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3141 FAIRVIEW PARK DRIVE, SUITE 500 An OLED display device includes a substrate, a TFT on the
FALLS CHURCH, VA 22042 (US) substrate, the TFT including a semiconductor layer, a gate

electrode, and source and drain electrodes, a first electrode

electrically connected to one of the source and drain elec-
(21) Appl. No.: 12/656,592 trodes, a pixel defining layer on the substrate, the pixel defin-

ing layer exposing the first electrode and having a reversed

trapezoidal shape, an emitting layer on the exposed first elec-
(22) Filed: Feb. 4,2010 trode, and a second electrode on the emitting layer.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND METHOD OF

FABRICATING THE SAME
BACKGROUND
[0001] 1.Field
[0002] Example embodiments relate to an organic light

emitting diode (OLED) display device having a reversed trap-
ezoidal pixel defining layer to separate organic functional
layers of adjacent pixels, thereby exhibiting excellent grada-
tion characteristics and color purity, and to a method of fab-
ricating the same.

[0003] 2. Description of the Related Art

[0004] Generally, an OLED display device may emit light
when electrons and holes injected into an emitting layer
thereof through an electron injection electrode (cathode) and
a hole injection electrode (anode), respectively, are com-
bined. In particular, the holes and electrons may be combined
in the emitting layer into excitons having an excited energy
state, so when an energy level of the excitons is reduced to a
ground state from the excited state, the OLED display device
may emit light.

[0005] Accordingly, compared, e.g., to a conventional lig-
uid crystal thin film display device, the OLED display device
may not require a separate light source. Therefore, the OLED
display device may have reduced volume and weight.
[0006] The OLED display devices may be classified into
passive matrix types and active matrix types according to the
driving method.

[0007] The passive-matrix OLED display device may have
a simple configuration and, thus, may be fabricated in a
simple process. The passive-matrix OLED display device,
however, may have high consumption power, difficulty in
fabricating a large-sized device, and a decreased aperture
ratio as a number of interconnections therein increases. For
example, while the passive-matrix OLED display device may
be used for small display devices, the active-matrix OLED
display device may be used for large display devices.

[0008] A conventional OLED display device may have an
organic layer including an emitting layer between first and
second electrodes. The organic layer may include an emitting
layer and functional layers, e.g., a hole injection layer, a hole
transport layer, an electron transport layer, and an electron
injection layer, to achieve an OLED display device having
low resistance and high efficiency. However, the conventional
functional layers of the organic layer, i.e., the hole injection
layer, the hole transport layer, the electron transport layer and
the electron injection layer, may be commonly formed on a
conductive layer over all pixel regions in the OLED display
device. Thus, charges may be laterally migrated, resulting in
emitting light from undesired pixels and decreasing gradation
characteristics and color purity of emitted red, green and blue
lights, as well as white light created by mixing the red, green
and blue lights.

SUMMARY

[0009] Embodiments are therefore directed to an OLED
display device and a method of fabricating the same, which
substantially overcome one or more of the problems due to
the limitations and disadvantages of the related art.

[0010] Itis therefore a feature of an embodiment to provide
an OLED display device having excellent gradation charac-
teristics and high color purity.
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[0011] Tt is therefore another feature of an embodiment to
provide a method of fabricating an OLED display device
exhibiting excellent gradation characteristics and high color
purity.

[0012] At least one of the above and other features and
advantages may be realized by providing an OLED display
device, including a substrate, a TFT including a semiconduc-
tor layer, a gate electrode, and source and drain electrodes,
which are formed on the substrate, a first electrode electri-
cally connected to one of the source and drain electrodes, a
pixel defining layer exposing the first electrode and having a
reversed trapezoidal shape, an emitting layer disposed on the
first electrode, and a second electrode disposed on the emit-
ting layer. The OLED display device may further include at
least one functional layer between the first and second elec-
trodes, the functional layer being at least one of a hole injec-
tion layer, a hole transport layer, an electron blocking layer, a
hole blocking layer, an electron transport layer, and an elec-
tron injection layer.

