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7) ABSTRACT

An organic light emitting device is disclosed. In one
embodiment, the organic light emitting device includes red
(R), green (G) and blue (B) lower electrodes formed on a
substrate. R, G, B organic thin film layers are formed on the
R, G, B lower electrodes, respectively. Additionally, an
upper single or multilayer electrode is formed over the
substrate. Portions of the upper electrode that correspond to
the R, G, B organic thin film layers, respectively, are formed
to each have a different thickness. Various methods for
forming the upper electrode using a fine metal mask, a
halftone mask, and single and multiple photolithography
processes are also disclosed.
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FLAT PANEL DISPLAY WITH HIGH EFFICIENCY
AND METHOD OF FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority of Korean Patent
Application No. 10-2003-51811, filed on Jul. 26, 2003, and
which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention generally relates to a flat
panel display and, more particularly, to a flat panel display
having a high efficiency in which a cathode electrode has a
different thickness for each of red (R), green (G), and blue
(B) pixels, and a method of fabricating the same.

[0004] 2. Description of the Related Art

[0005] A conventional active matrix organic light emitting
device includes an anode electrode which is connected to a
thin film transistor, a cathode electrode, and a red (R), green
(G), or blue (B) organic thin film layer formed therebetween.
The organic thin film layer can include multiple layers.
Examples of such layers include a hole injecting layer, a hole
transporting layer, R, G, B organic emission layers, a hole
blocking layer, an electron transporting layer, and an elec-
tron injecting layer.

[0006] The cathode electrode typically uses a metal elec-
trode, which may be formed of metals such as aluminum
(Al), or metals alloys such as Magnesium (Ma)-Silver (Ag).
These and other metals and metal alloys facilitate electron
transportation and at the same time, protect the underlying
organic thin film layer. To render the display more stable and
less susceptible to electromagnetic interference, a two-layer
cathode electrode is typically used. However it is nearly
impossible to obtain optimized efficiency and color coordi-
nates because the conventional cathode electrode is typically
formed in a uniform thickness for each of the R, G, or B
pixels.

1. Field of the Invention

[0007] FIG. 1 shows a cross-sectional view of a conven-
tional active matrix organic light emitting device which
includes a conventional two-layer structured cathode elec-
trode.

[0008] Thin film transistors 120, 130, 140 for R, G, B unit
pixels 101, 103, and 105, respectively, are formed on a
buffer layer 110 of a substrate 100. The thin film transistors
120, 130, 140 include source/drain regions 121 and 125, 131
and 135, and 141 and 145, gates 161, 163165 formed on a
gate insulating layer 150, and source/drain electrodes 181
and 185, 191 and 195, and 201 and 205 formed on an
insulating interlayer layer 170.

[0009] Anode electrodes, 220, 230 and 240, which are
lower electrodes for the R, G, B unit pixels, are formed on
a passivation layer 210 and are connected to one of the drain
electrodes 185, 195, and 205, respectively, through via holes
107, 109, 111.

[0010] Further, a pixel defining layer 250 for isolating
respective R, G, B unit pixels 101, 103, 105 is formed on the
passivation layer 210. R, G, B organic thin film layers 271,
273, 275, respectively, are formed on the anode electrodes
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220, 230, 240 for the R, G, B unit pixels 101, 103, 105,
respectively, exposed through openings 261,263,265 of the
pixel defining layer 250. A cathode electrode 280 is formed
as an upper electrode on an entire surface of the substrate
100.

[0011] The anode electrodes 220, 230, 240 include first
anode electrodes 221, 231, 241, respectively, each having
high reflectivity, and second anode electrodes 225, 235, 245
for adjusting a work function. The anode electrodes 220,
230, 240 have equal thicknesses for each of the R, G, B unit
pixels 101, 103, 105, respectively.

[0012] The cathode electrode 280 is formed of a first
cathode electrode 281 constructed of of a metal or metal
alloy and a second cathode electrode 283 constructed of a
transparent conductive layer having excellent stability, and
is formed on the entire surface of the substrate 100 with a
uniform thickness. Exemplary metals and metal alloys com-
monly used include Lithium Fluoride (LiF) or Magnesium
and Silver alloys (Mg:Ag). Exemplary transparent conduc-
tive materials include Indium tin oxide (ITO) and Indium
zine oxide (IZO).

SUMMARY OF THE INVENTION

[0013] An organic light emitting device is disclosed. In
one embodiment, the organic light emitting device includes
red (R), green (G) and blue (B) lower electrodes formed on
a substrate. R, G, B organic thin film layers are formed on
the R, G, B lower electrodes, respectively. Additionally, an
upper single or multilayer electrode is formed over the
substrate. Portions of the upper electrode that correspond to
the R, G, B organic thin film layers, respectively, are formed
to each have a different thickness. Various methods for
forming the upper electrode using a fine metal mask, a
halftone mask, and single and multiple photolithography
processes are also disclosed. In particular, a method of
fabricating a highly efficient flat panel display capable of
obtaining optimized efficiency and color coordinates by
forming a cathode electrode having a different thickness for
each of R, G, B unit pixels is also disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Various features and advantages of the present
invention will become more apparent to those of ordinary
skill in the art by describing in detail embodiments thereof
with reference to the accompanying drawings in which:

