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(57) ABSTRACT

A liquid crystal display device includes an upper substrate
and a lower substrate; and a liquid crystal layer sandwiched
between the upper and lower substrates. The lower substrate
includes a pixel electrode, a first auxiliary capacitance
electrode, and a second auxiliary capacitance electrode for
one pixel, and one or two auxiliary capacitance lines for one
pixel line including pixels. The two auxiliary capacitive
electrodes are electrically connected to different auxiliary
capacitance lines. Fach of the first auxiliary capacitance
electrode and the second auxiliary capacitance electrode and
the pixel electrode overlap each other in a plan view. The
first auxiliary capacitance electrode and the second auxiliary
capacitance electrode differ from each other in shape in a
display region of each of the pixels. The shape of the first
auxiliary capacitance electrode in a first pixel is identical to
the shape of the second auxiliary capacitance electrode in a
second pixel adjacent to the first pixel.
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Fig. 11
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Fig. 15
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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
display device. More particularly the present invention
relates to a liquid crystal display device in a horizontal
alignment mode.

BACKGROUND ART

[0002] Aliquid crystal display device is constructed while
a liquid crystal display element is sandwiched between a
pair of glass substrates. By utilizing the features such as
thinness, light weight, and low power consumption, the
liquid crystal display device is widely used in a car navi-
gation, an electronic book, a photo frame, industrial equip-
ment, a television, a personal computer, a smart phones, and
a tablet terminal, which are indispensable for everyday life
and business. In these applications, liquid crystal display
devices of various modes relating to the electrode arrange-
ment and design of a substrate are studied in order to change
optical characteristics of a liquid crystal layer.

[0003] For example, a vertical alignment (VA) mode, such
as a multi-domain vertical alignment (MVA) mode, in which
liquid crystal molecules having negative anisotropy of
dielectric constant are vertically aligned with respect to a
substrate surface, an in-plane switching (IPS) mode in which
the liquid crystal molecules having positive or negative
anisotropy of dielectric constant are horizontally aligned
with respect to the substrate surface to apply a lateral electric
field to the liquid crystal layer, and a fringe field switching
(FFS) mode can be cited as a recent display system of the
liquid crystal display device.

[0004] Among others, the FFS mode is a liquid crystal
mode that is widely used in smartphones and tablet terminals
in recent years. An FFS mode liquid crystal display device
is disclosed, the FFS mode liquid crystal display device
including; a first and second transparent insulating substrates
that are disposed opposite each other with a predetermined
distance with a liquid crystal layer containing a plurality of
liquid crystal molecules interposed therebetween; pluralities
of scanning signal lines and data signal lines arranged in a
matrix on the first transparent substrate so as to restrict a unit
pixel; a thin-film transistor provided at an intersection of the
scanning signal line and the data signal line; a counter
electrode disposed in each unit pixel and made of a trans-
parent conductor; and a pixel electrode disposed in each unit
pixel so as to be insulated from the counter electrode, the
pixel electrode made of a transparent conductor including
pluralities of upper slits and lower slits arranged at a
predetermined inclination such that a symmetrical shape is
formed with a long side of the pixel as a center (for example,
see Patent Literature 1).

[0005] A method in which polarity inversion drive is
performed by changing potential at the auxiliary capacitance
line corresponding to the scanning signal line after a selec-
tion period of the scanning signal line is disclosed as a
method for reducing power consumption of an active matrix
type liquid crystal display device (for example, see Patent
Literature 2).
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CITATION LIST
Patent Literature
Patent Literature 1: JP-A-2002-182230
Patent Literature 2: JP-A-2009-086170
SUMMARY OF INVENTION

Technical Problem

[0006] Itis conceivable that the polarity inversion drive is
performed by changing the potential at the auxiliary capaci-
tance line corresponding to the scanning signal line accord-
ing to the selection of each scanning signal line. In this case,
there is a problem in that a flicker is generated.

[0007] The reason why the flicker is generated is that only
line inversion drive can be performed in each 1H (one
horizontal scanning period).

[0008] An auxiliary capacitance line CSm (auxiliary
capacitance is also referred to as CS in the present descrip-
tion) corresponding to a scanning line Ym in FIG. 2 of
Patent Literature 2 is electrically connected only to a CS
electrode of the pixel accompanying the scanning line Ym,
and (2) the potential at the CS electrode is common (com-
mon along a pixel row) in each horizontal line. For this
reason, it is necessary to have the same polarity in the
electrode potential at each pixel in each horizontal line
(pixel row), and only line inversion drive can be performed,
so that the flicker is generated.

[0009] In view of the above state of the art, it is an object
of the present invention to provide a liquid crystal display
device that can perform dot inversion drive and suppress the
generation of the flicker.

Solution to Problem

[0010] In the present invention, the above problem can be
solved by applying the potentials of the same magnitude
with polarity inversion to two kinds of CS electrodes pro-
vided in a certain pixel.

[0011] According to one aspect of the present invention, a
liquid crystal display device may include: an upper substrate
and a lower substrate; and a liquid crystal layer sandwiched
between the upper and lower substrates, wherein the lower
substrate includes a pixel electrode, a first auxiliary capaci-
tance electrode, and a second auxiliary capacitance electrode
for one pixel, and one or two auxiliary capacitance lines for
one pixel line including pixels, a group of the first auxiliary
capacitive electrodes and a group of the second auxiliary
capacitive electrodes in a first pixel line are electrically
connected to different auxiliary capacitance lines, each of
the first auxiliary capacitance electrode and the second
auxiliary capacitance electrode and the pixel electrode in
each of the pixels overlap each other in a plan view, the first
auxiliary capacitance electrode and the second auxiliary
capacitance electrode differ from each other in shape in a
display region of each of the pixels, the shape of the first
auxiliary capacitance electrode in the display region of a first
pixel is identical to the shape of the second auxiliary
capacitance electrode in the display region of a second pixel
adjacent to the first pixel, the shape of the second auxiliary
capacitance electrode in the display region of the first pixel
is identical to the shape of the first auxiliary capacitance
electrode in the display region of the second pixel adjacent
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to the first pixel, and each of the first auxiliary capacitance
electrodes and each of the second auxiliary capacitance
electrodes are configured to be driven by a driving operation
through the respective corresponding auxiliary capacitance
lines to which the first auxiliary capacitance electrode and
the second auxiliary capacitance electrode are electrically
connected.

[0012] According to another aspect of the present inven-
tion, a liquid crystal display device may include: an upper
substrate and a lower substrate; and a liquid crystal layer
sandwiched between the upper and lower substrates,
wherein the lower substrate includes a pixel electrode, a first
auxiliary capacitance electrode, and a second auxiliary
capacitance electrode for one pixel, and one or two auxiliary
capacitance lines for one pixel line including pixels, a group
of the first auxiliary capacitive electrodes and a group of the
second auxiliary capacitive electrodes in a first pixel line are
electrically connected to different auxiliary capacitance
lines, each of the first auxiliary capacitance electrode and the
second auxiliary capacitance electrode overlaps the pixel
electrode in each of the pixels in a plan view, and is capable
of forming an auxiliary capacitance with the pixel electrode,
the magnitude of the auxiliary capacitance formed by the
first auxiliary capacitance electrode differs from the magni-
tude of the auxiliary capacitance formed by the second
auxiliary capacitance electrode in each of the pixels, the
magnitude of the auxiliary capacitance formed by the first
auxiliary capacitance electrode in a first pixel is identical to
the magnitude of the auxiliary capacitance formed by the
second auxiliary capacitance electrode in a second pixel
adjacent to the first pixel, the magnitude of the auxiliary
capacitance formed by the second auxiliary capacitance
electrode in the first pixel is identical to the magnitude of the
auxiliary capacitance formed by the first auxiliary capaci-
tance electrode in the second pixel adjacent to the first pixel,
and each of the first auxiliary capacitance electrodes and
each of the second auxiliary capacitance electrodes are
configured to be driven by a driving operation through the
respective corresponding auxiliary capacitance lines to
which the first auxiliary capacitance electrode and the sec-
ond auxiliary capacitance electrode are electrically con-
nected.

[0013] In the present description, “one pixel line” is one
pixel row or one pixel column in a plurality of pixels
arranged in a row direction and a column direction in the
display region of the liquid crystal display device. The
expression “a group of the first auxiliary capacitive elec-
trodes and a group of the second auxiliary capacitive elec-
trodes in a first pixel line are electrically connected to the
different auxiliary capacitance lines” means that the group of
the first auxiliary capacitive electrodes in the first pixel line
is electrically connected to one auxiliary capacitance line
while the group of the second auxiliary capacitive electrodes
in the first pixel line is electrically connected to one auxiliary
capacitance line different from the one auxiliary capacitance
line to which the group of the first auxiliary capacitive
electrodes in the first pixel line is electrically connected. The
display region (in the pixel) means an opening of a black
matrix (BM).

[0014] In the conventional method for performing the
polarity inversion drive of the liquid crystal display device,
the line is complicated and an aperture ratio is degraded. The
complication of the line and the degradation of the aperture
ratio are caused by the fact that, when at least two kinds of
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CS electrodes are provided in each pixel to apply different
potentials to the CS electrodes, as illustrated in FIG. 9, one
of the two kinds of auxiliary capacitance electrodes existing
in each pixel is electrically connected to an auxiliary capaci-
tance line CS1m and the other is electrically connected to an
auxiliary capacitance line CS2m, thereby doubling the num-
ber of auxiliary capacitance lines.

[0015] In one preferable aspect of the present invention,
one of the two kinds of CS electrodes provided in a pixel is
electrically connected to the auxiliary capacitance line dis-
posed in the pixel line including the pixel, and the other is
electrically connected to the auxiliary capacitance line
arranged disposed in the upper pixel line of the pixel line
including the pixel or the lower pixel line. Consequently,
different potentials are applied to the two kinds of CS
electrodes, so that necessity of an increase in the number of
auxiliary capacitance lines can be eliminated to solve the
problem.

[0016] The inventors of the present invention have found
a driving method (first driving system) in which the liquid
crystal is driven by changing the voltage of the pixel
electrode to applying inverted constant AC voltages to the
first auxiliary capacitance electrode and the second auxiliary
capacitance electrode. The present inventors have found that
the liquid crystal is driven by switching the first auxiliary
capacitance electrode and the second auxiliary capacitance
electrode at the same potential (second driving system) and
the first driving system and the second driving system are
switched.

