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A display panel apparatus includes pixels, each including an
organic luminescent layer between first and second elec-
trodes. A glass substrate is above the second electrode. A lens
sheet is between the pixels and the glass substrate and
includes a lens corresponding to each of the pixels and a base
from which the lens protrudes. A first partition is between the
glass substrate and the lens sheet on a first side of the base
from which the lens protrudes for partitioning, between the
glass substrate and the lens sheet, a gap between the lens of
each of the pixels. A second partition is between the organic
electro-luminescence unit and the lens sheet on a second side
of the base opposite the first side from which the lens pro-
trudes for partitioning, between the organic electro-lumines-
cence unit and the lens sheet, the gap between the lens of each
of'the pixels.
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DISPLAY PANEL APPARATUS AND
MANUFACTURING METHOD OF DISPLAY
PANEL APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation application of PCT Applica-
tion No. PCT/JP2010/002387 filed on Mar. 31, 2010, desig-
nating the United States of America, the disclosure of which,
including the specification, drawings and claims, is incorpo-
rated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display panel
device and a manufacturing method for the display panel
device, and particularly relates to a display panel apparatus
with an organic luminescent layer and a manufacturing
method thereof.

[0004] 2. Description of the Related Art

[0005] Inrecent years, self-luminous display panel appara-
tus such as display panel apparatus having organic Electro
Luminescence (EL) device has been attracting attention. It is
important for the display panel apparatus having the organic
EL element to increase extraction efficiency of light emitted
from the organic luminescent layer. A display panel apparatus
having pixels each provided with a microlens for increasing
the efficiency for extracting light emitted from the organic
luminescent layer has been proposed (for example, see Patent
Literature 1: Japanese Unexamined Patent Application Pub-
lication 11-74072).

[0006] FIG. 18 is a cross-section of the conventional dis-
play panel apparatus disclosed in Patent Literature 1.

[0007] As illustrated in FIG. 18, the conventional display
panel apparatus 1000 includes a glass substrate 1006 (the
glass substrate at the bottom) on which a first electrode layer
1001, a first insulating layer 1002, an organic luminescent
layer 1003, a second insulating layer 1004 and a second
electrode layer 1005 are sequentially formed, and a sealing
glass 1009 (the glass substrate at the top) where the color filter
1007 and the microlens 1008 are formed. The sealing glass
1009 and the glass substrate 1006 are sealed by sealing resin
1011 at a predetermined interval using the spacer 1010. The
gap between the sealing glass 1009 and the glass substrate
1006 is filled with insulating liquid 1012.

[0008] The display panel apparatus 1000 increases the
extraction efficiency of light emitted from the organic lumi-
nescent layer 1003 by setting the photorefractive index n1 of
the microlens 1008 and the photorefractive index n2 of the
insulating liquid 1012 to satisfy n1>n2.

SUMMARY OF THE INVENTION

[0009] However, the conventional display panel apparatus
has a problem that the light emits from the organic lumines-
cent layer of a luminescent region completely reflects on the
sealing glass and enters adjacent luminescent regions. In this
case, if the organic luminescent layers of adjacent lumines-
cent regions emit light in different colors, the total reflection
causes color mixture. This causes a problem of lowered con-
trast in image.

[0010] Thepresentinvention has been conceived inorderto
solve the abovementioned problem, and it is an object of the
present invention to provide a display panel apparatus which
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prevents the light completely reflected on a top glass substrate
from entering the adjacent luminescent and manufacturing
method thereof.

[0011] In order to solve the problem described above, an
aspect of the display panel apparatus according to the present
invention is a display panel apparatus including: an organic
electro-luminescence (EL) unit which includes an array of
pixel units having a first electrode, a second electrode, and an
organic luminescent layer which is interposed between the
first electrode and the second electrode and emits red, green
or blue light; a glass substrate provided above the organic EL.
unit; a lens sheet interposed between the organic EL unit and
the glass substrate and having (i) a lens provided correspond-
ing to each of the pixel units and (ii) a base on which the lens
protruding from the base is formed; a first partition provided
on a side of the base on which the lens is provided, for
partitioning, intermediate between the glass substrate and the
lens sheet, a gap between lenses corresponding to, among the
pixelunits, pixel units which emit light in different colors, and
the first partition being at least higher than a height of the lens;
and a second partition provided (i) on a side of the base
opposite to the side on which the lens is provided and (ii)
corresponding to the first partition, for partitioning, interme-
diate between the organic EL unit and the lens sheet, the gap
between the lenses corresponding to the pixel units which
emit light in different colors.

[0012] As described above, according to the display panel
apparatus according to the present invention, the first partition
and the second partition prevent the light reflected on the
glass substrate from entering the adjacent luminescent region.
Therefore, the contrast of the image can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] These and other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
invention. In the Drawings:

[0014] FIG. 1 is a planar view of a display panel apparatus
according to the first embodiment of the present invention;
[0015] FIG.2isacross-section of adisplay panel apparatus
along the line A-A' illustrated in FIG. 1 according to the first
embodiment of the present invention;

[0016] FIG. 3 is a cross-section of the display panel appa-
ratus according to the first embodiment of the present inven-
tion illustrating an area surrounded by the broken line X in
FIG. 2 enlarged;

[0017] FIG. 4 is a partial enlarged cross-section view of a
display panel apparatus according to the first embodiment of
the present invention;

[0018] FIG. 5 illustrates traveling light emitted from the
organic luminescent layer in the display panel apparatus
according to the first embodiment of the present invention;
[0019] FIG. 6 illustrates traveling stray light in the display
panel apparatus according to the first embodiment of the
present invention;

[0020] FIG. 7 illustrates traveling external light in the dis-
play panel apparatus according to the first embodiment of the
present invention;

[0021] FIG. 8 is a flowchart illustrating a display panel
apparatus according to the first embodiment of the present
invention;
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[0022] FIG. 9A illustrates a process in step 103 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0023] FIG. 9B illustrates a process in step 104 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0024] FIG. 9C illustrates a process in step 105 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0025] FIG. 9D illustrates a process in step 106 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0026] FIG. 9E illustrates a lens manufactured by a process
in step 107 in the manufacturing method of the display panel
apparatus according to the first embodiment of the present
invention;

[0027] FIG.9F illustrates a process in step 108 of the manu-
facturing method of the display panel apparatus according to
the first embodiment of the present invention;

[0028] FIG. 9G illustrates a process in step 109 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0029] FIG. 9H illustrates a process in step 110 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0030] FIG. 91 illustrates a process in step 111 of the manu-
facturing method of the display panel apparatus according to
the first embodiment of the present invention;

[0031] FIG. 9] illustrates lens unit manufactured in a pro-
cess in step 112 of the manufacturing method of the display
panel apparatus according to the first embodiment of the
present invention;

[0032] FIG. 9K illustrates a process in step 113 of the
manufacturing method of the display panel apparatus accord-
ing to the first embodiment of the present invention;

[0033] FIG. 9L is a cross-section of the display panel appa-
ratus manufactured by the manufacturing method of the dis-
play panel apparatus according to the first embodiment of the
present invention;

[0034] FIG. 10 is a partial enlarged cross-section view of a
display panel apparatus according to a Variation 1 of the first
embodiment of the present invention;

[0035] FIG. 11 is a partial enlarged cross-section view of a
display panel apparatus according to Variation 2 of the first
embodiment of the present invention;

[0036] FIG. 12 is a partial enlarged cross-section view of a
display panel apparatus according to Variation 3 of the first
embodiment of the present invention;

[0037] FIG. 13 is a cross-section of a display panel appa-
ratus according to the second embodiment of the present
invention;

[0038] FIG. 14 is a flowchart illustrating a manufacturing
method of a display panel apparatus according to the first
embodiment of the present invention;

[0039] FIG. 15A illustrates a process in step 203 in the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0040] FIG. 15B illustrates a process in step 204 in the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0041] FIG. 15C illustrates a process in step 205 in the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
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[0042] FIG. 15D illustrates a process in step 206 in the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0043] FIG. 15E illustrates a lens manufactured by a pro-
cess in step 207 in the manufacturing method of the display
panel apparatus according to the second embodiment of the
present invention;

[0044] FIG. 15F illustrates a process in step 208 in the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0045] FIG. 15G illustrates a process in step 209 of the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0046] FIG. 15H illustrates a process in step 210 of the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0047] FIG. 151 illustrates a process in step 211 of the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0048] FIG. 157J illustrates a process in step 212 of the
manufacturing method of the display panel apparatus accord-
ing to the second embodiment of the present invention;
[0049] FIG. 15K is a cross-section of the display panel
apparatus manufactured by the manufacturing method of the
display panel apparatus according to the second embodiment
of the present invention;

[0050] FIG. 16 is a partial enlarged cross-section view of a
display panel apparatus according to Variation of the second
embodiment of the present invention;

[0051] FIG. 17 is an external view of the display apparatus
according to the embodiments of the present invention to
which the display panel apparatus is embedded; and

[0052] FIG. 18 is a cross-section of a conventional display
panel apparatus disclosed in Patent Literature 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT(S)

[0053] An aspect of a display panel apparatus according to
the present invention includes an organic electro-lumines-
cence (EL) unit which includes an array of pixel units having
a first electrode, a second electrode, and an organic lumines-
cent layer which is interposed between the first electrode and
the second electrode and emits red, green or blue light; a glass
substrate provided above the organic EL unit; a lens sheet
interposed between the organic EL unit and the glass sub-
strate and having (i) a lens provided corresponding to each of
the pixel units and (ii) a base on which the lens protruding
from the base is formed; a first partition provided on a side of
the base on which the lens is provided, for partitioning, inter-
mediate between the glass substrate and the lens sheet, a gap
between lenses corresponding to, among the pixel units, pixel
units which emit light in different colors, and the first partition
being at least higher than a height of the lens; and a second
partition provided (i) on a side of the base opposite to the side
on which the lens is provided and (ii) corresponding to the
first partition, for partitioning, intermediate between the
organic EL unit and the lens sheet, the gap between the lenses
corresponding to the pixel units which emit light in different
colors.

[0054] According to this aspect, the first partition is pro-
vided for partitioning a gap between lenses corresponding to
pixel units which emit light in different colors, and the first
partition is at least higher than a height of the lens. In addition,
the second partition is provided (i) on a side of the base



US 2012/0217521 Al

opposite to the side on which the lens is provided and (ii)
corresponding to the first partition, intermediate between the
pixel unit and the lens sheet.

[0055] As such, providing the second partition correspond-
ing to the first partition prevents the light reflected on the glass
substrate among the light emitted from the organic lumines-
cent layer included in the pixel unit corresponding to one
color (the first pixel unit) from traveling from a luminescent
region corresponding to the first pixel unit (hereafter referred
to as “first luminescent region”) to an adjacent luminescent
region corresponding to another color (hereafter referredto as
“second luminescent region”). To put it differently, the first
partition and the second partition can block the light traveling
from the first luminescent region to the second luminescent
region. This prevents the light emitted from the organic lumi-
nescent layer in the first pixel unit in the first luminescent
region from entering the second luminescent region which is
adjacent to the first luminescent region. Thus, it is possible to
prevent the colors of the emitted light to be mixed in a differ-
ent luminescent region, improving the contrast in image.
[0056] Furthermore, in another aspect of the display panel
apparatus according to the present invention, it is preferable
that the pixel units include: a first pixel unit corresponding to
one color; and a second pixel unit adjacent to the first pixel
unit and corresponding to another color, and the first partition
and the second partition block light traveling to the second
pixel unit due to reflection on the glass substrate, the light
being emitted from the organic luminescent layer included in
the first pixel unit partitioned by first partitions and second
partitions.

