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(57) ABSTRACT

A production method of a liquid crystal display device that
is constructed by placing liquid crystals between a first
substrate and a second substrate. The production method
includes a step of applying seal material onto the first
substrate such that the seal material surrounds a liquid
crystal filling area, and a step of bonding the first substrate
and the second substrate together. The layer of the seal
material is formed such that the thickness becomes smaller
than the thickness of the liquid crystal layer in the portion
corresponding to the display area when the first substrate
and the second substrate are bonded together.
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LIQUID CRYSTAL DISPLAY DEVICE AND
PRODUCTION METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device and a production method thereof.

BACKGROUND ART

[0002] There is known a liquid crystal display panel that
comprises a TFT substrate on which thin-film transistor
(TFT) elements are formed, a color filter (CF) substrate on
which a color filter is formed, and liquid crystals placed
between these two substrates. The following method is
employed to fill liquid crystals into such a panel. A pattern
is formed around a display area by using a seal material such
as a thermosetting resin in order to hold the liquid crystals
between the two substrates. This pattern has an injection port
for injecting liquid crystals. After the seal material hardens,
liquid crystals are filled through the injection port, and then
the injection port is plugged. However, a lot of time is
required for sealing the liquid crystals. As a method of
solving such a problem, One Drop Filling (ODF) is known
(See Patent Document 1).

[0003] According to ODF, a seal pattern is formed on one
substrate by using a dispenser or by screen printing. Then,
a predetermined amount of liquid crystals are dropped on the
substrate on which the seal pattern has been formed. This
substrate is aligned with the other substrate in a vacuum, to
superimpose the two substrates and to press and stick them
together.

[0004] According to the method of injecting liquid crys-
tals, liquid crystals are injected after hardening of the seal
material. As a result, a problem such as penetration of the
liquid crystals into the seal material or flowing of the liquid
crystals over the seal material does not occur. On the other
hand, according to ODF, liquid crystals are dropped while
seal material is in a soft state before hardening, and the
substrates are attached and pressed to be bonded together by
the atmospheric pressure while the seal material is harden-
ing. Thus, since the liquid crystals in the panel are pressed
by the two substrates, there occurs a phenomenon such as
penetration of the liquid crystals into the seal material or
overflow and leakage of the liquid crystals from the seal
material, when the amount of the dropped liquid crystals is
excessive. In this regard, Patent Document 1 describes a
technique of preventing leakage of excessive liquid crystals
by in-line control of an amount of the dropped liquid crystals
and in-line recovery of the surplus.

[0005] Patent Document 1: Japanese Unexamined Patent
Application Laid-Open No. 2002-107740

SUMMARY OF THE INVENTION

[0006] Unfavorably, however, in-line control of an amount
of the dropped liquid crystals and in-line recovery of the
excessive dropped liquid crystals lead to an increase in
required equipment investment and required processes.
[0007] The present invention has been made to solve the
above problems, and an object of the invention is to suppress
penetration of excessive liquid crystals into a seal part and
leakage of the excessive liquid crystals.

[0008] To solve the above problems, the inventors of the
present invention have found that by making a seal material
layer thinner, it is possible to curtail penetration of excessive
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liquid crystals into the seal part. Thus, according to the
present invention, the thickness of the seal material layer is
made the same as or smaller than the thickness of a liquid
crystal layer in a portion corresponding to the display area.
To that end, for example, at least one substrate is provided
with a seating layer (as exemplified by a seat layer, a
pedestal layer, or a base layer) for applying seal material.
[0009] For example, in a first mode of the present inven-
tion a liquid crystal display device is provided comprising a
first substrate, a second substrate, and liquid crystals placed
between the first and second substrates, wherein: the first
substrate and the second substrate bonded by means of a seal
material provided such that the seal material surrounds an
area to be filled with the liquid crystals. Layer thickness of
the seal material is smaller than layer thickness of the liquid
crystals in a portion corresponding to a display area.
[0010] Further, in a second mode of the present invention
a liquid crystal display device production method is pro-
vided for producing a liquid crystal display device that
comprises a first substrate, a second substrate and liquid
crystals placed between the first and second substrates,
wherein: the liquid crystal display device production method
comprises: a step of applying a seal material onto the first
substrate such that the seal material surrounds an area to be
filled with the liquid crystals; and a step of bonding the first
substrate and the second substrate together. A layer of the
seal material is formed such that thickness of the seal
material is smaller than thickness of a layer of the liquid
crystals in a portion corresponding to a display area, when
the first substrate and the second substrate are bonded
together.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a cross section of a liquid crystal display
device to which one embodiment of the present invention is
applied;

