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(54) Organic light emitting diode display apparatus and method of manufacturing the same

(57)  An organic light emitting diode (OLED) display
apparatus, including a substrate (101), at least one thin
film transistor (TFT) on the substrate, an insulating layer
covering the atleast one TFT and having a via hole (111)
and a groove (112), a first electrode (131) on the insu-
lating layer and electrically connected to the at least one
TFT through the via hole, a pixel define layer (120) on
the first electrode and the groove, the pixel define layer

FIG. 1
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having an opening that exposes the first electrode; an
intermediate layer (132) electrically connected to the first
electrode through the opening, the intermediate layer in-
cluding an organic emissive layer, and a second elec-
trode (133) on the intermediate layer. The organic emis-
sive layer may be easily formed in the opening because
a step between the organic emissive layer and the pixel
define layer may be reduced as a portion of pixel define
layer fills the groove.
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Description

[0001] The presentinvention relates to an organic light
emitting diode (OLED) display apparatus and a method
of manufacturing the same and, more particularly, to an
OLED display apparatus that enables an organic emis-
sive layer to be easily formed.

[0002] In recent years, conventional display appara-
tuses have been replaced by portable thin flat panel dis-
play apparatuses. Self-emitting display apparatuses of
organic or inorganic light emitting display apparatuses
have advantages over other flat panel display appara-
tuses because organic or inorganic light emitting display
apparatuses provide a wide viewing angle, provide a
good contrast, and have a rapid response speed. There-
fore, organic or inorganic light emitting display appara-
tuses have been in the spotlight as the next generation
display apparatuses. In particular, OLED display appa-
ratuses including a light-emitting layer formed of an or-
ganic material have better brightness, lower driving volt-
age, and faster response time than inorganic light emit-
ting display apparatuses, while providing multicolored
images.

[0003] An OLED display apparatus includes an organ-
ic emissive device having a cathode and an anode placed
in conjunction with an organic emissive layer. When a
voltage is applied between the cathode and the anode,
visible light is obtained by the organic emissive layer con-
nected to the cathode and the anode. Since electric
charges are supplied to the organic emissive layer via
the cathode and the anode, the contact between the or-
ganic emissive layer and the cathode or the anode influ-
ences the optical properties of the OLED display appa-
ratus.

[0004] Embodiments are therefore directed to an
OLED display apparatus and method of manufacturing
the same.

[0005] It is therefore a feature of an embodiment to
provide an OLED display apparatus that enables an or-
ganic emissive layer to be easily formed.

[0006] Itistherefore another feature of an embodiment
to provide an OLED display apparatus that has excellent
image quality by preventing any detached spaces be-
tween the organic emissive layer and a first electrode
from occurring.

[0007] At least one of the above and other features
and advantages may be realized by providing an OLED
display apparatus including a substrate, at least one thin
film transistor (TFT) on the substrate, an insulating layer
covering the at least one TFT and having a via hole and
a groove, a first electrode on the insulating layer and
electrically connected to the at least one TFT through the
via hole, a pixel define layer on the first electrode and
the groove, the pixel define layer having an opening that
exposes the first electrode, an intermediate layer electri-
cally connected to the first electrode through the opening,
theintermediate layerincluding an organic emissive layer
and, a second electrode on the intermediate layer.
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[0008] Itistherefore another feature of an embodiment
to provide an OLED display apparatus where a portion
of the pixel define layer may fill the groove.

[0009] The groove may be between two adjacent
TFTs. A plurality of the grooves may be between two
adjacent TFTs. The groove may have a depth of about
0.5 pum to about 1.5 um. The groove may extend hori-
zontally on the insulating layer.

[0010] At least one of the above and other features
and advantages may also be realized by providing a
method of manufacturing an OLED display apparatus,
the method including preparing a substrate, forming at
least one TFT on the substrate, forming an insulating
layer to cover the at least one TFT, forming a via hole
and a groove in the insulating layer, forming a first elec-
trode on the insulating layer and electrically connected
to the at least one TFT through the via hole, forming a
pixel define layer on the first electrode, the pixel define
layer having an opening that exposes the first electrode,
forming an intermediate layer electrically connected to
the first electrode through the opening, the intermediate
layer including an organic emissive layer and, forming a
second electrode on the intermediate layer.

[0011] The intermediate layer may be formed using a
thermal transfer method.

