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7) ABSTRACT

An organic light emitting diode display device includes a
passivation layer, a first electrode, a pixel defining layer, an
organic emitting layer, and a second electrode. The passi-
vation layer includes a trench and a recessed portion. The
first electrode is on the passivation layer. The pixel defining
layer is on the passivation layer and defines an opening
which exposes at least a part of the first electrode. The
organic light emitting layer is on the first electrode. The
second electrode is on the light emitting layer. The recessed
portion overlaps the opening and is spaced apart from an

(2006.01) edge of the opening. The trench is spaced apart from the first
(2006.01) electrode.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2016-0165785,
filed on Dec. 7, 2016, and entitled, “Organic Light Emitting
Diode Display Device and Manufacturing Method Thereof,”
is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments described herein relate
to an organic light emitting diode display device and a
method for manufacturing such a display device.

2. Description of the Related Art

[0003] An organic light emitting diode display device has
low power consumption, high luminance, and high reaction
speed. Such a display device has pixels with a multi-layer
structure that includes organic light emitting diodes. How-
ever, such a structure may produce a color shift that may
degrade display quality

SUMMARY

[0004] In accordance with one or more embodiments, an
organic light emitting diode display device includes a sub-
strate; a passivation layer on the substrate and including a
trench and a recessed portion; a first electrode on the
passivation layer; a pixel defining layer on the passivation
layer, the pixel defining layer defining an opening which
exposes at least a part of the first electrode; an organic light
emitting layer on the first electrode; and a second electrode
on the light emitting layer, wherein the recessed portion
overlaps the opening and is spaced apart from an edge of the
opening and wherein the trench is spaced apart from the first
electrode.

[0005] The trench may enclose at least a part of the first
electrode. The trench may include a plurality of recessed
patterns spaced apart from each other and partially enclosing
the first electrode. The trench may be spaced apart from the
first electrode by a distance in a range from about 1 um to
about 5 pm. The trench may have a width in a range from
about 1.0 um to about 3.0 um. The trench may have a depth
in a range from about 0.2 um to about 1.0 pum.

[0006] The passivation layer may have substantially a
same height with respect to a surface of the substrate at a
boundary at which the passivation layer overlaps the pixel
defining layer. The passivation layer may have a height
difference of about 0.1 um or less with respect to a surface
of the substrate at a boundary at which the passivation layer
overlaps the pixel defining layer. The edge of the opening
may have substantially a same height with respect to a
surface of the substrate. The edge of the opening may have
a height difference of about 0.1 um or less with respect to a
surface of the substrate.

[0007] The recessed portion may be spaced apart from the
edge of the opening by a distance in a range from about 0.5
um to about 5.0 pm. At least a part of an edge of the recessed
portion may be parallel to the edge of the opening. The
recessed portion may have a width in a range from about 1.0
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um to about 2.0 um. The recessed portion may have a depth
in a range from about 0.3 um to about 0.7 pum.

[0008] The passivation layer may include a plurality of
recessed portions. Each of the plurality of recessed portions
may have a linear planar shape. The plurality of recessed
portions may be parallel to each other. The recessed portions
may be arranged in a radial manner. The plurality of recessed
portions may have different depths.

[0009] The display device may include a thin film tran-
sistor between the substrate and the passivation layer; and
one or more wirings connected to the thin film transistor,
wherein at least one of the plurality of recessed portions
overlaps the one or more wirings and wherein the recessed
portion overlapping the one or more wirings has a depth less
than a depth of a recessed portion not overlapping the one or
more wirings. The one or more wirings may include a data
line, a driving voltage line, and a capacitor. The display
device may include a spacer on the pixel defining layer.
[0010] In accordance with one or more other embodi-
ments, a method for manufacturing an organic light emitting
diode display device includes forming a photosensitive
material layer by applying a photosensitive material layer on
a substrate; patterning the photosensitive material layer to
form a passivation layer including a trench and a recessed
portion; forming a first electrode on the passivation layer;
forming a pixel defining layer on the passivation layer, the
pixel defining layer defining an opening for exposing at least
a part of the first electrode; forming a light emitting layer on
the first electrode; and forming a second electrode on the
light emitting layer, wherein the recessed portion overlaps
the opening and is spaced apart from an edge of the opening
and wherein the trench is spaced apart from the first elec-
trode.

[0011] Forming the passivation layer may include ther-
mally curing the patterned photosensitive material layer
after patterning the photosensitive material layer. The
recessed portion and trench may be defined in a same
process. The first electrode may be spaced from the trench
by a distance in a range from about 1 pum to about 5 um. The
passivation layer may have substantially a same height with
respect to a surface of the substrate at a boundary at which
the passivation layer overlaps the pixel defining layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0013] FIG. 1 illustrates a layout embodiment of a pixel,
[0014] FIG. 2 illustrates a circuit embodiment of the pixel;
[0015] FIG. 3 illustrates a cross-sectional view taken

along line I-I' in FIG. 1;
[0016] FIGS. 4A and 4B illustrate embodiments of a first
electrode, a recessed portion and a trench of a pixel;

[0017] FIGS.5A and 5B illustrate additional embodiments
of a first electrode, a recessed portion, and a trench of a
pixel;

[0018] FIGS. 6A and 6B illustrate additional embodiments

of a first electrode, a recessed portion, and a trench of a
pixel;

[0019] FIG. 7 illustrates another embodiment of a first
electrode, a recessed portion, and a trench of a pixel,
[0020] FIGS. 8A and 8B illustrate additional embodiments
of a first electrode, a recessed portion, and a trench of a
pixel;
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[0021] FIG. 9A illustrates an example of white angular
dependency (WAD), and FIG. 9B illustrates an example of
wavelength shift according to viewing angle;

[0022] FIG. 10 illustrates an example of resonance at a
recessed portion;

[0023] FIG. 11 illustrates an embodiment of an organic
light emitting diode display device;

[0024] FIG. 12 illustrates another embodiment of an
organic light emitting diode display device;

[0025] FIGS. 13A-13] illustrate stages of an embodiment
of a method for manufacturing an embodiment of an organic
light emitting diode display device;

[0026] FIGS. 14A and 14B illustrate stages of another
embodiment of a method for manufacturing an organic light
emitting diode display device;

[0027] FIG. 15 illustrates another embodiment of a pixel;
[0028] FIG. 16 illustrates a cross-sectional view taken
along line II-II' in FIG. 15;

[0029] FIG. 17 illustrates another embodiment of a pixel;
[0030] FIG. 18 illustrates a sectional view taken along line
HI-1IT" in FIG. 17; and

[0031] FIG. 19 illustrates another embodiment of a pixel.
DETAILED DESCRIPTION
[0032] Example embodiments are described with refer-

ence to the drawings; 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 convey exemplary implementations to
those skilled in the art. The embodiments (or portions
thereof) may be combined to form additional embodiments
[0033] In the drawings, 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.

[0034] When an element is referred to as being “con-
nected” or “coupled” to another element, it can be directly
connected or coupled to the another element or be indirectly
connected or coupled to the another element with one or
more intervening elements interposed therebetween. In addi-
tion, when an element is referred to as “including” a
component, this indicates that the element may further
include another component instead of excluding another
component unless there is different disclosure.

[0035] “About,” “approximately,” or “substantially,” as
used herein is inclusive of the stated value and means within
an acceptable range of deviation for the particular value as
determined by one of ordinary skill in the art, considering
the measurement in question and the error associated with
measurement of the particular quantity (i.e., the limitations
of the measurement system). For example, “About,”
“approximately,” or “substantially,” may mean within one or
more standard deviations, or within £30%, 20%, 10%, 5% of
the stated value.
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[0036] FIG. 1 illustrates a layout embodiment of a pixel
PX of an organic light emitting diode (OLED) display
device 101. FIG. 2 illustrates a circuit embodiment of the
pixel PX. FIG. 3 illustrates a cross-sectional view taken
along line I-I' in FIG. 1. The OLED display device 101
includes a plurality of pixels PX. (A pixel PX may refer, for
example, to a smallest unit for displaying an image).

[0037] Referring to FIGS. 1, 2, and 3, the pixel PX
includes a switching thin film transistor TFT1, a driving thin
film transistor TFT2, an OLED 170, and a capacitor Cst. The
pixel PX may generate a light of a predetermined color, for
example, red, green, or blue, cyan, magenta, yellow, white,
or another color.

[0038] The pixel PX is connected to a gate line GL, a data
line DL, and a driving voltage line DVL. The gate line GL
extends in one direction. The data line DL extends in another
direction crossing the gate line GL. Referring to FIG. 1, the
driving voltage line DVL extends in a direction substantially
the same as a direction in which the data line DL extends.
The gate line GL transmits a scan signal, the data line DL
transmits a data signal, and the driving voltage line DVL
transmits a driving voltage.

