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(57) ABSTRACT

An organic light emitting display device (OLED) and a
method of fabricating the same. The OLED includes: a sub-
strate; a thin film transistor on the substrate and including a
source electrode and a drain electrode; a first insulating layer
on the substrate; a second insulating layer on the first insu-
lating layer and including a trench; a via hole formed in the
trench over the first and second insulating layers and exposing
aportion of the source electrode or the drain electrode; a first
electrode in the trench and connected to one of the source
electrode and the drain electrode through the via hole; a pixel
defining layer on the first electrode and having an opening
exposing the first electrode; an organic layer in the opening
and having at least an organic emission layer; and a second
electrode on an entire surface of the substrate having the
organic layer.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF FABRICATING
THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/517,277, filed on Sep. 8, 2006, and claims
priority from and the benefit of Korean Patent Application
No. 10-2005-0083853, filed on Sep. 8, 2005, both of which
are hereby incorporated by reference for all purposes as if
fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Aspects of the present invention relate to an organic
light emitting display device (OLED) and a method of fabri-
cating the same, and more particularly, to an OLED and a
method of fabricating the same, which can maximize transfer
efficiency in formation of an organic layer by a laser induced
thermal imaging (LITI) method and minimize pixel shrink-
age caused by outgas sing.

[0004] 2. Description of the Related Art

[0005] The OLED, among flat panel display devices, is a
self-emissive display device emitting light by electrically
exciting an organic compound. The OLED can be made light-
weight and thin because it does not need a backlight used in an
LCD, and can also be made at a low temperature by simple
processes. Additionally, the OLED has a high response speed
of 1 ms or less, low power consumption, a wide viewing
angle, and high contrast.

[0006] The OLED includes an organic emission layer
between an anode and a cathode, where a hole supplied by the
anode and an electron supplied by the cathode combine in the
organic emission layer to form an unstable hole-electron pair
called an exciton which emits light by decaying.

[0007] OLED:s are classified into a bottom-emission type
and a top-emission type depending on a direction from which
light is emitted from the organic emission layer. If an OLED
having a pixel driving circuit disposed therein is a bottom-
emission type, an aperture ratio is significantly restricted by
the large area of the substrate occupied by the pixel driving
circuit. Thus, the top-emission type OLED has been intro-
duced in order to enhance the aperture ratio.

[0008] FIG. 1 is a cross-sectional view of a conventional
top-emission type OLED. Referring to FIG. 1, a buffer layer
110 is formed on a substrate 100 formed of glass or plastic. A
thin film transistor including a semiconductor layer 120 hav-
ing source and drain regions 120a and 120c¢ and a channel
region 1204, a gate insulating layer 130 and a gate electrode
140, is formed on the buffer layer 110.

[0009] An interlayer insulating layer 150 is formed on the
entire surface of the substrate including the thin film transis-
tor. Then, contact holes 155a and 15556 are formed in the
interlayer insulating layer 150 and the gate insulating layer
130 to expose portions of the source and drain regions 120a
and 120c.

[0010] Source and drain electrodes 160a and 1605 are
formed to be electrically connected to the source and drain
regions 120a and 120c¢ through the contact holes 155a and
155b. A planarization layer 170 is formed on the entire sur-
face of the substrate including the source and drain electrodes
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160a and 160b. A via hole 175 is formed in the planarization
layer 170 to expose a portion of the drain electrode 160a.
[0011] Next, a first electrode 180 contacting the drain elec-
trode 160a through the via hole 175 is formed on the entire
surface of the substrate. The first electrode 180 is a transpar-
ent electrode and includes an underlying reflective layer.
[0012] A pixel defining layer 190 is formed on the first
electrode 180. The pixel defining layer is formed of an
organic material, to a thickness of about 0.5 to 1 um, and
patterned to include an opening 200 exposing the first elec-
trode 180. An organic layer (not illustrated) is formed on the
first electrode. The organic layer includes at least an organic
emission layer and may further include at least one of a hole
injection layer, a hole transport layer, an electron transport
layer and an electron injection layer. A second electrode (not
illustrated) is formed on the entire surface of the substrate
including the organic layer, and thus an OLED is completed.
[0013] The planarization layer removes a step of a pixel
region in the top-emission OLED and is mainly formed of an
organic material such as polyimide. Such a planarization
layer can damage the organic layer due to outgassing, and
thereby cause pixel shrinkage. Also, when the planarization
layer formed of the organic material is combined with an
encapsulated substrate, a bonding force decreases, thereby
allowing air and moisture to penetrate from the outside,
decreasing a device’s lifespan.