[0012] The via hole and the groove may be simultane-
ously patterned using a single mask. A portion of the pixel
define layer may fill the groove. The groove may be
formed between two adjacent TFTs. A plurality of
grooves may be formed between two adjacent TFTs. The
groove may extend horizontally on the insulating layer.
The groove may have a depth of about 0.5 pm to about
1.5 pm.

[0013] The above and other features and advantages
will become more apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments
with reference to the attached drawings, in which:

FIG. 1 illustrates a cross-sectional view of an OLED
display apparatus according to an embodiment; and
FIGS. 2to 9illustrate cross-sectional views of stages
in a method of manufacturing an OLED display ap-
paratus according to an embodiment.

[0014] Example embodiments will now be described
more fully hereinafter with reference to the accompany-
ing drawings; however, they may be embodied in differ-
ent forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete, and will fully convey the scope of
the invention to those skilled in the art.

[0015] Inthe drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration.
It will also be understood that when a layer or element is
referred to as being "on" another layer or substrate, it
can be directly on the other layer or substrate, or inter-
vening layers may also be present. Further, it will be un-
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derstood that when a layer is referred to as being "under”
another layer, it can be directly under, and one or more
intervening layers may also be present. In addition, it will
also be understood that when a layer is referred to as
being "between" two layers, it can be the only layer be-
tween the two layers, or one or more intervening layers
may also be present. Like reference numerals refer to
like elements throughout.

[0016] Hereinafter, the present invention will be de-
scribed in detail by explaining exemplary embodiments
of the invention with reference to the attached drawings.
[0017] FIG. 1 illustrates a cross-sectional view of an
OLED display apparatus 100 according to an embodi-
ment. The OLED display apparatus 100 may include a
substrate 101, a thin film transistor (TFT), an insulating
layer 110, an organic emissive device 130, and a pixel
define layer 120. The organic emissive device 130 may
include a first electrode 131, an intermediate layer 132,
and a second electrode 133.

[0018] The substrate 101 may be formed of a trans-
parent glass material having SiO2 as a main component.
A material for forming the substrate 101 may not be lim-
ited to the transparent glass and may be a transparent
plastic material. The transparent plastic material may be
an insulating organic material that may include at least
one of polyethersulfone (PES), polyacrylate (PAR), pol-
yetherimide (PEI), polyethylene naphthalate (PEN), pol-
yethyleneterepthalate (PET), polyphenylene sulfide
(PPS), polyallylate, polyimide, polycarbonate (PC), cel-
lulose triacetate (TAC) and cellulose acetate propionate
(CAP).

[0019] In a bottom-emission type OLED display appa-
ratus where images are realized toward the substrate
101, the substrate 101 may be formed of a transparent
material. In a top-emission type OLED display apparatus
where images are realized toward an opposite direction
of the substrate 101, the substrate 101 may not be re-
quired to be formed of a transparent material. That is,
the substrate 101 may be formed of a metal layer, e.g.,
a metal foil. In this case, the substrate 101 may include
at least one of iron, chromium, manganese, nickel, tita-
nium, molybdenum, steel use stainless (SUS), Invar al-
loy, Inconel alloy, or Kovar alloy, butis not limited thereto.
[0020] A buffer layer 102 may be formed on the sub-
strate 101 to make the substrate 101 smooth and to pre-
vent the penetration of impurities into the substrate 101.
The buffer layer 102 may be formed of SiO, and/oi SiN,.
[0021] The TFT may be formed on the buffer layer 102.
At least one TFT may be formed for each pixel and may
be electrically connected to the organic emissive device
130. For convenience of description, three TFTs are il-
lustrated in FIG. 1, but the embodiment is not limited
thereto.

[0022] In particular, an active layer 103 having a pre-
determined pattern may be formed on the buffer layer
102. The active layer 103 may be formed of an inorganic
semiconductor, e.g., amorphous silicon or polysilicon, or
an organic semiconductor, and may include a source re-
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gion, a drain region, and a channel region.

[0023] The source and the drain regions may be
formed by doping the active layer 103 formed of amor-
phous silicon or polysilicon with impurities. For example,
the active layer 103 may be doped with boron, an element
of Group 3, thereby forming a p-type semiconductor. The
active layer 103 may be doped with nitrogen, an element
of Group 5, thereby forming an n-type semiconductor.
[0024] A gate insulating layer 104 may be formed on
the active layer 103. The gate insulating layer 104 may
be formed of an organic material or an inorganic material,
e.g., SiNx or SiO2, and may insulate the active layer 103
from a gate electrode 105.

