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(57)  An organic light emitting diode (OLED) display
device and a method of fabricating the same are provid-
ed. When an organiclayer (291) having an emission layer
(EML) is formed using a deposition mask, damage to a
pixel defining layer (281) due to inconsistencies or une-
venness of the deposition mask is prevented or reduced
using spherical spacers (290a) disposed on the pixel de-
fining layer (281). A plurality of spherical spacers (290a)
are applied on the pixel defining layer (281) prior to form-
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ing an opening (281a) in the pixel defining layer (281)
exposing the first electrode (280). An organic layer (291)
having an emission layer (EML) is formed on the first
electrode (280) at the opening (281a) by using a depo-
sition mask. The spherical spacers (290a) prevent or re-
duce damage to the pixel defining (281) layer caused by
inconsistencies or unevenness in the deposition mask
by maintaining a spacing between the pixel defining layer
(281) and the deposition mask.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to an organic light
emitting diode (OLED) display device and a method of
fabricating the same.

2. Description of the Related Art

[0002] In general, an organic light emitting diode
(OLED) includes an organic layer interposed between a
first electrode (i.e., an anode) and a second electrode
(i.e., a cathode). The first electrode is a transparent elec-
trode formed of, for example, indium tin oxide (ITO), and
the second electrode is formed of a metal having a low
work function, such as Ca, Li, or Al. When a forward volt-
ageis applied to the OLED, holes emitted from the anode
combine with electrons emitted from the cathode to form
excitons, and while the excitons are making the transition
from an excited state to a ground state, light is emitted.
[0003] The first electrode is generally formed as a re-
flective electrode that reflects light, while the second elec-
trode is generally formed as a transmissive electrode that
transmits light. Thus, the OLED may be fabricated so that
light is emitted by the organic layer toward the second
electrode.

[0004] In this case, the organic layer may be formed
by various methods. For example, the organic layer may
be formed by a deposition method. Specifically, the dep-
osition of the organic layer includes closely adhering a
mask having the same pattern as a thin layer to be formed
on an underlying layer, and depositing the thin layer.
[0005] FIG. 1 is a cross-sectional schematic view of a
deposition apparatus having a deposition mask.

[0006] Referring to FIG. 1, in a method of depositing
a thin layer of an OLED display device (i.e., an organic
layer having an emission layer (EML)), a frame 4 includ-
ing a mask 1 is positioned at a portion corresponding to
acrucible 3 installed in a vacuum chamber 2, and a target
5 (e.g., a pixel defining layer) on which a thin layer will
be formed is mounted on the frame 4. A magnet unit 6
is driven to closely adhere the mask 1 and frame 4 to the
target 5 on which the thin layer will be formed. A material
contained in the crucible 3 is then deposited on the target
5.

[0007] However, the surface of the mask 1 may include
inconsistencies (or unevenness) of about 2 to 3 wm.
Thus, when the mask 1 is too closely adhered to the
target 5, the target 5 may be scratched from the incon-
sistencies in the mask 1. Accordingly, a spacer structure
is typically formed between the target 5 and the mask 1
in order to prevent damage to the pixel defining layer.
[0008] FIGS. 2A and 2B are cross-sectional schematic
views illustrating a method of fabricating a conventional
OLED display device.
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[0009] Referring to FIG. 2A, a buffer layer 110 is
formed on a substrate 100. A semiconductor layer includ-
ing source and drain regions 120a and 120b and a chan-
nel region 121 is formed on the buffer layer 110. A gate
insulating layer 130 is formed on the semiconductor lay-
er, and a gate electrode 131 is formed on the gate insu-
lating layer 130. An interlayer insulating layer 140 is
formed on the gate insulating layer 130, and source and
drain electrodes 150a and 150b are formed on the inter-
layer insulating layer 140 and electrically connected to
the source and drain regions 120a and 120b, respective-
ly, through contact holes.

[0010] An OLED is then formed. The OLED includes
a first electrode 180 and a pixel defining layer 190. The
first electrode 180 is formed on a protective layer 160
and a planarization layer 170, which are, in turn, formed
on a thin film transistor (TFT). The first electrode 180
functions as an anode that is electrically connected to
the drain electrode 150b through a via hole. The pixel
defining layer 190 exposes a region of the first electrode
180, and has an opening defining a pixel.

[0011] A spacerfilm is coated on the pixel defining lay-
er 190, and a photoresist layer is formed on the spacer
film, and exposed and developed using a shadow mask,
thereby forming a photoresist pattern. Thereafter, the
spacer film is patterned using the photoresist pattern as
a mask, forming a spacer pattern 191.

[0012] Referring to FIG. 2B, an organic layer 192 hav-
ing an EML is formed using the deposition apparatus
having the deposition mask, described above with refer-
ence to FIG. 1. A second electrode 193 is formed on the
organic layer 192 using a sputtering process. In this case,
when the organiclayer 192 is formed using the deposition
apparatus, the spacer pattern prevents or protects the
pixel defining layer 190 from being damaged from incon-
sistencies in the deposition mask.