[0017] The liquid crystal display device of the present
invention is, for example, a liquid crystal display device
including upper and lower substrates and a liquid crystal
layer sandwiched between the upper and lower substrates.
Preferably, the lower substrate includes an electrode, the
electrode includes a pixel electrode, a first auxiliary capaci-
tance electrode located in a layer different from the pixel
electrode, and a second auxiliary capacitance electrode
located in the same layer as the first auxiliary capacitance
electrode, the liquid crystal layer includes liquid crystal
molecules aligned in a horizontal direction with respect to
main surfaces of the upper and lower substrates when
voltage is not applied, and the liquid crystal display device
is configured to perform a driving operation to generate an
electric field rotating a first group of the liquid crystal
molecules in a horizontal plane with respect to the main
surface and rotating a second group of the liquid crystal
molecules in a direction opposite to the first group of the
liquid crystal molecules in a horizontal plane with respect to
the main surface using the electrodes.

[0018] The generation of the electric field using the elec-
trode may be any method for generating the electric field
using at least one electrode selected from the pixel electrode,
the first auxiliary capacitance electrode, and the second
auxiliary capacitance electrode. For example, preferably the
electric field is always generated between the first auxiliary
capacitance electrode and the second auxiliary capacitance
electrode when the liquid crystal display device is powered
on, the voltage is increased to rotate the liquid crystal
molecules during the white display, and the voltage is
decreased to reversely rotate the liquid crystal molecules
during the black display.

[0019] For example, in the liquid crystal display device of
the present invention driven by the lateral electric field,
preferably two layers of electrodes having a comb-shaped
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electrode as the lower layer and a slit electrode (or comb-
shaped electrode) as the upper layer are disposed with the
insulating film interposed therebetween. In the liquid crystal
display device, preferably a transverse electric field is
always applied between the comb-shaped electrodes on the
lower-layer side (the opposite side of the liquid crystal layer
side) of the two layers of electrodes, and a voltage is applied
to the slit electrode (or the comb-shaped electrode) on the
upper-layer side to drive the slit electrode.

[0020] In one of preferable aspects of the present inven-
tion, in a liquid crystal mode in which the initial alignment
is horizontal, the lower substrate has a two-layer electrode
configuration, the lower-layer electrode is a pair of comb-
shaped electrodes, and the upper-layer electrode is a slit
electrode.

[0021] A first group of the liquid crystal molecules means
some liquid crystal molecules in the liquid crystal molecules
contained in the liquid crystal layer. The same holds true for
a second group of the liquid crystal molecules, and the
second group of the liquid crystal molecules means some
liquid crystal molecules other than the first group of the
liquid crystal molecules in the liquid crystal molecules
contained in the liquid crystal layer.

[0022] In the liquid crystal display device of the present
invention, usually the pixel electrode, the first auxiliary
capacitance electrode, and the second auxiliary capacitance
electrode are electrically separated from one another in the
pixel, and the voltages at these electrodes can individually
be controlled. In other words, usually each of the pixel
electrode, the first auxiliary capacitance electrode, and the
second auxiliary capacitance electrode can be set to a
different potential greater than or equal to a threshold
voltage. In the liquid crystal display device of the present
invention, preferably the first auxiliary capacitance electrode
and the second auxiliary capacitance electrode of the lower
substrate constitute the pair of comb-shaped electrodes, and
the slit electrode or the comb-shaped electrode is disposed as
the pixel electrode on the first auxiliary capacitance elec-
trode and the second auxiliary capacitance electrode with the
insulating layer interposed therebetween.

[0023] That is, preferably the pixel electrode is disposed
closer to the liquid crystal layer side than the first auxiliary
capacitance electrode and the second auxiliary capacitance
electrode. Preferably the first auxiliary capacitance electrode
and the second auxiliary capacitance electrode each have the
comb shape. In a plan view of the principal surfaces of the
upper and lower substrates, preferably the extending direc-
tion of the first auxiliary capacitive electrodes and the
extending direction of the second auxiliary capacitive elec-
trodes cross the alignment direction of the liquid crystal
molecules when the voltage is not applied. Preferably the
interval between comb teeth of the first auxiliary capacitance
electrode and the second auxiliary capacitance electrode
ranges from 3 pm to 6 um. Preferably the slit is provided in
the pixel electrode, or the pixel electrode has the comb
shape.

[0024] Inaplan view of the main surfaces of the upper and
lower substrates, preferably angles formed by the extending
direction of the pixel electrode and the extending directions
of the first auxiliary capacitance electrode and the second
auxiliary capacitance electrode range from 83° to 90°. That
is, each of the angle formed by the extending direction of the
pixel electrode and the extending direction of the first
auxiliary capacitance electrode and the angle formed by the
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extending direction of the pixel electrode and the extending
direction of the second auxiliary capacitance electrode
ranges from 83° to 90°. Preferably the extending direction of
the first auxiliary capacitance electrode and the extending
direction of the second auxiliary capacitance electrode are
substantially parallel to each other.

[0025] The extending direction (slit extending direction)
of the slit electrode means a longitudinal direction of the
linear electrodes constituting the slit electrode. The extend-
ing direction of the comb-shaped electrode means the lon-
gitudinal direction of the linear electrode that is the branch
in the trunk and the branch extending from the trunk, the
trunk and branch constituting the comb-shaped electrode. In
the conventional FFS mode liquid crystal display device, the
fringe electric field is generated in the FFS electrode of the
lower substrate during rise, and the liquid crystal molecules
are rotated in one orientation by the fringe electric field. On
the other hand, in the liquid crystal display device of the
present invention, the lower substrate is constructed with the
two layers of the electrodes (the above-described pixel
electrode, the first auxiliary capacitance electrode, and the
second auxiliary capacitance electrode) capable of applying
three kinds of voltages, the electric field is generated
between the pixel electrode and the first auxiliary capaci-
tance electrode during the rise, and the liquid crystal mol-
ecules in a certain region and the liquid crystal molecules in
other regions are rotated in opposite directions in a horizon-
tal plane. During fall, the electric field is generated between
the first auxiliary capacitance electrode and the second
auxiliary capacitance electrode, and the liquid crystal mol-
ecules in a certain region and the liquid crystal molecules in
the other region are rotated in the horizontal plane in the
direction opposite to that during the rise.

[0026] Preferably the slit is provided in at least one of the
pixel electrode, the first auxiliary capacitance electrode, and
the second auxiliary capacitance electrode, and the liquid
crystal display device is configured to perform the driving
operation to generate the electric field rotating a first group
of the liquid crystal molecules in the horizontal plane with
respect to the main surface and rotating a second group of
the liquid crystal molecules in the direction opposite to the
first group of the liquid crystal molecules in the horizontal
plane with respect to the main surface in the region over-
lapping the slit using the electrodes in a plan view of the
main surface.

[0027] In the present description, the expression “rotating
a first group of the liquid crystal molecules in the horizontal
plane with respect to the main surface and rotating a second
group of the liquid crystal molecules in the direction oppo-
site to the first group of the liquid crystal molecules in the
horizontal plane with respect to the main surface in the
region overlapping the slit” means that, in a plan view of the
main surfaces of the upper and lower substrates, the first
group of the liquid crystal molecules is rotated in the
horizontal plane in at least one of the regions that overlap
and correspond to one slit and the second group of the liquid
crystal molecules is rotated in the horizontal plane in the
direction opposite to the first group of the liquid crystal
molecules. Preferably the first group of the liquid crystal
molecules is rotated in the horizontal plane in each of the
regions that overlap and correspond to one slit and the
second group of the liquid crystal molecules is rotated in the
horizontal plane in the direction opposite to the first group
of the liquid crystal molecules.
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[0028] Among others, preferably the slit is provided in the
pixel electrode, the first auxiliary capacitance electrode and
the second auxiliary capacitance electrode constitute a pair
of comb-shaped electrode, and the liquid crystal display
device mainly is configured to perform the driving operation
to generate the electric field rotating a part first group of the
liquid crystal molecules in the horizontal plane with respect
to the main surface and rotating a second group of the liquid
crystal molecules in the direction opposite to the first group
of the liquid crystal molecules in the horizontal plane with
respect to the main surface in the region overlapping the slit
provided in the pixel electrode in a plan view of the main
surfaces, and rotating the first group of the liquid crystal
molecules in the horizontal plane with respect to the main
surface and rotating the second group of the liquid crystal
molecules in the direction opposite to the first group of the
liquid crystal molecules in the horizontal plane with respect
to the main surface in the region overlapping region between
the comb-shaped first auxiliary capacitance electrode and
the comb-shaped second auxiliary capacitance electrode in a
plan view of the main surfaces.

[0029] In the liquid crystal display device of the present
invention, the liquid crystal driving electrode may be dis-
posed on the upper substrate or may not be disposed on the
upper substrate. However, preferably the liquid crystal driv-
ing electrode is not disposed on the upper substrate. That is,
preferably the liquid crystal driving electrode is disposed
only on the lower substrate.

[0030] The shape of the pixel electrode is not particularly
limited, but one of preferable aspects of the present inven-
tion is that the pixel electrode has a slit as described above.
One of preferable aspects of the present invention is that the
pixel electrode has a comb shape. In the present description,
the electrode having the comb shape is not referred to as the
electrode in which the slit is provided, but is referred to as
a comb-shaped electrode.

[0031] The liquid crystal display device of the present
invention is preferably configured to switch between a first
driving system that performs the driving operation and a
second driving system that performs a driving operation to
generate an electric field rotating the liquid crystal mol-
ecules in one direction in the horizontal plane with respect
to the main surfaces of the upper and lower substrates using
the electrode. The rotation in one direction may be per-
formed as long as the rotation can substantially be per-
formed in one direction. The generation of the electric field
using the electrode may be any method for generating the
electric field using at least one electrode selected from the
pixel electrode, the first auxiliary capacitance electrode, and
the second auxiliary capacitance electrode. For example,
preferably the electric field is generated to rotate the liquid
crystal molecules by applying the voltage to the pixel
electrode during the white display, and the electric field is
weakened (turned off) to reversely rotate the liquid crystal
molecules by decreasing the voltage applied to the pixel
electrode during the black display.