[0012] FIG. 2 is a view for explaining a production
process of a liquid crystal display device;

[0013] FIG. 3 is a view for explaining a phenomenon in
which liquid crystals penetrate into seal material;

[0014] FIG. 4 is a cross section of a liquid crystal display
device to which one embodiment of the present invention is
applied;

[0015] FIG. 5 is a cross section of a liquid crystal display
device to which one embodiment of the present invention is
applied;

[0016] FIG. 6 is a cross section of a liquid crystal display
device to which one embodiment of the present invention is
applied;

[0017] FIGS. 7A-7C are cross sections of a liquid crystal
display device to which one embodiment of the present
invention is applied;

[0018] FIGS. 8A-8C are cross sections of a liquid crystal
display device to which one embodiment of the present
invention is applied;

[0019] FIGS. 9A-9C are cross sections of a liquid crystal
display device to which one embodiment of the present
invention is applied;

[0020] FIGS. 10A-10D are cross sections of a liquid
crystal display device to which one embodiment of the
present invention is applied;

[0021] FIGS. 1MA-11D are cross sections of a liquid
crystal display device to which one embodiment of the
present invention is applied;
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[0022] FIGS. 12A-12D are cross sections of a liquid
crystal display device to which one embodiment of the
present invention is applied;

[0023] FIGS. 13A-13C are cross sections of a liquid
crystal display device to which one embodiment of the
present invention is applied; and

[0024] FIGS. 14A-14C are cross sections of a liquid
crystal display device to which one embodiment of the
present invention is applied.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0025] FIG. 1 is a cross section of a liquid crystal display
device to which one embodiment of the present invention is
applied. As shown in the figure, the liquid crystal display
device comprises a first substrate 10, a second substrate 20,
a liquid crystal layer 30, and a seal part 60.

[0026] The first substrate 10 is what is called a color filter
substrate. On the surface opposed to the second substrate 20,
the first substrate 10 has a black matrix layer 11, colored
resist layers 12 of red (R), green (G) and blue (B), an
overcoat layer 13 for flattening the colored resist layers 12,
and an alignment film 14.

[0027] Theliquid crystal display device of FIG. 1 employs
In-Plane-Switching (IPS), and thus the first substrate 10
does not have a transparent electrode layer. However, the
present invention can be applied to liquid crystal displays
other than IPS types. In that case, a transparent electrode
layer exists between the overcoat layer 13 of the first
substrate 10 and the alignment film 14.

[0028] The second substrate 20 is what is called a TFT
substrate, and has an alignment film 21 on the surface
opposed to the first substrate 10.

[0029] The liquid crystal layer 30 is held between the first
substrate 10 and the second substrate 20, and oriented by the
alignment films 14 and 21.

[0030] The seal part 60 is provided in order to seal the
liquid crystals 30 placed between the first substrate 10 and
the second substrate 20. Seen from the top face of the liquid
crystal display device, the seal part 60 is represented as a
closed curve of a rectangular shape surrounding an area to
be filled with the liquid crystals 30 (see perspective views of
FIGS. 2(C) and 2(D)). The seal part 60 comprises a seal
seating layer 40 and seal material 50. The seal seating layer
40 is also as exemplified by a seat layer, a pedestal layer, or
a base layer, and the seal material 50 is applied thereon for
instance.

