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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE OF RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2007-0082354, filed Aug.
16,2007, the entire content of which is incorporated herein by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic light
emitting diode (OLED) display device having improved
emission intensities of red (R), green (G) and blue (B) peaks
and a method of fabricating the same, and more particularly,
an OLED display device including a white emission layer
having a mixed host and a method of fabricating the same.
[0004] 2. Description of the Related Art

[0005] OLED display devices include a substrate, an anode
on the substrate, an emission layer on the anode, and a cath-
ode on the emission layer. In such an OLED display device,
when a voltage is applied between the anode and the cathode,
ahole and an electron are injected into the emission layer and
then recombined to thereby generate an exciton, and thus
light is emitted by the transition from an excited state to a
ground state.

[0006] To realize a full-color OLED display device, respec-
tive emission layers corresponding to R, G and B colors may
be formed. However, emission layers in such an OLED dis-
play device have different luminous efficiencies (cd/A). Thus,
each emission layer has different brightness, which is gener-
ally proportional to a current. As a result, when the same
current is applied, one layer may have relatively low bright-
ness, and another layer may have relatively high brightness,
and thus it is difficult to obtain an appropriate color balance or
white balance. For example, because the luminous efficiency
of the green emission layer is 3 to 6 times higher than those of
the red and blue emission layers, much more current has to be
applied to the red and blue emission layers in order to obtain
an appropriate white balance.

[0007] To solve this problem, there is a method in which an
emission layer emitting single color light, e.g., white light, is
formed, along with a color filter layer for extracting light
corresponding to a specific color from the emission layer, or
a color conversion layer for converting the light emitted from
the emission layer into light of a specific color is formed.
Here, the OLED display device realizing or producing white
light includes a multi-layered emission layer containing a
dopant in a single host.

[0008] However, the conventional OLED display device
realizing white light has a problem of low luminous efficien-
cies of R, G and B peaks. Also, because the multi-layered
emission layer has layers with different life-span character-
istics, the balance of the R, G and B peaks may be broken as
time passes, and thus the OLED display device may not
realize (or produce) white light for a long period of time.

SUMMARY OF THE INVENTION

[0009] Aspects of an embodiment of the present invention
are directed toward an organic light emitting diode (OLED)
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display device having improved luminous efficiency and life-
span characteristics and a method of fabricating the same.
[0010] According to an embodiment of the present inven-
tion, an OLED display device includes: a substrate; a first
electrode disposed on the substrate; an organic layer disposed
on the first electrode, and including a white emission layer
having a first host and a second host having a different polar-
ity from the first host; and a second electrode disposed on the
organic layer.

[0011] According to another embodiment of the present
invention, a method of fabricating the OLED display device
includes: preparing a substrate; forming a first electrode on
the substrate; forming an organic layer including a white
emission layer having a first host and a second host having a
different polarity from the first host on the first electrode; and
forming a second electrode on the organic layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description, serve to
explain the principles of the present invention.

[0013] FIG. 1 is a cross-sectional schematic view of an
organic light emitting diode (OLED) display device accord-
ing to an exemplary embodiment of the present invention;
[0014] FIG. 2isagraphillustrating an EL spectrum accord-
ing to Example 1;

[0015] FIG. 3isagraphillustrating an EL spectrum accord-
ing to Comparative Example 1;

[0016] FIG. 4 is a graph illustrating a relationship between
luminous efficiency and brightness in Example 1 and Com-
parative Example 1;

[0017] FIG. 51is a graph illustrating a relationship between
luminous flux efficiency and brightness in Example 1 and
Comparative Example 1;

[0018] FIG. 6is a graph illustrating a relationship between
current density and driving voltage in Example 1 and Com-
parative Example 1;

[0019] FIG. 7 is a graph illustrating a relationship between
brightness and current density in Example 1 and Comparative
Example 1; and

[0020] FIG. 8 is a graph illustrating a relationship between
brightness and driving voltage in Example 1 and Comparative
Example 1.

DETAILED DESCRIPTION

[0021] In the following detailed description, only certain
exemplary embodiments of the present invention are shown
and described, by way of illustration. As those skilled in the
art would recognize, the invention may be embodied in many
different forms and should not be construed as being limited
to the embodiments set forthherein. Also, in the context ofthe
present application, when an element is referred to as being
“on” another element, it can be directly on the another ele-
ment or be indirectly on the another element with one or more
intervening elements interposed therebetween. Like refer-
ence numerals designate like elements throughout the speci-
fication.

