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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority to and the benefit
of Korean Patent Application No. 10-2004-0097510, filed
on November 25, 2004, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The invention relates to an electroluminescent
display device, and more particularly, to an electrolumi-
nescent display device having a wide region where an
encapsulant is disposed, which decreases and/or pre-
vents deterioration caused by moisture, leakage, or the
like.

Description of the Related Art

[0003] Flat display devices including liquid crystal dis-
play devices, organic electroluminescent devices, inor-
ganic electroluminescent devices, and the like are cate-
gorized into passive matrix (PM) displays and active ma-
trix (AM) displays according to a type of driving method
used therewith. In PM flat display devices, anodes may
form columns and cathodes may form rows. A row driving
circuit supplies a scanning signal to one of the rows,
thereby selecting said row, and a column driving circuit
supplies a data signal to each pixel of the selected row.
Alternatively, in AM flat display devices, a thin film tran-
sistor (TFT) controls an input signal of each pixel. There-
fore, AM flat display devices are suitable for processing
a sufficiently large amount of signals, thus having a com-
petitive edge over PM flat displays for displaying moving
images.

[0004] For example, among flat display devices, an or-
ganic electroluminescent display device includes an or-
ganic emission layer having an organic material formed
between an anode and a cathode. When an anode volt-
age and a cathode voltage are applied to the anode and
the cathode, respectively, holes injected from the anode
move to the organic emission layer through a hole trans-
port layer and electrons injected from the cathode move
to the organic emission layer through an electron trans-
port layer. In the organic emission layer, the holes and
electrons recombine to generate excitons. The excitons
drop from an exited state to a ground state. Therefore,
luminous molecules of the organic emission layer emit
light, thus forming an image. In order to form a full-color
image, an organic electroluminescent display device in-
cludes pixels emitting color; e.g., ared (R) color, a green
(G) color, and a blue (B) color.

[0005] According to a conventional method of manu-
facturing an electroluminescent display device, a mother
substrate having a plurality of display regions and a seal-
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ing mother substrate are coupled together to form entirely
integrated display regions. The integrated display re-
gions are scribed, thus forming individual display devic-
es.

[0006] FIG. 1Ais a perspective view of a conventional
electroluminescent display device, and FIG. 1B is a sec-
tional view taken along line | - | in FIG. 1A. Referring to
FIG. 1A and FIG. 1B, a display region 20 is formed on a
surface of a substrate 10, and sealed between the sub-
strate 10 and a sealing substrate 40 by an encapsulant
30.

[0007] Such an electroluminescent display device can
be obtained by scribing, e.g., cutting a grid-like pattern,
the mother substrate and the sealing mother substrate.
The encapsulant 30 arranged between the mother sub-
strate 10 and the sealing substrate 40 is positioned be-
tween a scribing region d1 and the display region 20. The
encapsulant 30 has a predetermined width w1 and may
be arranged in a limited region of the electroluminescent
display device. In addition, a subsequent process for
hardening the encapsulant 30 results in an additional ex-
pansion of the encapsulant 30. Therefore, due to such
expansion, a region where the encapsulant 30 is initially
formed must be reduced. In addition, the encapsulant 30
may overflow into the display region 20 when the region
for the encapsulant 30 is increased to increase sealing
ability.

SUMMARY OF THE INVENTION

[0008] The invention provides an electroluminescent
display device with a sufficiently wide region where an
encapsulant is disposed, thus having improved sealing
properties relative to a conventional electroluminescent
display device, and a method of manufacturing the same.
[0009] Additional features 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 prac-
tice of the invention.

[0010] The presentinvention discloses an electrolumi-
nescent display device, including a substrate comprising
a display region and a terminal unit; a sealing substrate
arranged above the substrate; and an encapsulant ar-
ranged at an edge region of the substrate and sealed
with the display region.

[0011] The presentinvention also discloses a method
of manufacturing an electroluminescent display device,
including forming a display region on a mother substrate;
forming an encapsulant on a portion of a scribed region
on a sealing mother substrate; hardening the encapsu-
lant; sealing the mother substrate with the sealing mother
substrate; and cutting the mother substrate and the seal-
ing mother substrate along the scribed region.

