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7) ABSTRACT

An organic light-emitting diode display device includes a
pixel electrode, a pixel-defining layer, an organic emission
layer, and a counter electrode. The pixel-defining layer
includes an opening partially exposing the pixel electrode.
The organic emission layer is disposed on the pixel elec-
trode. The organic emission layer is disposed in the opening.

(22) Filed: Apr. 3, 2019 > ; -
The counter electrode is disposed on the organic emission
(30) Foreign Application Priority Data layer. The counter electrode opposes the pixel electrode. The
pixel-defining layer includes a first pixel-defining layer and
Jul. 31, 2018 (KR) oo 10-2018-0089247 a second pixel-defining layer. The first pixel-defining layer
is disposed on the pixel electrode and includes an inorganic
Publication Classification material. The second pixel-defining layer is disposed on the
(51) Int. CL first pixel-defining layer and includes an organic material. A
HOIL 27/32 (2006.01) sidewall of the first pixel-defining layer that is closest to the
HOIL 51/52 (2006.01) opening is aligned with a sidewall of the second pixel-
HOIL 51/50 (2006.01) defining layer that is closest to the opening.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2018-0089247,
filed Jul. 31, 2018, which is hereby incorporated by refer-
ence for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] Exemplary embodiments generally relate to an
organic light-emitting diode display device and a method of
fabricating the same.

Discussion

[0003] An organic light-emitting diode (OLED) display
device is a kind of self-luminous display device. An OLED
display device typically includes an organic emission layer
interposed between a pixel electrode and a counter electrode.
Electrons and holes are injected into the emission layer from
the two opposing electrodes, respectively. The electrons and
the holes recombine to generate excitons. As excitons relax
from an excited state to a ground state, light is emitted.
[0004] Typically, in an OLED display device, a pixel-
defining layer is disposed on and surrounds edges of each of
the pixel electrodes to form a boundary between pixels. A
spacer for maintaining a distance between a substrate and an
encapsulation layer may be disposed on the pixel-defining
layer. When the pixel-defining layer and the spacer are made
of different materials, the number of masks and processing
steps are increased. Accordingly, there is a need for an
approach that efficiently and cost-effectively enables an
OLED to be fabricated with improved productivity.

[0005] The above information disclosed in this section is
only for understanding the background of the inventive
concepts, and, therefore, may contain information that does
not form prior art.

SUMMARY

[0006] Some exemplary embodiments provide an organic
light-emitting diode (OLED) display device capable of
being manufactured with a reduced number of masks and
processing steps that may be facilitated via the use of a
transflective mask (e.g., a halftone mask and/or a slit mask).
[0007] Some exemplary embodiments provide a method
of fabricating an OLED display device with a reduced
number of masks and processing steps that may be facili-
tated via the use of a transflective mask (e.g., a halftone
mask and/or a slit mask).

[0008] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concepts.

[0009] According to some exemplary embodiments, an
OLED display device includes a pixel electrode, a pixel-
defining layer, an organic emission layer, and a counter
electrode. The pixel-defining layer includes an opening
partially exposing the pixel electrode. The organic emission
layer is disposed on the pixel electrode. The organic emis-
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sion layer is disposed in the opening. The counter electrode
is disposed on the organic emission layer. The counter
electrode opposes the pixel electrode. The pixel-defining
layer includes a first pixel-defining layer and a second
pixel-defining layer. The first pixel-defining layer is dis-
posed on the pixel electrode and includes an inorganic
material. The second pixel-defining layer is disposed on the
first pixel-defining layer and includes an organic material. A
sidewall of the first pixel-defining layer that is closest to the
opening is aligned with a sidewall of the second pixel-
defining layer that is closest to the opening.

[0010] Insome exemplary embodiments, the second pixel-
defining layer may include a bank, and spacer protruding
from the bank in a thickness direction.

[0011] In some exemplary embodiments, a shape of the
spacer may be one of a truncated pyramid, a prism, a
truncated cone, a cylinder, a hemisphere, and a half-oblate.
[0012] In some exemplary embodiments, the first pixel-
defining layer may be a single layer structure or a multiple
layer structure, and the inorganic material may include at
least one of a silicon oxide layer (SiO,), a silicon nitride
layer (SiNx), and a silicon oxynitride layer (SiO,Nx).
[0013] In some exemplary embodiments, the organic
material may include at least one of benzocyclobutene,
polyimide, polyamide, acrylic resin, and phenolic resin.
[0014] In some exemplary embodiments, the OLED dis-
play device may further include an encapsulation substrate
on the counter electrode. The encapsulation substrate may
include at least one inorganic encapsulation layer and at least
one organic encapsulation layer.

[0015] According to some exemplary embodiments, an
OLED display device includes a first electrode, a pixel-
defining layer, an organic emission layer, and a second
electrode. The pixel-defining layer includes an opening
partially exposing the first electrode. The organic emission
layer is disposed on the first electrode. The organic emission
layer is disposed in the opening. The second electrode is
disposed on the organic emission layer such that organic
emission layer is between the second electrode and the first
electrode. The pixel-defining layer includes a first pixel-
defining layer and a second pixel-defining layer. The first
pixel-defining layer is disposed on the first electrode and
includes an inorganic material. The second pixel-defining
layer is disposed on the first pixel-defining layer and
includes an organic material. The first pixel-defining layer
includes a first sidewall closest to the opening, and the
second pixel-defining layer includes a second sidewall clos-
est to the opening. The first pixel-defining layer includes a
first area and a second area. The first area overlaps with the
second pixel-defining layer in a thickness direction. The
second area protrudes from the second sidewall of the
second pixel-defining layer. The second area does not over-
lap with the second pixel-defining layer in the thickness
direction. An average thickness of the second area of the first
pixel-defining layer is smaller than an average thickness of
the first area.

[0016] In some exemplary embodiments, a thickness of
the second area of the first pixel-defining layer may decrease
toward the first sidewall from a portion aligned with the
second sidewall.

[0017] Insome exemplary embodiments, the first sidewall
may overlap with the first electrode in the thickness direc-
tion, and the second sidewall may not overlap with the first
electrode in the thickness direction.
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[0018] Insome exemplary embodiments, the second pixel-
defining layer may include a bank, and a spacer protruding
from the bank in the thickness direction.

[0019] In some exemplary embodiments, the bank and the
spacer may overlap the first area in the thickness direction.
[0020] In some exemplary embodiments, the second pixel-
defining layer may further include a third sidewall of the
spacet, and the second sidewall may be aligned with the
third sidewall.

[0021] In some exemplary embodiments, the OLED dis-
play device may further include an encapsulation substrate.
The encapsulation substrate may include at least one inor-
ganic encapsulation layer and at least one organic encapsu-
lation layer.

[0022] According to some exemplary embodiments, a
method of fabricating an OLED display device includes:
stacking an inorganic material layer on a substrate on which
a first electrode is formed; forming an organic layer pattern
on the inorganic material layer, the organic layer pattern
including: a first part having a first thickness, a second part
having a second thickness greater than the first thickness,
and an opening partially exposing the inorganic material
layer, the opening partially overlapping with the first elec-
trode; and etching the inorganic material layer exposed by
the organic layer pattern.

[0023] Insome exemplary embodiments, the organic layer
pattern may further include a third part between the second
part and the opening, and the third part may have an average
thickness smaller than the second thickness.

[0024] In some exemplary embodiments, a thickness of
the third part may decrease from a boundary with the second
part toward the opening.

[0025] In some exemplary embodiments, the etching of
the inorganic material layer may be performed via dry-
etching the inorganic material layer.

[0026] In some exemplary embodiments, the etching of
the inorganic material layer may include etching an organic
material together with the inorganic material such that the
organic material is downsized to form the organic layer
pattern.

[0027] Insome exemplary embodiments, the organic layer
pattern may include at least one of benzocyclobutene, poly-
imide, polyamide, acrylic resin, and phenolic resin.