[0032] The configuration of the liquid crystal display
device of the present invention is not particularly limited by
other components, but other configurations usually used for
a liquid crystal display device can appropriately be applied.
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Advantageous Effects of Invention

[0033] According to the liquid crystal display device of
the present invention, the dot inversion driving can be
performed and the generation of the flicker can be sup-
pressed.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG. 1 is a schematic sectional view illustrating a
section of a liquid crystal display device of Embodiment 1,
and illustrating a section of a portion corresponding to a line
segment a-b indicated by a one dot chain line in FIG. 2.
[0035] FIG. 2is a schematic plan view illustrating voltage
applied to each electrode and alignment of liquid crystal
molecules during white display of a first driving system of
Embodiment 1.

[0036] FIG. 3 is a simulation result illustrating a director
distribution and a transmittance distribution corresponding
to FIG. 2.

[0037] FIG. 4 is a schematic plan view illustrating the
voltage applied to each electrode and the alignment of the
liquid crystal molecules during the white display of a second
driving system of Embodiment 1.

[0038] FIG. 5 is a simulation result illustrating the director
distribution and the transmittance distribution corresponding
to FIG. 4.

[0039] FIG. 6 is a voltage relationship diagram illustrating
the voltage applied to each electrode during the white
display of the first driving system of Embodiment 1.
[0040] FIG. 7 is a voltage relationship diagram illustrating
the voltage applied to each electrode during the white
display of the second driving system of Embodiment 1.
[0041] FIG. 8 is a schematic plan view illustrating an
example of a pixel layout of the liquid crystal display device
of Embodiment 1.

[0042] FIG. 9 is a view illustrating an equivalent circuit of
a pixel in the liquid crystal display device of Embodiment 1.
[0043] FIG. 10 is a view illustrating the voltage applied to
each electrode in a certain frame during the white display of
the first driving system in the liquid crystal display device of
Embodiment 1.

[0044] FIG. 11 is a time series diagram illustrating the
voltage applied to each electrode during the white display of
the first driving system in the liquid crystal display device of
Embodiment 1.

[0045] FIG. 12 is a schematic plan view illustrating an
example of a pixel layout of a liquid crystal display device
of Embodiment 2.

[0046] FIG. 13 is a view illustrating an equivalent circuit
of a pixel in the liquid crystal display device of Embodiment
2.

[0047] FIG. 14 is a view illustrating the voltage applied to
each electrode in a certain frame during the white display of
the first driving system in the liquid crystal display device of
Embodiment 2.

[0048] FIG. 15 is a time series diagram illustrating the
voltage applied to each electrode during the white display of
the first driving system in the liquid crystal display device of
Embodiment 2.

[0049] FIG. 16 is a schematic plan view illustrating a
driver IC chip used to drive scanning signal lines and
auxiliary capacitance lines in a liquid crystal display device
of Embodiment 3.
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[0050] FIG. 17 is a schematic plan view illustrating a
circuit on a panel used to drive scanning signal lines and a
circuit on a panel used to drive auxiliary capacitance lines in
a liquid crystal display device of Embodiment 4.

[0051] FIG. 18 is a schematic plan view illustrating a
driver IC chip used to drive scanning signal lines and a
circuit on a panel used to drive auxiliary capacitance lines in
a liquid crystal display device of Embodiment 5.

[0052] FIG. 19 is a schematic plan view illustrating a
circuit on a panel used to drive scanning signal lines and a
driver IC chip used to drive auxiliary capacitance lines in a
liquid crystal display device of Embodiment 6.

[0053] FIG. 20 is a schematic plan view illustrating an
example of a pixel layout of a liquid crystal display device
of Comparative Example 1.

[0054] FIG. 21 is a view illustrating an equivalent circuit
of a pixel in the liquid crystal display device of Comparative
Example 1.

[0055] FIG. 22 is a view illustrating the voltage applied to
each electrode in a certain frame during white display in the
liquid crystal display device of Comparative Example 1.

DESCRIPTION OF EMBODIMENTS

[0056] Embodiments of the present invention will be
described in detail below with reference to the drawings, but
the present invention is not limited to only these embodi-
ments. In the present description, a pixel may be a sub-pixel
unless otherwise stated. The sub-pixel means a region illus-
trating any monochromatic color such as R (red), G (green),
B (blue) or yellow (Y). Paired substrates between which the
liquid crystal layer is sandwiched are also referred to as an
upper substrate and a lower substrate. One of the substrates
which is on a display surface side is referred to as an upper
substrate, and the other of the substrates on an opposite side
of the display surface is referred to as a lower substrate.
Among electrodes arranged on the substrate, an electrode on
the display surface side is referred to as an upper-layer
electrode, and an electrode on the opposite side of the
display face side is referred to as a lower-layer electrode.
[0057] In each embodiment, a member or a portion that
exhibits a similar function is denoted by the same reference
numeral. In the drawings, unless otherwise stated, (i) illus-
trates a slit electrode as a pixel electrode on an upper layer
(liquid crystal layer side) of the lower substrate, (ii) illus-
trates a comb-shaped electrode as an auxiliary capacitance
electrode in a lower layer (opposite side of the liquid crystal
layer side) of the lower substrate, and (iii) illustrates a
comb-shaped electrode as another auxiliary capacitance
electrode in the lower layer of the lower substrate. In the
drawings, a double-headed arrow indicated by a broken line
indicates a line of electric force. The layers, such as a color
filter and a black matrix, which do not relate to electric field
control of the liquid crystal are omitted.

[0058] In the present description, the electrode of the
lower substrate means at least one of the upper-layer elec-
trode (i), the lower-layer electrode (ii), and the lower-layer
electrode (iii).

[0059] Inthe present specification, the slit electrode means
an electrode in which a slit is provided, and usually includes
a plurality of linear electrode portions.

[0060] In the present specification, rise means a period
during which a display state changes from a dark state (black
display) to a bright state (white display). Fall means a period
during which the display state changes from the bright state
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(white display) to the dark state (black display). Initial
alignment of liquid crystal means alignment of liquid crystal
molecules when voltage is not applied (during the black
display).

[0061] The upper-layer electrode (i), the lower-layer elec-
trode (ii), and the lower-layer electrode (iii) can usually be
set to a different potential higher than a threshold voltage. In
the present description, the threshold voltage means a volt-
age value giving transmittance of 5% when the transmit-
tance in the bright state is set to 100%. The term “capable of
being set to the different potential higher than the threshold
voltage” means that the different potential can perform a
driving operation to set the potential to the different potential
higher than the threshold voltage, whereby an electric field
applied to the liquid crystal layer can preferably be con-
trolled. As to a configuration capable of being set to the
different potential, for example, when the upper-layer elec-
trode (i) is a pixel electrode while the lower-layer electrode
(i) and the lower-layer electrode (iii) are the auxiliary
capacitance electrode, a TFT (thin-film transistor element) is
connected to the upper-layer electrode (i), an alternating
voltage (AC voltage) is applied to perform alternating drive
(AC drive) of the liquid crystal by changing the voltage
value, and the alternating voltage is applied to the lower-
layer electrode (ii) and the lower-layer electrode (iii) to
perform the AC drive with another TFT, the AC voltage is
applied to the lower-layer electrode (ii) and the lower-layer
electrode (iii), which are commonly connected in each line
or all the pixels, with TFTs corresponding to the line or all
the pixels to perform the AC drive of the liquid crystal, the
AC drive may be performed on a line or all pixels with no
use of the TFT, or a direct-current voltage (DC voltage) may
be applied to the lower-layer electrode (ii) and the lower-
layer electrode (iii) with no use of the TFT to perform
direct-current drive (DC drive) of the liquid crystal.

[0062] Ina firstdriving system in the present embodiment,
an AC voltage having a constant amplitude is applied to the
lower-layer electrode (ii) and the lower-layer electrode (iii)
with the polarity inversion. In a second driving system, a DC
voltage having a constant potential (for example, 0 V) is
applied. The upper-layer electrode (i) is connected to the
TFT, the voltage is applied to the upper-layer electrode (i) by
a source driver, and gray scale display is performed by
changing the voltage in both the first driving system and the
second driving system. Polarity inversion timing of the
voltage to the electrodes of the upper-layer electrode (i), the
lower-layer electrode (i1), and the lower-layer electrode (iii)
is not necessarily simultaneous, but is preferably simulta-
neous.

[0063] Examples of the cases that liquid crystal display
devices of the prior art example (Comparative Example 1)
and the present invention (Embodiments 1 to 6) are driven
by the first driving system will mainly be described below.

Embodiment 1

[0064] FIG. 1 is a schematic sectional view illustrating a
section of a liquid crystal display device of Embodiment 1.
FIG. 1 illustrates a section of a portion corresponding to a
line segment a-b indicated by a one dot chain line in FIG. 2
(to be described later).

[0065] In the liquid crystal display device of Embodiment
1 include, as illustrated in FIG. 1, a backlight 40, a lower
substrate 10, a liquid crystal layer 30, and an upper substrate
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20 are stacked in this order from a back side of the liquid
crystal display device toward an observation surface side.
[0066] In the liquid crystal display device of Embodiment
1, as illustrated in FIG. 1, liquid crystal molecules LC are
horizontally aligned when the potential difference between
the electrodes of the upper and lower substrates is less than
the threshold voltage (in FIG. 1, the liquid crystal molecules
LC are aligned forward from a back of a section).

[0067] The lower-layer electrode (ii) (not illustrated in
FIG. 1, but illustrated in FIG. 2) and the lower-layer elec-
trode (iii) of the lower substrate 10 are the comb-shaped
electrode as described above, and the upper-layer electrode
(1) that is the slit electrode is disposed on the lower-layer
electrode (ii) and the lower-layer electrode (iii) with an
insulating layer 13 interposed therebetween. An auxiliary
capacitance exists between the upper-layer electrode (i) and
the lower-layer electrode (ii), and between the upper-layer
electrode (1) and the lower-layer electrode (iii). An electrode
for liquid crystal driving is not provided on the upper
substrate 20, but an electrode for liquid crystal driving is
provided only in the lower substrate 10.

