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Exemplary embodiments provide a vertical alignment type
liquid crystal display device capable of enhancing a
response speed and display characteristics in a specific
viewing angle direction. In a liquid crystal display device of
an exemplary embodiment of the present invention, a ver-
tical alignment type liquid crystal layer is interposed
between a pair of substrates, and display is performed in
predetermined dot regions (D1, D2, and D3). A plurality of
sub-dot regions (island-shaped portions) are provided in the
dot region D1, and the plurality of sub-dot regions is
electrically connected to each other by connecting portions
in the dot region D1. Each sub-dot region is provided with
a convex portion to regulate the alignment direction of the
vertically aligned liquid crystal molecules such that the
liquid crystal molecules, are inclined substantially in a radial
direction around the convex portion, and the convex portion
is arranged so as to deviate from the center of the sub-dot
region.
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FIG.3 (b)
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FIG.4 (a)
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC APPARATUS

BACKGROUND OF THE INVENTION
[0001]

[0002] An exemplary embodiment of the present inven-
tion relates to a liquid crystal display device and an elec-
tronic apparatus. More particularly, an exemplary embodi-
ment relates to a liquid crystal display device capable of
enhancing display characteristics in a specific viewing angle
direction using vertical alignment type liquid crystal.

[0003] 2. Description of Related Art

[0004] Related art liquid crystal display devices adopting
a TN mode have had a narrow viewing angle. Therefore, in
order to address or solve such a problem, liquid crystal
display devices can adopt a VA (Vertical Alignment) mode
to widen a viewing angle. In such a VA mode, it is necessary
to control the alignment direction of liquid crystal according
to the application of a voltage using a certain method. That
is, when the VAmode is adopted, negative type liquid crystal
is generally used. However, in this case, since the liquid
crystal molecules that are vertically aligned with respect to
a surface of a substrate in an initial state are inclined by the
application of a voltage, specific control means must be
provided to control the alignment direction of the liquid
crystal molecules. If the alignment direction is not con-
trolled, a display defect, such as light leakage caused by the
alignment disorder (disclination) of liquid crystal molecules,
may be generated, resulting in the deterioration of display
characteristics. Therefore, a technique of regulating the
alignment direction of the vertically aligned liquid crystal
molecules is disclosed in Japanese Unexamined Patent
Application Publication No. 2003-43525.

1. Field of Invention

SUMMARY OF THE INVENTION

[0005] In Japanese Unexamined Patent Application Pub-
lication No. 2003-43525, one dot, which is a minimum
display unit, is divided into a plurality of sub-dots, and the
plurality of sub-dots are connected to each other. In addition,
a projection is formed at the center of each sub-dot. With
such a structure, the liquid crystal molecules can be aligned
in a radial direction with the projection as the center when
a voltage is applied, thereby realizing display having high
contrast and a wide viewing angle in all directions. How-
ever, even when the above-mentioned structure is adopted,
the display quality of the liquid crystal display device
disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2003-43525 is not as high as that of a light
emitting display device, such as a CRT or a PDP. For
example, as for the viewing angle dependence of the liquid
crystal display device having the projections therein, twenty
percent of transmittance may be lost at a polar angle (an
inclination angle in the normal direction of a panel) of 40°,
and forty percent of transmittance may be lost at a polar
angle of 60°. In addition, there is a problem in that light is
distributed in a viewing angle direction that is not used at all.
Also, since a sufficient response speed to display a moving
picture is not achieved in the conventional liquid crystal
display device, tailing can be generated on a displayed
image, which is a problem common to all liquid crystal
display devices, not limited to only a liquid crystal display
device adopting the VA mode.
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[0006] Accordingly, an exemplary embodiment of the
present invention addresses or solves the above, and pro-
vides a vertical alignment type liquid crystal display device
capable of enhancing a response speed and display charac-
teristics in a specific viewing angle direction.

[0007] In order to address or achieve the above, an exem-
plary embodiment of the present invention provides a liquid
crystal display device in which a liquid crystal layer is
interposed between a pair of substrates, and display is
performed in predetermined dot regions. The liquid crystal
layer is composed of liquid crystal having negative dielectric
anisotropy that is vertically aligned in an initial state, and a
plurality of sub-dot regions is provided in each dot region,
the plurality of sub-dot regions being electrically connected
to each other through their connecting portions. Each sub-
dot region is provided with an alignment regulating device
to regulate the alignment direction of the vertically aligned
liquid crystal molecules, such that the liquid crystal mol-
ecules are inclined substantially in a radial direction around
the alignment regulating device. Each alignment regulating
device is arranged so as to deviate from the center of the
sub-dot region.

[0008] An exemplary embodiment of the present inven-
tion provides a method of appropriately regulating the
alignment direction of liquid crystal molecules when a
voltage is applied and of enhancing display characteristics in
a specific viewing angle direction, in a vertical alignment
type liquid crystal display device, that is, in a liquid crystal
display device equipped with a liquid crystal layer com-
posed of liquid crystal having negative dielectric anisotropy
that is vertically aligned in an initial state. In other words, by
dividing one dot region, which is a display unit, into a
plurality of sub-dot regions, each having an alignment
regulating device therein, and by connecting the plurality of
sub-dot regions each other, it is possible to regulate the
alignment direction of the liquid crystal molecules in each
sub-dot region, such that the liquid crystal molecules are
inclined substantially in a radial direction around the align-
ment regulating device. In addition, by arranging each
alignment regulating device to deviate (to be eccentric) from
the center of each of the sub-dot regions, the number of
liquid crystal molecules can be different according to the
direction in which the liquid crystal molecules are inclined.
For example, by eccentrically arranging the alignment regu-
lating device such that the number of liquid crystal mol-
ecules is increased in a specific viewing angle direction, it is
possible to enhance the brightness of a display screen in a
specific viewing angle direction.

[0009] Further, in an exemplary embodiment of the
present invention, since the alignment regulating device is
eccentrically arranged, a region in which the distance
between the outer circumference of the sub-dot region and
the alignment regulating device is small and a region in
which the distance therebetween is large are formed. Since
the liquid crystal molecules are sequentially inclined with
the alignment regulating device as a starting point, the
response speed of the liquid crystal molecules is fast in the
region in which the distance is small, and the response speed
of the liquid crystal molecules is delayed in the region in
which distance is large. From the view of the average
response characteristic with respect to the entire dot, com-
pared to a case in which the alignment regulating device is
arranged at the center of a sub-dot, the response speed is



US 2005/0083479 Al

delayed in a dot region having the ratio (emittance) of
incident light to emission light in the range of 0% to 90%,
and the response speed becomes fast in a dot region having
the ratio of incident light to emission light in the range of 0%
to 60%. In other words, it is possible to increase a response
speed by eccentrically arranging the alignment regulating
means to obtain emittance in the range of 0% to 60%, which
is a great advantage in the display of a moving picture. For
example, it is possible to enhance the contrast of an object
moving at a high speed.

[0010] The liquid crystal display device according to an
exemplary embodiment of the present invention is a display
device suitable for a navigation system or a personal com-
puter. That is, such a display device mainly displays a
moving picture, and the display device for a navigation
system is mainly viewed from the 2 o’clock direction (a
driver’s seat) or the 10 o’clock direction (the seat next to the
driver). Therefore, it may be preferable to eccentrically
arrange the alignment regulating device such that the liquid
crystal molecules are inclined in the above-mentioned direc-
tion. In addition, the display device for a personal computer
is mainly viewed from the front. That is, the display device
is mainly viewed in the 10 o’clock direction, the 12 o’clock
direction, or the 2 o’clock direction, but is hardly viewed in
the 6 o’clock direction. Therefore, it may be preferable to
eccentrically arrange the alignment regulating device such
that the liquid crystal molecules are not inclined in the 6
o’clock direction.

