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1
ORGANIC LIGHT EMITTING DEVICE AND
COLOR DISPLAY APPARATUS USING THE
SAME

CLAIM OF PRIORITY

This application makes reference to, incorporates the same
herein, and claims all benefits accruing under 35 U.S.C. §119
from an application for ORGANIC LIGHT EMITTING
DEVICE AND COLOR DISPLAY APPARATUS USING
THE SAME earlier filed in the Korean Intellectual Property
Office on 17 Oct. 2007 and there duly assigned Serial No.
10-2007-0104477.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
device (OLED) and a color display apparatus using the same,
and more particularly, to a top-emitting or bottom-emitting
OLED, which improves a color gamut and reduces a variation
of color with a viewing angle, and a color display apparatus
employing such improved OLED.

2. Description of the Related Art

In an organic light emitting device (OLED), holes from an
anode combine with electrons from a cathode in an organic
emission layer (EML) formed between the anode and the
cathode to emit light, thereby forming an image. Since the
OLED has excellent display characteristics, such as a wide
viewing angle, a faster response speed, a smaller thickness, a
lower fabrication cost, and a higher contrast, the OLED has
attracted much attention as an advanced flat panel display
device.

In general, the OLED may have a multilayered structure in
order to improve luminous efficiency. For example, a hole
injection layer (HIL) and a hole transport layer (HTL) may be
further formed between an anode and an organic EML, and an
electron injection layer (EIL) and an electron transport layer
(ETL) may be further formed between a cathode and the
organic EML. Also, other additional layers may be further
formed.

The OLED may emit light in a desired color by forming the
organic EML using an appropriate material. Based on this
principle, it is possible to embody a color display apparatus
using the OLED. For example, in a color display apparatus
using an OLED, each of pixels may include a sub-pixel hav-
ing a red (R) organic EML, a sub-pixel having a green (G)
organic EML, and a sub-pixel having ablue (B) organic EML.
When different organic EMLs are formed in respective sub-
pixels, however, it is difficult to embody large-area high-
resolution display apparatuses due to a complicated fabrica-
tion process.

In order to overcome the drawback, a white OLED has
been proposed. The white OLED may be embodied by form-
ing a plurality of organic emission materials for emitting light
in R, G, and B colors in an organic EML or forming two or
more pairs of organic emission materials for emitting light in
complementary colors. The white OLED creates colors using
color filters. In this case, since all sub-pixels include organic
EMLs with the same structure, fabricating large-area high-
resolution display apparatuses is relatively easy.

Meanwhile, OLEDs may be classified into bottom-emis-
sion OLEDs and top-emission OLEDs depending on a direc-
tion in which light is emitted from an organic EML. In a
bottom-emission OLED, light is extracted to a bottom surface
of the OLED on which a thin film transistor (TFT) for driving
the OLED is disposed. In a top-emission OLED, a reflective
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electrode is disposed under an organic EML so that light is
extracted to an upper portion of a TFT. Typically, since the
top-emission OLED may increase an emission area (or aper-
ture ratio) more than the bottom-emission OLED, the top-
emission OLED is more suited for high-resolution OLEDs.

In the top-emission OLED, however, resonant cavities are
formed between a reflective electrode disposed under an
organic EML and a semi-transmissive electrode disposed on
the organic EML. Since resonance caused in the resonant
cavities narrows the spectrum of externally emitted light, it is
advantageous at extracting only light with a specific wave-
length, but it is disadvantageous at extracting white light.
Also, a top-emission white OLED using color filters narrows
a color gamut and increases a variation of color with a view-
ing angle.

In order to solve this problem, an OLED for extracting only
light with a specific wavelength using a single resonator mode
has been proposed. In this case, however, the optical thickness
of resonant cavities should be varied according to the wave-
length of light. Therefore, fabrication of a color display appa-
ratus using the OLED may involve a very complicated pro-
cess so that the optical thickness of the resonant cavities may
be controlled to be different according to respective R, G, and
B sub-pixels.

SUMMARY OF THE INVENTION

Tt is therefore one object of the present invention to provide
an improved top-emission or bottom-emission organic light
emitting display (OLED) device that is free of the disadvan-
tages above.

It is another object for the present invention to provide a
top-emission or bottom-emission organic light emitting dis-
play (OLED) device using color filters, in which has a wide
color gamut and reduces a variation of color with a viewing
angle.

It is still another object for the present invention to provide
a color display apparatus using the above-described OLED.

According to an aspect of the present invention, there is
provided an OLED including a reflective electrode and a
transmissive or semi-transmissive electrode disposed oppo-
site each other; at least two organic emission layers (EMLs)
interposed between the reflective electrode and the transmis-
sive or semi-transmissive electrode; and an optical path con-
trol layer prepared on an outer surface of the transmissive or
semi-transmissive electrode. In the OLED, a resonator is
formed between the reflective electrode and the optical path
control layer so that a resonance mode of light extracted from
the optical path control layer is a multi-resonance mode hav-
ing at least two modes in a visible light region. A distance
between the organic EMLs satisfies the condition of construc-
tive interference between light beams emitted by the respec-
tive organic EMLs.

The at least two organic EMLs may be white EMLs, each
of which includes ared (R) EML, a green (G) EML, and a blue
(B) EML.

The at least two organic EMLs may be white EMLs, each
of which includes two kinds of single-color or multi-color
EMLs that emit light in complementary colors.

Each of distances between the EMLs of the at least two
organic EMLs that emit light in the same color may satisfy the
condition of the constructive interference.

A distance between the EMLs of at least two organic EMLs
that emit light in the same color may be greater than a distance
that permits center wavelength of a blue color to satisfy the
condition of the constructive interference.
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A distance between the EMLs of at least two organic EMLs
that emit light in the same color may be within £10% of a
distance that permits center wavelength of the blue color to
satisfy the condition of the constructive interference.

The at least two organic EMLs may be single-color EMLs
that emit light in the same color.

The OLED may further include a PN junction layer inter-
posed between the at least two organic EMLs.

The PN junction layer may include an n-doped electron
transport layer (ETL) and a p-doped hole transport layer
(HTL).

