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(57) ABSTRACT

An organic light emitting display device and a method of
fabricating the same, in which a resonance effect is sup-
pressed and transmittance is substantially the same in a wave-
length band of visible light. The organic light emitting display
device includes: a substrate; a first electrode disposed on the
substrate and including a reflection layer; an organic layer
disposed on the first electrode and including a white emission
layer; a second electrode disposed on the organic layer; a
transmittance controlled layer disposed on the second elec-
trode; and a metal layer disposed on the transmittance con-
trolled layer.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2006-0132925, filed on
Dec. 22, 2006, in the Korean Intellectual Property Office, 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 display device capable of representing white light,
and a method of fabricating the same.

[0004] 2. Description of the Related Art

[0005] An organic light emitting display device includes a
substrate, an anode disposed on the substrate, an emission
layer (EML) disposed on the anode, and a cathode disposed
on the emission layer. In the organic light emitting display
device, when a voltage is applied between the anode and the
cathode, holes and electrons are injected into the emission
layer and recombined to create excitons. The excitons transi-
tion from an excited state to a ground state, thereby emitting
light.

[0006] To display full colors, an organic light emitting dis-
play device can include emission layers corresponding to red
(R), green (G), and blue (B), respectively. However, such red,
green and blue emission layers of the organic light emitting
display device have different luminance efficiencies (Cd/A).
These different luminance efficiencies cause the red, green
and blue emission layers to emit light at different brightness.
Generally, the brightness of the emission layer is approxi-
mately proportional to a current. Therefore, when the same
current is applied, one color light may be emitted to have a
relatively low brightness but another color light may be emit-
ted to have a relatively high brightness, so that it is difficult to
have proper color balance or white balance. For example, the
luminance efficiency of the green emission layer is from three
to six times higher than those of the red and blue emission
layers, so that more current should be applied to the red and
blue emission layers to adjust the white balance.

[0007] To enhance white balance, an organic light emitting
display device has been proposed which includes an emission
layer formed to emit monochromic light (i.e., white light),
and a color filter layer to filter light corresponding to a pre-
determined color of light from the emission layer (or a color
conversion layer to convert the light emitted from the emis-
sion layer into a predetermined color of light).

[0008] FIG. 1 is a cross-sectional view of a conventional
top-emission organic light emitting display device.

[0009] Referring to FIG. 1, a substrate 100 is provided, and
a first electrode 110 having a reflection layer is formed on the
substrate 100. Further, a thin film transistor and a capacitor
may be provided between the first electrode 110 and the
substrate 100.

[0010] An organic layer 120 including an emission layer is
formed on the first electrode 110. The emission layer may be
a single layer structure or a multiple layer structure. Further,
a second electrode 130, which is transflective, is formed on
the organic layer 120.
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[0011] In this conventional top-emission organic light
emitting display device, a resonance effect occurs due to the
transflective second electrode 130. In addition, in the case
where the white emission layer and the color filter are used to
realize full colors, red, green and blue emission layers are
stacked adjacent to one another and employed as the white
emission layer. However, white light is not properly realized
because of the resonance effect due to the transflective second
electrode 130. Further, the resonance effect causes light to be
emitted with different wavelengths according to viewing
angles. Such a resonance effect largely depends on the thick-
ness of the organic layer, so that a wavelength band of the
filtered light varies according to thickness distribution of the
organic layer, thereby making color and brightness represen-
tation unstable.

SUMMARY OF THE INVENTION

[0012] An aspect of an embodiment of the present inven-
tion is directed to an organic light emitting display device, in
which red, green and blue peaks are equivalent in transmit-
tance in a wavelength band of visible light and which is
capable of representing white light, and a method of fabricat-
ing the same.

[0013] An aspect of an embodiment of the present inven-
tion is directed to an organic light emitting display device,
which has substantially the same transmittance in a wave-
length band of visible light and is thus capable of representing
white light, and a method of fabricating the same.

[0014] An aspect of an embodiment of the present inven-
tion is directed to an organic light emitting display device,
which includes a transmittance controlled layer (TCL) and a
metal layer, and a method of fabricating the same

[0015] According to an embodiment of the present inven-
tion, an organic light emitting display device includes: a
substrate; a first electrode disposed on the substrate and
including a reflection layer; an organic layer disposed on the
first electrode and including a white emission layer; a second
electrode disposed on the organic layer; a transmittance con-
trolled layer disposed on the second electrode; and a metal
layer disposed on the transmittance controlled layer.

[0016] According to another embodiment of the present
invention, a method of fabricating an organic light emitting
display device includes: providing a substrate; forming a first
electrode including a reflection layer on the substrate; form-
ing an organic layer including a white emission layer on the
first electrode; forming a second electrode on the organic
layer; forming a transmittance controlled layer on the second
electrode; and forming a metal layer on the transmittance
controlled layer.

[0017] According to another embodiment of the present
invention, an organic light emitting display device includes: a
substrate; a reflective electrode disposed on the substrate; an
organic layer disposed on the reflective electrode; a transflec-
tive electrode disposed on the organic layer; a transmittance
controlled layer disposed on the transflective electrode; and a
metal layer disposed on the transmittance controlled layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] 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.
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[0019] FIG. 1 is a cross-sectional view of a conventional
top-emission organic light emitting display device.

[0020] FIG. 2 is a cross-sectional view of an organic light
emitting display device according to an exemplary embodi-
ment of the present invention.

[0021] FIG. 3 is a graph showing a transmission spectrum
according to a first exemplary embodiment of the present
invention.

[0022] FIG. 4 is a graph showing a transmission spectrum
according to a second exemplary embodiment of the present
invention.

[0023] FIG. 5is a graph showing a transmission spectrum
according to a third exemplary embodiment of the present
invention.

[0024] FIG. 6 is a graph showing an electroluminescence
spectrum according to the first exemplary embodiment of the
present invention.

