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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE AND METHOD OF
FABRICATING THE SAME

[0001] The present application claims the benefit of Korean
Patent Application No. 10-2009-0065190 filed in Korea on
Jul. 17, 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 (ELD) device, and more particularly,
to an organic electroluminescent display device where dete-
rioration due to bending and protrusion is prevented and a
method of fabricating the same.

[0004] 2. Discussion of the Related Art

[0005] Among flat panel displays (FPDs), organic ELD
devices have been of particular interest in research and devel-
opment because they have high brightness and low driving
voltage. For example, since the organic ELD devices are
driven with a low voltage of between DC 5V and DC 15V, a
driving circuit may be easily designed and fabricated. In
addition, since organic ELD devices are an emissive type,
organic ELD devices have a high contrast ratio and a thin
profile. Also, organic ELD devices can display images with-
out viewing angle limitations. Further, since organic ELD
devices have a short response time of several microseconds
(us ), the organic ELD devices have a stable operation prop-
erty at a low temperature and an advantage in displaying
moving images.

[0006] Organic ELD devices may be classified into a pas-
sive matrix type and an active matrix type according to exist-
ence of a switching element. In a passive matrix type organic
ELD device where a scan line and a signal line that cross each
other to define a pixel region are disposed in a matrix without
a switching element, the light of each pixel region may have
an instant brightness obtained by multiplying a required aver-
age brightness and the number of the scan line since each
pixel region emits light only while the corresponding scan
line is selected.

[0007] In an active matrix type organic ELD device where
a scan line and a signal line that cross each other to define a
pixel region are disposed in a matrix and a thin film transistor
(TFT) as a switching element and a storage capacitor are
disposed in each pixel region, the light of each pixel region
may have an instant brightness corresponding to a required
average brightness since a voltage applied to each pixel
region is maintained during a frame due to the TFT and the
storage capacitor. As a result, the active matrix organic ELD
device may have the required average brightness even with a
relatively low voltage as compared with the passive matrix
organic ELD device. Accordingly, the active matrix organic
ELD device has been widely used due to the advantages of
low power consumption, high resolution, and large size.
[0008] FIG.1isa circuit diagram showing an active matrix
type organic ELD device according to the related art. In FIG.
1, a pixel region P of an active matrix type organic ELD
device includes a switching thin film transistor (STr), a driv-
ing thin film transistor (DTr), a storage capacitor StgC, and an
organic electroluminescent diode E. A gate line GL is dis-
posed along a first direction, and a data line DL is disposed
along a second direction crossing the first direction. The gate
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line GL and the data line DL cross each other to define the
pixel region P. A power line PL is parallel to and spaced apart
from one of the gate line GL and the data line DL. The
switching TFT STr is connected to the gate line GL and the
data line DL, and the driving TFT DTr is electrically con-
nected to the switching TFT STr. Inaddition, the driving TFT
DTr is electrically connected to the organic electrolumines-
cent diode E and the power line PL. For example, a first
electrode of the organic electroluminescent diode E may be
connected to a drain electrode of the driving TFT DTy, and a
source voltage of the power line PL is transmitted to the
organic electroluminescent diode E through the driving TFT
DTr. The storage capacitor StgC is formed between a gate
electrode and a source electrode of the driving TFT DTr.
[0009] When a gate signal is applied to the gate line GL, the
switching TFT STr is turned on and a data signal of the data
line DL is applied to the gate electrode of the driving TFT
DTr. As a result, the driving TFT DTr is turned on and light is
emitted from the organic electroluminescent diode E. The
grey level of the light emitted from the organic electrolumi-
nescent diode E is determined according to the intensity of a
current flowing from the power line PL to the organic elec-
troluminescent diode E through the driving TFT DTr. Since
the storage capacitor StgC keeps the voltage of the gate elec-
trode of the driving TFT DTr constant while the switching
TFT STr is turned off, the constant current flows through the
organic electroluminescent diode E during a frame even when
the switching TFT STr is turned off

[0010] FIG. 2 is a cross-sectional view showing an organic
electroluminescent display device according to the related
art. InFIG. 2, an organic ELD device includes first and second
substrates 3 and 31 facing each other. The first substrate 3
includes glass and the second substrate 31 is used for encap-
sulation. A boundary portion of the first and second substrates
3 and 31 is sealed with a seal pattern 40. A driving thin film
transistor DTr and a first electrode 12 are formed in each pixel
region P on the first substrate 3, and the first electrode 12 is
connected to the driving TFT DTr. An organic luminescent
layer 14 is formed on the first electrode 12, and a second
electrode 16 is formed on the organic luminescent layer 14.
The organic luminescent layer 14 includes red, green, and
blue emitting material patterns 14a, 14b and 14¢ emitting red,
green, and blue lights, respectively, and the second electrode
16 is formed on the red, green, and blue emitting material
patterns 14a, 145 and 14c. An electric field generated
between the first and second electrodes 12 and 16 is applied to
the organic luminescent layer 14, and the first electrode 12,
and the second electrode 16 constitute an organic electrolu-
minescent diode E.

[0011] The first and second substrates 3 and 31 are attached
to each other by the seal pattern 40, and the second electrode
16 over the first substrate 3 is spaced apart from the second
substrate 31. The second substrate 31 includes a groove GR
on an inner surface thereof, and an absorbent material 32 such
as barium oxide (BaO) or calcium oxide (CaQ) is formed in
the groove GR to prevent moisture penetration from the exte-
rior. Since the organic luminescent layer 14 deteriorates from
exposure to oxygen or moisture, the first substrate 3 including
the organic luminescent layer 14 is encapsulated by the sec-
ond substrate 31 including the absorbent material 32 so that
penetration of oxygen or moisture can be prevented.

