
This article was downloaded by: [University of Haifa Library]
On: 16 August 2012, At: 12:48
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and
Liquid Crystals Science
and Technology. Section A.
Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Material Developments and
Light Control in Organic Light-
Emitting Diode
Shizuo Tokito a & Yasunori Taga a
a TOYOTA Central Research & Development
Laboratories, INC., Nagakute, Aichi, 480-1192,
Japan

Version of record first published: 24 Sep 2006

To cite this article: Shizuo Tokito & Yasunori Taga (2000): Material Developments and
Light Control in Organic Light-Emitting Diode, Molecular Crystals and Liquid Crystals
Science and Technology. Section A. Molecular Crystals and Liquid Crystals, 349:1,
389-394

To link to this article:  http://dx.doi.org/10.1080/10587250008024945

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587250008024945
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
2:

48
 1

6 
A

ug
us

t 2
01

2 



Mol. Cyst. and Liq. Cy.st.. 2ooO. Vol. 349. pp. 389-394 
Reprints available directly from the publisher 
Photocopying permitted by license only 

8 2ooO OPA (Overseas Publishers Association) N.V. 
Published by license under the 

Gordon and Breach Science Publishers imprint. 
Rintcd in Malaysia 

Material Developments and Light Control in 
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SHIZUO TOKITO and YASUNORI TAGA 
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Aichi 480-1192, Japan 

We report the influence of organic materials on the thermal stability and emission efficiency 
of organic light-emitting diode (OLED). To improve the device performance several hole 
transporting materials and emitting materials were developed based on triphenylamine and 
metal-chelate complex, respectively. The electroluminescent characteristics of the OLEDs 
are shown and discussed in view of properties of the materials. Control of light emission in 
the OLED with microcavity is also presented to suggest a new application. 

RJTRODUCTION 
Ligh td t t i ng  did= (OLEDs) based on organic materials such as small molecules and 
polymeric materials are amacting much attention as candidates for flat-panel displays 
and backlights for liquid crystal displaysY Over the past ten years a considerable 
number of researches have been made on the development of new materials to improve 
the device performances.3 A halfdecay lifetime of more than loo00 h firom an initial 
brightness has been alrrady realized in several emitting materials, and more recently, a 
practical display has been commercialized.4 However, hrther improvements of the 
lifetime and the color tunability am needed to realize reliable fullcolor displays. Other 
applications only possible in the OLED arc also important to stimulate the OLED 
research field. . 

In this paper, we review the material developments for hole-transport layer and 
emitting layer, and the control of light emission in the OLED. To improve the thermal 
stability and emission efficiency, it would be suggested that the hole transporting 
materials am based on aromatic amhe and the emitting materials are based on metal- 
chelate complex structure. The emission characteristics of the OLED with microcavity 
arc also shown for an application to the liquid crystal (LC) projector. 

HOLE TRANSPORTING MATERIAL S 

The representative OLED structure consists of two organic layers for a hole transport 
and a light emission. Thc most wll-lmown emitting material is his  (tquinolinolato) 
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aluminum (Alq3) reported by C. Tang et d..' The durability of Alq3 based device 
isrelated to the thermal stability of the hole-transport 1ayer.J Several triphenylamine 
oligomers were synthesized (Fig. 1) and systematic experiments of the temperature 
dependences of EL characteristics were carried out in the OLEDs using trimer (TPTR), 
tetramer (TPTEi), pentamer (TPPE) and a well-known dimer (TPD) for the hole-transport 
layer6J The linear linkage of triphenylamine resulted in a rise of glass transition 
temperature (Tg). Hole mobility of the TPTE was also measured by a conventional 
Time-of-Flight technique and found to be 3x10-3 cm2Ns which is higher than that of 
TPD. This indicates the excellent hole transporting ability of TPTE. 