[0025] FIG. 7 is a graph showing an electroluminescence
spectrum according to the second exemplary embodiment of
the present invention.

[0026] FIG. 8 is a graph showing an electroluminescence
spectrum according to the third exemplary embodiment of the
present invention.

[0027] FIG. 9 is a graph showing an electroluminescence
spectrum according to a comparative example.

[0028] FIG. 10 is a graph showing transmission spectrums
according to fourth, fifth and sixth exemplary embodiments
of the present invention.

[0029] FIG. 11 is a graph showing transmission spectrums
according to seventh, eighth and ninth exemplary embodi-
ments of the present invention.

[0030] FIG. 12 is a graph showing transmission spectrums
according to tenth, eleventh and twelfth exemplary embodi-
ments of the present invention.

DETAILED DESCRIPTION

[0031] In the following detailed description, only certain
exemplary embodiments of the present invention have been
shown and described, simply by way of illustration. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention. Accord-
ingly, the drawings and description are to be regarded as
illustrative in nature and not restrictive. Also, in the context of
the present application, when an element (e.g., a layer or a
substrate) is referred to as being “on” another element, it can
be directly on the another element or be indirectly on the
another element with one or more intervening elements inter-
posed therebetween. Hereinafter, like reference numerals
refer to like elements.

[0032] FIG. 2 is a cross-sectional view of an organic light
emitting display device according to an exemplary embodi-
ment of the present invention.

[0033] Referring to FIG. 2, a substrate 200 is provided, and
a first electrode 210 having a reflection layer is formed on the
substrate 200. Here, the first electrode 210 may be a double
electrode structure or a triple electrode structure. When the
first electrode 210 is formed to be a double electrode struc-
ture, it may be formed by sequentially stacking a reflection
layer made of aluminum, silver or alloys thereof, and a trans-
parent conductive layer made of indium tin oxide (ITO),
indium zinc oxide (1Z0) and/or indium tin zinc oxide (ITZO).
When the first electrode 210 is formed to be a triple electrode
structure, it may be formed by sequentially stacking a first

Oct. 2, 2008

metal layer made of titanium, molybdenum, ITO or alloys
thereof, a second metal layer made of aluminum, silver or
alloys thereof, and a third metal layer made of 1TO, [ZO
and/or [TZO.

[0034] Further, a thin film transistor, a capacitor, and the
like may be provided between the substrate 200 and the first
electrode 210.

[0035] An organic layer 220 including a white emission
layer is formed on the first electrode 210. Here, the white
emission layer may be a single layer structure or a multiple
layer structure.

[0036] When the white emission layer is formed to be a
single layer structure, respective emission materials for dif-
ferent colors are mixed together with a dopant or carbazole-
based molecules (PVK) are mixed with PBD, TPB, coumarin
6, DCM1 and Nilered in a proper ratio so as to represent white
light. In one embodiment, two emission materials for two
different colors are mixed and then another emission material
for another color is mixed thereto, thereby obtaining a white
emission material. For example, a red emission material and
a green emission material are mixed and a blue emission
material is mixed thereto, thereby obtaining the white emis-
sion material. The red emission material includes a material
selected from the group consisting of a polymer material such
as a polythiophene (PT) and its derivatives. The green emis-
sion material includes a material selected from the group
consisting of a low molecular material such as Alg3, BeBq2
and Almgq, and a polymer material such as poly(p-phenyle-
nevinylene) (PPV) and their derivatives. The blue emission
material includes a material selected from the group consist-
ing of alow molecular material such as ZnPBO, Balg, DPVBi
and OXA-D, a polymer material such as polyphenylene, and
their derivatives.

[0037] When the white emission layer is formed to be a
multiple layer structure, it may include two layers which emit
light of different wavelength ranges. One layer is an emission
layer for emitting light of an orange-red wavelength range,
and the other layer is an emission layer for emitting light of a
blue wavelength range. Here, a phosphorescent emission
layer may be used to emit light of the orange-red wavelength
range, and a fluorescent emission layer may be used to emit
light of the blue wavelength range. The phosphorescent emis-
sion layer has a relatively high luminous efficiency as com-
pared with the fluorescent emission layer for emitting light of
the same wavelength range, while the fluorescent emission
layer has a relatively high durability. Thus, the white emission
layer, in which the phosphorescent emission layer that emits
light of the orange-red wavelength range and the fluorescent
emission layer that emits light of the blue wavelength range
are stacked, can have both a relatively high luminous effi-
ciency and a relatively high durability. In one embodiment,
the white emission layer is formed to be a two layer structure
that may include a polymer material, a low molecular mate-
rial, or a double layer thereof.

[0038] In one embodiment, the white emission layer is
formed to be a three layer structure. For example, the white
emission layer is formed to have red, green, and blue emission
layers, and the red, green, and blue emission layers may be
stacked with any suitable stacking order.

[0039] Thered emission layer may include a low molecular
material such as Alq3 (host)/DCITB (fluorescent dopant),
Alq3 (host)/DCM (fluorescent dopant), CBP (host)/PtOEP
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(phosphorescent organic metal complex), or the like, or a
polymer material such as a PFO-based polymer, a PPV-based
polymer, or the like.

[0040] The green emission layer may include a low
molecular material such as Alg3, Alq3 (host)/C545t (dopant),
CBP(host) /IrPPY (phosphorescent organic complex), or the
like, or a polymer material such as a PFO-based polymer, a
PPV-based polymer, or the like.

[0041] Theblue emission layer may include a low molecu-
lar material such as DPVBI, spiro-DPVBI, spiro-6P, distyl-
benzene (DSB), distyrylarylrene (DSA), or the like, or a
polymer material such as a PFO-based polymer, a PPV-based
polymer, or the like.

[0042] In addition, the organic layer 220 may be a single
layer structure or a multiple layer structure, which includes
one or more layers selected from a hole injection layer, a hole
transport layer, an electron injection layer, an electron trans-
port layer, and a hole blocking layer.