[0012] The absorbent material 32 has a thickness t within a
range of about 150 pm to about 250 pum, and the first and
second substrates 3 and 31 have a gap distance within a range
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of about 6 pum to about 12 um using a glass fiber (not shown)
or a spacer (not shown). To keep the gap distance within a
range of about 6 pm to about 12 um, the groove GR having a
depth greater than the thickness of the absorbent material 32
is formed in the second substrate 31 and the absorbent mate-
rial 32 is formed in the groove GR.

[0013] When the first and second substrates 3 and 31 are
formed to be spaced apart from each other by a gap distance
greater than about 150 pm using a thick glass fiber or a thick
spacet, the waste of material increases and the thickness of the
organic ELD device increases. In addition, since the thick
glass fiber or the thick spacer is vulnerable to external impact,
the reliability of the organic ELD device is reduced. Further,
since a thickness of the seal pattern 40 increases, an area
exposed to the exterior increases and penetration of oxygen or
moisture increases. Accordingly, the groove GR is formed in
the second substrate 31 and the absorbent material 32 is
formed in the groove GR.

[0014] However, since the groove GR is formed in the
second substrate 31, the thickness of the second substrate 31
corresponding to the groove GR is reduced and the second
substrate 31 having areduced thickness is vulnerable to exter-
nal impact. For example, the second substrate 31 may be
broken or cracked during one of the steps of forming the
absorbent material 32 in the groove GR, attaching the first and
second substrates 3 and 31, or transferring the second sub-
strate 31. In addition, the groove GR is formed to correspond
to a display area of the second substrate 31 and the absorbent
material 32 is formed in the groove GR. As a result, light of
the organic electroluminescent diode E cannot be emitted
through the second substrate 32 and the organic ELD device
cannot be applied to an upper emission type.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to an
organic electroluminescent display device and a method of
fabricating the same that substantially obviate one or more of
the problems due to limitations and disadvantages of the
related art.

[0016] An object of the present invention is to provide an
organic ELD device including an encapsulation substrate and
a method of fabricating the organic ELD device.

[0017] Another object of the present invention is to provide
an organic ELD device applicable to an upper emission type
and a method of fabricating the organic ELD device.

[0018] 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.

[0019] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, the organic electroluminescent
display device and method of fabricating the same includes a
method for fabricating an organic electroluminescent display
device including the steps of preparing first and second sub-
strates, forming an organic electroluminescent display on the
first substrate, forming a first etching mask film on an upper
surface of the second substrate, forming a second etching
mask film on a lower surface of the second substrate, per-
forming a first etching process on the upper surface of the
second substrate, forming a third etching mask film on an
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etched portion of the second surface of the glass substrate,
performing a second etching process on the upper surface of
the second substrate to form a plurality of grooves on the
upper surface of the second substrate, removing the first and
second etching mask films, the second etching film remaining
on the etched portion of the second surface of the glass sub-
strate, and encapsulating the organic electroluminescent dis-
play between the first and second substrates.

[0020] In another aspect, the organic electroluminescent
display device and method of fabricating the same includes a
method for fabricating an organic electroluminescent display
device including the steps of preparing first and second sub-
strates, forming an organic electroluminescent display on the
first substrate, forming a first etching mask film on an upper
surface of the second substrate, forming a second etching
mask film on a lower surface of the second substrate, per-
forming a first etching process on the upper surface of the
second substrate, forming a third etching mask film on an
etched portion of the second surface of the glass substrate,
performing a second etching process on the upper surface of
the second substrate to form a plurality of grooves on the
upper surface of the second substrate, removing the first,
second, and third etching mask films, forming a first insulat-
ing material layer on the entire upper surface of the second
substrate, removing end portions of the first insulating layer,
the first insulating layer remaining on the etched portion of
the second surface of the glass substrate, and encapsulating
the organic electroluminescent display between the first and
second substrates.

[0021] In another aspect, the organic electroluminescent
display device and method of fabricating the same includes a
method of fabricating an organic electroluminescent display
device, including the steps of forming an organic electrolu-
minescent diode on a first substrate including a display area
and a non-display area surrounding the display area, forming
a first etching mask film on first and second surfaces of a
second substrate including a first region corresponding to the
non-display area, a second region corresponding to the dis-
play area and a third region between the first and second
region, the first etching mask film disposed in the first region
of the first surface and in the first, second and third regions of
the second surface, etching the second substrate using the first
etching mask film as an etching mask so that the second
substrate of the first region has a first thickness and the second
substrate of the second and third regions has a second thick-
ness smaller than the first thickness, forming a second etching
mask film on the first surface, the second etching mask film
disposed in the second region of the first surface and in
portions of the third region of the first surface, and other
portions of the third region of the first surface exposed
through the second etching mask film, etching the second
substrate using the first and second etching mask films to form
a plurality of grooves corresponding to the other portions of
the third region, the second substrate corresponding to the
plurality of grooves having a third thickness smaller than the
second thickness, removing the first etching mask film on the
firstand second surfaces, forming an absorbent material in the
plurality of grooves, and attaching the first and second sub-
strates such that the organic electroluminescent diode faces
the first surface.

[0022] In another aspect, the organic electroluminescent
display device and method of fabricating the same includes an
organic electroluminescent display device including a first
substrate including a display area and a non-display area
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surrounding the display area, an organic electroluminescent
diode in the display area on the first substrate, a second
substrate facing and spaced apart from the first substrate, the
second substrate including a first region corresponding to the
non-display area, a second region corresponding to the dis-
play area and a third region between the first and second
region, wherein the second substrate includes a plurality of
grooves in the third region, and wherein the second substrate
has a first thickness in the first region, a second thickness
smaller than the first thickness in the second region and a third
thickness smaller than the second thickness in a portion of the
third region where the plurality of grooves are formed, a
protection layer in the second region on the second substrate,
and a seal pattern in the first region between the first and
second substrates.

