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(57) ABSTRACT

The liquid crystal display device of the invention includes a
plurality of pixels each having a first electrode, a second
electrode facing the first electrode, and a vertically aligned
liquid crystal layer placed between the first and second
electrodes. The device further includes stripe-shaped first
alignment regulating means having a first width placed in
the first electrode side of the liquid crystal layer; stripe-
shaped second alignment regulating means having a second
width placed in the second electrode side of the liquid crystal
layer; and a stripe-shaped liquid crystal region having a third
width defined between the first and second regulating
means. The third width is in a range between 2 ym and 15

Hm.
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LIQUID CRYSTAL, DISPLAY DEVICE, DRIVING
METHOD THEREFOR AND ELECTRONIC
EQUIPMENT

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a liquid crystal
display device and a driving method for the same, and more
particularly relates to a liquid crystal display device suitably
used for display of moving images, a driving method for the
same, and electronic equipment provided with such a liquid
crystal display device.

[0003]

[0004] In recent years, liquid crystal display devices
(LCDs) have increasingly come into widespread use.
Among various types of LCDs, mainstream has been a TN
LCD in which a nematic liquid crystal material having
positive dielectric anisotropy is twisted. The TN LCD how-
ever has a problem of being large in visual angle dependence
that results from the alignment of liquid crystal molecules.

[0005] To improve the visual angle dependence, align-
ment-divided vertical alignment LCDs have been devel-
oped, and use of these LCDs is expanding. For example,
Japanese Patent Gazette No. 2947350 (Literature 1) dis-
closes a multi-domain vertical alignment (MVA) LCD as
one of the alignment-divided vertical alignment L.CDs. The
MVALCD, which includes a vertically aligned liquid crystal
layer placed between a pair of electrodes to present display
in the normally black (NB) mode, is provided with domain
regulating means (for example, slits or protrusions) to
enable liquid crystal molecules in each pixel to fall (tilt) in
a plurality of different directions during application of a
voltage.

[0006] Recently, needs for displaying moving image infor-
mation have rapidly increased, not only in LCD TVs, but
also in PC monitors and portable terminal equipment (such
as mobile phones and PDAs). To display moving images
with high quality on LCDs, it is necessary to shorten the
response time (increase the response speed) of the liquid
crystal layer, so that a predetermined grayscale level can be
reached within one vertical scanning period (typically, one
frame).

[0007] As a driving method that can improve the response
characteristic of LCDs, known is a method in which a
voltage higher than a voltage (grayscale voltage) corre-
sponding to the grayscale level to be displayed (this voltage
is called an “overshoot (OS) voltage”) is applied (this
method is called “overshoot (OS) driving”). With applica-
tion of an OS voltage, the response characteristic in gray-
scale display can be improved. For example, Japanese
Laid-Open Patent Publication No. 2000-231091 (Literature
2) discloses an MVA LCD adopting the OS driving.

[0008] The response speed of the liquid crystal layer is
lower as the applied voltage is lower. Therefore, it has
conventionally been presumed that good moving image
display will be obtained by only improving the response
speed at the application of a low voltage (for example, at a
shift from the black display state to a low-luminance gray-
scale display state) using the OS driving.

1. Field of the Invention

2. Description of the Related Art
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[0009] However, the inventors of the present invention
have found that in alignment-divided vertical alignment
LCDs such as the MVA LCDs described above, liquid
crystal molecules in the liquid crystal layer exhibit a unique
behavior when the applied voltage is high (for example,
when a shift is made from the black display state to a
high-luminance grayscale display state or the white display
state), resulting in decrease in response speed. This decrease
in response speed due to this phenomenon found by the
present inventors is not improved with the OS driving and
causes degradation in display quality.

[0010] The present inventors have examined the above
phenomenon in various ways and found that this phenom-
enon is a new problem that has never occurred as long as the
OS driving is adopted for conventional TN LCDs, and
results from the alignment division done with alignment
regulating means (domain regulating means) placed linearly
(in a stripe shape) in each pixel in alignment-divided vertical
alignment LCDs.

SUMMARY OF THE INVENTION

[0011] In view of the above, a main object of the present
invention is providing an alignment-divided vertical align-
ment LCD permitting high quality moving image display, a
driving method therefor, and electronic equipment provided
with such an LCD.

[0012] The liquid crystal display device of the present
invention includes has a plurality of pixels each having a
first electrode, a second electrode facing the first electrode,
and a vertically aligned liquid crystal layer placed between
the first and second electrodes, the device including: a
stripe-shaped rib having a first width placed in the first
electrode side of the liquid crystal layer; a stripe-shaped slit
having a second width placed in the second electrode side of
the liquid crystal layer; and a stripe-shaped liquid crystal
region having a third width defined between the rib and the
slit, wherein the third width is in a range between 2 ym and
15 pm.

[0013] In a preferred embodiment, the third width is 13.5
um or less.

[0014] In a preferred embodiment, the device further
includes a pair of polarizing plates placed to face each other
with the liquid crystal layer therebetween, transmission axes
of the pair of polarizing plates are orthogonal to each other,
one of the transmission axes extends in a horizontal direc-
tion in the display plane, and the rib and the slit are placed
to extend in a direction about 45° from the one of the
transmission axes.

[0015] In a preferred embodiment, the magnitude of the
voltage corresponding to the highest grayscale level is 7V or
more.

[0016] In a preferred embodiment, the magnitude of the
voltage corresponding to the lowest grayscale level is 0.5V
or less.

[0017] Alternatively, the liquid crystal display device of
the present invention has a plurality of pixels each having a
first electrode, a second electrode facing the first electrode,
and a vertically aligned liquid crystal layer placed between
the first and second electrodes, the device including: a
stripe-shaped first slit having a first width placed in the first
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electrode; a stripe-shaped second slit having a second width
placed in the second electrode; and a stripe-shaped liquid
crystal region having a third width defined between the first
and second slits, wherein the third width is in a range
between 2 ym and 15 um.

[0018] In a preferred embodiment, the third width is 14.2
um or less.
[0019] In a preferred embodiment, the device further

includes a pair of polarizing plates placed to face each other
with the liquid crystal layer therebetween, transmission axes
of the pair of polarizing plates are orthogonal to each other,
one of the transmission axes extends in a horizontal direc-
tion in the display plane, and the first and second slits are
formed to extend in a direction about 45° from the one of the
transmission axes.

[0020] In a preferred embodiment, the magnitude of the
voltage corresponding to the highest grayscale level is 7V or
more.

[0021] In a preferred embodiment, the magnitude of the
voltage corresponding to the lowest grayscale level is 1.6V
or less.

[0022] Alternatively, the liquid crystal display device of
the present invention has a plurality of pixels each having a
first electrode, a second electrode facing the first electrode,
and a vertically aligned liquid crystal layer placed between
the first and second electrodes, the device including: stripe-
shaped first alignment regulating means having a first width
placed in the first electrode side of the liquid crystal layer;
stripe-shaped second alignment regulating means having a
second width placed in the second electrode side of the
liquid crystal layer; and a stripe-shaped liquid crystal region
having a third width defined between the first and second
alignment regulating means, wherein the third width is in a
range between 2 ym and 15 ym.

[0023] Alternatively, the liquid crystal display device of
the present invention includes a liquid crystal panel having
a plurality of pixels each having a first electrode, a second
electrode facing the first electrode, and a vertically aligned
liquid crystal layer placed between the first and second
electrodes, the device including: stripe-shaped first align-
ment regulating means having a first width placed in the first
electrode side of the liquid crystal layer; stripe-shaped
second alignment regulating means having a second width
placed in the second electrode side of the liquid crystal layer;
and a stripe-shaped liquid crystal region having a third width
defined between the first and second alignment regulating
means, wherein the liquid crystal region has a first liquid
crystal portion adjacent to the first alignment regulating
means, a second liquid crystal portion adjacent to the second
alignment regulating means, and a third liquid crystal por-
tion defined between the first and second liquid crystal
portions, the third liquid crystal portion having a response
speed lower than the response speeds of the first and second
liquid crystal portions, and the third width is set at a
predetermined value or less so that the transmittance
obtained when the time corresponding to one vertical scan-
ning period has passed after application of a voltage corre-
sponding to the highest grayscale level in the black display
state can be 75% or more of the transmittance in the highest
grayscale display state at a panel temperature of 5° C.
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[0024] In a preferred embodiment, the first alignment
regulating means is a rib and the second alignment regulat-
ing means is a slit formed in the second electrode.

[0025] In a preferred embodiment, the first alignment
regulating means is a slit formed in the first electrode and the
second alignment regulating means is a slit formed in the
second electrode.

[0026] In a preferred embodiment, the device further
includes a pair of polarizing plates placed to face each other
with the liquid crystal layer therebetween, transmission axes
of the pair of polarizing plates are orthogonal to each other,
one of the transmission axes extends in a horizontal direc-
tion in the display plane, and the first and second alignment
regulating means are placed to extend in a direction about
45° from the one of the transmission axes.

[0027] 1In a preferred embodiment, the first width is in a
range between 4 ygm and 20 um, and the second width is in
a range between 4 ym and 20 um.

[0028] In a preferred embodiment, the thickness of the
liquid crystal layer is 3.2 um or less.

[0029] In a preferred embodiment, the first electrode is a
counter electrode, and the second electrode is a pixel elec-
trode.