[0043] Thehole injection layer facilitates injection of holes
into an organic emission layer of an organic light emitting
display device and increases the lifespan of the organic light
emitting display device. The hole injection layer may include
an arylamine-based compound, starbuster amine series, etc.
In more detail, the hole injection layer may include 4,4,4-tris
(3-methylphenylamino)triphenylamino(m-MTDATA), 1,3,
5-tris[4-(3-methylphenylamino )phenyl|benzene(m-MT-
DATB), phthalocyanine copper (CuPc), etc.

[0044] The hole transport layer may include arylene
diamine derivatives, a starbuster compound, spiro-biphenyl-
diamine derivatives, a ladder compound, etc. In more detail,
the hole transport layer may include N,N-diphenyl-N,N-bis
(4-methylphenyl)-1,1-biphenyl-4,4-diamine (TPD) or 4,4-
bis[N-(1-naphryl)-N-phenylamino]|biphenyl (NPB).

[0045] The hole blocking layer prevents (or blocks) holes
from moving to the electron injection layer when electron
mobility is larger than hole mobility in the organic emission
layer. Here, the hole blocking layer may include a material
selected from the group consisting of 2-biphenyl-4-il-5-(4-t-
buthylphenyl)-1,3,4-oxythiazol (PBD), spiro-PBD, 3-(4-t-
buthylphenyl)-4-phenyl-5-(4-biphenyl)-1,2,4-triazol (TAZ),
and combinations thereof.

[0046] The electron transport layer may include a metal
compound to facilitate transport of electrons. For example,
the electron transport layer includes 8-hydroquinoline alumi-
num (Alq3) to more stably transport electrons from a cathode.
[0047] The electron injection layer may include a material
selected from the group consisting of 1,3,4-oxythiazol deriva-
tives, 1,2,4-triazol derivatives, LiF, and combinations thereof,
[0048] Further, the organic layer 220 may be formed by
vacuum deposition, inkjet printing, and/or laser induced ther-
mal imaging.

[0049] A transflective second electrode 230 is formed on
the organic layer 220. The second electrode 230 may be
formed of magnesium silver (MgAg) and/or aluminum silver
(AlAg). Here, MgAg is formed by co-deposition of magne-
sium and silver, and the aluminum silver (AlAg). is formed in
a stacked structure in which aluminum and silver are depos-
ited in sequence. Further, a transparent conductive layer such
as ITO or 170 may be formed on the second electrode 230.
[0050] A transmittance controlled layer (TCL) 240 is
formed on the second electrode 230. The transmittance con-
trolled layer 240 uses an interference effect to control trans-
mittance and reflectance of the second electrode 230, thereby
adjusting the intensity of a transmission spectrum according
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to wavelength bands. In more detail, the organic light emitting
display device for realizing white light should have substan-
tially (or approximately) the same transmittance in a wave-
length band of visible light, particularly, should have substan-
tially the same transmittance in the wavelength band ranging
from about 450 to about 650 nm. However, red, green and
blue spectrums themselves are likely to differ in intensity
from one another, so that the transmittance controlled layer
240 is needed for controlling the transmittance.

[0051] Here, the transmission spectrum is referred to as an
emission rate according to wavelengths oflight when the light
is emitted from the organic layer 220 of the organic light
emitting display device to the outside. Further, the interfer-
ence effect is referred to as a phenomenon of when light
reflected from an interface between the transmittance con-
trolled layer 240 and a metal layer (formed in a process
described in more detail below) is reflected again from the
surface of the underlying second electrode 230 to the outside.
Here, an important physical property for the interference
effect is a refractive index. The refractive index may vary
depending on the wavelength of light and the thickness of the
transmittance controlled layer.

[0052] Inaddition, when the organic light emitting display
device for realizing the white light has a flat transmission
spectrum in a wavelength band from 450 to 650 nm, it can be
referred to as an optimal design. The transmittance at the
optimal design is set as a reference transmittance, and when
transmittance is higher than half of the reference transmit-
tance in the wavelength band of visible light, i.e., from 450 to
650 nm, the organic light emitting display device can realize
the white light. To satisfy this condition and in consideration
of the metal layer 250 (formed in a process described in more
detail below), the transmittance controlled layer 240 accord-
ing to one embodiment of the present invention has an optical
path length (OPL) ranging from 520 to 2140 A. The white
light can be checked by an electroluminescence (EL) spec-
trum obtained by a product of the light source spectrum and
the transmission spectrum.

[0053] Here, the optical path length (OPL) is obtained by
the product of the refractive index and the thickness of the
transmittance controlled layer 240, and is proportional to the
wavelength corresponding to the transmission spectrum. As
mentioned above, the refractive index may vary according to
the wavelength, and the thickness of the transmittance con-
troller layer 240 may vary depending on the refractive index
of a substance. Therefore, in one embodiment of the present
invention, the refractive index and the thickness are not spe-
cifically limited as long as the product of the refractive index
and the thickness satisfies the foregoing optical path length
(OPL) of the transmittance controlled layer 240.

[0054] Inoneembodiment, a material for the transmittance
controlled layer 240 is not limited specifically, but its absorp-
tion and reflection characteristics should not be too large.
Thus, pure metal or substances having low transmittance
should be excluded from the materials for the transmittance
controlled layer 240. For example, the transmittance con-
trolled layer 240 may include a material selected from the
group consisting of SiN_, SiO,, SiON, MgF,, ZnS, ZnSe,
TeO,, Zr0,, aylenediamine derivatives, triamine derivatives,
CBP, an aluminum-quinoline complex (Alg3), and combina-
tions thereof. Further, the transmittance controlled layer 240
may be formed by vacuum deposition and/or lithography.
[0055] Then, the metal layer 250 is formed on the transmit-
tance controlled layer 240. The metal layer 250 assists per-
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formance of the transmittance controlled layer 240, and
serves as a blocking layer to separate the transmittance con-
trolled layer 240 from an upper layer such as a protective layer
and/or a color filter layer. Further, the metal layer 250
together with the transmittance controlled layer 240 main-
tains the interference effect of the transmittance controlled
layer 240 and prevents (or reduces) the performance of the
transmittance controlled layer 240 from being lowered due to
the upper layer. Also, the metal layer 250 minimizes an effect
(or an adverse effect) due to the upper layer.

