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ORGANIC EL PANEL, PANEL-COMBINED
LIGHT EMITTING DEVICE, AND METHOD
OF MANUFACTURING ORGANIC EL PANEL

FIELD OF THE INVENTION

The invention is related to an organic EL panel, a panel-
combined light-emitting device, and a method of manufac-
turing the organic EL panel.

BACKGROUND OF THE INVENTION

The organic EL panel is a self-emission panel provided
with an organic EL element as a light-emitting element. For
example, the organic EL panel is used for display screens of
mobile phones, monitor screens of electronic devices in auto-
mobiles or for family use, and information display screens of
PCs and TVs. The organic EL panel is also used for various
types of display devices such as advertising light-emitting
panels, various types of light sources in scanners and printers,
and illuminating devices such as generally-used lighting sys-
tems and back-lighting of LCDs. Further, the organic EL
panel is available for various applications and devices such as
optical communication devices using the photoelectric con-
version function.

Since the light-emission properties of organic EL elements
deteriorate when exposed to moisture, etc., a sealing structure
for separating the organic EL element from the atmosphere is
inevitable in order to use an organic EL panel for a long time
in a stable condition. As one example for sealing the organic
EL element, a hollow-sealed structure is known in which a
sealing substrate is bonded to a panel substrate having the
organic EL element to form a sealing space for housing the
organic EL element and to place a drying agent in the sealing
space.

FIG. 11is a schematic view showing a conventional hollow-
sealed structure having the above-mentioned sealing space of
the organic EL panel. FIG. 1(a) is a plan view, FIG. 1(h)is a
sectional view taken along line A-A of FIG. 1(a), and FIG.
1(c) is a sectional view taken along line B-B of F1G. 1(a). The
organic EL element, being a light-emitting element is formed
on a panel substrate J1 (not shown). A sealing substrate J2 is
bonded to the panel substrate J1 through an adhesive layer J3
to make a sealing space is for housing the light-emitting
element. The sealing substrate J2 has a concave portion J4 to
make the sealing space Js. On the inner surface of the concave
portion J4, a drying agent J5 is placed to absorb the moisture
in the sealing space Js. Further, a thick rib J6 is formed on the
concave portion 14 of the sealing substrate J2 in order to
reinforce the sealing substrate 12 (see the following patent
literature reference 1).

PRIOR ART
Patent Literature

PATENT LITERATURE REFERENCE 1: Japanese laid-
open patent publication 2007-335365

SUMMARY OF THE INVENTION

In an organic EL panel having the above-mentioned hol-
low-sealed structure with a sealing space, if an external force
pressing the sealing substrate or bending the panel substrate is
applied to the organic EL panel, the adhesive connecting the
sealing substrate to the panel substrate may be inconveniently
removed. As organic EL panels are getting thinner than ever
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in accordance with social needs, the sealing substrate is also
required to be thinner, thus the panel substrates and sealing
substrates become easier to bend. Accordingly, when
responding to the social demand for thinner and larger-sized
screens, the deterioration of sealing performance caused by
the removal of the adhesive and the contact between the
drying agent and the organic EL element are becoming more
widely recognized.

In the prior art as described above, a reinforcing rib is
provided on the sealing substrate to prevent its deformation.
However, responding to the demand of thinner and larger-
sized screens, it is difficult to prevent the deformation so as
not to cause any problem even if the conventional reinforcing
rib is provided. The edge of the reinforcing rib contacts and
destroys the organic EL element due to a limited distance
between the edge of the rib and the organic EL element.

One or more embodiments of the present invention prevent
deterioration of the sealing performance caused by removal
of an adhesive due to an external force and contact between
the edge of the rib and the organic EL element in the sealing
space for the EL panel having a hollow-sealed structure. More
specifically, one or more embodiments of the present inven-
tion prevent deterioration of the sealing performance, while
maintaining a quality display performance, when configuring
a large-sized panel (tiling panel) with a plurality of organic
EL panels planarly jointed to each other.

One or more embodiments of the present invention
includes at least the following elements.

In general, according to one aspect of the present invention,
an organic EL panel includes a panel substrate; a light-emit-
ting part including a plurality of organic EL elements having
an anode, an organic layer and a cathode laminated on the
panel substrate; and a sealing substrate configured to be
bonded onto the panel substrate through an adhesive layer to
hollow-seal the light-emitting part. The sealing substrate
includes a supporting projection projecting toward the panel
substrate, and a supporting margin facing a bottom face of the
supporting projection is provided where the organic EL ele-
ments are not formed within a region of the light-emitting part
on the panel substrate.