[0015] FIG. 1 is a cross-sectional view of a conventional
top-emitting organic light emitting device;

[0016] FIG.2 is a cross-sectional view of an organic, top,
light emitting device configured in accordance with an
embodiment of the present invention;

[0017] FIGS. 3A to 3D are sequential cross-sectional
views illustrating a method of forming in an organic light
emitting in which a device a cathode electrode has a different
thickness for each of R, G, B, in accordance with a first
embodiment of the present invention;

[0018] FIGS. 4A to 4D are sequential cross-sectional
views illustrating a method of forming, in an organic light
emitting device, a cathode electrode having a different
thickness for each of R, G, B, in accordance with a second
method of the present invention,
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[0019] FIGS. 5A to 5D are sequential cross-sectional
views illustrating a method of forming, in an organic light
emitting device, a cathode electrode having a different
thickness for each of R, G, B, in accordance with a third
method of the present invention;

[0020] FIG. 6 is a cross-sectional view illustrating a
method of forming, in an organic light emitting device, a
cathode electrode having a different thicknesses for each of
R, G, B, in accordance with a fourth embodiment of the
present invention;

[0021] FIG. 7 illustrates blue (B) luminous efficiency
depending on a thickness of a cathode electrode in an
organic light emitting device configured in accordance with
an embodiment of the present invention,

[0022] FIG. 8 illustrates blue (B) color coordinates
depending on a thickness of a cathode electrode in an
organic light emitting device, configured in accordance with
an embodiment of the present invention;

[0023] FIG. 9 illustrates green (G) luminous efficiency
depending on a thickness of a cathode electrode in an
organic light emitting device, configured in accordance with
an embodiment of the present invention,

[0024] FIG. 10 illustrates green (G) color coordinates
depending on a thickness of a cathode e¢lectrode in an
organic light emitting device, configured in accordance with
an embodiment of the present invention,

[0025] FIG. 11 illustrates red (R) luminous efficiency
depending on a thickness of a cathode electrode in an
organic light emitting device, configured in accordance with
an embodiment of the present invention,

[0026] FIG. 12 illustrates red (R) color coordinates
depending on a thickness of a cathode electrode in an
organic light emitting device, configured in accordance with
an embodiment of the present invention; and

[0027] FIG. 13 illustrates red (R) luminance depending on
an applied voltage in an organic light emitting device,
configured in accordance with an embodiment of the present
invention.

[0028] The thicknesses of the layers and regions illustrated
in the figures are exaggerated for clarity of explanation.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] Exemplary embodiments of the present invention
will now be described more fully with reference to the
accompanying drawings. This invention may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of
the invention to those skilled in the art.

[0030] An exemplary embodiment of the present inven-
tion provides an organic light emitting device having R, G,
B lower electrodes formed on a substrate, R, G, B organic
thin film layers (e.g. emission layers) formed on the R, G, B
lower electrodes, respectively, and an upper electrode
formed over the substrate, wherein at least one of the R, G,
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B organic thin film layers of the upper electrode has a
different thickness from the other R, G, B organic thin film
layers.

[0031] In a particular exemplary embodiment, the upper
electrode includes a first upper electrode material formed on
the substrate and a second upper electrode material formed
on the first upper electrode material. Such that a portion of
the second upper electrode material that corresponds to a R,
G or B organic thin film layer of the lower R, G, and B
electrodes has a different thickness from its counterpart
portions. The first upper electrode material may be formed
of one or more metals and the second upper electrode
material may be formed of one or more transparent conduc-
tive materials. Exemplary metals and metal alloys include
LiF and Mg:Ag and the like. Exemplary transparent con-
ductive materials include ITO, 1Z0, and the like.

[0032] On one exemplary embodiment, the second upper
electrode material is formed in a thickness of approximately
800 A to approximately 2400 A, because a thickness of
approximately 800 A to approximately 1600 A provides
high luminous efficiency, and a thickness of approximately
800 A—approximately 2400 A provides high color purity. A
portion corresponding to an R organic thin film layer, of the
second upper electrode material, preferably has a thickness
of approximately 1200 Aor approxunately 2400 A; a
portion corresponding to an G organic thin film layer pref-
erably has a thickness of approxnnately 800 A, and a portion
corresponding to a B organic thin film layer preferably has
a thickness of approximately 1600 A

[0033] In another exemplary embodiment, the upper elec-
trode includes a first upper electrode material formed on the
substrate, and a second upper electrode material on the first
upper electrode material, wherein portions corresponding to
the R, G, B organic thin film emission layers have different
thicknesses. In this embodiment, the second upper electrode
material includes first layers for the R, G, B unit pixels
independently formed having a different thickness on
respective portions of the first upper electrode material
corresponding to the R, G, B emission layers, and a second
layer formed in a uniform thickness on the first layer and the
first upper electrode material.

[0034] In another exemplary embodiment, the upper elec-
trode includes a first upper electrode material formed on the
substrate, and a second upper electrode material on the first
upper electrode material, wherein portions corresponding to
the R, G, B emission layers have different thicknesses. The
second upper electrode material includes a first layer of
uniform thickness formed on the first upper electrode mate-
rial, and second layers for the R, G, B unit pixels having
different thicknesses on respective portions of the first layer
corresponding to the R, G, B emission layers.

