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7) ABSTRACT

In a liquid crystal display device, one or a plurality of
partition walls adhering to the two substrates are provided in
a region between the adhesive member for sealing the
peripheral portions of the two substrates and a display region
located inside the adhesive member so as to reduce stress
applied to the liquid crystal substance. Even when stress is
applied to the liquid crystal substance in the peripheral
portion of the substrate, the stress is reduced by the partition
wall and is not transmitted to the display region on the
opposite side of the partition wall. Therefore, even when a
crack occurs in the peripheral portion of the substrate due to
the stress, the propagation of the crack is stopped by the
partition wall, and the crack does not enter the display
region.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF MANUFACTURING LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This non-provisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 2004-
105453 filed in Japan on Mar. 31, 2004, the entire contents
of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display device and a method of manufacturing a liquid
crystal display device, and more specifically relates to a
liquid crystal display device capable of reducing stress
applied to a liquid crystal substance and preventing display
defects caused by the stress, and a method of manufacturing
the liquid crystal display device.

[0003] Along with the recent development of office auto-
mation systems, office automation (OA) apparatuses such as
word processors, personal computers and PDA (Personal
Digital Assistants) have been widely used. With the spread
of such OA apparatuses, portable OA apparatuses that can be
used in offices as well as outdoors are used, and there are
demands for small-size and light-weight of these appara-
tuses. Liquid crystal display devices are widely used as one
of the means to satisfy such demands. Liquid crystal display
devices not only have small size and light weight, but also
have a power saving feature, and are used in television
applications in place of a CRT.

[0004] A liquid crystal display device comprises a liquid
crystal substance sealed in a gap formed by placing two
substrates having electrodes so that the electrodes face each
other, and applies a voltage across the electrodes to control
the light transmittance of the liquid crystal substance which
is determined by the applied voltage. A TN (Twisted Nem-
atic) liquid crystal which is used generally has a millisec-
ond-order response speed to the applied voltage, and the
response speed is sometimes abruptly decreased to a value
near a hundred millisecond value, particularly, in a region
with low applied voltage. Consequently, when displaying
moving images (for example, 60 images per second) on a
liquid crystal display device using a TN liquid crystal, the
liquid crystal molecules can not move sufficiently and the
images are blurred, and therefore the TN liquid crystal is not
suitable for the display of moving images, such as multi-
media applications.

[0005] Hence, liquid crystal display devices using a fer-
roelectric liquid crystal (FLC) or an anti-ferroelectric liquid
crystal (AFLC) with a spontaneous polarization and a micro-
second-order response speed to the applied voltage have
been put to practical use. When such a liquid crystal capable
of responding at high speed is used for a liquid crystal
display device, it is possible to realize an excellent moving
image display by controlling a voltage applied to each pixel
electrode by a switching element, such as a TFT and an
MIM, and completing the polarization of liquid crystal
molecules within a short time.

[0006] A conventional liquid crystal display irradiates
white light of a backlight composed of a discharge light or
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a light emitting diode from the rear face of a liquid crystal
panel, and realizes a color display with color filters provided
on the liquid crystal panel. However, if an FL.C or an AFLC
is used, since the FLC or AFLC has a high speed response,
it is possible to perform time-dividing drive (field sequential
drive) that realizes a color display by time-dividing lights of
the respective light emitters (for example, red, green and
blue (primary colors), or cyan, magenta and yellow (comple-
mentary colors)). Accordingly, one pixel can display red,
green and blue colors, and it is possible, in theory, to realize
a three times higher definition display compared to a liquid
crystal display device using color filters.

[0007] An FLC is known to form a chevron structure, a
bookshelf structure or a layer structure composed of a
mixture of these structures. If the FLC is used as a liquid
crystal substance, there is a drawback that the layer structure
is easily broken by stress applied to the liquid crystal
substance, such as an external force that changes the gap.

[0008] Therefore, in order to maintain the gap of a pre-
determined distance against an external force, a method in
which adhesive columnar spacers are formed between the
substrates is used in practical applications. FIG. 1 is a
schematic plan view showing a conventional liquid crystal
panel. A conventional liquid crystal panel 100 comprises an
array substrate 101 and a counter substrate 102 functioning
as a pair of insulating substrates made of glass or quartz with
good transmittance in a visible light region. The peripheral
portions of the array substrate 101 and counter substrate 102
are sealed with a seal member 104 and a closing member
105 through gap maintaining members (for example, colum-
nar spacers) 103 which are provided in a display region 1002
to maintain the clearance dimension (gap). The gap formed
by sealing is filled with a liquid crystal substance 106 such
as an FLC.

[0009] Thus, a technique was invented to maintain the gap
of a predetermined distance by forming the adhesive colum-
nar spacers 103 between the two substrates to exhibit effects
not only against an external force acting in the direction of
reducing the gap, but also against an external force acting in
the direction of expanding the gap (see, for example, Japa-
nese Patent Application Laid-Open No. 8-110524/1996).

[0010] However, if the adhesive columnar spacers 103 are
used, the volume of the liquid crystal substance 106 sealed
in the gap is determined at the time the liquid crystal is
injected, and, when a temperature change occurs, stress is
applied to the liquid crystal substance 106 due to the
difference between a change in the volume of the liquid
crystal substance 106 and a change in the capacity of the
space maintained by the columnar spacers 103. If the
columnar spacers 103 are formed at high density, cracks or
defects 110 (sce FIG. 1) due to the stress occur in the
peripheral portion (interface 104a) in a predetermined direc-
tion because of the differences in the coefficient of linear
expansion (hereinafter referred to as the expansion coeffi-
cient) and the modulus of elasticity between the display
region in which the columnar spacers 103 are provided and
the peripheral portion where the seal member 104 is pro-
vided, and the defects 110 enter the display region 1002 and
cause a problem of degradation of display quality.

[0011] For example, if a liquid crystal substance showing
the phase transition sequence: isotropic phase (Iso phase)—
chiral nematic phase (N* phase)—chiral smectic phase (Sc*
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phase) is used, the uniform alignment state of the Sc* phase
is obtained by applying a DC electric field at the time of
phase transition from the N* phase to the Sc* phase, and it
is presumed that the defects 110 are caused by the difference
in the volume shrinkage at the time of phase transition,
namely, the difference between the expansion coefficient in
the Sc* phase and the expansion coefficient of a panel
component member. Note that the defects 110 tend to occur
when the columnar spacers 103 are placed at high density,
and it is presumed that the degree (the size (length), density,
etc. of defects) is determined by not only the difference of
the expansion coefficient of the liquid crystal substance 106
from that of the seal member 104, but also the difference of
the expansion coefficient of the liquid crystal substance 106
from that of the columnar spacer 103.

