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7) ABSTRACT

An organic electroluminescent display in which a black
matrix with a concentration gradient of a transparent mate-
rial and a metallic material is formed on the same surface as
a pixel electrode. The black matrix and a pixel electrode of
the organic electroluminescent display are formed using
only one masking operation. The black matrix has a con-
centration gradient of a continuous gradient structure in
which constituents of the transparent material are continu-
ously decreased while constituents of the metallic material
are continuously increased as a thickness of the black matrix
is increased, a step gradient structure in which the constitu-
ents of the transparent material are gradually decreased
while the constituents of the metallic material are gradually
increased as the thickness of the black matrix is increased,
or a multi-gradient structure in which the continuous gradi-
ent structure and/or the step gradient structure are repeated.
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FLAT PANEL DISPLAY WITH BLACK MATRIX
AND METHOD OF FABRICATING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean
Patent Application No. 2002-20426 filed on Apr. 15, 2002,
in the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a flat panel display,
and more particularly, to an organic electroluminescent
display in which a pixel electrode and a black matrix with a
concentration gradient of a transparent material and a metal-
lic material are formed on the same surface of a substrate,
and a method of fabricating thereof without an additional
masking operation.

[0004] 2. Description of the Related Art

[0005] FIG. 1 illustrates a cross-sectional view of a con-
ventional active matrix organic electroluminescent display.

[0006] Referring to FIG. 1, a thin film transistor (TFT)
and a capacitor are formed on a first region 101 of a
dielectric substrate 100, on an upper part of which a buffer
layer 110 is formed. The thin film transistor is equipped with
source/drain regions 125 and 126 which are formed on a
semiconductor layer 120, a gate electrode 131 which is
formed on a gate insulating layer 130, and source/drain
electrodes 151 and 152 which are formed on an interlayer
insulating layer 140 so as to be electrically connected to the
source/drain regions 125 and 126, respectively, through
contact holes 141 and 142.

[0007] The capacitor is equipped with a first electrode 135
formed on the gate insulating layer 130 and a second
electrode 155 connected to the source electrode 151. A part
interposed between the first and second electrodes 135 and
155 in the interlayer insulating layer 140 functions as a
dielectric layer of the capacitor.

[0008] An organic electroluminescent display device is
formed on the second region 102 of the dielectric substrate
100. The organic electroluminescent display device is
equipped with a pixel electrode 170 which is formed on a
passivation layer 160 so as to be electrically connected to the
drain electrode 152 through a via hole 161, an organic
electroluminescent layer 190 which is formed on the pixel
electrode 170 exposed through an opening part 185, and a
metal electrode 195 which is formed on a planarization layer
180 comprising the organic electroluminescent layer 190.

[0009] A flat panel display such as an active matrix
organic light emitting device (AMOLED) with the foregoing
structure includes a switching device and various wirings to
impress power supply to the switching device, wherein an
external light is reflected by a metallic material of the
wirings.

[0010] For example, contrast is greatly deteriorated since
the external light is reflected by a metallic material which is
used to form a gate electrode and a lower electrode of the
capacitor, an electrode material which is used to form

1. Field of the Invention
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source/drain electrodes and an upper electrode of the capaci-
tor, and an electrode material which is used to form a
cathode.

[0011] To prevent the deterioration of contrast due to a
reflection of external light, an expensive polarizer has been
adhered to a front surface of a conventional organic elec-
troluminescent display. However, in addition to an increase
in manufacturing cost due to the use of the polarizer,
transmittancy of the display is deteriorated. That is, since the
polarizer itself blocks light emitted from an organic elec-
troluminescent layer of the display, luminance is also
decreased.

[0012] Furthermore, in a conventional display, a black
matrix comprising Cr/CrO,, or an organic layer is separately
formed on a region where a thin film transistor and a
capacitor are formed. However, a conventional fabrication
method thereof is complex and problematic as the method
necessarily requires a separate masking operation to form
the black matrix.