[0068] For example, the insulating layer 13 can be made
of anitride film SiN, an oxide film Si0,, an acrylic resin, and
a combination thereof.

[0069] A horizontal alignment film (not illustrated) is
provided on the liquid crystal layer side of each of the upper
and lower substrates, and the liquid crystal molecules are
horizontally aligned when the voltage is not applied. The
horizontal alignment film is not particularly limited as long
as the horizontal alignment film allows the liquid crystal
molecules to be aligned horizontally with respect to the film
surface. Examples of the horizontal alignment film include
an alignment film (for example, an alignment film having a
dielectric constant s=3 to 4) made of an organic material, an
alignment film (for example, an alignment film having a
dielectric constant E=5 to 7) made of an inorganic material,
a photo alignment film made of an optically active material,
and an alignment film subjected to alignment treatment by
rubbing or the like. The alignment film may be an alignment
film that is not subjected to alignment treatment by rubbing
treatment or the like. Using an alignment film, such as an
alignment film made of an organic material, an alignment
film made of an inorganic material, and a photo alignment
film, in which necessity of the alignment treatment is
eliminated, the cost can be reduced by simplifving the
process, and reliability and yield can be improved. In the
case that the rubbing treatment is performed, liquid crystal
contamination due to impurity contamination by a rubbing
cloth or the like, a point defect due to a foreign matter, and
display unevenness due to uneven rubbing in a liquid crystal
panel are possibly generated. However, these disadvantages
can also be eliminated.

[0070] The liquid crystal includes liquid crystal molecules
that are aligned in a horizontal direction with respect to a
main surface of the substrate when the voltage is not applied.
The alignment in the horizontal direction with respect to the
main surface of the substrate means that the liquid crystal
molecules are aligned in the substantially horizontal direc-
tion with respect to the main surface of the substrate in the
technical field of the present invention. Preferably the liquid
crystal is substantially constructed with the liquid crystal
molecules that are aligned in the horizontal direction with
respect to the main surface of the substrate when the voltage
is not applied. Such a horizontal alignment type liquid
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crystal is an advantageous system that obtains characteristics
such as a wide viewing angle.

[0071] The liquid crystal material in the liquid crystal
layer 30 in the liquid crystal display device of Embodiment
1 has the positive anisotropy of dielectric constant. As
described above, one of preferable aspects of the present
invention is that the liquid crystal layer contains liquid
crystal molecules having positive anisotropy of dielectric
constant. The liquid crystal molecules having positive
dielectric constant anisotropy are aligned in a certain direc-
tion when the electric field is applied. For the liquid crystal
molecules having positive anisotropy of dielectric constant,
the alignment control is easily performed, and higher-speed
response can be achieved. Preferably anisotropy of dielectric
constant Ae of the liquid crystal is greater than or equal to
1, more preferably is greater than or equal to 1.5, and still
more preferably is greater than or equal to 2. Preferably the
anisotropy of dielectric constant Ae of the liquid crystal is
less than or equal to 30, more preferably is less than or equal
to 20, and still more preferably is less than or equal to 10.
In the present description, the anisotropy of dielectric con-
stant Ac of the liquid crystal is measured by an LCR meter.

[0072] In Embodiment 1, preferably an average thickness
(cell gap) du of the liquid crystal layer 30 ranges from 1 pm
to 8 um. More preferably the average thickness d; . ranges
from 2 pm to 5 pm.

[0073] In the present description, the average thickness
d, . of the liquid crystal layer means a value calculated by
averaging the thickness of the entire liquid crystal layer in
the liquid crystal display device.

[0074] Preferably d, -xAn is greater than or equal to 100
nm, more preferably is greater than or equal to 150 nm, and
still more preferably is greater than or equal to 200 nm.
Preferably d, ~xAn is less than or equal to 550 nm, more
preferably is less than or equal to 500 nm or less, and still
more preferably is less than or equal to 450 nm.

[0075] FIG. 2 is a schematic plan view illustrating the
voltage applied to each electrode and the alignment of the
liquid crystal molecules during the white display of the first
driving system of Embodiment 1. FIG. 2 illustrates a portion
corresponding to a portion surrounded by a broken line of a
pixel (4) in FIG. 8 (to be described later).

[0076] The upper-layer electrode (i) includes a plurality of
linear electrode portions in a plan view of the main surface
of the substrate. The plurality of linear electrode portions is
substantially parallel to each other, and slits substantially
parallel to each other are provided between the linear
electrode portions. In this way, one of the preferable aspects
of the present invention is that the slit is provided in the
upper-layer electrode (i). The upper-layer electrode (1) may
be a comb-shaped electrode instead of the slit electrode. One
of the preferable aspects of the present invention is that the
upper-layer electrode (i) has the comb shape.

[0077] Each of the lower-layer electrode (ii) and the
lower-layer electrode (iii) is constructed with a trunk and a
branch extending from the trunk in a plan view of the main
surface of the substrate. The branch is a plurality of linear
electrode portions substantially parallel to each other. FIG.
2 illustrates the branch. In this way, one of the preferable
aspects of the present invention is that the lower-layer
electrode (ii) and the lower-layer electrode (iii) are formed
in to the comb shape.
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[0078] As described above, preferably each of the upper-
layer electrode (i), the lower-layer electrode (ii), and the
lower-layer electrode (iii) includes the linear portion.
[0079] The structures of the upper-layer electrode (i), the
lower-layer electrode (ii) and the lower-layer electrode (iii)
in FIG. 2 are merely an example. The present invention is
not limited to this shape, but electrodes having various
structures can be used.

[0080] In FIG. 2, the extending direction of each of the
lower-layer electrode (ii) and the lower-layer electrode (iii)
is set to a direction forming an angle of 90° with respect to
the extending direction of the upper-layer electrode (i).
However, it is not limited to 90° in Embodiment 1. Prefer-
ably the extending direction of each branch of the lower-
layer electrode (ii) and the lower-layer electrode (iii) ranges
from 30° to 90° with respect to the extending direction of the
linear portion of the upper-layer electrode (i), more prefer-
ably ranges from 45° to 90°, still more preferably ranges
from 60° to 90°, and particularly preferably ranges from 75°
to 90°. With such an electrode structure, a response time can
be shortened during the rise and the fall.

[0081] In the upper-layer electrode (i), preferably an elec-
trode width L of the linear portion ranges from 2 um to 7 pm.
Preferably an electrode interval S1 between the linear por-
tions adjacent to each other ranges from 2 um to 14 pm.
Preferably a ratio (I/S1) of the electrode width L and the
electrode interval S1 ranges from 0.1 to 1.5. More preferably
a lower limit of the ratio 1/S1 is 0.2, and an upper limit is
0.8.

[0082] In Embodiment 1, the average electrode width of
the linear portion varies in pixels in the branch of a pair of
comb-shaped electrodes constructed with the lower-layer
electrode (hereinafter, also simply referred to as a lower-
layer electrode forming auxiliary capacitance CSa) forming
the auxiliary capacitance CSa between the lower-layer elec-
trode and the upper-layer electrode (i) and the lower-layer
electrode (hereinafter, also referred to as a lower-layer
electrode forming auxiliary capacitance CSb) forming the
auxiliary capacitance CSb between the lower-layer electrode
and the upper-layer electrode (i). The average electrode
width of the linear portion in the lower-layer electrode
forming the auxiliary capacitance CSa is narrow, and the
average electrode width of the linear portion in the lower-
layer electrode forming the auxiliary capacitance CSb is
wide.

[0083] As the lower-layer electrode (ii) electrically con-
nected to a group of auxiliary capacitance lines CS1m
(illustrated in FIGS. 8 and 9 to be described later, m
represents the number of rows of pixels arranged in a matrix
and is an integer) disposed on a lower side of a pixel line,
the lower-layer electrode forming the auxiliary capacitance
CSa and the lower-layer electrode forming the auxiliary
capacitance CSb are alternately arranged in the pixels ver-
tically and horizontally adjacent to each other. As the
lower-layer electrode (iii) electrically connected to a group
of auxiliary capacitance lines CS2m (illustrated in FIGS. 8
and 9, m represents the number of rows of the pixels
arranged in the matrix and is an integer) disposed on an
upper side of the pixel line, the lower-layer electrode form-
ing the auxiliary capacitance CSa and the lower-layer elec-
trode forming the auxiliary capacitance CSb are alternately
arranged in the pixels vertically and horizontally adjacent to
each other. With such a configuration, the effect of Embodi-
ment 1 can be exerted.
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[0084] Forexample, preferably an average electrode width
L1 of the narrower average width ranges from 1 umto 3 pm.
Preferably an average electrode width 1.2 of the larger
average width ranges from 5.5 pm to 13 pm.

[0085] Preferably the electrode interval S between the
linear portions adjacent to each other is greater than or equal
to 2 um, and is less than or equal to 7 pm. Preferably a ratio
(L1/S) of the average electrode width L1 and the average
electrode interval S ranges from 0.1 to 5. More preferably
the lower limit of the ratio L1/S is 0.15, still more preferably
is 0.2, and particularly preferably is 0.25. More preferably
the upper limit of the ratio L1/S is 3, more preferably is 2,
and particularly preferably is 1.5. A ratio (L2/S) of the
average electrode width L2 and the average electrode intet-
val S is not particularly limited as long as the ratio 1.2/S is
larger than the ratio L1/S, but preferably the ratio L2/S
ranges from 1 to 10. More preferably the lower limit of the
ratio 1.2/S is 1.5, still more preferably is 2, and particularly
preferably is 2.5. More preferably the upper limit of the ratio
L2/S is 9, still more preferably is 8, and particularly pref-
erably is 7. The electrode intervals S1 and S2 in each of the
upper-layer electrode (i), the lower-layer electrode (ii), and
the lower-layer electrode (iii) are usually substantially equal
to each other in the pixel, but the electrode intervals S1 and
S2 may be different from each other in the pixel.

[0086] As illustrated in FIG. 2, the linear electrode portion
of the branch included in the lower-layer electrode (i1) of the
lower substrate is disposed between the linear electrode
portions of the branch included in the lower-layer electrode
(iii).

