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(7) ABSTRACT

A top emission type organic electroluminescent display
device includes a first substrate including a pixel region, a
switching thin film transistor and a driving thin film transistor
in the pixel region on the first substrate, a passivation layer
covering the switching thin film transistor and the driving thin
film transistor and exposing a drain electrode of the driving
thin film transistor, a first electrode on the passivation layer
and connected to the drain electrode of the driving thin film
transistor, a buffer pattern in a border of the pixel region and
overlapping an edge of the first electrode, a first spacer on the
buffer pattern along a first direction, the first spacer having a
first thickness and a dam shape, a second spacer on the buffer
pattern along a second direction, the second spacer having a
second thickness and a dam shape, a third spacer on the buffer
pattern at a crossing portion of the first and second spacers,
the third spacer having a third thickness and a columnar
shape, wherein the third thickness is thicker than the first
thickness or the second thickness, an organic emission layer
on the first electrode between adjacent buffer patterns, a sec-
ond electrode on the organic emission layer and the first,
second and third spacers, a second substrate facing the first
substrate, and a seal pattern between peripheries of the first
and second substrates.
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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2009-00050821, filed in Korea on Jun. 9,
2009, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an organic elec-
troluminescent display device, and more particularly, to an
organic electroluminescent display device and a method of
fabricating the same.

[0004] 2. Discussion of the Related Art

[0005] Among flat panel displays, organic electrolumines-
cent displays have properties of high brightness and low
driving voltages. In addition, because they are self-luminous,
the organic electroluminescent displays have excellent con-
trast ratios and ultra thin thicknesses. The organic electrolu-
minescent displays have response time of several micro sec-
onds, and there are advantages in displaying moving images.
The organic electroluminescent displays have wide viewing
angles and are stable under low temperatures. Since the
organic electroluminescent displays are driven by low voltage
of direct current (DC) 5V to 15V, it is easy to design and
manufacture driving circuits. A manufacturing process of an
organic electroluminescent display is very simple because
only deposition and encapsulation steps are required.

[0006] The organic electroluminescent displays are classi-
fied into a passive matrix type and an active matrix type. In the
passive matrix type, scan lines and signal lines cross each
other to form diodes, and the signal lines are sequentially
scanned to drive pixels. To obtain required average bright-
ness, instant brightness is needed which is the product of
average brightness and the number of lines.

[0007] On the other hand, in the active matrix type, a thin
film transistor, as a switching element, is formed in each
sub-pixel. A first electrode connected to the thin film transis-
tor turns on/off by the sub-pixel, and a second electrode
facing the first electrode functions as a common electrode. In
addition, a voltage applied to the sub-pixel is stored in a
storage capacitor, and the voltage is maintained until the
signal of next frame is applied. Accordingly, regardless of the
number of the scan lines, the sub-pixels are continuously
driven during one frame. Even though low currents are
applied, uniform brightness may be obtained. Therefore,
recently, the active matrix type organic electroluminescent
displays have been widely used because of their low power
consumption, high definition and large-sized possibility.
[0008] FIG.1isan equivalent circuit diagram illustrating a
pixel of an active matrix organic electroluminescent display
device according to the related art.

[0009] In FIG. 1, the pixel of the active matrix organic
electroluminescent display device includes a switching thin
film transistor STr, a driving thin film transistor DTr, a storage
capacitor StgC, and an organic electroluminescent diode E.
[0010] More particularly, a gate line GL is formed along a
first direction. A data line DL is formed along a second
direction crossing the first direction. The gate line GL and the
data line DL define a pixel region P. A power line PL for
supplying a source voltage is spaced apart from the data line
DL.
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[0011] The switching thin film transistor STr is formed at a
crossing portion of the gate line GL and the data line DL. The
driving thin film transistor DTris electrically connected to the
switching thin film transistor STr. The organic electrolumi-
nescent diode E includes a first electrode connected to a drain
electrode of the driving thin film transistor DTr and a second
electrode connected to the power line PL. The power line PL
supplies the source voltage to the organic electroluminescent
diode E. The storage capacitor StgC is formed between a gate
electrode and a source electrode of the driving thin film tran-
sistor DTr.

[0012] A scan signal is applied to the switching thin film
transistor STr through the gate line GL, and the switching thin
film transistor STr turns on. Then, a data signal from the data
line DL is supplied to the gate electrode of the driving thin
film transistor DTr, and the driving thin film transistor DTr
turns on. Accordingly, the organic electroluminescent emits
light. Here, when the driving thin film transistor DTr is in
on-state, levels of currents flowing in the organic electrolu-
minescent diode E from the power line PL are determined.
The organic electroluminescent diode E produces gray scales
according to the levels of the currents. When the switching
thin film transistor STr turns off, the storage capacitor StgC
maintains a gate voltage of the driving thin film transistor DTr
constant. Even though the switching thin film transistor STris
in oftf-state, the levels of the currents flowing in the organic
electroluminescent diode D are constantly maintained until a
next frame.

[0013] The organic electroluminescent display device is
classified into a top emission type and a bottom emission type
according to a direction of light emitted from the organic
electroluminescent diode. The bottom emission type has a
disadvantage of low aperture ratio, and recently the top emis-
sion type has been widely used.

[0014] FIG. 2 is a schematic plan view of a top emission
type organic electroluminescent display device according to
the related art, and FIG. 3 is a cross-sectional view taken
along the line ITI-IIT in FIG. 2.