[0012] Since the expansion coefficient and the modulus of
elasticity are physical values varying depending on the
environmental temperature, if a temperature change occurs
in the environment where the liquid crystal panel 100 is
used, the defects 110 may be caused by this change in the
same manner as above. For example, when connecting a
drive circuit to the liquid crystal panel 100, since a method
in which a metal electrode (for example, gold) formed on a
FPC and a metal electrode (for example, aluminum) formed
on the liquid crystal panel 100 are connected by thermo-
compression bonding is used, the defects 110 are caused by
the heat. Note that the defects 110 sometimes disappear
naturally with the passage of time, but, even when the
defects 110 disappeared naturally, there is a possibility that
the defects 100 are caused again by a temperature change in
the environment where the liquid crystal panel 110 is used.

BRIEF SUMMARY OF THE INVENTION

[0013] The present invention has been made with the aim
of solving the above problems, and it is an object of the
present invention to provide a liquid crystal display device
comprising, between two substrates, a partition wall for
reducing stress applied to a liquid crystal substance and
thereby preventing display defects caused by the stress, and
provide a method of manufacturing the liquid crystal display
device.

[0014] A liquid crystal display device according to a first
aspect of the invention is a liquid crystal display device
constructed by sealing a liquid crystal substance in a gap
formed by sticking peripheral portions of two substrates
having electrodes together with one or a plurality of adhe-
sive members, and characterized by comprising one or a
plurality of partition walls, adhered to the two substrates in
a region between the adhesive member and a display region
located inside the adhesive member, for reducing stress
applied to the liquid crystal substance.

[0015] In the first aspect, by providing the partition wall
adhering to the two substrates in the region between the
adhesive member for sealing the peripheral portions of the
two substrates and the display region located inside the
adhesive member, stress applied to the liquid crystal sub-
stance is reduced. Consequently, even when stress is applied
to the liquid crystal substance in the peripheral portion of the
substrate, the stress is reduced by the partition wall and is not
transmitted to the display region on the opposite side of the
partition wall. Therefore, even when a crack occurs in the
peripheral portion of the substrate due to the stress, since the
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propagation of the crack can be stopped by the partition
wall, the crack does not enter the display region.

[0016] A liquid crystal display device according to a
second aspect of the invention is a liquid crystal display
device constructed by sealing a liquid crystal substance
composed of a plurality of layers with substantially parallel
interfaces in a gap formed by sticking peripheral portions of
two substrates having electrodes together with one or a
plurality of adhesive members, and characterized by com-
prising: one or a plurality of partition walls, adhered to the
two substrates in a region between the adhesive member and
a display region located inside the adhesive member, for
reducing stress applied to the liquid crystal substance,
wherein a layer touching an end of the partition wall among
the plurality of layers is located outside the display region.

[0017] In the second aspect, stress applied to the liquid
crystal substance is reduced by providing the partition wall
adhering to the two substrates in the region between the
adhesive member for sealing the peripheral portions of the
two substrates and the display region located inside the
adhesive member, and, if a liquid crystal substance com-
posed of a plurality of layers with substantially parallel
interfaces is sealed in, the partition wall is placed so that a
layer touching an end of the partition wall among the
plurality of layers is located outside the display region. The
liquid crystal substance composed of a plurality of layers
with substantially parallel interfaces is, for example, a
mono-stable ferroelectric liquid crystal substance. When the
plane of the liquid crystal substance is seen from above the
substrate (of course, it is invisible to the naked eye), the
interfaces of the layers are regularly aligned in substantially
parallel straight lines, and the straight line (hereinafter
referred to as the layer line) is determined by the rubbing
direction of an alignment film and the voltage application
direction in the alignment treatment of the manufacturing
process. Such a liquid crystal substance has a characteristic
that a defect (alignment defect) is caused along the layer line
of the liquid crystal substance by stress. Therefore, even
when stress is applied to the liquid crystal substance in the
peripheral portion of the substrate, the stress is reduced by
the partition wall, and, even when a defect occurs in the
peripheral portion of the substrate along the layer line of the
liquid crystal substance, there is no possibility that the defect
appears in the display region because the display region is
not present in the course of the defect.

[0018] A liquid crystal display device according to a third
aspect of the invention is based on the second aspect, and
characterized in that the display region is rectangular in
shape, and the layer is substantially parallel to any one of
side edges of the display region.

[0019] In the third aspect, when the display region is
rectangular in shape, the layer of the liquid crystal substance
is made substantially parallel to any one of side edges of the
display region, and therefore the course of the defect coin-
cides with two opposing side edges of the display region and
the defect does not enter the display region. The reason for
this is that since the liquid crystal substance with a layer
structure has a characteristic that an alignment defect occurs
along the layer of the liquid crystal substance as mentioned
above, it is possible to make almost whole region of the
substrate into the display region by using this characteristic.

[0020] A liquid crystal display device according to a
fourth aspect of the invention is based on any one of the first
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through third aspects, and characterized by comprising,
between the two substrates in the display region, a gap
maintaining member for maintaining an opposition distance
between the two substrates, wherein the partition wall has an
expansion coeflicient substantially equal to an expansion
coefficient of the gap maintaining member.

[0021] Inthe fourth aspect, when a gap maintaining mem-
ber for maintaining an opposition distance is provided
between the two substrates in the display region, if the
partition wall and the gap maintaining member are made of
materials having substantially equal expansion coefficients,
it is possible to further reduce the stress applied to the liquid
crystal substance located inside the partition wall, namely, in
the display region.

[0022] A liquid crystal display device according to a fifth
aspect of the invention is based on any one of the first
through fourth aspects, and characterized in that an adhesion
strength of the partition wall to the two substrates is lower
than an adhesion strength of the adhesive member to the two
substrates.

[0023] In the fifth aspect, by arranging the adhesion
strength of the partition wall to the two substrates to be
lower than the adhesion strength of the adhesive member to
the two substrates, the stress applied to the liquid crystal
substance by the partition wall becomes smaller than the
stress caused by the adhesive member. Note that the adhe-
sion strength of the partition wall to the two substrates can
be adjusted by the width of the partition wall.

[0024] Aliquid crystal display device according to a sixth
aspect of the invention is based on any one of the first
through fifth aspects, and characterized in that the partition
wall and the adhesive member are connected so that a gap
section is formed between the partition wall and the adhe-
sive member, the gap section is in a state of being filled with
a substance having no optical rotatory power or a vacuum
state, and polarization plates in a crossed-nicol state are
disposed on outer surfaces of the two substrates including
the gap section.

[0025] In the sixth aspect, a space (gap section) enclosed
by the partition wall, adhesive member and two substrates is
produced by connecting the partition wall and the adhesive
member, and the gap section is in a state of being filled with
a substance having no optical rotatory power or a vacuum
state. Consequently, unlike the display region, there is no
optical rotatory power in the gap section. Besides, since the
polarization plates are placed in a crossed-nicol state, light
incident from one polarization plate side is not transmitted
to the other polarization plate side. Therefore, the space
between the partition wall and the adhesive member can be
made a light shielding region.