[0087] The electrodes (the upper-layer electrode (i), the
lower-layer electrode (ii), and the lower-layer electrode (iii))
of each layer are disposed in a positional relationship in
FIGS. 2 and 8. In this way, one of preferable aspects of the
present invention is that the slit is provided in the upper-
layer electrode (i) of the lower substrate and the lower-layer
electrode (ii) and the lower-layer electrode (iii) of the lower
substrate have the comb shape. One of preferable aspects of
the present invention is that the upper-layer electrode (i), the
lower-layer electrode (ii), and the lower-layer electrode (iii)
have the comb shape.

[0088] In Embodiment 1, two linearly polarizing plates
having the polarization axes in FIG. 1 are used. In Embodi-
ment 1, one linearly polarizing plate is disposed on outsides
(on the opposite side of the liquid crystal layer side) of the
upper and lower substrates. The linearly polarizing plates are
arranged in crossed Nicols in which the polarizing axes of
the linearly polarizing plates of the upper and lower sub-
strates are perpendicular or parallel to a major axis (an initial
alignment orientation of the liquid crystal molecules) of the
liquid crystal molecules when the voltage is not applied,
thereby forming a normally black mode liquid crystal dis-
play device. In this way, preferably each of the upper and
lower substrates has the linearly polarizing plate.

[0089] Aliquid crystal driving method in which the liquid
crystal display device of Embodiment 1 is used will be
described below.

[0090] In Embodiment 1, the high-speed response drive
can be performed. By switching a voltage application
method, two kinds of drive of the high-speed response drive
and drive that achieves higher transmittance than that of the
high-speed response drive with the same configuration.
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[0091] In the present description, the high-speed response
drive is referred to as the first driving system, and the drive
that achieves the higher transmittance is referred to as the
second driving system.

[0092] Both the first driving system and the second driving
system change the voltage of the upper-layer electrode (i) to
perform the gray scale display.

[0093] In the first driving system, voltage Vcsl or -Vesl
is applied to the lower-layer electrode (ii), the lower-layer
electrode (iii) is set to voltage —Vesl or Vesl to always
generate a lateral electric field, and voltage Vpix1 or -Vpix1
corresponding to the gray scale is applied to the upper-layer
electrode (1), thereby driving the liquid crystal. In this case,
a center potential of the upper-layer electrode (i) that is the
pixel electrode is set to 0 V.

[0094] The center potential means an average value (inter-
mediate value) between a maximum value and a minimum
value of the AC voltage.

[0095] In the second driving system, both the lower-layer
electrode (ii) and the lower-layer electrode (iii) are set to 0
V, and voltage Vpix2 or —Vpix2 corresponding to the gray
scale is applied to the upper-layer electrode (i) to generate a
fringe electric field between the upper-layer electrode (i) and
the lower-layer electrode (ii), thereby driving the liquid
crystal.

[0096] First the behavior of the liquid crystal molecules
during the rise (white display) will be described in detail.
[0097] The voltage Vesl or —Vesl is applied to the
lower-layer electrode (ii) with the polarity inversion, and the
voltage -Vesl or Vesl is applied to the lower-layer elec-
trode (iii) with the polarity inversion, thereby always gen-
erating the lateral electric field. An absolute value of the
voltage applied to each of the lower-layer electrode (ii) and
the lower-layer electrode (ii1) is always constant. By apply-
ing the voltage Vpix1 or -Vpix1 to the upper-layer electrode
(1) with the polarity inversion, an electric field that alter-
nately rotates the liquid crystal molecules in different ori-
entations in the horizontal plane is generated, and the liquid
crystal molecules are aligned in a plane by the electric field
so as to form bend alignment and splay alignment.

[0098] FIG. 3 is a simulation result illustrating a director
distribution and a transmittance distribution corresponding
to FIG. 2. As can be seen from the simulated transmittance
distribution in FIG. 3, the liquid crystal molecules rotate in
different orientations.

[0099] In the first driving system, the liquid crystal mol-
ecules rotate alternately in different orientations in the
horizontal plane. That is, first groups of the liquid crystal
molecules rotate clockwise in the horizontal plane and the
second groups of the liquid crystal molecules rotate coun-
terclockwise in the horizontal plane.

[0100] The voltage is always applied to the lower-layer
electrodes (ii), (iii), so that the strong electric field is applied
to the whole region in the horizontal plane during rise
response. Consequently, the speed of the rise response is
enhanced.

[0101] Preferably a potential difference between the
upper-layer electrode (i) and the lower-layer electrode (ii) is
less than or equal to 12 V or less, more preferably is less than
or equal to 11 V, and still more preferably is less than or
equal to 10 V. The same holds true for the preferable
potential difference between the upper-layer electrode (i)
and the lower-layer electrode (iii).
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[0102] During the fall (black display), by weakening the
voltage applied to the upper-layer electrode (i), the liquid
crystal molecules react with the lateral electric field gener-
ated by the lower-layer electrode (ii) and the lower-layer
electrode (iii), and rotate forcedly to the initial alignment
orientation by the electric field. At the same time, restoring
force of the liquid crystal molecules that were bend align-
ment and splay alignment in the horizontal plane during the
white display also acts to further accelerate the response.
[0103] FIG. 4 is a schematic plan view illustrating the
voltage applied to each electrode and the alignment of the
liquid crystal molecules during the white display of the
second driving system of Embodiment 1. FIG. 4 illustrates
a portion corresponding to the portion surrounded by the
broken line of the pixel (4) in FI1G. 8. FIG. 5 is a simulation
result illustrating the director distribution and the transmit-
tance distribution corresponding to FIG. 4.

[0104] First the behavior of the liquid crystal molecules
during the rise (white display) will be described in detail.
[0105] Both the lower-layer electrode (ii) and the lower-
layer electrode (iii) are set to 0 V, the voltage Vpix2 or
-Vpix2 is applied to the upper-layer electrode (i) with the
polarity inversion to generate the fringe electric field
between the upper-layer electrode (i) and the lower-layer
electrodes (ii), (iii), and the liquid crystal molecules rotate in
the same orientation in response to the fringe electric field.
As can be seen from the simulated transmittance distribution
diagram (FIG. 5), as the liquid crystal molecules rotate in the
same orientation, the transmittance higher than that of the
first driving system is obtained as a whole by the rotation of
the liquid crystal molecules in the same orientation.

[0106] During the white display of the second driving
system, the potential at the upper-layer electrode (i) varies
depending on the display. Preferably the upper limit of the
potential is 10V, more preferably is 9 V, still more preferably
is 8 V.

[0107] The potentials at the lower-layer electrode (ii), (iii)
may be set less than the threshold voltage.

[0108] During the fall (black display), when the voltage
applied to the upper-layer electrode (i) is turned off, the
liquid crystal molecules rotate so as to return toward an
alignment treatment orientation (anchoring) by the restoring
force of the liquid crystal molecules.

[0109] FIG. 6 is a voltage relationship diagram illustrating
the voltage applied to each electrode during the white
display of the first driving system of Embodiment 1. FIG. 7
is a voltage relationship diagram illustrating the voltage
applied to each electrode during the white display of the
second driving system of Embodiment 1.

[0110] FIG. 8 is a schematic plan view illustrating an
example of a pixel layout of the liquid crystal display device
of Embodiment 1. FIG. 8 is by way of example, but the
electrode structure, the line, and the like are not limited to
the shapes in FIG. 8. FIG. 9 is a view illustrating an
equivalent circuit of the pixel in the liquid crystal display
device of Embodiment 1.

[0111] The upper-layer electrode (i) is electrically con-
nected to a drain electrode extending from the thin-film
transistor element TFT through a contact hole CHI. At the
timing selected by a scanning signal line Ym, the voltage
supplied from the source driver through the data signal line
SL is applied to the upper-layer electrode (i) that drives the
liquid crystal through the thin-film transistor element TFT. A
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contact hole CH2 electrically connects the auxiliary capaci-
tance line CS2m and the lower-layer electrode (iii).

[0112] In Embodiment 1, two auxiliary capacitance lines
are disposed in each horizontal line, and it is assumed that
CS1m and CS2m are two storage capacitance lines arranged
corresponding to the mth-row pixel line.

[0113] Embodiment 1 differs from Comparative Example
1 (to be described later) in the following two points.

[0114] (1) In Embodiment 1, as the lower-layer electrode
electrically connected to the group of auxiliary capacitance
lines arranged alternately every other when viewed in the
direction perpendicular to the auxiliary capacitance line, the
lower-layer electrode forming the auxiliary capacitance CSa
and the lower-layer electrode forming the auxiliary capaci-
tance CSb are alternately arranged in the pixels vertically
and laterally adjacent to each other. The width of the branch
of the comb-shaped lower-layer electrode forming the aux-
iliary capacitance CSa is narrow, and the width of the branch
of the comb-shaped lower-layer electrode forming the aux-
iliary capacitance CSb is wide. For example, as the lower-
layer electrode electrically connected to a group of auxiliary
capacitance lines CS1m (m represents the number of rows of
the pixels arranged in the matrix and is an integer) arranged
on the lower side of the pixel line, the lower-layer electrode
forming the auxiliary capacitance CSa and the lower-layer
electrode forming the auxiliary capacitance CSb are alter-
nately arranged in the pixels vertically and horizontally
adjacent to each other. As the lower-layer electrode electri-
cally connected to a group of auxiliary capacitance lines
CS1m (m represents the number of rows of the pixels
arranged in the matrix and is an integer) arranged on the
upper side of the pixel line, the lower-layer electrode form-
ing the auxiliary capacitance CSa and the lower-layer elec-
trode forming the auxiliary capacitance CSb are alternately
arranged in the pixels vertically and horizontally adjacent to
each other.

[0115] (2) In Embodiment 1, the voltage (in this case, Vcs
1) having the same magnitude is applied to the lower-layer
electrode forming the auxiliary capacitance CSa and the
lower-layer electrode forming the auxiliary capacitance CSh
with the polarity inversion (the center potential at the pixel
electrode is assumed to be 0 V).

[0116] Consequently, the relationship between the poten-
tial difference |Vpix1-Vesl| between the pixel electrode (i)
and the narrow lower-layer electrode and the potential
difference [Vpix1+Vesll between the pixel electrode (i) and
the wide comb-shaped electrode becomes identical in each
pixel even if the dot inversion drive is performed. As a
result, the same luminance can be obtained at the same gray
scale in all the pixels. Thus, excellent display quality can be
achieved by the dot inversion drive, and the generation of
the flicker can be prevented as compared with Comparative
Example 1 in which the line inversion drive is performed.