[0030] In a preferred embodiment, the device further
includes a drive circuit capable of applying an overshoot
voltage higher than a grayscale voltage predetermined for a
given grayscale level in grayscale display.

[0031] The driving method for a liquid crystal display
device of the present invention is a driving method for the
liquid crystal display device described above, including the
step of applying an overshoot voltage higher than a gray-
scale voltage predetermined for a given grayscale level in
display of the given grayscale level, the given grayscale
level being higher than a grayscale level displayed in the
preceding vertical scanning period.

[0032] In a preferred embodiment, the overshoot voltage
is set so that the display luminance reaches a given lumi-
nance value for the given grayscale level within a time
corresponding to one vertical scanning period.

[0033] The electronic equipment of the present invention
includes the liquid crystal display device described above.

[0034] In a preferred embodiment, the equipment further
includes a circuit for receiving television broadcast.

[0035] According to the present invention, the width of the
liquid crystal regions is set to fall in a predetermined range,
so that occurrence of a unique behavior (“alignment deflec-
tion” to be described later) of liquid crystal molecules in an
alignment-divided vertically aligned LCD can be sup-
pressed. Hence, the response characteristic is improved and
the quality of moving image display can be enhanced.

[0036] Other features, elements, processes, steps, charac-
teristics and advantages of the present invention will become
more apparent from the following detailed description of
preferred embodiments of the present invention with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIGS. 1A, 1B and 1C are cross-sectional views
diagrammatically showing basic constructions of MVA
LCDs of embodiments of the present invention.
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[0038] FIG. 2 is a partial cross-sectional view diagram-
matically showing the sectional structure of an LCD 100 of
an embodiment of the present invention.

[0039] FIG. 3 is a diagrammatic plan view of a pixel
portion 100z of the LCD 100.

[0040] FIG. 4A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 4B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0041] FIG. 5A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 5B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0042] FIG. 6A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 6B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0043] FIG. 7A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 7B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0044] FIGS. 8A to 8C are graphs showing the results of
measurement of the response time (ms) with varying LC
region widths W3 (um).

[0045] FIGS. 9A to 9C are graphs showing the results of
measurement of the response time (ms) with varying LC
region widths W3 (um).

[0046] FIGS. 10A to 10C are graphs showing the results
of measurement of the response time (ms) with varying rib
deviation amounts (¢m).

[0047] FIGS. 11A to 11C are graphs showing the results
of measurement of the response time (ms) with varying rib
deviation amounts (¢m).

[0048] FIGS. 12A to 12C are graphs showing the results
of measurement of the response time (ms) with varying Ae
(diclectric anisotropy) values of the liquid crystal material.

[0049] FIGS. 13A to 13C are graphs showing the results
of measurement of the response time (ms) with varying
thicknesses (um) of the liquid crystal layer.

[0050] FIGS. 14A to 14C are graphs showing the results
of measurement of the response time (ms) with varying rib
widths W1 (um).

[0051] FIGS. 15A to 15C are graphs showing the results
of measurement of the response time (ms) with varying rib
heights (um).
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[0052] FIGS. 16A to 16C are graphs showing the results
of measurement of the response time (ms) with varying slit
widths W2 (um).

[0053] FIGS. 17A to 17C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying LC region widths W3 (um).

[0054] FIGS. 18A to 18C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying LC region widths W3 (um).

[0055] FIG. 19 is a graph showing the relationship
between the target grayscale level and the OS grayscale level
given when a shift is made from level 0 to a predetermined
target grayscale level.

[0056] FIG. 20A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 20B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0057] FIG. 21A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 21B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0058] FIG. 22A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 22B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0059] FIG. 23A is a graph showing a change of the
intensity of transmitted light in the LCD 100 with time
observed when a shift is made from the black display state
to the white display state, and FIG. 23B shows continuous
photos of a pixel portion of the LCD 100 taken at the shift
from the black display state to the white display state with
a high-speed camera.

[0060] FIG. 24 is a view diagrammatically showing the
alignment of liquid crystal molecules 134 in a portion of a
liquid crystal region 13A near a slit 22.

[0061] FIGS. 25A and 25B are diagrammatic views for
demonstrating the influence of an interlayer insulating film
of an LCD on the alignment of liquid crystal molecules.

[0062] FIGS. 26A to 26C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying rib deviation amounts (¢m).

[0063] FIGS. 27A to 27C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying rib deviation amounts (ym).

[0064] FIG. 28 is a partial cross-sectional view diagram-
matically showing the sectional structure of an LCD 200 of
another embodiment of the present invention.

[0065] FIG. 29 is a diagrammatic plan view of a pixel
portion 200q of the LCD 200.
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[0066] FIGS. 30A to 30C are graphs showing the results
of measurement of the response time (ms) with varying LC
region widths W3 (um).

[0067] FIGS. 31A to 31C are graphs showing the results
of measurement of the response time (ms) with varying L.C
region widths W3 (um).

[0068] FIGS. 32A to 32C are graphs showing the results
of measurement of the response time (ms) with varying
thicknesses (um) of the liquid crystal layer.

[0069] FIGS. 33A to 33C are graphs showing the results
of measurement of the response time (ms) with varying slit
widths W1 (um) in a counter electrode 11.

[0070] FIGS. 34A to 34C are graphs showing the results
of measurement of the response time (ms) with varying slit
widths W2 (um) in a pixel electrode 12.

[0071] FIGS. 35A to 35C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying LC region widths W3 (um).

[0072] FIGS. 36A to 36C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying LC region widths W3 (um).

[0073] FIGS. 37A to 37C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying thicknesses d (#m) of the liquid crystal layer.

[0074] FIGS. 38A to 38C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying slit widths W1 (um) in the counter electrode 11.

[0075] FIGS. 39A to 39C are graphs showing the results
of measurement of the grayscale attainment rate (%) with
varying slit widths W2 (um) in the pixel electrode 12.

[0076] FIG. 40 is a plan view diagrammatically showing
a pixel portion 300¢ of an LCD of yet another embodiment
of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0077] Hereinafter, LCDs of embodiments of the present
invention and driving methods for the LCDs will be
described with reference to the relevant drawings.

[0078] First, basic constructions of alignment-divided ver-
tical alignment LCDs of embodiments of the present inven-
tion will be described with reference to FIGS. 1A to 1C.

[0079] Alignment-divided vertical alignment LCDs 10A,
10B and 10C include a plurality of pixels each having a first
electrode 11, a second electrode 12 facing the first electrode
11, and a vertical alignment liquid crystal layer 13 placed
between the first electrode 11 and the second electrode 12.
The vertical alignment liquid crystal layer 13 includes liquid
crystal molecules having negative dielectric anisotropy that
are aligned roughly vertical (for example, at an angle in the
range between 87° and 90°) to the plane of the first and
second electrodes 11 and 12 during non-voltage application.
Typically, this alignment is attained by providing a vertical
alignment film (not shown) on each of the surfaces of the
first and second electrodes 11 and 12 facing the liquid crystal
layer 13. In the case of providing ribs (protrusions) and the
like as alignment regulating means, liquid crystal molecules
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are aligned roughly vertical to the surfaces of the ribs and the
like facing the liquid crystal layer.

[0080] First alignment regulating means (21, 31, 41) are
provided in the first electrode 11 side of the liquid crystal
layer 13, while second alignment regulating means (22, 32,
42) are provided in the second electrode 12 side of the liquid
crystal layer 13. In each of liquid crystal regions defined
between the first and second alignment regulating means,
liquid crystal molecules 134 are under alignment regulating
force applied from the first and second alignment regulating
means. Once a voltage is applied between the first and
second electrodes 11 and 12, the liquid crystal molecules
13a fall (tilt) in the directions shown by the arrows in FIGS.
1A to 1C. That is, in each of the liquid crystal regions, liquid
crystal molecules 134 fall in a uniform direction. Such liquid
crystal regions therefore can be regarded as domains. As the
alignment regulating means as used herein, the domain
regulating means described in Literature 1 and 2 mentioned
above may be adopted.

[0081] The first alignment regulating means and the sec-
ond alignment regulating means (hereinafter, these may be
collectively called “alignment regulating means” in some
cases) are placed in a stripe shape in each pixel. FIGS. 1A
to 1C are cross-sectional views taken along the direction
orthogonal to the extension of the stripe-shaped alignment
regulating means. Liquid crystal regions (domains) in which
liquid crystal molecules 13« fall in directions different by
180° from each other are formed on both sides of each
alignment regulating means.

[0082] Specifically, the LCD 10A shown in FIG. 1A has
ribs 21 as the first alignment regulating means and slits
(openings) 22 formed in the second electrode 12 as the
second alignment regulating means. The ribs 21 and the slits
22 extend in a stripe shape. The ribs 21 serve to align liquid
crystal molecules 13a roughly vertically with respect to the
side faces of the ribs 21, so that the liquid crystal molecules
134 are aligned in a direction orthogonal to the extension of
the ribs 21. The slits 22 serve to generate a tilt electric field
in areas of the liquid crystal layer 13 near the edges of the
slits 22 when a potential difference is given between the first
and second electrodes 11 and 12, so that the liquid crystal
molecules 13a are aligned in a direction orthogonal to the
extension of the slits 22. The ribs 21 and the slits 22 are
placed in parallel with each other with a predetermined
spacing therebetween, and liquid crystal regions (domains)
are formed between the ribs 21 and the slits 22 adjacent to
each other.