SUMMARY OF THE INVENTION

[0013] Accordingly, an aspect of the present invention is
to provide a flat panel display having a pixel electrode and
a black matrix in which the black matrix and the pixel
electrode are simultaneously formed on the same surface,
and a fabrication method thereof.

[0014] Another aspect of the present invention is to pro-
vide a flat panel display having a black matrix which is
capable of preventing a deterioration of contrast and
improves luminance by preventing a reflection due to exter-
nal light, and a fabrication method thereof without an
additional masking operation.

[0015] Additional aspects and advantages of the invention
will be set forth in part in the description which follows and,
in part, will be obvious from the description, or may be
learned by practice of the invention.

[0016] To achieve the above and/or other aspects of the
present invention, there is provided a method of fabricating
a flat panel display, the method comprising sequentially
forming a pixel electrode material and a black matrix
material on a dielectric substrate, simultaneously forming a
pixel electrode and a black matrix on the substrate by
patterning the pixel electrode material and the black matrix
material, forming a first insulating layer on a front surface of
the substrate, forming a thin film transistor connected to the
pixel electrode and a capacitor connected to the thin film
transistor on the first insulating layer corresponding to the
black matrix, forming a second insulating layer on the front
surface of the substrate, and forming an opening part expos-
ing a part of the pixel electrode by etching the first and
second layers.

[0017] The black matrix material may comprise a trans-
parent dielectric material such as SiO, and SiN_ and a
metallic material, or a transparent conductive material such
as [TO, IZO, and ZnO and a metallic material. The black
matrix material may have a concentration gradient of a
continuous gradient structure in which constituents of the
transparent material are continuously decreased while con-
stituents of the metallic material are continuously increased
as a thickness of the black matrix is being increased, a step
gradient structure in which the constituents of the transpar-



US 2003/0193284 Al

ent material are gradually decreased while the constituents
of the metallic material are gradually increased as the
thickness of the black matrix is being increased, or a
multi-gradient structure in which the continuous gradient
structure and/or the step gradient are repeated.

[0018] To achieve the above and/or other aspects of the
present invention, there is provided a flat panel display
comprising a dielectric substrate, a pixel electrode formed
on the diclectric substrate, a black matrix formed on the
same surface as the pixel electrode, a first insulating layer
formed on a front surface of the dielectric substrate, a thin
film transistor formed on the first insulating layer corre-
sponding to the black matrix so as to be connected to the
pixel electrode, a capacitor formed on the first insulating
layer corresponding to the black matrix so as to be connected
to the thin film transistor, and a second insulating layer
formed on the front surface of the dielectric substrate having
an opening part which exposes a part of the pixel electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and other objects and advantages of the
present invention will become apparent and more readily
appreciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

[0020] FIG. 1 is a cross-sectional view of a conventional
organic electroluminescent display;

[0021] FIG. 2A to FIG. 2E are cross-sectional views
illustrating a method of fabricating an organic electrolumi-
nescent display according to an embodiment of the present
invention;

[0022] FIG. 3 is a cross-sectional view illustrating a
method of fabricating an organic electroluminescent display
according to another embodiment of the present invention;
and

[0023] FIG. 4A to FIG. 4B are cross-sectional views
illustrating a concentration gradient of a black matrix mate-
rial in an organic electroluminescent display according to
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0024] Reference will now be made in detail to the
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.
The embodiments are described below in order to explain
the present invention by referring to the figures.

[0025] FIG. 2A to FIG. 2E show cross-sectional views
illustrating a method of fabricating an organic electrolumi-
nescent display according to an embodiment of the present
invention.

[0026] Referring to FIG. 2A, a transparent conductive
layer 210 for a pixel electrode and a layer having a concen-
tration gradient for a black matrix are sequentially deposited
on a transparent dielectric substrate 200, equipped with a
first region 201 on which a thin film transistor and a
capacitor are to be formed and a second region 202 on which
an organic electroluminescent display device is to be
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formed. A photosensitive layer 230 is coated on the layer
having a concentration gradient for the black matrix.