[0025] The gate electrode 105 may be formed on a
predetermined portion of the gate insulating layer 104.
The gate electrode 105 may be formed of a metal or a
metal alloy, e.g., Au, Ag, Cu, Ni, Pt, Pd, Al, Mo, Al:Nd
alloy, or Mo:W alloy, but is not limited thereto. That is,
the gate electrode 105 may be formed of various mate-
rials after considering various factors, e.g., adhesion with
adjacent layers, a surface flatness of a stacked layer,
electrical resistance, plasticity, or the like. The gate elec-
trode 105 may be connected to a gate line (not shown)
supplying on/off signals to the TFT.

[0026] An inter-layer insulating layer 106 may be
formed on the gate electrode 105. The inter-layer insu-
lating layer 106 may have contact holes that partially ex-
pose the active layer 103. The contact holes may be
formed by partially etching the inter-layer insulating layer
106 and the gate insulating layer 104. A source electrode
107 and a drain electrode 108 may contact the source
region and the drain region of the active layer 103, re-
spectively, via the contact holes. The source electrode
107 and the drain electrode 108 may be formed of a met-
al, e.g., Au, Pd, Pt, Ni, Rh, Ru, Ir, Os, Al, Mo, or a metal
alloy composed of two or more metals, e.g., Al:Nd alloy
or MoW alloy, but is not limited thereto.

[0027] The TFT may be protected by the insulating lay-
er 110. The insulating layer 110 may be an inorganic
insulating layer and/or an organic insulating layer. The
inorganic insulating layer may include SiO,, SiN,, SiON,
Al,O3, TiO,, Tay,05, HfO,, ZrO,, BST, PZT, or the like.
The organic insulating layer may include a general pol-
ymer (e.g., PMMA or PS), a phenol group-containing pol-
ymer derivative, an acrylic polymer, an imide-based pol-
ymer, an arylether-based polymer, an amide-based pol-
ymer, a fluorine-based polymer, a p-xylene-based poly-
mer, a vinylalcohol-based polymer, or a blend thereof.
The insulating layer 110 may be formed as a composite
stack including the inorganic insulating layer and the or-
ganic insulating layer.

[0028] The insulating layer 110, though not shown,
may have a multi-layered structure. Thatis, the insulating
layer 110 may include a passivation layer covering the
TFT and a planarization layer formed on the passivation
layer. The passivation layer may be formed of the mate-
rial that is used to form the insulating layer 110, and the
planarization layer may be formed of an acrylic polymer
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orthelike. Iftheinsulating layer 110 is formed of a plurality
of layers, a groove 112 may be formed on a planarization
layer, which is an upper insulating layer.

[0029] The insulating layer 110 may have a via hole
111 in addition to the groove 112. The via hole 111 may
be formed to expose the TFT. Referring to FIG. 1, the
drain electrode 108 may be exposed through the via hole
111.

[0030] The groove 112 may be formed on the insulat-
ing layer 110 using a conventional etching method. The
groove 112 may have a predetermined depth such that
the groove 112 does not expose the TFT. The depth of
the groove 112 may be greater than about 0.5 pm. If the
depth of the groove 112 is less than about 0.5 um, a
portion of the pixel define layer 120 filled in the groove
112 may be reduced.

[0031] The depth of the groove 112 may be less than
about 1.5 pm. If the depth of the groove 112 is greater
than about 1.5 um, the groove 112 may influence the
TFT formed below the insulating layer 110.

[0032] Referring to FIG. 1, the groove 112 may be
formed between adjacent TFTs. As illustrated in FIG. 1,
the single groove 112 may be formed between two ad-
jacent TFTs. A plurality of grooves 112, however, may
be formed between the adjacent TFTs.

[0033] The top of the groove 112 may be in various
shapes, e.g., quadrangle, circle, or the like. Even though
the bottom surface of the groove 112 is illustrated flat in
FIG. 1, the bottom surface of the groove 12 is not limited
thereto and may have a variety of shapes. That is, con-
caves and convexes may be formed on the bottom sur-
face of the groove 112.

[0034] The first electrode 131, an anode electrode of
the organic emissive device 130, may be formed on the
insulating layer 110. The first electrode 131 may fill the
via hole 111, and thus, be in direct contact with the TFT,
e.g., the drain electrode 108.