[0026] A liquid crystal display device according to a
seventh aspect of the invention is based on any one of the
first through sixth aspects, and characterized in that the
partition wall is placed to enclose the display region, except
for a part of an outer circumference of the display region.

[0027] In the seventh aspect, by placing the partition wall
to enclose the display region, except for a part of the outer
circumference of the display region, the course along which
a crack (including an alignment defect in the case of using
a liquid crystal substance having a layer structure) that
occurs in the peripheral portion enters the display region is
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reduced. The part of the outer circumference of the display
region means specifically an aperture portion provided for
the injection of liquid crystal. In the case where a liquid
crystal substance having a layer structure is used, if the
aperture portion is positioned according to the layer line of
the liquid crystal substance, the defect does not enter the
inside of the partition wall, and therefore almost whole
region of the substrate can be made the display region.

[0028] A liquid crystal display device according to an
eighth aspect of the invention is based on any one of the first
through seventh aspects, and characterized in that a plurality
of the partition walls are provided, and the partition walls
have different widths.

[0029] In the eighth aspect, if a liquid crystal display
device comprises a plurality of partition walls, stress applied
to the liquid crystal substance in the display region is
suitably adjusted and reduced by changing the widths of the
respective partition walls and placing the partition walls. For
example, if the width of the outer partition wall is made
wider and the width of the inner partition wall is made
narrower, the stress applied to the liquid crystal substance
can be reduced gradually from the outer partition wall
toward the inner partition wall with respect the display
region, and the stress applied to the liquid crystal substance
in the innermost partition wall and that in the display region
are substantially equal. Therefore, the layer structure of the
liquid crystal substance does not change abruptly in the
interface.

[0030] A method of manufacturing a liquid crystal display
device according to a ninth aspect of the invention is a
method of manufacturing a liquid crystal display device
including a liquid crystal substance sealed in a gap formed
by sticking peripheral portions of two substrates having
electrodes together with one or a plurality of adhesive
members, and one or a plurality of partition walls for
reducing stress applied to the liquid crystal substance, the
partition wall being disposed between the two substrates at
a position outside a display region in which the electrodes
are placed, and characterized by comprising the steps of:
placing a partition wall having an adhesive property at a
position of one of the two substrates, located inside the
adhesive member but outside the display region; and adher-
ing the partition wall to the two substrates by placing the two
substrates to face each other and applying pressure and heat
from outside.

[0031] In the ninth aspect, the partition wall with an
adhesive property is placed on one of the two substrates at
a position located inside the adhesive member but outside
the display region, and the partition wall is adhered to the
two substrates by placing the two substrates to face each
other and applying pressure and heat from outside.

[0032] A method of manufacturing a liquid crystal display
device according to a tenth aspect of the invention is based
on the ninth aspect, and characterized in that the liquid
crystal display device comprises, between the two substrates
in the display region, a gap maintaining member for main-
taining an opposition distance between the two substrates,
and the gap maintaining member is formed using a material
same as the partition wall so that the partition wall and the
gap maintaining member are formed together.

[0033] In the tenth aspect, since the gap maintaining
member and the partition wall are formed together using the
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same material, it is possible to reduce the manufacturing
process, thereby improving the productivity.

[0034] According to the present invention, since stress
applied to the liquid crystal substance is reduced by provid-
ing, between the two substrates, the partition wall adhering
to the two substrates, even when stress is applied to the
liquid crystal substance in the peripheral portion of the
substrate, the stress is reduced by the partition wall and the
transmission of the stress to the display region on the
opposite side of the partition wall is prevented, and, even
when a crack and an alignment defect occur in the peripheral
portion of the substrate due to the stress, it is possible to stop
the propagation of the crack and defect by the partition wall.
In addition, even when the ratio of the area occupied by the
gap maintaining member placed in the display region is
made higher than a conventional value, since troubles such
as cracks and defects do not occur in the display region, it
is possible to achieve satisfactory panel strength and display
quality, thereby realizing a liquid crystal display device with
higher quality. Further, since the space between the partition
wall and the display region serves as a light shielding region,
there is no need to provide a light shielding film having a
good light shielding property on the inner side of at least one
of the two substrates, thereby providing advantageous
effects, such as preventing occurrence of alignment defects
due to irregularities caused by the formation of the light
shielding film, and realizing a reduction in the cost.

[0035] The above and further objects and features of the
invention will more fully be apparent from the following
detailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0036] FIG. 1 is a schematic plan view showing a con-
ventional liquid crystal panel;

[0037] FIG. 2 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
1 of the present invention;

[0038] FIG. 3 is a structural cross-sectional view along
the II-II line of FIG. 2;

[0039] FIG. 4 is a schematic plan view showing another
example of a liquid crystal panel according to Embodiment
1 of the present invention;

[0040] FIGS. 5A through 5F are views for explaining a
method of manufacturing a liquid crystal panel by sticking
an array substrate and a counter substrate together;

[0041] FIG. 6 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
2 of the present invention;

[0042] FIG. 7 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
3 of the present invention;

[0043] FIG. 8 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
4 of the present invention;

[0044] FIG. 9 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
5 of the present invention;
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[0045] FIG. 10 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
6 of the present invention;

[0046] FIG. 11 is a structural cross-sectional view along
the XI-XI line of FIG. 10;

[0047] FIG. 12 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
7 of the present invention; and

[0048] FIG. 13 is a schematic plan view showing another
example of a liquid crystal panel according to the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0049] The following description will explain in detail the
present invention, based on the drawings illustrating some
embodiments thereof.

Embodiment 1

[0050] FIG. 2 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
1 of the present invention, and FIG. 3 is a structural
cross-sectional view along the II-II line of FIG. 2. In order
to facilitate understanding, a part of the components is not
illustrated in FIG. 2. A liquid crystal panel 1 according to
Embodiment 1 of the present invention comprises an array
substrate 10 and a counter substrate 60 functioning as
insulating substrates made of glass or quartz with good
transmittance in the visible light region. The peripheral
portions of the array substrate 10 and the counter substrate
60 are sealed with a seal member 81 and a closing member
82, and a gap formed by sealing is filled with a liquid crystal
substance 90 such as a mono-stable (one-side-stable) ferro-
electric liquid crystal material composition.