[0014] Meanwhile, in the conventional OLED, the first
electrode is formed to protrude from the surface of the pla-
narization layer, thereby generating a step, and thus the fol-
lowing pixel defining layer should be thickly formed to sur-
round an edge of the first electrode.

[0015] Here, due to the step between the thickly formed
pixel defining layer and the first electrode, when the organic
layer is formed by a laser induced thermal imaging (LITT)
method, transfer efficiency decreases and deterioration of the
organic layer is accelerated. In particular, since the organic
layer is not transferred well at an edge part of the opening and
tends to get cut off, an opening defect may occur.

[0016] However, when the pixel defining layer is formed of
a thin organic layer which is about 2000 A in thickness to
improve the organic layer transfer efficiency, then when a
transfer layer of a donor substrate is removed after forming
the organic layer on the opening of the first electrode, the
pixel defining layer may also be lifted off. This generates a
short circuit between the first and second electrodes and
causes unevenness and non-uniform dispersion when stack-
ing the pixel defining layer.

[0017] Also, to exacerbate such a problem, when the pixel
defining layer is an inorganic layer having a thickness of
about 1000 A, the inorganic material is incapable of fully
filling a via hole. Alternatively, when the thickness of the
inorganic layer is increased, a crack is generated at the edge of
the first electrode and the periphery of the via hole owing to
stress. Particularly, since the inorganic material has poor step
coverage, the crack at the edge of the first electrode is caused
by the step between the first electrode and the planarization
layer, and thus a short circuit may be generated between the
first and second electrodes.

SUMMARY OF THE INVENTION

[0018] Aspects of the present invention provide an organic
light emitting display device (OLED) and a method of fabri-
cating the same, which can maximize transfer efficiency and
minimize a pixel shrinkage phenomenon caused by outgas-
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sing in the formation of an organic layer by a laser induced
thermal imaging (LITI) method.

[0019] In an exemplary embodiment of the present inven-
tion, an OLED includes: a substrate; a thin film transistor
disposed on the substrate and including a source electrode
and a drain electrode; a first insulating layer disposed on the
substrate having the source and drain electrodes; a second
insulating layer disposed on the first insulating layer and
including a trench; a via hole formed in the trench over the
first and second insulating layers and exposing a portion of
the source electrode or the drain electrode; a first electrode
disposed in the trench and connected to one of the source
electrode and the drain electrode through the via hole; a pixel
defining layer disposed on the first electrode and having an
opening exposing the first electrode; an organic layer dis-
posed in the opening and having at least an organic emission
layer; and a second electrode disposed on an entire surface of
the substrate having the organic layer.

[0020] In another exemplary embodiment of the present
invention, a method of fabricating an OLED includes: pre-
paring a substrate; forming a thin film transistor including
source and drain electrodes on the substrate; forming a first
insulating layer on the substrate including the source and
drain electrodes; forming a second insulating layer on the first
insulating layer; etching the second insulating layer not to
expose the first insulating layer and forming a trench; etching
the first and second insulating layers, and forming a via hole
exposing a portion of the source electrode or the drain elec-
trode in the trench; forming a first electrode in the trench to be
connected to one of the source electrode and the drain elec-
trode though the via hole; forming a pixel defining layer
including an opening exposing the first electrode on the first
electrode; forming an organic layer including at least an
organic emission layer in the opening; and forming a second
electrode on an entire surface of the substrate having the
organic layer.

