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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Applications No. 2011-
244527, filed Nov. 8, 2011; and No. 2012-212143, filed Sep.
26, 2012, the entire contents of all of which are incorporated
herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
liquid crystal display device.

BACKGROUND

[0003] Generally, a liquid crystal display device is used as
an image display device. The liquid crystal display device is
applied to displays of a mobile phone, a smartphone, a PDA
(Personal Digital Assistant), and a personal computer by tak-
ing advantage of the display’s low profile, light weight, and
low power consumption. The liquid crystal display device
includes an array substrate, a counter substrate that is
arranged opposite to the array substrate, and a liquid crystal
layer that is held between the array substrate and the counter
substrate. Plural scanning lines, plural signal lines, plural
auxiliary capacitive lines, plural pixel switching TFTs (Thin
Film Transistors), and plural auxiliary capacitive elements
are formed in the array substrate.

[0004] For the liquid crystal display device, there has been
proposed conductively coupled driving (CC driving). In the
CC driving, a potential at the auxiliary capacitive line is
changed to provide a superimposed voltage to a pixel elec-
trode through the auxiliary capacitive element. The use of the
CC driving can reduce an amplitude (a voltage value) of a
video signal provided to the signal line, allowing the reduc-
tion of the power consumption. Because the CC driving is a
kind of polarity inversion driving, generation of immobiliza-
tion of the liquid crystal (burn-in) can be prevented.

[0005] For the liquid crystal display device, there is also
proposed dot inversion driving. The use of the dot inversion
driving can reduce generation of a phenomenon called flicker
in the liquid crystal display device, particularly in the high-
quality liquid crystal display device. For the liquid crystal
display device, there is also proposed conductively coupled
dotinversion (CCDI) driving, in which the CC driving and the
dot inversion driving are combined.

[0006] On the other hand, there is also proposed a technol-
ogy of switching a liquid crystal molecule by forming a
transverse electric field or an oblique electric field between
the pixel electrode formed in the array substrate and a counter
electrode formed in the counter substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.1isaview schematically illustrating a configu-
rationand a circuit of a liquid crystal display device according
to a first embodiment;

[0008] FIG. 2 is a plan view illustrating a schematic con-
figuration of an array substrate in FIG. 1;

[0009] FIG. 3 is an equivalent circuit diagram illustrating a
pixel in FIG. 2;

[0010] FIG. 4 is a plan view schematically illustrating a
structural example of a pixel when the liquid crystal display
panel in FIG. 1 is viewed from a counter substrate side;
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[0011] FIG. 5is asectional view schematically illustrating
a sectional structure of the liquid crystal display panel in FIG.
4 along a line V-V

[0012] FIG. 6 is a view illustrating an electric field formed
between a pixel electrode and a common electrode in the
liquid crystal display panel in FIG. 4 and a relationship
between a director of the liquid crystal molecule by the elec-
tric field and a transmittance;

[0013] FIG. 7 is an enlarged plan view illustrating an out-
side of a display area of the array substrate, and is a circuit
diagram illustrating a switching circuit;

[0014] FIG. 8 is a plan view illustrating a schematic con-
figuration of part of the array substrate, and is a view illus-
trating a scanning line, a first driving circuit, a second driving
circuit, a first switching circuit, and a second switching cir-
cuit;

[0015] FIG. 9 is acircuit diagram illustrating part of pixels
and the scanning lines for any (k—1)th frame duration in the
first embodiment, and is a view illustrating a polarity of the
pixel, magnitude of a feed-through voltage of the pixel, and an
input direction of the scanning signal;

[0016] FIG. 10 is a graph illustrating retention potentials at
first-row and second-row pixels for any (k-1)th frame dura-
tion during halftone raster display in the first embodiment;
[0017] FIG. 11 is a circuit diagram illustrating part of the
pixels and the scanning lines for any kth frame duration in the
first embodiment, and is a view illustrating the polarity of the
pixel, the magnitude of the feed-through voltage of the pixel,
and the input direction of the scanning signal,

[0018] FIG. 12 is a graph illustrating the retention poten-
tials at the first-row and second-row pixels for any kth frame
duration during the halftone raster display in the first embodi-
ment;

[0019] FIG. 13 is a circuit diagram illustrating part of the
pixels and the scanning lines for any (k+1)th frame duration
in the first embodiment, and is a view illustrating the polarity
of'the pixel, the magnitude of the feed-through voltage of the
pixel, and the input direction of the scanning signal;

[0020] FIG. 14 is a graph illustrating the retention poten-
tials at the first-row and second-row pixels for any (k+1)th
frame duration during the halftone raster display in the first
embodiment;

[0021] FIG. 15 is a circuit diagram illustrating part of the
pixels and the scanning lines for any (k+2)th frame duration
in the first embodiment, and is a view illustrating the polarity
of the pixel, the magnitude of the feed-through voltage of the
pixel, and the input direction of the scanning signal;

[0022] FIG. 16 is a graph illustrating the retention poten-
tials at the first-row and second-row pixels for any (k+2)th
frame duration during the halftone raster display in the first
embodiment;

[0023] FIG.17 s acircuit diagram in which the first driving
circuit and the first switching circuit are partially enlarged;
[0024] FIG. 18 is a circuit diagram in which the second
driving circuit and the second switching circuit are partially
enlarged;

[0025] FIG. 19 is a plan view illustrating a schematic con-
figuration of an array substrate of a liquid crystal display
device according to a second embodiment;

[0026] FIG. 20 is a circuit diagram illustrating part of pixels
and scanning lines for any kth frame duration in the second
embodiment, and is a view illustrating the polarity of the
pixel, the magnitude of the feed-through voltage of the pixel,
and the input direction of the scanning signal,
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[0027] FIG. 21 is a graph illustrating retention potentials at
first-row to fourth-row pixels for any kth frame duration
during the halftone raster display in the second embodiment;
[0028] FIG. 22 is a circuit diagram illustrating part of the
pixels and the scanning lines for any (k+1)th frame duration
in the second embodiment, and is a view illustrating the
polarity of the pixel, the magnitude of the feed-through volt-
age of'the pixel, and the input direction of the scanning signal;
[0029] FIG. 23 is a graph illustrating the retention poten-
tials at the first-row to fourth-row pixels for any (k+1)th frame
duration during the halftone raster display in the second
embodiment;

[0030] FIG. 24 is a circuit diagram in which a first driving
circuit of the second embodiment is partially enlarged;
[0031] FIG. 25 is a circuit diagram in which a second driv-
ing circuit of the second embodiment is partially enlarged;
[0032] FIG. 26 is a view illustrating a modification of the
structural example of the pixel in FIG. 4, and is a plan view
schematically illustrating another structural example of a
pixel when the liquid crystal display panel is viewed from the
counter substrate side; and

[0033] FIG.27isasectional view schematically illustrating
a liquid crystal display device according to a modification of
the first and second embodiments.

DETAILED DESCRIPTION

[0034] In general, according to one embodiment, there is
provided a liquid crystal display device comprising: a first
substrate including a plurality of signal lines that extend in a
column direction, a plurality of scanning lines that extend in
a row direction, a plurality of switching elements that are
electrically connected to the signal lines and the scanning
lines, a plurality of auxiliary capacitive elements that are
electrically connected to the switching elements, a plurality
of auxiliary capacitive lines each of which extends in the row
direction and is electrically connected to one end of the aux-
iliary capacitive element, a plurality of pixel electrodes each
of which is electrically connected to the switching element
and the other end of the auxiliary capacitive element, a first
driving circuit and a second driving circuit that output a
scanning signal to the scanning line and alternately output a
first auxiliary capacitive voltage and a second auxiliary
capacitive voltage to the auxiliary capacitive line, a first
switching circuit that is connected to the first driving circuit to
alternately switch between a first state and a second state in
each predetermined frame duration, the first switching circuit
being connected to the (2L-1)th-row scanning lines and the
(2L-1)th-row auxiliary capacitive lines in the first state, the
first switching circuit being connected to the 2Lth-row scan-
ning lines and the 2Lth-row auxiliary capacitive lines in the
second state, and a second switching circuit that is connected
to the second driving circuit to alternately switch between the
first state and the second state in each predetermined frame
duration; a second substrate that is arranged opposite to the
first substrate with a gap; a liquid crystal layer that is held
between the first substrate and the second substrate; and a
common electrode that is formed on the first substrate or the
second substrate and set to a common voltage of a constant
voltage.

[0035] According to another embodiment, there is pro-
vided a liquid crystal display device comprising: a first sub-
strate including a plurality of signal lines that extend in a
column direction, a plurality of scanning lines that extend in
a row direction, a plurality of switching elements that are
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electrically connected to the signal lines and the scanning
lines, a plurality of auxiliary capacitive elements that are
electrically connected to the switching elements, a plurality
of auxiliary capacitive lines each of which extends in the row
direction and is electrically connected to one end of the aux-
iliary capacitive element, a plurality of pixel electrodes each
of which is electrically connected to the switching element
and the other end of the auxiliary capacitive element, a first
driving circuit that provides a scanning signal to the (4L-1)th
and 4Lth-row scanning lines and outputs a first auxiliary
capacitive voltage and a second auxiliary capacitive voltage,
a second driving circuit that provides the scanning signal to
the (4L-3)th-row and (4L-2)th-row scanning lines and out-
puts the first auxiliary capacitive voltage and the second aux-
iliary capacitive voltage, a first switching circuit that is con-
nected to the first driving circuit and the (4L-1)th-row and
4Lth-row auxiliary capacitive lines, and a second switching
circuit that is connected to the second driving circuit and the
(4L-3)th-row and (4L.-2)th-row auxiliary capacitive lines; a
second substrate that is arranged opposite to the first substrate
with a gap; a liquid crystal layer that is held between the first
substrate and the second substrate; and a common electrode
that is formed on the first substrate or the second substrate and
set to a common voltage of'a constant voltage, wherein during
a kth frame duration, the first switching circuit provides the
first auxiliary capacitive voltage to the (4L-1)th-row auxil-
iary capacitive lines and provides the second auxiliary capaci-
tive voltage to the 4L th-row auxiliary capacitive lines, and the
second switching circuit provides the first auxiliary capaci-
tive voltage to the (4L-3)th-row auxiliary capacitive lines and
provides the second auxiliary capacitive voltage to the (41—
2)th-row auxiliary capacitive lines, and during a (k+1)th
frame duration, the first switching circuit provides the second
auxiliary capacitive voltage to the (4L-1)th-row auxiliary
capacitive lines and provides the first auxiliary capacitive
voltage to the 4Lth auxiliary capacitive lines, and the second
switching circuit provides the second auxiliary capacitive
voltage to the (4L-3)th-row auxiliary capacitive lines and
provides the first auxiliary capacitive voltage to the (4L-2)th
auxiliary capacitive lines.

[0036] According to still another embodiment, there is pro-
vided a liquid crystal display device comprising: a first sub-
strate including a plurality of signal lines that extend in a
column direction, a plurality of scanning lines that extend in
a row direction, a plurality of switching elements that are
electrically connected to the signal lines and the scanning
lines, a plurality of auxiliary capacitive elements that are
electrically connected to the switching elements, a plurality
of auxiliary capacitive lines each of which extends in the row
direction and is electrically connected to one end of the aux-
iliary capacitive element, a plurality of pixel electrodes each
of which is electrically connected to the switching element
and the other end of the auxiliary capacitive element, a first
driving circuit and a second driving circuit that output a
scanning signal to the scanning line and alternately output a
first auxiliary capacitive voltage and a second auxiliary
capacitive voltage to the auxiliary capacitive line, a first
switching circuit that is connected to the first driving circuit to
alternately switch between a first state and a second state in
each predetermined frame duration, the first switching circuit
being connected to the (2L-1)th-row scanning lines and the
(2L-1)th-row auxiliary capacitive lines in the first state, the
first switching circuit being connected to the 2Lth-row scan-
ning lines and the 2L th-row auxiliary capacitive lines in the
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second state, and a second switching circuit that is connected
to the second driving circuit to alternately switch between the
first state and the second state in each predetermined frame
duration; a second substrate that is arranged opposite to the
first substrate with a gap; a liquid crystal layer that is held
between the first substrate and the second substrate; and a
common electrode that is formed on the first substrate or the
second substrate and set to a common voltage of a constant
voltage, wherein each of the pixel electrodes includes a pri-
mary pixel electrode that extends in the column direction, and
the common electrode includes a plurality of primary com-
mon electrodes, each of which is formed on the second sub-
strate, located in the row direction while the primary pixel
electrode is sandwiched therebetween, and extends in the
column direction.

