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(57) A top emission type white organic light emitting
device (OLED) has a high resolution and a wide color
gamut, and a color display apparatus uses the same.
The white OLED includes a substrate (11); a reflective
electrode (12) formed on the substrate (11); an organic
light emitting layer (15) formed on the reflective electrode
(12); a semi-transparent electrode (17) formed on the
organic light emitting layer (15); and in the white OLED,
a wavelength of a resonating mode determined by an
optical thickness between the reflective electrode (12)
and semi-transparent electrode (17) is shorter than a
shortest wavelength in a visible light region of a white
light spectrum generated in the organic light emitting lay-
er (15).

White organic light emitting device and color display apparatus employing the same
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to a white organic light emitting device (OLED) and a color display apparatus
using the same, and more particularly, to a top emission type white OLED realizing high resolution and having a wide
color gamut, and a color display apparatus using the same.

[0002] An organic light emitting device (OLED) is a display device which forms images by emitting light when holes
supplied from an anode and electrons supplied from a cathode are combined in an organic light emitting layer formed
between the anode and the cathode. The OLED has excellent display characteristics such as a wide viewing angle, high
response speed, a small thickness, low manufacturing costs, and high contrast ratio, and thus has recently become
considered as a next-generation flat panel display device.

[0003] Ingeneral, in order to obtain improved light emitting characteristics, the OLED may have a multi-layer structure
further including a hole injection layer and a hole transporting layer formed between the anode and the organic light
emitting layer, and an electron injection layer and an electron transporting layer formed between the cathode and the
organic light emitting layer. In addition, layers other than the above described layers may be additionally formed.
[0004] The OLED may be designed to emit a desired color light by forming the organic light emitting layer by using
an appropriate material. According to this principle, a color display device may be realized using the OLED. For example,
in the color display apparatus using the OLED, each pixel may be formed of a sub-pixel having an organic light emitting
layer emitting a red color, a sub-pixel having an organic light emitting layer emitting a green color, and a sub-pixel having
an organic light emitting layer emitting a blue color. Forming organic light emitting layers separately for each sub-pixel
however causes manufacturing processes to become unnecessarily complicated, making the realization of a large
surface and high resolution display device more difficult.

[0005] Consequently, a white OLED has been suggested. A white OLED may be realized by forming a plurality of
organic light emitting materials separately emitting red, green, and blue colors in an organic light emitting layer, or by
forming pairs of two organic light emitting materials in a complementary color relationship. When using a white OLED,
colors are obtained by employing color filters. In this case, the structure of the organic light emitting layer of all sub-
pixels may be formed identically, and thus it is relatively easy to manufacture a large surface and high resolution display
device.

[0006] Meanwhile, OLEDs may be classified into a bottom emission type OLED and a top emission type OLED,
according to the direction in which light generated from an organic light emitting layer is emitted. In a bottom emission
type OLED, light is extracted through a bottom surface on which a thin film transistor (TFT) driving the OLED is formed.
On the other hand, in a top emission type OLED, a reflective electrode is formed in a lower portion of an organic light
emitting layer and light is extracted through an upper portion of the TFT. In general, the top emission type OLED is more
advantageous in terms of achieving high resolution because the top emission type OLED may have a greater light
emitting area (aperture ratio) than the bottom emission type OLED.

[0007] In the top emission type OLED, however, a resonance cavity is necessarily formed between the reflective
electrode of the organic light emitting layer and a semi-transparent electrode in the upper portion of the organic light
emitting layer. Resonance generated in such a resonance cavity narrows spectrums of light emitted to the exterior, and
thus being advantageous in terms of extracting light of a predetermined wavelength only, but disadvantageous in terms
of extracting white light.

SUMMARY OF THE INVENTION

[0008] Itis therefore one object of the present invention to provide an improved top emission type white organic light
emitting device in order to overcome or reduce the disadvantages stated above.

[0009] It is another object of the present invention to provide a top emission type white organic light emitting device
(OLED) realizing relatively high resolution and having a relatively wide color gamut.

