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SEALING STRUCTURE WITH BARRIER
MEMBRANE FOR ELECTRONIC ELEMENT,
DISPLAY DEVICE, ELECTRONIC
APPARATUS, AND FABRICATION METHOD
FOR ELECTRONIC ELEMENT

[0001] This is a Continuation of application Ser. No.
11/498,187, filed Aug. 3, 2006, which in turn is a Division of
application Ser. No. 10/341,400, filed Jan. 14,2003, now U.S.
Pat. No. 7,109,653, which claims priority to Japanese Patent
Application No. 2002-006572, filed Jan. 15, 2002. The dis-
closure of the prior applications are hereby incorporated by
reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a sealing structure
for an electronic element section such as a display element, a
semiconductor circuit element, etc., and more specifically,
the present invention relates to a sealing structure with a
barrier membrane for a display device, an electronic appara-
tus, and an electronic element section, as well as to a fabri-
cation method therefor. The description of the present inven-
tion herein specifically pertains to an organic EL display
device as an example of preferred applications; however, the
present invention is not limited to the organic EL display
device.

[0004] 2. Background Art

[0005] Inrecentyears, color display devices, which contain
aplurality of display elements each of which comprises a pair
of electrodes and active layers, such as a hole-injection layer/
transportation layer, a luminous layer, etc., being sandwiched
between the pair of electrodes, have been developed, and
specifically, organic EL (electroluminescent) display
devices, in which organic luminous material is used for the
luminous layer, have been developed. The organic EL display
device comprises active matrix circuits formed on a substrate
made of, for example, glass, plastic, etc., electronic element
sections formed on the active matrix circuits in a matrix
pattern, and a “sealing can” for covering and sealing the
electronic element section.

[0006] The “sealing can” is made of glass, metal, etc., in a
box shape. The sealing structure using the “sealing can” is
configured such that the “sealing can” is adhered to the
periphery of the substrate using adhesive while containing the
display elements therein. The “sealing can™ also contains an
inert gas such as nitrogen, argon, etc., in a sealed manner
along with a getter substance for absorbing water and oxygen
so that permeation of water and oxygen into the display
elements are prevented, and the luminous layers are pre-
vented from being deteriorated.

[0007] The overall thicknesses of conventional display
devices are typically 2 to 5 mm, in which approximately 1.5
mm, at least, is occupied by the “sealing can”. Because the
display elements must be contained in the “sealing can” with-
out contacting thereto, and a sufficient space for containing
the getter substance or the like must be provided in the “seal-
ing can”, the thickness of the sealing structure must be
increased as the sizes of the display elements increase in order
to ensure sufficient strength thereof.

[0008] Moreover, because adhesive is used to adhere the
“sealing can” to the substrate, a region for applying the adhe-
sive must be occupied along the periphery of the substrate,
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and as a result, the size of the region for display, in which the
display elements are arranged, is reduced with respect to the
overall size of the display device, whereby a problem is
encountered in that the exterior design ofthe display device is
constrained when the display device is employed as a display
portion of an electronic apparatus such as a portable tele-
phone or the like. In addition, an allowable space must be
occupied between the region for applying the adhesive and
the region for display because the adhesive may spread out,
which leads to another problem in conventional display
devices in that the size of a so-called frame region, i.e., a
region formed by the allowable space and the region for
applying the adhesive, cannot be reduced. Furthermore, if the
size of the region for applying the adhesive is reduced in order
to enlarge the region for display, the barrier properties of the
display device against water and oxygen may be degraded,
and as a result, the luminous layers may be deteriorated (i.e.,
the operative lives of the luminous layers may be reduced).
[0009] Moreover, because the adhesive may not be uni-
formly applied to the substrate, or the adhesive may not
function sufficiently, the region for applying the adhesive
may not be delimited from the region for display in a manner
intended, and the barrier properties of the display device may
vary depending on location, which leads to a further problem
in that the reliability of the display device is degraded.
[0010] Furthermore, when such a structure using a “sealing
can” is employed, it is not possible to produce a top emission
type display element, in which display light is emitted in the
opposite direction compared with a conventional device so
that a greater aperture ratio is obtainable, because the getter
substance or the material forming the “sealing can” will not
allow the display light to pass.

SUMMARY OF THE INVENTION

[0011] Based on the above circumstances, objects of the
present invention are to provide a sealing structure with a
barrier membrane for a display device, with which the thick-
ness of the display device can be reduced while ensuring
sufficient barrier properties against water and oxygen so as to
prevent deterioration of luminous layers, to provide an elec-
tronic apparatus having the display device employing such a
sealing structure, and to provide a fabrication method for the
display device.

[0012] In order to achieve the above objects, the present
invention employs the following configurations.

[0013] A sealing structure with a barrier membrane for an
electronic element section formed or mounted on a substrate,
according to the present invention, comprises: a multi-lay-
ered sealing membrane which is formed by overlaying at least
one flattening resin layer and at least one barrier layer, and
which is deposited on the electronic element section; and a
closed-loop blocking region which is formed on the substrate
so as to surround the entire electronic element section or a
portion of the electronic element section while also surround-
ing the flattening resin layer.

[0014] The flattening resin layer, which is the closest to the
substrate among flattening layers, may preferably be dis-
posed so as to be adjacent to the substrate where the electronic
element section is not formed.

[0015] The electronic element section may be, more spe-
cifically, an EL (electroluminescent) display element, a semi-
conductor circuit element, or various circuits formed on a
substrate or the like.
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[0016] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because the
electronic element section is sealed by the multi-layered seal-
ing membrane which is formed by overlaying at least one
flattening resin layer and at least one barrier layer, the multi-
layered sealing membrane can be made thinner than a “seal-
ing can” employed in a conventional sealing structure; there-
fore, the overall thickness of the sealing structure can be
reduced when compared with the case of the conventional
sealing structure.

[0017] Moreover, because the flattening resin layer is
formed, the barrier layer formed on the flattening resin layer
can be made flat, and as result, a sealing structure with a thin
membrane may be provided which has sufficient barrier prop-
erties, i.e., in which cracking and pin holes in the barrier layer
and uneven thickness of the barrier layer can be prevented,
and thus a sealing structure having a high reliability and a
long operative life can be provided.

[0018] In addition, because the flattening resin layer is
formed inside the blocking region, the area where the flatten-
ing resin layer is formed can be delimited by the blocking
region; therefore, the size ofthe so-called frame region can be
adjusted by the position of the blocking region. As aresult, the
frame region may be made narrower than that in a conven-
tional sealing structure so as to increase the size of the display
region. By delimiting the area where the flattening resin layer
is formed, variation of the barrier properties depending on
location can be reduced, and reliability of sealing can be
improved. Furthermore, when a plurality of display elements
are fabricated in the steps of making a mother substrate for
fabricating a number of the display elements at a time as
shown in FIG. 21, and dividing the mother substrate into the
individual display elements, it is possible to prevent deposi-
tion of the sealing membrane on inscribed regions along
which the mother substrate is to be cut, and as a result,
degradation of the barrier properties due to damage to the
sealing membrane, such as separation from the mother sub-
strate at a cutting operation, can be prevented.

[0019] In addition, if the flattening resin layer, which is the
closest to the substrate among flattening layers, is disposed so
as to be adjacent to the substrate where the electronic element
section is not formed, contact area between the substrate and
the multi-layered sealing membrane can be increased,
whereby the barrier properties of the electronic element sec-
tion against water and oxygen can be further improved.
[0020] Inthe sealing structure with a barrier membrane for
an electronic element section according to the present inven-
tion, the barrier layer may be formed so as to extend to the
outside of the blocking region.

[0021] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because the
barrier layer is formed so as to extend to the outside of the
blocking region, a wide area where the barrier layer is formed
can be ensured, whereby the barrier properties of the multi-
layered sealing membrane can be further improved, and per-
meation of water, oxygen, or the like into the electronic ele-
ment section can be more effectively prevented.

[0022] The sealing structure with a barrier membrane for an
electronic element section according to the present invention
may further comprise another blocking region or other block-
ing regions which are disposed outside the main blocking
region.

[0023] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because a
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plurality of blocking regions are formed including another
blocking region or other blocking regions which are disposed
outside the main blocking region, the flattening resin layer
can be reliably blocked even when the flattening resin layer is
made thick, whereby the barrier properties of the multi-lay-
ered sealing membrane can be further improved. As a result,
it becomes easy to form the multi-layered sealing membrane
by alternately depositing the flattening resin layers and the
barrier layers, and thus the barrier properties against water,
oxygen, or the like can be further improved.

[0024] The sealing structure with a barrier membrane for an
electronic element section according to the present invention
may comprise a plurality of flattening resin layers, and each
of'the flattening resin layers may be formed inside one of the
blocking regions.

[0025] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because
each of a plurality of flattening resin layers is formed inside
one of the blocking regions, the flattening resin layers can be
reliably blocked by the blocking regions even when a plural-
ity of flattening resin layers are employed, whereby the bar-
rier properties of the multi-layered sealing membrane can be
further improved.

[0026] The sealing structure with a barrier membrane for an
electronic element section according to the present invention
may comprise a plurality of barrier layers, and each of the
barrier layers may be formed so as to extend to the outside of
each of the blocking regions.

[0027] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because
each of a plurality of barrier layers is formed so as to extend
to the outside of each of the blocking regions, a wide area for
each of the barrier layers can be ensured, whereby the barrier
properties of the multi-layered sealing membrane can be fur-
ther improved, and permeation of water, oxygen, or the like
into the electronic element section can be more effectively
prevented.

[0028] Inthe sealing structure with a barrier membrane for
an electronic element section according to the present inven-
tion, the blocking region may be formed by a peripheral bank
layer which is made of an organic material, and whose surface
is made liquid-repelling.

[0029] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because the
blocking region is formed by a peripheral bank layer whose
surface is made liquid-repelling, the flattening resin layer
cannot flow to the outside of the blocking region, whereby
reliability of the sealing structure can be improved.

[0030] Inthe sealing structure with a barrier membrane for
an electronic element section according to the present inven-
tion, the blocking region may be formed by a closed-loop
liquid-repelling region extending on the substrate.

[0031] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because the
blocking region is a closed-loop liquid-repelling region
formed on the substrate, the flattening resin layer cannot flow
to the outside of the blocking region, whereby reliability of
the sealing structure can be improved.

[0032] Inthe sealing structure with a barrier membrane for
an electronic element section according to the present inven-
tion, a liquid-affinity-treated membrane may be formed at
least inside the blocking region on the substrate.

[0033] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because a
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liquid-affinity-treated membrane is formed inside the block-
ing region on the substrate, adhesion between the flattening
resin layer deposited on the liquid-affinity-treated membrane
and the substrate can be improved, and the barrier properties
can also be improved.

[0034] Inthe sealing structure with a barrier membrane for
an electronic element section according to the present inven-
tion, the liquid-repelling region may be formed by treating a
portion of the liquid-affinity-treated membrane to make it
liquid-repelling.

[0035] According to the above sealing structure with a bar-
rier membrane for an electronic element section, because the
liquid-repelling region is formed by treating a portion of the
liquid-affinity-treated membrane to make it liquid-repelling,
the position of the liquid-repelling region can be easily
located at a predetermined position, whereby reliability of the
sealing structure can be improved.