[0035] The pixel define layer 120 may be formed using
an insulating material on the first electrode 131 to cover
the first electrode 131. An opening may be formed in the
pixel define layer 120 to expose the first electrode 131.
The intermediate layer 132 of the organic emissive de-
vice 130 may be formed on the first electrode 131 ex-
posed through the opening, e.g., covering the opening
formed on the pixel define layer 120. The intermediate
layer 132 may be formed along, e.g., including the sides
thereof, the opening and may extend to the top of the
pixel define layer 120. Then, the second electrode 133,
a cathode electrode of the organic emissive device 130,
may be formed to cover all pixels, e.g., covering both the
pixel define layer 120 and the intermediate layer 132.
[0036] In atop emission type OLED display apparatus
where images are realized toward the second electrode
133, the first electrode 131 may be formed as a reflective
electrode and the second electrode 133 may be formed
as atransparent electrode. The reflective electrode serv-
ing as the first electrode 131 may be formed of e.g., Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, It, Cr, Li, Ca or a compound
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thereof to form a reflective layer.

[0037] The transparent electrode serving as the sec-
ond electrode 133 may be formed by depositing a mate-
rial with a low work function, e.g., Ag, Mg, Al, Pt, Pd, Au,
Ni, Nd, Ir, Cr, Li, Ca or a compound thereof, and then,
by forming an auxiliary electrode layer or a bus electrode
line using a transparent conductive material, e.g., ITO,
1Z0O, ZnO, or In203.

[0038] In a double side emission type OLED display
apparatus, both the first electrode 131 and the second
electrode 133 may be formed as transparent electrodes.
[0039] In a bottom emission type OLED display appa-
ratus where images are realized toward the substrate
101, the first electrode 131 may be formed as a trans-
parent electrode, and the second electrode 133 may be
formed as a reflective electrode. The first electrode 131
may be formed of a material with a high work function,
e.g., ITO, 120, ZnO, or In203, and the second electrode
133 may be formed of a material with a low work function,
e.g., Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca. The
first electrode 131 may be a cathode electrode, and the
second electrode 133 may be an anode electrode.
[0040] A material of the first electrode 131 and the sec-
ond electrode 133 may not be limited to the above de-
scribed materials, and the first electrode 131 and the sec-
ond electrode 133 may be formed of a conductive organic
material or a conductive paste including conductive par-
ticles, e.g., Ag, Mg, or Cu. When the conductive paste is
used, the first electrode 131 and the second electrode
133 may be formed by printing the conductive paste using
inkjet printing, and then, baking the conductive paste. In
addition, the polarities of the first electrode 131 and the
second electrode 133 may be changed. For example,
the first electrode 131 may be an anode electrode, and
the second electrode 133 may be a cathode electrode.
[0041] The pixel define layer 120 may be formed on
the groove 112 to fill the groove 112. Since the portion
of the pixel define layer 120 fills the groove 112, a step,
i.e., distance between the top surface of the first electrode
131 and the top surface of the pixel define layer 120,
between first electrode 131 and the pixel define layer 120
may be reduced.

[0042] Theintermediate layer 132 interposed between
the first electrode 131 and the second electrode 133 may
include an organic emissive layer that emits visible light.
The intermediate layer 132 may emit light by electrical
operation of the first electrode 131 and the second elec-
trode 133.

[0043] The intermediate layer 132 may be formed on
the first electrode 131 through the opening of the pixel
define layer 120. That is, the intermediate layer 132 may
be formed on the first electrode 131 exposed by the open-
ing of the pixel define layer 120 and along the sides of
the opening. Further, the intermediate layer 132 may ex-
tend to the top surface of the pixel define layer 120.
[0044] The contact between the intermediate layer 132
and the first electrode 131 may influence luminescent
properties of the organic emissive device 130. That is, if
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there is any detached space in the contact area between
the intermediate layer 132 and the first electrode 131,
regions corresponding to that detached space may have
low light emitting efficiency. Therefore, the regions may
remain as non-emissive regions or as low brightness re-
gions and luminescent properties of the pixels including
those regions may be reduced.

[0045] Such problems may be particularly generated
at edge portions of the opening. That is, the detached
space may be generated in the regions of the opening
of the pixel define layer 120, where the first electrode 131
contacts the pixel define layer 120, e.g., each bottom
corners of the opening. In those regions, the intermediate
layer 132 may not make an appropriate contact with the
first electrode 131 and may have the detached space
between the two.