[0117] FIG. 10 is a view illustrating the voltage applied to
each electrode in a certain frame during the white display of
the first driving system in the liquid crystal display device of
Embodiment 1. In FIG. 10, the pixel means the upper-layer
electrode (i), CSa means the lower-layer electrode forming
the capacitance CSa, and CSb means the lower-layer elec-
trode forming the capacitance CSb. FIG. 11 is a time series
diagram illustrating the voltage applied to each electrode
during the white display of the first driving system in the
liquid crystal display device of Embodiment 1.
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[0118] 1In this driving method, the lower-layer electrodes
(ii), (iil) may be formed as a common electrode in each line.
[0119] The points of Embodiment 1 are as follows.
[0120] Two auxiliary capacitance lines are disposed in
each horizontal line (pixel line). As the lower-layer electrode
(i) electrically connected to the group of auxiliary capaci-
tance lines arranged on the lower side of the pixel line, the
lower-layer electrode forming the auxiliary capacitance CSa
and the lower-layer electrode forming the auxiliary capaci-
tance CSb are alternately arranged in each row and each
column. As the lower-layer electrode (iii) electrically con-
nected to the group of auxiliary capacitance lines arranged
on the upper side of the pixel line, the lower-layer electrode
forming the auxiliary capacitance CSa and the lower-layer
electrode forming the auxiliary capacitance CSb are alter-
nately arranged in each row and each column.

[0121] Two auxiliary capacitance lines are arranged in
each horizontal line (this point is identical to that of Com-
parative Example 1), and the polarity of the voltage at the
auxiliary capacitance line of each horizontal line is inversed
at the timing a gate voltage at the line becomes the maxi-
mum.

[0122] From the viewpoint of a transmittance improve-
ment effect, a thin-film transistor element including an oxide
semiconductor is preferably used for the thin-film transistor
element in the liquid crystal display device of Embodiment
1. An oxide semiconductor exhibits carrier mobility higher
than that of amorphous silicon. Consequently, a transistor
area occupying one pixel can be reduced, so that an aperture
ratio can be increased to enhance the transmittance per pixel.
Thus, the use of the thin-film transistor element including
the oxide semiconductor can notably obtain the transmit-
tance improvement effect that is the effect of the present
invention. That is, the lower substrate includes the thin-film
transistor element, and the thin-film transistor element pref-
erably includes the oxide semiconductor.

[0123] The upper and lower substrates included in the
liquid crystal display device of Embodiment 1 are usually
the pair of substrates between which the liquid crystal is
sandwiched. For example, the line, the electrode, the color
filter, and the like are formed as required while an insulating
substrate is made of glass, resin or the like as a matrix,
thereby forming the upper and lower substrates.

[0124] The liquid crystal display device of Embodiment 1
can appropriately include a member (such as a light source)
included in the typical liquid crystal display device. The
liquid crystal display device of Embodiment 1 preferably
drives the liquid crystal by an active matrix driving method.
The same holds true for the following embodiments.
[0125] The liquid crystal display device of Embodiment 1
can be applied to any one of a transmissive type liquid
crystal display device, a reflective type liquid crystal display
device, and a transflective type liquid crystal display device.
The same holds true for the following embodiments.

Embodiment 2

[0126] FIG. 12 is a schematic plan view illustrating an
example of a pixel layout of a liquid crystal display device
of Embodiment 2. FIG. 13 is a view illustrating an equiva-
lent circuit of a pixel in the liquid crystal display device of
Embodiment 2.

[0127] The voltage applied to each electrode in a certain
frame during the white display is similar to that of Embodi-
ment 1 (FIG. 10). An auxiliary capacitance line correspond-
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ing to each scanning signal line is disposed and connected to
a lower-layer electrode (ii) or (iil) at a contact hole. It is
assumed that CSm is the auxiliary capacitance line disposed
corresponding to the mth-row pixel line.

[0128] In Embodiment 2, as the lower-layer electrode
electrically connected to the group of the auxiliary capaci-
tance lines arranged alternately as viewed in the direction
perpendicular to the auxiliary capacitance line, the lower-
layer electrode forming the auxiliary capacitance CSa and
the lower-layer electrode forming the auxiliary capacitor
CSb are alternately arranged in the pixels vertically and
laterally adjacent to each other. Specifically, in FIG. 12, the
width of the branch of the comb-shaped lower-layer elec-
trode forming the auxiliary capacitance CSa is narrow, and
the width of the branch of the comb-shaped lower-layer
electrode forming the auxiliary capacitance CSb is wide. As
the lower-layer electrode (ii) electrically connected to a
group of auxiliary capacitance lines CSm (m represents the
number of rows of the pixels arranged in the matrix and is
an even number) arranged every other, the lower-layer
electrode forming the auxiliary capacitance CSa and the
lower-layer electrode forming the auxiliary capacitance CSh
are alternately arranged in the pixels vertically and horizon-
tally adjacent to each other. In the lower-layer electrode (iii)
electrically connected to a group of auxiliary capacitance
lines CSm+1 (m represents the number of rows of the pixels
arranged in the matrix and is an even number) arranged
every other, the lower-layer electrode forming the auxiliary
capacitance CSa and the lower-layer electrode forming the
auxiliary capacitance CSb are alternately arranged in the
pixels vertically and horizontally adjacent to each other.
Consequently, similarly to Embodiment 1, even if the dot
inversion drive is performed, the relationship between the
potential difference |Vpix1-Vcsll between the pixel elec-
trode and the narrow lower-layer electrode and the potential
difference |Vpix1+Vesl| between the pixel electrode and the
wide comb-shaped electrode becomes identical in each
pixel, and the same luminance is obtained at the same gray
scale in all the pixels. Thus, excellent display quality can be
achieved by the dot inversion drive, and the generation of
the flicker can be prevented as compared with Comparative
Example 1 in which the line inversion drive is performed.
[0129] When attention is paid to the voltages at the
lower-layer electrodes (ii) of the pixels (1) to (4) in FIG. 12,
all the voltages are Vesl. For this reason, the mth-row
auxiliary capacitance line CSm is electrically connected to
the mth-row lower-layer electrode (ii) and the (m+1)th-row
lower-layer electrode (i), and the lower-layer electrodes (ii)
for two rows can be driven by one auxiliary capacitance line.
The mth-row lower-layer electrode (iii) is driven by the
auxiliary capacitance line CSm-1, and the (m+1)th-row
lower-layer electrode (iii) is driven by the auxiliary capaci-
tance line CSm+1.

[0130] Thus, the number of auxiliary capacitance lines can
be reduced to a half as compared with Comparative Example
1, and the display region (high aperture ratio) is widened
(see the pixel (4) illustrating an example of light shielding
using a black matrix BM), so that the higher transmittance
can be achieved as compared with Comparative Example 1.
[0131] As described above, in Embodiment 2, the higher
transmittance and the prevention of the flicker can be
achieved as compared with Comparative Example 1.
[0132] FIG. 14 is a view illustrating the voltage applied to
each electrode in a certain frame during the white display of

Apr. 25,2019

the first driving system in the liquid crystal display device of
Embodiment 2. In FIG. 14, the pixel means the upper-layer
electrode (i), CSa means the lower-layer electrode forming
the capacitance CSa, and CSb means the lower-layer elec-
trode forming the capacitance CSb. FIG. 15 is a time series
diagram illustrating the voltage applied to each electrode
during the white display of the first driving system in the
liquid crystal display device of Embodiment 2.

[0133] The pixel layout and the driving method in the
liquid crystal display device are described in Embodiments
1, 2, and an example of a driver used to drive the scanning
signal line and the auxiliary capacitance line will be illus-
trated in Embodiments 3 to 6.

Embodiment 3

[0134] FIG. 16 is a schematic plan view illustrating a
driver IC chip used to drive scanning signal lines and
auxiliary capacitance lines in a liquid crystal display device
of Embodiment 3. FIG. 16 illustrates the state in which the
driver IC chip is disposed on the right side of a panel and the
scanning signal lines and the auxiliary capacitance lines
extend from the chip toward the inside of the panel.

Embodiment 4

[0135] FIG. 17 is a schematic plan view illustrating a
circuit on a panel used to drive scanning signal lines and a
circuit on a panel used to drive auxiliary capacitance lines in
a liquid crystal display device of Embodiment 4. FIG. 17
illustrates an example in the case that both the scanning
signal lines and the auxiliary capacitance lines are driven by
circuits on the panel. In FIG. 17, a scanning signal line
driving circuit indicated by the solid line and an auxiliary
capacity line driving circuit indicated by the broken line are
disposed on the right side of the panel, and the scanning
signal lines and the auxiliary capacitance lines extend from
the respective circuits toward the inside of the panel.

Embodiment 5

[0136] FIG. 18 is a schematic plan view illustrating the
driver IC chip used to drive scanning signal lines and a
circuit on the panel used to drive auxiliary capacitance lines
in a liquid crystal display device of Embodiment 5. FIG. 18
illustrates an example in which the scanning signal lines are
driven by a driver IC chip and the auxiliary capacitance lines
are driven by the circuit on the panel. In FIG. 18, a scanning
signal line driving driver IC chip indicated by the solid line
and an auxiliary capacity line driving circuit indicated by the
broken line are disposed on the right side of the panel, the
scanning signal lines extend toward the inside of the panel,
and the auxiliary capacitance lines extend from the circuit
toward the inside of the panel.

Embodiment 6

[0137] FIG. 19 is a schematic plan view illustrating a
circuit on a panel used to drive scanning signal lines and a
driver IC chip used to drive auxiliary capacitance lines in a
liquid crystal display device of Embodiment 6. FIG. 19
illustrates an example in which the scanning signal lines are
driven by the driver IC chip and the auxiliary capacitance
lines are driven by the circuit on the panel. In FIG. 19, a
scanning signal line driving circuit indicated by the solid
line and an auxiliary capacity line driving driver IC chip
indicated by the broken line are disposed on the right side of
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the panel, the scanning signal lines extend from the circuit
toward the inside of the panel, and the auxiliary capacitance
lines extend toward the inside of the panel.