[0083] The LCD 10B shown in FIG. 1B is different from
the LCD 10A shown in FIG. 1A in that ribs 31 and 32 are
provided as the first and second alignment regulating means,
respectively. The ribs 31 and 32 are placed in parallel with
each other with a predetermined spacing therebetween, and
serve to align liquid crystal molecules 13a to be roughly
vertical to side faces 31a of the ribs 31 and side faces 32a
of the ribs 32, to thereby form liquid crystal regions
(domains) between these ribs.

[0084] The LCD 10C shown in FIG. 1C is different from
the LCD 10A shown in FIG. 1A in that slits 41 and 42 are
provided as the first and second alignment regulating means,
respectively. The slits 41 and 42 serve to generate a tilt
electric field in areas of the liquid crystal layer 13 near the
edges of the slits 41 and 42 when a potential difference is
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given between the first and second electrodes 11 and 12, so
that liquid crystal molecules 13a are aligned in a direction
orthogonal to the extension of the slits 41 and 42. The slits
41 and 42 are placed in parallel with each other with a
predetermined spacing therebetween, and liquid crystal
regions (domains) are formed between these slits.

[0085] As described above, an arbitrary combination of
ribs andjor slits can be used as the first and second alignment
regulating means. The first and second electrodes 11 and 12
may be electrodes facing each other with the liquid crystal
layer 13 therebetween. Typically, one electrode is a counter
electrode, and the other is a pixel electrode. Hereinafter, an
embodiment of the present invention will be described
taking, as an example, an LCD having a counter electrode as
the first electrode 11, a pixel electrode as the second elec-
trode 12, ribs 21 as the first alignment regulating means, and
slits 22 formed in the pixel electrode as the second alignment
regulating means (that is, an LCD corresponding to the LCD
10A in FIG. 1A). The construction of the LCD 10A shown
in FIG. 1A is advantageous in that increase in the number
of fabrication steps can be minimized. That is, no additional
step is required in forming slits in the pixel electrode. As for
the counter electrode, increase in the number of steps is
smaller in placing ribs thereon than in forming slits therein.
Naturally, the present invention is also applicable to other
constructions using only ribs and only slits as the alignment
regulating means.

[0086] The present inventors have found from various
examinations that the problem described above of the
response speed at a shift from the black display state to a
high-luminance grayscale display state being insufficient is
caused by the alignment division done with the first and
second alignment regulating means placed in pixels in a
stripe shape, and that occurrence of this problem can be
suppressed by limiting the width of liquid crystal regions
defined between the first and second alignment regulating
means to a predetermined range (more specifically, 15 um or
less). Hereinafter, the cause of this problem and effects of the
LCD of the present invention will be described in detail.
Hereinafter, the cause of this problem and the effect of the
LCD of the present invention will be described in detail.

[0087] First, the basic construction of the LCD of the
embodiment of the present invention will be described with
reference to FIGS. 2 and 3. FIG. 2 is a partial cross-
sectional view diagrammatically showing the sectional
structure of an LCD 100, and FIG. 3 is a plan view of a pixel
portion 10z of the LCD 100. The LCD 100 is substantially
the same in basic construction as the LCD 10A shown in
FIG. 1. Common components are therefore denoted by the
same reference numerals.

[0088] The LCD 100 has a vertically aligned liquid crystal
layer 13 between a first substrate (for example, glass sub-
strate) 10¢ and a second substrate (for example, glass
substrate) 10b. A counter electrode 11 is formed on the
surface of the first substrate 10a facing the liquid crystal
layer 13, and ribs 21 are formed on the counter electrode 11.
A vertical alignment film (not shown) is formed covering
substantially the entire surface of the counter electrode 11
including the ribs 21 facing the liquid crystal layer 13. The
ribs 21 extend in a stripe shape as shown in FIG. 3 so that
the adjacent ribs 21 are in parallel with each other with a

Oct. 6, 2005

uniform spacing (pitch) P therebetween. The width W1 of
the ribs 21 (width in the direction orthogonal to the exten-
sion) is also uniform.

[0089] Gate bus lines (scanning lines) and source bus lines
(signal lines) 51, as well as TFTs (not shown), are formed on
the surface of the second substrate 10b facing the liquid
crystal layer 13, and an interlayer insulating film 52 is
formed to cover these components. A pixel electrode 12 is
formed on the interlayer insulating film 52. The interlayer
insulating film 52, which has a flat surface, is made of a
transparent resin film having a thickness in the range
between 1.5 um and 3.5 um, to thereby enable overlap
placement of the pixel electrode 12 with the gate bus lines
and/or the source bus lines. This is advantageous in improv-
ing the aperture ratio.

[0090] Stripe-shaped slits 22 are formed in the pixel
electrode 12, and a vertical alignment film (not shown) is
formed covering substantially the entire surface of the pixel
electrode 12 including the slits 22. As shown in FIG. 3, the
slits 22 extend in a stripe shape in parallel with each other
so as to roughly bisect the spacing between the adjacent ribs
21. The width W2 of the slits 22 (width in the direction
orthogonal to the extension) is uniform. The shapes and
arrangements of the slits and ribs described above may
deviate from the respective design values in some cases due
to a variation in fabrication process, misalignment in bond-
ing of the substrates and the like. The above description does
not exclude these deviations.

[0091] A stripe-shaped liquid crystal region 13A having a
width W3 is defined between the adjacent stripe-shaped rib
21 and slit 22 extending in parallel with each other. In the
liquid crystal region 13A, the alignment direction is regu-
lated with the rib 21 and the slit 22 placed on both sides of
the region. Such liquid crystal regions (domains) are formed
on the opposite sides of each of the ribs 21 and the slits 22,
in which liquid crystal molecules 13a tilt in the directions
different by 180° from each other. As shown in FIG. 3, in the
LCD 100, the ribs 21 and the slits 22 extend in two
directions different by 90° from each other, and each pixel
portion 10z has four types of liquid crystal regions 13A
different in the alignment direction of liquid crystal mol-
ecules 13a by 90° from one another. Although the arrange-
ment of the ribs 21 and the slits 22 is not limited to the
example described above, this arrangement ensures good
viewing angle characteristic.

[0092] A pair of polarizing plates (not shown) is placed on
the outer surfaces of the first and second substrates 10a and
106 so that the transmission axes thercof are roughly
orthogonal to each other (in the crossed-Nicols state). If the
polarizing plates are placed so that the transmission axes
thereof form 45° with the alignment directions of all the four
types of liquid crystal layers 13A that are different by 90°
from one another, a change in retardation with the liquid
crystal regions 13A can be used most efficiently. That is, the
polarizing plates should preferably be placed so that the
transmission axes thereof form roughly 45° with the direc-
tions of extension of the ribs 21 and the slits 22. In display
devices in which observation is often moved in a direction
horizontal to the display plane, such as TVs, the transmis-
sion axis of one of the polarizing plates preferably extends
in a horizontal direction in the display plane for suppression
of the viewing angle dependence of the display quality.
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[0093] The MVA LCD 100 having the construction
described above can present display excellent in viewing
angle characteristic. However, liquid crystal molecules in
the liquid crystal layer exhibit a unique behavior when a
shift is made from the black display state to a high-voltage
applied state (a high-luminance grayscale display state and
the white display state), and this reduces the response speed.
This phenomenon will be described in detain with reference
to FIGS. 4A/B to 7A/B.

[0094] FIGS. 4A, 5A, 6A and 7A are graphs showing a
change of the intensity of transmitted light with time
observed when a shift is made from the black display state
to the white display state. FIGS. 4B, 5B, 6B and 7B show
continuous photos of a pixel portion taken at the shift from
the black display state to the white display state with a
high-speed camera. The y-axis of the graphs represents the
intensity in percentage with respect to the intensity in the
steady state after application of a white voltage as 100%.
The specific parameters of the LCD 100 used in this exami-
nation are as shown in Table 1. The black voltage (V0) and
the white voltage (V255) for the respective figures are as
shown in Table 2.

TABLE 1
Measure-
Rib width ~ Slit width LCregion Rib  Thickness d ment
w1 w2 width W3 height of LC layer  temp.
8 um 10 um 19um 1.05um 2.5 um 25° C.
[0095]
TABLE 2
Black voltage White voltage
FIGS. 4A, 4B 05 Vv 7V
FIGS. 5A, 5B 05 Vv 10V
FIGS. 6A, 6B 2V 7V
FIGS. 7A, 7B 2V 10V
[0096] As is found from the continuous photos shown in

FIGS. 4B, 5B, 6B and 7B, an alignment disturbance (tilt of
liquid crystal molecules in random directions) occurs in the
liquid crystal regions 13A immediately after voltage appli-
cation. This phenomenon is called “alignment deflection”
because the liquid crystal molecules 13¢ tilt in directions
different from those to which the alignment is originally
regulated. The alignment deflection is then gradually
resolved, but is not completely resolved even after 16 msec
as shown in the figures.