[0046] Sincethe intermediate layer 132 may be formed
on the first electrode 131 and the pixel define layer 120,
i.e., formed on two features with different height, the in-
termediate layer 132 may have a step. The step may be
a distance between a portion of the intermediate layer
132 formed on the first electrode 131 and a portion of the
intermediate layer 132 formed on the pixel define layer
120. The intermediate layer 132 may bend due to the
step. The bend portion of the intermediate layer 132 may
be formed at the contact regions between the first elec-
trode 131 and the pixel define layer 120 in the opening
of the pixel define layer 120. Since contact quality with
the first electrode may deteriorate when the intermediate
layer 132 bends, the intermediate layer 132, especially
the portion where it is bent, may become detached from
the first electrode 131.

[0047] As the step, i.e., the distance between the top
surface of the first electrode 131 and the surface of the
pixel define layer 120, between the first electrode 131
and the pixel define layer 120 increases, the luminescent
properties of the pixels may be more reduced because
contact quality between the intermediate layer 132 and
the first electrode 131 further deteriorates.

[0048] To overcome such problems, a method of re-
ducing the overall thickness of the pixel define layer 120
may be suggested. Due to properties of the materials
used to form the pixel define layer 120, however, it may
be difficult to maintain a uniform thickness when the thick-
ness of the pixel define layer 120 is reduced. Further-
more, if the thickness of the pixel define layer 120 be-
comes too thin, insulating properties of the pixel define
layer 120 may decrease.

[0049] According to the current embodiment, the
groove 112 may be formed on the insulating layer 110.
The pixel define layer 120 may be formed on the groove
112. A significant portion of the pixel define layer 120
may fill the groove 112. The significant portion of the pixel
define layer 120 may be the portion of at least about 0.5
pm to less than about 1.5 wm. The entire pixel define
layer 120 may not fill the groove 112.

[0050] By using the groove 112, the step between the
first electrode 131 and the pixel define layer 120, i.e., the
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distance between the top surface of the first electrode
131 and the top surface of the pixel define layer 120, may
be reduced, even though the overall thickness of the pixel
define layer 120 may not be reduced. Thus, the step of
the intermediate layer 132 may also be reduced. That is,
the height difference between the top surface of the in-
termediate layer 132 on the first electrode 131 and the
top surface of the intermediate layer 132 on the pixel
define layer 120 may be reduced.

[0051] Since the amount of the material used to form
the pixel define layer 120 is not significantly changed in
the currentembodiment, the overall thickness of the pixel
define layer 120 may not be changed. Therefore, insu-
lating properties and dielectric properties of the pixel de-
fine layer 120 may not decrease. In addition, since the
thickness of the pixel define layer 120 is not reduced, the
uniformity of the thickness of the pixel define layer 120
may easily be maintained, thereby preventing deteriora-
tion of the contact quality between the intermediate layer
132 and the first electrode 131.

[0052] The intermediate layer 132 may be formed of
an organic material. If the organic emissive layer of the
intermediate layer 132 is formed of a low molecular
weight organic material, the intermediate layer 132 may
include a hole transport layer (HTL) and a hole injection
layer (HIL) which are sequentially stacked in a direction
toward the first electrode 131 with respect to the organic
emissive layer, and may also include an electron trans-
port layer (ETL) and an electron injection layer (EIL)
which are sequentially stacked in a direction toward the
second electrode 133 with respect to the organic emis-
sive layer. In addition, various additional layers may be
formed in the intermediate layer 132 if necessary. The
organic material used to form the intermediate layer 132
may be copper phthalocyanine (CuPc), N,N’-Di(naphtha-
lene-1-yl)-N,N’-diphenyl-benzidine (NPB), tris-8-hydrox-
yquinoline aluminum (Alg3), or the like.

[0053] If the organic emissive layer of the intermediate
layer 132 is formed of a high molecular weight organic
material, the intermediate layer 132 may only include the
HTL in a direction toward the first electrode 131 with re-
spect to the organic emissive layer. The polymer HTL
may be formed of poly-(2,4)-ethylene-dihydroxy thi-
ophene (PEDQOT), polyaniline (PANI), or the like, and
may be formed on the first electrode 131 by using ink jet
printing or spin coating. The polymer organic emissive
layer may be formed of PPV, soluble PPV'’s, cyano-PPV,
polyfluorene, or the like. A color pattern may be formed
using a conventional method, e.g., ink jet printing, spin
coating, or a thermal transfer method with a laser.
[0054] A sealing member (not shown) may be formed
to face a surface of the substrate 101. The sealing mem-
ber may protect the organic emissive device 130 from
external moisture or oxygen, and may be formed of a
transparent material. The sealing member may be a
glass substrate, a plastic substrate, or a multi-layered
structure including organic and inorganic materials.
[0055] FIGS. 2 to 9 illustrate cross-sectional views of
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stages in a method of manufacturing an OLED display
apparatus according to an embodiment.