[0037] Hereinafter, a liquid crystal display device accord-
ing to a first embodiment will be described in detail with
reference to the drawings. FIG. 1 is a view schematically
illustrating a configuration and a circuit of the liquid crystal
display device of the first embodiment. FIG. 2 is a plan view
illustrating a schematic configuration of an array substrate
AR in FIG. 1. FIG. 3 is an equivalent circuit diagram illus-
trating a pixel PX in FIG. 2.

[0038] As illustrated in FIGS. 1 to 3, the liquid crystal
display device includes an active matrix type liquid crystal
display panel LPN. The liquid crystal display panel LPN
includes the array substrate AR that is of the first substrate, a
counter substrate CT that is of the second substrate, which is
arranged opposite to the array substrate AR with a predeter-
mined gap, and a liquid crystal layer LQ that is held between
the array substrate AR and the counter substrate CT. The
liquid crystal display device also includes a signal line driving
circuit 90 that is of a video signal output unit, a controller 100,
and an FPC (flexible printed circuit) 110. The liquid crystal
display panel LPN includes a display area R1 where the
image is displayed.

[0039] Thedisplay area R1 opposes the array substrate AR,
the counter substrate CT, and the liquid crystal layer LQ. In
the display area R1, the plural pixels PX are located between
the array substrate AR and the counter substrate CT. The
m-by-n pixels PX are two-dimensionally provided in a col-
umn direction Y and a row direction X (where m and n are
positive integers).

[0040] A switching circuit 13, a first driving circuit 31, a
second driving circuit 32, a first switching circuit 41, a second
switching circuit 42, and a pad group (hereinafter referred to
as an OLB pad group) pG for outer lead bonding are formed
on the side of the array substrate AR in a non-display area R2
outside the display area R1. In the first embodiment, the first
driving circuit 31, the second driving circuit 32, the first
switching circuit 41, and the second switching circuit 42 act
as a scanning line driving circuit and an auxiliary capacitive
line driving circuit.

[0041] In the display area R1, the liquid crystal display
panel LPN includes n scanning lines G (G1 to Gn), nauxiliary
capacitive lines C (C1 to Cn), and m signal lines S (S1 to Sm).
For example, the scanning lines G and the auxiliary capacitive
lines C extend substantially linearly in the row direction X.
The scanning lines G and the auxiliary capacitive lines C are
alternately disposed in parallel in the column direction Y
intersecting the row direction X. At this point, the row direc-
tion X and the column direction Y are substantially orthogo-
nal to each other.
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[0042] Thesignal lines S intersect the scanning lines G and
the auxiliary capacitive lines C. The signal lines S extend
substantially linearly in the column directionY. The scanning
lines G, the auxiliary capacitive lines C, and the signal line S
may not necessarily extend linearly, but may be partially be
bent. The scanning lines G, the auxiliary capacitive lines C,
and the signal lines S are extracted to the outside of the display
area R1.

[0043] Each pixel PX includes a switching element SW, a
pixel electrode PE, and a common electrode CE. For example,
a retention capacity CS is formed between the auxiliary
capacitive line C and the pixel electrode PE, which is
arranged opposite to the auxiliary capacitive line C with an
insulating film interposed therebetween. In this case, the aux-
iliary capacitive line C and the pixel electrode PE constitute
the auxiliary capacitive element.

[0044] Alternatively, the retention capacity CS is formed
between the auxiliary capacitive line C and an auxiliary
capacitive electrode (not illustrated), which is arranged oppo-
site to the auxiliary capacitive line C with the insulating film
interposed therebetween and connected to the pixel electrode
PE. In this case, the auxiliary capacitive line C and the aux-
iliary capacitive electrode constitute the auxiliary capacitive
element.

[0045] In the first embodiment, the liquid crystal display
panel LPN has the configuration in which at least part of the
common electrode CE is formed in the counter substrate CT
while the pixel electrode PE is formed in the array substrate
AR, and liquid crystal molecules in the liquid crystal layer LQ
are switched by mainly utilizing an electric field formed
between the pixel electrode PE and the common electrode
CE. The electric field formed between the pixel electrode PE
and the common electrode CE is an oblique electric field that
is slightly inclined with respect to an X-Y plane defined by the
row direction X and the column direction Y or a substrate
principal surface (or a transverse electric field substantially
parallel to the substrate principal surface).

[0046] For example, the switching element SW is con-
structed by an n-channel thin film transistor (TFT). The
switching element SW is electrically connected to the scan-
ning line G and the signal line S. The switching element SW
may be either a top-gate type TFT or a bottom gate type TFT.
For example, a semiconductor layer of the switching element
SW is made of polysilicon. Alternatively, the semiconductor
layer may be made of amorphous silicon.

[0047] The pixel electrode PE is disposed in each pixel PX
and electrically connected to the switching element SW. The
common electrode CE is commonly disposed with respect to
the pixel electrodes PE of the pixels PX through the liquid
crystal layer LQ. For example, the pixel electrode PE and the
common electrode CE are made of conductive materials, such
as indium tin oxide (ITO) and indium zinc oxide (IZO), which
have an optically transparent property. Alternatively, the pixel
electrode PE and the common electrode CE may be made of
other metallic materials, such as aluminum.

[0048] The array substrate AR includes a power feeding
unit VS that applies a voltage (common voltage) to the com-
mon electrode CE. For example, the power feeding unit VS is
formed in the non-display area R2. The common electrode
CE is extracted to the outside of the display area R1 and
electrically connected to the power feeding unit VS through a
conductive member (not illustrated).

[0049] FIG. 4 is a plan view schematically illustrating a
structural example of one pixel PX when the liquid crystal
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display panel LPN in FIG. 1 is viewed from the side of the
counter substrate CT. FIG. 4 is the plan view in the X-Y plane.

[0050] As illustrated in FIG. 4, the pixel PX has, as indi-
cated by a dashed line, a rectangular shape in which a length
in the row direction X is shorter than a length in the column
direction Y. In the first embodiment, the pixel PX has a long
axis parallel to the column direction Y. However, the pixel PX
is not limited to the first embodiment, but the pixel PX may
have the long axis parallel to the column direction Y or the
row direction X.

[0051] The scanning lines G1 and G2 extend in the row
direction X. The auxiliary capacitive line C1 is disposed
between the scanning lines G1 and G2 adjacent to each other,
and extends in the row direction X. The signal lines S1 and S2
extend in the column direction Y. The pixel electrode PE is
disposed between the signal lines S1 and S2 adjacent to each
other. The pixel electrode PE is also located between the
scanning lines G1 and G2.

[0052] In the illustrated example, the signal line S1 is dis-
posed in a left end portion of pixel PX, and the signal line S2
is disposed in a right end portion of pixel PX. Strictly speak-
ing, the signal line S1 is disposed across a boundary between
the pixel PX and the pixel on the left side, and the signal line
S2 is disposed across a boundary between the pixel PX and
the pixel on the right side. In the pixel PX, the scanning line
G1 is disposed in an upper end portion, and the scanning line
G2 is disposed in a lower end portion. Strictly speaking, the
scanning line G1 is disposed across a boundary between the
pixel PX and the pixel on the upper side, and the scanning line
G2 is disposed across a boundary between the pixel PX and
the pixel on the lower side. The auxiliary capacitive line C1 is
disposed in a substantially central portion of the pixel.

[0053] In the illustrated example, the switching element
SW is electrically connected to the scanning line G1 and the
signal line S1. The switching element SW is provided at an
intersection of the scanning line G1 and the signal line S1. A
drain wiring of the switching element SW extends along the
signal line S1 and the auxiliary capacitive line C1, and is
electrically connected to the pixel electrode PE through a
contact hole CH that is formed in a region opposing the
auxiliary capacitive line C1. The switching element SW is
provided in a region that opposes the signal line S1 and the
auxiliary capacitive line C1, and the switching element SW
suppresses reduction of an area of an aperture contributing to
the display while hardly running over the signal line S1 and
the auxiliary capacitive line C1.

[0054] The plural pixel electrodes PE are arrayed at inter-
vals in the row direction X and the column direction Y. Each
pixel electrode PE includes a primary pixel electrode PA
extending in a direction along the long axis of the pixel PX. In
the first embodiment, the primary pixel electrode PA is
formed while extending in the column direction Y.

[0055] In the first embodiment, the pixel electrode PE
includes the primary pixel electrode PA and a contact PC,
which are electrically connected to each other. The primary
pixel electrode PA extends linearly in the column direction Y
from the contact PC to a neighborhood of the upper end
portion of the pixel PX and a neighborhood of the lower end
portion of the pixel PX. The primary pixel electrode PA is
formed into a belt shape having the substantially same width
in the row direction X. The contact PC is located in the region
opposing the auxiliary capacitive line C1, and electrically
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connected to the switching element SW through the contact
hole CH. The contact PC is formed wider than the primary
pixel electrode PA.

[0056] The pixel electrode PE is disposed at a substantially
middle position between the signal line S1 and the signal line
S2, namely, in the center of the pixel PX. An interval between
the signal line S1 and the pixel electrode PE in the row
direction X is substantially equal to an interval between the
signal line S2 and the pixel electrode PE in the row direction
X

[0057] The common electrode CE includes plural primary
common electrodes CA formed on the side of the counter
substrate CT. The pair of primary common electrodes CA is
located in the direction orthogonal to the long axis of the pixel
PX while the primary pixel electrode PA is sandwiched ther-
ebetween, and the primary common electrodes CA extend in
the direction along the long axis of the pixel PX.

[0058] Inthe first embodiment, the plural primary common
electrodes CA are arrayed at intervals in the row direction X
in the X-Y plane, the plural primary pixel electrodes PA are
sandwiched between the primary common electrodes CA in
the row direction X, and the primary common electrode CA
extends linearly in the column direction Y substantially par-
allel to the primary pixel electrode PA. The primary common
electrode CA faces the signal line S, and extends substantially
parallel to the primary pixel electrode PA. The primary com-
mon electrode CA is formed into the belt shape having the
substantially same width in the row direction X.

[0059] Inthe example in FIG. 4, the two primary common
electrodes CA are parallel to each other in the row direction
X, and disposed in the right and left end portions of the pixel
PX, respectively. In order to distinguish the primary common
electrodes CA from each other, the primary common elec-
trode on the left side in FIG. 4 is referred to as CAL, and the
primary common electrode on the right side is referred to as
CAR. The primary common electrode CAL faces the signal
line S1, and the primary common electrode CAR faces the
signal line S2.

[0060] Inthepixel PX, the primary common electrode CAL
is disposed in the left end portion, and the primary common
electrode CAR is disposed in the right end portion. Strictly
speaking, the primary common electrode CAL is disposed
across the boundary between the pixel PX and the pixel on the
left side, and the primary common electrode CAR is disposed
across the boundary between the pixel PX and the pixel onthe
right side.

[0061] As to a positional relationship between the pixel
electrode PE and the primary common electrode CA, the
pixel electrodes PE and the primary common electrodes CA
are alternately disposed in the row direction X. The pixel
electrode PE and the primary common electrode CA are
disposed substantially in parallel to each other. At this point,
in the X-Y plane, no primary common electrodes CA overlap
the pixel electrode PE.

[0062] Thatis, the pixel electrode PE is located between the
primary common electrodes CAL and CAR adjacent to each
other. In other words, the pair of primary common electrodes
(the primary common electrode CAL and the primary com-
mon electrode CAR) is disposed on both sides between which
the position immediately above the pixel electrode PE is
sandwiched. As described above, the pixel electrode PE is
disposed between the primary common electrode CAL and
the primary common electrode CAR. Therefore, the primary
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common electrode CAL, the primary pixel electrode PA, and
the primary common electrode CAR are disposed in this
order in the row direction X.