[0027] Subsequently, parts on which the black matrix and
the pixel electrode are to be formed are defined using a
halftone mask 300, wherein the halftone mask 300 is
equipped with a blocking region 310 which completely
blocks light to limit a part on which the black matrix is to be
formed, and a semi-transmission region 320 which transmits
only a part of the light to limit a part on which the pixel
electrode is to be formed. The residual part except for the
blocking region 310 and the semi-transmission region 320 is
a transmission region which transmits all of the light.

[0028] Referring to FIG. 2B, photosensitive layer patterns
231 and 232 are formed on the first region 201 and the
second region 202, respectively, where the photosensitive
layer 230 is patterned using the halftone mask 300. The
photosensitive layer pattern 231 formed on the first region
201 is formed to correspond to the blocking region 310 of
the halftone mask 300 while the photosensitive layer pattern
232 formed on the second region 202 is formed to corre-
spond to the semi-transmission region 320 of the halftone
mask 300. Therefore, the photosensitive layer pattern 232
formed on the second region 202 has a relatively thinner
thickness compared to the photosensitive layer pattern 231
formed on the first region 201.

[0029] Referring to FIG. 2C, the black matrix 225 is
formed on the first region 201 and the pixel electrode 212 is
formed on the second region 202, at the same time, by
masking the photosensitive layer patterns 231 and 232
having a different thickness, and etching the layer 220
having a concentration gradient and the transparent conduc-
tive layer 210. The black matrix 225 includes a transparent
conductive pattern 211 and a pattern 221 having a concen-
tration gradient. The black matrix 225 is formed on the first
region 201 while the pixel electrode 212 having a transpar-
ent conductive pattern is formed on the second region 202 by
a thickness difference between the photosensitive layer
patterns 231 and 232.

[0030] The layer 220 having a concentration gradient for
the black matrix 225 comprises a first component of trans-
parent material and a second component of metallic mate-
rial, and has a concentration gradient of a continuous gra-
dient structure, a step gradient structure, or a multi-gradient
structure.

[0031] FIG. 4A and FIG. 4B illustrate cross-sectional
views of concentration gradients of layers for the black
matrix 225 according to the present invention. As illustrated
in FIG. 4A, with reference to FIG. 2A to FIG. 2D, the layer
220 for the black matrix 225 has a concentration gradient of
a continuous gradient structure in which a first component of
transparent material is gradually decreased while a second
component of metallic material is gradually increased as a
thickness of the black matrix 225 is being increased from a
surface of the substrate 200, that is, as a distance of external
incidence light is becoming more distant.

[0032] On the other hand, as illustrated in FIG. 4B, with
reference to FIG. 2A to FIG. 2D, the layer 220 for the black
matrix 225 has a concentration gradient of a step gradient
structure in which a first component of transparent material
is decreased in steps while a second component of metallic
material is increased in steps as a thickness of the black
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matrix 225 is being increased from the surface of the
substrate 200, that is, as a distance of external incidence light
is becoming more distant. The layer 220 for the black matrix
225 may have a step gradient structure in which the first and
second components are decreased and increased in five
steps.

[0033] Although not shown, the layer 220 for the black
matrix 225 can have a concentration gradient of a multi-
gradient structure in which the continuous gradient of FIG.
4A is repeatedly formed, a multi-gradient structure in which
the step gradient of FIG. 4B is repeatedly formed, or a
multi-gradient structure in which the continuous gradient
and the step gradient are repeatedly formed.

[0034] A transparent dielectric material such as SiO, and
SiN_, or a transparent conductive material such as ITO, IZO
and ZnO can be used as the first component of transparent
material of the black matrix 225, and Al, Cr, Mo, Ti, Ag, Au,
W, and Cu can be used as the second component(s) of
metallic material of the black matrix 225.

[0035] 1In one aspect of the present invention, the pixel
electrode material 210 and the layer 220 having a concen-
tration gradient can be deposited in in-situ, in an operation
of FIG. 2A, where a material having concentration gradients
of a transparent conductive material and a metallic material
for a pixel electrode is used as the layer 220 having a
concentration gradient for the black matrix 225.