The optical path control layer may be formed of a material
having an optical transmittance of 90% or higher in the visible
light region.

The optical path control layer may have a refractive index
of about 1.6 to 2.6.

The optical path control layer may be formed of at least one
selected from the group consisting of Al,O;, BaO, MgO,
HfO,, 7r0O,, Ca0,, Sr0,, Y,0;, Si;N,, AIN, GaN, ZnS, and
Cds.

The optical path control layer may have a thickness of
about 300 nm to 900 nm.

The reflectance of the transmissive or semi-transmissive
electrode may range from 0.1 to 50%.

The transmissive or semi-transmissive electrode may be
formed using one of a thin metal layer and a transparent
conductive oxide.

The OLED may further include a multiple dielectric mirror
layer disposed on a top surface of the optical path control
layer. The multiple dielectric mirror layer may be formed
alternating a high-refractive index dielectric layer and a low-
refractive index dielectric layer.

The OLED may further include a thin metal mirror layer
disposed on a top surface of the optical path control layer.

According to another aspect of the present invention, there
is provided a color display apparatus including a reflective
electrode and a transmissive or semi-transmissive electrode
disposed opposite each other; at least two organic EMLs
interposed between the reflective electrode and the transmis-
sive or semi-transmissive electrode; an optical path control
layer disposed on an outer surface of the transmissive or
semi-transmissive electrode; a transparent substrate disposed
opposite the optical path control layer; and a plurality of color
filters disposed on a surface of the transparent substrate.
Resonators are respectively formed between the reflective
electrodes and the optical path control layer so that a reso-
nance mode of light extracted from the optical path control
layer is a multi-resonance mode having at least two modes in
a visible light region. Also, a distance between the organic
EMLs satisfies the condition for constructive interference
between light beams emitted by the respective organic EMLs,
and the condition of constructive interference satisfying an
equation as follows:

wheren,, denotes a reflective index of a j-th layer of the white
OLED with respect to a predetermined light wavelength 2., d,
denotes a thickness of the j-th layer of the white OLED, 9,
denotes a phase change caused when light passes through the
j-th layer and when the light is reflected by the optical path
control layer, the transmissive or semi-transmissive elec-
trode, and the reflective electrode, and q denotes an arbitrary
integral number.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings in which like reference
symbols indicate the same or similar components, wherein:

FIG. 1 is a schematic view of a top-emitting white organic
light emitting display (OLED) device constructed as an
embodiment of the present invention;

FIG. 2 is a schematic view of a white OLED according to
a comparative example;

FIG. 3 is a detailed schematic view of a top-emitting white
OLED constructed as an embodiment of the present inven-
tion;

FIG. 4 is atwo dimensional graph showing red(R )/blue(B)/
green(G) spectra used for a simulation according to the
present invention;

FIG. 5 is a two dimensional graph showing transmissive
spectra of color filers used for a simulation according to the
present invention;

FIG. 6 is a chromaticity diagram showing a color repro-
duction range, which is measured by comparing chromaticity
coordinates calculated using the spectra of FIG. 4 and the
transmittances of color filters of FIG. 5 with National Tele-
vision Standards Committee (NTSC) chromaticity coordi-
nates;

FIG. 7 is a two dimensional graph of simulation results
showing an emission spectrum relative to a viewing angle
according to the comparative example shown in FI1G. 2;

FIG. 8A is a two dimensional graph showing chromaticity
coordinates relative to a viewing angle in the white OLED
according to the comparative example shown in FI1G. 2;

FIG. 8B is a two dimensional graph showing the chroma-
ticity coordinates relative to the viewing angle with respect to
values ', v' and in the white OLED according to the com-
parative example shown in FIG. 2;

FIG. 8C is a two dimensional graph showing the deviation
of a value u'v' relative to a viewing angle from a front view in
the white OLED according to the comparative example
shown in FIG. 2;

FIG. 9 is a two dimensional graph of simulation results
showing an emission spectrum relative to a viewing angle in
the top-emitting white OLED shown in FIG. 3;

FIG.10A is atwo dimensional graph showing chromaticity
coordinates relative to a viewing angle in the top-emitting
white OLED shown in FIG. 3;

FIG. 10B is a two dimensional graph showing the chroma-
ticity coordinates relative to the viewing angle with respect to
values u' and V' in the top-emitting white OLED shown in
FIG. 3;

FIG.10C is a two dimensional graph showing the deviation
of a value u'v' relative to a viewing angle from the front view
in the top-emitting white OLED shown in FIG. 3;

FIG.11A is atwo dimensional graph showing chromaticity
coordinates relative to a viewing angle when white light is
transmitted through an R color filter of FIG. 5 in the top-
emitting white OLED shown in FIG. 3;

FIG.11B is a two dimensional graph showing chromaticity
coordinates relative to a viewing angle when white light is
transmitted through a G color filter of FIG. 5 in the top-
emitting white OLED shown in FIG. 3;

FIG.11C is atwo dimensional graph showing chromaticity
coordinates relative to a viewing angle when white light is
transmitted through a B color filter of FIG. 5 in the top-
emitting white OLED shown in FIG. 3;
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FIG. 11D is atwo dimensional graph showing chromaticity
coordinates relative to a viewing angle for white light when
the white light is transmitted through all color filters of FIG.
5 in the top-emitting white OLED shown in FIG. 3;

FIG. 12A is atwo dimensional graph showing the deviation
of a value u'v' relative to a viewing angle when white light is
transmitted through the R color filter of FIG. 5 in the top-
emitting white OLED shown in FIG. 3;

FIG. 12B is a two dimensional graph showing the deviation
of a value u'v' relative to a viewing angle when white light is
transmitted through the G color filter of FIG. 5 in the top-
emitting white OLED shown in FIG. 3;

FIG. 12C is a two dimensional graph showing the deviation
of a value u'v' relative to a viewing angle when white light is
transmitted through the B color filter of FIG. 5 in the top-
emitting white OLED shown in FIG. 3;

FIG. 12D is atwo dimensional graph showing the deviation
of a value u'v' relative to a viewing angle for white light when
the white light is transmitted through all the color filters of
FIG. 5 in the top-emitting white OLED shown in FIG. 3; and

FIG. 13 is a cross-sectional view of a color display appa-
ratus using the white OLED of FIG. 1, constructed as an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
same reference numerals are used to denote the same ele-
ments throughout the specification. In the drawings, the
thicknesses of layers and regions are exaggerated for clarity.
Although a top-emitting organic light emitting display
(OLED) device is exemplarily illustrated in the drawings, the
present invention is not limited to the top-emitting OLED
device and can be also applied to a bottom-emitting OLED
device.