[0036] Next, a display device according to the present
invention comprises: a display element formed or mounted on
a substrate; a closed-loop blocking region which is formed on
the substrate so as to surround the entire display element or a
portion of the display element; and a multi-layered sealing
membrane which is formed by depositing at least one flatten-
ing resin layer and at least one barrier layer on the display
element, wherein the flattening resin layer is formed inside
the blocking region.

[0037] According to the above display device, because the
display element is sealed by the multi-layered sealing mem-
brane which is formed by depositing at least one flattening
resin layer and at least one barrier layer, the multi-layered
sealing membrane can be made thinner than a “sealing can”
employed in a conventional sealing structure; therefore, the
overall thickness of the display element can be reduced when
compared with the case of the conventional display element.
[0038] Moreover, because the flattening resin layer is
formed, the barrier layer formed on the flattening resin layer
can be made flat, and as result, a display element having
sufficient barrier properties, i.e., in which cracking and pin
holes in the barrier layer can be prevented, may be provided.
[0039] In addition, because the flattening resin layer is
formed inside the blocking region, the area where the flatten-
ing resin layer is formed can be delimited by the blocking
region; therefore, the size ofthe so-called frame region can be
adjusted by the position of the blocking region. As aresult, the
frame region may be made narrower than that in a conven-
tional sealing structure so as to increase the size of the display
region. By delimiting the area where the flattening resin layer
is formed, variation of the barrier properties depending on
location can be reduced, and reliability of sealing can be
improved.

[0040] In addition, if the flattening resin layer, which is the
closest to the substrate among flattening layers, is disposed so
as to be adjacent to the substrate where the electronic element
section is not formed, contact area between the substrate and
the multi-layered sealing membrane can be increased,
whereby the barrier properties of the display element against
water and oxygen can be further improved.

[0041] Inthe display device according to the present inven-
tion, the barrier layer may be formed so as to extend to the
outside of the blocking region.

[0042] According to the above display device, because the
barrier layer is formed so as to extend to the outside of the
blocking region, the barrier layer having a wider area can be
provided, whereby the barrier properties can be further
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improved, and permeation of water, oxygen, or the like into
the display element can be more effectively prevented.

[0043] The display device according to the present inven-
tion may further comprise another blocking region or other
blocking regions which are disposed outside the main block-
ing region.

[0044] According to the above display device, because a
plurality of blocking regions are formed including another
blocking region or other blocking regions which are disposed
outside the main blocking region, the flattening resin layer
can be reliably blocked even when the flattening resin layer is
deposited thickly, whereby the barrier properties of the multi-
layered sealing membrane can be further improved. As a
result, it becomes easy to form the multi-layered sealing
membrane by alternately depositing the flattening resin layers
and the barrier layers, and thus the barrier properties against
water, oxygen, or the like can be further improved.

[0045] The display device according to the present inven-
tion may comprise a plurality of flattening resin layers, and
each of the flattening resin layers may be formed inside one of
the blocking regions.

[0046] According to the above display device, because
each of a plurality of flattening resin layers is formed inside
one of the blocking regions, the flattening resin layers can be
reliably blocked by the blocking regions even when a plural-
ity of flattening resin layers are employed, whereby the bar-
rier properties of the multi-layered sealing membrane can be
further improved.

[0047] The display device according to the present inven-
tion may comprise a plurality of barrier layers, and each of the
barrier layers may be formed so as to extend to the outside of
each of the blocking regions.

[0048] According to the above display device, because
each of a plurality of barrier layers is formed so as to extend
to the outside of each of the blocking regions, a wide area for
each of the barrier layers can be ensured, whereby the barrier
properties of the multi-layered sealing membrane can be fur-
ther improved, and permeation of water, oxygen, or the like
into the display element can be more effectively prevented.

[0049] Inthe display device according to the present inven-
tion, the blocking region may be formed by a peripheral bank
layer which is made of an organic material, and whose surface
is made liquid-repelling.

[0050] According to the above display device, because the
blocking region is formed by a peripheral bank layer whose
surface is made liquid-repelling, the flattening resin layer
cannot flow to the outside of the blocking region, whereby
reliability of the sealing structure can be improved.

[0051] Inthe display device according to the present inven-
tion, the blocking region may be formed by a closed-loop
liquid-repelling region extending on the substrate.

[0052] According to the above display device, because the
blocking region is a closed-loop liquid-repelling region
formed on the substrate, the flattening resin layer cannot flow
to the outside of the blocking region, whereby reliability of
the sealing structure can be improved.

[0053] Inthe display device according to the present inven-
tion, a liquid-affinity-treated membrane may be formed at
least inside the blocking region on the substrate.

[0054] According to the above display device, because a
liquid-affinity-treated membrane is formed inside the block-
ing region on the substrate, adhesion between the flattening
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resin layer deposited on the liquid-affinity-treated membrane
and the substrate can be improved, and the barrier properties
can also be improved.

[0055] Inthe display device according to the present inven-
tion, the liquid-repelling region may be formed by treating a
portion of a liquid-affinity-treated membrane to make it lig-
uid-repelling.

[0056] According to the above display device, because the
liquid-repelling region is formed by treating a portion of the
liquid-affinity-treated membrane to make it liquid-repelling,
the position of the liquid-repelling region can be easily
located at a predetermined position, whereby reliability of the
display element can be improved.

[0057] Inthe display device according to the present inven-
tion, the display element may preferably comprise a plurality
of light emitting elements, and banks delimiting the light
emitting elements, and each of the light emitting elements
may comprise an electrode, an active layer disposed adjacent
to the electrode, and an opposing electrode disposed adjacent
to the active layer.

[0058] The display device according to the present inven-
tion may further comprise a drive circuit for driving the dis-
play elements, and the drive circuit may be encapsulated by at
least one flattening resin layer and at least one barrier layer.
[0059] According to the above display device, because the
drive circuit is encapsulated by at least one flattening resin
layer and at least one barrier layer, permeation of water,
oxygen, or the like into the drive circuit can be prevented,
whereby reliability of the display element can be further
improved.

[0060] An electronic apparatus according to the present
invention may comprise any one of the display devices
according to the present invention.

[0061] According to the above electronic apparatus,
because the electronic apparatus comprises any of the display
devices described above, the overall thickness of the elec-
tronic apparatus can be made thinner while ensuring reliabil-
ity against permeation of water, oxygen, or the like.

[0062] Next, a method, according to the present invention,
for fabricating a display device, which includes an electronic
element section formed on a substrate, may comprise the
steps of: forming a closed-loop blocking region on the sub-
strate so as to surround the entire electronic element section or
a portion of the electronic element section; coating a resin
coating substance containing a resin monomer or a resin
oligomer inside the blocking region; polymerizing the resin
coating substance after coating so as to form a flattening resin
layer; and forming a barrier layer so as to cover at least the
flattening resin layer and the blocking region.

[0063] The electronic element section may be an EL (elec-
troluminescent) display element, a semiconductor circuit ele-
ment, or various circuits formed on a substrate or the like.
[0064] According to the above method for fabricating a
display device, because the closed-loop blocking region is
formed on the substrate, and a resin coating substance is
coated on the inside of the blocking region, the flow of the
resin coating substance is restrained by the blocking region,
whereby a sealing area can be freely defined, and thus a
display device can be fabricated in which the barrier proper-
ties are substantially uniform at any location on the substrate.
[0065] In addition, because the barrier layer is formed after
the flattening resin layer is made, cracking and pin holes in the
barrier layer can be prevented, whereby the barrier properties
against water and oxygen can be improved.
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[0066] In the method, according to the present invention,
for fabricating a display device, the step of forming the flat-
tening resin layer and the step of forming the barrier layer
may be alternately repeated a plurality of times so as to form
a multi-layered sealing membrane in which the flattening
resin layers and the barrier layers are overlaid alternately.
[0067] According to the above method for fabricating a
display device, because the edges of the multi-layered sealing
membrane can be formed in such a manner that the edges of
the flattening resin layers and the barrier layers, which are
alternately deposited, are aligned with respect to each other,
the anti-permeation performance of the edges of the multi-
layered sealing membrane against water and oxygen can be
improved, and display devices having sufficient barrier prop-
erties can be fabricated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0068] FIG. 1 is a schematic plan view showing the wiring
configuration of a display device according to a first embodi-
ment of the present invention.

[0069] FIG. 2 is a schematic plan view showing the display
device according to the first embodiment of the present inven-
tion.

[0070] FIG. 3 is a cross-sectional view taken along the line
A-A'inFIG. 2.

[0071] FIG. 4 is a cross-sectional view taken along the line
B-B'in FIG. 2.

[0072] FIG. 5isa process drawing illustrating a method for
fabricating the display device according to the first embodi-
ment of the present invention.

[0073] FIG. 6 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0074] FIG. 7 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0075] FIG. 8 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0076] FIG. 9 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0077] FIG. 10 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0078] FIG. 11 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0079] FIG. 12 is another process drawing illustrating a
method for fabricating the display device according to the
first embodiment of the present invention.

[0080] FIG. 13 is a cross-sectional view showing the major
portion of a sealing structure in a display device according to
a second embodiment of the present invention.

[0081] FIGS. 14A and 14B are process drawings respec-
tively illustrating a method for fabricating the display device
according to the second embodiment of the present invention.
[0082] FIGS. 15A, 15B, and 15C are process drawings
respectively illustrating a method for fabricating the display
device according to the second embodiment of the present
invention.

[0083] FIG. 16 is a cross-sectional view showing the major
portion of a sealing structure in a display device according to
a third embodiment of the present invention.
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[0084] FIG. 17 is a schematic plan view showing a display
device according to a fourth embodiment of the present inven-
tion.

[0085] FIG. 18 is across-sectional view taken along the line
A-A'inFIG. 17.

[0086] FIG.19is across-sectional view taken along the line
B-B'in FIG. 17. FIG. 13 is another process drawing illustrat-
ing a method for fabricating the display device according to
the first embodiment of the present invention.

[0087] FIGS. 20A, 20B, and 20C are perspective views
respectively showing electronic apparatuses according to a
fifth embodiment of the present invention.

[0088] FIG.21isaplan view showing a positional relation-
ship between a mask, which is used when resin coating sub-
stance is applied, and a mother substrate.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0089] An example as a first embodiment of the present
invention, in which display elements for an organic EL dis-
play device (a display device) are applied to an electronic
element section, will be explained below with reference to the
drawings. This embodiment is merely an example of the
present invention, and the present invention is not limited to
this embodiment to which various modifications may be
made within the scope of the present invention. In the draw-
ings to which, hereinafter, reference is made, scale factors for
various layers and various elements may be differently set in
order to facilitate understanding of the various layers and
various elements in the drawings.

[0090] FIG.1 is a schematic plan view showing the wiring
configuration of a display device (an organic EL display
device) according to the first embodiment of the present
invention. The display device 1 shown in FIG. 1 is an organic
EL display device of an active matrix type in which thin film
transistors (TFTs) are employed as direct drive elements.
[0091] The display device 1 shown in FIG. 1 comprises
scanning lines 101, signal lines 102 which extend perpen-
dicularly to the scanning lines 101, source lines for luminance
103 which extend in parallel to the signal lines 102, and pixels
A, each provided in the vicinity of each of the intersecting
points of the scanning lines 101 and the signal lines 102.
[0092] A data side drive circuit 104, which comprises a
shift register, a level shifter, and video lines, is connected to
each of the signal lines 102. Scanning line drive circuits 105,
which comprise a shift register and a level shifter, are con-
nected to each of the scanning lines 101.