[0057] This structure can block the light among the light
emitted from the organic luminescent layer included in the
first pixel unit reflected on the glass substrate from traveling
to the second pixel unit adjacent to the first pixel unit. This
significantly suppresses the reflected light from the glass
substrate entering another luminescent region. Consequently,
when the organic luminescent layer included in the first pixel
unit and the organic luminescent layer included in the second
pixel unit are organic luminescent layers which emit light in
different colors, it is possible to prevent the color mixture in
the adjacent luminescent regions. Therefore, the contrast of
the image can be improved.

[0058] Furthermore, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the lens sheet has a trench (i) formed along a perimeter of a
region in the base, in which the lens is formed, and (ii)
recessed from a surface of the base in a direction opposite to
a protruding direction of the lens, the first partition and the
second partition are formed interposing the base, the first
partition is inserted into the trench on the lens sheet, the
second partition is arranged, on a side opposite to the side on
which the lens is provided, to correspond to the first partition
inserted into the trench on the lens sheet, and the trench on the
lens sheet is used for aligning the first partition and the second
partition.

[0059] This structure allows the trench of the lens sheet to
be used for aligning the second partition with the first parti-
tion, when the second partition corresponding to the first
partition inserted into the trench of the lens sheet on a side of
the base opposite to the side on which the lens is provided.
With this, after the first partition is provided on the upper
surface of the base between the lenses, the first partition
inserted into the trench is projected on the bottom surface (the
surface on which the lens is not provided), thereby allowing
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the position of the first partitions to be recognized. This facili-
tates positioning of the second partition corresponding to the
position of the first partitions, thereby allowing highly precise
alignment of the second partition with the first partition.

[0060] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that a
tip of the first partition inserted into the trench on the lens
sheet blocks light traveling to the second pixel unit due to
reflection on the glass substrate, the light being emitted from
the organic luminescent layer included in the first pixel unit.

[0061] With this structure, the tip of the first partition
inserted into the trench of the lens sheet blocks the light in the
first luminescent region and entering the second luminescent
region adjacent to the first luminescent region such as the
light reflected on the glass substrate passing through the base.
As such, the trench provided on the lens sheet can be used for
aligning the second partition and the first partition. In addi-
tion, the insertion of the first partition prevents the light from
the first luminescent region from traveling to the second lumi-
nescent region.

[0062] Furthermore, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that,
when t denotes a thickness of the base, w1 denotes a width of
a bottom surface of the first partition, and w2 denotes a width
of'a bottom surface of the second partition, w1/t and w2/t are
between 3 and 50 inclusive.

[0063] This structure suppresses the light in the first lumi-
nescent region such as the reflected light reflected on the glass
substrate passes through the base and leaks in the second
luminescent region adjacent to the first luminescent region as
much as possible. Note that, it is difficult to maintain the
strength of the lens sheet when w,/t and w,/t exceeds 50.
Accordingly, it is preferable that w,/t and w,/t are 50 or less.

[0064] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that,
when t denotes a thickness of the base and b denotes a dis-
tance from an end of a tip of the first partition inserted into the
trench on the lens sheet to a top surface of the base, b/t is
between 0 and %5 inclusive.

[0065] This structure allows the lens sheet to maintain its
shape even if the lens sheet has the trench which lowers the
strength of the lens sheet. This structure also suppresses the
light in the first luminescent region such as the reflected light
reflected on the glass substrate passing through the base and
leaks in the second luminescent region adjacent to the first
luminescent region as much as possible, particularly by the
portion of the first partition inserted into the trench.

[0066] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the first partition penetrates the lens sheet and is connected to
the second partition.

[0067] This structure eliminates the gap between the first
partition and the second partition. Thus, it is possible to
prevent the light in the first luminescent region such as the
reflected light reflected on the glass substrate from passing
through the base and leaking in the second luminescent region
adjacent to the first luminescent region.

[0068] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the organic EL unit includes at least a pixel unit including an
organic luminescent layer which emits blue light, and a gap
between second partitions corresponding to the pixel unit
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including the organic luminescent layer which emits blue
light is filled with a resin which selectively transmits blue
light.

[0069] Withthis structure, the resin which selectively trans-
mits blue light is filled with the gap between the second
partitions extending to the pixel units, thereby preventing the
light in the blue luminescent region from entering the lumi-
nescent region adjacent to the blue luminescent region.
Meanwhile, it is also possible to prevent the light from the
luminescent region adjacent to the blue luminescent region
from entering the blue luminescent region. More specifically,
the second partitions interposing the resin which selectively
transmits blue light serves as the black matrix.

[0070] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the organic EL unit further includes a pixel unit including an
organic luminescent layer which emits red light and a pixel
unit including an organic luminescent layer which emits
green light; and gaps between the second partitions are filled
with a resin with 95% or more and less than 100% of trans-
mission factor of light, the gaps corresponding to the pixel
unit including the organic luminescent layer which emits red
light and the pixel unit including the organic luminescent
layer which emits green light.

[0071] As such, filling the transparent resin between the
second partitions corresponding to the pixel units including
the organic luminescent layers which emit red or green light
suppresses the decrease in the amount of light exits above the
lens. Furthermore, filling the transparent resin between the
second partitions prevents a distortion of the lens sheet,
achieving stable light-extraction efficiency.

[0072] In addition, in an aspect of the display panel appa-
ratus according to the present invention, the organic EL unit
may further include a pixel unit including an organic lumi-
nescent layer which emits green light, and a gap between the
second partitions corresponding to the pixel unit including
the organic luminescent layer which emits green light is filled
with a resin which selectively transmits green light. Further-
more, in an aspect of the display panel apparatus according to
the present invention, the organic EL unit may further include
a pixel unit which includes an organic luminescent layer
which emits red light, and a gap between the second partitions
corresponding to the pixel unit including the organic lumi-
nescent layer which emits red light is filled with a resin which
selectively transmits red light.

[0073] These structures allows the display panel apparatus
that does not use the transparent resin for the gap between the
second partitions corresponding to the pixel unit including
the organic luminescent layer which emits green light or the
gap between the second partitions corresponding to the pixel
unit including the organic luminescent layer which emits red
light.

[0074] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the first partition extends to proximity of the glass substrate.
[0075] This structure allows the height of the first partition
to be a height sufficient for blocking the reflected light
reflected on the glass substrate traveling from the first lumi-
nescent region to the second luminescent region. With this, it
is possible to prevent the reflected light from the first lumi-
nescent region from entering the second luminescent region.
Accordingly, it is possible to prevent the color mixture in the
adjacent luminescent region, improving the contrast of the
image.
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[0076] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the first partition contacts the glass substrate.

[0077] As such, the first partition contacts the glass sub-
strate. Thus, the gap between the glass substrate and the base
is closed, completely blocking the gap between the adjacent
luminescent regions in the horizontal direction. Therefore, it
is possible to securely prevent the light in the first luminescent
region such as the light reflected on the glass substrate from
entering the second region through the gap between the glass
substrate and the base. Furthermore, the first partition con-
tacts the glass substrate, allowing the lens sheet to be fixed
with the glass substrate. This prevents the distortion of the
lens sheet, achieving the stable light-extraction efficiency.
[0078] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
sides of the first partition and the second partition are black,
and the first partition and the second partition block light
traveling from the first pixel unit to the second pixel unit by
absorbing the light emitted from the organic luminescent
layer included in the first pixel unit and reflected on the glass
substrate.

[0079] This structure eliminates the light reflected on the
first partition and the second partition, further suppressing the
light traveling to the different luminescent region. With this,
it is possible to prevent the color mixture, improving the
contrast of the image.

[0080] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the first partition and the second partition block light traveling
directly from the first pixel unit to the second pixel unit by
absorbing the light emitted from the organic luminescent
layer included in the first pixel unit.

[0081] This structure blocks the light directly traveling to
the second pixel unit from the first pixel unit.

[0082] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the first partition and the second partition absorb light enter-
ing the first pixel unit from outside of the display panel
apparatus via the glass substrate.

[0083] This structure allows the first partition and the sec-
ond partition to function as the black matrix, preventing the
external light that entered from outside from entering the
pixel unit. Therefore, it is possible to suppress the external
light reflecting on the second substrate and re-exiting to out-
side through the adjacent luminescent region, thereby
improving the contrast of the image.

[0084] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the pixel units include the organic luminescent layer which is
formed along a predetermined direction and emits light in a
same color, and the first partition partitions the gap between
the lenses corresponding to the pixel units which are formed
along the predetermined direction and emit light in different
colors.

[0085] This structure allows the first partitions to be formed
in stripe. The first partitions formed in stripe can partition the
gap between the lenses corresponding to the pixel units which
emit light in different colors.

[0086] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable that
the lens is elongated in top view and has an elliptic arc shape
with a predetermined curvature factor in cross-section
orthogonal to a longitudinal direction of the lens.
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[0087] This structure allows one lens to be formed as a
semi-cylinder shaped lens.

[0088] In addition, in an aspect of the display panel appa-
ratus according to the present invention preferably includes a
sealing layer for sealing the pixel units above the second
electrode.

[0089] With this structure, the pixel unit is sealed by the
sealing layer in the manufacturing process of the display
panel apparatus, and thus it is possible to prevent moisture
and outgases such as oxygen from entering the pixel units.
[0090] In addition, in an aspect of the display panel appa-
ratus according to the present invention preferably includes a
bonding layer which planarizes irregularity formed over the
lens and bonds the lens sheet and the glass substrate.

[0091] With this, the lens sheet and the glass substrate can
be bonded.
[0092] In addition, in an aspect of the display panel appa-

ratus according to the present invention, it is preferable that
the glass substrate composes an outer surface of the display
panel apparatus.

[0093] This structure allows the glass substrate to compose
the outer surface of the display panel apparatus.

[0094] In addition, in an aspect of the display panel appa-
ratus according to the present invention, it is preferable to
include a hole injection layer which injects holes into the
organic luminescent layer is included between the organic
luminescent layer and the first electrode.

[0095] As such, forming, between the organic luminescent
layer and the first electrodes, the hole injection layer for
injecting the holes into the organic luminescent layer
improves the luminescent efficiency of the organic lumines-
cent layer.

[0096] In addition, an aspect of the display apparatus
according to the present invention includes any one aspect of
the display panel apparatus.

[0097] This structure allows implementation of various dis-
play apparatuses such as television apparatuses.