[0039] The thin film transistors TFT1 and TFT2 may
include the driving thin film transistor TFT2 for controlling
the OLED 170 and the switching thin film transistor TFT1
for switching the driving thin film transistor TFT2. While
each pixel PX in this embodiment has two thin film tran-
sistors TFT1 and TFT2, each pixel PX may have a different
number of thin film transistors and/or capacitors in another
embodiment, e.g., one thin film transistor and one capacitor
or three or more thin film transistors and two or more
capacitors.

[0040] A portion at which the thin film transistors TFT1
and TFT2, the gate line GL, the data line DL, the driving
voltage line DVL and the capacitor Cst are arranged may be
referred to as a wiring portion. Each of the gate line GL, the
data line DL, the driving voltage line DVL, and the capacitor
Cst may be referred to as a wiring. In addition, the thin film
transistors TFT1 and TFT2 may be one of the wirings or a
part of the wirings.

[0041] The switching thin film transistor TFT1 includes a
first gate electrode GF1, a first source electrode SE1, a first
drain electrode DE1, and a first semiconductor layer SM1.
The first gate electrode GE1 is connected to the gate line GL
and the first source electrode SE1 is connected to the data
line DL.

[0042] The first drain electrode DE1 is connected to a first
capacitor plate CS1 through a fifth contact hole CH5 and a
sixth contact hole CH6. The switching thin film transistor
TFT1 transmits a data signal applied to the data line DL to
the driving thin film transistor TFT2 according to a scan
signal applied to the gate line GL.

[0043] The driving thin film transistor TFT2 includes a
second gate electrode GE2, a second source electrode SE2,
a second drain electrode DE2, and a second semiconductor
layer SM2. The second gate electrode GE2 is connected to
the first capacitor plate CS1. The second source electrode
SE2 is connected to the driving voltage line DVL. The
second drain electrode DE2 is connected to a first electrode
171 through a third contact hole CH3.

[0044] An organic light emitting layer 172 is on the first
electrode 171, and a second electrode 173 is on the organic
light emitting layer 172. A common voltage is applied to the
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second electrode 173. The organic light emitting layer 172
generates light according to an output signal of the driving
thin film transistor TFT2.

[0045] The capacitor may be connected, for example,
between the second gate electrode GE2 and the second
source electrode SE2 of the driving thin film transistor
TFT2. The capacitor Cst may be connected in a different
manner in another embodiment. The capacitor Cst charges
and maintains a signal input to the second gate electrode
GE2 of the driving thin film transistor TFT2. The capacitor
Cst includes the first capacitor plate CS1 connected to the
first drain electrode DE1 through the sixth contact hole CH6
and a second capacitor plate CS2 connected to the driving
voltage line DVL.

[0046] Referring to FIG. 3, the thin film transistors TFT1
and TFT2 and the OLED 170 are on a substrate 111. The
substrate 111 may include, for example, include an insulat-
ing material such as glass, plastic, quartz, or the like. The
material for the substrate 111 may be selected, for example,
from materials which are excellent in mechanical strength,
thermal stability, transparency, surface smoothness, ease of
handling and water resistance.

[0047] A buffer layer may be on the substrate 111 to
substantially prevent diffusion of impurities into the switch-
ing thin film transistor TFT1 and the driving thin film
transistor TFT2.

[0048] The first semiconductor layer SM1 and the second
semiconductor layer SM2 are on the substrate 111. The first
semiconductor layer SM1 and the second semiconductor
layer SM2 include a semiconductor material and serve as
active layers of the switching thin film transistor TFT1 and
the driving thin film transistor TFT2, respectively. Each of
the first semiconductor layer SM1 and the second semicon-
ductor layer SM2 includes a channel area CA between a
source area SA and a drain area DA.

[0049] The first semiconductor layer SM1 and the second
semiconductor layer SM2 may include, for example, amor-
phous silicon, or polycrystalline silicon may include an
oxide semiconductor. For example, each of the first semi-
conductor layer SM1 and the second semiconductor layer
SM2 may include an inorganic semiconductor material or an
organic semiconductor material. The source area SA and the
drain area DA may be doped with an n-type impurity or a
p-type impurity.

[0050] A gate insulating layer 121 is on and may protect
the first semiconductor layer SM1 and the second semicon-
ductor layer SM2. The gate insulating layer 121 may include
an organic insulating material or an inorganic insulating
material.

[0051] The first gate electrode GE1 and the second gate
electrode GE2 are on the gate insulating layer 121. The first
gate electrode GE1 and the second gate electrode GE2 may
overlap the channel areas CA of the first semiconductor
layer SM1 and the second semiconductor layer SM2, respec-
tively. The first capacitor plate CS1 is on the gate insulating
layer 121. In one embodiment, the second gate electrode
GE2 and the first capacitor plate CS1 may have a unitary
construction.

[0052] An insulating interlayer 122 is on the first gate
electrode GE1, the second gate electrode GE2, and the first
capacitor plate CS1. The insulating interlayer 122 may
include an organic insulating material or an inorganic insu-
lating material.
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[0053] The first source electrode SE1, the first drain elec-
trode DE1, the second source electrode SE2, and the second
drain electrode DE2 are on the insulating interlayer 122. The
second drain electrode DE2 contacts the drain area DA ofthe
second semiconductor layer SM2 through a first contact hole
CH1 defined at the gate insulating layer 121 and the insu-
lating interlayer 122. The second source electrode SE2
contacts the source area SA of the second semiconductor
layer SM2 through a second contact hole CH2 defined at the
gate insulating layer 121 and the insulating interlayer 122.
The first source electrode SE1 contacts the first semicon-
ductor layer SM1 through a fourth contact hole CH4 defined
at the gate insulating layer 121 and the insulating interlayer
122. The first drain electrode DE1 contacts the first semi-
conductor layer SM1 through the fifth contact hole CH5
defined at the gate insulating layer 121 and the insulating
interlayer 122.

[0054] The data line DL, the driving voltage line DVL,
and the second capacitor plate CS2 are on the insulating
interlayer 122. The second capacitor plate CS2 and the
driving voltage line DVL may have a unitary construction.

[0055] A passivation layer 130 is on the first source
electrode SE1, the first drain electrode DE1, the second
source electrode SE2, and the second drain electrode DE2.
The passivation layer 130 serves to protect the switching
thin film transistor TFT1 and the driving thin film transistor
TFT2 and also serves to planarize upper surfaces thereof.

[0056] According to an exemplary embodiment, the pas-
sivation layer 130 includes a polymer resin. For example,
the passivation layer 130 may include polyimide (PI). Refer-
ring to FIGS. 1 and 3, the passivation layer 130 includes
recessed portions 211, 212, 213, and 214, and a trench 711.

[0057] The first electrode 171 is on the passivation layer
130 and may be, for example, an anode. According to an
exemplary embodiment, the first electrode 171 is a pixel
electrode. The first electrode 171 is connected to the second
drain electrode DF2 of the driving thin film transistor TFT2
through the third contact hole CH3 at the passivation layer
130.

[0058] A pixel defining layer 190 partitions a light emis-
sion area and is on the passivation layer 130. The pixel
defining layer 190 may include, for example, a polymer
organic material. The pixel defining layer 190 may include,
for example, at least one of a polyimide (PI) resin, a
polyacrylic resin, a PET resin, and a PEN resin. According
to an exemplary embodiment, the pixel defining layer 190
includes a polyimide (PI) resin.

[0059] The pixel defining layer 190 defines an opening
195. The first electrode 171 is exposed from the pixel
defining layer 190 through the opening 195. A light emission
area of OLED 170 is defined by the opening 195 and may
be referred to as a pixel area.

[0060] Referring to FIGS. 1 and 3, the pixel defining layer
190 exposes an upper surface of the first electrode 171 and
protrudes from the first electrode 171 along the periphery of
each of the pixels PX. The first electrode 171 overlaps at
least a portion of the pixel defining layer 190 and does not
overlap the pixel defining layer 190 at the opening 195. The
opening 195 may be defined as an area above the first
electrode 171 that does not overlap the pixel defining layer
190. A boundary at which the pixel defining layer 190
contacts the first electrode 171 at the opening 195 may be
referred to as an edge 191 of the opening 195.
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[0061] The first electrode 171 has conductivity and may be
a transmissive electrode, a transflective electrode, or a
reflective electrode. When the first electrode 171 is a trans-
missive electrode, the first electrode 171 includes a trans-
parent conductive oxide. The transparent conductive oxide
may include, for example, at least one of indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), and
indium tin zinc oxide (ITZ0O). When the first electrode 171
is a transflective electrode or a reflective electrode, the first
electrode 171 may include, for example, at least one of Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and Cu.

[0062] The organic light emitting layer 172 is on the first
electrode 171. For example, the organic light emitting layer
172 is disposed on the first electrode 171 at the opening 195.
The organic light emitting layer 172 may be on a sidewall of
the opening 195 defined by the pixel defining layer 190 and
on the pixel defining layer 190.