[0063] The interval between the pixel electrode PE and the
common electrode CE in the row direction X is substantially
kept constant. That is, the interval between the primary com-
mon electrode CAL and the primary pixel electrode PA in the
row direction X is substantially equal to the interval between
the primary common electrode CAR and the primary pixel
electrode PA in the row direction X.

[0064] FIG.5 is a sectional view schematically illustrating
a sectional structure of the liquid crystal display panel LPN in
FIG. 4 along a line V-V. Only the components necessary for
the description are illustrated in FIG. 5.

[0065] As illustrated in FIG. 5, a backlight unit 4 is dis-
posed on a rear surface side of the array substrate AR consti-
tuting the liquid crystal display panel LPN. Various kinds of
backlight units can be used as the backlight unit 4, and a
backlight unit in which a light emitting diode (LED) is used as
a light source or a backlight unit in which a cold cathode
fluorescent tube (CCFL) is used can be used as the backlight
unit 4, and the detailed description of the structure of the
backlight unit 4 is omitted.

[0066] The array substrate AR is constructed by a first
insulating substrate 10 having the optically transparent prop-
erty. The signal line S is formed on a first interlayer insulating
film 11, and covered with a second interlayer insulating film
12. For example, the scanning line (not illustrated) and the
auxiliary capacitive line (not illustrated) are disposed
between the first insulating substrate 10 and the first inter-
layer insulating film 11. The pixel electrode PE is formed on
the second interlayer insulating film 12. The pixel electrode
PE is located inside the position immediately above the adja-
cent signal line S.

[0067] A first alignment film AL1 is disposed in a surface
facing the counter substrate CT of the array substrate AR, and
extends over the substantially whole display area R1. The first
alignment film AL1 covers the pixel electrode PE, and is also
displayed on the second interlayer insulating film 12. In the
first embodiment, the first alignment film AL1 is made of a
material exerting a horizontal orientation. The array substrate
AR may include part of the common electrode CE.

[0068] The counter substrate CT is constructed by a second
insulating substrate 20 having the optically transparent prop-
erty. The counter substrate CT includes a black matrix BM, a
color filter CF, an overcoat layer OC, a common electrode CE,
and a second alignment film AL2.

[0069] The black matrix BM partitions the pixels PX to
form an aperture AP facing the pixel electrode PE. That is, the
black matrix BM is disposed so as to face wiring portions
such as the signal line S, the scanning line, the auxiliary
capacitive line, and the switching element. Although only the
portion extending in the column direction Y is illustrated in
the black matrix BM in FIG. 6, the black matrix BM may
include a portion extending in the row direction X. The black
matrix BM is disposed in an inner surface 20A facing the
array substrate AR of the second insulating substrate 20.
[0070] The color filter CF is disposed according to each
pixel PX. That s, the color filter CF is disposed in the aperture
AP in the inner surface 20A of'the second insulating substrate
20, and part of the color filter CF runs on the black matrix BM.
The color filters CF disposed in the pixels PX adjacent to each
other in the row direction X have different colors. For
example, the color filter CF is made of a resin material that is
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colored in each of three primary colors of red, blue, and green.
A red color filter CFR made of the resin material colored in
red is disposed according to the red pixel. A blue color filter
CFB made of the resin material colored in blue is disposed
according to the blue pixel. A green color filter CFG made of
the resin material colored in green is disposed according to
the green pixel. A boundary between the color filters CF is
located so as to overlap the black matrix BM.

[0071] The overcoat layer OC covers the color filter CF.
The overcoat layer OC relaxes an influence of surface irregu-
larity of the color filter CF.

[0072] The common electrode CE is formed on the side
facing the array substrate AR of the overcoat layer OC. The
interval between the common electrode CE and the pixel
electrode PE in a perpendicular direction Z is substantially
kept constant. As used herein, the perpendicular direction Z
means a direction orthogonal to the row direction X and the
column directionY or a direction normal to the liquid crystal
display panel LPN.

[0073] The second alignment film AL2 is disposed in the
surface facing the array substrate AR of the counter substrate
CT, and extends over the substantially whole display area R1.
The second alignment film AL2 covers the common electrode
CE and the overcoat layer OC. In the first embodiment, the
second alignment film AL.2 is made of a material exerting the
orientation.

[0074] An alignment treatment (for example, rubbing or an
optical alignment treatment) is performed to the first align-
ment film AL1 and the second alignment film AL2 in order to
initially orient the liquid crystal molecule of the liquid crystal
layer LQ. A first alignment treatment direction PD1 in which
the first alignment film AL1 initially orients the liquid crystal
molecule and a second alignment treatment direction PD2 in
which the second alignment film AL2 initially orients the
liquid crystal molecule are parallel to each other, and are the
reverse directions or the same direction. For example, as
illustrated in FIG. 2, the first and second alignment treatment
directions PD1 and PD2 are substantially parallel to the col-
umn direction Y, and are the same direction.

[0075] In the first embodiment, the first and second align-
ment films AL1 and AL2 can initially orient the liquid crystal
molecules near the first and second alignment films ALL1 and
AL2 in the column direction Y.

[0076] The array substrate AR and the counter substrate CT
are disposed such that the first and second alignment films
AL1 and AL2 face each other. At this point, for example, a cell
gap of 2 um to 7 um is formed between the first alignment film
AL1 of the array substrate AR and the second alignment film
AL2 of the counter substrate CT by columnar spacers, which
are integrally formed on one of the substrates using resin
material. The array substrate AR and the counter substrate CT
are bonded by a sealing member SB outside the display area
R1 while the cell gap is formed.

[0077] The liquid crystal layer LQ is retained by the cell
gap formed between the array substrate AR and the counter
substrate CT, and the liquid crystal layer LQ is disposed
between the first alignment film AL1 and the second align-
ment film AL2. For example, the liquid crystal layer LQ has
a positive dielectric anisotropy, namely the liquid crystal
layer LQ is made of a p-type liquid crystal.

[0078] The interval between the primary pixel electrode PA
and the primary common electrode CA in the row direction X
is larger than a thickness (the cell gap) of the liquid crystal
layer LQ, and the interval between the primary pixel electrode
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PA and the primary common electrode CA is larger than
double the thickness (the cell gap) of the liquid crystal layer
LQ.

[0079] Using a bonding agent, a first optical element OD1
is bonded to an outer surface of the array substrate AR,
namely, an outer surface 10B of the first insulating substrate
10 constituting the array substrate AR. The first optical ele-
ment OD1 is located on the side facing the backlight unit 4 of
the liquid crystal display panel LPN, and controls a polariza-
tion state of light that is incident from the backlight unit 4 to
the liquid crystal display panel LPN. The first optical element
OD1 includes a first polarizer PL1 having a first polarizing
axis (or a first absorption axis) AX1.

[0080] Using the bonding agent, a second optical element
0OD2 is bonded to an outer surface of the counter substrate CT,
namely, an outer surface 20B of the second insulating sub-
strate 20 constituting the counter substrate CT. The second
optical element OD2 is located on the display surface side of
the liquid crystal display panel LPN, and controls a polariza-
tion state of the light that is output from the liquid crystal
display panel LPN. The second optical element OD2 includes
a second polarizer PL.2 having a second polarizing axis (or a
second absorption axis) AX2.

[0081] For example, because the first polarizing axis AX1
and the second polarizing axis AX2 are orthogonal to each
other, the first polarizer PL.1 and the second polarizer PL.2 are
disposed in a crossed-Nicole manner. At this point, one of the
polarizers is disposed such that the polarizing axis is parallel
or orthogonal to the initial orientation direction of the liquid
crystal molecule, namely, the first alignment treatment direc-
tion PD1 or the second alignment treatment direction PD2. In
the case that the initial orientation direction is parallel to the
column directionY, the polarizing axis of one of the polarizers
is parallel to the column direction Y or the row direction X.
[0082] In an example illustrated in a part (a) of FIG. 4, the
first polarizer PL1 is disposed such that the first polarizing
axis AX1 is orthogonal to the initial orientation direction (the
columndirectionY') of the liquid crystal molecule LM (that s,
parallel to the row direction X), and the second polarizer PL2
is disposed such that the second polarizing axis AX2 is par-
allel to the initial orientation direction of the liquid crystal
molecule LM (that is, parallel to the column direction Y).
[0083] In anexample illustrated in a part (b) of FIG. 4, the
second polarizer PL.2 is disposed such that the second polar-
izing axis AX2 is orthogonal to the initial orientation direc-
tion (the column direction Y) of the liquid crystal molecule
LM (that is, parallel to the row direction X), and the first
polarizer PL1 is disposed such that the first polarizing axis
AX1 is parallel to the initial orientation direction of the liquid
crystal molecule LM (that is, parallel to the column direction
Y).

[0084] Anoperation of the liquid crystal display panel LPN
having the above configuration will be described below.
[0085] Asillustrated in FIGS. 4 and 5, in a state in which the
voltage is not applied to the liquid crystal layer LQ, namely,
in a state (an OFF state) in which the electric field is not
formed between the pixel electrode PE and the common
electrode CE, the liquid crystal molecule LM of the liquid
crystal layer LQ is oriented such that the long axis of the
liquid crystal molecule LM is oriented toward the first slign-
ment treatment direction PD1 of the first alignment film ALL1
and the second alignment treatment direction PD2 of the
second alignment film AL2. The OFF state corresponds to the
initial orientation state, and the orientation direction of the
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liquid crystal molecule LM in the OFF state corresponds to
the initial orientation direction.

[0086] Strictly speaking, the liquid crystal molecule LM is
not necessarily oriented in parallel with the X-Y plane, but
frequently pre-tilted. Therefore, the initial orientation direc-
tion of the liquid crystal molecule LM means a direction in
which the long axis of the liquid crystal molecule LM in the
OFF state is orthographically projected to the X-Y plane. In
the following description, for the sake of convenience, it is
assumed that the liquid crystal molecule LM is oriented in
parallel to the X-Y plane, and that the liquid crystal molecule
LM rotates in a plane parallel to the X-Y plane.

[0087] The first alignment treatment direction PD1 and the
second alignment treatment direction PD2 are substantially
parallel to the column direction Y. In the OFF state, the liquid
crystal molecule LM is initially oriented toward the direction
in which the long axis of the liquid crystal molecule LM is
substantially parallel to the column direction Y, as illustrated
by the dashed line in FIG. 4. That is, the initial orientation
direction of the liquid crystal molecule LM is parallel to the
column direction Y (or has an angle of 0° with respect to the
column direction Y).

[0088] As illustrated in FIG. 4, in the case that the first
alignment treatment direction PD1 and the second alignment
treatment direction PD2 are parallel to each other and are the
same direction, the liquid crystal molecule LM is oriented
toward the substantially horizontal direction (a pre-tilt angle
is substantial zero) in a neighborhood of a middle portion of
the liquid crystal layer LQ in a section of the liquid crystal
layer LQ, and the liquid crystal molecule LM is oriented with
the pre-tilt angle that is symmetrical in relation to the middle
portion in the neighborhood of the first alignment film AL1
and the neighborhood of the second alignment film AL2
(splay orientation).

[0089] When the ailgnment treatment is performed to the
first alignment film AL1 in the first alignment treatment direc-
tion PD1, the liquid crystal molecule LM in the neighborhood
of'the first alignment film AL1 is initially oriented toward the
first alignment treatment direction PD1. When the alignment
treatment is performed to the second alignment film AL2 in
the second alignment treatment direction PD2, the liquid
crystal molecule LM in the neighborhood ofthe second align-
ment film AL2 is initially oriented toward the second align-
ment treatment direction PD2. In the case that the first align-
ment treatment direction PD1 and the second alignment
treatment direction PD2 are parallel to each other and are the
same direction, as described above, the liquid crystal mol-
ecule LM becomes the splay orientation, the orientation of the
liquid crystal molecule LM in the neighborhood of the first
alignment film AL1 on the array substrate AR and the orien-
tation of the liquid crystal molecule LM in the neighborhood
of'the second alignment film AL2 on the counter substrate CT
are perpendicularly symmetrical in relation to the middle
portion ofthe liquid crystal layer L.Q. The direction oblique to
the direction normal to the substrate is optically compensated.
Accordingly, in the case that the first alignment treatment
direction PD1 and the second alignment treatment direction
PD2 are parallel to each other and are the same direction, an
optical leakage is hardly generated in the case of black dis-
play, and a high contrast ratio can be implemented to improve
a display quality.