[0013] The at least one functional layer may be on the first
electrode, the at least one functional layer being separated
from a corresponding functional layer on an adjacent first
electrode. The OLED display device may include a plurality
of functional layers on the first electrode, the plurality of
functional layers being separated from corresponding func-
tional layers on an adjacent first electrode. The at least one
functional layer may include a first portion on the exposed
first electrode and a second portion on the pixel defining layer,
the first and second portions of the at least one functional
layer being separated from each other. The first and second
portions of the at least one functional layer may be at different
heights with respect to the substrate. The pixel defining layer
may include an opening therethrough to expose the first elec-
trode, at least one surface of the pixel defining layer facing the
opening being inclined with respect to the substrate to define
the reversed trapezoidal shape of the pixel defining layer. A
surface of the pixel defining layer facing the substrate may be
shorter than a surface of the pixel defining layer facing away
from the substrate. The pixel defining layer may include one
or more of an acryl series resin, benzocyclobutene (BCB),
and polyimide (PI).

[0014] At least one of the above and other features and
advantages may also be realized by providing a method of
fabricating an OLED display device, including forming a
TFT including a semiconductor layer, a gate electrode and
source and drain electrodes on a substrate, forming a first
electrode electrically connected to one of the source and drain
electrodes, forming a pixel defining layer exposing the first
electrode and having a reversed trapezoidal shape, forming an
emitting layer on the first electrode; and forming a second
electrode on the emitting layer. The method may further
include forming at least one functional layer between the first
and second electrodes, the functional layer being at least one
of a hole injection layer, a hole transport layer, an electron
blocking layer, a hole blocking layer, an electron transport
layer, and an electron injection layer.

[0015] The at least one functional layer may be formed on
the first electrode, such that the at least one functional is
separated from a corresponding functional layer on an adja-
cent first electrode. Forming the at least one functional layer
may include forming a first portion on the exposed first elec-
trode and a second portion on the pixel defining layer, the first
and second portions of the at least one functional layer being
at different heights with respect to the substrate. The pixel
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defining layer may be formed of one or more of an acryl series
resin, BCB, and PI. Forming the pixel defining layer may
include applying a first material to form a pixel defining
material layer, the first material including one or more of an
acryl series resin, BCB, and P, applying a negative photoresist
material to the pixel defining material layer to form a negative
photoresist layer, and performing light irradiation, develop-
ment, and etching processes to a predetermined part of the
negative photoresist layer. The etching process may be a wet
etching process, and the negative photoresist layer and the
pixel defining material layer are over-etched. The method
may further include, after the etching process, removing the
negative photoresist layer. Forming the pixel defining layer
may include applying a first material to form a pixel defining
material layer, providing an etch mask adjacent to the pixel
defining material layer, and anisotropically wet etching the
pixel defining material layer through the etch mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above and other features and advantages will
become more apparent to those of ordinary skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings, in which:

[0017] FIG.1illustrates a cross-sectional view of an OLED
display device according to an example embodiment; and
[0018] FIGS. 2A to 2C illustrate views of sequential stages
in a process of fabricating a pixel defining layer according to
an example embodiment.

DETAILED DESCRIPTION

[0019] Korean Patent Application No. 10-2009-0009341,
filed on Feb. 5, 2009, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode Display
Device and Method of Fabricating the Same,” is incorporated
by reference herein in its entirety.

[0020] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may 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.

[0021] Inthe drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

[0022] FIG.1illustrates a cross-sectional view of an OLED
display device according to an example of the present inven-
tion. It is noted that FIG. 1 illustrates a cross-sectional view of
an active-matrix OLED display device including a plurality
of pixel regions. In the pixel regions, like numerals denote
like positions thereof.
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[0023] Referring to FIG. 1, a buffer layer 110 may be
formed on a substrate 100.

[0024] The substrate 100 may be formed, e.g., of one or
more of glass, stainless steel, and plastic. The buffer layer 110
may be formed, e.g., of one or more of a silicon nitride layer
and a silicon oxide layer.

[0025] Here, the buffer layer 110 may prevent or substan-
tially minimize diffusion of moisture or impurities generated
from the underlying substrate 100, or may facilitate crystal-
lization of a semiconductor layer 120 formed in a subsequent
process by controlling a heat transfer rate during the crystal-
lization.