[0051] ATET layer 20 constituting a TFT matrix is formed
in a display region 1a of the array substrate 10, and a 2.5 ym
flattening film 21 functioning as a second interlayer insu-
lating film such as a positive acryl-based resin (PMHD-901
available from Sumitomo Chemical Co., Ltd.) is placed on
the TFT layer 20. Moreover, pixel electrodes 22 (for
example, 130 um in vertical dimensionx130 gm in horizon-
tal dimension) made of ITO (Indium Tin Oxide) with good
transmittance are arranged in a matrix form, and connected
to a drain electrode of the TFT layer 20 through a contact
hole formed in the flattening film 21. Note that, since the
base is preferably flat, the flattening film 21 has a relatively
thick film thickness of several um so as to reduce irregu-
larities. Accordingly, as the material of the flattening film 21,
materials with good transmittance in the visible light region
are preferred so as not to decrease the transmittance of the
liquid crystal panel as a whole. Further, by thickening the
flattening film 21, it is possible to reduce the parasitic
capacity of the TFT layer 20 to the pixel electrodes 22 and
reduce crosstalk.

[0052] The pixel electrodes 22 are covered with an align-
ment film 23 with a film thickness of 20 nm. The alignment
film 23 is rubbed from the right to left direction with rayon
fabric to regulate the side chain direction (tilt angle) of the
liquid crystal substance 90. With such structures, the TFT is
controlled to be ON/OFF by inputting a scanning signal to
be supplied to the gate electrode, so that a data voltage
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inputted to the source electrode is applied to the pixel
electrode 22 during the ON period, and the data voltage
applied until then can be maintained during the OFF period.
In addition, columnar spacers 83 (for example, 8 um widthx
12 um length) for maintaining the clearance dimension (gap)
between the array substrate 10 and the counter substrate 60
are arranged in a matrix form between the pixel electrodes
22.

[0053] A counter electrode (or called common electrode)
61 made of ITO with good transmittance is formed on a
surface of the counter substrate 60 opposite to the array
substrate 10 so that the counter electrode 61 faces the pixel
electrodes 22. Further, similarly to the above-mentioned
array substrate 10, the counter electrode 61 is covered with
an alignment film 62 with a film thickness of 20 nm. In order
to determine the alignment direction of the liquid crystal
substance 90 on the counter substrate 60 side, the alignment
film 62 is rubbed with rayon fabric to regulate the side chain
direction.

[0054] Additionally, two polarization plates 24 and 63
whose polarization axis directions cross each other at a right
angle (in a crossed-nicol state) are attached to the surfaces
of the array substrate 10 and counter substrate 60, respec-
tively, so that the direction of the polarization axis of the
polarization plate 24 (or 64) and that of the liquid crystal
molecule long axis are aligned. Based on the difference
between a voltage applied to the pixel electrode 22 through
the TFT and a voltage applied to the counter electrode 61,
the light transmittance of the liquid crystal substrate 90 in
the display region la is controlled, and the amount of
transmittance of light emitted from the backlight is con-
trolled to display an image.

[0055] A partition wall 31 is placed inside the seal member
81, that is, on the display region 1a side, and the partition
wall 31 is positioned to enclose the display region 1a, except
for an aperture portion 31a formed by opening a part of a
side located on the liquid crystal inlet 814 side so as to guide
the liquid crystal substance 90 to the display region 1a in a
liquid crystal injection step. The position where the aperture
portion 31a is formed may be decided according to the
inclination of a layer line A of the liquid crystal substance
90. As shown in FIG. 2, when the inclination of the layer
line A is positive, the aperture portion 31« is formed on the
lower side, or, as shown in FIG. 4, when the inclination of
the layer line A is negative, the aperture portion 3la is
formed on the upper side. In other words, when the liquid
crystal substance 90 composed of a plurality of layers with
substantially parallel interfaces is sealed in, a layer touching
an end of the partition wall 31 among the plurality of layers
is located outside the display region 1a.

[0056] The layer line A of the liquid crystal substance 90
is determined by the characteristic of the material, and it is
supposed hereinafter that the layer line A is a direction of an
angle 0 (for example, 75° in a clockwise direction) with
respect to a rubbing direction B. The partition wall 31 is
made of a material having the same expansion coefficient as
the columnar spacer 83, and a specific example of the
numerical value is 100x107%(/° C.). Thus, if the partition
wall 31 and the columnar spacer 83 have the same expansion
coefficient, the difference between the gap in a region where
the partition wall 31 is provided and the gap in the display
region la where the pixel electrodes 22 are provided is
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reduced, and stress applied to the liquid crystal substance 90
is reduced. Moreover, the width of the partition wall 31 is
narrower than that of the seal member 81, and the adhesion
strength of the partition wall 31 to the two substrates is lower
than the adhesion strength of the seal member 81 to the two
substrates.

[0057] Next, a method of manufacturing a liquid crystal
panel 1 having structures as described above will be
explained. Since the manufacturing methods of the array
substrate and the counter substrate, such as the method of
forming a TFT functioning as a switching element on the
array substrate, are the same as the conventional methods,
the explanation thereof is omitted. FIGS. 5A through 5F are
views for explaining a method of manufacturing a liquid
crystal panel by sticking an array substrate and a counter
substrate together.

[0058] First, an alignment film solution such as a polyamic
acid solution is applied by a spin coater onto an array
substrate 10 on which a TFT layer 20, a flattening film 21
and pixel electrodes 22 were formed, and then sintered at
200° C. for 30 minutes to form an alignment film 23 with a
film thickness of 20 nm. Similarly, an alignment film 62 with
a film thickness of 20 nm is formed on a counter substrate
60 on which a counter electrode 61 was formed (FIG. 5A).

[0059] Next, a photosensitive resin (for example, a posi-
tive acryl-based resist) 85 exhibiting an adhesive property in
a later-described panel hardening condition is deposited on
the array substrate 10, and pre-baked at 80° C. for 30
minutes (FIG. 5B). Next, in order to form a columnar spacer
83 in the shape of a 8x12 um rectangle in plan view between
the pixel electrodes 22 and 22 and form a partition wall 31
with a width of 50 um at a predetermined position (inside a
seal formation region), 200 mJ/cm2 ultraviolet rays are
irradiated through an exposure mask 86 with a pattern
corresponding to the columnar spacers 83 and partition wall
31 (FIG. 5C). Then, after removing unexposed portions by
spraying a development liquid, the resin is post-baked at
140° C. for 5 minutes to form the columnar spacers 83 and
the partition wall 31 (FIG. 5D). Consequently, the ratio of
the area occupied by the columnar spacers 83 in the display
region is slightly more than 1%. At this time, the partition
wall 31 and the columnar spacer 83 have a height of 2.5 um
after the post-baking. Note that the partition wall 31 and the
columnar spacer 83 may be a thermosetting resin or a
thermoplastic resin, and it is not necessarily to use the same
material for the partition wall 31 and the columnar spacer
83. Of course, an uncured resin thread (for example, an
epoxy resin thread) formed in a predetermined width in
advance may be placed at a position where the partition wall
is to be formed. Thereafter, a rubbing treatment is performed
using rayon fabric to regulate the side chain direction of the
alignment film 23 on the array substrate 10.