[0010] According to an aspect of the present invention, there is provided a white organic light emitting device (OLED)
including a substrate; a reflective electrode formed on the substrate; an organic light emitting layer formed on the reflective
electrode; a semi-transparent electrode formed on the organic light emitting layer; and with a wavelength of a resonating
mode determined by an optical thickness between the reflective electrode and semi-transparent electrode being shorter
than a shortest wavelength in a visible light region of a white light spectrum generated in the organic light emitting layer.
[0011] A reflectivity of the semi-transparent electrode may be in a range of 0.1% to 50%.

[0012] The reflectivity of the semi-transparent electrode may be in a range of 10 to 50 %.

[0013] The reflective electrode may have one of a transparent conductive oxide/metal/transparent conductive oxide
structure and a metal/transparent conductive oxide structure.

[0014] For example, the transparent conductive oxide may include one of an indium tin oxide (ITO) and an indium
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zinc oxide (1Z0).

[0015] The white OLED may further include a capping layer formed on the semi-transparent electrode and formed of
a transparent dielectric material having a refractive index in a range of 1.4 to 2.4.

[0016] The white OLED may further include an optical path control layer that is formed on the semi-transparent
electrode, to form an additional resonator in cooperation with the reflective electrode and the semi-transparent electrode.
[0017] The optical path control layer may be formed of a material having a light transmittivity of 90% or greater in a
visible light region.

[0018] The optical path control layer may be formed of at least one combination selected from the group consisting
of Al,O3, BaO, MgO, HfO, ZrO,, Ca0,, SrO,, Y,03, SisN,4, AIN, GaN, ZnS, and CdS.

[0019] The organic light emitting layer may include a hole injection layer, a hole transporting layer, a white light emitting
layer, an electron transporting layer, and an electron injection layer sequentially stacked on the reflective electrode, and
the reflective electrode is an anode, and the semi-transparent electrode is a cathode.

[0020] The organic light emitting layer may include an electron injection layer, an electron transporting layer, a white
light emitting layer, a hole transporting layer, and a hole injection layer sequentially stacked on the reflective electrode,
and the reflective electrode is a cathode, and the semi-transparent electrode is an anode.

[0021] According to another aspect of the present invention, there is provided a color display apparatus including: a
bottom substrate; a plurality of reflective electrodes formed on the bottom substrate; an organic light emitting layer formed
on the reflective electrodes; a semi-transparent electrode formed on the organic light emitting layer; a top substrate
disposed to face the semi-transparent electrode; a plurality of color filters formed in positions corresponding to the
reflective electrodes on a lower surface of the top surface; and with a wavelength of a resonating mode determined by
an optical thickness between the reflective electrodes and semi-transparent electrode being shorter than a shortest
wavelength in a visible light region of a white light spectrum generated in the organic light emitting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] 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 conjunction with the accompanying drawings in which like reference symbols indicate the same or similar components,
wherein:

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

FIG. 2 is a two dimensional computer simulated graph of the amount of light of a white point light source emitted to
the outside at a predetermined light emitting position in the white OLED of FIG. 1 when the resonance condition
according to the principle of the present invention is satisfied;

FIG. 3 is a two dimensional graph showing spectrums of red, blue, and green light used in computer simulation
according to the principle of the present invention;

FIG. 4 is a two dimensional computer simulated graph of the amount of light of red, blue, and green point light
sources emitted to the outside at a predetermined light emitting position in the white OLED of FIG. 1 when the
resonance condition according to the principle of the present invention is satisfied;

FIG. 5 is a two dimensional computer simulated graph of the amount of light of a white point light source emitted to
the outside at a predetermined light emitting position in the white OLED of FIG. 1 when the resonance condition
according to the principle of the present invention is not satisfied;

FIG. 6 is a two dimensional computer simulated graph of the amount of light of red, blue, and green point light
sources emitted to the outside at a predetermined light emitting position in the white OLED of FIG. 1 when the
resonance condition according to the principle of the present invention is not satisfied;

FIG. 7 is a schematic view of a top emission type white OLED including an optical path control layer;