[0035] In this exemplary configuration, the first upper
electrode material is made of one or more metals or metal
alloys, such as, but not limited to LiF, Mg:Ag, and the like,
and the second upper electrode material is made of one or
more transparent conductive materials such as, but not
limited to, IZO and ITO, respectively. The cumulative
thickness of the first layer and the second layer of the second
upper electrode material is approximately 800 Ao approxi-
mately 2400 A.

[0036] Moreover, another exemplary embodiment of the
present invention provides a method of forming an organic
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light emitting device. In this method R, G, B unit pixels,
including their corresponding R, G, B lower electrodes and
their corresponding R, G, and B organic film layers, are
formed on a substrate. An upper electrode having portions of
varying thickness that correspond to the R, G, and B
emission layers is then formed over the substrate. Method
steps may include, inter alia, forming the upper electrode,
(e.g., forming a first upper electrode material on the sub-
strate) and forming a second upper electrode material on the
first upper electrode material to have a different thickness for
each of the corresponding R, G, B emission layers. In one
embodiment, forming the second upper electrode material
may include forming on portions of the first upper electrode
material corresponding to the R, G, B emission layers a first
layer, a portion or portion of which has a different thickness
for each of the corresponding R, G, B emission layers; and
forming a second layer of uniform thickness on the first layer
and the first upper electrode material.

[0037] The first layer of the second upper electrode mate-
rial is formed independently, using a fine metal mask, by
depositing the second upper electrode material in such a
manner that portions of the material have a different thick-
ness for each of the corresponding R, G, B emission layers.
Alternatively, the first layer may be formed and indepen-
dently patterned to have a different thickness for each of the
corresponding R, G, B emission layers using a three-time
repetition of a photolithography process. Alternatively, the
first layer may be formed using a single photolithography
process that uses a half-tone mask to pattern portions of the
first layer material to have a different thickness for each of
the corresponding R, G, and B emission layers.

[0038] In another exemplary embodiment, forming the
second electrode material on the first electrode material may
include forming a first layer in a uniform thickness on the
first upper electrode material and forming a second layer on
the first layer such that portions to the second layer corre-
sponding to their respective R, G, B emission layers each
have a different thickness.

[0039] As with the first layer, the second layer of the
second upper electrode material may be formed to have
portions of varying thickness using a fine metal mask,
thrice-repeated photolithography process, single photoli-
thography process using a half-tone mask, or like material
forming process.

[0040] FIG. 2 shows a cross-sectional view of an organic,
active matrix, light emitting device 301, including a two-
layer structured cathode electrode, configured in accordance
with an embodiment of the present invention.

[0041] Referring to FIG. 2, thin film transistors configured
in R, G, B unit pixels are formed on a buffer layer 310 of an
substrate 300. The respective R, G, and B thin film transis-
tors include semiconductor layers 320, 330 and 340 formed
on the buffer layer 310, each transistor including source/
drain regions 321 and 325, 331 and 335, and 341 and 345,
gate electrodes 361, 363 and 365 formed on a gate insulating
layer 350 on the respective semiconductor layers 320, 330
and 340, and source/drain electrodes 381 and 385, 391 and
395, and 401 and 405 formed on an insulating layer 370, and
connected to the source/drain regions 321 and 325, 331 and
335, and 341 and 345.

[0042] Anode electrodes 420, 430 and 440, which are
lower electrodes for the R, G, B unit pixels, 491, 493, 495,
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respectively, are each connected to one of the source/drain
electrodes 381 and 385, 391 and 395, and 401 and 405 of the
respective R, G, and B thin film transistors. For example, the
drain electrodes 385, 395 and 405, are formed on a passi-
vation layer 410. Although this exemplary embodiment of
the invention illustrates the respective anode electrodes 420,
430, 440 as having a laminate structure of metal materials
421, 431, 441 and transparent conductive materials 425,
435, 445, the anode electrodes are necessarily not limited to
such a configuration, but may be formed into a single layer
or multi-layer structure.

[0043] A pixel defining layer 450 is formed on the passi-
vation layer 410 for isolating the R, G, B unit pixels 491,
493, 495. R, G, B organic thin film layers 471, 473, 475,
respectively, are formed in openings 461, 463, 465 of the
anode electrodes 420, 430, 440, respectively, which are
defined by the pixel defining layer 450. A cathode electrode
490 is formed over the entire surface of the substrate 300,
and has a different thickness for each of the R, G, B unit
pixels 491, 493, 495. Each of the organic thin film layers
471, 473, 475 includes at least one organic thin film layer.
Depending on the embodiment, the organic thin film layer
may be an electron hole injecting layer, an electron hole
transporting layer, R, G, B organic emission layers, an
electron hole blocking layer, an electron transporting layer,
an electron injecting layer, or like layers.

[0044] The cathode electrode 490 includes a first cathode
electrode material 481 formed over the entire surface of the
substrate 300 and having a uniform thickness for each of the
R, G, B unit pixels 491, 493, 495, and a second cathode
electrode material 485 formed on the first cathode electrode
material 481 and having a different thickness for each of the
R, G, B unit pixels 491, 493, 495. In an exemplary embodi-
ment, the first cathode electrode material 481 is move of a
metal or metal alloy such as LiF or Mg:Ag or the like; and
the second cathode electrode material 485 is composed of a
transparent conductive material such as IZO or ITO, or the
like.