FIG. 1 is a schematic view of a top-emitting white OLED
10 constructed as an embodiment of the present invention.

Referring to FIG. 1, top-emitting white OLED 10 includes
a substrate 11, a reflective electrode 12, a transmissive elec-
trode 18, at least two organic emission layers (EMLs) 14 and
16 disposed between reflective electrode 12 and transmissive
electrode 18, layers 13, 15, and 17 for emitting electrons and
holes to organic EMLs 14 and 16, and an optical path control
layer 19 disposed on an outer surface of transmissive elec-
trode 18. Substrate 11 may be, for example, a glass substrate.
A thin film transistor (TFT) (not shown) may be prepared on
substrate 11 in order to control the operation of OLED 10.
Transmissive electrode 18 may be formed of a transparent
conductive oxide (TCO), such as indium tin oxide (ITO) or
indium zinc oxide (IZ0). Transmissive electrode 18, how-
ever, may be replaced by a semi-transmissive electrode
obtained by coating a thin metal layer.

Reflective electrode 12 may be an anode and transmissive
electrode 18 may be a cathode. Alternatively, reflective elec-
trode 12 may be a cathode and transmissive electrode 18 may
be an anode. When reflective electrode 12 is an anode and
transmissive electrode 18 is a cathode, layer 13 interposed
between reflective electrode 12 and first EML 14 may be a
hole transport layer (HTL), and layer 17 interposed between
transmissive electrode 18 and second EML 16 may be an
electron transport layer (ETL). Conversely, layer 13 inter-
posed between reflective electrode 12 and first EML 14 may
be an ETL, and layer 17 interposed between transmissive
electrode 18 and second EML 16 may be an HTL. Also, an
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6

organic layer 15 may be further disposed between first and
second EMLs 14 and 16 to control a distance between first
and second EMLs 14 and 16.

Furthermore, first and second EMLs 14 and 16 may have
various structures to create white light. For example, as
shown in FIG. 1, first EML 14 may include a red (R) EML
14R, a blue (B) EML 14B, and a green (G) EML 14G, and
second EML 16 may include an R EML 16R, a BEML 16B,
and a G EML 16G. Each of first and second EMLs 14 and 16,
however, may be formed of two or more emission materials
that emit light in complementary colors.

In general, an optical mode of light extracted from the
OLED should be a multi-mode by generating multi-reso-
nance in the OLED so that the white OLED can create high-
quality white light and have a wide color gamut. Also, the
variation of an optical mode due to a difference in an optical
path relative to a viewing angle should be minimized so that
the white OLED can have a wide color gamut and reduce a
variation of color in a wide viewing angle.

According to the present invention, in order to cause multi-
resonance in OLED 10 shown in FIG. 1, a layer interposed
between transmissive electrode 18 and reflective electrode 12
is maintained at an constant thickness and optical path control
layer 19 is disposed on transmissive electrode 18 so that a
resonator is designed to an optimal optical thickness. The
present inventor has found that when optical path control
layer 19 is formed in white OLED 10 having the above-
described structure, it is possible to improve the quality of
white light by appropriately selecting resonance conditions.
In general, the wavelength of a resonator in a resonator mode
(i.e., a resonance wavelength) depends on the optical thick-
ness of the resonator. Also, when the resonator has a great
optical thickness, a plurality of resonator modes are present in
the visible light (VL) wavelength region of about 400 nm to
700 nm. Accordingly, multi-mode resonance may be
designed by appropriately controlling the optical thickness of
optical path control layer 19 in white OLED 10.

According to the Febry-Perot interference condition, the
condition for a resonating mode to exist in white OLED 10, in
which layer 13 and transmissive electrode 18 between optical
path control layer 19 and reflective electrode 12 are formed of
a plurality of layers, is as the following Equation (1):

27T2ﬂj,\dj
g :ZJZ(T +5j],

whereinn, denotes thereflective index of aj-th layer of white
OLED 10 with respect to a wavelength A, d; denotes the
thickness of the j-th layer, 8, denotes a phase change caused
when light passes through the j-th layer and when light is
reflected by optical path control layer 19, transmissive elec-
trode 18, and reflective electrode 12. Also, q denotes an arbi-
trary integral number. Here, it can be seen that when the
optical thickness of a resonator becomes excessively great,
multiple solutions for satisfying different values of q are
obtained in different wavelengths.

In order to satisfy the above-described condition, optical
path control layer 19 may be formed to a sufficiently great
thickness so as to enable effective multiple-resonance,
although FIG. 1 illustrates optical path control layer 19 with
asmall thickness for brevity. Actually, the thickness of optical
path control layer 19 may be greater than the sum of the
thicknesses of the layers interposed between transmissive
electrode 18 and reflective electrode 12. For instance, optical
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path control layer 19 may be formed to a minimum thickness
of about 300 nm to 400 nm and a maximum thickness of about
700 nm to 900 nm.

In order to reduce a reflection effect at an interface between
transmissive electrode 18 and optical path control layer 19,
optical path control layer 19 may have about the same refrac-
tive index as transmissive electrode 18 and organic layers
interposed between transmissive electrode 18 and reflective
electrode 12. For example, optical path control layer 19 may
have a refractive index of approximate 1.6 to 2.6 in a visible
light (VL) region. Furthermore, optical path control layer 19
may be formed of a material with a high optical transmittance
in order to minimize optical loss in optical path control layer
19. For instance, the optical transmittance of optical path
control layer 19 may be about 90% or higher in the VL region.
Optical path control layer 19 may be formed of, for example,
atleast one selected from the group consisting ofAl,O,, BaO,
MgO, HfO,, 7rO,, Ca0,, St0,, Y,0;, Si;N,, AIN, GaN,
7ZnS, and CdS.

