N3 LR LA ©

HBEAIERENRKE
B F otz

e #: Ao
&l BEERE
G

.l S XA
S S



2003 £ LB AFEHE ALY

I AL R B B A R &
Fr- T Rtk BB 5T

e & kil
£ A AEY
5 U HEH

LB X AL
. k¥ .



Shanghai University Doctoral Dissertation (2003)

Study of Blue Organic Thin Film
Electroluminescent Dvevices and Interface
Properties

Candidate: Zhu Wenging
Major: Materials Science
Supervisor: Prof. Jiang Xueyin

Shanghai University Press
 Shanghai *




$%i%%ﬁ§mﬁé¢§A$§ WA & LifE
KNS SCURBEER.

BHEREL R
FI: XA
R BRIt

ot T
7 ol -2
FREH

Fi:

HEE

&ﬁ,iﬁx#_ 201800

AR, LAY 201800

MR, REAMESHEHLA 130022
AR, LaXFLFIZEHEZE 201800
Bk, LHEXKFATFEZEMHE 201800

&, LEHEXF 201800




AL %

E O
PUETS
ot 4 T

PRI H:

i)
REER
IhE I
SRR A

MRR, LERAGRHT AT
HRR, LHRARGEHTPT
MRER, KAEXNE WAL

AR, LEXFETREMHAE
AR, LEXRFHEFR

Hix, LEXFLTELMHA
R, LEXFLTREEHHR

200083
200083
130022

201800
200436
201800
201800



It E R A X L IRiE

n}’;

HWGENR & L %M (OLED) 44 —#EA TR EF
FERLRA B A EFRLEFRAR = LR &8 Xz e —NH#RE.
R AR AL T 6, A T2 EEGF AL
T VE G LR A%

AXNBEANEELHAABHARGHEREFTT 24
WA, BAMAERA B4 4, BERA FF 0 B4
MAFE| T B RE A AR Bood K &K R B, B R B4
85 EREG T B RE A SHe9E, 5 OLED ¥ HALEH
W RBATT BGAR. IR ORAMIBELMEHT
TR G E EL R, R RIR ST B A
FNPD #9 B ¥ €4 %; QB AMH DPVBI ARXFHLELA S
RAEFTFHEH Perylene, 3KIF T Perylene 9 &L K, ZZH A
BiAF) 6123 cd/m’, ANIRE; OBiLEF NPVBiFodw F45#r
A Algy 9B EARE T EEAFREBRENBEERLAES, @4
WX T OLED F#ALSMHRGEM,. HEME, &
FIRRRMHBREAN T, AAERREG, RERATADE
K, BAFE; O Ceot ITO 5 & RAEH EZ F] 6 Rl #4715
A, RETHANURKL LS4 HE.

AW RPAEH B LR GK K+ L mbsein, FHLKE
#FE, # OLED A RH&TMed@, L4 THIMF OLED
RS, CXARSE. pMEH, REHLEIRE, £
—BREGHL AL, EELHTREFE, AP ER.




ZEFERRRE, 4}%—‘; Irﬂ %@Q*xzﬁﬁ Fei b F a0
LA, BT IFEHE

EMEREER: XA
20034E 6 A 19 H



WAL B R BCR VR R A WA

wm =

AP SO IR A H —REPFR B, BEEFHEK
SMBEIA S RERSMEH A BEEERREER, &
A AR B T%Jﬁiilﬁﬁ%ﬁt;‘i SIRAANTH 28 7R E /9%
ERH+AFEANBANR. Z4CRETRAHRRE, ‘*Mv‘%%#
U TR M. R EREERNEHOBNRE, ETANE
K, K BAE AR BB SR 1 B B354 H1 0 PR B 28 -

FICEZ IR SRS ROLHLE AT R A
PSEAR R, BTITE B RCEBIHS 0 SRS, WEE AW
RS R E BT, IRNEEN SR

(1) ERDRBES AR, EREFRRLMRE A RER
BRI

WA FIANBTERENE SN, BB 8 2 Rrm
HARCR MBS RBOCERE. T  FAMAStE R R B B
A 7BARR, SEIR T 2R I €6 K. BFFTR Y
R HIRENEE. BRURBGT, RHRERAERRILR,
RE T REFER 6123 cd/m” MK TR, RTRAHEERT
WERLE. ERRARERNEEERERE T, BRI BRANET
H&H, BRE. DK ZEATEY NPVBI AR AR, BTHA
FHEMRRZME, @Y NPVBI AR THHERERE, &
BTHEMEAEERENEERMT. SRR, RLEMET
4?%)23’]@&2‘!%615‘&?3’15‘*%7;@’6!:@% RABBRRERE
BRI




