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Fabrication and Characterization of Film-based Organic Electroluminescence
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In this study, we report an investigation of the fabrication and characterization of film-based organic
electroluminescence (OEL). The film-based OEL was fabricated by deposition of 4,4,4"-tris[2-naphthyl(phenyl)amino]
triphenylamine (2T-NATA), tris(§8-hydroxyquinolinato)aluminium (Alqs), LiF, and Al on the polyethylene naphthalate
(PEN) film. The film-based OEL indicates the green emission, which is due to the fluorescence of Alqs, and highest
luminance reached 4408 cd m 2. Additionally, it was also confirmed that film-based OEL indicated the green emission
in the curved state. From these results, we concluded that the film-based OEL functioned as a flexible OEL.
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1. #

AT L7 hr I xyt A (OEL) I3HEBEE S OS Y I3HEE R L2 NT A 2D Z L Th
0, Nv 774 NPRETH DL ORMTFTRE T LR U THEEEATRETHD. -, m¥st, \mE, &
ISEMEIR EDRHEIE A L T D Z EMBIRIR T T v MR LT 4 AT LA 7 EICRIA ST b. OEL 12138
ThE IR AR F T XA RN Z R TR I EIRD SN TRY, BEMEIO AR L O OB DA
DT TN H U, Cassandre © 1% 4-phenyl-N-carbazole-spirobifluorene & 4-(3,4,5-trimethoxyphenyl)-spirobifluorene
BERL, TNk ONTE 7% (BQE) =202%), Ht (EQE=9.6%) % ~7 Mt OEL Z#& LT\
%O, Sylvain H{X K — (D) ELTARFT T 22U A RFUFTTFN, Tr/ETHZ— (A) LLTOTVV
EHT D Dn-A Ty v a-T NG OTa R ALOHIRINC X D AR A RE LT, Eio, IEFLEEME
B DXV A T Ly 7 ZFNEFIH Uiz A5 OEL ORI &6 STV @10, Saisk7e s
Y6773 OEL {ERLD 72 O ORFFEITHT B EL O G721 T <, IEFLERERE & 5Ot & O Tt 2 2 bk kig o 7
T F OMFIRLCEMEFEA DML LICHEAN LY TON TS, HEFIE LT, EfLEERE L BEE & o~
DA B =AY —OFADRRE SN TEY, i =HEICRIED 7 = FOMFHIRR LG 48 0 Pl 5%+ ()
DT vy ZIZ KD mEEFEHRE S TN LA,

— %I OEL 1 ZEEMEHN T A& HA L L TER SN T A0, ERLOBRIZIZ T 7 v Mo RE 92l
ATEDLICTVHR VT IMEEEE L7 4 L2 OEL OERL gt ST 50510 JTETIE 7 LE v 7L
720EL A¥— h7 4V ROEL 7 L EZR ED a7 M b TEY, 5% OEL DN L 725 Th
A9 ETREINTWAILIY, 2= ¢ KEFZETIE T 4 L AHMR A V-7 L 27 L OEL OFERL & 3l 4/t L
To. RKEGEMO LS 7 hr=2 A7 2SN TND 7 4V LHEMRD 1 2 & LT Polyethylene
naphthalate (PEN) 7 (/L ARSI TV D728, OEL O EHE L THFTL7Z. PEN (X7 7% LU B EETeR Y

T RAESEA 20174E2 H 28 H
OSBRI KRR
LR BB bR A
BT =N IR— M H—
ORBIEHOAS BREE - AR
E-mail: hara@fukui-ut.ac.jp

— 153 —



TANVAEERIL 2 baL 3 2y by ZAOER L FHb

TRTID 1 OTHY, MERTT7 XV UBREAT D IO ERME MmN TV 5. LIENcF~ & PEN
T 4V F AR LT D BRI EM A VERL U, 59 1%DEHNR A2 IE LT\ 5 Z &b, KAFFE Tl OEL
DIEMIZ PEN 7 4 LV A ZFE L, 7 4 VL8 OEL OFERE & 5l 2 547+ 7=