[0031] The seal seating layer 40 is a pedestal for the seal
material 50 that is applied for bonding the first and second
substrates 10, 20 together. The seal seating layer 40 is
provided so that the thickness (sealing gap) n of the layer of
the seal material 50 becomes the same as or smaller than the
thickness (cell gap) m of the portion corresponding to the
display area of the liquid crystals 30. The thickness [.1 of the
seal seating 40 is the same as or thicker than the thickness
L2 of the portion corresponding to the display area of a color
filter layer formed on the first substrate 10.

[0032] The thickness L1 of the seal seating layer 40 is
within a range of between 1 and 4 um, for example, and
preferably thicker than the thickness 1.2 of the color filter
layer by 0-3 um.

[0033] There is no particular restriction on the material of
the seal seating layer 40. However, in cases where the seal
seating layer 40 is formed at the same time in the process of
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forming the color filter, then the seal seating layer 40 is
formed by stacking a layer 41 of the same material as the
black matrix 11, layers 42 of the same materials as the
colored resist layers 12, and a layer 43 of the same material
as the overcoat layer 13.

[0034] The seal material 50 bonds the seal seating layer 40
to the second substrate 20. Owing to the existence of the seal
seating layer 40, the thickness (sealing gap) n of the seal
material 50 is the same as or narrower than the thickness
(cell gap) m of the portion corresponding to the display area
of the liquid crystals 30.

[0035] Since the cell gap m is usually within a range of
between 3 and 5 um, it is preferable that the sealing gap n
is in a range between 1 and 5 um. When the sealing gap n
is too large, a phenomenon in which the liquid crystals 30
penetrate into the seal material 50 tends to occur. On the
other hand, when the sealing gap n is too small, the adhesion
reliability decreases.

[0036] A material that is generally used for bonding
together substrates of a liquid crystal display device can be
used as the seal material 50. The seal material 50 includes
spacer members (gap material) 52 in order to ensure the
desired sealing gap n. Preferably, the spacer members 52 are
un-deformable fine particles of an insulating material. For
example, silica beads or silica fiber having a diameter of 1
pm may be used.

[0037] Next, a production method of the liquid crystal
display device of the above configuration will be described.
The production method of the present embodiment is char-
acterized by a process of bonding two substrates together.
Panel production processes other than that can employ a
known method, and a description thereof will be omitted.
[0038] The present embodiment employs ODF as a liquid
crystal filling method, and consideration has been given to
application of a seal material in that method.

[0039] FIG. 2 explains the process up to bonding of the
first substrate 10 to the second substrate 20.

[0040] The production method of the present embodiment
is suitable for producing a small-sized panel that is easily
influenced by variation in amounts of dropped liquid crys-
tals. For example, the method is suitable for production of a
panel having a panel size (diagonal size) of 0.8-12 inches.
Substrate size is not limited, and a multitude of small panels
can be arranged on the main surface of the substrates.
[0041] Tt is assumed that the gap members (spacers) of
about 4 um in height are arranged on the first substrate for
maintaining suitable space between the first and second
substrates.

[0042] The seal seating layer 40 is formed on the first
substrate 10 (see FIGS. 2(A) and 2(B). The seal seating layer
40 is formed to surround the area to be filled with the liquid
crystals 30. Further, to prevent leakage of liquid crystals, the
seal seating layer 40 is formed as a closed curve. The line
width is about 0.8 mm. On the other hand, the line width of
the seal material applied on the seal seating layer 40 is about
0.65 mm. Assuming that the patterning accuracy of the seal
material 50 is 0.1 mm, it is preferable that the line width of
the seal seating layer 40 is wider than the line width of the
seal material 50 by 0.1 mm or more.