[0063] The organic light emitting layer 172 includes a
light emitting material. In addition, the organic light emit-
ting layer 172 may include a host and a light emitting
dopant. The organic light emitting layer 172 may be formed,
for example, using various methods such as a vacuum
deposition method, a spin coating method, a cast method, a
langmuir-blodgett (LB) method, an inkjet printing method,
a laser printing method, a laser induced thermal imaging
(LITT) method, and the like. At least one of a hole injection
layer (HIL) and a hole transport layer (HTL) may be
between the first electrode 171 and the organic light emitting
layer 172.

[0064] The second electrode 173 is on the organic light
emitting layer 172 and may be a common electrode or a
cathode. The second electrode 173 may be a transmissive
electrode, a transflective electrode, or a reflective electrode.
When the second electrode 173 is a transmissive electrode,
the second electrode 173 may include, for example, at least
one of Li, Ca, LiF/Ca, LiF/Al, Al, Mg, BaF, Ba, Ag and Cu.
In one embodiment, the second electrode 173 may include
a mixture of Ag and Mg.

[0065] When the second electrode 173 is a transflective
electrode or a reflective electrode, the second electrode 173
may include, for example, at least one of Ag, Mg, Al, Pt, Pd,
Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti and Cu.
In addition, the second electrode 173 may include, for
example, a transparent conductive layer including indium tin
oxide (ITO), indium zinc oxide (IZO), zinc oxide (Zn0O),
indium-zinc-tin oxide (IZTO), and the like, in addition to the
transflective electrode or the reflective electrode.

[0066] At least one of an electron transport layer (ETL)
and an electron injection layer (EIL) may be between the
organic light emitting layer 172 and the second electrode
173.

[0067] When the OLED 170 is a top emission-type, the
first electrode 171 may be a reflective electrode and the
second electrode 173 may be a transmissive electrode or a
transflective electrode. When the OLED 170 is a bottom
emission-type, the first electrode 171 may be a transmissive
electrode or a transflective electrode and the second elec-
trode 173 may be a reflective electrode. According to an
exemplary embodiment, the OLED 170 is a top emission-
type, the first electrode 171 is a reflective electrode, and the
second electrode 173 is a transflective electrode.

[0068] According to an exemplary embodiment, the pas-
sivation layer 130 includes the trench 711 formed outside the
first electrode 171 and the recessed portions 211, 212, 213,
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and 214 located below the first electrode 171 and overlap-
ping the opening 195. The trench 711 is spaced apart from
the first electrode 171 on a plane. Referring to FIG. 3, the
trench 711 may have a concave cross-section, but may have
a different cross-section in another embodiment.

[0069] When a polymer resin has fluidity in a thermoset-
ting process of the polymer resin for forming the passivation
layer 130, the trench 711 serves to substantially prevent the
polymer resin from flowing to the recessed portions 211,
212, 213, and 214 and impairing pattern stability of the
recessed portions 211, 212, 213, and 214. For example,
thermosetting of the polymer resin for forming the passiva-
tion layer 130 proceeds and the polymer resin has fluidity in
the thermosetting process. When the polymer resin having
such fluidity flows to the recessed portions 211, 212, 213,
and 214, the recessed portions 211, 212, 213, and 214 may
be buried. Also, the depths of the recessed portions 211, 212,
213, and 214 may decrease or the recessed portions 211,
212, 213, and 214 may disappear. When the recessed por-
tions 211, 212, 213, and 214 are buried in such a manner, the
effect of substantially preventing color shift and WAD by
virtue of the recessed portions 211, 212, 213, and 214 may
not be achieved.

[0070] In order to substantially prevent this, according to
an exemplary embodiment, the trench 711 is formed around
the first electrode 171. When the trench 711 is formed
around the first electrode 171, the polymer resin which has
obtained fluidity may flow to the trench 711 in the thermo-
setting process. Thus, the polymer resin may be substantially
prevented from flowing to the recessed portions 211, 212,
213, and 214. Accordingly, pattern stability of the recessed
portions 211, 212, 213, and 214 may be ensured. Also, the
effect of substantially preventing the color shift and the
WAD may be achieved by virtue of the recessed portions
211, 212, 213, and 214.

[0071] According to an exemplary embodiment, the trench
711 may fully enclose the first electrode 171 on a plane. In
one embodiment, the trench 711 may partially enclose the
first electrode 171 (e.g., see FIGS. 4A, 4B, 5A, 5B, 17, and
19). In addition, the trenches 711 may also include a
plurality of recessed patterns partially enclosing the first
electrode 171 (e.g., see FIGS. 4A, 4B, 5A, 5B, 17 and 19).
[0072] According to an exemplary embodiment, the trench
711 has a predetermined width b1 and a predetermined depth
d3 and is spaced from the first electrode 171.

[0073] A space s 1 between the first electrode 171 and the
trench 711 may depend on the size of the OLED 170, the size
of the first electrode 171, the distance between adjacent first
electrodes 171, and/or other factors. According to an exem-
plary embodiment, the trench 711 may be spaced apart from
the first electrode 171 by a distance in a range from about 1
pum to about 5 um. For example, the trench 711 may be
spaced apart from the first electrode 171 by a distance in a
range from about 1.5 um to about 2.5 um.

[0074] The trench 711 may have a width bl in a range
from about 1.0 um to about 3.0 pm. The width bl of the
trench 711 may vary, for example, depending on the distance
between adjacent first electrodes 171.

[0075] The trench 711 may have a depth d3 in a range
from about 0.2 um to about 1.0 pm. For example, the trench
711 may have a depth d3 in a range from about 0.3 pm to
about 0.7 um. The depth d3 of the trench 711 may vary, for
example, depending on the thickness of the passivation layer
130. When the passivation layer 130 has a thickness of about
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1 um or more, the trench 711 may have a thickness of about
1 um or more. When the passivation layer 130 has a
thickness of about 0.3 um or less, the trench 711 may have
a thickness of about 0.3 um or less.

[0076] The passivation layer 130 includes recessed por-
tions 211, 212, 213, and 214 at areas overlapping the
opening 195 defined by the pixel defining layer 190. Since
the first electrode 171 is also above the recessed portions
211, 212, 213, and 214, the first electrode 171 includes a
recessed portion.

[0077] The recessed portions 211, 212, 213, and 214 are
spaced apart from the edge 191 of the opening 195 on a
plane. For example, an edge BR of the recessed portions
211, 212, 213, and 214 is spaced apart from the edge 191 of
the opening 195 on a plane.

[0078] The edge 191 of the opening 195 may refer to a
boundary of the opening 195, and may be defined, for
example, as a boundary at which the pixel defining layer 190
contacts the first electrode 171. In one embodiment, the edge
191 of the opening 195 may be defined as a boundary at
which the passivation layer 130 and the pixel defining layer
190 overlap each other on a plane.

[0079] Referring to FIGS. 1 and 3, recessed portions 211,
212, 213, and 214 are absent below the edge 191 of the
opening 195. For example, the recessed portions 211, 212,
213, and 214 do not overlap the edge 191 of the opening 195.

[0080] Accordingly, the passivation layer 130 has a sub-
stantially same height hl with respect to a surface of the
substrate 111 at a boundary where the passivation layer 130
overlaps the pixel defining layer 190. For example, the
passivation layer 130 has substantially the same height hl
along the edge 191 of the opening 195. In one embodiment,
the passivation layer 130 may have a height difference of
about 0.1 um or less with respect to the surface of the
substrate 111 at the boundary where the passivation layer
130 overlaps the pixel defining layer 190.

[0081] In addition, according to an exemplary embodi-
ment, the edge 191 of the opening 195 has a substantially
same height with respect to the surface of the substrate 111.
For example, the edge 191 of the opening 195 may have a
height difference of about 0.1 um or less with respect to the
surface of the substrate 111.

[0082] The pixel defining layer 190 may be formed
through a patterning process such as a photolithography
method. In such an exemplary embodiment, the edge 191 of
the opening 195 corresponds to a boundary of a pattern.
However, if a lower surface of the pattern boundary is
non-uniform (e.g., not flat), it may be difficult to form a
uniform pattern. According to an exemplary embodiment,
the edge 191 of the opening 195 has a uniform height that
is flat. As a result, the occurrence of pattern defects in the
process of forming the pixel defining layer 190 may be
substantially prevented.

[0083] The recessed portions 211, 212, 213, and 214 are
spaced apart from the edge 191 of the opening 195, so that
the edge 191 of the opening 195 is flat.

[0084] According to an exemplary embodiment, the
recessed portions 211, 212, 213, and 214 may be spaced
apart from the edge 191 of the opening 195 on a plane by a
distance, for example, in a range from about 0.5 um to about
5.0 pm. In such an exemplary embodiment, a distance V1
between the recessed portions 211, 212, 213, and 214 and
the edge 191 of the opening 195 is determined by a distance
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between the edge 191 of the opening 195 and the edge BR
of the recessed portions 211, 212, 213, and 214.