2. REAEE
2.1 ITO-PEN Z4 LLDIT Yy F T Lk

Indium Tin Oxide (ITO) -PEN 7 4 /L2 (7 ¥/ « T2 ) o o— RS ##E29 mm, #530 mm (20
ML, ~AX> 77 —7 ({12 mm, #§30 mm) ZHEE L. v~ AX 7 LIZITO-PEN 7 )V 5% T T AF v
IRy I AD EICERER, ST AF v IRy 7 ARNICK 6 g D Mg & A, D EOZEFEKENMAT-. 70mL D 6
MIE#REINZ, TT7AF v I Ry 7 AZHEE L, MERESEL LTy T U T EIToT. D%, REKT
ITO-PEN 7 4 /L ADOFEE A2V L, EEAFUKEKIC S mn J@E L. ~AX 7T —7Z2HNL, =yF o0
NENTND Z & & HIECTHERR LT, FYESERIZ 11T 724 —E T ITO-PEN 7 4 )L ADFKE &P L, LA
HC 20 min BE RPN AT o T2, D%, AEK, =& 7 —N, T NCOIRTHREITo 7. FEkS, 7 K
PHEBLIOT T R 7T UHRTEREIL 20 min EEREBES L7, &K, =% 7 —N, T MDIET
Vet 24T - 72, AR IRE2EIMEERREEE (senjyu VX-200HK002) % VT, ITO-PEN 7 /L AFEIZ UV % 5 min
MRE L, BT —HATHR2 Y 2T L7
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Fig. 1 Molecular structures of 2T-NATA (left) and Alqs (right).

2.2 74 )LLEOEL DEEE L UHIE

4,4’ 4"-tris[2-naphthyl (phenyl) amino]triphenylamine (2T-NATA, Luminescence Technology Corp., Fig. 1), tris
(8-hydroxyquinolinato) aluminium (Alqs, Luminescence Technology Corp., Fig. 1), LiF, Al %755 HR— MIAN,
HZeKELEE (ULVAC, VPC-260FA) FHIIA— MEMEE L. 20, BZAREEE Moy F U 7B ID
Ve & D ITO-PEN 7 4 L A ZRRE L, ~V T v —& 7. BEt o —H 02 0mET 572012, JHERMAEE
& (NESLAB, RTE-100) Z i) S7-. FHZZREMEORINER N7 v TWICTHIRE R 2L, FHZZEN 2.7 x
104 Pa LA N L7 DFE T, MIREHREZIEA L. D%, 2T-NATA, Algs, LiF, Al DIEIZEEEZITH> L T7 «
L OEL ZER L7z (Fig. 2). 22T, AKfREFENE= e —F (ULVAC, CRTM-6000) % HvTH1
J& (QQT-NATA B XN Algqs), LiF, Al OFEZZ24050 nm, 0.1 nm, 150 nm [ZFF%E U7, IEfE7 IS0 245
% 1= O il R R E S (ULVAC, Dektak) % HW=filEHAIZ K- TIREZMIE Lz, WILALT bk
KO AT MUTEN TN RE (Hitachi, U-3310) , #0655 E6HERT (Perkin Elmer, LS55) % VT
WE L. 74 VL8 OEL OMEEE-EE-EiR (L-V-1) FePEITEEEENRE =4 — (Advantest, B-74-1266)
LHERERE (==X 3 /%, LS-1009) % HWVCHIE L=
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Fig. 2 Structure of film-based OEL.

3. MWR-FE

31 Al OBIRRARY FILELUVELRRY ML

T ) —VHIZBIT S Algs (2.1 x 104 M) ORINA~Y RVARE LTAER, W R (3 377 nm (Z8LH
S 47z (Fig. 3, black line) . F 72, 377 nm JiliL T C 520 nm T IR R 2 R385 A7 AR <7z (Fig.
3, red line) . [AIERIT, A TOD Algs DE AT RV HHIE LI-fER, @RI R 23 505 nm AT I8 S,
TH ) =V ERERERRE AR MARELID 2 E RS (Fig. 3, blueline).
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Fig. 3 Absorption (black line) and fluorescence (red line) spectra of Algqs (2.1 x 10* M) in ethanol. Blue line indicates the

fluorescence spectrum of Alqs in powder form.
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3.2 74 )LLE OEL OFFEETE

ERIL 727 (V8 OEL ICEIEZ N L7fE SR, MOOT A AR RSN (Fig.4). £72, 20Ok
X7 4 V25 OEL Z 8 SERECTHMERRSNIZZ D, 7L XU 7V OEL & L THERET 5 Z L AVRIR X
.