Although not shown in the drawings, a low-refractive index
layer formed of gas or a filler with a low refractive index may
be disposed on optical path control layer 19. The low-refrac-
tive index layer may be formed of a material having a refrac-
tive index less than 1.4 to facilitate reflection of light by the
top surface of optical path control layer 19. The low-refractive
index layer may be not an additional physical layer stacked on
optical path control layer 19 but an air or gas layer disposed
outside optical path control layer 19. In particular, when
OLED 10 constructed as the present invention is encapsulated
in apixel of adisplay apparatus, the low-refractive index layer
may be a material layer filled in the pixel. As a result, it can be
inferred that any other material layer with a high refractive
index may be not formed on optical path control layer 19
instead of forming the low-refractive index layer to facilitate
reflection of light by the top surface of optical path control
layer 19. For example, when OLED 10 is encapsulated, an
encapsulant, such as glass, is not in contact with optical path
control layer 19 and the low-refractive index layer is inter-
posed between the encapsulant and optical path control layer
19.

Although not shown in the drawings, when an additional
layer (e.g., a color filter) having a refractive index of 1.4 or
more is brought into contact with optical path control layer
19, a multiple dielectric mirror or a thin metal mirror may be
further formed on the top surface of optical path control layer
19 in order to increase the reflectance of optical path control
layer 19. In this case, the multiple dielectric mirror may be
formed by alternating a high-refractive index dielectric layer
and a low-refractive index dielectric layer.

In the above-described structure, a resonator may be
formed between reflective electrode 12 and optical path con-
trol layer 19. Also, when transmissive electrode 18 has a
predetermined reflectance, additional resonators may be
formed between reflective electrode 12 and transmissive elec-
trode 18 and between optical path control layer 19 and trans-
missive electrode 18. If the reflectance of transmissive elec-
trode 18 becomes high, resonance occurs only between
reflective electrode 12 and transmissive electrode 18. As a
result, when the reflectance of transmissive electrode 18
becomes excessively high, the effect of multi-resonance is
reduced. Therefore, according to the present invention, the
reflectance of transmissive electrode 18 ranging from about
0.1% to 50% 1s suited, and the reflectance of transmissive
electrode 18 ranging from about 0.1% to 30% is best suited.
The reflectance of transmissive electrode 18 is minimized to
allow principal resonance to occur between reflective elec-
trode 12 and optical path control layer 19.
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As described above, a variation in an optical mode due to a
difference in an optical path caused by varying a viewing
angle should be minimized so that OLED device 10 can have
a wide color gamut and reduce a variation of color in a wide
viewing angle. According to the present invention, in order to
reduce the variation in the optical mode due to the difference
in the optical path, a distance (L1-L2) between first and
second EMLs 14 and 16 is determined to satisfy constructive
interference. In constructive interference, two waves having a
phase difference between 0 to m/2 interference with each
other, and the resulted wave has an amplitude larger than any
ofthose two initial wave. When the phase difference equals to
0, the resulted wave obtains the maximum amplitude which
equals to the sum of the amplitudes of those two initial waves.
In particular, a distance between a pair of single-color EMLs
of first and second EMLs 14 and 16 that emit light in the same
color may be also determined to satisfy constructive interfer-
ence. For example, each ofa distance d1 between first R EML
14R and second R EML 16R, a distance d2 between first B
EML 14B and second B EML 16B, and a distance d3 between
first G EML 14G and second G EML 16G is determined to
allow constructive interference. The following Table 1 shows
distances between the pairs of R, B, and B EMLs that satisfy
constructive interference.

TABLE 1
Fmission color
Blue Green Red
Center wavelength of colors (nm) 460 nm 520 nm 610 nm
Condition of constructive interference 121 nm 141 nm 169 nm

(Cycle (T))

As shown in Table 1, a distance between a pair of single-
color EMLs that emit light in the same color may vary with
color within a small range. For example, a distance dl
between first R EML 14R and second R EML 16R may be
approximately 169 nm, distance d2 between first BEML 14B
and second B EML 16B may be approximately 121 nm, and
distance d3 between first G EML 14G and second G EML
16G may be approximately 141 nm. Distances d1, d2, and d3
may be adjusted by controlling the thickness of organic layer
15 between first and second EMLs 14 and 16 and the thick-
nesses of the respective single-color EMLs 14R, 14G, 148,
16R, 16G, and 16B. Distances d1, d2, and d3 however may be
practically designed to be the same in consideration of pro-
cess simplicity. In this case, a distance between a pair of
single-color EMLs of first and second EMLs 14 and 16 that
emit light in the same color may be greater than at least a
distance that permits center wavelength of a blue color to
satisfy the condition of constructive interference. Even so, the
distance between the pair of single-color EMLs of first and
second EMLs 14 and 16 that emit light in the same color may
have a tolerance of approximately +10%. Accordingly, the
distance between the pair of single-color EMLs of first and
second EMLs 14 and 16 that emit light in the same color may
be within £10% of the distance that permits center wave-
length of the blue color to satisfy the condition of constructive
interference.

Referring to FIG. 1, it may be seen that light traveling
vertically to white OLED 10is emitted by a first resonatorR1,
while light traveling at a predetermined angle to white OLED
10 is emitted by a second resonator R2. Conventionally, the
length of an optical path varies according to a viewing angle
so that different resonator modes are enabled to cause a varia-
tion of color. According to the present invention, however,
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light emitted by first EML 14 constructively interferes with
light emitted by second EML 16 so that a color variation due
to first EML 14 counteracts a color variation due to second
EML 16. Here, the distance between first and second EMLs
14 and 16 with respect to inclined light is changed into a
distance (L3-L4), but such a variation in the distance is still
allowable for the condition of constructive interference. A
distance between first and second EMLs 14 and 16 may be
selected so as to cause constructive interference between light
beams emitted by at least two EMLs, thereby greatly reducing
a color variation affected by a variation in the viewing angle.