[0093] Moreover, to each of the pixels A, a switching TFT
142 whose gate electrode is provided with scanning signals
via the scanning lines 101, a retaining capacitor Cap for
retaining image signals provided from the signal lines 102 via
the switching TFT 142, a current TFT 123 whose gate elec-
trode is provided with the image signals retained by the
retaining capacitor Cap, a pixel electrode (a first electrode)
111 to which drive current is supplied from the source lines
for luminance 103 when the pixel electrode 111 is electrically
connected to the source lines for luminance 103, an active
layer 110 sandwiched between the pixel electrode 111 and a
cathode electrode 12 (a second electrode), are provided. The
cathode electrode 12 is connected to a source circuit for
cathode 131.
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[0094] Furthermore, the active layer 110 includes a lumi-
nescent layer comprising a hole-injection/transportation
layer and an organic electroluminescent layer formed so as to
be adjacent to the hole-injection/transportation layer. The
luminescent layer comprises three kinds of luminescent lay-
ers, i.e., a luminescent layer 110R emitting red light, a lumi-
nescent layer 110G emitting green light, and a luminescent
layer 110B emitting blue light, which are arranged in a stripe
pattern.

[0095] In addition, the source lines for luminance 103R,
103G, and 103B, which are connected to the luminescent
layers 110R, 110G, and 110B via the current TFT 123,
respectively, are connected to source circuits for luminance
132. The source lines for luminance 103R, 103G, and 103B
are respectively provided for colors because the drive volt-
ages should be differently set depending on colors, i.e.,
depending on the luminescent layers 110R, 110G, and 110B.
[0096] Inthedisplay device 1, when the switching TFT 142
is turned on by the drive of the scanning lines 101, electrical
potential in the signal lines 102 at the time is retained in the
retaining capacitor Cap, and the current TFT 123 is turned on
or off depending on the state of the retaining capacitor Cap.
Drive currents flow from the source lines for luminance 103R,
103G, and 103B to the pixel electrode 111 via the channels of
the current TFT 123, and electrical currents flow to the cath-
ode electrode (second electrode) via the luminescent layers
110R, 110G, and 110B. Each of the active layers 110 emits
light depending on the magnitude of electrical current flowing
therethrough.

[0097] Next, the specific configurations of the display
device 1 according to the present embodiment will be
explained with reference to FIGS. 2 to 4. FIG. 2 is a schematic
plan view showing the display device according to the present
embodiment, FIG. 3 is a cross-sectional view taken along the
line A-A'in FIG. 2, and FIG. 4 is a cross-sectional view taken
along the line B-B' in FIG. 2.

[0098] Asshown in FIGS. 2, 3, and 4, in the display device
1 according to the present embodiment, a display section 114,
in which the pixel electrodes (electrodes) connected to the
current TFT (not shown) are arranged in a matrix pattern, and
anon-display section 1156 disposed around the display section
11a, are provided on a transparent substrate 2 made of glass,
plastic, or the like. The non-display section 116 comprises the
source lines for luminance 103 (103R, 103G, and 103B)
respectively connected to the pixel electrodes, and the scan-
ning line drive circuits 105. In the display section 11a, there
is provided a display element section (an electronic element
section) 3 having a substantially rectangular shape in a plan
view.

[0099] As shown in FIG. 2, the source lines for luminance
103R, 103G, and 103B provided in the non-display section
115 extend from the bottom of the substrate 2, as viewed in
FIG. 2, toward the top along the scanning line drive circuits
105, turn to the left at the end of the scanning line drive
circuits 105, extend along the edge of the display element
section 3, and then are connected to the pixel electrodes (not
shown) provided in the display element section 3.

[0100] In addition, as shown in FIGS. 2 and 4, a flexible
tape 130, whose base is made of polyimide or polyester, and
on which control IC 130a is packaged, is adhered to an end of
the substrate 2. The control IC 130a comprises therein the
data side drive circuit 104, the source circuit for cathode 131,
and the source circuits for luminance 132 shown in FIG. 1.
There are provided a plurality of external terminals 1306 on
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the flexible tape 130, which extend from the control IC 130a,
and which are arranged along a side of the flexible tape 130.

[0101] Next, as shown in FIGS. 3 and 4, there is formed a
circuit section 11 on the substrate 2, and the display element
section 3 is formed on the circuit section 11. The display
section 11a is disposed in the middle of the circuit section 11.
In a portion of the circuit section 11 that is contained in the
display section 114, there are provided the current TFTs 123,
and the pixel electrodes 111 connected to the current TFTs
123. The current TFT's 123 are embedded between a substrate
protective layer 281 and a second interlayer insulation layer
283 and first interlayer insulation layer 284. The pixel elec-
trodes are formed on the first interlayer insulation layer 284.
In the circuit section 11, there are also provided the retaining
capacitor Cap and the switching TFT 142; however, these are
not shown in FIGS. 3 and 4.

[0102] There are provided banks 112 between the pixel
electrodes 111. The bank 112 comprises an inorganic bank
layer 112a formed on the first interlayer insulation layer 284,
and an organic bank layer 11256 formed on the inorganic bank
layer 112a. The inorganic bank layer 1124 is formed so as to
cover not only the display section 11a, but also the non-
display section, substantially. The surface of the inorganic
bank layer 112a is made to have liquid-affinity, while on the
other hand, the surface of the organic bank layer 1125 is made
liquid-repelling. Moreover, the active layer 110 is formed on
each of the pixel electrodes 111, and the cathode electrode 12
is formed on the active layers 110 and organic bank layers
1124. The inorganic bank layer 112« and organic bank layer
1124 are formed so as to partially overlap with the pixel
electrode 111, and more specifically, the inorganic bank layer
112a extends closer to the middle of the pixel electrode 111
than the organic bank layer 1125. Note that a shading layer
may be provided between the inorganic bank layer 112a¢ and
the organic bank layer 1125.

[0103] The organic bank layer 1125 is made of an ordinary
resist such as acrylic resin, polyimide resin, or the like. The
thickness ofthe organic bank layer 1125 is preferably set to be
0.1to 3.5 um, and more preferably, is set to be approximately
2 um. If the thickness thereof is less than 0.1 um, the thickness
of the organic bank layer 1126 may be less than the total
thickness of the hole-injection/transportation layer and of the
luminescent layer, and as a result, the luminescent layer, in a
liquid state, may overflow beyond an upper opening 1124,
which is not preferable. On the other hand, if the thickness
thereof is greater than 3.5 um, the step due to the upper
opening 1124 may be too large, and as a result, a step cover-
age of the cathode electrode 12 formed on the organic bank
layer 1126 may not be sufficiently ensured, which is also not
preferable. The thickness of the organic bank layer 1125 may
be set to be greater than 2 um, which is more preferable
because electrical insulation performance between the cath-
ode electrode 12 and the pixel electrode 111 can be enhanced.

[0104] There are provided sections made to have liquid-
affinity and sections made liquid-repelling on and around the
banks 112. The sections made to have liquid-affinity include
the inorganic bank layers 112a and the pixel electrodes 111,
into which liquid-affinitive group such as hydroxyl group are
infiltrated by a plasma treatment using oxygen as a reaction
gas. The sections made liquid-repelling include the organic
bank layers 11254, into which liquid-repelling group such as
fluorine are infiltrated by a plasma treatment using tetrafluo-
romethane as a reaction gas.
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[0105] Asshown in FIGS. 3 and 4, the active layers 110 are
deposited on the pixel electrodes 111, respectively. The banks
112 are respectively provided between the pixel electrodes
111, and between the active layers 110 so as to divide the
active layers 110. Each of the active layers 110 comprises the
hole-injection/transportation layer (not shown) deposited on
the pixel electrode 111, and the luminescent layer (not shown)
formed adjacent to the hole-injection/transportation layer. In
the luminescent layer, holes injected from the hole-injection/
transportation layer and electrons emitted from the cathode
electrode are combined to emit luminous light. The lumines-
cent layer includes three kinds of luminescent layers, i.c., a
red luminescent layer 110R emitting red light, a green lumi-
nescent layer 110G emitting green light, and a blue lumines-
cent layer 110B emitting blue light, which are arranged, for
example, in a stripe pattern. Note that the luminescent layers
are not necessarily arranged in a stripe pattern, but may be
arranged in a mosaic pattern, or in a deltaic pattern.

[0106] The cathode 12 comprises a first cathode layer 125
made of lithium fluoride and calcium layered product, and a
second cathode layer 12¢ made of Al (aluminum), Ag (silver),
or Mg/ Ag (magnesiuny/silver) layered product. The first cath-
ode layer 126 is provided merely on the organic bank layers
1124, while on the other hand, the second cathode layer 12¢ is
formed on the organic bank layers 1124, as well as on the
non-display section 115, and is connected to a cathode line
12a. The cathode electrode 12, as the opposing electrode of
the pixel electrode 111, functions to supply electricity to the
active layer 110.

[0107] Next, as shown in FIGS. 2 and 3, there are provided
scanning drive circuits 105 in the non-display section dis-
posed in either sides of the display element section 3. The
scanning drive circuit 105 comprises an N-channel type or a
P-channel type TFT 105¢ forming an inverter included in the
shift register. The TFT 105¢ has substantially the same struc-
ture as that of the current TFT 123 except for not being
connected to the pixel electrode 111.

[0108] As shown in FIG. 3, there are formed signal lines
105a for a scanning circuit on portions of the substrate pro-
tective layer 281 that are located in the vicinity of the scan-
ning drive circuits 105. In addition, there are provided source
lines 1054 for a scanning circuit on portions of the second
interlayer insulation layer 283 that are located in the vicinity
of the signal lines 1054 for a scanning circuit.

[0109] Moreover, as shown in FIG. 3, there are provided the
source lines for luminance 103R, 103G and 103B in the
vicinity of the source lines 1055 for a scanning circuit.
[0110] Furthermore, as shown in FIG. 3, the cathode line
12a, which is connected to the cathode electrode 12, is formed
in portion of the non-display section 115 that are located
outwardly relative to the source lines for luminance 103R,
103G and 103B. The cathode line 124 is formed substantially
in a U-shape in plan view so as to surround the source lines for
luminance 103R, 103G, and 103B.

[0111] Next, a sealing structure for the display device 1 of
the present embodiment will be explained.

[0112] As shown in FIGS. 2, 3, and 4, there is formed a
closed-loop peripheral bank layer 144 (a blocking region) on
the substrate 2 and around the display element section 3. As
shown in FIGS. 3 and 4, a multi-layered sealing membrane
145 is deposited on the display element section 3. The multi-
layered sealing membrane 144 is formed by alternately
depositing two flattening resin layers 14¢ (i.e., 14¢1 and
14¢2) and two barrier layers 144 (i.e., 14d1 and 1442). The
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flattening resin layers 14¢1 and 14¢2 are formed inside the
closed-loop peripheral bank layer 14a while being blocked by
the peripheral bank layer 14a. The barrier layers 14d1 and
1442 are formed on the flattening resin layers 14¢1 and 14¢2
(in an area inside the peripheral bank layer 14a), and the edge
portions 14e (i.e., 14el and 14e2) thereof extend over the
peripheral bank layer 14a. The number of layers of the flat-
tening resin layers 14¢ and of the barrier layers 144 may be
freely selected to be one or more; however, two to four is
preferred.