[0098] Furthermore, an aspect of the manufacturing
method of the display panel apparatus according to the
present invention includes a first process of forming pixel
units having a first electrode, a second electrode, and an
organic luminescent layer which is interposed between the
first electrode and the second electrode and emits red, green
or blue light; a second process of forming, above the second
electrode, a sealing layer for sealing the pixel units; a third
process of preparing a lens sheet having a lens provided
corresponding to each of the pixel units, a base on which the
lens protruding from the base is formed, and a base material
for reinforcing the base on a side of the base opposite to the
side on which the lens is provided; a fourth process of placing
a first partition, on the glass substrate, the first partition being
for partitioning a gap between lenses and higher than a height
ofthe lens; a fifth process of placing the glass substrate above
the side of the lens sheet on which the lens is formed such that
the first partition is located on a lower side of the glass
substrate; a sixth process of bonding the lens sheet and the
glass substrate by injecting adhesive between the lens sheet
and the glass substrate; a seventh process of removing the
base material from the lens sheet; an eighth process of plac-
ing, (i) on a side of the base opposite to the side on which the
lens is provided and (ii) corresponding to the first partition, a
second partition for partitioning the gap between the lenses
corresponding to, among the pixel units, pixel units which
emit light in different colors; a ninth process of filling a resin
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which selectively transmits blue light in a gap between sec-
ond partitions corresponding to a pixel unit, among the pixel
units, which at least includes an organic luminescent layer
which emits blue light; and a tenth process of bonding the
sealing layer and the resin filled between the second partitions
by injecting adhesive on the sealing layer.

[0099] As such, the aspect is for providing the first partition
on the lens sheet after providing, on the base of the lens sheet,
the base material for reinforcing the base. Thus, it is possible
to prevent the distortion in the lens sheet in the manufacturing
process when setting the first partition, for example, thereby
preventing degradation in optical characteristics of the lens
sheet caused by the distortion in the lens sheet.

[0100] Furthermore, according to this aspect, the base
material is removed after connecting the lens sheet and the
glass substrate via the first partitions. With this, the lens sheet
is fixed with the glass substrate via the first partitions. Thus, it
is possible to maintain the shape of the lens sheet after the
base material is removed. Therefore, it is not necessary for the
display panel apparatus manufactured according to the manu-
facturing method of this aspect to provide a material for
reinforcing the lens sheet such as the base material; that is, it
is possible to reduce the layers present between the glass
substrate and the organic EL unit. Consequently, the light-
extraction efficiency can be improved.

[0101] In addition, in an aspect of the manufacturing
method of the display panel apparatus according to the
present invention, it is preferable to include an eleventh pro-
cess of forming, between the third process and the fifth pro-
cess, a trench (i) formed along a perimeter of a region of the
base where the lens is formed and (ii) recessed from a surface
of the base in a direction opposite to a protruding direction of
the lens; and a twelfth process of inserting, between the fifth
process and the sixth process, the first partition into the trench
on the lens sheet.

[0102] With this structure, it is possible to project the first
trench inserted into the trench on the bottom surface of the
lens sheet (on the side where the lens is not provided), when
placing the second partition on the lens sheet after the first
partition is inserted into the trench of the lens sheet. This
allows the positions of the first partitions to be recognized,
thereby facilitating a process for determining the positions to
place the second partitions. Therefore, it is possible to align
the second partitions with the first partitions highly precisely.

[0103] In addition, in an aspect of the manufacturing
method of the display panel apparatus according to the
present invention, it is preferable to include a thirteenth pro-
cess of flipping, between the seventh process and the eighth
process, the lens sheet upside down, in which, in the eighth
process, the second partition is formed with a bottom surface
of the lens sheet being an uppermost surface.

[0104] As such, after the glass substrate is placed such that
the first partition is provided on the upper surface of the base,
the lens sheet is flipped upside down. With this, the first
partition inserted into the trench can be projected on the
bottom surface of the lens sheet. Thus, the position of the first
partition can be easily recognized by seeing the lens sheet
from above. Placing the second partition in this state facili-
tates the alignment of the first partition and the second parti-
tion.

[0105] In addition, in an aspect of the manufacturing
method of the display panel apparatus according to the
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present invention, it is preferable that, in the fourth process,
the glass substrate is placed in contact with an end of the first
partition.

[0106] This structure allows the end of the first partition to
connect the lens sheet and the glass substrate. Thus, the lens
sheet is not distorted. With this, it is possible to stably fix the
lens sheet with the glass substrate. Thus, it eliminates the
necessity for providing the base material and others on the
bottom surface of the lens sheet for reinforcing the lens sheet
in the completed display panel apparatus. The display panel
apparatus capable of improving the light-extraction effi-
ciency can therefore be implemented.

[0107] Furthermore, another aspect of the manufacturing
method of the display panel apparatus according to the
present invention includes a first process of preparing pixel
units having a first electrode, a second electrode, and an
organic luminescent layer which is interposed between the
first electrode and the second electrode and emits red, green
or blue light; a second process of forming, above the second
electrode, a sealing layer for sealing the pixel units; a third
process of preparing a lens sheet having a lens provided
corresponding to each of the pixel units, a base on which the
lens protruding from the base is formed, and a base material
for reinforcing the base on a side of the base opposite to the
side on which the lens is provided; a fourth process of bond-
ing a substrate and a side of the base material opposite to the
side on which the base of the base material is bonded; a fifth
process of forming, on the glass substrate, partitions for par-
titioning a gap between lenses; a sixth process of forming,
between the lenses, holes for inserting the partitions formed
on the glass substrate into a bottom of the base material; a
seventh process of placing the partitions to be at least higher
than a height of the lens by inserting the partitions into the
holes; an eighth process of bonding the lens sheet and the
glass substrate by injecting adhesive between the lens sheet
and the glass substrate; a ninth process of removing the base
material from the lens sheet and removing the base material
between the partitions from the lens sheet; a tenth process of
filling a resin which selectively transmits blue light in a gap
between partitions extending to the pixel units and corre-
sponding to a pixel unit which at least includes an organic
luminescent layer which emits blue light among the pixel
units; and an eleventh process of bonding the sealing layer
and the resin filled between the partitions extending to the
pixel units by injecting adhesive on the sealing layer.

[0108] In the present embodiment, partitions between
lenses penetrate the base of lens sheet and extend to the pixel
units. In addition, according to this aspect, a gap between
partitions corresponding to the pixel unit including at least the
organic luminescent layer which emits blue light is filled with
a resin which selectively transmits blue light. This allows the
partitions extending to the pixel unit to serve as a guide for
flowing in the resin. Thus, it is possible to fill the resin in the
gaps between the partitions, making the thickness of the resin
flat by a simple process. Thus, compared to the case where the
color filters are formed by separate material between the lens
and pixel unit, the manufacturing process can be simplified,
thereby reducing the manufacturing cost.

[0109] As described above, according to the display panel
apparatus according to the present invention, the first partition
and the second partition prevents the reflected light reflected
on the glass substrate from entering the adjacent luminescent
region. Therefore, the contrast of the image can be improved.
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[0110] Furthermore, according to the manufacturing
method of the display panel apparatus according to the
present invention, the display panel apparatus can be manu-
factured without degrading the optical characteristics of the
lens sheet.

[0111] The following describes the display panel apparatus
and the manufacturing method of the display panel apparatus
according to embodiments of the present invention with ref-
erence to the drawings. Needless to say, the present invention
is not limited to the following embodiments. In addition, the
diagrams are schematic diagrams for explanation, and the
ratios of thickness and the dimension of each component is
not always strictly accurate.

First Embodiment

[0112] First, the following describes the display panel
apparatus according to the first embodiment of the present
invention. FIG. 1 is a planar view of the display panel appa-
ratus according to the first embodiment of the present inven-
tion.

[0113] Asillustrated in FIG. 1, the display panel apparatus
1 according to the first embodiment of the present invention
includes luminescent regions formed in a row direction and a
column direction orthogonal to the row direction (in a
matrix). The luminescent regions include a luminescent pixel
unit (hereafter simply referred to as “pixel unit”) 12 for each
luminescent region. Thus, the pixel units 12 are arranged in
the row direction and the column direction orthogonal to the
row direction on the luminescent regions. Each pixel unit 12
includes a pixel unit 12R which emits red light (hereafter
referred to as “red pixel unit”, a pixel unit 12G which emits
green light (hereafter referred to as “green pixel unit”), and a
pixel unit 12B (hereafter referred to as “blue pixel unit”™).
[0114] As such, the pixel units which emit the light in the
same color are repeatedly arranged in the column direction. In
the row direction, the red pixel unit 12R, the green pixel unit
12G, and the blue pixel unit 12B are repeatedly arranged in
this order. The luminescent regions include the red pixel unit
12R, the green pixel unit 12G, and the blue pixel unit 12B and
are a region where each pixel unit 12 emits light. The lumi-
nescent region corresponding to the red pixel unit 12R is a red
luminescent region, the luminescent region corresponding to
the green pixel unit 12G is a green luminescent region, and a
luminescent region corresponding to the blue pixel unit 12B
is a blue luminescent region. The region between the red pixel
unit 12R and the blue pixel unit 12B is a non-luminescent
region where the pixel unit 12 is not formed and there is no
luminescent light.

[0115] The lens 22 is formed for each pixel unit 12 corre-
sponding to the pixel units 12. The lens 22 is for converging
light emitted from the organic luminescent layer in the red
pixel unit 12R, the green pixel unit 12G, or the blue pixel unit
12B. Note that the lens for the red pixel unit 12R is referred to
as lens for red 22R, lens for the green pixel unit 12G is
referred to as lens for green 22G, and lens for the blue pixel
unit 12B is referred to as lens for blue 22B.

[0116] Furthermore, the first partitions 25 are provided
between the lenses 22 each of which corresponds to each
pixel unit 12. The first partitions 25 are provided such that the
light in different color does not enter adjacent luminescent
regions. More specifically, the first partitions 25 are provided
between the lens for red 22R and the lens for green 22G, and
between the lens for green 22G and the lens for blue 22B. In
other words, the first partitions 25 are provided on both sides
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ofthe lens 22 such that the lens for red 22R, the lens for green
22G, and the lens for blue 22B are interposed. Note that,
second partitions 26 (not illustrated) which will be described
later are provided below the first partitions 25.

[0117] FIG.2is across-section of adisplay panel apparatus
along the line A-A' illustrated in FIG. 1 according to the first
embodiment of the present invention.

[0118] As shown in FIG. 2, the display panel apparatus 1
according to the first embodiment of the present invention has
the organic EL unit 10 and the lens unit 20 bonded by a sealing
resin 30.

[0119] The organic EL unit 10 includes the organic lumi-
nescent layer 11 which emits predetermined light, and
includes an organic luminescent layer 11R (hereafter referred
to as “red organic luminescent layer”) which emits red light,
an organic luminescent layer 11G which emits green light
(hereafter referred to as “green organic luminescent layer”),
and an organic luminescent layer 11B which emits blue light
(hereafter referred to as “blue organic luminescent layer”). In
addition, the red organic luminescent layer 11R, the green
organic luminescent layer 11G, and the blue organic lumines-
centlayer 11B are included in the red pixel unit 12R, the green
pixel unit 12G, and the blue pixel unit 12B, respectively. Note
that, the pixel unit 12 in the organic EL unit 10 includes a first
electrode (not illustrated) and a second electrode (not illus-
trated), and the organic luminescent layers, that is, the red
organic luminescent layer 11R, the green organic lumines-
cent layer 11G, and the blue organic luminescent layer 11B
are interposed between the first electrode and the second
electrode. More detailed structure of the organic EL unit 10
shall be described with reference to FIG. 3.