[0011] In the liquid crystal display device, the alignment
regulating device are convex portions formed on a surface of
at least one of the pair of substrates facing the liquid crystal
layer. In this case, it is possible to regulate the alignment
direction of the liquid crystal molecules based on the shapes
of the convex portions, and such convex portions can have
a structure to regulate the alignment direction of the verti-
cally aligned liquid crystal molecules, based on a change of
an electric field (an electric field between electrodes). Spe-
cifically, the convex portion protruding from the inner
surface of the substrate toward the liquid crystal layer is
preferably composed of a cone-shaped or polygonal pyra-
mid-shaped projection having an incline plane that is
inclined at a predetermine angle with respect to the surface
of the substrate. In addition, it is preferable that the surface
(the incline plane) of the convex portion be formed to be
inclined at a predetermined angle with respect to the align-
ment direction of the liquid crystal molecules. The incline
plane of the convex portion preferably has the maximum
inclination angle of 2° to 20°. In this case, the inclination
angle is an angle formed between the incline plane of the
convex portion and the substrate. In addition, when the
convex portion has a curved surface, the inclination angle
indicates an angle formed between the surface of the sub-
strate and a surface tangent to the curved surface of the
convex portion. In this case, when the maximum inclination
angle is less than 2°, it may be difficult to regulate the
direction in which the liquid crystal molecules are inclined.
When the maximum inclination angle is more than 20°, light
leakage may be generated from that portion, resulting in a
display defect, such as the deterioration of contrast.

[0012] Further, electrodes are formed on both surfaces of
the pair of substrates facing the liquid crystal layer, and each
electrode slit, functioning as the alignment regulating
device, is formed by partially cutting off the electrode that
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is formed on at least one of both the surfaces of the pair of
substrates facing the liquid crystal layer. As a result, the
alignment direction of liquid crystal molecules can be regu-
lated by forming the slit in each electrode. That is because
an inclined electric field is generated between the slit formed
by cutting off a portion of an electrode and another electrode
opposite to the slit, and the alignment direction of the liquid
crystal molecules having a vertical alignment in an initial
state is regulated by the inclined electric field when a voltage
is applied.

[0013] The alignment regulating device has a shape that is
in point symmetry or substantially in point symmetry with
respect to its center in plan view. Therefore, it is possible to
more reliably align liquid crystal molecules in a radial
direction with the alignment regulating device as the center
by arranging the alignment regulating device as described
above. Specifically, the alignment regulating device has a
circular shape, a regular polygonal shape, a substantially
circular shape, or a substantially regular polygonal shape in
plan view.

[0014] Further, the sub-dot region has a shape that is in
point symmetry or substantially in point symmetry with
respect to its center in plan view. In this case, it is possible
to more reliably align the liquid crystal molecules in a radial
direction in each sub-dot region. Specifically, the sub-dot
region has a circular shape, a regular polygonal shape, a
substantially circular shape, or a substantially regular
polygonal shape in plan view.

[0015] Furthermore, the plane shape of the alignment
regulating device is similar to or substantially similar to that
of the sub-dot region. In this case, it is possible to more
reliably align the liquid crystal molecules in a radial direc-
tion in each sub-dot region with the alignment regulating
device as the center without generating the alignment dis-
order of the liquid crystal molecules. When the alignment
regulating device and the sub-dot region are respectively
formed in a polygonal shape in plan view, each side of the
alignment regulating device and each side of the sub-dot
region are parallel to each other, thereby reducing or pre-
venting the alignment disorder of the liquid crystal mol-
ecules.

[0016] Moreover, the alignment regulating device in at
least two or more of the plurality of sub-dot regions are
located at different distances and/or in different directions
from the centers of the respective sub-dot regions. In this
case, it is possible to obtain different viewing angle char-
acteristics from the respective sub-dot regions. For example,
the plurality of sub-dot regions includes sub-dot regions for
transmissive display and sub-dot regions for reflective dis-
play, and the alignment regulating device in the sub-dot
regions for transmissive display and the alignment regulat-
ing device in the sub-dot regions for reflective display are
located at different distances and/or in different directions
from the centers of the respective sub-dot regions, thereby
obtaining different viewing angle characteristics in trans-
missive display and reflective display.

[0017] The alignment regulating device is arranged so as
to deviate from the center of each sub-dot region, in the
direction in which a viewing angle is widened in the display
of the liquid crystal display device. That is, the position of
the alignment regulating device in the sub-dot region and the
direction of widening a viewing angle are related to each
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other. For example, in a liquid crystal display device in
which the pair of substrates is an upper substrate and a lower
substrate, and a backlight is formed on a surface of the lower
substrate opposite to the liquid crystal layer to display an
image on an outer surface of the upper substrate, when the
alignment regulating device is provided on an inner surface
of the upper substrate, the alignment regulating device is
arranged so as to deviate from the center of the sub-dot
region in a direction opposite to the direction in which a
viewing angle is widened in the display of the liquid crystal
display device. On the other hand, when the alignment
regulating device is provided on an inner surface of the
lower substrate, the alignment regulating device is arranged
so as to deviate from the center of the sub-dot region in a
direction similar to the direction in which a viewing angle is
widened in the display of the liquid crystal display device.

[0018] Since the alignment regulating device of an exem-
plary embodiment of the present invention regulates the
liquid crystal molecules to be inclined in a radial direction
in its circumference, the liquid crystal molecules can be
aligned in the opposite direction depending on which of the
upper substrate and the lower substrate the alignment regu-
lating device is formed. When the alignment regulating
device is formed on the upper substrate, it is preferable that
the alignment regulating device be arranged so as to deviate
from the center of the sub-dot region in a direction opposite
to the direction in which a viewing angle is widened. On the
other hand, when the alignment regulating device is formed
on the lower substrate, it is preferable that the alignment
regulating device be arranged so as to deviate from the
center of the sub-dot region in a direction similar to the
direction in which a viewing angle is widened. In addition,
the eccentric direction of the alignment regulating device,
that is, the direction opposite to or similar to the direction in
which a viewing angle is widened, depends on the inclined
direction of the liquid crystal molecules. Particularly, when
the convex portion or the electrode slit, functioning as an
alignment regulating device, is used to align the liquid
crystal molecules in a radial direction in its circumference,
more specifically, to radially align the liquid crystal mol-
ecules toward the outside thereof, it may be preferable to
arrange the alignment regulating device so as to deviate
from the center of the sub-dot region as in the above-
mentioned aspects.

[0019] Further, when the distance from the center of the
sub-dot region to an outer circumference thereof via the
center of the alignment regulating device is “y”, the center
of the alignment regulating device is arranged so as to be
separated from the center of the sub-dot region by a distance
of 0.05 y to 0.7 y. It is possible to more reliably enhance
display characteristics in a specific viewing angle direction
by separating the center of the alignment regulating device
from the center of the sub-dot region by such a distance.
When the distance is less than 0.05 y, the fact that the
position where the maximum brightness (transmittance) is
obtained deviates from the front may not be recognized.
When the distance is more than 0.7 y, the alignment regu-
lating device excessively leans to one side, thereby gener-
ating the alignment disorder of the liquid crystal molecules.