[0021] Additional aspects and/or advantages of the inven-
tion will be set forth in part in the description which follows
and, in part, will be obvious from the description, or may be
learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] These and/or other aspects and advantages of the
invention will become apparent and more readily appreciated
from the following description of the embodiments, taken in
conjunction with the accompanying drawings of which:
[0023] FIG. 1 is a cross-sectional view of a conventional
organic light emitting display device (OLED); and

[0024] FIG.2 is across-sectional view of an OLED accord-
ing to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0025] Reference will now be made in detail to the present
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like ref-
erence numerals refer to the like elements throughout. The
embodiments are described below in order to explain the
present invention by referring to the figures.

[0026] FIG. 2 is a cross-sectional view of an organic light
emitting display device (OLED) according to an exemplary
embodiment of the present invention. Referring to FIG. 2, a
buffer layer 310 is formed on a substrate 300 formed of glass
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or plastic. The buffer layer 310 protects a thin film transistor
to be formed in subsequent processes from impurities such as
alkaliions which tend to diffuse from the substrate 300, and is
selectively formed of a silicon oxide layer (Si0O,), a silicon
nitride layer (SiNx), or a silicon oxynitride layer (SiOxNy).
[0027] Subsequently, a semiconductor layer 320 having
source and drain regions 320 and 320¢ and a channel region
3205 is formed on the buffer layer 310. Preferably, the semi-
conductor layer 320 is formed by depositing an amorphous
silicon layer on the buffer layer 310, crystallizing it using
Excimer Laser Annealing (ELA), Sequential Lateral Solidi-
fication (SLS), Metal Induced Crystallization (MIC) or Metal
Induced Lateral Crystallization (MILC), and then patterning
it to form a polycrystalline silicon layer.

[0028] A gate insulating layer 330 is formed on the entire
surface of the substrate having the semiconductor layer 320.
The gate insulating layer 330 may be a silicon oxide layer, a
silicon nitride layer or a stacked layer thereof. A gate elec-
trode 340 is formed on a predetermined region of the gate
insulating layer 330 corresponding to the semiconductor
layer 320. The gate electrode 340 may be formed of one
selected from the group consisting of aluminum (Al), an Al
alloy, molybdenum (Mo), and a Mo alloy. Most preferably,
the gate electrode 340 is formed of a molybdenum-tungsten
(MoW) alloy.

[0029] An interlayer insulating layer 350 is formed on the
entire surface of the substrate having the gate electrode 340.
The interlayer insulating layer 350 is a silicon nitride layer or
a silicon oxide layer and is formed to insulate the gate elec-
trode 340 from source and drain electrodes 360a and 3604
formed in subsequent processes. The interlayer insulating
layer 350 and the gate insulating layer 330 are etched to form
contact holes 3554 and 3555 exposing portions of the source
and drain regions 320a and 320c.

[0030] Then, the source and drain electrodes 360a and 3605
electrically connected to the source and drain regions 320a
and 320c through the contact holes 3554 and 3554 are
formed. The source and drain electrodes 360a and 3605 are
formed of a low-resistance material to reduce interconnection
resistance, for example, Mo, W, MoW or Al.

[0031] A first insulating layer 370a is formed on the entire
surface of the substrate having the source and drain electrodes
360a and 3605. The first insulating layer 370aq is a planariza-
tion layer and may be formed of polyimide, a benzocy-
clobutene series resin, spin on glass (SOQG) or acrylate, to a
thickness of 0.5 to 1 um.

[0032] A second insulating layer 3705 is formed on the first
insulating layer 370a. The second insulating layer 3704 is
formed of an inorganic material such as silicon nitride or
silicon oxide. The second insulating layer 3706 may be
thickly formed compared to a trench 376 to be formed sub-
sequently, so as not to expose the first insulating layer 370a by
the trench 376.