[0120] The lens unit 20 includes the color filter unit 21, the
lens sheet 23 including the lens 22 and the glass substrate 24
(cover plate). The lens unit 20 further includes the first parti-
tions 25 and the second partitions 26. A bonding layer 27 is
formed between the lens sheet 23 and the glass substrate 24.

[0121] Thecolorfilter unit 21 is composed of the color filter
for red 21R formed corresponding to the red pixel unit 12R,
the color filter for green 21G formed corresponding to the
green pixel unit 12G, and the color filter for blue 21B formed
corresponding to the blue pixel unit 12B. In this embodiment,
the color filter for red 21R is made of a transparent resin with
95% or more and less than 100% of transmission factor of
light. The color filter for green 21G is also made of a trans-
parent resin with 95% or more and less than 100% of trans-
mission factor of light. In contrast, the color filter for blue 21B
is made of a resin which selectively transmits blue light.

[0122] The use of transparent resin for the color filter for
red 21R and the color filter for green 21G suppresses the
reduction in the amount ofred or green light emitted above the
lens 22. The use of transparent resin for the color filter for red
21R and the color filter for green 21G prevents the change in
the optical characteristic of the lens sheet 23 due to distortion.

[0123] Note that, colored transparent filters, dichroic mir-
rors, and bandpass filters may be used as the filter. Further-
more, organic pigment, particle added organic pigment, metal
oxide and resins including the metal oxide may be used as the
material for the filter. The filter may also include inorganic or
organic fluorescent pigment. With the filter, the color of the
light emitted from the organic luminescent layer of the
organic EL unit 10 can be converted, allowing adjustment on
the display performance of the display panel such as color
reproducibility.
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[0124] The lens sheet 23 is composed of a thin, soft mate-
rial. Thus, when no material is provided for supporting the
lens sheet 23, there is a possibility that the lens sheet 23 is
distorted. As described in this embodiment, filling the trans-
parent resin between the second partitions corresponding to
the red pixel units 12R and the green pixel units 12G securely
fixes the lens sheet with the transparent resin. Thus, the dis-
tortion in the lens sheet 23 is prevented. This prevents the
change in the optical characteristics of the lens sheet 23,
achieving desired optical extraction efficiency.

[0125] Thelens sheet 23 interposed between the organic EL
unit 10 and the glass substrate 24, and has lenses 22 and a base
28 on which the protruding lenses are formed. The lens sheet
23 is formed with a sheet-shaped base 28 and the lenses 22
made of acrylic resin such as polymethylmethacrylate resin
(metacrylate resin). The lenses 22 are formed to correspond to
all of the pixel units 12, respectively, and one lens 22 is
formed for one pixel unit 12. More specifically, the lens for
red 22R is formed for the red pixel unit 12R, the lens for green
22G and the lens for blue 22B are formed for the green pixel
unit 12G and the blue pixel unit 12B, respectively. The lenses
22 in the pixel units 12 condense the light emitted from the
organic luminescent layers 11. This increases the efficiency
of extracting light.

[0126] The cross-section of the lens 22 has an elliptic arc
shape having a predetermined curvature factor as shown in
FIG. 2. The shape of the lenses 22 in a planar view is rectan-
gular elongated in the column direction as illustrated in FIG.
1. That is, the lens 22 has a semi-cylindrical shape.

[0127] Note that, in this embodiment, the lens 22 is
arranged corresponding to one of the pixel units 12 as illus-
trated in FIG. 1. However, lenticular lens may also be used as
a shared lens for the pixel units 12 of the same color formed
in the column direction.

[0128] The glass substrate 24 is arranged above the organic
EL unit 10. In addition, the glass substrate 24 constitutes the
external surface of the display panel apparatus 1, and the light
emitted from the organic luminescent layer 11 is radiated
outside the display panel apparatus 1 through the glass sub-
strate 24.

[0129] The first partitions 25 for partitioning the gap
between the lenses provided for the pixel units 12 on a side of
the lens sheet 23 on which the lenses 22 are formed. The first
partitions 25 are arranged between the lens sheet 23 and the
glass substrate 24. In this embodiment, the first partitions 25
are formed such that the end of the first partition on the glass
substrate side contacts the glass substrate 24.

[0130] As described above, the first partitions 25 contact
the glass substrate 24. Thus, the adjacent luminescent regions
between the glass substrate 24 and the base 28 can be com-
pletely blocked. This securely prevents the light reflected on
the glass substrate 24 from traveling toward the adjacent
luminescent region.

[0131] Furthermore, the first partitions 25 contact the glass
substrate 24, and thus the lens sheet 23 is fixed to the glass
substrate. This prevents the distortion of the lens sheet 23 and
achieves stable light-extraction efficiency. The shape of the
lens 22 collapses when only supported by the base 28 because
the base 28 is very thin compared to the lens 22; it is difficult
for only the base 28 to support the shape of the lens 22. For
this reason, a base material for reinforcing the base 28 is
conventionally provided under the base 28; however, the base
material inhibits the light-extraction efficiency. In contrast,
according to this embodiment, the first partitions 25 connect
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the base 28 and the glass substrate 24. Thus, the lens sheet 23
is fixed by the first partitions 25 and the glass substrate 24.
Thus, it is not necessary to provide the base material under the
lens sheet 23. This allows extracting more light emitted from
the organic luminescent layers 11 in the pixel unit 12 than the
conventional technique, thereby improving the light-extrac-
tion efficiency.

[0132] The display panel apparatus according to this
embodiment has a structure in which the height of the first
partitions 25 is at least higher than the height of the lens 22. As
described above, setting the height of the first partitions 25
higher than the height of the lens 22 prevents the light totally
reflected by the glass substrate 24 from entering the adjacent
luminescent region. It also prevents the glass substrate 24
from damaging the lens 22. As described above, the first
partitions 25 blocks the light entering the adjacent lumines-
cent region, in addition to the light-condensing effect of the
lens 22. Thus, the stray light can be reduced and the color
mixture can be prevented.

[0133] Inaddition, second partitions 26 for partitioning the
lens units 20 corresponding to the pixel units 12 are provided
on aside of the lens sheet 23 opposite to the side on which the
lenses 22 are formed (on a side on which the lenses are not
provided). The second partitions 26 are arranged between the
pixel units 12 and the lens sheet 23. The edge of the second
partitions 26 on the lens sheet side is arranged corresponding
to the first partitions 25 and contacts the lens sheet 23. More
specifically, the first partitions 25 and the second partitions 26
are facing each other interposing the base 28 of the lens sheet
23.

[0134] According to the present invention, both the first
partitions 25 and the second partitions 26 are made of a
photo-absorptive material. For example, the first partitions 25
and the second partitions 26 can be made of carbon black.
Furthermore, in this embodiment, the first partitions 25 and
the second partitions 26 have the same width. Thus, when the
second partitions 26 are set to face the first partitions 25, the
second partitions 26 entirely overlap the first partitions 25 in
aplanar view of the display panel apparatus. Note that the side
of the second partitions on the pixel unit side contacts the
sealing resin 30.

[0135] Predetermined resins corresponding to the pixel
units 12 are filled in the gaps between the second partitions
26. More specifically, the transparent resin having 95% or
higher and less than 100% of transmission factor of light is
filled in the gaps between the second partitions 26 corre-
sponding to the red pixel unit 12R. The transparent resin
having 95% or higher and less than 100% of transmission
factor of light is filled in the gaps between the second parti-
tions corresponding to the green pixel unit 12G. The resin that
selectively transmits the blue light is filled in the gaps
between the second partitions 26 corresponding to the blue
pixel unit 12B.

[0136] A bonding layer 27 is filled between the lens sheet
23 and the glass substrate 24. The bonding layer 27 is formed
over the base 28 and the top of the lenses 22, and is for
planarizing the irregularity due to the lenses 22 and bonding
the lens sheet 23 and the glass substrate 24. The lenses 22 and
the glass substrate 24 do not contact each other directly. The
bonding layer 27 exists in the gaps between the lens 22 and the
glass substrate 24. The bonding layer 27 is made of a resin
made from low refractive index, and the lens 22 is made of a
high refractive index material. More specifically, when the
optical refractive index of the lens 22 is nl and the optical
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refractive index of the bonding layer 27 is n2, n1>n2 is sat-
isfied. The light emitted from the organic luminescent layer
11 and transmitted the color filter unit 21 is condensed, using
the difference in the refractive indices of the lens 22 and the
bonding layer 27 and the shape of the lens 22.

[0137] In addition, according to this embodiment, the lens
sheet 23 has trenches 29. The trenches 29 are recessed in a
direction opposite to the protruding direction of the lens 22
from the surface of the base 28. The trenches 29 are formed
along the perimeter of a region in the base 28 where the lenses
22 are provided. More specifically, in a planar view of the
display panel apparatus 1, the trenches are arranged in stripes
along the column direction of the perimeter of the lenses 22 in
the base 28 in the region where the lenses are formed. In
addition, the cross-section of the trench 29 takes the form of
V-shape, as illustrated in FIG. 2.

[0138] The tip of the first partition 25 on the lens sheet side
has a triangle shape in cross-section. As such, the tips of the
first partitions 25 are shaped to fit the shape of the trenches 29
in the lens sheet 23, and inserted into the trenched 29 in the
lens sheet 23. As described above, in this embodiment, part of
the first partitions 25 are inserted into the lens sheet 23. The
second partitions 26 are arranged on the opposite side of the
side of the base 28 where the lenses 22 are provided, in such
a manner that the second partitions 26 are aligned with the
portions of the first partitions 25 inserted into the trenches 29.
[0139] The tips of the first partitions 25 inserted into the
trenches on the lens sheet 23 as described above blocks light
such as the light reflected on the glass substrate 24 from
entering the adjacent luminescent region through the base 28
of'the lens sheet 23. The first partitions 25 in this embodiment
are made of a photo-absorptive material. Thus, the light
reaching the tips of the first partitions 25 inserted into the
trenches 29 is absorbed by the tips.

[0140] Furthermore, the structure in which part of the first
partitions 25 are inserted into the trenches 29 in the lens sheet
23 facilitates highly-precise arrangement of the second par-
titions 26. More specifically, in a manufacturing process for
arranging the second partitions 26 on the lens sheet 23 after
the first partitions 25 are inserted to the trenches 29 of the lens
sheet, the first partitions 25 inserted into the trenches 29 are
projected onto the bottom surface of the lens sheet 23 (the
surface where the lenses are not provided). Thus, itis possible
to recognize the positions of the first partitions 25, which
facilitates identifying the positions for arranging the second
partitions 26. Therefore, it is possible to align the first parti-
tions 25 and the second partitions 26 highly precisely. More
specifically, the trenches 29 are also used as markers for
aligning the first partitions 25 and the second partitions 26,
that is, the second partitions 26 can be easily and highly
precisely aligned, using the first partitions 25 inserted into the
lens sheet 23 as the markers (alignment marks).