[0056] In particular, the method of manufacturing an
OLED display apparatus according to FIGS. 2 to 9 may
be applied to the OLED display apparatus 100 shown in
FIG. 1. The method, however, is not limited thereto. For
descriptive convenience, the method of manufacturing
the OLED display apparatus 100 of FIG. 1 will be de-
scribed herein.

[0057] Referring to FIG. 2, the TFT may be formed on
the substrate 101, the insulating layer 110 may be formed
to protect the TFT. For descriptive convenience, FIG. 2
illustrates only one TFT. The present embodiment, how-
ever, is not limited thereto, and a plurality of TFTs may
be formed on the substrate 101.

[0058] Inparticular, the bufferlayer 102 may be formed
on the substrate 101, and the active layer 103 may be
formed on the buffer layer 102. The gate insulating layer
104 may be formed on the active layer 103, and the gate
electrode 105 may be formed on the gate insulating layer
104. The inter-layer insulating layer 106 may be formed
to cover the gate electrode 105. The source electrode
107 and the drain electrode 108 may be connected to
the active layer 103 through the contact hole formed on
the inter-layerinsulating layer 106. Materials used to form
the layers have been described above with reference to
FIG. 1, and thus, detailed description thereof will be omit-
ted.

[0059] The TFT may be protected by the insulating lay-
er 110. The insulating layer 110 may be formed of various
insulating materials described above with reference to
FIG. 1.

[0060] Referring to FIG. 3, the via hole 111 and the
groove 112 may be formed on the insulating layer 110.
The via hole 111 may be formed to expose the TFT, e.g.,
drain electrode 108.

[0061] The groove 112 may be formed to have an ap-
propriate depth t1. The depth t1 of the groove 112 may
be greater than about 0.5 um. If the depth t1 of the groove
112 is less than about 0.5 um, the portion of the pixel
define layer 120 filled in the groove 112 may be too low.
[0062] In addition, the depth t1 of the groove 112 may
be less than about 1.5 pm. If the depth t1 of the groove
112 is greater than about 1.5 wm, the TFT formed below
the insulating layer may be influenced.

[0063] The groove 112, though not shown, may be
formed, e.g., extending horizontally on the insulating lay-
er 110, betweentwo adjacent TFTs. In addition, a plurality
of grooves 112 may be formed between the adjacent
TFTs.

[0064] The groove 112 and the via hole 111 may be
independently patterned, or may be simultaneously pat-
terned using a single mask. To simultaneously pattern
the groove 112 and the via hole 111, the mask having a
half-tone pattern corresponding to the groove 112 may
be used. The top surface of the groove 112 may be
formed with various shapes, e.g., quadrangle, circle, or
the like. The bottom surface of the groove 112 may be
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flat or uneven, e.g., concaves and convexes.

[0065] Referring to FIG. 4, the first electrode 131 may
be formed to be connected to the drain electrode 108
through the via hole 111. The first electrode 131 may be
formed in a predetermined pattern by photolithography.
In a passive matrix (PM) type OLED display apparatus,
the first electrode 131 may be formed in a stripe pattern.
In an active matrix (AM) type OLED display apparatus,
the first electrode 131 may be formed to correspond to
a pixel. The first electrode 131 may be connected to the
drain electrode 108 through the via hole 111.

[0066] Materials used to form the first electrode 131
and the constitution of thefirst electrode 131 have already
been described above with reference to FIG. 1, and thus,
detailed description thereof will be omitted.

[0067] Referring to FIG. 5, the pixel define layer 120
may be formed on the first electrode 131. The amount of
the material used to form the pixel define layer 120 may
be, e.g., the same as the amount being conventionally
used. A portion of the pixel define layer 120 may fill the
groove 112. Since a portion of the pixel define layer 120
fills the groove 112, the step between the first electrode
131 and the pixel define layer 120, i.e., the distance t3
between the top surface of the first electrode 131 and
the top surface of the pixel define layer 120, may be sig-
nificantly reduced. For example, the step between the
first electrode 131 and the pixel define layer 120 may be
reduced by at least a distance t1, which is the depth of
the groove 112. In addition, a distance t3 may be the
distance between the top surface of the first electrode
131 and the line that extends from the top surface of the
pixel define layer 120.