[0013] However, in this conventional method of fabri-
cating the OLED display device, an extra photolithogra-
phy process for forming the spacer pattern is added, and
additional material costs for the spacer film are incurred.
[0014] Furthermore, since the spacer patternis formed
by patterning the spacer film using the photolithography
process, a residual layer of the spacer film may remain
on the first electrode.

SUMMARY OF THE INVENTION

[0015] Aspects of embodiments of the present inven-
tion are directed toward an organic light emitting diode
(OLED) display device and a method of fabricating the
same, in which when an organic layer having an emission
layer (EML) is formed using a deposition mask, damage
to a pixel defining layer due to the unevenness of the
deposition mask is prevented or reduced using spherical
spacers disposed on the pixel defining layer, so that a
conventional photolithography process for forming a
spacer pattern is omitted.

[0016] According to an embodiment of the present in-
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vention, an OLED display device includes: a substrate;
a first electrode on the substrate; a pixel defining layer
on the first electrode, the pixel defining layer including
an opening exposing the first electrode and a nonopening
separated into a first region having a first level, and a
second region having a second level; a plurality of spher-
ical spacers on the second region of the pixel defining
layer; an organic layer on the first electrode and including
an emission layer (EML); and a second electrode on the
organic layer, wherein the first region is located along an
edge portion of the opening.

[0017] The first level may be lower than the second
level.
[0018] The width of the first region may be at least 1/2

the size of each of the spherical spacers.

[0019] Each of the spherical spacers may have a size
of about 3 to 10 pm.

[0020] According to another embodiment of the
present invention, a method of fabricating an OLED dis-
play device includes: providing a substrate; forming a
first electrode on the substrate; forming a pixel defining
layer on the first electrode; applying a plurality of spher-
ical spacers on the pixel defining layer; forming an open-
ing in the pixel defining layer partially exposing the first
electrode and separated into a first region having a first
level and a second region having a second level on the
pixel defining layer; forming an organic layer having an
emission layer (EML) on the first electrode; and forming
a second electrode on the organic layer, wherein the first
region is formed along an edge portion of the opening.
[0021] After forming the pixel defining layer, the meth-
od may further include exposing the pixel defining layer
to light to form the opening and the first and second re-
gions in the pixel defining layer.

[0022] The process of exposing the pixel defining layer
to light may be performed using a halftone mask.
[0023] The halftone mask includes a light blocking re-
gion, a semi-transmissive region, and a transmissive re-
gion. When the pixel defining layer is formed of a positive
material, the opening may correspond to the transmissive
region, the first region may correspond to the semi-trans-
missive region, and the second region may correspond
to the light blocking region. When the pixel defining layer
is formed of a negative material, the opening may corre-
spond to the light blocking region, the first region may
correspond to the semi-transmissive region, and the sec-
ond region may correspond to the transmissive region.
[0024] After applying the spherical spacers, the meth-
od may further include baking the substrate with the
spherical spacers. The baking process may be per-
formed at a temperature of about 50 to 200°C.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, together with the
specification, illustrate exemplary embodiments of the
present invention, and, together with the description,
serve to explain the principles of the present invention.
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[0026] FIG. 1 is a cross-sectional schematic view of a
conventional deposition apparatus having a deposition
mask;

[0027] FIGS. 2A and 2B are cross-sectional schematic
views illustrating a method of fabricating a conventional
organic light emitting diode (OLED) display device;
[0028] FIG. 3 is a plan schematic view of a unit pixel
of a general OLED display device;

[0029] FIGS. 4A through 4E are cross-sectional sche-
matic views illustrating a method of fabricating an OLED
display device according to an exemplary embodiment
of the present invention;

[0030] FIGS.5A and 5B are photographs of a resultant
structure before and after a developing process is per-
formed without a bake process; and

[0031] FIGS. 6A and 6B are photographs of a resultant
structure before and after a developing process is per-
formed including a bake process.

DETAILED DESCRIPTION

[0032] In the following detailed description, only cer-
tain exemplary embodiments of the presentinvention are
shown and described, by way of illustration. As those
skilled in the art would recognize, the invention may be
embodied in many different forms and should not be con-
strued as being limited to the embodiments setforth here-
in. Furthermore, in the context of the present application,
when an element is referred to as being "on" another
element, it can be directly on the another element or be
indirectly on the another element with one or more inter-
vening elements interposed therebetween. Like refer-
ence numerals designate like elements throughout the
specification.

[0033] FIG. 3 is a plan schematic view of a unit pixel
of a general organic light emitting diode (OLED) display
device.

[0034] Referring to FIG. 3, the unit pixel includes a
switching transistor Tr1, a driving transistor Tr2, a capac-
itor 40, and an OLED 50. A gate line 10, a data line 20,
and a power supply line 30 are connected to respective
components of the unit pixel.