2003 4E ¥ RS20

S F SR BRI SO 6, EIBRERILAS, KA BT REM
LEBEN, FRT O RFRNERCRN. RN, SR
AR OB R E R RS ER &Y, URRIELLE
AFEAZHEEEYRFHIEM. H EL g, BREILY
RS PL M EL B LB AR SE T MEE SWNEFE. S7-E
BEE SR MBS AR, BEEREEE S
A LB R BERE SR, REEE R, EFEAREH R
REREBEREY, R’ET EMAERTHEE RS,

(2) WHHRLEEH, FEAEH, REMFHSHEUIR T#HES
BT AR S B AR,

P AL HAA KL TPD F1 454k kL PBD 4L AR 2844 A1
RERERIE, EL XAEREAFARONZERSN, FEEMHE
YRR RIS B35 EMA RS, RPET
TPD/PBD 3 i 45 511 Fl TPD:PBD JB-& & 5t 2 2 Fe s B B 3 Xt
BRI R AAR.

MRRANBZ R PEER WL EA TPD/PBD .
KB EL 6 & p b B Lt 88 i I R 02 4L e, 3
fff EL G RAEOH. EHEREE/PDT 32 mAlom® i 4 56X 5.
BEEHRMT HT TPD:PBD B&EHMIN T HREES SYNR
THFR S EL). PRAP 528 EL Sty 230 MR E LK

# ITO/J0503/PBD/Al #F RILH electroplex KIE AN E
i W CEUR M B ER TR R BRA T =EME S Y
HEBEEAFM.

T EEE S Y(TPD/PBD)EX electroplex(JO503/PBD)#) % &t
EXESREPREB AN, ATRARLBARHIR T S/,

I




BRI R BCR SR RS ERHE AR

ERBETEDFEARS FHERNABIFIE W, KH
e M B BB KR ER SR LI ERI 2T, B W AEPE RS
EZEYRE L.

M RABARRIBASEH T TUERMEHTM 5B E R TF1E
Wk BBOT 4K&Hh ITO/HTM/BBOT/AL HIXUE 284, H
PL 1 EL Y61 ¢ ELAE BA#E HTM/BBOT S TERL T B S &9
fERE T EL J6il bl E 158 0 W 0 R R,

£ HTM/BBOT #4PHER AYIMIEERER hvew 50N
HIHTM RIS R L R R, LB B AW R K Ve
Bk T T AENBEABAETFRENFENAZ 2, Bt
AR R T LA AU 5 2R R OB, X R ALY
- AR T RSB RCEE N ST

() EITO 57 EmERE XM ATEHE, =i T8
Gy S &S

KARHERIENEYE Co TEHIIA 1TO/Co/TPD/AlGy
LiF/Al K88 B RENBIE. TIARELEEMN Cho
AU R, £ Co BEN 1.6 nm B, BAER X RER,
TERRE N 100 mA/em® i, Z3MFH R LA B12
BB RRE TiE—1E.

XD FAHEE, BBRL BeRt Bett, BTFRE, gxss
Y, electroplex, BBIFY, REBEMW, X

11




2003 4£ B R HG L 2AE L

Abstract

Organic thin film electroluminescent devices have attracted
more and more interests as a new generation of flat panel displays
with particular advantages such as self-luminous, low driving
voltage, high luminescence efficiency, more colorful and rapid
response, portable, flexible and low cost, and thus, exhibiting a great
application potential. Great progresses have been made in this field
and some of the devices are put into practical application so far.
Equipped with large scale integrated circuits and systems, organic
electroluminescent devices will become one of the most competitive
flat panel displays of information epoch in the near future.

In this dissertation, blue device structures and properties, the
nature of exciplex emission and interface modification properties are
investigated on the basis of properties of organic materials, device
structures, luminescence mechanisms and interface properties. The
main contents include:

(1) Several blue organic -electroluminescent devices with
different structures and diverse luminescence principles are realized
according to the properties of different organic materials.

The performance of a device using blue lithium
8-hydroxyquinoline(Liq) as an emissive layer has been improved by
introduction of an electron transport layer and a composite cathode. The
blue emission is achieved from a hole transport layer by use of electron
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transport hole-blocking layer with high ionization potential. However,
the stability of this type of device is poor. The highest blue luminance of
6123cd/m” has been obtained in a doped device using fluorescent
dopant of high quantum efficiency. But, there is no significant
improvement on the device stability. The main reasons for the low
stability of the doped device are the low glass transition temperature T,
of the host and the planer structure of the dopant having a high tendency
to aggregate. Devices with a novel distyrylarylenes derivative,
4,4-bis[2,2-(1-naphthyl,phenyl)vinyl}-1,1"-biphenyl(NPVBi), as an
emitting layer have been prepared. By adjusting the thickness of the
NPVBi and electron transport layer, blue emission with both high
efficiency and a good color purity is achieved. It is proved that
luminescence properties of the dévices can be controlled by the
thickness of the emitting layer NPVBi and electron transport layer.