[0028] In some exemplary embodiments, forming the
organic layer pattern may include: positioning a transflective
mask over the inorganic material layer, the transflective
mask including a transmissive portion, a transflective por-
tion having a lower transmittance than the transmissive
portion, and a light-blocking portion; and performing an
exposure and development process using the transflective
mask.

[0029] According to various exemplary embodiments, a
number of masks and processing steps to fabricate an OLED
display device can be reduced. As such, productivity can be
improved and manufacturing costs can be reduced.

[0030] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are included
to provide a further understanding of the inventive concepts,
and are incorporated in and constitute a part of this speci-
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fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0032] FIG. 1is a view showing an organic light-emitting
diode (OLED) display device according to some exemplary
embodiments.

[0033] FIG. 2 is a cross-sectional view of the OLED
display device taken along sectional line I-I' of FIG. 1
according to some exemplary embodiments.

[0034] FIG. 3 is an enlarged view of area A of FIG. 2
according to some exemplary embodiments.

[0035] FIG. 4 is an enlarged view of a portion (e.g., a
counterpart of area A of FIG. 2) of an OLED display device
according to some exemplary embodiments.

[0036] FIG. 5 is an enlarged view of a portion (e.g., a
counterpart of area A of FIG. 2) of an OLED display device
according to some exemplary embodiments.

[0037] FIGS. 6 to 8 are cross-sectional views of an OLED
display device at various stages of manufacture according to
some exemplary embodiments.

[0038] FIGS. 9 and 10 are cross-sectional views of an
OLED display device at various stages of manufacture
according to some exemplary embodiments.

[0039] FIG. 11 is a cross-sectional view of an OLED
display device at a stage of manufacture according to some
exemplary embodiments.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0040] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangenients. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments. Further, various
exemplary embodiments may be different, but do not have
to be exclusive. For example, specific shapes, configura-
tions, and characteristics of an exemplary embodiment may
be used or implemented in another exemplary embodiment
without departing from the inventive concepts.

[0041] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of some exemplary embodi-
ments. Therefore, unless otherwise specified, the features,
components, modules, layers, films, panels, regions, aspects,
etc. (hereinafter individually or collectively referred to as an
“element” or “elements”), of the various illustrations may be
otherwise combined, separated, interchanged, and/or rear-
ranged without departing from the inventive concepts.
[0042] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither the
presence nor the absence of cross-hatching or shading
conveys or indicates any preference or requirement for
particular materials, material properties, dimensions, pro-
portions, commonalities between illustrated elements, and/
or any other characteristic, attribute, property, etc., of the
elements, unless specified. Further, in the accompanying
drawings, the size and relative sizes of elements may be
exaggerated for clarity and/or descriptive purposes. As such,
the sizes and relative sizes of the respective elements are not
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necessarily limited to the sizes and relative sizes shown in
the drawings. When an exemplary embodiment may be
implemented differently, a specific process order may be
performed differently from the described order. For
example, two consecutively described processes may be
performed substantially at the same time or performed in an
order opposite to the described order. Also, like reference
numerals denote like elements.

[0043] When an element is referred to as being “on,”
“connected to,” or “coupled to” another element, it may be
directly on, connected to, or coupled to the other element or
intervening elements may be present. When, however, an
element is referred to as being “directly on,” “directly
connected to,” or “directly coupled to” another element,
there are no intervening elements present. Other terms
and/or phrases used to describe a relationship between
elements should be interpreted in a like fashion, e.g,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” “on” versus “directly on,” etc. Further,
the term “connected” may refer to physical, electrical,
and/or fluid connection. In addition, the DI1-axis, the
D2-axis, and the D3-axis are not limited to three axes of a
rectangular coordinate system, and may be interpreted in a
broader sense. For example, the D1-axis, the D2-axis, and
the D3-axis may be perpendicular to one another, or may
represent different directions that are not perpendicular to
one another. For the purposes of this disclosure, “at least one
of X, Y, and 7Z” and “at least one selected from the group
consisting of X, Y, and Z” may be construed as X only, Y
only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and Z7. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0044] Although the terms “first,” “second,” etc. may be
used herein to describe various elements, these elements
should not be limited by these terms. These terms are used
to distinguish one element from another element. Thus, a
first element discussed below could be termed a second
element without departing from the teachings of the disclo-
sure.

[0045] Spatially relative terms, such as “beneath,”
“below,” “under,” “lower,” “above,” “upper,” “over,”
“higher,” “side” (e.g., as in “sidewall”), and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element’s relationship to another element(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements described
as “below” or “beneath” other elements or features would
then be oriented “above” the other elements or features.
Thus, the exemplary term “below” can encompass both an
orientation of above and below. Furthermore, the apparatus
may be otherwise oriented (e.g., rotated 90 degrees or at
other orientations), and, as such, the spatially relative
descriptors used herein interpreted accordingly.

[0046] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
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stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0047] Various exemplary embodiments are described
herein with reference to cross-sectional views, isometric
views, perspective views, plan views, and/or exploded illus-
trations that are schematic illustrations of idealized exem-
plary embodiments and/or intermediate structures. As such,
variations from the shapes of the illustrations as a result of,
for example, manufacturing techniques and/or tolerances,
are to be expected. Thus, exemplary embodiments disclosed
herein should not be construed as limited to the particular
illustrated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. To this
end, regions illustrated in the drawings may be schematic in
nature and shapes of these regions may not reflect the actual
shapes of regions of a device, and, as such, are not intended
to be limiting.

[0048] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0049] As customary in the field, some exemplary
embodiments are described and illustrated in the accompa-
nying drawings in terms of functional blocks, units, and/or
modules. Those skilled in the art will appreciate that these
blocks, units, and/or modules are physically implemented by
electronic (or optical) circuits, such as logic circuits, discrete
components, microprocessors, hard-wired circuits, memory
elements, wiring connections, and the like, which may be
formed using semiconductor-based fabrication techniques or
other manufacturing technologies. In the case of the blocks,
units, and/or modules being implemented by microproces-
sors or other similar hardware, they may be programmed and
controlled using software (e.g., microcode) to perform vari-
ous functions discussed herein and may optionally be driven
by firmware and/or software. It is also contemplated that
each block, unit, and/or module may be implemented by
dedicated hardware, or as a combination of dedicated hard-
ware to perform some functions and a processor (e.g., one or
more programmed microprocessors and associated circuitry)
to perform other functions. Also, each block, unit, and/or
module of some exemplary embodiments may be physically
separated into two or more interacting and discrete blocks,
units, and/or modules without departing from the inventive
concepts. Further, the blocks, units, and/or modules of some
exemplary embodiments may be physically combined into
more complex blocks, units, and/or modules without depart-
ing from the inventive concepts.

[0050] Hereinafter, various exemplary embodiments will
be explained in detail with reference to the accompanying
drawings.
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[0051] FIG. 1is a view showing an organic light-emitting
diode (OLED) display device according to some exemplary
embodiments.

[0052] Referring to FIG. 1, an OLED display device 1
may include a display area DA and a non-display area NDA.
The display area DA may be disposed in a central portion of
the OLED display device 1, but exemplary embodiments are
not limited thereto. The display area DA may include a
plurality of pixels PX. Each of the pixels PX may emit light
of a particular color. In some exemplary embodiments, the
pixels PX may include a red pixel, a green pixel, and a blue
pixel; however, any suitable color pixel may be utilized in
association with exemplary embodiments.

[0053] The non-display area NDA may be disposed out-
side (e.g., around) the display area DA. The non-display area
NDA may include a driver unit (not shown). The driver unit
may provide electrical signals, such as a data signal and/or
a scan signal, to component of the display area DA, such as
the pixels PX.

[0054] FIG. 2 is a cross-sectional view of the OLED
display device taken along sectional line I-I' of FIG. 1
according to some exemplary embodiments. FIG. 3 is an
enlarged view of area A of FIG. 2 according to some
exemplary embodiments.