[0138] In FIGS. 16 to 19, driving sources of the scanning
signal lines and the auxiliary capacitance lines are disposed
in a right-side frame region. Alternatively, both the driving
sources may be disposed in a left-side frame region. One of
the driving sources of the scanning signal line and the
auxiliary capacitance line may be disposed in the left-side
frame region while the other driving source may be disposed
in the right-side frame region. The half of the scanning
signal lines and the half of the auxiliary capacitance lines
may both be disposed in the frame regions. Fither one or
both of the scanning signal lines and the auxiliary capaci-
tance lines may be disposed in the pixel region.

[0139] In the first driving system, the electric field that
alternately rotates the liquid crystal molecules in different
orientations in the horizontal plane can be formed, the speed
enhancement can be achieved during the rise and the fall,
and both the wide viewing angle and the high-speed
response can be achieved. In the second driving system,
similarly to the FFS mode, the electric field that rotates the
liquid crystal molecules in the same orientation over the
entire region, and both the wide viewing angle and the high
transmittance can be achieved.

Comparative Example 1

[0140] FIG. 20 is a schematic plan view illustrating an
example of a pixel layout of a liquid crystal display device
of Comparative Example 1. FIG. 21 is a view illustrating an
equivalent circuit of a pixel in the liquid crystal display
device of Comparative Example 1. FIG. 22 is a view
illustrating the voltage applied to each electrode in a certain
frame during the white display in the liquid crystal display
device of Comparative Example 1. In FIG. 22, the pixel
means an upper-layer electrode (i), CSa means a lower-layer
electrode forming the capacitance CSa, and CSb means a
lower-layer electrode forming the capacitance CSb.

[0141] Auxiliary capacitance lines CS1m, CS2m corre-
sponding to each scanning signal line are disposed and
connected to lower-layer electrodes (ii), (iii) at contact
holes.

[0142] In Comparative Example 1, there are the following
two disadvantages.

[0143] (1) Because two auxiliary capacitance lines are
required in each 1H line, the display region becomes narrow
(see pixel (4) illustrating an example of the light shading
using the black matrix BM).

[0144] (2) The lower-layer electrodes (ii), (iii) are con-
nected in each 1H line, and the lower-layer electrodes (ii),
(ii) are connected only by the lower-layer electrodes (ii) or
only by the lower-layer electrodes (iii), so that each line
becomes the same potential (same polarity). In the same
gray scale, desirably the relationship between the potential
difference between the pixel electrode (i) and the lower-layer
electrode (i1) and the potential difference between the pixel
electrode (i) and the comb-shaped electrode (iii) is identical
in each pixel. Thus, because the potential at the pixel
electrode also has the same polarity in each 1H line, only the
1H-line inversion drive can be performed, and the flicker is
generated.

[0145] In the liquid crystal display device of the present
embodiment as described above, in the first driving system,
the lateral electric field is applied between the pair of
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lower-layer comb-shaped electrodes during the rise, so that
the strong electric field acts on the liquid crystal molecules
in the entire horizontal area to enhance the response speeds.
During the fall, in addition to the action of the strong
restoring force that returns the in-plane bend alignment and
the splay alignment to the original state, the liquid crystal
molecules react with the electric field generated by the
lower-layer comb-shaped electrode, which allows the high-
speed response that cannot be achieved in the conventional
FFS mode.

[0146] In the second driving system, comb-shaped elec-
trodes on the lower side of the two-layered electrode are set
to the same potential to generate the fringe electric field
between the comb-shaped electrodes and the upper slit
electrode, which allows the achievement of the drive that
obtains the transmittance higher than that of the drive that
achieves the high-speed response.

[0147] One of the features of the above embodiments is
that these two kinds of driving can be switched according to
the purpose and situation to achieve the wide viewing angle,
the high-speed response, and the high transmittance. The
liquid crystal display device of the present invention may be
any device that can perform at least the first driving system.
[0148] In the liquid crystal display device of the present
embodiments described above, the display can be performed
by appropriately switching between the first driving system
and the second driving system. In each driving system, the
desired display can be performed by appropriately combin-
ing the white display and the black display.

[0149] Preferably the liquid crystal display device of the
present invention includes a control device that performs the
first driving system, and more preferably includes a control
device that performs the first driving system and the second
driving system by switching between the first driving system
and the second driving system. Consequently, the wide
viewing angle can be achieved, and the high-speed response
or the high transmittance can be achieved. Thus, the liquid
crystal display device that satisfies all the characteristics of
the high-speed response, the wide viewing angle, and the
high transmittance with one type of electrode configuration
can be constructed.

[0150] Preferably the liquid crystal display device of the
present invention includes a control device that automati-
cally switches between the first driving system and the
second driving system on a predetermined condition. For
example, preferably the control device is equipped with a
temperature sensor, and automatically switches between the
first driving system and the second driving system according
to the temperature. For example, preferably the control
device performs the second driving system in which high
transmittance can be achieved in an environment of a
temperature at which a delay of the response speed is not a
problem (for example, a temperature range where the lower
limit is any one of -20° C. to 20° C.), and performs the first
driving system in which the high-speed response can be
achieved in an environment of a low temperature (for
example, a temperature range where the upper limit is any
one of -20° C. to 20° C.) at which the response speed
becomes slow. Consequently, the desired effects can be
obtained more appropriately.

[0151] The liquid crystal display device of the present
invention may include a control device that switches
between the first driving and the second driving system in
response to a user’s instruction.
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[0152] The present invention may be a liquid crystal
display device driving method in which the liquid crystal
display device described above is used.

[0153] Inthe case that the AC drive of the liquid crystal in
which the AC voltage is applied only to the electrode
included in the lower substrate is performed like the liquid
crystal display device of the present invention, the circuit for
AC drive, the driver, and the line may be disposed only in
the electrode included in the lower substrate as in the past.
Thus, for example, a degree of freedom of driving the liquid
crystal display device of the present invention is particularly
higher than that of the liquid crystal display device in which
the circuit for AC driving, the driver, and the line are
disposed on both the upper and lower substrates in order to
apply the AC voltage to the electrodes of the upper and
lower substrates to perform AC driving of the liquid crystal.

ADDITIONAL REMARKS

[0154] Examples of preferred aspects of the liquid crystal
display device of the present invention will be described
below. That is, in addition to the preferable examples
described above, preferred examples to be described later
are also examples of preferred embodiments of the present
invention, and both may be appropriately combined without
departing from the scope of the present invention.

[0155] In the liquid crystal display device of the present
invention, preferably the lower substrate includes a first
auxiliary capacitance line and a second auxiliary capacitance
line for the first pixel line, and a group of first auxiliary
capacitance electrodes in the first pixel line is electrically
connected to the first auxiliary capacitance line, and a group
of second auxiliary capacitance electrodes in the first pixel
line is electrically connected to the second auxiliary capaci-
tance line.

[0156] In the liquid crystal display device of the present
invention, preferably the lower substrate includes one aux-
iliary capacitance line for the first pixel line, and the group
of first auxiliary capacitance electrodes in the first pixel line
is electrically connected to the one auxiliary capacitance
line, and the group of second auxiliary capacitive electrodes
in the first pixel line is electrically connected to the auxiliary
capacitance line provided for a second pixel line adjacent to
the first pixel line.

[0157] In the liquid crystal display device of the present
invention, preferably each of the first auxiliary capacitance
electrode and each of the second auxiliary capacitance
electrode have a comb shape constructed with a trunk and a
branch extending from the trunk, and an average width of
the branch portion in the display region of each of the pixels
differs from an average width of the branch of the second
auxiliary capacitance electrode in the display region of each
of the pixels.

[0158] In the liquid crystal display device of the present
invention, preferably in the driving operation, an AC voltage
is applied to the pixel electrode, the first auxiliary capaci-
tance electrode, and the second auxiliary capacitance elec-
trode, and the absolute values of the potentials at the first
auxiliary capacitance electrode and the second auxiliary
capacitance electrode are equal to each other, with a center
potential at the pixel electrode being set to O V.

[0159] In the liquid crystal display device of the present
invention, preferably in the driving operation, the AC volt-
age is applied to the pixel electrode, the first auxiliary
capacitance electrode, and the second auxiliary capacitance
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electrode, and the polarities of the potentials of the first
auxiliary capacitance electrode and the second auxiliary
capacitance electrode are different, with a center potential at
the pixel electrode being set to 0 V.

[0160] In the liquid crystal display device of the present
invention, preferably the lower substrate includes one scan-
ning signal line for the first pixel line, and in the driving
operation, the scanning signal line is driven by a driver IC
chip or a circuit on a panel.

[0161] In the liquid crystal display device of the present
invention, preferably in the driving operation, the auxiliary
capacitance lines are driven by the driver IC chip or the
circuit on the panel.

[0162] The liquid crystal display device of the present
invention is preferably configured to switch between a first
driving system that performs the driving operation and a
second driving system that performs a driving operation to
generate an electric field rotating the liquid crystal mol-
ecules contained in the liquid crystal layer in one direction
in the horizontal plane with respect to the main surfaces of
the upper and lower substrates are performed while
switched.

[0163] Typically, the electric field rotating the liquid crys-
tal molecules in one direction in the horizontal plane with
respect to the main surfaces of the upper and lower sub-
strates is generated by the one pixel electrode and the two
auxiliary capacitance electrodes. For example, the two aux-
iliary capacitance electrodes are set to the same potential
(for example, 0 V), and the electric field (fringe electric
field) can be generated between the auxiliary capacitance
electrodes and the pixel electrode.

[0164] In the liquid crystal display device of the present
invention, the liquid crystal molecules contained in the
liquid crystal layer may have either positive or negative
anisotropy of dielectric constant, but preferably the liquid
crystal molecules have the positive anisotropy of dielectric
constant.

[0165] In the liquid crystal display device of the present
invention, preferably the lower substrate includes a thin-film
transistor element, and the thin-film transistor element
includes an oxide semiconductor.

[0166] In the liquid crystal display device of the present
invention, preferably the lower substrate includes a plurality
of scanning signal lines, and the potential at the correspond-
ing auxiliary capacitance line is changed at the same time as
each scanning signal line is selected.