In order to confirm the advantages of the present invention,
a computer simulation was conducted on two OLEDs having
different constructions. A first OLED is an OLED according
to an embodiment of the present invention in which a distance
between two white EMLs satisfies the condition of construc-
tive interference. A second OLED is an OLED according to a
comparative example, which includes only a single white
EML.

First Computer Simulation: Comparative Example

The first computer simulation was conducted on the com-
parative example shown in FIG. 2. Referring to FIG. 2, a
white OLED 20 according to the comparative example
includes a substrate 21 and a reflective electrode 22, a
p-doped HTL 23, an electron blocking layer (EBL) 24, a
white EML 25, a hole blocking layer (HBL) 26, an n-doped
ETL 27, a transmissive electrode 28, and an optical path
control layer 29, which are stacked sequentially on substrate
21. Reflective electrode 22 may be an anode, which includes
a transparent electrode 28, which is formed of indium tin
oxide (ITQ) 22a having a large work function to emit holes,
and a metal electrode 225 functioning as a reflective layer.
Transmissive electrode 28 may be a cathode, which is formed
using an ITO layer or a thin metal layer. White EML 25 may
include an R EML 25R, a B EML 25B, and a G EML 25G.

The first computer simulation was conducted on the com-
parative example shown in FIG. 2 in which an optical thick-
ness between metal electrode 225 and transmissive electrode
28 was controlled to be 200 nm, the wavelength of a resonator
mode (or a resonance wavelength) was controlled to be 314
nm in consideration of a phase change, and the thickness of
optical path control layer 29 was controlled to be 490 nm. In
this case, it is assumed that optical path control layer 29 has a
refractive index of 2 and an absorption coefficient of 0. Also,
it is assumed that white light having the same intensity of 1 is
emitted by R EML 25R, B EML 25B, and G EML 25G of
white EML 25 shown in FIG. 2.

By multiplying a transmissive spectrum of OLED 20 by
internal emission spectra of R, B, and B light beams shown in
FIG. 4inaratio0f2.3:0.6:2, an external emission spectrum of
OLED 20 can be obtained. Since the graph of FIG. 4 is based
on normalized values, the ratio is multiplied with internal
emission spectra shown in FIG. 4 to obtain the actual charac-
teristics of an actually manufactured EMC. As a result, a
white spectrum having chromaticity coordinates (0.298,
0.341) may be obtained from the front view.

The multiplication of the resultant external emission spec-
trum by transmissive spectra of color filters of FIG. 5 results
in the chromaticity coordinates of R, G, and B emitted by R,
G, and B color filters, which transmit white light, and the
chromaticity coordinates of white light obtained by mixing
the R, G, and B light as shown in Table 2. Table 2 shows the
result coordinate values of colors in CIE 1931 x, y chroma-
ticity diagram. As can be seen from Table 2, after white light
is transmitted through the color filters, the white spectrum
having chromaticity coordinates (0.295, 0.355) can be
obtained from the front view. FIG. 6 is a graph of a compari-

20

25

40

45

50

60

65

10

son of the above-described chromaticity coordinates accord-
ing to the first computer simulation with national television
system committee (NTSC) chromaticity coordinates. In FIG.
6, -@-" denotes the NTSC chromaticity coordinates, and
*-¥-> denotes the chromaticity coordinates according to the
first computer simulation. According to the first computer
simulation, a color reproduction range of about 89% may be
obtained from the front view.

TABLE 2
X y
Original w 0.298 0.341
Color filters w 0.295 0.355
R 0.653 0.338
G 0.201 0.661
B 0132 0.091

Therefore, from the front view, OLED 20 according to the
comparative example has generally excellent performance.
Referring to FIG. 7, however, it may be seen that an external
emission spectrum varies within a large range according to a
viewing angle.

FIG. 8A is a graph showing chromaticity coordinates in
CIE 1931 x, y chromaticity diagram relative to a viewing
angle in the white OLED according to the comparative
example shown in FIG. 2, FIG. 8B is a graph showing the
chromaticity coordinates in CIE 1976 ', v' chromaticity dia-
gram relative to the viewing angle with respect to coordinate
values u' and v' in the white OLED according to the compara-
tive example shown in FIG. 2, and FIG. 8C is a graph showing
a deviation (Del(u'v')) of a value u'v' relative to a viewing
angle from the front view in the white OLED according to the
comparative example shown in FIG. 2. Referring to FIGS. 8A
through 8C, it may be seen that as the viewing angle becomes
wider, color varies to a larger extent. The values u', v' are
coordinate values of color in CIE 1976 u', v' chromaticity
diagram. Typically, “CIE chromaticity diagram” refers to the
standard diagram established in 1931. Generally, the CIE
1931 x, y chromaticity diagram characterizes colors by a
luminance parameter Y and two color coordinates x and y
which specify the point on the chromaticity diagram. Then,
two revisions have been made—one in 1960 and one in 1976.
Above three scenarios contain the same information while
scaled differently. Conceptually, the big advantage attributed
to the 1976 diagram is that the distance between points on the
diagram is approximately proportional to the perceived color
difference.

Second Computer Simulation: Embodiment

The second computer simulation was conducted on a white
OLED 30 shown in FIG. 3, according to the embodiment of
the present invention. Referring to FIG. 3, the white OLED 30
may include a substrate 31 and a reflective electrode 32, an
n-doped first ETL 33, a first HBL 34, a first EML 35, a first
EBL 36, a PN junction layer 37, a second HBL 38, a second
EML 39, a second EBL 40, a p-doped first HTL 41, a trans-
missive electrode 42, and an optical path control layer 43,
which are stacked sequentially on substrate 21. Reflective
electrode 32 functions as a cathode, and transmissive elec-
trode 42 functions as an anode. First EML 35 is a white EML
including an R EML 35R, a B EML 35B, and a G EML 35G,
and second EML 39 is also a white EML including an R EML
39R, a B EML 39B, and a G EML 39G. Meanwhile, PN
junction layer 37 emits electrons and holes to first and second
EMLs 35 and 39. PN junction layer 37 may include an
n-doped second ETL 374 and a p-doped second HTL 375.
First EBL 36. PN junction layer 37, and second HBL 38 may
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correspond to organic layer 15 shown in FIG. 1 and function
to control a distance between first and second EMLs 35 and
39.