[0012] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide further explanation of the invention as claimed.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate embodiments of the invention and to-
gether with the description serve to explain the principles
of the invention.

[0014] FIG. 1Ais a perspective view of a conventional
electroluminescent display device.

[0015] FIG. 1B is a sectional view taken along line I -
I shown in FIG. 1A.

[0016] FIG. 2A is a perspective view of an electrolumi-
nescent display device according to an embodiment of
the invention.

[0017] FIG. 2B is a plan view of a pixel of a portion "A"
shown in FIG. 2A.

[0018] FIG. 2C is a sectional view taken along line Il -
Il shown in FIG. 2B.

[0019] FIG. 2D is a sectional view taken along line Il -
Il shown in FIG. 2A.

[0020] FIGS. 3A, 3B, 3C, and 3D are sectional views
showing a method of manufacturing an organic electro-
luminescent display device including a sealing layer ac-
cording to an embodiment of the invention.

[0021] FIG. 4A and FIG. 4B are sectional views show-
ing methods of manufacturing organic electrolumines-
cent display devices including sealing layers according
to other embodiments of the invention.

DESCRIPTION OF THE ILLUSTRATED EMBODI-
MENTS

[0022] The invention is described more fully hereinaf-
ter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This in-
vention may, however, be embodied in many different
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure is thorough, and will
fully convey the scope of the invention to those skilled in
the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity.

[0023] It is understood that when an element or layer
is referred to as being "on" or "connected to" or "connect-
ed with" another element or layer, it can be directly on or
directly connected to or with the other element or layer
or intervening elements or layers may be present.

[0024] FIG. 2A is a perspective view of an electrolumi-
nescent display device according to an embodiment of
the invention. Referring to FIG. 2A, a display region 200
including at least one pixel is arranged on a substrate
110. A pad unit 600 including at least a terminal is ar-
ranged outside of the display region 200. An encapsulant
310 is arranged between the display region 200 and the
pad unit 600. The substrate 110 and a sealing substrate
400 are sealed together by at least the encapsulant 310,
resulting in a sealed space that includes at least the dis-

10

15

20

25

30

35

40

45

50

55

play region 200. As illustrated in FIG. 2A, the encapsulant
310 is arranged on at least a portion of an edge area of
the substrate 110.

[0025] An absorbing layer 410 (shownin FIG. 2D) may
be arranged in the sealed space to absorb moisture or
the like, thus reducing the risk of damage to an organic
electroluminescent emission unit. The absorbing layer
410 may be composed of Ba, active alumina, or an alkali
earth peroxide, such as kalium oxide or barium oxide.
[0026] Meanwhile, an electric device that transmits an
electric signal to the organic electroluminescent display
region 200 may be arranged in the sealing region formed
between the display region 200 and a sealing unit. Alter-
natively, the electric device, which may be a horizontal
driving circuit 500 as shown in FIG. 2A, may be arranged
outside of the sealing region. For example, the electric
device may be a vertical/horizontal driving circuit unit
such as a scan driver/data driver that transmits a scan
signal and/or a data signal to a pixel of the display region
200. Such a vertical/horizontal circuit unit is disposed on
a chip on glass (COG), a flexible printed circuit (FPC), or
the like.

[0027] FIG. 2B is a plan view of a pixel of a portion "A"
shownin FIG. 2A. Referring to FIG. 2B, the pixel includes
two top-gate type thin film transistors (TFTs) and a ca-
pacitor, but is not limited thereto.

[0028] A gate electrode 55 of TFT1, e.g., a first TFT,
which selects a pixel, extends from a scan line that ap-
plies a scan signal. When an electric signal, such as a
scan signal, is applied to the scan line, a data signal input
through a data line is transferred from a source electrode
57a of the TFT1 to a drain electrode 57b of the TFT1
through a semiconductor active layer 53.

[0029] An extended portion 57c of the drain electrode
57b of the first TFT TFT1 is connected, e.g., coupled,
with an end of a first electrode 58a of a capacitor. The
other end of the first electrode 58a of the capacitor forms
a gate electrode 150 of TFT2, e.g., a second TFT, which
is adriving TFT. The second electrode 58b of the capac-
itor is electrically connected, e.g.., coupled, with a driving
line 31 that is coupled with a driving power supply line
(not shown).