[0113] The thickness of the peripheral bank layer 14a is set
to be 1 to 3 um, and the surface of the peripheral bank layer
14a is made liquid-repelling as in the case of the organic bank
layer 1125.

[0114] The flattening resin layers 14¢ are made of, for
example, polyacrylic resin or the like. The flattening resin
layers 14c¢ are formed to flatten the surface of the display
device 1 by filling the step (e.g., 1 to 3 um) between the
non-display section 115 and the display section 11a (i.e.,
between the inorganic bank layer 112« formed in the non-
display section 115 and the display element section 3), and
functions to make the step coverage of the barrier layers 14d
formed on the flattening resin layers 14c¢ as small as possible
so that cracking and pin holes in the barrier layers 144 and
uneven thickness of the barrier layers 14d can be prevented.
The barrier layers 144 are made of an inorganic membrane
such as Si0,, and are superior in blocking water and oxygen.
The multi-layered sealing membrane 145 is formed by over-
laying the flattening resin layers 14¢ and the barrier layers
144, and functions to prevent degradation of the cathode
electrode 12 and the active layer 110 by inhibiting permeation
of water, oxygen, impurity ions, or the like into the display
element section 3.

[0115] The sealing structure will be more specifically
explained. As shown in FIGS. 3 and 4, the lowermost flatten-
ing resin layer 14c1 among the flattening resin layer 14¢ is
formed on the inorganic bank layer 112a (liquid-affinitive
membrane) in the non-display section 115 and on the display
element section 3 while being blocked by the inner side of the
peripheral bank layer 14a. The flattening resin layer 14¢1 is
formed to be thinner than the peripheral bank layer 14a.
Because the surface of the inorganic bank layer 112a is made
to have liquid-affinity, the flattening resin layer 14¢1 made of
polyacrylic resin or the like is easily settled on the inorganic
bank layer 112a, and thus adhesion between the inorganic
bank layer 112a and the flattening resin layer 14¢1 is suffi-
ciently ensured. On the other hand, because the surface of the
peripheral bank layer 14a is made liquid-repelling, the
peripheral bank layer 14a does not accept the flattening resin
layer 14¢1, and as a result, the flattening resin layer 14¢1 is
reliably blocked by the peripheral bank layer 14a.

[0116] Next, the barrier layer 14d1 is formed on the flat-
tening resin layer 14¢1. The barrier layer 1441 is formed so as
to cover the peripheral bank layer 14a, and extends over the
peripheral bank layer 144 to the outside of the peripheral bank
layer 14a so that the edge portion 14el of the barrier layer
1441 is located on the first interlayer insulation layer 284. In
the vicinity of the peripheral bank layer 14a, a step 14fis
formed due to the thickness difference between the flattening
resinlayer 14¢1 and the peripheral bank layer 14a. The barrier
layer 14d1 extends over the step 14f to the outside of the
peripheral bank layer 14a.

[0117] Moreover, another flattening resin layer 14c¢2 is
formed on the barrier layer 1441. The flattening resin layer
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14¢2 is blocked by the step 14/ between the peripheral bank
layer 14a and the flattening resin layer 14¢1 while being
disposed inside the peripheral bank layer 14a. As shown in
FIGS. 3 and 4, the level of the upper surface of the flattening
resin layer 14¢2 is set to substantially coincide with the level
of the upper surface of the peripheral bank layer 14a in this
embodiment; however, the level of the upper surface of the
flattening resin layer 14¢2 may be set to be lower than the
level of the upper surface of the peripheral bank layer 14a.
[0118] Furthermore, another barrier layer 1442 is formed
on the flattening resin layer 14¢2. The barrier layer 1442 is
formed so as to cover the peripheral bank layer 14« as in the
case of the barrier layer 1441, and extends over the peripheral
bank layer 14a to the outside of the peripheral bank layer 14a
so that the edge portion 142 of the barrier layer 1442 is
located on the first interlayer insulation layer 284. Because
the flattening resin layer 14¢2 under the barrier layer 1442 is
blocked by the inner surface of the peripheral bank layer 14a,
the barrier layers 14d1 and 1442 directly contact each other at
the outside of the peripheral bank layer 14a.

[0119] As mentioned above, the peripheral bank layer 14a
is made of a resist having thermal resistance and solvent
resistance, such as acrylic resin, polyimide resin, or the like,
and is made liquid-repelling. The thickness of the peripheral
bank layer 14q is preferably set to be 0.1 to 3.5 um, and more
preferably, is set to be approximately 2 um. If the thickness
thereof is less than 0.1 pm, the flattening resin layer 14c¢
cannot be blocked, which is not preferable. On the other hand,
if the thickness thereof’is greater than 3.5 um, fabrication may
become unstable due to a large ratio of sectional form, which
is also not preferable.

[0120] Both ofthe flattening resin layers 14¢1 and 14¢2 are
made of acrylic resin. The thicknesses of the flattening resin
layers 14¢1 and 14¢2 are preferably set to be 0.05 to 3 pm, and
more preferably, are set to be approximately 0.1 to 1 pm. Ifthe
thicknesses thereof are less than 0.05 pum, the flatness thereof
may be degraded, which is not preferable. On the other hand,
if the thicknesses thereof are greater than 3 pum, the flattening
resin layer 14¢ may be deposited over the peripheral bank
layer 14a, which is also not preferable. The thicknesses of the
flattening resin layers 14¢1 and 14¢2 may be set to be either
the same or different with respect to each other.

[0121] Furthermore, the barrier layers 1441 and 1442 are
made of SiO,, Al,O;, or the like. The thicknesses of the
barrier layers 1441 and 1442 are preferably set to be 5 to 500
nm, and more preferably, are set to be approximately 30 to
300 nm. If the thicknesses thereof are less than 5 nm, perme-
ation of water and oxygen may not be prevented, which is not
preferable. On the other hand, if the thicknesses thereof are
greater than 500 nm, the barrier layers 14d1 and 1442 may
easily have cracking due to thermal stress or mechanical
stress, which is also not preferable. The thicknesses of the
barrier layers 1441 and 1442 may be set to be either the same
or different with respect to each other.

[0122] By employing the above configurations, the thick-
ness of the multi-layered sealing structure 145 may be set to
be 1to 3 um. In addition, the thickness of the sealing structure
in the display device and above the first interlayer insulation
layer 284 may be set to be 1 to 3 um.

[0123] By employingthe above sealing structure, the multi-
layered sealing structure 145 may be formed to be thin, and
thus the overall thickness of the display device 1 can be made
much less than that of a display device in which a conven-
tional “sealing can” is employed. Because the flattening resin
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layers 14¢ are provided, the barrier layers 144 formed on the
flattening resin layers 14¢ can be made flat, and as a result,
cracking and pin holes in the barrier layers 14d can be pre-
vented, whereby a sealing membrane having excellent barrier
properties can be provided.

[0124] In addition, because the flattening resin layers 14¢
are formed inside the peripheral bank layer 14a, the area
where the flattening resin layers 14¢ are formed can be delim-
ited by the peripheral bank layer 14a; therefore, the size of the
so-called frame region can be adjusted by the position of the
peripheral bank layer 14a. As a result, the frame region may
be made narrower than that in a conventional sealing structure
so as to increase the size of the display section 11a. By
delimiting the area where the flattening resin layer 14c¢ is
formed, variation of the barrier properties depending on loca-
tion can be reduced, and reliability of sealing can be
improved.

[0125] Moreover, if the flattening resin layer 14¢1, which is
the closest to the substrate 2 among flattening layers, is dis-
posed so as to be adjacent to the substrate 2 in the non-display
section 115 where the display element section 3 is not formed,
contact area between the substrate 2 and the multi-layered
sealing membrane 145 can be increased, whereby the barrier
properties of the electronic element section at the membrane
boundaries against water and oxygen can be further
improved.

[0126] Next, a method for fabricating the electronic ele-
ment section according to the present embodiment will be
explained using the appended drawings while referring to the
display device shown in FIGS. 1 to 4 as an example. The
method for fabricating a display device comprises the steps of
forming a closed-loop blocking region on the substrate 2,
coating a resin coating substance containing a resin monomer
or a resin oligomer inside the blocking region, polymerizing
the resin coating substance after coating so as to form a
flattening resin layer, and forming a barrier layer so as to
cover at least the flattening resin layer and the blocking
region. In the above method, the step of forming the flattening
resin layer and the step of forming the barrier layer is alter-
nately repeated a plurality of times so as to form a multi-
layered sealing membrane in which the flattening resin layers
and the barrier layers are overlaid alternately.

[0127] The methods for fabricating the display element
section 3 (electronic element section) on the circuit 11 on the
substrate 2, and for fabricating the sealing structure for seal-
ing the display element section 3 will be explained below with
reference to FIGS. 5 to 12. The cross sections shown in FIGS.
5 to 12 are taken along the line A-A' in FIG. 2. As shown in
FIG. 5, the circuit 11 is formed on the substrate 2, and then a
membrane made of transparent electrode material such as
ITO (Indium Tin Oxide) is formed so as to cover the circuit
11, and after that, the pixel electrodes 111 are formed on the
first interlayer insulation layer 284 by applying a patterning
process to the membrane. The pixel electrodes 111 are formed
only in an area where the current TFTs 123 are formed, and
are connected to the current TFTs 123 via contact holes 111a.
[0128] Next, as shown in FIG. 6, the inorganic bank layers
112a are formed on the first interlayer insulation layer 284
and pixel electrodes 111. The inorganic bank layers 112q are
formed so as to expose portions of the pixel electrode 111,
respectively. The inorganic bank layers 1124 are formed not
only in the display section 11a, but also in the non-display
section on the substrate 2. The inorganic bank layers 112a are
formed by executing the steps of forming an inorganic mem-
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brane made of such as SiO,, TiO,, SiN on the entire surfaces
of'the first interlayer insulation layer 284 and pixel electrodes
111 using, for example, a CVD process, a TEOS process, a
sputtering process, a vapor deposition process, or the like, and
applying a patterning process to the inorganic membrane.
[0129] Moreover, as shown in FIG. 6, the organic bank
layers 11256 are formed on the inorganic bank layers 112a.
The organic bank layers 1126 are formed so as to expose
portions of the pixel electrode 111 through the inorganic bank
layers 112a, respectively. In this manner, the banks 112 are
formed on the first interlayer insulation layer 284.

[0130] Furthermore, in the step of forming the blocking
region, the peripheral bank layer 144 is formed on the inor-
ganic bank layers 1124 in the non-display section 115 simul-
taneously with the forming process of the organic bank layers
112b.

[0131] Next, regions exhibiting liquid-affinity and regions
exhibiting liquid-repellency are formed on the surface of the
banks 112. In this embodiment, both regions are made using
plasma treatment processes. In particular, the plasma treat-
ment processes include a liquid-affinitive process in which
the pixel electrode 111 and the inorganic bank layers 112a are
made to have liquid-affinity, and a liquid-repelling process in
which the organic bank layers 1126 and the peripheral bank
layer 14a are made liquid-repelling.