[0055] Referring to FIGS. 2 and 3, an OLED display
device 1 may include: a substrate 100 including a pixel
region and a transistor region; a buffer layer 110 disposed on
the substrate 100; a semiconductor layer ACT disposed on
(e.g., above) the buffer layer 110 in the transistor region; a
gate electrode GAT insulated from the semiconductor layer
ACT; a gate insulating layer 120 that insulates the semicon-
ductor layer ACT from the gate electrode GAT; an interlayer
dielectric layer 130 disposed on (e.g., over) the gate elec-
trode GAT; a source/drain electrode SD insulated from the
gate electrode GAT and electrically connected to the semi-
conductor layer ACT through a contact hole CNT1; a
planarization layer 150 disposed on (e.g., above) the source/
drain electrode SD; a first (e.g., pixel) electrode PE disposed
on the planarization layer 150 and electrically connected to
the source/drain electrode SD; and a first pixel-defining
layer PDL1 formed on (e.g., over) the first electrode PE and
having an opening OP for exposing a portion of the first
electrode PE to the outside to define the pixel region. For
illustrative convenience, those components disposed
between and including the planarization layer 150 and
substrate 100 are illustrated as substrate structure 101 in
FIG. 3.

[0056] The substrate 100 may be made of a transparent
glass material composed mainly of silicon dioxide (8i0,).
The substrate 100 is not necessarily limited to the afore-
mentioned material and may be formed of a transparent
plastic material. A paste material for the substrate 100 may
be an insulating organic material. The paste material may be
an organic material selected from the group consisting of
polyethersulfone (PES), polyacrylate (PAR), polyetherimide
(PEID), polyethylene naphthalate (PEN), polyethylene
terephthalate (PET), polyphenylene sulfide (PPS), polyally-
late, polyimide, polycarbonate (PC), cellulose triacetate
(TAC), and cellulose acetate propionate (CAP). It is also
contemplated that one or more of the aforementioned mate-
rials may be utilized in association with exemplary embodi-
ments.

[0057] When the OLED display device 1 is a bottom-
emission display device where light exits through the sub-
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strate 100, the substrate 100 is formed of a transparent
material. On the other hand, when the OLED display device
1 is of a top-emission display device where light exits
upward (such as away from substrate 100), the substrate 100
may not necessarily be formed of a transparent material. For
instance, the substrate 100 may be made of metal. When the
substrate 100 is made of metal, the metal may include, but
is not limited to, one selected from the group consisting of:
iron, chromium, manganese, nickel, titanium, molybdenum,
and stainless steel (SUS), or one or more of the aforemen-
tioned materials. It is also contemplated that the substrate
100 may include carbon. The substrate 100 may be made of
a metal foil.

[0058] A buffer layer 110 may be further formed on the
substrate 100 to provide a flat and smooth surface and block
the permeation of impurities. The buffer layer 110 may be a
single layer of a silicon oxide film (SiOx), a silicon nitride
film (SiNx), or a silicon oxynitride film (SiO,Nx), or mul-
tiple layers thereof.

[0059] A semiconductor layer ACT is formed on the buffer
layer 110. The semiconductor layer ACT may be made of
silicon (Si), for instance, amorphous silicon (a-Si). or may
be made of polysilicon (p-Si). Besides, the semiconductor
layer ACT may be made of, but is not limited to, germanium
(Ge), gallium phosphorus (GaP), gallium arsenide (GaAs),
aluminum arsenic (AlAs), etc. In addition, the semiconduc-
tor layer ACT may be a silicon semiconductor layer formed
by diffusing n-type impurities into an silicon-on-insulator
(SOI) substrate at a, for instance, low concentration. In
addition, the semiconductor layer ACT may be formed by
doping a portion of the amorphous silicon with p-type or
n-type impurities.

[0060] A gate insulating layer 120 covering the semicon-
ductor layer ACT and insulating the semiconductor layer
ACT from the gate electrode GAT is disposed on the
semiconductor layer ACT. The gate insulating layer 120 may
be a silicon oxide layer (S10,), a silicon nitride layer (SiNx),
a silicon oxynitride layer (SiO,Nx), or multiple layers
thereof, similarly to the buffer layer 110. The gate insulating
layer 120 may be formed of the same material as the buffer
layer 110 or a different material from that of the buffer layer
110.

[0061] A gate electrode GAT is formed on the gate insu-
lating layer 120. The gate electrode GAT may apply a gate
signal to control the emission of a pixel PX. The gate
electrode GAT may be a single layer of aluminum (Al) or an
aluminum alloy, such as chrome-aluminum (Cr—Al),
molybdenum-aluminum (Mo—Al), and aluminum-neo-
dymium (Al—Nd), or may be made up of multiple layers of
an aluminum alloy stacked on a chrome (Cr) or molybde-
num (Mo) alloy. It is contemplated, however, that any other
suitable conductive material may be utilized.

[0062] An interlayer dielectric layer 130 is formed over
the gate electrode GAT. The interlayer dielectric layer 130
electrically insulates the gate electrode GAT from the
source/drain electrode SD and may be made of a silicon
oxide layer (Si0,), a silicon nitride layer (SiNx), a silicon
oxynitride (SiO,Nx), or multiple layers thereof, similarly to
the buffer layer 110.

[0063] The source/drain electrodes SD, which are electri-
cally connected to the semiconductor layer ACT, are formed
on the interlayer dielectric layer 130. The source/drain
electrodes SD may be formed of at least one of molybdenum
(Mo), chromium (Cr), tungsten (W), molybdenum-tungsten
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(MoW), aluminum (Al), aluminum-neodymium (Al—Nd),
titanium (T1), titanium nitride (TiN), copper (Cu), a molyb-
denum alloy (Mo alloy), and a copper alloy (Cu alloy). The
source/drain electrodes SD are electrically connected by the
semiconductor layer ACT to apply a voltage to a first
electrode PE.

[0064] An additional insulating layer 140 may be further
disposed above the source/drain electrodes SD. A planariza-
tion layer 150 may be disposed on the insulating layer 140
to provide a flat surface. As the material of the planarization
layer 150, an organic acrylic material may be used; however,
exemplary embodiments are not limited thereto.

[0065] The first electrode PE may be disposed on the
planarization layer 150 and may be electrically connected to
the source/drain electrodes SD. The first electrode PE may
be connected to the source/drain electrodes SD via a contact
hole CNT2 formed through the insulating layer 140 and the
planarization layer 150. Therefore, a driving voltage may be
applied from the source/drain electrodes SD to the first
electrode PE.

[0066] The first electrode PE may be made of a transparent
conductive material. For instance, the transparent conduc-
tive material may include at least one of indium tin oxide
(ITO), indium zinc oxide (IZ0), carbon nano tube, conduc-
tive polymer, and nanowire. That is to say, the first electrode
PE may be formed of a mixture of more than one of the
transparent conductive materials.

[0067] A first pixel-defining layer PDL1 defining a pixel
region may be formed on the first electrode PE. The first
pixel-defining layer PDL1 may be formed on the entire (or
substantially entire) surface of the substrate 100 to cover the
planarization layer 150. The first pixel-defining layer PDL1
has an opening OP for exposing a part of the first electrode
PE to the outside to define a pixel region. For instance, the
first pixel-defining layer PDL.1 may be overlapped with
some regions including the edge of the first electrode PE in
the thickness direction, e.g., in a direction normal to the
upper surface of the substrate 100. The first pixel-defining
layer PDL1 may be made of an inorganic material, such as
a silicon oxide layer (8i0,), a silicon nitride layer (SiNx),
and a silicon oxynitride layer (SiO,Nx), or multiple layers
thereof.

[0068] As described above, since the planarization layer
150 is formed of an organic material, outgassing may occur
during subsequent manufacturing process(es), such as a
firing process. The outgassing may oxidize a first interme-
diate layer that transports electrons, which will be described
later. As a result, the pixel region may be reduced or
otherwise compromised. That is to say, the lifetime of the
OLED display device 1 can be shortened. According to some
exemplary embodiments, when the first pixel-defining layer
PDL1 is formed of an inorganic material disposed on the
planarization layer 150, it is possible to prevent the outgas-
sing from occurring outside the planarization layer 150.
Accordingly, the reliability, optical characteristics, and life-
time deviations of the OLED display device 1 can be
improved.