[0085] The distance V1 between the recessed portions
211, 212, 213, and 214 and the edge 191 of the opening 195
may vary, for example, depending on the size of the OLED
170. For example, the recessed portions 211, 212, 213, and
214 may be spaced apart from the edge 191 of the opening
195 on a plane by a distance, for example, in a range from
about 0.5 pm to about 2.0 um or, for example, may be spaced
apart from the edge 191 of the opening 195 on a plane by a
distance of about 5.0 pm or more.

[0086] At least a part of the edge BR of the recessed
portions 211, 212, 213, and 214 may be parallel to the edge
191 of the opening 195. Referring to FIG. 1, at least one side
of the edge BR of the recessed portions 211, 212, 213, and
214 is parallel to the edge 191 of the opening 195. When the
edge BR of the recessed portions 211, 212, 213 and 214 and
the edge 191 of the opening 195 are parallel to each other,
the distance V1 between the recessed portions 211, 212, 213,
and 214 and the edge 191 of the opening 195 may be easily
maintained. Accordingly, the pattern may be formed uni-
formly in the process of forming the pixel defining layer
190.

[0087] The width W1 of the recessed portions 211, 212,
213, and 214 may vary, for example, depending on the size
of the OLED 170, the size of the first electrode 171, the
number of the recessed portions, and/or other factors.
According to an exemplary embodiment, the recessed por-
tions 211, 212, 213, and 214 may have a width W1, for
example, in a range from about 1.0 um to about 2.0 uM.
[0088] The depth d1 of the recessed portions 211, 212,
213, and 214 may vary, for example, depending on the
thickness of the passivation layer 130. According to an
exemplary embodiment, the recessed portions 211, 212, 213,
and 214 may have a depth d1, for example, in a range from
about 0.2 pm to about 1.0 pm. In one embodiment, the
recessed portions 211, 212, 213, and 214 may have a depth
d1 in a range from about 0.3 um to about 0.7 um. When the
passivation layer 130 has a thickness of about 1 um or more,
the recessed portions 211, 212, 213 and 214 may have a
thickness of about 1 um or more. When the passivation layer
130 has a thickness of about 0.3 pm or less, the recessed
portions 211, 212, 213, and 214 may have a thickness, for
example, of about 0.3 um or less.

[0089] When the recessed portions 211, 212, 213, and 214
have such a width W1 and a depth d1, light generated in the
organic light emitting layer 172 may resonate in a lateral
direction. Accordingly, color shift and WAD depending on
viewing angle may be substantially prevented or suppressed.
[0090] Adjacent ones of the recessed portions 211, 212,
213, and 214 may be arranged at a pitch, for example, in a
range from about 1 um to about 6 um. The pitch between the
recessed portions 211, 212, 213, and 214 may vary, for
example, depending on the planar area of the first electrode
171 and the size of the OLED 170.

[0091] The first electrode 171 contacts the driving thin
film transistor TFT2 through the third contact hole CH3
defined at the passivation layer 130. Referring to FIGS. 1
and 3, the recessed portions 211, 212, 213, and 214 have a
depth less than a depth d2 of the third contact hole CH3. In
one embodiment, the recessed portions 211, 212, 213, and
214 may have a depth substantially equal to a depth of the
third contact hole CH3 or may have a depth greater than the
depth of the third contact hole CH3.
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[0092] Referring to FIG. 3, the passivation layer 130 may
include two or more recessed portions 211, 212, 213, and
214 overlapping one opening 195. The first electrode 171 is
above and overlaps the recessed portions 211, 212, 213, and
214. Accordingly, the first electrode 171 may include a
recessed portion corresponding to the recessed portions 211,
212, 213, and 214.

[0093] FIGS. 4A and 4B respectively illustrate, in plan
view, arrangements of a first electrode 171, a recessed
portion 221, and trenches 721, 722 and 723 of a pixel
according to exemplary embodiments. In FIGS. 4A and 4B,
R corresponds to a red pixel, G corresponds to a green pixel,
and B corresponds to a blue pixel. An edge 191 of an
opening 195 shown in FIGS. 4A and 4B is an area of the first
electrode 171.

[0094] The first electrode 171 illustrated in FIGS. 4A and
4B has an octagonal planar shape. However, the first elec-
trode 171 may have a different shape in another embodi-
ment. A passivation layer 130 includes a plurality of dot-
shaped recessed portions 221, each of which has a circular
planar shape. The recessed portions 221 are located inside
the edge 191 of the opening 195 and may be arranged
symmetrically or asymmetrically with respect to a center of
the opening 195.

[0095] Referring to FIG. 4A, a first trench 721 fully
encloses first electrodes 171 of a green pixel G and a blue
pixel B and partially encloses a first electrode 171 of a red
pixel R. The first trench 721 encloses the first electrodes 171.
A second trench 722 encloses a first electrode 171 of a green
pixel G and a third trench 723 encloses a first electrode 171
of a blue pixel B. For example, one of the second and third
trenches 722 and 723 enclosing one of the first electrodes
171 may not be connected to another of the second and third
trenches 722 and 723 enclosing another of the first elec-
trodes 171.

[0096] Referring to FIG. 4B, the trenches 271, 272 and
273 are divided. Referring to FIG. 4A, there are areas at
which two lines of the trench form an acute angle. Referring
to FIG. 4B, no trench is formed at an area corresponding to
the acute angle forming area shown in FIG. 4A.

[0097] According to an exemplary embodiment, the pas-
sivation layer 130 including the recessed portion 221 and the
trenches 721, 722, and 723 may be formed by exposure and
development of a photosensitive material. When two
trenches meet to form an acute angle, a deep trench may be
formed due to an increase in an exposure amount during the
trench formation process and a structure below the passiva-
tion layer 130 may be exposed. In order to substantially
prevent this, referring to FIG. 4B, no trench is formed at an
area where two trenches meet to form an acute angle.

[0098] FIGS. 5A and 5B respectively illustrate arrange-
ments of first electrode 171, recessed portion 231, and
trenches 731, 732 and 733 of a pixel according to other
exemplary embodiments.

[0099] Referring to FIGS. 5A and 5B, the recessed por-
tions 231 have a circular planar shape. However, the
recessed portion 231 may have a different shape (e.g.,
polygonal, elliptical, linear planar shape, etc.) in another
embodiment. Referring to FIG. 5A, a first trench 731
encloses a plurality of first electrodes 171. Each of a second
trench 732 and a third trench 733 encloses one first electrode
171. Referring to FI1G. 5A, there are areas at which two lines
of the trench form an acute angle. Referring to FIG. 5B, no
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trench is formed at an area corresponding to the acute angle
forming area shown in FIG. SA.

[0100] FIGS. 6A and 6B respectively illustrate arrange-
ments of first electrode 171, recessed portions 241, 242, 243,
and 244, and trenches 741 and 742 of a pixel according to
other exemplary embodiments.

[0101] Referring to FIG. 6A, one first electrode 171 is
above two linear-shaped recessed portions 241 and 242. For
example, a passivation layer 130 includes two recessed
portions 241 and 242 defined at one opening 195. Referring
to FIG. 6A, the two recessed portions 241 and 242 have a
linear shape extending in a vertical direction with respect to
the drawings. For example, the two recessed portions 241
and 242 extend parallel to each other in a substantially same
direction and may have a symmetrical shape or a substan-
tially equal shape.

[0102] Each of the recessed portions 241 and 242 is
spaced from an edge 191 of the opening 195 at a predeter-
mined distance V2. In addition, each of the recessed portions
241 and 242 has a width W2 and a length Ln2 and the two
recessed portions 241 and 242 are arranged at a predeter-
mined pitch P2. Referring to FIG. 6A, the trench 741 fully
encloses the first electrode 171 and has a predetermined
width and is spaced apart from the first electrode 171 at a
predetermined distance.

[0103] Referring to FIG. 6B, a plurality of asymmetric
recessed portions 243 and 244 are below one first electrode
171. For example, the passivation layer 130 includes a first
recessed portion 243 and a second recessed portion 244
overlapping one opening 195. A planar area of the first
recessed portion 243 is greater than a planar area of the
second recessed portion 244. In such an exemplary embodi-
ment, the first recessed portion 243 may not overlap a wiring
below the passivation layer 130, and the second recessed
portion 244 may overlap a wiring below the passivation
layer 130. In order to substantially prevent the first electrode
171 from contacting the wiring below the first electrode 171
at the second recessed portion 244, a planar area of the
second recessed portion 244 is made small (e.g., predeter-
mined relatively smaller size), so that the depth of the
second recessed portion 244 is less than a depth of the first
recessed portion 243.

[0104] For example, the length Ln21 of the first recessed
portion 243 is greater than the length L.n22 of the second
recessed portion 244, and the width W21 of the first recessed
portion 243 is greater than the width W22 of the second
recessed portion 244. In addition, the trench 742 fully
encloses the first electrode 171, has a predetermined width,
and is spaced apart from the first electrode 171 by a
predetermined distance.