[0060] On the other hand, after performing a rubbing
treatment by using rayon fabric to regulate the side chain
direction of the alignment film 62 on the counter substrate
60, spherical silica beads (with a particle diameter of 1.8 gm)
84 are sprayed onto the counter substrate 60 by an electro-
static spray method or a dry spray method, and a thermo-
setting seal member 81 in an uncured state is applied in a
ring form to the peripheral portion by a dispenser (FIG. SE).
Note that the seal member 81 is provided with a liquid
crystal inlet.
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[0061] Next, the array substrate 10 and the counter sub-
strate 60 are aligned and vacuum packed by a vacuum
packaging machine to produce a pressurized state in which
atmospheric pressure is applied from the outside of the array
substrate 10 and counter substrate 60, and then heated at
135° C. for 90 minutes while maintaining the pressurized
state so as to adhere the columnar spacers 83, partition wall
31 and seal member 81 to the array substrate 10 and counter
substrate 60 (FIG. 5F). At this time, the silica beads 84
function as an assistant member for determining a gap value,
and the partition wall 31 and the seal member 81 are adhered
to the two substrates when the gap value is equal to the
particle diameter of the silica beads 84, and consequently the
partition wall 31 and the columnar spacer 83 have a height
of 1.8 um.

[0062] Subsequently, the liquid crystal substance 90 such
as a mono-stable (one-side-stable) ferroelectric liquid crys-
tal material composition is heated to a chiral nematic state
and injected by a vacuum injection method from the liquid
crystal inlet provided in a part of the seal member 81, and
then the liquid crystal inlet is closed with a UV curing resin.
Next, after performing an alignment treatment by heating
the liquid crystal substance 90 until it changes into a chiral
nematic state and applying a predetermined DC voltage (12
V (electric field strength: 5 V/um)) across the pixel electrode
22 and the counter electrode 61 over a temperature range in
the vicinity of the transition temperature between N*
phase—Sc* phase, the liquid crystal substance 90 is cooled
to room temperature. Thus, at the time of phase transition to
the Sc* phase, a uniform electric field is applied to the
display region 1a having the pixel electrodes 22, and the
liquid crystal substance 90 has a uniform alignment state
(layer structure). Further, two polarization plates 24 and 63
arranged in a crossed-nicol state are attached to the surfaces
of the array substrate 10 and counter substrate 60, respec-
tively, in a state in which the direction of the polarization
axis of the polarization plate 24 (or 63) and that of the liquid
crystal molecule long axis are aligned, and consequently a
liquid crystal panel is produced.

[0063] Next, the display quality of the liquid crystal panel
1 having the above-described structures was evaluated. First,
although the ratio of the area occupied by the columnar
spacers 83 in the liquid crystal panel 1 is slightly more than
1%, defects 41, which appeared just after the alignment
treatment in a conventional liquid crystal panel as shown in
FIGS. 2 and 4, did not appear in the display region 1a. In
addition, even when a temperature cycle test was performed
on the liquid crystal panel 1, the defects 41 did not appear
in the display region la.

[0064] The reasons for this are presumed as follows. By
forming the partition wall 31 having the same expansion
coefficient as the columnar spacer 83 (note that the partition
wall 31 with a lower expansion coefficient than the seal
member 81 was used in this case) inside the seal member 81,
stress applied to the liquid crystal substance in the interface
of the seal member 81 is reduced by the partition wall 31,
and, even when the columnar spacers 83 are placed at high
density, the propagation of defects 41 that occurred in the
seal member 81 as the starting point is prevented by the
partition wall 31, and therefore the defects 41 did not appear
in the display region la.
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Embodiment 2

[0065] In Embodiment 1, the position of the aperture
portion 31a provided in the partition wall 31 is determined
according to the layer line A of the liquid crystal substance
s0 as 1o prevent the defects 41 that occur in the seal member
81 from entering the display region 1a, but the position of
the aperture portion 31a may be located at any position on
the liquid crystal inlet 81a side, and Embodiment 2 illus-
trates such an example. FIG. 6 is a schematic plan view
showing one example of a liquid crystal panel according to
Embodiment 2 of the present invention, and a part of the
components is not illustrated in FIG. 6 to facilitate under-
standing.

[0066] A liquid crystal panel 2 according to Embodiment
2 of the present invention has a partition wall 32 inside the
seal member 81, that is, on the display region 2a side, and
the partition wall 32 has an aperture portion 324 produced by
opening the center of a side on the liquid crystal inlet 81a
side so as to guide the liquid crystal substance 90 to the
display region 24 in the liquid crystal injection step. Since
other structures are the same as those of Embodiment 1, the
corresponding parts are designated with the same codes, and
the detailed explanation thereof is omitted.

[0067] Next, the display quality of the liquid crystal panel
2 having the above-described structures was evaluated. First,
although the ratio of the area occupied by the columnar
spacers in the liquid crystal panel 2 is slightly more than 1%,
as shown in FIG. 6, defects 42a and 42b which appeared in
a conventional liquid crystal panel just after the alignment
treatment did not appear in the display region 2a. In addi-
tion, even when a temperature cycle test was performed on
the liquid crystal panel 2, the defects 42¢ and 425 did not
appear in the display region 2a.

[0068] The reasons for this are presumed that since the
partition wall 32 prevents the propagation of the defects 424
among the defects 42z and 42b that occurred in the seal
member 81 as the starting point, the defects 42a did not
appear in the display region 2z. On the other hand, the
propagation of the defects 42b among the defects 42a and
42b cannot be prevented because the partition wall 32 is not
present in the course of the defects 42b. However, since the
display region 24 is set in a more inward location than the
course of the defects 42b, it is naturally presumed that the
defects 42b did not appear in the display region 2a.

[0069] In short, in Embodiment 2, although the defects
42h propagate into a region located inside the partition wall
32, since the course of the defects 425 is regulated according
to the layer line A of the liquid crystal substance 90, it is
possible to know the course of the defects 42b from the
rubbing direction B of the alignment film that determines the
layer line A of the liquid crystal substance 90. Consequently,
since a region where defects will occur can be surely
understood at the stage of designing the liquid crystal panel
2, it is possible to design the position of the pixel electrodes
22 to prevent the defects from entering the display region 2a.

[0070] A distance X1 from a side of the partition wall 32
on the liquid crystal inlet 81a side to the display region 2a
is designed to satisfy X1=L1/tan (0), where L1 is a normal
distance of a layer line P1 of the liquid crystal substance 90
touching an end of the partition wall 32 to a side where it
touches the partition wall 32, and 0 is an intersection angle
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between the layer line P1 of the liquid crystal substance 90
and the side of the partition wall 32. Thus, it is possible to
design the liquid crystal panel so that even when the defects
42b occur in actual use, the defects 42b are stopped outside
the display region 2a and do not affect the display quality.
Further, by providing the aperture portion 324 in the vicinity
of the liquid crystal inlet 814, the present invention has the
advantage of smoothing the injection of the liquid crystal
substance 90 and shortening the injection time in the manu-
facturing process.

