2 A TEE T THIE L
7zo 8-PNP-O12 I FUSIZIRIN % 5723, 7 A MMRIOF % 8-PNP-O12 W36 L R\,
PL AR NVIFEANSHEIETH Y, BETHFRICE X 2 WAl UKD R E IZ/h X <
8-PNP-O12 75 DFEIFIHZITE L 20,
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Fig.26 (a) molecular structure of perylene tetraester [tetrakis(2-(2-ethoxyethoxy)ethyl)
perylene-3.,4,9,10-tetracarboxylate]. (b) photoluminescence spectram of perylene tetraester.
Measurements were carried out at room temperature. 15um glass cell was used for PL mea-
surement.

TANMEIOE TV FIERY L VFEEK tetrakis(2-(2-ethoxyethoxy)ethyl) perylene-
3,4,9,10-tetracarboxylate (perylene tetraester) % #A 72, V) LV EKAKITIEGTEHFLOD PL
REORERMEDOMBITH B, AMEHET b F V3 ((OCH,CH;) 23228485 72l 8558 % R D,
ANV EBUETIVFOVBIC AR B S OEENC HHENE <. 2 FEHEEERZ 50 2 @) X2
VDT, ZOMEBHIER CHIKREZ R,

Fig.26(b) 2 PL A7 bV TH B, 615nm (fEICE =7 03H D, PSR EORNTDH D,
—MRIIIZARY L VEREMRIZ LUMO L RVANEL . BN SEFIEAVED TH L7720, n il
B E ULTHRbND,

8-PNP-O12 &>V AT N AT L0 NT T 74 —IZX DV E-DE, =X ))—), n-~FH
VEAWTHEHAES %172 572, perylene tetraester [SARMEN FN /2D, EHMHTOHAZ L2710 b
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43 HRAM-TZXANEBEFOT I AF ¥

FEHEM 2 RG & U THRHE AR OREREBOBIE 2 U, —RNAT TV 7 7 AMRTHN
FE L EDRENT VA LTH D720, MEIDOEREIZ L DEEMEDZLPHEIZZ Y IZL
WA, RN ROREME L TOLZER TRAENRHETH Y, M OBEND > 7,

RANMEIE T2 MEHE, VT VRATEKE Uk, 130 CITHFAL ML Y 2 XX
B I ETEAEUK, X 5I20.5Torr DKL T T 3 ] 130 ‘CTHIE USRA ARG 2 R 7z,

(b)

Fig.27 (a) Polarized microscopy image of neat 8-PNP-O12 under crossed nicol. (b) Under
the same measurement condition as (a), but 10mol % of perylene tetraester was mixed to 8-
PNP-O12. glass cells of 1.36 and 1.50um were used for (a) and (b), respectively. Meaurement

was carried out at room temperature.

Fig.27 23R H 1T S KN RAEHEMBGE TH D, (a) #° 8-PNP-O12 Hifk, (b) #° 8-PNP-O12
IZ 10mol% O perylene tetraester =i{E& L7722 7V THh D, LIVEX (a) Y 1.36um, (b) H°
1.50um, AEHIZEHHTHS A VIZIEAL, AB L THREI 7,

8-PNP-O12 HADZAEFHIZ, T2 AF v ICHHER T LA VN VX ) BEEIXNE»h >
Tzo ZHUXMEM BT T A2 IIZEFTTIRETIHEAI N, BRROWE S S &R O hH
RRRCBPSHICRE L TE 220, LAY\ VR ) ORERBHINT VD EHEX N
%, 10mol% O perylene tetraester Z iR U CEMRDBIER 21782/ A, T AF Y OH
FIEEAL L = SRR DR IZFLAVS A U B o 72, U b USRI B ER D 3Bz, (R GEE
OV OAZI)FTHEHE (B) ICRA2Z2enE, MRz RZR0NRD LV EER
DR U2 A TH D eHE 2 H6ND, FEEIZ 30mol% 128 L ViFBEARDESGEZ P LT
BRET RS ZA, BREAOKNMMBRLNAZDT, R L VFEEEKRDREITIEI > T2,

Fig.28(a) 2R GRRI DO EIRIZ S 1T & KA B A. (b) WA FRBHME G TH D,
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Fig.28 Microscopy images of 8-PNP-O12 doped with 10mol% perylene tetraester. (a) With
polarized microscope. (b) With fluorescence microscope. Both measurement was carried out

at room temperature with 1.50um cell. The excitation light wave length for fluorescence was
510-560 nm, and the resulting fluorescence was detected at 590 nm. Only the fluorescence
from the perylene tetraester was observed.

HOGBIELII I 510-560nm T, 590nm OHNEBEE L 72, ZORGETIET A METDH
% perylene tetraester D 737 & B RAVITHIR T X 5, WAEHIEEARITIFIFE IR AL, H
HBENSIET A MBI ORENARE—TH IR NRE LN, FHED RN X perylene
tetraester DIREAVNI WD TH S, @H. K LIIAMYEDRED 7 2 JER U &2 5 HEfT
T2, WMUZR) L VFERIZRA MENS R LA THE 15, KA MRS
fEF BBUCAMPI O EIH U Z Y, —EBT perylene tetraester 2V < HEfR I Nz & E 2 5
Nd, 72720, TORNESLBMBEBEONREZ LTS LHEE2HT LI LR TE,
perylene tetraester |$DBAFET D, Fig.28 1% 20 f5DfERTH DM, BHHATIEY >V FIVids—
Thd,

perylene tetraester DIREARYI—MEIZAE U TV DAY, B A MIRIOBEEIREA MR X Tz
DT, OLED N A A RE & W U 7z, FEeDI—MIZB L TIIRIE ERER S 5.
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Fig.29 Phase transition behaviors of liquid-crystalline phenyl-naphthalene 8-PNP-O12 and
non-liquid-crystalline PNP, determined by differential scanning calorimetry. Temperature scan-
ning rate was 5°C/min. PNP has only one phase transition from isotropic to crystal, which
means a melting point. On the other hand, 8-PNP-O12 has four peaks corresponding to SmA,
SmB, SmE, and crystal phase transition.

Fig.29 »%, 8-PNP-O12 ¥ Z®D 1 7 E# D PNP @ DSC HlEFERTH S, 5 C/min DIRELE
bV — N THIE LU 72, 7V F V82 R 72200 PNP 1% 83.9 CI2% J5H-HG Iak i (X)) 255
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D, ZAUSIEB R RO MBI RN TH D, —HESIED 8-PNP-O12 &, 120 25 100
C, 100 25 643 °C, 643 15 56.6 CIZZNTIVER®D SmA #. EKD SmB, SmE % %
Bld2, ZAIETIVEVHICE > TH FORERFEN L, L D6 B>
ThHd, 2FY AT ERIFFEEMENE D, R T IVFVEOFEC LD FEREPTE Y,
fEim o HEREBORIC MM Z BT 5, fEaMEDOE E Y 34 MEBIRE A PNP O 83.9 C
N5 8-PNP-O12 D 56.6 CIZFMN>TWA I ML ERBIND,

(b)

Fig.30 Textures of (a) non-liquid-crystalline phenyl-naphthalene and (b) 8-PNP-O12 under
crossed nicols at room temperature. The scale bar is 300 um. In the case of non-liquid crys-
talline PNP, fine network of a lot of cracks was observed. However, liquid crystalline 8-PNP-
012, there are no cracks despite poly-crystalline phase. This difference comes from the differ-

ence of molecular orientation in their polycrystalline phase.