The device using TPD exhibited a drastic drop of the EL output at 70 "C. This 
temperature is called as a critical temperature hereafter and shows a good 
conespondence with Tg (a0 "C). The critical temperatures for other devices were 110 "C 
for TPTR, 135 "C for TPTE and 155 "C for TPPE. Figure 2 shows the relation between 
Tg and the critical temperature. The linear relationship indicates that the thermal 
stability of the devices with Alq3 emitting layer is dominated by the hole-transport layer. 
8 The device using TPTE showed a half-decay lifetime of 100 h at 100 "C under a 
driving condition of 1 ItnA/cm*. Recently, long operating lifetimes in excess of 200 h 
have been achieved at 105 "C at a luminance of 300 cdm2 in the quinacridone doped 
Alq3 devices using TPTE. 

Even at room temperature, if the device is driven at a high current or a high 
luminance the l i f e h e  is influenced by the hole transporting material. Compared with a- 
NPD (Tg=95 "C) and TPD ( T H O  "C), the device using TPTE (Tg'130 "C) exhibited a 
longer lifetime at a driving cument of 110 d c m ?  22 h for TPTE, 8 h for a-NPD and 
5 h for TPD. This result is attributable to a rise of device temperature by the Joule-heat. 

'n 

T # = t W t  

FIGURE 1 Novel hole transporting materials 

Spin1 

T g = t Z Z t  

We have also investigated the influence of hole transporting material on the emission 
efficiency of the Alq3 based device. Several hole transporting materials have been used 
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MATERIAL DEVELOPMENTS AND LIGHT CONTROL 39 I 

in the Alq3 based device. Significant influence was found on the EL eff i~iency.~ The 
highest efficiency at a luminance of 300 c&m2 was obtained in the device using a novel 
compound, Spiro2 (Fig. 1); photometric efficiency of 6.1 c&A and quantum efficiency of 
2.1 % photodelectron. These efficiencies are higher than those reported in the Alq3 
based devices using other hole transporting materials.IJ The difference is primarily 
attributable to suppression of the exciplex formation at the interface of the Alq3 layer 
and the hole-transport layer. 

0 50 100 I50 

Tg ("C) 

FIGURE 2 Relationship between Tg of hole-transport material and 
thermal stabity of Alq3 based device. 

EMIT"G MATERIALS 

The well-known Alq3 is one of metal-chelate complexes. From earlier researches, the 
metal-chelate complex is believed to be a promising structure for an efficient emitting 
material.I0 Novel rnetal-chelate complexes were synthesized (Fig.3) and the EL 
characteristics were investigated in the OLEDs consisting of hole-transport layer and 
emitting layer.llJ2 These complexes have either polycyclic aromatic or fused ring 
ligands which coordinate to Zinc or aluminum. 

Za@lZ)2 FIGURE 3 Novel mctal-chelate complexes. 
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Visible light emission was observed at a voltage of 3 - 4 V and its intensity reached 
one thousand cd/m* at a voltage of 7 - 13 V, and some devices showed a maximum 
luminance in excess of ten thousand cd/m2. The emission wavelengths, colors and 
emission efficiencies are summarized in Table 1. The blue emitting device using Zn 
(ODZ)2 exhibited an photometoric efficiency of 1.8 cd/A and a quantum efficiency of 1.5 
% at a luminance of 300 cd/m2, and the AI(ODZ)2 device gave almost the same 
efficiencies as Zn(ODZ)2 device. This implies that the difference in metal atom in the 
complex does not influence the EL efficiencies. The other blue emitting device using Zn 
(BIZ)2 exhibited 2.0 cd/A and 1.5 % in photometoric efficiency and quantum efficiency, 
respectively. The quantum efficiencies of these blue emitting devices are high compared 
to those of the blue emitting devices using distyryl arylene derivatives.') The Alpq3 
provided a photometric efficiency of 2.4 cd/A and a quantum efficiency of 0.8 % in 
yellow emission, which is little lower than those of the Alq3 based device. These results 
imply that the metal-chelate complexes have not only light-emitting ability but also 
electron transprting ability, as we expected in molecular design. 

The Zn(0DZ)z was also used as a host material for doping of perylene. In the device 
with perylene doped Zn(0DZ)z layer, the energy transfer from Zn(0DZ)z to perylene 
was observed. The EL spectrum of the 3.4 % perylene doped device resembled a 
photoluminescence of dilute solution of perylene, and the quantum efficiency and the 
CIE coordinates were 1.6 %and (0.16,0.18), respectively. 

