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(57) ABSTRACT

The invention relates to aliquid crystal display panel 2 includ-
ing a first base having a light shielding film 45, color filters
46R, 46G, 46B, 46, and a first display electrode 48 on a first
transparent substrate 4; a second base 5 having a second
display electrode 51 on a second transparent substrate 50,
spacers 20 and 21 for keeping a distance between the first and
the second bases 4 and 5; and a sealing member 6 for sealing
aliquid crystal between the first and the second bases 4 and 5.
At least one of the first and the second bases 4 and 5 includes
a convex portion 43 between a display region 40 including
display pixels and a sealing region 41 sealed by the sealing
member 6, to enclose the display region 40 with the convex
portion 43. The spacers 20 and 21 include a first spacer 20 in
the display region 40 and a second spacer 21 on the convex
portion.
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FIG. 6A
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LIQUID CRYSTAL DISPLAY PANEL, LIQUID
CRYSTAL DISPLAY DIVICE PROVIDED
WITH SAME, AND BONDING SUBSTRATE
FOR LIQUID CRYSTAL DISPLAY PANEL

RELATED APPLICATIONS

[0001] This application is the National Phase under 35 U.S.
C. §371 of PCT International Application No. PCT/JP2006/
319389 which has an International filing date of Sep. 28,
2006, which claims priority to Japanese Application No.
2005-283785 filed on Sep. 29, 2005. The entire contents of all
applications listed above are hereby incorporated by refer-
ence.

TECHNICAL FIELD

[0002] Thepresent invention relates to a color liquid crystal
display panel having a color filter, a liquid crystal display
device provided with the same, and a laminated substrate for
liquid crystal display panels.

BACKGROUND ART

[0003] In recent years, liquid crystal display devices
including liquid crystal display panels have been widely
applied not only to relatively small information communica-
tion devices such as portable information terminals, but also
to relatively large electric devices such as monitors and car
navigation apparatuses. Such a liquid crystal display panel
typically has a structure in which a liquid crystal layer is
interposed between a pair of transparent substrates having
electrodes to apply voltages to a liquid crystal. The liquid
crystal layer is held between the pair of transparent substrates
by a sealing member at the periphery of a display region
including a plurality of pixel portions.

[0004] With the liquid crystal display panel having the
structure, display irregularity caused by variation of the thick-
ness of the liquid crystal layer may appear. In particular, the
thickness of the liquid crystal layer likely varies at an outer
portion of the display region including the plurality of pixel
portions. To reduce the display irregularity caused by the
variation of the thickness of the liquid crystal layer, various
solutions are suggested (for example, see Patent Document
1).

[0005] Theliquid crystal display panel is typically obtained
as follows. First, as shown in FIG. 21A, first spacers 96 are
dispersed on a mother base 95A, which is one of a pair of
mother bases 95A and 95B having display electrodes, align-
ment films, and the like. Sealing members 98 made of ther-
mosetting resin including spacers 97 are applied to the other
mother base 95B. The spacers 96 may be, for example, spheri-
cal spacers made of resin. The spacers 97 may be typically
columnar glass fiber or spherical silica particles having a
large compressive elastic modulus so as to accurately keep a
gap between the mother bases 95A and 95B by the sealing
members 98. Then, the pair of mother bases 95A and 95B are
aligned to face to each other, and bonded by thermo compres-
sion bonding as shown in FIG. 21B, to cure the thermosetting
resin of the sealing members 98. Thus, the pair of mother
bases 95A and 95B are bonded together, and a laminated
substrate 99 for liquid crystal display panels is obtained.
Finally, the laminated substrate 99 for liquid crystal display
panels is cut at predetermined cutting lines, and accordingly,
a plurality of liquid crystal display panels are obtained.
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[0006] Ingeneral,ifthe compressive elastic modulus of the
spacers 96 is small, it is difficult to produce the liquid crystal
display panel with the gap (thickness of the liquid crystal
layer) kept uniform. The liquid crystal display panel may be
easily deformed when an external force is applied, and hence
the thickness of the liquid crystal layer may vary, causing
display irregularity. On the other hand, if the compressive
elastic modulus of the spacers 96 is large, low-temperature air
bubbles tend to be generated. Herein, the low-temperature air
bubbles are air bubbles generated such that a space is gener-
ated in the liquid crystal layer when the liquid crystal display
panel is placed in a low-temperature environment (for
example, —10° C. or lower), gas is generated when an external
force is applied to the liquid crystal display panel, and the gas
remains even when the temperature becomes a normal tem-
perature. That is, in the low-temperature environment, the
apparent volume of the liquid crystal decreases. If the com-
pressive elastic modulus of the spacers 96 is so large that the
deformation thereof is not sufficient, a space is likely gener-
ated in the liquid crystal layer. Thus, the low-temperature air
bubbles are likely generated. Therefore, the spacers 96 typi-
cally employ resin spherical spacers having a smaller com-
pressive elastic modulus than that of the spacers 97.

[0007] [Patent Document 1] Japanese Unexamined Patent
Application Publication No. 01-269917

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0008] However, when the spacers 96 having a smaller
compressive elastic modulus than the spacers 97 are used, as
shown in FIG. 22A, the spacers 96 are markedly deformed
around the sealing members 98 (spacers 97) during the
thermo compression bonding. The thickness D of the liquid
crystal layer in the display region becomes small as compared
with the thickness near the sealing members 98. The thermo-
setting resin of the sealing members 98 may be cured with the
first mother base 95B depressed. As shown in FIG. 22B, when
a load is removed after the thermosetting of the sealing mem-
bers 98, the thickness D of the liquid crystal layer in the
display region is elastically recovered to a predetermined gap
because of the elasticity of the first spacers 96, however, the
thickness D of the liquid crystal layer in the region near the
sealing members 98 (outer portion of the display region) is
affected by the thermosetting of the sealing members 98, and
hence, the elastic recovery of the spacers 96 is insufficient.
Owing to this, the thickness D of the liquid crystal layer at the
outer portion of the display region becomes small, as com-
pared with the thickness at the center portion. Therefore, if the
spacers 96 having a smaller compressive elastic modulus than
the spacers 97 are used, it is difficult to keep the thickness D
of the liquid crystal layer uniform over the entire display
region.

[0009] An object of the present invention is to keep a thick-
ness of a liquid crystal layer in a display region uniform, and
to reduce display irregularity caused by a depression at an
outer portion of the display region.

Means for Solving the Problems

[0010] According to a first aspect of the present invention,
a liquid crystal display panel is provided, which includes a
first base including a light shielding film, a plurality of color
filters, and a first display electrode on a first transparent
substrate; a second base including a second display electrode
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on a second transparent substrate; a plurality of spacers for
keeping a distance between the first and the second bases; and
a sealing member for sealing a liquid crystal between the first
and the second bases. At least one of the first and the second
bases includes a convex portion between a display region
including a plurality of display pixels and a sealing region
sealed by the sealing member. The convex portion encloses
the display region. The spacers include a first spacer in the
display region and a second spacer on the convex portion.
[0011] The convex portion may have a frame shape.
[0012] The color filters may include a first color filter for
display in an opening of the light shielding film and a second
color filter on the light shielding film, for forming the convex
portion.

[0013] According to a second aspect of the present inven-
tion, a liquid crystal display panel is provided, which includes
a first base including a light shielding film, a plurality of color
filters, and a first display electrode on a first transparent
substrate; a second base including a second display electrode
on a second transparent substrate; a plurality of spacers for
keeping a distance between the first and the second bases; and
a sealing member for sealing a liquid crystal between the first
and the second bases. The spacers include a first spacer in a
display region including a plurality of display pixels and a
second spacer between the display region and a sealing region
sealed by the sealing member. The second spacer has a larger
elastic deformation ratio than the first spacer.

[0014] According to a third aspect of the present invention,
a liquid crystal display panel is provided, which includes a
first base including a light shielding film, a plurality of color
filters, and a first display electrode on a first transparent
substrate; a second base including a second display electrode
on a second transparent substrate; a plurality of substantially
spherical or spheroidal spacers for keeping a distance
between the first and the second bases; and a sealing member
for sealing a liquid crystal between the first and the second
bases. The spacers include a first spacer in the display region
and a second spacer between the display region and a sealing
region sealed by the sealing member. The second spacer has
a larger aspect ratio than the first spacer.

[0015] The sealing member may include a third spacer. The
third spacer may preferably have a larger compressive elastic
modulus than the first and the second spacers.

[0016] According to a fourth aspect of the present inven-
tion, a liquid crystal display device is provided, which
includes a liquid crystal display panel including a first base
and a second base; and a back light facing to the first base or
the second base. The first base includes a light shielding film,
a plurality of color filters, and a first display electrode on a
first transparent substrate. The second base includes a second
display electrode on a second transparent substrate. The lig-
uid crystal display panel includes a sealing member for seal-
ing a liquid crystal between the first and the second bases and
a plurality of spacers for keeping a distance between the first
and the second bases. At least one of the first and the second
bases includes a convex portion between a display region
including a plurality of display pixels and a sealing region
sealed by the sealing member. The convex portion encloses
the display region. The spacers include a first spacer in the
display region and a second spacer on the convex portion.
[0017] The convex portion may have a frame shape.
[0018] The color filters may include a first color filter for
display in an opening of the light shielding film and a second
color filter on the light shielding film, for forming the convex
portion.

[0019] According to a fifth aspect of the present invention,
a liquid crystal display device is provided, which includes a
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liquid crystal display panel including a first base and a second
base; and a back light facing to the first base or the second
base. The first base includes a light shielding film, a plurality
of color filters, and a first display electrode on a first trans-
parent substrate. The second base includes a second display
electrode on a second transparent substrate. The liquid crystal
display panel includes a sealing member for sealing a liquid
crystal between the first and the second bases and a plurality
of spacers for keeping a distance between the first and the
second bases. The spacers include a first spacer in a display
region including a plurality of display pixels and a second
spacer between the display region and a sealing region sealed
by the sealing member. The second spacer has a larger elastic
deformation ratio than the first spacer.