[0141] Note that, the first partitions 25 are arranged on the
trenches 29 by self alignment using the trenches 29 of the lens
sheet 23.

[0142] Thedetailed structure of the organic EL unit 10 shall
be described in detail with reference to FIG. 3. FIG. 3 is a
cross-section of the display panel apparatus according to the
first embodiment illustrating the area surrounded by the bro-
ken line X in FIG. 2 enlarged.

[0143] As illustrated in FIG. 3, the organic EL unit 10
includes a first electrode 14 (lower electrode) formed on the
planarizing firm of the substrate 13, a hole injection layer 15,
ahole transport layer 16, and organic luminescent layer 11, an
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electron transport layer 17, a second electrode 18 (upper
electrode) and a sealing thin-film 19 that are sequentially
formed in this order on the substrate 13 on which a planariz-
ing film (not illustrated) is formed in each pixel unit 12.
[0144] The substrate 13 with the planarizing film is formed
by forming the planarizing film for planarizing the top surface
of a TFT layer (not illustrated) formed on the substrate 13.
[0145] The first electrode 14 is a repeller that serves as an
anode, and a portion of the first electrode 14 is separately
formed for each pixel unit. More specifically, the first elec-
trodes 14 are formed for each of the red pixel units 12R, the
green pixel units 12G and the blue pixel units 12B.

[0146] The hole injection layer 15 is capable of injecting
holes into the hole transport layer 16, and is made of a pre-
determined organic material. In addition, the hole transport
layer 16 is capable of transporting holes to the organic lumi-
nescent layer, and is made of a predetermined organic mate-
rial. The hole injection layer 15 and the hole transport layer 16
are separately formed for each pixel unit.

[0147] The organic luminescent layer 11 in each pixel unit
12 is made of an organic material with a predetermined elec-
troluminescent property. The organic luminescent layer 11 is
separately formed for each pixel unit 12, and a red organic
luminescent layer 11R, a green organic luminescent layer
11G and a blue organic luminescent layer 11B are provided
for the red pixel unit 12R, the green pixel unit 12G, and the
blue pixel unit 12B, respectively.

[0148] The electron transport layer 17 is capable of trans-
porting electrons to the organic luminescent layer 11, and is
made of a predetermined organic material.

[0149] The second electrode 18 is a transparent electrode
that serves as a cathode, and is made of conductive material
such as indium tin oxide (ITO), facing the first electrodes 14.
The second electrode 18 is shared by the pixel units 12.
[0150] The sealing thin-film 19 is a layer for sealing the
pixel units 12, and is made of thin-film transparent insulating
material.

[0151] Note that, banks BNK for partitioning the first elec-
trodes 14, the hole injection layer 15, the hole transport layer
16, and the organic luminescent layer 11 are provided
between the pixel units 12 in each color. The banks BNK are
made of photosensitive resin. Lines LN are arranged in the
non-luminescent region in which the organic luminescent
layer is not formed. Note that, in this embodiment, the banks
BNK are formed only in the column direction for partitioning
the pixel units 12 by color in the same manner as the second
partitions 25 in FIG. 1. However, the banks BNK may also be
formed in a grid for partitioning the pixel units 12 in the same
color as well. Next, the dimensions of the first partitions 25
and the second partitions 26 shall be described in detail with
reference to FIG. 4. FIG. 4 is a partial enlarged cross-section
view of a display panel apparatus according to the first
embodiment of the present invention.

[0152] As illustrated in FIG. 4, when the width of the first
partition 25 is w, the width of the second partition is w,, and
the thickness of the base 28 is t, it is preferable that the first
partition 25 to have w,/t being three or more and 50 or less. It
is also preferable that the second partition 26 to have w,/t
being three or more and 50 and less. This prevents light such
as the light reflected on the glass substrate 24 from leaking
through the base 28 to the adjacent luminescent region to the
fullest extent.

[0153] When the distance from the end of the tip of the first
partition 25 inserted into the trench 29 in the lens sheet 23 to
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the top surface of the base 28 in a direction vertical to the main
surface of the base 28 is b, it is preferable that b/t is O or more
and %5 or less. With this, the light that enters the adjacent
luminescent region through the base 28 of the lens sheet 23 is
absorbed by the tip of the first partition 25 inserted into the
lens sheet 23, and is blocked from traveling. In addition, this
structure keeps the shape of the lens sheet 23 maintained even
if the strength of the lens sheet 23 is decreased due to the
trenches 29. As described above, in this embodiment, the
trenches 29 in the lens sheet 23 are not only effective for the
alignment process but also for the factor in determining the
distance to the second partitions 26. The trenches 29 are also
effective for blocking light passing between the first parti-
tions 25 and the second partitions 26.

[0154] Next, the effect achieved by the display panel appa-
ratus 1 according to the first embodiment of the present inven-
tion using FIG. 5. FIG. 5 illustrates traveling light emitted
from the organic luminescent layer in the display panel appa-
ratus according to the first embodiment of the present inven-
tion.

[0155] The display panel apparatus 1 according to the first
embodiment of the present invention has first partitions
higher than the height of the lenses 22 between the lenses 22.
Thus, among the light emitted from the red organic lumines-
cent layer 11R and transmitted the color filter for red R, light
100R which is completely reflected on the glass substrate 24
is blocked by the first partitions 25. Similarly, among the light
emitted from the green organic luminescent layer 11G and the
blue organic luminescent layer 11B, light 100G and 100B
which are completely reflected on the glass substrate 24 are
absorbed by the first partitions 25 and are also blocked from
traveling.

[0156] As such, it is possible to prevent the light reflected
on the glass substrate 24 from traveling to the adjacent lumi-
nescent region, by the first partitions 25. More specifically, it
is possible to prevent the light from entering the adjacent
luminescent region. Note that, the effect of the first partitions
25 on the light completely reflected from the glass substrate
24 described above can also be achieved by the second par-
titions 26. More specifically, when the light reflected on the
glass substrate reaches the second partitions 26, the second
partitions 26 block the reflected light from traveling, and
prevent the reflected light traveling toward the adjacent lumi-
nescent region.

[0157] Furthermore, the first partitions and the second par-
titions are made of photo-absorptive material. Thus, the stray
light which is the light emitted from the organic luminescent
layer 11 directly heading for the pixel unit 12 in different
color can be absorbed. In addition, the external light entering
from outside of the display panel apparatus 1 may also be
absorbed, as illustrated in FIG. 7. The following is the
detailed description of FIGS. 6 and 7.

[0158] As illustrated in FIG. 6, the stray light among the
light emitted from the organic luminescent layer in the pixel
units of the red pixel unit 12R, the green pixel unit 12G, and
the blue pixel unit 12B and directly heading for the pixel unit
in different color is absorbed by the first partitions 25 and the
second partitions 26. With this, the stray light attempting to
enter the other luminescent region can be blocked. Note that,
the arrows in broken lines in FIG. 6 indicate the stray light.
[0159] Inaddition, as illustrated in FIG. 7, the external light
200R, 200G, and 200B entering from outside of the display
panel apparatus 1 is absorbed by the first partitions 25 and the
second partitions 26. With this, the second partitions 26 also
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serve as the black matrix as the first partitions 25. Thus, the
external light 200R, 200G, and 200B that entered inside the
display panel apparatus 1 can be blocked from reaching the
adjacent pixel unit 12. Furthermore, the external light 200R,
200G, and 200B that entered inside the display panel appa-
ratus 1 reflects on the first electrodes 14 and travels in a
direction toward outside. However, the second partitions 26
absorb the light reflected on the first electrodes 14. Thus, the
external light 200R, 200G, and 200B traveling inside can be
inhibited from reflecting on the first electrodes 14 and exit to
outside again.

[0160] As such, composing the first partitions 25 and the
second partitions 26 of the photo-absorptive material
improves the contrast in the display image.

[0161] As described above, the display panel apparatus 1
according to the first embodiment of the present invention has
the first partitions 25 provided between the lens sheet 23 and
the glass substrate 24, and setting the height of the first par-
titions 25 at least higher than the height of the lens. Further-
more, the second partitions 26 are arranged aligned with the
first partitions 25 on the opposite side of the side of the base
28 of the lens sheet 23 on which the lens 22 is provided.
[0162] As such, the display panel apparatus 1 according to
this embodiment has the first partitions 25 higher than the
height of the lens. Thus, it is possible to prevent the light
reflected on the glass substrate among the light emitted from
the organic luminescent layer 11 included in the pixel unit 12
(the first pixel unit) corresponding to one color partitioned by
the first partitions 25 and the second partitions 26 traveling
toward a second luminescent region corresponding to another
color and adjacent to the first luminescent region correspond-
ing to the first pixel unit. In other words, the first partitions 25
and the second partitions 26 block the light traveling from the
first luminescent region to the second luminescent region.
This prevents the light emitted from the organic luminescent
layer in the first pixel unit in the first luminescent region from
entering the second luminescent region which is adjacent to
the first luminescent region. Thus, it is possible to prevent the
colors of the emitted light to be mixed in a different lumines-
cent region, improving the contrast in image.

[0163] Next, the manufacturing method of the display
panel apparatus 1 according to the first embodiment shall be
described with reference to FIG. 3 and using FIGS. 8 and 9A
to 9K. FIG. 8 is a flowchart illustrating the manufacturing
method of the display panel apparatus according to the first
embodiment of the present invention. FIGS. 9A to 9K are
cross-section of the components of the display panel appara-
tus in each process of the manufacturing method of the dis-
play panel apparatus according to the first embodiment of the
present invention.

[0164] As illustrated in FIG. 8, the pixel units 12 including
the red organic luminescent layer 11R, the green organic
luminescent layer 11G, and the blue organic luminescent
layer 11B interposed between the first electrodes 14 and the
second electrode 18 are formed on the substrate 13 on which
a TFT layer and the planarizing film for planarizing the sur-
face of the TFT layer (S101).

[0165] Next, the sealing thin-film 19 which serves as a
sealing layer for sealing the pixel units 12 is formed above the
second electrode 18 (S102). With this, the organic EL unit 10
is prepared.

[0166] Next, as illustrated in FIG. 8 and FIG. 9A, the first
walls 25 are formed on the glass substrate 24 (§103). The first
walls 25 may be formed by dissolving and printing or painting
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material such as carbon black on the glass substrate 24. Here,
the first partitions 25 are arranged at an interval for placing
lenses 22 between the first partitions 25, and formed by metal-
lic mold to have a tip of one end with a shape of sharpened
triangle cross-section such that the tip corresponds to the
shape of trenches 29 formed on the lens sheet 23 to be
described later.

[0167] Next, in order to reinforce the base 28 of the lens
sheet 23, a sheet-shaped base material 40 is bonded to a
surface of the base 28 opposite to the side where the lenses 22
are placed (S104). The lenses 22 of the lens sheet 23 are made
of acrylic resin such as the polymethylmethacrylate resin
(methacrylic resin). The base 28 of the lens sheet 23 is made
of polyethylene terephthalate (PET). Note that, the base 28
may be made of the same material as the lens 22. In addition,
polycarbonate is used for the base material 40.