[0026] For example, the semiconductor layer 120 may be
formed as follows. An amorphous silicon layer may be
formed on the buffer layer 110, and may be crystallized into
a polycrystalline or single crystal silicon layer. Next, the
crystallized silicon layer may be patterned to form the semi-
conductor layer 120 on the buffer layer 110. The amorphous
silicon layer may be formed, e.g., by chemical vapor deposi-
tion or physical vapor deposition. During or after the forma-
tion of the amorphous silicon layer, dehydration may be per-
formed to reduce a concentration of hydrogen. In addition, the
amorphous silicon layer may be crystallized, e.g., by one of
rapid thermal annealing (RTA), solid phase crystallization
(SPC), metal induced crystallization (MIC), metal induced
lateral crystallization (MILC), super grain silicon (SGS),
excimer laser annealing (ELLA) and sequential lateral solidi-
fication (SLS).

[0027] A gate insulating layer 130, e.g., formed of silicon
oxide, silicon nitride or a combination thereof, may be
formed on the entire substrate 100 having the semiconductor
layer 120. Next, a gate electrode material including, e.g., one
or more of aluminum (Al), an Al alloy, molybdenum (Mo)
and a Mo alloy, may be formed on the gate insulating layer
130. For example, the gate electrode material may be a
molybdenum-tungsten (MoW) alloy.

[0028] The gate electrode material may be patterned to
form a gate electrode 140.

[0029] The source and drain regions of the semiconductor
layer 120 may be formed by ion doping using the gate elec-
trode 140 as a mask.

[0030] Subsequently, an interlayer insulating layer 150
may be formed on the entire surface of the substrate 100
having the gate electrode 140. Here, the interlayer insulating
layer 150 may be formed, e.g., of silicon nitride, silicon oxide
or a combination thereof.

[0031] The gate insulating layer 130 and the interlayer
insulating layer 150 may be etched to form contact holes 135
therethrough. The contact holes 135 may expose the source
and drain regions of the semiconductor layer 120.

[0032] Source and drain electrodes 160a and 1605 may be
formed on the interlayer insulating layer 150. The source and
drain electrodes 160a and 1605 may be connected to the
source and drain regions of the semiconductor layer 120
through the contact holes 135. Here, the source and drain
electrodes 160a and 1605 may be formed of, e.g., one or more
of Mo, W, MoW, tungsten silicide (WSi,), molybdenum sili-
cide (MoSi,) and Al. Thus, a thin film transistor (TFT) includ-
ing the semiconductor layer 120, the gate electrode 140, and
the source and drain electrodes 160a and 1605 may be com-
pleted.

[0033] An insulating layer 170 may be formed on the entire
surface of the substrate 100 having the TFT. The insulating
layer 170 may be formed of an inorganic material, e.g., one or
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more of silicon oxide, silicon nitride and silicate on glass, an
organic material, e.g., one or more of polyimide, benzocy-
clobutene series resin and acrylate, or a combination of the
inorganic material and the organic material.

[0034] Theinsulating layer 170 may be etched to form a via
hole therethrough exposing the source or drain electrode
160a or 1605. A first electrode 180 may be formed on the
insulating layer 170, and may be connected to one of the
source and drain electrodes 160a and 1605 through the via
hole. The first electrode 180 may be an anode or a cathode.
For example, when the first electrode 180 is an anode, the
anode may be formed of a transparent conductive layer
formed, e.g., of one or more of ITO, IZO and ITZO. In another
example, when the first electrode 180 is a cathode, the cath-
ode may be formed of, e.g., one or more of Mg, Ca, Al,Ag, Ba
or an alloy thereof.

[0035] A pixel defining layer 190 exposing the first elec-
trode 180 and having a reversed trapezoidal shape may be
formed on the insulating layer 170, as illustrated in FIG. 1. A
structure of the pixel defining layer 190 and a method of its
fabrication will be described in more detail below.

[0036] FIGS. 2A to 2C illustrate sequential steps in a pro-
cess of forming a pixel defining layer according to an example
embodiment of the present invention.

[0037] Referringto FIG. 2A, a pixel defining material layer
185 may be formed by applying a material for a pixel defining
layer on the substrate 100 having the TFT, i.e., including the
semiconductor layer 120, gate electrode 140 and source and
drain electrodes 160a and 1605, and the first electrode 180
electrically connected to the TFT via the source and drain
electrodes 160a and 1605. The pixel defining material layer
185 may include, e.g., one or more of an acryl series resin,
benzocyclobutene (BCB), and polyimide (PI).