[0090] In the case that the first alignment treatment direc-
tion PD1 and the second alignment treatment direction PD2
are parallel to each other and are the reverse directions, the
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liquid crystal molecule LM is oriented with the pre-tilt angle
in the neighborhood of the first alignment film AL1, the
neighborhood of the second alignment film AL2, and the
middle portion of the liquid crystal layer LQ (homogeneous
orientation) in the section of the liquid crystal layer LQ.

[0091] The backlight from the backlight unit 4 is partially
transmitted through the first polarizer PL1, and is incident to
the liquid crystal display panel LPN. When passing through
the liquid crystal layer LQ, the polarization state of the light
incident to the liquid crystal display panel LPN varies
depending on the orientation state of the liquid crystal mol-
ecule LM. In the OFF state, the light passing through the
liquid crystal layer LQ is absorbed by the second polarizer
PL2 (the black display).

[0092] On the other hand, in a state in which the voltage is
applied to the liquid crystal layer LQ, namely, in a state (an
ON state) in which the electric field is formed between the
pixel electrode PE and the common electrode CE, a trans-
verse electric field (or an oblique electric field) substantially
parallel to the substrates is formed between the pixel elec-
trode PE and the common electrode CE. The liquid crystal
molecule LM is influenced by the electric field, and the long
axis of the liquid crystal molecule LM rotates in a plane
substantially parallel to the X-Y plane as illustrated by a solid
line in FIG. 4.

[0093] In the example in FIG. 4, in the region between the
pixel electrode PE and the primary common electrode CAL,
the liquid crystal molecule LM rotates clockwise with respect
to the column direction Y, and is oriented toward the lower left
in FIG. 4. In the region between the pixel electrode PE and the
primary common electrode CAR, the liquid crystal molecule
LM rotates counterclockwise with respect to the column
direction Y, and is oriented toward the lower right in FIG. 4.

[0094] In each pixel, when the electric field is formed
between the pixel electrode PE and the common electrode
CE, the orientation direction of the liquid crystal molecule
LM is divided into plural directions with the pixel electrode
PE as the boundary, and a domain is formed in each orienta-
tion direction. That is, plural domains are formed in one pixel
PX.

[0095] In the ON state, the backlight incident from the
backlight unit 4 to the liquid crystal display panel LPN is
partially transmitted through the first polarizer PL1, and is
incident to the liquid crystal display panel LPN. The back-
light which has entered the liquid crystal layer LQ changes its
polarization state. In the ON state, at least part of the light
passing through the liquid crystal layer LQ is transmitted
through the second polarizer PL2 (white display).

[0096] FIG. 6 is a view illustrating an electric field formed
between the pixel electrode PE and the common electrode CE
in the liquid crystal display panel LPN in FIG. 4 and a rela-
tionship between a director and a transmittance of the liquid
crystal molecule LM by the electric field.

[0097] As illustrated in FIG. 6, in the OFF state, the liquid
crystal molecule LM is initially oriented toward the direction
substantially parallel to the column direction Y. In the ON
state in which a potential difference is formed between the
pixel electrode PE and the common electrode CE, an optical
modulation factor of the liquid crystal becomes the maximum
(that is, the transmittance becomes the maximum in the aper-
ture), when the director (or the long axis direction) of the
liquid crystal molecule LM is deviated by about 45° in the
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X-Y plane with respect to the first polarizing axis AX1 of the
first polarizer PL1 and the second polarizing axis AX2 of the
second polarizer PL2.

[0098] IntheexampleinFIG. 6,inthe ON state, the director
of'the liquid crystal molecule LM between the primary com-
mon electrode CAL and the pixel electrode PE is substantially
parallel to the orientation of 45°-225° in the X-Y plane, and
the director of the liquid crystal molecule LM between the
primary common electrode CAR and the pixel electrode PE is
substantially parallel to the orientation of 135°-315° in the
X-Y plane, and the peak transmittance is obtained. At this
point, in the transmittance distribution per pixel, the transmit-
tance becomes substantially zero on the pixel electrode PE
and the common electrode CE, and a high transmittance is
obtained in substantially the whole region in an electrode gap
between the pixel electrode PE and the common electrode
CE.

[0099] Each ofthe primary common electrode CAL located
immediately above the signal line S1 and the primary com-
mon electrode CAR located immediately above the signal
line S2 faces the black matrix BM, the primary common
electrode CAL and the primary common electrode CAR have
widths less than or equal to a width in the row direction X of
the black matrix BM, and the primary common electrode
CAL and the primary common electrode CAR do not extend
to the side of the pixel electrode PE beyond the position facing
the black matrix BM. Therefore, the aperture contributing to
the display per pixel corresponds to the region between the
black matrices BM, or the regions between the pixel electrode
PE and the primary common electrode CAL and the primary
common electrode CAR in the region between the signal line
S1 and the signal line S2.

[0100] The OLB pad group pG, a switching circuit 13, the
signal line driving circuit 90, a first driving circuit 31, a
second driving circuit 32, a first switching circuit 41, a second
switching circuit 42, a timing control circuit 70, and a buffer
80 will be described below. These components are disposed
outside the display area R1. The OLB pad group pG, the
switching circuit 13, the first driving circuit 31, the second
driving circuit 32, the first switching circuit 41, the second
switching circuit 42, the timing control circuit 70, and the
buffer 80 are formed using the same material as the pixel PX
and at the same time as the pixel PX is formed.

[0101] As illustrated in FIG. 2, the OLB pad group pG
includes plural pads that are disposed in line along a periph-
eral edge of the array substrate AR (the first insulating sub-
strate 10). The common electrode CE is indirectly connected
to the pad, and a common voltage that is of a constant voltage
is applied to the common electrode CE via the pad.

[0102] FIG. 7 is an enlarged plan view illustrating the out-
side of the display area R1 of the array substrate AR, and is a
circuit diagram illustrating the switching circuit 13.

[0103] As illustrated in FIGS. 1, 2 and 7, the switching
circuit 13 includes plural switch element groups 55, and each
switch element group 55 includes plural switch elements 56.
In the first embodiment, the switch element group 55 includes
the three switch elements 56. The switching circuit 13 is a
Va-multiplexer circuit. In the first embodiment, for example,
the switch element 56 is constructed by a p-channel TFT.
Alternatively, the switch element 56 is constructed by an
n-channel TFT.

[0104] The switching circuit 13 is connected to the plural
signal lines S. The switching circuit 13 is connected to the
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signal line driving circuit 90 via a connecting wiring 57. In
this case, the number of connecting wirings 57 is one-third of
the number of signal lines S.

[0105] ON/OFF of the switch element 56 is switched by
control signals ASW1, ASW2, and ASW3 such that three
signal lines S per output of the signal line driving circuit 90
(connecting wiring 57) are driven in a time-sharing manner.
The controller 100 provides the control signals ASW1 to
ASW3 to the switch elements 56 via the plural pads (not
illustrated) and plural control wires 58 connected to the pads.
During one horizontal scanning period (1H), the controller
100 provides the ON-control signals ASW1 to ASW3 to the
switch elements 56 to write the desired video signals in the
pixels PX arrayed in the row direction X.

[0106] The signal line driving circuit 90 is constructed by
an IC (Integrated Circuit), and mounted on the first insulating
substrate 10 (COG mounting). As can be seen from the above
description, the signal line driving circuit 90 is indirectly
connected to the plural signal lines S. The signal line driving
circuit 90 is also connected to the plural pads. The signal line
driving circuit 90 transfers the video signals, which are pro-
vided via the pads, to the switching circuit 13.

[0107] FIG. 8 is a plan view illustrating a schematic con-
figuration of part of the array substrate AR, and is a view
illustrating the scanning line G, the first driving circuit 31, the
second driving circuit 32, the first switching circuit 41, and
the second switching circuit 42.

[0108] As illustrated in FIGS. 2 and 8, the first driving
circuit 31 and the second driving circuit 32 are formed on the
first insulating substrate 10, and the first driving circuit 31 and
the second driving circuit 32 output scanning signals while
the pixels PX are sandwiched in the row direction X therebe-
tween.

[0109] The first switching circuit 41 is connected between
the first driving circuit 31 and plural scanning lines G. The
first switching circuit 41 includes n/2 output changeover
switches 41a. The output changeover switches 41a switch the
connection states between the first driving circuit 31 and the
scanning lines G under the control of the timing control
circuit 70, particularly based on output switching control
signals, which are provided from the first driving circuit 31
under the control of the timing control circuit 70.

[0110] The second switching circuit 42 is connected
between the second driving circuit 32 and the plural scanning
lines G. The second switching circuit 42 includes n/2 output
changeover switches 42a. The output changeover switches
42a switch the connection states between the second driving
circuit 32 and the scanning lines G under the control of the
timing control circuit 70, particularly based on output switch-
ing control signals, which are provided from the second driv-
ing circuit 32 under the control of the timing control circuit
70.

[0111] FIG. 9 is a circuit diagram illustrating part of the
pixels PX and the scanning lines G for any (k-1)th frame
duration, and is a view illustrating a polarity of the pixel PX,
magnitude of a feed-through voltage of the pixel PX, and an
input direction of the scanning signal SL.

[0112] As illustrated in FIG. 9, and FIGS. 2 and 8, a nega-
tive-polarity video signal is provided to the pixel electrodes
PE of plural (2L-1) (odd number)th-row pixels PX during the
(k-1)th frame duration, and the voltage at (2L.-1)th-row aux-
iliary capacitive line C is switched from a first auxiliary
capacitive voltage to a second auxiliary capacitive voltage
during a retention period of the pixel PX after the switching
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element SW of the pixel PX is turned off. Similarly, a posi-
tive-polarity video signal is provided to the pixel electrodes
PE of plural 2L (even number)th-row pixels PX, and the
voltage at 2Lth-row auxiliary capacitive line C is switched
from the second auxiliary capacitive voltage to the first aux-
iliary capacitive voltage during the retention period of the
pixel PX after the switching element SW of the pixel PX is
turned off.

[0113] Here, L is a natural number. In the first embodiment,
the first auxiliary capacitive voltage is a high-level voltage,
and the second auxiliary capacitive voltage is a low-level
voltage. Accordingly, the first auxiliary capacitive voltage is
higher than the second auxiliary capacitive voltage. The pixel
PX has the positive polarity in the case that the voltage at the
pixel PX is higher than a common voltage Vcom after the
voltage at the auxiliary capacitive line Cis changed during the
retention period, and the pixel PX has the negative polarity in
the case that the voltage at the pixel PX is lower than the
common voltage Vcom. A sign “+” is added to the positive-
polarity pixel PX; and sign “-~” is added to the negative-
polarity pixel PX.

[0114] Theliquid crystal display device of the first embodi-
ment uses the conductively coupled driving (CC driving) in
which, during any pixel PX, the potential at the auxiliary
capacitive line C is switched from the first auxiliary capaci-
tive voltage to the second auxiliary capacitive voltage during
the pixel retention period until the switching element SW is
turned on by the next scanning signal since the switching
element SW is turned off, or the superimposed voltage is
provided to the pixel PX by changing the potential from the
second auxiliary capacitive voltage to the first auxiliary
capacitive voltage.

[0115] During a (k-1)th frame duration, under the control
of the timing control circuit 70, the first switching circuit 41
switches the connection states between the first driving circuit
31 and the scanning lines G such that the scanning signal SL
is output to the 2Lth-row scanning line G, and the second
switching circuit 42 switches the connection states between
the second driving circuit 32 and the scanning lines G such
that the scanning signal SL is output to the (2L-1)th-row
scanning lines G.