[0020] According to a sixth aspect of the present invention,
a liquid crystal display device is provided, which includes a
liquid crystal display panel including a first base and a second
base; and a back light facing to the first base or the second
base. The first base includes a light shielding film, a plurality
of color filters, and a first display electrode on a first trans-
parent substrate. The second base includes a second display
electrode on a second transparent substrate. The liquid crystal
display panel includes a sealing member for sealing a liquid
crystal between the first and the second bases and a plurality
of substantially spherical or spheroidal spacers for keeping a
distance between the first and the second bases. The spacers
include a first spacer in a display region including a plurality
of display pixels and a second spacer between the display
region and a sealing region sealed by the sealing member. The
second spacer has a larger aspect ratio than the first spacer.
[0021] The sealing member may include a third spacer. The
third spacer may preferably have a larger compressive elastic
modulus than the first and the second spacers.

[0022] According to a seventh aspect of the present inven-
tion, a laminated substrate for liquid crystal display panels is
provided, which includes a first mother base including light
shielding films, color filters, and first display electrodes on a
first transparent mother substrate; a second mother base
including second display electrodes on a second transparent
mother substrate; spacers for keeping a distance between the
first and the second mother bases; and sealing members for
sealing liquid crystals between the first and the second mother
bases. At least one of the first and the second mother bases
includes convex portions between display regions including
display pixels and sealing regions sealed by the sealing mem-
bers. The convex portions enclose the display regions. The
spacers include first spacers in the display regions and second
spacers on the convex portions.

[0023] The convex portions may have a frame shape.
[0024] The color filters may include first color filters for
display in openings of the light shielding films, and second
color filters on the light shielding films, for forming the con-
vex portions.

[0025] At least one of the first and the second mother bases
further includes second convex portions in regions enclosing
the sealing regions. The spacers may preferably include
fourth spacers on the second convex portions.

[0026] According to an eighth aspect of the present inven-
tion, a laminated substrate for liquid crystal display panels is
provided, which includes a first mother base including light
shielding films, color filters, and first display electrodes on a
first transparent mother substrate; a second mother base
including second display electrodes on a second transparent
mother substrate; spacers for keeping a distance between the
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first and the second mother bases; and sealing members for
sealing liquid crystals between the first and the second mother
bases. The spacers include first spaces between display
regions including display pixels and second spacers between
the display regions and sealing regions sealed by the sealing
members. The second spacers have a larger elastic deforma-
tion ratio than the first spacers.

[0027] According to aninth aspect of the present invention,
a laminated substrate for liquid crystal display panels is pro-
vided, which includes a first mother base including light
shielding films, color filters, and first display electrodes on a
first transparent mother substrate; a second mother base
including second display electrodes on a second transparent
mother substrate; spacers for keeping a distance between the
first and the second mother bases; and sealing members for
sealing liquid crystals between the first and the second mother
bases. The spacers include first spaces between display
regions including display pixels and second spacers between
the display regions and sealing regions sealed by the sealing
members. The second spacers have a larger aspect ratio than
the first spacers.

[0028] The sealing members may include third spacers.
The third spacer may preferably have a larger compressive
elastic modulus than the first and the second spacers.

ADVANTAGES

[0029] In one aspect of the present invention, the liquid
crystal display panel is provided, in which the convex portion
is provided in the peripheral region between the display
region and the sealing member (sealing region), and the sec-
ond spacers are provided on the convex portion. In the liquid
crystal display panel, a load is applied by the second spacers
to the convex portion, in a direction widening a gap between
the first and second bases (thickness of the liquid crystal
layer). The load applied to the convex portion is larger than a
load applied to the display region by the first spacers. Accord-
ingly, the depression in the peripheral region is shallower. As
a result, the depression at the outer portion of the display
region can be shallower. Thus, in the liquid crystal display
panel of one aspect of the present invention, the thickness of
the liquid crystal layer can be kept uniform over the entire
display region, and the display irregularity can be reduced at
the outer portion of the display region. Also, the convex
portion can be formed in the peripheral region (that is, a
not-used space) between the display region and the sealing
region and not contributing to displaying of an image. A
region for the convex portion does not have to be additionally
provided, and the liquid crystal display panel would not
become large.

[0030] In the liquid crystal display panel of one aspect of
the present invention, if the convex portion has a frame shape,
the depression in the entire peripheral region of the display
region can be shallower, and the depression at the entire outer
portion of the display region can be shallower. As a result, in
the liquid crystal display panel of one aspect of the present
invention, the thickness of the liquid crystal layer can be
further reliably kept uniform. The display irregularity can be
further reliably reduced at the outer portion of the display
region.

[0031] The exemplary convex portion of the liquid crystal
display panel of one aspect of the present invention can be
formed merely by providing the light shielding film also in the
peripheral region, and providing the color filter at a predeter-
mined position on the light shielding film in the peripheral
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region. The light shielding film and the color filter are
required to the liquid crystal display panel. Therefore, with
the liquid crystal display panel of one aspect of the present
invention, the gap in the display region can be kept uniform,
and the display irregularity can be reduced at the outer portion
of the display region, without increasing the manufacturing
worker-hour.

[0032] Also, one aspect of the present invention provides
the liquid crystal display panel in which the elastic deforma-
tion ratio or the aspect ratio of the second spacers in the
peripheral region between the display region and the sealing
member (sealing region) is larger than that of the first spacers.
In such a liquid crystal display panel, since the elastic defor-
mation ratio or the aspect ratio of the second spacers is larger
than that of the first spacers, the elastic resilience by the
second spacers becomes larger. Accordingly, a load applied to
the peripheral region with the second spacers increases in a
direction widening the gap (liquid crystal layer) between the
first and second bases, as compared with a load applied to the
display region. Hence, the depression in the peripheral region
can be shallower, and the depression at the outer portion of the
display region can be shallower. As a result, in the liquid
crystal display device of one aspect of the present invention,
the thickness of the liquid crystal layer can be kept uniform.
The display irregularity can be reduced at the outer portion of
the display region. This advantage may be attained by posi-
tioning the second spacers having the larger elastic deforma-
tion ratio or the larger aspect ratio than the first spacers, in the
peripheral region (that is, a not-used space) between the dis-
play region and the sealing region and not contributing to
displaying of an image. A region for the second spacers does
not have to be additionally provided. The liquid crystal dis-
play panel would not become large.

[0033] In the liquid crystal display panel of one aspect of
the present invention, since the third spacers having a larger
compressive elastic modulus than the first and second spacers
are used, the thickness of the sealing member can be kept
uniform. Accordingly, when an external force is applied to the
liquid crystal display panel, the sealing member is hardly
deformed. The display irregularity caused by the variation of
the thickness of the liquid crystal layer can be reduced.
[0034] Theliquid crystal display device of one aspectofthe
present invention uses the liquid crystal display panel includ-
ing the convex portion in the peripheral region of the display
region, or the liquid crystal display panel in which the elastic
deformation ratio or the aspect ratio of the second spacers in
the region between the display region and the sealing member
(sealing region) is larger than that of the first spacer. With this
liquid crystal display panel, as described above, the panel
would not become large, and the depression at the outer
portion of the display region can be shallower. Therefore,
with the liquid crystal display device of one aspect of the
present invention, the device would not become large, and the
display irregularity can be reduced at the outer portion of the
display region.

[0035] Inthe liquid crystal display device of one aspect of
the present invention, since the liquid crystal display panel
employs the convex portion having a frame shape, the depres-
sion at the entire outer portion of the display region can be
shallower. The thickness of the liquid crystal layer can be
further reliably kept uniform, and the display irregularity can
be reduced at the outer portion of the display region.

[0036] Inthe liquid crystal display device of one aspect of
the present invention, since the liquid crystal display panel
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employs the convex portion which is formed by providing the
color filter on the light shielding film at the portion corre-
sponding to the peripheral region, the thickness of the liquid
crystal layer in the display region can be kept uniform, and the
display irregularity caused by the depression at the outer
portion of the display region can be reduced without increas-
ing the manufacturing worker-hour.

[0037] In the liquid crystal display panel of one aspect of
the present invention, since the third spacers have the larger
compressive elastic modulus than the first and second spac-
ers, the thickness of the sealing member can be kept uniform.
Accordingly, when an external force is applied to the liquid
crystal display device, the sealing member is hardly
deformed. The display irregularity caused by the variation of
the thickness of the liquid crystal layer can be reduced.
[0038] The liquid crystal display panels can be obtained by
cutting the laminated substrate for liquid crystal display pan-
els of one aspect of the present invention. In such liquid
crystal display panels, the convex portion is provided in the
peripheral region of the display region, or the elastic defor-
mation ratio or the aspect ratio of the second spacers in the
region between the display region and the sealing member
(sealing region) is larger than that of the first spacers. Accord-
ingly, the liquid crystal display panels can be obtained from
the laminated substrate for liquid crystal display panels,
which would not be large and which can reduce the depth of
the depression at the outer portion of the display region from
being depressed, as described above.

[0039] In the laminated substrate for liquid crystal display
panels of one aspect of the present invention, since the second
convex portion is provided in the region enclosing the periph-
ery of the sealing region and the fourth spacers are positioned
on the second convex portion, the depression in the periphery
of the sealing region can be shallower. Accordingly, with the
liquid crystal display panels obtained by cutting the lami-
nated substrate for liquid crystal display panels, the depres-
sion in the peripheral region between the sealing region and
the display region can be shallower because of the depression
in the region enclosing the sealing region. As a result, with the
laminated substrate for liquid crystal display panels of one
aspect of the present invention, the depression at the outer
portion of the display region can be further reliably shallower,
and the display irregularity caused by the variation of the
thickness of the liquid crystal layer can be further reliably
reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0040] FIG. 1 is a perspective overview showing an exem-
plary liquid crystal display device according to the present
invention.

[0041] FIG. 2 is a cross section taken along a line II-II in
FIG. 1.