[0033] Here, the inorganic second insulating layer 3706 is
formed on the first insulating layer 370a, which is an organic
layer, thereby preventing outgassing of the first insulating
layer 370a and pixel shrinkage. Also, since the inorganic
second insulating layer 3705 can bond strongly with an
encapsulated substrate, it can effectively prevent penetration
of air and moisture from the outside and thus increase a
device’s lifespan.

[0034] The second insulating layer 37054 is etched to form
the trench 376 defining a region where a first electrode 380
will be formed in the insulating layer 370. In order to reduce
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a step between the second insulating layer 3705 and the first
electrode 380, the trench 376 may be formed to the same
thickness as the first electrode 380. Alternatively, the trench
376 may be formed to within the range of 1/2-3/2 the thick-
ness of the first electrode 380.

[0035] Next, the first and second insulating layers 370a and
3706 are etched to form a via hole 375 exposing a portion of
the drain electrode 3604 in the trench 376. The first electrode
380 is connected to the drain electrode 360a through the via
hole 375 in the trench 376. The first electrode 380 includes a
reflective layer formed of a metal having a high reflectance
such as Al, Al-—Nd and Ag on its lower layer, and is a trans-
parent electrode having a thickness of 500 to 1500 A on the
reflective layer. Here, the first electrode 380 is formed in the
trench 376, thereby reducing the step between the second
insulating layer 3705 and the first electrode 380, and thus the
following pixel defining layer may be formed more thinly.

[0036] Subsequently, a pixel defining layer 390 having an
opening 400 is formed on the first electrode 380. Here, the
pixel defining layer 390 may be formed to include an inor-
ganic first pixel defining layer 390a and an organic second
pixel defining layer 3904.

[0037] To be specific, the first pixel defining layer 390a is
formed on the first electrode 380 using an inorganic material
such as silicon nitride or silicon oxide. The first pixel defining
layer 390a may be thinly formed to enhance transfer effi-
ciency of an organic layer to be formed subsequently by a
LITT method, and is preferably formed to a thickness of 500
to 1000 A. Then, the first pixel defining layer 390q is etched
to form the opening 400 exposing the first electrode 380. The
second pixel defining layer 3905 is formed on the first pixel
defining layer 390a using an organic material such as poly-
imide or an acryl series resin which has excellent filling
ability, to cover the first pixel defining layer 390a. The second
pixel defining layer 3905 may be thinly formed to enhance
transfer efficiency of the organic layer to be formed subse-
quently by a LITI method, and is preferably formed to a
thickness of 1000 to 3000 A. The second pixel defining layer
39056 is exposed and developed to remove a portion of the
second pixel defining layer 3905 formed in the opening 400.
Here, when the second pixel defining layer 3905 is formed on
the first pixel defining layer 390q, a crack which may occur at
an edge of the first electrode and a periphery of the via hole
owing to the low step coverage of the first pixel defining layer
390a which is an inorganic layer may be filled with the second
pixel defining layer 39054. Also, in the formation of the
organic layer by the LITI method, even if the second pixel
defining layer 3905 is damaged, a short circuit between the
first and second electrodes can be prevented by the underlying
hard first pixel defining layer 390q.

[0038] Subsequently, an organic layer 410 is formed in the
opening 400. The organic layer 410 includes at least an
organic emission layer. Moreover, the organic layer 410 may
further include at least one of a hole injection layer, a hole
transport layer, an electron transport layer and an electron
injection layer. The organic layer 410 may be formed by the
LITI method, in which case the step between the pixel defin-
ing layer 390 and the first electrode 380 should be small to
enhance transfer efficiency.

[0039] A second electrode 420 including a metal layer
thinly formed of Mg, Ag, Al, Ca or an alloy thereof and a
transparent conductive layer such as indium tin oxide (ITO)
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or indium-doped zinc oxide (IZO), is formed on the entire
surface of the substrate having the organic layer 410, and thus
an OLED is completed.