[0038] A negative photoresist layer 195 may be formed on
the pixel defining layer material layer 185. The negative pho-
toresist layer 195 may be formed of a negative photoresist
material applied to the pixel defining layer material layer 185.
It is noted that even though the negative photoresist layer 195
is used to describe formation of the pixel defining layer 190,
other types of photoresists, e.g., a positive photoresist, may be
used.

[0039] Referring to FIG. 2B, light may be selectively
applied to the negative photoresist layer 195 through a mask
(not shown). Accordingly, the light may be selectively
applied to regions of the negative photoresist layer 195 that
correspond to portions of the pixel defining layer 190 to be
formed subsequently. Then, regions of the negative photore-
sist layer 195 not exposed to the light may be developed, so
portions of the negative photoresist layer 195 overlapping the
first electrodes 180, e.g., portions between the dashed lines in
FIG. 2C overlapping the first electrodes 180, may be dis-
solved, as will be discussed in more detail below with refer-
ence to FIG. 2C.

[0040] Referring to FIG. 2C, the developed negative pho-
toresist layer 195 and pixel defining material layer 185 may
be wet etched, e.g., anisotropically wet etched. For example,
a part of the negative photoresist layer 195 to which light is
not applied may be dissolved by the wet etching. The pixel
defining material layer 185 disposed below the dissolved part
of the negative photoresist layer 195 may be over-etched
during the wet etching, so that an opening may be formed
through the pixel defining material layer 185 to form the pixel
defining layer 190. The pixel defining layer 190 may have a
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reversed trapezoidal shape. After the negative photoresist
layer 195 is removed, the reversed trapezoidal pixel defining
layer 190 may be completed.

[0041] Forexample, when the pixel defining material layer
185 is over-etched, at least one side surface of the pixel
defining layer 190, i.e., a surface facing the opening in the
pixel defining layer 190, may be inclined at a non-right angle
with respect to the insulating layer 170. In other words, the
pixel defining layer 190 may have a reversed trapezoidal
cross-section in the xy-plane, as illustrated in FIG. 1. In the
reversed trapezoidal pixel defining layer 190 a lower surface,
i.e., a surface of the pixel defining layer 190 facing the insu-
lating layer 170, may be shorter than an upper surface, i.e., a
surface of the pixel defining layer 190 opposite the lower
surface and facing away from the insulating layer 170. It is
noted that lengths of the lower and upper surfaces of the pixel
defining layer 190 are determined along a horizontal direc-
tion, i.e., along the x-axis, and the side surfaces of the pixel
defining layer 190 extend between the lower and upper sur-
faces.

[0042] Referring again to FIG. 1, the pixel defining layer
190 may be formed in a reversed trapezoidal shape, and may
define a pixel region. For example, as illustrated in FIG. 1, a
first electrode 180 in each pixel region may be between two
reverse trapezoidal shaped portions of the pixel defining layer
190. A hole transport layer 201 may be deposited on the first
electrode 180 exposed by an opening of the pixel defining
layer 190, i.e., between reverse trapezoidal shaped portions of
the pixel defining layer 190. Next, as illustrated in FIG. 1, an
emitting layer 202 may be formed on the hole transport layer
201. For example, a hole injection layer (not illustrated) may
be formed between the first electrode 180 and the hole trans-
port layer 201, and an electron blocking layer (not illustrated)
may be formed between the emitting layer 202 and the hole
transport layer 201. The hole injection layer and the electron
blocking layer may be formed, e.g., by deposition. Since the
pixel defining layer 190 is formed in a reversed trapezoidal
shape, a functional layer in each pixel, e.g., the hole injection
layer, the hole transport layer 201, and the electron blocking
layer, may be deposited separately in each pixel region.
[0043] For example, as illustrated in FIG. 1, the functional
layers, i.e., the hole injection layer, the hole transport layer
201, and the electron blocking layer, on each first electrode
180 of a pixel region may be separated, e.g., completely
separated via the pixel defining layer 190, from correspond-
ing functional layers on a first electrode 180 of an adjacent
pixel region. For example, a functional layer may include a
first portion on the exposed first electrode 180 and a second
portion on the pixel defining layer 190, so that the first portion
may be parallel to and separated from the second portion. In
other words, when a functional layer is deposited, each first
portion of a functional layer may be non-continuous with a
second portion of the functional layer, e.g., the first and sec-
ond portions of the functional layer may be at different
heights with respect to the insulating layer 170, because of the
reverse trapezoidal shape of the pixel defining layer 190. For
example, as further illustrated in FIG. 1, the functional layers,
i.e., the hole injection layer, the hole transport layer 201, and
the electron blocking layer, may be spaced apart from the
pixel defining layer 190.