[0020] Furthermore, the pair of substrates is an upper
substrate and a lower substrate, and a reflective layer is
provided on a surface of the lower substrate facing the liquid
crystal layer to display an image on an outer surface of the
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upper substrate. The structure of the alignment regulating
device according to an exemplary embodiment of the
present invention can be applied to a reflective liquid crystal
display device other than the transmissive liquid crystal
display device. In such a reflective liquid crystal display
device, when the distance from the center of the sub-dot
region to the outer circumference thereof via the center of
the alignment regulating device is “y”, the center of the
alignment regulating device is arranged so as to be separated
from the center of the sub-dot region by a distance of 0.5 y
to 0.7 y. In the reflective liquid crystal display device, the
alignment of the liquid crystal molecules has an influence on
a viewing angle characteristic when light is incident thereon
or exits therefrom. Therefore, it may be preferable that the
distance between the center of the sub-dot region and the
center of the alignment regulating device be as large as
possible. However, when the distance is less than 0.5 y, the
fact that the position where the maximum brightness (the
ratio of incident light to emission light) is obtained deviates
from the front may not be recognized.

[0021] Moreover, it is possible to apply the structure of an
exemplary embodiment of the present invention to a trans-
flective liquid crystal display device. That is, the structure of
an exemplary embodiment of the present invention can be
applied to a liquid crystal display device in which a trans-
missive display region for transmissive display and a reflec-
tive display region for reflective display are provided in each
dot. Specifically, the structure of an exemplary embodiment
of the present invention can be applied to a liquid crystal
display device in which the pair of substrates is an upper
substrate and a lower substrate; a backlight is provided on a
substrate of the lower substrate opposite to the liquid crystal
layer; a reflective layer is selectively provided on only a
predetermined region on the other surface of the lower
substrate facing the liquid crystal layer; a region in which the
reflective layer is formed is a reflective display region; and
a region in which the reflective layer is not formed is a
transmissive display region.

[0022] Moreover, in the transflective liquid crystal display
device, a layer to adjust the thickness of the liquid crystal
layer can be formed in the reflective display region between
the liquid crystal layer and at least one of the pair of
substrates, such that the thickness of the liquid crystal layer
in the reflective display region is different from the thickness
of the liquid crystal layer in the transmissive display region.
By selectively forming the layer to adjust the thickness of
the liquid crystal layer in the reflective display region, it is
possible to make retardation in the reflective display region
substantially equal to retardation in the transmissive display
region, thereby enhancing contrast.

[0023] When the convex portions are used as the align-
ment regulating device of an exemplary embodiment of the
present invention, it is preferable that the convex portions
each have a height of 0.05 um to 1.5 um. When the height
of the convex portions is less than 0.05 um, it is difficult to
regulate the alignment direction of the liquid crystal mol-
ecules. On the other hand, when the height of the convex
portions is more than 1.5 um, the difference in retardation
between a vertex portion and a bottom portion of the convex
portion in the liquid crystal layer becomes large, resulting in
the deterioration of display characteristics.

[0024] Further, an electronic apparatus according to an
exemplary embodiment of the present invention includes the
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above-mentioned liquid crystal display device. According to
the present invention, it is possible to provide an electronic
apparatus equipped with a display unit capable of reducing
or preventing display defects, such as a residual image and
color unevenness, and of exhibiting excellent display char-
acteristics in a specific viewing angle direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a schematic circuit diagram of a liquid
crystal display device according to a first exemplary
embodiment of the present invention;

[0026] FIG. 2 is a plan view illustrating the dot structure
of the liquid crystal display device according to the first
exemplary embodiment of the present invention,

[0027] FIGS. 3(a) and 3(b) are a plan view and a cross-
sectional view schematically illustrating a significant part of
the liquid crystal display device according to the first
exemplary embodiment of the present invention,

[0028] FIGS. 4(a) and 4(b) are a plan view and a cross-
sectional view schematically illustrating a significant part of
a liquid crystal display device according to a second exem-
plary embodiment of the present invention,

[0029] FIGS. 5(a) and 5(b) are a plan view and a cross-
sectional view schematically illustrating a significant part of
a liquid crystal display device according to a third exem-
plary embodiment of the present invention,

[0030] FIG. 6 is a schematic illustrating a state in which
a convex portion is eccentrically arranged in the liquid
crystal display device according to the first exemplary
embodiment of the present invention;

[0031] FIG. 7 is a schematic illustrating a state in which
the convex portion is eccentrically arranged in the liquid
crystal display device according to the second exemplary
embodiment of the present invention;

[0032] FIG. 8 is a schematic illustrating the viewing angle
dependence of transmittance in the liquid crystal display
device according to the first exemplary embodiment,;

[0033] FIG. 9 is a graph illustrating the difference in a
response speed between the liquid crystal display device of
the first exemplary embodiment and a liquid erystal display
device of a comparative example;

[0034] FIG. 10 is a schematic illustrating the viewing
angle dependence of transmittance in an example in which
the eccentric distance of the convex portion is changed,

[0035] FIG. 11 is a schematic illustrating the viewing
angle dependence of transmittance in another example in
which the eccentric distance of the convex portion is
changed;

[0036] FIG. 12 is a schematic illustrating the viewing
angle dependence of transmittance in still another example
in which the eccentric distance of the convex portion is
changed;

[0037] FIG. 13 is a schematic illustrating the viewing
angle dependence of transmittance in an example in which
the eccentric direction of the convex portion is changed; and

[0038] FIG. 14 is a perspective view illustrating an
example of an electronic apparatus according to an exem-
plary embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0039] Exemplary embodiments of the present invention
are described below with reference to the accompanying
drawings. In the respective drawings, the reduced scale of
each layer or each member is different from the actual scale
because each layer or each member is scaled to be recog-
nizable in the drawings.

First Exemplary Embodiment

[0040] Aliquid crystal display device of the present exem-
plary embodiment, which is described below, is an active
matrix liquid crystal display device in which thin film diodes
(hereinafter “TFDs”) are used as switching elements, and is
particularly a transmissive liquid crystal display device
using vertical alignment type liquid crystal.

[0041] FIG. 1 is a schematic circuit diagram of a liquid
crystal display device 100 according to the present exem-
plary embodiment. The liquid crystal display device 100
includes a scanning signal driving circuit 110 and a data
signal driving circuit 120. The liquid crystal display device
100 is provided with signal lines, that is, a plurality of
scanning lines 13 and a plurality of data lines 9 intersecting
with the plurality of scanning lines 13. The scanning lines 13
are driven by the scanning signal driving circuit 110, and the
data lines 9 are driven by the data signal driving circuit 120.
In each pixel region 150, a TFD element 40 is connected in
series to a liquid crystal display element 160 (a liquid crystal
layer) between the scanning line 13 and the data line 9. In
FIG. 1, the TFD element 40 is connected to the scanning
line 13, and the liquid crystal display element 160 is
connected to the data line 9. On the contrary, the TFD
element 40 may be connected to the data line 9, and the
liquid crystal display element 160 may be connected to the
scanning line 13.