[0168] Next, a predetermined number of trenches 29 are
formed on the base 28 of the lens sheet 23 on a side where the
lenses 22 are provided, along the proximity of perimeter of
the region where the lenses 22 are arranged (S105). The
trenches 29 are formed to have a V-shaped cross section
recessed in a direction opposite to the protruding direction of
the lenses 22 from the surface of the base 28.

[0169] Next, the glass substrate 24 on which the first parti-
tions 25 are formed in step S103 is flipped upside down by
180 degrees, and is placed above the lens sheet 23 formed in
step S105, as illustrated in FIG. 8 and FIG. 9D (S106). Here,
the first partitions 25 are placed facing the trenches 29.
[0170] Next, as illustrated in FIG. 8 and FIG. 9E, the first
partitions 25 are inserted into the trenches 29 on the lens sheet
23 (S107). Here, the tip of one end of the first partitions 25 to
be inserted into the lens sheet 23 has a sharpened triangle
cross-section. Thus, the tips of the first partitions 25 are
inserted into the trenches 29 on the lens sheet 23 by self-
alignment.

[0171] Next, as illustrated in FIG. 8 and FIG. 9F, adhesive
is sealed between the lens sheet 23 and the glass substrate 24
to bond the lens sheet 23 and the glass substrate 24 (S108).
Here, the adhesive is injected pouring from the side. The
injected adhesive is filled between the lens sheet 23 and the
glass substrate 24 by the capillary action. With this process,
bonding layer 27 is formed between the lens sheet 23 and the
glass substrate 24.

[0172] Next, as illustrated in FIG. 8 and FIG. 9G, the base
material 40 is removed from the lens sheet 23 (S109). The
base material 40 is removed by dissolving the base material
40 using sodium peroxide.

[0173] Next, as illustrated in FIG. 8 and FIG. 9H, the lens
sheet 23 is flipped upside down by 180 degrees such that the
bottom surface of the lens sheet 23 becomes the uppermost
surface (S110).

[0174] Next, asillustrated in FIG. 8 and FIG. 91, the second
partitions 26 are placed corresponding to the first partitions
25, on the side of the base 28 opposite to the side where the
lenses 22 are provided (S111). Here, it is possible to project
the first partitions 25 inserted into the trenches 29 through the
lens sheet 23 for recognition. Thus, the positions for placing
the second walls 26 can be easily visualized. Therefore, it is
possible to align the first partitions 25 and the second parti-
tions 26 highly precisely.

[0175] Next, as illustrated in FIG. 8, the color filters for
blue color 21B are formed by filling a resin which selectively
transmits blue light between the second partitions 26 corre-
sponding to the blue pixel units 12B when the organic EL unit
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10 and the completed lens unit 20 are bonded (S112). Fur-
thermore, the color filters for red color 21R and the color
filters for green color 21G are formed by filling a transparent
resin between the second partitions 26 corresponding to the
red pixel units 12R and the green pixel unit 12G (S112). Thus,
the color filter unit 21 made by filling the predetermined
resins between the second partitions 26 as illustrated in FIG.
9J, completing the lens unit 20.

[0176] Next, as illustrated in FIG. 8 and FIG. 9K, the
organic EL unit 10 prepared in steps S101 and S102 is placed,
and the lens unit 20 completed in step S112 is flipped upside
down and placed above the organic EL unit 10 (S113).
[0177] Next, as illustrated in FIG. 8, the adhesive as the
sealing resin 30 is injected on the top surface of the sealing
thin-film 19 of the organic EL unit 10 illustrated in FIG. 3,
bonding the sealing thin-film 19 and the second partitions 26
and the color filter unit 21 (S114). With this, as illustrated in
FIG. 9L, the organic EL unit 10 and the lens unit 20 are
bonded by the sealing resin 30.

[0178] The display panel apparatus 1 according to this
embodiment is completed by the processes described above.
[0179] As described above, in the manufacturing method
according to this embodiment the first partitions 25 are placed
on the lens sheet 23 after providing the base material 40 for
reinforcing the base 28 on the base 28 of the lens sheet 23.
Thus, the distortion in the lens sheet 23 in the manufacturing
process when placing the first partitions 25, for example, can
be prevented. Thus, it is possible to prevent the deterioration
in the optical characteristics of the lens sheet 23 caused by the
distortion in the lens sheet 23. Furthermore, in this embodi-
ment, the base material 40 is removed after connecting the
lens sheet 23 and the glass substrate 24 through the first
partitions 25. With this, the lens sheet 23 is fixed with the glass
substrate 24 through the first partitions 25. Thus, it is possible
for the lens sheet 23 to maintain its shape after the base
material 40. Thus, the display panel apparatus 1 manufac-
tured by the manufacturing method according to this embodi-
ment does not need any reinforcing material for reinforcing
the lens sheet 23 such as the base material 40 between the
glass substrate 24 and the organic EL unit 10. Thus, it is
possible to reduce the layer between the glass substrate 24 and
the organic EL unit 10. As aresult, the display panel apparatus
1 capable of improving the light-extraction efficiency can be
obtained.

Variation 1 of First Embodiment

[0180] Thedisplay panel apparatus according to Variation 1
of the first embodiment of the present invention shall be
described with reference to FIG. 10. FIG. 10 is a partial
enlarged cross-section view of a display panel apparatus
according to Variation 1 ofthe first embodiment of the present
invention. Note that, the same reference numerals are
assigned to the same components as the display panel appa-
ratus according to the first embodiment in FIG. 2, and the
description for these components is omitted.

[0181] The display panel apparatus 1a according to Varia-
tion 1 of the first embodiment is different from the display
panel apparatus 1 according to the first embodiment in the
structure of the color filters. Note that, the structure other than
the color filter unit is identical.

[0182] Inthedisplay panel apparatus 1 according to the first
embodiment, transparent resin is used for the color filter for
red 21R and the color filter for green 21G corresponding to
the red pixel unit 12R and the green pixel unit 12G, respec-
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tively. More specifically, the transparent resin is filled in the
gap between the second partitions 26 corresponding to the red
pixel unit 12R and the gap between the second partitions 26
corresponding to the green pixel unit 12G. In contrast, in the
display panel apparatus 1a according to Variation 1, a resin
which selectively transmits red light is filled in the gap
between the second partitions 26 for forming a color filer for
red 21Ra, instead of the transparent resin. In addition, a resin
which selectively transmits green light is filled in the gap
between the second partitions 26 corresponding to the green
pixel unit 12G for forming a color filter for green 21Ga,
instead of the transparent resin. Note that, the resin which
selectively transmits blue light is filled in the gap between the
second partitions 26 corresponding to the blue pixel unit 12B
for forming the color filter for blue 21B, in the same manner
as the first embodiment.

[0183] Note that, in the display panel apparatus 1a accord-
ing to Variation 2, both the color filter for red 21R correspond-
ing to the red pixel unit 12R and the color filter for green 21G
corresponding to the green pixel unit 12G are made of resins
which selectively transmit light. However, one of the color
filters may be made of the transparent resin, and the other
color filter may be made of the resin which selectively trans-
mits light.

Variation 2 of First Embodiment

[0184] Thedisplay panel apparatus according to Variation 2
of the first embodiment of the present invention shall be
described with reference to FIG. 11. FIG. 11 is a partial
enlarged cross-section view of a display panel apparatus
according to Variation 2 of the first embodiment of the present
invention. Note that, the same reference numerals are applied
to the same component as the display panel apparatus accord-
ing to the first embodiment in FIG. 5, and the description for
these components is omitted.

[0185] The display panel apparatus 15 according to Varia-
tion 2 of the first embodiment of the present invention is
different from the display panel apparatus 1 according to the
first embodiment in the structure of the first partitions. Note
that, the structure other than the first partitions is identical.
[0186] Inthe display panel apparatus 1 according to the first
embodiment, the edges of the first partitions 25 on the glass
substrate side contacts the glass substrate 24, as illustrated in
FIG. 5. In contrast, in the display panel apparatus 15 accord-
ing to Variation 2, the edges of the first partitions 255 on the
glass substrate side may be extended to the proximity of the
glass substrate 24 without contacting the glass substrate 24.
More specifically, the first partitions 2556 are formed to have
gaps 505 between the glass substrate 24 and the first partitions
25b.

[0187] As such, in the display panel apparatus 15 according
to Variation 2, the traveling light completely reflected on the
glass substrate 24, among the light emitted from the red
organic luminescent layer 11R, the green organic lumines-
cent layer 11G, and the blue organic luminescent layer 11B
can be blocked by the first partitions 255, in the same manner
athe display panel apparatus 1 according to the first embodi-
ment illustrated in FIG. 5. Accordingly, in the display panel
apparatus 15 according to the Variation 2, it is possible to
prevent the light from entering the adjacent luminescent
regions.

[0188] Furthermore, in the display panel apparatus 15
according to Variation 2, the first partitions 255 and the sec-
ond partitions 26 are made of photo-absorptive material.
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Accordingly, the external light entering from the outside of
the display panel apparatus 15 is absorbed by the first parti-
tions 25 and the second partitions 26. Therefore, it is possible
to block external light that entered inside the display panel
apparatus 15 reaching the adjacent pixel unit 12 by the black
matrix function. In addition, it is possible to prevent the
external light traveling inside the display panel apparatus 1
from reflecting on the first electrodes 14 and exiting to outside
again.

Variation 3 of First Embodiment

[0189] Thedisplay panel apparatus according to Variation 3
of the first embodiment of the present invention shall be
described with reference to FIG. 12. FIG. 12 is a partial
enlarged cross-section view of a display panel apparatus
according to Variation 3 of the first embodiment of the present
invention. Note that, the same reference numerals are applied
to the same component as the display panel apparatus accord-
ing to the first embodiment in FIG. 5, and the description for
these components is omitted.

[0190] The difference between the display panel apparatus
1c according to Variation 3 of the first embodiment and the
display panel apparatus 1 according to the firstembodiment is
the shapes of the first partitions and the trenches on the lens
sheet and the shape of the tip of the first partitions on the lens
sheet side.

[0191] Inthedisplay panel apparatus 1 according to the first
embodiment, the cross-section of the tips of the first partitions
25 has a triangular shape, and the cross-section of the trenches
29 on the lens sheet 23 is V-shaped, as illustrated in FIG. 5. In
contrast, as illustrated in FIG. 12, in the display panel appa-
ratus 1c according to Variation 3, the tips of the first partitions
25¢ on the lens sheet side is rectangular in cross-section and
the trenches 29c¢ of the lens sheet 23¢ is rectangular in cross-
section as well.

[0192] The display panel apparatus 1¢ according to Varia-
tion 3 with the above-described structure also achieves the
similar effect as the display panel apparatus 1 according to the
first embodiment.

[0193] Note that, the shapes for the tips of the first partitions
on the lens sheet side and the trenches on the lens sheet are not
limited to the rectangular or triangular shape described above.