[0069] The OLED display device 1 may further include an
organic emission layer ED on the first electrode PE in the
pixel region, a second (e.g., counter) electrode CE on the
organic emission layer ED, and an encapsulation substrate
(or structure) TFE.

[0070] The first electrode PE may be an anode electrode or
a cathode electrode of the organic emission layer ED. In the
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following description, it is assumed that the first electrode
PE is the anode electrode and the second electrode CE is the
cathode electrode. It is, however, to be understood that the
first electrode PE may be a cathode electrode and the second
electrode CE may be an anode electrode.

[0071] The first electrode PE used as the anode electrode
may be made of a conductive material having a high work
function. When the OLED display device 1 is of a bottom-
emission display device, the first electrode PE may be made
of a material such as ITO, IZO, zinc oxide (ZnO), and
indium(I1T) oxide (In,O;), or a stack thereof. When the
OLED display device 1 is a top-emission display device, the
first electrode PE may further include a reflective layer made
of a material, such as silver (Ag), magnesium (Mg), alumi-
num (Al), platinum (Pt), palladium (Pd), gold (Au), nickel
(Ni), neodymium (Nd), iridium (Ir), chromium (Cr), lithium
(Li), and calcium (Ca), or alloys including at least one of the
aforementioned materials.

[0072] Although not shown in the drawings, a first inter-
mediate layer may be formed on the first electrode PE
exposed via the opening of the first pixel-defining layer
PDL1. The first intermediate layer may facilitate the injec-
tion or transport of electrons or holes between the first
electrode PE and the second electrode CE. When the first
electrode PE is the anode electrode, the first intermediate
layer may be a layer associated with injection or transport of
holes. For example, the first intermediate layer may include
a hole injection layer or a hole transport layer alone or may
include a stack of a hole injection layer and a hole transport
layer.

[0073] The hole injection layer may be formed of, for
example, a phthalocyanine (Pc) compound, such as copper
phthalocyanine (CuPc) or Tris(4-carbazoyl-9-ylphenyl)
amine (TCTA), 4,4'4"-Tris[(3-methylphenyl)phenylamino]
triphenylamine (m-MTDATA), and 1,3,5-tris[4-(3-methyl-
phenylphenylamino)phenyl]benzene (m-MTDAPB), which
are starburst type amines. Exemplary embodiments, how-
ever, are not limited to these materials.

[0074] The hole transport layer may be formed of at least
one selected from the group consisting of: N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine
(TPD) and N,N'-di(naphthalen-1-y1)-N.N'-diphenyl benzi-
dine (a-NPD). Exemplary embodiments, however, are not
limited to these materials.

[0075] The emission layer ED may be disposed on the first
intermediate layer. The emission layer ED may be disposed
to overlap with the first electrode PE within the opening OP
of the first pixel-defining layer PDL1. The upper surface of
the emission layer ED may be located lower than the upper
surface of the first pixel-defining layer PDL1. That is to say,
the upper surface of the first pixel-defining layer PDL1 may
protrude upward from the emission layer ED, or in other
words, the upper surface of the first pixel-defining layer
PDL1 may be further away from substrate 100 than the
upper surface of the emission layer ED.

[0076] The emission layer ED may be formed of a poly-
mer organic material or a small molecular organic material
that emits one of red, green, or blue light, or a mixture of the
polymer/small molecular materials.

[0077] In some exemplary embodiments, the emission
layer ED may contain a host material and a dopant material.
Examples of the host material include, but are not limited to:
tris(8-hydroxyquinolinato)aluminum ~ (Alg3);  9,10-di
(naphth-2-yl)anthracene ~ (AND);  3-tert-butyl-9,10-di
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(naphth-2-yDanthracene (TBADN); 4,4'-bis(2,2-diphenyl-
ethen-1-yl)-4.4'-dimethylphenyl (DPVBIi); 4,4"-bis(2,2-
diphenyl-ethen-1-y1)-4,4'-dimethylphenyl (p-DMDPVBI);
tert (9,9-diarylfluorene)s (TDAF); 2-(9,9"-spirobifluoren-2-
y1)-9,9'-spirobifluorene (BSDF); 2,7-bis(9,9'-spirobifluoren-
2-y1)-9,9'-spirobifluorene (TSDF); bis(9,9-diarylfluorene)s
(BDAF); 4,4'-bis (2,2-diphenyl-ethen-1-y1)-4, 4'-di-(tert-bu-
tyl) phenyl (p-TDPVBI); 1,3-bis(carbazol-9-yl) benzene
(mCP); 1,3,5-tris(carbazol-9-y1) benzene (tCP); 4,4', 4"-tris
(carbazol-9-y1) triphenylamine (TcTa); 4,4'-bis (carbazol-9-
yl) biphenyl (CBP); 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-bi-
phenyl (CBDP); 4,4'-bis(carbazol-9-y1)-9,9-dimethyl-fluo-
rene  (DMFL-CBP);  4,4'-bis(carbazol-9-y1)-9,9-bis(9-
phenyl-9H-carbazol)  fluorene  (FL-4CBP);  4,4'-bis
(carbazol-9-y1)-9,9-di-tolyl-fluorene (DPFL-CBP); 9,9-bis
(9-phenyl-9H-carbazole) fluorene (FL-2CBP), etc.

[0078] Examples of the dopant material include, but are
not limited to: 4,4'-bis[4-(di-p-tolylamino)styryl|biphenyl
(DPAVBI), 9,10-di(naphth-2-yl)anthracene (ADN), 3-tert-
butyl-9,10-di(naphth-2-yl)anthracene (TBADN), and the
like.

[0079] A second pixel-defining layer PDL2 may be dis-
posed on the upper surface of the first pixel-defining layer
PDL1. The second pixel-defining layer PDL2 may overlap
the first pixel-defining layer PDL1. That is to say, some
regions including the edge of the pixel electrode PE, the first
pixel-defining layer PDL1, and the second pixel-defining
layer PDL2 may overlap with one another in the thickness
direction. The second pixel-defining layer PDL2 is not
formed in the opening OP of the first pixel-defining layer
PDL1 and accordingly the emission layer ED is not covered
by the second pixel-defining layer PDL2, but is exposed.
[0080] A sidewall of the first pixel-defining layer PDL1
that 1s closer to the opening OP may be aligned with the
sidewall of the second pixel-defining layer PDL2 that is
closer to the opening OP. The thickness of the first pixel-
defining layer PDL1 may be constant. The second pixel-
defining layer PDL2 may include a bank BK and a spacer
SPC protruding from the bank BK in the thickness direction.
[0081] The second pixel-defining layer PDL2 may be
made of at least one organic material selected from the group
consisting of benzocyclobutene (BCB), polyimide (PI),
polyamide (PA), acrylic resin, and phenolic resin.

[0082] The bank BK and the spacer SPC of the second
pixel-defining layer PDL2 may be integrally formed via a
photolithography process using a photosensitive material. In
other words, the bank BK and the spacer SPC of the second
pixel-defining layer PDL2 may be made of the same mate-
rial as one another.

[0083] For example, by adjusting the amount of light via
a transflective exposure process using, for example, a half-
tone mask or a slit mask, it is possible to form the bank BK
and the spacer SPC of the second pixel-defining layer PDL2
together. It is, however, to be understood that exemplary
embodiments are not limited thereto. The bank BK and the
spacer SPC of the second pixel-defining layer PDL2 may be
formed sequentially or separately, and may be made of
different materials than one another. The spacer SPC is
formed on the spacing between adjacent pixel electrodes PE,
and may have a shape of a truncated pyramid, a prism, a
truncated cone, a cylinder, a hemisphere, and a half-oblate.
[0084] Although not shown in the drawings, a second
intermediate layer may be formed on the exposed organic
emission layer ED. The second intermediate layer may
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facilitate the injection or transport of electrons or holes
between the first electrode PE and the second electrode CE.
When the second electrode CE is the cathode electrode, the
second intermediate layer may be a layer associated with
injection or transport of electrons. For example, the second
intermediate layer may include an electron injection layer or
an electron transport layer alone or may include a stack of
an electron injection layer and an electron transport layer.
[0085] The electron transport layer may be formed of a
material such as Alq3. The electron injection layer may be
formed of a material such as lithium fluoride (LiF), sodium
chloride (NaCl), cesium fluoride (CsF), lithium oxide
(Li,0), barium oxide (BaO), and 8-Hydroxyquinolinolato-
lithium (Liq).

