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(57) ABSTRACT

In a sealing structure of an EL element of the invention,
there are inhibited a fluctuation of a width of sealing resin,
infiltration of moisture in a portion formed with an organic
EL element and breaking of a device substrate formed with
the EL element. In this structure, a sealing glass substrate is
mounted on a quartz plate, and a device glass substrate is
absorbed by an absorbing plate. The organic EL display unit
formed on a main surface of the device glass substrate and
a desiccant layer formed on a main surface of the sealing
glass substrate are disposed facing to each other. There is
provided on a main surface of the absorbing plate a convex
portion for applying a load by the absorbing plate to the
sealing resin. The load is applied by the absorbing plate until
a gap between the device glass substrate and the sealing
glass substrate becomes a predetermined gap.
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MANUFACTURING METHOD OF
ELECTROLUMINESCENT DISPLAY DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] This invention relates to a manufacturing method
of an electroluminescent display device, particularly to a
method of sealing an electroluminescent display device
including a first substrate having an electroluminescent
element thereon and a second substrate for sealing the first
substrate.

[0003]

[0004] In recent years, electroluminescent (hereafter,
referred to as EL) display devices with EL elements have
been receiving an attention as a display device replacing a
CRT and an LCD.

[0005] In a conventional organic EL display panel, a
plurality of pixels each having an organic EL element and
TFTs for driving the organic EL element is disposed in a
matrix on a device glass substrate to form a display region.
Since the organic EL element has a characteristic of being
sensitive to moisture, there is proposed a sealing structure in
which moisture infiltration is prevented by covering the
glass substrate with a metal cap or a sealing glass substrate
which is coated with a desiccant.

[0006] In a scaling structure with the sealing glass sub-
strate, the device glass substrate having the organic EL
element and the sealing glass substrate are attached with a
sealing resin by applying a load with a flat plate.

[0007] With size increase in the device glass substrate,
however, it becomes difficult to apply the load uniformly to
the device glass substrate having a large area. In some case,
a cushion is used to distribute the load evenly. Therefore,
there arises a variety of problems in the attaching process.
For example, a fluctuation of a width of the sealing resin
occurs, which results in a formation of a narrow portion of
the sealing resin or a large gap between the device glass
substrate and the sealing glass substrate, thereby allowing
moisture to infiltrate through such a portion.

[0008] Furthermore, in the attaching process, a load is
applied to the device glass substrate to provide a predeter-
mined gap between the device glass substrate and the sealing
glass substrate. The applied load causes a flexure in the
device glass substrate, which in some case results in break-
ing the device glass substrate.

1. Field of the Invention

2. Description of the Related Art

SUMMARY OF THE INVENTION

[0009] The invention provides a manufacturing method of
an electroluminescent display device. The method includes
providing a first substrate having an electroluminescent
display unit thereon, providing a second substrate, and
detachably attaching the first substrate to a mounting plate
so that the first substrate is supported by a convex portion
formed on a surface of the mounting plate. The method also
includes placing the first substrate attached to the mounting
plate over the second substrate so that a sealing resin layer
is interposed between the first and second substrates, and
applying a pressure to the sealing resin layer through the
convex portion of the mounting plate by applying a load to
the mounting plate.
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[0010] The invention also provides a manufacturing
method of an electroluminescent display device. The
method includes providing a first substrate having an elec-
troluminescent display unit thereon, providing a second
substrate having a desiccant layer thereon, and detachably
attaching the first substrate to a first mounting plate so that
the first substrate is supported by a convex portion formed
on a surface of the first mounting plate. The method also
includes detachably attaching the second substrate to a
second mounting plate, placing the first the mounting plate
over the second mounting plate so that a sealing resin layer
is interposed between the first and second substrates and that
the electroluminescent display unit faces the desiccant layer,
and applying a pressure to the sealing resin layer through the
convex portion of the first mounting plate by applying a load
to the first mounting plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a plan view of a device glass substrate
according to an embodiment of the invention.