[0132] More specifically, the banks 112 are heated to a
predetermined temperature (e.g., 70 to 80° C.), and then a
plasma treatment (O, plasma treatment) as the liquid-affini-
tive process, in which oxygen is used as a reaction gas, is
applied to the banks 112 under atmospheric conditions. Next,
another plasma treatment (CF, plasma treatment) as the lig-
uid-repelling process, in which tetrafluoromethane is used as
a reaction gas, is applied to the banks 112 under atmospheric
conditions, and then the banks 112, which have been heated
for the plasma treatments, are cooled to room temperature to
obtain the regions exhibiting liquid-preference and the
regions exhibiting liquid-repellency. In FIG. 7, the contours
of'the pixel electrode 111 and the inorganic bank layers 112a,
which are made to have liquid-affinity, are shown by solid
lines, and the contours of the organic bank layers 1125 and the
peripheral bank layer 14a, which are made liquid-repelling,
are shown by alternate long and short dash lines.

[0133] Next, as shown in FIG. 8, the active layers 110 are
formed on the pixel electrodes 111 using an ink-jet method.
The active layers 110 are formed through the steps of ejecting
and drying a composite ink containing material for the hole-
injection/transportation layer, and ejecting and drying
another composite ink containing material for the lumines-
cent layer.

[0134] Next, as shown in FIG. 9, the cathode electrode 12,
which covers the banks 112 and the active layers 110, is
formed. The cathode electrode 12 can be obtained through the
steps of forming the first cathode layer 125 on the banks 112
and the active layers 110, and forming the second cathode
layer 12¢ which covers the first cathode layer 125, and which
is to be connected to the cathode line 124 disposed on the
substrate 2.

[0135] Next, as shown in FIG. 10, as the steps for fabricat-
ing the flattening resin layer, a resin coating substance con-
taining a resin monomer or a resin oligomer, or an organic
silicide (e.g., TEOS (tetraethylorthosilicate), Si;N,) is heated
and vaporized under vacuum conditions, the vaporized sub-
stance is sprayed on the inorganic bank layer 11254, which is
disposed on the display element section 3 and in the non-
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display section, and inside the peripheral bank layer 144, and
ultraviolet light is emitted on the sprayed substance under
vacuum conditions using an ultraviolet lamp, such as a mer-
cury lamp, ametal halide lamp, or the like, so as to polymerize
the resin monomer or the resin oligomer contained in the resin
coating substance, and so as to form the flattening resin layer
14¢1. When the resin coating substance is sprayed, a mask
M1 having an opening m1 is disposed above the substrate 2
while being positioned so that the opening m1 is aligned with
the inside portion of the peripheral bank layer 14a formed on
the substrate 2, and the resin coating substance is preferably
sprayed through the opening m1. By using the mask M1, the
resin coating substance is prevented from being deposited
outside the peripheral bank layer 14a. Plasma radiation may
be used to polymerize the resin monomer or the resin oligo-
mer.

[0136] The resin coating substance exhibits a viscosity less
than 500 cP, and preferably less than 100 cP, at room tem-
perature, which means that the resin coating substance has
substantial flowability; however, because the resin coating
substance after being sprayed is blocked by the peripheral
bank layer 14a, the resin coating substance cannot flow to the
outside of the peripheral bank layer 14a. In this manner, the
flattening resin layer 14¢1 is formed inside the peripheral
bank layer 14a. Note that the thickness of the flattening resin
layer 14¢1 can be adjusted by the amount of the sprayed resin,
and the thickness thereof is preferably set to be 0.1 to 1 pm.
[0137] The resin coating substance in this embodiment
comprises: a primary constituent, i.e., a resin constituent,
which may be selected from vinyl resin monomers such as
acrylic resin monomer, methacrylic resin monomer, polyester
resin monomer, PET resin monomer, polypropylene resin
monomet, or the like, or from vinyl resin oligomers such as
acrylic resin oligomer, methacrylic resin oligomer, polyester
resin oligomer, PET resin oligomer, polypropylene resin oli-
gomer, or the like; and a secondary constituent consisting of
a photopolymerization intiator. More specifically, the pri-
mary constituent may be selected from acrylic resin mono-
mers or acrylic resin oligomers having a polymerizable
double bond, such as alkyd resin, polyester acrylate, poly-
ether acrylate, acrylic acrylate, urethane acrylate, epoxy acry-
late, silicone acrylate, polyacetal acrylate, polybutadiene
acrylates, melamine acrylate, or the like. Moreover, the resin
monomer or resin oligomer may be selected from various
compounds such as monofunctional compounds, bifunc-
tional compounds, trifunctional compounds, and multifunc-
tional compounds, depending on the number of acryloyl
group being contained. Two or more acrylic resin monomers
or acrylic resin oligomers may be mixed for use. In addition,
the molecular weight of the acrylic resin monomer or acrylic
resin oligomer to be used is preferably less than 10,000, is
more preferably less than 2,000, and is more preferably from
100 to 600.

[0138] The photopolymerization intiator as the secondary
constituent may be selected from benzoin ethers, benzophe-
nones, xanthones, and acetophenone derivatives. The amount
of'the photopolymerization intiator may preferably be 0.01 to
10 pats by weight, and more preferably 0.1 to 2 pats by weight
when the amount of the acrylic resin monomer or acrylic resin
oligomer as the primary constituent is 100 pats by weight.

[0139] Theresin coating substance in this embodiment may
be prepared by mixing the primary constituent consisting of
acrylic resin monomer or acrylic resin oligomer and the sec-
ondary constituent consisting of a photopolymerization intia-
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tor. The viscosity of the resin coating substance is preferably
set to be less than 500 cP, and more preferably set to be less
than 100 cP at room temperature, so that irregularity in the
display section may be reliably flattened.

[0140] Next, as shown in FIG. 11, as the step for fabricating
the barrier layer, the barrier layer 1441 is formed on the
flattening resin layer 14¢1 using a vapor deposition process.
The barrier layer 1441 may be formed using metal such as
aluminum, silicon, magnesium, titanium, indium, tin, or
metal oxide (Si0,, Al,O;) or the like, as a vapor deposition
material. The vapor deposition process may be selected from
a vacuum vapor deposition process, a sputtering process, an
ion plating process, or the like.

[0141] When the vapor deposition process is performed,
another mask M2 having an opening m2 is preferably dis-
posed above the substrate 2 while being positioned so that the
peripheral portion of the opening m2 is aligned with the
outside peripheral portion of the peripheral bank layer 14a
formed on the substrate 2, and vaporized substance is prefer-
ably applied and deposited through the opening m2. By using
the mask M2, the barrier layer 1441 is prevented from being
formed on the side edges of the substrate 2. The thickness of
the barrier layer 14d1 is preferably set to be 5 to 500 nm.
[0142] Because the barrier layer 1441 can be made substan-
tially flat due to the flattening resin layer 14¢1, the barrier
layer 14d1, which is dense without having defects such as pin
holes or cracking, can be obtained.

[0143] Moreover, because the barrier layer 1441 is formed
on the flattening resin layer 14¢1, adhesion between the flat-
tening resin layer 14¢1 and the barrier layer 1441 is improved
due to an anchor effect of the flattening resin layer 14¢1, and
the barrier properties against water and oxygen can be
improved.

[0144] Next, as shown in FIG. 12, by repeating the above-
mentioned flattening resin layer forming step and the barrier
layer forming step, the flattening resin layer 14¢2 and the
barrier layer 1442 are sequentially formed on the barrier layer
1441, and thus the multi-layered sealing membrane 145 is
obtained.

[0145] Through the steps described above, the display
device 1 shown in FIGS. 1 to 4 can be obtained.

Second Embodiment

[0146] Next, a second embodiment will be explained below
with reference to FIG. 13. FIG. 13 is a cross-sectional view
showing the major portion of the sealing structure of a display
device 201.

[0147] The elements of the display device 201 shown in
FIG. 13 that are common to those of the display device 1 of the
first embodiment shown in FIGS. 1 to 4 will be provided with
the same reference symbols, and explanation therefor will be
simplified or omitted.

[0148] As shown in FIG. 13, the display device 201 of the
present embodiment is provided with a plurality of peripheral
banks (blocking regions) 214al, 21342, and 214a3. The
innermost peripheral bank is indicated by reference symbol
214a1, another peripheral bank indicated by reference sym-
bol 21442 is formed outside the peripheral bank layer 214a1,
and a further peripheral bank layer 21443 is formed outside
the peripheral bank layer 21442.

[0149] The distances “d” between the peripheral bank layer
214a1 and the peripheral bank layer 21442, and between the
peripheral bank layer 21442 and the peripheral bank layer
21443 are preferably set to be 10 to 300 um. The material and
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thickness of each of the peripheral bank layers 21441, 21442,
and 21443 are substantially the same as those of the periph-
eral bank layer 14¢ in the first embodiment. The thicknesses
of the peripheral bank layers 21441, 21442, and 21443 may
be either the same or different with respect to each other.
[0150] There is formed a multi-layered sealing membrane
indicated by reference symbol 2145 on the display device
201. The multi-layered sealing membrane 2145 comprises
three flattening resin layers 214¢1, 2142, and 214¢3, and
three barrier layers 21441, 21442, and 214d3, which are
formed by depositing alternately.

[0151] The lowermost flattening resin layer 214¢1, among
three flattening resin layers 214cl, 214¢2, and 214c3, is
formed on the inorganic bank layer 112a (liquid-affinitive
membrane) in the non-display section 115 and on the display
element section (not shown), and is blocked by the inner
surface (the left surface in FIG. 13) of the innermost periph-
eral bank layer 214al. The thickness of the lowermost flat-
tening resin layer 214¢1 is made to be less than that of the
innermost peripheral bank layer 214a1. Because the surface
of the inorganic bank layer 112a is made to have liquid-
affinity (i.e., covered by oxide), the flattening resin layer
214¢1 made of polyacrylic resin or the like is easily settled on
the inorganic bank layer 1124, and thus adhesion between the
inorganic bank layer 112a and the flattening resin layer 214¢1
is sufficiently ensured. On the other hand, because the surface
of the peripheral bank layer 21441 is made liquid-repelling,
the peripheral bank layer 21441 does not accept the flattening
resin layer 214c¢1, and as a result, the flattening resin layer
214c1 is reliably blocked by the peripheral bank layer 214a1.
Note that a liquid-repelling treatment does not have to be
applied in order to achieve the objects of the present inven-
tion.

[0152] Next, the barrier layer 21441 is formed on the flat-
tening resin layer 214¢1. The barrier layer 21441 is formed so
as to cover three peripheral bank layers 21441, 21442, and
21443, and extends over the entirety of the peripheral bank
layers 214al, 21442, and 21443 to the outside of the outer-
most peripheral bank layer 21443 so that the edge portion
214e1 of the barrier layer 21441 is located on the inorganic
bank layer 112a. In the vicinity of the innermost peripheral
bank layer 21441, a step 214/1 is formed due to the thickness
difference between the flattening resin layer 214¢1 and the
peripheral bank layer 21441. The barrier layer 21441 extends
over the step 214/1 to the outside of the outermost peripheral
bank layer 21443.