Embodiment 3

[0071] InEmbodiments 1 and 2, the partition walls 31 and
32 having the aperture portions 31a and 32a with small size
are provided, but, it may also be possible to provide the
partition wall with a large aperture portion, for example, in
the shape of letter “C”, and Embodiment 3 illustrates such
an example. FIG. 7 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
3 of the present invention, and a part of the components is
not illustrated in FIG. 7 to facilitate understanding.

[0072] A liquid crystal panel 3 according to Embodiment
3 of the present invention has a C-shaped partition wall 33
inside the seal member 81, that is, on the display region 3a
side, and the partition wall 33 is placed so that its aperture
portion 33z is open in the liquid crystal inlet 81a side to
guide the liquid crystal substance 90 to the display region 3a
in the liquid crystal injection step. Since other structures are
the same as those of Embodiment 1, the corresponding parts
are designated with the same codes, and the detailed expla-
nation thereof is omitted.

[0073] Next, the display quality of the liquid crystal panel
3 having the above-described structures was evaluated. First,
although the ratio of the area occupied by the columnar
spacers in the liquid crystal panel 3 is slightly more than 1%,
as shown in FIG. 7, defects 43a and 43b which occurred in
a conventional liquid crystal panel just after the alignment
treatment did not appear in the display region 3a. In addi-
tion, even when a temperature cycle test was performed on
the liquid crystal panel 3, the defects 43¢ and 435 did not
appear in the display region 3a.

[0074] The reasons for this are presumed that since the
partition wall 33 prevents the propagation of the defects 43a
among the defects 42a and 42b that occurred in the seal
member 81 as the starting point, the defects 43a did not
appear in the display region 3a. On the other hand, the
propagation of the defects 43b among the defects 43¢ and
43b cannot be prevented because the partition wall 33 is not
present in the course of the defects 43b. However, since the
display region 3a is set in a more inward location than the
course of the defects 43b, it is naturally presumed that the
defects 43b did not appear in the display region 3a.

[0075] In short, in Embodiment 3, the defects 43b propa-
gate into a region located inside the partition wall 33, but
since the course of the defects 43b is regulated according to
the layer line A of the liquid crystal substance 90, it is
possible to know the course of the defects 435 from the
rubbing direction B of the alignment film that determines the
layer line A of the liquid crystal substance 90. Consequently,
since a region where defects occurs can be surely understood
at the stage of designing the liquid crystal panel 3, it is
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possible to design the position of the pixel electrodes 22 to
prevent the defects from entering the display region 3a.

[0076] A distance X2 from a side of the partition wall 33
on the liquid crystal inlet 81a side to the display region 3a
is designed to satisfy X2=[.2/tan (8), where [.2 is a normal
distance of a layer line P2 of the liquid crystal substance 90
touching an end of the partition wall 33 to a side where it
touches the partition wall 33, and 6 is an intersection angle
between the layer line P2 of the liquid crystal substance 90
and the side of the partition wall 33. Thus, it is possible to
design the liquid crystal panel so that even when the defects
43b occur in actual use, the defects 43b are stopped outside
the display region 3¢ and do not affect the display quality.
Further, by placing the C-shaped partition wall 33 so that the
aperture portion 33a is open on the liquid crystal inlet 81a
side, the present invention has the advantage of smoothing
the injection of the liquid crystal substance 90 and shorten-
ing the injection time in the manufacturing process.

Embodiment 4

[0077] FIG. 8 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
4 of the present invention, and a part of the components is
not illustrated in FIG. 8 to facilitate understanding.

[0078] A liquid crystal panel 4 according to Embodiment
4 of the present invention has partition walls 34 and 34) in
a striped pattern in a direction of display region 4 along the
respective long sides of the seal member 81. Since other
structures are the same as those of Embodiment 1, the
corresponding parts are designated with the same codes, and
the detailed explanation thereof is omitted.

[0079] Next, the display quality of the liquid crystal panel
4 having the above-described structures was evaluated. First,
although the ratio of the area occupied by the columnar
spacers in the liquid crystal panel 4 is slightly more than 1%,
as shown in FIG. 8, defects 44a, 44b and 44¢ which
occurred in a conventional liquid crystal panel just after the
alignment treatment did not appear in the display region 4a.
In addition, even when a temperature cycle test was per-
formed on the liquid crystal panel 4, the defects 44a, 44b and
44c did not appear in the display region 4a.

[0080] The reasons for this are presumed that since the
partition walls 34z and 34b prevent the propagation of the
defects 4d4a among the defects 44a, 44b and 44c that
occurred in the seal member 81 as the starting point, the
defects 44a did not appear in the display region 4a. On the
other hand, the propagation of the defects 44b and 44dc
cannot be prevented because the partition walls 34a and 34b
are not present in the courses of the defects 44b and 44c.
However, since the display region 4a is set in a more inward
location than the courses of the defects 44b and 44c, it is
naturally presumed that the defects 44b and 44c¢ did not
appear in the display region 4a.

[0081] Inshort, in Embodiment 4, the defects 44b and 44c
propagate into a region located inside the partition walls 34
and 34b, but since their course is regulated according to the
layer line A of the liquid crystal substance 90, it is possible
to know the courses of the defects 44b and 44¢ from the
rubbing direction B of the alignment film that determines the
layer line A of the liquid crystal substance 90. Consequently,
since a region where defects occur can be surely understood
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at the stage of designing the liquid crystal panel 4, it is
possible to design the position of the pixel electrodes 22 to
prevent the defects from entering the display region 4a.

[0082] A distance X3« from the right end of the partition
wall 34b to the display region 4a is designed to satisfy X3
a=L.3/tan (8), where L3 is a normal distance of a layer line
P3 of the liquid crystal substance 90 touching the right end
of the partition wall 34a to a side of the partition wall 34b
where it intersects the partition wall 34b, namely, the oppo-
sition distance between the partition walls 34a and 34b, and
0 is an intersection angle at which the layer line P3 of the
liquid crystal substance 90 intersects the side of the partition
wall 34b. Similarly, a distance X3b from the left end of the
partition wall 34a to the display region 4a is designed to
satisty X3b=L3/tan (0). Thus, it is possible to design the
liquid crystal panel so that, even when the defects 445 and
44c occur in actual use, the defects 44b and 44c are stopped
outside the display region 4a and do not affect the display
quality. Note that even when the partition walls 34a and 34b
in a striped pattern are provided, the time required for
injecting liquid crystal substance 90 is not increased com-
pared to the conventional structure.

Embodiment 5

[0083] In Embodiments 2 through 4, the display region is
set according to the position of the aperture portion and the
layer line A of the liquid crystal substance so as to prevent
a defect that occurs in the seal member from entering the
display region, but it may also be possible to control the
course of the defect that occurs in the seal member, and
Embodiment 5 illustrates such an example. FIG. 9 is a
schematic plan view showing one example of a liquid crystal
panel according to Embodiment 5 of the present invention,
and a part of the components is not illustrated in FIG. 9 to
facilitate understanding,.