[0042] FIG. 3 is an enlarged cross section showing a part
enclosed by a dotted chain line in FIG. 2.

[0043] FIG. 4 is a perspective overview showing a first
base.
[0044] FIG. 5 illustrates cross sections showing the part

similar to FIG. 3 to explain other examples of a second color
filter for a convex portion in the first base.

[0045] FIG. 6 illustrates cross sections to explain manufac-
turing sub-steps of a first mother base in a manufacturing
method of a liquid crystal display panel for the liquid crystal
display device in FIG. 1.
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[0046] FIG. 7 illustrates cross sections to explain manufac-
turing sub-steps of the first mother base in the manufacturing
method of the liquid crystal display panel for the liquid crystal
display device in FIG. 1.

[0047] FIG. 8 illustrates cross sections to explain manufac-
turing sub-steps of the first mother base in the manufacturing
method of theliquid crystal display panel for the liquid crystal
display device in FIG. 1.

[0048] FIG. 9 illustrates cross sections to explain manufac-
turing sub-steps of the first mother base in the manufacturing
method of the liquid crystal display panel for the liquid crystal
display device in FIG. 1.

[0049] FIG. 10 illustrates cross sections to explain manu-
facturing sub-steps of the first mother base in the manufac-
turing method of the liquid crystal display panel for the liquid
crystal display device in FIG. 1.

[0050] FIG. 11 illustrates cross sections to explain manu-
facturing sub-steps of a second mother base in the manufac-
turing method of the liquid crystal display panel for the liquid
crystal display device in FIG. 1.

[0051] FIG. 12 is a perspective overview when sealing
members are formed on the second mother base with first
spacers dispersed.

[0052] FIG.13isaperspective view to explain a sub-step of
bonding the first and second mother bases.

[0053] FIG. 14 illustrates cross sections to explain the sub-
step of bonding the first and second mother bases.

[0054] FIG.15A is an enlarged cross section showing a part
enclosed by a dotted chain line in FIG. 14A, and FIG. 15B is
an enlarged cross section showing a part enclosed by a dotted
chain line in FIG. 14B.

[0055] FIG. 16A is a cross section showing the part
enclosed by a dotted chain line in FIG. 14A, when a load,
applied in FIG. 15A, is removed, and FIG. 16B is a cross
section showing the part enclosed by a dotted chain line in
FIG. 14B, when a load, applied in FIG. 15B, is removed.

[0056] FIG.17A is a cross section to explain a cutting line
along the Y direction, and FIG. 17B is a cross section to
explain a cutting line along the X direction.

[0057] FIG. 18A illustrates the result when the thickness of
a liquid crystal layer in the X direction for an example of the
liquid crystal display panel according to one embodiment of
the present invention is measured, and FIG. 18B illustrates
the result when the thickness of a liquid crystal layer in the X
direction for a comparative example of aliquid crystal display
panel in related art is measured.

[0058] FIG. 19A illustrates the result when the thickness of
a liquid crystal layer in the Y direction for an example of a
laminated substrate for liquid crystal display panels accord-
ing to one embodiment of the present invention is measured,
and FIG. 19B illustrates the result when the thickness of a
liquid crystal layer in the Y direction for a comparative
example of a laminated substrate for liquid crystal display
panels in related art is measured.

[0059] FIGS. 20A and 20B are perspective overviews to
explain other examples of first bases.

[0060] FIG. 21 illustrates cross sections to explain a sub-
step of bonding first and second mother bases in a manufac-
turing method of a laminated substrate for liquid crystal dis-
play panels in related art.
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[0061] FIG.22A is an enlarged cross section showing a part
enclosed by a dotted chain line in FIG. 21B, and FIG. 22B is
a cross section when a load, applied in FIG. 22A, is removed.

REFERENCE NUMERALS

[0062] 1 liquid crystal display device
[0063] 2 liquid crystal display panel
[0064] 2' laminated substrate for liquid crystal display

panels
[0065] 20 first spacer (of liquid crystal display panel)
[0066] 21 second spacer (of liquid crystal display panel)
[0067] 20" (first) spacer (of laminated substrate for liquid

crystal display panels)
[0068] 21' (second) spacer (of laminated substrate for
liquid crystal display panels)

[0069] 22' (fourth) spacer (of laminated substrate for
liquid crystal display panels)

[0070] 3 back light

[0071] 4 first base

[0072] 4' first mother base

[0073] 40 display region (of liquid crystal display panel)

[0074] 40" display region (of laminated substrate for lig-

uid crystal display panels)
[0075] 41 sealing region (of liquid crystal display panel)

[0076] 42 peripheral region (of liquid crystal display
panel)
[0077] 42' peripheral region (of laminated substrate for

liquid crystal display panels)
[0078] 43, 43A, 43B convex portion (of first base)

[0079] 43" convex portion (of first mother base)

[0080] 43" (second) convex portion (of first mother base)
[0081] 44 first transparent substrate (of first base)
[0082] 44' first transparent mother substrate (of first

mother base)
[0083] 45 light shielding film (of first base)
[0084] 45" light shielding film (of first mother base)
[0085] 45Aaopening (inlight shielding film of first base)
[0086] 45Aa' opening (in light shielding film of first
mother base)

[0087] 46R, 46G, 46B (first) color filter (for display of
first base)
[0088] 46R', 46G', 46B' (first) color filter (for display of

first mother base)

[0089] 46 (second) color filter (for convex portion of first
base)
[0090] 46', 46" (second) color filter (for convex portion

of first mother base)

[0091] 48 display electrode (of first base)

[0092] 48 display electrode (of first mother base)
[0093] 5 second base

[0094] 5' second mother base

[0095] 50 second transparent substrate (of second base)
[0096] 50" second transparent mother substrate (of sec-

ond mother base)
[0097] 51 display electrode (of second base)
[0098] 51' display electrode (of second mother base)
[0099] 6 sealing member (of liquid crystal display panel)

[0100] 6'sealing member (of laminated substrate for lig-
uid crystal display panels)
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[0101] 61 third spacer (of liquid crystal display panel)
[0102] 61" third spacer (of laminated substrate for liquid
crystal display panels)

BEST MODE FOR CARRYING OUT THE
INVENTION

[0103] Hereinafter, exemplary embodiments of the present
invention are described with reference to the drawings.
[0104] First, a liquid crystal display device and a liquid
crystal display panel according to one embodiment of the
present invention are described with reference to FIGS. 1 to 4.
[0105] A liquid crystal display device 1 shown in FIG. 1
includes a liquid crystal display panel 2 and a back light 3.
[0106] As shown in FIG. 2, the liquid crystal display panel
2 includes a first base 4, a second base 5, a plurality of spacers
20 and 21, a sealing member 6, and a liquid crystal layer 7.
[0107] As shown in FIGS. 2 to 4, the first base 4 includes a
convex portion 43 having a frame shape in a peripheral region
42, which is a region between a display region 40 and a
sealing region 41 sealed by the sealing member 6, to enclose
the display region 40 with the convex portion 43. The convex
portion 43 reduces the depth of the depression in the periph-
eral region 42, and reduces the depth of the depression at the
outer portion of the display region 40. As illustrated in FIGS.
2 and 3, the first base 4 includes a light shielding film 45, a
plurality of color filters 46R, 46G, 46B, and 46, a flattening
film 47, a plurality of display electrodes 48, and an alignment
film 49, which are provided on a first transparent substrate 44.
[0108] The first transparent substrate 44 is a member that
contributes to sealing of the liquid crystal layer 7. The first
transparent substrate 44 is made of a material having a pre-
determined translucency (for example, a transparency which
at least allows transmitted light to be visible), such as glass or
translucent plastic. The thickness of the first transparent sub-
strate 44 is, for example, 0.5 mm.

[0109] The light shielding film 45 restricts transmission of
light, and has a first light shielding portion 45A in the display
region 40, and a second light shielding portion 45B in the
peripheral region 42. The first light shielding portion 45A has
a matrix form with a plurality of openings 45Aa for pixel
regions. For example, the light shielding film 45 is made of
resin (for example, acrylic resin) with a dye or a pigment of a
light-shielding color (for example, black) added, or light-
shielding metal film, and has a thickness in a range from 1.0
to 2.0 um. With this light shielding film 45, the contrast ratio
of a displayed image can be increased.

[0110] The plurality of color filters 46R, 46G, 46B, and 46
include first color filters 46R, 46G, and 46B for display, and
a second color filter 46 for a convex portion.

[0111] The first color filters 46R, 46G, and 46B for display
are provided in the openings 45Aa of the first light shielding
portion 45A, and have a band shape extending in the arrow Y’
direction in FIG. 1. The first color filters 46R, 46G, and 46B
for display include a red color filter 46R for selectively trans-
mitting red light, a green color filter 46G for selectively
transmitting green light, and a blue color filter 46B for selec-
tively transmitting blue light. For example, the red color filter
46R, the green color filter 46G, and the blue color filter 46B
are arranged in the arrow X direction in that order.

[0112] The first color filters 46R, 46G, and 46B for display
may be formed by filling the openings 45Aa of the first light
shielding portion 45A with photosensitive resists, in which
pigments are previously blended to obtain given colors (red,
green, and blue), and then, by curing the photosensitive
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resists. The first color filters 46R, 46G, and 46B for display
may selectively transmit light of cyan, magenta, and yellow.
The first color filters 46R, 46G, and 46B for display in this
case may be made of photosensitive resists with pigments of
cyan, magenta, and yellow added. The thickness of the first
color filters 46R, 46G, and 46B for display is, for example, in
a range from 1.0 to 2.0 pm.

[0113] The second color filter 46 for the convex portion is
provided on the second light shielding portion 45B, and has,
for example, a rectangular frame shape. The second color
filter 46 for the convex portion is made of a material equiva-
lent to the material of one of the red color filter 46R, the green
color filter 46G, and the blue color filter 46B. That is, the
second color filter 46 for the convex portion may be made
concurrently with one of the red color filter 46R, the green
color filter 46G, and the blue color filter 46B. The second
color filter 46 for the convex portion has a thickness similar to
the first color filters 46R, 46G, and 46B for display, for
example, in a range from 1.0 to 2.0 um.