In general, according to another aspect of the present
invention, a panel-combined light-emitting device has a plu-
rality of organic EL panels planarly jointed to each other to
make a large-sized panel. The organic EL panel includes a
panel substrate and a light-emitting part including a plurality
of organic EL elements having an anode, an organic layer and
a cathode laminated on the panel substrate, and a sealing
substrate configured to be bonded onto the panel substrate
through an adhesive layer to hollow-seal the light-emitting
part. The sealing substrate includes a supporting projection
projecting toward the panel substrate. A supporting margin
facing a bottom face of the supporting projection is provided
where the organic EL elements are not formed within a region
of the light-emitting part on the panel substrate. The light-
emitting part is configured with a plurality of pixel blocks,
each of which has a plurality of organic EL elements, while
the supporting margin is configured between the pixel blocks.
The distance between the pixel blocks is defined in accor-
dance with the distance between the adjacent light-emitting
parts of the organic EL panels.

In general, according to another aspect of the present
invention, a method of manufacturing an organic EL panel
includes forming a light-emitting part having at least one
organic EL element on a panel substrate, forming a concave
portion for housing the light-emitting part on a sealing sub-
strate, and sealing the light-emitting part by bonding the panel
substrate and the sealing substrate together through an adhe-
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sive layer. A supporting projection projecting toward the
panel substrate is formed while the concave portion is being
formed. A supporting margin facing the bottom face of the
supporting projection is provided where the organic EL ele-
ments are not formed within a region of the light-emitting part
on the panel substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view illustrating a prior art. FIG. 1(a) is a plan
view, FIG. 1()) is a sectional view taken along line A-A of
FIG. 1(a), and FIG. 1(c) is a sectional view taken along line
B-B of FIG. 1(a).

FIG. 2 is aview illustrating a organic EL panel according to
one embodiment of the present invention. FIG. 2(a) is a
vertically sectional view of the organic EL panel and FIG.
2(b) is a sectional view taken along line X-X.

FIGS. 3(a), 3(b), 3(c), and 3(d) are views (plan view and
sectional view) illustrating a typical form of a supporting
projection provided on the organic EL panel according to one
embodiment of the present invention.

FIGS. 4(a), 4(b), 4(c), and 4(d) are views (plan view and
sectional view) illustrating another typical form of the sup-
porting projection provided on the organic EL panel accord-
ing to one embodiment of the present invention.

FIGS. 5(a), 5(b), 5(c), and 5(d) are views (plan view and
sectional view) illustrating still another typical form of a
supporting projection provided on the organic EL. panel
according to one embodiment of the present invention.

FIGS. 6(a), 6(b), 6(c), and 6(d) are views (plan view and
sectional view) illustrating still another typical form of a
supporting projection provided on the organic EL. panel
according to one embodiment of the present invention.

FIGS. 7(a), 7(b), and 7(¢) are views (plan view and sec-
tional view) illustrating still another typical form of a sup-
porting projection provided on the organic EL panel accord-
ing to one embodiment of the present invention.

FIGS. 8(a), 8(5), 8(c), and 8(d) are views illustrating an
example of placement of a drying agent placed on the inner
surface of a concave portion in the sealing substrate.

FIG. 9 is a view illustrating an example of the organic EL
element formed in the light-emitting part forming step. FIG.
9(a) shows an example of an active drive element with a
separate pixel electrode, while FIG. 9(b) shows an example of
a passive drive element where an element is formed on a
crossover portion of crossing stripe-patterned electrodes.

FIGS. 10(a), 10(b), 10(c), and 10(d) are views illustrating
an example of the sealing substrate processing step according
to one embodiment of the present invention.

FIG. 11 is a view for illustrating a panel-combined light-
emitting device 20 configured with a plurality of organic EL
panels 10 planarly jointed to each other to make up a large-
sized panel (FIG. 11(a) is a plan view of the panel-combined
light-emitting device 20, FIG. 11(5) is an enlarged view of A
part in FIG. 11(a).