[0030] FIG. 2C is a sectional view taken along line Il -
Il shown in FIG. 2B. A sectional view through points
(a)-(e) of the line Il - Il illustrates TFT2, which is a driving
thin film transistor. A sectional view through points (e)-(f)
illustrates a pixel opening 194. A sectional view through
points (g)-(h) illustrates a driving line.

[0031] Referringto FIG. 2C, in the TFT2, a buffer layer
120 is arranged on a surface of the substrate 110, and
a semiconductor active layer 130 of the TFT2 is arranged
on the buffer layer 120. The semiconductor active layer
130 may include amorphous silicon or polycrystal silicon.
The semiconductor active layer 130 may include a source
region and a drain region respectively doped with an N+
type dopant or a P+ type dopant and a channel region,
which are not shown in FIG. 2C. The semiconductor ac-
tive layer 130 may be an organic semiconductor, but is
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not limited thereto.

[0032] A gate electrode 150 of the TFT2 is arranged
over the semiconductor active layer 130. A material of
the gate electrode 150 is selected according to various
criteria, such as adherence to an adjacent layer, smooth-
ness of a layer to be deposited, ease of processing, etc.
The gate electrode 150 may include MoW, Al/Cu, or the
like, but is not limited thereto.

[0033] The gate electrode 150 is insulated from the
semiconductor active layer 130 by a gate insulator 140
arranged therebetween. An interlayer 160 acting as an
insulator may be formed on the gate electrode 150 and
the gate insulator 140. The interlayer 160 may be a single
layer and/or a plurality of layers. A source electrode 170a
and a drain electrode 170b of the TFT2 are arranged on
the interlayer 160. The source electrode 170a and the
drain electrode 170b may be formed of a metal, such as
MoW or the like, and may be subsequently thermally
treated, e.g., heat treated, such that the source electrode
170a and the drain electrode 170b form a smooth ohmic
contact with the semiconductor active layer 130.

[0034] A protecting layer 180 is formed on the source
and drain electrodes 170aand 170b. The protecting layer
180 may operate as a passivation layer and/or a planari-
zation layer for protection and/or planarization. A first
electrode layer 190 is arranged on the protecting layer
180, and is electrically connected, e.g., coupled, with the
source electrode 170a and the drain electrode 170b
through a via hole 181 that is formed in the protecting
layer 180. For example, in a rear emission type display,
thefirst electrode layer 190 may be made of a transparent
material, such as indium-tin-oxide (ITO) or the like. Al-
ternatively, in a front emission type display, the first elec-
trode layer 190 may be made of a reflecting material such
as Al/Ca, or a transparent material such as ITO or the
like. Although in the embodiment discussed above and
shown in FIGS. 2A, 2B, 2C, and 2D, the first electrode
190 is an anode electrode, it is understood that the first
electrode 190 may be as a cathode electrode in other
embodiments of the invention.

[0035] The protecting layer 180 may have various
structures. For example, the protecting layer 180 may be
made of an inorganic material or an organic material. In
addition, the protecting layer 180 may be a single layer
or a double layer. When the protecting layer 180 is a
double layer, a lower layer may include SiNx and an up-
per layer may include an organic material, such as ben-
zocyclobutene (BCB), acryl, or the like.

[0036] A pixel defining layer 191 is arranged on the
protecting layer 180; however, the pixel defining layer
191 is not arranged at a pixel opening 194 corresponding
tothe first electrode layer 190 to define a pixel. An organic
electroluminescent emission unit 192 including an emis-
sion layer is arranged on the first electrode 190.

[0037] The organic electroluminescent emission unit
192 may include a low molecular weight organic layer or
a polymer organic layer. For example, the low molecular
weight organic layer may be a hole injection layer (HIL),
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a hole transport layer (HTL), an organic emission layer
(EML), an electron transport layer (ETL), an electron in-
jection layer (EIL), a combination of these, or the like can
be used. The organic layer may be made of copper
phthalocyanine (CuPc), N,N’-Di(naphthalene-1-yl)-N,N’-
diphenyl-benzidine (NPB), tris-8-hydroxyquinoline alu-
minum (Alg3), or the like. The low molecular weight or-
ganic layer may be formed by a vacuum deposition proc-
ess.