[0114] Since the second color filter 46 for the convex por-
tion is provided on the second light shielding portion 45B, the
second color filter 46 protrudes from the light shielding film
45 with respect to the first color filters 46R, 46G, and 46B for
display. Hence, when the plurality of display electrodes 48
and the alignment film 49 are laminated on the second color
filter 46 for the convex portion, a portion corresponding to the
second color filter 46 for the convex portion defines a convex
portion 43 which protrudes as compared with other portion
(see FIG. 4]).

[0115] The second color filter 46 for the convex portion
does not have to be made of the material equivalent to the
material of one of the red color filter 46R, the green color filter
46G, and the blue color filter 46B. As shown in FIG. 5A, color
filters 467, 46g, and 465, which are made of materials respec-
tively equivalent to the materials of the three first color filters
46R, 46G, and 46B for display, may be laminated in the
thickness direction, or may be arranged in the width direction.
If the color filters 467, 46g, and 465 are laminated in the
thickness direction, the convex portion 43 may have a large
thickness, which is advantageous to application of a larger
load.

[0116] As shown in FIG. 2, the flattening film 47 reduces
unevenness caused by the light shielding film 45 and the first
color filters 46R, 46G, and 46B for display. The flattening film
47 covers the color filters 46R, 46G, 46B, and 46, and the light
shielding film 45. The flattening film 47 is made of, for
example, transparent resin such as acrylic resin.

[0117] The display electrodes 48 apply voltages to liquid
crystal molecules. The display electrodes 48 may include a
translucent conductive material, such as indium thin oxide
(ITO) or tin oxide, and may have a band shape. Herein, the
translucency is a property for allowing light to pass by a
predetermined light quantity or more. The plurality of display
electrodes 48 are arrayed in stripes arranged in parallel to
each other. The thickness may be determined depending on
the resistance, the light transmissivity, and the like. For
example, the thickness of the display electrodes 48 is about
0.12 pm.

[0118] The alignment film 49 aligns the liquid crystal mol-
ecules, which are macroscopically randomly directed (with a
low regularity), ofthe liquid crystal layer 7 in a predetermined
direction. The alignment film 49 covers the flattening film 47
provided with the display electrodes 48. The alignment film
49 includes polyimide resin rubbed in a direction. The thick-
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ness of the alignment film 49 may be determined as desired.
For example, the thickness may be about 0.05 pm.

[0119] While the alignment film 49 is directly provided on
the display electrodes 48 in this embodiment, an insulating
film including insulative resin, silicon dioxide (SiO,), or the
like, may be interposed between the alignment film 49 and the
display electrodes 48. With this configuration, even if a con-
ductive foreign substance enters between the display elec-
trodes 48 of the first base 4 and below-described display
electrodes 51 of the second base 5, insulation can be reliably
kept between the display electrodes 48 and the display elec-
trodes 51, which is advantageous to prevention of a defect in
display pixels.

[0120] Also, the first base 4 has a first retardation film 4A,
a second retardation film 4B, and a polarizing film 4C on a
surface opposite to the surface with the display electrodes 48
and the like.

[0121] The first and second retardation films 4A and 4B
compensate an optical-path difference (phase shift) caused by
birefringence of the liquid crystal, and restrict coloring
caused by wavelength dispersion. The first and second retar-
dation films 4A and 4B may include, for example, polycar-
bonate.

[0122] The polarizing film 4C selectively transmits light
which vibrates in a direction. Hence, with the polarizing film
4C, only light which vibrates in a specific direction can be
emitted from the liquid crystal display panel 2. The polarizing
film 4C may include an iodine material.

[0123] The first and second retardation films 4A and 4B,
and the polarizing film 4C may be fixed to the first base 4
using a transparent adhesive member including, for example,
a translucent acrylic material.

[0124] The second base 5 is bonded to the first base 4 in a
manner facing to the first base 4 with the sealing member 6
interposed therebetween. The second base 5 includes display
electrodes 51 and an alignment film 52 on a second transpar-
ent substrate 50.

[0125] The second transparent substrate 50 is a member
that contributes to sealing of the liquid crystal layer 7. The
second transparent substrate 50 has a terminal region 53
which protrudes to a lateral area of the first base 4. Driver ICs
54 for receiving image signals are mounted on the terminal
region 53. The second transparent substrate 50 includes, for
example, glass or transparent resin, similarly to the first trans-
parent substrate 44. The second transparent substrate 50 is
larger than the first transparent substrate 44 by the length of
the terminal region 53, and has a thickness of, for example,
0.5 mm.

[0126] The display electrodes 51 apply voltages to the lig-
uid crystal molecules together with the display electrode 48
of'the first base 4. The display electrodes 51 have a band shape
extending in a direction orthogonal to the display electrodes
48 of the first base 4. The plurality of display electrodes 51 are
arrayed in stripes arranged in parallel to each other. That is,
the plurality of display electrodes 51 intersect with the plu-
rality of display electrodes 48 of the first base 4. The inter-
section regions are arranged in a matrix form. An intersection
region of the display electrodes 48 and 51 defines a display
pixel. That is, display pixels are arranged in a matrix form. A
part of each display electrode 51 extends to the terminal
region 53 of the second base 5, which protrudes to the lateral
area of the first base 4. The part of each display electrode 51
located at the terminal region 53 serves as a terminal 55. The
terminal 55 is connected to the driver IC 54, and receives an
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image signal and the like from the driver IC. The display
electrode 51 includes a translucent conductive material, such
as I'TO or tin oxide, similarly to the display electrode of the
first base 4, and has a thickness of, for example, about 0.12
pm.

[0127] The alignment film 52 aligns the liquid crystal mol-
ecules, similarly to the alignment film 49 of the first base 4.
For example, the alignment film 52 includes polyimide resin
rubbed in a direction. The alignment direction of the align-
ment film 52 intersects with the alignment direction of the
alignment film 49. Assuming that the liquid crystal display
panel 2 of one embodiment of the present invention employs
STN display method, the intersection angle of the alignment
films 49 and 52 is, for example, in a range from 200° to 260°.
[0128] Also, the second base 5 has a retardation film 56 and
a polarizing film 57 on a surface opposite to the surface with
the display electrodes 51 and the like, similarly to the first
base 4.

[0129] As shown in FIGS. 2 and 3, the plurality of spacers
20 and 21 keep a distance between the first and second bases
4 and 5, that is, a thickness of the liquid crystal layer 7
uniform. The plurality of spacers 20 and 21 include first
spacers 20 in the display region 40 and second spacers 21 on
the convex portion 43. For example, the dispersion density
thereof may range from 100 to 300 pieces per mm?>. The first
and second spacers 20 and 21 include, for example, the same
resin material, and have a spherical shape. The first and sec-
ond spacers 20 and 21 have a diameter of, for example, in a
range from 4 to 10 um, and a compressive elastic modulus of;,
for example, 2500 to 10000 MPa by 10% K value. The resin
material of the first and second spacers 20 and 21 is, for
example, divinylbenzene resin.

[0130] The second spacers 21 are more compressed than
the first spacers 20 because the second spacers 21 are located
on the convex portion 43. Owing to this, the second spacers 21
have a larger elastic deformation ratio and a larger aspect ratio
than those of the first spacers 20. Herein, the ratio of the
elastic deformation ratio of the first spacers 20 to the second
spacers 21 is, for example, in a range from 2 to 5. The aspect
ratio of the first spacers 20 is, for example, in a range from 0.9
to 1.0. The aspect ratio of the second spacers 21 is, for
example, in a range from 0.6 to 0.9.

[0131] The compressive elastic moduli by 10% K value of
the first and second spacers 20 and 21 are values measured
under the following conditions.

[0132] In particular, the 10% K values of the first and sec-
ond spacers 20 and 21 were calculated by using Micro Com-
pression Testing Machine (“PCT-200 type”, manufactured by
Shimadzu Corporation) at room temperature, compressing
particles corresponding to the first and second spacers 20 and
21 with a smooth end surface of a column made of diamond
and having a diameter of 50 um at a compression velocity of
0.27 gf/sec and a maximum test weighting of 10 gf, thus
obtaining values of F, S, and R, and calculating the 10% K
values with the following equation. In this equation, F
denotes a load value (Kgf) by 10% compressive deformation
of the particles, S denotes a compressive displacement (mm)
by 10% compressive deformation of the particles, and R
denotes a radius (mm) of the particles.

10% K value=(3/2'2)-F-$~32.g~172
[0133] The sealing member 6 seals the liquid crystal

between the first and second bases 4 and 5, and bonds the first
and second bases 4 and 5 with a predetermined gap interposed

[Equation 1]
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therebetween. The sealing member 6 has a resin portion 60
including thermosetting resin, and third spacers 61 included
in the resin portion 60. The sealing member 6 has a rectan-
gular frame shape extending along the outer portion of the
first base 4. The third spacers 61 have a larger compressive
elastic modulus than the first and second spacers 20 and 21.
The compressive elastic modulus is, for example, in a range
from 30000 to 100000 MPa by 10% K value. Accordingly, the
thickness of the sealing member 6 is kept. The sealing mem-
ber 6 is hardly deformed even when an external force is
applied to the liquid crystal display panel 2. Hence, display
irregularity caused by the variation of the thickness of the
liquid crystal layer 7 can be reduced. The third spacers 61
include an inorganic material such as glass or silica, and have
a columnar or spherical shape, with a height or diameter of,
for example, in a range from 4 to 10 um.

[0134] Thecompressive elastic modulus by 10% K value of
the third spacers 61 is a value measured under the following
conditions. In particular, the 10% K value of the third spacers
61 was calculated by using Micro Compression Testing
Machine (“MCTM-200 type”, manufactured by Shimadzu
Corporation) at room temperature, compressing particles cor-
responding to the third spacers 61 with a smooth end surface
of'a column made of diamond and having a diameter of 50 pm
at a compression velocity of 1.44 gf/sec and a maximum test
weighting of 30 gf, thus obtaining values of F, S, and R,
similarly to the measurement of the first and second spacers
20 and 21, and calculating the 10% K value with the above-
mentioned Equation 1.

