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(57) ABSTRACT

An organic EL device which includes a first electrode, a hole
transport layer, a light-emitting layer, and the second elec-
trode, wherein the light-emitting layer includes a mixed
light-emitting film of a host substance, which is capable of
transferring an energy to another light-emitting polymer by
absorbing the energy, and a phosphorescent dopant which is
capable of emitting light using a triplet state after absorbing
the energy received. Accordingly, the light-emitting layer
can be patterned, and a color purity and light-emitting
characteristics of a full color organic polymer EL device,
produced through a laser induced thermal imaging operat-
ing, can be improved.

18 Claims, 2 Drawing Sheets
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1
ORGANIC ELECTROLUMINESCENT
DEVICE USING MIXTURE OF
PHOSPHORESCENT MATERIAL AS
LIGHT-EMITTING SUBSTANCE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Application
No. 2002-34692, filed Jun. 20, 2002, in the Korean Intel-
lectual Property Office and is a continuation in part of U.S.
patent application Ser. No. 10/404,134, filed Apr. 2, 2003,
now U.S. Pat. No. 6,870,198 the disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic polymer
electroluminescent device, and more particularly, to an
organic polymer electroluminescent device using a mixture
of laser induced thermal imaging enabling phosphorescent
materials as a light-emitting substance.

2. Description of the Related Art

Generally, an organic electroluminescent device includes
an anode and a cathode, a hole injection layer, a hole
transport layer, an emission layer, an electron transport layer
and an electron injection layer. The organic electrolumines-
cent (hereinafter referred to as EL) device is classified into
a fluorescent device which uses a singlet and a phosphores-
cent device which uses a triplet, according to a light-emitting
mechanism, and a high molecular device and a low molecu-
lar device according to materials used. In case of the low
molecular organic EL device, each of the layers is intro-
duced by a vacuum-deposition. In case of the high molecular
organic EL, device, a light-emitting device is fabricated
using, for example, a spin-coating process or an inkjet
process.

Recently, an organic EL device is spotlighted as a large
area providing material since it has a high efficiency com-
pared with a fluorescent material.

A low molecular organic EL device is disadvantageous in
terms of a mass-production since a full color device is
fabricated by depositing each layer using a mask while a
fluorescent device and a phosphorescent device are fabri-
cated by introducing each layer using a vacuum-deposition.
Patents and Publications on a low molecular organic EL
device include U.S. Pat. Nos. 6,310,360, 6,303,238, 6,097,
147, and International Patent Publication Nos. WO
00/70655, WO 01/39234, WO 01/93642 and WO 02/15645.

These patents and publications do not relate to a pattern-
ing process using a laser induced thermal imaging or an ink
jet printing, but rather to a composition and a material of a
phosphorescent device by way of a deposition. In case of a
high molecular device, although many devices using a
fluorescent material have been studied, research materials on
devices using a phosphorescent material are disclosed in
Japanese Patent Application No. 2000-68363.

An organic polymer EL device has merits in that it is
advantageous to fabricate a large area device since a light-
emitting device can be fabricated using a spin-coating
process. However, devices using a phosphorescent material
have not been reported regardless of their possibility since
they are limited in the spin-coating process.
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2
SUMMARY OF THE INVENTION

Accordingly, it is an aspect of the present invention to
provide an organic EL device in which a high molecular
light-emitting layer can be patterned, and color purity and
light-emitting characteristics are improved when fabricating
a full color organic polymer EL device by laser induced
thermal imaging.

Additional aspects and advantages of the invention will be
set forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned by
practice of the invention.

To achieve the above and/or other aspect of the present
invention, there is provided an organic EL device compris-
ing a first electrode, a hole transport layer, a light-emitting
layer and a second electrode, wherein the light-emitting
layer comprises a host substance and a phosphorescent
dopant, wherein a weight ratio of the phosphorescent dopant
is 1 to 5% for the total of the light-emitting mixture.

The term “optically inactive” means that final light-
emitting spectrum and color coordinates are not influenced
in a visible ray range of 400 to 800 nm where light-emitting
substances are shown even though additives are introduced.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the inven-
tion will become apparent and more readily appreciated
from the following description of the preferred embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

FIG.11is a drawing which illustrates a transfer mechanism
where an organic EL layer used in an organic EL device is
transfer patterned using a laser.