[0105] FIG. 7 illustrates an arrangement of first electrode
171, recessed portions 251, 252, 253, and 254, and a trench
751 according to another exemplary embodiment.

[0106] Referring to FIG. 7, a passivation layer 130
includes a plurality of linear-shaped recessed portions 251,
252, 253, and 254 overlapping one opening 195. The linear-
shaped recessed portions 251, 252, 253 and 254 are arranged
radially.

[0107] For example, four linear-shaped recessed portions
251, 252, 253, and 254 overlapping one opening 195 are
defined at the passivation layer 130. In such an exemplary
embodiment, an angle 8¢ between extending directions of
the recessed portions 251, 252, 253, and 254 is in a range
from about 60 degrees to about 120 degrees. For example,
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the four recessed portions 251, 252, 253, and 254 may be
arranged such that the angle 8¢ between the extending
directions becomes about 90 degrees. As such, the recessed
portions 251, 252, 253, and 254 may be symmetrically
arranged with respect to a center of the opening 195.
[0108] In an exemplary embodiment, when the recessed
portions 241 and 242 are arranged to extend in one direction
as illustrated in FIG. 6A, color shift and WAD in a direction
perpendicular to the extending direction of the recessed
portions 241 and 242 may be improved. The degree of
improvement in color shift and WAD in a direction substan-
tially equal to the extending direction of the recessed por-
tions 241 and 242 may be insignificant. For example, when
the recessed portions 241 and 242 are arranged as illustrated
in FIG. 6A, WAD and color shift in the horizontal direction
with respect to the drawings may be improved, while the
improvement in WAD and color shift in the vertical direction
with respect to the drawings may be insignificant.

[0109] On the other hand, when the recessed portions 251,
252, 253, and 254 are arranged radially as illustrated in FIG.
7, color shift and WAD may be improved in both the
horizontal direction and the vertical direction with respect to
the drawings. Referring to FIG. 7, the trench 751 fully
encloses the first electrode 171.

[0110] FIGS. 8A and 8B respectively illustrate arrange-
ments of first electrode 171, recessed portions 261, 262, 263,
and 264, and trenches 761 and 762 according to other
exemplary embodiments.

[0111] Referring to FIG. 8A, a passivation layer 130
includes a recessed portion 261 in the form of a closed loop
enclosing a center C of an opening 195. A trench 761 fully
encloses the first electrode 171, and the recessed portion 261
is located inside an edge 191 of the opening 195.

[0112] Referring to FIG. 8B, the passivation layer 130
includes recessed portions 262 and 263 in the form of a
plurality of closed loops enclosing the center C of the
opening 195 and a dot-shaped recessed portion 264 at the
center C. The trench 762 fully encloses the first electrode
171, and the recessed portions 262, 263, and 264 are located
inside the edge 191 of the opening 195.

[0113] When the recessed portions 261, 262, 263, and 264
are arranged in a vertically and horizontally symmetrical
shape with respect to the center C as illustrated in FIGS. 8A
and 8B, color shift and WAD may be improved in all
directions.

[0114] FIG. 9A illustrates a cross-sectional view of an
example of WAD, and FIG. 9B illustrates an example of
wavelength shift according to a viewing angle.

[0115] Referring to FIG. 9A, the OLED display device
101 has a multi-layer stack structure (e.g., see FIG. 3). Light
is emitted from the organic light emitting layer 172 in an
outward direction and passes through the multi-layer struc-
ture. According to an exemplary embodiment, the light
generated in the organic light emitting layer 172 passes
through the second electrode 173 and is emitted outwardly.

[0116] When optical resonance occurs in the course of the
light repeatedly reflecting between two reflective surfaces,
energy of the light increases, The light having the increased
energy may relatively easily pass through the multi-layer
stacked structure to be emitted outwards. Such a structure
that allows light to resonate between two reflective layers
may be referred to as a resonance structure. The distance
between the two reflective layers at which resonance occurs
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may be referred to as a resonance distance. The resonance
distance depends on the wavelength of light.

[0117] According to an exemplary embodiment, in the
OLED display device 101 the first electrode 171 is a
reflective electrode and the second electrode 173 is a trans-
flective electrode. Accordingly, light may be reflected
between the first electrode 171 and the second electrode 173
and light resonance may occur. When the wavelength of the
light emitted from the organic light emitting layer 172 is
denoted A1 and the distance between the first electrode 171
and the second electrode 173 is denoted t1, light resonance
may occur when Formula 1 is satisfied.

2-nl-tl=ml-il (1)

[0118] In Formula 1, nl denotes an average refractive
index between the first electrode 171 and the second elec-
trode 173, and ml is a natural number. The distance t1
between the first electrode 171 and the second electrode 173
is a distance between an upper surface of the first electrode
171 and a lower surface of the second electrode 173 oppos-
ing each other.

[0119] Inan exemplary embodiment, light of a same color
may be visually recognized as different colors depending on
the viewing angle of an observer. For example, when a
display surface of a display device that emits white light is
viewed from the front side, white color may be recognized.
However, when this light is viewed from the lateral side, a
bluish or yellowish color may be recognized. This phenom-
enon is called WAD, which may be caused due to a path
difference of light depending on the viewing angle.

[0120] Referring to FIG. 9A, light L1 viewed from the
front side may resonate according to Formula 1. Light [.2
emitted toward the lateral side is incident to an interface Sb
at an angle 61 in a medium having a thickness t1 and a
refractive index nl and is emitted at an angle 8o. In such an
exemplary embodiment, when the wavelength of the light
L2 emitted toward the lateral side is denoted A, the rela-
tionship of Formula 2 may be satisfied in order for lights
having different light paths to resonate.

2-netl-cos(0)=m-h 2

where m is an integer.

[0121] When the incident angle 6i at the interface Sb
increases, the value of cos(0i) decreases. Accordingly, the
resonance condition and the resonance wavelength may
change. Thus, the wavelength of the light .2 emitted toward
the lateral side may differ from the wavelength of the light
L1 emitted toward the front side. For example, when the
incident angle 61 increases, the value of cos(81) decreases.
Accordingly, the wavelength A that satisfies the resonance
condition becomes less. As a result, the light 1.2 having a
wavelength shorter than a wavelength of the light L1 emitted
toward the front side is emitted toward the lateral side.
[0122] FIG. 9B illustrates an example of a spectrum of
light A1 observed from the front side and a spectrum of light
A2 observed from the lateral side at an angle of about 45
degrees. A peak wavelength of the light A2 observed from
the lateral side at the angle of about 45 degrees is shifted
toward a shorter wavelength, as compared with a peak
wavelength of the light A1 observed from the front side.
[0123] FIG. 10 illustrates a cross-sectional view of reso-
nance at the recessed portion 210 according to one embodi-
ment. As described above, according to an exemplary
embodiment, the first electrode 171 of the OLED display
device 101 is a reflective electrode and the second electrode
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173 is a transflective electrode. Accordingly, light reflects
between the first electrode 171 and the second electrode 173
and light resonance occurs. In such an exemplary embodi-
ment, resonance also occurs between the first electrode 171
and the second electrode 173 at the recessed portion 210. At
the recessed portion 210, lights 1.31, .32, and L33 resonate
in a direction perpendicular to surfaces of the first electrode
171 and the second electrode 173 and have a substantially
the same or similar wavelength, but are emitted in different
directions.

[0124] For example, referring to FIG. 10, the lights L31,
L32, and L33 resonating in directions perpendicular to the
surfaces of the first electrode 171 and the second electrode
173 at different points R1, R2, and R3 of the recessed
portion 210 are not only emitted in the front direction but
also in the lateral direction. Accordingly, the lights [L31 and
L33 viewed from the lateral side and the light [.32 viewed
from the front side have substantially the same wavelength.
As aresult, color shift and WAD in the lateral direction may
be substantially prevented.

[0125] If the recessed portion 211 of the present embodi-
ment is not included, light totally reflected between two
reflective layers may not be emitted to the outside and may
be extinguished. For example, when light is totally reflected
between the first electrode 171 and the second electrode 173,
the light may be guided only horizontally, and thus may fail
to be emitted outwardly. As a result, the light is dissipated.
However, in accordance with the present embodiment, when
the recessed portion 211 is defined, the path of the light that
is horizontally guided is changed and the totally reflected
light may be emitted outwardly. Accordingly, the luminous
efficiency of the OLED display device 101 may be
improved.

[0126] FIG. 11 illustrates a cross-sectional view of another
embodiment of an OLED display device 102. The OLED
display device 102 illustrated in FIG. 11 includes a thin film
encapsulation layer 140 on a second electrode 173 to protect
an OLED 170. The thin film encapsulation layer 140 sub-
stantially prevents moisture or oxygen from permeating into
the OLED 170.

[0127] The thin film encapsulation layer 140 includes at
least one inorganic layer 141 and 143 and at least one
organic layer 142 that are alternately disposed. The thin film
encapsulation layer 140 illustrated in FIG. 11 includes two
inorganic layers 141 and 143 and one organic layer 142. The
structure of the thin film encapsulating layer 140 may be
different in another embodiment.