Fig.30 (a) & (b) A Z T4 PNP, 8-PNPO-12 HRDRICHEMEIEE TH S, RiRDLHER
IRRETBIZR U 72, FEMEMED PNP OZAERIZZBMOBIROIRN R SNz, BT VAV
NGV E)THD, TV YNNIV E) DFKEIL PNP PN ELAMHNOERELERELZZ L
NEHEATHD, 2FH. FHRETIED FRIOMEIEMIZS < 2 FIXEMAZF/Z20, 0Kk
BEh 5 —RIFIER CHER IS8 T2 8. 1 207 LA Y OhTlEs FRES S EN 2 R
N, T4 vEDS LORMIERIDZRNZ0, FERIIZT LA Y DORIZTENANT VXY BZED
%, —H. EMEOBEIELERLL 2B TEHBRNDY VX ) IIBRTI RN 72, B
MEIORERAL 7O AL, FHRE» S —ERFMHZRHT 5720, SIS THTEH
DOHEBIERI NG -OTH D, 4FEEIH - 2B EIREN SHRELTd &, FL A VBT
B ARG S 72D/30 > BV HETIZ W,

COFRMNET7 22 F 782V A7EKTE, JEREYE LD & IREYE DL R
TVUA VNV E) DFEINDRNZ N TE D,
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Fig.31 J-E curves of liquid-crystalline phenylnaphthalene derivative and non-liquid-
crystalline material with ITO//MgAg cell. The cell thickness was 0.8 and 1.05um for 8-PNP-
012, and PNP, respectively. 10mol% perylene tetraester was mixed with each material. The
measurement was carried out at room temperature in atmosphere.

Fig.31 2R & IR RO 2 45512 B 1T 2 BiR-EERMETH 5, ITO//MgAg LIV %
HWT, =l - KA FTHIEL 2, 2IVEIX 8-PNP-O12 % 0.8um. PNP 7% 1.05um T 3,
EH 5 DOMEE perylene tetraester Z 10mol% E& U THIE L 7z, 156N/~ EHEE X PNP

IR, 8-PNP-O12 W2 L 2Kk ED o7z, ZHET IV AFYBIRTRONZT LAV
NG YR DB THSD, 8-PNP-O12 IZ perylene tetraester RS LU TE, HIAKFELEZ -
FEEITHREINTBY, TV N RYPRDRNWZO &) KEBREHBRMV/ELZEH
Zbhd,
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Fig.32 XRD of 8-PNP-O12 and PNP doped with perylene tetraester (10 mol%). The orange
line is the result for 8-PNP-O12, and the blue one is for PNP. These films were prepared by
removing the glass substrate of the liquid crystal cells with cell thickness of 1um. XRD mea-

surement was carried out at room temperature.

Fig.32 73, 8-PNP-O12 & PNP O )V TO4 FhlM % R~d . XRD JIEFERTH D, Mk
IZIEZ NVE N perylene tetraester & 10mol% BA U7z, VY TIVIEAH T AR IVHITkRE 2 A
Ukt X725, ©IVEBIEU MDA I AEKEZFA U THELZ, CIVEIK lum TH
%, WEITERTITR>7Z, HM PNP, DS 8-PNP-O12 DFERTH D,

8-PNP-O12 D&%, ¥ — 2 % 23.46°(d-spacing = 3.8A) (2B, HMIZH L CHRE HA
ICHREREREED clili 2 S &, 2O —271% (001) 12 L. 8-PNP-O12 D43+ M EuA 12 Kl
MUTWEZEZERY, HT7ARIIVHOKFELRFIIE SR OMBKLBHTH S, FHRIN
7= d-spacing 3.8A IZE RO FAHDO D FRIBEE L L TZYTH Y, BEHOME2M”HL, £
ML TS Z 2 RBYd 5, BAEMN258° ICEE—I20NHYD, ZOE—INLEHEIN
% d-spacing 1% 34.23A T, ZHEFEICEVBONEZNTRE 34424 £ —5$ 2, LEdoT
fEdr D —¥iFwmERE L TWD, 72720 XRD HEEEORM: B, EADOE =1k Vi<
BRINDZDT, BEREBEHOE—7IXR NN, BEEATIIKERME S X5, — 1 PNP
DEAEHTIE 3 DDOHINE =2 H7.62 (11.6A). 15.13 (5.85A). 22.73° (3.91A) IzHh, Zh
1 (010), (020), (030) IZxfts L7z, PNP DA FE 11.5A 23245 D d-spacing 12— 3
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Ze&Y), PNPREERFTHD, 3ROE—T7 FTHMEIZHEINTES Y, MJFRMLUT
WA, WEERBLBAWOR VR TERERMTH D, FEENABISEBKE SO F ¥
D) THEIZE DT TR, BEHOZ LA YN v Z) EE 0D, TD0WEEME & FER
MR CER- BRI 2 HiDZERE ENT,

INSDOHIEIZEY ., WEEMEIA LGS OLED FHHOMEIE UTEMEZ2ET 5 Z & 2R
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Fig.33 Current density and luminescence characteristics of liquid-crystalline 8-PNP-O12
with ITO/PEDOT//MgAg cell. 8-PNP-O12 was doped with 10 mol% perylene dye. The mea-
surement was carried out at 40 C in atmosphere. The filled circles are for current density, and
the filled triangles are luminescence. The cell thickness was 1.7um.

BWEMEOZKES@EBEMA T, OLED BFEf 0 EH %2 2 HE LA, Er#Ek
ITO/PEDOT:PSS//MgAg % R U 7z, PEDOT:PSS &4 # 4% T — M 2 & B AR — IV iE
ANEMEITHZ, KBEMEDR) X —THEDT, AV Y I— NI THBE(LUEZEL 21
ERSAIIIRIE T, BB ORI AIHETH D, 1TO D _EIZ PEDOT:PSS % 20nm &% U
2o BWIVEIX 1.7um TH D, JIEIE 40 COLEERMHTIT R 572, BHR-BEREM Fig.33 T
H2, BE 1.7um & —&HW2T7EILT 7 AOLED D 10 f5LALEDEITH D, IZELNDS
T, TV UND VA )IHEINLZ VR RFY ) TRENEZ>THY, K TEREE
20mA/cm?, FELHEE 65cd/m? % ERK L 72,

1.7um DJEET D%k 5 IRET OLED EREIFEB T I 2 Z L IINEIARIHRTH S,
U U o R Rt . — R RIE IS0 OLED AR L UTIRIETH S, %
KOHZE UTHEDLNSERDNEIX 0.1cd/ARETH Y. EEDE T cd/A 2 B2 L mHER
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FITIERIE R, BIRIRIMENZ S, FOF ¥ ) TORENHERNING, 2 ZTIEE
FIEAEZHANTWEANWZO, EFEAELPALEL TWHB [ REMENEW,

451 PL. ELARZ ML

neat perylene dye PL

OLED EL

Normalized emission

400 500 600 700
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Fig.34 Normalized EL spectra of OLED and PL spectra of neat perylene dye and 8-PNP-
O12. The excitation light wave length used for PL measurement was 337 nm. Measurement
was carried out at room temperature. EL spectrum didn’t completely agree with PL spectrum

because molecular interaction of perylene dye was different in neat thin film and mixture thin
film.