[0116] In other words, the second switching circuit 42 is
switched to a first state in which the second switching circuit
42 is connected to the plural (2L-1)th-row scanning lines G
and the plural (2L-1)th-row auxiliary capacitive lines C. The
first switching circuit 41 is switched to a second state in which
the first switching circuit 41 is connected to the plural 2Lth-
row scanning lines G and the plural 2Lth-row auxiliary
capacitive lines C.

[0117] FIG. 10 is a graph illustrating retention potentials at
first-row and second-row pixels PX for any (k-1)th frame
duration during halftone raster display.

[0118] As illustrated in FIGS. 10 and 9, the retention volt-
age at the central pixel PX in the row direction X is the center
of the retention voltage at the pixel PX having each polarity.
The retention potential at the central pixel PX of the first row
is the center (hereinafter referred to as a negative-side center)
of the retention potential at the negative-polarity pixel PX.
The retention potential at the central pixel PX of the second
row is the center (hereinafter referred to as a positive-side
center) of the retention potential at the positive-polarity pixel
PX.

[0119] The pixel PX to which the scanning signal SL is
initially input has the largest feed-through voltage, and the
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pixel PX to which the scanning signal SL is finally input has
the smallest feed-through voltage. Therefore, the retention
potential at the pixel PX at the right end (on the side of the first
switching circuit 41) of the first row, the retention potential at
the pixel PX at the right end of the second row, and the
retention potential at the pixel PX at the left end (on the side
of the second switching circuit 42) of the second row, and the
retention potential at the pixel PX at the left end of the second
row become as illustrated in FIG. 10.

[0120] FIG. 11 is a circuit diagram illustrating part of the
pixels PX and the scanning lines G for any kth frame duration,
and is a view illustrating the polarity of the pixel PX, the
magnitude of the feed-through voltage of the pixel PX, and
the input direction of the scanning signal SL.

[0121] Asillustrated in FIG. 11, and FIGS. 2 and 8, during
the kth frame duration, the positive-polarity video signal is
provided to the pixel electrodes PE of the plural (2L.-1) (odd
number)th-row pixels PX, and the voltage at the (2L-1)th-
row auxiliary capacitive line C is switched from the second
auxiliary capacitive voltage to the first auxiliary capacitive
voltage during the retention period of the pixel PX after the
switching element SW of the pixel PX is turned off. Similarly,
the negative-polarity video signal is provided to the pixel
electrodes PE of the plural 2L (even number)th-row pixels
PX, and the voltage at the 2Lth-row auxiliary capacitive line
C is switched from the first auxiliary capacitive voltage to the
second auxiliary capacitive voltage during the retention
period of the pixel PX after the switching element SW of the
pixel PX is turned off. The sign “+” is added to the positive-
polarity pixel PX, and the sign “~” is added to the negative-
polarity pixel PX.

[0122] During the kth frame duration, under the control of
the timing control circuit 70, the first switching circuit 41
maintains the connection states between the first driving cir-
cuit 31 and the scanning lines G such that the scanning signal
SL is output to the 2L th-row scanning lines G, and the second
switching circuit 42 maintains the connection states between
the second driving circuit 32 and the scanning lines G such
that the scanning signal SL is output to the (2L-1)th-row
scanning lines G.

[0123] FIG. 12 is a graph illustrating the retention poten-
tials at the first-row and second-row pixels PX for any kth
frame duration during the halftone raster display.

[0124] As illustrated in FIGS. 12 and 11, the retention
voltage at the central pixel PX in the row direction X is the
center of the retention voltage at the pixel PX having each
polarity. The retention potential at the central pixel PX of the
first row is the positive-side center. The retention potential at
the central pixel PX of the second row is the negative-side
center.

[0125] Similarly, the pixel PX to which the scanning signal
SL is initially input has the largest feed-through voltage, and
the pixel PX to which the scanning signal SL is finally input
has the smallest feed-through voltage. Therefore, the reten-
tion potential at the pixel PX at the right end of the first row,
the retention potential at the pixel PX at the right end of the
second row, and the retention potential at the pixel PX at the
left end of the first row, and the retention potential at the pixel
PX at the left end of the second row become as illustrated in
FIG. 12.

[0126] FIG. 13 is a circuit diagram illustrating part of the
pixels PX and the scanning lines G for any (k+1)th frame
duration, and is a view illustrating the polarity of the pixel PX,
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the magnitude of the feed-through voltage of the pixel PX,
and the input direction of the scanning signal SL.

[0127] Asillustrated in FIG. 13, and FIGS. 2 and 8, during
the (k+1)th frame duration, the negative-polarity video signal
is provided to the pixel electrodes PE of the plural (2L-1)th-
row pixels PX, and the voltage at the (2L-1)th-row auxiliary
capacitive line C is switched from the first auxiliary capaci-
tive voltage to the second auxiliary capacitive voltage during
the retention period of the pixel PX after the switching ele-
ment SW of the pixel PX is turned off. Similarly, the positive-
polarity video signal is provided to the pixel electrodes PE of
the plural 2Lth-row pixels PX, and the voltage at the 2Lth-row
auxiliary capacitive line C is switched from the second aux-
iliary capacitive voltage to the first auxiliary capacitive volt-
age during the retention period of the pixel PX after the
switching element SW of the pixel PX is turned off.

[0128] The sign “+” is added to the positive-polarity pixel
PX, and the sign “~” is added to the negative-polarity pixel
PX.

[0129] During the (k+1)th frame duration, under the con-
trol of the timing control circuit 70, the first switching circuit
41 switches the connection states between the first driving
circuit 31 and the scanning lines G such that the scanning
signal SL is output to the (2L—1)th-row scanning lines G, and
the second switching circuit 42 switches the connection states
between the second driving circuit 32 and the scanning lines
G such that the scanning signal SL is output to the 2Lth-row
scanning lines G.

[0130] FIG. 14 is a graph illustrating the retention poten-
tials at the first-row and second-row pixels PX for any (k+1)th
frame duration during the halftone raster display.

[0131] As illustrated in FIGS. 14 and 13, the retention
voltage at the central pixel PX in the row direction X is the
center of the retention voltage at the pixel PX having each
polarity. The retention potential at the central pixel PX of the
first row is the negative-side center. The retention potential at
the central pixel PX of the second row is the positive-side
center.

[0132] Similarly, the pixel PX to which the scanning signal
SL is initially input has the largest feed-through voltage, and
the pixel PX to which the scanning signal SL is finally input
has the smallest feed-through voltage. Therefore, the reten-
tion potential at the pixel PX at the right end of the first row,
the retention potential at the pixel PX at the right end of the
second row, the retention potential at the pixel PX at the left
end of the first row, and the retention potential at the pixel PX
at the left end of the second row become as illustrated in FIG.
14.

[0133] FIG. 15 is a circuit diagram illustrating part of the
pixels PX and the scanning lines G for any (k+2)th frame
duration, and is a view illustrating the polarity of the pixel PX,
the magnitude of the feed-through voltage of the pixel PX,
and the input direction of the scanning signal SL.

[0134] Asillustrated in FIG. 15, and FIGS. 2 and 8, during
the (k+2)th frame duration, the positive-polarity video signal
is provided to the pixel electrodes PE of the plural (2L-1)
(odd number)th-row pixels PX, and the voltage at the (2L.-1)
th-row auxiliary capacitive line C is switched from the second
auxiliary capacitive voltage to the first auxiliary capacitive
voltage during the retention period of the pixel PX after the
switching element SW of'the pixel PX is turned off. Similarly,
the negative-polarity video signal is provided to the pixel
electrodes PE of the plural 2L (even number)th-row pixels
PX, and the voltage at the 2Lth-row auxiliary capacitive line



US 2013/0113780 Al

Cis switched from the first auxiliary capacitive voltage to the
second auxiliary capacitive voltage during the retention
period of the pixel PX after the switching element SW of the
pixel PX is turned off.

[0135] The sign “+” is added to the positive-polarity pixel
PX, and the sign “~” is added to the negative-polarity pixel
PX.

[0136] During the (k+2)th frame duration, under the con-
trol of the timing control circuit 70, the first switching circuit
41 maintains the connection states between the first driving
circuit 31 and the scanning lines G such that the scanning
signal SL is output to the (2L—1)th-row scanning lines G, and
the second switching circuit 42 maintains the connection
states between the second driving circuit 32 and the scanning
lines G such that the scanning signal SL is output to the
2Lth-row scanning lines G.

[0137] FIG. 16 is a graph illustrating the retention poten-
tials at the first-row and second-row pixels for any (k+2)th
frame duration during the halftone raster display.

[0138] As illustrated in FIGS. 16 and 15, the retention
voltage at the central pixel PX in the row direction X is the
center of the retention voltage at the pixel PX having each
polarity. The retention potential at the central pixel PX of the
first row is the positive-side center. The retention potential at
the central pixel PX of the second row is the negative-polarity
center.

[0139] Similarly, the pixel PX to which the scanning signal
SL is initially input has the largest feed-through voltage, and
the pixel PX to which the scanning signal SL is finally input
has the smallest feed-through voltage. Therefore, the reten-
tion potential at the pixel PX at the right end of the first row,
the retention potential at the pixel PX at the right end of the
second row, the retention potential at the pixel PX at the left
end of the first row, and the retention potential at the pixel PX
atthe left end of the second row become as illustrated in FIG.
16.

[0140] The operations during the above consecutive four
frame durations are repeated in the following operations. For
example, an operation during a (k+3)th frame duration is
identical to that during the (k-1)th frame duration.

[0141] In the liquid crystal display device of the first
embodiment, the burn-in phenomenon can be suppressed
because the CC driving and the polarity inversion driving are
used. The CC driving is used from the viewpoint of reducing
the power consumption.

[0142] Asillustrated in FIGS. 10, 12, 14, and 16, in the first
embodiment, the retention potential at each pixel PX varies
between the consecutive frames. However, when the reten-
tion potential at each pixel PX is viewed in a unit of two rows,
sometimes the plot points become identical between the con-
secutive frames. In the first embodiment, the plot points
become identical between the kth frame and the (k+1)th
frame or between the (k+2)th frame and the (k+3)th frame. It
is found from the above that the retention potential at the pixel
PX in the unit of two rows becomes identical between the
consecutive frames. Therefore, during the halftone raster dis-
play, the flicker can be reduced on the screen, particularly on
the right and left end sides of the screen. The liquid crystal
display device is formed as described above.

[0143] Examples of the first driving circuit 31, the second
driving circuit 32, the first switching circuit 41, the second
switching circuit 42, the timing control circuit 70, and the
buffer 80 will be described below. The following examples
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are described only as examples, and these components are not
limited to the following examples.

[0144] FIG.17 is acircuit diagram in which the first driving
circuit 31 and the first switching circuit 41 are partially
enlarged.

[0145] Asillustrated in FIG. 17, and FIGS. 2 and 8, the first
driving circuit 31 includes an order circuit 71 that is of the first
order circuit, plural buffers 73, and plural buffers 74. The
order circuit 71 includes n/2 shift registers 72. The buffer 73
is connected to the shift register 72 on a one-on-one level.
Therefore, the first driving circuit 31 can sequentially provide
the scanning signal via the buffer 73. The first driving circuit
31 can sequentially provide the output switching control sig-
nal via the shift register 72.

[0146] A second auxiliary capacitive voltage supply line
w4 extends in the first driving circuit 31 to form the first
driving circuit 31. One end side of the second auxiliary
capacitive voltage supply line w4 is located out of the first
driving circuit 31, and connected to a pad p4. An auxiliary
capacitive voltage Vc2 is supplied to the second auxiliary
capacitive voltage supply line wd via the pad p4. A level of the
auxiliary capacitive voltage Vc2 is alternately switched
between a high level (the level of the first auxiliary capacitive
voltage) and a low level (the level of the second auxiliary
capacitive voltage) in each of two frame durations.

[0147] Plural output changeover switches 41a are provided
according to the scanning lines G and the auxiliary capacitive
lines C of the consecutive two rows. The output changeover
switch 41a includes an NMOS transistor 75 that is of the
switching element, a PMOS transistor 76 that is of the switch-
ing element, an NMOS transistor 77 that is of the switching
element, and a PMOS transistor 78 that is of the switching
element.