[0056] Themetal layer 250 causes the interference effect of
the light, so that the metal layer 250 according to one embodi-
ment is formed of a material in consideration of how light is
reflected from a metal layer.

[0057] In addition, when the organic light emitting display
device realizing the white light has a flat transmission spec-
trum in a wavelength band ranging from 450 to 650 nm, it can
be called an optimal design. The transmittance at the optimal
design is set as a reference transmittance, and when transmit-
tance is higher than half of reference transmittance in the
wavelength band of visible light, i.e., from 450 to 650 nm, the
organic light emitting display device can realize the white
light. To satisfy this condition by interaction between the
transmittance controlled layer 240 and the metal layer 250,
the metal layer 250 has a reflectance ranging from 4.3 to
48.3%. The white light can be checked by an electrolumines-
cence (EL) spectrum obtained by a product of the light source
spectrum and the transmission spectrum.

[0058] The reflectance and the transmittance of the metal
layer 250 vary according to physical properties of a material
even though it has the same thickness, so that the metal layer
250 is not limited to a specific thickness as long as it satisfies
the reflectance ranging from 4.3 to 48.3%. In one exemplary
embodiment, the metal layer 250 includes a transflective
metal. Here, the transflective metal is selected from magne-
sium (Mg), silver (Ag), calcium (Ca), magnesium silver
(MgAg), magnesium calcium (MgCa), aluminum silver
(AlAg), ytterbium silver (YbAg), and combinations thereof.
Also, the metal layer 250 may be formed by vacuum deposi-
tion and/or sputtering.

[0059] Additionally, a passivation layer and a color filter
layer may be formed on the metal layer 250. The passivation
layer may include an inorganic layer, an organic layer or an
organic-inorganic hybrid layer. For example, the inorganic
layer includes a material selected from the group consisting
of ITO, 170, Si0,, SiN,, Y,0;, Al,O;, and combinations
thereof The organic layer includes parylene and/or high den-
sity polyethylene (HDPE). The organic-inorganic hybrid
layer includes a hybrid layer of Al,O, and an organic poly-
mer.

[0060] Further, the color filter layer may include a pigment,
a polymer binder, and a functional monomer in addition to an
acrylic resin used as a support. The color filter layer may be
divided into a red color filter layer, a green color filter layer,
and a blue color filter layer according to the pigment for
representing colors. The red, green, and blue color filter lay-
ers make the light emitted from the organic layer 220 and
transmitted therethrough have wavelengths corresponding to
red, green, and blue ranges, respectively. Here, the pigments
correspond to red, green, and blue colors, respectively. The
polymer binder protects a liquid monomer from a developer
(or from developing into polymer) in room temperature, and
controls reliability such as stability of pigment dispersion;
thermal, light, and chemical resistance of an RGB pattern;
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etc. The pigment includes organic particles, which have rela-
tively high light resistance and thermal resistance and dis-
perse light. The smaller the size of the particle (or the average
size of the particles) is, the better the transparency and the
dispersion properties of the color filter layer are. The color
filter layer may be formed by vacuum deposition and/or laser
induced thermal imaging.

[0061] As such and in view of the foregoing, an organic
light emitting display device according to an exemplary
embodiment of the present invention can be formed.

[0062] The following exemplary embodiments (and/or
examples) illustrate the present invention in more detail.
However, the present invention is not limited by these
embodiments (and/or examples).

FIRST EXEMPLARY EMBODIMENT

[0063] Silver (Ag) was formed to a thickness of 1000 A on
a substrate, and indium tin oxide (ITO) was formed to a
thickness of 70 A on the Ag. IDE406 available from Idemitsu
was formed to a thickness of 250 A on the ITO as a hole
injection layer, and IDE320 available from Idemitsu was
formed to a thickness of 150 A on the hole injection layer as
a hole transport layer. A blue emission layer that contains
BH215 available from Idemitsu as a host and BD052 avail-
able from Idemitsu as a dopant by 1 wt % was formed to a
thickness of 80 A on the hole transport layer. A green emis-
sion layer that contains CBP available from UDC as a host
and GD33 available from UDC as a dopant by 7 wt % was
formed to a thickness of 100 A on the blue emission layer. A
red emission layer that contains CBP available from UDC as
ahost and TER(004 available from COVION as a dopant by 12
wt % was formed to a thickness of 120 A on the green
emission layer. Balq available from UDC was formed to a
thickness of 50 A on the red emission layer as a hole blocking
layer. Alq3 was formed to a thickness of 100 A on the hole
blocking layer as an electron transport layer. LiF was formed
to a thickness of 5 A on the electron transport layer as an
electron injection layer. A second electrode formed of Al
having a thickness of 20 A and Ag having a thickness of 70 A
was formed on the electron injection layer, and Al,O, was
formed to a thickness of 900 A on the Ag as a transmittance
controlled layer. Ag was formed to a thickness of 90 A on the
transmittance controlled layer as a metal layer.

SECOND EXEMPLARY EMBODIMENT

[0064] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag.
IDEA406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from ldemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness 080 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer, and Alq3 was formed to a
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thickness of 100 A on the hole blocking layer as an electron
transport layer. LiF was formed to a thickness of 5 A on the
electron transport layer as an electron injection layer. A sec-
ond electrode formed of Al having a thickness of 20 A and Ag
having a thickness of 70 A was formed on the electron injec-
tion layer. Al,O, was formed to a thickness of 1000 A on the
Ag as a transmittance controlled layer, and Ag was formed to
a thickness of 90 A on the transmittance controlled layer as a
metal layer.