FIG. 3 illustrates reflective electrode 32 functioning as a
cathode and transmissive electrode 42 functioning as an
anode. Reflective electrode 32 however may be embodied as
an anode and transmissive electrode 42 may be embodied as
a cathode. In this case, first ETL 33 through first HTL 41
should be stacked in the reverse order. Also, reflective elec-
trode 32 may include a transparent electrode formed of a
transparent conductive oxide and a metal electrode function-
ing as a reflective layer in the same manner as described with
reference to FIG. 2.

The second computer simulation was conducted on OLED
30 shown in FIG. 3 in which an optical thickness between
reflective electrode 32 and transmissive electrode 42 was
controlled to be 450 nm, the wavelength of a resonator mode
(or a resonance wavelength) was controlled to be 555 nm in
consideration of a phase change, and the thickness of optical
path control layer 43 was controlled to be 490 nm. In this case,
it is assumed that optical path control layer 43 has a refractive
index of 2 and an absorption coefficient of 0. Also, it is
assumed that white light having the same intensity of 1 is
emitted by R EMLs 35R and 39R, B EMLs 35B and 39B, and
G EMLs 35G and 39G of first and second EMLs 35 and 39
shown in FIG. 3.

By multiplying a transmissive spectrum of OLED 30 by the
internal emission spectra of the R, B, and B light beams
shown in FIG. 4 in a ratio of 2.3:0.6:2, an external emission
spectrum of OLED 30 shown in FIG. 3 may be obtained. As
a result, a white spectrum having chromaticity coordinates
(0.280, 0.300) may be obtained from the front view.

The multiplication of the resultant external emission spec-
trum of OLED 30 by the transmissive spectra of the color
filters of FIG. 5 results in the chromaticity coordinates of R,
G, and B emitted by R, G, and B color filters, which transmit
white light, and the chromaticity coordinates of white light
obtained by mixing R, G, and B light as shown in Table 3.
Table 3 shows the result coordinate values of colors in CIE
1931 x, y chromaticity diagram. As may be seen from Table 3,
after white light is transmitted through the color filters, the
white spectrum having chromaticity coordinates (0.284,
0.315) can be obtained from the front view. FIG. 6 is a graph
of a comparison of the chromaticity coordinates of the first
and second computer simulations with the NTSC chromatic-
ity coordinates. In FIG. 6, ‘-@-’ denotes the NTSC chroma-
ticity coordinates, ‘- ¥ -’ denotes the chromaticity coordinates
according to the first computer simulation, and ‘A -’ denotes
the chromaticity coordinates according to the second com-
puter simulation. According to the second computer simula-
tion, a color reproduction range of about 94% can be obtained
from the front view.

TABLE 3
X y
Original w 0.280 0.300
Color filters W 0.284 0.315
R 0.663 0.325
G 0.198 0.665
B 0.135 0.074

Therefore, the present invention improves the color repro-
duction range by approximately 5% more than the compara-
tive example shown in FIG. 2. Referring to FIG. 9 that shows
an emission spectrum relative to a viewing angle in white
OLED 30 shown in FIG. 3, it may be seen that the external
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emission spectrum varies with a viewing angle less thanin the
comparative example shown in FIG. 7.

FIG. 10A is a graph showing chromaticity coordinate in
CIE 1931 x, y chromaticity diagram relative to a viewing
angle in OLED 30 shown in FIG. 3, FIG. 10B is a graph
showing the chromaticity coordinate in CIE 1976 u', v' chro-
maticity diagram relative to the viewing angle with respect to
coordinate values u' and v' in OLED 30 shown in FIG. 3, and
FIG. 10C is a graph showing a deviation (Del(u'v")) of a value
u'v' relative to a viewing angle from the front view in OLED
30 shown in FIG. 3. Referring to FIGS. 10A through 10C, it
can be seen that even if the viewing angle increases, a color
variation occurs within only a small range. On comparing
FIG. 10C with FIG. 8C, it can be confirmed that a peak (about
0.017) in the deviation (Del(u'v") of the value u'v' relative to
the viewing angle in OLED 30 shown in FIG. 3 is about 10
times as low as a peak (about 0.116) in the deviation (Del
(u'v")) of the value u'v' relative to a viewing angle in OLED 20
according to the comparative example.

FIG. 11A is a graph showing chromaticity coordinate in
CIE 1931 x, y chromaticity diagram relative to a viewing
angle when white light is transmitted through an R color filter
of FIG. 5 in OLED 30 shown in FIG. 3, FIG. 11B is a graph
showing chromaticity coordinate in CIE 1931 x, y chroma-
ticity diagram relative to a viewing angle when white light is
transmitted through a G color filter of FIG. 5 in OLED 30
shown in FIG. 3, FIG. 11C is a graph showing chromaticity
coordinate in CIE 1931 x, y chromaticity diagram relative to
a viewing angle when white light is transmitted through a B
color filter of FIG. 5 in OLED 30 shown in FIG. 3 and FIG.
11D is a two dimensional graph showing chromaticity coor-
dinate in CIE 1931 x, y chromaticity diagram relative to a
viewing angle for white light when the white light is trans-
mitted through all color filters of FIG. 5 in the top-emitting
white OLED shown in FIG. 3. FIG. 12A is a graph showing
the deviation of a value u' v' in CIE 1976 u', v' chromaticity
diagram relative to a viewing angle when white light is trans-
mitted through the R color filter of FIG. 5 in the top-emitting
white OLED shown in FIG. 3, FIG. 12B is a graph showing
the deviation of a value u'v' in CIE 1976 ', v' chromaticity
diagram relative to a viewing angle when white light is trans-
mitted through the G color filter of FIG. 5 in OLED 30 shown
in FIG. 3, FIG. 12C is a graph showing the deviation of a value
u'v' in CIE 1976 u', v' chromaticity diagram relative to a
viewing angle when white light is transmitted through the B
color filter of FIG. 5 in OLED 30 shown in FIG. 3, and FIG.
12D is a graph showing the deviation of a value u'v' in CIE
1976 u', v' chromaticity diagram relative to a viewing angle
for white light when the white light is transmitted through all
the color filters of FIG. 5 in the OLED 30 shown in FIG. 3.
Referring to FIGS. 11 A through 11D, it can be confirmed that
after light is transmitted through the color filters, a color
variation occurs within only a very small range. Also, refer-
ring to FIGS. 12A through 12D, it may be observed that after
light is transmitted through the color filters, peaks in the
deviation (Del(u'v")) for R, G, B, and white light are main-
tained very low. Specifically, the peaks in the deviation (Del
(u'v)) for R, G, B, and white light are about 0.029, 0.04,
0.033, and 0.027, respectively.