[0015] In FIGS. 2 and 3, the related art top emission type
organic electroluminescent display device includes first and
second substrates 10 and 70, which are disposed to face each
other. Peripheries of the first and second substrates 10 and 70
are sealed by a seal pattern 80. A driving thin film transistor
DTr is formed in each pixel region P on the first substrate 10.
A passivation layer 40 is formed on the driving thin film
transistor DTr and has a drain contact hole 43. A first elec-
trode 47 is formed on the passivation layer 40 and contacts an
electrode (not shown) of the driving thin film transistor DTr
through the drain contact hole 43.

[0016] An organic emission layer 55 is formed on the first
electrode 47. The organic emission layer 55 includes red,
green and blue luminous patterns 55a, 55b and 55¢ each
corresponding to the pixel region P. A second electrode 58 is
formed on the organic emission layer 55 all over the surface of
the first substrate 10. The first and second electrodes 47 and
58 provide electrons and holes.

[0017] Thefirst substrate 10 and the second substrate 70 are
attached by the seal pattern 80, and the second electrode 58 on
the first substrate 10 is spaced apart from the second substrate
70.

[0018] In the related art top emission type organic elec-
troluminescent display device 1, a buffer pattern 50 is formed
in a border area of the pixel region P. The buffer pattern 50
overlaps edges of the first electrode 47. A spacer 51 having a
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dam shape is formed on the buffer pattern 50 and along a
direction of the gate line (not shown), that is, a sequential and
alternate arrangement direction of the red, green and blue
luminous patterns 55a, 556 and 55¢. The spacer 51 supports
ashadow mask (not shown), which is used to form the organic
emission layer 55.

[0019] FIGS. 4A and 4B are plan views of showing a step
for forming an organic emission layer using a shadow mask in
processes of manufacturing a related art top emission type
organic electroluminescent display device. FIG. 5A is a
cross-sectional view taken along the line VA-VA of FIG. 4A,
and FIG. 5B is a cross-sectional view taken along the line
VB-VB of FIG. 4B. FIG. 6 is a cross-sectional view taken
along the line IV-IV of FIG. 4B.

[0020] An organic emission layer 55 is formed on a first
substrate 10 using a shadow mask 90, which includes open-
ings OA corresponding to the pixel regions P and blocking
portions BA corresponding to other regions excluding the
pixel regions P.

[0021] First, the shadow mask 90 is disposed over the sub-
strate 10, on which the organic emission layer 55 will be
formed. The shadow mask 90 is aligned such that the opening
OA ofthe shadow mask 90 corresponds to an area for forming
the organic emission layer 55 in the pixel region P on the
substrate 10. At this time, the shadow mask 90 is located very
close to the substrate 10. Since the shadow mask 90 is made
of ametallic material, protrusions (not shown) may be formed
at a surface of the shadow mask 90 or particles may be
attached to the surface of the shadow mask 90. The protru-
sions or particles may have a size of 1 micrometer to 6
micrometers.

[0022] Accordingly, when the shadow mask 90 having the
protrusions or particles is aligned with the substrate 10, the
protrusions or particles may contact the first electrode 47 in
the pixel region P, and problems such as scratches or pits may
be caused.

[0023] The shadow mask 90 is formed of a metallic mate-
rial, and the shadow mask 90 for fabricating an organic elec-
troluminescent display device, which has a large size, hangs
down. Particularly, even though the shadow mask 90 is sup-
ported by the spacer 51, the shadow mask 90 hangs down in
the pixel region P between adjacent spacers 51. The spacer 51
has a thickness of 2.5 micrometers to 3 micrometers. A total
thickness of the buffer pattern 50 and the spacer 51, that is, a
distance between a top surface of the spacer 51 and a surface
of the first electrode 47 is about 6 micrometers, and the
shadow mask 90 hangs down by 1 micrometer to 2 microme-
ters. Accordingly, when the shadow mask 90 is disposed over
the substrate 10 and is aligned with the substrate 10, the
scratches or pits are caused by the particles or protrusions.
[0024] To prevent the problem, the shadow mask 90 may be
aligned not to contact the substrate 10, and in this case, the
shadow mask 90 may be as close to the substrate 10 as
possible to accurately align the shadow mask 90 and the
substrate 10. A distance between the shadow mask 90 and the
substrate may be 1 micrometerto 2 micrometers. However, in
this case, since the shadow mask 90 is not supported by
anything, the shadow mask 90 hangs down more than when
the shadow mask 90 is supported by the spacer 51, and the
scratches or pits are caused on the surface of the first electrode
47 in the pixel region P, where the organic emission layer 55
is formed, due to the particles or protrusions. The scratches or
pits are shown as dark points in a displayed image to thereby
lower display qualities.
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[0025] To solve the problem, a plan of increasing the thick-
ness of the spacer 51 has been suggested. However, the spacer
51 may be formed on a substantially entire surface of the
substrate by applying a transparent organic insulating mate-
rial by a spin-coating method and patterning it. To uniformly
apply the organic insulating material on the substantially
entire surface of the substrate, viscosity of the organic insu-
lating material is important. If the viscosity of the organic
insulating material is raised to increase the thickness of the
spacer 51, spraying properties of the organic insulating mate-
rial is lowered, and there is difference between thicknesses of
the applied organic insulating material in central and periph-
eral portions of the substrate. Therefore, the spacer 51 has a
maximum thickness of about 3 micrometers such that the
spacer 51 has a uniform thickness all over the substrate.
Additionally, when the spacer 51 has a thickness more than 3
micrometers, there are shadow problems due to the spacer51,
and step distance problems or incorrect color problems may
be caused.