[0023] Itisto beunderstood 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

[0024] 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. In
the drawings:

[0025] FIG.1isa circuit diagram showing an active matrix
type organic ELD device according to the related art;

[0026] FIG. 2 is a cross-sectional view showing an organic
ELD device according to the related art;

[0027] FIG. 3 is a plane view showing an organic ELD
device according to an exemplary first embodiment of the
present invention;

[0028] FIG. 4 is a cross-sectional view taken along a line
IV-IV of FIG. 3;

[0029] FIG.5isa cross-sectional view showing bending of
a second substrate of an organic ELD device according to an
exemplary first embodiment of the present invention;

[0030] FIG. 6 is a plane view showing an organic ELD
device according to an exemplary second embodiment of the
present invention;

[0031] FIG. 7Ais a cross-sectional view taken along a line
VII-VII of FIG. 6;

[0032] FIG. 7B is a cross-sectional view showing bending
of a second substrate of an organic ELD device according to
an exemplary second embodiment of the present invention;
[0033] FIG. 8A is a cross-sectional view showing an
organic ELD device according to an exemplary third embodi-
ment of the present invention;

[0034] FIG. 8B is a cross-sectional view showing bending
of a second substrate of an organic ELD device according to
an exemplary third embodiment of the present invention;
[0035] FIGS.9A to 9F are cross-sectional views showing a
method of fabricating an organic ELD device according to an
exemplary fourth embodiment of the present invention; and
[0036] FIGS. 10A to 10E are cross-sectional views show-
ing a method of fabricating an organic ELD device according
to an exemplary fifth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.
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[0038] FIG. 3is a plane view showing an organic electrolu-
minescent display device according to an exemplary first
embodiment of the present invention, and FIG. 4 is a cross-
sectional view taken along a line IV-IV of FIG. 3.

[0039] In FIGS. 3 and 4, an organic ELD device 100
includes a first substrate 110 having a switching TFT (not
shown), a driving thin film transistor (TFT) DTr and an
organic electroluminescent diode E, and a second substrate
170 facing the first substrate 110. The second substrate 170 is
used for encapsulating the first substrate 110. The first sub-
strate 110 includes a display area DA and a non-display area
NA surrounding the display area DA. A plurality of gate lines
(not shown), a plurality of data lines, and a plurality of power
lines (not shown) are formed in the display area DA on the
first substrate 110. The plurality of gate lines cross the plu-
rality of data lines to define a plurality of pixel regions P, and
the plurality of power lines are spaced apart from the plurality
of gate lines or the plurality of data lines. In addition, the
switching TFT connected to the gate and data line, the driving
TFT DTr connected to the switching TFT STr, and the power
line are formed in each pixel region P. A passivation layer 130
having a flat top surface is formed on the switching TFT STr
and the driving TFT DTr, and a first electrode 150 is formed
on the passivation layer 130 in each pixel region P. The
passivation layer 130 includes a contact hole 132 exposing an
electrode of the driving TFT DTr, and the first electrode 150
is connected to the electrode of the driving TFT DTr through
the contact hole 132.

[0040] Further, a buffer pattern 152 is formed on the first
electrode 150 at a boundary portion of each pixel region P.
The buffer pattern 152 covers and overlaps edge portions of
the first electrode 150. An organic luminescent layer 155 is
formed on the first electrode 150 inside the buffer pattern 152,
and a second electrode 160 is formed on the organic lumines-
cent layer 155. The second electrode 160 may be formed in
the whole display area DA as a single body. The first electrode
150, the organic luminescent layer 155, and the second elec-
trode 160 constitute the organic electroluminescent diode E.

[0041] Elements such as link lines (not shown) and pads for
connection to an external driving circuit (not shown) are
formed in the non-display area NA of the first substrate 110.
Although the passivation layer 130 is removed in the non-
display area NA for improving contact property in FIGS. 3
and 4, the passivation layer 130 may remain in the non-
display area NA for protecting the elements such as the link
lines.

[0042] The second substrate 170 includes a first region Al
corresponding to the non-display area NA, a second region
A2 surrounded by the first region A1 and a third region A3
between the first and second regions Al and A2. The second
substrate 170 may include a transparent glass. The first region
A1 of the second substrate 170 that is not etched may have a
first thickness t1, and the second region A2 of the second
substrate 170 that is etched once may have a second thickness
t2 smaller than the first thickness t1. A plurality of grooves
GR is formed in the third region A3 of the second substrate
170. In addition, the third region A3 of the second substrate
170 corresponding to the plurality of grooves GR may have a
third thickness t3 smaller than the second thickness t2 and the
other portions of the third region A3 may have the second
thickness t2. The plurality of grooves GR may be uniformly
spaced apart from each other by a predetermined distance. An
absorbent material 180 such as barium oxide (BaO) or cal-
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cium oxide (CaO) are formed in each of the plurality of
grooves GR of the third region A3 of the second substrate 170.
[0043] The first and second substrates 110 and 170 are
attached with a seal pattern 190 such that the display area DA
of the first substrate 110 faces the second region A2 of the
second substrate 170. The seal pattern 190 is formed between
the first and second substrates 110 and 170 in the first region
Al.

[0044] In the organic electroluminescent display device
100 according to the first exemplary embodiment of the
present invention, deterioration such as breaks or cracks due
to external impact are prevented since the second substrate
170 has the second thickness t2 greater than the third thick-
ness t3 in the second region A2 corresponding to the display
area DA. Further, the second substrate 170 has the third
thickness t3 in the plurality of grooves GR of the third region
A3. Deterioration due to the external impact is reduced since
the plurality grooves GR are disposed to be spaced apart from
each other and portions having the first or second thickness t1
or t2 surround each of the plurality of grooves GR.

[0045] As a size of an organic ELD device increases, a
display area of the organic ELD device increases. In addition,
as the display area of the organic eELD device increases,
deterioration due to the bending of a second substrate may
increase.

[0046] FIG.5is a cross-sectional view showing bending of
a second substrate of an organic ELD device according to an
exemplary first embodiment of the present invention.