[0035] The switching transistor Tr1 is driven in re-
sponse to a scan signal applied to the gate line 10, and
functions to transmit a data signal from data line 20 to
the driving transistor Tr2.

[0036] The driving transistor Tr2 receives the data sig-
nal, receives a signal from the power supply line 30, and
determines the amount of current flowing through the
OLED 50 based on a gate-source voltage difference.
[0037] The capacitor 40 functions to store the data sig-
nal transmitted through the switching transistor Tr1 for
each frame.

[0038] FIGS. 4A through 4E are cross-sectional sche-
matic views illustrating a method of fabricating an OLED
display device according to an exemplary embodiment
of the present invention.

[0039] Referring to FIG. 4A, a buffer layer 210 is
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formed on the surface of a transparent insulating sub-
strate 200. The buffer layer 210 is generally formed by
depositing silicon oxide using a plasma-enhanced chem-
ical vapor deposition (PECVD) process. In this case, the
buffer layer 210 prevents or protects from the diffusion
ofimpurities into the transparent insulating substrate 200
during crystallization of an amorphous silicon (a-Si) layer
formed in a subsequent process.

[0040] An a-Si layer as a semiconductor layer is de-
posited on the buffer layer 210. After that, the a-Si layer
is crystallized using, for example, an excimer laser an-
nealing (ELA) process, a sequential lateral solidification
(SLS) process, a metal induced crystallization (MIC)
process, or a metal induced lateral crystallization (MILC)
process, and may be patterned using photolithography
and etching processes, forming a semiconductor layer
pattern.

[0041] A gate insulating layer 230 is formed with the
semiconductor layer pattern. In this case, the gate insu-
lating layer 230 may be a silicon oxide (SiO,) layer, a
silicon nitride (SiN,) layer, or a double layer thereof.
[0042] A gate electrode 231 is formed on the gate in-
sulating layer 230 in a region corresponding to a channel
region 221 of the semiconductor layer pattern. The gate
electrode 231 may be formed of, for example, aluminum
(Al), an Al alloy, molybdenum (Mo), or an Mo alloy.
[0043] Thereafter, impurity ions are implanted into the
semiconductor layer pattern using the gate electrode 231
as an implantation mask, thereby forming source and
drain regions 220a and 220b. In this case, the implanta-
tion process may be performed using n+ impurity ions or
p+ impurity ions as a dopant.

[0044] Next, an interlayer insulating layer 240 is
formed. The interlayer insulating layer 240 may be a sil-
icon oxide (SiO,) layer, a silicon nitride (SiN,) layer, or a
double layer thereof.

[0045] Thereafter, the interlayer insulating layer 240
and the gate insulating layer 230 are etched using pho-
tolithography and etching processes, forming contact
holes exposing the source and drain regions 220a and
220b.

[0046] A source/drain electrode material is formed and
etched using photolithography and etching processes,
forming source and drain electrodes 250a and 250b con-
nected to the source and drain regions 220a and 220b,
respectively. The source/drain electrode material may be
a ssingle layer formed of, for example, Mo, W, MoW, AINd,
Ti, Al, an Al alloy, Ag, or an Ag alloy. Alternatively, in
order to reduce interconnection resistance, the source/
drain electrode material may be a multilayered structure
utilizing a low-resistance material, for example, a stack
structure of Mo/Al/Mo, MoW/AI-Nd/MoW, Ti/Al/Ti,
Mo/Ag/Mo, or Mo/Ag-alloy/Mo.

[0047] Aninsulating layer is formed on the source and
drain electrodes 250a and 250b. The insulating layer may
be an inorganic layer 260, an organic layer 270, or a
double layer thereof. A first electrode 280 is formed on
the insulating layer, connecting to the source electrode
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250a or the drain electrode 250b through a via hole
formed in the insulating layer.

[0048] The first electrode 280 may be embodied as a
transparent electrode when the OLED display device is
a bottom-emitting type, or embodied as a reflective elec-
trode when the OLED display device is a top-emitting
type. When the first electrode 280 is embodied as a trans-
parent electrode, the first electrode 280 may be formed
of, for example, indium tin oxide (ITO), indium zinc oxide
(1Z0O), tin oxide (TO), or zinc oxide (ZnO). When the first
electrode 280 is embodied as a reflective electrode, the
first electrode 280 may be formed by sequentially stack-
ing a reflective layer and a transparent electrode. In this
case, the reflective layer may be formed of, for example,
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or combinations
thereof, and the transparent electrode may be formed of,
for example, ITO, 1ZO, TO, or ZnO.

[0049] In another embodiment, when the OLED dis-
play device is a top-emitting type, the first electrode 280
may be formed by, for example, sequentially stacking a
lower electrode layer 280a, a reflective electrode layer
280b, and an upper electrode layer 280c.