[0038] When the organic electroluminescent emission
unit 192 includes a polymer organic layer, the polymer
organic layer may include a HTL and an EML. The HTL
may be made of PEDOT, and the EML may be made of
Poly-Phenylenevinylenes (PPVs), polyfluorenes, or the
like. The polymer organic layer may be formed by a
screen printing process, an inkjet printing process, or the
like.

[0039] A second electrode layer 210 operating as a
cathode electrode may be arranged on the upper surface
of the organic electroluminescent unit 192. However, the
location of the second electrode layer 210 is not limited
thereto. The second electrode layer 210 may be made
of Al/Ca, ITO, Mg-Ag, or the like, according to the emis-
sion type of the electroluminescent display device. How-
ever, because the second electrode layer 210 may in-
clude a plurality of layers, the second electrode layer 210
may also include an alkali layer made of LiF or the like,
or an alkali earth metal fluoride layer.

[0040] FIG. 2D is a sectional view taken along line Il -
I shown in FIG. 2A. Referring to FIG. 2D, a width w2 of
the encapsulant 310 of the organic electroluminescnece
display device is greater than a width of the encapsulant
30 of the conventional electroluminescent display device
shown in FIG. 1B.

[0041] FIGS. 3A, 3B, 3C, and 3D are sectional views
showing a method of manufacturing the organic electro-
luminescent display device illustrated in FIG. 2A. Refer-
ringto FIG. 3A, atleast one display region 200 is arranged
on an upper surface of a mother substrate 100’.

[0042] Referring to FIG. 3B, an absorbing layer 410
and an encapsulant 310’ are arranged on a sealing moth-
er substrate 400’. The encapsulant 310’ that is formed
on the sealing mother substrate 400’ covers at least a
portion of a scribing region.

[0043] Referring to FIG. 3C, after forming the encap-
sulant 310’, the encapsulant 310’is hardened by a hard-
ening process, such as UV radiation, thermal radiation,
or the like, thus forming a hardened encapsulant 310".
[0044] Referring to FIG. 3D, the resulting structure is
scribed, e.g., cut, along the scribing region. Therefore,
the mother substrate 110’ and sealing mother substrate
400’are divided into organic electroluiminescent display
devices, each including a substrate 110 and a sealing
substrate 400.

[0045] According to another embodiment of the inven-
tion, a recess may be formed at an edge region of a sub-
strate and/or a sealing substrate where an encapsulant
is to be disposed. The recess simplifies the manufactur-



7 EP 1 662 590 A1 8

ing process.

[0046] FIG. 4A is a sectional view showing methods
of manufacturing organic electroluminescent display de-
vices having edges regions with recesses where encap-
sulants are to be formed.

[0047] Referring to FIG. 4A, a mother substrate 110’
faces a sealing mother substrate 400 The mother sub-
strate 110’ and the sealing mother substrate 400’are
sealed by an encapsulant 300’that is not yet hardened.
A display region 200 is then formed on a surface of the
mother substrate 100°, and an absorbing layer 410 is
then formed on a surface of the sealing mother substrate
400'.

[0048] A portion of the surface of the sealing substrate
400’'where the encapsulant 300’is to be formed includes
arecess 420. The recess 420 prevents the encapsulant
300'that is not yet hardened from flowing or releasing
into an adjacent display region 200. The recess 420 di-
rects stress applied to the sealing mother substrate
400°during a scribing process toward the recess 420.
Therefore, the risk of damaging the mother sealing sub-
strate 400’ is reduced, e.g., cracking is reduced.

[0049] The recess 420 of the sealing mother substrate
400'may have a substantially rectangular shape, as
shown in FIG. 4A; however, the recess is not limited to
such shape. Manufacturing the recess 420 is easier when
a side surface of the recess 420 is substantially perpen-
dicular to a surface of the mother sealing substrate
400’that is to be divided by scribing. However, it is un-
derstood that the recess 420 may have various shapes.
For example, the width of the recess 420 may widen near
the upper surface of the mother sealing substrate 400’
so that stress applied to the recess 420 is more focused
at scribing region.