FIGS.12(a) and 12(b) are views illustrating an example of
the interconnect structure of respective organic EL panels in
the panel-combined light-emitting device according to one
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the embodiments of the present invention are
described with reference to the drawings. FIG. 2 is a view
illustrating a organic EL panel according to one embodiment
of the present invention. FIG. 2(a) is a vertically sectional
view of the organic EL panel and F1G. 2(5) is a sectional view
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taken along the line X-X. The organic EL panel 10 is provided
with a panel substrate 2, a light-emitting part P including a
plurality of organic EL elements 1 formed on the panel sub-
strate 2, and a sealing substrate 3 that is bonded to the panel
substrate 2 through an adhesive layer 4 to seal the light-
emitting part P in a sealing space. The sealing substrate is
provided with a supporting projection 5 projecting toward the
panel substrate 2. A supporting margin F facing a bottom face
5A of the supporting projection 5 is provided where the
organic EL elements 1 are not formed within a region of the
light-emitting part P (light-emitting region Pa) on the panel
substrate 2.

The organic EL element 1 has a laminated structure in
which an anode, an organic layer including a light-emitting
layer, and a cathode laminated on the panel substrate 2. When
applying a voltage between the anode and the cathode, the
electrons injected from the cathode and the holes injected
from the anode arerecombined in the light-emitting layer, etc.
to emit light. The organic EL panel 10 having the organic EL
elements 1 formed on the panel substrate 2 that is made up of
a light-transmissive material as shown in the drawings can
emit light outward through the panel substrate 2 (bottom
emission type). Alternatively, the organic EL panel 10 may
emit light outward through a sealing substrate 3 as described
later (top emission type) in an opposite direction to the bottom
emission type. In addition, the organic EL panel 10 may emit
light outward from both surfaces of the panel substrate 2 and
the sealing substrate 3 (dual emission type).

The plurality of organic EL elements 1 formed on the panel
substrate 2 constitutes the light-emitting part P. In the
example shownin FI1G. 2(5), the organic EL elements 1, being
respective pixels Pi, are arranged in a matrix in a plane.
Further, the light-emitting part P has a plurality of pixel
blocks Ps, each of which includes a plurality of the organic EL
elements 1 (pixels P1). The supporting margin F is configured
between two pixel blocks Ps.

The panel substrate 2 is made of a transparent material such
as glass and plastic. The opposite side to the surface to which
the sealing substrate 3 is bonded is a light emission side. The
sealing substrate 3 is bonded to the panel substrate 2 to make
the sealing space S housing the light-emitting part P. The
sealing substrate 3 is provided with a concave portion 3A to
make the sealing space S in the example shown as shown in
FIG. 2(a). However the sealing space S may be made by other
methods, for example by inserting a spacer between the panel
substrate 2 and the sealing substrate 3. As shown in the draw-
ing, the concave portion 3A enables to provide a space to
place a drying agent 6 on the inner surface of the concave
portion 3A.

The organic EL panel 10 with a sealing space as shown
above cannot use the entire surface of the panel substrate 2 as
the light-emitting region Pa. The light-emitting region Pa is
narrowed by the region for providing the adhesive layer 4, etc
to bond the sealing substrate 3 to the panel substrate 2. The
light-emitting region Pa of each organic EL panel 10 may be
configured as broadly as possible by narrowing the marginal
width w formed outside of the light-emitting part P in the
organic EL panel 10.

The supporting projection 5 is formed on the sealing sub-
strate 3 in the organic EL panel 10 corresponding to the
light-emitting region Pa. The bottom face 5A of the support-
ing projection 5 may contact the panel substrate 2 either
constantly or only at a time when the sealing substrate 3 orthe
panel substrate 2 are deformed. A supporting margin F facing
a bottom face 5A of the supporting projection 5 is provided
where the organic EL elements 1 are not formed within a
region of the light-emitting part P (light-emitting region Pa)



US 8,917,017 B2

5

on the panel substrate 2. The supporting margin F may be
defined on the exposed region of the panel substrate 2 or on
the region where the peripheral part (insulating film, etc.) of
the organic EL elements 1 is formed. Alternatively, the bot-
tom face Sa of the supporting projection 5 may be fixed on the
panel substrate 2 with a adhesive as necessary.

Since the above-mentioned supporting projection 5
projects from the inner surface of the sealing substrate 3
toward the panel substrate 2 with a predetermined height, it is
possible to expediently prevent the drying agent, etc. pro-
vided on the sealing substrate 3 from contacting the organic
EL elements 1 with the supporting projection 5 functioning as
a stopper, even when the sealing substrate 3 and the panel
substrate 2 are curved and deformed. In one or more embodi-
ments, as the drying agent 6 is placed on the inner surface of
the sealing substrate 3, the height of the supporting projection
5 from the inner surface of the sealing surface 3 is needed to
be greater than the thickness of the drying agent 6. When the
drying agent 6 is placed on the inner surface of the concave
portion 3A provided on the inner surface of the sealing sub-
strate 3, the supporting projection 5 is configured to project
from the inner surface of the concave portion 3A and its
height from the inner surface of the concave portion 3A needs
to be greater than the thickness of the drying agent 6.