SUMMARY OF THE INVENTION

[0026] Accordingly, the present invention is directed to a
top emission type organic electroluminescent display device
and a method of fabricating the same that substantially obvi-
ates one or more of the problems due to limitations and
disadvantages of the related art.

[0027] An object of the present invention is to provide a top
emission type organic electroluminescent display device and
amethod of fabricating the same that prevent problems due to
a shadow mask when an organic emission layer is formed.
[0028] Another object of the present invention is to provide
a top emission type organic electroluminescent display
device and a method of fabricating the same that improve
display qualities and increase productivity.

[0029] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0030] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described, a top emission type organic electrolu-
minescent display device includes a first substrate including a
pixel region, a switching thin film transistor and a driving thin
film transistor in the pixel region on the first substrate, a
passivation layer covering the switching thin film transistor
and the driving thin film transistor and exposing a drain
electrode of the driving thin film transistor, a first electrode on
the passivation layer and connected to the drain electrode of
the driving thin film transistor, a buffer pattern in a border of
the pixel region and overlapping an edge of the first electrode,
a first spacer on the buffer pattern along a first direction, the
first spacer having a first thickness and a dam shape, a second
spacer on the buffer pattern along a second direction, the
second spacer having a second thickness and a dam shape, a
third spacer on the buffer pattern at a crossing portion of the
first and second spacers, the third spacer having a third thick-
ness and a columnar shape, wherein the third thickness is
thicker than the first thickness or the second thickness, an
organic emission layer on the first electrode between adjacent
buffer patterns, a second electrode on the organic emission
layer and the first, second and third spacers, a second sub-
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strate facing the first substrate, and a seal pattern between
peripheries of the first and second substrates.

[0031] In another aspect, a method of fabricating a top
emission type organic electroluminescent display device
includes forming a switching thin film transistorand a driving
thin film transistor in a pixel region on a first substrate, form-
ing a passivation layer over the switching thin film transistor
and the driving thin film transistor, the passivation layer hav-
ing a drain contact hole exposing a drain electrode of the
driving thin film transistor, forming a first electrode on the
passivation layer and connected to the drain electrode of the
driving thin film transistor, forming a buffer pattern in a
border of the pixel region and overlapping an edge of the first
electrode, forming a first spacer on the buffer pattern along a
first direction, the first spacer having a first thickness and a
dam shape, forming a second spacer on the buffer pattern
along a second direction, the second spacer having a second
thickness and a dam shape, forming a third spacer on the
buffer pattern at a crossing portion of the first and second
spacers, the third spacer having a third thickness and a colum-
nar shape, wherein the third thickness is thicker than the first
thickness or the second thickness, forming an organic emis-
sion layer on the first electrode between adjacent buffer pat-
terns, forming a second electrode on the organic emission
layer and the first, second and third spacers, and disposing a
transparent second substrate over the first substrate and
attaching the first substrate and the second substrate such that
a seal pattern is formed between the first and second sub-
strates along peripheries of the first and second substrates.
[0032] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0034] In the drawings:

[0035] FIG.1is an equivalent circuit diagram illustrating a
pixel of an active matrix organic electroluminescent display
device according to the related art;

[0036] FIG. 2 is a schematic plan view of a top emission
type organic electroluminescent display device according to
the related art;

[0037] FIG. 3isa cross-sectional view taken along the line
HI-1T in FIG. 2;

[0038] FIGS. 4A and 4B are plan views of showing a step
for forming an organic emission layer using a shadow mask in
processes of manufacturing a related art top emission type
organic electroluminescent display device;

[0039] FIG. 5A is a cross-sectional view taken along the
line VA-VA of FIG. 4A, and F1G. 5B is a cross-sectional view
taken along the line VB-VB of FIG. 4B;

[0040] FIG. 6 s a cross-sectional view taken along the line
IV-IV of FIG. 4B;

[0041] FIG. 7 is a plan view of schematically illustrating a
top emission type organic electroluminescent display device
according to an exemplary embodiment of the present inven-
tion,;

[0042] FIG. 8isa cross-sectional view taken along the line
VIII-VIII of FIG. 7,
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[0043] FIG. 9is a cross-sectional view taken along the line
IX-IX of FIG. 8;

[0044] FIGS.10A to 10G are cross-sectional views of illus-
trating a substrate for a top emission type organic electrolu-
minescent display device in processes of fabricating the same
according to the present invention; and

[0045] FIGS.11A and 11B are plan views of illustrating the
substrate for a top emission type organic electroluminescent
display device in a process of forming an organic emission
layer using a shadow mask according the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0046] Reference will now be made in detail to the illus-
trated an embodiment of the present invention, which is illus-
trated in the accompanying drawings.

[0047] FIG. 7is a plan view of schematically illustrating a
top emission type organic electroluminescent display device
according to an exemplary embodiment of the present inven-
tion. FIG. 7 shows an organic electroluminescent diode, a
buffer pattern and a spacer. FIG. 8 is a cross-sectional view
taken along the line VIII-VIII of FIG. 7, and FIG. 9 is a
cross-sectional view taken along the line IX-IX of FIG. 8.
FIGS. 8 and 9 show a first substrate including a driving thin
film transistor and the organic electroluminescent diode. For
convenience of explanation, an area where a driving thin film
transistor DTr is defined as a driving area, and although not
shown in the figures, an area where a switching thin film
transistor is defined as a switching area.