[0042] Next, the planar structure of electrodes (the struc-
ture of pixels) included in the liquid crystal display device
100 according to the present exemplary embodiment is
described with reference to FIG. 2. As shown in FIG. 2, in
the liquid crystal display device 100 of the present exem-
plary embodiment, pixel electrodes 31 each of which has a
rectangular shape in plan view and is connected to the
scanning line 13 through the TFD element 40 are provided
in a matrix, and rectangular common e¢lectrodes (stripe-
shaped electrodes) 9 are provided so as to be opposite to the
pixel electrodes 31 in a direction perpendicular to the paper.
The common electrode 9 is composed of a data line and has
a striped shape intersecting with the scanning line 13. In the
present exemplary embodiment, a region in which a pixel
electrode 31 is formed is a dot region, and a TFD element 40
is provided in each of the dot regions arranged in a matrix,
thereby enabling each dot region to perform display.

[0043] The TFD element 40 is a switching element to
connect the scanning line 13 to the pixel electrode 31, and
has an MIM structure in which a first conductive film whose
main ingredient is Ta is formed, an insulating film whose
main ingredient is Ta,O5 is formed on the surface of the first
conductive film, and a second conductive film whose main
ingredient is Cr is formed on the surface of the insulating
film. The first conductive film of the TFD element 40 is
connected to the scanning line 13, and the second conductive
film thereof is connected to the pixel electrode 31.
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[0044] The pixel structure of the liquid crystal display
device 100 according to the present exemplary embodiment
is described below with reference to FIGS. 3(a) and 3(b).
FIG. 3(a) is a schematic showing the pixel structure of the
liquid crystal display device 100, and more particularly,
showing the planar structure of the pixel electrode 31. FIG.
3(b) is a schematic cross-sectional view taken along plane
A-A' of FIG. 3(a). In the liquid crystal display device 100
of the present exemplary embodiment, as shown in FIG. 2,
dot regions, each having the pixel electrode 31, are formed
in the vicinities of regions in which the data lines 9 and the
scanning lines 13 intersect with each other. As shown in
FIG. 3(a), a colored layer having one of the three primary
colors is provided corresponding to one dot region, and
pixels having colored layers 22B (blue), 22G (green), and
22R (red) are formed in the three dot regions (D1, D2, and
D3), respectively.

[0045] As shown in FIG. 3(b), in the liquid crystal display
device 100 of the present exemplary embodiment, a liquid
crystal layer 50 composed of liquid crystal having a vertical
alignment in an initial state, that is, having negative dielec-
tric anisotropy, is interposed between a lower substrate (an
element substrate) 10 and an upper substrate (a counter
substrate) 25 opposite to the lower substrate 10. In addition,
a chiral agent may be added to a liquid crystal material in
order to enhance transmittance.

[0046] In the lower substrate 10, the pixel electrodes 31
made of indium tin oxide (hereinafter “ITO”) are formed on
the surface of a substrate body 10A made of a transmissive
material, such as quartz or glass, and an alignment film 27
made of polyimide is formed on the pixel electrodes 31. The
alignment film 27 functions as a vertical alignment film that
allows liquid crystal molecules to be vertically aligned with
respect to the surface thereof, and is not subjected to an
alignment process, such as a rubbing process.

[0047] As shown in FIG. 3(g), each pixel electrode 31
includes a plurality (three in the present embodiment) of
island-shaped portions 31a, 31b, and 31c in one dot region
(for example, a dot region D3), and the respective island-
shaped portions 31a, 31b, and 31¢ are electrically connected
to each other by connecting portions 39. That is, in the
present exemplary embodiment, the pixel electrode 31
formed on the lower substrate 10 includes the plurality of
island-shaped portions 31a, 31b, and 31¢ and the connecting
portions 39 to electrically connect adjacent island-shaped
portions to each other, and the island-shaped portions 31a,
315, and 31c each constitute a sub-dot region.

[0048] As such, the dot regions D1, D2, and D3 each
include a plurality of sub-dot regions, each having substan-
tially the same shape (a similar shape), and each of the
sub-dot regions (the island-shaped portions 31a, 31b, and
31c) has the shape of a regular octagon as shown in FIG.
3(a). However, the shape of the sub-dot region is limited
thereto, and may be, for example, a circle or a polygon, and
preferably, a regular polygon. That is, the sub-dot region can
be formed in a shape that is in point symmetry or substan-
tially in point symmetry with respect to its center. In
addition, the number of sub-dot regions in one dot region is
not limited to three. From the viewpoint of a response speed
and transmittance, the sub-dot region has an enhanced or the
optimum size, for example, a diameter of 40 ym to 50 um.
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Therefore, it is preferable that two to twelve sub-dot regions
be formed in one dot region because of the size limit of a dot
region.

[0049] Further, a slit 32 (a portion other than the connect-
ing portions 39) is formed between the island-shaped por-
tions 31a, 31b, and 31c by partially cutting off the pixel
electrode 31. By forming the slit 32, an inclined electric field
can be generated between the electrodes 9 and 31 in the
region in which the slit 32 is formed. As a result, the
alignment direction of the liquid crystal molecules that are
vertically aligned in an initial state are regulated by the
inclined electric filed generated when a voltage is applied.

[0050] Furthermore, in the upper substrate 25, a color filter
22 (only a red colored layer 22R is shown in FIG. 3(b)) is
provided on an inner surface of a substrate body 25A (a
surface of the substrate body 25A facing the liquid crystal
layer) made of transmissive material, such as quartz or glass.
Herein, the edge of the colored layer 22R is surrounded with
a black matrix BM made of a metallic material, such as
chrome, and the boundaries between the respective dot
regions D1, D2, and D3 are defined by the black matrix BM
(see FIG. 3(a)).

[0051] Moreover, a striped-shaped common electrode 9
made of indium tin oxide (hereinafter “ITO”) is formed on
the inner surface of the color filter 22. In addition, the
common electrode 9 is formed in a stripe shape extending in
a direction perpendicular to the paper in FIG. 3(b), and is
common to the respective dot regions formed parallel to the
direction perpendicular to the paper.

[0052] Further, convex portions 28 are formed on the inner
surface of the common electrode 9 so as to protrude from the
inner surface of the common electrode 9 (the lower substrate
25) toward the liquid crystal layer 50, and an alignment film
33 is formed to cover the convex portions 28 and the inner
surface of the common electrode 9. The alignment film 33
functions as a vertical alignment film to allow the liquid
crystal molecules to be vertically aligned with respect to the
surface thereof, and is not subjected to an alignment process,
such as a rubbing process.

[0053] Herein, the convex portions 28 are made of a
transmissive dielectric, such as acrylic resin, and function to
give convex shapes from the inner surface of the upper
substrate 25 to the liquid crystal layer 50. Specifically, each
of the convex portions 28 protrudes from the common
electrode 9 toward the liquid crystal layer 50 with a prede-
termined height (for example, a height of 0.05 um to 1.5
um). In more detail, the convex portion 28 is formed of a
projection having the shape of a regular octagonal prism
having incline planes that are inclined at a predetermined
angle with regard to the inner surface of the common
electrode 9, and the incline plane has the maximum incli-
nation angle of 2° to 20°. In this case, the inclination angle
is an angle formed between the incline plane of the convex
portion 28 and the inner surface of the common electrode 9.
In addition, when the convex portion has a curved surface,
the inclination angle indicates an angle formed between the
inner surface of the common electrode 9 and a surface
tangent to the curved surface of the convex portion. The
shape of the convex portion 28 is not limited to a regular
octagonal prism, and may be, for example, a cone, a trun-
cated cone, a truncated polygonal prism, or a hemisphere.