[0050] The lower electrode 280a may be formed of, for
example, ITO, I1ZO, TO, or ZnO, and may have a thick-
ness of about 50 to 100A. When the lower electrode layer
280a has a thickness of less than 504, it may be difficult
to form the lower electrode layer 280a to a uniform thick-
ness. When the lower electrode layer 280a has a thick-
ness of more than 1004, the adhesion of the lower elec-
trode layer 280a to the reflective electrode layer 280b
may weaken due to stress to the lower electrode layer
280a.

[0051] The reflective electrode layer 280b may be
formed of, for example, Al, an Al alloy, Ag, or an Ag alloy,
and may have a thickness of about 900 to 2000A. When
the reflective electrode layer 280b has a thickness of less
than 900A, light may be partially transmitted through the
reflective electrode layer 280b. The reflective electrode
layer 280b should have a thickness of about 1000A or
more in order to prevent or block the transmission of light.
Forming the reflective electrode layer 280b to a thickness
of more than 2000A may be disadvantageous in terms
of fabrication cost and process time.

[0052] The reflective electrode layer 280b functions to
reflect light so as to increase luminance and luminous
efficiency.

[0053] The upper electrode layer 280c may be formed
of, for example, ITO, IZO, TO, or ZnO, and may have a
thickness of about 50 to 100A. When the upper electrode
layer 280c has a thickness of less than 50A, it may be
difficult to form the upper electrode layer 280c with a uni-
form thickness. When the upper electrode layer 280c is
formed to a thickness of more than 100A, the reflectance
of a blue region may be reduced up to 15% or more due
to an interference effect.

[0054] Thereafter, an insulating layer is formed on the
first electrode 280. In this case, the insulating layer may
be a pixel defining layer 281.
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[0055] The pixel defining layer 281 may be formed of,
for example, polyacrylates resin, epoxy resin, phenolic
resin, polyamides resin, polyimides rein, unsaturated pol-
yesters resin, poly(phenylenethers) resin, poly(phenyle-
nesulfides) resin, or benzocyclobutene (BCB).

[0056] The pixel defining layer 281 may be formed of
a positive material or a negative material.

[0057] A portion of a positive material irradiated with
light softens during a photolithography process, so that
the irradiated portion may be removed during a develop-
ing process. Conversely, a portion of negative material,
irradiated with light hardens during a photolithography
process so that an unirradiated portion may be removed
during a developing process.

[0058] Thereafter, photolithography and etching proc-
esses are performed to develop an opening and non-
opening in the pixel defining layer 281. The opening par-
tially exposes the first electrode 280, and the nonopening
is separated into a first region having a first level and a
second region having a second level.

[0059] Referring to FIG. 4B, the photolithography and
etching processes involve exposing the pixel defining lay-
er 281 using a halftone mask 282.

[0060] The halftone mask 282 includes a light blocking
region 282a, a semi-transmissive region 282b, and a
transmissive region 282c. The light blocking region 282a
completely blocks light, the semi-transmissive region
282b partially transmits light, and the transmissive region
282c wholly transmits light.

[0061] In this case, the structure of the halftone mask
282 may be varied according to a material of the pixel
defining layer 281.

[0062] Specifically, referring to FIG. 4B, when the pixel
defining layer 281 is formed of a positive material, a por-
tion of the halftone mask 282 where the opening is formed
is the transmissive region, a portion of the halftone mask
282 where the first region having the first level is formed
is the semi-transmissive region, and a portion of the half-
tone mask 282 where the second region having the sec-
ond level is formed is the light blocking region. Thus, a
portion of the pixel defining layer 281, which is irradiated
with light through the halftone mask 282, softens so that
the irradiated portion may be removed during a subse-
quent developing process. Accordingly, a portion of the
pixel defining layer 281 corresponding to the opening 281
is completely removed, a portion of the pixel defining lay-
er 281 corresponding to the first region is partially re-
moved, and a portion of the pixel defining layer 281 cor-
responding to the second region is not removed.
[0063] Although not shown in the drawings, when the
pixel defining layer 281 is a negative material, a portion
of the halftone mask 282 where the opening will be
formed would be the light blocking region, a portion of
the halftone mask 282 where the first region having the
first level will be formed would be the semi-transmissive
region, and a portion of the halftone mask 282 where the
second region having the second level will be formed
would be the transmissive region. Thus, a portion of the
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pixel defining layer 281, which is irradiated with light
through the halftone mask 282, hardens so that an unir-
radiated portion may be removed during a subsequent
developing process. Accordingly, a portion of the pixel
defining layer 281 corresponding to the opening is com-
pletely removed, a portion of the pixel defining layer 281
corresponding to the first region is partially removed, and
a portion of the pixel defining layer 281 corresponding to
the second region is not removed.

[0064] Accordingly, the pixel defining layer 281 is ex-
posed using the above-described halftone mask 282 so
that the opening may be completely removed, the first
region having the first level may be partially removed,
and the second region having the second level may be
preserved during a subsequent developing process. As
a result, the first level will be disposed lower than the
second level.

[0065] ReferringtoFIG. 4C, after the pixel defining lay-
er 281 is exposed using the halftone mask 282, a plurality
of spherical spacers 290a are applied onto the pixel de-
fining layer 281.