[0128] The inorganic layers 141 and 143 may include at
least one of metal oxide, metal oxynitride, silicon oxide,
silicon nitride, and silicon oxynitride. The inorganic layers
141 and 143 may be formed through a chemical vapor
deposition (CVD) method, an atomic layer deposition
(ALD) method, or another method.

[0129] The organic layer 142 may include, for example, a
polymer material. The organic layer 142 may be formed, for
example, through a thermal deposition process which may
be performed within a temperature range that does not
damage OLED 170. The organic layer 142 may be formed
by a different method in another embodiment.

[0130] The inorganic layers 141 and 143 have a high
density of thin film and thus may suppress permeation of
moisture or oxygen. Most of moisture and oxygen are
blocked by the inorganic layers 141 and 143 from penetrat-
ing into the OLED 170. The moisture and oxygen that does
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pass through the inorganic layers 141 and 143 may be
blocked again by the organic layer 142. The organic layer
142 may also function as a buffer layer to reduce stress
between respective ones of the inorganic layers 141 and 143.
Since the organic layer 142 has planarizing characteristics,
an uppermost surface of the thin film encapsulation layer
140 may be planarized by the organic layer 142.

[0131] The thin film encapsulation layer 140 may have a
predetermined thin thickness, which allows the OLED dis-
play device 102 to have a significantly thin thickness. Such
an OLED display device 102 may have excellent flexible
characteristics.

[0132] FIG. 12 illustrates a cross-sectional view of another
embodiment of an OLED display device 103. The OLED
display device 103 includes a sealing member 150 on a
second electrode 173 to protect an OLED 170.

[0133] The sealing member 150 may include a light trans-
missive insulating material such as glass, quartz, ceramic
and plastic. The sealing member 150 has a plate shape and
is attached to a substrate 111 to protect the OLED 170.
[0134] Afiller 160 may be between the OLED 170 and the
sealing member 150. The filler 160 may include an organic
material, for example, a polymer. In addition, a passivation
layer may be on the OLED 170 to protect the OLED 170.
The passivation layer may include, for example, a metal or
an inorganic material.

[0135] Referring to FIG. 12, the OLED display device 103
includes a spacer 197 on a pixel defining layer 190. The
spacer 197 serves to maintain a distance between the sub-
strate 111 and the sealing member 150. The spacer 197
protrudes toward an upper portion of the pixel defining layer
190, that is, opposite to a passivation layer 130. Similar to
the pixel defining layer 190, the spacer 197 may include a
polyacrylic resin or a polyimide (PI) resin.

[0136] The spacer 197 and the pixel defining layer 190
may have a unitary construction. For example, the pixel
defining layer 190 and the spacer 197 may be formed to have
a unitary construction through a photolithography process
using a photosensitive material. In an exemplary embodi-
ment, the pixel defining layer 190 and the spacer 197 may
be formed sequentially or separately and/or may include
different materials, respectively.

[0137] The spacer 197 may have a shape of a truncated
pyramid, a prism, a truncated cone, a cylinder, a hemisphere,
a hemi-spheroid, or another shape.

[0138] FIGS. 13A-13] illustrate various stages of an
embodiment of a method for manufacturing an OLED
display device, which, for example, may be OLED display
device 101.

[0139] Referring to FIG. 13A, a driving thin film transistor
TFT2 and a capacitor Cst are formed on a substrate 111. A
switching thin film transistor TFT1, a gate line GL, a data
line DL, and a driving voltage line DVL, and other wirings
are also formed on the substrate 111.

[0140] Referring to FIG. 13B, a photosensitive material is
applied over an entire surface of the substrate 111, including
the driving thin film transistor TFT2, to form a photosensi-
tive material layer 131. The photosensitive material may
use, for example, a photodegradable polymer resin. The
photodegradable polymer resin may use, for example, a
polyimide (PI) resin.

[0141] Referring to FIG. 13, a first pattern mask 301 is
disposed above and spaced apart from the photosensitive
material layer 131. The first pattern mask 301 includes a
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light blocking pattern 320 on a mask substrate 310. The light
blocking pattern 320 includes at least three areas, each
having different light transmittances. Such a first pattern
mask 301 may also be referred to as a half tone mask. The
mask substrate 310 may use a transparent glass or plastic
substrate. In one embodiment, the mask substrate 310 may
include a different material having light transmittance and
mechanical strength.

[0142] The light blocking pattern 320 may be formed by
selectively applying a light blocking material at the mask
substrate 310. The blocking pattern 320 includes a light
transmissive portion 321, a light blocking portion 322, and
transflective portions 323 and 324. The light transmissive
portion 321 is an area through which light is transmitted and
is located above an area to be defined with a third contact
hole CH3. The light blocking portion 322 is a portion at
which light transmission is blocked and may be formed by
applying a light blocking material to the mask substrate 310.
[0143] The transflective portions 323 and 324 are portions
through which incident light is partially transmitted and is
located above an area to be defined with recessed portions
210 and 220 and an area to be formed with a trench 711. For
example, the transflective portions 323 and 324 may have a
structure in which light transmissive areas 323a and 324a
and light blocking slits 3235 and 3245 are alternately
disposed. In such an exemplary embodiment, the light
transmittance of the transflective portions 323 and 324 may
be adjusted by adjusting a pitch between the light transmis-
sive areas 323a and 324¢ and the light blocking slits 3235
and 324b, respectively.

[0144] A transflective portion 323 may be located above
the area to be defined with the recessed portions 211 and
212. A transflective portion 324 may be located above the
area to be defined with the trench 711. The transflective
portions 323 and 324 may have a substantially equal or
different light transmittances. Depths of the recessed por-
tions 211 and 212 and a depth of the trench 711 may be
respectively adjusted by adjusting the light transmittance.
[0145] Inorder to define the recessed portions 211 and 212
having a small planar area, the transflective portion 323 may
include only one light transmissive area 323q4. In such an
exemplary embodiment, the planar area and depth of the
recessed portions 211 and 212 may be adjusted by adjusting
a planar area of the light transmissive area 3234. In an
exemplary embodiment, the light transmittance of the trans-
flective portions 323 and 324 may be adjusted by adjusting
a concentration of the light blocking material.

[0146] The photosensitive material layer 131 is patterned
through exposure using the first pattern mask 301 illustrated
in FIG. 13C, and a passivation layer 130 including the
recessed portions 210 and 220 and the trench 711 is formed
(see FIG. 13D).

[0147] For example, the photosensitive material layer 131
is exposed and then developed to form a pattern such as the
recessed portions 210 and 220, the trench 711, and the third
contact hole CH3. Referring to FIG. 13D, after exposure and
development, the photosensitive material layer 131 is ther-
mally cured to form the passivation layer 130. Polymeric
resins forming the photosensitive material layer 131 par-
tially flow in the thermal curing process to form gently
curved recessed portions 210 and 220.

[0148] In an exemplary embodiment, when the polymer
resin forming the photosensitive material layer 131 has
fluidity during the thermosetting process of the photosensi-

Jun. 7,2018

tive material layer 131 and the polymer resin flows to the
recessed portions 211 and 212, the recessed portions 211 and
212 may be filled with the polymer resin to be buried. When
the recessed portions 211 and 212 are filled, the depths of the
recessed portions 211 and 212 may become shallow or the
recessed portions 211 and 212 may disappear. When the
depths of the recessed portions 211 and 212 become shallow
or the recessed portions 211 and 212 disappear, the effect of
substantially preventing color shift and WAD by virtue of
the recessed portions 211 and 212 may also be reduced or
dissipated.

[0149] However, according to an exemplary embodiment,
the recessed portions 211 and 212 are substantially pre-
vented from being filled by forming the trench 711 around
a first electrode 171. For example, the polymer resin having
fluidity in the thermosetting process of the photosensitive
material layer 131 flows toward the trench 711 to substan-
tially prevent the recessed portions 211 and 212 from being
filled. Accordingly, pattern stability of the recessed portions
211 and 212 is ensured and the recessed portions 211 and
212 may have a predetermined depth and a predetermined
width.

[0150] As described above, the trench 711 serves to main-
tain the pattern stability of the recessed portions 211 and 212
in the thermosetting process for forming the passivation
layer 130.

[0151] Referring to FIG. 13E, the first electrode 171 is
formed on the passivation layer 130. The first electrode 171
is electrically connected to a second drain electrode DE2
through the third contact hole CH3. The first electrode 171
is also disposed at the recessed portions 211 and 212.
However, the first electrode 171 is not disposed at the trench
711.

[0152] Referring to FIG. 13F, a photosensitive material
layer 199 for forming a pixel defining layer is disposed on
the substrate 111 including the first electrode 171 and the
passivation layer 130. The photosensitive material layer 199
may include, for example, a photodegradable polymer resin.
Such a photodegradable polymer resin may include, for
example, at least one of a polyimide (PI) based resin, a
polyacrylic resin, a PET resin and a PEN resin. According to
an exemplary embodiment, the photosensitive material layer
199 includes a polyimide (PI) resin.