THIRD EXEMPLARY EMBODIMENT

[0065] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag,
IDE406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer. Alq3 was formed to a thickness
of 100 A on the hole blocking layer as an electron transport
layer, and LiF was formed to a thickness of 5 A on the electron
transport layer as an electron injection layer. A second elec-
trode formed of Al having a thickness of 20 A and Ag having
athickness of 70 A was formed on the electron injection layer.
AL O, was formed to a thickness of 1100 A on the Ag as a
transmittance controlled layer, and Ag was formed to a thick-
ness of 90 A on the transmittance controlled layer as a metal
layer.

FOURTH EXEMPLARY EMBODIMENT

[0066] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag,
IDEA406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer. Alq3 was formed to a thickness
of 100 A on the hole blocking layer as an electron transport
layer, and LiF was formed to a thickness of 5 A on the electron
transport layer as an electron injection layer. A second elec-
trode formed of Al having a thickness of 20 A and Ag having
athickness of 70 A was formed on the electron injection layer,
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and Al,O, was formed to a thickness of 1000 A on the Ag as
atransmittance controlled layer. Ag was formed to a thickness
of 13 A on the transmittance controlled layer as a metal layer.

FIFTH EXEMPLARY EMBODIMENT

[0067] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag.
IDEA406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer. Alq3 was formed to a thickness
of 100 A on the hole blocking layer as an electron transport
layer, and LiF was formed to athickness of 5 A on the electron
transport layer as an electron injection layer. A second elec-
trode formed of Al having a thickness of 20 A and Ag having
athickness of 70 A was formed on the electron injection layer.
AlO, was formed to a thickness of 1000 A on the Ag as a
transmittance controlled layer, and silver was formed to a
thickness of 90 A on the transmittance controlled layer as a
metal layer.

SIXTH EXEMPLARY EMBODIMENT

[0068] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag,
IDE406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from ldemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer, and Alg3 was formed to a
thickness of 100 A on the hole blocking layer as an electron
transport layer. LiF was formed to a thickness of 5 A on the
electron transport layer as an electron injection layer. A sec-
ond electrode formed of Alhaving a thickness of 20 A and Ag
having a thickness of 70 A was formed on the electron injec-
tion layer. Al,O, was formed to a thickness of 1000 A on the
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Ag as a transmittance controlled layer, and Ag was formed to
a thickness of 210 A on the transmittance controlled layer as
a metal layer.

SEVENTH EXEMPLARY EMBODIMENT

[0069] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag,
IDEA406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer, and Alq3 was formed to a
thickness of 100 A on the hole blocking layer as an electron
transport layer. LiF was formed to a thickness of 5 A on the
electron transport layer as an electron injection layer. A sec-
ond electrode formed of Al having a thickness of 20 A and Ag
having a thickness of 70 A was formed on the electron injec-
tion layer. MgF, was formed to a thickness of 1050 A on the
Ag as a transmittance controlled layer, and Ag was formed to
a thickness of 90 A on the transmittance controlled layer as a
metal layer.

EIGHTH EXEMPLARY EMBODIMENT

[0070] Ag was formed to a thickness of 1000 A on a sub-
strate, and I'TO was formed to a thickness of 70 A on the Ag,
IDE406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt% was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer. Alq3 was formed to a thickness
of 100 A on the hole blocking layer as an electron transport
layer, and LiF was formed to a thickness of 5 A on the electron
transport layer as an electron injection layer. A second elec-
trode formed of Al having a thickness of 20 A and Ag having
athickness of 70 A was formed on the electron injection layer.
MgF, was formed to a thickness of 1034 A on the Ag as a
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transmittance controlled layer, and Ag was formed to a thick-
ness of 90 A on the transmittance controlled layer as a metal
layer.

NINTH EXEMPLARY EMBODIMENT

[0071] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag.
IDEA406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer, and Alq3 was formed to a
thickness of 100 A on the hole blocking layer as an electron
transport layer. LiF was formed to a thickness of 5 A on the
electron transport layer as an electron injection layer. A sec-
ond electrode formed of Al having a thickness of 20 A and Ag
having a thickness of 70 A was formed on the electron injec-
tion layer. MgF, was formed to a thickness of 1550 A on the
Ag as atransmittance controlled layer, and Ag was formed to
a thickness of 90 A on the transmittance controlled layer as a
metal layer.

TENTH EXEMPLARY EMBODIMENT

[0072] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag,
IDE406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from ldemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer. Alq3 was formed to a thickness
of 100 A on the hole blocking layer as an electron transport
layer, and LiF was formed to a thickness of 5 A on the electron
transport layer as an electron injection layer. A second elec-
trode formed of Al having a thickness of 20 A and Ag having
athickness of 70 A was formed on the electron injection layer.
ZnSe was formed to a thickness of 200 A on the Ag as a
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transmittance controlled layer, and Ag was formed to a thick-
ness of 90 A on the transmittance controlled layer as a metal
layer.

ELEVENTH EXEMPLARY EMBODIMENT

[0073] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag,
IDEA406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer, and Alq3 was formed to a
thickness of 100 A on the hole blocking layer as an electron
transport layer. LiF was formed to a thickness of 5 A on the
electron transport layer as an electron injection layer. A sec-
ond electrode formed of Al having a thickness of 20 A and Ag
having a thickness of 70 A was formed on the electron injec-
tion layer. ZnSe was formed to a thickness of 400 A on the Ag
as a transmittance controlled layer, and silver was formed to
a thickness of 90 A on the transmittance controlled layer as a
metal layer.