[0086] The second electrode CE is formed on the second
pixel-defining layer PDL2. When the second electrode CE is
used as the cathode electrode, it may be made of a conduc-
tive material having a low work function. The second
electrode CE may be formed of Ag, Mg, Al, Pt, Pd. Au, Nj,
Nd, Ir, Cr, Li, or Ca, or alloys including at least one of the
aforementioned materials.

[0087] The encapsulation substrate TFE may be disposed
on the second electrode CE. The encapsulation substrate
TFE encapsulates the organic emission layer ED to prevent
impurities, such as moisture and air, from permeating from
the outside of the OLED display device 1 to damage or
deform the organic emission layer ED. In some exemplary
embodiments, the encapsulation substrate TFE may be a thin
encapsulation layer that includes one or more inorganic
encapsulation layers 161 and 163 and one or more organic
encapsulation layers 162. The inorganic encapsulation lay-
ers 161 and 163 and the organic encapsulation layer 162 may
be alternately disposed. For example, the encapsulation
substrate TFE may include a first inorganic encapsulation
layer 161 disposed on the second electrode CE, an organic
encapsulation layer 162 disposed on the first inorganic
encapsulation layer 161, and a second inorganic encapsula-
tion layer 163 disposed on the organic encapsulation layer
162. Although FIG. 2 illustrates the encapsulation substrate
TFE being made up of three layers, this is merely illustra-
tive. In some exemplary embodiments, the encapsulation
substrate TFE may further include a siloxane-based encap-
sulant layer, such as hexamethyldisiloxane (HMDSO).
[0088] In the following description, like reference numer-
als may denote features analogous to those described in the
above-described exemplary embodiments. In addition, a
redundant description will be omitted and description will be
made focusing on differences than those elements previously
described.

[0089] FIG. 4 is an enlarged view of a portion (e.g., a
counterpart of area A of FIG. 2) of an OLED display device
according to some exemplary embodiments.

[0090] The OLED display device 2 shown in FIG. 4 is
different from the OLED display device 1 of FIGS. 2 and 3
in that the sidewall of a bank part BK_1 that is closer to an
opening OP_1 is not in line with the sidewall of a first
pixel-defining layer PDL1_1 that is closer to the opening
OP_1. For instance, the OLED display device 2 may include
a first electrode PE, a pixel-defining layer PDL_1 defining
an opening OP_1 for partially exposing the first electrode
PE, an organic emission layer ED disposed on the first
electrode PE in the opening OP_1 of the pixel-defining layer
PDL_1, and a second electrode CE_1 disposed on the
organic emission layer ED.
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[0091] The pixel-defining layer PDL,_1 may include a first
pixel-defining layer PDL1_1 disposed on the first electrode
PE and containing an inorganic material, and a second
pixel-defining layer PDL2 disposed on the first pixel-defin-
ing layer PDL1 and containing an organic material. The first
pixel-defining layer PDL1_1 may include a first sidewall
closer to the opening OP_1, and the second pixel-defining
layer PDL2_1 may include a second sidewall closer to the
opening OP_1. That is to say, the first sidewall may overlap
with the first electrode PE in the thickness direction, whereas
the second sidewall may not overlap with the first electrode
PE.

[0092] The first pixel-defining layer PDL1_1 may include
a first area PA1 overlapping with the second pixel-defining
layer PDL2_1 in the thickness direction, and a second area
PA2 protruding from the second sidewall of the second
pixel-defining layer PDL2_1 and not overlapping with the
second pixel-defining layer PDL2_1 in the thickness direc-
tion. The average thickness PH2_1 of the second area PA2
of the first pixel-defining layer PDL1_1 may be smaller than
the average thickness PH2 of the first area PA1. That is to
say, the thickness of the second arca PA2 of the first
pixel-defining layer PDL1_1 may decrease from the part in
line with the second sidewall toward the first sidewall.
According to a method of fabricating an OLED display
device to be described later, the second area PA2 of the first
pixel-defining layer PDL1_1 may be exposed longer during,
for instance, a dry etch process from the part aligned with the
second sidewall toward the first sidewall.

[0093] In addition, the height BH2 of the bank BK_1 and
the height SH2 of the spacer SPC_1 of the second pixel-
defining layer PDL2_1 may be smaller than the heights BH1
of the bank BK and the height SH1 of the spacer SPC shown
in FIG. 3, respectively. According to a method of fabricating
an OLED display device to be described later, the upper
surface of the bank BK_1 and the upper surface of the spacer
SPC_1 of the second pixel-defining layer PDL2_1 may be
exposed longer during, for instance, a dry etch process than
the upper surface of the bank BK and the upper surface of
the spacer SPC shown in FIG. 3, respectively.

[0094] FIG. 5 is an enlarged view of a portion (e.g., a
counterpart of area A of FIG. 2) of an OLED display device
according to some exemplary embodiments.

[0095] Referring to FIG. 5, a bank BK_2 of the second
pixel-defining layer PDL2_2 of the pixel-defining layer
PDL 2 is different from as described in association with
FIG. 4 in that the bank BK_2 is disposed only in the region
overlapping with the spacer SPC_2 in the thickness direc-
tion. For instance, the OLED display device 3 may include
a first electrode PE, a pixel-defining layer PDL_2 defining
an opening OP_2 for partially exposing the first electrode
PE, an organic emission layer ED disposed on the first
electrode PE in the opening OP_2 of the pixel-defining layer
PDL_2, and a second electrode CE_2 disposed on the
organic emission layer ED.

[0096] The pixel-defining layer PDL,_2 may include a first
pixel-defining layer PDL1_2 disposed on the first electrode
PE and containing an inorganic material, and a second
pixel-defining layer PDL2_2 disposed on the first pixel-
defining layer PDL1_2 and containing an organic material.
The first pixel-defining layer PDL1_2 may include a third
sidewall closer to the opening OP_2. The second pixel-
defining layer PDL2_2 may include a spacer SPC_2 and a
bank BK_2 overlapping with the spacer SPC_2 in the
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thickness direction and may include a fourth sidewall closer
to the opening OP_2. That is to say, the third sidewall may
overlap with the first electrode PE in the thickness direction,
whereas the fourth sidewall may not overlap with the first
electrode PE.

[0097] The first pixel-defining layer PDI.1_2 may include
a first area PA1_1 overlapping with the spacer SPC_2 in the
thickness direction, and a second area PA2_1 not overlap-
ping with the spacer SPC_2 in the thickness direction.
[0098] The average thickness PH3_1 of the second area
PA2_1 of the first pixel-defining layer PDL1_2 may be
smaller than the average thickness PH3 of the first area
PA1_1. That is to say, the thickness of the second area
PA2_ 1 of the first pixel-defining layer PDL1_2 may
decrease from the part in line with the fourth sidewall of the
spacer SPC_2 toward the third sidewall. According to a
method of fabricating an OLED display device to be
described later, the second area PA2_1 of the first pixel-
defining layer PDL1_2 may be exposed longer during, for
instance, a dry etch process from the part aligned with the
fourth sidewall toward the second sidewall.