[0036] A black matrix having the foregoing structure
prevents a reflection of external light since a light absorption
ratio is increased as a thickness of the black matrix is
increased from a surface of a substrate, that is, as a distance
of external incidence light is more distant.

[0037] As described above, a fabrication method of the
organic electroluminescent display can be simplified since a
separate masking operation to form the black matrix 225 is
excluded where the black matrix 225 including the trans-
parent conductive pattern 211 and the pattern 221 having a
concentration gradient, and the pixel electrode 212 having a
transparent conductive pattern are simultaneously formed on
the substrate 200 using the halftone mask 300.

[0038] Referring to FIG. 2D and FIG. 2E, a thin film
transistor, a capacitor and an organic electroluminescent
display device are formed after the forming of the black
matrix 225 and the pixel electrode 212. A buffer layer 240
is first formed on a front surface of the substrate 200 on
which the black matrix 225 and the pixel electrode 212 are
formed, and a semiconductor layer 250 is formed on the
buffer layer 240 of the first region 201.

[0039] Subsequently, a gate insulating layer 260 is formed
on the buffer layer 240 having the semiconductor layer 250,
and a gate electrode 261 and a first electrode 265 of the
capacitor are simultaneously formed on the gate insulating
layer 260 of an upper part of the semiconductor layer 250.
Source/drain regions 255 and 256 are formed, for example,
by ion implanting certain conductive type impurities, for
example, n type or p type impurities into the semiconductor
layer 250 after the forming of the gate electrode 261 and the
first electrode 265 of the capacitor.

[0040] Thereafter, as shown in FIG. 2E, contact holes 271,
272 and 273 which expose the source/drain regions 255 and
256, and the pixel electrode 212, are formed by forming an
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interlayer insulating layer 270 on the front surface of the
substrate 200, and etching the interlayer insulating layer
270, the gate insulating layer 260 and the buffer layer 240.

[0041] A source electrode 281, which is electrically con-
tacted with one of the source/drain regions, for example, a
source region 255 through the contact hole 271, and a
second electrode 285 of the capacitor, which is connected to
the source electrode 281, are formed by patterning a metallic
material after depositing the metallic material on the inter-
layer insulating layer 270 having the contact holes 271, 272
and 273. Furthermore, a drain electrode 282, which is
electrically contacted with the drain region 256 through the
contact hole 272 and electrically connected to the pixel
electrode 212 through the contact hole 273, is formed.

[0042] An opening part 295 is formed by etching a pas-
sivation layer 290, the interlayer insulating layer 270, the
gate insulating layer 260, and the buffer layer 240 so as to
expose the pixel electrode 212 after the forming of the
passivation layer 290 on the front surface of the substrate
200. Although not shown, a cathode is formed after forming
an organic electroluminescent layer on the pixel electrode
212 in the opening part 295.

[0043] FIG. 3 illustrates a cross-sectional view of an
organic electroluminescent display, which is a flat panel
display, according to another embodiment of the present
invention. In this embodiment, a black matrix 325 is used as
an electrode of a capacitor, and the black matrix 325
includes a transparent conductive pattern 311 and a pattern
321 having a concentration gradient. A pixel electrode 312
having a transparent conductive pattern and the black matrix
325 are formed on the same surface of a substrate 300, as in
the embodiment shown in FIG. 2A to FIG. 2F.

[0044] That is, in this embodiment, a capacitor having a
parallel structure along with a second electrode 365 and a
third electrode 385 is formed by using the black matrix 325
as a first electrode of the capacitor.

[0045] A method of forming the black matrix 325, which
includes the transparent conductive pattern 311 and the
pattern 321 having a concentration gradient, and the pixel
electrode 312 having a transparent conductive pattern on the
diclectric substrate 300 is the same as that of the embodi-
ment of FIG. 2A to FIG. 2E.