FIG. 2 is a cross-sectional view illustrating an organic EL
display device according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Reference will now made in detail to the present preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.
The embodiments are described below in order to explain
the present invention by referring to the figures.

FIG. 1 shows a transfer patterning of an organic EL layer
using a laser.

As illustrated in FIG. 1, an organic layer S2 which is
adhered onto a substrate S1 must be separated from a part
where a laser is not received, as the organic layer (“film”) S2
is separated from the substrate S1 and transferred to a
substrate S3 by an action of the laser.

Factors influencing transfer characteristics include an
adhesion force (W12) between the substrate S1 and the film
S2, an adhesive force (W22) between parts of the film S2,
and an adhesion force (W23) between the film S2 and the
substrate S3. These adhesion and adhesive forces are rep-
resented as surface tensions (y1,y2,y3) and interfacial ten-
sions (y12, y23) of each as in the following expressions:

W12=p142-y12
W22=2yx2

W23=y2+y3-y23
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To improve laser induced thermal imaging characteristics,
the adhesive force W22 between the parts of the film S2
should be less than an adhesion force between the respective
substrates S1 and S3 and the film S2. Generally, a high
molecular film is used as a light-emitting substance com-
posing a light-emitting layer in an organic EL device.
However, a high molecular film may not have good transfer
characteristics, where a laser patterning is used, since it has
a high adhesive force between parts of the film S2. This is
because the high molecular film S2 may have a high
molecular weight. Therefore, transfer characteristics can be
improved either by lowering an adhesive force between
parts of the film S2 or by increasing an adhesion force
between the film S2 and one of the substrates S1 or S3.

According to an embodiment of the present invention, a
mixture film is provided in which a host substance and a
phosphorescent dopant are mixed in an appropriate mixing
ratio so as to be used in a light-emitting layer of an organic
EL device. The host substance includes a matrix and a low
molecular electric charge transporter.

That is, the host substance is a light-emitting film mixture
in which the matrix is selected from a group consisting of an
optically inactive high molecular material, a high molecular
material having an electric charge transport capability, and a
carbazole based low molecular material, is mixed with the
low molecular transporter with the transport capability of an
electric charge such as a hole or an electron.

Therefore, the matrix has a coating property so as to form
a film, i.e., S2, and the low molecular transporter is mixed
into the matrix so as not to significantly drop an adhesion
force of the matrix between a substrate (i.e., S1 or S3) and
the film S2. Furthermore, an adhesive force between parts of
the film S2 is relatively weakened so as to improve transfer
characteristics, while electrical characteristics of a device
thereof are not dropped.

Furthermore, the phosphorescent dopant does not influ-
ence the transfer characteristics to a large extent, but does
influence light-emitting characteristics as it is added in a
relatively small amount.

The host substance used in the present invention should
be a material in which one light-emitting substance transfers
energy to the other light-emitting substance (or a dopant
material) by receiving energy, that is, a material enabling the
use of an “energy transfer.”

The matrix composing the host substance used in the
present invention may be an optically inactive high molecu-
lar material such as polystyrene, poly styrene-butadione
copolymer, polymethylmethacrylate, polyalphamethylsty-
rene, styrene-methylmethacrylate copolymer, polybutadi-
ene, polycarbonate, polyethyleneterephthalate, polyestersul-
fonate, polysulfonate, polyarylate, unsaturated polyarmide,
transparent fluorocarbon resin or transparent acryl based
resin, a carbazole, arylamine, perylene or pyrrol based high
molecular material having an electric charge transport capa-
bility, or a carbazole, arylamine, hydrazone, stilbene, star-
burst based low molecular material which are spin-coatable
to provide a uniform film.

The low molecular transporter composing the host sub-
stance may be a carbazole based, aryl amine based, hydra-
zone based, stilbene based or starburst based low molecular
material having a hole transport capability. or an oxadiazole
based or starburst based low molecular material with an
electron transport capability. The low molecular transporter
may also be an oxadiazole based or starburst based low
molecular material having an electron transport capability.
The carbazole based low molecular material may be 4.4'-
N,N'-dicarbazole-biphenyl (CBP). The oxadiazole based
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4

low molecular material may be 2-(4-biphenylyl)-5-(4-tert-
butylphenyl)-1,3,4-oxadiazole (PBD).