[0043] The seal seating layer 40 can be formed by using a
color filter layer forming process. That is, when the black
matrix layer 11, the RGB colored resist layers 12 and the
overcoat layer 13 are formed one by one by photo lithog-
raphy, the layers 41, 42 and 43, corresponding to those
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layers, are also stacked at a position corresponding to the
seal part 60. As a result, it is possible to form the seal seating
layer 40 higher than the color filter layer at the display area
by about 3 pm.

[0044] For example, in cases of producing a liquid crystal
display device having a cell gap of 3.0 um, it is possible to
select the following film thicknesses of the layers that
constitute the color filter layer and the seal seating layer 40.
[0045] film thickness of colored resist layer 12 (corre-
sponding to layer 42)=0.7 um

[0046] film thickness of black matrix layer 11 (corre-
sponding to layer 41)=1.0 pm

[0047] film thickness of overcoat layer 13 (corresponding
to layer 43)=1.1 pm

[0048] In this case, the film thickness L1 of the seal
seating layer 40 is L1=4.1 pm. Here, it follows that
m+L2=3.0 um+2.1 pm=5.1 pum. Thus, it is sufficient that
spacer members (gap material) 52, for which n=5.1 pm-4.
1pum+0.1 pm=1.1 pm, are added to the seal material 50 to
form the seal pattern.

[0049] Further, to form the liquid crystal display device
having a cell gap of 4.0 um while maintaining the above-
mentioned thickness of each layer, it is sufficient that spacer
members (gap material) 52 for which n=2.1 pm are added to
the seal material to form the seal pattern.

[0050] On the other hand, in cases of producing a liquid
crystal display device having a cell gap of 2.0 pm, a layer 42
corresponding to one color is omitted from the colored resist
layers 12 formed in the seal seating layer 40, and L1=3.4 um.
Since m+L.2=2.0 pm+2.1 pm=4.1 pm, it is sufficient that
spacer members (gap material) 52 for which n=0.8 um are
added to the seal material 50 to form the seal patter.
[0051] Also, the seal seating layer 40 can be formed
independently by hardening of a resin precursor after the
color filter layer is formed. For example, a pattern is formed
of material of the seal seating layer 40 by photo lithography,
by using a dispenser or by screen printing at a position
corresponding to the seal part 60. In this case, an acrylate
resin or the like may be used as the material of the seal
seating layer 40. It is preferable that the seal seating layer 40
formed of a resin precursor hardens before patterning of the
seal material 50 and does not flow at normal temperature.
[0052] When the seal seating layer 40 is formed as
described above, then the alignment film 14 is formed.
Thereafter, the pattern of the seal material 50 is formed on
the seal seating layer 40 by using a dispenser or by screen
printing (See FIG. 2(C)).

[0053] The thickness of the alignment film 14 is about 0.1
um. Thus, a layer corresponding to the alignment film 14
may be further stacked on the seal seating layer 40 by using
a process for forming the alignment film 14. The pattern of
the seal material 50 may be formed on the seal seating layer
40 stacked with the layer of the alignment film 14.

[0054] In that case, the first substrate 10 may be provided
with a peripheral seal frame 80 along the periphery of the
first substrate 10. The peripheral seal frame 80 is provided
in order to seal, in a vacuum, an area between the peripheral
seal frame 80 and the inner pattern of the seal material 50
when the two substrates are bonded together. By having the
area in a vacuum, it is possible, after returning to atmo-
spheric pressure, to assuredly press and attach the two
substrates together by using the atmospheric pressure. The
peripheral seal frame 80 is a part that is to be cut off in a
chamfering process, and thus it has an essentially different
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role from the pattern of the seal material 50 for sealing the
liquid crystals. It is possible to provide a plurality of
peripheral seal frames 80 having such a function.

[0055] A material usually used for bonding substrates of a
liquid crystal display device may be used as the seal material
50. For example, a UV cure resin such as an acrylate resin
or a modified epoxy resin may be used. The seal material 50
1s mixed with the spacer members (gap material) in order to
ensure a desired thickness of the layer of the seal material 50
when the two substrates are bonded together. Preferably, the
spacer members are fine particles of an insulating material.
For example, the seal material 50 is mixed with 0.5-5% of
beads or silica fiber having a diameter of about 1 um.
[0056] The pattern of the seal material 50 may be formed
on the second substrate 20 at a position corresponding to the
seal part 60.