[0048] As shown in the figures, the top emission type
organic electroluminescent display device 101 according to
the present invention includes a first second substrate 110 and
a second substrate (not shown), wherein a driving thin film
transistor DTr, a switching thin film transistor (not shown)
and an organic electroluminescent diode E are formed on the
first substrate 110, and the second substrate is used for encap-
sulation.

[0049] More particularly, a gate line (not shown) and a data
line (not shown) are formed to cross each other and define a
pixel region P. The pixel region P includes the switching area
and the driving area DA. The gate line extends along a first
direction, and the data line extends along a second direction.
A switching thin film transistor (not shown) is formed at a
crossing portion of the gate and data lines. A driving thin film
transistor DTr is formed at each pixel region P and connected
to the switching thin film transistor and a power line (not
shown), which is parallel to the data line.

[0050] A first electrode 147 1s formed in each pixel region
P and contacts a drain electrode 136 of the driving thin film
transistor DTr. A buffer pattern 150 is formed in a border of
each pixel region P, that is, between adjacent pixel regions P
and contacts edges of the first electrode 147. An organic
emission layer 155 is formed in each pixel region P and is
surrounded by the buffer pattern 150. The organic emission
layer 155 includes red, green and blue luminous patterns,
which are sequentially and repeatedly disposed to correspond
to the pixel region P, respectively.

[0051] A first spacer 151 having a dam shape is formed
along a width direction of the pixel regions P, that is, the first
direction, and disposed between the pixel regions P adjacent
to each other along the second direction. A second spacer 152
having a dam shape is formed along a length direction of the
pixel regions P, that is, the second direction, and disposed
between the pixel regions P adjacent to each other along the
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first direction. The first spacer 151 is parallel to the gate line,
and the second spacer 152 is parallel to the data line. The first
and second spacers 151 and 152 surround each pixel region P.
The first and second spacers 151 and 152 have a lattice shape
in a display area similarly to the buffer pattern 150. The first
spacer 151 has a first thickness, and a second spacer 152 has
a second thickness. The first thickness may be the same as the
second thickness. In addition, a third spacer 153 having a
columnar shape is formed at a crossing portion of the first and
second spacers 151 and 152. The third spacer 153 has a third
thickness thicker than the first and second thicknesses. The
second thickness may correspond to the sum of the first and
second thicknesses of the first and second spacers 151 and
152 and may be twice as thick as the first or second thickness.

[0052] Like this, in the present invention, the first and sec-
ond spacers 151 and 152 respectively having the first and
second thicknesses are formed between adjacent pixel
regions P, and the third spacer 153 having the third thickness
is formed at the crossing portion of the first and second
spacers 151 and 152. Accordingly, defects such as scratches
or pits due to particles or protrusions are prevented or mini-
mized while alighing a shadow mask (not shown) that is used
for forming the organic emission layer 155.

[0053] Here, the first thickness and the second thickness
may be within a range of 2.5 micrometers to 3 micrometers.
There is no shadow problem that may be caused by increasing
the first and second thicknesses of the first and second spacers
151 and 152 having the dam shape. In addition, the third
spacer 153 has the third thickness thicker than the first and
second thicknesses and has the columnar shape. The third
thickness may be within a range of 5 micrometers to 6
micrometers. Accordingly, the shadow mask can be sup-
ported by the third spacer 153, and a distance between the first
electrode 147 and the shadow mask may be within a range of
7.5 micrometers to 9 micrometers. Even though the shadow
mask hangs down by 1 micrometer to 2 micrometers, at least
adistance within a range of 5.5 micrometers to 9 micrometers
can be maintained. Therefore, the defects such as scratches or
pits due to the particles or protrusions, which have sizes of 1
micrometer to 6 micrometers, can be prevented.

[0054] Referring to FIG. 8, a semiconductor layer 113 is
formed on the first substrate 110 of a transparent insulating
material corresponding to the driving area DA and the switch-
ing area. The semiconductor layer 113 includes a first portion
113a of intrinsic polycrystalline silicon and second portions
1135 of highly impurity-doped polycrystalline silicon. The
second portions 1135 are disposed at both sides of the first
portion 113a. The first portion 1134 functions as a channel of
athin film transistor. A buffer layer (not show) may be further
formed between the first substrate 110 and the semiconductor
layer 113. The buffer layer may be formed of an inorganic
insulating material such as silicon oxide (SiO,) or silicon
nitride (SiN,). The buffer layer may prevent the semiconduc-
tor layer 113 from being deteriorated due to alkali ions from
the first substrate 110 when the semiconductor layer 113 is
crystallized.

[0055] A gate insulating layer 116 is formed on a substan-
tially entire surface of the first substrate 110 and covers the
semiconductor layer 113. A gate electrode 120 is formed on
the gate insulating layer 115 in each of the switching area and
the driving area DA. The gate electrode 120 corresponds to
the first portion 113a. The gate line (not shown) is formed on
the gate insulating layer 116. The gate line extends along a
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first direction parallel to a width of the pixel region P and is
connected to the gate electrode in the switching area.

[0056] An inter insulating layer 123 is formed on the gate
electrode 120 and the gate line. The inter insulating layer 123
and the gate insulating layer 116 have semiconductor contact
holes 125 exposing respective second portions 1135 at both
sides of the first portion 113a.