[0153] Moreover, another flattening resin layer 214¢2 is
formed on the barrier layer 2144d1. The flattening resin layer
214c¢2 is formed on the barrier layer 21441, extends over the
innermost peripheral bank layer 21441, and is blocked by the
inner surface of the adjacent peripheral bank layer 214a42.
Because the barrier layer 214d1 formed in advance is made of
SiO, or the like, i.e., the surface thereof is made to have
liquid-affinity, the flattening resin layer 214¢2 made of poly-
acrylic resin or the like is easily settled on the barrier layer
214d1, and as aresult, the flattening resin layer 214¢2 extends
over the step 214/1 to reach the inner surface of the adjacent
peripheral bank layer 21442.

[0154] Next, another barrier layer 21442 is formed on the
flattening resin layer 214¢2. The barrier layer 21442 is
formed so as to cover two peripheral banks 21442 and 21443,
and extends to the outside of the outermost peripheral bank
layer 21443 so that the edge portion 2142 of the barrier layer
214d2 is located on the inorganic bank layer 112a. In the
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vicinity of the peripheral bank layer 21442, a step 2142 is
formed due to the thickness difference between the flattening
resin layer 214¢2 and the peripheral bank layer 21442. The
barrier layer 21442 extends over the step 21472 to the outside
of the outermost peripheral bank layer 214a3.

[0155] Moreover, a further flattening resin layer 214¢3 is
formed on the barrier layer 21442. The flattening resin layer
214c¢3 is formed on the barrier layer 21442, extends over two
peripheral bank layers 214a1 and 21442, and is blocked by
the inner surface of the outermost peripheral bank layer
214a3. Because the barrier layer 21442 formed in advance is
made of an oxide such as SiO, or the like, i.e., the surface
thereof is made to have liquid-affinity, the flattening resin
layer 214¢3 made of polyacrylic resin or the like is easily
settled on the barrier layer 21442, and as a result, the flatten-
ing resin layer 214¢3 extends over the steps of two peripheral
bank layers 214a1 and 21442 to reach the inner surface of the
adjacent peripheral bank layer 21443.

[0156] Next, a further barrier layer 21443 is formed on the
flattening resin layer 214¢3. The barrier layer 21443 is
formed so as to cover the outermost peripheral bank layer
21443, and extends to the outside of the outermost peripheral
bank layer 21443 so that the edge portion 2143 of the barrier
layer 214d3 is located on the inorganic bank layer 112a.

[0157] In this manner, in the display device 201 of the
present embodiment, a plurality of peripheral bank layers
214al, 21442, and 21443 are formed, the flattening resin
layers 214c¢1, 214¢2, and 214¢3 are formed inside the periph-
eral bank layers 21441, 214402, and 21443, respectively, and
the barrier layers 21441, 214d2, and 21443 extend to the
outside of the peripheral bank layers 214al, 21442, and
21443, respectively, whereby the multi-layered sealing mem-
brane 21454 is formed.

[0158] According to the sealing structure in the display
device 201 of the present embodiment, because a plurality of
peripheral bank layers 214al, 21442, and 21443 are formed
in such a manner that the peripheral bank layers 21442 and
21443 are disposed outside the peripheral bank layer 21441,
the flattening resin layers 214¢1, 214¢2, and 214¢3 can be
reliably blocked even when the flattening resin layers 214c¢1,
214¢2, and 214¢3 are made thick, whereby the barrier prop-
erties of the multi-layered sealing membrane 2145 can be
further improved. As a result, it becomes easy to form the
multi-layered sealing membrane 2145 by alternately depos-
iting the flattening resin layers 214¢1, 214¢2, and 214¢3 and
the barrier layers 21441, 21442, and 21443, and thus the
barrier properties against water, oxygen, or the like can be
further improved.

[0159] Moreover, because each of the flattening resin layers
214c1, 2142, and 214¢3 are formed inside each of the
peripheral bank layers 214a1, 21442, and 21443, the flatten-
ing resin layers can be reliably blocked by the blocking
regions even when a plurality of flattening resin layers are
employed, whereby the barrier properties of the multi-layered
sealing membrane can be further improved.

[0160] Furthermore, according to the sealing structure in
the display device 201 of the present embodiment, because
each of the barrier layers 21441, 21442, and 21443 is formed
s0 as to extend to the outside of each of the peripheral bank
layers 214al, 21442, and 21443, a wide area for each of the
barrier layers can be ensured, whereby adhesion between the
multi-layered sealing membrane 2145 and the substrate 2 and
the barrier properties of the multi-layered sealing membrane



US 2009/0179566 Al

214b can be further improved, and permeation of water, oxy-
gen, or the like into the electronic element section can be more
effectively prevented.

[0161] Next, a method for fabricating the display device
201 according to the present embodiment will be explained
with reference to FIGS. 14A, 14B, 15A, 15B, and 15C. The
display device 201 of the present embodiment is fabricated
using substantially the same method as for the display device
1 of the first embodiment. Note that because the display
element section in the display device of the present embodi-
ment is made using the same method as for the display ele-
ment section 3 in the display device 1 ofthe first embodiment,
the fabrication steps after the display element section is made
will be explained hereinafter.

[0162] FIG. 14A shows a state in which three peripheral
bank layers 214al, 21442, and 21443 are formed on the
inorganic bank layer 1124. The surface of the inorganic bank
layer 112a is made to have liquid-affinity, and the surfaces of
the peripheral bank layers 214al, 21442, and 21443 are made
liquid-repelling.

[0163] As shown in FIG. 14A, as the steps for fabricating
the flattening resin layer, a resin coating substance containing
a resin monomer or a resin oligomer is heated and vaporized
under vacuum conditions, the vaporized substance is sprayed
on the inorganic bank layer 1125, which is disposed in the
non-display section, and inside the peripheral bank layer
214a1, and ultraviolet light is emitted on the sprayed sub-
stance under vacuum conditions using an ultraviolet lamp,
such as a mercury lamp, a metal halide lamp, or the like, so as
to polymerize the resin monomer or the resin oligomer con-
tained in the resin coating substance, and so as to form the
flattening resin layer 214¢1. When the resin coating substance
is sprayed, a mask M3 having an opening m3 is disposed
above the substrate 2 while being positioned so that the open-
ing m3 is aligned with the inside portion of the peripheral
bank layer 214a formed on the substrate 2, and the resin
coating substance is preferably sprayed through the opening
m3. By using the mask M3, the resin coating substance is
prevented from being deposited outside the peripheral bank
layer 214al. Plasma radiation may be used to polymerize the
resin monomer or the resin oligomer.

[0164] The resin coating substance used in this step, which
is the same as that used in the first embodiment, has substan-
tial flowability; however, because the resin coating substance
after being sprayed is blocked by the peripheral bank layer
214a1, the resin coating substance cannot flow to the outside
of the peripheral bank layer 214a1. In this manner, the flat-
tening resin layer 214¢1 is formed inside the peripheral bank
layer 214a1. Note that the thickness of the flattening resin
layer 214¢1 can be adjusted by the amount of the sprayed
resin, and the thickness thereof is preferably set to be, for
example, %5 to %5 of the height of the peripheral bank layer
214al.

[0165] Next, as shown in FIG. 14B, as the step for fabricat-
ing the barrier layer, the barrier layer 21441 is formed on the
flattening resin layer 214¢1 using a vapor deposition process.
The barrier layer 21441 may be formed using, for example,
Si0,, Al, Oy, or the like, as a vapor deposition material. The
vapor deposition process may be the same as that used in the
first embodiment. When the vapor deposition process is per-
formed, another mask M4 having an opening m4 is preferably
disposed above the substrate 2 while being positioned so that
the peripheral portion of the opening m4 is aligned with the
outside peripheral portion of the peripheral bank layer 21443
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formed on the substrate 2, and vaporized substance is prefer-
ably applied and deposited through the opening m4. By using
the mask M4, the barrier layer 21441 is prevented from being
formed on the side edges of the substrate 2. The thickness of
the barrier layer 214d1 is preferably set to be 5 to 500 mm.
[0166] Next, as shown in FIG. 15A, as the steps for fabri-
cating another flattening resin layer, the resin coating sub-
stance is heated and vaporized under vacuum conditions, the
vaporized substance is sprayed on the barrier layer 21441
formed in advance and inside the peripheral bank layers
21441 and 21442, and ultraviolet light is emitted on the
sprayed substance under vacuum conditions using an ultra-
violet lamp so as to polymerize the resin coating substance,
and so as to form the flattening resin layer 214¢2. When the
resin coating substance is sprayed, the mask M3 is preferably
disposed above the substrate 2 as in the previous step, and the
resin coating substance is preferably sprayed through the
opening m3. The sprayed resin coating substance flows on the
barrier layer 21441 over the peripheral bank layer 21441, and
is blocked by the peripheral bank layer 214a2; therefore, the
resin coating substance cannot flow to the outside of the
peripheral bank layer 21442. In this manner, the flattening
resin layer 214¢2 is formed inside the peripheral bank layers
21441 and 214a2. Note that the thickness of the flattening
resin layer 214¢2 can be adjusted by the amount of the
sprayed resin, and the thickness thereof is preferably setto be,
for example, %3 to %5 of the height of the peripheral bank layer
214a2.

[0167] Next, as shown in FIG. 15B, as the step for fabricat-
ing another barrier layer, the barrier layer 21442 is formed on
the flattening resin layer 214¢2 using a vapor deposition
process. The barrier layer 214d2 may be formed using, for
example, Si0,, Al,O;, or the like, as a vapor deposition
material. The vapor deposition process may be the same as
that used in the first embodiment. When the vapor deposition
process is performed, another mask M6 having an opening
mé is preferably disposed above the substrate 2 while being
positioned so that the peripheral portion of the opening mé is
aligned with the outside peripheral portion of the peripheral
bank layer 21443 formed on the substrate 2, and vaporized
substance is preferably applied and deposited through the
opening mé. By using the mask M6, the barrier layer 21442 is
prevented from being formed on the side edges of the sub-
strate 2. The thickness of the barrier layer 21442 is preferably
set to be 5 to 500 nm.

[0168] Next, as shown in FIG. 15C, by repeating the above-
mentioned flattening resin layer forming step and the barrier
layer forming step, the flattening resin layers 214¢3 and the
barrier layer 21443 are sequentially formed on the barrier
layer 21442, and thus the multi-layered sealing membrane
214b is obtained. When the resin coating substance is sprayed
for forming the flattening resin layers 214¢3, the mask M3 is
preferably disposed above the substrate 2 as in the previous
step. The sprayed resin coating substance flows on the barrier
layer 21442 over the peripheral bank layers 214al and 21442,
and is blocked by the peripheral bank layer 214a3; therefore,
the resin coating substance cannot flow to the outside of the
peripheral bank layer 214a3.

[0169] Moreover, when the vapor deposition process is per-
formed for forming the barrier layer 21343, the mask M6
having the opening m6 is preferably disposed above the sub-
strate 2 while being positioned so that the peripheral portion
of'the opening m6 of the mask M6 is aligned with the outside
peripheral portion of the outermost peripheral bank layer
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214a3 formed on the substrate 2, and vaporized substance is
preferably applied and deposited through the opening. The
vapor deposition process is performed in this manner,
whereby the barrier layer 21443 is prevented from being
formed on the side edges of the substrate 2.