[0054] Further, the convex portion 28 is arranged in each
sub-dot region (the island-shaped portion 31a, 315, or 31¢),
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and thus the alignment division of liquid crystal molecules
is preformed on every sub-dot region. The convex portion 28
has a regular octagonal shape in plan view as shown in FIG.
3(a). That is, the shape of convex portion 28 is similar to or
substantially similar to the shape of the sub-dot region (the
island-shaped portion 314, 31b, or 31c) in plan view. There-
fore, in the plan view of the convex portion 28, the convex
portion 28 is arranged such that its each side is parallel to or
substantially parallel to each side of the sub-dot region. The
planar shape of convex portion 28 is not limited to a regular
octagon, and may be a circle or a polygon, and preferably,
aregular polygon. That is, the convex portion 28 has a shape
that is in point symmetry or substantially in point symmetry
with respect to its center.

[0055] Furthermore, the convex portion 28 is eccentrically
arranged such that its center deviates from the center of the
sub-dot region (the island-shaped portion 314, 31b, or 31c¢)
to which the convex portion 28 itself belongs. Specifically,
as shown in FIG. 6, the center of the convex portion 28 is
positioned apart from the center O of the sub-dot region by
a distance x. Herein, when the distance from the center O of
the sub-dot region to the outer circumference thereof via the
center of the convex portion 28 is “y”, the distance x satisfies
the condition 0.05 y=x=0.7 y (in the present exemplary
embodiment, x=0.3 y). In addition, each convex portion 28
is located at positions leaning in the 6 o’clock direction from
the center O of each sub-dot region in the display screen.

[0056] With the convex portions 28 having the above-
mentioned structure, it is possible to regulate the alignment
direction of the liquid crystal molecules having a vertical
alignment in an initial state along the incline planes of the
convex portions 28 when a voltage is applied. In addition,
the convex portion 28 is arranged between the electrode slits
32 formed in the lower substrate 10 in plan view. That is, the
convex portion 28 and the electrode slit 32 are located at
different positions in one dot region.

[0057] Next, as shown in FIGS. 3(a) and 3(b), a retarda-
tion plate 18 and a polarizing plate 19 are sequentially
formed on the outer surface (a surface opposite to the liquid
crystal layer 50) of the lower substrate 10, and a retardation
plate 16 and a polarizing plate 17 are sequentially formed on
the outer surface of the upper substrate 25. Therefore,
circularly polarized light can be incident on the inner surface
(a surface facing the liquid crystal layer 50) of the substrate.
In addition, a combination of the retardation plate 18 and the
polarizing plate 19, and a combination of the retardation
plate 16 and the polarizing plate 17 constitute circularly
polarizing plates, respectively. The polarizing plate 17 (19)
transmits only the linearly polarized light components each
having a polarizing axis in a predetermined direction, and a
A/4 retardation plate is employed as the retardation plate 16
(18). A combination (a broadband circular polarizing plate)
of the polarizing plate, a A/2 retardation plate and a A/4
retardation plate can also be used as the circularly polarizing
plate. In this case, it is possible to perform black display rich
in an achromatic color. In addition, it is possible to use a
structure in which the polarizing plate, the A/2 retardation
plate, the A/4 retardation plate, and a plate (a retardation
plate having an optical axis in the thickness direction
thereof) are combined. A backlight 15, which is a light
source for transmissive display, is provided on the outside of
the polarizing plate 19 formed on the lower substrate 10.
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[0058] In the liquid crystal display device 100 according
to the present exemplary embodiment, the convex portions
28 are formed on the inner surface (the surface facing the
liquid crystal layer 50) of the upper substrate 25, and the
electrode slits 32 are formed in the inner surface (the surface
facing the liquid crystal layer 50) of the lower substrate 10,
in order to regulate the alignment of the liquid crystal
molecules in the liquid crystal layer 50, that is, in order to
regulate the direction in which the liquid crystal molecules,
each having a vertical alignment in an initial state are
inclined when a voltage is applied between the electrodes. In
other words, the convex portion 28 regulates the inclined
direction of the liquid crystal molecules along its incline
surface, and the slit 32 regulates the inclined direction of the
liquid crystal molecules using an inclined electric field
generated between the slit 32 itself and the electrode oppo-
site thereto. In addition, the convex portions 28 formed on
the common electrode 9 and the slits 32 formed in the pixel
electrode 31 are arranged so as to alternate with each other
in plan view. Therefore, it is possible to align the liquid
crystal molecules in the same direction between the convex
portions 28 and the slits 32.

[0059] In the liquid crystal display device 100 according
to the present exemplary embodiment, each convex portion
28 has a substantially symmetric longitudinal section to
radially incline the liquid crystal molecules from the cir-
cumference thereof in the sub-dot region to which the
convex portion itself belongs. That is, each convex potion 28
has a substantially symmetric longitudinal section such that
the liquid crystal molecules can be inclined in all directions
when a voltage is applied, and functions as an alignment
regulating device having a shape that is in point symmetry
with respect to its center. In order to align the liquid crystal
molecules substantially in a radial direction in each sub-dot
region, it may be preferable that dielectric projections, such
as the convex portions 28, be formed on the inner surface of
the substrate, and that the electrode slits having the same
planar shape as the convex portions 28 be also formed. In
other words, by forming an opening having a regular
polygonal shape or a circular shape in each sub-dot region
(31a, 31b, and 31c) in the pixel electrode 31, it is also
possible to radially incline the liquid crystal molecules
around the opening.

[0060] Further, in the present exemplary embodiment,
since the convex portion 28, which is an alignment regulat-
ing device, is eccentrically arranged such that its center
deviates from the center O of the sub-dot region, high
transmittance can be obtained at a specific viewing angle.
That is, in the present exemplary embodiment, the convex
portion 28 is arranged at a position leaning in the 6 o’clock
direction from the center O of the sub-dot region in the
display screen such that the expression x=0.3 y (see FIG. 6)
is satisfled. Therefore, the peak of the transmittance is
observed at a position leaning in the 12 o’clock direction in
the display screen.

[0061] FIG. 8 is a schematic view illustrating the viewing
angle dependence of transmittance in the liquid crystal
display device 100 of the present exemplary embodiment,
and shows the range in which transmittance is the same with
respect to each polar angle (an inclination angel in the
normal direction of a panel). As such, the peak of transmit-
tance shifts from the front to the 12 o’clock direction, and
thus the transmittance from the 10 o’clock direction to the 2
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o’clock direction becomes high with the 12 o’clock direction
as the center. That is because relatively many liquid crystal
molecules are inclined parallel to light components emitted
from a backlight 15 to a display screen in the 6 o’clock
direction, by radially inclining the liquid crystal molecules
with the convex portion 28 as the center and by eccentrically
arranging the convex portion 28 in the 6 o’clock direction.

[0062] Further, when the pixel electrodes each having an
island-shaped portion are provided on the upper substrate 25
and the striped-shaped common electrode having the convex
portions is provided on the lower substrate 10, it is also
possible to increase the transmittance in the specific direc-
tion of a viewing angle by eccentrically arranging the
convex portions. In this case, when the convex portions
formed on the lower substrate 10 are eccentrically arranged
in the 12 o’clock direction, the peak of transmittance shifts
to the 12 o’clock direction. That is because the inclined
direction of liquid crystal molecules depends on which of
the upper substrate 25 and the lower substrate 10 the convex
portions are formed.