[0057] The data line (not shown) and the power line (not
shown) are formed on the inter insulating layer 123 having the
semiconductor contact holes 125. The data line extends along
asecond direction parallel to alength of the pixel region P and
crosses the gate line. The power line is spaced apart from and
parallel to the data line.

[0058] Source and drain electrodes 133 and 136 are formed
on the inter insulating layer 123 in each of the switching area
and the driving area DA. The source and drain electrodes 133
and 135 contact the second portions 1135 through the semi-
conductor contact holes 125, respectively. The source and
drain electrodes 133 and 136, the semiconductor layer 113
including the second portions 1135 that contact the source
and drain electrodes 133 and 136, the gate insulating layer
116 and the gate electrode 120 constitute the driving thin film
transistor DTr. Although not shown in the figure, the switch-
ing thin film transistor having the same structure as the driv-
ing thin film transistor DTr is formed in the switching area.
The switching thin film transistor is electrically connected to
the driving thin film transistor DT, the gate line and the data
line. That is, the gate electrode of the switching thin film
transistor is connected to the gate line, the source electrode of
the switching thin film transistor is connected to the data line,
and the drain electrode of the switching thin film transistor is
connected to the gate electrode of the driving thin film tran-
sistor DTr.

[0059] The driving thin film transistor DTr and the switch-
ing thin film transistor may be p-type or n-type according to
impurities doped into the second portions 1135 of the semi-
conductor layer 113. In a p-type thin film transistor, an ele-
ment in group 13 in the periodic table of International Union
of Pure and Applied Chemistry (IUPAC) style, for example,
boron (B) may be doped into the second portions 1135, and
holes ma be used as carriers. In an n-type thin film transistor,
an element in group 15 in the periodic table of IUPAC style,
for example, phosphorus (P) may be doped into the second
portions 1135, and electrons may be used as carriers. There-
fore, the first electrode 147, which is connected to the drain
electrode 136 of the driving thin film transistor DTr, may
function as an anode electrode or a cathode electrode accord-
ing to the type of the driving thin film transistor DTr. When
the driving thin film transistor DTr is a p-type, the first elec-
trode 147 functions as an anode electrode. When the driving
thin film transistor DTr is an n-type, the first electrode 147
fanctions as a cathode electrode.

[0060] In the present invention, the driving thin film tran-
sistor DTr may be the p-type, and the first electrode 147,
which is connected to the drain electrode 136 of the driving
thin film transistor DTr may function as an anode electrode,
forexample. However, the driving thin film transistor DTrcan
be formed to be the n-type, and in this case the first electrode
147 can be formed to function as a cathode electrode.
[0061] A passivation layer 140 is formed on the driving thin
film transistor DTr and the switching thin film transistor (not
shown). The passivation layer 140 has a drain contact hole
143 exposing the drain electrode 136 of the driving thin film
transistor DTr. The first electrode 147 is formed on the pas-
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sivation layer 140 in each pixel region P and is connected to
the drain electrode 143 of the driving thin film transistor DTr
through the drain contact hole 143. The first electrode 147
may be formed of a transparent conductive material having
relatively high work function, for example, indium tin oxide
(ITO) or indium zinc oxide (IZ0). Although not shown in the
figure, to maximize a light-emitting efficiency in the top
emission type, a reflection plate of a material having rela-
tively high reflectance may be further formed under the first
electrode 147 of a transparent conductive material having
high work function. Alternatively, the first electrode 147 may
have a double-layered structure that includes a lower layer of
a metallic material having relatively high reflectance and an
upper layer of the transparent conductive material. As stated
above, the first electrode 147 functions as the anode electrode.
When the first electrode 147 functions as the cathode elec-
trode, the first electrode 147 may be formed of a metallic
material having relatively low work function, for example,
aluminum (Al), aluminum alloy, silver (Ag), magnesium
(Mg) or gold (Au).

[0062] The buffer pattern 150 is formed on the first elec-
trode 147, which has a single- or double-layered structure, in
the border of each pixel region P, that is, between adjacent
pixel regions P. The buffer pattern 150 surrounds each pixel
region P and overlaps edges of the first electrode 147. The
buffer pattern 150 has a lattice shape having openings in a
display area including the pixel regions P.

[0063] The first spacer 151 and the second spacer 152 are
formed on the buffer pattern 150 having the lattice shape
surrounding each pixel region P in the display area. The first
spacer 151 and the second spacer 152 have the dam shape and
have a width narrower than that of the buffer 150 such that
edges of the first spacer 151 and the second spacer 152 are
disposed within edges of the buffer pattern 150. The first
spacer 151 extends along the first direction and is parallel to
the gate line (not shown), and the second spacer 152 extends
along the second direction and is parallel to the data line (not
shown). The first spacer 151 has the first thickness, and the
second spacer 152 has the second thickness. The third spacer
153 having the columnar shape is formed at the crossing
portion of the first and second spacers 151 and 152. The third
spacer 153 has the third thickness thicker than the first or
second thickness due to overlap of the first and second spacers
151 and 152. The first and second thicknesses may be within
arange of 2.5 micrometers to 3 micrometers. The third thick-
ness may be within a range of 5 micrometers to 6 microme-
ters.