[0097] The alignment deflection occurs because each lig-
uid crystal region 13A has two types of portions character-
ized by two different response speeds. The portions of the
liquid crystal region 13A located near the rib 21 and the slit
22 (called “first LC portions R1”) are high in response speed
because these are directly affected by the alignment regu-
lating force of the rib 21 and the slit 22. On the contrary, the
center portion of the liquid crystal region 13A (called a
“second LC portion R2”) is lower in response speed than the
first LC portions R1. During voltage application, therefore,
the liquid crystal molecules 134 in the first LC portions R1
tilt in the direction regulated with the alignment regulation
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means, and thereafter, the liquid crystal molecules 13a in the
second LC portion R2 tilt to agree with the alignment of the
liquid crystal molecules 13a in the first LC portions R1.
However, in the case of application of a high voltage, in
which the torque for tilting the liquid crystal molecules 134
acts intensely, the liquid crystal molecules 134 in the second
LC portion R2 are forced to tilt in random directions
(determined with fine uneven surfaces of alignment films
and the like) immediately after the voltage application. The
liquid crystal molecules 13« tilting in random directions
gradually change the alignment azimuth directions so as to
agree with the alignment direction of the liquid crystal
molecules 13¢ in the first LC regions R1.

[0098] In the above description, the alignment deflection
was discussed using two types of LC portions for simplifi-
cation. In the LCD 100 exemplified above, the degrees of the
effect of the first alignment regulating means (rib 21) and the
second alignment regulating means (slit 22) on the response
speed are different from each other. Strictly, therefore, three
LC portions different in response speed from one another are
formed.

[0099] As described above, under application of a high
voltage, the liquid crystal molecules 13z in the second LC
portion R2 exhibit 2-stage response behavior in which they
first fall with an electric field immediately after the voltage
application (alignment deflection), and thereafter gradually
change the alignment azimuth direction to secure continuity
of the alignment. As a result, the response speed of the entire
liquid crystal region 13A decreases.

[0100] As described above, the alignment deflection
oceurs in application of a high voltage. Hence, as is apparent
from comparison between FIGS. 4A/B and SA/B and
between 6A/B and 7A/B, the occurrence of alignment
deflection and the resultant decrease in response speed are
more eminent as the white voltage is higher. This is the
reason why the phenomenon that the response speed does
not increase but rather decreases with increase of the white
voltage may occur, against the general recognition that the
response characteristic is improved with increase of the
white voltage. Although the shift to the white display state
was shown in these figures, the above description also
applies to a shift to a high-luminance grayscale display state,
in which the response speed will not be sufficiently increased
even by adopting the OS driving.

[0101] Also, as is apparent from comparison between
FIGS. 4A/B and 6A/B and between FIGS. 5A/B and 7A/B,
the response speed is lower as the black voltage is lower. The
reason is that as the black voltage is lower, the liquid crystal
molecules 13a align closer to the vertical in the black display
state. Contrarily, when the black voltage is high to allow the
liquid crystal molecules 13« to tilt a little even in the black
display state, the response speed increases. In this case,
however, the contrast ratio will decrease due to the tilt of the
liquid crystal molecules 134. In recent years, a higher
contrast ratio has been requested for LCDs, but if the
contrast ratio is improved by decreasing the black voltage,
the response speed will decrease as described above.

[0102] As described above, a higher white voltage and a
lower black voltage result in decrease in response speed, and
this decrease in response speed cannot be improved suffi-
ciently even with the OS driving. Also, if the operating
temperature of an LCD changes, the properties such as the
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viscosity of the liquid crystal material change, and as a
result, the response characteristic of the LCD changes. The
response characteristic degrades with decrease of the oper-
ating temperature, and improves with increase of the oper-
ating temperature. In the conventional alignment-divided
vertical alignment LCDs, a sufficient response characteristic
is unavailable at a panel temperature of 5° C.

[0103] The OS driving method is also applied to TN
LCDs, but the alignment deflection described above is not
observed in TN LCDs. The reason is that, in TN LCDs, the
alignment division is made by regulating the alignment
directions of liquid crystal molecules in respective liquid
crystal regions (domains) with alignment films rubbed in
different directions. Since the alignment regulating force is
given to the entire of each liquid crystal region from a planar
(two-dimensional) alignment film, no response speed distri-
bution arises in each liquid crystal region. On the contrary,
in alignment-divided vertical alignment LCDS, the align-
ment division is made with the linearly (one-dimensionally)
provided alignment regulating means. Therefore, portions
having different response speeds are formed with, not only
the difference in the alignment regulating force of the
alignment regulating means, but also the distance from the
alignment regulating means.

[0104] For the purpose of preventing occurrence of the
alignment deflection, MVA LCDs having the basic construc-
tion shown in FIGS. 2 and 3 were fabricated by varying the
cell parameters (the thickness d of the liquid crystal layer, Ae
(dielectric anisotropy) of the liquid crystal material, the rib
width W1, the slit width W2, the LC region width W3, the
rib height and the like), and the response characteristics of
these devices were evaluated.

[0105] As aresult, the following were found. The changes
in response characteristic with changes of Ae of the liquid
crystal material, the thickness d of the liquid crystal layer,
the rib width W1, the rib height and the slit width W2 were
minute, and thus the response speed improving effects
obtained by adjusting these factors were all small. On the
contrary, the response characteristic was greatly improved
by narrowing the LC region width W3. Also, in actual LCDs,
the positions of the ribs are sometimes deviated from the
design positions due to a cause in the fabrication process (for
example, misalignment in the step of bonding the sub-
strates). In this relation, it was found that the response
characteristic could be improved to some extent by reducing
the degree of the deviation (called the “rib deviation
amount”). Hereinafter, the results of the evaluation will be
described in detail.

[0106] FIGS. 8A to 8C and 9A to 9C show the results of
measurement of the response time (ms) with varying LC
region widths W3. The response time as used herein refers
to the time taken for the transmittance to reach 90% from 0%
with respect to the transmittance in the white display state as
100%. FIGS. 8A and 9A show the results when the white
voltage (herein, the voltage corresponding to grayscale level
255, denoted by V255) is 6.0V, FIGS. 8B and 9B show the
results when the white voltage is 7.0V, and FIGS. 8C and
9C show the results when the white voltage is 8.0V. In each
graph, the results obtained when the black voltage (herein,
the voltage corresponding to grayscale level 0, denoted by
V0) is 0.5V, 1.0V and 1.6V are shown. The cell parameters
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of the LCDs used in this examination are as shown in Table
3.

TABLE 3
Rib Slit Measure-
width  width Rib  Thickness d ment
w1 W2 height of LC layer temp.
FIGS. 8A-8C 8um 10pm 1.05pm 2.5 um 25° C.
FIGS. 9A-9C 8um 10pm 1.05pm 2.5 um 5° C
[0107] From FIGS. 8A to 8C and 9A to 9C, it is found that

a strong correlation exists between the LC region width W3
and the response time. Specifically, by reducing the LC
region width W3, the response time decreases, that is, the
response characteristic improves. From comparison between
FIGS. 8A to 8C and FIGS. 9A to 9C, it is also found that
the response time is longer and thus the response charac-
teristic is lower when the operating temperature is 5° C. than
when it is 25° C. Further, from comparison among FIGS.
8A, 8B and 8C and comparison among FIGS. 9A, 9B and
9C, it is found that the response time is longer and thus the
response characteristic is lower when the white voltage is
7.0V and 8.0V than when it is 6.0 V. This is a phenomenon
opposite to the general recognition that the response char-
acteristic is higher as the applied voltage is higher.

[0108] FIGS. 10A to 10C and 11Ato 11C show the results
of measurement of the response time (ms) with varying rib
deviation amounts (the positions of the ribs were deviated
intentionally). The cell parameters of the LCDs used in this
examination are as shown in Table 4. The “rib deviation
amount” as used herein is defined as the degree of deviation
along the direction orthogonal to the extension of the ribs 21.
Hence, if a rib deviation of X um occurs, a difference of 2X
um is produced in LC region width W3 between the two
liquid crystal regions adjacent to each other via the rib 21.
For example, in the LCDs used in this examination, the LC
region width W3 having no rib deviation is 11 ym. If the rib
deviation amount is 2 um, the widths W3 of the two liquid
crystal regions adjacent to each other via the rib are 9 um and
13 um.

TABLE 4

Rib Slit Thickness Meas-

width  width  LC region Rib d of LC ure

w1 W2 width W3*  Height layer temp.
FIGS. 8pum 10 gm 11 ym 1.05um 25um 25° C
10A-10C
FIGS. 8pum 10 gm 11 ym 1.05um 2.5 um 5° C
11A-11C

*The LC region width W3 measured when there is no rib deviation.

[0109] From FIGS. 10A to 10C and 11A to 11C, it is
found that the correlation exists between the rib deviation
amount and the response time. That is, as the rib deviation
amount is smaller, the response time is shorter, that is, the
response characteristic is higher.

[0110] FIGS. 12A to 12C, 13A to 13C, 14A to 14C, 15A
to 15C, and 16A to 16C show the results of measurement of
the response time (ms) with varying Ae values of the liquid
crystal material, thicknesses d of the liquid crystal layer, rib
widths W1, rib heights, and slit widths W2, respectively. The
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cell parameters of the LCDs used in this examination are as
shown in Tables 5 to 9.