FIG. 8 is a two dimensional computer simulated graph of the amount of light of a white point light source emitted to
the outside at a predetermined light emitting position in the white OLED of FIG. 7 when the resonance condition
according to the principle of the present invention is satisfied;

FIG. 9 is a two dimensional computer simulated graph of the amount of light of red, blue, and green point light
sources emitted to the outside at a predetermined light emitting position in the white OLED of FIG. 7 when the
resonance condition according to the principle of the present invention is satisfied;

FIG. 10 is a two dimensional graph showing transmittivity spectrums of color filters used in the computer simulation
of the present invention;

FIG. 11 is a two dimensional graph showing color realization characteristics by comparing chromaticity coordinates
calculated using the spectrums of FIG. 9 and the transmittivity of the color filters of FIG. 10, and chromaticity
coordinates of the National Television System Committee (NTSC) color system;
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FIG. 12 is a two dimensional graph showing an external light emitting spectrum of the top emission type white OLED
constructed as the present invention; and

FIG. 13 is a cross-sectional view of a color display apparatus using the white OLED constructed as the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention will now be described more fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. In the drawings, like reference numerals denote like elements, and
the size of the elements may be exaggerated for clarity and convenience of description.

[0024] FIG. 1 is a schematic view of a general structure of a top emission type white organic light emitting device
(OLED) 10. Referring to FIG. 1, white OLED 10 may include an anode 12, a hole injection layer (HIL) 13, a hole transporting
layer (HTL) 14, a white light emitting layer 15, an electron transporting layer (ETL) 16, a cathode 17, and a capping layer
18 that are sequentially stacked on a substrate 11. Anode 12 functions as a reflective electrode reflecting white light
generated in white light emitting layer 15, and cathode 17 functions as a semi-transparent electrode that transmits a
portion of the white light generated in white light emitting layer 15 and reflects a remaining portion of the white light.
[0025] The stack order of the layers in FIG. 1 may be reversed. For example, cathode 17 may be first formed on
substrate 11, and n ETL 16, white light emitting layer 15, HTL 14, HIL 13, anode 12, and capping layer 18 may be
sequentially formed on cathode 17. In this case, cathode 17 functions as a reflective electrode, and anode 12 functions
as a semi-transparent electrode. In this specification, the case where anode 12 is a reflective electrode, and cathode
17 is a semi-transparent electrode will be described for convenience of description. It should be noted however that this
situation may be reversed according to another embodiment of the present invention.

[0026] White light emitting layer 15 may be formed in various structures in order to generate white light. In FIG. 1,
white light emitting layer 15 is formed of a red light emitting layer 15R, a blue light emitting layer 15B, and a green light
emitting layer 15G. White light emitting layer 15 5 however may also be formed of two light emitting materials emitting
light that have a complementary color relationship.

[0027] Also, although not shown in FIG. 1, an electron injection layer may be further interposed between cathode 17
and ETL 16. Substrate 11 may be formed of a material such as glass, and capping layer 18 may be formed of a transparent
dielectric material having a refractive index of about 1.4 to 2.4, which does not absorb white light. Anode 12 may be
formed of a metal reflective electrode 12a reflecting light generated in white light emitting layer 15 and a transparent
electrode 12b formed of a transparent conductive oxide (TCO) having a relatively high work function to provide holes.
For example, reflective electrode 12a may be formed of Ag having high reflectivity, and transparent electrode 12b may
be formed of indium tin oxide (ITO) or indium zinc oxide (1ZO). In FIG. 1, anode 12 may be formed of a metal/TCO layer-
structure, and anode 12 may also be a TCO/metal/TCO structure. Meanwhile, cathode 17 is formed to have a semi-
transparent characteristic by thinly coating a metal having a relatively low work function.

[0028] Top emission type white OLED 10 is advantageous in manufacturing a large surface and high resolution display
device. Because resonance occurs between cathode 17 having a semi-transparent characteristic and reflective electrode
12a, however, it is difficult to accurately realize a white light. This is because the spectrum of emitted light is narrowed
by the resonance between cathode 17 and reflective electrode 12a.