[0148] The NMOS transistor 75 is connected between the
buffer 74 and the (2L-1)th-row auxiliary capacitive line C.
The PMOS transistor 76 is connected between the buffer 74
and the 2Lth-row auxiliary capacitive line C. The NMOS
transistor 77 is connected between the buffer 73 and the
(2L-1)th-row scanning line G. The PMOS transistor 78 is
connected between the buffer 73 and the 2L th-row scanning
line G.

[0149] ON/OFF ofthe NMOS transistors 75 and 77 and the
PMOS transistors 76 and 78 is switched in each of two frame
durations based on the output switching control signal (a
polarity inversion control signal) from the shift register 72.
[0150] FIG. 18 is a circuit diagram in which the second
driving circuit 32 and the second switching circuit 42 are
partially enlarged.

[0151] As illustrated in FIG. 18, and FIGS. 2 and 8, the
second driving circuit 32 includes an order circuit 81 that is of
asecond order circuit, plural buffers 83, and plural buffers 84.
The order circuit 81 includes n/2 shift registers 82. The buffer
83 is connected to the shift register 82 on a one-on-one level.
Therefore, the second driving circuit 32 can sequentially pro-
vide the scanning signal via the buffer 83. The second driving
circuit 32 can sequentially provide the output switching con-
trol signal via the shift register 82.

[0152] A first auxiliary capacitive voltage supply line w5
extends in the second driving circuit 32 to form the second
driving circuit 32. One end side of the first auxiliary capaci-
tive voltage supply line w5 is located out of the second driving
circuit 32, and connected to a pad p5. An auxiliary capacitive
voltage Vel is supplied to the first auxiliary capacitive voltage
supply line w5 via the pad p5. A level of the auxiliary capaci-
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tive voltage Vcl is alternately switched between the high
level (the level of the first auxiliary capacitive voltage) and the
low level (the level of the second auxiliary capacitive voltage)
in each of two frame durations.

[0153] Plural output changeover switches 42a are provided
according to the scanning lines G and the auxiliary capacitive
lines C of the consecutive two rows. The output changeover
switch 42a includes an NMOS transistor 85 that is of the
switching element, a PMOS transistor 86 that is of the switch-
ing element, an NMOS transistor 87 that is of the switching
element, and a PMOS transistor 88 that is of the switching
element.

[0154] The NMOS transistor 85 is connected between the
buffer 84 and the (2L-1)th-row auxiliary capacitive line C.
The PMOS transistor 86 is connected between the buffer 84
and the 2Lth-row auxiliary capacitive line C. The NMOS
transistor 87 is connected between the buffer 83 and the
(2L-1)th-row scanning line G. The PMOS transistor 88 is
connected between the buffer 83 and the 2L th-row scanning
line G.

[0155] ON/OFF ofthe NMOS transistors 85 and 87 and the
PMOS transistors 86 and 88 is switched in each of two frame
durations based on the output switching control signal (the
polarity inversion control signal) from the shift register 82.
[0156] At this point, the NMOS transistors 75, 77, 85, and
87 and the PMOS transistors 76, 78, 86, and 88 may be either
the top-gate type TFT or the bottom gate type TFT, and are
formed using the same material as the switching element SW
and at the same time as the switching element SW is formed.
[0157] As illustrated in FIG. 2, and FIGS. 17 and 18, the
timing control circuit 70 is connected to pads pl and p2 via
wirings w1 and w2. The controller 100 provides a first control
signal Conl to the timing control circuit 70 via the pad p1 and
the wiring wl. The controller 100 provides a second control
signal Con2 to the timing control circuit 70 via the pad p2 and
the wiring w2.

[0158] The timing control circuit 70 and the buffer 80 are
connected by a wiring w9. The buffer 80 and the first driving
circuit 31 are connected by a wiring w7. The buffer 80 and the
second driving circuit 32 are connected by a wiring w8.
[0159] The timing control circuit 70 is formed by combin-
ing a frequency-dividing circuit and a two-stage shift register.
The timing control circuit 70 generates a first synchronizing
signal CLK1 and a second synchronizing signal CLK2, which
have phases different from each other, by inputting the first
control signal Conl and the second control signal Con?2.
Compared with the first synchronizing signal CLK1, the
phase of the second synchronizing signal CLK2 is deviated
by one horizontal scanning period. The timing control circuit
70 provides the first synchronizing signal CLK1 to the first
driving circuit 31 via the buffer 80, and provides the second
synchronizing signal CLK2 to the second driving circuit 32
via the buffer 80.

[0160] Therefore, the first driving circuit 31, the second
driving circuit 32, the first switching circuit 41, and the sec-
ond switching circuit 42 can sequentially provide the scan-
ning signal to the plural scanning lines G in each row in the
case that the first synchronizing signal CLK1 is provided to
the first driving circuit 31 while the second synchronizing
signal CLK2 is provided to the second driving circuit 32.
[0161] In this case, the first driving circuit 31, the second
driving circuit 32, the first switching circuit 41, and the sec-
ond switching circuit 42 can sequentially provide the first
auxiliary capacitive voltage or the second auxiliary capacitive
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voltage to the plural auxiliary capacitive lines C in each row.
Particularly, the high-level auxiliary capacitive voltage Vcl
or the low-level auxiliary capacitive voltage Vc2 can sequen-
tially be provided to the plural auxiliary capacitive lines C in
each row, or the low-level auxiliary capacitive voltage Vcl or
the high-level auxiliary capacitive voltage Vc2 can sequen-
tially be provided to the plural auxiliary capacitive lines C in
each row.

[0162] According to the liquid crystal display device of the
first embodiment having the above configuration, the liquid
crystal display device includes the array substrate AR, the
counter substrate CT, the liquid crystal layer LQ, the plural
pixels PX, the first driving circuit 31, the second driving
circuit 32, the first switching circuit 41, the second switching
circuit 42, and the timing control circuit 70. In the liquid
crystal display device of the first embodiment, the image-
burn phenomenon can be suppressed because the CC driving
and the polarity inversion driving are used. The CC driving is
used from the viewpoint of reducing the power consumption.

[0163] During the kth frame duration, under the control of
the timing control circuit 70, the first switching circuit 41
switches the connection state between the first driving circuit
31 and the scanning line G such that the scanning signal is
output to the 2Lth-row scanning line G, and the second
switching circuit 42 switches the connection state between
the second driving circuit 32 and the scanning line G such that
the scanning signal is output to the (2L-1)th-row scanning
line G.

[0164] During the (k+1)th frame duration, under the con-
trol of the timing control circuit 70, the first switching circuit
41 switches the connection state between the first driving
circuit 31 and the scanning line G such that the scanning
signal is output to the (2L-1)th-row scanning line G, and the
second switching circuit 42 switches the connection state
between the second driving circuit 32 and the scanning line G
such that the scanning signal is output to the 2Lth-row scan-
ning line G.

[0165] Inthe case that the first auxiliary capacitive voltage
is at the high-level while the second auxiliary capacitive
voltage is at the low-level, the liquid crystal display device of
the first embodiment switches the auxiliary capacitive voltage
Vel1(Ve2) from the second auxiliary capacitive voltage to the
first auxiliary capacitive voltage during the pixel retention
period when the pixel has the positive polarity in one frame
duration. As a result, the pixel retention voltage polarity
becomes positive. Similarly, the auxiliary capacitive voltage
Vel(Ve2) is switched from the first auxiliary capacitive volt-
age to the second auxiliary capacitive voltage during the pixel
retention period when the pixel has the negative polarity. As a
result, the pixel retention voltage polarity becomes negative.
The CC driving can be performed while the voltage provided
to the auxiliary capacitive line C is switched during the pixel
retention period, so that the amplitude of the video signal
provided to the signal line S can be reduced. Therefore, for
example, the power consumption of the liquid crystal display
device can be reduced.

[0166] While the CC driving is performed, the input direc-
tion of the scanning signal is switched in each of two frame
durations. The retention potential at the pixel PX in the unit of
two rows becomes identical between the consecutive frames
(for example, between the kth frame and the (k+1)th frame).
Therefore, the generation of the flicker can be reduced in the
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halftone raster display. A length of two rows in the column
direction Y is minimal, so that the generation of a horizontal
streak can be suppressed.

[0167] The first switching circuit 41 is connected between
the first driving circuit 31 and the plural auxiliary capacitive
lines C, and the second switching circuit 42 is connected
between the second driving circuit 32 and the plural auxiliary
capacitive lines C. As illustrated in FIGS. 17 and 18, the first
driving circuit 31, the second driving circuit 32, the first
switching circuit 41, and the second switching circuit 42 are
formed, which allows the potential at the auxiliary capacitive
line C to be switched to the desired value in each frame
duration by driving the first switching circuit 41 and the
second switching circuit 42.

[0168] During the (k-1)th frame duration, under the con-
trol of the timing control circuit 70, the first switching circuit
41 adjusts the connection state between the first driving cir-
cuit 31 and the auxiliary capacitive line C such that the high-
level auxiliary capacitive voltage Vc2 (the first auxiliary
capacitive voltage) is provided to the 2Lth-row auxiliary
capacitive line C, and the second switching circuit 42 adjusts
the connection state between the second driving circuit 32 and
the auxiliary capacitive line C such that the low-level auxil-
iary capacitive voltage V1 (the first auxiliary capacitive volt-
age) is provided to the (2L-1)th-row auxiliary capacitive line
C.

[0169] During the kth frame duration, under the control of
the timing control circuit 70, the first switching circuit 41
maintains the connection state between the first driving cir-
cuit 31 and the auxiliary capacitive line C such that the low-
level auxiliary capacitive voltage Vc2 (the second auxiliary
capacitive voltage) is provided to the 2Lth-row auxiliary
capacitive line C, and the second switching circuit 42 main-
tains the connection state between the second driving circuit
32 and the auxiliary capacitive line C such that the high-level
auxiliary capacitive voltage Vcl1 (the first auxiliary capacitive
voltage) is provided to the (2L.-1)th-row auxiliary capacitive
line C.

[0170] During the (k+1)th frame duration, under the con-
trol of the timing control circuit 70, the first switching circuit
41 switches the connection state between the first driving
circuit 31 and the auxiliary capacitive line C such that the
low-level auxiliary capacitive voltage Vc2 (the second auxil-
iary capacitive voltage) is provided to the (2L-1)th-row aux-
iliary capacitive line C, and the second switching circuit 42
switches the connection state between the second driving
circuit 32 and the auxiliary capacitive line C such that the
high-level auxiliary capacitive voltage Vcl (the first auxiliary
capacitive voltage) is provided to the 2Lth-row auxiliary
capacitive line C.

[0171] During the (k+2)th frame duration, under the con-
trol of the timing control circuit 70, the first switching circuit
41 maintains the connection state between the first driving
circuit 31 and the auxiliary capacitive line C such that the
high-level auxiliary capacitive voltage Vc2 (the first auxiliary
capacitive voltage) to the (2L-1)th-row auxiliary capacitive
line C, and the second switching circuit 42 maintains the
connection state between the second driving circuit 32 and the
auxiliary capacitive line C such that the low-level auxiliary
capacitive voltage Vcl (the second auxiliary capacitive volt-
age) is provided to the 2Lth-row auxiliary capacitive line C.
[0172] According to the first embodiment, because the high
transmittance is obtained in the electrode gap between the
pixel electrode PE and the common electrode CE, the trans-
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mittance per pixel can sufficiently be enhanced by enlarging
the distances between the pixel electrode PE and the primary
common electrode CAL and the primary common electrode
CAR. For a product specification in which the pixel pitch
varies, the peak condition of the transmittance distribution in
FIG. 6 can be used by changing the distance between the
electrodes (that is, the position where the primary common
electrode CA is disposed is changed with respect to the pixel
electrode PE disposed in the substantial center of the pixel
PX).

[0173] Thatis, in the display mode of the first embodiment,
it is not always necessary to finely process the electrode from
alow-resolution product specification in which the pixel pitch
is relatively large to a high-resolution product specification in
which the pixel pitch is relatively small, and products having
various pixel pitches can be provided by setting the distance
between the electrodes. Accordingly, demand for the high
transmittance and the high resolution can easily be accom-
modated.