[0012] FIG. 2 is a plan view of a scaling glass substrate
according to the embodiment of the invention.

[0013] FIG. 3 shows the positioning of the device glass
substrate and the sealing glass substrate prior to the attach-
ing of the two substrates.

[0014] FIG. 4 is a partial cross-sectional view of the
attached device glass substrate and sealing glass substrate.

[0015] FIG. 5 is a plan view of a pixel of an organic EL.
display device of the embodiment.

[0016] FIGS. 6A and 6B are cross-sectional views of the
pixel of the organic EL display device of FIG. 5.

DETAILED DESCRIPTION OF THE
INVENTION

[0017] There will be described an embodiment of the
invention with reference to the above drawings in detail.
First, a device glass substrate having organic EL elements
and a sealing substrate for sealing the device glass substrate
will be described.

[0018] FIG. 1is aplan view of a device glass substrate 1.
On a main surface of the device glass substrate 1, or a
mother glass substrate, a plurality of an organic EL display
unit 2 is disposed in a matrix at predetermined intervals.
Each of the organic EL display units 2 has a plurality of
pixels each having an organic EL element and organic EL
element driving TFTs, and serves as an organic EL panel.

[0019] FIG. 2 is a plan view of a sealing glass substrate
10. On a main surface of the sealing glass substrate 10, a
plurality of concave portions 11 (hereafter, referred to as a
pocket portion 11) is formed at locations corresponding to
the organic EL display unit 2. The pocket portion 11 is larger
than the organic EL display unit 2. The pocket portion 11 is
formed, for example, by etching the main surface of the
sealing glass substrate 10.

[0020] A desiccant layer 12 for absorbing moisture is
placed on a bottom of the pocket portion 11. The desiccant
layer 12 is formed, for example, by coating a solvent
dissolved with powdered calcium oxide or barium oxide and
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aresin as an adhesive on the bottom of the pocket portion 11
and then hardening the solvent by UV irradiation or heating.

[0021] Although the desiccant layer 12 preferably has a
spiral shape for increasing a surface area thereof, it may be
of an arbitrary shape. Placing the desiccant layer 12 in the
pocket portion 11 secures a large gap between the desiccant
layer 12 and the organic EL element so that the desiccant
layer 12 does not contact the organic EL element. Such a
contact would result in damaging the organic EL element.

[0022] Furthermore, a sealing resin 13 made of epoxy
resin etc is coated on a periphery of the pocket portion 11 on
the sealing glass substrate 10. This sealing resin 13 can be
formed on the device glass substrate 1, rather than on the
sealing glass substrate 10.

[0023] Next, there will be described a process of attaching
the device glass substrate 1 to the sealing glass substrate 10
with reference to FIGS. 3 and 4. FIG. 3 is a cross-sectional
view of the two substrates just before the device glass
substrate 1 and the sealing glass substrate 10 are attached.
FIG. 4 is a partial cross-sectional view of the attached
device glass substrate 1 and sealing glass substrate 10,
showing a portion to become an organic EL panel.

[0024] The following attaching process steps are carried
out in inert gas atmosphere such as N, gas atmosphere. As
shown in FIG. 3, the sealing glass substrate 10 is mounted
on a quartz plate 30, whereas the device glass substrate 1 is
attached to an absorbing plate 20 made of metal by vacuum
suction, which is disposed above the quartz plate 30. The
organic EL display unit 2 formed on the main surface of the
device glass substrate 1 faces the desiccant layer 12 formed
on the main surface of the scaling glass substrate 10.

[0025] There is provided on a main surface of the absorb-
ing plate 20 a convex portion 21 for applying a load by the
absorbing plate 20 to the sealing resin 13. A concave portion
22 is provided on the main surface of the absorbing plate 20,
corresponding to the pocket portion 11. This concave portion
22 is formed larger than the pocket portion 11.