Fig.34 (& OLED @ EL AR ML & perylene tetraester KD PL A7 "MLV TH B,
PL F Dl Yelk 337nm TdH 3., OLED D EL A-X7% k)L & perylene tetraester Hi{kD PL
AR MVFIFIE—EL TH Y. OLED OFNIIA A N7 7 IZIEA I 172 perylene tetraester
MOHELTU TS, EL & PL ®F 1 perylene tetraester DEEEIREDENIZ L D, HIKDE
% . perylene tetraester 7 T HWMI A FHRIMHEEH %2 45, Zhld—KiZn-t A&y F 27
DERY ZENX Y, HOMO-LUMO ¥ ¥ v 72t £ % 72 PL IZEWHENLT S, —Ji OLED
T3 perylene tetraester &4 A MRHI X > THRINT WS 720, 73 7B O EAFH A
URNEENT I =T b5, ZOHRFUIEBARIED PL LA TEGERD PL 231w R
VIRTBILLRAUTHD, UAAS>TELREEN TN —T7 NUAZZ & &Y, OLED BRE)
HFiZ1X 8-PNP-O12 & iEEA I NAAI X 1172 perylene tetraester 25 DFENN KL TH D Z &3
MR I N7z,

64



4.6 FEDI—E

46 FA0H—MH

luminescence = no anode

Fig.35 (a) Visual image of luminescence from polycrystal of 8-PNP-O12 doped with perylene
tetraester (10 mol%). The luminescent area was 2 X 2 mm?. (b) Magnified luminescence
image with reflecting microscope. The dark area on the right side is due to the lack of an
anode. (c) Magnified fluorescence image. The excitation light wave length was 510-560 nm,
and the resulting fluorescence was detected at 590 nm. Only the fluorescence from the perylene
tetraester was observed. In this observation, the left part of the photograph is darker than the
right part because the fluorescence from the left part was degraded by the ITO anode.

FKHFEFLEUT, AN —THDIENEETH D, Fig.35(a) i, OLED ERE)RFDEHE
Thbd, KROERNBE—MOTMIZL TORWD, HHETIZEBSENSFLL TV,
Fig.35(b) 2378 % WP SHMEE CHIS U 285 RCTH D, 100um &\ D A7 —)LTld, FhL
BRI DI 5 72, Fig.35(c) 1ZEREN L TWARWEF D S HOCEEMEE S TdH 5, perylene
tetraester D’MFIET D IR MRS BRI ND, (b) & (c) ZLHERD &, (b) THIELU TORNER
DI (C) DEWVEDE BT B, DFYFHLTWARVDIX 8-PNP-O12 DIRWVEENE Y
perylene tetraester DIEENNI K B ZHATH D, 2O\ > 2K ITEIRD 8-PNP-O12 &
MA%IR D perylene tetraester DRI A A —FHIZ LD L ZTANKRIVWEEZILND, IHRD
LHMRBEASIREOREIE, RA MR S 2 MBI O ) FH#EZED T2 Z L TEERINDS
PTG L, BIRTZEORM 20T HRAN-TAMBIOMETIEROD>TELT, gk
DHETH D, H—MHIXBHARTHINEERTH—ICRANEHFATHASI L, T+ ATV
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AHBRTHNEEEZEDT A XA =V TH—THEHENDH Y. ZHiih OLED D&% I
795 elbhd,
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47 F&&H

ARFECIXIE A % 8 U 72 245 59805 2 OLED 2@ L. £4E 5 OLED O % ilA4 /-,
BTIEL LT, FEOAGI LMEDOT A ATV A OEMiZRHATE S H I A% %
mbtoﬁ»%ﬁ?i@ﬁ@@EDK%Nfﬁgﬁlmﬁ§E<EU\%ﬁ%ﬁbﬂ<wo

R UTEERORTEOF YV TBEENZETOERNZ BTS2 L2 M LA, T
)l/ﬁ*ﬁr & U T EMED Phenylnaphthalene DFFEMARZ R A ML E Uz, AT ARIIVHEETIX
B IRETHLENE, BT - A—IVOWRMERE Z R TR EMRHEI AR X M RN BB B

FERMZT, PO LUTRY L YOFEKE AV,

WM 2B U228 &R B U RSO ER-EERMED LIRS, WaHZ RHT
5ZLTITULA YN VA DFENRNHIIN, L) KSBEFERNELDZEBHLNE
257z, XRD OWED S A Z R I BOMENE AT Z A )V CTEER AL TV, HEHER
[ CIXBEMED 5 BIBADF ¥ ) TIREIZENZRNIENY TR, FY ) TEREE2LIFS LD
TVA YNGR BT B ZOICERBRENRDUZEFEZOND, WHREDFA NR
AL, OLED £+ LT 1.7um ODFEWEZFERETH D IZE 11D 5T, 65cd/m? DHEE %
BHIU 72, BETEABEZHNCTOARWZOETEADREL TEYRRIFEND, H1OTEHAE
ft OLED BRENZEII U 7245 R TH 5.

% OLED OB %2 2 U725 DD, BURTIE 1. FVINEEA &, 2. BEMET L NIV TH
DG — TR, 3. FRBME D& WD BED K > TS, HINEE XA REZE ORI
—IRIZESET D20, BAFEABZEUNIEBRN LA —IV I IV N2 EBTHZ L
L. VT VA—RETHI AN Yy T2HTIRBENRD D, FHEOE—MEIZKRA

NPT LT AN TOMEZEDS, FA N TORKT DEEETIZT AN TRREYS &
SBMEIEFHTHRT D EEZITWVS, SRIIZIO Vo2 kEED, BTG RO RE
bzl 2L IC&VRE EIF7 TO0—FBRBRETH D,
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BRI E D LAE RERIIIER S E O LR REREIC VWS ERD, 127V 1NNy
VI EINRNLIERTORIFRBRELTHY . £ 1 DIX0FOEEE, Flro
Thd, ﬁ%%%m%%wéﬁ%%ﬁk%ﬁﬂﬂtof\:M%@%@%ﬁ?éﬁ%%gw&
FEEIREE I AR e U C OB 2 IfR T3 5, AETIE, WEMHBEORMIZEY, 27
BEZFIH U, 2 OBEAERE ICEN - G E M EE 1 F T%é_téiﬂbto

5.1 AHEEAGERBER

(a) (b)
donor Hetero-junction "Bulk" Hetero-junction
e o,
@ J ® Metal ’
@
- T Metal
-
@

acceptor

Fig.36 (a) Schematic illustration of photo-carrier generation processes of organic thin film
solar cells. (b) Device structures of hetero-junction and bulk hetero-junction.

ARG B OB EHR T O A%, Fig.36(a) IZRT. U, HENAEZ 2,
Z D@ IF S MENIEA ORIPUR R - BERBTIRES, DEIC, BRI NN 2V
FoIlI VR TORBREBIIHIETHVIIEI N, BABERZRCMETFREZERT S
(Fig.36(a)(1)). IR TE 7 L V7 IVIITH Y, B-F— VIR Y — 0 VA B ME
TEY., 1 D FICRELLTHNS, ZOMERENSEET Y —F ¥ ) 7 AOff#EIE IMV/cm
DA EDBEIRRENBET, BAHTRHBANI EXMENTWS U, G FIREE Xk Rl % LB
T3 Fig.36(a)(2)). T DHLEEIIMENI & > T 5~20nm FEE L ShN T3 T8 JLE D EFfE
T, FIEREA R F—/7 7 TAREIET D &, EMBHBIIREADEEZEL Y,
FY VT2 D FEICHEET D D122 % (Fig.36(a)(3). ZDRENSIIBBIZT Y —F v
D7 NOREENR YD, L 723 vy VU TIXETFIET 78 72 LR, A=W R — L& {5E
U CEMIZINE X NS (Fig.36(a)4)).
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ZOBERENSERAT, 2HEOAMEIOEGHENMELIICEETHD, FE, AHEEHHR
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K TIHIDESBF ) A=V TOMEZNELSEET D202, ABRNICHKPEZ
Fro TR A RET DMEME DL SEHEORNH 257 5,