[0022] FIG. 1 is a cross-sectional schematic view of an
organic light emitting diode (OLED) display device accord-
ing to an exemplary embodiment of the present invention.
[0023] Referring to FIG. 1, the OLED display device
includes a substrate 100, a first electrode 110, a second elec-
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trode 130, and an organic layer 120 interposed between the
first and second electrodes 110 and 130.

[0024] In one embodiment, the OLED display device is a
bottom-emission type, which emits light toward the substrate
100. Here, the first electrode 110 may be a transparent con-
ductive layer formed of ITO, 120 or ITZO.

[0025] Also, if the OLED display device is a top-emission
type, the first electrode 110 may have a double or triple
layered structure further including a reflective layer in addi-
tion to the transparent conductive layer.

[0026] That is, in another embodiment, the OLED display
device is a top-emission type for emitting light in an opposite
direction away from the substrate 100, and in this case, the
first electrode 110 may be formed in a double or triple layered
structure in which a transparent conductive layer and a reflec-
tive layer are stacked.

[0027] The first electrode 110 according to an exemplary
embodiment of the present invention is formed as a double
layered structure by sequentially stacking a reflective layer
(which is formed of aluminum (Al), silver (Ag) or an alloy
thereof), and a transparent conductive layer (which is formed
of ITO, 1ZO or ITZ0).

[0028] The first electrode 110 according to another exem-
plary embodiment may be formed in a triple layered structure
by stacking a first metal layer (which is formed of titanium
(Ti), molybdenum (Mo), ITO or an alloy thereof), a second
metal layer (which is formed of Al, Ag or an alloy thereof),
and a third metal layer (which is formed of ITO, 170 or
ITZ0).

[0029] In an embodiment of the present invention, the
OLED display device is an active-matrix type, and in this
case, a circuit including a plurality of thin film transistors and
capacitors may be formed between the substrate 100 and the
first electrode 110.

[0030] Theorganic layer 120 may include a white emission
layer including at least a mixed host.

[0031] The mixed host includes first and second hosts,
which have different polarities from each other. When two or
more different hosts are mixed, the concentration of charge
may be increased in the white emission layer, thereby making
an exciton area larger, and thus brightness, i.¢., luminous
efficiency, may be increased using a small amount of current.
Also, the mixed host has a characteristic that may lower heat
generated inside the OLED display device in a voltage drop,
thereby enhancing device stability.

[0032] That is, a white emission layer including a single
host has a smaller exciton area than that of the white emission
layer including the mixed host so that fewer excitons are
formed and involved in the emission, and thus emission time
becomes shorter. As a result, the white emission layer includ-
ing the mixed host has a longer life-span than that of the white
emission layer including the single host.

[0033] The mixed host may include from about 50 to about
75% of the first host and from about 25 to about 50% of the
second host.

[0034] Inone exemplary embodiment of the present inven-
tion, the first host may be a hole transport material, and the
second host may be an electron transport material.

[0035] The hole transport material may include an aryl
amine series compound and/or a starburst amine compound,
and more particularly, may include 4,4,4-tris(3-methylphe-
nylamino)triphenylamine (m-MTDATA), 1,3,5-tris[4-(3-me-
thylphenylamino)phenyl]benzene (m-MTDATB), and/or
copper phthalocyanine (CuPc).
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[0036] The electron transport material may include a metal
complex having a quinoline skeleton and/or abenzoquinoline
skeleton, a mixed ligand complex, an oxazole ligand, and/or
a thiazole ligand. The quinoline skeleton may include Alqg3,
tris(4-methyl-8-quinolinolato)aluminum (Almq3) and/or bis
(10-hydroxybenzo[h]-quinolinolato) beryllium (Bebq?2).
Further, the material including the mixed ligand complex may
include  bis(2-methyl-8-quinolinolate)-(4-hydroxy-biphe-
nyl)-aluminum (BAlq). Furthermore, the material including
the oxazole-based ligand may include bis[2-hydroxyphenyl]-
benzooxazolate)zinc (Zn(BOX)2), and/or bis[2-(2-hyd rox-
yphenyl)-benzothiozolate]|zine (Zn(BTZ)2).