[0029] The inventors of the present invention have discovered that a pure white color may be obtained by properly
selecting a resonance condition in white OLED 10. In general, a wavelength of a resonating mode of a resonator, that
is, a resonance wavelength, is determined by an optical thickness of the resonator. Optical thickness is obtained by
multiplying the physical thickness of a medium and the refractive index of that medium together. Also, a plurality of
resonating modes that satisfy a resonance condition in a region of wavelengths that are shorter than the resonance
wavelength exist inside the resonator having a predetermined resonance wavelength. Accordingly, if a spectrum region
of white light generated in white OLED 10 is in a larger spectrum region than the resonance wavelength, a pure white
color may be realized by minimizing the influence of resonance. In particular, when a very intense resonance occurs in
a region of wavelengths that are shorter than the shortest wavelength in a visible light region of a white light spectrum
generated in white OLED 10, a change in the light amount due to the wavelength change in the visible light region of
the white light spectrum may be reduced so as to be very small.

[0030] The condition for a resonating mode to be present in the resonator having a plurality of organic layers including
white light emitting layer 15 between semi-transparent cathode 17 and reflective electrode 12a of the above-described
white OLED 10 is generally given as the following Formula 1.
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Formula 1

2n2n.d.
nog=Y (s ()
j

where n;; is a refractive index of a j-th organic layer with respect to a wavelength A, d; is the thickness of a j-th organic
layer, and §; is the degree of phase shift shown when light is transmitted through the j-th organic layer and when light is
reflected on both mirrors. Also, q is an arbitrary integer. Here, if q is greater than 1, a very intense resonance occurs in
the resonator, and the greater the value of g, the greater the intensity of the resonance. If q is 0, a weak resonance
occurs. According to the present invention, an intense resonance should occur in a region of wavelengths that are shorter
than the shortest wavelength in a visible light region of a white light spectrum generated in white OLED 10. Accordingly,
in order to realize a pure white color, a following inequality as given by Formula 2 should be satisfied.

Formula 2 is shown as follows:

S G S 2
mln>Z 2n -4, @

J

[0031] Here, a wavelength A,,,;, may be the shortest wavelength in a visible light region of a white spectrum emitting
light in white light emitting layer 15 of white OLED 10. For example, wavelength A,;, may be about 400 nm or less. If
the optical thickness between cathode 17 and reflective electrode 12a is too great and thus the right side of Formula 2,
that is, the wavelength of the resonating mode, is greater than A,,;;,,, @ pure white color may not be obtained. As can be
seen from Formula 2, in order to obtain a pure white color, the wavelength of the resonating mode considering the optical
thickness between cathode 17 and reflective electrode 12a, and the phase shift, that is, the value of the right side of
Formula 2, should be smaller than A;,.

[0032] Hereinafter, conditions for obtaining an a pure white color in top emission type white OLED 10 having the
structure of FIG. 1 will be described in details with reference to computer simulated results.

First computer simulation is performed in the case where Formula 2 is satisfied.

[0033] Referring now to FIGS. 2-4, a first computer simulation was performed where Formula 2 is satisfied in such a
manner that an optical thickness between cathode 17 and reflective electrode 12a was 200 nm, a wavelength of a
resonating mode considering phase shift, that is, a resonance wavelength, was 314 nm, and a thickness of capping
layer 18 was 40 nm, so that top emission type white OLED 10 having the structure of FIG. 1 satisfies Formula 2. The
reflectivity of cathode 17 which functions as a semi-transparent electrode was set as 25%. Also, it was assumed that
identical white point light sources having identical intensities are respectively disposed at a red light emitting layer 15R,
a blue light emitting layer 15B, and a green light emitting layer 15G in white light emitting layer 15 in FIG. 1. FIG. 2 is a
computer simulated graph of the amount of light emitted from the white point light sources to the outside under the above
conditions. Referring to FIG. 2, in general, a resonance characteristic is relatively broadly and uniformly formed in the
visible light region.