TG EBD IR ERHATLE L EEF 2 5NDH, 2 DOMEHDN S LRI E
NTWdEEZDL, 1 DXBEHEMHTES TEHOHHE NG TE, 7/ MGz ZE IRk o0
EIMMAHZRETH D, FHITHERIOGEWVEROBEATIE R F—/7 72 721" —I2R
XoTULEDZEAFHIND, 5 1 D2RIBHFHES Thd, AHFEARDOELSER
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fREEERIIK X <R D,

— AT, BEIENKRILK AR LX) 7HEEICHBEIRICG] SHIND 72d, MEHD
FYVTEENMERNL, RF—/T 72 TEZDOE 7 VI LVARUBKTFTE, DD, R
F—|T7 I TEDET VI L ANIVDEIZHKT D Voe WMETT D, LA >THFY VT D
fRIERER & Voc OBEIEIIN T DKEMEIZETHY . KEBEMOL B RIIBEE 1072~
lem?/Vs F2E CRORME % F5 D 2 & BWHELERIVIZIRIT X T 2 B8 Z DR B IS £ 4 S Al
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5.2 EFILHMHE
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Fig.37 (a) Chemical structure of 3,6-bis(4-(dodecyloxy)phenyl)-2,5-dimethylpyrrolo[3,4-
c]pyrrole-1,4(2H,5H)-dione (DmPP-O12). (b) Absorption spectra od DmPP-O12 in polycrys-
taline thin film. The film was fabricated by spin-coating at room temperature with 1wt% chlo-

roform solution

KI5 B i 0 2B AR A BHE KIS AR NIVOFE IR Z RO Z 8RB ETH D,
COEFEEWETETIUMBE LU THEEOY DO O — ) )VEEKEZEA S, 3,6-bis(4-
(dodecyloxy)phenyl)-2,5-dimethylpyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione 24 N DmPP-O12 & [i&
9) 1 Fig.37(a) DM§&E 2 2 MLAEMTH D, AT HOY A ZWNIWIZELPDL TRV
HERZFH, Fig.37(b) D & S (AT BIRIN % KD,

DmPP-O12 (% 108~121 C (heating) D K TR DI TH S SmA % =T B,

522 TFTUOETIMR

EHEFERGEMIX. RF—/7 272 7RO _FOMEOREZMDHV 515, Fig.38(a)
MT 22 TERMETHZ 77— L ViEEK [6,6]-Phenyl-C61-Butyric Acid Methyl Ester
(PCeiBM)BBH DR T 5., BTG (K —) DMEIIND 75— L U Ad 45fs O 3808
BB A Z ) P OB BT REIEEET B 0T I S AMEIE UTH#EYMT
H 5, Fig.38(b) IZ PCq;BM DEFEURFEIZH 1T S RINANRY MV & RT, PCoiBM IZRETH
D AU TR DGR 2 KD W3, BB IZN I W,
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Fig.38 (a) Chemical structure of [6,6]-Phenyl-C61-Butyric Acid Methyl Ester (PCg; BM). (b)
Absorption spectra od PCg;BM in thin film. The film was fabricated by spin-coating at room
temperature with 1wt% chloroform solution.

523 RF+— 7O ETI9MBOIRILTF—LARNILEREBEDHKRINARY ML

3.0eV
- PCsBM B B

—_—>
photo-excitation \T 37_eV —.—

O «—O-
5.2eV
DmPP-012 o

-1e charge transfer exciton

Fig.39 Energy diagram of DmPP-O12 and PCq BM. Photo- carrier generation processes are
as follows: first, light is absorbed in the organic layer, and excitons are generated. Second,
these excitons are diffused randomly in the layer. Third, at the Donor/Acceptor interfaces,
exciton changes into charge transfer exciton which easily dissociates to free carriers. Finally,
holes and electrons transport through donor and acceptor, respectively.

Fig39 IZZDRD TR F—ENF ¥ ) 7AEKL T 0¥ A% 59, DmPP-O12 ® HOMO
LAV AC-2(BRRFEH8R) 2 FIWTHIE L 72, LUMO L N)LidE 572 HOMO L)L E S &
HZERINA HHEH U7z, PCeBM DT RIVF— L RIVIEHMETH D, XHRIZE > T 0.1~
0.2eV IZETNAH DM, b M REEZ AL 7=,
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“HOEBEMEBOEAT, RFP—/T 72 7R2OKBENITNTNOLFDTRILF—L )L
DA EBFRTH E S, DmPP-0O12 & PCq;BM Tlx., DmPP-O12 &Y £ %\ LUMO L X)L %
> PCeBM WETF%22ZITMZ 7 7 TXTHY, ¥IZ PCeyiBM & V)W HOMO L R)L %
£iD DmPP-O12 W — V& Z T2 (BE74%2M595) R —Thd, ZOLSIIEEVDT
INVF =L RN EROMEIRTRVE, AEERARGERE UTEEL RN,

xR v ) TER SO AFLATTH S, 13U DICHEEHEE R TR U, FIREN R X
No, WHENSEZ TR IE DmPP-0O12 ETHBINZEZT, ZOREFIZ7ZL V7
BTh). 1 B FIZRIELL TS ZORSITRIET S 2, il I3 5# LU, D-A FEicE
U6 ONEMBEEIERELZIEKT S, BRBEHEME TN -7 7T arnene
NE—NVEEBFEZITWORETHY . ZORBITIIKNAES ICHHF ¥V 7 AOREENT
X5, MREEL/ZAR—IVIE RF—%, PR T 7 A0+ EREEL, ERIZETD, I
ARRDIEARZENEEETDH B,
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Fig.40 Absorption spectra of DmPP-O12:PCs; BM mixture, neat DmPP-O12, neat PCs BM.
Measurement was carried out at room temperature with thin film of about 200nm. 1x10~>mol/L
chloroform solution was also measured for comparison. The mixture film has large absorption
around 400nm, owing to the absorption of PC¢ BM. The absorption of the mixture blue-shifts
compared to neat DmPP-O12 film, because the molecular interaction was weakened in the

mixture.

LR BED DmPP-O12:PCq BM &R DIRINA R MV Figd0 TH D, BEFEIEH 200nm
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Thd, HIRDZDENTNDMRIOBEARFEED A7 ML L, DmPP-O12 ® 1x10~>mol/L
IO ORIV AEEDARYT MIVERT, dFEKTIREARD AT ~UiZ DmPP-O12 #AKD
AR NVTHRED D, TNEL TS, 1 20T HNIE 400nm 55T, ZDES 1% PCs;BM
DFINE DR UEDEIZRS>TWD, 2 DDk, BRIZIERTEARDARY MVEREEY
T EBEOND, 2OV T MEDmPP-O12 2AKRICUZGE L VEHETH D, AT DRI
A FEOr-r HEEHIZEY XEINTHY, EEHTIX DmPP-O12 O 4+ fiFH E7EH
MEE>TND 2D TH D, 550nm {5 DRI ZRINYE — 7 WRERTIFHELTEI I LD
DmPP-O12 OHHEAEH DA %2 Ek T %,
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Fig.41 Solar cell structure.