[0047] InFIG.5, asecond substrate 170 having a relatively
large size is bent even by a relatively small external force.
Although a gap distance between the first substrate 110 in the
display area DA and the second substrate 170 in the second
region A2 is several micrometers, the second substrate 170
contacts the second electrode 160 of the first substrate 110
due to the bending of the second substrate 170. When the
second substrate 170 has a flat inner surface, the organic ELD
device 100 is not deteriorated by the bending of the second
substrate 170 because the second electrode 160 is formed of
a metallic material. However, a protrusion having a height of
about 1 pm to about 3 um may be formed on the inner surface
of the second substrate 170 of the second region A2 since the
second substrate 170 of the second and third regions A2 and
A3 is etched with an etching solution such as hydrofluoric
acid (HF) to have the second and third thicknesses t2 and t3,
respectively. When the second substrate 170 of the second
region A2 is bent to contact the second electrode 160 of the
first substrate 110, the second electrode 160 may be broken by
the protrusion, or the first and second electrodes 150 and 160
may be electrically connected by the protrusion. As a result,
the display quality of the organic ELD device 100 is deterio-
rated. Although deterioration due to contact of the protrusion
is prevented by further etching the second substrate 170 of the
second region A2, the second substrate 170 of the second
region A2 may be easily cracked or broken due to a reduced
thickness.

[0048] FIG. 6 is a plane view showing an organic ELD
device according to an exemplary second embodiment of the
present invention. FIG. 7A is a cross-sectional view taken
along a line VII-VII of FIG. 6 and FIG. 7B is a cross-sectional
view showing bending of a second substrate of an organic
ELD device according to an exemplary second embodiment
of the present invention.

[0049] InFIGS.6,7A, and 7B, an organic ELD device 200
includes a first substrate 210 having a switching TFT (not
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shown), a driving thin film transistor (TFT) DTr, an organic
electroluminescent diode E, and a second substrate 270 fac-
ing the first substrate 210. The second substrate 270 is used
for encapsulating the first substrate 210. The first substrate
210 includes a display area DA and a non-display area NA
surrounding the display area DA. A plurality of gate lines (not
shown), a plurality of data lines, and a plurality of power lines
(not shown) are formed in the display area DA on the first
substrate 210. The plurality of gate lines cross the plurality of
data lines to define a plurality of pixel regions P, and the
plurality of power lines are spaced apart from the plurality of
gate lines or the plurality of data lines. In addition, the switch-
ing TFT connected to the gate and data line, the driving TFT
DTr connected to the switching TFT STr, and the power line
are formed in each pixel region P. A passivation layer 230
having a flat top surface is formed on the switching TFT STr
and the driving TFT DTr, and a first electrode 250 is formed
on the passivation layer 230 in each pixel region P. The
passivation layer 230 includes a contact hole 232 exposing an
electrode of the driving TFT DTr, and the first electrode 250
is connected to the electrode of the driving TFT DTr through
the contact hole 232.

[0050] Further, a buffer pattern 252 is formed on the first
electrode 250 at a boundary portion of each pixel region P.
The buffer pattern 252 covers and overlaps edge portions of
the first electrode 250. An organic luminescent layer 255 is
formed on the first electrode 250 inside the buffer pattern 252,
and a second electrode 260 is formed on the organic lumines-
cent layer 255. The second electrode 260 may be formed in
the whole display area DA as a single body. The first electrode
250, the organic luminescent layer 255, and the second elec-
trode 260 constitute the organic electroluminescent diode E.

[0051] Elements such as link lines (not shown) and pads for
connection to an external driving circuit (not shown) are
formed in the non-display area NA of the first substrate 210.
Although the passivation layer 230 is removed in the non-
display area NA for improving contact property in FIGS. 6,
7A and 7B, the passivation layer 230 may remain in the

non-display area NA for protecting the elements such as the
link lines.

[0052] The second substrate 270 includes a first region Al
corresponding to the non-display area NA, a second region
A2 surrounded by the first region A1, and a third region A3
between the first and second regions Al and A2. The second
substrate 270 may include a transparent glass. The first region
A1 of the second substrate 270 that is not etched may have a
first thickness t1, and the second region A2 of the second
substrate 270 that is etched once may have a second thickness
2 smaller than the first thickness t1. A plurality of grooves
GR is formed in the third region A3 of the second substrate
270. In addition, the third region A3 of the second substrate
270 corresponding to the plurality of grooves GR may have a
third thickness t3 smaller than the second thickness t2, and the
other portions of the third region A3 may have the second
thickness t2. The plurality of grooves GR may be uniformly
spaced apart from each other by a predetermined distance. An
absorbent material 280 such as barium oxide (BaQO) or cal-
cium oxide (CaO) are formed in each of the plurality of
grooves GR of the third region A3 of the second substrate 270.
[0053] The first and second substrates 210 and 270 are
attached with a seal pattern 290 such that the display area DA
of the first substrate 210 faces the second region A2 of the



US 2011/0012506 Al

second substrate 270. The seal pattern 290 is formed between
the first and second substrates 210 and 270 in the first region
Al.

[0054] In the organic ELD device 200 according to the
exemplary second embodiment of the present invention, a
protection layer 273 is formed in the second region A2 on an
inner surface of the second substrate 270. The protection
layer 273 is used as an etching mask film for the second region
A2 while the second substrate 270 of the third region A3 is
etched for forming the plurality of grooves GR. Since the
etching mask film for forming the plurality of grooves GR in
the second substrate 270 is used as the protection layer 273,
the protection layer 273 is formed without an additional pho-
tolithographic process including deposition or coating.

[0055] The protection layer 273 includes a transparent
material having excellent elasticity and excellent surface
roughness. For example, the protection layer 273 may include
one of acryl, polycarbonate, and poly-ethylene-terephthalate
(PET). Although not shown in FIG. 7A, an adhesive may be
formed between the second substrate 270 of the second region
A2 and the protection layer 273.