For a purplish blue fluorescent material, a multiplayer exciton
confinement device has been constructed based on the match of
energy levels and purplish blue light with good color purity is
obtained. In addition, to insure the~color purity of blue light,
appropriate carrier layers should be selected to avoid the exciplex
formation at the interface between the carrier layers and the emissive
layer. The existence of exciplexes was evidenced by the
decomposition of electroluminescent spectrum, and by comparison
of photoluminescence(PL) and electroluminescence(EL) of the
blends of constituent organic materials.. When exciplexes occurred at

interface of constituent organic materials, the color purity of blue

emission could be affected. To prevent exciplex formation, inserting

v
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an thin layer between this interface is effective.

On the other hand, science exciplex emission has a
bathochromic shift relative to the fluorescence of the constituent
organic materials, a blue emission of exciplex with good color purity
has been obtained by using of large band gap constituent organic
materials.

(2) The elementary principle of exciplex formation and emission
. have been investigated on the basis of the material structures, energy
levels at interface and emission properties.

By use of hole transport material TPD(N,N’-diphenyl-N,N’- bis
(3-methylphenyl)-1,1’-biphenyl -4,4’-diamine) and electron transport
material PBD(2-(4"-biphenyl)-5-(4"-tert-butylphenyl)-1,3,4- oxadiazole),
a bilayer and a mix-layer device were fabricated, respectively. The
EL spectra the devices show different multiple components; and the
formation and decay of charge complexes are dependent on the
applied electric field. These facts indicate that the differences
between the TPD/PBD heterostructure and the mixed TPD:PBD
emissive layer result in the different influences of the electric field
on the exciting process.

It is demonstrated that exciplex takes places only at the interface of
TPD/PBD. Each component of the emission in bilayer device changes
with increasing current density in different ways, resulting in a redshift
in EL emission. The emission color is white when the current density is
less than 32mA/cm? In the mix-layer device, TPD:PBD mixed layer
increases the interface for exciplex formation and thus increases the
proportion of exciplex emission. The EL spectra of these two devices

V1
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are characterized by the different behaviors of color tuning with the
bias.

The electroplex emission in ITO/0503/PBD/Al bilayer device
suggests that different physical processes of carriers generation and
recombination under optical excitation and electrical excitation. The EL
emission color is white, close to greenish blue, in the CIE diagram
1932.

Manufacturing process and device structures of white light device
can be greatly simplified by employing exciplex or electroplex emission

from bilayer device.

Formation of exciplex requires a favorable configuration and
orientation of constituent molecules. The non-planar molecules with
bulky substituents and steric hindrance seem to impede the formation of
exciplex.

A fixed electron transport material BBOT(2,5-bis(5-tert-butyl-2-
benzoxazolyl)thiophen) and six hole transport materials(HTMs) with
varying ionization potentials were utilized to construct
ITOHTM/BBOT/AI bilayer devices. In all of devices, exciplex
formation at the interfaces of HTMs/BBOT are confirmed by
comparison between PL and EL spectra. The reasons for blueshift of EL
emission with the increasing bias are also described.

The energy of the peak emission /Ve.y, Versus ionization potentials
I, of those HTMs gives a linear relationship for a fixed electron
transport layer, indicating that the wavelength of exciplex emission
hVexm is determined by the energy difference between the ionization
potential of the electron donor and the electron affinity of the electron

vII
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acceptor. Emission color can be tuned feasibly from exciplex by varying
ionization potential of hole transport layer for a fixed electron transport
layer in organic electroluminescent devices. This types of devices
provide an effective method for tuning of emission color.

(3) Luminescent efficiency is effectively improved by insertion of a
modification layer at the interface between indium tin oxide(ITO) and
hole transport layer in organic electroluminescent devices.

Vacuum evaporable fullerene Cg is utilized to act as a hole
injection modification layer in the device structure of ITO/C,/TPD/
Alg,(tris(8-hydroxyquinoline) aluminum)/LiF/Al. 1t is demonstrated
that an appropriate thickness of Cq can improve the efficiency of this
device and the optimized thickness is 1.6nm. EL efficiency of the device,
which contains 1.6nm Cg buffer, has been doubled in comparison with
the device without buffer at a current density of 100mA/cm>.

Key words organic thin film, electroluminescent devices, blue light emission,

exciton confinement, stability, exciplex, electroplex, color tuning,
interface modification, efficiency
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