[0057] Next, one or two drops of the liquid crystals 30 are
dropped into the display area in a vacuum, and the two
substrates are bonded together and sealed (See FIG. 2(D)).
Then, after returning to the atmospheric pressure, the sub-
strates are exposed to ultraviolet irradiation. Further, by
heating at about 120° C. in a heating furnace for about one
hour, the seal material 50 is hardened.

[0058] Hereinabove, the process in which two substrates
are bonded together and filled with liquid crystals has been
described. After this process, the liquid crystal display
device is completed by publicly-known production pro-
cesses (such as a cleaning process, a chamfering process, a
polarizing plate attaching process, or the like).

[0059] Hereinabove, the liquid crystal display device and
the production method thereof, to which one embodiment of
the present invention is applied, has been described.
[0060] According to the above embodiment, it is possible
to prevent penetration of the liquid crystals 30 into the seal
part 60 and leakage of the liquid crystals 30 when an
excessive amount of the liquid crystals 30 is dropped. That
is, it is possible to suppress a phenomenon in which the
liquid crystals 30 penetrate into the seal material 50 as
shown in FIG. 3. In the figure, the reference numeral 51
refers to the liquid crystals 30 that have penetrated into the
seal material 50. According to the above embodiment, it is
possible to suppress the degree k of this type of penetration
51. In other words, it is possible to produce a panel having
a cell gap that is permitted by the specification, even if the
dropped amount is rougher in comparison with the conven-
tional method.

[0061] The present invention is not limited to the above
embodiment, and can be variously modified.

[0062] Forexample, itis sufficient if at least one of the first
and second substrates 10, 20 is provided with the seal
seating layer 40. That is, the seal seating layer 40 may be
provided on the second substrate 20.

[0063] Further, as shown in FIG. 4 (a cross section show-
ing an end portion of a liquid crystal display device), both
the two substrates may be provided with respective seal
seating layers 40. This arrangement also can have a smaller
sealing gap n.

[0064] Further, as shown in FIG. 5 (a cross section of an
end portion of a liquid crystal display device), a groove 40/
may be provided in a seal seating layer 40 such that the gap
material 52 fits into the groove 40/. Such a groove can be
formed when resin layers are formed as banks on both sides
of the groove by photo lithography or the like. This arrange-
ment can hold the gap material 52 assuredly at the prede-
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termined position of the seal seating layer 40, and can easily
realize a desired sealing gap n. The gap material 52 has a
size that prevents complete burying of the gap material 52 in
the groove 404. In detail, it is preferable that the ratio of the
height (diameter in the case of a bead) of the gap material 52
to the depth of the groove 40/ is 1.1 or more. When the ratio
is smaller than 1.1, the height of the gap material 52 is too
close to the height of the seal seating layer 40 and the seal
seating layer 40 may come in contact with the opposing
substrate (i.e. the second substrate 20). In that case, the seal
material 50 remains between the seal seating layer 40 and
the opposing substrate since the upper surface of the seal
seating layer 40 is flat. At this time, if portions of the
remaining amounts of the seal material 50 are different,
variations in cell gaps result.

[0065] Further, as shown in FIG. 6 (a cross section of an
end portion of a liquid crystal display device), the seal
seating layer 40 may be formed into a shape such that its
cross section becomes an arc (in other words, a semi-
cylindrical shape) or a bulged shape. When the vertex 40¢ is
a rounded surface in this way, the seal seating layer 40
comes in not surface but line contact with the opposed
substrate, and the adhesion is improved. In other words,
when the vertex is flat, an amount of the seal material 50
remaining between the seal seating layer 40 and the oppos-
ing substrate (the second substrate 20) can be reduced, and
variation in gaps can be curtailed.