The low molecular transporter may have a weight ratio
ranging from 50% to 75% for the total of the host substance.
Furthermore, a phosphorescent dopant may be used as a
dopant material that is emitted by receiving an energy from
the host substance. A light-emitting efficiency of the phos-
phorescent dopant can be theoretically increased up to four
times its normal efficiency by using a phosphorescent mate-
rial capable of using a triplet differently from a fluorescent
material using only a singlet.

The phosphorescent dopant includes high and low
molecular complexes of organic metals of Ir, Pt, Eu and Tb.
A phosphorescent dopant of a green light-emitting substance
used may be tris(2-phenylpyrridine)iridium(IrPPy). Devices
of red, green and blue colors can be fabricated since light-
emitting spectrums are different according to bonded ligands
in the organic metal complexes. The phosphorescent dopant
may be used in a weight ratio of 1 to 5% for the total of the
light-emitting mixture

The light-emitting layer can be formed by Laser Induced
Thermal Imaging (LITT) method or Ink-jet method.

Although a light-emitting layer according to an embodi-
ment of the present invention is explained in terms of a green
light-emitting layer, it is to be understood that the present
invention is not limited to the green light-emitting layer, and
can be applied to, for example, red and blue light-emitting
layers.

A method of fabricating an organic EL device using a
polymer material of the present invention is described as
follows:

A host substance and a low molecular transporter are
dissolved into solvent such as xylene or toluene in a con-
centration range of 1.0 to 5.0% while a phosphorescent
dopant is dissolved into dichloroethane (DCE) in a concen-
tration range of 0.1 to 1.0%. The host substance and the low
molecular transporter have solubility of at least 5% mass
density for the solvent.

Each of the materials is mixed in weight ratios of
90%=host substance=99% and 1%=phosphorescent
dopant=10%, and the host substance is mixed in weight
ratios of 25%Smatrix material=50% and 50%=low
molecular transporter=75% after completely dissolving the
solutions, after sufficiently agitating each solution at a
temperature of 60° C. for more than 3 hours.

In case of using LITI method, the solution is spin-coated
on a transferring film to prepare a mixture film with a
thickness of 30 to 50 nm is prepared after agitating the
mixed solution at an ordinary temperature for more than 1
hour.

A patterned light-emitting layer is formed by spin-coating
a hole injection layer on a pretreated transparent substrate to
a thickness of 60 to 80 nm and transferring the mixture film
on the substrate by using a laser after covering an organic
layer coated transfer film on the transparent substrate.

In case of using Ink-jet method, a hole injection layer is
spin-coated on an ITO substrate having bank layer on the
edge portion to a thickness of 60 to 80 nm after cleaning the
ITO substrate and then UV-O3 treating the cleaned ITO
substrate. And then, the solution for the ink-jet method was
ink-jetted to the PEDOT/PSS coated ITO substrate. The
ink-jetted solution wetted the PEDOT/PSS coated ITO sub-
strate and was dried.

Ordinary hole injection materials such as PEDOT or
PANT are used as the hole injection layer.
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Furthermore, an electron transport layer is subsequently
deposited on the hole inhibition layer deposited light-emit-
ting layer to a thickness of 5 to 20 nm after heat treating the
patterned light-emitting layer at a temperature of 80° C. for
1 hour and depositing a hole inhibition layer on the heat
treated patterned light-emitting layer. An organic EL device
is completed by depositing LiF and Al as a cathode, in turn,
on the deposited electron transport layer and encapsulating
the deposited light-emitting layer using a glass substrate.

The hole inhibition layer may be bis-2-methyl-8-quinoli-
nolato para-phenylphenolato aluminum (III) (BAlq), and the
electron transport layer may be tris(8-hydroxyquinoline)
aluminum (1IT) (Alq3).

An organic EL device having an edge roughness of 5 um
or less, when forming patterns, can be fabricated since the
structure of the above-fabricated organic EL device of the
present Invention has superior transfer characteristics com-
pared to the structure of an existing organic EL device.

Although the present invention describes use of a laser
induced thermal imaging, it is understood that other trans-
ferring methods, including a spin coating process can be
used.