[0099] In addition, the height BH3 of the bank BK_2 and
the height SH3 of the spacer SPC_2 of the second pixel-
defining layer PDL2_2 may be smaller than the heights BH2
of the bank BK_1 and the height SH2 of the spacer SPC_1
shown in FIG. 4, respectively. According to a method of
fabricating an OLED display device to be described later, the
upper surface of the spacer SPC_2 of the second pixel-
defining layer PDL2_2 may be exposed longer during, for
instance, a dry etch process than the upper surface of the
spacer SPC_1 shown in FIG. 4.

[0100] Hereinafter, a method of fabricating the above-
described OLED display device will be described. FIGS. 6
to 8 are cross-sectional views of an OLED display device at
various stages of manufacture according to some exemplary
embodiments.

[0101] Referring to FIGS. 6 to 8, processing steps of a
method of fabricating an OLED display device according to
some exemplary embodiments may include sequentially
stacking an inorganic material layer 10 on a substrate
structure 101 on which a first electrode PE is formed,
sequentially stacking an organic material layer 20 on the
inorganic material layer 10, forming an organic pattern
including a first part P1 having a first thickness on the
inorganic material layer 10 and a second part P2 having a
second thickness (which may be larger than the first thick-
ness) and including an opening OP partially overlapping
with the first electrode PE in a third part P3, the opening OP
exposing the inorganic material layer 10, and etching the
inorganic material layer 10 exposed via the organic pattern.
[0102] As shown in FIG. 6, an inorganic material layer 10
is formed on a substrate structure 101 on which a first
electrode PE is formed. The inorganic material layer 10 may
be made of, for example, a silicon oxide layer (5i0,), a
silicon nitride layer (SiNx), and a silicon oxynitride layer
(S10,Nx), or multiple layers thereof.

[0103] Although not shown in the drawings for conve-
nience of illustration, referring to FIG. 2, the substrate
structure 101 may at least include a buffer layer 110, a
semiconductor layer ACT disposed above the buffer layer
110 in the transistor region, a gate electrode GAT insulated
from the semiconductor layer ACT, a gate insulating layer
120 insulating the semiconductor layer ACT from the gate
electrode GAT, an interlayer dielectric layer 130 above the
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gate electrode GAT, source/drain electrodes SD insulated
from the gate electrode GAT and electrically connected to
the semiconductor layer ACT through a contact hole CNT1,
and a planarization layer 150 disposed on the source/drain
electrodes SD. The first electrode PE disposed on the
planarization layer 150 may be electrically connected to the
source/drain electrodes SD via a contact hole CNT2.

[0104] As shown in FIG. 7, an organic material layer 20 is
formed on the inorganic material layer 10. The organic
material layer 20 may be a photosensitive organic layer. The
organic material layer 20 may be made of, for example, at
least one organic material selected from the group consisting
of benzocyclobutene (BCB), polyimide (PI), polyamide
(PA), acrylic resin, and phenolic resin.

[0105] A transflective exposure process may be carried out
using, for example, a halftone mask or a slit mask. In the
following description, a photosensitive organic material
layer 20 is formed using a photosensitive layer containing a
positive photosensitive material. It is, however, to be under-
stood that exemplary embodiments are not limited thereto.
In some exemplary embodiments, the photosensitive organic
material layer 20 may be formed using a photosensitive
layer containing a negative photosensitive material. The
photosensitive organic material layer 20 and the inorganic
material layer 10 are exposed to light using the halftone
mask HM or the slit mask with portions having different
transmittances, such that there is a region where the photo-
sensitive organic material layer 20 and the inorganic mate-
rial layer 10 are removed, a region where the photosensitive
organic material layer 20 remains to form the bank BK of the
second pixel-defining layer PDL2, and a region where the
photosensitive organic material layer 20 remains to form the
spacer SPC of the second pixel-defining layer PDL2.

[0106] According to some exemplary embodiments, the
halftone mask HM or the slit mask may include a first
transmissive portion Ma that transmits a first amount (e.g.,
100%) of light, a second transmissive portion Mb that
transmits a second amount (e.g., approximately half of the
first amount) of the light, and a third transmissive portion
Mc that transmits a third amount (e.g., barely transmits) of
the light. The halftone mask HM or the slit mask are placed
such that the first transmissive portion Ma is aligned with
where the organic material layer 20 and the inorganic
material layer 10 are to be removed, the second transmissive
portion Mb is aligned with where the organic material layer
20 remains and the bank BK of the second pixel-defining
layer PDL2 is to be formed, and the third transmissive
portion Mc is aligned with where the organic material layer
20 remains and the spacer SPC of the second pixel-defining
layer PDL2 is to be formed, and the exposure process is
carried out.

[0107] Under the first transmissive portion Ma that trans-
mits, for instance, 100% of light, the photosensitive organic
material layer 20 is removed by development so that the
inorganic material layer 10 thereunder is exposed. Under the
third transmissive portion Mc that blocks, for instance,
100% of the light, the photosensitive organic material layer
20 remains intact so that the spacer SPC of the second
pixel-defining layer PDL2 is formed. Under the second
transmissive portion Mb that transmits, for instance,
approximately half the light, approximately half the photo-
sensitive organic material layer 20 remains such that the
bank BK of the second pixel-defining layer PDL2 is formed.
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[0108] By etching (e.g., etching out) the underlying inor-
ganic material layer 10 exposed through the patterned pho-
tosensitive organic material layer, the first electrode PE can
be exposed. As a result, the sidewall of the first pixel-
defining layer PDL1 that is closer to the opening OP may be
aligned with the sidewall of the second pixel-defining layer
PDL2 that is closer to the opening OP, as shown in FIG. 8.

[0109] In some exemplary embodiments, the process of
etching the patterned photosensitive organic material layer
may include etching out the photosensitive organic material
layer 20, as well as the inorganic material layer 10. When a
material having a low etch selectivity to the inorganic
material layer 10 and the photosensitive organic material
layer 20 is used as an etchant, the photosensitive organic
material layer 20 and the inorganic material layer 10 can be
etched together via the etching process. The etching rate for
the inorganic material layer 10, which is the main etching
target, may be, but is not limited to being, higher than the
etching rate for the photosensitive organic material layer 20.

[0110] Although the inorganic material layer 10 exposed
by the photosensitive organic material layer 20 is etched by
the etchant, the photosensitive organic material layer 20 may
be etched back so that it may be generally downsized and
thinned. In the vicinity of the opening OP, which is the
corner of the downsizing, the photosensitive organic mate-
rial layer 20 is etched inward, and accordingly, the photo-
sensitive organic material layer 20 may be etched more near
the opening OP. Therefore, the thickness of the photosensi-
tive organic material layer 20 may be smallest near the
opening OP and become larger away from the opening OP.

[0111] Insome exemplary embodiments, the overall thick-
ness of the second pixel-defining layer PDL2 may be the
largest at the portion where the spacer SPC overlaps with the
bank BK and may be the smallest at the sidewall of the bank
BK that is closer to the opening OP. In some exemplary
embodiments, the thickness of the second pixel-defining
layer PDL2 may decrease toward the sidewall closer to the
opening OP from the portion where the spacer SPC is
disposed.

[0112] According to various exemplary embodiments, by
placing the halftone mask HM above the photosensitive
organic material layer 20, which may replace a photoresist
layer and performing the exposure process, the second
pixel-defining layer PDL2 including the organic material
can be formed on the first pixel-defining layer PDL1 includ-
ing the inorganic material via a single mask process. As
such, it is possible to reduce the number of the mask
processes from twice to once, and to eliminate the process
of ashing or stripping the photoresist layer.

[0113] In the following description, like reference numer-
als may denote features analogous to those previously
described. In addition, a redundant description will be
omitted and description will be made focusing on differ-
ences.

[0114] FIGS. 9 and 10 are cross-sectional views of an
OLED display device at various stages of manufacture
according to some exemplary embodiments.