[0040] According to aspects of the present invention as
described above, the inorganic second insulating layer 3705 is
formed on the organic first insulating layer 370a, thereby
preventing outgas sing of the first insulating layer, increasing
bonding strength with an encapsulated substrate 406, and
increasing the lifespan of a device. In addition, the first elec-
trode 380 is formed in the trench 376 of the second insulating
layer 3704 to reduce the step between the first electrode 380
and the insulating layer 370, and thus the pixel defining layer
may be formed thinner than a conventional pixel defining
layer.

[0041] In an aspect of the present invention, the inorganic
first pixel defining layer 390a is formed on the first electrode
380 and then the organic second pixel defining layer 3905 is
formed thereon to fill all cracks caused by imperfect step
coverage of the first pixel defining layer 390a. Furthermore,
even if the second pixel defining layer 3905 sustains damage
when a donor substrate is removed after transferring the
organic layer 410, a short circuit between the first and second
electrodes can be prevented by the underlying first pixel
defining layer 390aq.

[0042] The pixel defining layers 390 are thinly formed
compared to a conventional pixel defining layer made of an
organic material. The first pixel defining layer 390a has a
thickness of 500 to 1000 A and the second pixel defining layer
3905 has a thickness of 1000 to 3000 A. Thus, when the
organic layer 410 is subsequently formed by the LITI method,
transfer efficiency can be maximized.

[0043] Consequently, aspects of the present invention can
prevent a pixel shrinkage phenomenon caused by outgassing
and increase a device’s lifespan by minimizing penetration of
air and moisture from the outside. Also, the reliability of a
device can be enhanced by maximizing the transfer efficiency
of the organic layer by the LITI method and preventing an
open defect of the organic layer.

[0044] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in this
embodiment without departing from the principles and spirit
of the invention, the scope of which is defined in the claims
and their equivalents.

What is claimed is:

1. A method of fabricating an OLED, comprising:

preparing a substrate;

forming a thin film transistor including source and drain
electrodes on the substrate;

forming a first insulating layer on the substrate including
the source and drain electrodes;

forming a second insulating layer on the first insulating
layer;

etching the second insulating layer not to expose the first
insulating layer and forming a trench;

etching the first and second insulating layers, and forming
a via hole exposing a portion of the source electrode or
the drain electrode in the trench;

forming a first electrode in the trench to be connected to
one of the source electrode and the drain electrode
though the via hole;

forming a pixel defining layer including an opening expos-
ing the first electrode on the first electrode;



US 2012/0288975 Al

forming an organic layer including at least an organic emis-

sion layer in the opening; and

forming a second electrode on an entire surface of the

substrate having the organic layer.

2. The method according to claim 1, wherein the trench is
formed to a depth of 1/2 to 3/2 the thickness of the first
electrode.

3. The method according to claim 1, wherein the first
insulating layer is an organic layer.

4. The method according to claim 1, wherein the second
insulating layer is an inorganic layer.

5. The method according to claim 1, wherein forming the
pixel defining layer comprises:

forming an inorganic first pixel defining layer having an

opening on the first electrode; and

forming an organic second pixel defining layer on the first

pixel defining layer.

6. The method according to claim 5, wherein the second
pixel defining layer is formed on the first pixel defining layer
to fill the via hole and surround an edge of the first electrode
and a periphery of the via hole.
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7. The method according to claim 5, wherein the first pixel
defining layer is formed to a thickness of 500 to 1000 A, and
the second pixel defining layer is formed to a thickness of
1000 to 3000 A.
8. The method according to claim 1, wherein the forming of
the organic emission layer comprises a Laser Induced Ther-
mal Imaging (LITT) method.
9. The method according to claim 1, further comprising
bonding an encapsulated substrate to the second insulating
layer.
10. The method according to claim 1, wherein the forming
of the thin film transistor comprises:
depositing a buffer layer on the substrate;
depositing an amorphous silicon layer on the buffer layer,
crystallizing the amorphous silicon layer using Excimer
Laser Annealing (ELA), Sequential Lateral Solidifica-
tion (SLS), Metal Induced Crystallization (MIC) or
Metal Induced Lateral Crystallization (MILC); and

patterning the crystallized silicon layer to form a polycrys-
talline silicon layer.
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