[0153] Referring to FIG. 13G, a second pattern mask 401
is disposed above the photosensitive material layer 199. The
second pattern mask 401 includes a mask substrate 410 and
a light blocking pattern 420 on the mask substrate 410. The
mask substrate 410 may use a transparent glass or plastic
substrate. The light blocking pattern 420 includes a light
transmissive portion 421 and a light blocking portion 422.
[0154] The light transmissive portion 421 is a portion
through which light is transmitted and is located above an
area to be defined with an opening 195. The light blocking
portion 422 is a portion where the transmission of light is
blocked and is located above an area other than the area to
be defined with the opening 195.

[0155] The photosensitive material layer 199 is patterned,
for example, through a photolithography method using the
second pattern mask 201 illustrated in FIG. 13G. For
example, the photosensitive material layer 199 is exposed
and then developed such that the opening 195 is defined.
[0156] Referring to FIG. 13H, the patterned photosensi-
tive material layer 199 is thermally cured such that a pixel
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defining layer 190 is formed. Polymeric resins forming the
photosensitive material layer 199 may partially flow during
the thermal curing process.

[0157] The opening 195 and an edge 191 of the opening
195 are defined by the pixel defining layer 190. The first
electrode 171 is exposed from the pixel defining layer 190
by the opening 195. The pixel defining layer 190 exposes an
upper surface of the first electrode 171 and protrudes along
a circumference of the first electrode 171. The pixel defining
layer 190 overlaps an end portion of the first electrode 171
and the opening 195 is located above the first electrode 171.
In addition, the pixel defining layer 190 is disposed above
the trench 711 so that an upper portion of the trench 711
becomes flat.

[0158] In an exemplary embodiment, the edge 191 of the
opening 195 does not overlap the recessed portions 211 and
212. The edge 191 of the opening 195 is spaced apart from
the recessed portions 211 and 212, e.g., an edge BR of the
recessed portions 211 and 212 and the edge 191 of the
opening 195 are spaced apart from each other.

[0159] When a pattern is formed through a photolithog-
raphy method, and when the bottom surface of a boundary
area of the pattern is not flat, it may be difficult to form a
uniform pattern. According to an exemplary embodiment, a
recessed portion or an uneven portion are not formed at the
edge 191 of the opening 195, and the edge 191 of the
opening 195 is located on a flat surface. Accordingly, the
occurrence of pattern defects may be substantially prevented
when forming the pixel defining layer 190.

[0160] Referring to FIG. 131, an organic light emitting
layer 172 is formed on the first electrode 171 that is exposed
by the opening 195 of the pixel defining layer 190. The
organic light emitting layer 172 may be formed by deposi-
tion.

[0161] Referring to FIG. 13J, a second electrode 173 is
formed on the organic light emitting layer 172. The second
electrode 173 is also formed on the pixel defining layer 190.
The second electrode 173 may be formed, for example, by
deposition.

[0162] FIGS. 14A and 14B illustrate cross-sectional views
of various stages of another embodiment of a method for
manufacturing an OLED display device, which, for
example, may be OLED display device 103. FIGS. 14A and
14B show a process of forming a pixel defining layer 190
and a spacer 197. The OLED display device 103 includes the
spacer 197 on the pixel defining layer 190. The pixel
defining layer 190 and the spacer 197 are unitarily formed
through a substantially same process using a substantially
same material.

[0163] Referring to FIG. 14A, a photosensitive material
layer 199 for forming a pixel defining layer is disposed on
a substrate 111 including a first electrode 171 and a passi-
vation layer 130. A third pattern mask 501 is disposed above
the photosensitive material layer 199.

[0164] The third pattern mask 501 includes a light block-
ing pattern 520 on a mask substrate 510. The light blocking
pattern 520 includes a light transmissive portion 521, a light
blocking portion 522, and a transflective portion 523. The
light transmissive portion 521 is a portion through which
light is transmitted and is located above an area to be defined
with an opening 195. The light blocking portion 522 is a
portion at which light transmission is blocked and is located
above an area to be formed with the spacer 197.
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[0165] The transflective portion 523 is a portion through
which an incident light is partially transmitted and is located
above an area other than the area to be defined with the
opening 195 and the area to be formed with the spacer 197.
Referring to FIG. 14A, the transflective portion 523 has a
structure in which a light transmissive area 523 and a light
blocking slit 5234 are alternately arranged.

[0166] After the photosensitive material layer 199 is
exposed and then developed by an exposure process using
the third pattern mask 501, a pattern such as the opening 195
and the spacer 197 is formed.

[0167] Referring to FIG. 14B, the patterned photosensitive
material layer 199 is thermally cured such that the pixel
defining layer 190 and the spacer 197 are formed.

[0168] Subsequently, an organic light emitting layer 172 is
disposed on the first electrode 171 and a second electrode
173 is disposed on the organic light emitting layer 172 and
the pixel defining layer 190 to form an OLED 170 (e.g., see
FIG. 12). In addition, a sealing member 150 is disposed on
the OLED 170 and a filler 160 is disposed between the
OLED 170 and sealing member 150 to form the OLED
display device 103.

[0169] FIG. 15 illustrates a plan view of another embodi-
ment of a pixel PX of an OLED display device 104. FIG. 16
illustrates a cross-sectional view taken along line II-II' in
FIG. 15.

[0170] Referring to FIGS. 15 and 16, a passivation layer
130 includes a trench 771 and a plurality of recessed
portions 271, 272, and 273. The trench 771 is around a first
electrode 171 and encloses the first electrode 171 on a plane.
The passivation layer 130 includes a first recessed portion
271, a second recessed portion 272, and a third recessed
portion 273 in one pixel PX. The first recessed portion 271
and the second recessed portion 272 do not overlap a wiring
therebelow which is disposed on an insulating interlayer 122
and the third recessed portion 273 overlaps a capacitor Cst.
[0171] The passivation layer 130 contacts the insulating
interlayer 122 below the first recessed portion 271 and the
second recessed portion 272, while the passivation layer 130
contacts a second capacitor plate CS2 below the third
recessed portion 273. Accordingly, even though the first
recessed portion 271 and the second recessed portion 272
are deep enough to expose the insulating interlayer 122, the
first electrode 171 is not electrically connected to the wiring
at the first recessed portion 271 and the second recessed
portion 272.

[0172] When the third recessed portion 273 is deep such
that the capacitor Cst is exposed from the passivation layer
130, the first electrode 171 may contact the second capacitor
plate CS2 at the third recessed portion 273. When the first
electrode 171 is connected to a wiring other than a second
drain electrode DE2 of a driving thin film transistor TFT2,
defects may occur in an OLED 170.

[0173] Accordingly, according to one exemplary embodi-
ment, the recessed portions 271, 272, and 273 may have
different depths depending on whether the respective
recessed portions 271, 272, and 273 overlap wiring therebe-
low. For example, at least one of the two or more recessed
portions may have a depth different from a depth of another
of the recessed portions. For example, the third recessed
portion 273 overlapping the wiring therebelow has a depth
less than depths of the first and second recessed portions 271
and 272 not overlapping the wiring therebelow (d22<d21).
In one embodiment, the depth d22 of the third recessed
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portion 273 overlapping the wiring therebelow is less than
the depth d21 of the first and second recessed portions 271
and 272 not overlapping the wiring therebelow.

[0174] When the recessed portions 271, 272, and 273
having a narrow planar area, the depths of the recessed
portions 271, 272, and 273 are related to widths of the
recessed portions 271, 272, and 273. The depth of the
recessed portion having a narrow planar area may be
adjusted by adjusting an exposure area of a pattern mask
used to form the recessed portion. For example, when the
exposure area of the pattern mask is relatively large, a deep
recessed portion may be defined.

[0175] According to one exemplary embodiment, one of
the recessed portions 273 may have a width different from
widths of others of the recessed portions 271 and 272.
[0176] FIG. 17 illustrates a plan view of another embodi-
ment of a pixel of an OLED display device 105. FIG. 18
illustrates a sectional view along line of FIG. 17.

[0177] Referring to FIGS. 17 and 18, a passivation layer
130 includes a trench 781, 782, 783, and 784 and a plurality
of recessed portions 281, 282, and 283.

[0178] Referring to FIG. 17, the recessed portions 281,
282, and 283 are arranged asymmetrically below a first
electrode 171. For example, the passivation layer 130
includes a first recessed portion 281, a second recessed
portion 282, and a third recessed portion 283 below one first
electrode 171. A planar area of the first recessed portion 281
is greater than planar areas of the second recessed portion
282 and the third recessed portion 283. In such an exemplary
embodiment, the first recessed portion 281 does not overlap
awiring on an insulating interlayer 122, the second recessed
portion 282 overlaps a driving voltage line DVL, and the
third recessed portion 283 overlaps a data line DL.