[0026] The absorbing plate 20 is slid down by a moving
mechanism (not shown). As shown in FIG. 4, a load is
applied by the absorbing plate 20 until a gap between the
device glass substrate 1 and the sealing glass substrate 10
becomes a predetermined gap G.

[0027] Since the concave portion 22 is provided on the
main surface of the absorbing plate 20, the load by the
absorbing plate 20 is applied uniformly to the sealing resin
13 through the convex portion 21. Thus, a variation of the
width W of the sealing resin 13 is prevented. Accordingly,
moisture does not infiltrate through the portions where the
width W of the sealing resin 13 is small.

[0028] Furthermore, since the concave portion 22 is pro-
vided on the main surface of the absorbing plate 20, the load
is not applied to the portion of the device glass substrate 1
corresponding to the concave portion 22, thereby preventing
a flexure and breaking of this portion of the device glass
substrate 1. If the concave portion 22 is not provided, the
flexure occurs in the device glass substrate 1. Furthermore,
without the concave portion 22, the pocket portion 11 makes
the flexure larger, which results in cracking and breaking of
the device glass substrate 1.
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[0029] The width L1 of the concave portion 22 is prefer-
ably larger than the width L2 of the pocket portion 11. This
is for avoiding application of the load to the device glass
substrate 1 above the pocket portion 11.

[0030] Then, the sealing resin 13 is hardened by UV
irradiation thereto through the quartz plate 30 and the
sealing glass substrate 10 from a UV irradiator 40 placed
near the back side of the quartz plate 30. This completes the
attachment of the device glass substrate 1 to the sealing glass
substrate 10.

[0031] Preferably, the thickness for each of the device
glass substrate 1 and the sealing glass substrate 10 is about
0.7 mm. The depth d1 of the pocket portion 11 is about 0.3
mm. The gap G is 10 to 20 micrometers. The depth d2 (a
height of the convex portion 22) of the concave portion 22
is 0.5 to 1 mm.

[0032] The device glass substrate 1 and the scaling glass
substrate 10 thus attached prevents the penetration of mois-
ture into the EL display device from outside.

[0033] After that step, the device glass substrate 1 and
sealing glass substrate 10 attached together are cut off into
individual organic EL display devices. This completes the
manufacturing of the organic EL display device.

[0034] Tt is noted that the portion applying a pressure to
the sealing resin 13, i.e., the convex portion 21, is smaller in
surface area in comparison to the entire area of absorbing
plate 20, and thus the total load applied to the absorbing
plate 20 may be smaller and still able to press the sealing
resin 13 effectively.

[0035] Next, there will be described an example of a
structure of the pixel of the organic EL display unit 2 of this
invention. FIG. 3 is a plan view of the pixel of the organic
EL display unit 2. FIG. 6A is a cross-sectional view along
line A-A of FIG. 5 and FIG. 6B is a cross-sectional view
along line B-B of FIG. 5.

[0036] As shown in FIG. 5, a pixel 115 is formed in a
region enclosed with a gate signal line 51 and a drain signal
line 52. A plurality of the pixels 115 is disposed in a matrix.

[0037] There are disposed in the pixel 115 an organic EL
element 60 as a self-emission element, a switching TET (thin
film transistor) 30 for controlling a timing of supplying an
electric current to the organic EL element 60, a driving TFT
40 for supplying an electric current to the organic EL
element 60 and a storage capacitor. The organic EL element
60 includes an anode 61, an emissive layer made of an
emission material and a cathode 65.

[0038] The switching TFT 30 is provided in a periphery of
a point of intersection of both signal lines 51 and 52. A
source 33s of the switching TFT 30 serves as a capacitor
electrode 55 for forming a capacitor with a storage capacitor
electrode line 54 and is connected to a gate electrode 41 of
the driving TFT 40. A source 43s of the driving TFT 40 is
connected to the anode 61 of the organic EL element 60,
while a drain 434 is connected to a driving source line 53 as
a current source to be supplied to the organic EL element 60.