[0066] Each of the spherical spacers may have a size
of about 3 to 10 wum. When each of the spherical spacers
has a size of less than 3 wm, the spacers may be too
small to prevent or protect from damage to the pixel de-
fining layer 281 due to inconsistencies or unevenness of
a deposition mask during a subsequent process of de-
positing an organic layer. When each of the spherical
spacers has a size of more than 10 um, a second elec-
trode or other layers formed on the pixel defining layer
281 may be unacceptably nonuniform due to the large
size of the spherical spacers.

[0067] The spherical spacers 290a may be applied us-
ing, for example, a spacer sprayer 290. Although the
spherical spacers 290a are illustrated as being sprayed
at regular intervals for simplicity, the spherical spacers
290a are generally sprayed nonuniformly in practice.
[0068] After the spherical spacers 290a are applied, a
bake process may be performed to fix the spherical spac-
ers 290a to the pixel defining layer 281.

[0069] FIGS.5A and 5B are photographs of a resultant
structure before and after a developing process when a
bake process is not performed.

[0070] Referring to FIG. 5A, before the developing
process spherical spacers 290a were disposed on a pixel
defining layer 281. However, as shown in FIG. 5B, after
the developing process the spherical spacers 290a were
lost from the surface of the pixel defining layer 281.
[0071] FIGS. 6A and 6B are photographs of a resultant
structure before and after the developing process was
performed after a bake process.

[0072] Referring to FIG. 6A, before the developing
process, the spherical spacers 290a were disposed on
the pixel defining layer 281. Referring to FIG. 6B, after a
bake process, the developing process was performed,
andthe spherical spacers 290a were retained on the pixel
defining layer 281.

[0073] According to an embodiment of the present in-
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vention, after the pixel defining layer 281 is exposed using
the halftone mask 282, spherical spacers 290a are
sprayed, and the opening and the first and second re-
gions having the first and second levels are thereafter
formed in the pixel defining layer 281 using the develop-
ing process. In this case, when the bake process is omit-
ted after the spherical spacers 290a are sprayed, the
spherical spacers 290a are lost during the developing
process. When the bake process is performed after the
spherical spacers 290a are sprayed, the spherical spac-
ers 290a remain fixed to the surface of the pixel defining
layer 281.

[0074] The bake process may be performed at tem-
peratures of about 50 to 200°C. When the bake process
is performed at temperatures below 50°C, the spherical
spacers 290a may not be effectively fixed to the pixel
defining layer 281. When the bake process is performed
at temperatures above 200°C, a residual layer may re-
main on the pixel defining layer 281, possibly reducing
the effectiveness of a later developing process.

[0075] Referring to FIG. 4D, after the bake process is
performed, the pixel defining layer 281 is developed to
form an opening 281a and a nonopening in the pixel de-
fining layer 281. The opening 281 a exposes a portion of
the first electrode 280 and defines an emission region,
and the nonopening of the pixel defining layer 281 is di-
vided into afirst region having afirst level A and a second
region having a second level B.

[0076] As described above, when the pixel defining
layer 281 is formed of a positive material, the formation
of the opening 281 a and the first and second regions
having the first and second levels A and B includes re-
moving the pixel defining layer 281 where the opening
281 ais formed, and a portion of the pixel defining layer
281 where the first region having the first level is formed,
and leaving a portion of the pixel defining layer 281 where
the second region having the second level is retained.
[0077] When the pixel defining layer 281 is formed of
a negative material, a similar structure is formed by gen-
erally irradiating the regions opposite the regions irradi-
ated for the positive material.

[0078] Inthis case, the portion of the pixel defining lay-
er 281 corresponding to the opening 281 a is completely
removed, exposing a portion of the first electrode 280
defining a pixel. A portion of the pixel defining layer 281
corresponding to the first region having the first level A
is partially removed and disposed lower than a portion
of the pixel defining layer 281 corresponding to the sec-
ond region having the second level B.

[0079] During the removal of the portions of the pixel
defining layer 281 corresponding to the opening 281 a
and the first region having the first level A, the spherical
spacers 290a are removed from the portions of the pixel
defining layer 281 corresponding to the opening 281 a
and the first region having the first level A. Thus, the
spacers 290a formed in the second region having the
second level B remain disposed on the pixel defining lay-
er 281, butno spherical spacers are disposed on portions
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of the first electrode 280 exposed by the opening 281 a
and on portions 281 b of the pixel defining layer 281 cor-
responding to the first region having the first level A.
[0080] In this case, the first region having the first level
A is formed along an edge portion of the opening 281 a.
[0081] Inthe present embodiment, the first region hav-
ing the first level A is formed so that spherical spacers
290a are not disposed on the edge portion of the opening
281 a.