EXAMPLE

[0066] An example of the present invention will be
described in the following, although the present invention is
not limited to this example.

[0067] In the present example, the liquid crystal display
device shown in FIG. 1 was produced by the production
method shown in FIG. 2. In detail, a small-sized display
panel of 42x31.5, ie. a 2-inch size display panel was
produced. As the gap material, polystyrene beads having a
diameter of 4 pm were used.

[0068] In producing the first substrate (the color filter
substrate) 10, the black matrix layer, colored resist layers of
R, G and B are stacked at a position corresponding to the
seal part 60. Further, an overcoat layer was formed as a film
on these layers. As a result, the seal seating layer 40 was
formed to have the thickness L1 larger than the thickness [.2
of the display area by 3 um. In this case, the black matrix 11
is resin having the thickness of about 1 um.

[0069] Next, the alignment film 14 was formed in the
display area of the first substrate 10, and thereafter the seal
material was applied onto the seal seating layer 40 by a
dispenser. The seal material 50 is an ultraviolet cure resin
mixed with 0.5% of silica fiber 52 having the diameter of 1
pm.

[0070] Next, two drops of the liquid crystals 30 were
dropped into the display area. The second substrate (the TFT
substrate) 10 was aligned with and bonded to the first
substrate in a vacuum chamber.

[0071] The chamber is returned to atmospheric pressure,
and the bonded substrates were taken out, exposed to
ultraviolet irradiation, and heated at 120° C. for one hour in
a heating furnace to harden the seal material 50. Thereafter,
the substrates were cut to complete the panel of the liquid
crystal display device.
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[0072] Leakage of liquid crystals did not occur in the
completed panel. Also, penetration of the internal liquid
crystals 30 into the seal material 50 as shown in FIG. 3 was
not found.

[0073] Hereinabove, the embodiment and the example of
the present invention have been described.

[0074] Lastly, form and arrangement of the seal seating
layer 40 included in the present invention will be summed
up.

[0075] FIGS. 7-14 are cross sections showing seal parts.
Each figure shows states of the two substrates 10 and 20
before and after bonding (each left figure shows a state
before bonding and each right figure shows a state after
bonding). In each figure, the left side of the seal part is the
panel inside that is filled with the liquid crystals 30 and
becomes the display area.

[0076] As shown in FIG. 7A, the seal seating layer 40 can
be formed on the first substrate (the color filter substrate) 10.
This shows the mode described in the above embodiment. In
this case, the seal seating layer 40 can be formed at the same
time with the formation of the layers that constitute a color
filter, by using the materials used for forming the color filter
(the colored resist layers and the black matrix layer).
[0077] Also, as shown in FIG. 7B, the seal seating layer 40
can be formed on the second substrate (the TFT substrate)
20. In that case, the seal seating layer 40 can be formed at
the same time as the formation of the layers constituting the
TFT, by using the materials used for forming the TFT (a
circuit film, an insulating film, a protective film, and the
like).

[0078] Further, as shown in FIG. 7C, seal seating layers
40a and 4056 may be formed respectively on both the first
and second substrate 10 and 20. In that case, it is not
necessary that each of the seal seating layers 40a and 405 be
a thick film, and thus the production process can be simpli-
fied.

[0079] Further, as shown in FIG. 8A, the seal seating layer
40 may be provided with two banks 40m and 40% on the
inner and outer sides to form a groove 40/ between the
banks. The banks 40m and 402 describe closed loops sur-
rounding the display area. The seal material 50 including the
gap material 52 is applied onto the groove 40k This
corresponds to FIG. 5 mentioned above. In that case, the
sealing gap n can be made very narrow, and the area of the
seal material 50 in contact with the liquid crystals 30 can be
small, and contamination of the seal material 50 can be
suppressed.