[0039] The storage capacitor electrode line 54 is disposed
in parallel with the gate signal line 51. The storage capacitor
electrode line 54 is made of Cr (chromium) and forms a
capacitor by storing electric charges with the capacitor



US 2004/0023591 Al

electrode 55 connected to the source 33s of the TFT through
a gate insulating film 12. A storage capacitor 56 is provided
for storing voltage applied to the gate electrode 41 of the
driving TFT 40.

[0040] As shown in FIGS. 6A and 6B, the organic EL
display device is formed by laminating the TFTs and the
organic EL element sequentially on a substrate 10 such as a
substrate made of a glass a synthetic resin, a conductive
material or a semiconductor. When using a conductive
substrate or a semiconductor substrate as the substrate 10,
however, an insulating film such as S$iO, or SiN_ is formed
on the substrate 10, and then the switching TFT 30, the
driving TFT 40 and the organic EL element 60 are formed
thereon. Each of the both TFTs has a so-called top gate
structure in which a gate electrode is disposed above an
active layer with a gate insulating film being interposed
therebetween.

[0041] There will be described the switching TFT 30 first.
As shown in FIG. 6A, an amorphous silicon film (hereafter,
referred to as an a-Si film) is formed on the insulating
substrate 10 made of a silica glass or a non-alkali glass by
a CVD method. The a-Si film is irradiated by laser beams for
melting and recrystalizing to form a poly-silicon film (here-
after, referred to as a p-Si film) as an active layer 33. On the
active layer 33, a single-layer or a multi-layer of an SiO, film
and an SiN, film is formed as the gate insulating film 12.
There are disposed on the gate insulating film 12 the gate
signal line 51 made of metal having a high melting point
such as Cr and Mo (molybdenum) and also serving as a gate
electrode 31, the drain signal line 52 made of Al (aluminum),
and the driving source line 53 made of Al and serving as a
driving source of the organic EL element.

[0042] An interlayer insulating film 15 laminated with an
Si0, film, an SiN_ film and an SiO, film sequentially is
formed on the whole surfaces of the gate insulating film 12
and the active layer 33. There is provided a drain electrode
36 by filling a contact hole provided correspondingly to a
drain 33d with a metal such as Ai. Furthermore, a planariza-
tion insulation film 17 for planarizing the surface which is
made of an organic resin is formed on a whole surface.

[0043] Next, there will be described the driving TET 40 of
the organic EL element. As shown in FIG. 6B, an active
layer 43 formed by poly-crystalizing an a-Si film by irradi-
ating laser beams thereto, the gate insulating film 12, and the
gate electrode 41 made of metal having a high melting point
such as Cr and Mo are formed sequentially on the insulating
substrate 10. There are provided in the active layer 43a
channel 43¢, and a source 43s and a drain 43d on both sides
of the channel 43c. The interlayer insulating film 15 lami-
nated with an SiO, film, an SiN,_ film and an SiO, film
sequentially is formed on the whole surfaces of the gate
insulating film 12 and the active layer 43. There is disposed
the driving source line 53 connected to a driving source by
filling a contact hole provided correspondingly to a drain
43d with a metal such as Al. Furthermore, a planarization
insulation film 17 for planarizing the surface, which is made
of, for example, an organic resin is formed on the whole
surface. A contact hole is formed in a position corresponding
to a source 43s in the planarization insulation film 17. There
is formed on the planarization insulation film 17 a transpar-
ent electrode made of ITO (Indium Tin Oxide) and contact-
ing to the source 43s through the contact hole, i.e., the anode
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61 of the organic EL element. The anode 61 is formed in
each of the pixels, being isolated as an island.

[0044] The organic EL element 60 has a structure of
laminating sequentially the anode 61 made of a transparent
electrode such as ITO, a hole transport layer 62 including a
first hole transport layer made of MTDATA (4,4-bis(3-
methylphenylphenylamino) biphenyl), and a second hole
transport layer made of TPD (4,4,4-tris(3-methylphenylphe-
nylamino) triphenylanine), an emissive layer 63 made of
Bebq, (bis(10-hydroxybenzo[h]quinolinato)beryllium) con-
taining a quinacridone derivative, an electron transport layer
64 made of Bebq,, and a cathode 65 made of magnesium-
indium alloy, aluminum or aluminum alloy.