When the above-described OLED according to the present
invention is applied to a color display apparatus, the color
display apparatus may greatly improve a color reproduction
range and reduce a variation of color with a viewing angle.

FIG. 13 is a cross-sectional view of a color display appa-
ratus 100 using the white OLED of FIG. 1, according to an
embodiment of the present invention.
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Referring to FIG. 13, respective electrodes 12 correspond-
ing respectively to sub-pixels are disposed on a single com-
mon substrate 11. A hole transport layer (HTL) 13, a first
emission layer (EML) 14, an organic layer 15, a second EML
16, an electron injection layer (EIL) 17, a transmissive elec-
trode 18, and an optical path control layer 19 may be formed
sequentially on common substrate 11 having reflective elec-
trodes 12. A transparent front substrate 50 is disposed oppo-
site optical path control layer 19, and R, G, and B color filters
51R, 51G, and 51B corresponding respectively to the sub-
pixels are disposed on a bottom surface of front substrate 50.
Although not shown in FIG. 13, black matrix (BM) for com-
pletely absorbing external light may be further disposed
between each pair of color filters in order to elevate visibility.
Also, a low-refractive index layer (not shown), such as a gas
layer or a low-refractive filler, may be further prepared
between front substrate 50 and optical path control layer 19.
Furthermore, a dielectric mirror or a thin metal mirror may be
further provided on a top surface of optical path control layer
19.

According to the present invention, as shown in FIG. 13, an
OLED including electrodes and EMLs may be constructed
such that all sub-pixels have the same structure irrespective of
colors of the sub-pixels. Also, it is unnecessary to control an
optical distance in a sub-pixel according to color, so that all
reflective electrodes 12 disposed below the sub-pixels can
have the same structure. In addition, since the OLED can emit
almost pure white light, pure color can be created using color
filters 51R, 51G, and 51B. Furthermore, a variation in color
can be greatly reduced according to a viewing angle.

As explained thus far, the present embodiment provides a
technique for improving the characteristics of the white
OLED. However, the present invention is not limited to the
white OLED and can be also applied to single-color OLEDs
that are manufactured using an independent deposition pro-
cess and permit respective pixels to emit light in different
colors. For example, although FIGS. 1 and 3 illustrate at least
two white EMLs, each white EML including R, B, and G
EMLs, the present invention can be applied to a single-color
OLED thatincludes only at least two single-color EMLs (i.e.,
at least two R EMLs, at least two B EMLs, or at least two G
EMLs) instead of the white EMLs. In this case, a distance
between at least two single-color EMLs that emit light in the
same color satisfies the condition of constructive interference
shown in Table 1. Also, single-color OLEDs that are depos-
ited on R, G, and B sub-pixels to emit light in different colors
are manufactured to the same thickness, and an optical path
control layer prepared on a transmissive electrode is formed
to a sufficiently great thickness, thereby causing multi-reso-
nance. As a result, the single-color OLED that improves a
color reproduction range and reduces a variation of color with
a viewing angle can be embodied. A color display apparatus
using the single-color OLEDs as R, G, and B sub-pixels may
notemploy the color filters 51R, 51G, and 51B shown in FIG.
13.

Although the top-emitting OLED was described above, the
same principles can be also applied to a bottom-emitting
OLED. Therefore, the present invention is not limited to the
top-emitting OLED and can be applied likewise to the bot-
tom-emitting OLED.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by one of ordinary skill in the art
that various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.
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What is claimed is:

1. An organic light emitting display (OLED) device, com-
prising:

areflective electrode and a transmissive or semi-transmis-

sive electrode disposed opposite each other;

at least two organic emission layers (EMLs) interposed

between the reflective electrode and the transmissive or
semi-transmissive electrode, each EML comprising a
same group of sub EMLs and each sub EML emitting
light of a predetermined color;

an organic layer disposed between the EMLs, and the

organic layer controlling a distance between the EMLs
to satisfy a condition of constructive interference for
light emitted from a major surface of a respective sub
EML emitting light of a same color in each EML; and
an optical path control layer disposed on the transmissive
or semi-transmissive electrode and the optical path con-
trol layer being spaced apart from the EMLs by the
transmissive or semi-transmissive electrode,

the OLED device having a resonator formed between the

reflective electrode and the optical path control layer and
aresonance mode of light extracted from the optical path
control layer being a multi-resonance mode having at
least two modes in a visible light region,

wherein the at least two organic EMLs are white EMLs,

each white EML including a first sub EML emitting light
of red, a second sub EML emitting light of green, and a
third sub EML emitting light of blue, and

wherein each of distances between the EMLs emitting light

in a same color in the at least two organic EMLs satisfies
the condition of the constructive interference.