[0063] Furthermore, in the present exemplary embodi-
ment, since the convex portions 28 are eccentrically
arranged, the response speed is fast in a region in which the
distance between the convex portion 28 and the edge (the
edge of the island-shaped portion 31a, 31b, or 31c) of the
pixel electrode 31 is small. On the contrary, the response
speed is slow in a region in which the distance therebetween
is large. That is because the vertically aligned liquid crystal
molecules are sequentially operated with the convex portion
28 as a starting point. Therefore, if measuring the response
speed of the liquid crystal display device 100 according to
the present exemplary embodiment, the results shown in
FIG. 9 are obtained. FIG. 9 is a graph illustrating the
relationship between time and transmittance. In FIG. 9, the
result obtained in the liquid crystal display device of the
present exemplary embodiment in which the convex por-
tions 28 are eccentrically arranged is indicated by a solid
line, and the result obtained in a liquid crystal display device
of a comparative example in which the convex portions are
not arranged eccentrically, but are arranged at the centers of
sub-dot regions is indicated by a dotted line.

[0064] As shown in FIG. 9, in a dot region having
transmittance in the range of 0% to 90%, the response speed
of the liquid crystal display device of the present exemplary
embodiment is more delayed than that of the comparative
example in which the convex portions are arranged at the
centers of the sub-dot regions, and the response speed is
faster than that of the comparative example in a dot region
having transmittance in the range of 0% to 60%. That is, by
eccentrically arranging the convex portions, which are align-
ment regulating devices, it is possible to make the response
speed fast in a transmittance range of 0% to about 60% (an
intermediate value), which is considerably advantageous in
displaying a moving picture, that is, which enables an object
moving at a high speed to be displayed with high contrast.

[0065] The liquid crystal display device 100 of the present
exemplary embodiment having a fast response speed and a
viewing angle characteristic in which transmittance is high
in the 12 o’clock direction is a display device suitable for a
navigation system or a personal computer. Such a display
device mainly displays a moving picture, and a display
device for a navigation system is mainly viewed in the 2
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o’clock direction (a driver’s seat) and the 10 o’clock direc-
tion (the seat next to the driver). In addition, a display device
for a personal computer is mainly viewed from the front
side, that is, the display device is mainly viewed in the 10
o’clock direction, the 12 o’clock direction, or the 2 o’clock
direction, but is hardly viewed in the 6 o’clock direction.
Therefore, the liquid crystal display device 100 of the
present exemplary embodiment is preferably adopted.

Second Exemplary Embodiment

[0066] A second exemplary embodiment of the present
invention is described below with reference to the drawings.

[0067] FIGS. 4(a) and 4(b) are a plan view and a cross-
sectional view schematically illustrating a liquid crystal
display device according to the second exemplary embodi-
ment, and correspond to FIGS. 3(a) and 3(b) of the first
exemplary embodiment. The basic structure of the liquid
crystal display device according to the second exemplary
embodiment is the same as that of the first exemplary
embodiment, but the second exemplary embodiment is
different from the first exemplary embodiment in that pixel
electrodes are composed of a reflective film. In FIGS. 4(a)
and 4(b), the same components as those in FIGS. 3(a) and
3(b) have the same reference numerals, and a detailed
description thereof will be omitted.

[0068] As shown in FIGS. 4(a) and 4(b), a liquid crystal
display device 200 of the second exemplary embodiment is
a reflective liquid crystal display device in which pixel
electrodes 310 formed on the inner surface of the lower
substrate 10 are composed of a reflective film made of a
metallic material, such as aluminum, and the surface of the
pixel electrode has an uneven shape. Since the uneven shape
causes reflected light to be scattered, the reflection of
external light is reduced or prevented. In addition, a retar-
dation plate, a polarizing plate, and a backlight are not
formed on the outer surface (a surface opposite to the liquid
crystal layer 50) of the lower substrate 10 because a reflec-
tive liquid crystal display device is adopted.

[0069] Further, similar to the first exemplary embodiment,
the convex portions 284 made of a dielectric material are
formed on the inner surface of the common electrode 9 that
is provided on the inner surface of the upper substrate 25. As
shown in FIGS. 4(a) and 7, each convex portion 28 of the
present exemplary embodiment is arranged in the sub-dot
regions so as to deviate from the center O of each sub-dot
region. In addition, when the distance from the center O of
the sub-dot region to the outer circumference thereof via the
center of the convex portion 284 is “y"”, the distance X'
between the center O of the sub-dot region and the center of
the convex portion 284 satisfies the condition 0.5 y'£x'=0.7
y' (in the present exemplary embodiment, x'=0.5 ¥'). In
addition, each convex portion 28a is located at a position
leaning in the 6 o’clock direction from the center O of each
sub-dot region in the display screen.

[0070] In the liquid crystal display device 200 of the
second exemplary embodiment, since the convex portions
28a, which are an alignment regulating device, are arranged
such that their centers deviate from the centers of the sub-dot
regions, it is possible to obtain a display characteristic in
which reflectance is high in a specific viewing angle direc-
tion. Particularly, since the convex portion 284 is eccentri-
cally arranged in the 6 o’clock direction, the peak of
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transmittance shifts to the 12 o’clock direction, and thus
high transmittance is obtained in the direction from 10
o’clock to 2 o’clock with the 12 o’clock direction as the
center.

[0071] Furthermore, since the liquid crystal display device
200 of the present exemplary embodiment is a reflective
type, the alignment of liquid crystal molecules has an effect
on a viewing angle characteristic both when light is incident
thereon and when light exits therefrom. Therefore, the
distance between the center of the sub-dot region and the
center of the convex portion 28 is as large as possible. In
addition, when the eccentric distance x' is less than 0.5 y', a
position in which the maximum brightness (the ratio of
emission light to incident light) is obtained deviates from the
front, resulting in the impossibility of recognition.

Third Exemplary Embodiment

[0072] A third exemplary embodiment of the present
invention is described below with reference to the drawings.

[0073] FIGS. 5(a) and 5(b) are a plan view and a cross-
sectional view schematically illustrating a liquid crystal
display device according to the third exemplary embodi-
ment, and correspond to FIGS. 3(a) and 3(b) of the first
exemplary embodiment. The basic structure of the liquid
crystal display device according to the third exemplary
embodiment is the same as that of the first embodiment, but
the third exemplary embodiment is mainly different from the
first embodiment in that pixel electrodes are composed of a
reflective film. In FIGS. 5(&) and 5(b), the same components
as those in FIGS. 3(a) and 3(b) have the same reference
numerals, and a detailed description thereof will be omitted.

[0074] As shown in FIGS. 5(a) and 5(b), a liquid crystal
display device 300 of the third exemplary embodiment is a
transflective liquid crystal display device in which each
pixel electrode formed on the inner surface of the lower
substrate 10 includes a reflective film made of a metallic
material, such as aluminum 310, and a transparent electrode
film 32 made of ITO. The metal reflective film 310 and the
transparent electrode film 32 each form an island-shaped
portion constituting a sub-dot region. Specifically, the metal
reflective film 310 constitutes an island-shaped portion 314,
and the transparent electrode film 32 constitutes island-
shaped portions 315 and 31c. Then, the metal reflective film
310 and the transparent electrodes 31 are connected to each
other by connecting portions 39. When the metal reflective
film and the transparent electrode are respectively made of
two materials, such as aluminum and ITO, between which
the difference in a work function is large, the electromotive
force generated therebetween has an adverse effect on dis-
play characteristics and reliability of a display device.
Therefore, it may be preferable to form the transparent
electrode film so as to cover the entire surface of the metal
reflective film. In addition, since the surface of the metal
reflective film 310 is formed in an uneven shape to scatter
reflected light, light reflection from the outside is reduced or
prevented. Herein, a region in which the metal reflective film
310 is formed is a reflective display region R, and a region
in which the transparent electrode film 31 is formed is a
transmissive display region T.