[0045] IfIZO isused to form the second cathode electrode
material 485 of the cathode electrode 490, the luminous
efficiency and color coordinates of blue (B) color vary
depending on the thickness of the IZO layer. These varia-
tions are described below and shown in Table 1 and FIGS.
7 and 8, respectively.

TABLE 1

1ZO layer thickness  Blue luminous efficiency Blue color coordinates

800 A 3.4ed/A 0.13,0.13

1200 A 4.1ed/A 0.15,0.22

1600 A 4.1cd/A 0.12,0.15

2400 A 3.8¢d/A 0.13,0.13

NTSC system criterion 0.14, 0.08

[0046] As used above, the NTSC (national television
systems committee) system means a color TV standard
system. However, other TV or media systems may be
supported.

[0047] Referring to Table 1 and FIGS. 7 and 8, if the 1ZO
layer used as the second cathode electrode material 485 of
the cathode electrode 490 is deposited in a thickness of
approximately 800 A to approximately 2400 A, a high
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luminous efficiency of B color can be obtained. In particular,
if the 1ZO is deposited to a thickness of approximately 1200
Ato approximately 1600 Aa high luminous efficiency of 4
cd/A can be obtained. Furthermore, if the IZO layer is
deposited in a thickness of approximately 800 Ato approxi-
mately 2400 A, a high color purity of B color can be
obtained. Such color purity, compared to that of the NTSC
system, in the IZO layer thickness of approximately 1600 A
is superior to that in the IZO layer thickness of approxi-
mately 1200 A. Thus, in one embodiment, the second
cathode electrode material 485, corresponding to a blue
emission layer, of the cathode electrode 490 has a thickness
of approximately 1600 A in order to meet both high lumi-
nous efficiency and color purity for B color.

[0048] IfIZO isused to form the second cathode electrode
material 485 of the cathode electrode 490, the luminous
efficiency and color coordinates of green (G) color vary
depending on the thickness of the 120 layer. These variations
are described and shown in Table 2 and FIGS. 9 and 10,
respectively.

TABLE 2
170 layer

thickness Green luminous efficiency  Green color coordinates

800 A 33.6¢d/A 0.26, 0.67

1200 A 9.9¢cd/A 0.34, 0.61

1600 A 5.6cd/A 0.28, 0.64

2400 A 15.8cd/A 0.28, 0.67

NTSC criterion 0.21, 0.71

[0049] Referring to Table 2 and FIGS. 9 and 10, if the
1Z0 layer used as the second cathode electrode material 485
of the cathode electrode 490 is deposited in the thickness of
approximately 800 A to approximately 2400 A, a high
luminous efficiency and color purity of G color can be
obtained. Superior efficiency is obtained when the IZO layer,
which is the second cathode elecirode material 485, has a
thickness of approximately 800 A. Additionally, the color
purity, compared to that of the NTSC, in the IZO layer
thickness of approximately 800 A or approx1mately 2400 A
is superior to an IZO layer deposited to thickness of approxi-
mately 1200 A or approximately 1600 A. Thus, in one
embodiment, the second cathode electrode materlal 485,
corresponding to a green (G) emission layer, of the cathode
electrode 490 has a layer thickness of approximately 800 A
in order to meet both high luminous efficiency and color
purity for green color.

[0050] IfIZO isused to form the second cathode electrode
material 485 of the cathode electrode 490, the luminous
efficiency and color coordinates of red (R) color vary
depending on the IZO layer thickness. These variations are
described below and shown in Table 3 and FIGS. 11 and 12,
respectively.

TABLE 3

IZO layer thickness Red luminous efficiency ~ Red color coordinates

800 A 8.3cd/A @400nit 0.64, 0.35
1200 A 8.1cd/A @400nit 0.66, 0.34
1600 A 6.4cd/A 0.66, 0.34
2400 A 5.8cd/A 0.64, 0.34

NTSC criterion 0.67, 0.33

Jan. 27, 2005

[0051] Referring to Table 3 and FIGS. 11 and 12, if the
1Z0 layer used as the second cathode electrode material 485
of the cathode electrode 490 is deposited in the thickness of
approximately 800 A to approximately 2400 A a high
luminous efficiency and color purity with respect to the red
color can be obtained. In one embodiment, the IZO layer
being the second cathode electrode material 485 has a
thickness of approximately 1200 Aor approximately 2400
A, from an efficiency aspect, for required luminance. Supe-
rior color purity, as compared to the NTSC, is excellent for
the IZO layer thickness of approximately 800 A, 1200 A,
1600 A and 2400 A. Thus, in one embodiment, the second
cathode electrode material 485, corresponding to the red (R)
emission layer, of the cathode electrode 490 has a layer
thickness of approximately 1200 A or approximately 2400 A
in order to meet high luminous efficiency and color purity
with respect to the red color.

[0052] In an exemplary embodiment, as described above,
it is preferable that the second cathode electrode material
485 of the cathode electrode 490 be deposited in a thickness
of approximately 800 A to approximately 2400 A. In such
an embodiment, it is also preferable that the second cathode
electrode material 485 be deposited in the thickness of
approximately 800 Ato approximately 1600 A to obtain
high luminous efficiency, and that the second cathode elec-
trode material 485 be deposited in the thickness of approxi-
mately 800 A to approximately 2400 A to obtain high color

purity.