[0046] Thereafter, an interlayer insulating layer 370 is
formed on a front surface of the substrate 300 after forming
a semiconductor layer 350 equipped with source/drain
regions 355 and 356 on a buffer layer 340, and forming a
gate 361 and a second electrode 365 of the capacitor on a
gate insulating layer 360.

[0047] Subsequently, the interlayer insulating layer 370 is
etched to form first and second contact holes 371 and 372
which expose the source/drain regions 355 and 356, a third
contact hole 373 which exposes the pixel electrode 312, and
a fourth contact hole 374 which exposes the pattern 321
having a concentration gradient of the black matrix 325, at
the same time.

[0048] A conductive material for source/drain electrodes
381 and 382 is deposited and patterned on the interlayer
insulating layer 370 to form, for example, the source elec-
trode 381, which is contacted with the source region 355
through the first contact hole 371, the drain electrode 382
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which is simultaneously contacted with the drain region 356
through the second contact hole 372 and contacted with the
pixel electrode 312 through the third contact hole 373, and
a third electrode 385 of the capacitor which is simulta-
neously connected to the source electrode 381 and con-
nected to the black matrix 325 through the fourth contact
hole 374.

[0049] The black matrix 325 is conductive and used as a
first electrode of the capacitor. Accordingly, a transparent
conductive material such as ITO, IZO and ZnO can be used
as a first component of the black matrix 325 while a metallic
material such as Al, Cr, Mo, Ti, Ag, Au, W and Cu can be
used as a second component of the black matrix 325.

[0050] According to the foregoing embodiments of the
present invention, a separate masking operation to form a
black matrix can be omitted since the black matrix and a
pixel electrode can be simultancously formed on the same
surface of a substrate using a halftone mask using only one
cycle of a masking operation. Additionally, a conventional
insulating layer deposition operation to insulate the pixel
electrode from source/drain electrodes can be omitted in the
present invention. Also, a separate masking operation to
form a via hole which connects the pixel electrode and the
source/drain electrodes can be omitted in the present inven-
tion. Therefore, the foregoing embodiments of the present
invention result in process simplification and yield improve-
ment.

[0051] Furthermore, in a flat panel display having a black
matrix and a fabrication method thereof according to the
foregoing embodiments of the present invention, a lumi-
nance can be improved by preventing a reflection due to
external light without using an expensive polarizer, thereby
improving a transmittancy.

[0052] Although a few embodiments of the present inven-
tion have been shown and described, it will be appreciated
by those skilled in the art that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
appended claims and their equivalents.

What is claimed is:
1. A method of fabricating a flat panel display, the method
comprising:

sequentially forming a pixel electrode material and a
black matrix material on a substrate;

simultaneously forming a pixel electrode and a black
matrix on the substrate by patterning the pixel electrode
material and the black matrix material;

forming a first insulating layer on a front surface of the
substrate;

forming a thin film transistor connected to the pixel
electrode and a capacitor connected to the thin film
transistor on the first insulating layer corresponding to
the black matrix;

forming a second insulating layer on the front surface of
the substrate; and

forming an opening part exposing a part of the pixel
electrode by etching the first and second insulating
layers.
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2. The method of fabricating a flat panel display according
to claim 1, wherein the simultaneously forming of the pixel
electrode and the black matrix comprises forming the pixel
electrode, and the black matrix having a layered structure of
the pixel electrode material and the black matrix material, at
the same time by patterning the black matrix material and
the pixel electrode material using a halftone mask.

3. The method of fabricating a flat panel display according
to claim 1, wherein the black matrix material comprises a
transparent material and a metallic material, thereby having
a concentration gradient.

4. The method of fabricating a flat panel display according
to claim 3, wherein the transparent material is a transparent
dielectric material.

5. The method of fabricating a flat panel display according
to claim 3, wherein the transparent material is a transparent
conductive material such as ITO, 1ZO, and ZnO.