[0170] Through the steps explained above, the display
device 201 shown in FIG. 13 is obtained.

[0171] Because the flattening resin layers 214¢1, 2142,
and 214¢3 are provided, the barrier layers 21441, 21442, and
214d3 can be substantially made flat, and as a result, the
barrier layers 21441, 21442, and 21443 can be formed with-
out containing defects such as cracking, pin holes, or the like.
[0172] Moreover, because the barrier layers 21441, 21442,
and 214d3 are formed on the flattening resin layers 214¢1,
214¢2, and 214c¢3, adhesions between the flattening resin
layers 214c¢1, 214¢2, and 214c¢3 and the barrier layers 21441,
214d2, and 21443 are improved due to anchor effects of the
flattening resin layers 214c¢1, 2142, and 214¢3, and the bar-
rier properties against water and oxygen can be improved.

Third Embodiment

[0173] Next, a third embodiment will be explained below
with reference to FIG. 16. FIG. 16 is a cross-sectional view
showing the major portion of the sealing structure of a display
device 301.

[0174] The elements of the display device 301 shown in
FIG. 16 that are common to those of the display device 1 of the
first embodiment shown in FIGS. 1 to 4 will be provided with
the same reference symbols, and explanation therefor will be
simplified or omitted.

[0175] AsshowninFIG.16,inthe display device 301 of the
present embodiment, there are formed a plurality of liquid-
repelling regions (blocking regions) 314al, 31442, and
314a3 on the peripheral area of the inorganic bank layer 112a
(of the substrate 2). More specifically, the innermost liquid-
repelling region is indicated by reference symbol 314al,
another liquid-repelling region indicated by reference symbol
314a2 is formed outside the liquid-repelling region 314al,
and a further liquid-repelling region 31443 is formed outside
the liquid-repelling region 314a2. The distances “d” between
the liquid-repelling region 31441 and the liquid-repelling
region 31442, and between the liquid-repelling region 31442
and the liquid-repelling region 31443 are preferably set to be
30 to 400 pm.

[0176] The liquid-repelling regions 314al, 31442, and
314a3 are made by infiltrating liquid-repelling group such as
a fluoro group into the surface of the inorganic bank layer
112a by a plasma treatment using tetrafluoromethane as a
reaction gas, as in the case of the organic bank layer 1125 of
the first embodiment. As a result, the liquid-repelling regions
314al, 31442, and 31443 function to repel the resin coating
substance, which forms the flattening resin layer, and to block
the flattening resin layer, as the peripheral bank layers 14a,
214al, etc., in the first and second embodiments.

[0177] Moreover, in this display device, there is formed a
multi-layered sealing membrane indicated by reference sym-
bol 3145. The multi-layered sealing membrane 3144 is
formed by alternately depositing three flattening resin layers
314cl, 314¢2, and 314¢3 and three barrier layers 31441,
31452, and 31453.

[0178] The lowermost flattening resin layer 314¢1, among
three flattening resin layers 314cl, 314¢2, and 314c3, is
formed on the inorganic bank layer 112a (liquid-affinitive
membrane) in the non-display section 115 and on the display
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element section (not shown), and is blocked by the inner side
(the left side in FIG. 13) of the innermost liquid-repelling
region 314a1. Because the surface of the inorganic bank layer
112a is made to have liquid-affinity, the flattening resin layer
314¢1 made of polyacrylic resin or the like is easily settled on
the inorganic bank layer 1124, and thus adhesion between the
inorganic bank layer 112a and the flattening resin layer 314¢1
is sufficiently ensured. On the other hand, because the surface
of'the inorganic bank layer 1124 in the liquid-repelling region
314a is made liquid-repelling, the liquid-repelling region
314a1 does not accept the flattening resin layer 314¢1, and as
a result, the flattening resin layer 314c¢1 is blocked by the
liquid-repelling region 314ql.

[0179] Next, the barrier layer 31441 is formed on the flat-
tening resin layer 314¢1. The barrier layer 31441 is formed so
as to cover the liquid-repelling region 314al1, and extends
over the liquid-repelling region 31441 to the outside of the
liquid-repelling region 31441 so that the edge portion 314el
of the barrier layer 314d1 is located on the inorganic bank
layer 112a. In the vicinity of the innermost liquid-repelling
region 314a1, the flattening resin layer 3141 is blocked by the
liquid-repelling region 314al. The barrier layer 314d1
extends over the flattening resin layer 314¢1 to reach the
outside of the liquid-repelling region 314al.

[0180] Moreover, another flattening resin layer 314¢2 is
formed on the barrier layer 3144d1. The flattening resin layer
314c¢2 is formed on the barrier layer 31441, extends over the
innermost liquid-repelling region 314a1, and is blocked by
the inner side of the adjacent liquid-repelling region 31442.
Because the barrier layer 31441 formed in advance is made of
SiO, or the like, i.e., the surface thereof is made to have
liquid-affinity, and because the innermost liquid-repelling
region 3144l is covered by the barrier layer 31441, the flat-
tening resin layer 314¢2 made of polyacrylic resin or the like
is easily settled on the barrier layer 31441, and the flattening
resin layer 314¢2 extends over liquid-repelling region 31441
to reach the inner side of the adjacent liquid-repelling region
314a02.

[0181] Next, another barrier layer 31442 is formed on the
flattening resin layer 314¢2. The barrier layer 31442 is
formed so as to cover the liquid-repelling region 31442, and
extends over the liquid-repelling region 31441 to the outside
of the liquid-repelling region 31442 so that the edge portion
314e2 of the barrier layer 31442 is located on the inorganic
bank layer 112a. In the vicinity of the liquid-repelling region
31442, the flattening resin layer 314¢2 is blocked by the
liquid-repelling region 31442. The barrier layer 31442
extends over the flattening resin layer 314¢2 to reach the
outside of the liquid-repelling region 31442.

[0182] Moreover, a further flattening resin layer 314¢3 is
formed on the barrier layer 31442. The flattening resin layer
314c¢3 is formed on the barrier layer 31442, extends over the
liquid-repelling regions 31441 and 31442, and is blocked by
the inner surface of the outermost liquid-repelling region
314a3. Because the barrier layer 31442 formed in advance is
made of SiO, or the like, i.e., the surface thereof is made to
have liquid-affinity, and because the innermost liquid-repel-
ling region 314a2 is covered by the barrier layer 31442, the
flattening resin layer 314¢3 made of polyacrylic resin or the
like is easily settled on the barrier layer 31442, and the flat-
tening resin layer 314¢3 extends over liquid-repelling region
31442 to reach the inner side of the adjacent liquid-repelling
region 31443.
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[0183] Next, a further barrier layer 31443 is formed on the
flattening resin layer 314¢3. The barrier layer 31443 is
formed so as to cover the outermost liquid-repelling region
31443, and extends to the outside of the outermost liquid-
repelling region 31443 so that the edge portion 314¢3 of the
barrier layer 31443 is located on the inorganic bank layer
112a.

[0184] In this manner, in the display device 201 of the
present embodiment, a plurality of liquid-repelling regions
314al, 31442, and 31443 are formed, the flattening resin
layers 314c¢1, 314¢2, and 314¢3 are formed inside the liquid-
repelling regions 314a1, 31442, and 31443, respectively, and
the barrier layers 31441, 31442, and 31443 extend to the
outside of the liquid-repelling regions 314al, 31442, and
314a3, respectively, whereby the multi-layered sealing mem-
brane 3145 is formed.

[0185] According to the sealing structure in the display
device 301 of the present embodiment, because a plurality of
liquid-repelling regions 31441, 31442, and 31443 are formed
in such a manner that the liquid-repelling regions 31442 and
314a3 are disposed outside the liquid-repelling region 31441,
the area where the barrier layers 31441, 31442, and 31443 are
formed can be increased, whereby the barrier properties of the
multi-layered sealing membrane 3145 can be further
improved, and permeation of water, oxygen, or the like into
the display element section 3 can be more effectively pre-
vented. In particular, because the multi-layered sealing mem-
brane 3145 is formed by alternately depositing the flattening
resin layers 314¢1, 314¢2, and 3143 and the barrier layers
314d1, 31442, and 31443, the barrier properties against
water, oxygen, or the like can be further improved.

[0186] Moreover, because each of the flattening resin layers
314c1,314¢2, and 3143 are formed inside each of the liquid-
repelling regions 314al, 31442, and 31443, the barrier prop-
erties against water, oxygen, or the like can be further
improved, even when a plurality of flattening resin layers and
barrier layers are employed in an alternately deposited man-
ner.

[0187] Furthermore, according to the sealing structure in
the display device 301 of the present embodiment, a plurality
of'barrier layers 31441, 31442, and 31443 are formed so as to
extend to the outside of the liquid-repelling regions 31441,
31442, and 31443, respectively, and the multi-layered sealing
membrane 3145 is formed by alternately depositing the flat-
tening resin layers 314c¢1, 314¢2, and 314¢3 and the barrier
layers 31441, 31442, and 31443; therefore, the barrier prop-
erties against water, oxygen, or the like can be further
improved.

[0188] In addition, because each of the liquid-repelling
regions 314al, 31442, and 31443 is formed in a loop-shape,
the flattening resin layers 314¢1, 314¢2, and 314c¢3 are held
inside the liquid-repelling regions 314a1, 31442, and 31443,
respectively; therefore, variation of the barrier properties
depending on location can be reduced, and thus reliability of
sealing can be improved.

[0189] Thedisplay device 301 ofthe present embodiment is
fabricated in a manner similar to that for the display device
201 of the second embodiment except that the liquid-repel-
ling regions 314al, 31442, and 31443 are provided on the
peripheral portion of the inorganic bank layer using a plasma
treatment, instead of providing the peripheral bank layers.
Note that the plasma treatment for the inorganic bank layer
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112a and the CF, plasma treatment for the organic bank layer
may be performed simultaneously.

Fourth Embodiment

[0190] Next, a fourth embodiment will be explained below
with reference to FIGS. 17 to 19. FIG. 13 is a schematic plan
view showing a display device 401 of the present embodi-
ment, FIG. 18 is a cross-sectional view taken along the line
A-A'"in FIG. 17, and FIG. 19 is a cross-sectional view taken
along the line B-B' in FIG. 17.

[0191] The elements of the display device 401 shown in
FIGS. 17 to 19 that are common to those of the display device
1 of the first embodiment shown in FIGS. 1 to 4 will be
provided with the same reference symbols, and explanation
therefor will be simplified or omitted.

[0192] As shown in FIGS. 17 to 19, in the display device
401, the closed-loop peripheral bank layer 14a (blocking
region) is formed around the display element section 3 dis-
posed on the substrate 2. Moreover, blocking bank layers
414a (another blocking region) are formed on a flexible tape
130 which is adhered to an end of the substrate 2. As shown in
FIGS. 17 and 19, the blocking bank layers 414a are formed on
both sides of the flexible tape 130, respectively, while being
disposed between a control IC 130a and external terminals
1305.