FIGS. 3 to 7 are views (plan view and sectional view)
illustrating typical forms of the supporting projection 5 pro-
vided on the organic EL panel 10 according to one embodi-
ment of the present invention. The section of the supporting
projection 5 perpendicular to the panel substrate 2 is config-
ured to have a shape that its width is thick near the sealing
substrate 3 and is thin on the bottom face SA near the panel
substrate 2. The form of the supporting projection 5 as shown
above may prevent the supporting projection 5 from being
broken or fractured, even when the supporting projection 5 is
subject to a pressure with the bottom face 5A of the support-
ing projection 5 coming into contact with the panel substrate
2. In addition, non-emission portion within the light-emitting
region Pamay be minimized because the supporting margin F
becomes smaller as the bottom face 5A becomes thinner.

The typical cross-sectional shape of the supporting projec-
tion 5 perpendicular to the panel substrate 2 is configured to
have two widths as shown in FIG. 3. FIG. 3(a) shows the
supporting projection 5 having a circular section, FIG. 3(%)
shows its square-shaped section, FIG. 3(c) shows its rectan-
gular section and FIG. 3(d) shows its rectangular section with
round corners or oval-shaped section, respectively.

The typical cross-sectional shape of the supporting projec-
tion 5 perpendicular to the panel substrate 2 is configured to
have multi-stage widths (three stages) as shown in FIG. 4.
FIG. 4(a) shows the supporting projection 5 having a circular
section, FIG. 4(b) shows its square-shaped section, FIG. 4(¢)
shows its rectangular section and FIG. 4(d) shows its rectan-
gular section with round comers or oval-shaped section,
respectively.

The typical cross-sectional shape of the supporting projec-
tion 5 perpendicular to the panel substrate 2 is configured to
be trapezoid as shown in FIG. 5. F1G. 5(a) shows the support-
ing projection 5 having a circular section, FIG. 5(b) shows its
square-shaped section, FIG. 5(c) shows its rectangular sec-
tion and FIG. 5(d) shows its rectangular section with round
corners or oval-shaped section, respectively.

The typical cross-sectional shape of the supporting projec-
tion 5 perpendicular to the panel substrate 2 is configured to
be tapered as shown in FIG. 6. FIG. 6(a) shows the supporting
projection 5 having a circular section, FIG. 6(b) shows its
square-shaped section, FIG. 6(c) shows its rectangular sec-
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tion and FIG. 6(d) shows its rectangular section with round
corners or oval-shaped section, respectively.

The typical cross-sectional shape of the supporting projec-
tion 5 perpendicular to the panel substrate 2 is configured to
have a stepped section as shown in FIG. 7. FIG. 7(a) shows
the supporting projection 5 having a cross-shaped section,
FIG. 7(b) shows its T-shaped section, and FIG. 7(c) shows its
angle-shaped section, respectively.

FIG. 8 is a view illustrating an example of placement of the
drying agent 6 placed on the inner surface of a concave
portion 3A in the sealing substrate 3. The drying agent 6 may
be placed on both sides of the supporting projection 5 formed
on the inner surface of the concave portion 3A as shown in
FIG. 8(a). Further, the drying agent 6 may be placed on the
entire inner surface except around the supporting projection 5
as shown in FIG. 8(b). Moreover, the drying agent 6 may be
placed substantially on the entire inner surface with a cutout
having a width corresponding to the supporting projection 5
as shown in FIG. 8(c). Alternatively, the drying agent 6 may
be placed on both sides of the supporting projection 5 without
making the cutout corresponding to the width of the support-
ing projection 5 as shown in FIG. 8(d). The drying agent 6
being place on the inner surface of the concave portion 3A of
the sealing substrate 3 with a minimized vacant space, the
sealing space S may be effectively sealed.