[0084] Similarly to Embodiment 4, a liquid crystal panel
5 according to Embodiment 5 of the present invention has
partition walls 35« and 35b in a striped pattern in a direction
of a display region 5z along the respective long sides of the
seal member 81. Note that, unlike Embodiment 4, the liquid
crystal panel 5 is rubbed in the 75° direction with respect to
the short-side direction of the display region 5a (the 15°
direction with respect to the long-side direction). Since a
liquid crystal substance forming an angle of 75° between the
rubbing direction B and the layer line A is used, the
short-side direction of the display region 3¢ and the layer
line A are parallel. Since other structures are the same as
those of Embodiment 1, the corresponding parts are desig-
nated with the same codes, and the detailed explanation
thereof is omitted.

[0085] Next, the display quality of the liquid crystal panel
5 having the above-described structures was evaluated. First,
although the ratio of the area occupied by the columnar
spacers in the liquid crystal panel 5 is slightly more than 1%,
as shown in FIG. 9, defects 45a, 45b and 45¢ which
occurred in a conventional liquid crystal panel just after the
alignment treatment did not appear in the display region 5a.
In addition, even when a temperature cycle test was per-
formed on the liquid crystal panel 5, the defects 45a, 45b and
45¢ did not appear in the display region Sa.

[0086] The reasons for this are presumed that since the
partition walls 354 and 35b prevent the propagation of the
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defects 45¢ among the defects 454 and 45b that occurred in
the seal member 81 as the starting point, the defects 45a did
not appear in the display region 54. On the other hand, the
propagation of the defects 45b cannot be prevented because
the partition walls 354 and 35b are not present in the course
of the defects 45b. However, since the rubbing direction B
is set to the 15° direction with respect of the long-side
direction of the liquid crystal panel 5, it is presumed that the
course of the defects 45b (of course, including 45a) is equal
to the normal direction of the partition walls 354 and 355,
and the defects 45b do not enter the display region 5a.

[0087] In other words, the defects 45z and 45b propagate
along the layer line A of the liquid crystal substance, but it
is presumed that it was possible to control the courses of the
defects 454 and 45b by controlling the rubbing direction B.
Moreover, in this embodiment, since substantially the entire
region of the substrate can be made the display region, it is
possible to use the substrate more effectively compared to
Embodiments 2 through 4.

[0088] Note that Embodiment 5 illustrates a form in which
the liquid crystal panel 5 is rubbed in the 75° direction with
respect to the short-side direction of the display region Sq,
but it may also be possible to rub the liquid crystal panel 5
in the 75° direction with respect to the long-side direction of
the display region 5a (the 15° direction with respect to the
short-side direction). In this case, since the long-side direc-
tion of the display region 5a and the layer line A are parallel,
the partition walls may be placed on each short side of the
seal member 81.

[0089] By the way, as the semiconductor used for the TFT
layer, amorphous silicon and polysilicon are mainly used.
The amorphous silicon has low mobility and it is difficult to
incorporate drive circuits such as a gate driver and a source
driver, and therefore the distance between the display region
and the peripheral portion is generally short. Consequently,
in a liquid crystal panel made of amorphous silicon, even
when the distance between the display region and the
peripheral portion is short, it is preferable to adopt structures
as described in Embodiment 1 or Embodiment 5 in which
defects do not appear in the display region.

[0090] On the other hand, the polysilicon has high mobil-
ity and it is possible to incorporate drive circuits such as a
gate driver and a source driver, and therefore the drive
circuits are generally placed in the peripheral portion of the
panel. Consequently, in a liquid crystal panel made of
polysilicon, the distance between the display region and the
peripheral portion is longer, and therefore even when struc-
tures as described in Embodiments 2 through 4 are adopted,
there should not be much bad effect.

Embodiment 6

[0091] FIG. 10 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
6 of the present invention, and FIG. 11 is a structural
cross-sectional view along the XI-XI line of FIG. 10. In
order to facilitate understanding, a part of the components is
not illustrated in FIG. 10.

[0092] A liquid crystal panel 6 according to Embodiment
6 of the present invention comprises a seal member 81 with
a liquid crystal inlet 81« located in the lower right corner of
the two substrates 10 and 60, and a partition wall 36 placed
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inside the seal member 81. Both ends of the partition wall 36
are connected to the seal member 81, and a gap section 40
is formed between the partition wall 36 and the seal member
81. The gap section 40 is in a vacuum state. In order to bring
the gap section 40 into the vacuum state, the array substrate
10 and the counter substrate 60 are stuck together under
vacuum. Since other structures are the same as those of
Embodiment 1, the corresponding parts are designated with
the same codes, and the detailed explanation thereof is
omitted.

[0093] Thus, since the gap section 40 is in the vacuum
state, there is no optical rotatory power in the gap section 40
unlike the display region 6a, and light incident from the
polarization plate 63 side will not be transmitted through the
polarization plate 24 side due to the polarization plates 24
and 63 arranged in a crossed-nicol state. Therefore, by
providing the gap section 40, the gap section 40 can serve as
a light shielding region. Consequently, there is no need to
provide a light shielding film with excellent light shielding
properties such as Cr (chromium) or WSi2 (wolfram (tung-
sten) silicide) on the inside of either the substrate 10 or 60,
thereby realizing a reduction in the cost. Moreover, by
forming such a metal, irregularities are caused in the edge
(interface) of the light shielding film and alignment defects
may be caused by the irregularities. However, if the gap
section 40 is caused to function as a light shielding region as
in the present invention, irregularities do not occur, and there
is no possibility of alignment defects.

Embodiment 7

[0094] In Embodiment 6, the gap section formed by con-
necting both ends of the partition wall to the secal member is
brought into a vacuum state, but it may also be possible to
fill the gap section with a substance having no optical
rotatory power, and Embodiment 7 illustrates such an
example. FIG. 12 is a schematic plan view showing one
example of a liquid crystal panel according to Embodiment
7 of the present invention, and a part of the components is
not illustrated in FIG. 12 to facilitate understanding.

[0095] A liquid crystal panel 7 according to Embodiment
7 of the present invention comprises a scal member 80 with
a first inlet 80a located in the lower right corner of the two
substrates 10 and 60 and a second inlet 80b located in the
lower left corner, and a partition wall 37 placed inside the
seal member 80. Both ends of the partition wall 37 are
connected to the seal member 80. The first inlet 80a is
provided for injecting the liquid crystal substance 90
between the substrates, while the second inlet 80b is pro-
vided for injecting a substance with no optical rotatory
power between the substrates. Moreover, the first inlet 80z
is sealed with a closing member 82¢ after injecting the liquid
crystal substance 90, and the second inlet 80b is sealed with
a closing member 82b after injecting the substance with no
optical rotatory power into the gap section 40. As the
substance with no optical rotatory power, it is possible to use
a substance having no optical rotatory power such as a gas
and a liquid, for example. Since other structures are the same
as those of Embodiment 1, the corresponding parts are
designated with the same codes, and the detailed explanation
thereof is omitted.