Second Embodiment

[0194] Next, the following describes the display panel
apparatus according to the second embodiment of the present
invention. FIG. 13 is a cross-section of a display panel appa-
ratus according to the second embodiment of the present
invention. The display panel apparatus 2 illustrated in FIG.
13, according to the second embodiment of the present inven-
tion has the same basic stricture as the display panel apparatus
1 according to the first embodiment illustrated in FIG. 2.
However, the display panel apparatus 2 according to the sec-
ond embodiment of the present invention has partitions 60 for
the lens unit 20' penetrating the lens sheet 23, which is dif-
ferent from the display panel apparatus 1 according to the first
embodiment of the present invention with the partitions not
penetrating the lens sheet 23. Note that, the same reference
numerals are applied to components identical to the compo-
nents in the display panel apparatus 1 according to the first
embodiment of the present invention, and the description for
them shall be omitted.
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[0195] Asillustrated in FIG. 13, the display panel apparatus
2 according to the second embodiment has the organic EL
unit 10 and the lens unit 20' bonded by the sealing resin 30.

[0196] The lens unit 20" includes a color filter unit 21, a lens
sheet 23 with lenses 22 and a base 28, a glass substrate 24, a
bonding layer 27, and partitions 60. Furthermore, in this
embodiment, the lens sheet 23 is provided with through-holes
70 for the partitions 60 to pass through. The positions of the
through-holes 70 correspond to the positions of the trenches
29 on the lens sheet 23 of the display panel apparatus 1
according to the first embodiment of the present invention.
More specifically, the through-holes 70 are formed along the
perimeter of the region of the base 28 where the lens 22 are
formed, and are arranged in stripe with respect to the column
direction of the perimeter of the lenses 22 in the region of the
base 28 where the lenses are formed in a planar view of the
display panel apparatus 2.

[0197] The partitions 60 are inserted into the through-holes
70 in the lens sheet 23, and have first partitioning portions 61
and second partitioning portions 62. The first partitioning
portions 61 are part of the partitions 60 extending to the side
of'the glass substrate 24 from the base 28 on the side where the
lenses 22 are formed. The second partitioning portions 62 are
part of the partitions 60 extending to the side of the color filter
unit 21 from the base 28 on the side where the lenses 22 are
not formed. The partitions 60 are made of photo-absorptive
material such as carbon black.

[0198] The height of the first partitioning portions 61 is at
least higher than the height of the lenses 22. As such, setting
the height of the first partitioning portions 61 higher than the
height of the lens 22 prevents the light completely reflected on
the glass substrate 24 from entering the adjacent luminescent
region, and also prevents the damage on the lens 22 caused by
the glass substrate 24.

[0199] Inthis embodiment, the partitions 60 are made of a
photo-absorptive material. Note that, the edges of the parti-
tions 60 on the glass substrate side (the edges of the first
partitioning portions on the glass substrate side) contact the
glass substrate 24. Furthermore, the edges of the partitions 60
on the pixel unit side (the edges of the second partitioning
portions 62 on the pixel unit side) contact the sealing resin 30.

[0200] The display panel apparatus 2 according to the sec-
ond embodiment of the present invention with the structure
described above can achieve the same effect as the display
panel apparatus 1 according to the first embodiment of the
present invention as illustrated in FIGS. 5to 7.

[0201] More specifically, the display panel apparatus 2
illustrated in FIG. 13 according to the second embodiment of
the present invention has the first partitioning portions 61
higher than the height of the lenses 22 between the lenses 22.
Thus, the light completely reflected on the glass substrate 24
and traveling to the adjacent luminescent region among the
light emitted from the red organic luminescent layer 11R is
blocked by the first partitioning portions 61, in the same
manner as FIG. 5. In the same manner, among the light
emitted from the green organic luminescent layer 11G and the
blue organic luminescent layer 11B, light 100G and 100B
completely reflected on the glass substrate 24 and traveling
toward the adjacent luminescent region is blocked by the first
partitioning portions 61. With this, it is possible to prevent the
light from entering the adjacent luminescent regions. In addi-
tion, when the light reflected on the glass substrate 24 reaches
the second partitioning portions 62, the second partitioning
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portions 62 block the traveling reflected light, preventing the
reflected light from traveling to the adjacent luminescent
regions.

[0202] The partitions 60 are made of photo-absorptive
material. Thus, in the same manner as the above-described
FIG. 6, the partitions 60 can absorb the stray light which is
light emitted from the organic luminescent layer directly
traveling to the pixel unit, and the external light entering from
outside of the display panel apparatus in the same manner as
FIG. 7. This improves the contrast in the displayed image.
[0203] Next, the manufacturing method of the display
panel apparatus 2 according to the second embodiment of the
present invention shall be described with reference to FIG. 14
and FIGS. 15A to 15K. FIG. 14 is a flowchart of the manu-
facturing method of a display panel apparatus according to
the second embodiment of the present invention. FIGS. 15A
to 15K are cross-section of the components of the display
panel apparatus in each process of the manufacturing method
of the display panel apparatus according to the second
embodiment of the present invention.

[0204] Asillustrated in FIG. 14, on a substrate wherea TFT
layer and a planarizing film for planarizing the surface of the
TFT layer are formed, pixel units 12 including a red organic
luminescent layer 11R, a green organic luminescent layer
11G and a blue organic luminescent layer 11B interposed
between the first electrodes 14 and the second electrode 18
(S201).

[0205] Next, the sealing thin-film 19 which serves as a
sealing layer for sealing the pixel units 12 is formed above the
second electrode 18 (S202). With this, the organic EL unit 10
is prepared.

[0206] Next, as illustrated in FIG. 14 and FIG. 15A, the
plate-formed partitions 60 are formed on the glass substrate
24 (S203). The partitions 60 can be formed by dissolving and
printing or painting materials such as carbon black, for
example. Here, partitions 60 are arranged at an interval for
placing lenses 22 between the first partitions 60, and each
formed by metallic mold to adjust the form of one end of the
partitions 60 to be inserted into the lens sheet 23 to correspond
to the shape of the through-holes 70 formed on the lens sheet
23 to be described later.

[0207] Next, as illustrated in FIG. 14 and FIG. 15B, in order
to reinforce the base 28 of the lens sheet 23, a sheet-shaped
base material 40 is bonded to a surface of the base 28 opposite
to the side where the lenses 22 are formed (S204). The base 28
of the lens sheet 23 is made of polyethylene terephthalate
(PET). The lenses 22 of the lens sheet 23 are made of acrylic
resin such as the polymethylmethacrylate resin (methacrylic
resin). In addition, polycarbonate is used for the base material
40.

[0208] Next, as illustrated in FIG. 14 and FIG. 15C, a
sheet-shaped substrate 80 for forming the through-holes 70 is
bonded to the bottom surface of the base material 40 (S205).
The substrate 80 is made of acrylic resin such as the polym-
ethylmethacrylate resin (methacrylic resin).

[0209] Next, as illustrated in FIG. 14 and FIG. 15D, the
through-holes 70 for inserting the partitions 60 are formed at
the base 28 of the lens sheet 23 (S206). The through-holes 70
may be formed by a CO, laser or a UV laser. Upon forming
the through-holes 70 on the base 28, the through-holes are
also formed on the base material 40, using the substrate 80 as
a stopper.

[0210] Next, as illustrated in FIG. 14 and FIG. 15E, the
glass substrate 24 on which the partitions 60 formed in step
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S203 is flipped upside down by 180 degrees, and the flipped
glass substrate 24 is placed above the lens sheet 23 formed in
step S206 (S207).

[0211] Next, as illustrated in FIG. 14 and FIG. 15F, the
partitions 60 formed on the glass substrate 24 is inserted into
the through-holes 70 of the base 28 of the lens sheet 23
(S208). Here, the partitions 60 are inserted until one ends abut
the substrate 80.

[0212] Next, as illustrated in FIG. 14, the lens sheet 23 and
the glass substrate 24 are bonded by sealing adhesive between
the lens sheet 23 and the glass substrate 24 (S209). Here, the
adhesive is injected by pouring from the side. The injected
adhesive is filled between the lens sheet 23 and the glass
substrate 24 by the capillary action. With this, as illustrated in
FIG. 15G, the bonding layer 27 is formed between the lens
sheet 23 and the glass substrate 24.

[0213] Next, as illustrated in FIG. 14 and FIG. 15H, the
base material 40 and the substrate 80 are removed from the
lens sheet 23 (S210). As a solvent used for removing the base
material 40 from the lens sheet 23 is a solvent that dissolves
the base material 40 and the substrate 80 without dissolving
the lens sheet 23. For example, the base material 40 and the
substrate 80 can be dissolved using a solvent such as sodium
peroxide. This process exposes the second partitioning por-
tion 62 of the partitions 60. In this embodiment, the height of
the second partitioning portions 62 is determined based on the
thickness of the base material 40. More specifically, the thick-
ness of the base material 40 is the height of the second parti-
tioning portions 62. Accordingly, the height of the second
partitioning portions 62, that is, thickness of the color filter
unit 21 can be determined by adjusting the thickness of the
base material 40.

[0214] Next, as illustrated FIG. 151, the lens sheet 23 is
flipped upside down by 180 degrees to set the top surface of
the glass substrate 24 to be the lowermost surface. Subse-
quently, the resin which selectively transmits blue light is
filled in the gap to form the color filters for blue 21B between
the second partitions 62 corresponding to the blue pixel units
12B when the organic EL unit 10 and the completed lens unit
20 are bonded. In addition, the transparent resin is filled
between the gaps between the second partitioning portions 62
corresponding to the red pixel units 12R and the green pixel
units 12G for forming the color filters for red 21R and the
color filters for green 21G, respectively. With this, as illus-
trated in FIG. 15I, the color filter unit 21 in which the resins
corresponding to predetermined colors can be formed
between the second partitioning portions 62, completing the
lens unit 20 (S211).

[0215] Next, as illustrated in FIG. 14 and FIG. 15], the
organic EL unit 10 prepared in step S202 is placed, and the
lens unit 20 completed in step S211 is flipped over and placed
above the organic EL unit 10 (S212).

[0216] Next, as illustrated in FIG. 14, the adhesive as the
sealing resin 30 is injected on the top surface of the sealing
thin-film 19 of the organic EL unit 10 for bonding the sealing
thin-film 19 and the partitions 60 and the color filter unit 21
(S213). With this, as illustrated in FIG. 15K, the organic EL,
unit 10 and the lens unit 20 are bonded by the sealing resin 30.
[0217] The display panel apparatus 2 according to this
embodiment is completed by the processes described above.

Variation of Second Embodiment

[0218] Next, the display panel apparatus 2a according to
Variation of the second embodiment of the present invention
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shall be described with reference to FIG. 16. FIG. 16 is a
partial enlarged cross-section view of a display panel appa-
ratus according to Variation of the second embodiment of the
present invention. Note that the same reference numerals are
assigned to the components identical to the components of the
display panel apparatus 2 according to the second embodi-
ment, and the description of the components is omitted.

[0219] The display panel apparatus 2a according to Varia-
tion of the second embodiment of the present invention and
the display panel apparatus 2 according to the second
embodiment of the present invention are different in the struc-
ture of the color filter unit. Note that, the components other
than the color filter unit are identical.