[0193] Moreover, a multi-layered sealing membrane 4145
is formed on the display element section 3. The multi-layered
sealing membrane 4145 is formed by alternately depositing
three flattening resin layers 14¢1, 14¢2, and 414¢3 and three
barrier layers 1441, 1452, and 41453. Two flattening resin
layers 14c¢1, 14¢2, among three flattening resin layers, are
formed inside the closed-loop peripheral bank layer 14a, i.e.,
are blocked by the closed-loop peripheral bank layer 14a.
Two barrier layers 1441 and 1452, among three barrier layers,
are formed on the flattening resin layers 14¢1 and 14¢2,
respectively (i.e., inside the peripheral bank layer 14a), and
the edge portions 14e (i.e., 14el and 14e2) thereof extend
over the peripheral bank layer 14a.

[0194] The remaining flattening resin layers 414c¢3 is
formed so as to cover the substrate 2, the barrier layer 1442, a
portion of the flexible tape 130, and the control IC 1304, and
s0 as to be disposed in an area closer to the substrate 2 than
from the blocking bank layers 414a. The flattening resin layer
414c¢3 is blocked by the blocking bank layers 414a so as not
to contact the external terminals 1305.

[0195] Practically, the flattening resin layer 414¢3 extends
to the bottom surface of the substrate 2, which is not shown in
FIGS. 18 and 19.

[0196] Moreover, the remaining barrier layer 41443 is
formed on the flattening resin layer 414¢3, and the edge
portion 4143 thereof extends over the blocking bank layer
414a.

[0197] The thickness of the blocking bank layer 414aq is
preferably set to be 2 to 500 pm. The surface of the blocking
bank layer 414aq is preferably made liquid-repelling as in the
case of the organic bank layer 1125 or the peripheral bank
layer 14a.

[0198] The flattening resin layer 414¢3 is made of poly-
acrylic resin or the like as the other flattening resin layers
14c¢1 and 14¢2 to protect the connecting region between the
flexible tape 130 and the substrate 2, and the control IC 130a.
In addition, the flattening resin layer 414¢3 acts to reduce the
step coverage of the barrier layer 414d3 formed thereon so as
to prevent pin holes and cracking from occurring in the barrier
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layer 414d3. The barrier layer 41443 consists of an inorganic
membrane such as SiO, or the like as the other barrier layers
1441 and 14d2 so as to be superior in blocking water or
oxygen. The multi-layered sealing membrane 4145 is formed
by alternately depositing the flattening resin layers 14c1,
14¢2, and 414¢3 and the barrier layers 1441, 1452, and 41453
in order to protect the display element section 3, the connect-
ing region between the flexible tape 130 and the substrate 2,
and the control IC 130a from permeation of water or oxygen.
[0199] The sealing structure will be described more spe-
cifically. As shown in FIGS. 18 and 19, the flattening resin
layer 414¢3 is formed on the barrier layer 1442, on the sub-
strate 2, on both sides of the flexible tape 130, and on the
control IC 130q, and is blocked by the blocking bank layer
414a. In other words, the thickness of the flattening resin
layer 414¢3 is set to be equal to or less than that of the
blocking bank layer 414a.

[0200] The barrier layer 41443 is deposited on the flatten-
ing resin layer 414¢3. The barrier layer 41443 is formed so as
to cover the blocking bank layer 414a, and extends over the
blocking bank layer 414a to a position adjacent to the external
terminal 1305.

[0201] The blocking bank layer 414a is made of a resist
having thermal resistance and solvent resistance, such as
acrylic resin, polyimide resin, or the like, as mentioned above.
The thickness of the blocking bank layer 414aq is preferably
set to be 2 to 600 um. The thickness of the blocking bank layer
414a depends on the thickness of layers such as the resist for
forming the flexible tape, patterned wirings, markings, or the
like when such layers are also used as the blocking bank layer
414a. Alternatively, the blocking bank layer 414a may be
formed so as to have a predetermined thickness using an
ink-jet method.

[0202] The flattening resin layer 414¢3 is made of acrylic
resin or the like. The thickness of the flattening resin layer
414c3 is preferably set to be 0.1 to 10 um. The thickness of the
flattening resin layer 414¢3 is preferably adjusted depending
on the irregularities on the flexible tape.

[0203] The barrier layer 41443 is made of metal such as
aluminum, titanium, or the like, or oxide such as Si0O,, Al,O;,
or the like. The thickness of the barrier layer 414d3 is pref-
erably set to be 10 to 1000 nm. The thickness of the barrier
layer 41443 is preferably adjusted depending on use, or
required barrier properties.

[0204] By employing such a sealing structure, the entire
drive circuit including the drive IC 1304 is encapsulated by
the flattening resin layer 414¢3 and the barrier layer 41443;
therefore, permeation of water or oxygen into the connecting
portion between the drive circuit and the display section,
which is susceptible to humidity, can be prevented, and reli-
ability of the overall display device can be further improved.

Fifth Embodiment

[0205] Next, specific examples of electronic apparatus
comprising one of the display devices according to the first to
fourth embodiments will be explained below.

[0206] FIG. 20A is a perspective view of an example of a
portable telephone or a remote controller. In FIG. 20A, ref-
erence symbol 600 indicates a body of the portable telephone
and reference symbol 601 indicates a display portion com-
prising any one of the display devices 1, 201, 301, and 401
described above.

[0207] FIG. 20B is a perspective view of an example of a
portable information processor such as a PDA or a personal
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computer. In FIG. 20B, reference symbol 700 indicates an
information processor, reference symbol 701 indicates an
input device such as a keyboard, reference symbol 703 indi-
cates a body of the information processor, and reference
symbol 702 indicates a display portion comprising any one of
the display devices 1, 201, 301, and 401 described above.
[0208] FIG. 20C is a perspective view of an example of a
watch. In FIG. 20C, reference symbol 800 indicates a body of
the watch and reference symbol 801 indicates a display por-
tion comprising any one of the display devices 1, 201, 301,
and 401 described above.

[0209] Each of the electronic apparatuses shown in FIGS.
20A to 20C includes a display portion comprising any one of
the display devices 1, 201, 301, and 401 described above, and
thus has the same advantages as that of the display devices
according to the first to fifth embodiments; therefore, these
electronic apparatuses will exhibit an excellent display per-
formance while being thin.

[0210] The electronic apparatus may be fabricated through
the steps of fabricating, in a manner similar to that for the first
to fifth embodiments, one the display devices 1,201, 301, and
401 including the drive IC 130a shown in FIG. 2, incorporat-
ing one of the display devices 1, 201, 301, and 401 into an
electronic apparatus such as a portable telephone, an infor-
mation processor, or watch.

[0211] The present invention is not limited to the embodi-
ments explained above, and various modifications may be
made without departing from the scope of the present inven-
tion.

[0212] For example, the display devices of the present
invention may be made in such a manner that a plurality of
display element sections 3 are formed on a mother substrate
2A, and the mother substrate 2A is divided into the display
element sections 3, whereby a number of display devices can
be obtained at a time. In this case, as shown in FIG. 21, a mask
M having a plurality of openings “m” corresponding to the
display element sections 3 may preferably be used when a
resin coating substance is sprayed. The openings “m” of the
mask M are formed so as not to expose cutting lines 2B drawn
on the mother substrate 2A for each of the display devices. As
a result, the flattening resin layers and barrier layers are not
formed on the cutting lines 2B; therefore, the flattening resin
layers may not be separated when the mother substrate 2A is
cut.

[0213] In the above description, the blocking regions and
the organic bank layers are made of the same material and are
formed in the same fabrication step; however, in the case of
passive organic EL devices, a resist or a marking on a cathode
separator or a circuit board corresponds to the blocking
region, and such elements which have a blocking function,
and which are formed in existing fabrication steps, may pref-
erably be used as the blocking regions.

INDUSTRIAL APPLICABILITY

[0214] As explained above in detail, according to the seal-
ing structure in the display device of the present invention,
specific sections including the display element sections can
be selectively and reliably sealed by the multi-layered sealing
structure formed by depositing the flattening resin layers and
barrier layers, and the multi-layered sealing structure can be
made thinner than a “sealing can” in a conventional sealing
structure even when sealing areas are large; therefore, the
overall thickness of the display device can be greatly reduced
from conventional display devices.
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[0215] In addition, the positions of the edges of the multi-
layered sealing structure, which is formed by the flattening
resin layer and the barrier layer that is free from pin holes,
cracking, and thickness variation due to the flattening resin
layer, can be accurately defined by the blocking regions.
Moreover, adhesion of the edges of the multi-layered sealing
structure is improved by ensuring a large contact area
between the substrate whose surface is made to have liquid-
affinity and the multi-layered sealing structure, the perme-
ation passes against water, oxygen, impurity ions, or the like
can be made long due to irregularities of the blocking region;
therefore, excellent barrier properties and reliability of the
sealing structure can be maintained in a long period even
when the blocking region is narrow.

[0216] As a result, the frame region of an organic EL dis-
play device or of a LCD can be made narrower than that of'a
conventional display device, while decreasing the thickness
and weight of the display device, whereby electronic appara-
tuses can be obtained in which freedom of exterior design is
enhanced and spaces are effectively utilized. In addition,
because unusable area due to the frame region is decreased,
the number of display devices that are obtainable from a
mother substrate may be increased, and productivity may be
improved.

[0217] Furthermore, the sealing structure can be broadly
applicable to an electronic apparatus, electrical apparatus, a
module, and components such as a circuit board having a
number of elements, an electron-optical module, an IC card,
or the like, as a sealing means which has an integral structure
and flexibility, and which is thin and lightweight.

What is claimed is:
1. A display device comprising:
a base member;
an electronic element disposed above the base member, the
electronic element including:
a pixel electrode disposed above the base member, the
pixel electrode being formed in a display section;
a cathode electrode opposing to the pixel electrode; and
a luminescent layer that is provided between the pixel
electrode and the cathode electrode;
a cathode line disposed outside the display section, the
cathode line being connected to the cathode electrode at
a connecting region;
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a sealing structure for the electronic element, the sealing

structure including:

a first blocking region disposed outside the display sec-
tion;

a first resin layer that is formed above the base member
and that is delineated by the first blocking region
formed on the base member; and

a first barrier layer extending beyond the first resin layer
to cover the first blocking region, wherein

the connecting region is disposed between the first block-

ing region and the display section.

2. A display device according to claim 1, further compris-
ing:

a second resin layer disposed over the first barrier layer and

that is delineated by the first blocking region; and

a second barrier layer covering the first flattening resin

layer and the first blocking region.

3. A display device according to claim 1, further compris-
ing a second blocking region disposed outside the first block-
ing region.

4. A display device according to claim 3, further compris-
ing:

a second resin layer disposed over the first barrier layer, and

delineated by the second blocking region; and

a second barrier layer extending beyond the second resin

layer to cover the first blocking region and the second

blocking region.

5. A display device according to claim 4, further compris-
ing a flexible tape adhered to an end of the base member,
wherein

the second blocking region is disposed on the flexible tape.

6. A display device according to claim 5, further compris-
ing a control IC disposed on the flexible tape,

wherein the second blocking region, the second resin layer,

and the second barrier layer are formed on both sides of

the flexible tape, and

wherein the control IC is covered by the second resin layer.

7. A display device according to claim 1, wherein

the first blocking region surrounds at least the display

section.

8. An electronic apparatus comprising the display device
according to claim 1.