[0096] Thus, since the gap section 40 is filled with the
substance with no optical rotatory power, similarly to
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Embodiment 6, in the gap section 40, unlike the display
region 6a, light incident from the polarization plate 63 side
will not be transmitted through the polarization plate 24 side
due to the polarization plates 24 and 63 arranged in a
crossed-nicol state.

[0097] Note that each of the above-described embodi-
ments illustrates a case where the partition wall is made of
a material having the same expansion coefficient as the
columnar spacer, but the partition wall may have an expan-
sion coefficient between the expansion coefficients of the
columnar spacer and the seal member.

[0098] Moreover, each embodiment explains a case where
one partition wall is provided (two partition walls are
provided in Embodiment 4), it may also be possible to
provide a plurality of partition walls between the display
region and the peripheral portion. As shown in FIG. 13, for
example, when three partition walls 31a, 31b and 31c are
provided, if the width of the outermost partition wall 31a is
W1, the width of the innermost partition wall 31¢ is W3, and
the width of the partition wall 31b therebetween is W2, it is
preferable to satisfy W1>W2>W3. Thus, if the outer parti-
tion wall has a wider width and the inner partition wall has
a narrower width, the stress applied to the liquid crystal
substance can be reduced gradually from the outer partition
wall toward the inner partition wall in the display region,
and the stress applied to the liquid crystal substrate in the
innermost partition wall and that in the display region are
substantially the same. Therefore, the layer structure of the
liquid crystal substance does not change abruptly in the
interface. It may of course be possible to adjust the modulus
of elasticity by changing the materials of the partition walls
from the outer partition wall toward the inner partition wall,
instead of changing the widths of the partition walls.

[0099] Further, in each of the embodiments, the partition
wall is formed on the flattening film. However, even when
the partition wall is formed in a region where the flattening
film is not formed, the same effects can also be obtained.

[0100] As this invention may be embodied in several
forms without departing from the spirit of essential charac-
teristics thereof, the present embodiments are therefore
illustrative and not restrictive, since the scope of the inven-
tion is defined by the appended claims rather than by the
description preceding them, and all changes that fall within
metes and bounds of the claims, or equivalence of such
metes and bounds thereof are therefore intended to be
embraced by the claims.

1. A liquid crystal display device comprising:
two substrates having electrodes;

one or a plurality of adhesive members for sticking
peripheral portions of said substrates together so that a
gap for sealing a liquid crystal substance is formed; and

one or a plurality of partition walls, adhered to said two
substrates in a region between said adhesive member
and a display region located inside said adhesive mem-
ber, for reducing stress applied to said liquid crystal
substance.

2. A liquid crystal display device comprising:

two substrates having electrodes;
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one or a plurality of adhesive members for sticking
peripheral portions of said substrates together so that a
gap for sealing a liquid crystal substance composed of
a plurality of layers with substantially parallel inter-
faces is formed; and

one or a plurality of partition walls, adhered to said two
substrates in a region between said adhesive member
and a display region located inside said adhesive mem-
ber, for reducing stress applied to said liquid crystal
substance,

wherein a layer touching an end of said partition wall
among said plurality of layers is located outside said
display region.
3. The liquid crystal display device according to claim 2,
wherein

said display region is rectangular in shape, and said layer
is substantially parallel to any one of side edges of said
display region.
4. The liquid crystal display device according to claim 1,
further comprising

a gap maintaining member, disposed between said two
substrates in said display region, for maintaining an
opposition distance between said two substrates,

wherein said partition wall has an expansion coefficient
substantially equal to an expansion coefficient of said
gap maintaining member.
5. The liquid crystal display device according to claim 2,
further comprising

a gap maintaining member, disposed between said two
substrates in said display region, for maintaining an
opposition distance between said two substrates,

wherein said partition wall has an expansion coefficient
substantially equal to an expansion coefficient of said
gap maintaining member.

6. The liquid crystal display device according to claim 1,

wherein an adhesion strength of said partition wall to said
two substrates is lower than an adhesion strength of
said adhesive member to said two substrates.

7. The liquid crystal display device according to claim 2,

wherein an adhesion strength of said partition wall to said
two substrates is lower than an adhesion strength of
said adhesive member to said two substrates.
8. The liquid crystal display device according to claim 1,
wherein

said partition wall and said adhesive member are con-
nected so that a gap section is formed between said
partition wall and said adhesive member,

said gap section is in a state of being filled with a
substance having no optical rotatory power or a
vacuum state, and

polarization plates in a crossed-nicol state are disposed on
outer surfaces of said two substrates including said gap
section.
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9. The liquid crystal display device according to claim 2,
wherein

said partition wall and said adhesive member are con-
nected so that a gap section is formed between said
partition wall and said adhesive member,

said gap section is in a state of being filled with a
substance having no optical rotatory power or a
vacuum state, and

polarization plates in a crossed-nicol state are disposed on
outer surfaces of said two substrates including said gap
section.
10. The liquid crystal display device according to claim 1,
wherein

said partition wall is placed to enclose said display region,
except for a part of an outer circumference of said
display region.
11. The liquid crystal display device according to claim 2,
wherein

said partition wall is placed to enclose said display region,
except for a part of an outer circumference of said
display region.
12. The liquid crystal display device according to claim 1,
wherein

a plurality of said partition walls are provided, and said
partition walls have different widths.
13. The liquid crystal display device according to claim 2,
wherein

a plurality of said partition walls are provided, and said

partition walls have different widths.

14. A method of manufacturing a liquid crystal display
device including a liquid crystal substance sealed in a gap
formed by sticking peripheral portions of two substrates
having electrodes together with one or a plurality of adhe-
sive members, and one or a plurality of partition walls for
reducing stress applied to said liquid crystal substance, said
partition wall being disposed between the two substrates at
a position outside a display region in which said electrodes
are placed, said method comprising the steps of:

placing a partition wall having an adhesive property at a
position of one of said substrates, located inside said
adhesive member but outside said display region; and

adhering said partition wall to said two substrates by
placing said two substrates to face each other and
applying pressure and heat from outside.
15. The method of manufacturing a liquid crystal display
device according to claim 14, wherein

the liquid crystal display device comprises, between said
two substrates in the display region, a gap maintaining
member for maintaining an opposition distance
between said two substrates, and

said gap maintaining member is formed using a material
same as said partition wall so that said partition wall
and said gap maintaining member are formed together.

* #* * #* #®
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