[0220] In the display panel apparatus 2 according to the
second embodiment, the transparent resin is used for the color
filter for red 21R and the color filter for green 21G corre-
sponding to the red pixel unit 12R and the green pixel unit
12G, respectively. More specifically, the transparent resin is
filled in the gaps between the second partitioning portions 62
corresponding to the red pixel units 12R and the second
partitioning portions 62 corresponding to the green pixel
units 12. In contrast, in the display panel apparatus 2a accord-
ing to Variation 2, a resin which selectively transmits red light
is filled in the gap between the second partitioning portions 26
for forming the color filer for red 21Ra, instead of the trans-
parent resin. In addition, a resin which selectively transmits
green light is filled in the gap between the second partitioning
portions 62 corresponding to the green pixel unit 12G for
forming a color filter for green 21Ga, instead of the transpar-
ent resin. Note that, the resin which selectively transmits blue
light is filled in the gap between the second partitioning
portions 62 corresponding to the blue pixel unit 12B for
forming the color filter for blue 21B, in the same manner as
the first embodiment.

[0221] Note that, in the display panel apparatus 2a accord-
ing to this Variation, the color filters for red 21R correspond-
ing to the red pixel units 12R and the color filters for green
21G corresponding to green pixel unit 12G are made of the
resin that selectively transmit light. However, one of the color
filters may be made of the transparent resin, while the other
color filters may be made of the resin which selectively trans-
mits light.

[0222] As such, the display panel apparatus according to
the embodiments of the present invention can be used as flat
panel display, for example, and is applicable to any display
device in the television set 500 illustrated in FIG. 17, mobile
phones, personal computers, and others.

[0223] Although only some exemplary embodiments of the
display panel apparatus and the manufacturing method of the
display panel apparatus according to the present invention
have been described in detail above, those skilled in the art
will readily appreciate that many modifications are possible
in the exemplary embodiments without materially departing
from the novel teachings and advantages of this invention.
Accordingly, all such modifications are intended to be
included within the scope of this invention.

INDUSTRIAL APPLICABILITY

[0224] Thedisplay panel apparatus according to the present
invention can be used as any display apparatus in television
sets, mobile phones, and personal computers.
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What is claimed is:

1. A display panel apparatus, comprising:

an organic electro-luminescence unit including an array of
pixels, the pixels each including a first electrode, a sec-
ond electrode, and an organic luminescent layer, the
organic luminescent layer being between the first elec-
trode and the second electrode and configured to emit
one of a red, a green, and a blue light;

a glass substrate above the organic electro-luminescence
unit;

a lens sheet between the organic electro-luminescence unit
and the glass substrate and including a lens correspond-
ing to each of the pixels and a base from which the lens
protrudes;

a first partition between the glass substrate and the lens
sheet on a first side of the base from which the lens
protrudes for partitioning, between the glass substrate
and the lens sheet, a gap between the lens of each of the
pixels, the first partition having a first height greater than
a second height of the lens of each of the pixels; and

a second partition between the organic electro-lumines-
cence unit and the lens sheet on a second side of the base
opposite the first side from which the lens protrudes and
corresponding to the first partition for partitioning,
between the organic electro-luminescence unit and the
lens sheet, the gap between the lens of each of the pixels,

wherein the organic luminescent layer of at least one blue
pixel of the pixels is configured to emit the blue light,
and

a space partitioned by the second partition and correspond-
ing to the blue pixel that includes the organic lumines-
cent layer that is configured to emit the blue light
includes a resin that is configured to selectively transmit
the blue light.

2. The display panel apparatus according to claim 1,

wherein

the pixels include:

a first pixel corresponding to a first color; and
a second pixel adjacent the first pixel and corresponding
to a second color different than the first color, and
the first partition and the second partition are configured to
block light traveling to the second pixel due to reflection
from the glass substrate, the light configured to be emit
from the organic luminescent layer included in the first
pixel and partitioned by the first partition and the second
partition.

3. The display panel apparatus according to claim 2,

wherein

the lens sheet includes a trench in the base, the trench being
recessed from a surface of the base in a direction oppo-
site a protruding direction of the lens,

the base is between the first partition and the second parti-
tion,

the first partition is in the trench,

the second partition corresponds to the first partition that is
in the trench, and

the trench is included for aligning the first partition and the
second partition.

4. The display panel apparatus according to claim 3,

wherein

a portion of the first partition that is in the trench is con-
figured to block the light traveling to the second pixel
due to the reflection from the glass substrate.
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5. The display panel apparatus according to claim 3,
wherein
a ratio of a distance, from an end of the portion of the first
partition that is in the trench to the surface of the base, to
a thickness of the base is greater than 0 and at most %5.
6. The display panel apparatus according to claim 2,
wherein
sides of the first partition and the second partition are black,
and
the first partition and the second partition are configured to
block the light traveling from the first pixel to the second
pixel by absorbing the light.
7. The display panel apparatus according to claim 6,
wherein
the first partition and the second partition are configured to
block second light traveling directly from the first pixel
to the second pixel by absorbing the second light, the
second light configured to be emitted from the organic
luminescent layer included in the first pixel.
8. The display panel apparatus according to claim 6,
wherein
the first partition and the second partition are configured to
absorb third light entering the first pixel from outside of
the display panel apparatus via the glass substrate.
9. The display panel apparatus according to claim 1,
wherein
a first ratio of a first width of a first bottom surface of the
first partition to a thickness of the base is at least 3 and at
most 50, and
asecond ratio of a second width of a second bottom surface
of the second partition to the thickness of the base is at
least 3 and at most 50.
10. The display panel apparatus according to claim 1,
wherein
the first partition penetrates the lens sheet and is connected
to the second partition.
11. The display panel apparatus according to claim 1,
wherein
the organic luminescent layer of a red pixel of the pixels is
configured to emit the red light,
the organic luminescent layer of a green pixel of the pixels
is configured to emit the green light, and
second spaces partitioned by the second partition and cor-
responding to the red pixel and the blue pixel include a
second resin that has a transmission factor of light of at
least 95% and less than 100%.
12. The display panel apparatus according to claim 1,
wherein
the organic luminescent layer of a green pixel of the pixels
is configured to emit the green light, and
a second space partitioned by the second partition and
corresponding to the green pixel includes a second resin
that is configured to selectively transmit the green light.
13. The display panel apparatus according to claim 12,
wherein
the organic luminescent layer of a red pixel of the pixels is
configured to emit the red light, and
a third space partitioned by the second partition and corre-
sponding to the red pixel includes a third resin that is
configured to selectively transmit the red light.
14. The display panel apparatus according to claim 1,
wherein
the first partition extends approximately to the glass sub-
strate.

Aug. 30,2012

15. The display panel apparatus according to claim 1,

wherein

the first partition contacts the glass substrate.

16. The display panel apparatus according to claim 1,

wherein

multiple pixels of the pixels are formed along a predeter-
mined direction and are each configured to emit light in
a same color, and

the first partition partitions the gap between the lens of each
of the pixels that is formed along the predetermined
direction and is configured to emit light in a color dif-
ferent than the same color.

17. The display panel apparatus according to claim 16,

wherein

the lens is elongated in a top view and has an elliptic arc
shape with a predetermined curvature factor in a cross-
sectional view that is orthogonal to a longitudinal direc-
tion of the lens.

18. The display panel apparatus according to claim 16,

wherein

a hole injection layer that injects holes into the organic
luminescent layer is between the organic luminescent
layer and the first electrode.

19. A display apparatus, comprising:

the display panel apparatus according to claim 16.

20. The display panel apparatus according to claim 1, fur-

ther comprising:

a sealing layer above the second electrode for sealing the
pixels.

21. The display panel apparatus according to claim 1, fur-

ther comprising:

a bonding layer over the lens that is configured to planarize
irregularities and bonds the lens sheet and the glass
substrate.

22. The display panel apparatus according to claim 21,

wherein

the glass substrate comprises an outer surface of the display
panel apparatus.

23. A manufacturing method of a display panel apparatus,

comprising;

forming pixels, each including a first electrode, a second
electrode, and an organic luminescent layer, the organic
luminescent layer being between the first electrode and
the second electrode and configured to emit one of ared,
a green, and a blue light;

forming a sealing layer above the second electrode for
sealing the pixels;

preparing a lens sheet including a lens corresponding to
each of the pixels, a base from which the lens protrudes,
and a base material on a first side of the base opposite a
second side from which the lens protrudes for reinforc-
ing the base;

placing a first partition on the glass substrate for partition-
ing a gap between the lens of each of the pixels, the first
partition having a first height greater than a second
height of the lens of each of the pixels;

placing the glass substrate above the second side of the
base of the lens sheet from which the lens protrudes such
that the first partition is on a lower side of the glass
substrate;

bonding the lens sheet and the glass substrate by injecting
a first adhesive between the lens sheet and the glass
substrate;

removing the base material from the lens sheet;
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placing, on the first side of the base opposite the second
side from which the lens protrudes and corresponding to
the first partition, a second partition for partitioning the
gap between the lens of each of the pixels;
filling a space partitioned by the second partition and cor-
responding to at least one blue pixel of the pixels with a
resin, the organic luminescent layer of the blue pixel
being configured to emit the blue light, the resin being
configured to selectively transmit the blue light; and
bonding the sealing layer and the resin by injecting a sec-
ond adhesive on the sealing layer.
24. The manufacturing method of the display panel appa-
ratus according to claim 23, further comprising:
forming a trench in the base, the trench being recessed from
a surface of the base in a direction opposite a protruding
direction of the lens; and
inserting the first partition into the trench in the base of the
lens sheet.
25. The manufacturing method of the display panel appa-
ratus according to claim 24, further comprising:
flipping, after removing the base material and placing the
second partition on the base, the lens sheet upside down,
wherein, when placing the second partition on the base, a
bottom surface of the lens sheet is an uppermost surface.
26. The manufacturing method of the display panel appa-
ratus according to claim 23, wherein
when placing the first partition on the glass substrate, the
glass substrate is in contact with an end of the first
partition.
27. A manufacturing method of a display panel apparatus,
comprising:
preparing pixels, each including a first electrode, a second
electrode, and an organic luminescent layer, the organic
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luminescent layer being between the first electrode and
the second electrode and configured to emit one of ared,
a green, and a blue light;

forming a sealing layer above the second electrode for
sealing the pixels;

preparing a lens sheet including a lens corresponding to
each of the pixels, a base from which the lens protrudes,
and a base material on a first side of the base opposite a
second side from which the lens protrudes for reinforc-
ing the base;

bonding a substrate and a third side of the base material
opposite a fourth side on which the base is bonded;

forming partitions on the glass substrate for partitioning a
gap between lens of each of the pixels;

forming holes in the base between the lenses for inserting
the partitions formed on the glass substrate into a bottom
of the base material;

inserting the partitions into the holes, the partitions having
a first height greater than a second height of the lens of
each of the pixels;

bonding the lens sheet and the glass substrate by injecting
a first adhesive between the lens sheet and the glass
substrate;

removing the substrate from the lens sheet and removing
the base material between the partitions from the lens
sheet;

filling a space partitioned by the second partition and cor-
responding to at least one blue pixel of the pixels with a
resin, the organic luminescent layer of the blue pixel
being configured to emit the blue light, the resin being
configured to selectively transmit the blue light; and

bonding the sealing layer and the resin by injecting a sec-
ond adhesive on the sealing layer.
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