[0075] Further, an insulating film 26 is selectively formed
on the inner surface of the color filter 22 formed on the inner
surface of the upper substrate 25 at positions corresponding
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to the reflective display region R. That is, the insulting film
26 is selectively formed so as to be located above the
reflective film 310, and the thickness of liquid crystal layer
50 in the reflective display region R is different from the
thickness of the liquid crystal layer 50 in the transmissive
display region T due to the insulating film 26. The insulating
film 26 is composed of an organic film made of acrylic resin
that has a thickness of 0.5 um to 2.5 um, and has an incline
plane whose thickness is continuously changed in the vicin-
ity of the boundary between the reflective display region R
and the transmissive display region T. The thickness of the
liquid crystal layer 50 in a region in which the insulating film
26 does not exist is in the range of 2 gm to 5 um, and the
thickness of the liquid crystal layer 50 in the reflective
display region R is about half the thickness of the liquid
crystal layer 50 in the transmissive display region T. As
such, the insulating film 26 functions as a layer to adjust the
thickness of the liquid crystal layer (a layer to control the
thickness of the liquid crystal layer) that makes the thickness
of the liquid crystal layer 50 in the reflective display region
R different from the thickness of the liquid crystal layer 50
in the transmissive display region T. That is, the thickness of
the liquid crystal layer 50 in the reflective display region R
can be half the thickness of the liquid crystal layer 50 in the
transmissive display region T by providing the insulating
film 26. Therefore, it is possible to make retardation con-
tributed to reflective display substantially equal to retarda-
tion contributed to transmissive display, thereby enhancing
contrast.

[0076] Furthermore, the common electrode 9 is formed on
the inner surface of the color filter 22 including the insulting
film 26, and convex portions 284 and 28, which are the
alignment regulating devices, are formed on the inner sur-
face of the common electrode 9. Each of the convex portions
28a and 28 is arranged such that its center deviates from the
center of the sub-dot region, and the eccentric position (the
distance from the center of the dot region) of the convex
portion 28a in the reflective display region R is different
from that of the convex portion 28 in the transmissive
display region T.

[0077] Specifically, as shown in FIG. 6, the distance x
between the center of the sub-dot region and the center of the
convex portion 28 arranged in the transmissive display
region T satisfies the condition 0.05 y=x=0.7 y (in the
present exemplary embodiment, x=0.3 y), and the distance
x' between the center of the sub-dot region and the center of
the convex portion 28a arranged in the reflective display
region R satisfies the condition 0.5 y'£x'<0.7 y' (in the
present exemplary embodiment, x'=0.5 y"). In addition, y=¥'
in the present exemplary embodiment. Each of the convex
portions 28 and 28a is arranged at a position leaning in the
6 o’clock direction from the center O of each sub-dot region
in the display screen.

[0078] In the liquid crystal display device 300 of the third
exemplary embodiment, since each of the convex portions
28 and 28a, which are the alignment regulating devices, is
eccentrically arranged so as to deviate from the center O of
the sub-dot region, it is possible to obtain a display charac-
teristic in which reflectance or transmittance is high in a
specific viewing angle direction. Particularly, since the con-
vex portions 28 and 28a lean in the 6 o’clock direction from
the centers of the sub-dot regions, the peak of transmittance
shifts to the 12 o’clock direction, and thus high transmit-
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tance is obtained in the direction from 10 o’clock to 2
o’clock with the 12 o’clock direction as the center.

[0079] Since the liquid crystal display device 300 of the
present exemplary embodiment is a transflective type, the
distance between the center of the sub-dot region (the
island-shaped portion 31a) and the center of the convex
portion 284 in the reflective display region is different from
the distance between the center of the sub-dot region (the
island-shaped portion 315 or 31c) and the center of the
convex portion 28 in the transmissive display region. That is,
in the sub-dot region for transmissive display, the light
emitted from a backlight 15 passes through the liquid crystal
layer 50 once, while the light incident through the outer
surface of the upper substrate 25 passes through the liquid
crystal layer 50 twice. Therefore, as described above, by
making the distance between the center of the sub-dot region
and the center of the convex portion 28« in the reflective
display region R different from the distance between the
center of the sub-dot region and the center of the convex
portion 28 in the transmissive display region T, it is possible
to make the inclination angle of the liquid crystal molecules
in the reflective display region different from that in the
transmissive display angle. For example, in the reflective
display region, transmittance can have a peak value in the 12
o’clock direction in order to effectively use the light illu-
minated from the upper direction of an observer, and in the
transmissive display region, transmittance can have a peak
value in the front (in the normal direction of a panel).

[0080] In the liquid crystal display devices according to
the first to third exemplary embodiments, it is possible to
arrange the convex portions such that the directions in which
the convex portions are separated from the centers of the
sub-dot regions are different from each other in the respec-
tive sub-dot regions. In this case, the respective sub-dot
regions have different viewing angle characteristics. For
example, it is possible to provide a liquid crystal display
device in which high emittance is obtained in both the 3
o’clock direction and the 9 o’clock direction.

EXAMPLE

[0081] Tt is examined that the viewing angel dependence
of transmittance is changed in the liquid crystal display
device 100 of the first exemplary embodiment when a few
convex portions 28 are formed at different eccentric posi-
tions. FIGS. 10 to 12 illustrate the results of the examination,
and are schematics showing the viewing angle dependence
of transmittance, similar to FIG. 8 illustrating the exami-
nation results of the first embodiment. FIG. 10 shows the
viewing angle dependence of transmittance when the dis-
tance x between the center of the sub-dot region and the
center of the convex portion 28 is 0.05 y. FIG. 11 shows the
viewing angle dependence of transmittance when the dis-
tance x therebetween is 0.5 y. FIG. 12 shows the viewing
angle dependence of transmittance when the distance x
therebetween is 0.7 y.

[0082] As shown in FIG. 10, when the eccentric distance
is small, a viewing angle and a response speed are not
enhanced very much. Particularly, under the condition of
x<0.05 y, the deviation of the peak of transmittance from the
front may be not recognized.

[0083] On the other side, as shown in FIGS. 11 and 12,
when the eccentric distance is large, the deviation of the
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peak of transmittance from the front may be apparently
recognized. In this case, there is a strong possibility that the
alignment disorder of liquid crystal molecules will be gen-
erated in a region positioned in a direction opposite to the
eccentric direction of the convex portion 28 with respect to
the center of the sub-dot region. However, since strong
alignment regulating force acts on not only the liquid crystal
molecules in a region in which the convex portion 28 is
eccentrically provided in one sub-dot region, but also the
liquid crystal molecules in the region positioned in the
direction opposite to the eccentric direction of the convex
portion 28 in the sub-dot region, the liquid crystal molecules
in both the regions are normally aligned. Therefore, even
when the distance between the center of the sub-dot region
and the center of the convex portion 28 is relatively large,
the alignment disorder of the liquid crystal molecules is
hardly generated.