The supporting projection 5 when formed on a spot of the
inner surface ofthe sealing substrate 3 may function to protect
the organic EL elements 1 as described above. If a single
supporting projection 5 is placed on a single spot, the center
of the sealing substrate 3 is the most effective spot. Alterna-
tively, a plurality of supporting projections 5 may be placed
on the inner surface of the sealing substrate 3. Further, the
supporting projection 5 may be placed not on spots, but lin-
early. In one or more embodiments, if the supporting projec-
tion is placed on multiple spots or linearly, the supporting
margin F is required to be formed on the panel substrate 2
corresponding to the bottom face 5A.

Hereinafter, a method of manufacturing the organic EL
panel 10 having the above-mentioned features is described.
The method of manufacturing the organic EL panel 10
includes a light-emitting part forming step of forming a light-
emitting part P having at least one organic EL element 1 on
the panel substrate 2, a sealing substrate processing step of
processing the sealing substrate 3 with the concave portion
3A for housing the light-emitting part P, and a sealing step of
sealing the light-emitting part P within the sealing space S by
adhering the sealing substrate 3 to the panel substrate 2
through adhesive layer 4.

In the sealing substrate processing step, the supporting
projection 5 is formed to project toward the panel substrate 2
while the concave portion 3A is formed. In the light-emitting
part forming step, the supporting margin F is formed where
the organic EL element 1 is not formed facing the bottom face
5A of the support projection 5 within a region of the light-
emitting part P on the panel substrate 2.

FIG. 9 is a view illustrating an example of the organic EL.
element 1 formed in the light-emitting part forming step. FIG.
9(a) shows an example of an active drive element with a
separate pixel electrode, while FIG. 9(b) shows an example of
a passive drive element where an element is formed on a
crossover portion of crossing stripe-patterned electrodes.

In the example shown in FIG. 9(a), a drive element 30
(TFT, etc.) is formed on the panel substrate 2. A planarized
film 31 is formed to cover the drive element 30. And, a lower
electrode 32, being a pixel electrode is formed on the pla-
narized film 31. The lower electrode 32 can be formed by
patterning in a photolithography process after forming a film
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of an electrode material on the planarized film 31. A connect-
ing conductor 30A is formed to connect the lower electrode
32 to the drive element 30 and an insulating film 33 is formed
at the periphery thereof before forming the lower electrode
32. An organic layer 34 including a light-emitting layer 34A
is formed to cover an opening pattern of the insulating film 33
on the lower electrode 32. The organic layer 34 is mask-
evaporated with a mask opening aligned with the opening of
the insulating film 33. Subsequently, an upper electrode 35 is
formed to cover the entire organic layer 34.

In the example shown in FIG. 9(b), a lower electrode 40 is
formed on the panel substrate 2 in a stripe pattern. An insu-
lating film 41 is formed on the lower electrode 40 to make a
stripe pattern so as to cross the lower electrode 40. Further, a
partition 42 is formed in a stripe pattern on the insulating film
41 as necessary. The partition 42 may be downwardly-ta-
pered. An organic layer 43 including a light-emitting layer
43 A is formed along the stripe-patterned opening of the insu-
lating film 41 and the partition 42. An upper electrode 44 in a
stripe pattern is formed on the organic layer 43. The partition
42 serves as amask pattern when forming the upper electrode
44. When forming films of the organic layer 43 and the upper
electrode 44 thereon, an organic material deposited layer 43R
and an upper electrode material deposited layer 44R are lami-
nated on the top surface of the partition 42.

Hereinafter, an example of forming the organic layers 34
and 43 is described with the lower electrodes 32 and 40 as
anodes while the upper electrodes 35 and 44 as cathodes. The
lower electrodes 32 and 40 are formed by a transparent elec-
trode such as ITO. A hole-injecting layer made of copper
phthalocyanine (CuPc), etc. is formed on the lower electrodes
32 and 40 and NPB (N ,N-di(naphtalence)-N,N-dipheneyl-
benzidene), etc. is formed thereon as a hole transport layer.
The hole transport layer functions to transport holes injected
from the lower electrodes 32 and 40 to the light-emitting
layers 34A and 43A. The hole transport layer may be config-
ured with one layer or more than one layer. Further, the hole
transport layer may not necessarily be formed of a single
material. A single hole transport layer may be formed of
plural materials. A host material having a high capacity of
charge transport may be doped with a guest material having
high charge-donating (-accepting) properties.