EXAMPLES

Examples provided below are for an illustrative purpose
and to help understand the present invention. Therefore, it is
understood that the present invention is not limited to the
following examples.
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temperature for more than 1 hour. A hole injection layer
PEDOT/PSS, manufactured by BAYER AG CORPORA-
TION, was spin-coated on an ITO substrate to a thickness of
60 to 80 nm after cleaning the ITO substrate and then UV-03
treating the cleaned ITO substrate. The mixture film was
transferred onto the substrate by using a laser after covering
an organic film coated transfer film on the PEDOT/PSS
coated ITO substrate. A patterned light-emitting layer was
heat treated at a temperature of 80° C. for 1 hour so that
bis-2-methyl-8-quinolinolato para-phenylphenolato alumi-
num (I1T) (Balg; manufactured by UNIVERSAL DISPLAY
CORPORATION), as a hole inhibition layer could be depos-
ited to a thickness of 5 nm, and tris(8-hydroxyquinoline)
aluminum (I1T) (Alg3; manufactured by SIGMA-ALDRICH
CORPORATION), as an electron transport layer, could be
deposited to a thickness of 5 to 20 nm on the heat treated
patterned light-emitting layer. An organic EL device is
completed by depositing 1 nm of LiF and 300 nm of Al a as
cathode, in turn, on the deposited electron transport layer
and encapsulating the deposited light-emitting layer using a
glass substrate. An energy transfer phenomenon into phos-
phorescence is shown in a range that a weight concentration
of IrPPy is 3% or more. The weight ratio ranges of PVK and
CBP, in which a laser induced thermal imaging is possible
and the efficiency of the thermal imaging is satisfactory,
were 0.252PVK=0.5, and 0.55CBP£0.75, wherein edge
roughness of the transferred film is 5 pm or less. As
represented in Table 1 below, the efficiency of the device is
24.9 Cd/A (9.2 Im/W), and color coordinates are 0.28 and
0.63 (500 Cd/im2 at CIE1931 and 8.5 V) under the optimum
conditions where a weight ratio of PVK:CBP:IrPPy is
1:2:0.1, and a thickness of Alg3 is 20 nm.

TABLE 1
Structure of device: ITO/
hole transport layer(60 nm)/
light-emitting layer Alg3 Driving
(40 nm)/BAlq(5 nm)/Alq3/ PVK/CBP/ Thickness Efficiency Efficiency voltage
LiF(1 nm)/Al(30 nm) IrPPy (nm) (Cd/A) (Im/W) (V) at 500 Cd/m? CIEx CIEy
EXAMPLE 1 1:1:0.05 5 16.0 5.3 9.8 0.28 0.63
EXAMPLE 2 1:2:0.1 5 15.8 5.9 8.5 0.28 0.63
EXAMPLE 3 1:1:0.05 20 21.4 7.1 9.8 0.28 0.63
EXAMPLE 4 1:2:0.1 20 24.9 9.2 8.5 0.28 0.63

Examples 1 and 4

A method of fabricating an organic EL device using a
light-emitting layer according to the present invention is as
follows.

Poly(vinylcarbazole) (PVK: manufactured by SIGMA-
ALDRICH CORPORATION) as a matrix of a host sub-
stance, and 4,4'-N,N'-dicarbazole-bipheny! (CBP; manufac-
tured by UNIVERSAL DISPLAY CORPORATION), as a
low molecular hole transporter material, were respectively
dissolved into toluene in the range of 1.0 to 2.0 wt. %. An
organic complex including iridium, that is, tris(2-phenylpyr-
ridine)iridium(IrPPy; manufactured by UNIVERSAL DIS-
PLAY CORPORATION) as a phosphorescent dopant, was
dissolved into dichloroethane (DCE; manufactured by
SIGMA-ALDRICH CORPORATION) in a concentration of
0.1 to 0.2%. Each of the materials was mixed in appropriate
weight ratios after completely dissolving the solutions by
sufficiently agitating each solution at a temperature of 60° C.
for more than 3 hours.