[0082] If spherical spacers 290a are disposed on the
edge portion of the opening 281 a, the spherical spacers
290a may hinder a subsequent process of depositing an
organic layer using a deposition mask, possibly causing
a shadow phenomenon. In other words, an organic layer
pattern may be formed to a nonuniform thickness and
shape at an edge of the organic layer. Therefore, removal
of spherical spacers 290a from the edge of the opening
281 a is generally appropriate.

[0083] In this case, the width of the first region having
the first level A may be at least 1/2 the size of each of
the spherical spacers 290a. When the width of the first
region having the first level A is smaller than 1/2 the size
of each of the spherical spacers 290a, it may be more
difficult to remove the spacers 290a from the edge portion
of the opening 281 a.

[0084] Also, the maximum width of the first region hav-
ing the first level A may be appropriately controlled con-
sidering the width of the second region having the second
level B on which the spacers 290a are retained. That is,
the maximum width of the first region having the first level
A may be controlled to be in the range in which the spher-
ical spacers 290a may be disposed in the second region
having the second level B.

[0085] In this case, the width of the first region having
the first level A may be determined by controlling the
width of the semi-transmissive region of the halftone
mask 282.

[0086] Referringto FIG. 4E, an organic layer 291 hav-
ing an emission layer (EML) is formed on the first elec-
trode 280, and a second electrode 292 is formed on the
organic layer 291.

[0087] The organiclayer 291 having the EML is formed
by a deposition apparatus using a deposition mask. In
this case, when the organic layer 291 is formed using the
deposition apparatus, even if the deposition mask is
closely adhered to the substrate 200 having the pixel
defining layer 281, the spherical spacers 290a maintain
a spacing between the pixel defining layer 281 and the
deposition mask, thereby preventing or reducing damage
to the pixel defining layer 281 due to inconsistencies in
the deposition mask.

[0088] In the above-described method of fabricating
the OLED display device according to the present em-
bodiment, the pixel defining layer 281 is formed on the
first electrode 280. The regions where the opening 281
a and the first and second regions having the first and
second levels A and B will be formed are exposed using
the halftone mask 282. Thereafter, the spherical spacers
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290a are applied and fixed to the pixel defining layer 281
using a bake process. The pixel defining layer 281 is
developed such that the spherical spacers 290a are re-
tained on the second region having the second level B
of the pixel defining layer 281. As a result, damage to the
pixel defining layer 281 due to inconsistencies in the dep-
osition mask during deposition of organic layer 291 can
be prevented or reduced.

[0089] Also, the spherical spacers 290a are removed
from the first region having the first level A. Thus, the
occurrence of a shadow phenomenon, which may cause
nonuniform formation of the organic layer pattern, can
be prevented in edge portions of the organic layer 291
during the formation of the organic layer 291.

[0090] Accordingly, unlike in the conventional method
of fabricating the OLED display device, according to the
present embodiment, it is unnecessary to perform a pho-
tolithography process for forming a spacer pattern. As a
result, the degradation of the OLED display device from
residual spacer film remaining on a first electrode can be
prevented or reduced. In addition, shadow phenomenon
caused by nonuniform formation of the organic layer pat-
tern in edge portions of the organic layer 291 can be
inhibited.

[0091] The organic layer 291 includes the EML and
may further include, for example, a hole injection layer
(HIL), a hole transport layer (HTL), an electron transport
layer (ETL), or an electron injection layer (EIL). The
present invention is not limited to the construction and
material of the organic layer 291.

[0092] The HTL may be formed of a hole transport ma-
terial, such as N,N’-di(naphthalene-1-yl)-N,N’-diphenyl-
benzidine (a-NPB) or N,N’-bis(3-methyl phenyl)-N,N’-
dipheyl-[1,1-biphenyl]-4,4’-diamine (TPD). The HTL
may be formed to a thickness of about 10 to 50 nm. When
the HTL is formed to a thickness of less than 10 nm or
more than 50 nm, the hole transport characteristic of the
HTL may be compromised.

[0093] TheHTL may furtherinclude adopantthatemits
light due to a hole-electron combination process. The
dopant may be, for example, 4-(dicyanomethylene)-2-t-
butyl- 6-(1,1,7,7- tetramethyljulolidyl- 9- enyl)- 4H- pyran
(DCJTB), Coumarin 6, rubrene, DCM, DCJTB, perylene,
or quinacridone.

The HTL may include 0.1 to 5% by weight of the dopant
based on a total weight of the hole transport material.
When the dopant is added to the HTL, the color of light
emitted by the EML may be controlled according to the
kind and content of the dopant, and the thermal stability
of the HTL may be improved to increase the lifetime of
the OLED display device.

[0094] The HIL may be formed of a starburst amine
compound. The HIL may have a thickness of about 30
to 100 nm. When the HIL has a thickness of less than 30
nmor more than 100 nm, the hole injection characteristics
ofthe HIL may be compromised. The HIL reduces contact
resistance between an opposing electrode and the HTL
and improves the hole transport capability of an anode,

10

15

20

25

30

35

40

45

50

55

thereby improving the overall characteristics of the OLED
display device.