TWELFTH EXEMPLARY EMBODIMENT

[0074] Ag was formed to a thickness of 1000 A on a sub-
strate, and I'TO was formed to a thickness of 70 A on the Ag,
IDE406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt% was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer, and Alg3 was formed to a
thickness of 100 A on the hole blocking layer as an electron
transport layer. LiF was formed to a thickness of 5 A on the
electron transport layer as an electron injection layer. A sec-
ond electrode formed of Al having a thickness of20 A and Ag
having a thickness of 70 A was formed on the electron injec-
tion layer. ZnSe was formed to a thickness of 620 A on the Ag
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as a transmittance controlled layer, and Ag was formed to a
thickness of 90 A on the transmittance controlled layer as a
metal layer.

COMPARATIVE EXAMPLE

[0075] Ag was formed to a thickness of 1000 A on a sub-
strate, and ITO was formed to a thickness of 70 A on the Ag.
IDE406 available from Idemitsu was formed to a thickness of
250 A on the ITO as a hole injection layer, and IDE320
available from Idemitsu was formed to a thickness of 150 A
on the hole injection layer as a hole transport layer. A blue
emission layer that contains BH215 available from Idemitsu
as a host and BD052 available from Idemitsu as a dopant by
1 wt % was formed to a thickness of 80 A on the hole transport
layer. A green emission layer that contains CBP available
from UDC as a host and GD33 available from UDC as a
dopant by 7 wt % was formed to a thickness of 100 A on the
blue emission layer. A red emission layer that contains CBP
available from UDC as a host and TER004 available from
COVION as a dopant by 12 wt % was formed to a thickness
of 120 A on the green emission layer. Balq available from
UDC was formed to a thickness of 50 A on the red emission
layer as a hole blocking layer. Alq3 was formed to a thickness
of 100 A on the hole blocking layer as an electron transport
layer. LiF was formed to a thickness of 5 A on the electron
transport layer as an electron injection layer. A second elec-
trode formed of Al having a thickness of 20 A and Ag having
athickness of 70 A was formed on the electron injection layer.
Al,0, was formed to a thickness of 1000 A on the Ag as a
transmittance controlled layer.

[0076] FIG. 3 is a graph showing a transmission spectrum
according to the first exemplary embodiment of the present
invention, in which a horizontal axis denotes a wavelength
(nm) and a vertical axis denotes a transmittance (%).

[0077] Referring to FIG. 3, in the first exemplary embodi-
ment, transmittance is 0.4% at a wavelength of 450 nm and
increases to 0.6% at a wavelength of 550 nm. At a wavelength
of 600 nm, the transmittance has a maximum value of 0.7%.
In a wavelength band from 600 to 650 nm, the transmittance
slowly decreases from 0.7% to 0.6%. Thus, the transmittance
according to the first exemplary embodiment is from 0.4 to
0.7% in a wavelength band of visible light. Here, the trans-
mittance controlled layer according to the first exemplary
embodiment has arefractive index of 1.75, and an optical path
length of 1575 A. Further, the metal layer has a reflectance of
24.3%.

[0078] FIG. 4 is a graph showing a transmission spectrum
according to the second exemplary embodiment of the
present invention, in which a horizontal axis denotes a wave-
length (nm) and a vertical axis denotes a transmittance (%).

[0079] Referring to FIG. 4, in the second exemplary
embodiment, transmittance has a maximum value of 0.65% at
awavelength of about 470 nm, and decreases to about 0.6% in
awavelength band of from 500 to 650 nm with a starting point
of 470 nm. Thus, the transmittance according to the second
exemplary embodiment is stable in the wavelength band
(from 450 nm to 650 nm) of visible light. Here, the transmit-
tance controlled layer according to the second exemplary
embodiment has arefractive index of 1.75, and an optical path
length of 1750 A. Further, the metal layer has a reflectance of
24.3%.

[0080] FIG. 5 is a graph showing a transmission spectrum
according to the third exemplary embodiment of the present
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invention, in which a horizontal axis denotes a wavelength
(nm) and a vertical axis denotes a transmittance (%).

[0081] Referring to FIG. 5, in the third exemplary embodi-
ment, transmittance has a maximum value 0f 0.8% in a wave-
length band from 450 to 550 nm, and rapidly decreases to
0.5% in a wavelength band from 600 to 650 nm. Thus, the
transmittance according to the third exemplary embodiment
decreases from 0.8% to 0.5% in the wavelength band of
visible light. Here, the transmittance controlled layer accord-
ing to the third exemplary embodiment has a refractive index
of 1.75, and an optical path length of 1925 A. Further, the
metal layer has a reflectance of 24.3%.

[0082] Consequently, in the first, second, and third exem-
plary embodiments, 0.6% of the second exemplary embodi-
ment is determined as a reference transmittance. However,
because the transmittances of the first and third exemplary
embodiments are also higher than 0.3%, and the transmit-
tance controlled layer and the metal layer of the first and third
exemplary embodiments can also be used to realize white
light.

[0083] FIG. 6 is a graph showing an electroluminescence
spectrum according to the first exemplary embodiment of the
present invention; FIG. 7 is a graph showing an electrolumi-
nescence spectrum according to the second exemplary
embodiment of the present invention; FIG. 8 is a graph show-
ing an electroluminescence spectrum according to the third
exemplary embodiment of the present invention; and FIG. 9is
a graph showing an electroluminescence spectrum according
to the comparative example, in which a horizontal axis
denotes a wavelength (nm) and a vertical axis denotes an
intensity (a. u.).

[0084] Referring to FIG. 6, a blue peak has a maximum
value in a wavelength band ranging from 424 to 468 nm and
an intensity of about 0.4. A green peak has a maximum value
in a wavelength band ranging from 512 to 556 nm and an
intensity of about 0.8. A red peak has a maximum value in a
wavelength band ranging from 600 to 644 nm and an intensity
ofabout 1. Here, the transmittance controlled layer according
to the first exemplary embodiment has a refractive index of
1.75, and an optical path length of 1575 A. Further, the metal
layer has a reflectance of 24.3%.