[0115] FIGS. 9 and 10 are cross-sectional views for illus-
trating some of the processing steps of a method of fabri-
cating an OLED display device 2 shown in FIG. 4. This
method is different from the method described in association
with FIGS. 6 to 8 in that an additional etching process is
carried out after the etching process of FIG. 8.
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[0116] For example, the processes substantially identical
to those described above with reference to FIGS. 6 to 8 are
carried out, i.e., using a transflective mask to form the first
pixel-defining layer PDL1 and the second pixel-defining
layer PLD2 aligned with each other, and then an etching
process is further carried out on the first pixel-defining layer
PDL1 and the second pixel-defining layer PDL2.

[0117] According to some exemplary embodiments, an
etching process of selectively removing the first pixel-
defining layer PDL1 disposed on the substrate structure 101
and the edge of the first electrode PE through the pattern of
the second pixel-defining layer PDL2 after the process of
FIG. 8. The etching process may be carried out using the
same material as the etchant used in the etching process of
FIG. 8. That is to say, by using a material having a low etch
selectivity to the inorganic material layer 10 and the pho-
tosensitive organic material layer 20 as the etchant, the
photosensitive organic material layer 20, as well as the
inorganic material layer 10 can be etched via the etching
process. It is, however, to be understood that exemplary
embodiments are not limited thereto. In this process, an
etchant having an etch selectivity different from that of the
etchant of FIG. 8 may also be used.

[0118] As mentioned earlier, after the process shown in
FIG. 8, the thickness of the second pixel-defining layer
PDL2 decreases toward the sidewall closer to the opening
OP from the portion where the spacer SPC is disposed.
Accordingly, the thinner the second pixel-defining layer
PDL2 disposed on the upper surface of the first electrode PE,
the more the first pixel-defining layer PDL1 is etched.
[0119] Referring to FIG. 9, in the early stage of the etching
process, the portion of the first pixel-defining layer PDL1
that is closer to the opening OP and is covered by the
thinnest portion of the second pixel-defining layer PDL2
may be exposed to form an intermediate first pixel-defining
layer IPDL1_1. Accordingly, the thickness H2 of the
exposed portion of the intermediate first pixel-defining layer
IPDL1_1 that is closer to the intermediate opening IOP_1
may be smaller than the thickness H1 of the intermediate
first pixel-defining layer IPDL1_1 overlapping with the
intermediate spacer ISPC_1 of an intermediate, second
pixel-defining layer IPDL2_1 in the thickness direction. By
performing the etching process, the thickness of the inter-
mediate second pixel-defining layer IPDL2_1 may also be
reduced generally, e.g., gradually reduced. In this manner, an
intermediate bank MK 1 is also formed.

[0120] Referring to FI1G. 10, as the etching process pro-
ceeds, the intermediate second pixel-defining layer IPDL.2_1
may be etched back and downsized to form the second
pixel-defining layer PDL2_1 including the spacer SPC_1
and the bank BK 1.

[0121] Accordingly, the second pixel-defining layer
PDL2_1 may be removed in proportion to the thickness, and
the exposed portion of the intermediate first pixel-defining
layer IPDL_1 may also be enlarged. The intermediate first
and second pixel-defining layers IPDL1_1 and IPDL2_1 are
exposed longer toward the intermediate opening IOP_1 of
the intermediate first pixel-defining layer IPDL_1 from the
intermediate bank IBK_1 of the intermediate second pixel-
defining layer IPDL2_1 to form the first pixel-defining layer
PDL1_1 and the second pixel-defining layer PDL.2_1 and
the opening OP_1. That is to say, the thicknesses of each of
the first pixel-defining layer PDL1_1 and the second pixel-
defining layer PDL.2_1 may generally decrease toward the
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opening OP_1 of the first pixel-defining layer PDL_1 from
the bank BK_1 of the second pixel-defining layer PDL2_1.
Accordingly, the relative thickness of the first pixel-defining
layer PDL,_1 may be as follows and as shown in FIG. 10: the
thickness H1 of the portion overlapping with the second
pixel-defining layer PDL2_1>the thickness H4 of the por-
tion closer to the sidewall of the bank BK_1>the thickness
H3 of the portion overlapping with the edge of the first
electrode PE>the thickness H2_1 of the portion closer to the
sidewall of the opening OP_1.

[0122] It is to be understood that although the process of
FIG. 9 is separately carried out after the process of FIG. 8
according to some exemplary embodiments, these processes
may be carried out continuously.

[0123] FIG. 11 is a cross-sectional view of an OLED
display device at a stage of manufacture according to some
exemplary embodiments.

[0124] FIG. 11 shows a cross-sectional view of some
processing steps of a method of fabricating the OLED
display device 3 shown in FIG. 5. This method is different
from the method described above with reference to FIGS. 9
and 10 in that an additional etching process is carried out
after the etching process of FIG. 10.

[0125] According to some exemplary embodiments, an
etching process of selectively removing the first pixel-
defining layer PDL1_1 disposed on the substrate structure
101 and the edge of the first electrode PE through the pattern
of the second pixel-defining layer PDL2_1 after the process
of FIG. 10 to form the first pixel-defining layer PDL2_1, the
second pixel-defining layer PDL.2_2, and the opening OP_2.
The etching process may be carried out using the same
material as the etchant used in the etching process of FIGS.
9 and 10. That is to say, by using a material having a low etch
selectivity to the inorganic material layer 10 and the pho-
tosensitive organic material layer 20 as the etchant, the
photosensitive organic material layer 20, as well as the
inorganic material layer 10 can be etched via the etching
process. It is, however, to be understood that exemplary
embodiments are not limited thereto. In this process, an
etchant having an etch selectivity different from that of the
etchant of FIGS. 9 and 10 may be used.

[0126] In some exemplary embodiments, as the etching
process is further carried out after the process of FIG. 10, the
second pixel-defining layer PDL.2_1 may be etched back and
downsized to form the second pixel-defining layer PDL.2_2
including the spacer SPC_2 and the bank BK_2. Accord-
ingly, the second pixel-defining layer PDL2_2 may be
removed sequentially in proportion to the thickness, and the
first pixel-defining layer PDL_1 may be exposed partially
and patterned to form the first pixel-defining layer PDL2_1.
For instance, a portion of the first pixel-defining layer
PDL1_1 under the second pixel-defining layer PDL.2_1
having a small thickness is exposed first, and then a portion
of the first pixel-defining layer PDL1_1 under the second
pixel-defining layer PDL2_1 having a larger thickness is
exposed such that the first pixel-defining layer PDL1_2 and
the second pixel-defining layer PDL2_2 are formed. Since
the thickness of the second pixel-defining layer PDL2_2 of
FIG. 11 before the etching becomes smaller from the bank
BK_2 toward the opening OP_2, the underlying first pixel-
defining layer PDL1_2 is exposed longer from the bank
BK_2 of the pixel-defining layer PDL.2_2 toward the open-
ing OP_2 of the first pixel-defining layer PDL1_2. That is to
say, the thicknesses of each of the first pixel-defining layer
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PDL1_2 and the second pixel-defining layer PDL2_2 may
generally decrease toward the opening OP_2 of the first
pixel-defining layer PDL1_2 from the bank BK_2 of the
second pixel-defining layer PDL2_2.
[0127] Accordingly, the relative thickness of the first
pixel-defining layer PDL1_2 may be as follows and as
shown in FIG. 11: the thickness H1 of the portion overlap-
ping with the second pixel-defining layer PDL2_2>the
thickness H5 of the portion closer to the sidewall of the bank
BK_2>the thickness H4_1 of the portion closer to the edge
of the first electrode PE>the thickness H3_1 of the portion
overlapping with the edge of the first electrode PE>the
thickness H2_2 of the portion closer to the sidewall of the
opening OP_2.
[0128] By performing the etching process sufficiently, the
portion of the second pixel-defining layer PDL2_2 including
only the relatively thin bank BK_2 may be completely
removed, whereas the portion of the second pixel-defining
layer PDL2_2 including the relatively thick spacer SPC_2
may remain. The remaining portion of the second pixel-
defining layer PDL2_2 may include the bank BK_2 and the
spacer SPC_2 thereon whose thickness is reduced. The
sidewall of one end of the remaining bank BK_2 may be
aligned with the sidewall of one end of the spacer SPC_2.
[0129] It is to be understood that although the process of
FIG. 11 is separately carried out after the process of FIG. 10
according to some exemplary embodiments, these processes
may be carried out continuously.
[0130] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of the
accompanying claims and various obvious modifications
and equivalent arrangements as would be apparent to one of
ordinary skill in the art.
What is claimed is:
1. An organic light-emitting diode (OLED) display device
comprising:
a pixel electrode;
a pixel-defining layer comprising an opening partially
exposing the pixel electrode;
an organic emission layer disposed on the pixel electrode,
the organic emission layer being disposed in the open-
ing; and
a counter electrode disposed on the organic emission
layer, the counter electrode opposing the pixel elec-
trode,
wherein the pixel-defining layer comprises:

a first pixel-defining layer disposed on the pixel elec-
trode, the first pixel-defining layer comprising an
inorganic material; and

a second pixel-defining layer disposed on the first
pixel-defining layer, the second pixel-defining layer
comprising an organic material, and

wherein a sidewall of the first pixel-defining layer that is
closest to the opening is aligned with a sidewall of the
second pixel-defining layer that is closest to the open-
ing.