[0044] Thus, as the functional layers including the hole
injection layer, the hole transport layer 201, and the electron
blocking layer are separately formed in each pixel region, the
gradation characteristics of red, green and blue lights, as well
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as white light created by mixing the red, green and blue lights,
in the respective pixel regions may be improved. Further, a
decrease in efficiency due to transfer of a current to another
pixel region may be prevented or substantially minimized as
compared to a conventional structure, i.e., a structure where at
least one functional layer is commonly and continuously
formed in a plurality of adjacent pixel regions. Further, color
purity of an OLED display device according to an example
embodiment may be improved.

[0045] After the hole injection layer, the hole transport
layer 201, and the electron blocking layer are separately
formed in each pixel region, the emitting layer 202 may be
formed on the hole transport layer 201, e.g., on the electron
blocking layer. The emitting layer 202 may emit one of red,
green and blue lights in each pixel region. The emitting layer
202 may be formed, e.g., by patterning.

[0046] An electron transport layer 203 may be formed on
the emitting layer 202 by, e.g., deposition. The electron trans-
port layer 203 may be separately formed in each pixel region
due to the reversed trapezoidal pixel defining layer, as dis-
cussed previously with reference to the hole transport layer
201. For example, an electron injection layer (not illustrated)
may be formed between the electron transport layer 203 and
a second electrode 210 to be formed later, and a hole blocking
layer (not illustrated) may be formed between the emitting
layer 202 and the electron transport layer 203. It is noted that
the functional layers described previously may also refer to
the electron injection layer, the electron transport layer 203,
and the hole blocking layer. It is further noted that organic
layers 200 may include the emitting layer 202 and the func-
tional layers, i.e., one or more of the hole injection layer, the
hole transport layer 201, the electron blocking layer, the elec-
tron injection layer, the electron transport layer 203, and the
hole blocking layer. The hole blocking layer, the electron
transport layer 203, and the electron injection layer may also
be separately formed in each pixel region due to the reversed
trapezoidal pixel defining layer 190, and, e.g., may be spaced
apart from side surfaces of the reversed trapezoidal pixel
defining layer 190.

[0047] Accordingly, due to the hole blocking layer, electron
transport layer 203, and electron injection layer, which may
be separately formed, the pixel region may have improved
gradation characteristics of red, green and blue lights, as well
as white light created by mixing the red, green and blue lights.
Further, a decrease in efficiency due to transfer of a current to
another pixel region may be prevented or substantially mini-
mized, as compared to the conventional structure. Further,
color purity of the OLED display device according to
example embodiments may be improved.

[0048] The second electrode 210 may be formed on the
entire surface of the substrate 100 having the first electrodes
181, e.g., on the electron injection layer. Thus, the OLED
display device according to the example of the present inven-
tion may be completed. The second electrode 210 may be a
common electrode formed on all the pixel regions. For
example, as illustrated in FIG. 1, the second electrode 210
may include a linear portion on the reversed trapezoidal pixel
defining layer 190, and may include a protruding portion
extending into the opening of the reversed trapezoidal pixel
defining layer 190, e.g., a distance between an uppermost
surface of the organic layers 200 and the insulating layer 170
may be shorter than a distance between the upper surface of
the pixel defining layer 190 and the insulating layer 170.
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[0049] In example embodiments, a top-gate TFT is
described. It is noted, however, that other types of TFTs, e.g.,
a bottom-gate TFT having a gate electrode formed below a
semiconductor layer, are included within the scope of the
present invention.

[0050] According to example embodiments of the present
invention, as a pixel defining layer is formed in a reversed
trapezoidal shape, organic functional layers may be easily
separated, so that each organic functional layer in a pixel
region may be separated from organic functional layers in
adjacent pixel areas. Thus, an OLED display device accord-
ing to example embodiments may exhibit excellent gradation
characteristics and color purity.

[0051] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. Accordingly, it will be
understood by those of ordinary skill in the art that various
changes in form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.