[0056] Since the protection layer 273 is formed on the inner
surface of the second substrate 270 in the second region A2, a
protrusion formed from the etching step for the second region
A2 is covered with the protection layer 273, and the inner
surface of the second substrate 270 in the second region A2 is
planarized by the protection layer 273. As a result, deteriora-
tion of the second electrode 260 due to the protrusion is
prevented even when the second substrate 270 is bent by an
external force. In addition, since the protection layer 273 has
excellent elasticity, deterioration of the second electrode 260
is reduced even when the protection layer 273 contacts the
second electrode 260.

[0057] FIG. 8A is a cross-sectional view showing an
organic ELD device according to an exemplary third embodi-
ment of the present invention, and FIG. 8B is a cross-sectional
view showing bending of a second substrate of an organic
ELD device according to an exemplary third embodiment of
the present invention.

[0058] In FIGS. 8A and 8B, an organic ELD device 300
includes a first substrate 310 having a switching TFT (not
shown), a driving thin film transistor (TFT) DTr, an organic
electroluminescent diode E, and a second substrate 370 fac-
ing the first substrate 310. The second substrate 370 is used
for encapsulating the first substrate 310. The first substrate
310 includes a display area DA and a non-display area NA
surrounding the display area DA. A plurality of gate lines (not
shown), a plurality of data lines, and a plurality of power lines
(not shown) are formed in the display area DA on the first
substrate 310. The plurality of gate lines cross the plurality of
data lines to define a plurality of pixel regions P, and the
plurality of power lines are spaced apart from the plurality of
gate lines or the plurality of data lines. In addition, the switch-
ing TFT connected to the gate and data line, and the driving
TFT DTr connected to the switching TFT STr, and the power
line are formed in each pixel region P. A passivation layer 330
having a flat top surface is formed on the switching TFT and
the driving TFT DTr, and a first electrode 350 is formed on the
passivation layer 330 in each pixel region P. The passivation
layer 330 includes a contact hole 332 exposing an electrode of
the driving TFT DTr, and the first electrode 350 is connected
to the electrode of the driving TFT DTr through the contact
hole 332.
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[0059] Further, a buffer pattern 352 is formed on the first
electrode 350 at a boundary portion of each pixel region P.
The buffer pattern 352 covers and overlaps edge portions of
the first electrode 350. An organic luminescent layer 355 is
formed on the first electrode 350 inside the buffer pattern 352,
and a second electrode 360 is formed on the organic lumines-
cent layer 355. The second electrode 360 may be formed in
the whole display area DA as a single body. The first electrode
350, the organic luminescent layer 355, and the second elec-
trode 360 constitute the organic electroluminescent diode E.
[0060] The organic luminescent layer 355 may be formed
through a nozzle coating method or an inkjet method. Alter-
natively, the organic luminescent layer 355 may be formed
through a thermal evaporation method using a shadow mask.
Although not shown in FIGS. 8A and 8B, a plurality of
spacers each having a bar shape may be formed on the buffer
pattern 352 when the organic luminescent layer 355 is formed
using the shadow mask. While the organic luminescent layer
355 is formed through the thermal evaporation method, the
plurality of spacers support the shadow mask to prevent
warpage of the shadow mask.

[0061] Elements such as link lines (not shown) and pads for
connection to an external driving circuit (not shown) are
formed in the non-display area NA of the first substrate 310.
Although the passivation layer 330 is removed in the non-
display area NA for improving contact property in FIGS. 8A
and 8B, the passivation layer 330 may remain in the non-
display area NA for protecting the elements such as the link
lines.

[0062] The second substrate 370 includes a first region Al
corresponding to the non-display area NA, a second region
A2 surrounded by the first region Al, and a third region A3
between the first and second regions Al and A2. The second
substrate 370 may include a transparent glass. The first region
Al of the second substrate 370 that is not etched may have a
first thickness t1, and the second region A2 of the second
substrate 370 that is etched once may have a second thickness
2 smaller than the first thickness t1. A plurality of grooves
GR is formed in the third region A3 of the second substrate
370. In addition, the third region A3 of the second substrate
370 corresponding to the plurality of grooves GR may have a
third thickness t3 smaller than the second thickness t2 and the
other portions of the third region A3 may have the second
thickness t2. The plurality of grooves GR may be uniformly
spaced apart from each other by a predetermined distance. An
absorbent material 380 such as barium oxide (BaO) or cal-
cium oxide (CaO) are formed in each of the plurality of
grooves GR of the third region A3 of the second substrate 370.
[0063] The first and second substrates 310 and 370 are
attached with a seal pattern 390 such that the display area DA
of the first substrate 310 faces the second region A2 of the
second substrate 370. The seal pattern 390 is formed between
the first and second substrates 310 and 370 in the first region
Al.

[0064] In the organic ELD device 300 according to an
exemplary third embodiment of the present invention, a pro-
tection layer 373 is formed in the second region A2 on an
inner surface of the second substrate 370, and a plurality of
protection patterns 375 each having a bar shape are formed on
the protection layer 373. One of the protection layer 373 and
the plurality of protection patterns 375 may include one of an
organic insulating material, such as photo acryl and benzo-
cyclobutene (BCB), and an inorganic insulating material,
such as silicon nitride (SiNx) and silicon oxide (Si0,). The
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protection layer 373 may have a thickness of about 2 um to
about 3 um and each of the plurality of protection patterns 375
may have aheight of about 1 um to about 2um. In addition, the
plurality of protection patterns 375 may be parallel to and
spaced apart from each other. When the plurality of spacers
are formed on the buffer pattern 352 over the first substrate
310, the plurality of protection patterns 375 may be formed to
be perpendicular to the plurality of spacers. Alternatively, the
protection layer 373, including one of an organic or inorganic
insulating material, is formed on the inner surface of the
second substrate 370, and the plurality of protection patterns
375 may be omitted.