[0064] Theorganic emission layer 1551s formedon the first
electrode 147 in each pixel region surrounded by the buffer
pattern 150. The organic emission layer 155 may be a single
layer of an organic luminous material as shown in the figure.
To increase the light-emitting efficiency, the organic emission
layer 155 may include a hole injection layer, a hole transport-
ing layer, an emitting material layer, an electrode transporting
layer and an electron injection layer. Here, the hole injection
and electron injection layers and the hole and electron trans-
porting layers may have different positions depending on
functions of the first and second electrodes 147 and 158. In
the embodiment of the present invention, since the first elec-
trode 147 functions as the anode electrode, the organic emis-
sion layer 155 may includes the hole injection layer, the hole
transporting layer, the emitting material layer, the electron
transporting layer and the electron injection layer in order.
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[0065] The second electrode 158 is formed on the organic
emission layer 155, the buffer pattern 150 and the first, second
and third spacers 151, 152 and 153 all over the surface of the
first substrate 110. The second electrode 158 may be formed
of a metallic material having relatively low work function, for
example, aluminum (Al), aluminum alloy, silver (Ag), mag-
nesium (Mg) or gold (Au), such that the second electrode 158
functions as the cathode electrode.

[0066] On the other hand, when the second electrode 158
functions as the anode electrode, the second electrode 158
may be formed of a transparent conductive material having
relatively high work function, for example, indium tin oxide
(ITO) or indium zinc oxide (1Z0).

[0067] The first electrode 147, the organic emission layer
155 and the second electrode 158 constitute an organic elec-
troluminescent diode E.

[0068] Although not shown in the figure, the second sub-
strate of a transparent material is disposed to face the first
substrate 110 including the above-mentioned elements
thereon. A seal pattern is formed between the first substrate
110 and the second substrate along their peripheries such that
the substrates are attached. At this time, the first substrate 110
and the second substrate may have a uniform gap therebe-
tween owing to the third spacer 153. In addition, a moisture
absorbent may be disposed inside the seal pattern to remove
moisture permeating into a space between the first substrate
110 and the second substrate.

[0069] A method of fabricating a top emission type organic
electroluminescent display device according to the present
invention will be explained hereinafter in more detail with
reference to accompanying drawings.

[0070] FIGS.10A to 10G are cross-sectional views of illus-
trating a substrate for a top emission type organic electrolu-
minescent display device in processes of fabricating the same
according to the present invention. FIGS. 10A to 10G corre-
spond to the line VIII-VIII of FIG. 7. FIGS. 11A and 11B are
plan views of illustrating the substrate for a top emission type
organic electroluminescent display device in a process of
forming an organic emission layer using a shadow mask
according the present invention.

[0071] In FIG. 10A, an intrinsic amorphous silicon layer
(not shown) is formed on an insulating substrate 110 by
depositing intrinsic amorphous silicon. The intrinsic amor-
phous silicon layer is crystallized by irradiating a laser beam
or performing thermal treatment to thereby form a polycrys-
talline silicon layer (not shown). The polycrystalline silicon
layer is patterned through a mask process including steps of
applying photoresist, exposing the photoresist to light using a
mask, developing the light-exposed photoresist, etching and
stripping, and a semiconductor layer 113 of intrinsic poly-
crystalline silicon is formed in each of a switching area (not
shown) and a driving area DA. Here, a first buffer layer (not
shown) may be further formed on a substantially entire sur-
face of the substrate 110 by depositing an inorganic insulating
material, for example, silicon oxide (Si0O,) or silicon nitride
(SiN,), before forming the intrinsic amorphous silicon layer.
[0072] A gate insulating layer 116 is formed on the semi-
conductor layer 113 of the polycrystalline silicon by depos-
iting an inorganic insulating material, for example, silicon
oxide (Si0,) or silicon nitride (SiN,). A first metal layer (not
shown) is formed on the gate insulating layer 116 by depos-
iting a metallic material, for example, aluminum (Al), alumi-
num alloy such as aluminum nitride (AINd), copper (Cu),
copper alloy or chromium (Cr). The first metal layer is pat-
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terned through a mask process, and a gate electrode 120 is
formed to correspond to a central portion of the semiconduc-
tor layer 113. A gate line (not shown) is also formed along a
first direction and is connected to a gate electrode (not shown)
in the switching area.

[0073] Next, impurities are doped into the substrate 110
including the semiconductor layer 113 thereon by using the
gate electrode 120 as a blocking mask to thereby form a first
portion 113a and second portions 1135 of the semiconductor
layer 113. The first portion 113a corresponds to the gate
electrode 120 and excludes the impurities, and the second
portions 113¢ are disposed at both sides of the first portion
1134 and doped with the impurities. The impurities may be an
element in group 13 or an element in group 15 in the periodic
table of [UPAC style.

[0074] Aninter insulating layer 123 is formed on a substan-
tially entire surface of the substrate 110 including the first and
second portions 113a and 1135 of the semiconductor layer
113 by depositing an inorganic insulating material such as
silicon oxide (SiO,) or silicon nitride (SiN,). The inter insu-
lating layer 123 and the gate insulating layer 116 are patterned
together or simultaneously through a mask process to thereby
form semiconductor contact holes 125 exposing respective
second portions 1135 of the semiconductor layer 113.

[0075] A second metal layer (not shown) is formed on the
inter insulating layer 123 by depositing a metallic material,
for example, one of aluminum (Al), aluminum alloy such as
aluminum alloy (AINd), copper (Cu), copper alloy, chro-
mium (Cr) and molybdenum (Mo). The second metal layer is
patterned through a mask process, and source and drain elec-
trodes 133 and 136 are formed. The source and drain elec-
trodes 133 and 136 are spaced apart from each other and are
connected to the second portions 1135 through the semicon-
ductor contact holes 125.

