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HMERE B ALK (OLED) £ B # P B FAAKMG —4
Bk, aFTREEAARZAGERLBENEAREE, K
iR EHWEE L AR BHHR BT TS MR
M, FEAEEGFAEXAEZAENL.

HHGRT AT MERR G E EL A, GleT 4
## (NPB #= CBP ). R EFBRUH LR &4 544 (DPVB
F= DPVBi % ). RLHHEES LA (BCZVB) AR S4B
L RAE, A A E k& T OLED B4 432 aA: Ot
DPVB #= DPVBi #4770k, MAREBRFE AR T Bkt B hofs
& NPVB A& NPVBi; Q& mIA4MNT CBP, FAURAA 84k4
MFFE)T CBP 4B FELK, X—LFAHKBE;, OORTHR
feAh B9 35 &35 4 BCZVB, F-45%45 4271 5 5145 ADN #= CBP
PREGRE. HHE, FELENHBEH, @B XM DPVBI
ARRR—BRHEH DCITB, #ARTLET4EE, 1257
B ELRBM; OFRILRT Z£4 BRAME KA £ 1
B> 5T o F oMt E st eg %,

Y& Wit T KBHTIFKAH, s OLED BASLRED
EAET—A2BEGTH, FATAR EHIE B B4
HRFE, FREHEAIRIZEY OLED #HHAK. 4184 Hf
AEHE LR s R X NBEHEEFR. SHFA, HHiE
., AR ERIKE, R—BHRFOHEL L. EZH PR
RAER, SAFMEA,
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SHSEREPE, T LA B T BVEE 2 AT DA R B R, VR R —
RFAR BB ARBARKEB N ITHRESA.

23 2N UE A ML R BUR bR R B AT T B
3, BT EMEEREME, HHETHXARR LS, &
T XEHEBEBER N BRETHRSTFEMSERCIERE
HIRE;, BFPRTZE8M 8 CBP B85 63wkl BC2VB flik
Je# ¥l ADN 4« BCzVB MIRMPER; L4 % DPVBI
BRANTH, BETHARARY; FRTZLXLBERESY
KR BRI ER. FRNEENES:

BERTERAEHFR NPB, DA NPB R USRI EME N
J&, LA PBD YERZNFHESH B, REAZE MRS, 3%
157 B ESIER NPB RISAFTE 2.8 6.

BT FHBRRETUE AR CBP, #8444 CBP H385¢
EREMAZNE, UL TPBi fEAZXHEMNE, HKERT CBP
AIEESE BRI, B T IS IR,

ERTHMEZBNBEEZBLECELR M B
DPVB. NPVB. DPVBi. NPVBi. X4 NPVB i NPVBi %% L
RIERIARE, DR R RS RIFOES REMRE. 4 RIB5
TENMNNEBUREHER, SHBRAREESESFEHNXE
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AT T o4, FEAERIE I %A T, L NPVB fERILZHIHS
fFEEL DPVB {ERGEMET, RIGBRMEEREEHZHLE
A EIFIIREETE, XITHE T NPVB GEE ML, DPVB 25, H
F NPVBi it DPVBi BRARENFEFHLERRE, HHAFE
WFHIAGRREN:, DL NPVBI fERCENSF, BB T GOERE
MEGRL, FHERCAETHEARERNARMENL, BF
B AR RETER) NPVBI B8 T O Ak R AT HYEE R B eHN
FAF.

BRBIST T LA CBP MEFE R B4 BCZVB KIRL
#EBT. CBP ¢ BCzZVB {ERGEH &HHEAF, BCZVB i
BAEBRTRIRE A 6%, B BRVBIRR T SN
B, BN EFHRLY, MH EREEA RS 2
OTTAEAL. PARESEHTE ADN RZEF#E%: BCZVB, MBRIER
TR EEMZE, BCZVB WREBARBIKERN 5% 5
HFIRIE 138247 Perylene AHLL, BCzVB RBME LI B MR
Bk, RARBHRERERRIR.

BRHFFT DPVBI B4u4k DCITB MR, R
FABCH R AR 1F45H, 7E DPVBI H1i87% DCITB fER AKJZ, 2%
HERTABRRE. BESARLIERE R 5T G+
TABRTHILBIRRE M, MR ET T B, K
JEAREEERBOAT R, fE—MEER (DPVBi) HiB—HyLs
(DCITB) fERMNE, ERTZFMHEZER, BhT i
BIREF R RIEL ZFHITB RN IFEHNE 0, X
S FAEA AL BUR GBI KRB LAY, H R B A AR A 25 4.

R T =ZREBENEEVERR MBI RER, NE
MR EBEROL B ERERE THERE L.

II.
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BT LiBq, 5 LiB(qm), . Liq &5 Ligm MIREIER, %t
EATRRBEONIE L Alq B B EB KT T 7.