[0085] Referring to FIG. 7, a blue peak has a maximum
value in a wavelength band ranging from 424 to 468 nm and
an intensity of about 0.6. A green peak has a maximum value
in a wavelength band ranging from 512 to 556 nm and an
intensity of about 0.9. A red peak has a maximum value in a
wavelength band ranging from 600 to 644 nm and an intensity
of about 0.1. Here, the transmittance controlled layer accord-
ing to the second exemplary embodiment has a refractive
index of 1.75, and an optical path length of 1750 A. Further,
the metal layer has a reflectance of 24.3%.

[0086] Referring to FIG. 8, a blue peak has some shoulder
in a wavelength band ranging from 424 to 468 nm and an
intensity of about 0.45. A green peak has a maximum value in
a wavelength of 512 nm and an intensity of about 1. A red
peak has a maximum value in a wavelength band ranging
from 600 to 644 nm and an intensity of about 0.8. Here, the
transmittance controlled layer according to the third exem-
plary embodiment has a refractive index of 1.75, and an
optical path length of 1925 A. Further, the metal layer has a
reflectance of 24.3%.

[0087] Referring to FIG. 9, a blue peak has a maximum
value in a wavelength band ranging from 424 to 468 nm and
an intensity of about 0.3. A green peak has a maximum value
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in a wavelength ranging from 512 to 556 nm and an intensity
of about 1. A red peak has a maximum value in a wavelength
band ranging from 600 to 644 nm and an intensity of about
0.7. Here, the transmittance controlled layer according to the
comparative example has a refractive index of 1.75, and an
optical path length of 1075 A.

[0088] Consequently, the blue, green, and red peaks of the
first, second, and third exemplary embodiments are uniform
as compared with the comparative example. Among the first,
second and third exemplary embodiments, the blue, green and
red peaks of the second exemplary embodiment are the most
uniform.

[0089] Table 1 shows the color coordinates of the second
exemplary embodiment and the comparative example.

TABLE 1

x-color coordinates y-color coordinates

Second exemplary 0.3645 0.3726
embodiment
Comparative example 0.3553 0.4491

[0090] Referring to Table 1, the y-color coordinate of the
second exemplary embodiment is better than that of the com-
parative example for representing white light (e.g., closer to
0.31), but the x-color coordinate of the second exemplary
embodiment is worse than that of the comparative example
for representing white light (e.g., further from 0.31). How-
ever, a white characteristic becomes better when both the x-
and y-color coordinates match (or approximate) with the
coordinates of white light (e.g., both closer to 0.31, 0.31), so
that the second exemplary embodiment is much better than
the comparative example.

[0091] FIG. 10 is a graph showing transmission spectrums
according to the fourth, fifth and sixth exemplary embodi-
ments of the present invention, in which a horizontal axis
denotes a wavelength (nm) and a vertical axis denotes a
transmittance (%).

[0092] Referring to FIG. 10, in the fourth exemplary
embodiment, transmittance is from 0.3 to 0.9% in a wave-
length band ranging from 450 to 650 nm, and the maximum
peak appears in a wavelength band ranging from 500 to 550
nm with a transmittance of 0.9%. In the fifth exemplary
embodiment, transmittance is relatively flat around 0.6% in a
wavelength band ranging from 450 to 650 nm. In the sixth
exemplary embodiment, transmittance varies between 0.3
and 0.7 in a wavelength band ranging from 450 to 650 nm.
[0093] Thus, the transmission spectrum of the fifth exem-
plary embodiment becomes flat around a transmittance of
0.6%. This transmittance is called a reference transmittance.
Further, the transmission spectrums of the fourth, fifth and
sixth exemplary embodiments are all higher than a half of the
reference transmittance, i.e., a transmittance of 0.3%. Here,
the transmittance controlled layer according to the fourth,
fifth and sixth exemplary embodiments has a refractive index
of 1.75, and an optical path length of 1750 A. Further, the
metal layers of the fourth, fifth and sixth exemplary embodi-
ments have reflectances of 4.3%, 24.3% and 48.3%, respec-
tively.

[0094] FIG. 11 is a graph showing transmission spectrums
according to the seventh, eighth and ninth exemplary embodi-
ments of the present invention, in which a horizontal axis
denotes a wavelength (nm) and a vertical axis denotes a
transmittance (%).
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[0095] Referring to FIG. 11, in the seventh exemplary
embodiment, transmittance varies somewhat between 0.3%
and 0.9% in a wavelength band ranging from 450 to 650 nm,
and the maximum peak appears in a wavelength band ranging
550 from 600 nm with a transmittance of 0.9%. In the eighth
exemplary embodiment, transmittance is relatively constant
at about 0.6% in a wavelength band ranging from 450 to 650
nm. In the ninth exemplary embodiment, transmittance varies
between 0.3% and 0.9% in a wavelength band ranging from
450 to 650 nm, and the maximum peak appears in a wave-
length of 550 nm with a transmittance of 0.9%.

[0096] Inthe seventh, eighth and ninth exemplary embodi-
ments, magnesium fluoride (MgF,) used as the transmittance
controlled layer has a refractive index of 1.38, and thus the
optical path lengths of the seventh, eighth and ninth exem-
plary embodiments are 1450 A, 1800 A and 2140 A, respec-
tively. Further, the metal layers of the seventh, eighth and
ninth exemplary embodiments each have a reflectance of
24.3%.

[0097]  Also, the transmission spectrum of the eighth exem-
plary embodiment becomes flat at a transmittance of about
0.6%. This transmittance is called a reference transmittance.
Further, the transmission spectrums of the seventh and ninth
exemplary embodiments are all higher than a half of the
reference transmittance, i.e., a transmittance of 0.3%, so that
they are suitable for the transmittance controlled layer and the
metal layer according to embodiments of the present inven-
tion (e.g., they can be used to realize white light).