[0084] However, when the region positioned in the eccen-
tric direction in the sub-dot region is small due to the
extremely large distance between the center of the sub-dot
region and the center of the convex portion, the liquid crystal
molecules are not normally aligned in the entire sub-dot
region. As a result, the alignment disorder of liquid crystal
molecules can be easily generated by insignificant factors,
such as the existence of spacers or dust in the liquid crystal
layer 50, a variation of temperature, and electric potential
caused by adjacent pixels. Particularly, when the distance x
is more than 0.7 y, the alignment disorder of the liquid
crystal molecules can be more easily generated.

[0085] In view of the results so far achieved, it may be
preferable that the distance x between the center of the
sub-dot region and the center of the convex portion 28,
which is the alignment regulating device, satisfy the condi-
tion 0.05 y=x=0.7 y.

[0086] In the first exemplary embodiment, the separation
direction (the eccentric direction) of the convex portion 28
from the center of the sub-dot region is the 6 o’clock
direction. However, the examination of the viewing angle
dependence of transmittance is performed on a case in which
the separation direction (the eccentric direction) is changed
to the 8 o’clock direction. FIG. 13 is a schematic illustrating
the results of the examination. As shown in FIG. 13, when
the separation direction (the eccentric direction) of the
convex portion 28 is the 8 o’clock direction, the peak of
transmittance shifts to the 2 o’clock direction. As a result,
high transmittance is generated from the 12 o’clock direc-
tion to the 4 o’clock direction with the 2 o’clock direction as
the center. The liquid crystal display device having such a
viewing angle characteristic is suitable for a display device
for a navigation system that is mainly viewed from the 2
o’clock direction (a driver’s seat).

[0087]

[0088] A specific example of an electronic apparatus
equipped with the liquid crystal display device according to
any one of the above-mentioned exemplary embodiments is
described below.

[0089] FIG. 14 is a perspective view illustrating an
example of a mobile phone. In FIG. 14, reference numeral
1000 indicates a main body of the mobile phone, and
reference numeral 1001 indicates a display unit using the
above-mentioned liquid crystal display device. When the

[Exemplary Electronic Apparatus]
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liquid crystal display device according to any one of the
above-mentioned exemplary embodiments is used for the
display unit of an electronic apparatus, such as a mobile
phone, it is possible to achieve an electronic apparatus
equipped with a liquid crystal display unit capable of
exhibiting excellent display characteristics in a specific
viewing angle.

[0090] Furthermore, the present invention is not limited to
the above-mentioned exemplary embodiments, and can be
appropriately modified within the scope of the present
invention without departing from the subject matter or
concept of the present invention read on the claims and the
specification. For example, the present invention has been
applied to an active matrix liquid crystal display device in
which TFDs are used as switching elements, but may be
applied to an active matrix liquid crystal display device in
which TFTs are used as switching elements. In addition, in
the above-mentioned exemplary embodiments, when TFT
elements are used as switching elements, the TFT elements
can be connected to the pixel electrodes formed on the inner
surface of the lower substrate 10, and the common electrode
9 can be provided so as to cover the entire inner surface of
the upper substrate 25.

What is claimed is:
1. A liquid crystal display device, comprising:

a pair of substrates; and

a liquid crystal layer interposed between the pair of
substrates, display being performed in predetermined
dot regions,

the liquid crystal layer including liquid crystal having
negative dielectric anisotropy that is vertically aligned
in an initial state, a plurality of sub-dot regions being
provided in each dot region, and the plurality of sub-dot
regions being electrically connected to each other
through connecting portions,

each sub-dot region being provided with an alignment
regulating device to regulate an alignment direction of
the vertically aligned liquid crystal molecules such that
the liquid crystal molecules are inclined substantially in
a radial direction around the alignment regulating
device, and

each alignment regulating device being arranged to devi-
ate from a center of the sub-dot region.
2. The liquid crystal display device according to claim 1,

the alignment regulating device being convex portions
formed on a surface of at least one of the pair of
substrates facing the liquid crystal layer.

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

further including electrodes formed on both surfaces of
the pair of substrates facing the liquid crystal layer, and

the alignment regulating device being electrode slits, each
formed by partially cutting off the electrode that is
formed on at least one of both the surfaces of the pair
of substrates facing the liquid crystal layer.

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

the alignment regulating device having a shape that is in
point symmetry or substantially in point symmetry with
respect to its center in plan view.
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5. The liquid crystal display device according to claim 1,

the alignment regulating device having at least one of a
circular shape, a regular polygonal shape, a substan-
tially circular shape, and a substantially regular polygo-
nal shape in plan view.

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

the sub-dot region having a shape that is in point sym-
melry or substantially in point symmetry with respect
to its center in plan view.

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

the sub-dot region having at least one of a circular shape,
a regular polygonal shape, a substantially circular
shape, and a substantially regular polygonal shape in
plan view.

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

the planar shape of the alignment regulating device being
similar to or substantially similar to the shape of the
sub-dot region.

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

each alignment regulating device being arranged so as to
deviate from the center of the sub-dot region, in the
direction in which a viewing angle is widened in the
display of the liquid crystal display device.

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

the pair of substrates being an upper substrate and a lower
substrate, and a backlight being formed on a surface of
the lower substrate opposite to the liquid crystal layer
to display an image on an outer surface of the upper
substrate, and

each alignment regulating device being arranged on an
inner surface of the upper substrate so as to deviate
from the center of the sub-dot region in a direction
opposite to the direction in which a viewing angle is
widened in the display of the liquid crystal display
device.

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

the pair of substrates being an upper substrate and a lower
substrate, and a backlight being formed on a surface of
the lower substrate opposite to the liquid crystal layer
to display an image on an outer surface of the upper
substrate, and

each alignment regulating device being arranged on an
ner surface of the lower substrate so as to deviate
from the center of the sub-dot region in a direction
similar to the direction in which a viewing angle is
widened in the display of the liquid crystal display
device.

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

when a distance from the center of the sub-dot region to
an outer circumference thereof via the center of the
alignment regulating device is “y”, the center of the
alignment regulating device being arranged so as to be
separated from the center of the sub-dot region by a
distance of 0.05 y to 0.7 y.

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

the pair of substrates being an upper substrate and a lower
substrate, and

a reflective layer being provided on the other surface of
the lower substrate facing the liquid crystal layer, and
display being performed by light that is incident on an
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11
outer surface of the upper substrate, and then being 16. The liquid crystal display device according to claim
reflected from the reflective layer. 15,
1 314' The liquid crystal display device according to claim the plurality of sub-dot regions including sub-dot regions

for transmissive display and sub-dot regions for reflec-
when the distance from the center of the sub-dot region to tive display, and

the outer circumference thereof via the center of the
alignment regulating device is “y”, the center of the
alignment regulating device being arranged so as to be

separated from the center of the sub-dot region by a

the alignment regulating device in the sub-dot regions for
transmissive display and the alignment regulating
device in the sub-dot regions for reflective display
> being located at least one of at different distances and
distance of 0.5 y to 0.7 y. in different directions from the centers of the respective

15. The liquid crystal display device according to claim 1, sub-dot regions.
the alignment regulating device in at least two of the 17. An electronic apparatus, comprising;

plurality of sub-dot regions being located at least one of the liquid crystal display device according to claim 1.
at different distances and in different directions from

the centers of the respective sub-dot regions. I T
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