BIR T TR Alq RIEENTEL LiBq, fER AR HIARF
BRI, BT ERNEE RIS nm &
H, RRRER R TEMENRE, XRERRTEA, FIK
B TAR . :

SRS PURE BALQ RENATBHRIERIFITE, A5 R
PSHEBORIAER MR R, T3 BB E MR/,
RATRE R RIS R TR PR B RN SR 5 T L i
HBUR NGB R T AT, MTFEEREERE, B
BRI TTRERSE — Ak (B 2-F15E-8-J2 2wk ), Ti4E AT
PR EMRAN, RO HNTERD. R, Rt .
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Abstract

For recent years, organic thin film electroluminescence(EL) has
been a hot topic for research, development and industrialization in
the field of flat-panel display technology all around the world. In
comparison to other displays, organic EL technology has such
advantages as super thin, active luminescence, high brightness, wide
viewing angle, fast response, wide temperature range, low price, full
color and flexible screen, ezc., showing especially their superiority in
the field of small and medium size panel. ‘

Blue organic thin film EL materials and devices were
investigated in this paper. Many blue organic EL materials were
synthesized, corresponding EL devices using these blue emitter as
emitting layers were fabricated, and EL of these materials
themselves were achieved. The connections of molecule structures
and EL properties were discussed. Luminescent properties of hole
transporting material  4,4’-bis(9-carbazolyl)-1,1°-biphenyl(CBP)
doped with blue dopant 1,4-bis[2-(3-N-ethyl carbazolyl) vinyl]
benzene(BCzVB) and 9,10-di(2’-naphthyl) anthracene(ADN) doped
with BCzVB were studied. A white organic light emitting
diode(OLED) having an emitting layer consisting of a blue host 4,
4’-bis(2, 2-diphenylvinyl)-1, 1’-biphenyl (DPVBi) and a red dopant
4-(dicyanomethylene)-2-t-butyl-6(1,1,7,7-tetramethyljulolid-yl-9-enyl)
-4H-pyran (DCJTB) was achieved. Luminescent properties of three

v
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kinds of metal complex EL materials were studied. The main
contents and conclusions are as follows:

Hole transporting material N,N’-bis(1-naphthyl)-N,N’-diphenyl
-1,1’-biphenyl-4,4’-diamine(NPB) was synthesized. A blue OLED
with NPB as a emitting layer and PBD as a blocking layer was
prepared. The blue EL of NPB with a good blue purity was achieved.
Hole transporting material CBP was synthesized with higher yield. A
blue-violet OLED with CBP as a emitting layer and TPBi as a.
blocking layer was prepared and high luminance and efficiency was
realized. Blue-violet light emission originating from CBP was
realized in OLED for the first time.

Four blue EL materials—distyrylarylene derivatives: 1,4’-bis
(2,2-diphenylvinyl)-benzene(DPVB). 1,4’-bis[2,2-(1-naphthyl, phenyl)
vinyl] benzene(NPVB). DPVBIi. 4,4’-bis[2,2-(1-naphthyl, phenyl)
vinyl]-1,1’-biphenylNPVBi) were synthesized. To our knowledge,
NPVB and NPVBi were not reported before. The EL properties of
the four blue materials were studied. The relation between thermal
stability and molecular structure was discussed. NPVB showed
better thermal stability than DPVB, and NPVBi showed better
thermal stability than DPVBi.

In particular, the CIE corrdinates of the OLED utilizing NPVB;j
as emitting layer could keep better stability all the time under
different current density. So that the novel distyrylarylene derivative
NPVBi is expectable as a new candidate for blue light emitter in
OLED.

The luminescence of CBP doped blue dopant BCZVB was first

\%
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reported. The enhanéement of efficiency by doping BCzVB into
emitting layer CBP was achieved, it is due to energy transfer from
CBP molecular excitons to BCzVB molecules. A series of blue
OLEDs with the emitting layer consisting of CBP doped by different
weight concentration BCzVB were prepared, and their EL properties
were studied. When doping weight concentration of BCzZVB was 6%,
the OLED had best luminance and luminous efficiency, and showing
independence of CIE color coordinates on current density. The
enhancement of efficiency by doping BCzVB into emitting layer
blue material ADN was also achieved. The  OLED had best
luminance and current efficiency when doping weight concentration
of BCzVB was 5%.

Particularly, as a blue dopant, BCzVB can realize higher doping
concentration. Meanwhile the reason why the concentration
quenching of BCzVB is far less than that of Perylene is also
discussed.

The photoluminescence(PL) and EL properties of blue emitting
material DPVBi doped by red dopant DCJTB with different weight
concentration were investigated for the first time. According to the
PL of DPVBIi doped by DCJTB with different weight concentration,
the OLEDs were demonstrated with the emitting layer consisting
of DPVBi doped with DCJITB. White light emission could be
produced when the concentration of DCJTB was 0.125%. The
white device showed a little increase in relative intensity of blue
emission with increasing applied voltage. This phenomenon is
explained by the Fowler-Nordheim carrier tunnelling injection

VI
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theory. The consistent results of PL and EL indicate that the white
light emission mainly originates from energy transfer from DPVBI
to DCJTB. .

Luminescent properties of three kinds of metal complex EL
materials were studied. The EL of these metal complexes all belong
to bluish green color according to their CIE coordinates,
Luminescent properties of Liq and Liq,, LiBq, and LiB(q,), were
compared, and the reason why their EL spectra had blue shift
compared with Alq was also analyzed.

The effects for thickness of electron transporting layer(ETL)
Alq on properties of electron injection of OLEDs using LiBgq, as an
emitting layer were discussed. In general, thickness of ETL should
select about 5nm, which can not only avoid emergence of
luminescence of ETL, but also improve the electron injection and
reduce operating voltage of OLEDs.

By comparing luminescent properties of four BAlq EL
materials, itis thought that the second ligand has obvious influence
on PL spectrum of BAlq material, but has less influence on its EL
spectrum. It appears that this phenomenon should be due to the
different luminescent mechanisms of PL spectrum produced by
photo-excitation and EL spectrum produced by electric field. The
first ligand (i.e. 2-methyl-8-hydroxyquino-line) plays a main role in
making EL spectrum of BAIlq material blue-shift, however, the
second ligand has less influence on EL spectrum, and only has
influence on luminance, efficiency and stability of device.

Key words organic thin film electroluminescence, blue, materials, devices
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