[0135] Although the measurement method of the third
spacers 61 is slightly different from that of the first and second
spacers 20 and 21, the difference of the measurement method
would not substantially affect the measurement result by 10%
K value.

[0136] The liquid crystal layer 7 is a layer containing a
liquid crystal which is electrically, optically, dynamically, or
magnetically anisotropic, and has both regularity of a solid
and fluidity of liquid. The liquid crystal layer 7 contains, for
example, a nematic liquid crystal. The liquid crystal layer 7 is
twisted by anangle, for example, in a range from 200° to 260°
by way ofthe alignment films 49 and 52 of the first and second
bases 4 and 5, so that the liquid crystal display panel 2 dis-
plays an image by the STN method. The liquid crystal layer 7
is formed by injecting, for example, a liquid crystal contain-
ing a chiral agent into a space between the bonded first and
second bases 4 and 5. The liquid crystal may be a cholesteric
liquid crystal, a smectic liquid crystal, or the like, other than
the nematic liquid crystal.

[0137] As shown in FIG. 2, the back light 3 allows light to
enter the display region 40 of the liquid crystal display panel
2. The light emitted from a light source 30 such as a light-
emitting diode (LED), enters a light guiding member 31, and
then is emitted upward from the light guiding member 31 ina
planar manner. The back light 3 faces to the second transpar-
ent substrate 50 (second base 5) with the retardation film 56
and the polarizing film 57 interposed therebetween. The sur-
face of the back light 3 facing to the second transparent
substrate 50 (second base 5) may have a light diffusing layer.
With this layer, the light from the light guiding member 31
can be emitted with a substantially uniform light distribution
in the X and Y directions.

[0138] Next, a manufacturing method of the liquid crystal
display panel 2 is described with reference to FIGS. 6 to 19.
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[0139] The liquid crystal display panel 2 shown in FIGS. 1
to 4 may be formed through the procedure that forming a
laminated substrate 2' for liquid crystal display panels (see
FIGS.17A and 17B), and then cutting the laminated substrate
2' for liquid crystal display panels at predetermined cutting
lines X1,Y1, and Y2.

[0140] The laminated substrate 2' for liquid crystal display
panels shown in FIG. 17 may be formed through the proce-
dure that forming a first mother base 4' and a second mother
base 5', and then bonding the mother bases 4' and 5' with a
sealing member 6' and spacers 20", 21', and 22' interposed
therebetween (see FIGS. 13 and 16).

[1] First Mother Base Formation Step

[0141] The first mother base formation step includes a light
shielding film formation sub-step (A), a color filter formation
sub-step (B), a flattening film formation sub-step (C), a dis-
play electrode formation sub-step (D), and an alignment film
formation sub-step (E).

(A) Light Shielding Film Formation Sub-Step

[0142] As shown in FIGS. 6A and 6B, the light shielding
film formation sub-step is performed through forming a light
shielding film 45' having a plurality of openings 45Aa' on a
first transparent mother substrate 44'. FIG. 6A is a cross
section along the X direction in FIG. 1, and FIG. 6B is a cross
section along the Y direction in FIG. 1.

[0143] The light shielding film 45' may be formed, for
example, by applying a photosensitive resist containing a
black pigment on the entire first transparent mother substrate
44', and then forming the openings 45Aa' by photolithogra-
phy using a predetermined mask. The openings 45Aa' are
band-like slits arranged in the X direction and extending in
the Y direction. The black pigment is previously dispersed in
the photosensitive resist by pigment dispersing method. The
application quantity of the photosensitive resist may corre-
spond to a film thickness, for example, in a range from 1.0 to
2.0 pm. The light shielding film 45' may include a light-
shielding metal film. The openings 45Aa' do not have to be a
band shape, and may be a matrix form (reed shape) for indi-
vidual pixels.

(B) Color Filter Formation Sub-Step As shown in FIGS. 7A
and 7B, the color filter formation sub-step is performed
through forming color filters 46R', 46G', and 46B' in the
plurality of openings 45Aa' of the light shielding film 45', and
forming color filters 46' and 46" on predetermined regions of
the light shielding film 45'. FIG. 7A is a cross section along
the X direction in FIG. 1, and FIG. 7B is a cross section along
theY direction in FIG. 1.

[0144] The color filters 46R', 46G', and 46B' correspond to
the first color filters 46R, 46G, and 46B for display (see FIG.
2) of the liquid crystal display panel 2. The color filters 46R’,
46G', and 46B' may be formed, for example, by sequentially
applying a photosensitive resist containing red, green, or blue
pigment in the openings 45Aa’ of the light shielding film 45",
and then, performing photolithography using a predeter-
mined mask. Thus, the color filters 46R', 46G', and 46B' are
provided in the openings 45Aa' of the light shielding film 45",
as bands arranged in the X direction and extending in the Y
direction. The red, green, or blue pigment is previously dis-
persed in the photosensitive resist by the pigment dispersing
method. The application quantity of the photosensitive resist
may correspond to a film thickness, for example, in a range
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from 1.0 to 2.0 um. The color filters 46R', 46G', and 46B' are
substantially flush with the light shielding film 45'. If the
openings 45Aa’' are formed in a matrix form (reed shape) for
the individual pixels, instead of in a band shape, the color
filters 46R’, 46G', and 46B' are formed in a matrix form (reed
shape) for the individual pixels.

[0145] The color filter 46' corresponds to the second color
filter 46 for the convex portion (see FIGS. 2 and 3) of the
liquid crystal display panel 2. The color filter 46' can be
formed by applying a photosensitive resist on a predeter-
mined region of the light shielding film 45' when the color
filters 46R’, 46G', and 46B' are formed. Thus, the color filter
46' can be formed concurrently with the color filters 46R’,
46G', and 46B'. The color filter 46" can be also concurrently
formed with the color filters 46R’, 46G', and 46B'.

[0146] The predetermined region of the light shielding film
45" includes a portion corresponding to the rectangular-
frame-like peripheral region 42 (convex portion 43) (see FIG.
2) between the display region 40 and the sealing region 41 in
the liquid crystal display panel 2, and a portion corresponding
to a band-like region (see FIG. 2) adjacent to the sealing
member 6 in the terminal region 53.

[0147] Since the color filters 46R', 46G', 46B', 46', and 46"
are formed in the openings 45Aa’' of the light shielding film
45' and on the light shielding film 45', the color filters 46' and
46" on the light shielding film 45' protrude with respect to the
color filters 46R', 46G', and 46B' in the openings 45Aa'.
Hence, the color filters 46' and 46" define below-described
convex portions 43" and 43" of the laminated substrate 2' for
liquid crystal display panels (see FIGS. 14A and 14B).

[0148] Inthe color filters 46' and 46" on the light shielding
film 45', when the three color filters 46R', 46G', and 46B'
being formed, the three color filters may be horizontally
arranged (see FIG. 5B), the three color filters 46R', 46G', and
46B' may be laminated at the same position (see FIG. 5A), or
one or two of the three color filters 46R’, 46G', and 46B' may
be formed.

[0149] In the first mother base 4, a distance L1 from a
region 40' corresponding to the display region 40 (see FI1G. 2)
of the liquid crystal display panel 2 to the below-described
sealing member 6', a distance L2 from the region 40' to the
color filter 46', and a width L3 of the color filter 46' may be
determined depending on the size of the liquid crystal display
panel 2, the layout in the first mother base 4', the film thick-
ness of the color filters 46R', 46G', and 46B', the process
condition, and the like. Note that the width L3 of the color
filter 46' is preferably determined in a range from 5% to 60%
of the distance L1. If the width L3 of the color filter 46' is
smaller than 5% of the distance L1, the surface area of the
convex portion 43' (see FIGS. 14A and 14B) becomes so
small that the second spacer 21" hardly remains on the convex
portion 43" during pressure bonding. The thickness of the
liquid crystal layer 7 (see FIG. 2) may not be uniform. If the
width L3 of the color filter 46' is larger than 60% of the
distance L1, a large number of second spacers 21' may be
present on the convex portion 43'. The thickness of the liquid
crystal layer 7 (see FIG. 2) may be a predetermined value or
larger in the periphery of the below-described sealing mem-
ber 6' (see FIG. 11C). The thickness of the liquid crystal layer
7 (see FIG. 2) may not be sufficiently flat. Also, the distance
L2 from the region 40' corresponding to the display region
(see FIG. 2) to the color filter 46' is preferably in a range of
0.05=12=L1-L3 (mm).
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[0150] In the first mother base 4', a width L4 of a region
corresponding to the terminal region 53 (see FIG. 2) of the
liquid crystal display panel 2, a width L5 of the color filter
46", and a distance L6 between the color filter 46" and the
sealing member 6' may be appropriately designed similarly to
the width L3 (see FIGS. 7A and 14A) of the color filter 46".
The width L5 of the color filter 46", however, is preferably in
a range from 10% to 70% of the width L4 of the region
corresponding to the terminal region 53 (see FIG. 2). Also, the
distance L6 between the color filter 46" and the sealing mem-
ber 6' is preferably in a range of 0.2=L6<L4-L5-0.1 (mm).

(C) Flattening Film Formation Sub-Step

[0151] As shown in FIGS. 8A and 8B, the flattening film
formation sub-step is performed through applying transpar-
ent resin such as acrylic resin so as to cover the light shielding
film 45' and the color filters 46R', 46G', 46B', 46', and 46".
The application quantity of the transparent resin may corre-
spond to a thickness, for example, in a range from 1.0 to 5.0
um. Since such a flattening film 47" is formed, a step between
the light shielding film 45' and the color filters 46R’, 46G', and
46B' can be reduced, and the surface positions of display
electrodes 48' (see FIGS. 9A and 9B), which are formed later,
can be uniform.