[0037] Also, the metal complex may further include an
oxadiazole derivative, a triazole derivative and/or a phenan-
throline derivative. The material including the oxadiazole
derivative may include 2-(4-biphenyl)-5-(4-tert-butylphe-
nyl)-1,3,4-oxadiazole (PBD), and/or 1,3-bis[5-(p-tert-bu-
tylphenyl)-1,3,4-oxadiazole-2-yl[benzene (OXD-7). Further,
the material including the triazole derivative may include
3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphenyl)-1,2,4-triaz-
ole (TAZ), and/or 3-(4-tert-butyl phenyl)-4-(4-enthylphe-
nyl)-5-(4-biphenyl)-1,2,4-triazole (p-EtTAZ). Furthermore,
the material including the phenanthroline derivative may
include bathophenanthroline (BPhen), and/or bathocuproin
(BCP).

[0038] The white emission layer is formed as a multi-lay-
ered structure, for example, a double or triple layered struc-
ture.

[0039] In one embodiment of the present invention, the
white emission layer is a double layered-white emission layer
for emitting light at different wavelengths. One layer may be
an emission layer for emitting orange-red light, and the other
layer may be an emission layer for emitting blue light. Also,
the emission layer emitting orange-red light may be a phos-
phorescent emission layer, and the emission layer emitting
blue light may be a fluorescent emission layer. While the
phosphorescent emission layer has a superior emission char-
acteristic to the fluorescent emission layer for emitting light
in the same wavelength range, the fluorescent emission layer
may have alonger life-span than the phosphorescent emission
layer. Thus, the white emission layer formed by stacking the
phosphorescent emission layer for emitting orange-red light
with the fluorescent emission layer for emitting blue light
may have excellent luminous efficiency and long life-span.
Also, the double layered-white emission layer includes at
least one emission layer containing the mixed host.

[0040] In another embodiment, the white emission layer is
a triple-layered white emission layer that may have a stacked
structure of red, green and blue emission layers, but the stack-
ing order of the layers according to embodiments of the
present invention is not thereby limited.

[0041] The red emission layer may include a dopant in the
mixed or single host. The single host may include tris-(8-
hydroxyquinoline) aluminum (Alg3), and/or 4,4'-N,N-dicar-
bazolylbiphenyl (CBP). Also, the red dopant may include
4-(dicyanomethylene)-2-t-butyl-6-(1,1,7,7-tetramethylju-
lolidyl-9-enyl)-4H-pyran (DCIJITB), 4-(dicyanomethylene)-
2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (DCM), and/
or platinum(Il) porphyrins (PtOEP).

[0042] The green emission layer may include a green
dopant in the mixed or single host. The single host may
include Alq3 and/or CBP. Also, the green dopant may include
10-(2-benzothiazolyl)-2,3,6,7-tetrahydro-1,1,7,7-tetram-
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ethyl-1H,5H,11H-[1]benzopirano[6,7,8-ij]quinolizine-11-
one (C545t), and/or tris[2-(2-pirydinyl)phenyl-C,N]-iridium
(IrPPY).

[0043] Also, the blue emission layer may have a dopant in
the mixed or single host. The single host may include 4,4-bis
(2,2-diphenyl-ethene-1-yl)-biphenyl (DPVBIi), TAZ, and/or
CBP. Also, the blue dopant may include distyrylarylene
(DSA), bis[2-(4,6-difluorophenyl)pyridinato-N,C2"iridium
picolinate (F2Irpic), tris[1-(4,6-difluorophenyl)pyrazolate-
N,C2Miridium (Ir[difppz]3), bis[2-(4,6-difluorophenyl)py-
ridinato-N,C2"liridium picolinate (F2Irpic), and/or tris[ 1-(4,
6-difluorophenyl)pyrazolate-N,C2'liridium  (Ir[dfppz]3).
Moreover, the host material may include TMM-004 (avail-
able from COVION), TAZ, and/or CBP. When the blue emis-
sion layer is formed of a fluorescent material, a host may
include BH232 (available from Idemitsu), and/or BH215
(available from Idemitsu), and a dopant may include BD142
(available from Idemitsu), and/or D052 (available from Ide-
mitsu).

[0044] Also, the organic layer 120 may further include at
least one of a hole transport layer, an electron injection layer,
an electron transport layer and a hole blocking layer.