[0053] FIG. 13 illustrates red (R) luminance depending on
an amount of voltage applied in an organic light emitting
device configured in accordance with an embodiment of the
present invention. The red (R) luminance increases as the
applied voltage increases. If 1ZO is used as the second
transparent conductive layer of the second cathode electrode
material, a high R luminance is obtained when the IZO layer
thickness is approximately 1200 Aor approximately 2400
A

[0054]
tion.
[0055] FIGS. 3A to 3D are cross-sectional views illus-
trating a method of forming a cathode electrode having a
different thickness in an organic light emitting device in
accordance with a first method of the present invention.
FIGS. 3A to 3D only show a cathode electrode formed on
a substrate 500.

[0056] In this first embodiment the cathode electrode is
formed by depositing a second cathode electrode material
using a fine metal mask in such a manner that portions of the
second cathode electrode material have a different thickness
for each of corresponding R, G, B unit pixels.

[0057] As shown in FIG. 3A, a first cathode electrode
material 505, such as LiF or Mg:Ag, is formed on a substrate
500. Then, using a fine metal mask 371, a first transparent
conductive layer 510 for an R unit pixel is formed on a
portion of the first cathode electrode material 505 that
corresponds to an R organic emission layer (not shown). As
shown in FIG. 3B, a fine metal mask 573 is used to form a
first transparent conductive layer 520 for a G unit pixel on
a portion of the first cathode electrode material 505 that
corresponds to a G organic emission layer (not shown).

[0058] Subsequently, as shown in FIG. 3C, a first trans-
parent conductive layer 530 for a B unit pixel is formed on

Turning now to the methods of the present inven-
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a portion of the first cathode electrode material 505 that
corresponds to a B organic emission layer (not shown),
using a fine metal mask 573. Finally, as shown in FIG. 3D,
a second transparent conductive layer 540 is formed in a
uniform thickness on the first transparent conductive layers
510, 520, 530 for the R, G, and B unit pixels 551, 553, 555,
and the first cathode electrode material 505.

[0059] Thus in one embodiment, the second cathode elec-
trode material includes the first transparent conductive lay-
ers 510, 520, 530 formed independently to have a different
thickness for each of the R, G, B unit pixels 551, 553, 555;
while the second transparent conductive layer 540 is formed
to have a umform thickness. The cathode electrode, there-
fore, is composed of the first cathode electrode material 505
having a uniform thickness on the substrate 500 and of the
second cathode electrode material having portion of a dif-
ferent thickness for each of corresponding R, G, B umnit
pixels 551, 553 and 555.

[0060] In the exemplary just described, the thickness of
the second cathode electrode material, (namely, a sum of the
thickness of the first transparent conductive layers 510, 520,
530 and the thickness of the second transparent conductive
material 540) is approximately 800 Ato approximately 2400
A. In this embodiment, the thickness of the portion of the
second cathode electrode material corresponding to the R
unit pixel that corresponds to the R organic emission layer,
(namely, the sum of the thickness of the first transparent
conductive layer 510 and the thickness of the second trans-
parent conductive layer 540) is approximately 1200 Aor
approximately 2400 A in order to obtain high luminous
efficiency and color purity for the red (R) color. The thick-
ness of the portion of the second cathode electrode material
corresponding to the G unit pixel that corresponds to the G
organic emission layer, (namely, the sum of the thickness of
the first transparent conductive layer 520 and the thickness
of the second transparent conductive layer 540) is approxi-
mately 800 A in order to obtain high luminous efficiency and
color purity for the green (G) color. The thickness of the
second cathode electrode material for the B unit pixel that
corresponds to the B organic emission layer, (namely, the
sum of the thickness of the first transparent conductive layer
530 and the thickness of the second transparent conductive
layer 540) is approximately 1600 A in order to obtain high
luminous efficiency and color purity for the blue (B) color.

[0061] FIGS. 4A to 4D are cross-sectional views illus-
trating a second method of forming a cathode electrode
having portions of different thickness in an organic light
emitting device, in accordance with a second method of the
present invention. These Figures only show a cathode elec-
trode formed on a substrate 600.

[0062] In accordance with a second embodiment, this
second method of forming a cathode electrode is different
from the first embodiment only in that the cathode electrode
is independently patterned to include different thickness for
each of the corresponding R, G, B unit pixels using a
three-time repetition of a photolithography process. That is,
as shown in FIG. 4A, a transparent conductive layer 610 is
deposited in a thickness suitable for an R unit pixel on a
substrate 600 on which a first cathode electrode 605 is
formed. Then, as shown in FIG. 4B, a portion of the first
transparent conductive layer 615 for the R unit pixel that
corresponds to an R organic emission layer (not shown) is
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formed by photolithographing the transparent conductive
layer 610 using a first mask (not shown).

[0063] Subsequently, a transparent conductive layer 620 is
deposited to a thickness suitable for a G unit pixel on an
entire surface of the substrate 600, and then a portion of the
first transparent conductive layer 625 corresponding to the G
unit pixel is formed by photolithographing the transparent
conductive layer 620 using a second mask (not shown), as
shown in FIG. 4C.