[0179] In order to substantially prevent the first electrode
171 from contacting the driving voltage line DVL at the
second recessed portion 282, the second recessed portion
282 has a relatively small depth. For example, the depth d32
of the second recessed portion 282 overlapping the driving
voltage line DVL is less than the depth d31 of the first
recessed portion 281 not overlapping the driving voltage line
DVL.

[0180] In order to substantially prevent the first electrode
171 from contacting the data line DL at the third recessed
portion 283, the depth d33 of the third recessed portion 283
1s less than the depth 31 of the first recessed portion 281 not
overlapping data line DL.

[0181] Referring to FIG. 17, the trench 781, 782, 783, and
784 is around the first electrode 171. For example, the trench
781, 782, 783, and 784 may partially enclose the first
electrode 171 without fully enclosing it. In one embodiment,
the trench 781, 782, 783, and 784 encloses at least a part of
the outside of the first electrode 171 on a plane.

[0182] The trench 781, 782, 783, and 784 may be in an
area, for example. of about 50% or more of an area around
the first electrode 171 on a plane. For example, assuming
that there is one closed loop enclosing the first electrode 171,
the trench 781, 782, 783, and 784 may be in an area of about
50% or more of the closed loop. In one embodiment, a ratio
of a portion enclosed by the trench 781, 782, 783, and 784
to a circumference of the first electrode 171 is greater than
aratio of a portion not enclosed by the trench 781, 782, 783,
and 784 to the circumference of the first electrode 171.
[0183] Referring to FIG. 17, the trench 781, 782, 783, and
784 includes a first recessed pattern 781, a second recessed
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pattern 782, a third recessed pattern 782, and a fourth
recessed pattern 784 which are around the first electrode 171
and spaced apart from each other. The first recessed pattern
781, the second recessed pattern 782, the third recessed
pattern 783, and the fourth recessed pattern 784 are not
connected to each other, and each partially enclose the first
electrodes 171. One recessed pattern 782, 783, and 784 may
be between neighboring first electrodes 171 and one
recessed pattern 782, 783, and 784 may serve as a common
trench for the two neighboring first electrodes 171.
[0184] FIG. 19 illustrates a plan view of another embodi-
ment of a pixel of an OLED display device 106. Referring
to FIG. 19, a plurality of recessed portions 291, 292, and 293
overlap one first electrode 171 and are defined at a passi-
vation layer 130. At least one of the recessed portions 291,
292, and 293 has a size different from a size of another of the
recessed portions 291, 292, and 293. For example, a first
recessed portion 291 not overlapping a driving voltage line
DVL or a data line DL has a planar area greater than planar
areas of a second recessed portion 292 and a third recessed
portion 293 overlapping the driving voltage line DVL or the
data line DL,
[0185] The first recessed portion 291 having a relatively
large planar area may have a depth greater than depths of the
second recessed portion 292 and the third recessed portion
293 having relatively less planar areas.
[0186] The recessed portions 291, 292, and 293 may be
defined, for example, by exposure using a pattern mask. In
addition, the depths of the recessed portions 291, 292, and
293 may be adjusted, for example, by adjusting the size of
an exposure area of the pattern mask used to form the
recessed portions 291, 292, and 293.
[0187] Referring to FIG. 19, a trench 791, 792, 793, and
794 includes a first recessed pattern 791, a second recessed
pattern 792, a third recessed pattern 793, and a fourth
recessed pattern 794 around the first electrode 171. The first
recessed pattern 791, the second recessed pattern 792, the
third recessed pattern 793, and the fourth recessed pattern
794 are not connected to each other and each partially
enclose first electrode 171.
[0188] In accordance with one or more of the aforemen-
tioned embodiments, an OLED display device includes a
recessed portion and a trench which are formed at a passi-
vation layer. The recessed portion serves to substantially
prevent color shift depending on the viewing angle. The
trench improves pattern stability of the recessed portion.
Such an OLED display device has excellent display char-
acteristics.
[0189] 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. In some instances, as
would be apparent to one of skill in the art as of the filing
of the present application, features, characteristics, and/or
elements described in connection with a particular embodi-
ment may be used singly or in combination with features,
characteristics, and/or elements described in connection
with other embodiments unless otherwise indicated. Accord-
ingly, various changes in form and details may be made
without departing from the spirit and scope of the embodi-
ments set forth in the claims.

What is claimed is:

1. An organic light emitting diode display device, com-
prising:
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a substrate;

a passivation layer on the substrate and including a trench
and a recessed portion;

a first electrode on the passivation layer;

a pixel defining layer on the passivation layer, the pixel
defining layer defining an opening which exposes at
least a part of the first electrode;

an organic light emitting layer on the first electrode; and

a second electrode on the light emitting layer, wherein the
recessed portion overlaps the opening and is spaced
apart from an edge of the opening and wherein the
trench is spaced apart from the first electrode.

2. The display device as claimed in claim 1, wherein the

trench encloses at least a part of the first electrode.

3. The display device as claimed in claim 1, wherein the
trench includes a plurality of recessed patterns spaced apart
from each other and partially enclosing the first electrode.

4. The display device as claimed in claim 1, wherein the
trench is spaced apart from the first electrode by a distance
in a range from about 1 um to about 5 um.

5. The display device as claimed in claim 1, wherein the
trench has a width in a range from about 1.0 um to about 3.0
pm.
6. The display device as claimed in claim 1, wherein the
trench has a depth in a range from about 0.2 pm to about 1.0
pm.
7. The display device as claimed in claim 1, wherein the
passivation layer has substantially a same height with
respect to a surface of the substrate at a boundary at which
the passivation layer overlaps the pixel defining layer.

8. The display device as claimed in claim 1, wherein the
passivation layer has a height difference of about 0.1 um or
less with respect to a surface of the substrate at a boundary
at which the passivation layer overlaps the pixel defining
layer.

9. The display device as claimed in claim 1, wherein the
edge of the opening has substantially a same height with
respect to a surface of the substrate.

10. The display device as claimed in claim 1, wherein the
edge of the opening has a height difference of about 0.1 pm
or less with respect to a surface of the substrate.

11. The display device as claimed in claim 1, wherein the
recessed portion is spaced apart from the edge of the opening
by a distance in a range from about 0.5 um to about 5.0 pm.

12. The display device as claimed in claim 1, wherein at
least a part of an edge of the recessed portion is parallel to
the edge of the opening.

13. The display device as claimed in claim 1, wherein the
recessed portion has a width in a range from about 1.0 pm
to about 2.0 pm.

14. The display device as claimed in claim 1, wherein the
recessed portion has a depth in a range from about 0.3 pm
to about 0.7 um.

15. The display device as claimed in claim 1, wherein the
passivation layer includes a plurality of recessed portions.

16. The display device as claimed in claim 15, wherein
each of the plurality of recessed portions has a linear planar
shape.
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17. The display device as claimed in claim 16, wherein the
plurality of recessed portions are parallel to each other.

18. The display device as claimed in claim 15, wherein the
plurality of recessed portions are arranged in a radial man-
ner.

19. The display device as claimed in claim 15, wherein the
plurality of recessed portions have different depths.

20. The display device as claimed in claim 15, further
comprising:

a thin film transistor between the substrate and the pas-

sivation layer; and

one or more wirings connected to the thin film transistor,

wherein at least one of the plurality of recessed portions
overlaps the one or more wirings and wherein the
recessed portion overlapping the one or more wirings
has a depth less than a depth of a recessed portion not
overlapping the one or more wirings.

21. The display device as claimed in claim 20, wherein the
one or more wirings include a data line, a driving voltage
line, and a capacitor.

22. The display device as claimed in claim 1, further
comprising:

a spacer on the pixel defining layer.

23. A method for manufacturing an organic light emitting
diode display device, the method comprising:

forming a photosensitive material layer by applying a

photosensitive material layer on a substrate;

patterning the photosensitive material layer to form a

passivation layer including a trench and a recessed
portion;

forming a first electrode on the passivation layer;

forming a pixel defining layer on the passivation layer, the

pixel defining layer defining an opening for exposing at
least a part of the first electrode;

forming a light emitting layer on the first electrode; and

forming a second electrode on the light emitting layer,

wherein the recessed portion overlaps the opening and
is spaced apart from an edge of the opening and
wherein the trench is spaced apart from the first elec-
trode.

24. The method as claimed in claim 23, wherein forming
of the passivation layer includes thermally curing the pat-
terned photosensitive material layer after patterning the
photosensitive material layer.

25, The method as claimed in claim 23, wherein the
recessed portion and the trench are defined in a same
process.

26. The method as claimed in claim 23, wherein the first
electrode 1s spaced apart from the trench by a distance in a
range from about 1 pm to about 5 pm.

27. The method as claimed in claim 23, wherein the
passivation layer has substantially a same height with
respect to a surface of the substrate at a boundary at which
the passivation layer overlaps the pixel defining layer.
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