A mixture film having a thickness of 30 to 50 nm was
prepared by spin-coating the mixed solution on a transfer
film after agitating the mixed solution at an atmospheric

50
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Examples 5 to 8

Examples 5 to 8 have the same structures of devices as in
Examples 1 to 4, except that oxadiazole based PBD was
used as the low molecular hole transport material. Poly
(vinylcarbazole) (PVK: manufactured by SIGMA-ALD-
RICH CORPORATION), as a matrix of host and 2-(4-
biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadiazole (PBD;
manufactured by SIGMA-ALDRICH CORPORATION), as
the low molecular hole transport material, were respectively
dissolved into toluene in the range of 1.0 to 2.0 wt. %. An
organic complex including iridium, that is, tris(2-phenylpyr-
ridine)iridium (IrPPy; manufactured by UNTVERSAL DIS-
PLAY CORPORATION), as a phosphorescent material, was
dissolved into dichloroethane (DCE; manufactured by
SIGMA-ALDRICH CORPORATION) in a concentration of
0.1 to 0.2%. Each of the materials was mixed in appropriate
weight ratios after completely dissolving the solutions by
sufficiently agitating each solution at a temperature of 60°
for more than 3 hours. A mixture film having a thickness of
30 to 50 nm was prepared by spin-coating the mixed solution
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on a transfer film after sufficiently agitating the mixed
solution at an atmospheric temperature for more than 3
hours.

A hole injection layer PEDOT/PSS manufactured by
BAYER AG CORPORATION is coated on an ITO substrate
10 a thickness of 60 to 80 nm after cleaning the ITO substrate
and then UV-O3 treating the cleaned ITO substrate. The
mixture film is transferred onto the substrate by using a laser
after covering an organic film coated transfer film on the
PEDOT/PSS coated ITO substrate. A patterned light-emit-
ting layer is heat treated at a temperature of 80° C. for 1 hour
so that bis-2-methyl-8-quinolinolato para-phenylphenolato
aluminum (IIT) (BAlq; manufactured by Universal Display
Corporation), as a hole inhibition layer, can be deposited to
a thickness of 5 nm, and tris(8-hydroxyquinoline)aluminum
(1) (Alq3; manufactured by Sigma Aldrich Corporation), as
an electron transport layer, can be deposited to a thickness
of 5 to 20 nm on the heat treated patterned light-emitting
layer. An organic EL device is completed by depositing 1 nm
of LiF and 300 nm of Al as a cathode, in turn, on the
deposited electron transport layer and encapsulating the
deposited light-emitting layer using a glass substrate. An
energy transfer phenomenon into phosphorescence is shown
in a range that a weight concentration of IrPPy is 3% or
more.

The weight ratio ranges of PVK and PBD, in which a laser
induced thermal imaging is possible and the efficiency of the
thermal imaging is satisfactory, were 0.25=PVK<=0.5, and
0.5=PBD=0.75, wherein edge roughness of the transferred
film is 5° or less. As represented in Table 2 below, the
efliciency of the device is 22.2 Cd/A (8.2 Im/W), and color
coordinates are 0.28 and 0.63 (500 Cd/m2 at CIE1931 and
8.5 V) under the optimum conditions where a weight ratio of
PVK:PBD:IrPPy was 1:1:0.01, and a thickness of Alq3 is 20
nm.

TABLE 2
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low molecular hole transport material, were respectively
dissolved into xylene in the range of 1.0 to 5.0 wt. %. An
organic complex including iridium, that is, tris(2-phenylpyr-
ridine)iridium (IrPPy; manufactured by UNIVERSAL DIS-
PLAY CORPORATION) as a phosphorescent dopant, was
dissolved into dichloroethane (DCE; manufactured by
SIGMA-ALDRICH CORPORATION) in a concentration of
0.1 to 1.0%. Each of the materials was mixed in appropriate
weight ratios after completely dissolving the solutions by
sufficiently agitating each solution at a temperature of 60° C.
for more than 3 hours.

In order to control a wetting property and a drying ratio
when pouring an ink-jet solution, an anisole or hexane,
dichloromethane are added to the mixed solution, thereby
preparing a solution for an ink-jet method.

A hole injection layer PEDOT/PSS, manufactured by
BAYER AG CORPORATION, was spin-coated on an ITO
substrate to a thickness of 60 to 80 nm after cleaning the ITO
substrate and then UV-O3 treating the cleaned ITO sub-
strate. And then, the solution for the ink-jet method was
ink-jetted to the PEDOT/PSS coated ITO substrate.