[0064] Next, a transparent conductive layer 630 is depos-
ited over the entire surface of the substrate 600 to a thickness
suitable for a B unit pixel, and then a portion of the first
transparent conductive layer 635 for the B unit pixel is
formed by photolithographing the transparent conductive
layer 630 using a third mask (not shown). Subsequently, a
second transparent conductive layer 640 is formed in a
uniform thickness on the first transparent conductive layers
615, 625 and 635 and the first cathode electrode material
605, as shown in FIG. 4D.

[0065] Thus, in this exemplary embodiment, the second
cathode electrode material includes the first transparent
conductive layers 615, 625, 635 for the R, G, B unit pixels
651, 653 and 655, which were independently formed to have
different thickness so as to correspond to the R, G, B organic
emission layers. Additionally, the second transparent con-
ductive layer 640 is formed over the entire surface of the
substrate 600. Consequently, the cathode electrode is com-
posed of the first cathode electrode material 605 having a
uniform thickness and of the second cathode electrode
material, portions of which have a different thickness for
each of the corresponding R, G, B unit pixels 651, 653 and
655.

[0066] FIGS. 5A to 5D are cross-sectional views illus-
trating another exemplary method of forming a cathode
electrode in an organic light emitting device to have portions
of different thickness, in accordance with a third method of
the present invention. These figures only show a cathode
electrode formed on a substrate.

[0067] The method of forming a cathode electrode in
accordance with the third embodiment is different from the
first or second embodiment only in that portions of a cathode
electrode are independently patterned to have a different
thickness for each of corresponding R, G, B unit pixels using
a single photolithography process which uses a halftone
mask. As shown in FIG. 5A, a first cathode electrode
material 705, such as LiF or Mg:Ag, is formed with a
uniform thickness on a substrate 700, and a transparent
conductive layer 710 is deposited on the first cathode
electrode 705. The transparent conductive layer 710 is
covered with a photosensitive layer 720. In one embodi-
ment, the transparent conductive layer 710 is deposited to at
least the same thickness as that of a portion of a second
cathode electrode material corresponding a unit pixel which
has the largest thickness of R, G, B unit pixels formed at a
subsequent process.

[0068] Referring again to FIG. 5A, a halftone mask 760 is
aligned to the substrate on which the photosensitive layer
720 and the transparent conductive layer 710 have been
deposited, and then an exposure process is performed. The
halftone mask 760 may include a transmitting pattern 767,
semi-fransmitting patterns 761 and 763, and a blocking
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pattern 765. It will be appreciated that the transmitting
pattern 767 corresponds to a portion in which all the
photosensitive layer will be removed to transmit all the
incident light in the exposure process. The blocking pattern
765 corresponds to a portion in which the first cathode
electrode of the B unit pixel will be formed, namely, a
portion in which the photosensitive layer will be left as it is,
to block all incident light in the exposure process. Semi-
transmitting patterns 761 and 763 correspond to portions in
which the first cathode electrode of the R and G unit pixels
will be formed, namely those portions in which the photo-
sensitive layer will be removed by a constant thickness to
transmit only a portion of the incident light in the exposure
process. The semi-transmitting pattern 761, corresponding
to the R unit pixel, of the semi-transmitting patterns 761, 763
is formed to transmit relatively more incident light in the
exposure process than the semi-transmitting pattern 763
corresponding to the G unit pixel.

[0069] Since the amount of the light exposed through the
semi-transmitting patterns 761, 763 and the blocking pattern
765 is different from each other when the exposure and
development process are performed, photosensitive layer
patterns 721, 723, 725 corresponding to the R, G, B unit
pixels are formed to have different thicknesses from each
other, as shown in FIG. 5B.

[0070] As shown in FIG. 5C, if the first cathode electrode
material 710 is patterned using the photosensitive layer
patterns 721, 723 and 725 as masks, the first transparent
conductive layers 711, 713 and 715 for the R, G, B umt
pixels will be formed to have a different thicknesses for each
of the R, G, B unit pixels because the photosensitive layer
patterns 721, 723 and 725 have a different thickness for each
of the R, G, B unit pixels.

[0071] As shown in FIG. 5D, a second transparent con-
ductive layer 740 may then be formed in a uniform thickness
on the first transparent conductive layers 711, 713, 715 (that
respectively correspond to the R, G, B unit pixels) and on the
first cathode electrode material 705. Thus in this embodi-
ment, the second cathode electrode material includes the
first transparent conductive layers 711, 713, 715, each inde-
pendently, formed to have a different thickness that corre-
sponds to R, G, B unit pixels 751, 753, 755, which have
corresponding R, G, B organic thin film layers. Moreover,
the second transparent conductive layer 740 in this embodi-
ment has a uniform thickness. Consequently, the cathode
electrode is composed of the first cathode electrode material
705 having a uniform thickness, and the second cathode
electrode material having portions of a different thickness
for each of the corresponding R, G, B unit pixels 751, 753,
755.

[0072] FIG. 6 is a cross-sectional view of an organic light
emitting device in accordance with a fourth method of the
present invention.

[0073] The organic light emitting device of the fourth
embodiment is different from other embodiments in that in
forming the second cathode electrode material, a first trans-
parent conductive layer having a uniform thickness is
formed on a first cathode electrode material, and then a
second transparent conductive layer having portions of
different thickness for each of corresponding R, G, B unit
pixels is formed.