(D) Display Electrode Formation Sub-Step

[0152] Asshown in FIGS. 9A and 9B, the display electrode
formation sub-step is performed through forming a plurality
of display electrodes 48' arranged in the X direction and
extending in the Y direction on the flattening film 47" in
regions corresponding to the color filters 46R', 46G', 468",
46', and 46". The plurality of display electrodes 48' may be
formed by using a mask having openings in regions corre-
sponding to the color filters 46R’, 46G', and 46B', and apply-
ing a translucent conductive component such as ITO or tin
oxide to predetermined regions of the flattening film 47', by a
known film forming method such as depositing.

(E) Alignment Film Formation Sub-Step As shown in FIGS.
10A and 10B, the alignment film formation sub-step is per-
formed through forming a resin layer including, for example,
polyimide resin, by a known method, and then rubbing the
resin layer in a direction to form an alignment film 49'. The
alignment film 49' (resin layer) is formed to cover the display
region 40" and a peripheral region 42'. In the alignment film
formation sub-step, a previously rubbed resin sheet may be
alternatively attached.

[0153] As described above, the light shielding film 45, the
color filters 46R', 46G', 46B', 46', and 46", the flattening film
47', the display electrodes (band-like conductive layer) 48',
and the alignment film (resin layer) 49" are formed on the first
transparent mother substrate 44', and hence, the color filters
46' and 46" protrude with respect to the color filters 46R’,
46G', and 46B'. Thus, in the first mother base 4', the rectan-
gular-frame-like region corresponding to the color filter 46'
defines a rectangular-frame-like convex portion 43', and the
band-like region corresponding to the color filter 46" defines
a convex portion 43".

[1I] Second Mother Base Formation Step

[0154] The second mother base formation step includes a
display electrode formation sub-step (A) and an alignment
film formation sub-step (B).

(A) Display Electrode Formation Sub-Step

[0155] As shown in FIG. 11A, the display electrode forma-
tion sub-step is performed through forming a plurality of
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display electrodes 51' to be arranged in the Y direction (see
FIG. 1) and extending in the X direction over the substantially
entire area of a second transparent mother substrate 50'. That
is, the display electrodes 51' extend in a direction orthogonal
to the display electrodes 48' (see FIGS. 9A and 9B) of the first
mother base 4'. The plurality of display electrodes 51' are
formed by using a mask having predetermined openings, and
applying a translucent conductive component such as ITO or
tin oxide to predetermined regions of the second transparent
mother substrate 50', by aknown film forming method such as
depositing.

(B) Alignment Film Formation Sub-Step

[0156] AsshowninFIG.11B, thealignment film formation
sub-step is performed through forming a resin layer includ-
ing, for example, polyimide resin, by a known method, and
then rubbing the resin layer in a direction to form an align-
ment film 52'. In the alignment film formation sub-step, a
previously rubbed resin sheet may be alternatively attached.
Note that the direction of rubbing the alignment film 52' of the
second mother base 5' intersects with the direction of rubbing
the alignment film 48' of the first mother base 4', so as to
provide a twist for the liquid crystal layer 7 (see FIG. 2). For
example, if the liquid crystal display panel 2 (see FIG. 2)
employs the STN display method, the intersection angle
between the direction of rubbing the alignment film 48' of the
first mother base 4' and the direction of rubbing the alignment
film (resin layer) 52' of the second mother base 5' is, for
example, in a range from 200° to 260°.

[1IT] Bonding Step of First Mother Base and Second Mother
Base

[0157] The bonding step of first and second mother bases
includes a sealing member formation sub-step for second
transparent mother substrate (A), first and second spacers
dispersion sub-step (B), and a thermo compression bonding
sub-step (C).

(A) Sealing Member Formation Sub-Step

[0158] As shown in FIG. 11C, the sealing member forma-
tion sub-step includes applying an application material, in
which third spacers 61" are included in thermosetting resin
60', on a predetermined region of the second mother base 5'.
The sealing member 6' is substantially formed by curing the
thermosetting resin contained in the application material in
the below-described thermo compression bonding sub-step
©).

[0159] The thermosetting resin 60' of the application mate-
rial may be, for example, one-component epoxy resin having
a curing temperature of about 150° C. The third spacers 61' of
the application material may be, for example, spherical silica
particles having an average particle diameter in a range from
4to 10 um, and a compressive elastic modulus (10% K value)
in a range from 30000 to 100000 MPa. The content of the
third spacers 61' in the application material may be, for
example, in a range from 1.0 to 3.0 percent by weight. The
predetermined region to which the application material is
applied may correspond to the sealing region 41 (see FIG. 2)
of the liquid crystal display panel 2. As shown in FIG. 12, for
example, the predetermined region may have a frame shape
with a width in a range from 0.6 to 1.0 mm.

(B) First and Second Spacers Dispersion Sub-Step

[0160] As shown in FIG. 11C, the first and second spacers
dispersion sub-step is performed through using a known, dry
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or wet spacer dispersion machine, and blowing spacers 20',
21', and 22' to the second mother base 5' through a nozzle. As
shown in FIG. 12, the spacers 20, 21', and 22' are dispersed
over the substantially entire area of one of surfaces of the
second mother base 5'.

[0161] The spacers 20", 21", and 22' may be, for example,
spherical particles including divinylbenzene resin, and hav-
ing a diameter in a range from 4.0 to 10.0 w, and a compres-
sive elastic modulus (10% K value) in a range from 2500 to
10000 MPa. The dispersion density of the spacers 20', 21", and
22' may range from 100 to 300 pieces per mm?>. The diameter,
the material, the dispersion density, and the like, of the spac-
ers 20", 21', and 22' may be appropriately selected depending
on the size of the panel, the manufacturing condition of the
panel, and the like.

(C) Thermo Compression Bonding Sub-Step

[0162] As shown in FIGS. 13, 14A and 14B, the thermo
compression bonding sub-step is performed through aligning
the first and second mother bases 4' and 5' with each other,
mounting them on a mount table 8§ made of hard rubber or the
like, applying a load from above to the first mother base 4' by
a pressure member (not shown), and heating them during the
application of the load. FIG. 14A is a cross section along the
X direction in FIG. 1, and FIG. 14B is a cross section along
the Y direction in FIG. 1.

[0163] The load applied to the first mother base 4' is, for
example, in a range from 0.04 to 0.15 MPa. The heating
temperature is a temperature for curing the thermosetting
resin of the application material of the sealing member 6'
applied on the second mother base 5'. For example, when the
resin with the curing temperature of about 150° C. is used, the
heating temperature should be about 150° C.

[0164] When the first and second mother bases 4' and 5' are
bonded by thermo compression bonding, the thermosetting
resin in the application material of the sealing member 6' is
cured, the first and second mother bases 4' and 5' are bonded,
and thereby the laminated substrate 2' for liquid crystal dis-
play panels is formed.

[0165] Herein, FIGS. 15A and 15B show the area near the
sealing member 6' with a load applied to the first mother base
4', and FIGS. 16A and 16B show the area near the sealing
member 6' with the load, applied to the first mother base 4', is
removed. FIGS. 15A and 16A are cross sections showing a
part enclosed by a dotted chain line in FIG. 14A. FIGS. 15B
and 16B are cross sections showing a part enclosed by a
dotted chain line in FIG. 14B.

[0166] As shown in FIGS. 15A and 15B, while a load is
applied to the first mother base 4', the spacers 20', 21', and 22'
are compressively deformed. At this time, since the spacers
21" and 22" are positioned at the convex portions 43' and 43",
the spacers 21' and 22' are more deformed than the spacers
20'.

[0167] As shown in FIGS. 16A and 16B, when the load,
applied to the first mother base 4, is removed, the compres-
sively deformed spacers 20, 21', and 22" are elastically recov-
ered. At this time, since the spacers 21' and 22' are positioned
on the convex portions 43' and 43", the spacers 21' and 22'
have a smaller elastic recovery amount than the spacers 20'.
Accordingly, the spacers 21' and 22' have a larger elastic
deformation ratio and a larger aspect ratio than the spacers
20". As aresult, a larger force is applied to the convex portions
43" and 43" as compared with other portion with the spacers
20". Thus, the depression in the peripheral region of the lami-
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nated substrate 2' for liquid crystal display panels can be
shallower. The peripheral region corresponds to the display
region 40 (see FIG. 2) of the liquid crystal display panel 2 In
particular, if the convex portion 43" is formed on a terminal
region 53" adjacent to the sealing member 6', although it can
be found through a below-described measurement example of
the thickness of the liquid crystal layer 7, the depression
caused by a sink of the portion corresponding to the terminal
region 53' of the first mother base 4' can be further reliably
shallower, as compared with a configuration only with the
convex portion 43'.

[0168] The laminated substrate 2' for liquid crystal display
panels is cut along cutting lines Y1 and Y2 extending in the Y
direction as shown in FIG. 17A, and along cutting lines X1
and X2 extending in the X direction as shown in FIG. 17B.
Theliquid crystal is injected into a space between the first and
second mother bases 4' and 5' and defined by the sealing
member 6'. Thus, the liquid crystal display panel 2 shown in
FIGS. 1 to 4 is formed. As shown in FIG. 17A, the convex
portion 43" provided in the first mother base 4' at the portion
corresponding to the terminal region 53' is removed when the
laminated substrate 2' for liquid crystal display panels is cut.
The liquid crystal may be injected before the laminated sub-
strate 2' for liquid crystal display panels is cut, instead of after
cutting. Alternatively, only the first mother base 4' may be cut
at a predetermined position and the liquid crystal may be
injected while the terminal region 53' is exposed.