Next, the light-emitting layers 34A and 43 A are formed on
the hole transport layer. As one example, by using a resis-
tance-heating evaporation method, the light-emitting layers
34A and 43A corresponding to Red, Green and Blue are
formed on the respective formation regions by using masks
for respective colors. An organic material emitting a red light
such as a styryl pigment is used for red color such as DCM1
(4-(dicyanomethylene)-2-methyl-6-(4'-dimethylami-
nostyryl)-4H-pyrane). Further, an organic material emitting a
green light such as Alg3 is used for green color. Furthermore,
an organic material emitting a blue light such as distyryl
derivative and triazole derivative is used for blue color. Other
materials including a layer structure with host-guest group
system may be used. For the light-emitting layer, a fluores-
cent material or a phosphorescent material may be used.

An electron transport layer formed on the light-emitting
layers 34A and 43A are produced according to various thin-
film formation methods such as the resistance-heating evapo-
ration method, by using various materials, for example Alg3.
The electron transport layer functions to transport electrons
injected from the upper electrodes 35 and 44 to the light-
emitting layers 34A and 43A. The electron transport layer
may be configured with one layer or more than one layer.
Further, the electron transport layer may not necessarily be
formed of a single material. A single electron transport layer
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may be formed of plural materials. A host material having a
high capacity of charge transport may be doped with a guest
material having high charge-donating (-accepting) proper-
ties.

The insulating film 33 and 41 and the partition 42 are
composed of a polyimide or a resist material. In the case that
the upper electrodes 35 and 44 function as a cathode, a mate-
rial with lower work function than an anode is employed. For
example, if ITO is used as the anode, aluminum (Al) or a
magnesium alloy (Mg—Ag) may be employed for the cath-
ode. However, as Al does not have so high an electron injec-
tion efficiency, an electron injection layer such as LiF may be
provided between Al and the electron transport layer.

In order to form the above-mentioned supporting margin F
in the light-emitting part forming step, the interval of the
lower electrodes 32 arranged in a matrix is made to be broader
than others in every several rows in the active drive method as
shown in FIG. 9 (a). In the passive drive method as shown in
FIG. 9 (), the interval of the lower electrodes 40 arranged in
a stripe pattern is made to be broader than others in every
several rows.

FIG. 10 is a view illustrating an example of the sealing
substrate processing step. The concave portion 3A and the
supporting projection 5 that are formed by etching on the
sealing substrate 3 are shown here. The etching process
includes a first etching process for etching the inner surface of
the sealing substrate 3 with a resist pattern formed in a form-
ing area of the supporting projection 5 and a second etching
process for etching the inner surface of the sealing substrate 3
with a resist pattern formed in an area corresponding to the
bottom face 5A of the supporting projection 5.

FIGS. 10(a) and 10(b) show the first etching process. The
pattern of resist 50 formed on the inner surface of the sealing
substrate 3 is formed so as to be open for an area smaller than
the final etching area corresponding to the finally made con-
cave portion 3A. The pattern of a resist 50B corresponding to
the area in which the supporting projection 5 is formed is
configured to mask an area larger than the forming area of the
bottom face 5A of the supporting projection 5. Then, the iner
surface of the sealing substrate 3 with the resist 50 applied as
described above is processed by etching to make a provisional
concave portion 3A, having a depth more than half the depth
of the finally made concave portion 3A.

FIGS. 10(c) and 10(d) show the second etching process.
The pattern of resist 51 is formed to mask an area smaller than
the resist 50 in the first etching process. The resist 51B formed
corresponding to the area in which the supporting projection
5 is formed is formed to mask an area of the bottom face 5A
of the supporting projection 5. The resist 51A formed along
the outer periphery of the sealing substrate 3 is configured to
mask the outside of the finally-formed concave portion 3A.

Two-stage etching as described above enables a deep etch-
ing at the sacrifice of some accuracy in etching position in the
first etching process, and a shallow etching with improved
accuracy in positioning of the bottom face 5A of the support-
ing projection 5 and the outer periphery of the concave por-
tion 3A in the second etching process, respectively.

When forming the concave portion 3A and the supporting
projection 5 only by the first process of etching, the deep
etching may lower the accuracy in positioning the bottom
face 5A of the supporting projection 5. Further, the deep
etching may result in a comparatively small flat surface for
placing the drying agent 6 with a gradually tapered etching
along the outer periphery of the concave portion 3A. On the
other hand, when improving the accuracy in positioning the
bottom face 5A ofthe supporting projection 5 only by a single
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process of etching, the deep etching becomes difficult to
secure a desired volume for the sealing space.