Fig. 4 Photograph of emission of film-based OEL in the curved state.

ZIZT, 7ANLE OEL OFT NA AN FEIIETH D Al IZRE L TWDHIRILE LT F—4 AT 7
T LOMERF L O AT "VIlE Z /et L7 (Fig. 5). 1TO OAEFREEIAIE A VW I8 se B L OV UV
WL > TRS0eV ERDZENMBNTNDD, Z 2T, 2T-NATA I LN Algs Dtk 5#uE (HOMO)
IXZNEh51eV, 58eV THDHI ENnD, BEIND Algs B~DIEFL (h") FEARZFAX—IZARETH D
LR ST BN D O e EAIZBWTE, P RAIRIZE S TAL 43eV) 26 LIF (29eV) ~~, LiF 2
5 Alqs DFARZERLE (LUMO, 3.1eV) ~eMEASINSD. LL, 2T-NATA ® LUMO (X 19 eV THH Z &
5, AlgEND 2T-NATA JB~D e EABEZ S0 2 GRS Nz, Ko T, Algs/ETh'e eNFFEAL,
TX U RUOPERT DI ETRNET DI EDZ RV —ITHHRETH D LRIz, £72, 7 1 /L 4% OEL
DHEIEANRT MVERIE LTZAER, BED Algs DEEART FL EIRE—ET HEE A7 bABBI Sz
INHORERLY, 7 4V LB OEL OF A ARITHNE TH D Algs ITEE LT\ 5 2 LR Sz,
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Fig. 5 Energy level diagram of OEL (left) and fluorescence spectra of Algs in powder form (black line) and OEL (red line).
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Fig. 6 L-V-I profile of film-based OEL (ITO-PEN/2T-NATA/Alqs/LiF/Al). Black and red marks indicate the luminance and

current density, respectively.

Table 1 Device performance of film-based OEL.

Applied Voltage (V) Luminance (cd m?) Current Density (A m?)

16 4408 3050

WIT, L-V-IFfEL Y 7 4 v 58 OEL OFRH 21T 72 (Fig. 6). 16 V OFEERIINEFCZIIT 5 7 ¢ /L A% OEL
DOFEFE} L OVERBIE X2 T 4408 cdm?, 3050 Am?2 5672 (Tablel). Z 2T, 16V LLEOEEZEIIN
L7, 7 4 /L8 OEL ORI R L OVEGEEITE L Lz, ZHuE, SERNRHIRAET 28U L - T
PEN NH b L7o72D LR S, AAFGEICEIT D 7 4 /L 25 OEL O 1% 4408 ¢d m? LIRES -, 22
T, VANZHE SN TWA H T A OEL O mlifiE & Ik 21T - 720D, ITO-T 7 A& Hii & U CTER S = o
A OEL (33848 LT 2- (4-tetr-butylphenyl) -5- (4-biphenylyl) -1, 3, 4-oxadiazole ZfEH LTk, 11 V
DOBEEINEEC BT DRI 1211 od m? L HE SN TS, —J7, AR5 7 4 V458 OEL 13 %8
A OEL £V 8 4 fEmWimEE2 R~ L TR Y, BMEHNIR > TV a0, BIEOAMIEEOHAT T 7 AR
OEL LV bW g 2@l L. ZRHORFE LY, ITO-PEN 7 4 L A% V=7 L% 7L OEL OFER
DAEETH D LR S 7.

4. % El
ARG TIL PEN 7 4 )V 5% W27 LS 70 OBL OFERL & Bl 2 MGt L7z, fERL L 7= 7 ¢ L A% OEL 1278
JEZFINN UT-FER, S0 T A 2R S, ZOFIX OEL 28 LI-REETHUMEE S, 7, %
BT A ZFEITFOEE & LTV Algs ICEE LTV 2 ERTRAF—FA T 75 LB LOHHEAY b
NI OFER S, 7 4 VL OEL OB L 4408 cd m? L5572, D OFEFR LY, ITO-PEN 7 1 /LA
Z 27 L% 70 OEL OFERINATRE Th 5 & STz,
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