[0074] In this fourth exemplary embodiment, the cathode
clectrode includes a first cathode clectrode material 805

Jan. 27, 2005

composed of a metal material such as LiF or Mg:Ag formed
in a uniform thickness on a substrate 800, and a second
cathode electrode material having portions of different thick-
ness for each of the corresponding R, G, B unit pixels that
are formed on the first cathode electrode material 805. The
second cathode electrode material further includes a first
transparent conductive layer 810 formed in a uniform thick-
ness on the first cathode electrode material 805, and a second
transparent conductive layers 821, 823, 825 independently
formed on the first transparent conductive layer 810 to have
a different thickness for each of the corresponding R, G, B
unit pixels 831, 833, 835.

[0075] An exemplary method of forming a cathode elec-
trode having portions of different thickness for each of the
corresponding R, G, B unit pixels is now described.

[0076] To begin, the first cathode electrade material 805 is
formed by depositing a metal or metal alloy material such as
LiF or Mg:Ag or the like in a uniform thickness on the
substrate 800. Then the first transparent conductive layer
810 is formed by depositing a transparent conductive mate-
rial such as ITO or [ZO in a uniform thickness on the first
cathode electrode material 805.

[0077] Subsequently, the second transparent conductive
layers 821, 823, 825 each having a different thickness for
each of the corresponding R, G, B unit pixels 831, 833 and
835 are formed on the first transparent conductive layer §10.
A method of forming the second transparent conductive
layers 821, 825, 827 having a different thickness for each of
R, G, B unit pixels 831, 833, 835 uses the same methods as
were used to form the first transparent conductive layer of
the first to third embodiments shown in FIGS. 3A to 3D, 4A
to 4D, and 5A to 5D.

[0078] Herein the cathode electrode is shown as increasing
in thickness in an order of R, G, and B unit pixels. However,
it is understood that the invention is not so limited. Rather
than portions of the cathode electrode corresponding to the
R, G, B unit pixels may be formed in any predetermined
thickness suitable for luminous efficiency and color purity,
as described above.

[0079] Although the embodiments of the present invention
have been described by way of the top-emitting structure,
they are also applicable to a bottom-emitting and double-
side-emitting structure, where they may be used to improve
high efficiency and color purity. Further, although the
embodiments of the present invention have illustrated the
cathode electrode as using a two-layer of a metal material
and a transparent conductive layer, the present invention is
applicable to all methods of forming a cathode electrode
having portions of different thickness for each of the corre-
sponding R, G, B unit pixels in order to obtain optimal color
purity and is luminous efficiency for each of R, G, B unit
pixels.

[0080] R, G, B Although the present invention has been
described with reference to the preferred embodiments
thereof, those skilled in the art will be understood that the
present invention can be variously modified and changed
without departing from the spirit and the scope of the present
invention as defined by the following claims.

What is claimed is:
1. An organic light emitting device, comprising:

red (R), green (G), and blue (B) lower electrodes formed
on a substrate;
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R, G, B organic thin film layers formed on the R, G, B
lower electrodes, respectively; and

an upper electrode formed over the substrate,

wherein at least a portion of the upper electrode, corre-
sponding to one of the R, G, B organic thin film layers,
of the upper electrode has a different thickness from
other portions of the upper electrode.
2. The organic light emitting device of claim 1, the upper
electrode comprising:

a first upper electrode material formed on the substrate;
and

a second upper electrode material formed on the first
upper electrode material,

wherein at least a portion of the second upper electrode
material, corresponding to the R, G, B organic thin film
layers, has a different thickness from other portions of
the second upper electrode material.

3. The organic light emitting device of claim 2, wherein
the first upper electrode material is comprised of at least one
or more materials selected from LiF and Mg:Ag, and the
second upper electrode material is comprised of at least one
or more materials selected from IZO and ITO.

4. The organic light emitting device of claim 1, the upper
electrode comprising:

a first upper electrode material formed on the substrate;
and

a second upper electrode material formed on the first
upper electrode material,

wherein portions of the second upper electrode material
corresponding to the R, G, B organic thin film layers
each have a different thickness.

5. The organic light emitting device of claim 4, wherein
the first upper electrode material is comprised of at least one
or more materials selected from LiF and Mg:Ag, and the
second upper electrode material is comprised of at least one
or more materials selected from IZO and ITO.

6. The organic light emitting device of claim 4, wherein
the sccond upper electrode material has a thickness of
approximately 800 A to approximately 2400 A.

7. The organic light emitting device of claim 6, wherein
the second upper clectrode material has a thlckness of
approximately 800 Ato approximately 1600 A 10 obtain a
high Iuminous efficiency.

8. The organic light emitting device of claim 6, wherein
the second upper clectrode material has a thlckness of
approximately 800 Ato approximately 2400 A 10 obtain a
high color purity.

9. The organic light emitting device of claim 4, wherein
the portion of the second upper electrode material, corre-
sponding to the R organic thin film layer, has a thickness of
any one thickness in the range of approximately 1200 Ato
approximately 2400 A

10. The organic light emitting device of claim 4, wherein
the portion of the second upper electrode material, corre-
sponding to the G organic thin film layer, has a thickness of
approximately 800 A.