[0169] Withthe liquid crystal display panel 2 thus obtained,
the depression in the peripheral region 42 of the laminated
substrate 2' for liquid crystal display panels is shallower. The
peripheral region 42 corresponds to the display region 40.
Therefore, the depression at the outer portion of the display
region 40 can be shallower. Accordingly, in the liquid crystal
display panel 2, the thickness of the liquid crystal layer 7
including the outer portion of the display region 40 can be
kept uniform, and hence, display irregularity can be pre-
vented from appearing at the outer portion of the display
region. In particular, if the convex portion 43' (43) has a frame
shape, the depression in the entire peripheral region 42 of the
display region 40 can be shallower, and the depression at the
entire outer portion of the display region 40 can be shallower.
As a result, the thickness of the liquid crystal layer 7 can be
further reliably kept uniform. The display irregularity can be
further reliably reduced at the outer portion of the display
region 40.

[0170] Also, in the laminated substrate 2' for liquid crystal
display panels, since the convex portion 43" is formed to
enclose the sealing member 6' with the convex portion 43",
the depression caused by the sink of the portion of the first
mother base 4' corresponding to the terminal region 53' can be
appropriately shallower. Accordingly, in the liquid crystal
display panel 2 obtained by the laminated substrate 2' for
liquid crystal display panels, the thickness of the liquid crys-
tal layer 7 can be further reliably be kept uniform. The display
irregularity can be further reliably reduced at the outer portion
of the display region 40.

[0171] Theconvex portion 43' may be formed in the periph-
eral region 42', and the convex portion 43" may be formed on
the portion (which is removed later) corresponding to the
terminal region 53'. Accordingly, since the laminated sub-
strate 2' for liquid crystal display panels does not have to
additionally have regions for the convex portions 43" and 43",
forming the convex portions 43' and 43" does not increase the
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size of the laminated substrate 2' for liquid crystal display
panels, and the liquid crystal display panel 2.

[0172] The convex portion 43' may be formed simply by
providing the light shielding film in the first mother base 4'
also in the peripheral region 42', and providing the color filter
46' on the light shielding film 45' in the peripheral region 42'.
Similarly, the convex portion 43" may be formed simply by
providing the color filter 46" on the region corresponding to
the terminal region 53. Accordingly, with the liquid crystal
display panel 2 obtained from the laminated substrate 2' for
liquid crystal display panels, the thickness of the liquid crys-
tal layer 7 in the display region 40 can be kept uniform
without increasing the manufacturing worker-hour. The dis-
play irregularity caused by the depression at the outer portion
of the display region 40 can be reduced.

[0173] As mentioned above, the measurement results of the
thickness of the liquid crystal layer in an example of the
laminated substrate 2' for liquid crystal display panels, and in
anexample of the liquid crystal display panel 2 are concerned.
[0174] To form the laminated substrate 2' for liquid crystal
display panels, the first spacers 20", the second spacers 21',
and the fourth spacers 22' employed spherical particles
including divinylbenzene resin, and having a diameter of 5.6
wm and a compressive elastic modulus (10% K value) 0of 5960
MPa. The dispersion density of the spacers 20, 21', and 22'
were 200 pieces per mm?. In the first mother base 4', the
distance L1 was 2.0 mm, the distance [.2 was 0.438 mm, the
width L3 was 0.219 mm, the width L4 was 7.06 mm, the width
L5 was 2.5 mm, and the distance .6 was 2.28 mm, these
distances and widths being illustrated in FIG. 14A.

[0175] As the thickness of the liquid crystal layer of the
laminated substrate 2' for liquid crystal display panels, the
laminated substrate 2' for liquid crystal display panels with-
out the retardation films 4A, 4B, and 56, and the polarizing
films 4C and 57 was measured in the X direction. The thick-
ness of the liquid crystal display panel 2 was measured in the
Y direction.

[0176] The thickness of the liquid crystal layer was mea-
sured by a measuring machine, A30 of “RETS-2000”, manu-
factured by Otsuka Electronics Co., Ltd., under the measure-
ment conditions of a room temperature of 25° C., a gate time
of 350 msec, a nominal wavelength range from 400 to 800
nm, an inclination angle setting of 0° to 0°, and a measure-
ment wavelength of 589 nm.

[0177] The measurement result of the thickness of the lig-
uid crystal layer of the laminated substrate 2' for liquid crystal
display panels is shown in FIG. 18A. FIG. 18A is the mea-
surement result at a portion corresponding to the outer portion
of the display region 40, in a cross section along the X direc-
tion in FIG. 1 for the example of the of laminated substrate 2'
for liquid crystal display panels of one embodiment of the
present invention. The measurement result of the thickness of
the liquid crystal layer 7 of the liquid crystal display panel 2
is shown in FIG. 19A. FIG. 19A is the measurement result at
a portion corresponding to the outer portion of the display
region 40, in a cross section along the Y direction in FIG. 1 for
the example of the liquid crystal display panel 2 of one
embodiment of the present invention.

[0178] As acomparative example, the thickness of a liquid
crystal layer in a laminated substrate for liquid crystal panels
without convex portions 43' and 43" was measured in the X
direction, and the thickness of the liquid crystal layer in a
liquid crystal display panel obtained by dividing the lami-
nated substrate for liquid crystal display panels was measured
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in the Y direction. The laminated substrate for liquid crystal
display panels of the comparative example was formed in a
similar manner to the liquid crystal display panel 2 of the
present invention except for the absence of the convex por-
tions 43' and 43". The measurement result of the thickness of
the liquid crystal layer in the X direction for the comparative
example of the laminated substrate for liquid crystal display
panels in related art is shown in FIG. 18B. The measurement
result of the liquid crystal layer in the Y direction for the
comparative example of the liquid crystal display panel in
related art is shown in FIG. 19B.

[0179] In the measurement results in FIGS. 18A and 18B,
the result, in which the distance from the inner side of the
sealing portion is plotted as 1.25 mm, corresponds to the
thickness of the liquid crystal layer at the outermost portion of
the display region.

[0180] As shown in FIG. 18A, in the example of the lami-
nated substrate 2' for liquid crystal display panels of one
embodiment of the present invention, the thickness of the
liquid crystal layer 7 at the outer portion of the display region
40 was kept substantially uniform although it slightly
decreased toward the edge (point plotted as 1.25 mm) of the
display region 40.

[0181] Thisresultcan be obtained because, in the laminated
substrate 2' for liquid crystal display panels of one embodi-
ment of the present invention as shown in FIG. 15A, the
convex portions 43' and 43" serve as supports, whereby the
depression in the terminal region 53' of the first mother base
4' can be shallower during thermo compression bonding, and
the sealing member 6' can be prevented from being obliquely
cured and bonded. As a result, as shown in FIG. 16A, the
convex portion 43' on the light shielding film 45' between the
display region 40' and the sealing member 6' serves as the
support. The depression at outer portion of the display region
40' in the first mother base 4' can be shallower, and the
thickness of the liquid crystal layer in the display region 40'
can be further kept uniform.

[0182] In contrast, as shown in FIG. 18B, in the compara-
tive example of the laminated substrate for liquid crystal
display panels of related art, the thickness of the liquid crystal
layer at the outer portion of the display region seriously
decreased at the outermost portion of the display region. The
thickness of the liquid crystal layer increased toward the
display region, and then became uniform. The thickness fre-
quently varied in the entirety.

[0183] As shown in FIG. 19A, in the example of the liquid
crystal display panel 2 of one embodiment of the present
invention, the thickness of the liquid crystal layer 7 at the
outer portion of the display region was kept substantially
uniform although it slightly decreased toward the edge (point
plotted as 2.0 mm) of the display region 40. In contrast, as
shown in FIG. 19B, in the comparative example of the liquid
crystal display panel of related art, the thickness of the liquid
crystal layer at the outer portion of the display region seri-
ously decreased toward the edge of the display region. The
thickness of the liquid crystal layer 7 was large at the outer-
most portion of the display region, and a depression appeared
at the outer portion of the display region.

[0184] As described above, in the example of the laminated
substrate 2' for liquid crystal display panels of one embodi-
ment of the present invention with the convex portions 43' and
43" (color filters 46' and 46"), a decrease (depression) in the
thickness of the liquid crystal layer at the outer portion of the
display region 40' is reduced as compared with the compara-
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tive example of the laminated substrate for liquid crystal
display panels without the convex portions 43" and 43" (color
filters 46' and 46") in related art.

[0185] Also, in the example of the liquid crystal display
panel 2 of one embodiment of the present invention, display
irregularity was not recognized when the presence of display
irregularity in the peripheral region of the display region 40
was checked with eyes. In contrast, in the comparative
example of the liquid crystal display panel of related art,
display irregularity was recognized with eyes at the outer
portion of the display region. Thus, in the example of the
liquid crystal display panel 2 of one embodiment of the
present invention, since the depression in the peripheral
region 42 of the display region 40 is reduced, display irregu-
larity is appropriately reduced, and the display quality can be
improved.

[0186] In the above description, a specific embodiment of
the present invention is provided; however, the present inven-
tionis not limited thereto. Various modifications may be made
within the scope of the invention.

[0187] The present invention does not have to be applied to
the above-described super twisted nematic (STN) liquid crys-
tal display panel, and may be applied to other liquid crystal
display panels, such as a twisted nematic (TN) liquid crystal
display panel, a triple super twisted nematic (TSTN) liquid
crystal display panel, and a film super twisted nematic
(FSTN) liquid crystal display panel.

[0188] The present invention does not have to employ a
passive matrix driving system, and may employ other driving
system such as an active matrix driving system. Also, the
retardation films and the polarizing films are not essential
components. For example, the retardation films may be omit-
ted in the TFT method, and one of the polarizing films may be
omitted in a reflective liquid crystal display panel.

[0189] Further, in the embodiment, while the first color
filter for display has a band shape extending in the direction
(Y direction) along the display electrodes in the first base, the
first color filter for display may have a band shape extending
in the direction (X direction) along the display electrodes of
the second base.

[0190] Inthe present invention, while the convex portion is
provided by the color filter, the convex portion may be pro-
vided by other element instead of the color filter. Alterna-
tively, the color filter may be provided at a base different from
the base provided with the convex portion.