TABLE 5

Rib Slit
width width LCregion  Rib

Thickness Meas-
d of IC ure

w1 W2  width W3 height layer temp.
FIGS. 8um 10pm 11pm 105wm 25um 25°C.
12A-12C
[0111]
TABLE 6
Rib Slit
width  width LC region Rib Measurement
w1 W2 width W3 height temp.
FIGS. 8um 10 ym 15 pm, 16 ym  1.05 um 25° C.
13A-13C
[0112]
TABLE 7
Slit width ~ LC region Rib Measurement
w2 width W3 height temp.
FIGS. 10 pm 11 m 1.05 um 25° C.
14A-14C
[0113]
TABLE 8
Rib width Slit width  LC region ~ Measurement
w1 w2 width W3 temp.
FIGS. 8 ym 10 ym 11 pm 25° C.
15A-15C
[0114]
TABLE 9
Rib width ~ LC region Rib Measurement
w1 width W3 height temp.
FIGS. 8 um 11 gm 1.05 um 25° C.
16A-16C
[0115] From FIGS. 12A/B/C to 16A/B/C, it is found that

the changes in response characteristic with changes of AE of
the liquid crystal material, the thickness d of the liquid
crystal layer, the rib width W1, the rib height and the slit
width W2 are minute, and thus the response speed improv-
ing effects obtained by adjusting these factors are all small.

[0116] As described above, it was found that the response
characteristic could be greatly improved by narrowing the
LC region width W3 among various cell parameters of the
LCDs, and that the response characteristic could also be
improved to some extent by reducing the rib deviation
amount.
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[0117] FIGS.17A to17C and 18A to 18C show the results
of measurement of the grayscale attainment rate (%) with
varying LC region widths W3. The “grayscale attainment
rate” refers to the rate of the transmittance obtained when the
time corresponding to one vertical scanning period (herein,
16.7 msec) has passed after voltage application to the
transmittance corresponding to the target grayscale level.
Herein, the grayscale attainment rate is that obtained when
the initial state is the black display state and the target
grayscale level is the highest grayscale level (white display
state). The cell parameters of the LCDs used in this exami-
nation are the same as those shown in Table 3. FIGS. 17A
to 17C show the results measured at 25° C., and FIGS. 18A
to 18C show the results measured at 5° C.

[0118] From FIGS. 17A to 17C, it is found that the
grayscale attainment rate is 75% or more in the range of the
varying LC region widths W3 (about 8.5 um to about 19.5
um) at 25° C. From FIGS. 18A to 18C, it is found that at 5°
C., a grayscale attainment rate of 75% or more may not be
obtained unless the LC region width W3 is a predetermined
value or less, depending on the magnitudes of the white
voltage and black voltage.

[0119] Hereinafter, the effect obtained by securing a gray-
scale attainment rate of 75% or more will be described.

[0120] In the OS driving, to attain good display, the
magnitude (level) of the OS voltage preferably changes
continuously with the change of the target grayscale level.
Herein, the magnitude (level) of the OS voltage expressed in
terms of the grayscale level is called an “OS grayscale
level”. For example, “OS grayscale level 128” indicates that
a voltage of the same magnitude (level) as the grayscale
voltage for grayscale level 128 is applied as the OS voltage.

[0121] The transmittance equivalent to 75% of the trans-
mittance in the white display state (highest grayscale dis-
play) corresponds to grayscale level 224 in the grayscale
display from level O (black) to level 255 (white) in y*. If the
grayscale attainment rate is less than 75%, the transmittance
corresponding to grayscale level 224 cannot be reached
within one vertical scanning period in the shift of display
from level O to level 224 even when the highest grayscale
voltage (OS grayscale level 255) is applied as the OS
voltage. Thus, the OS grayscale level for all target grayscale
levels from a given grayscale level lower than 224 up to
level 255 must be set at 255, and this results in loss of the
continuity of the change in OS grayscale level from the
given level to level 255. On the contrary, if the grayscale
attainment rate is 75% or more, the OS grayscale levels at
least from level O to level 224 change continuously, and thus
display can be done with no practical problem.

[0122] FIG. 19 shows the relationship between the target
grayscale level and the OS grayscale level when a shift is
made from level 0 to a given target grayscale level, for the
cases of the grayscale attainment rate of 44.6%, 78.5%,
88.6% and 91.6% in an LCD having given cell parameters.
As shown in FIG. 19, while the OS grayscale level con-
tinuously changes in the cases of the grayscale attainment
rate of 78.5%, 88.6% and 91.6%, the OS grayscale level
saturates (OS grayscale level is “flattened”) for grayscale
levels 192 and higher in the case of the grayscale attainment
rate of 44.6%, resulting in loss of the continuity of the
change in OS voltage.

[0123] Asdescribed above, by securing a grayscale attain-
ment rate of 75% or more, good display can be obtained
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when the OS driving is adopted. As the grayscale attainment
rate is higher, the continuity in OS grayscale level can be
secured up to a higher grayscale level, and thus better
display can be obtained. Hence, the grayscale attainment
rate is preferably 75% or more, and a higher rate is more
preferable.

[0124] From the results shown in FIGS. 18A to 18C, it is
found that the LC region width W3 enabling a grayscale
attainment rate of 75% or more is as shown in Tables 10 to
12. Note that Tables 10 to 12 also show the L.C region widths
W3 enabling a grayscale attainment rate of 80% or more and
a grayscale attainment rate of 85% or more.

TABLE 10

White voltage 6.0 V

Black voltage

05V 1.0V 16V

LC region width W3 enabling 19.5 ym
grayscale attainment rate of 75% or  or less
more
LC region width W3 enabling 16.5 ym  17.5 ym
grayscale attainment rate of 80% or  or less or less
more
LC region width W3 enabling 143 um 15 um 17.5 um
grayscale attainment rate of 85% or  or less or less or less
more
[0125]
TABLE 11
White voltage 7.0 V
Black voltage

05V 1.0V 16V

LC region width W3 enabling 150um 160 um  19.5 um
grayscale attainment rate of 75% or  or less or less or less
more
LC region width W3 enabling 128 um  13.5uym 155 ym
grayscale attainment rate of 80% or  or less or less or less
more
LC region width W3 enabling 108 um  11.5um  13.5 um
grayscale attainment rate of 85% or  or less or less or less
more
[0126]
TABLE 12
White voltage 8.0V
Black voltage

05V 1.0V 16V

LC region width W3 enabling 1B5um  145um  17.8 um
grayscale attainment rate of 75% or  or less or less or less
more

LC region width W3 enabling 11.0um 120 um 145 um
grayscale attainment rate of 80% or  or less or less or less
more

LC region width W3 enabling 9.0 um 9.8 um 11.8 um
grayscale attainment rate of 85% or  or less or less or less

more

Oct. 6, 2005

[0127] From the above tables, it is found that by setting the
LC region width W3 at about 15 um or less, a grayscale
attainment rate of 75% or more can be obtained in driving
with a white voltage of 7.0V and a black voltage of 0.5V at
a panel temperature of 5° C. It is also found that by setting
the LC region width W3 at about 13.5 um or less, for
example, a grayscale attainment rate of 75% or more can be
obtained in driving with a white voltage of 8.0V and a black
voltage of 0.5V at a panel temperature of 5° C.

[0128] Conventional alignment-divided vertical alignment
LCDs were often driven with a white voltage of about 6.0 V
and a black voltage of about 1.6 V. As described above, by
setting the LC region width W3 at about 15 um or less (more
preferably, about 13.5 um or less, for example), a grayscale
attainment rate of 75% or more can be obtained under the
driving conditions of a higher white voltage and a lower
black voltage than those conventionally adopted, and yet
occurrence of alignment deflection can be suppressed. Thus,
MVA LCDs excellent in moving image display characteris-
tics can be obtained.

[0129] The LC region width W3 of the currently commer-
cially available MVA LCDs (including the PVA LCD shown
in FIG. 1C) is larger than 15 um. According to the results
described above, if the devices are driven with a high white
voltage and a low black voltage at a panel temperature of 5°
C., the grayscale attainment rate may not reach 75% in some
cases.

[0130] Hereinafter, the reason why the response charac-
teristic is improved by reducing the LC region width W3
will be described.

[0131] As already described, alignment deflection occurs
due to the existence of the first LC portion R1 high in
response speed and the second LC portion R2 low in
response speed in each liquid crystal region 13A. The width
of the first LC portion R1 located near an alignment regu-
lating means (herein, the width is not quantitatively
expressed) is determined with the strength of the alignment
regulating force of the alignment regulating means. It is
therefore considered that if the alignment regulating force of
the alignment regulating means is uniform (for example, the
size of the alignment regulating means is uniform), the width
of the first LC portion R1 little changes with change of the
LC region width W3. Hence, when the LC region width W3
is reduced, the width of the second LC portion R2 alone
decreases. Thus, by reducing the LC region width W3, the
width of the second LC portion R2 low in response speed is
reduced, whereby occurrence of alignment deflection is
suppressed and the response speed of the entire liquid crystal
region 13A is improved.

[0132] FIGS. 20A/B to 23A/B show how the alignment
deflection is suppressed by setting the LC region width W3
at a predetermined value or less. FIGS. 204, 21A, 22A and
23A are graphs showing a change of the intensity of trans-
mitted light with time observed when a shift is made from
the black display state to the white display state. FIGS. 20B,
21B, 22B and 23B show continuous photos of a pixel
portion taken at the shift from the black display state to the
white display state with a high-speed camera. The specific
cell parameters of the LCDs 100 used in this examination are
the same as those shown in Table 1 except that the width W3
of the liquid crystal region 13A is 8 um. The black voltage
(V0) and the white voltage (V255) for the respective figures
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are as shown in Table 13. That is, FIGS. 20A/B to 23A/B
respectively correspond to FIGS. 4A/B to 7A/B.