[0068] The pixel define layer 120 may have an overall
thickness t2. Since the amount of material used to form
the pixel define layer 120 is not reduced, the thickness
t2 of the pixel define layer 120 may be, e.g., similar to
the thickness of a conventional pixel define layer.
[0069] Referring to FIG. 6, the intermediate layer 132
may be formed on the first electrode 131 exposed through
the opening of the pixel define layer 120. The intermedi-
ate layer 132 may include the organic emissive layer.
Since the distance t3 between the first electrode 131 and
the pixel define layer 120 is reduced, the step t4 of the
intermediate layer 132, i.e., the height difference be-
tween the top surface of the intermediate layer 132
formed on the first electrode 131 and the top surface of
the intermediate layer 132 formed on the pixel define
layer 120, may be reduced.

[0070] Because of the reduced step t4, the intermedi-
ate layer 132 may easily make contact with the first elec-
trode 131 atthe bend regions of the opening, e.g., regions
where the pixel define layer 120 and the first electrode
131 meet, and may be prevented from being detached
from the first electrode 131.

[0071] In particular, if the intermediate layer 132 is
formed using a thermal transfer method, the effect of pre-
venting the intermediate layer 132 from being detached
from the first electrode 131 may further increase. FIG. 7



11 EP 2 144 292 A2 12

illustrates a cross-sectional view of the formation of the
intermediate layer 132 using a thermal transfer method.
[0072] A heatsource 180 and a donor film 190 for ther-
mal transfer may be arranged above the pixel define layer
120 after the pixel define layer 120 is formed.

[0073] The heat source 180 may include a laser irra-
diation device. The heat source 180 may further include
a mask (not shown) and a lens (not shown) to irradiate
laser beams to a desired region.

[0074] The donor film 190 may include a base film 191
and a light-to-heat conversion layer 192. The intermedi-
ate layer 132, which is a transfer layer, may be attached
to the bottom surface of the donor film 190.

[0075] The heat source 180 may irradiate laser beams
to the top surface of the donor film 190. Then, the inter-
mediate layer 132 as the transfer layer may be detached
from the donor film 190 and may be transferred to the
first electrode 131. The intermediate layer 132 may be
transferred to a desired region of the first electrode 131
using a mask (not shown).

[0076] Conventionally, when the intermediate layer
132 is transferred using a thermal transfer method, there
may be regions in the intermediate layer 132 that may
detach from the first electrode 131. In particular, since
the intermediate layer 132 may be detached from the first
electrode at edges of the opening where it is bent, this
phenomenon is referred to as an edge open.

[0077] The edge open may be caused by the step be-
tween the first electrode 131 and the pixel define layer
120. Due to the step, the intermediate layer 132 may
bend. At the regions where the intermediate layer 132
bends, the intermediate layer 132 may not be properly
transferred to the first electrode 131 and may be de-
tached from the first electrode 131.

[0078] According to the present embodiment, howev-
er, the intermediate layer 132 may be prevented from
being detached from the first electrode 131 by reducing
the step of the intermediate layer 132 when the interme-
diate layer 132 is formed using a thermal transfer method.
[0079] FIG. 8 illustrates a magnified view of a part A
of FIG. 7. Referring to FIG. 8, the intermediate layer 132
may include a bottom 132a, a bend 132b, and a side
132c. The luminescent properties of the organic emissive
device 130 may be influenced by the bottom 132a, which
is in contact with the first electrode 131, and the bend
132b of the intermediate layer 132.

[0080] Conventionally, the luminescent properties of
the organic emissive device 130 may not be sufficient
when the intermediate layer 132 is formed using a ther-
mal transfer method, since due to the step between the
first electrode 131 and the pixel define layer 120 the in-
termediate layer 132, particularly the bend 132b of the
intermediate layer 132, may often be detached from the
first electrode 131.

[0081] According to the present embodiment, even
though the thermal transfer method is used to form the
bend 132b of the intermediate layer 132, the bottom 132a
and the bend 132b may not be detached from the first
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electrode 131 and, thus, may be easily attached thereto
as illustrated in FIG. 8.