The above-mentioned two-stage etching including the first
and the second etching processes combines a deep etching
intended for the depth and a shallow etching intended for the
positioning accuracy, thereby providing an accurate position-
ing for the bottom face 5A of the supporting projection 5 and
increasing the strength of the supporting projection 5 with a
thick foot, and moreover narrowing the marginal width of the
organic EL panel 10 with a steeply tapered outer periphery of
the concave portion 3A.

The supporting projection 5 may be formed not only by the
above etching processes (wet etching processes), but by
grinding processes such as dry etching or sandblasting. Alter-
natively, the supporting projection 5 may be formed by form-
ing a convex portion on a flat surface of the sealing substrate
3 through a deposition process such as CVD (Chemical
Vacuum Deposition).

FIG. 11 is a view for illustrating a panel-combined light-
emitting device 20 configured with a plurality of organic EL
panels 10 planarly jointed to each other to make up a large-
sized panel (FIG. 11(a) is a plan view of the panel-combined
light-emitting device 20, FIG. 11(5) is an enlarged view of
part A in FIG. 11(a). The structure of the respective organic
EL panel 10 has been described above. Fach of the organic EL
panels 10 is connected to the adjacent organic EL panels 10
with the left, right, top and bottom of the lateral face being
faced to each other.

The panel-combined light-emitting device 20 has a plural-
ity of organic EL panels 10 planarly jointed to each other as
shown in FIG. 11(a), producing a single or plural display
screens by combining the display screens of the respective
organic EL panel 10. The display screen P of the respective
organic EL panel 10 is formed with a collection of plural
pixels Pi as shown in FIG. 11 (), and is adapted to enable
color displaying by appropriately dispersing the organic EL
elements 1 emitting different color lights such as R, G and B.
The display screen P of the each organic EL panel 10 includes
a plurality of pixel blocks Ps. Each of the blocks Ps is located
atapredetermined distance of F from the adjacent blocks. The
distance F is adapted to be approximately two times larger
than the marginal width w of the individual organic EL panel
10. Although the joint lines between adjacent organic EL
panels 10 form a non-display part that is twice as large as the
marginal width w corresponding to the light emitting part P
between adjacent organic EL panels, the joint lines can be
configured to be less recognizable by providing a distance of
about 2 w between respective pixel blocks Ps.

FIG. 12 is a view for illustrating an example of the inter-
connect structure of respective organic EL panels in the
panel-combined light-emitting device 20. In an example
shown in FIGS. 12(a) and 12(b), a drive IC 11 is provided on
the upper surface 3a of the sealing substrate 3 and a lead wire
12 is provided on the upper surface 3a and the lateral surface
3b of the sealing substrate 3. The lateral surface 35 on which
the lead wire 12 is provided is formed to be tapered. A lead
wire 13 (alead wire from anode or cathode of the organic EL,
element 1) on the surface of the panel substrate 2 where the
organic EL element 1 is formed and to the lead wire 12 on the
sealing substrate 3 are connected to each other when bonding
the panel substrate 2 and the sealing substrate 3 together.
Being connected to the lead wire 12 on the sealing substrate 3,
the drive 1C 11 is connected to the organic EL element 1
through the lead wires 12 and 13. In an example shown in
FIG. 12 (a), two sealing substrates 3, 3 are bonded to the panel
substrate 2 to form an exposed portion 8 between the sealing
substrates 3, 3. The lead wire 13 from the organic EL element
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1 that is sealed by the sealing substrates 3, 3 is provided on the
exposed portion 8 of the panel substrate 2. In an example
shown in FIG. 12(b), one sealing substrate 3 is bonded to the
panel substrate 2 to make an exposed portion 2E on the end of
the panel substrate 2. The lead wire 13 from the organic EL
element 1 that is sealed by the sealing substrate 3 is provided
on the end portion 2E on the end of the panel substrate 2.

According to the above-mentioned panel-combined light-
emitting device 20, the joint lines of the organic EL panel 10
may be made less recognizable by setting the distance
between the pixel blocks Ps being defined in accordance with
the distance (2 w) between the adjacent light-emitting parts P.
Further, the above-mentioned supporting margin F being
formed in the margin between the pixel blocks Ps allows to
effectively provide the supporting projection 5 on the sealing
substrate 3 such that the supporting projection 5 comes into
contact with the supporting margin F, which may improve
overall display qualities in the panel-combined light-emitting
device 20. Accordingly, the panel-combined light-emitting
device 20 makes it possible to prevent the drying agent 6 from
inconveniently contacting the organic EL elements 1 while
maintaining the high display performance, thereby enabling
to maintain a high durability even when thin or large-sized
display screens are pursued.