[0034] Meanwhile, in order to predict spectrums of red, blue, and green light respectively emitted from red light emitting
layer 15R, blue light emitting layer 15B, and green light emitting layer 15G to the outside, using the result of FIG. 2, red,
blue, and green spectrums as illustrated in FIG. 3 were considered. In other words, FIG. 3 is a graph showing internal
light emitting spectrums with respect to red (R), blue (B), and green (G) light respectively generated in red light emitting
layer 15R, blue light emitting layer 15B, and green light emitting layer 15G.

[0035] FIG. 4 is a graph of a computer simulation result of an external light emitting spectrum obtained by multiplying
the result of the graph of FIG. 2 with the internal light emitting spectrums of the red, green, and blue light of FIG. 3 at a
ratio of 2.3:0.6:2. Here, since the graph of FIG. 3 is based on a normalized value, the ratio is multiplied with the internal
light emitting spectrums of FIG. 3 to obtain the actual characteristics of white light emitting layer 15. Accordingly, FIG.
4 is a computer simulation graph of the amount of red, blue, and green light respectively emitted from red light emitting
layer 15R, blue light emitting layer 15B, and green light emitting layer 15G in white OLED 10 illustrated in FIG. 1 to the
outside. Peak 1 represents the amount of blue light emitted from blue light emitting layer 16B, peak 2 represents the
amount of green light emitted from blue light emitting layer 16G, and peaks 3 and 4 represents the amount of red light
emitted from red light emitting layer 16R. As can be seen from the graph of FIG. 4, an almost pure white spectrum can
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be obtained at (0.31, 0.32) of the chromaticity coordinates.

Second computer simulation is performed in the case where Formula 2 is not satisfied.

[0036] Referring now to FIGS. 5 and 7, a second computer simulation was performed where Formula 2 is not satisfied
in such a manner that an optical thickness between cathode 17 and reflective electrode 12a was 360 nm, a resonance
wavelength considering phase shift was 470 nm, and a thickness of capping layer 18 was 40 nm, so that top emission
type white OLED 10 having the structure of FIG. 1 does not satisfy Formula 2. The reflectivity of cathode 17 functioning
as a semi-transparent electrode was set as 25%. Also, it was assumed that identical white point light source having
identical intensities were respectively disposed at red light emitting layer 15R, blue light emitting layer 15B, and green
light emitting layer 15G. FIG. 5 is a computer simulation result graph of the amount of light respectively emitted from
each of the point light sources to the exterior under the above conditions. Referring to FIG. 5, a very narrow light emitting
spectrum is formed around wavelength of 470 nm.

[0037] FIG. 6 is a computer simulation graph of an external light emitting spectrum obtained by multiplying the result
shown in the graph of FIG. 5 with the internal light emitting spectrums of the red, green, and blue light (wavelength is
around 470nm) of FIG. 3 at the ratio of 2.3:0.6:2. In other words, FIG. 6 is a computer simulation graph of the amount
of red, blue, and green light respectively emitted from red light emitting layer 15R, blue light emitting layer 15B, and
green light emitting layer 15G in white OLED 10 illustrated in FIG. 1 to the exterior. Referring to FIG. 6, a near pure blue
spectrum is formed at (0.135, 0.88) of the chromaticity coordinates. Accordingly, when white OLED 10 is designed
without considering the resonance condition of the present invention, primary color light may be emitted instead of white
color light in an extreme case.