The device using AIpq3 exhibited a long lifetime in excess of 500 h at a luminance of 
300 cd/m*. However, the devices using other zinc complexes exhibited poor lifetime. 
The reasons for such poor lifetimes are not clear. It may be related to the instability of 
the excited states of these compexes. 

TABLE 1 EL characteristics of devices using various emitting materials. 

Zn(0DZp 

Zn(TDZp 

Zn(Ph4.N 

Zn(B1Z)z 
AIpq) 

AI(0DZ)) 

449 blue 11OOO(18V) 1.8 I .5 

508 %/- 4020(12V) 2.4 0.8 

447 blue 4100(13V) 2.0 I .5 

485 T:th 11450(15V) 1.3 I .2 

550 yellow 26000(14V) 2.4 0.7 

447 blue 3500(18V) 2.0 I .7 

* at a luminance of 300 d /m* 
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MATERIAL DEVELOPMENTS AND LIGHT CONTROL 393 

CONTROL OF LIGHT EMISSION 

The OLEDs are attractive for application to flat-panel displays with passive or acti\t: 
matrix. Further investigations concerning other applications only possible i n  the OLliI) 
are also important to stimulate the OLED research and development. 

Recently, the OLEDs have been applied to the light sources of a liquid crystal (1.C) 
projector and succeeded in the color projection. about 350 mm x 260 mm, on a scrccn.I' 
'The conventional LC projector consists of the LC valves providing video image and the 
optical system generating three primary color lights, and is attracting much attention to 
great demand for a large-size display with high resolution. From this new application of 
the OLEDs, it has been found that the compactness and lightness of the projector are 
surprisingly improved compared to the conventional LC projector. In the OlMls. the 
microcavity structure is applied to control the light emission.12 The device structure of 
OLED with microcavity (MOLED) is schematically shown in Fig.4. In addition 10 the 
conventional OLED structure. the dielectric mirror (DM) is inserted between the glass 
substrate and IT0 layer. The microcavity structure is defined by the top nietal layer 
acting as mirror and thc dielectric mirror.15 For the metal mirror and the dielectric 
mirror. an Al layer and three pairs of SiOz/TiOz quarter-wave layers were used. 
respectively. 

In the Alq? based device, the forward directionality of light emission was achieved as 
well as spectral narrowing and intensity enhancement at a resonant wavelength. I h  'The 
theoretical emission spectrum in the forward direction can be calculated baaed on the 
classical optics. Figure 5 shows the emission spectra of three MOLEDs for each prinwq 
co10r.I~ The resonant wavelengths. 618 nm for the red MOLED, 537 nni for the grcen 

FIGURE 4 Structure of a microcavity 
OLED. HTL, EML and ETL are hole- 

Wavelength (nm) 

transport layer. emitting layer and 
electron-transport layer . 

FIGURE 5 EL spectra of microcavit) OLEDs 
for primary three colors. 
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MOLED and 462 nm for the blue MOLED were obtained. The halfwidths of these RGB 
emission spectra were 18 nm, 15 nm and 10 nm, respectively. Color purification is one 
of advantages in the MOLED. Further improvement is easy by tuning the resonant 
wavelength and varying the spectral width. The enhancement of emission intensity at the 
resonant wavelength ( spectral power density ) was clearly observed in each MOLED. 
The measured enhancement ratio was 5 for the red MOLED, 2.7 for the green MOLED 
and 1.4 for the blue MOLED. The maximum luminance observed in the forward 
direction at a high operating voltage was 10' -10' cd/m*. 

All the microcavity devices exhibited the strong directionality in the forward 
direction, especially in the green MOLED the strongest directionality was observed. The 
emitted light is concentrated in a certain range of solid angle centered at the normal axis 
to the device surface. This is quite unique since the parallel light can be realized in a flat- 
panel type emitting device without using an optical lens. The microcavity device opens 
the door to new applications such as the LC projector. 
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