[0045] The hole transport layer may be formed of an
arylene diamine derivative, a starburst compound, a biphenyl
diamine derivative having a spiro group, and/or a trapezoid
compound, and more particularly, may be formed of N,N-
diphenyl-N,N-bis(4-methylphenyl)-1,1-biphenyl-4,4-di-
amine (TPD), and/or 4,4-bis[N-(1-naphthyl)-N-pheny-
lamino[biphenyl (NPB).

[0046] The hole blocking layer serves to prevent or block
transfer of a hole into the electron injection layer when hole
mobility is higher than electron mobility in an organic emis-
sion layer. Here, the hole blocking layer may be formed of
2-biphenyl-4-yl-5-(4-t-butylphenyl)-1,3,4-oxydiazole
(PBD), and/or spiro-PBD and TAZ.

[0047] The electron transport layer is formed of a metal
compound which may easily hold an electron therein, and
may be formed of Alq3 having an excellent characteristic
capable of safely transporting an electron provided from the
cathode electrode.

[0048] The electron injection layer may be formed of a
1,3,4-oxydiazole derivative, a 1,2,4-triazole derivative, and/
or LiF.

[0049] Also, the organic layer 120 may be formed by
vacuum deposition, ink-jet printing and/or laser induced ther-
mal imaging (LITT).

[0050] A second electrode 130 is formed on the organic
layer 120. The second electrode 130 may be formed of Ag, Al,
Ca, Mg or an alloy thereof, which has a low work function.
[0051] In addition, in the top-emission OLED display
device described above, the second electrode 130 may be
formed of an MgAg alloy or an AlAg alloy.

[0052] Accordingly, the OLED display device according to
the exemplary embodiments of the present invention can be
formed (or completed) as described above.

[0053] The following examples illustrate the present inven-
tion in more detail. However, the present invention is not
limited by these examples.

EXAMPLE 1
Mixed Host Example

[0054] An ITO layer was formed on a substrate to have a
thickness of 70 A. A hole injection layer was formed to a
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thickness of 750 A on the ITO layer using IDE406 (available
from Idemitsu), and a hole transport layer was formed to a
thickness of 150 A thereon using IDE320 (available from
Idemitsu). A blue emission layer containing BH 232 (avail-
able from Idemitsu) as a host material and 5 wt % BD142
(available from Idemitsu) as a dopant material was formed on
the hole transport layer to have a thickness of 80 A. Also, a
green emission layer containing a mixed host of 75% CBP
(available from UDC) as a first hostand 25% TMM (available
from Covion) as a second host, and 7 wt % GGDO1 (available
from Gracel) as a dopant material was formed on the blue
emission layer to have a thickness of 100 A. A red emission
layer containing a mixed host of 75% CBP (available from
UDC) as a first host and 25% TMM (available from Covion)
as a second host, and 12 wt % RD25 (available from UDC) as
a dopant material was formed on the green emission layer to
have a thickness of 120 A. An electron transport layer was
formed on the red emission layer to have a thickness of 250 A
using G201 (available from LG). An electron injection layer
was formed on the electron transport layer to have a thickness
of 5 A using LiF. A second electrode was formed on the
electron injection layer to have a thickness of 2000 A using
Al

COMPARATIVE EXAMPLE 1
Single Host Example

[0055] An ITO layer was formed on a substrate to have a
thickness of 70 A. A hole injection layer was formed to a
thickness of 750 A on the ITO layer using IDE406 (available
from Idemitsu), and a hole transport layer was formed to a
thickness of 150 A thereon using IDE320 (available from
Idemitsu). A blue emission layer containing BH 232 (avail-
able from Idemitsu) as a host material and 5 wt % BD142
(available from Idemitsu) as a dopant material was formed on
the hole transport layer to have a thickness of 80 A. Also, a
green emission layer containing CBP (available from UDC)
as ahost material and 7 wt % GGDO1 (available from Gracel)
as a dopant material was formed on the blue emission layer to
have a thickness of 100 A. A red emission layer containing
CBP (available from UDC) as a host material and 12 wt %
RD25 as a dopant material was formed on the green emission
layer to have a thickness of 120 A. An electron transport layer
was formed on the red emission layer to have a thickness of
250 A using L.G201 (available from LG). An electron injec-
tion layer was formed on the electron transport layer to have
athickness of 5 A using LiF. A second electrode was formed
on the electron injection layer to have a thickness of 2000 A
using Al.