[0038] As can be seen from the description with reference to the above-described first and second computer simula-
tions, an approximately pure white color light may be obtained according to the present invention. The reflectivity of
cathode 17, which is the semi-transparent electrode, was set as 25% in the first computer simulation; however, the
reflectivity may be varied according to different embodiments. In general, when the reflectivity in a semi-transparent
electrode in a resonator cavity formed of a semi-transparent electrode and a reflective electrode is decreased, the
resonator is weakened, and thus the full width at half maximum (FWHM) of the extracted spectrum is increased, and
dependency of brightness and color viewing angle is minimized. In order to obtain the above characteristics, the reflectivity
of cathode 17 functioning as a semi-transparent electrode may be about 0.1 - 50%, and preferably about 10 - 50%.
[0039] In addition, a dielectric layer having high transmittivity may be formed on the semi-transparent electrode so
that a broader spectrum may be extracted in the semi-transparent electrode having the above-described reflectivity.
FIG. 7 is a schematic view of a top emission type white OLED 10’ including the dielectric layer having the high transmittivity.
White OLED 10’ of FIG. 7 includes an optical path control layer 18’ which replaces capping layer 18 included in white
OLED 10 of FIG. 1. Optical path control layer 18’ is formed in order to increase the amount of light emitted to the exterior
of white OLED 10’ and obtain a purer white color, and is formed of a material having high light transmittivity. For example,
the light transmittivity of optical path control layer 18’ may preferably be about 90% or greater in the visible light region.
Optical path control layer 18 may be formed of at least one combination selected from the group consisting of an organic
material, an oxide, a nitride, and a sulfide; for example, at least one combination selected from the group consisting of
Al,O4, BaO, MgO, HfO,, ZrO,, Ca0,, SrO,, Y,03, SisNy4, AIN, GaN, ZnS, and CdS.

[0040] In FIG. 7, optical path control layer 18’ is illustrated to have a small thickness. In order to obtain effective
resonance, however, the thickness of optical path control layer 18’ may preferably be great according to a Febry-Perot
interference condition. Accordingly, compared to capping layer 18, optical path control layer 18’ may be regarded as
being formed of the same material as capping layer 18 but having a greater thickness than capping layer 18. For example,
the thickness of optical path control layer 18’ may be about 300 - 400 nm at the minimum and about 700 - 900 nm at
the maximum. Then a resonator is formed between cathode 17, which is the semi-transparent electrode, and reflective
electrode 12a, between an upper surface of optical path control layer 18’ and reflective electrode 12a, and between
upper and lower surfaces of optical path control layer 18’. Also, in order to further increase the reflectivity, a dielectric
mirror formed of repeated dielectric layers having high and low refractive indices, or a thin layer metal mirror may be
further formed on the upper surface of optical path control layer 18’. Thus a broader spectrum may be obtained by
multiple resonances. In addition, a third computer simulation was performed to see to analyze the broader spectrum.

A third computer simulation is performed in the case where Formula 2 is satisfied and an optical path control layer 18’
is included.

[0041] Referring now to FIGS. 8-11, The third computer simulation was performed in such a manner that an optical
thickness between cathode 17 and reflective electrode 12a was 396 nm, a resonance wavelength considering phase
shift was 314 nm, and a thickness of optical path control layer 18’ was 490 m, so that top emission type white OLED 10’
having the structure of FIG. 7 satisfies Formula 2. The reflectivity of cathode 17 functioning as a semi-transparent
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electrode was set as 25%. In addition, the assumption is that identical white point light sources having identical intensities
were respectively disposed at red light emitting layer 15R, blue light emitting layer 15B, and green light emitting layer
15G in white light emitting layer 15 illustrated in FIG. 7. FIG. 8 is a computer simulation result graph of the amount of
light emitted from each of the point light sources to the outside under the above conditions. Referring to FIG. 8, while
peaks are divided in the red, green, and blue regions, overall, the resonance characteristic is broadly formed in the
visible light region.

[0042] Also, FIG. 9is a computer simulation result graph of an external light emitting spectrum obtained by multiplying
the result of the graph of FIG. 8 with the internal light emitting spectrums with respect to red, green, and blue light of
FIG. 3 at the ratio of 2.3:0.6:2. In other words, FIG. 9 is a computer simulation result graph of the amount of red, blue,
and green light respectively emitted from red light emitting layer 15R, blue light emitting layer 15B, and green light
emitting layer 15G in the white OLED 10’ of FIG. 7 to the exterior. Peak 1’ represents the amount of blue light emitted
from blue light emitting layer 15B, peak 2’ represents the amount of green light emitted from blue light emitting layer
15G, and peaks 3’ represents the amount of red light emitted from red light emitting layer 15R. As can be seen from
FIG. 9, a purer white spectrum may be obtained at (0.298, 0.341) of the chromaticity coordinates.