TABLE 13
Black voltage White voltage
FIGS. 20A, 20B 05V 7V
FIGS. 21A, 21B 05V 10V
FIGS. 22A, 22B 2V 7V
FIGS. 23A, 23B 2V 10V

[0133] Asis apparent from comparison of FIGS. 20A/B to
23A/B with 4A/B to 7A/B, the alignment deflection was
suppressed and the response characteristic was improved
when the LC region width W3 was 8 um compared with
when it was 19 um.

[0134] As described above, by reducing the LC region
width W3, the alignment deflection can be suppressed and
the response characteristic can be improved. This provides
an LCD permitting good moving image display. If the LC
region width W3 is less than 2 um, however, fabrication of
the LCD is difficult. Therefore, the LC region width W3 is
preferably 2 um or more. For the same reason, the rib width
W1 and the slit width W2 are preferably 4 um or more.
Typically, the rib width W1 and the slit width W2 are 20 um
or less.

[0135] As is found from FIGS. 2 and 3, reducing the LC
region width W3 leads to lowering the aperture ratio {(pixel
area—rib area-slit area)/pixel arca}. Therefore, to think of
this simply, it is presumed that the display luminance will
also be lowered.

[0136] However, it was clarified from the series of exami-
nations conducted in relation to the present invention that
the MVA LCD of this embodiment could keep its display
luminance from lowering despite the decrease of the LC
region width W3 from that conventionally used. This is
thanks to an unexpected effect that the transmittance per unit
area of pixels (hereinafter, called the “transmission effi-
ciency”) improves by reducing the LC region width W3
from the conventional width. The transmission efficiency is
determined by actually measuring the transmittance of pix-
els and dividing the measured value by the aperture ratio.

[0137] The reason why the transmission efficiency
improves by reducing the LC region width W3 will be
described with reference to FIG. 24. FIG. 24 diagrammati-
cally shows how the liquid crystal molecules 13a located
near the slit 22 in the liquid crystal region 13A are aligned.
Among the liquid crystal molecules 134 in the liquid crystal
region 13A, those located near a side (longer side) 13xof the
stripe-shaped liquid crystal region 13A tilt in the plane
perpendicular to the side 13X under the influence of a tilt
electric field. On the contrary, the liquid crystal molecules
13a located near a side (shorter side) 13Y of the liquid
crystal region 13 A intersecting the side 13X tilt in a direction
different from the direction of the tilt of the liquid crystal
molecules 13a near the side 13X, under the tilt electric field.
In other words, the liquid crystal molecules 13a located near
the side 13Y of the liquid crystal region 13A tilt in a
direction different from a predetermined alignment direction
defined by the alignment regulating force of the slit 22,
acting to disturb the alignment of the liquid crystal mol-
ecules 13« in the liquid crystal region 13A. By reducing the

10
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width W3 of the liquid crystal region 13A (that is, reducing
the value of (length of longer side/length of shorter side)),
the proportion of the liquid crystal molecules 13a that tilt in
the predetermined direction under the influence of the align-
ment regulating force of the slit 22, among the liquid crystal
molecules 13¢ in the liquid crystal region 13A, increases,
resulting in increase in transmission efficiency. In this way,
by reducing the LC region width W3, obtained is the effect
of stabilizing the alignment of the liquid crystal molecules
134 in the liquid crystal region 13A, and as a result, the
transmission efficiency improves.

[0138] From examinations in various ways, it has been
found that the effect of stabilizing the alignment (effect of
improving the transmission efficiency) obtained by reducing
the LC region width W3 is exhibited significantly when the
thickness d of the liquid crystal layer is small, for example,
as small as less than 3.2 um. The reason is considered to be
as follows. As the thickness d of the liquid crystal layer is
smaller, the action of the tilt electric field from the slit 22 is
greater. However, at the same time, the liquid crystal layer
is more affected by the electric field from gate bus lines and
source bus lines placed in the vicinity of the pixel electrode
12, or the electric field from adjacent pixel electrodes. These
electric fields act to disturb the alignment of the liquid
crystal molecules 13¢ in the liquid crystal layer 13A. There-
fore, it can be said that the alignment stabilizing effect
described above is exhibited significantly in the case that the
thickness d of the liquid crystal layer is small in which the
alignment of the liquid crystal molecules 13z tend to be
disturbed.

[0139] The LCD exemplified in this embodiment includes
the comparatively thick interlayer insulating film 52 cover-
ing the gate bus lines and the source bus lines, and the pixel
electrode 12 is formed on the interlayer insulating film 52,
as shown in FIG. 2. The influence of the interlayer insulat-

ing film 52 on the alignment of the liquid crystal molecules
13a will be described with reference to FIGS. 25A and 25B.

[0140] As shown in FIG. 25A, the interlayer insulating
film 52 of the LCD of this embodiment is comparatively
thick (for example, the thickness is in the range between
about 1.5 um and about 3.5 um). Therefore, even if the pixel
electrode 12 and a gate bus line or a source bus line 51
overlap each other via the interlayer insulating film 52
therebetween, a capacitance formed therebetween is too
small to give an influence on the display quality. Also, the
alignment of the liquid crystal molecules 13z existing
between the adjacent pixel electrodes 12 is mostly influ-
enced by the tilt electric field generated between the counter
electrode 11 and the pixel electrodes 12, as diagrammati-
cally shown by the electric lines of force in FIG. 25A, and
hardly influenced by the source bus line 51.

[0141] On the contrary, as diagrammatically shown in
FIG. 25B, when a comparatively thin interlayer insulating
film 52' (for example, an SiO, film having a thickness of
several hundred nanometers) is formed, a comparatively
large capacitance will be formed if the source bus line 51, for
example, and the pixel electrode 12 overlap each other via
the interlayer insulting film 52" therebetween, resulting in
degradation of the display quality. To prevent this problem,
arrangement is made to avoid overlap between the pixel
electrode 12 and the source bus line 31. In this arrangement,
the liquid crystal molecules 13 existing between the adja-
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cent pixel electrodes 12 are largely influenced by the electric
field generated between the pixel electrodes 12 and the
source bus line 51, as shown by the electric lines of force in
FIG. 25B, resulting in disturbance of the alignment of the
liquid crystal molecules 13« located at the ends of the pixel
electrodes 12.

[0142] As is apparent from comparison between FIGS.
25A and 25B, by providing the comparatively thick inter-
layer insulating film 52 as in the exemplified LCD of this
embodiment, the liquid crystal molecules 13 are substan-
tially free from the influence of the electric field from the
gate bus lines/source bus lines, and thus can be advanta-
geously aligned favorably in a desired direction with the
alignment regulating means. In addition, since the influence
of the electric field from the bus lines is minimized with the
comparatively thick interlayer insulating film 52, the align-
ment stabilizing effect obtained by reducing the thickness of
the liquid crystal layer can be exhibited significantly.

[0143] FIGS.26A to26C and 27Ato 27C show the results
of measurement of the grayscale attainment rate (%) with
varying rib deviation amount. The cell parameters of the
LCDs used in this examination are the same as those shown
in Table 4. FIGS. 26A to 26C show the results measured at
25° C., and FIGS. 27A to 27C show the results measured at
5°C.

[0144] From FIGS. 26A to 26C, it is found that the
grayscale attainment rate is 75% or more in the range of the
varying rib deviation amounts (0 #m to about 7 um) at 25°
C. From FIGS. 27A to 27C, it is found that at 5° C., a
grayscale attainment rate of 75% or more may not be
obtained unless the rib deviation amount is a predetermined
value or less, depending on the magnitudes of the white
voltage and black voltage.

[0145] When a rib deviation occurs, the width W3 of part
of the liquid crystal regions 13A becomes greater than the
design value. Hence, if the rib deviation amount is large, the
width W3 of the part of the liquid crystal regions 13A will
exceed the range of values within which alignment deflec-
tion can be suppressed.

[0146] As described above, the fact that the grayscale
attainment rate can be 75% or more by limiting the rib
deviation amount to a predetermined value or less well
corresponds to the fact that the grayscale attainment rate can
be 75% or more by limiting the LC region width W3 to a
predetermined value or less.

[0147] The four types of liquid crystal regions 13A dif-
ferent in the alignment direction of the liquid crystal mol-
ecules 13a by 90° from one another are typically designed
so that the areas of these regions are roughly the same in
each pixel. If a rib deviation arises, a difference will be
produced among these areas. Therefore, a large rib deviation
may result in display that makes the viewer feel strange.
From the standpoint of keeping the viewer from feeling
strange, also, the rib deviation amount is preferably small.
According to examinations conducted by the present inven-
tors, the rib deviation amount is preferably 7 um or less,
more preferably 5 um or less.

[0148] The evaluation results of the MVA LCD provided
with the ribs 21 as the first alignment regulating means and
the slits 22 as the second alignment regulating means have
been described so far. Hereinafter, evaluation results of an
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MVA LCD 200 provided with slits 41 and 42 as the first and
second alignment regulating means, as shown in FIGS. 28
and 29, will be described.

[0149] The LCD 200 shown in FIGS. 28 and 29 is the
same in construction as the LCD 100 shown in FIGS. 2 and
3, except that the slits 41 and 42 are formed as the first and
second alignment regulating means, which has the same
basic construction as the LCD 10C shown in FIG. 1C.
Common components are therefore denoted by the same
reference numerals, and the description thereof is omitted
here. An MVA LCD provided with slits as the first and
second alignment regulating means, like the LCD 200, may
also be called a patterned vertical alignment (PVA) LCD.