[0056] FIG. 2 is a graph illustrating an EL, spectrum of
Example 1, and FIG. 3 is a graph illustrating an EL spectrum
of Comparative Example 1. The x axis denotes a wavelength
(nm), and the y axis denotes intensity (a.u.: arbitrary unit).
[0057] Referring to FIG. 2, a blue peak is the highest at a
wavelength of 424 to 468 nm, and has an intensity of about
0.45. A green peak is the highest at a wavelength of 512 nm,
and has an intensity of about 0.65. Also, a red peak is the
highest at a wavelength of 600 to 644 nm, and has an intensity
of about 0.35.

[0058] Referring to FIG. 3, a blue peak is the highest at a
wavelength of 424 to 468 nm, and has an intensity of about
0.1. A green peak is the highest at a wavelength of 512 nm,
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and has an intensity of about 0.2. Also, a red peak is the
highest at a wavelength of 600 to 644 nm, and has an intensity
of about 0.25.

[0059] As such, it can be noted that, in Example 1, the blue
peak has a 4 times higher intensity, the green peak has a 3
times higher intensity and the red peak has a 1.5 times higher
intensity than the corresponding red, green and blue peaks in
Comparative Example 1.

[0060] FIG. 4 is a graph illustrating the relationship
between luminous efficiency and brightness of Example 1
and Comparative Example 1. The x axis denotes brightness
(cd/m?) and the y axis denotes luminous efficiency (cd/m?).

[0061] Referring to FIG. 4, when brightness is 10,000
cd/m?, luminous efficiency of Example 1 is about 7 cd/A, and
that of Comparative Example 1 is about 6.6 cd/A. Also, when
brightness is 20,000 cd/m2, luminous efficiency of Example
1 is about 5.9 c¢d/A, and that of Comparative Example 1 is
about 5.8 cd/A.

[0062] Accordingly, it can be noted that Example 1 and
Comparative Example 1 have a luminous efficiency of about
0.4 cd/A until the brightness goes to 10,000 cd/m? or higher.
[0063] FIG. 5 is a graph illustrating the relationship
between luminous flux efficiency and brightness in Example
1 and Comparative Example 1. The x axis denotes brightness
(ed/m?), and the y axis denotes luminous flux efficiency (Im/
w).

[0064] Referring to FIG. 5, when the brightness is 10,000
cd/m?, the luminous flux efficiency of Example 1 is about 3.0
Im/W, and the luminous flux efficiency of Comparative
Example 1 is about 2.7 lm/W. Also, when the brightness is
20,000 cd/m?, the luminous flux efficiency of Example 1 is
about 2.1 Im/W, and the luminous flux efficiency of Compara-
tive Example 1 is about 2.0 Im/W.

[0065] Accordingly, it can be noted that Example 1 and
Comparative Example 1 have a luminous flux efficiency of
about 0.3 Im/W until the brightness goes to 10,000 cd/m” or
higher.

[0066] FIG. 6 is a graph illustrating the relationship
between current density and driving voltage in Example 1 and
Comparative Example 1. The x axes denote driving voltage
(V), and the y axes denote current density (mA/cm?).

[0067] Referring to FIG. 6, there is almost no difference in
the current density between Example 1 and Comparative
Example 1 until the driving voltage goes to 6V. Also, when the
driving voltage is 8V, the current density of Example 1 is
about 206.6 mA/cm?, and the current density of Comparative
Example 1 is about 183.09 mA/en®. Also, when the driving
voltage is 10V, the current density of Example 1 is about
583.5 mA/cm?, and the current density of Comparative
Example 1 is about 445.6 mA/cm?.

[0068] Accordingly, it can be noted that when the driving
voltage is more than 6V, the current density of Example 1 has
a noticeable improvement over that of Comparative Example
L.

[0069] FIG. 7 is a graph illustrating the relationship
between current density and brightness in Example 1 and
Comparative Example 1. The x axis denotes current density
(mA/cm?), and the y axis denotes brightness (cd/m?).

[0070] Referring to FIG. 7, when the current density is 200
mA/cm?, the brightness of Example 1 is about 13,620 ¢d/m?,
and the brightness of Comparative Example 1 is about 13,000
cd/m® When the current density is 400 mA/cm?, the bright-
ness of Example 1 is about 23,000 cd/m?, and the brightness
of Comparative Example 1 is about 22,600 cd/m>.
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[0071] Accordingly, it can be noted that when the same
current density is applied to Example 1 and Comparative
Example 1, the brightness of Example 1 is higher than that of
Comparative Example 1.