FTOEEIZUA T OFIETIT R > 7,
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30s TAYYO—Db U, #20nm DNy 7 7@z 57~, BFINEBRE T 555121
ZnO % DC-A/8w &) 7L, #50nm D/ 7 7 @%&157,

2. AT O —TRY I AANB LU, RF—T7 71 FRHEM»N2:1 TRALZ 1wt D
00KV AR % 300rpm, 5s — 700rpm, 30s TAY Y I — kU7, & 507~ REIZH
200nm THh 5,

3. BZEARER % T 2x107%Torr THA RIS A7 24 U CHEEEMZ KL 72,

4, J0—TRY VAR TH I AHRE TR YRV RCTEF2HIELZ,
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Fig.42 Conventional and inverted structure of organic solar cells.
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%, N7 7 RBIIBEEREINTVEA, I 2 TIREHEKZ ZnO & MoOx %2 TNZTNE
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Fig.43 Atomic distribution of Al/DmPP-O12/PC¢ BM thin film determined by time-of-flight
secondary ion mass spectrometer (TOF-SIMS). Primary ion was Bi***, and analized area was
300x300um?. At a Al and organic layer interface, a lot of oxigen atoms were detected, which

indicated Al electrode was oxidated.

Fig.43 3, DmPP-O12:PCq;BM B &HED LD 6 Al 2 HZE7E L. Al il 5 time-of-flight
secondary ion mass spectrometer (TOF-SIMS) TItE N U-MERTH D, Al BEBKKRE
U7z BRI T R/R ML 2B v & — IR U 72, A28y &) ¥ FHERIASE O 12
Al 3% <RI, 50-100s H72 0D S EREHKRORZENTINZ, Al L EBEEOREIZE
WTHRRR O =7 WBHII Nz, ZHTEREERE T Al 2L I BT VI ALOs M8
ERINTWS Z L E2RT,
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UIRAEBEEAR DIV 27 b2 E 5, REBRMBEZENS SV VAT MEART D
MEIAVRA—LVTERNI L THD, TOEORMEOHIIZIE, RTRENY TN

WRESIESLDE, RTFEDLOHBBH Lo, TDD Al OMHHEZ XD, KKREER
Ag % fili o 7z Wik D RBL & Gl A7z,

5.4.3 |IEHK. HEEMORMEDOLEM

(a) (b)

q) . E qJ E T T T T TTTT T T T IIIIE
3 inverted: 8 3 3
g '] ‘ 3 S 2 E
£ =
g 0.6 3 8_ E_ —E
g E ? : :
N 04 conventional: N 2 3
£ / s
g 02 3 S 02F E
c E = 3 E

0 H 0 E I Lol L L v H

0 200 400 600 800 1000 1200 1 10 100
time (hour) time (hour)

Fig.44 Normalized performance (power conversion efficiency) of conventional and inverted
type solar cells. (a) 0 to 1200 hours. (b) 1 to 100 hours. The performance of conventional device
was degraded more than 50% after 100 hours; however, inverted device kept its performance
80% after 1200 hours. This degradation was due to the oxidation of aluminum electrode.

Fig.44 73, JEMEEK & WM R 1 DE N E BB L DOIFFIKFNETH S, RT 2 RK]AHTHRE
UZBRORMEDZEALZ [IE U 72, Figd4(b) &, 100 K E TOIRRKTH S, FhgsHRTIE
1200 FRFfEI#£2 R D 80% % MERE U 7zDIZHR U, MERERIE 100 IR T 50% % E1 VD A A 72,
Z DRI ZAFEDHIE Al BMOBRILDHEA L Z X505,

RHZEMZ T Z2HEATE Al Z O BROWEREPERATH 20, IHIFERTLIETFITLD
FEH DT BLWRMAVNE | JHERTREV, T—2ELUTEEDHDLNTWRVD, Al K5
DALY —AMBAINT WY, KELV — MEW RN T MR H o7, Zhb

ERRGHICHE R U T, RinDOME 2 D2 IZh 72D, SREKOMAN T — 2 OGN % MR
720l ETH D EHW U7z, DBEDT — 2T 2 THMKE T THROLNAZFERTH B,
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Fig.45 J-V characteristics of ITO/ZnO/DmPP-O12:PC¢ BM=2:1/MoOx/Ag cell under simu-
lated sun light (AM1.5, 100mW/cm?) at room temperature. Electrode area was 4mmx4mm.
Thermal annealing was carried out at 60 ‘C for 30min. Before annealing, the efficiency was
0.035%; however, after the thermal annealing, efficiency was improved more than 30 times
than that of before. This enhancement was expected owing to the improvement of both carrier
generation and transport.

table.4 J., V,, FF, and PCE of Fig.45
Jse [mA/cmz] Voe [V] FF  PCE [%]

BLEE R 0.24 0.5 0.3 0.035
Y IRE TS 3.8 0.84 0.39 1.2

Fig.45 IZHHEURBZ G (AML.5, 100mW/cm?) I84F N2 1) 2 Bift-EERME 2 R T, R
IZ ITO/ZnO/DmPP-012:PC4; BM=2:1/MoOx/Ag. EffiE &% 4mm X 4mm TH 2, {EEILH
FOREBEMENR LN, #RIF0.035% 12 x>, —FH. ETI260TT 30 5 DEAL
HEHT ., $hRIF 1.2% 28 35 512 L 72, Tabled I2H D & 5 I2e2TOHETFRMEIWE
U7Zzh, BT Jse DEMMAZFE LV, ZOFERIEF v V) T AR (=R R) & v
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Fig.46 (a) Absorption spectrum of DmPP-O12:PCs; BM composite thin film of about 200nm.
1x10~3mol/L chloroform solution was also measured for comparison. (b) Incident photon to
current efficiency (IPCE) of the cell before and after annealing. Light absorption redshifted
after thermal annealing owing to the enhanced molecular interaction of the donor material. The
absorption in the visible region increased by about 30% after the thermal annealing, but this
cannot explain such drastic improvement in the cell performance. The IPCE spectra also red-
shifted corresponding to the redshift of the absorption, while the value of the IPCE is enhanced

in the entire spectrum range.

Fig.46(a) »° DmPP-O12:PC¢;BM R &2 D BMILFTHIZ B 1T D WINANRT MV TH D,
B 7= DmPP-0O12 O 7 B 0 RV A H (1x10mol/L) TDO ARYZ hVERT, BULHEIZ
FOTHINARY MIVBEIREY 7 MU, 72, 580nm A IZRHEN 2 ¥ — 27 2387,
ZAVGEULIRIZ £ ) DmPP-O12 OBERENE/I L. 2 FHOMAEERNHR K>727207T
b,

D-A BE& R TIXBEMBE R (Charge Transfer: CT) DEERNERLIND Z DD D, 25
Wo /2 CT R RENEWIBECTER I N TONIX, RF—E O HOMO »67 7 & 74
EID LUMO ~NE# S 2 EIRINABE XN 2133 TH S, HOMO-LUMO O F ¥ v T b &
BIND CT $EARDO IR KK 860nm {131 Td % A3, Fig.d6(a) 21k CT $EARICH KT B
=238, UER>TRAREBTIE RS /772 7R IEENETNOREARTHFLEL, T
D CT $HRIZIF L A LTI R, D-A QS R AR AR 2 CHARRIZAEAE 9 2B IR
D D-A BT %2, HEIZ im%tbfb%ﬂ?&t7&ﬁ%%%%ﬂ#ﬁ%%ﬂb a5
% U 72 il DSHE B & > C D-A RIENCEL 2%, BRBEOFIREZER L TW5,
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RIS BMLIEFT 2 TR 30% 12 EIEML 7208, 2 D41 35 fE D KEGEMm ORIk m % 3
HHT 72\, Fig.46(b) A% Incident photon to current efficiency (IPCE) AX2> MLV Tdh %, IPCE
EAR 7 4 B VISR HINZF Yy ) TOHTHY ., FERISE T DMHBETHE
(External quantum efficiency: EQE) & %ffiTdh %, A% IPCE & EQE II/MPE FaIK &\ D
BETKRET D, BEROREEY 7 MIGU T, IPCE ARZ MLE Y7 b §HZ4HA
FER 2R, EBMBEIZE Y FUBSEEDORERIZEWTE IPCE MEMUZ, Z0Ze &
D SR E D ZA LR EDOE BN TRWZ E23bhd, Rtk EOERIZF vV 7 OAERK
BLOEXIZHD ZEDHL MRS 2,
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Fig.47 Light dependance of (a) short circuit current (J.), and (b) open circuit voltage (V,.).