[0095] The EML may be formed of, for example, 4,4'-
bis(carbazol-9-yl)-biphenyl (CBP). However, the present
invention is not limited to the material of the EML.
[0096] Like the HTL, the EML may further include a
dopant that emits light due to a hole-electron combination
process. In this case, the kind and content of the dopant
added to an EML may be about the same as those of the
dopantadded to the HTL. The EML may have a thickness
of about 10 to 40 nm.

[0097] The ETL may be formed of an electron transport
material, such as tris(8-quinolinolate)-aluminium (Alq 3)
or Almqg 3. Like the HTL, the ETL may further include a
dopant that emits light due to a hole-electron combination
process. In this case, the kind and content of the dopant
added to the ETL may be similar to those of the dopant
added to the HTL. The ETL may have a thickness of
about 30 to 100 nm. When the ETL has a thickness of
less than 30 nm or more than 100 nm, the efficiency of
the OLED display device may be compromised, and re-
quired driving voltages may be increased.

[0098] A hole blocking layer (HBL) may further be
formed betweenthe EML andthe ETL. The HBL prevents
the transport of excitons generated by a phosphorescent
material to the ETL or prevents the transport of holes to
the ETL. The HBL may be formed of, for example, BAlq.
[0099] The EIL may be formed of, for example, LiF to
a thickness of about 0.1 to 10 nm. When the EIL has a
thickness of less than 0.1 nm or more than 10 nm, re-
quired driving voltages may be increased.

[0100] When the OLED display device is a bottom-
emitting type, the second electrode 292 formed on the
organic layer 291 is embodied as a reflective electrode,
which may be formed of, for example, Li, Ca, LiF/Ca,
LiF/Al, Al, Mg, or an Mg alloy.

[0101] Whenthe OLED display device is a top-emitting
type, the second electrode 292 formed on the organic
layer 291 is embodied as a semi-transmissive cathode
or a stack structure obtained by sequentially stacking a
semi-transmissive cathode and a transmissive cathode.
The semi-transmissive cathode may be formed of, for
example, Li, Ca, LiF/Ca, LiF/Al, Mg, or an Mg alloy to a
thickness of about 5to 30 nm. When the second electrode
292 is a stack structure, the semi-transmissive cathode
may be a metal having a low work function, for example,
Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or an Mg alloy, and the
transmissive cathode may be, formed on the semi-trans-
missive cathode using a low-resistance layer formed of,
for example, indium tin oxide (ITO) or indium zinc oxide
(1ZO). In this case, when the semi-transmissive cathode
has a thickness of less than 5 nm, electrons may not be
injected at a low voltage. Also, when the semi-transmis-
sive cathode has a thickness of more than 30 nm, the
transmittance of the second electrode 292 may be mark-
edly reduced. The total thickness of the semi-transmis-
sive cathode and the transmissive cathode may range
from 10 to 400 nm.
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[0102] According to an embodiment of the present in-
vention as described above, when the organic layer hav-
ing the EML is formed using a deposition mask, spherical
spacers are formed on the pixel defining layer, to prevent
or reduce damage to the pixel defining layer due to in-
consistencies or unevenness of the deposition mask.
Therefore, a conventional process of forming a spacer
pattern is not required.

[0103] Since the process of forming the spacer pattern
is omitted, the number of photolithography processes
may be reduced, and material costs may be saved.
[0104] Furthermore, since a process of patterning
spacer film is eliminated, a residual layer of the spacer
film is not left on the first electrode, preventing degrada-
tion of the OLED display device.

[0105] Moreover, the spherical spacers are removed
from edge portions of the opening of the pixel defining
layer to prevent the occurrence of a shadow phenome-
non caused by nonuniform formation of the organic layer
pattern in edge portions of the organic layer.

Claims

1. An organic light emitting diode (OLED) display de-
vice comprising:

a substrate (200);

a first electrode (280) on the substrate (280);

a pixel defining layer (281) on the first electrode
(280), the pixel defining layer (281) including an
opening (281a) exposing the first electrode
(280) and a nonopening separated into a first
region having a first level (A) and a second re-
gion having a second level (B);

a plurality of spherical spacers (290a) on the
second region of the pixel defining layer (281);
anorganiclayer(291) on thefirst electrode (280)
and including an emission layer (EML); and

a second electrode (292) on the organic layer
(297),

wherein the first region is located along an edge por-
tion (281b) of the opening (281a).

2. The OLED display device according to claim 1,
wherein the first level (A) is lower than the second
level (B).

3. The OLED display device according to anyone of
claims 1 or 2, wherein the first region has a width at
least 1/2 the size of each of the spherical spacers
(290a).