The ink-jetted solution wetted the PEDOT/PSS coated
ITO substrate and was dried, thereby to form a pixel which
does not have a stain.

A patterned light-emitting layer was heat-treated at a
temperature of 80° C. for 1 hour so that bis-2-methyl-8-
quinolinolato para-phenylphenolato aluminum (II1) (Balg;
manufactured by UNIVERSAL DISPLAY CORPORA-
TION), as a hole inhibition layer could be deposited to a
thickness of 5 nm, and tris(8-hydroxyquinoline)aluminum
(1I1) (Alg3; manufactured by SIGMA-ALDRICH CORPO-
RATION), as an electron transport layer, could be deposited
to a thickness of 5 to 20 nm on the heat-treated patterned
light-emitting layer. An organic EL device is completed by
depositing 1 nm of LiF and 300 nm of Al as a cathode, in

Structure of the device: [TO/hole transport layer(60 nm)/light-emitting layer(40 nm)/BAlq(5 nm)/

Alg3/LiF(1 nm)/Al(300 nm)

Alg3 Driving

PVK/PBD/  Thickness Efficiency Efficiency voltage
IrPPy (nm) (Cd/A) (Im/W) (V) ar 500 Cdm? CIEx CIEy
EXAMPLE 5  1:1:0.05 5 18.7 6.9 8.5 028 0.63
EXAMPLE 6  1:2:0.1 5 12.8 3.0 8.0 0.28  0.63
EXAMPLE 7  1:1:0.05 20 22.2 8.2 8.5 0.28  0.63
EXAMPLE &8  1:2:0.1 20 19.9 7.8 8.0 0.28 0.63

50

As described above, a device having a mixture film using
a phosphorescent material of the present invention has an
eficiency of 24.9 Cd/A at the same luminance condition of
10 Cd/A, while a conventional green light-emitting organic
polymer EL device fabricated by a spin-coating has a
maximum efliciency of about 10 Cd/A. Accordingly, transfer
characteristics of an organic polymer EL device of the
present invention are excellent as the efficiency is improved
by more than 100%. Furthermore, an edge roughness of the
present device after a laser induced thermal imaging was
also good, and is 5 pm or less.

Example 9

Poly(vinylcarbazole) (PVK: manufactured by SIGMA-
ALDRICH CORPORATION) as a matrix of a host sub-
stance, and 4,4'-N,N'-dicarbazole-biphenyl (CBP; manufac-
tured by UNIVERSAL DISPLAY CORPORATION), as a
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turn, on the deposited electron transport layer and encapsu-
lating the deposited light-emitting layer using a glass sub-
strate. An energy transfer phenomenon into phosphores-
cence is shown in a range that a weight concentration of
IePPy is 3% or more. The weight ratio ranges of PVK and
CBP, in which a laser induced thermal imaging is possible
and the efficiency of the thermal imaging is satisfactory,
were  025=PVK=0.75, and  0.255CBP=0.75,
0.03=dopant=0.25, wherein an uniformity of a thickness of
an emitting layer was 90% and more.

As represented in Table 1 below, the efficiency of the
device is 24.9 Cd/A (9.2 Im/W), and color coordinates are
0.28 and 0.63 (500 Cd/m2 at CIE1931 and 8.5 V) under the
optimum conditions where a weight ratio of PVK:CBP:
IrPPy is 1:2:0.1, and a thickness of Alq3 is 20 nm.

FIG. 2 shows a cross-sectional view illustrating an
organic EL display device incorporating an organic EL layer
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according to the present invention. In FIG. 2, reference
numerals 100, 200, 300 and 400 denote a cathode, a light-
emitting layer, a hole transporting layer, and an anode,
respectively.

Although a few preferred embodiments of the present
invention have been shown and described, it would be
appreciated by those skilled in the art that changes may be
made in this embodiment without departing from the prin-
ciples and spirit of the invention, the scope of which is
defined in the claims and their equivalents.

What is claimed is:

1. An organic EL device comprising a first electrode, a
hole transport layer, a light-emitting layer and a second
electrode, wherein the light-emitting layer comprises a host
substance and a phosphorescent dopant, wherein a weight
ratio of the phosphorescent dopant is 1 to 5% for the total of
the light-emitting layer, and wherein the host substance has
a solubility of at least 5% mass density for xylene or toluene.