2. The OLED display device of claim 1, wherein the

second pixel-defining layer comprises:
a bank; and
a spacer protruding from the bank in a thickness direction.
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3. The OLED display device of claim 2, wherein a shape
of the spacer is one of a truncated pyramid, a prism, a
truncated cone, a cylinder, a hemisphere, and a half-oblate.
4. The OLED display device of claim 1, wherein:
the first pixel-defining layer is a single layer structure or
a multiple layer structure; and

the inorganic material comprises at least one of a silicon
oxide layer (S10,), a silicon nitride layer (SiNx), and a
silicon oxynitride layer (SiO,NXx).

5. The OLED display device of claim 1, wherein the
organic material comprises at least one of benzocy-
clobutene, polyimide, polyamide, acrylic resin, and phenolic
resin.

6. The OLED display device of claim 1, further compris-
ing:

an encapsulation substrate on the counter electrode,

wherein the encapsulation substrate comprises at least one

inorganic encapsulation layer and at least one organic
encapsulation layer.

7. An organic light-emitting diode (OLED) display device
comprising:

a first electrode;

a pixel-defining layer comprising an opening partially

exposing the first electrode;

an organic emission layer disposed on the first electrode,

the organic emission layer being disposed in the open-
ing; and

a second electrode disposed on the organic emission layer

such that organic emission layer is between the second
electrode and the first electrode,

wherein the pixel-defining layer comprises:

a first pixel-defining layer disposed on the first elec-
trode, the first pixel-defining layer comprising an
inorganic material; and

a second pixel-defining layer disposed on the first
pixel-defining layer, the second pixel-defining layer
comprising an organic material,

wherein the first pixel-defining layer comprises a first
sidewall closest to the opening,

wherein the second pixel-defining layer comprises a sec-
ond sidewall closest to the opening,

wherein the first pixel-defining layer comprises:

a first area overlapping with the second pixel-defining
layer in a thickness direction; and

a second area protruding from the second sidewall of
the second pixel-defining layer, the second area not
overlapping with the second pixel-defining layer in
the thickness direction, and

wherein an average thickness of the second area of the

first pixel-defining layer is smaller than an average
thickness of the first area.

8. The OLED display device of claim 7, wherein a
thickness of the second area of the first pixel-defining layer
decreases toward the first sidewall from a portion aligned
with the second sidewall.

9. The OLED display device of claim 7, wherein:

the first sidewall overlaps with the first electrode in the
thickness direction; and

the second sidewall does not overlap with the first elec-
trode in the thickness direction.
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10. The OLED display device of claim 7, wherein the
second pixel-defining layer comprises:

a bank; and

a spacer protruding from the bank in the thickness direc-

tion.

11. The OLED display device of claim 10, wherein the
bank and the spacer overlap the first area in the thickness
direction.

12. The OLED display device of claim 10, wherein:

the second pixel-defining layer further comprises a third

sidewall of the spacer; and

the second sidewall is aligned with the third sidewall.

13. The OLED display device of claim 7, further com-
prising:

an encapsulation substrate,

wherein the encapsulation substrate comprises at least one

inorganic encapsulation layer and at least one organic
encapsulation layer.

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

stacking an inorganic material layer on a substrate on

which a first electrode is formed;

forming an organic layer pattern on the inorganic material

layer, the organic layer pattern comprising:

a first part having a first thickness,

asecond part having a second thickness greater than the
first thickness, and

an opening partially exposing the inorganic material
layer, the opening partially overlapping with the first
electrode; and
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etching the inorganic material layer exposed by the

organic layer pattern.

15. The method of claim 14, wherein:

the organic layer pattern further comprises a third part

between the second part and the opening; and

the third part has an average thickness smaller than the

second thickness.

16. The method of claim 15, wherein a thickness of the
third part decreases from a boundary with the second part
toward the opening.

17. The method of claim 14, wherein the etching of the
inorganic material layer is performed via dry-etching the
inorganic material layer.

18. The method of claim 14, wherein the etching of the
inorganic material layer comprises etching an organic mate-
rial together with the inorganic material such that the organic
material is downsized to form the organic layer pattern.

19. The method of claim 14, wherein the organic layer
pattern comprises at least one of benzocyclobutene, poly-
imide, polyamide, acrylic resin, and phenolic resin.

20. The method of claim 14, wherein forming the organic
layer pattern comprises:

positioning a transflective mask over the inorganic mate-

rial layer, the transflective mask comprising a trans-
missive portion, a transflective portion having a lower
transmittance than the transmissive portion, and a light-
blocking portion; and

performing an exposure and development process using

the transflective mask.

I S T T



patsnap

TREMOF) BNAX—REEREBERAHESZE
[F(RE)E US20200043998A1 K (aH)A 2020-02-06
RiES US16/374706 RiEH 2019-04-03

FRIFB(EMNPAGE) ZEERERLT
i (E R AGR) = EDISPLAY CO., LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA CHOI DAE WON
KANG TAE WOOK
KO KYEONG SU
KIM SANG GAB
KIM TAE SUNG
LEE JOON GEOL
CHO HYUN MIN

RHEA CHOI, DAE WON
KANG, TAE WOOK
KO, KYEONG SU
KIM, SANG GAB
KIM, TAE SUNG
LEE, JOON GEOL
CHO, HYUN MIN

IPCH %5 HO1L27/32 HO1L51/52 H01L51/50

CPCH¥%E HO1L27/3246 H01L51/5012 HO1L51/5256 H01L2227/323 H01L27/3211 HO1L51/525 H01L51/5253
HO01L2251/558

£ £ 1020180089247 2018-07-31 KR

SNEBEEE Espacenet USPTO

BE(R) 1

BHIEAX-REEREBEEGE=HR , GBEREE , BILAHENX . r

I
Bk, GERTESEDY) KEGRARNFTO. ENRHEREESR |
wBRE, BNEHEREEFOF., WEREBEENLHFEL. |
MEBREGEBRAN. GEREECEE—GEREENE_GER | PP PX P PXIPX] = == | [ TDA
ER. E-BEREERBEGERERLFBFLNMR, EGE | |PX[PXPXPX| e |« |||

RERREEE -—GEREELHABEAIME. ZEEFONE— PXIPK = [ = =|=(=*|°*|*]|°]|"*
BEREENNEERFEILT OMNE _GERERLME I, PX| o | | o] o] e|e| o] e]|e]|s]|H—NDA
o | o] o] @ o | o | o | o] o |PX
e | o | e o | e | o] o] e | e|PX
PO O I S o | o | o | o |PX|PX



https://share-analytics.zhihuiya.com/view/7ac3e798-81b8-46ff-915c-80810178d8f4
https://worldwide.espacenet.com/patent/search/family/069227855/publication/US2020043998A1?q=US2020043998A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200043998%22.PGNR.&OS=DN/20200043998&RS=DN/20200043998