4. The OLED display device according to anyone of
claims 1 to 3, wherein each of the spherical spacers
(290a) has a size of about 3 to 10 um.
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5. The OLED display device according to anyone of
claims 1 to 4, wherein the pixel defining layer (281)
comprises a material selected from the group con-
sisting of polyacrylates resin, epoxy resin, phenolic
resin, polyamides resin, polyimides resin, unsaturat-
ed polyesters resin, poly(phenylenethers) resin, poly
(phenylenesulfides)  resin,  benzocyclobutene
(BCB), and combinations thereof.

6. The OLED display device according to anyone of
claims 1 to 5, wherein the first electrode (280) com-
prises a material selected from the group consisting
of indium tin oxide (ITO), indium zinc oxide (1Z0), tin
oxide (TO), zinc oxide (ZnO), and combinations
thereof, and the second electrode (292) comprises
a material selected from the group consisting of Li,
Ca, LiF/Ca, LiF/Al, Al, Mg, and combinations thereof.

7. The OLED display device according to anyone of
claims 1 to 6, wherein the first electrode (280) in-
cludes a reflective layer (280b) and a transparent
electrode on the reflective layer (280b), the reflective
layer (280b) comprising a material selected from the
group consisting of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, and combinations thereof, and the transparent
electrode comprising a material selected from the
group consisting of ITO, 1ZO, TO, and ZnO; and
wherein the second electrode (292) comprises a ma-
terial selected from the group consisting of Li, Ca,
LiF/Ca, LiF/Al, Al, Mg, and an Mg alloy.

8. The OLED display device according to anyone of
claims 1 to 7, wherein the first electrode (280) in-
cludes a lower electrode (280a), a reflective elec-
trode (280b) on the lower electrode (280a), and an
upper electrode (280c) on the reflective electrode
(280b), the lower electrode (280a) comprising a ma-
terial selected from the group consisting of ITO, 1ZO,
TO, and ZnO0, the reflective electrode (280b) com-
prising a material selected from the group consisting
of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and combi-
nations thereof, and the upper electrode (280c) com-
prising a material selected from the group consisting
of ITO, 1ZO, TO, and ZnO; and wherein the second
electrode (292) comprises a material selected from
the group consisting of Li, Ca, LiF/Ca, LiF/Al, Al, Mg,
and an Mg alloy.

9. The OLED display device according to anyone of
claims 1 to 8, further comprising a thin film transistor
(TFT) on the substrate, the TFT including a semi-
conductor layer having source and drain regions,
and source and drain electrodes electrically connect-
ed to the source and drain regions of the semicon-
ductor layer, wherein the first electrode (280) is con-
nected to one of the source and drain electrodes.

10. A method of fabricating an organic light emitting di-



11.

12.

13.

14.

15.

15
ode (OLED) display device, comprising:

providing a substrate (200);

forming a first electrode (280) on the substrate
(200);

forming a pixel defining layer (281) on the first
electrode (280);

applying a plurality of spherical spacers (290a)
on the pixel defining layer (281);

forming an opening (281 a) in the pixel defining
layer (281) partially exposing the first electrode
(280) and an nonopening separated into a first
region having a first level (A) and a second re-
gion having a second level (B) on the pixel de-
fining layer (281);

forming an organic layer (291) having an emis-
sion layer (EML) on the first electrode (280); and
forming a second electrode (292) on the organic
layer (291),

wherein the first region is formed along an edge por-
tion (281 b) of the opening (281 a).

The method according to claim 10, further compris-
ing, after forming the pixel defining layer (281), ex-
posing the pixel defining layer (281) to light to form
the opening (281 a) and the first and second regions
in the pixel defining layer (281).

The method according to anyone of claims 10 or 11,
wherein the exposing the pixel defining layer (281)
to light is performed by utilizing a halftone mask
(282).

The method according to claim 12, wherein the half-
tone mask (282) includes a light blocking region
(282a), a semi-transmissive region (282b), and a
transmissive region (282c), and

wherein when the pixel defining layer (281) is formed
of a positive material, the opening (281a) corre-
sponds to the transmissive region (282c), the first
region corresponds to the semi-transmissive region
(282b), and the second region corresponds to the
light blocking region (282a).

The method according to claim 12, wherein the half-
tone mask (282) includes a light blocking region
(282a), a semi-transmissive region (282b), and a
transmissive region (282c), and

wherein when the pixel defining layer (281) is formed
of a negative material, the opening (281a) corre-
sponds to the light blocking region (282a), the first
region corresponds to the semi-transmissive region
(282b), and the second region corresponds to the
transmissive region (282c).

The method according to anyone of claims 10 to 14,
further comprising, after applying the spherical spac-
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16.

17.

16

ers (290a), baking the substrate with the spherical
spacers (290a).

The method according to claim 15, wherein the bak-
ing the substrate includes exposing the substrate to
temperatures of about 50 to 200°C.

The method according to anyone of claims 10 to 16,
further comprising forming a thin film transistor (TFT)
including a semiconductor layer having source and
drain regions and source and drain electrodes elec-
trically connected to the source and drain regions of
the semiconductor layer, wherein the first electrode
(280) is connected to one of the source and drain
electrodes.
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FIG. 3
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