[0045] Asecond planarization insulation film 66 is formed
on the planarization insulation film 17. The second pla-
narization insulation film 66 is removed on the anode 61.

[0046] In the organic EL element 60, a hole injected from
the anode 61 and an electron injected from the cathode 65
are recombined in the emissive layer and an exciton is
formed by exciting an organic module forming the emissive
layer 63. Light is emitted from the emissive layer 63 in a
process of radiation of the exciton and then released outside
after going through the transparent anode 61 and the trans-
parent insulating substrate 10, thereby to complete light-
emission.

What is claimed is:
1. A manufacturing method of an electroluminescent
display device, comprising;

providing a first substrate having an electroluminescent
display unit thereon;

providing a second substrate;

detachably attaching the first substrate to a mounting plate
so that the first substrate is supported by a convex
portion formed on a surface of the mounting plate;

placing the first substrate attached to the mounting plate
over the second substrate so that a sealing resin layer is
interposed between the first and second substrates; and

applying a pressure to the sealing resin layer through the
convex portion of the mounting plate by applying a
load to the mounting plate.

2. The manufacturing method of an electroluminescent
display device of claim 1, wherein the attaching of the first
substrate to the mounting plate comprises suctioning air
between the first substrate and the mounting plate.

3. The manufacturing method of an electroluminescent
display device of claim 1, wherein the placing of the first
substrate comprises positioning the first and second sub-
strates so that the sealing resin layer is located underneath
the convex portion.

4. The manufacturing method of an electroluminescent
display device of claim 1, wherein the second substrate
includes a pocket portion formed on a surface thereof, and
the placing of the first substrate comprises positioning the
first and second substrates so that the pocket portion is
located underneath the electroluminescent display unit.

5. The manufacturing method of an electroluminescent
display device of claim 4, wherein an area surrounded by the
convex portion is larger than the pocket portion, and the
placing of the first substrate comprises positioning the first



US 2004/0023591 Al

and second substrates so that the pocket portion is covered
by the area surround by the convex portion.

6. A manufacturing method of an electroluminescent
display device, comprising;

providing a first substrate having an electroluminescent
display unit thereon;

providing a second substrate having a desiccant layer
thereon;

detachably attaching the first substrate to a first mounting
plate so that the first substrate is supported by a convex
portion formed on a surface of the first mounting plate;

detachably attaching the second substrate to a second
mounting plate;

placing the first the mounting plate over the second
mounting plate so that a sealing resin layer is inter-
posed between the first and second substrates and that
the electroluminescent display unit faces the desiccant
layer; and

applying a pressure to the sealing resin layer through the
convex portion of the first mounting plate by applying
a load to the first mounting plate.
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7. The manufacturing method of an electroluminescent
display device of claim 6, wherein the attaching of the first
substrate to the mounting plate comprises suctioning air
between the first substrate and the first mounting plate.

8. The manufacturing method of an electroluminescent
display device of claim 6, wherein the placing of the first
mounting plate comprises positioning the first and second
substrates so that the sealing resin layer is located under-
neath the convex portion.

9. The manufacturing method of an electroluminescent
display device of claim 6, wherein the desiccant layer is
disposed in a pocket formed on a surface of the second
substrate, and the placing of the first mounting plate com-
prises positioning the first and second substrates so that the
pocket portion is located underneath the electroluminescent
display unit.

10. The manufacturing method of an electroluminescent
display device of claim 9, wherein an area surrounded by the
convex portion is larger than the pocket portion, and the
placing of the first mounting plate comprises positioning the
first and second substrates so that the pocket portion is
covered by the area surround by the convex portion.
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