[0076] At the same time, a data line (not shown) and a
power line (not shown) are formed on the inter insulating
layer 123. The data line is connected to the source electrode
(not shown) in the switching area. The data line extends along
a second direction and crosses the gate line. The power line is
spaced apart from and parallel to the data line.

[0077] The semiconductor layer 113, the gate insulating
layer 116, the gate electrode 120, the inter insulating layer
123 and the source and drain electrodes 133 and 136 consti-
tute the driving thin film transistor DTr. The switching thin
film transistor (not shown) having the same structure as the
driving thin film transistor DTr is formed in the switching
area.

[0078] A passivation layer 140 is formed on the source and
drain electrodes 133 and 136 by depositing an inorganic
insulating material such as silicon oxide (Si0,) or silicon
nitride (SiN,, ) or applying an organic insulating material such
as photo acryl or benzocyclobutene (BCB). The passivation
layer 140 is patterned through a mask process to thereby form
a drain contact hole 143 exposing the drain electrode 136 of
the driving thin film transistor DTr.

[0079] In FIG. 10B, a first electrode 147 is formed on the
passivation layer 140 by depositing a transparent conductive
material having relatively high work function, for example,
indium tin oxide (ITO) or indium zinc oxide (IZO) and pat-
terning the transparent conductive material. The first elec-
trode 147 is connected to the drain electrode 136 of the
driving thin film transistor DTr through the drain contact hole
143. The first electrode 147 has a single-layered structure.
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[0080] In the meantime, the first electrode 147 can be
formed to have a double-layered structure. In this case, alu-
minum (Al) or aluminum alloy such as aluminum nitride
(AINd) having relatively high reflectance may be deposited
on the passivation layer 140, and a transparent conductive
material having relatively high work function, for example,
indium tin oxide (ITO) or indium zinc oxide (IZO) may be
deposited, thereby forming double layers (not shown). The
double layers may be patterned through a mask process, and
the first electrode 147 may have a double-layered structure.
[0081] Meanwhile, when the first electrode 147 functions
as a cathode electrode, the first electrode 147 may be formed
of ametallic material having relatively low work function, for
example, aluminum (Al), aluminum alloy, silver (Ag), mag-
nesium (Mg), gold (Au) and may have a single-layered struc-
ture.

[0082] In FIG. 10C, a buffer pattern 150 is formed on the
first electrode 147 by applying an organic insulating material
or depositing an inorganic insulating material and then pat-
terning it. The buffer pattern 150 surrounds each pixel region
P. The organic insulating material may be photo acryl or
benzocyclobutene (BCB), and the inorganic insulating mate-
rial may be silicon oxide (SiO,) or silicon nitride (SiNy).
[0083] In FIG. 10D, a first spacer layer (not shown) is
formed on the substrate 110 including the buffer pattern 150
by applying a photosensitive organic insulating material all
over the surface using a spin coating apparatus. The first
spacer layer may have a first thickness within a range of 2.5
micrometers to 3 micrometers. The first spacer layer is pat-
terned through a mask process, and a first spacer 151 is
formed on the buffer pattern 150 along the first direction and
disposed in a border of each pixel region P. The first spacer
151 has a dam shape. The photosensitive organic insulating
material may be polyimide, photo acryl or benzocyclobutene
(BCB).

[0084] In FIG. 10E, a second spacer layer (not shown) is
formed on the substrate 110 including the first spacer 151 by
applying a photosensitive organic insulating material all over
the surface. The second spacer layer may have a second
thickness within a range of 2.5 micrometers to 3 micrometers.
The photosensitive organic insulating material may be poly-
imide, photo acryl or benzocyclobutene (BCB). The second
spacer layer may be formed of the same material as or a
different material from the first spacer layer. The second
spacer layer may have the same photosensitive property as the
first spacer layer.

[0085] Forexample, when the first spacer layer is formed of
negative-type polyimide and the second spacer layer is be
formed of photo acryl or benzocyclobutene, there is no prob-
lem because the second spacer layer is patterned by a devel-
oper different from polyimide.

[0086] Inthe meantime, when the first spacer layer and the
second spacer layer are formed of polyimide, it is desirable
that the polyimide is a negative-type, in which a portion
exposed to light remains after a developing step. More par-
ticularly, when the first spacer layer is formed of negative-
type polyimide, a portion exposed to light becomes the first
spacer 151 after a developing step. Next, the second spacer
layer of negative-type polyimide is formed on the first spacer
151. The second spacer layer is selectively exposed to light
and then is developed. Then, a portion of the second spacer
layer, which is not exposed to light, is removed, and a second
spacer 152, which is exposed to light, is formed. At this time,
since the first spacer 151 is already exposed to light, the first
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spacer 151 does not react with the developer for the second
spacer 152. Therefore, there is no problem that the first spacer
151 is removed when the second spacer 152 is formed. When
the first and second spacers 151 and 152 are formed of dif-
ferent materials, different developers are used, and there is no
problem.