[0050] In addition, a recess may be formed at an edge
of an individual display device that is manufactured by
scribing of a substrate. For example, referring to FIG. 4B,
a mother substrate recess 110a is formed at a portion of
a mother substrate 110’ corresponding to the recess 420
formed in the sealing mother substrate 400°.

[0051] In addition, the recess may be formed continu-
ous or discontinuous along an edge where an encapsu-
lant is formed. When the recess is continuously formed,
excellent processing properties are obtained. Alterna-
tively, when the recess is discontinuous formed, the risk
of damaging the mother substrate and/or the sealing
mother substrate is reduced because the weight, e.g.,
force, of the mother substrate and/or the sealing mother
substrate is focused toward the recess.

[0052] Although several embodiments of the invention
are described and shown above, such embodiments are
not intended to limit the scope of the invention. For ex-
ample, although AM-type organic electroluminescent
display devices are shown in the embodiments, the in-
vention can also be applied to inorganic electrolumines-
centdisplay devices, PM type electroluminescent display
devices, and the like.

[0053] According to the present invention, the follow-
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ing effects can be obtained.

[0054] Moisture and/or oxygen leakage in a sealed
space of the display device may be reduced or prevented
by disposing an encapsulant on at least a portion of an
edge of a substrate such that a region where the encap-
sulant is disposed may be increased..

[0055] Cracks that may generate in a display region
may be decreased or prevented by forming a recess on
a substrate and/or a sealing substrate such that over-
flowing of the encapsulant into a display region when the
encapsulant is formed may be prevented.

[0056] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims
1. An electroluminescent display device, comprising:

a substrate comprising a display region and a
terminal unit;

a sealing substrate arranged above the sub-
strate; and

an encapsulant arranged at edge regions of the
substrate and the sealing substrate, and sealed
with the display region.

2. The electroluminescent display device of claim 1,
wherein the edge regions where the encapsulant is
arranged are positioned to face each other.

3. The electroluminescent display device of claim 1,
wherein an edge region of the substrate and/or the
sealing substrate on which the encapsulantis formed
comprises a recess.

4. The electroluminescent display device of claim 3,
wherein the recess is discontinuous along the edge
region where the encapsulant is arranged.

5. The electroluminescent display device of claim 3,
wherein the recess is continuous along the edge re-
gion where the encapsulant is arranged.

6. The electroluminescent display device of claim 3,
wherein a side surface of the recess is substantially
perpendicular to the surface of the substrate and/or
the sealing substrate.

7. The electroluminescent display device of claim 3,
wherein the recess widens toward the surface of the
substrate and/or the sealing substrate.
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A method of manufacturing an electroluminescent
display device, comprising:

forming a display region on a mother substrate;
forming an encapsulant on a portion of a scribed
region on a sealing mother substrate;
hardening the encapsulant;

sealing the mother substrate with the sealing
mother substrate; and

cutting the mother substrate and the sealing
mother substrate along the scribing region.

The method of claim 8, further comprising:

forming a recess in a portion of the scribed re-
gion of the mother substrate before forming the
display region.

The method of claim 9, wherein the recess is con-
tinuous along a region where the encapsulant is
formed on the mother substrate.

The method of claim 9, wherein the recess is discon-
tinuous along a region where the encapsulant is
formed on the mother substrate.

The method of claim 9, wherein a side surface of the
recess is substantially perpendicular to a surface of
the mother substrate and/or the mother sealing sub-
strate.

The method of claim 9, wherein the recess widens
toward a surface of the mother substrate.

The method of claim 8, further comprising:

forming a recess at a portion of a scribed region
of the sealing mother substrate before forming
the encapsulant.

The method of claim 14, wherein the recess is con-
tinuous along a region where the encapsulant is
formed on the sealing mother substrate.

The method of claim 14, wherein the recess is dis-
continuous along a region where the encapsulant is
formed on the sealing mother substrate.

The method of claim 14, wherein a side surface of
the recess is substantially perpendicular to a surface
of the mother substrate and/or the mother sealing
substrate.

The method of claim 14, wherein the recess widens
toward the surface of the sealing mother substrate.
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