[0065] Since the protection layer 373 is formed on the inner
surface of the second substrate 370 in the second region A2, a
protrusion formed from the etching step for the second region
A2 is covered with the protection layer 373, and the inner
surface of the second substrate 370 in the second region A2 is
planarized by the protection layer 373. As a result, deteriora-
tion of the second electrode 360 due to the protrusion is
prevented even when the second substrate 370 is bent by an
external force. In addition, since the protection layer 373 has
excellent elasticity, deterioration of the second electrode 360
is reduced even when the protection layer 373 contacts the
second electrode 360.

[0066] Further, when the plurality of protection patterns
375 are formed on the protection layer 373, deterioration due
to a protrusion having a height of about 4 pm to about Sum is
prevented by the plurality of protection patterns 375. Since
the protrusion is disposed between the adjacent two protec-
tion patterns 375 or covered with one of the plurality of
protection patterns 375, the plurality of protection patterns
375 contact the second electrode 360 when the second sub-
strate 370 is bent by an external force. As a result, breakage of
the second electrode 360 and electric shortage of the first and
second electrodes 310 and 360 are prevented.

[0067] Moreover, in an organic ELD device where the plu-
rality of spacers are formed on the buffer pattern 352 over the
first substrate 310 and the plurality of protection patterns 375
perpendicular to the plurality of spacers are formed on the
second substrate 360, the plurality of protection patterns 375
contact the plurality of spacers when the second substrate 360
is bent by an external force. As a result, contact area is mini-
mized and deterioration due to the protrusion is more stably
prevented by the height of each spacer.

[0068] FIGS.9A to 9F are cross-sectional views showing a
method of fabricating an organic ELD device according to an
exemplary fourth embodiment of the present invention.
[0069] In FIG. 9A, after a first etching mask film 271 is
formed on each of first and second surfaces of a substrate 270,
having first, second, and third regions Al, A2, and A3, por-
tions of the first etching mask film 271 corresponding to the
second and third regions A2 and A3 are removed from the first
surface of the second substrate 270. As a result, the first
etching mask film 271 is formed on the first surface of the
second substrate 270 corresponding to the first region A1 and
the first surface of the second substrate 270 corresponding to
the second and third regions A2 and A3 are exposed through
the first etching mask film 271. In addition, the first etching
mask film 271 is formed on the whole second surface of the
second substrate 270.

[0070] The second substrate 270 may be formed of a trans-
parent glass and have a first thickness t1. Further, the first
etching mask film 271 may be formed of a transparent mate-
rial such as acryl, polycarbonate, and poly-ethylene-tereph-
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thalate (PET) through a transcribing method, and an adhesive
(not shown) may be formed between the first etching mask
film 271 and the second substrate 270. The first and second
regions Al and A2 correspond to center and boundary por-
tions, respectively, of the second substrate 270, and the third
region A3 is disposed between the first and second regions Al
and A2.

[0071] InFIG. 9B, a first etching step using the first etching
mask film 271 as an etching mask is performed for the second
substrate 270. For example, the second substrate 270 may be
etched with an etching solution such as hydrofluoric acid
(HF) through a spraying method or a dipping method. As a
result, the second substrate 270 exposed through the first
etching mask film 271 is etched, and the second substrate 270
corresponding to the second and third regions A2 and A3 has
asecond thickness t2 smaller than the first thickness t1. After
the first etching step, a plurality of protrusions may be formed
on the first surface of the second substrate 270 due to partial
etching difference.

[0072] In FIG. 9C, a second etching mask film 272 is
formed on the first surface of the second substrate 270 corre-
sponding to the second region A2 and portions of the third
region A3 where a plurality of grooves GR (of FIG. 9D) are
not formed in a subsequent process. For example, the second
etching mask film 272 may be attached to the first surface
using an adhesive. As a result, the first etching mask film 271
is formed on the first surface of the second substrate 270
corresponding to the first region Al. The first etching mask
film 271 is formed on the whole second surface of the second
substrate 270. Also, the second etching mask 272 is formed on
the first surface of the second substrate 270 corresponding to
the second region A2 and the portions of the third region A3
where the plurality of grooves GR are not formed in a subse-
quent process. Meanwhile, the first surface of the second
substrate 270 corresponding to the portions of the third region
A3 where the plurality of grooves GR are formed in a subse-
quent process is exposed through the first and second etching
mask films 271 and 272.

[0073] Alternatively, the first etching mask film 271 on the
first surface of the second substrate 270 corresponding to the
first region A1 may be removed after the first etching step and
the second etching mask film 272 may be formed on the first
surface of the second substrate 270 corresponding to the first
region Al.

[0074] InFIG. 9D, a second etching step using the first and
second etching mask films 271 and 272 as an etching mask is
performed for the second substrate 270. For example, the
second substrate 270 may be etched with an etching solution
suich as hydrofluoric acid (HF) through a spraying method or
a dipping method. As a result, the second substrate 270
exposed through the first and second etching mask films 271
and 272 is etched to form the plurality of grooves GR in the
third region A3, and the second substrate 270 corresponding
to the plurality of grooves GR in the third region A3 has a third
thickness t3 smaller than the second thickness 12.

[0075] In FIG. 9E, the first etching mask film 271 is
removed from the first surface of the second substrate 270
corresponding to the first region Al and the second surface of
the second substrate 270, and the second etching mask film
272 remains on the first surface of the second substrate 270
corresponding to the second region A2 and the portions of the
third region A3 where the plurality of grooves GR is not
formed. Accordingly, the second substrate 270 has the first
thickness t1 at the first region A1, the second thickness t2 at
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the second region A2 and the portions of the third region A3
where the plurality of grooves GR are not formed, and the
third thickness (3 at the plurality of grooves GR of the third
region A3. In addition, the second etching mask film 272 in
the second region A2 remains to become the protection layer
273 (of FIGS. 6, 7A, and 7B) covering the plurality of pro-
trusions and preventing deterioration due to the plurality of
protrusions.