[0191] The convex portion 43 of the first base 4 is only
required to enclose the periphery of the display region with
the convex portion 43, and does not have to have a rectangular
frame shape. For example, as shown in FIG. 20A, the convex
portion may include four individual band-like convex por-
tions 43A. Alternatively, as shown in FIG. 20B, the convex
portion may include a plurality of discretely arranged blocks
43B. The convex portion enclosing the display region may be
provided at the second base, instead of the first base.

1. A liquid crystal display panel comprising:

a first base comprising a light shielding film, a plurality of
color filters, and a first display electrode on a first trans-
parent substrate;

a second base comprising a second display electrode on a
second transparent substrate;

a plurality of spacers for keeping a distance between the
first and the second bases; and

a sealing member for sealing a liquid crystal between the
first and the second bases,
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wherein at least one of the first and the second bases com-
prises a convex portion between a display region includ-
ing a plurality of display pixels and a sealing region
sealed by the sealing member, to enclose the display
region with the convex portion, and

wherein the spacers comprise a first spacer in the display
region and a second spacer on the convex portion.

2. A liquid crystal display panel according to claim 1,

wherein the convex portion has a frame shape.

3. A liquid crystal display panel according to claim 1,

wherein the color filters comprise a first color filter for
display in an opening of the light shielding film and a
second color filter on the light shielding film, for form-
ing the convex portion.

4. A liquid crystal display panel according to claim 1,

wherein the sealing member comprise a third spacer hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

5. A liquid crystal display panel comprising:

a first base comprising a light shielding film, a plurality of
color filters, and a first display electrode on a first trans-
parent substrate;

a second base comprising a second display electrode on a
second transparent substrate;

a plurality of spacers for keeping a distance between the
first and the second bases; and

a sealing member for sealing a liquid crystal between the
first and the second bases,

wherein the spacers comprise a first spacer in a display
region including a plurality of display pixels and a sec-
ond spacer between the display region and a sealing
region sealed by the sealing member, and

wherein the second spacer has a larger elastic deformation
ratio than the first spacer.

6. A liquid crystal display panel according to claim 5,

wherein the sealing member comprises a third spacer hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

7. A liquid crystal display panel comprising:

a first base comprising a light shielding film, a plurality of
color filters, and a first display electrode on a first trans-
parent substrate;

a second base comprising a second display electrode on a
second transparent substrate;

a plurality of substantially spherical or spheroidal spacers
for keeping a distance between the first and the second
bases; and

a sealing member for sealing a liquid crystal between the
first and the second bases,

wherein the spacers comprise a first spacer in a display
region including a plurality of display pixels and a sec-
ond spacer between the display region and a sealing
region sealed by the sealing member, and

wherein the second spacer has a larger aspect ratio than the
first spacer.

8. A liquid crystal display panel according to claim 7,

wherein the sealing member comprise a third spacer hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

9. A liquid crystal display device comprising:

a liquid crystal display panel comprising a first base and a
second base; and
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a back light facing to the first base or the second base,
wherein

the first base comprises a light shielding film, a plurality of
color filters, and a first display electrode on a first trans-
parent substrate,

the second base comprises a second display electrode on a
second transparent substrate,

the liquid crystal display panel comprises a sealing mem-
ber for sealing a liquid crystal between the first and the
second bases and a plurality of spacers for keeping a
distance between the first and the second bases,

at least one of the first and the second bases has a convex
portion between a display region including a plurality of
display pixels and a sealing region sealed by the sealing
member, to enclose the display region with the convex
portion, and

the spacers comprise a first spacer in the display region and
a second spacer on the convex portion.

10. A liquid crystal display device according to claim 9,

wherein the convex portion has a frame shape.

11. A liquid crystal display device according to claim 9,

wherein the color filters comprise a first color filter for
display in an opening of the light shielding film and a
second color filter on the light shielding film, for form-
ing the convex portion.

12. A liquid crystal display device according to claim 9,

wherein the sealing member comprise a third spacer hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

13. A liquid crystal display device comprising:

a liquid crystal display panel comprising a first base and a
second base; and

a back light facing to the first base or the second base,
wherein

the first base comprises a light shielding film, a plurality of
color filters, and a first display electrode on a first trans-
parent substrate,

the second base comprises a second display electrode on a
second transparent substrate,

the liquid crystal display panel comprises a sealing mem-
ber for sealing a liquid crystal between the first and the
second bases and a plurality of spacers for keeping a
distance between the first and the second bases,

the spacers comprise a first spacer in a display region
including a plurality of display pixels and a second
spacer between the display region and a sealing region
sealed by the sealing member, and

the second spacer has a larger elastic deformation ratio than
the first spacer.

14. A liquid crystal display device according to claim 13,

wherein the sealing member comprise a third spacer hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

15. A liquid crystal display device comprising:

a liquid crystal display panel comprising a first base and a
second base; and

a back light facing to the first base or the second base,
wherein

the first base comprises a light shielding film, a plurality of
color filters, and a first display electrode on a first trans-
parent substrate,

the second base comprises a second display electrode on a
second transparent substrate,
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the liquid crystal display panel comprises a sealing mem-
ber for sealing a liquid crystal between the first and the
second bases and a plurality of substantially spherical or
spheroidal spacers for keeping a distance between the
first and the second bases,

the spacers comprise a first spacer in a display region
including a plurality of display pixels and a second
spacer between the display region and a sealing region
sealed by the sealing member, and

the second spacer has a larger aspect ratio than the first
spacer.

16. A liquid crystal display device according to claim 15,

wherein the sealing member comprises a third spacer hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

17. A laminated substrate for liquid crystal display panels,

comprising;

a first mother base comprising light shielding films, color
filters, and first display electrodes on a first transparent
mother substrate;

a second mother base comprising second display elec-
trodes on a second transparent mother substrate;

spacers for keeping a distance between the first and the
second mother bases; and

sealing members for sealing liquid crystals between the
first and the second mother bases,

wherein at least one of the first and the second mother bases
comprises convex portions between display regions
including display pixels and sealing regions sealed by
the sealing members to enclose the display regions with
the convex portions, and

wherein the spacers comprise first spacers in the display
regions and second spacers on the convex portions.

18. A laminated substrate for liquid crystal display panels

according to claim 17,
wherein each of the convex portions has a frame shape.
19. A laminated substrate for liquid crystal display panels
according to claim 17,

wherein the color filters comprise first color filters for
display in openings of the light shielding films and sec-
ond color filters on the light shielding films, for forming
the convex portions.

20. A laminated substrate for liquid crystal display panels

according to claim 17,

wherein the sealing members comprise third spacers hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

21. A laminated substrate for liquid crystal display panels

according to claim 17,

wherein at least one of the first and the second mother bases
comprises second convex portions in regions enclosing
the sealing regions, and

the spacers comprise fourth spacers on the second convex
portions.

22. A laminated substrate for liquid crystal display panels,

comprising:

a first mother base comprising light shielding films, color
filters, and first display electrodes on a first transparent
mother substrate;

a second mother base comprising second display elec-
trodes on a second transparent mother substrate;

spacers for keeping a distance between the first and the
second mother bases; and
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sealing members for sealing liquid crystals between the
first and the second mother bases,
wherein the spacers comprise first spaces between display
regions including display pixels and second spacers
between the display regions and sealing regions sealed
by the sealing members, and
wherein the second spacers have a larger elastic deforma-
tion ratio than the first spacers.
23. A laminated substrate for liquid crystal display panels
according to claim 22,
wherein the sealing members comprise third spacers hav-
ing a larger compressive elastic modulus than the first
and the second spacers.
24. A laminated substrate for liquid crystal display panels,
comprising:
a first mother base comprising light shielding films, color
filters, and first display electrodes on a first transparent
mother substrate;
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a second mother base comprising second display elec-
trodes on a second transparent mother substrate;

spacers for keeping a distance between the first and the
second mother bases; and

sealing members for sealing liquid crystals between the
first and the second mother bases,

wherein the spacers comprise first spaces between display
regions including display pixels and second spacers
between the display regions and sealing regions sealed
by the sealing members, and

wherein the second spacers have a larger aspect ratio than
the first spacers.

25. A laminated substrate for liquid crystal display panels

according to claim 24,

wherein the sealing members comprise third spacers hav-
ing a larger compressive elastic modulus than the first
and the second spacers.

Ed sk sk sk sk



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHBA

S\EReERE

BWE(R)

AERASR—MBRSETEIR2 , SEEFELESHE-ER , BB
46R , 46G , 46B , 46 , AR E—FEHAERI LWE— S RBNI8E R
K5, EEZEAERSOLEEE S RBMST, BEY20F21 , AF
REE-—NE_ERINSZRNER, BH4cA THHE—MNE-_E @4
M52 AHER. F—ME_BEEINSHHNED —NBFENTIEE TG
ZWNERXF40MET 2 AN LT 943, XiF41HBEHGHOEE ,
BUA L2 543 B E &R X340, B B 1208121815 & R X140 /Y 58
— [EIFR #1200 e 5h 2> £ W9 58 — (R FR#0 21,

patsnap

RBETRER , EFEZRGETERNRRBETRE , UKATREERERNESER

US20100149463A1 AFF(AE)A 2010-06-17
US12/088427 HiE A 2006-09-28
REKASH
REKRK S
REKRASH

SHIMIZU TAKASHI
MIYAZAKI YOSHIO
AOKI KENGOU
MOTOMURA TOSHIROU

SHIMIZU, TAKASHI
MIYAZAKI, YOSHIO
AOKI, KENGOU
MOTOMURA, TOSHIROU

GO02F1/1335 G02F1/1339
GO02F1/133351 G02F1/13394 G02F1/1339

2006090343 2006-03-29 JP
2005283785 2005-09-29 JP

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/2ea1dc5a-1c28-4770-a0b0-a61a184038ba
https://worldwide.espacenet.com/patent/search/family/037899772/publication/US2010149463A1?q=US2010149463A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100149463%22.PGNR.&OS=DN/20100149463&RS=DN/20100149463