[0043] FIG. 10 is a graph showing transmittivity spectrums of color filters to be used in a computer simulation of the
present invention. When the external light emitting spectrums of FIG. 9 are multiplied with the transmittivity spectrum of
the color filter of FIG. 10, chromaticity coordinates of color light appearing when white light emitted from white OLED
10’ passes through the red, green, and blue color filters, and a chromaticity coordinate of the combination of these colors,
that is, white color, may be obtained. The result coordinate values of color in CIE x, y chromaticity diagram are shown
in Table 1 below. Also, in order to compare the calculated chromaticity coordinates with the National Television System
Committee (NTSC) color system, the chromaticity coordinates of the third computer simulation and the chromaticity
coordinates of the NTSC color system are both shown in FIG. 11. In FIG. 11, outer triangle | is the NTSC color system,
and inner triangle Il is the chromaticity coordinates of the third computer simulation. According to the third computer
simulation shown in FIG. 11, almost 89% of color reproduction range can be obtained compared to the NTSC system.

TABLE 1
X Y
original w 0.298 | 0.341
Color filter | W 0.295 | 0.355
R 0.653 | 0.338
G 0.201 | 0.661
B 0.132 | 0.091

[0044] A top emission type white OLED having the structure illustrated in FIG. 1 was actually manufactured based on
the result of the above-described computer simulations. According to the current embodiment of the present invention,
an anode functioning as a reflective electrode having an ITO/Ag/TTO structure is formed on a glass substrate, and an
HIL and an HTL are formed on the reflective electrode. Light emitting layers emitting light in the three wavelengths, that
is, blue, red, and green colors, are formed on the HTL. Then an ETL and an EIL are formed on the light emitting layers.
In addition, Ag having a thickness of 9 nm is formed on the EIL as a cathode functioning as a semi-transparent electrode.
The reflectivity of the semi-transparent electrode was about 25% with respect to light having a wavelength of 550 nm.
A capping layer having a thickness of 40 nm was formed on the semi-transparent electrode. The capping layer had a
refractive index of about 2 with respect to the wavelength of 550 nm. The top emission type white OLED manufactured
in this manner was encapsulated in an inactive atmosphere.

[0045] The material and thickness of the HIL were MTDATA and 200A, respectively, and the material and thickness
of the HTL were NPB and 110A, respectively, and the thickness of the blue light emitting layer was 120A, the thickness
of the green light emitting layer was 120A, the thickness of the red light emitting layer was 80A, the material and thickness
of the ETL were Alg; and 180A, respectively, the material and thickness of the EIL were LiF and 71A, respectively, and
the material of the capping layer was SiN,. N, gas was used as the inactive atmosphere.

[0046] FIG. 12isagraphshowing an external light emitting spectrum of the top emission type white OLED manufactured
in the above-described manner. Referring to FIG. 12, light emitted from the white OLED has three peaks in the three
light wavelength regions, that is, blue, green, and red light wavelength regions. This is very similar to the result of the
first computer simulation illustrated in FIG. 4. By calculating chromaticity coordinates from the result of FIG. 12, a white
spectrum at (0.28, 0.29) can be found.

[0047] Whenthe OLED according tothe presentinventionis used in a color display apparatus, a color display apparatus
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having high color reproduction range may be obtained. FIG. 13 is a cross-sectional view of a color display apparatus
100 using white OLED 10 or 10’ constructed as the present invention. Referring to FIG. 13, a plurality of reflective
electrodes 12 are formed for each sub-pixel on a common substrate 11, and a hole transporting layer (HTL) 14, a white
light emitting layer 15, an electron transporting layer (ETL) 16, a semi-transparent electrode 17, and a capping layer 18
(or an optical path control layer 18’) may be formed on reflective electrodes 12. In addition, a transparent top substrate
20 is disposed to face capping layer 18 (or optical path control layer 18’), and red, green, and blue color filters 21R, 21G,
and 21B are formed for each sub-pixel on a lower surface of top substrate 20. Although not illustrated in FIG. 13, a black
matrix (BM), which completely absorbs external light, may be formed between each color filter in order to increase
visibility, and gas or a filler having a low refractive index as a low refractive index layer may be in the space between
top substrate 20 and capping layer 18 (or optical path control layer 18’).