Fig.d7 73, K& EH I, LBIBEE Vo O AHHRERTETH B, To & Voo DK
FEVED B ¥ S OB A 2 2h X 5 (91921

Fig.47(a) WGAEEIE D AFHEREMRIFMETH D, BUHEFTZROMERE R EZRL 72, 4~
100mW/cm? O HFIPH T, JEHRE & S EIR ICERBEMRA A D Nz, Al FREUS BULEE T A
0.83. EJLEEEA 0.9 TH Y, 1FIX 1 1TE, Langevin HiE4 & U TGl ¥ b, bimolecular
recombination M L — M &

e
R=jw+mMp=WP

ThHY., RiZFyVTEED2EIZHHT S, ZTD7/~&. bimolecular recombination A3 3Z i)
2585 &, T, ORHHEREBUIL 051050 BB, Z 2 THELN~ 0.83, 0.9 W EIZMDZAT

81



5.5 KEzmEitke

EHEIND B BETH O P BT A ERE I 1 R THHIT D Zenb, [
FEIRFIZ 2 73 FIZRAEAL U 728 7 & AR — VAV E S G 9 % bimolecular recombination O 2%
AR BALER I & o THARED L D 1 IRV 2Dk, BEREADOFENRI Y DR
JEERFEHRLUTEY, BHYRNE EUAZSRETFEL R,

[ AR ICERITAE U R0, REKRF YV TIFRTETFHRTERET D, LAadr-
THRMBEIFEKRER LY L EMAGAERICBUETH 5, MBI L TIE monomolecular
recombination XA TE, BIEE EDENHERFERTIEF YV TEENGED 720
bimolecular recombination 23X L1272 D &\ D WG H3d B 90,

Fig.47(b) 2 B £ D A5 Y58 H A7 Tdh 5, bimolecular recombination D L — K A3,
monomolecular recombination D L' — k & V)  +473# <. bimolecular recombination %% Fil ]

Thd & &, HBEER

T
mw:Eg—%;mu)

Y Fgp 060

CITE W RF=eT7 7 TEOET VI LAV DE, TIZASHRETH S, bimolec-
ular recombination 23X BLH T H VK, BIRCEIE DS EMRAMED IFIfREIE 1 1TED <,
'Z monomolecular recombination 23K BLIZ RS &, ABPOEIREMRGMEIZ LY KEI<RY, b
BlEREE K & < 2% U798 BULIETIZ ILBIERER 2.29 & K & REREMRAMELS BN, Bid
D & 512 Vo A3 TlE bimolecular recombination 23 % E I TH 2 &\ D HENH 2 55, B
HETDFE 7 TlEd U5 monomolecular recombination M Z&E N K Z W, Z K ERPIZF v
D7 NIV TIRLRIIHEHET D I L2 EEKT 5, BULIRITLLHIHRE 1.24 THo 7=, W
NIMDRTERKOMENFSNTE Y P HEE T TRy ) TEENEE-2ILI2LD
bimolecular recombination D55 & HfE T X 5,

SEHRE AV WK CIFBVLEL O EIZ & 69, EMRBEGRD SBHE LGB N AL N/, ik
EWNI WD, F v ) TEENAZ <. monomolecular recombination DFZEEMN K E < >
Il EAbND,

PAED &SI, WHYE O LA SEN 2 W2 KG@EIm T, ALz X VRPN RE <L
TEMERPEONZ, TORRIFEBRINEDOHRFLNZHETIEZRS, Fv U 7 OE/MNER
RO EFIZH S & FRINZ, HE, FERHEER/HEREEDGHRERAEDN &, R T
Fr ) TIEISHET L EEAEENRR D 2 Bbh o7,

RUERIZ & 2 ARGEIR KGRI ORER EIXMBORY) v —PED FORTEREINTE
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5.6 ELIEBDRHRDARER

EALEE DS AR 2 FHW - KIGE MM EIZ 5 2 2B 2 62T 5 2 & %2 HWIZ, DmPP-
012 & PCgBM DR EVEREO WM R %2 1772 - 72,

5.6.1 {RICTRHEREIR

300pm 300pm

Fig.48 Reflection polarized optical microscope images of DmPP-O12 and PC¢; BM compos-
ite thin film under crossed nicol. (a) Before thermal annealing. (b) After thermal annealing.
The scale bar is 300um. The texture changed from dark to bright during thermal annealing,
which indicates molecular orientation changed.

Fig 48 IXEA OB O KHFELHME T ETH S, 7B AZ I)VDOSRM T TR
U7z, Fig.48(a) 2 EUULHLET, (b) 2BUMULEETH D, HIKOE XA 200nm & W2 & & 4T

THREL TV ZETYZT— 3 YAUNIOD, BULEEET & 8 TRIRD T A0 H S B
ZAL U7z, ZOZFBMIORGE & IEO TR I Y, KL & B IERERANETT

%, BUHEDE TRIEIZBEB LT 10 0056 15 SFEETH 205, BRENHENIE ERFIDD 215
fHAIZHD > 72, 30 73 CHEE IR T 95, Z OImECBEMER G D Z AL/ 7 DOBL M AR
R UCTEENSKEANEEDS 22 % RBT 5,
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5.6.2 XRD fIE
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Fig.49 X-ray diffraction patterns of DmPP-O12 and PC4;BM (2:1 w/w) composite thin film,
before (blue line) and after (orange line) the thermal annealing. In both cases, measurement
was conducted through a 100 nm Al electrode onto the thin film layer. The inset shows an
enlarged view from 18° to 22°. The gray line is calculated by least-squares method.