[0080] Further, as shown in FIG. 8B, the seal seating layer
40 may be provided with only a bank 40 on the inner side.
In that case too, the sealing gap n can be made very much,
and the area of the seal material 50 in contact with the liquid
crystals 30 can be small, and contamination of the seal
material 50 can be suppressed.

[0081] Further, as shown in FIG. 8C, the seal seating layer
40 may be provided with only a bank 40r on the outer side,
if necessary.

[0082] Further, as shown in FIG. 9A, banks 40m and 40n
may be formed on the first substrate 10 so that a groove 404
is formed between the banks 40m and 40n. On the other
hand, a series of seal seating layers 40a are formed on the
second substrate 20 such that the seal seating layers 40a
cover the bank 40m, the groove 40/ and the bank 40.. The
banks 40m and 40 describe closed loops surrounding the
display area. The seal material 50 including the gap material
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52 is applied to the groove 404. This arrangement does not
require that each layer should be a thick film. Further, the
sealing gap n can be very narrow, and the area of the seal
material 50 in contact with the liquid crystals 30 can be
small, and contamination of the seal material 50 can be
suppressed.

[0083] Further, as shown in FIG. 9B, it is possible to
implement a mode in which the bank 407 of FIG. 9A is not
provided. In that case too, the sealing gap n can be very
narrow, and the area of the seal material 50 in contact with
the liquid crystals 30 can be small, and contamination of the
seal material 50 can be suppressed.

[0084] Further, as shown in FIG. 9C, in accordance with
requirements, it is possible to implement a mode in which
the bank 40m of FIG. 9A is not provided.

[0085] Further, as shown in FIGS. 10A and 10B, the
widths of the banks 40m and 40n of FIG. 8A may be
asymmetric. Further, as shown in FIGS. 10C and 10D, the
widths of the banks 40m and 40n of FIG. 9A may be
asymmetric. For example, the width of the bank 40m on the
inner side may be larger than the width of the bank 40» on
the outer side. Alternatively, the width of the bank 40m on
the inner side may be smaller than the width of the bank 40»
on the outer side. Either one may be suitably selected based
on design concept.

[0086] Further, the width of the bank 40m or 40 may not
be constant. The bank 40m or 40» may be formed such that
its width changes depending on the distance from the
substrate (the first substrate 10 or the second substrate 20) on
which the bank is formed. FIGS. 11-14 show such examples.
[0087] FIGS. 11A, 11B, 11C and 11D correspond respec-
tively to FIG. 8A, 8B, 8C and 9A mentioned above. The
surface of the bank 40m or 40r more distant from the
position to which the seal material 50 is applied (the surface
on the display area side in the case of the bank 40m, or the
surface opposite from the display area side in the case of the
bank 40%) is nearly perpendicular to the substrate. On the
other hand, the surface closer to the position to which the
seal material 50 is applied (the surface opposite from the
display area side in the case of the bank 40m, or the surface
on the display area side in the case of the bank 40#) is a
step-like or inclined surface. In other words, each of the
banks 40m and 40z is formed such that its width becomes
smaller as the distance from the first substrate 10 is larger.
In FIG. 11A, the width of the groove 404 is narrower at
deeper portions.

[0088] FIGS. 124, 12B, 12C and 12D correspond respec-
tively to FIGS. 8A, 8B, 8C and 9A mentioned above. The
surface of the bank 40m or 40n closer to the position to
which the seal material 50 is applied (i.e. the surface
opposite from the display area side in the case of the bank
40m, or the surface on the display area side in the case of the
bank 407) is nearly perpendicular to the substrate. On the
other hand, the surface more distant from the position to
which the seal material 50 is applied (i.e. the surface on the
display area side in the case of the bank 40m, or the surface
opposite from the display area side in the case of the bank
407) is a step-like or inclined surface.