6. The method of fabricating a flat panel display according
to claim 5, wherein the sequentially forming of the pixel
electrode material and the black matrix material comprises
depositing the pixel electrode and black matrix materials in
in-situ where the pixel electrode comprises the transparent
conductive material, and the black matrix material com-
prises the transparent conductive material and the metallic
material.

7. The method of fabricating a flat panel display according
to claim 3, wherein the black matrix material has the
concentration gradient of a continuous gradient structure in
which constituents of the transparent material are continu-
ously decreased while constituents of the metallic material
are continuously increased as a thickness of the black matrix
is being increased, a step gradient structure in which the
constituents of the transparent material are gradually
decreased while the constituents of the metallic material are
gradually increased as the thickness of the black matrix is
being increased, or a multi-gradient structure in which the
continuous gradient structure and/or the step gradient struc-
ture are repeated.

8. The method of fabricating a flat panel display according
to claim 1, wherein the black matrix is used as an electrode
of the capacitor.

9. A flat panel display comprising:

a substrate;
a pixel electrode formed on the substrate;

a black matrix formed on the same surface as the pixel
electrode;

a first insulating layer formed on a front surface of the
substrate;

a thin film transistor formed on the first insulating layer
corresponding to the black matrix so as to be connected
to the pixel electrode;

a capacitor formed over the first insulating layer corre-
sponding to the black matrix so as to be connected to
the thin film transistor; and

a second insulating layer formed on the front surface of
the substrate having an opening part which exposes a
part of the pixel electrode.

10. The flat panel display according to claim 9, wherein

the black matrix comprises a patterned layered structure of
a pixel electrode material for the pixel electrode, and a black
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matrix material including a transparent material and a metal-
lic material so as to form a pattern having a concentration
gradient.

11. The flat panel display according to claim 10, wherein
the transparent material is a transparent dielectric material.

12. The flat panel display according to claim 10, wherein
the transparent material is a transparent conductive material.

13. The flat panel display according to claim 10, wherein
the pattern having a concentration gradient for the black
matrix has a concentration gradient of a continuous gradient
structure in which constituents of the transparent material
are continuously decreased while constituents of the metallic
material are continuously increased as a thickness of the
black matrix is being increased, a step gradient structure in
which the constituents of the transparent material are gradu-
ally decreased while the constituents of the metallic material
are gradually increased as the thickness of the black matrix
is being increased, or a multi-gradient structure in which the
continuous gradient structure and/or the step gradient struc-
ture are repeated.

14. The flat panel display according to claim 9, wherein
the black matrix is electrically connected to the capacitor so
as to be used as an electrode of the capacitor.

15. The method of fabricating a flat panel display accord-
ing to claim 1, wherein the simultaneously forming of the
pixel electrode and the black matrix comprises forming the
pixel electrode and the black matrix using only one masking
operation.

16. The method of fabricating a flat panel display accord-
ing to claim 1, wherein the forming of the thin film transistor
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connected to the pixel electrode and the capacitor connected
to the thin film transistor includes connecting the black
matrix to the capacitor in the same operation of connecting
the thin film transistor to the pixel electrode and connecting
the capacitor to the thin film transistor.

17. The method of fabricating a flat panel display accord-
ing to claim 4, wherein the transparent dielectric material is
one of Si0, and SiN,.

18. The method of fabricating a flat panel display accord-
ing to claim 5, wherein the transparent conductive material
is one of ITO, IZN, and ZnO.

19. The flat panel display according to claim 10, wherein
the pixel electrode and the black matrix are structures which
are simultaneously formed on the same surface by selec-
tively removing the pixel electrode and black matrix mate-
rials.

20. The flat panel display according to claim 10, wherein
the pixel electrode and the black matrix are structures which
are formed using only one masking operation.

21. The flat panel display according to claim 10, wherein
the metallic material includes at least one of Al, Cr, Mo, Ti,
Ag, Au, W, and Cu.

22. The flat panel display according to claim 11, wherein
the transparent dielectric material is one of SiO, and SiN,.

23. The flat panel display according to claim 12, wherein
the transparent conductive material is one of ITO, IZN, and
ZnO.
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