Fig.49 MREAMEMED 1 X5t X #EF/NZ—2Th s, BERD EIZ Al 27&8E LT3N
ADMEET, Al 2EZ U CHIEEZIT R o7, 1 VY ME 18~22° DILKK T, EARIFE/D
TEHEICL DAL TH D, BULHERET (blue line) I3AKAM] 3.25° (28— 27 BN, d-spacing
13 27.1 LEMRINZ, — ., BUEBIEZOEADHNE — 7 IF5ERITHI U, b YI
19.9° |2 d-spacing »% 4.5 IZX G U 7259\ E— 7 D3Nz, BRERIIZ 3.25° DY — 7 X5
TFOEHIZHIE U, 19.9° D¥ =235 FRIZHIELTWS EFEZ 6Nz, ZHUED T ORLH
DEMUZH U CTHREDN S KEANZBL U2 L 2Bk U, (@CTEMEIHSER e — BT 5,

Fig.50 7‘)‘(%:.@5%0)2/9(75 XRD HIEFRTH S, BMHLAT (a) MMM 3 RETDOE—
I I N 1 RuDGEICEREFE =B R{OENEMNo-0DIF, HEOMHEED AT

5, —Ji. BULHELEE (b) ILRD EEMAOYE =T IFHHMHEIZH< AL, LML, KR L TKR
HINTEY, AR E FEEO - TRERER IR > TSI DBFEL TS, FLELC
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Fig.50 2-dimensional X-ray diffraction patterns of DmPP-O12 and PC¢;BM (2:1 w/w) com-
posite thin film, (a) before and (b) after the thermal annealing.
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Fig.51 X-ray diffraction patterns of DmPP-O12/PCs;BM (2:1 w/w) and DmPP-O10/PC¢ BM
composite thin film. (a) Before and (b) after the thermal annealing. In both cases, measure-

ment was conducted through a 100 nm Al electrode onto the thin film layer. The d-spacing

calculating from lower peaks were smaller in the case of DmPP-O10 than DmPP-O12. This

results indicate this sharp peak can be attributed to the molecular long axis. On the other hand,

small peak around 20° appeared in both cases, which meant this peak can be attributed to inter

molecular distance.
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(dodecyloxy)phenyl)-2,5-dimethylpyrrolo[3,4-c]pyrrole-1,4(2H,5H)-dione  (DmPP-O10) %
FAOWTHBROHIE 21T > 72, #ERMN Figsl THD, BUHFICEONDEADE — 1%
DmPP-O12 ® 3.25° 6, 7IVFIVEHO KW DmPP-O10 T 3.97° L JRAMANZY 7 N Uz, 2
D7 NM& d-spacing WNI < Bo/-Z 2 #EKL, ZHik DmPP-O12 & 010 0)%?%@3@
MIERT B, 2F Y. BARODOYE = 2IEARX T F v VIEEDPIERT S 51 J& O e Pk
JHl, AEY I— MERTH FRERICE VW TEER AL TS, —7A, fﬁ?fﬁﬂ@%b‘
¥'— 213 DmPP-O12, O10 WNDGEIZE FRICEBR X v, ST VX IV O R X I2H#
BRTHho7z, ZOZLEVIEMAIOYE—2 PN HIERATEDINY 32 7Tk £ %4> iR
BEZHIG L TWS, DE D S F2EMRITH UTKERATH S Z & BRI N,
PAED & S ITmAEHEMEE L XRD Blh 6, RF—/7 7 & 7 RIBEEEE S O 5 T OBl
A, BRI &) FERITH U TEEN S KFEANEZT DI ENRMI NS, 2 OFERITMHESE
BB OFER (AT -HEE) 3 I<—HT 5, L<HOoNAFEFEEUT, BWREME
% FIAELICEEL 725404, BIZIXBEHEP S DAY Y I — N THBEET 5 & o FIdEMITH
UTCTHEICRATE Z WD DL, RRTERABOBKNE I > TH Y, HMIEERISEEMEHE
BN U TN TRERAT 55, BT XI)NVF—255 2 & TV LZELRKERIMA & 21k
ZEDEFZObND,
Fig.52 I&[[ U ¥ n o ¥ — L&t & KD 2N YE 2 R X R0k (Dec-PP-Ph) &, PCg BM
DEAERDEED XRD HIEFRTH S, MR — 7 BMEMMP» S @R ETEH NN, Z0
¥ — 2 3BT L R o, ¥—2 25 BFEE 55 d-spacing 13 17.2A &, 7%
BAMO TR 32.1A LV, BRI U THTFRANT NS Z 2 ARBINEH, Wih
W SRR AEIEE S NE N2, Uad> T, OFE RO HIEITE S E D %48 IR A T
HY. FWHEWEIIIEOSNZ R THD,
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Fig.52 X-ray diffraction patterns of non-liquid crystalline Dec-PP-Ph and PCs;BM (2:1 w/w)
composite thin film, before (blue line) and after (orange line) the thermal annealing. In the case

of non-liquid crystalline material, molecular orientation did not change.
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5.6.3 TOF-SIMS HIE
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Fig.53 Atomic distribution of DmPP-O12/PC¢ BM (2:1 w/w) composite thin film on a
glass substrate determined by TOF-SIMS. Primary ion was Bi***, and analized area was
300x300um?. (a) Before and (b) after the thermal annealing. In both cases, the distribution
of nitrogen which indicated a distribution of DmPP-O12 was uniform in the organic layer. This

results mean segregation of each molecules did not occur in a vertical direction to the substrate.

EREABI D F I — BRI TIROBL 22 DX EFZ D MHEANH D L S, TDZOBE
ROWFRMELEFRIRD 7 T — L VEFERIFEWICH R U TEET S & PRI N, BBz X -
THEMRTS U THEA IR 2R U, R EtR B U 72582 D o 72, M5O R
TR ET 2256, TAUXEM/n/n+p/p/IEMRE VD p-i-n FEEBERINZZ LIZLD,
ZD&EDBEBMBIOESG 2 REGELUTEERT S Z L IFRETHY . & UIEMEIORET
BULIIZ X 2 p-i-n BEVEB I TONIX, BN AKERTHE 4B TIERF—/77k
TR DIREGE % i(interface) B L RILT DT, EEIZUAZN>7), T2 CTRATHREE = RA A
VB RS HTER (Time-of-flight secondary ion mass spectrometer: TOF-SIMS) % FHWNT A T A%
W EIZIEE U 72 DmPP-O12:PCi BM=2:1 DR A HEIRDME S DR 24778 0 72s —RA
VI B, MR I 300x300um? Td D, Fig.53(a) MEULIELHT, (b) BEULHEL D T
FENMATHD,

C & N2WEHMEL SildATAHERTH D, BEORM»NSA/NNY ZF D720, &HIZCN
MR, AEEZEHID KDL EHEKO Si B INnz, ZLERERTHL, RSF—/T 7
B TERTFEEIICEELM. NIEZRF—TH2 DmPP-O12 DI O E T —)LERIZDAIEE
T2, NODARTDEERT—HTORHTHD, NOEIEEIZC D 1.75% L%
<. MEFREIN/NI W) 100 £50 TRU 2, BULEEFTHE T N O I A EE S T/ T
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Hole THNERF—/T I TEAORHPEI o TRV L 2RT, YHHIGL /- n—i—p B
BREIIRINT RN 720, ZORERITIFRRIBEME L BRI T 7 — L VEEERDOES!
I 2EANZHRTHD L FE R D,

5.6.4 AFM &%

INE T, XRD HIEIC &Y BERADS TR Z B 522 U, TOF-SIMS (2 & W #E A DT
FRHN—RRTHD 2 AU, BB AFM IZ X2 REBIEERERT, AFM (&Y
KEIREBIRE U TOBRERELZHERT 2 DI1E. AHABEMOMET RN TH D,
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Fig.54 Topography images of DmPP-O12/PC¢ BM (2:1 w/w) composite thin film on a glass
substrate determined by AFM. Dynamic force microscope (DFM) mode was used because the
orgrnic material was senstive to a mechanical contact. Measured area was 2.0x2.0um?. (a)
Before and (b) after the thermal annealing. Before thermal annealing, the surface was flat
(RMS: 2.0nm) owing to an amorphous nature of PCq; BM. On the other hand, after annealing,
the sueface was changed into rough, and a lot of grains were observed.