2. The organic EL device according to claim 1, wherein
the light-emitting layer is a layer that is formed on the hole
transport layer by a Laser Induced Thermal Imaging method
or Ink-jet method.

3. An organic EL device comprising a first electrode, a
hole transport layer, a light-emitting layer and a second
electrode, wherein the light-emitting layer comprises a host
substance and a phosphorescent dopant, wherein a weight
ratio of the phosphorescent dopant is 1 to 5% for the total of
the light-emitting layer, and wherein the host substance is a
mixture of a matrix material selected from the group con-
sisting of an optically inactive high molecular material, a
high molecular material having an electric charge transport
capability and low molecular materials with a film-forming
ability with a spin-casting process and a low molecular
transporter with hole transport capability or a low molecular
transporter with electron transport capability.

4. The organic EL device according to claim 3, wherein
the low molecular materials with a film forming ability using
a spin-coating process are one selected from the group
consisting of carbazole, arylamine, hydrazone, stilbene, star-
burst based low molecular material which are spin-coatable
to give uniform films.

5. The organic EL device according to claim 3, wherein
the optically inactive high molecular material is a material
selected from the group consisting of the optically inactive
high molecular materials polystyrene, poly(styrene-butadi-
one) copolymer, polymethylmethacrylate, polyalphamethyl-
styrene, styrene-methyl methacrylate copolymer, polybuta-
diene, polycarbonate, polyethyleneterephthalate,
polyestersulfonate, polysulfonate, polyarylate, unsaturated
polyamide, transparent fluorocarbon resin and transparent
acryl based resin.

6. The organic EL device according to claim 3, wherein
the high molecular material having electric charge transport
capability is a material selected from the group consisting of
carbazole, arylamine, perylene, and pyrrol based materials.
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7. The organic EL device according to claim 3, wherein
the low molecular transporter with hole transport capability
is comprised of a carbazole, arylamine, hydrazone, stilbene,
or a starburst based material, and the low molecular trans-
porter with electron transport capability is an oxadiazole,
starburst based material.

8. The organic EL device according to claim 7, wherein
the carbazole based low molecular material is 4,4'-N,N'-
dicarbazole-biphenyl (CBP) and the oxadiazole based mate-
rial is 2-(4-biphenylyl)-5-(4-tert-butylphenyl)-1,3,4-oxadia-
zole (PBD).

9. The organic EL device according to claim 3, wherein
the low molecular transporter has a weight ratio ranging
from 50% to 75% for the total of the host substance.

10. The organic EL device according to claim 5, wherein
the phosphorescent dopant is a low or high molecular
material capable of phosphorescent light emission in the
triplet state as an organic metal complex of Ir or Pt.

11. The organic EL device according to claim 6, wherein
the phosphorescent dopant is a low or high molecular
material capable of phosphorescent light emission in the
triplet state as an organic metal complex of Ir or Pt.

12. The organic EL device according to claim 10, wherein
the phosphorescent dopant is tris (2-phenylpyrridine)iridium
(IrPPy).

13. The organic EL device according to claim 10, wherein
a weight ratio of the phosphorescent dopant is 1 to 5% for
the total of the mixture light-emitting film.

14. The organic EL device according to claim 3, wherein
the light-emitting layer is patterned to an edge roughness of
5 microns or less.

15. The organic EL device according to claim 3, wherein
the host substance comprises an optically inactive polymer.

16. A light emitting film mixture comprising:

a host substance; and

a phosrphorescent dopant,

wherein the mixture is mixed in a mixing ratio to provide

a light-emitting layer of an organic electroluminescent
(EL) device, wherein a weight ratio of the phospho-
rescent dopant is 1 to 5% for the mixture, and wherein
the host substance comprises a matrix and a low
molecular electric charge transporter.

17. The light emitting film mixture according to claim 6,
wherein the matrix comprises a coating property to form a
film, and the low molecular electric charge transporter is
mixed into the matrix so as not to significantly drop an
adhesion force of the matrix between a substrate and the
film.

18. The light emitting film mixture according to claim 17,
wherein an adhesive force between parts of the film is
relatively weakened so as to improve transfer characteristics
of the film from one substrate to another, while electrical
characteristics of the organic EL device are not dropped.

* 0k %k k%
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