11. The organic light emitting device of claim 4, wherein
the portion of the second upper electrode material, corre-
sponding to the B organic thin film layer, has a thickness of
approximately 1600 A.
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12. The organic light emitting device of claim 1, wherein
the upper electrode comprises:

a first upper electrode material formed on the substrate;
and

a second upper electrode material formed on the first
upper electrode material, the second upper electrode
material having portions of different thicknesses which
correspond to the R, G, B organic thin film layers,

wherein the second upper electrode material includes:

first layers for R, G, B unit pixels, the first layers
independently formed in different thicknesses on
respective portions of the first upper electrode material
that correspond to the R, G, B organic thin film layers;
and

a second layer formed in a uniform thickness on the first

layers and the first upper electrode material.

13. The organic light emitting device of claim 12, wherein
the first upper electrode material is comprised of at least one
or more materials selected from LiF and Mg:Ag, and the first
and second layers of the second upper electrode material are
each comprised of at least one or more materials selected
from IZO and ITO.

14. The organic light emitting device of claim 12, wherein
the sum of the thickness of any one of the first layers and the
thickness of the second layer of the second upper electrode
material is approximately 800 A to 2400 A,

15. The organic light emitting device of claim 1, wherein
the upper electrode comprises:

a first upper electrode material formed on the substrate;
and

a second upper electrode material formed on the first
upper electrode material, the second upper electrode
material having portions of different thicknesses which
correspond to the R, G, B organic thin film layers,

wherein the second upper electrode material includes:

a first layer formed on the first upper electrode material in
a uniform thickness; and

second layers for the R, G, B unit pixels, each of the
second layers independently formed in a different
thickness on respective portions of the first layer that
correspond to the R, G, B organic thin film layers.

16. The organic light emitting device of claim 15, wherein
the first upper electrode material is comprised of at least one
or more materials selected from LiF and Mg:Ag, and the first
and second layers of the second upper electrode material are
each comprised of at least one or more materials selected
from IZO and ITO.

17. The organic light emitting device of claim 15, wherein
the sum of the thickness of the first layer and the thickness
of any one of the second layers of the second upper electrode
material is approximately 800 A to 2400 A.

18. The organic light emitting device of claim 1, wherein
an emitting light is emitted in direction of the upper elec-
trode.

19. A method of forming an organic light emitting device
having R, G, B unit pixels, in which the R, G, B unit pixels
comprise R, G, B lower electrodes formed on a substrate, R,
G, B organic thin film layers each formed on the R, G, B
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lower electrodes, and an upper electrode formed over the
substrate, the method comprising the steps of:

forming the upper electrode, the upper electrode being
formed by:

forming a first upper electrode material on the substrate;
and

forming a second upper electrode material on the first
upper electrode material, the second upper electrode
material having portions, each portion having a differ-
ent thickness that corresponds to one of the R, G, B unit
pixels.

wherein forming the second upper electrode material
includes:

forming on portions of the first upper electrode material
that corresponds to the R, G, B organic thin film layers,
one or more first layers, each of the first layers having
a different thickness that corresponds to one of the R,
G, B unit pixels, respectively; and

forming a second layer in a uniform thickness on the first

layer and the first upper electrode material.

20. The method of claim 19, wherein the first layers for
the R, G, and B unit pixels of the second upper electrode
material are deposited using a fine metal mask so that each
of the R, G, and B unit pixels has the different thickness.

21. The method of claim 19, wherein the first layers for
the R, G, and B unit pixels of the second upper electrode
material are patterned by three-time repetition of a photoli-
thography so that each of the R, G, and B unit pixels has the
different thickness.

22. The method of claim 19, wherein the first layers for
the R, G, and B unit pixels of the second upper electrode
material are patterned by a single photolithography process
using a halftone mask so that each of the R, G, and B unit
pixels has the different thickness.

23. The method of claim 19, wherein an emitting light is
emitted in direction of the upper electrode.

24. A method of forming an organic light emitting device
with R, G, B unit pixels, in which the R, G, B unit pixels
comprise R, G, B lower electrodes formed on a substrate, R,
G, B organic thin film layers each formed in the R, G, B
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lower electrodes, and an upper electrode formed over the
substrate, the method comprising the steps of:

forming the upper electrode, the upper electrode being
formed by:

forming a first upper electrode material on the substrate;
and

forming a second upper electrode material on the first
upper electrode material, the second upper electrode
material having portions, each portion having a differ-
ent thickness that corresponds to one of the R, G, B unit
pixels. R, G, B

wherein forming the second upper electrode material
includes:

forming in a uniform thickness on the first upper electrode
material a first layer; and

forming second layers for the R, G, B unit pixels on
portions of the first layer that correspond to the R, G,
B organic thin film layers, one or more second layers,
so that each of the R, G, and B unit pixels has the
different thickness.

25. The method of claim 24, wherein the second layers for
the R, G, and B unit pixels of the second upper electrode
material are deposited using a fine metal mask so that each
of the R, G, and B unit pixels has the same thickness.

26. The method of claim 24, wherein the second layers for
the R, G, and B unit pixels of the second upper electrode
material are patterned by three-time repetition of a photoli-
thography process so that each of the R, G, and B unit pixels
has the different thickness.

27. The method of claim 24, wherein the second layers for
the R, G, and B unit pixels of the second upper electrode
material are patterned by a single photolithography process
using a halftone mask so that each of the R, G, and B unit
pixels has the different thickness.

28. The organic light emitting device of claim 24, wherein
an emitting light is emitted in direction of the upper elec-
trode
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