Fig. 54 &, BUUBLRIBORDET7 A0V —% AFM IZX D BIR U ZERTH S, HemEix
2umx2um, ABEMEHIBS A R B39\ 2, ) > a2 N E— RO—FETdH S dynamic
force mictoscope (DFM) TIEEAMDHIE % 1778 > 72, (a) BEULHEF], (b) DEJUIETH 5,
B ATIIEBEORMIZIERICT7 7Y FTHY . ZF MM T (Root Mean Square: RMS) I&
1.5nm L EHEI Nz, —H, BRI PHAZREIIMNAEN, 2807V 1 VBB h
72o RMS & 16.3nm & 1 i REI < ARo/z, ZOFRITDFORMDE, L FERIZ, 9T EE
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Fig.55 Absorption spectra of (a) PC¢ BM, (b) DmPP-O12/PCs; BM (2:1 w/w) composite thin
film. These films were dipped into diiodomethane to remove PCs; BM. Indeed, absorption of
PC¢BM was disappeared after dipping for 30s. In the composite film, absorption less than
550nm was decreased owing to removing PCq; BM.

Fig.55 IZ PC¢;BM HAKD i ¥ . DmPP-O12:PC¢BM iE A D, Ya—RA X 30 7
RIERTR DRI AR Y MV%E RS, Fig.55(a) (ZH D & 512 PCqiBM DIEINIX, 30 DY 3 —
RAZVIZETIFIFZRIIHEI L2, ZHIXESGEBES TEHKT, BEAEREZIRET S &,
PC¢BM DGR3 7213 RSEE DS T 2%, LA L DmPP-O12 HIRDEUIZEAL L TR,
INEYVI—RAZRVEHNWD Z LT, EIRNIZ PCoBM DAZID RS 2N TE A L

®RY,
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ZHIZIE 2 DDOERNE X 515, 1 DiF DmPP-O12 HAD&EEMEAME < . AT %%
fRMEDNE S BoT W22, 5 1 21 DmPP-O12 & PCe;BM 23k D HIMIZIEA L TW5 /-
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91



5.6 P ORI IR DM

(a) before dipping

0 40 80 120

[um]

height [nm]
D
)

%904 08 12 16 2
distance [um]

(b) after dipping

0 50 100 150 200 250
] [Nm]

180
150
120

90

height [nm]

60004 08 12 16 2
distance [um]

0 04081216 2 [um]

Fig.56 Topography images of DmPP-O12/PCs;BM (2:1 w/w) composite thin film on a glass
substrate. (a) Before and (b) after dipping into diodomethane for 30s. The film had been
thermally annealed at 60 ‘C for 30s before dipping. Measured area was 2.0x2.0um?. Numerous
grains owing to the thermal annealing was maintained after dipping. That indicates these grains
consist of DmPP-O12, and PC¢; BM was swept out from the liquid crystaline material.

Fig.56 », EULEE % fii L 72 DmPP-O12:PCgBM i % 30 MY I — R A X VIZREL /-
HittD AFM & TH 5, HIE ML 2umx2um TH 2, VI — RA X VREIZE Y PCs;BM
EBROWTEH, KERT LA UEEIRMREINZ, 2FD ZOKRIRT LA ik DmPP-O12
BEL-HATH D, Figs6 HOMH TR 7 7 ANV EHD L, YI—RAXVEREIZE>TH
XAMIZE Y RERMIYMWENTNS, ZTDI & &Y PCqBM IFEEMEIDIEK T2 7L A
YOMEMDDZ ISP THEEL TV ZEEZOND, ZHUIBMMIZ I >TRF—/7 72
Y SROMDEENRIDZ 2 RLTWS,

92



5.6 P ORI IR DM

Thermally annealed sample (a) Al was removed (b) PC¢,BM was removed
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Fig.57 Topography images of DmPP-O12/PC¢BM (2:1 w/w) composite thin film on a
glass substrate with Al back-contact electrode. (a) after removing Al, (b) after dipping into
diodomethane for 60s. The film had been thermally annealed at 60 ‘C for 30s before removing
the Al electrode. Measured area was 2.0x2.0um?.
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Fig.57 3 AFM BEGE R TH 2D, Al DREBDER (Fig.57(a)) & RMS2.62nm & FHTH
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ZOREZBMIYDEEIBIZ SNT VDS, HEWT, LA YV 2EETL20 Al %R0 7-
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Fig.58 Schematic illustration of photo-carrier generation processes of organic thin film so-
lar cells. (1) Light absorption in the donor material. (2) Photo-generated excitons diffuse in
the bulk. (3) The excition reached D/A interface changes into charge transfer exciton state.
(4) Charge transfer exciton state dissociates into electron and hole, and the free carriers are

collected by internal electric field.
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(a) Dark (b) Light (c) Light+bias
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Fig.59 energy diagram under short circuit condition. (a) under dark. The fermi level of each
electrode is matched owing to the short circuit. (b) Under light. Carriers are generated in
D/A interfaces and transported along a internal electric field. Carrier collection efficiency is
discribed as ncc. Some of carriers recombine or become charge transfer exciton again in the
ratio of 1-ncc. (¢) Under light and reverse bias. In this condition, there is a large internal
electric field which enhances carrier collection. Hence, n¢¢ is close to 100%.
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Fig.60 Experimental system for external quantum efficiency. Light source is SO0W Xe lamp.
The light passes through an IR-cut filter which removes longer wavelength than 800nm. Then
the light is separated into single-wavelength by monochrometer. A mechanical chopper chops
the light with a duty ratio 0.5 in a frequency of 20Hz. Finally, the light is concentrated by a
condensing lens and illuminated into a sample. An output signal of the chopper is put into a
lock-in amplifier as a reference signal which synchronizes chopper with lock-in amplifier.
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(a) no bias condition (b) Reverse bias condition
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Fig.61 Results of photo-current measurement with a lock-in amplifier and an ampere meter.
(a) Without applied bias. (b) Under reverse bias. Measured sample was inverted type with
DmPP-O12:PCq BM conposite photovoltaic layer (same as preceding sample). No bias condi-
tion, calculated IPCE measured with a lock-in amplifier well agrees with that measured with an
ampere meter. On the other hand, under reverse bias, we could not measure exact photo-current
with the ampere meter owing to large dark current. In contrast, the lock-in amplifier gave us

reliable results.
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Fig.62 (a) IPCE spectra of preciding sample (inverted structure) before thermal annealing.
Reverse biases were applied from 0 to -15V. The quantum efficiencies were improved by the
applied bias owing to the enhancement of carrier collection. (b) Carrier collection efficiency
calculated from the results of photo-current measurement under reverse bias.
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Fig.63 (a) IPCE spectra of preciding sample (inverted structure) after thermal annealing. Re-
verse biases were applied from 0 to -10V. The quantum efficiencies were improved by the
applied bias, however the incresement of IPCE was smaller than that of before annealing. This
result means carrier collection efficiency of after annealed sample is higher than non annealed
one. (b) Carrier collection efficiency calculated from the results of photo-current under reverse
bias. Indeed, collection efficiency is about 6 times higher than before annealing.
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Fig.64 Photo intensity dependance of carrier collection efficiency after thermal annealing.
Neutral density filter was used for reducing the light intensity. Carrier collection efficiency was
independence of illumination light intensity, which means bimolecular recombination doesn’t

dominant in this system.
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Fig.65 Calculation of efficiency beginning with solar energy.
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Fig.66 Absorption spectra of DmPP-O12:PCq;BM=2:1 composite thin film. Solar energy is
also shown. The solar power is normalized to its total is 100mW/cm?.
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