[0098] FIG. 12 is a graph showing transmission spectrums
according to the tenth, eleventh, and twelfth exemplary
embodiments of the present invention, in which a horizontal
axis denotes a wavelength (nm) and a vertical axis denotes a
transmittance (%).

[0099] Referring to FIG. 12, in the tenth exemplary
embodiment, transmittance varies somewhat between 0.3%
and 0.9% in a wavelength band ranging from 450 to 650 nm,
and the maximum peak appears in a wavelength band ranging
from 550 to 600 nm with a transmittance of 0.9%. In the
eleventh exemplary embodiment, transmittance is relatively
constant at about 0.6% in a wavelength band ranging from
450 to 650 nm. In the twelfth exemplary embodiment, trans-
mittance varies between 0.3% and 0.9% in a wavelength band
ranging from 450 to 650 nm, and the maximum peak appears
in a wavelength band ranging from 450 to 500 nm with a
transmittance of about 1%.

[0100] In the tenth, eleventh and twelfth exemplary
embodiments, selenium zinc (ZnSe) used as the transmit-
tance controlled layer has a refractive index of 2.6, and thus
the optical path lengths of the seventh, eighth and ninth exem-
plary embodiments are 520 A, 1040 A and 1610 A, respec-
tively. Further, the metal layers of the tenth, eleventh and
wwelfth exemplary embodiments each have a reflectance of
24.3%.

[0101] Also, the transmission spectrum of the eleventh
exemplary embodiment becomes flat at a transmittance of
about 0.6%. This transmittance is called a reference transmit-
tance. Further, the transmission spectrums of the tenth and
twelfth exemplary embodiments are all higher than a half of
the reference transmittance, i.e., a transmittance of 0.3%, so
that they are suitable for the transmittance controlled layer
and the metal layer according to embodiments of the present
invention.

[0102] As described above and according to certain
embodiments of the present invention, a transmittance con-
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trolled layer and a metal layer are disposed on a second
electrode in sequence, so that an organic light emitting dis-
play device can realize white light because the transmittance
is substantially (or approximately) the same within a wave-
length band of visible light. Further, the resonance effect is
suppressed, and the brightness is enhanced.

[0103] 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 display device comprising:

a substrate;

a first electrode disposed on the substrate and including a

reflection layer;

an organic layer disposed on the first electrode and includ-

ing a white emission layer;

a second electrode disposed on the organic layer;

a transmittance controlled layer disposed on the second

electrode; and

a metal layer disposed on the transmittance controlled

layer.

2. The organic light emitting display device according to
claim 1, wherein the reflection layer comprises a material
selected from the group consisting of aluminum, silver, and
alloys thereof.

3. The organic light emitting display device according to
claim 1, wherein the white emission layer is a single layer
structure

4. The organic light emitting display device according to
claim 1, wherein the white emission layer is a multiple layer
structure.

5. The organic light emitting display device according to
claim 4, wherein the multiple layers comprise an orange-red
emission layer and a blue emission layer.

6. The organic light emitting display device according to
claim 4, wherein the multiple layers comprise a blue emission
layer, a green emission layer, and a red emission layer.

7. The organic light emitting display device according to
claim 1, wherein the transmittance controlled layer has an
optical path length ranging from about 520 to about 2140 A.

8. The organic light emitting display device according to
claim 1, wherein the transmittance controlled layer comprises
a material selected from the group consisting of SiN_, SiO,,
SiON, MgF,, ZnS, ZnSe, TeO,, ZrO,, aylenediamine deriva-
tives, triamine derivatives, CBP, aluminum-quinoline com-
plex (Alg3), and combinations thereof.

9. The organic light emitting display device according to
claim 1, wherein the metal layer has a reflectance ranging
from about 4.3 to about 48.3%.

10. The organic light emitting display device according to
claim 1, wherein the metal layer comprises a material selected
from the group consisting of magnesium (Mg), silver (Ag),
calcium (Ca), magnesium silver (MgAg), magnesium cal-
cium (MgCa), aluminum silver (AlAg), ytterbium silver
(YbAg), and combinations thereof.

11. The organic light emitting display device according to
claim 1, further comprising a passivation layer on the metal
layer.
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12. The organic light emitting display device according to
claim 1, further comprising a color filter layer on the metal
layer.

13. The organic light emitting display device according to
claim 1, wherein the second electrode is a transflective elec-
trode.

14. The organic light emitting display device according to
claim 1, wherein the transmittance controlled layer and the
metal layer are adapted to cause an interference effect to
control a transmittance and a reflectance of the second elec-
trode.

15. A method of fabricating an organic light emitting dis-
play device, the method comprising:

providing a substrate;

forming a first electrode including a reflection layer on the

substrate;

forming an organic layer including a white emission layer

on the first electrode;

forming a second electrode on the organic layer;

forming a transmittance controlled layer on the second

electrode; and

forming a metal layer on the transmittance controlled layer.
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16. The method according to claim 15, wherein the organic
layer is formed by vacuum deposition, inkjet printing, and/or
laser induced thermal imaging.

17. The method according to claim 15, wherein the trans-
mittance controlled layer is formed by vacuum deposition
and/or lithography.

18. The method according to claim 15, wherein the metal
layer is formed by vacuum deposition and/or sputtering.

19. An organic light emitting display device comprising:

a substrate;

a reflective electrode disposed on the substrate;

an organic layer disposed on the reflective electrode;

a transflective electrode disposed on the organic layer;

a transmittance controlled layer disposed on the transflec-

tive electrode; and

a metal layer disposed on the transmittance controlled

layer.

20. The organic light emitting display device according to
claim 1, wherein the transmittance controlled layer and the
metal layer are adapted to cause an interference effect to
control a transmittance and a reflectance of the transflective
electrode.
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