What is claimed is:

1. An organic light emitting diode (OLED) display device,
comprising;

a substrate;

a thin film transistor (TFT) on the substrate, the TFT
including a semiconductor layer, a gate electrode, and
source and drain electrodes;

a first electrode electrically connected to one of the source
and drain electrodes;

a pixel defining layer on the substrate, the pixel defining
layer exposing the first electrode and having a reversed
trapezoidal shape;

an emitting layer on the exposed first electrode; and

a second electrode on the emitting layer.

2. The OLED display device as claimed in claim 1, further
comprising at least one functional layer between the first and
second electrodes, the functional layer being at least one of a
hole injection layer, a hole transport layer, an electron block-
ing layer, a hole blocking layer, an electron transport layer,
and an electron injection layer.

3. The OLED display device as claimed in claim 2, wherein
the at least one functional layer is on the first electrode, the at
least one functional layer being separated from a correspond-
ing functional layer on an adjacent first electrode.

4. The OLED display device as claimed in claim 2, wherein
the OLED display device includes a plurality of functional
layers on the first electrode, the plurality of functional layers
being separated from corresponding functional layers on an
adjacent first electrode.

5. The OLED display device as claimed in claim 2, wherein
the at least one functional layer includes a first portion on the
exposed first electrode and a second portion on the pixel
defining layer, the first and second portions of the at least one
functional layer being separated from each other.

6. The OLED display device as claimed in claim 5, wherein
the first and second portions of the at least one functional
layer are at different heights with respect to the substrate.

7. The OLED display device as claimed in claim 1, wherein
the pixel defining layer includes an opening therethrough to
expose the first electrode, at least one surface of the pixel
defining layer facing the opening being inclined with respect
to the substrate to define the reversed trapezoidal shape of the
pixel defining layer.
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8. The OLED display device as claimed in claim 1, wherein
a surface of the pixel defining layer facing the substrate is
shorter than a surface of the pixel defining layer facing away
from the substrate.

9. The OLED display device as claimed in claim 1, wherein
the pixel defining layer includes one or more of an acryl series
resin, benzocyclobutene (BCB), and polyimide (PI).

10. A method of fabricating an organic light emitting diode
(OLED) display device, comprising:

forming a thin film transistor (TFT) on a substrate, the TFT

including a semiconductor layer, a gate electrode, and
source and drain electrodes;

forming a first electrode electrically connected to one of

the source and drain electrodes;

forming a pixel defining layer on the substrate, the pixel

defining layer exposing the first electrode and having a
reversed trapezoidal shape;

forming an emitting layer on the exposed first electrode;

and

forming a second electrode on the emitting layer.

11. The method as claimed in claim 10, further comprising
forming at least one functional layer between the first and
second electrodes, the functional layer being at least one of a
hole injection layer, a hole transport layer, an electron block-
ing layer, a hole blocking layer, an electron transport layer,
and an electron injection layer.

12. The method as claimed in claim 11, wherein the at least
one functional layer is formed on the first electrode, such that
the at least one functional is separated from a corresponding
functional layer on an adjacent first electrode.

13. The method as claimed in claim 11, wherein forming
the at least one functional layer includes forming a first por-
tion on the exposed first electrode and a second portion on the
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pixel defining layer, the first and second portions of the at
least one functional layer being formed at different heights
with respect to the substrate.

14. The method as claimed in claim 10, wherein the pixel
defining layer is formed of one or more of an acryl series
resin, BCB, and PI.

15. The method as claimed in claim 10, wherein forming
the pixel defining layer includes:

applying a first material to form a pixel defining material

layer, the first material including one or more of an acryl
series resin, BCB, and PI;

applying a negative photoresist material to the pixel defin-

ing material layer to form a negative photoresist layer;
and

performing light irradiation, development, and etching

processes to a predetermined part of the negative photo-
resist layer.

16. The method as claimed in claim 15, wherein the etching
process is a wet etching process, and the negative photoresist
layer and the pixel defining material layer are over-etched.

17. The method as claimed in claim 15, further comprising,
after the etching process, removing the negative photoresist
layer.

18. The method as claimed in claim 10, wherein forming
the pixel defining layer includes:

applying a first material to form a pixel defining material

layer;

providing an etch mask adjacent to the pixel defining mate-

rial layer; and

anisotropically wet etching the pixel defining material

layer through the etch mask.
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