[0048] According to the present invention, as illustrated in FIG. 13, OLEDs including electrodes and light emitting
layers may be formed in the same layer with respect to all sub-pixels irrespective of the colors of the sub-pixels. Also,
in this case, the optical path between sub-pixels does not need to be controlled, and thus reflective electrodes 12 in the
lower portion of the OLED may be designed to have the same structure. Also, according to the present invention, since
the OLED may emit almost pure white color light, pure colors may be realized using color filters 21R, 21G, and 21B.
Also, even when resonance occurs inside the OLED, since images are viewed through the color filters, dependency on
the viewing angle can be significantly reduced.

[0049] According to the present invention, a white OLED generating improved white light may be provided.

[0050] While the present invention has been particularly shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill in the art that the exemplary embodiments should be
considered in descriptive sense only and not for purpose of limitation, and various changes in form and details may be
made therein without departing from the scope of the present invention as defined by the following claims.

Claims
1. A white organic light emitting device, OLED, comprising:
a substrate;
a reflective electrode formed on the substrate;
an organic light emitting layer formed on the reflective electrode; and
a semi-transparent electrode formed on the organic light emitting layer,
wherein a wavelength of a resonating mode determined by an optical thickness between the reflective electrode
and the semi-transparent electrode is shorter than a shortest wavelength in a visible light region of a white light
spectrum generated in the organic light emitting layer.
2. The white OLED of claim 1, in which a reflectivity of the semi-transparent electrode is within a range of 0.1% to 50%.

3. The white OLED of claim 2, in which the reflectivity of the semi-transparent electrode is within a range of 10 to 50 %.

4. The white OLED of claim 1, in which the reflective electrode has one of a transparent conductive oxide/metal/
transparent conductive oxide structure and a metal/transparent conductive oxide structure.

5. The white OLED of claim 4, in which the transparent conductive oxide comprises one of an indium tin oxide (ITO)
and an indium zinc oxide (1ZO).

6. The white OLED of claim 1, further including a capping layer formed on the semi-transparent electrode and formed
of a transparent dielectric material having a refractive index within a range of 1.4 to 2.4.

7. The white OLED of claim 1, further comprising an optical path control layer that is formed on the semi-transparent
electrode, to form an additional resonator in cooperation with the reflective electrode and the semi-transparent

electrode.

8. The white OLED of claim 7, in which the optical path control layer is formed of a material having a light transmittivity
of 90% or greater in a visible light region.

9. The white OLED of claim 8, in which the optical path control layer is formed of at least one combination selected
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from a group consisting of Al,O3, BaO, MgO, HfO,, ZrO,, Ca0,, SrO,, Y,03, SizN4, AIN, GaN, ZnS, and CdS.

The white OLED of claim 7, further comprising a dielectric mirror layer on an upper surface of the optical path control
layer.

The white OLED of claim 7, further comprising a metal mirror layer on an upper surface of the optical control layer.

The white OLED of claim 1, in which the organic light emitting layer comprises a hole injection layer, a hole transporting
layer, a white light emitting layer, an electron transporting layer, and an electron injection layer sequentially stacked
on the reflective electrode, and the reflective electrode is an anode, and the semi-transparent electrode is a cathode.

The white OLED of claim 1, in which the organic light emitting layer comprises an electron injection layer, an electron
transporting layer, a white light emitting layer, a hole transporting layer, and a hole injection layer sequentially stacked
on the reflective electrode, with the reflective electrode being a cathode and the semi-transparent electrode being
an anode.

A color display apparatus comprising a plurality of white OLEDs wherein according to any preceding claim:

the substrate is a bottom substrate;

a plurality of the reflective electrodes are formed on the bottom substrate;

the organic light emitting layer is formed on the reflective electrodes;

the semi-transparent electrode formed on the organic light emitting layer;

further comprising a top substrate disposed to face the semi-transparent electrode; and

a plurality of color filters formed in positions corresponding to the reflective electrodes on a lower surface of the
top substrate.
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