[0174] According to the first embodiment, as illustrated in
FIG. 6, the transmittance is sufficiently lowered in the trans-
mittance distribution in the region facing the black matrix
BM. Because the leakage of the electric field is not generated
outside the pixel beyond the position of the common elec-
trode CE, and because the undesired transverse electric field
is not generated between the pixels adjacent to each other
across the black matrix BM, the liquid crystal molecule main-
tains the initial orientation state in the region facing the black
matrix BM like the OFF state (or the black display state).
Accordingly, even if the pixels adjacent to each other differ
from each other in the color of the color filter, the generation
of color mixture can be suppressed, and degradation of color
reproducibility or degradation of a contrast ratio can be sup-
pressed.

[0175] Inthe casethat a misalignmentis generated between
the array substrate AR and the counter substrate CT, some-
times the distance between the pixel electrode PE and part of
the common electrode CE on both sides of the pixel electrode
PE differs from the distance between the pixel electrode PE
and the other common electrode CE. However, because the
misalignment is commonly generated in all the pixels PX, the
electric field distribution is identical among the pixels PX,
and such misalignment only has a small influence on the
image display. The undesired leakage of the electric field to
the adjacent pixel can be suppressed even if the misalignment
is generated between the array substrate AR and the counter
substrate CT. Therefore, even if the pixels adjacent to each
other differ from each other in the color of the color filter, the
generation of the color mixture can be suppressed, and the
degradation of the color reproducibility or the degradation of
the contrast ratio can be suppressed.

[0176] According to the first embodiment, the primary
common electrode CA faces the signal line S. Particularly, in
the case that the primary common electrode CAL and the
primary common electrode CAR are disposed immediately
above the signal line S1 and the signal line S2, the aperture AP
can be enlarged to improve the transmittance of the pixel PX
compared with the case that the primary common electrode
CAL and the primary common electrode CAR are disposed
on the side of the pixel electrode PE from the signal line S1
and the signal line S2.

[0177] The distances between the pixel electrode PE, and
the primary common electrode CAL and the primary com-
mon electrode CAR can be enlarged to form the more-nearly-
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horizontal transverse electric field by disposing the primary
common electrode CAL and the primary common electrode
CAR immediately above the signal line S1 and the signal line
S2. Therefore, a wide view angle that is an advantage of the
conventional IPS mode can be maintained. The liquid crystal
display device has a high-speed response property, and is
specialized in the orientation stability.

[0178] According to the first embodiment, the plural
domains can be formed in one pixel. Therefore, the view
angle can optically be compensated by the plural directions to
implement the wide view angle.

[0179] Inthe ON state, because the transverse electric field
(the oblique electric field) is hardly formed above the pixel
electrode PE or the common electrode CE (or an electric field
sufficient to drive the liquid crystal molecule LM is not
formed), the liquid crystal molecule LM hardly moves from
the initial orientation direction like the OFF state. Therefore,
even if the pixel electrode PE and the common electrode CE
are made of optically-transparent conductive materials, such
as ITO, the backlight is hardly transmitted through the pixel
electrode PE and the common electrode CE, and the pixel
electrode PE and the common electrode CE hardly contribute
to the display in the ON state. Accordingly, the pixel electrode
PE and the common electrode CE are not necessarily made of
the optically-transparent conductive material, but may be
made of conductive materials, such as aluminum, silver, and
copper.

[0180] As described above, the excellent-display-quality
liquid crystal display device, in which the power consump-
tion is reduced, the generation of the flicker is reduced, and
the image-burn phenomenon is suppressed, can be obtained.
[0181] A liquid crystal display device according to a modi-
fication of the first embodiment will be described below. For
example, the liquid crystal display device may be configured
such that the operation during the kth frame duration and the
operation during the (k+1)th frame duration are repeated
while the operation during the (k-1)th frame duration and the
operation during the (k+2)th frame duration are stopped. In
this case, although the effect to suppress the image-burn
phenomenon is not obtained, the power consumption can be
reduced, and the generation of the flicker can be reduced.
Therefore, the liquid crystal display device having the excel-
lent display quality can be obtained.

[0182] Aliquidcrystal display device according to a second
embodiment will be described in detail. In the second
embodiment, the same components as in the firstembodiment
are designated by the same numerals, and the description of
such is omitted.

[0183] FIG. 19 is a plan view illustrating a schematic con-
figuration of an array substrate AR of the liquid crystal dis-
play device of the second embodiment.

[0184] As illustrated in FIG. 19, unlike the first embodi-
ment, the liquid crystal display device is formed without
providing the first switching circuit 41 and the second switch-
ing circuit 42.

[0185] A firstdriving circuit 31 and a second driving circuit
32 will be described below. The first driving circuit 31 is
connected to (4L-1)th-row and 4Lth-row scanning lines G,
and the second driving circuit 32 is connected to (4L-3)th-
row and (4L-2)th-row scanning lines G.

[0186] In the second embodiment, the first driving circuit
31 is also connected to (4L-1)th-row and 4Lth-row auxiliary
capacitive lines C, and the second driving circuit 32 is also
connected to (4L-3)th-row and (4L-2)th-row auxiliary

May 9, 2013

capacitive lines C. Each of the first and second driving circuits
31 and 32 outputs the scanning signal, the first auxiliary
capacitive voltage, and the second auxiliary capacitive volt-
age.

[0187] Under the control of a timing control circuit 70, the
first driving circuit 31 outputs the scanning signal to the
(4L-1)th-row and 4Lth-row scanning lines G scanning sig-
nal, and outputs the first auxiliary capacitive voltage or the
second auxiliary capacitive voltage to the (4L-1)th-row and
4Lth-row auxiliary capacitive lines C. Particularly, the first
driving circuit 31 outputs the first auxiliary capacitive voltage
or the second auxiliary capacitive voltage to the (4L-1)th-row
and 4L th-row auxiliary capacitive lines C based on the polar-
ity inversion control signal, which is generated in the first
driving circuit 31 under the control of the timing control
circuit 70.

[0188] Under the control of the timing control circuit 70,
the second driving circuit 32 outputs the scanning signal to
(4L-3)th-row and (4L-2)th-row scanning lines G, and out-
puts the first auxiliary capacitive voltage or the second aux-
iliary capacitive voltage to the (4L-3)th-row and (4L-2)th-
row auxiliary capacitive lines C. Particularly, the second
driving circuit 32 outputs the first auxiliary capacitive voltage
or the second auxiliary capacitive voltage to the (4L-3 )th-row
and (4L-2)th-row auxiliary capacitive lines C based on the
polarity inversion control signal, which is generated in the
second driving circuit 32 under the control of the timing
control circuit 70.

[0189] FIG.20isacircuitdiagram illustrating part of pixels
PX and scanning lines G for any kth frame duration, and is a
view illustrating the polarity of the pixel PX, the magnitude of
the feed-through voltage of the pixel PX, and the input direc-
tion of a scanning signal SL.

[0190] As illustrated in FIGS. 20 and 19, during the kth
frame duration, the positive-polarity video signal is provided
to the pixel electrodes PE of the plural (4L-3)th-row and
(4L-1D)th-row pixels PX, and the voltage at the (4L-3)th-row
and (4L-1)th-row auxiliary capacitive lines C is switched
from the second auxiliary capacitive voltage to the first aux-
iliary capacitive voltage during the retention period of the
pixel PX after the switching element SW of the pixel PX is
turned off. Similarly, the negative-polarity video signal is
provided to the pixel electrodes PE of the plural (4L.-2)th-row
and 4Lth-row pixels PX, and the voltage at the (4L-2)th-row
and 4Lth-row auxiliary capacitive lines C is switched from
the first auxiliary capacitive voltage to the second auxiliary
capacitive voltage during the retention period of the pixel PX
after the switching element SW of the pixel PX is turned off.

[0191] In the second embodiment, in the case that the aux-
iliary capacitive voltage Vcl is the first auxiliary capacitive
voltage (the high-level voltage) while the auxiliary capacitive
voltage Vc2 is the second auxiliary capacitive voltage (the
low-level voltage), the liquid crystal display device switches
the auxiliary capacitive voltage from the auxiliary capacitive
voltage Vc2 to the auxiliary capacitive voltage Vcl when the
pixel has the positive polarity during one frame duration. As
aresult, the pixel retention voltage polarity becomes positive.
Similarly, the auxiliary capacitive voltage is switched from
the auxiliary capacitive voltage Vcl to the auxiliary capaci-
tive voltage Vc2 during the pixel retention period when the
pixel has the negative polarity. As a result, the pixel retention
voltage polarity becomes negative. The capacitively coupled
driving (CC driving), in which the superimposed voltage is
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provided to the pixel electrode PE while the potential at the
auxiliary capacitive line C is changed during the pixel reten-
tion period, is used.

[0192] During the kth frame duration, under the control of
the timing control circuit 70, the first driving circuit 31 out-
puts the scanning signal to the plural (4L-1)th-row and 4Lth-
row scanning lines G, and the second driving circuit 32 out-
puts the scanning signal to the plural (4L-3)th-row and (41—
2)th-row scanning lines G.

[0193] FIG. 21 is a graph illustrating retention potentials at
first-row to fourth-row pixels PX for any kth frame duration
during the halftone raster display.

[0194] As illustrated in FIGS. 21 and 20, the retention
voltage at the central pixel PX in the row direction X is the
center of the retention voltage at the pixel PX having each
polarity. The retention potentials at the central pixels PX of
the first and third rows are the positive-side center. The reten-
tion potentials at the central pixels PX of the second and
fourth rows are the negative-side center.

[0195] The pixel PX to which the scanning signal SL is
initially input has the largest feed-through voltage, and the
pixel PX to which the scanning signal SL is finally input has
the smallest feed-through voltage. Therefore, the retention
potentials at the pixel PX at the right ends (the side of the first
driving circuit 31) of the first to fourth rows and the retention
potentials at the pixels PX at the left ends (the side of the
second driving circuit 32) of the first to fourth rows become as
illustrated in FIG. 21.

[0196] FIG. 22 is a circuit diagram illustrating part of the
pixels PX and the scanning lines G for any (k+1)th frame
duration, and is a view illustrating the polarity of the pixel PX,
the magnitude of the feed-through voltage of the pixel PX,
and the input direction of the scanning signal SL.

[0197] Asillustrated in FIGS. 22 and 19, during the (k+1)th
frame duration, the negative-polarity video signal is provided
to the pixel electrodes PE of the plural (4L-3)th-row and
(4L-1)th-row pixels PX, and the voltage at the (4L.-3)th-row
and (4L-1)th-row auxiliary capacitive lines C is switched
from the first auxiliary capacitive voltage to the second aux-
iliary capacitive voltage during the retention period of the
pixel PX after the switching element SW of the pixel PX is
turned off. Similarly, the positive-polarity video signal is
provided to the pixel electrodes PE of the plural (4L -2)th-row
and 4Lth-row pixels PX, and the voltage at the (4L-2)th-row
and 4Lth-row auxiliary capacitive lines C is switched from
the second auxiliary capacitive voltage to the first auxiliary
capacitive voltage during the retention period of the pixel PX
after the switching element SW of the pixel PX is turned off.
[0198] During the (k+1)th frame duration, under the con-
trol of the timing control circuit 70, the first driving circuit 31
outputs the scanning signal to the plural (4L-1)th-row and
41 th-row scanning lines G, and the second driving circuit 32
outputs the scanning signal to the plural (4L-3)th-row and
(4L-2)th-row scanning lines G.

[0199] FIG. 23 is a graph illustrating the retention poten-
tials at the first-row to fourth-row pixels PX for any (k+1)th
frame duration during the halftone raster display.

[0200] As illustrated in FIGS. 23 and 22, the retention
voltage at the central pixel PX in the row direction X is the
center of the retention voltage at the pixel PX having each
polarity. The retention potentials at the central pixels PX of
the first and third rows are the negative-side center. The reten-
tion potentials at the central pixels PX of the second and
fourth rows are the positive-side center.
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[0201] Similarly, the pixel PX to which the scanning signal
SL is initially input has the largest feed-through voltage, and
the pixel PX to which the scanning signal SL is finally input
has the smallest feed-through voltage. Therefore, the reten-
tion potentials at the pixel PX at the right ends of the first to
fourth rows and the retention potentials at the pixels PX at the
left ends of the first to fourth rows become as illustrated in
FIG. 23.