2. An organic light emitting display (OLED) device, com-
prising:

areflective electrode and a transmissive or semi-transmis-

sive electrode disposed opposite each other;

at least two organic emission layers (EMLs) interposed

between the reflective electrode and the transmissive or
semi-transmissive electrode, each EML comprising a
same group of sub EMLs and each sub EML emitting
light of a predetermined color;

an organic layer disposed between the EMLs, and the

organic layer controlling a distance between the EMLs
to satisfy a condition of constructive interference for
light emitted from a major surface of a respective sub
EML emitting light of a same color in each EML; and
an optical path control layer disposed on the transmissive
or semi-transmissive electrode and the optical path con-
trol layer being spaced apart from the EMLs by the
transmissive or semi-transmissive electrode,

the OLED device having a resonator formed between the

reflective electrode and the optical path control layer and
aresonance mode of light extracted from the optical path
control layer being a multi-resonance mode having at
least two modes in a visible light region,

wherein the at least two organic EMLs are white EMLs,

each white EML including two kinds of single-color or
multi-color sub EMLs that emit light in complementary
colors, and

wherein each of distances between the EMLs emitting light

in a same color in the at least two organic EMLs satisfies
the condition of the constructive interference.

3. The OLED device of claim 1, in which a distance
between the sub EMLs emitting light in the same color in the
at least two organic EMLs is greater than a distance that
permits center wavelength of a blue color in order to satisfy
the condition of the constructive interference.
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4. The OLED device of claim 1, in which the distance
between the sub EMLs emitting light in the same color of at
least two organic EMLs has a toleration within £10% of a
distance that permits center wavelength of a blue color to
satisfy the condition of the constructive interference.

5. The OLED device of claim 1, further comprising a PN
junction layer interposed between the at least two organic
EMLs.

6. The OLED device of claim 5, in which the PN junction
layer includes an n-doped electron transport layer (ETL) and
a p-doped hole transport layer (HTL).

7. The OLED device of claim 1, in which the optical path
control layer is formed of a material having an optical trans-
mittance of 90% or higher in a visible light region.

8. The OLED device of claim 7, in which the optical path
control layer has a refractive index in range of approximately
from 1.6 to 2.6.

9. The OLED device of claim 7, in which the optical path
control layer is formed of at least one selected from a group
consisting of Al,0,, BaO, MgO, HfO,, Zr0,, Ca0,, SrO,,
Y,05, Si;N,, AIN, GaN, ZnS, and CdS.

10. The OLED device of claim 7, in which the optical path
control layer has a thickness in range of approximately from
300 nm to 900 nm.

11. The OLED device of claim 1, in which the reflectance
of the transmissive or semi-transmissive electrode ranges
approximately from 0.1% to 50%.

12. The OLED device of claim 11, in which the transmis-
sive or semi-transmissive electrode is formed using one
selected from a thin metal layer and a transparent conductive
oxide.

13. The OLED device of claim 1, further comprising a
multiple dielectric mirror layer disposed on a top surface of
the optical path control layer, the multiple dielectric mirror
layer formed by alternating a high-refractive index dielectric
layer and a low-refractive index dielectric layer.

14. The OLED device of claim 1, further comprising a thin
metal mirror layer disposed on the top surface of the optical
path control layer.

15. A color display apparatus, comprising:

a reflective electrode and a transmissive or semi-transmis-

sive electrode disposed opposite each other;
at least two organic emission layers (EMLs) interposed
between the reflective electrode and the transmissive or
semi-transmissive electrode, each EML comprising a
same group of sub EMLs and each sub EML emitting
light of a predetermined color;
an organic layer disposed between the EMLs, and the
organic layer controlling a distance between the EMLs
to satisfy a condition of constructive interference for
light emitted from a major surface of a respective sub
EML emitting light of a same color in each EML;

an optical path control layer disposed on the transmissive
or semi-transmissive electrode and the optical path con-
trol layer being spaced apart from the EMLs by the
transmissive or semi-transmissive electrode;

a transparent substrate disposed opposite the optical path

control layer; and

a plurality of color filters disposed on a surface of the

transparent substrate,

the color display apparatus having resonators respectively

formed between the reflective electrodes and the optical
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path control layer so that a resonance mode of light
extracted from the optical path control layer is a multi-
resonance mode having at least two modes in a visible
light region,

wherein the at least two organic EMLs are white EMLs,

each white EML including a first sub EML emitting light
of red, a second sub EML emitting light of green, and a
third sub EML emitting light of blue, and

wherein each of distances between the EMLs emitting light

in a same color in the at least two organic EMLs satisfies
the condition of the constructive interference.

16. The apparatus of claim 15, in which a distance between
the sub EMLs emitting light in the same color in the least two
organic EMLs is greater than a distance that permits center
wavelength of a blue color in order to satisfy the condition of
the constructive interference.

17. The apparatus of claim 15, in which the distance
between the sub EMLs emitting light in the same color in the
at least two organic EMLs having a toleration of approxi-
mately +10% of the distance that permits center wavelength
of a blue color to satisfy the condition of the constructive
interference.

18. The apparatus of claim 15, further comprising a PN
junction layer interposed between the at least two organic
EMLs.

19. The apparatus of claim 15, in which the optical path
control layer is formed of a material having an optical trans-
mittance of 90% or higher in a visible light region.

20. The apparatus of claim 15, in which the plurality of
color filters are opposite to the optical path control layer.

21. An organic light emitting display (OLED) device, com-
prising:

a substrate;

areflective electrode and a transmissive or semi-transmis-

sive electrode formed on a same side of the substrate and
disposed opposite each other;
at least two white organic emission layers (EMLs) inter-
posed between the reflective electrode and the transmis-
sive or semi-transmissive electrode, each white EML
comprising a same group of sub EMLs and each sub
EML emitting light of a predetermined color;

an organic layer disposed between the white EMLs, and the
organic layer controlling a distance between the white
EMLs to satisfy a condition of constructive interference
for light emitted from a major surface ofa respective sub
EML emitting light of a same color in each white EML;

an optical path control layer disposed on the transmissive
or semi-transmissive electrode, and the optical path con-
trol layer being spaced apart from the white EMLs by the
transmissive or semi-transmissive electrode; and
the OLED device having a resonator formed between the
reflective electrode and the optical path control layer and
thus a resonance mode oflight extracted from the optical
path control layer being a multi-resonance mode having
at least two modes in a visible light region,
wherein, each white EML including a first sub EML emit-
ting light of red, a second sub EML emitting light of
green, and a third sub EML emitting light of blue, and

wherein each of distances between the EMLs emitting light
in a same color in the at least two organic EMLs satisfies
the condition of the constructive interference.
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