[0082] According to the present embodiment, the step
between the first electrode 131 and the pixel define layer
120 may be significantly reduced by forming the groove
112 on the insulating layer 110, which in turn may reduce
the step of the intermediate layer 132. Therefore, the
intermediate layer 132 may be easily transferred to the
first electrode 131 and may not have any detached spac-
es from the first electrode 131.

[0083] Referring to FIG. 9, the second electrode 133
may be formed on the intermediate layer 132. Materials
used to form the intermediate layer 132 and the second
electrode 133 have already been described above with
reference to FIG. 1, and thus, detailed description thereof
will be omitted.

[0084] The sealing member (not shown) may be
formed to face the surface of the substrate 101. The seal-
ing member may protect the organic emissive device 130
from external moisture or oxygen, and may be formed of
atransparent material. For this, the sealing member may
be a glass substrate, a plastic substrate, or a multi-lay-
ered structure including an organic material and an inor-
ganic material.

[0085] Inthe OLED display apparatus and the method
of manufacturing the OLED display apparatus according
to the presentembodiment, the step between the organic
emissive layer and the pixel define layer may be reduced,
and thus, the organic emissive layer may be easily
formed in the opening and image quality may thereby be
improved.

[0086] Exemplary embodiments have been disclosed
herein, and although specific terms are employed, they
are used and are to be interpreted in a generic and de-
scriptive sense only and not for purpose of limitation. Ac-
cordingly, it will be understood by those of ordinary skill
in the art that various changes in form and details may
be made without departing from the scope of the present
invention as set forth in the following claims.

Claims

1. An organic light emitting diode (OLED) display ap-
paratus (100), comprising:

a substrate (101);

at least one thin film transistor (TFT) on the sub-
strate;

an insulating layer (110) covering the at least
one TFT and having a via hole (111) and a
groove (112);

afirst electrode (131) on the insulating layer and
electrically connected to the at least one TFT
through the via hole;

a pixel define layer (120) on the first electrode
(131) and the groove (112), the pixel define layer
having an opening that exposes the first elec-



13 EP 2 144 292 A2 14

trode;

an intermediate layer (132) electrically connect-
ed to the first electrode through the opening, the
intermediate layer including an organic emissive
layer; and

a second electrode (133) on the intermediate
layer.

The OLED display apparatus as claimed in claim 1,
wherein a portion of the pixel define layer fills the
groove.

The OLED display apparatus as claimed in claim 1
or 2, wherein the groove is between two adjacent
TFTs.

The OLED display apparatus as claimed in claim 3,
comprising a plurality of grooves between two adja-
cent TFTs.

The OLED display apparatus as claimed in any one
of the preceding claims, wherein the groove has a
depth of about 0.5 pum to about 1.5 pm.

The OLED display apparatus as claimed in any one
of the preceding claims, wherein the groove extends
horizontally on the insulating layer.

A method of manufacturing an organic light emitting
diode (OLED) display apparatus, the method com-
prising:

preparing a substrate (101);

forming at least one TFT on the substrate;
forming an insulating layer (110) to cover the at
least one TFT;

forming a via hole (111) and a groove (112) in
the insulating layer;

forming a first electrode (131) on the insulating
layer and electrically connected to the at least
one TFT through the via hole;

forming a pixel define layer (120) on the first
electrode, the pixel define layer having an open-
ing that exposes the first electrode;

forming an intermediate layer (132) electrically
connected to the first electrode through the
opening, the intermediate layer including an or-
ganic emissive layer; and

forming a second electrode (133) on the inter-
mediate layer.

The method as claimed in claim 7, wherein the in-
termediate layer is formed using a thermal transfer
method.

The method as claimed in claim 7 or 8, wherein the
via hole and the groove are simultaneously patterned
using a single mask.
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10.

1.

12,

13.

14.

The method as claimed in any one of claims 7 to 9,
wherein a portion of the pixel define layer is formed
to fill the groove.

The method as claimed in any one of claims 7 to 10,
comprising forming the groove between two adja-
cent TFTs.

The method as claimed in any one of claims 7 to 11,
comprising forming a plurality of grooves between
two adjacent TFTs.

The method as claimed in any one of claims 7 to 12,
wherein the groove is formed to extend horizontally
on the insulating layer.

The method as claimed in any one of claims 7 to 13,
wherein the groove has a depth of about 0.5 pum to
about 1.5 pm.
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