[0150] For the purpose of preventing occurrence of align-
ment deflection, MVA LCDs having the basic construction
shown in FIGS. 28 and 29 were fabricated by varying the
cell parameters (the thickness d of the liquid crystal layer,
the slit width W1 in the counter electrode 11, the slit width
W2 in the pixel electrode 12, the L.C region width W3 and
the like), and the response characteristics of these devices
were evaluated.

[0151] As aresult, the following were found. The changes
in response characteristic with changes of the slit width W1
in the counter electrode 11 and the slit width W2 in the pixel
electrode 12 were minute, and thus the response speed
improving effects obtained by adjusting these factors were
all small. On the contrary, as in the LCD 100, the response
characteristic was greatly improved by narrowing the LC
region width W3. Hereinafter, the results of the evaluation
will be described in detail.

[0152] FIGS. 30A to 30C and 31A to 31C show the results
of measurement of the response time (ms) with varying LC
region widths W3. The cell parameters of the LCDs used in
this examination are as shown in Table 14.

TABLE 14
Slit width W1 Slit width W2  Thickness Meas-
in counter in pixel d of LC ure
electrode electrode layer temp.
FIGS. 30A-30C 10 gm 10 gm 25 um  25° C.
FIGS. 31A-31C 10 gm 10 ym 2.5 ym 5° C.

[0153] From FIGS. 30A to 30C and 31A to 31C, it is
found that a strong correlation exists between the LC region
width W3 and the response time. Specifically, by reducing
the LC region width W3, the response time decreases, that
is, the response characteristic improves. From comparison
between FIGS. 30A to 30C and FIGS. 31A to 31C, it is also
found that the response time is longer and thus the response
characteristic is lower when the operating temperature is 5°
C. than when it is 25° C.

[0154] FIGS. 32A to 32C, 33A to 33C and 34A to 34C
show the results of measurement of the response time (ms)
with varying thicknesses d of the liquid crystal layer, slit
widths W1 in the counter electrode 11 and slit widths W2 in
the pixel electrode 12, respectively. The cell parameters of
the LCDs used in this examination are as shown in Tables 15
to 17.
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TABLE 15 TABLE 18
Slit width W1 Slit width W2 Meas- White voltage 6.0 V.
in counter in pixel LCregion  ure
electrode electrode width W3 temp. Black voltage
FIGS. 32A-32C 10 pm 10 gm 10 pm 25° C. 05V 10V 16V
LC region width W3 enabling 143pum 145um 170 ym
grayscale attainment rate of 75% or  or less or less or less
[0155] more
LC region width W3 enabling 122pum  125um 150 ym
grayscale attainment rate of 80% or  or less or less or less
TABLE 16 gays
o . LC region width W3 enabling 100pum 103 pm  12.7 ym
Sht.WId.th W2 . Thickness ~ Meas- grayscale attainment rate of 85% or  or less or less or less
in pixel LC region  d of LC ure more
electrode width W3 layer temp.
FIGS. 33A-33C 10 ym 10 ym 25um  25°C.
[0161]
[0156] TABLE 19
White voltage 7.0 V.
TABLE 17
Black voltage
Slit width W1 Thickness Meas-
in counter LC region  d of LC ure 05V 1.0V 16V
electrode width W3 layer temp.
LC region width W3 enabling 113um 122 um  15.0 ym
FIGS. 34A-34C 10 pam 10 pm 25um  25°C. grayscale attainment rate of 75% or  or less or less or less
more
LC region width W3 enabling 92 ym 9.8 ym 12.2 ym
grayscale attainment rate of 80% or  or less or less or less
[0157] From FIGS. 32A to 32C, 33A to 33C and 34A to more
34C, it is found that the changes in response characteristic L€ Iegilon width W3 enablénggsﬂ 7-61Mm S-OI,Mm 9-61,um
. . P £t t rat 7
with changes of the thickness d of the liquid crystal layer, the gzz:ca ¢ cammert e of borpororfess o oriess o oriess
slit width W1 in the counter electrode 11 and the slit width
W2 in the pixel electrode 12 are minute, and thus the
response speed improving effects obtained by adjusting ~ [0162]
these factors are all small.
TABLE 20

[0158] As described above, it was found that the response
characteristic could be greatly improved by narrowing the
LC region width W3, among the various cell parameters of
the LCDs. FIGS. 35A to 35C and 36A to 36C show the
results of measurement of the grayscale attainment rate (%)
with varying LC region widths W3. The cell parameters of
the LCDs used in this examination are the same as those
shown in Table 14. FIGS. 35A to 35C show the results
measured at 25° C., and FIGS. 36A to 36C show the results
measured at 5° C.

[0159] From FIGS. 35A to 35C, it is found that the
grayscale attainment rate is about 75% or more in the range
of the varying LC region widths W3 (about 7.0 um to about
18.5 um) at 25° C. From FIGS. 36A to 36C, it is found that
at 5° C., a grayscale attainment rate of 75% or more may not
be obtained unless the LC region width W3 is a predeter-
mined value or less, depending on the magnitudes of the
white voltage and black voltage.

[0160] From the results shown in FIGS. 36A to 36C, it is
found that the LC region width W3 enabling a grayscale
attainment rate of 75% or more is as shown in Tables 18 to
20. Note that Tables 18 to 20 also show the LC region widths
W3 enabling a grayscale attainment rate of 80% or more and
a grayscale attainment rate of 85% or more.

White voltage 80 V

Black voltage

05V 10V 16V

LC region width W3 enabling 105um 115 um 142 ym
grayscale attainment rate of 75% or  or less or less or less
more

LC region width W3 enabling 8.5 ym 9.0 pm 11.2 um
grayscale attainment rate of 80% or  or less or less or less
more

LC region width W3 enabling 70 pm 7.7 pm 8.9 um
grayscale attainment rate of 85% or  or less or less or less

more

[0163] From Tables 18 to 20, it is found that by setting the
LC region width W3 at about 15 um or less, a grayscale
attainment rate of 75% or more can be obtained in driving
with a white voltage of 7.0V and a black voltage of 1.6V at
a panel temperature of 5° C. It is also found by setting the
LC region width W3 at about 14.2 um or less, for example,
a grayscale attainment rate of 75% or more can be obtained
in driving with a white voltage of 8.0V and a black voltage
of 1.6V at a panel temperature of 5° C.

[0164] As described above, by setting the LC region width
W3 at about 15 um or less (more preferably, about 14.2 um
or less, for example), it is possible to obtain a grayscale
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attainment rate of 75% or more under the driving condition
of a higher white voltage than that conventionally adopted,
and yet occurrence of alignment deflection can be sup-
pressed. Thus, MVA LCDs excellent in moving image
display characteristics can be obtained. The reason why the
response characteristic is improved by reducing the LC
region width W3 is the same as that described in relation to
the LCD 100 shown in FIGS. 2 and 3. While the black
voltage of 0.5V was given as one of the evaluation criteria
for the LCD 100, the black voltage of 1.6V was given for the
LCD 200. The reason for this is that while the LCD 100 has
the ribs 21 as alignment regulating means, the LCD 200 has
no ribs but only has the slits 41 and 42 as the alignment
regulating means. In the LCD 100, the contrast ratio
decreases with tilt liquid crystal molecules near the ribs even
during non-voltage application, and thus a lower black
voltage is preferably used to improve the contrast ratio. In
the LCD 200, having no such problem, the contrast ratio can
be kept high with a higher black voltage. Naturally, in the
LCD 200, also, a lower black voltage will exhibit a higher
contrast ratio.

[0165] For the same reason as that described in relation to
the LCD 100 (reason related to fabrication), the LC region
width W3 is preferably 2 um or more, and the slit width W1
in the counter electrode 11 and the silt width W2 in the pixel
electrode 12 are preferably 4 um or more. Typically, the slit
widths W1 and W2 are 20 um or less.

[0166] For reference, FIGS. 37A to 37C, 38A to 38C and
39A to 39C show the results of measurement of the gray-
scale attainment rate (%) with varying thicknesses d of the
liquid crystal layer, slit widths W1 of the counter electrode
11, and slit widths W2 of the pixel electrode 12, respectively.
The cell parameters of the LCDs used in this examination
are the same as those shown in Tables 15 to 17.

[0167] From FIGS. 37A to 37C, 38A to 38C and 39A to
39C, it is found that the changes in grayscale attainment rate
with changes of the thickness d of the liquid crystal layer, the
slit width W1 in the counter electrode 11 and the slit width
W2 in the pixel electrode 12 are minute, and thus the
grayscale attainment rate improving effects obtained by
adjusting these factors are all small.

[0168] The present invention is not limited to the exem-
plified LCDs 100 and 200, but is widely applicable to
alignment-divided vertical alignment LCDs that perform
alignment regulation using stripe-shaped first alignment
regulating means and stripe-shaped second alignment regu-
lating means. In alignment-divided vertical alignment
LCDS, occurrence of alignment deflection can be sup-
pressed by setting the LC region width at a predetermined
value or less, and thus a grayscale attainment rate of 75% or
more can be obtained at a panel temperature of 5° C,,
enabling good moving image display.