Although the embodiments of the present invention are
described in detail with reference to the drawings, the specific
embodiments are not limited to those described above. The
scope of the present invention is intended to include all
equivalents and modifications without departing from the
subject matter of the present invention. Further, each of the
embodiments described above may be combined to each
other unless the purpose and structure are contradictory.

The invention claimed is:

1. An organic EL panel, comprising:

a panel substrate;

a light-emitting part including a plurality of organic EL
elements having an anode, an organic layer and a cath-
ode laminated on the panel substrate; and

a sealing substrate configured to be bonded onto the panel
substrate through an adhesive layer to hollow-seal the
light-emitting part, wherein

the sealing substrate includes a supporting projection pro-
jecting toward the panel substrate,

the supporting projection is configured to be point-like, and

a supporting margin facing a bottom face of the supporting
projection is provided where organic EL elements are
not formed within a region of the light-emitting part on
the panel substrate,

wherein

the supporting projection is configured to project from an
inner surface of a concave portion formed on the sealing
substrate, and

a drying agent is placed on the entire inner surface except
the supporting projection without making a cutout.

2. The organic EL panel according to claim 1, wherein at
least one cross-sectional shape of the supporting projection
perpendicular to the panel substrate is configured to be wider
near the sealing substrate than on the bottom face near the
panel substrate.

3. The organic EL panel according to claim 2, wherein

a sealing space configured with the panel substrate and the
sealing substrate is set to have a lower pressure than the
atmospheric pressure, and

the bottom face of the supporting projection is configured
to come into contact with the supporting margin directly
or through a member.
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4. The organic EL panel according to claim 2, wherein

the light-emitting part is configured with a plurality of pixel
blocks, each of which has a plurality of organic EL
elements, and

the supporting margin is configured between the pixel
blocks.

5. The organic EL panel according to claim 1, wherein

a sealing space configured with the panel substrate and the
sealing substrate is set to have a lower pressure than the
atmospheric pressure, and

the bottom face of the supporting projection is configured
to come into contact with the supporting margin directly
or through a member.

6. The organic EL panel according to claim 1, wherein a

height of the supporting projection from an inner surface of

the sealing substrate is configured to be greater than a thick-

ness of a drying agent placed on the inner surface of the

sealing substrate.

7. The organic EL panel according to claim 6, wherein at

least one cross-sectional shape of the supporting projection

perpendicular to the panel substrate is configured to be wider

near the sealing substrate than on the bottom face near the

panel substrate.

8. The organic EL panel according to claim 7, wherein

a sealing space configured with the panel substrate and the
sealing substrate is set to have a lower pressure than the
atmospheric pressure, and

the bottom face of the supporting projection is configured
to come into contact with the supporting margin directly
or through a member.

9. The organic EL panel according to claim 7, wherein

the light-emitting part is configured with a plurality of pixel
blocks, each of which has a plurality of organic EL
elements, and

the supporting margin is configured between the pixel
blocks.
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10. The organic EL panel according to claim 1, wherein

the light-emitting part is configured with a plurality of pixel
blocks, each of which has a plurality of organic EL
elements, and

the supporting margin is configured between the pixel
blocks.

11. A panel-combined light-emitting device having a plu-

rality of organic EL panels planarly jointed to each other to
make a large-sized panel, the organic EL panel comprising:

a panel substrate;

a light-emitting part including a plurality of organic EL
elements having an anode, an organic layer and a cath-
ode laminated on the panel substrate; and

a sealing substrate configured to be bonded onto the panel
substrate through an adhesive layer to hollow-seal the
light-emitting part, wherein

the sealing substrate includes a supporting projection pro-
jecting toward the panel substrate,

the supporting projection is configured to be point-like,

a supporting margin facing a bottom face of the supporting
projection is provided where organic EL elements are
not formed within a region of the light-emitting part on
the panel substrate,

the light-emitting part is configured with a plurality of pixel
blocks, each of which has a plurality of organic EL
elements, while the supporting margin is configured
between the pixel blocks, and

distance between the pixel blocks is defined in accordance
with distance between the adjacent light-emitting parts
of the organic EL panels,

wherein

the supporting projection is configured to project from an
inner surface of a concave portion formed on the sealing
substrate, and

a drying agent is placed on the entire inner surface except
the supporting projection without making a cutout.
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