[0076] In FIG. 9F, an absorbent material 280 is formed in
the plurality of grooves GR. Referring to the organic ELD
device 100 (of FIGS. 3 and 4) according to the exemplary first
embodiment of the present invention, the second etching
mask film may be removed and the absorbent material may be
formed in the plurality of grooves after the second substrate
170 (of FIGS. 3 and 4) is fabricated through the steps of FIGS.
9A to 9E.

[0077] FIGS. 10A to 10E are cross-sectional views show-
ing a method of fabricating an organic electroluminescent
display device according to an exemplary fifth embodiment
of the present invention.

[0078] In FIG. 10A, a second substrate 370 having first,
second, and third thicknesses t1, t2, and t3 is fabricated
through steps similar to those shown in FIGS. 9A to 9E. The
first thickness t1 corresponds to a first region Al, and the
second thickness 12 corresponds to a second region A2 and
portions of a third region A3 where a plurality of grooves GR
are not formed. In addition, the third thickness t3 corresponds
to the plurality of grooves GR. A first etching mask film 371
is formed on a first surface of the second substrate 370 in the
first region Al and a whole second surface of the second
substrate 370, and a second etching mask film 372 is formed
on the first surface of the second substrate 370 in the second
region A2. A plurality of protrusions on the first surface of the
second substrate 370 in the second region A2 are covered with
the second etching mask film 372.

[0079] InFIG. 10B, the first and second etching mask films
371 and 372 are removed from the second substrate 370. As a
result, the first surface and the second surface including the
plurality of protrusions of the second substrate 370 are
exposed.

[0080] In FIG. 10C, a first insulating material layer 377 is
formed on the whole first surface of the second substrate 370
by coating an organic insulating material or depositing an
inorganic insulating material.

[0081] InFIG. 10D, the first insulating material layer 377 is
patterned to form a protection layer 373 on the first surface of
the second substrate 370 in the second region A2. For
example, the first insulating material layer 377 corresponding
to the first and third regions A1 and A3 may be removed, and
the first insulating material layer 377 corresponding to the
second region A2 may remain. As aresult, the protection layer
373 covers the plurality of protrusions of the second substrate
370.

[0082] InFIG.10E, after a second insulating material layer
(not shown) is formed on the protection layer 373, the second
insulating material is patterned to form a plurality of protec-
tion patterns 375 on the protection layer 373. For example, the
second insulating material layer may be formed by coating an
organic insulating material or depositing an inorganic insu-
lating material. In addition, each of the plurality of protection
patterns 375 may have a bar shape, and the plurality of pro-
tection patterns 375 may be parallel to and spaced apart from
each other. After the plurality of protection patterns 375 are
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formed, an absorbent material 380 is formed in the plurality
of grooves GR in the third region A3.

[0083] Alternatively, the plurality of protection patterns
375 may be omitted. In yet another alternative, the protection
layer 373 and the plurality of protection patterns 375 may be
formed through a single mask process including a coating
step of an insulating material, an exposure step using a photo
mask having a blocking area, a half-transmissive area, and a
transmissive area and a patterning step.

[0084] Moreover, first substrates of organic ELD devices
according to first to third embodiments of the present inven-
tion may be fabricated through the same method. For
example, a gate line and a data line with an interposed insu-
lating layer are formed on a first substrate 110 (of FIG. 4). A
power line parallel to and spaced apart from one of the gate
line and the data line is formed on the first substrate 110. In
addition, a switching thin film transistor (TFT) connected to
the gate line and the data line and a driving TFT DTr (of FIG.
4) connected to the switching TFT and the power line are
formed on the first substrate 110. Next, a passivation layer
130 is formed on the switching TFT and the driving TFT DTr.
The passivation layer 130 includes a contact hole 132 (of FIG.
4) exposing an electrode of the driving TFT DTr.

[0085] Next, a first electrode 150 is formed on the passiva-
tion layer 130. The first electrode 150 is connected to the
electrode of the driving TF T DTr through the contact hole 132
and disposed in each pixel region P (of FIG. 4). Next, a buffer
pattern 152 is formed on the first electrode 150. The buffer
pattern 152 is disposed at a boundary portion of the pixel
regions P to cover and overlap edge portions of the first
electrode 150. Next, a plurality of spacers each having a bar
shape may be formed on the buffer pattern 152 based on a
subsequent step of forming an organic luminescent layer 155.
Next, the organic luminescent layer 155 is formed on the first
electrode in the pixel region P. The organic luminescent layer
155 may be formed through one of a nozzle coating method,
an inkjet method, and a thermal evaporation method using a
shadow mask. Next, a second electrode 160 is formed on the
organic luminescent layer 155. The second electrode 160 may
be disposed as a single body in a whole display area DA (of
FIG. 4).

[0086] Afterthe first and second substrates 110 and 170 are
fabricated, the first and second substrates 110 and 170 are
disposed to face each other. Next, a seal pattern 190 is formed
between the first and second substrates 110 and 170 corre-
sponding to the first region Al, and the first and second
substrates 110 and 170 are attached such that the organic
electroluminescent diode E (of FIG. 4) of the first substrate
110 faces the first surface of the second substrate 170, thereby
an organic electroluminescent display device completed. For
example, the first and second substrates may be attached in an
environment such as an inert gas ambient and a vacuum.
[0087] Inanorganic ELD device, the light may be emitted
upwardly and the organic ELD device may have a top emis-
sion type since an absorbent material is disposed at a non-
display area. In addition, deterioration of the substrate for
encapsulation such as a break or crack of the substrate for
encapsulation is prevented since a plurality of grooves having
the absorbent material are formed in a boundary portion of a
substrate for encapsulation and a central portion of the sub-
strate for encapsulation is thicker than the boundary portion.
Further, deterioration of the organic ELD device due to bend-
ing of the substrate for encapsulation, such as the breakage of
the second electrode of the organic electroluminescent diode
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and electric shortage of the first and second electrodes the
organic electroluminescent diode, is prevented since a pro-
tection layer is formed on the substrate for encapsulation.
[0088] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
organic electroluminescent display device and the method of
fabricating the same of the present invention without depart-
ing from the sprit or scope of the invention. Thus, it is
intended that the present invention covers the modifications
and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. A method for fabricating an organic electroluminescent
display device comprising the steps of’