[0169] According to the present invention, alignment
regulating means having a comb shape as is viewed from top
can be used, as in an MVA LCD shown in FIG. 40, for
example. In the MVA LCD having a pixel 300a shown in
FIG. 40, a vertical alignment liquid crystal layer is align-
ment-divided with a pixel electrode 72, openings 62 formed
in the pixel electrode 72, and ribs (protrusions) 61 placed on
a counter electrode (not shown) facing the pixel electrode 72
via the liquid crystal layer. The ribs 61 have a stripe shape
having a constant width W1 as in the MVA LCD of the

Oct. 6, 2005

embodiment described above. Each opening 62 has a stripe-
shaped trunk 62a and branches 62b extending in the direc-
tion orthogonal to the extension of the trunk 62a. The
stripe-shaped ribs 61 and the stripe-shaped trunks 62« are
placed in parallel with each other, defining liquid crystal
regions having a width W3 therebetween. The branches 62b
of the openings 62 extend in the direction of the width of the
liquid crystal regions, and thus each opening 62 has a comb
shape as a whole as is viewed from top. As described in
Japanese Laid-Open Patent Publication No. 2002-107730,
with the comb-shaped openings 62, the proportion of liquid
crystal molecules exposed to a tilt electric field increases,
and thus the response characteristic can be improved. How-
ever, since the distribution of the response speed of liquid
crystal molecules is uniquely affected by the distance
between the rib 61 and the trunk 62a of the opening 62, the
second LC portion low in response speed described above is
formed between the opening 62 and the trunk 62z of the
opening 62 irrespective of the existence of the branches 62b
of the opening 62.

[0170] Accordingly, in the MVA LCD having the pixel
300a, also, the effect described above can be obtained by
setting the width W3 as in the LCD of the embodiment
described above.

[0171] The LCDs of the present invention can suppress
alignment deflection, and thus can adopt the OS driving
favorably. By adopting the OS driving, excellent moving
image display characteristics can be exhibited. Accordingly,
by further having a circuit for receiving television broadcast,
the LCDs can be used as liquid crystal TV sets permitting
high-quality moving image display. To achieve the OS
driving, known methods can be broadly used. A drive circuit
that permits application of an OS voltage higher than a
grayscale voltage predetermined for a given grayscale level
(or the grayscale voltage itself can be applied) may be
additionally provided. Otherwise, the OS driving may be
executed by software. The OS voltage is typically set so that
the display luminance reaches a predetermined value corre-
sponding to the target grayscale level within the time cor-
responding to one vertical scanning period.

[0172] According to the present invention, an alignment-
divided vertical alignment LCD permitting high-quality
moving image display and a driving method therefor are
provided. The LCD of the present invention is suitably used
as a liquid crystal TV set provided with a circuit for
receiving television broadcast, for example. The LCD is also
suitably applied to electronic equipment such as personal
computers and PDAs used for displaying moving images.

[0173] While the present invention has been described
with respect to preferred embodiments thereof, it will be
apparent to those skilled in the art that the disclosed inven-
tion may be modified in numerous ways and may assume
many embodiments other than those specifically described
above. Accordingly, it is intended by the appended claims to
cover all modifications of the invention that fall within the
true spirit and scope of the invention.

[0174] This non-provisional application claims priority
under 35 USC § 119(a) on Patent Application No. 2004-
108421 filed in Japan on Mar. 31, 2004, the entire contents
of which are hereby incorporated by reference.
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What is claimed is:

1. A liquid crystal display device having a plurality of
pixels each having a first electrode, a second electrode
facing the first electrode, and a vertically aligned liquid
crystal layer placed between the first and second electrodes,
the device comprising:

a stripe-shaped rib having a first width placed in the first
electrode side of the liquid crystal layer;

a stripe-shaped slit having a second width placed in the
second electrode side of the liquid crystal layer; and

a stripe-shaped liquid crystal region having a third width
defined between the rib and the slit,

wherein the third width is in a range between 2 gm and 15
{m.

2. The liquid crystal display device of claim 1, wherein
the third width is 13.5 um or less.

3. The liquid crystal display device of claim 1, further
comprising a pair of polarizing plates placed to face each
other with the liquid crystal layer therebetween, transmis-
sion axes of the pair of polarizing plates are orthogonal to
each other, one of the transmission axes extends in a
horizontal direction in the display plane, and the rib and the
slit are placed to extend in a direction about 45° from the one
of the transmission axes.

4. The liquid crystal display device of claim 1, wherein
the magnitude of the voltage corresponding to the highest
grayscale level is 7V or more.

5. The liquid crystal display device of claim 1, wherein
the magnitude of the voltage corresponding to the lowest
grayscale level is 0.5V or less.

6. A liquid crystal display device having a plurality of
pixels each having a first electrode, a second electrode
facing the first electrode, and a vertically aligned liquid
crystal layer placed between the first and second electrodes,
the device comprising:

a stripe-shaped first slit having a first width placed in the
first electrode;

a stripe-shaped second slit having a second width placed
in the second electrode; and

a stripe-shaped liquid crystal region having a third width
defined between the first and second slits,

wherein the third width is in a range between 2 um and 15

um.

7. The liquid crystal display device of claim 6, wherein
the third width is 14.2 um or less.

8. The liquid crystal display device of claim 6, further
comprising a pair of polarizing plates placed to face each
other with the liquid crystal layer therebetween, transmis-
sion axes of the pair of polarizing plates are orthogonal to
cach other, one of the transmission axes extends in a
horizontal direction in the display plane, and the first and
second slits are formed to extend in a direction about 45°
from the one of the transmission axes.

9. The liquid crystal display device of claim 6, wherein
the magnitude of the voltage corresponding to the highest
grayscale level is 7V or more.

10. The liquid crystal display device of claim 6, wherein
the magnitude of the voltage corresponding to the lowest
grayscale level is 1.6V or less.
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11. A liquid crystal display device having a plurality of
pixels each having a first electrode, a second electrode
facing the first electrode, and a vertically aligned liquid
crystal layer placed between the first and second electrodes,
the device comprising:

stripe-shaped first alignment regulating means having a
first width placed in the first electrode side of the liquid
crystal layer;

stripe-shaped second alignment regulating means having
a second width placed in the second electrode side of
the liquid crystal layer; and

a stripe-shaped liquid crystal region having a third width
defined between the first and second alignment regu-
lating means,

wherein the third width is in a range between 2 ym and 15

um.

12. A liquid crystal display device comprising a liquid
crystal panel having a plurality of pixels each having a first
electrode, a second electrode facing the first electrode, and
a vertically aligned liquid crystal layer placed between the
first and second electrodes, the device comprising:

stripe-shaped first alignment regulating means having a
first width placed in the first electrode side of the liquid
crystal layer;

stripe-shaped second alignment regulating means having
a second width placed in the second electrode side of
the liquid crystal layer; and

a stripe-shaped liquid crystal region having a third width
defined between the first and second alignment regu-
lating means,

wherein the liquid crystal region has a first liquid crystal
portion adjacent to the first alignment regulating
means, a second liquid crystal portion adjacent to the
second alignment regulating means, and a third liquid
crystal portion defined between the first and second
liquid crystal portions, the third liquid crystal portion
having a response speed lower than the response speeds
of the first and second liquid crystal portions, and

the third width is set at a predetermined value or less so
that the transmittance obtained when the time corre-
sponding to one vertical scanning period has passed
after application of a voltage corresponding to the
highest grayscale level in the black display state can be
75% or more of the transmittance in the highest gray-
scale display state at a panel temperature of 5° C.

13. The liquid crystal display device of claim 12, wherein
the first alignment regulating means is a rib and the second
alignment regulating means is a slit formed in the second
electrode.

14. The liquid crystal display device of claim 12, wherein
the first alignment regulating means is a slit formed in the
first electrode and the second alignment regulating means is
a slit formed in the second electrode.

15. The liquid crystal display device of claim 12, further
comprising a pair of polarizing plates placed to face each
other with the liquid crystal layer therebetween, transmis-
sion axes of the pair of polarizing plates are orthogonal to
each other, one of the transmission axes extends in a
horizontal direction in the display plane, and the first and
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second alignment regulating means are placed to extend in
a direction about 45° from the one of the transmission axes.

16. The liquid crystal display device of claim 1, wherein
the first width is in a range between 4 ym and 20 um, and
the second width is in a range between 4 ym and 20 ym.

17. The liquid crystal display device of claim 1, wherein
the thickness of the liquid crystal layer is 3.2 um or less.

18. The liquid crystal display device of claim 1, wherein
the first electrode is a counter electrode, and the second
electrode is a pixel electrode.

19. The liquid crystal display device of claim 1, further
comprising a drive circuit capable of applying an overshoot
voltage higher than a grayscale voltage predetermined for a
given grayscale level in grayscale display.

20. A driving method for the liquid crystal display device
of claim 1, comprising the step of applying an overshoot
voltage higher than a grayscale voltage predetermined for a
given grayscale level in display of the given grayscale level,
the given grayscale level being higher than a grayscale level
displayed in the preceding vertical scanning period.
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21. The driving method of claim 20, wherein the over-
shoot voltage is set so that the display luminance reaches a
given luminance value for the given grayscale level within
a time corresponding to one vertical scanning period.

22. Electronic equipment comprising the liquid crystal
display device of claim 1.

23. The electronic equipment of claim 22, further com-
prising a circuit for receiving television broadcast.

24. Electronic equipment comprising the liquid crystal
display device of claim 6.

25. The electronic equipment of claim 24, further com-
prising a circuit for receiving television broadcast.

26. Electronic equipment comprising the liquid crystal
display device of claim 12.

27. The electronic equipment of claim 26, further com-
prising a circuit for receiving television broadcast.
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