[0072] FIG. 8 is a graph illustrating the relationship
between brightness and driving voltage in Example 1 and
Comparative Example 1. The x axis denotes driving voltage
(V), and the v axis denotes brightness (cd/m?).

[0073] Referring to FIG. 8, when the driving voltage is 7V,
the brightness of Example 1 is about 7,611 cd/m?, and the
brightness of Comparative Example 1 is about 7,029 ¢d/m?.
Also, when the driving voltage is 8V, the brightness of
Example 1 is about 13,620 cd/m?, and the brightness of Com-
parative Example 1 is about 11,990 cd/m®. Also, when the
driving voltage is 9V, the brightness of Example 1 is about
21,400 cd/m?, and the brightness of Comparative Example 1
is about 17,970 cd/m>.

[0074] Accordingly, it can be noted that when the same
driving voltage is applied to the device, the brightness of
Example 1 is higher than that of Comparative Example 1.
[0075] Inview of the foregoing, the present invention may
provide an OLED display device with improved emission
intensities of R, G and B peaks and increased life-span. Thus,
reliability of the device may also be improved.

[0076] While the present invention has been described in
connection with certain exemplary embodiments, it is to be
understood that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover vari-
ous modifications and equivalent arrangements included
within the spirit and scope of the appended claims, and
equivalents thereof.

What is claimed is:

1. An organic light emitting diode (OLED) display device,
comprising:

a substrate;

a first electrode on the substrate;

an organic layer on the first electrode, and including a white

emission layer comprising a mixed host including a first
host and a second host having a different polarity from
the first host; and

a second electrode on the organic layer.

2. The device according to claim 1, wherein the first host
comprises a hole transport material, and the second host
comprises an electron transport material.

3. The device according to claim 2, wherein the hole trans-
port material comprises an aryl amine series compound and/
or a starburst amine compound.

4. The device according to claim 2, wherein the electron
transport material comprises at least one selected from the
group consisting of a metal complex having a quinoline skel-
eton, a metal complex having a benzoquinoline skeleton, a
mixed ligand complex, an oxazole ligand, and a thiazole
ligand.

5. The device according to claim 1, wherein the mixed host
comprises from about 50 to about 75% of the first host, and
from about 25 to about 50% of the second host.

6. The device according to claim 1, wherein the white
emission layer is a multi-layered layer.

7. The device according to claim 6, wherein the multi-
layered layer is a double or triple layered layer.

8. The device according to claim 7, wherein the double
layered layer comprises an orange-red emission layer and a
blue emission layer.
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9. The device according to claim 7, wherein the triple
layered layer comprises a red emission layer, a green emis-
sion layer, and a blue emission layer.

10. A method of fabricating an organic light emitting diode
(OLED) display device, the comprising;

preparing a substrate;

forming a first electrode on the substrate;

forming an organic layer including a white emission layer

comprising a mixed host including a first host and a
second host having a different polarity from the first host
on the first electrode; and

forming a second electrode on the organic layer.

11. The method according to claim 10, wherein the forming
of the organic layer comprises forming the first host to com-
prise a hole transport material, and forming the second host to
comprise an electron transport material.

12. The method according to claim 11, wherein the hole
transport material is formed to comprise an aryl amine series
compound and/or a starburst amine compound.

13. The method according to claim 11, wherein the electron
transport material is formed to comprise a metal complex
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having a quinoline skeleton, a metal complex having a ben-
zoquinoline skeleton, a mixed ligand complex, an oxazole
ligand, and/or a thiazole ligand.

14. The method according to claim 10, wherein the forming
of the organic layer comprises forming the mixed host to
comprise from about 50 to about 75% of the first host, and
from about 25 to about 50% of the second host.

15. The method according to claim 10, wherein the forming
the organic layer comprises forming the white emission layer
as a multi-layered layer.

16. The method according to ¢laim 15, wherein the multi-
layered layer is formed as a double or triple layered layer.

17. The method according to claim 16, wherein the double
layered layer is formed to comprise an orange-red emission
layer and a blue emission layer.

18. The method according to claim 16, wherein the triple
layered layer is formed to comprise a red emission layer, a
green emission layer, and a blue emission layer.
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