[0087] The second spacer 152 is formed along the second
direction and disposed in a border of each pixel region P. The
second spacer 152 has a dam shape. Here, the second spacer
152 may have a narrower width than the first spacer 151.
[0088] Inaddition, the first and second spacers 151 and 152
overlap each other at a crossing portion of the first and second
spacers 151 and 152 to thereby form a third spacer 153. The
third spacer 153 has a third thickness with a range of 5
micrometers to 6 micrometers and has a columnar shape.
[0089] InFIG.10F, FIG.11A andFIG.11B, ashadow mask
190 is disposed over the substrate 110 including the second
and third spacers 152 and 153 thereon. The shadow mask 190
has openings OA corresponding to the pixel regions P and
blocking portions BA corresponding to other regions exclud-
ing the pixel regions P. The shadow mask 190 is disposed
close by the substrate 110.

[0090] Next, the shadow mask 190 is aligned with the sub-
strate 110 such that the openings OA of the shadow mask 190
are disposed right over central portions of the pixel regions P.
[0091] At this time, even though particles or protrusions are
formed at a lower surface of the blocking portion BA of the
shadow mask 190 and are disposed over the first electrode 147
in the pixel region P, the shadow mask 190 is supported by the
third spacer 153 having the third thickness of 5 micrometers
to 6 micrometers, and thus the particles or protrusions having
asize of | micrometer to 6 micrometers do not contact the first
electrode 147. Accordingly, scratch or pit is not formed on the
first electrode 147, and there is no dark point when an organic
emission layer is formed on the first electrode 147.

[0092] Next, an organic emission layer 155 is formed on the
first electrode 147 by thermally depositing an organic lumi-
nous material through the openings OA of the shadow mask
190. The organic emission layer 155 may have a single-
layered structure as shown in the figure. Alternatively, the
organic emission layer 155 may have a multiple-layered
structure by sequentially forming a hole injection layer, a hole
transporting layer, an emitting material layer, an electrode
transporting layer and an electron injection layer.

[0093] InFIG.10G, asecond electrode 158is formed on the
organic emission layer 155 all over the surface of the substrate
110 by thermally depositing a metallic material having rela-
tively low work function, for example, one of aluminum (Al),
aluminum alloy, silver (Ag), magnesium (Mg) and gold (Au).
The second electrode 158 has a relatively thin thickness of 5
A to 50 A such that light from the organic emission layer 155
is transmitted through the second electrode 158. Accordingly,
the substrate for an organic electroluminescent display device
is completed.

[0094] Meanwhile, when the second electrode 158 func-
tions as an anode electrode, the second electrode may be
formed of a transparent conductive material having relatively
high work function, for example, indium tin oxide (ITO) or
indium zinc oxide (I70).

[0095] Then, a transparent substrate is disposed to face the
substrate 110 including the above-mentioned elements
thereon. A seal pattern is formed between the substrate 110
and the transparent substrate along their peripheries. In addi-
tion, a moisture-absorbing pattern of barium oxide or calcium
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oxide may be disposed inside the seal pattern between the
substrate 110 and the transparent substrate.

[0096] Next, the substrate 110 and the transparent substrate
are attached under inert gas or vacuum to complete the top
emission type organic electroluminescent display device
according to the present invention.

[0097] Inthe top emission type organic electroluminescent
display device according to the present invention, the prob-
lems such as scratches or pits are prevented when the organic
emission layer is formed using the shadow mask, and display
qualities are increased. Furthermore, productivity is
improved.

[0098] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

1. A top emission type organic electroluminescent display
device, comprising:

a first substrate including a pixel region;

a switching thin film transistor and a driving thin film

transistor in the pixel region on the first substrate;

a passivation layer covering the switching thin film tran-
sistor and the driving thin film transistor and exposing a
drain electrode of the driving thin film transistor;

a first electrode on the passivation layer and connected to
the drain electrode of the driving thin film transistor;

a buffer pattern in a border of the pixel region and overlap-
ping an edge of the first electrode;

a first spacer on the buffer pattern along a first direction, the
first spacer having a first thickness and a dam shape;

a second spacer on the buffer pattern along a second direc-
tion, the second spacer having a second thickness and a
dam shape;

a third spacer on the buffer pattern at a crossing portion of
the first and second spacers, the third spacer having a
third thickness and a columnar shape, wherein the third
thickness is thicker than the first thickness or the second
thickness;

an organic emission layer on the first electrode between
adjacent buffer patterns;

a second electrode on the organic emission layer and the
first, second and third spacers;

a second substrate facing the first substrate; and

a seal pattern between peripheries of the first and second
substrates.

2. The display device according to claim 1, wherein the first
and second thicknesses are within a range of 2.5 micrometers
to 3 micrometers, and the third thicknesses are within a range
of 5 micrometers to 6 micrometers.

3. The display device according to claim 1, wherein the first
thickness equals to the second thickness.

4. The display device according to claim 1, wherein a width
ofthe first spacer is narrower than the buffer pattern and wider
than the second spacer.

5. The display device according to claim 1, further com-
prising:

gate and data lines connected to the switching thin film
transistor and crossing each other; and

a power line parallel to the data line and connected to the
driving thin film transistor.
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6. The display device according to claim 1, wherein the
organic emission layer includes a hole injection layer, a hole
transporting layer, an emitting material layer, an electrode
transporting layer and an electron injection layer.

7. The display device according to claim 1, wherein the
first, second and third spacers are formed of an organic insu-
lating material.

8. The display device according to claim 7, wherein the
first, second and third spacers are formed of a negative-type
photosensitive material.

9.-15. (canceled)
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