[0167] In the liquid crystal display device of the present
invention, preferably the lower substrate includes the plu-
rality of scanning signal lines, and the potential at the
corresponding auxiliary capacitance line is changed before
each scanning signal line is selected.

[0168] In the liquid crystal display device of the present
invention, preferably the lower substrate includes the plu-
rality of scanning signal lines, and the potential at the
corresponding auxiliary capacitance line is changed after
each scanning signal line is selected.

[0169] Examples of the liquid crystal display device of the
present invention include an in-vehicle device such as a car
navigation system, an electronic book reader, a digital photo
frame, an industrial appliance, a television, a personal com-
puter, a smart phone, and a tablet terminal. The present
invention is preferably applied to a device, such as the
in-vehicle device such as the car navigation system, which
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can be used in both a high-temperature environment and a
low-temperature environment.

[0170]

In the lower substrate, the electrode structure and

the like of the liquid crystal display device of the present
invention can be checked by microscopic observation using
a scanning electron microscope (SEM).

[0171]
[0172]
[0173]
[0174]

REFERENCE SIGNS LIST

(1) upper-layer electrode

(i), (ii1) lower-layer (comb-shaped) electrode

@D, 2), (3), (4) pixel

CSa auxiliary capacitance (formed between the

pixel electrode and the lower-layer comb-shaped elec-
trode having narrow branch)

[0175]

CSb auxiliary capacitance (formed between the

pixel electrode and the lower-layer comb-shaped elec-
trode having wide branch)

[0176]
line
[0177]

CSm, CS1m, CS2m mth-row auxiliary capacitance

CSm+1, CS1m+1, CS2m+1 (m+1)th-row auxiliary

capacitance line

[0178]
[0179]
[0180]
[0181]
[0182]
[0183]
[0184]
[0185]
[0186]
[0187]
[0188]
[0189]
[0190]

BM black matrix

CH1, CH2, CH3 contact hole

TFT thin-film transistor element
SL data signal line

Ym (mth-row) scanning signal line
Ym+1 ((m+1)th-row) scanning signal line
LC liquid crystal molecule

10 lower substrate

11, 21 glass substrate

13 insulating layer

20 upper substrate

30 liquid crystal layer

40 backlight

1. A liquid crystal display device comprising:

an upper substrate and a lower substrate; and

a liquid crystal layer sandwiched between the upper and
lower substrates,

wherein the lower substrate includes a pixel electrode, a
first auxiliary capacitance electrode, and a second aux-
iliary capacitance electrode for one pixel, and one or
two auxiliary capacitance lines for one pixel line
including pixels,

a group of the first auxiliary capacitive electrodes and a
group of the second auxiliary capacitive electrodes in a
first pixel line are electrically connected to different
auxiliary capacitance lines,

each of the first auxiliary capacitance electrode and the
second auxiliary capacitance electrode and the pixel
electrode in each of the pixels overlap each other in a
plan view,

the first auxiliary capacitance electrode and the second
auxiliary capacitance electrode differ from each other
in shape in a display region of each of the pixels,

the shape of the first auxiliary capacitance electrode in the
display region of a first pixel is identical to the shape of
the second auxiliary capacitance electrode in the dis-
play region of a second pixel adjacent to the first pixel,

the shape of the second auxiliary capacitance electrode in
the display region of the first pixel is identical to the
shape of the first auxiliary capacitance electrode in the
display region of the second pixel adjacent to the first
pixel, and
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each of the first auxiliary capacitance electrodes and each
of the second auxiliary capacitance electrodes are con-
figured to be driven by a driving operation through the
respective corresponding auxiliary capacitance lines to
which the first auxiliary capacitance electrode and the
second auxiliary capacitance electrode are electrically
connected.

2. A liquid crystal display device comprising:

an upper substrate and a lower substrate; and

a liquid crystal layer sandwiched between the upper and
lower substrates,

wherein the lower substrate includes a pixel electrode, a
first auxiliary capacitance electrode, and a second aux-
iliary capacitance electrode for one pixel, and one or
two auxiliary capacitance lines for one pixel line
including pixels,

a group of the first auxiliary capacitive electrodes and a
group of the second auxiliary capacitive electrodes in a
first pixel line are electrically connected to different
auxiliary capacitance lines,

each of the first auxiliary capacitance electrode and the
second auxiliary capacitance electrode overlaps the
pixel electrode in each of the pixels in a plan view, and
is capable of forming an auxiliary capacitance with the
pixel electrode,

the magnitude of the auxiliary capacitance formed by the
first auxiliary capacitance electrode differs from the
magnitude of the auxiliary capacitance formed by the
second auxiliary capacitance electrode in each of the
pixels,

the magnitude of the auxiliary capacitance formed by the
first auxiliary capacitance electrode in a first pixel is
identical to the magnitude of the auxiliary capacitance
formed by the second auxiliary capacitance electrode in
a second pixel adjacent to the first pixel,

the magnitude of the auxiliary capacitance formed by the
second auxiliary capacitance electrode in the first pixel
is identical to the magnitude of the auxiliary capaci-
tance formed by the first auxiliary capacitance elec-
trode in the second pixel adjacent to the first pixel, and

each of the first auxiliary capacitance electrodes and each
of the second auxiliary capacitance electrodes are con-
figured to be driven by a driving operation through the
respective corresponding auxiliary capacitance lines to
which the first auxiliary capacitance electrode and the
second auxiliary capacitance electrode are electrically
connected.

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

wherein the lower substrate includes a first auxiliary
capacitance line and a second auxiliary capacitance line
for the first pixel line,

the group of the first auxiliary capacitive electrodes in the
first pixel line is electrically connected to the first
auxiliary capacitive line, and

the group of the second auxiliary capacitance electrodes
in the first pixel line is electrically connected to the
second auxiliary capacitance line.

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

wherein the lower substrate includes one auxiliary capaci-
tance line for the first pixel line,

the group of the first auxiliary capacitance electrodes in
the first pixel line is electrically connected to the one
auxiliary capacitance line, and
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the group of the second auxiliary capacitance electrodes
in the first pixel line is electrically connected to the
auxiliary capacitance line provided for a second pixel
line adjacent to the first pixel line.

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

wherein each of the first auxiliary capacitance electrodes
and each of the second auxiliary capacitance electrodes
have a comb shape constructed with a trunk and a
branch extending from the trunk, and an average width
of the branch of the first auxiliary capacitance electrode
in the display region of each of the pixels differs from
an average width of the branch of the second auxiliary
capacitance electrode in the display region of each of
the pixels.

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

wherein in the driving operation, an AC voltage is applied
to the pixel electrode, the first auxiliary capacitance
electrode, and the second auxiliary capacitance elec-
trode, and

the absolute values of potentials at the first auxiliary
capacitance electrode and the second auxiliary capaci-
tance electrode are equal to each other, with a center
potential at the pixel electrode being set to 0 V.

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

wherein in the driving operation, the AC voltage is
applied to the pixel electrode, the first auxiliary capaci-
tance electrode, and the second auxiliary capacitance
electrode, and

the polarities of the potentials of the first auxiliary capaci-
tance electrode and the second auxiliary capacitance

14
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electrode are different, with the center potential at the
pixel electrode being set to 0 V.

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

wherein the lower substrate includes one scanning signal
line for the first pixel line, and

in the driving operation, the scanning signal line is driven
by a driver IC chip or a circuit on a panel.

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

wherein in the driving operation, the auxiliary capacitance
lines are driven by the driver IC chip or the circuit on
the panel.

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

wherein the liquid crystal display device is configured to
switch between a first driving system that performs the
driving operation and a second driving system that
performs a driving operation to generate an electric
field rotating liquid crystal molecules contained in the
liquid crystal layer in one orientation in a horizontal
plane with respect to main surfaces of the upper and
lower substrates.

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

wherein the liquid crystal molecules contained in the
liquid crystal layer have positive anisotropy of dielec-
tric constant.

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

wherein the lower substrate includes a thin-film transistor
element, and

the thin-film transistor element includes an oxide semi-
conductor.



patsnap

TREMOF) BREREE
[F(RE)E US20190121208A1 K (aH)A 2019-04-25
BRiES US16/090255 % A 2017-03-23

RIRBE(ERFR)AGE) EEKRAL4
RF(EFR)AGE) EEHMAau
HAHRBHEIRAE) EEHRAatt

[#R]REAA IWATA YOSUKE
MURATA MITSUHIRO
TOMOTOSHI TAKUMA
MATSUMURA SATOSHI

KA IWATA, YOSUKE
MURATA, MITSUHIRO
TOMOTOSHI, TAKUMA
MATSUMURA, SATOSHI

IPCH %S GO02F1/1343 G02F1/1362 G02F 1/1368 G02F 1/137 GO2F1/1337

CPCH %S GO02F1/134363 G02F1/136213 G02F1/1368 G02F1/136286 G02F1/137 G02F1/1337 G02F2001/13706
G02F2202/10 HO1L27/1225 G02F2001/133738 G02F2201/128 G02F2201/121 G02F2201/122 G09G3
/3614 G09G2320/0247 G09G3/3648 G09G2300/0447 G09G3/20 G09G3/36 HO1L27/1255 GO2F1/133

G02F2001/134372
R ER 2016067585 2016-03-30 JP
SNEBEEE Espacenet USPTO
BEX)
—MERETRE , BFE LERN TERURRE LERATERZE “onn
HRBE. TERIFAT - MENERER , - HYPERBRA Lo
FoHBBRRER , URATIFEERN —MRELN — N RF N HE . e
BE%, MIHBBERBRBEZI TRV BEL. F—HEBBER o8
BRANFE_HHRRERARGRBRINE - M ETHEPHLE TET

B, F-HYPEFERNE W BRBRESMEENE TXEHH ostm
FRBEERE. F—EEZTNE-—HYERBROPREE —HEREW
HEZBRERNE ZHBBRFBRNAARAEE.

BM

CS1m+1


https://share-analytics.zhihuiya.com/view/ad6c78ee-c5eb-43ad-989a-6fbb51e47dbc
https://worldwide.espacenet.com/patent/search/family/059965443/publication/US2019121208A1?q=US2019121208A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190121208%22.PGNR.&OS=DN/20190121208&RS=DN/20190121208