preparing first and second substrates;

forming an organic electroluminescent display on the first

substrate;

forming a first etching mask film on an upper surface of the

second substrate;

forming a second etching mask film on a lower surface of

the second substrate;

performing a first etching process on the upper surface of

the second substrate;

forming a third etching mask film on an etched portion of

the second surface of the glass substrate;

performing a second etching process on the upper surface

of the second substrate to form a plurality of grooves on
the upper surface of the second substrate;
removing the first and second etching mask films, the sec-
ond etching film remaining on the etched portion of the
second surface of the glass substrate; and

encapsulating the organic electroluminescent display
between the first and second substrates.

2. The method for fabricating an organic electrolumines-
cent display device according to claim 1 further comprising
the step of forming an absorbent material in each of the
plurality of grooves.

3. The method for fabricating an organic electrolumines-
cent display device according to claim 1 wherein the second
etching mask is formed on the entire lower surface of the glass
substrate.

4. The method for fabricating an organic electrolumines-
cent display device according to claim 1 wherein the second
etching film covers any protrusions formed on the upper
surface of the second substrate.

5. A method for fabricating an organic electroluminescent
display device comprising the steps of:

preparing first and second substrates;

forming an organic electroluminescent display on the first

substrate;

forming a first etching mask film on an upper surface of the

second substrate;

forming a second etching mask film on a lower surface of

the second substrate;

performing a first etching process on the upper surface of

the second substrate;

forming a third etching mask film on an etched portion of

the second surface of the glass substrate;

performing a second etching process on the upper surface

of the second substrate to form a plurality of grooves on
the upper surface of the second substrate;

removing the first, second, and third etching mask films;

forming a first insulating material layer on the entire upper

surface of the second substrate;

Jan. 20, 2011

removing end portions of the first insulating layer, the first
insulating layer remaining on the etched portion of the
second surface of the glass substrate; and

encapsulating the organic electroluminescent display
between the first and second substrates.

6. The method for fabricating an organic electrolumines-
cent display device according to claim 5 further comprising
the step of forming an absorbent material in each of the
plurality of grooves.

7. The method for fabricating an organic electrolumines-
cent display device according to claim 5 wherein the second
etching mask is formed on the entire lower surface of the glass
substrate.

8. The method for fabricating an organic electrolumines-
cent display device according to claim 5 wherein the first
insulating layer covers any protrusions formed on the upper
surface of the second substrate.

9. The method for fabricating an organic electrolumines-
cent display device according to claim 5 further comprising
the step of forming a protection pattern on the first insulating
layer.

10. A method of fabricating an organic electroluminescent
display device, comprising the steps of:

forming an organic electroluminescent diode on a first

substrate including a display area and a non-display area
surrounding the display area;
forming a first etching mask film on first and second sur-
faces of a second substrate including a first region cor-
responding to the non-display area, a second region cor-
responding to the display area and a third region between
the first and second region, the first etching mask film
disposed in the first region of the first surface and in the
first, second and third regions of the second surface;

etching the second substrate using the first etching mask
film as an etching mask so that the second substrate of
the first region has a first thickness and the second sub-
strate of the second and third regions has a second thick-
ness smaller than the first thickness;

forming a second etching mask film on the first surface, the

second etching mask film disposed in the second region
of the first surface and in portions of the third region of
the first surface, and other portions of the third region of
the first surface exposed through the second etching
mask film;

etching the second substrate using the first and second

etching mask films to form a plurality of grooves corre-
sponding to the other portions of the third region, the
second substrate corresponding to the plurality of
grooves having a third thickness smaller than the second
thickness;

removing the first etching mask film on the first and second

surfaces;

forming an absorbent material in the plurality of grooves;

and

attaching the first and second substrates such that the

organic electroluminescent diode faces the first surface.

11. An organic electroluminescent display device compris-
ing:

a first substrate including a display area and a non-display

area surrounding the display area;

an organic electroluminescent diode in the display area on

the first substrate;

a second substrate facing and spaced apart from the first

substrate, the second substrate including a first region
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corresponding to the non-display area, a second region
corresponding to the display area and a third region
between the first and second region, wherein the second
substrate includes a plurality of grooves in the third
region, and wherein the second substrate has a first
thickness in the first region, a second thickness smaller
than the first thickness in the second region and a third
thickness smaller than the second thickness in a portion
of the third region where the plurality of grooves are
formed;
a protection layer in the second region on the second sub-
strate; and
aseal pattern in the first region between the first and second
substrates.
12. The organic electroluminescent display device accord-
ing to claim 11 further comprising an absorbent material in
each of the plurality of grooves.
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13. The organic electroluminescent display device accord-
ing to claim 11 further comprising a plurality of protection
patterns.

14. The organic electroluminescent display device accord-
ing to claim 11 wherein the protection layer is on an inner
surface of the second substrate.

15. The organic electroluminescent display device accord-
ing to claim 11 wherein the protection layer has a thickness
between 2 um and 3 pm.

16. The organic electroluminescent display device accord-
ing to claim 11 wherein each of the plurality of protection
patterns has a thickness between 1 um and 2 pm.

17. The organic electroluminescent display device accord-
ing to claim 11 wherein the protection layer includes one of
acryl, polycarbonate, and poly-ethylene-terephthalate.
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