[0089] FIGS. 13A, 13B and 13C correspond respectively
to FIGS. 8A, 8B and 8C mentioned above. Both surfaces of
the bank 40m or 40z, i.e. the surface closer to the position
to which the seal material 50 is applied (the surface opposite
from the display area side in the case of the bank 40, or the
surface on the display area side in the case of the bank 407)
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and the surface more distant from the position to which the
seal material 50 is applied (the surface on the display area
side in the case of the bank 40m, or the surface opposite from
the display area side in the case of the bank 40n), are
step-like or inclined surfaces.

[0090] FIGS. 14A, 14B and 14C correspond respectively
to FIGS. 9A, 9B and 9C mentioned above. Both surfaces of
the bank 40m or 40x, i.e. the surface closer to the portion to
which the seal material 50 is applied (the surface opposite
from the display area side in the case of the bank 40m, or the
surface on the display area side in the case of the bank 40r)
and the surface more distant from the portion to which the
seal material 50 is applied (the surface on the display area
side in the case of the bank 40m, or the surface opposite from
the display area side in the case of the bank 40z), are
step-like or inclined surfaces.

1. A liquid crystal display device comprising a first
substrate, a second substrate, and liquid crystals placed
between the first and second substrates, wherein:

the first substrate and the second substrate are bonded by
means of a seal material provided such that the seal
material surrounds an area to be filled with the liquid
crystals; and

layer thickness of the seal material is smaller than layer
thickness of the liquid crystals in a portion correspond-
ing to a display area.

2. A liquid crystal display device of claim 1, wherein:

at least one of the first and second substrates is provided
with a seating layer for the seal material.

3. A liquid crystal display device of claim 2, wherein:

the first substrate is a color filter substrate; and

the seating layer 1s formed on the first substrate, such that
thickness of the seating layer is greater than or equal to
layer thickness of a portion corresponding to the dis-
play area in the first substrate.

4. A liquid crystal display device of claim 2, wherein:

the first substrate is a color filter substrate; and

the seating layer is formed by layers similar to layers that
form a color filter layer of the first substrate.

5. A liquid crystal display device of claim 2, wherein:

the first substrate is a color filter substrate; and

the seating layer is formed by layers another layers that
form a color filter layer of the first substrate.

6. A liquid crystal display device of claim 2, wherein:

the seal material includes a gap material; and

a groove into which the gap material is to be fitted is
formed in the seating layer.

7. A liquid crystal display device of claim 2, wherein:

a cross-section of the seating layer rises into an arc shape.

8. A liquid crystal display device production method for
producing a liquid crystal display device that comprises a
first substrate, a second substrate and liquid crystals placed
between the first and second substrates, the liquid crystal
display device production method comprising:

a step of applying a seal material onto the first substrate
such that the seal material surrounds an area to be filled
with the liquid crystals; and

a step of bonding the first substrate and the second
substrate together; wherein

the seal material is formed such that layer thickness is
smaller than layer thickness of the liquid crystals in a
portion corresponding to a display area, when the first
substrate and the second substrate are bonded together.
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9. A liquid crystal display device production method of

claim 8, further comprising:

a step of providing at least one of the first and second
substrates with a seating layer for applying the seal
material.

10. A liquid crystal display device production method of

claim 9, wherein:

the first substrate is a color filter substrate; and

the seating layer is formed on the first substrate such that
thickness of the seating layer is larger than layer
thickness of a portion corresponding to a display area
in the first substrate.

11. A liquid crystal display device production method of

claim 9, wherein:

the first substrate is a color filter substrate; and

the seating layer is formed by layers similar to layers that
form a color filter layer of the first substrate.
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12. A liquid crystal display device of claim 9, wherein:
the first substrate is a color filter substrate; and
the seating layer is formed by layers another layers that
form a color filter layer of the first substrate.
13. A liquid crystal display device production method of
claim 9, wherein:
the seal material includes a gap material; and
a groove into which the gap material is to be fitted is
formed in the seating layer.
14. A liquid crystal display device production method of
claim 9, wherein:

a cross-section of the seating layer is formed so as to rise
into an arc shape.
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