[0202] The operations during the above consecutive two
frame durations are repeated in the following operations. For
example, an operation during the (k+2)th frame duration is
identical to that during the kth frame duration, and an opera-
tion during the (k+3)th frame duration is identical to that
during the (k+1)th frame duration.

[0203] In the liquid crystal display device of the second
embodiment, the image-burn phenomenon can be suppressed
because the CC driving is used.

[0204] As illustrated in FIGS. 21 and 23, the retention
potential at each pixel PX varies between the consecutive
frames. However, when the retention potential at each pixel
PX is viewed in a unit of four rows, because the plot points
become identical between the consecutive frames, it is found
that the retention potential at the pixel PX in the unit of four
rows becomes identical between the consecutive frames.
Therefore, during the halftone raster display, the flicker can
be reduced on the screen, particularly on the right and left end
sides of the screen. The liquid crystal display device is formed
as described above.

[0205] Examples of the first driving circuit 31, the second
driving circuit 32, the timing control circuit 70, and a buffer
80 will be described below. The following examples are
described only as examples, and these components are not
limited to the following examples.

[0206] FIG. 24 is acircuit diagram in which the first driving
circuit 31 is partially enlarged.

[0207] As illustrated in FIGS. 24 and 19, the first driving
circuit 31 includes an order circuit 71, plural auxiliary capaci-
tive power supply selecting circuits 31a, plural buffers 73,
and plural buffers 74. The order circuit 71 includes n shift
registers 72 as many as the scanning lines G. The buffers 73
are connected to the plural (4L-1)th-row and 4Lth-row scan-
ning lines G. The buffer 73 is connected to the shift register 72
on a one-on-one level. Therefore, the first driving circuit 31
can sequentially provide the scanning signal to the plural
(4L-1)th-row and 4Lth-row scanning lines G via the buffers
73.

[0208] A first auxiliary capacitive voltage supply line w3
and a second auxiliary capacitive voltage supply line w4
extend in the first driving circuit 31 to form the first driving
circuit 31. On one end side, the first auxiliary capacitive
voltage supply line w3 and the second auxiliary capacitive
voltage supply line w4 are located out of the first driving
circuit 31, and connected to pads p3 and p4. An auxiliary
capacitive voltage Vc1 is supplied to the first auxiliary capaci-
tive voltage supply line w3 via the pad p3. An auxiliary
capacitive voltage Vc2 is supplied to the second auxiliary
capacitive voltage supply line w4 via the pad p4.

[0209] The auxiliary capacitive power supply selecting cir-
cuits 31a are provided according to the plural (4L-1)th-row
and 4Lth-row auxiliary capacitive lines C. Each of the auxil-
iary capacitive power supply selecting circuits 31a includes
an NMOS transistor 75 that selects whether the auxiliary
capacitive voltage Vcl is provided to the (4L-1)th-row and
41 th-row auxiliary capacitive lines C and a PMOS transistor
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76 that selects whether the auxiliary capacitive voltage Vc2 is
provided to the (4L.-1)th-row and 4L th-row auxiliary capaci-
tive lines C. ON/OFF of the NMOS transistor 75 and the
PMOS transistor 76 is switched based on the polarity inver-
sion control signal from the shift register 72.

[0210] The auxiliary capacitive power supply selecting cir-
cuits 31a are connected to the (4L-1)th-row and 4Lth-row
auxiliary capacitive lines C via the buffers 74, respectively.
The first driving circuit 31 sequentially and alternately pro-
vides the auxiliary capacitive voltage Vcl and the auxiliary
capacitive voltage Vc2 to the (4L-1)th-row and 4Lth-row
auxiliary capacitive lines C in each frame duration.

[0211] FIG. 25 is a circuit diagram in which the second
driving circuit 32 is partially enlarged.

[0212] Asillustrated in FIGS. 25 and 19, the second driving
circuit 32 includes an order circuit 81, plural auxiliary capaci-
tive power supply selecting circuits 32a, plural buffers 83,
and plural buffers 84. The order circuit 81 includes n shift
registers 82 as many as the scanning lines G. The buffers 83
are connected to the plural (4L.-3)th-row and (4L-2)th-row
scanning lines G. The buffer 83 is connected to the shift
register 82 on a one-on-one level. Therefore, the second driv-
ing circuit 32 can sequentially provide the scanning signal to
the plural (4L-3)th-row and (4L-2)th-row scanning lines G
via the buffers 83.

[0213] A first auxiliary capacitive voltage supply line w5
and a second auxiliary capacitive voltage supply line w6
extend in the second driving circuit 32 to form the second
driving circuit 32. On one end side, the first auxiliary capaci-
tive voltage supply line w5 and the second auxiliary capaci-
tive voltage supply line w6 are located out of the second
driving circuit 32, and connected to pads pS and p6. The
auxiliary capacitive voltage Vcl is supplied to the first aux-
iliary capacitive voltage supply line w5 via the pad p5. The
auxiliary capacitive voltage Vc2 is supplied to the second
auxiliary capacitive voltage supply line w6 via the pad p6.
[0214] The auxiliary capacitive power supply selecting cir-
cuits 32q are provided according to the plural (4L-3)th-row
and (4L-2)th-row auxiliary capacitive lines C. Each of the
auxiliary capacitive power supply selecting circuits 32a
includes an NMOS transistor 85 that selects whether the
auxiliary capacitive voltage Vcl is provided to the (4L-3)th-
row and (4L-2)th-row auxiliary capacitive lines C and a
PMOS transistor 86 that selects whether the auxiliary capaci-
tive voltage Vc2 is provided to the (4L-3)th-row and (41.-2)
th-row auxiliary capacitive lines C. ON/OFF of the NMOS
transistor 85 and the PMOS transistor 86 is switched based on
the polarity inversion control signal from the shift register 82.
[0215] The auxiliary capacitive power supply selecting cir-
cuits 32a are connected to the (4L-3)th-row and (4L-2)th-
row auxiliary capacitive lines C via the buffers 84, respec-
tively. The second driving circuit 32 sequentially and
alternately provides the auxiliary capacitive voltage Vcl and
the auxiliary capacitive voltage Vc2 to the (4L-3)th-row and
(4L-2)th-row auxiliary capacitive lines C in each frame dura-
tion.

[0216] As illustrated in FIG. 19, and FIGS. 24 and 25, the
timing control circuit 70 is formed by combining a frequency-
dividing circuit and a three-stage shift register. The timing
control circuit 70 generates a first synchronizing signal CLK1
and a second synchronizing signal CLK?2, which have phases
different from each other, by inputting the first control signal
Conl and the second control signal Con2. Compared with the
first synchronizing signal CLK1, the phase of the second
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synchronizing signal CLK2 is deviated by two horizontal
scanning periods. The timing control circuit 70 provides the
first synchronizing signal CLK1 to the first driving circuit 31
via the buffer 80, and provides the second synchronizing
signal CLK2 to the second driving circuit 32 via the buffer 80.
[0217] Therefore, the first driving circuit 31 and the second
driving circuit 32 can sequentially provide the scanning sig-
nal to the plural scanning lines G in each row in the case that
the first synchronizing signal CLK1 is provided to the first
driving circuit 31 while the second synchronizing signal
CLK2 is provided to the second driving circuit 32.

[0218] In this case, the first driving circuit 31 and the sec-
ond driving circuit 32 can sequentially provide the first aux-
iliary capacitive voltage Vcl or the second auxiliary capaci-
tive voltage Vc2 to the plural auxiliary capacitive lines C in
each row.

[0219] According to the liquid crystal display device of the
second embodiment having the above configuration, the lig-
uid crystal display device includes the array substrate AR, the
counter substrate CT, the liquid crystal layer LQ, the plural
pixels PX, the first driving circuit 31, the second driving
circuit 32, and the timing control circuit 70. In the liquid
crystal display device of the second embodiment, the image-
burn phenomenon can be suppressed because the CC driving
and the polarity inversion driving are used. The CC driving is
used from the viewpoint of reducing the power consumption.
[0220] During the kth frame duration, under the control of
the timing control circuit 70, the first driving circuit 31 out-
puts the scanning signal to the (4L-1)th-row and 4Lth-row
scanning lines G, and the second driving circuit 32 outputs the
scanning signal to the (4L-3)th-row and (4L-2)th-row scan-
ning line G.

[0221] During the (k+1)th frame duration, under the con-
trol of the timing control circuit 70, the first driving circuit 31
outputs the scanning signal to the plural (4L-1)th-row and
4L th-row scanning lines G, and the second driving circuit 32
outputs the scanning signal to the plural (4L-3)th-row and
(4L-2)th-row scanning lines G.

[0222] Asdescribed above, in the case that the pixel has the
positive polarity in one frame duration, the liquid crystal
display device switches the auxiliary capacitive voltage from
the auxiliary capacitive voltage Vc2 to the auxiliary capaci-
tive voltage Vc1 during the pixel retention period. As a result,
the pixel retention voltage polarity becomes positive. Simi-
larly, the auxiliary capacitive voltage is switched from the
first auxiliary capacitive voltage V¢l to the second auxiliary
capacitive voltage Vc2 during the pixel retention period when
the pixel has the negative polarity. As a result, the pixel
retention voltage polarity becomes negative. The CC driving
can be performed while the voltage provided to the auxiliary
capacitive line C is switched during the pixel retention period,
so that the amplitude (the voltage value) of the video signal
provided to the signal line S can be reduced. Therefore, for
example, the power consumption of the liquid crystal display
device can be reduced.

[0223] While the CC driving is performed, first driving
circuit 31 outputs the scanning signal to the (4L-1)th-row and
41 th-row scanning lines G, and the second driving circuit 32
outputs the scanning signal to the (4L-3)th-row and (4L-2)
th-row scanning lines G. Therefore, the retention potential at
the pixel PX in the unit of four rows becomes identical
between the consecutive frames. Accordingly, the generation
of the flicker can be reduced in the halftone raster display. If
the pixel pitch (pixel pitch in the column direction Y) may be
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narrow, a length of four rows in the column direction Y is
minimal, so that the generation of the horizontal streak can be
suppressed.

[0224] As illustrated in FIGS. 24 and 25, the first driving
circuit 31 and the second driving circuit 32 are formed, which
allows the potential at the auxiliary capacitive line C to be
switched to the desired value in each frame duration by driv-
ing the first driving circuit 31 and the second driving circuit
32.

[0225] During the kth frame duration, under the control of
the timing control circuit 70, the first driving circuit 31 pro-
vides the first auxiliary capacitive voltage to the (4L-1)th-
row auxiliary capacitive line C and provides the second aux-
iliary capacitive voltage to the 4L th-row scanning line G, and
the second driving circuit 32 provides the first auxiliary
capacitive voltage to the (4L-3)th-row auxiliary capacitive
line C and provides the second auxiliary capacitive voltage to
the (4L-2)th-row auxiliary capacitive line C.

[0226] During the (k+1)th frame duration, under the con-
trol of the timing control circuit 70, the first driving circuit 31
provides the second auxiliary capacitive voltage to the (41—
Dth-row auxiliary capacitive line C and provides the first
auxiliary capacitive voltage to the 4Lth-row scanning line G,
and the second driving circuit 32 provides the second auxil-
iary capacitive voltage to the (4L-3)th-row auxiliary capaci-
tive line C and provides the first auxiliary capacitive voltage
to the (4L-2)th-row auxiliary capacitive line C.

[0227] Additionally, the same effect as the liquid crystal
display device of the first embodiment can be obtained in the
liquid crystal display device of the second embodiment.
[0228] As described above, the excellent-display-quality
liquid crystal display device, in which the power consump-
tion is reduced, the generation of the flicker is reduced, and
the image-burn phenomenon is suppressed, can be obtained.
[0229] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

[0230] Forexample, the locations of the first driving circuit
31 (the first switching circuit 41) and the second driving
circuit 32 (the second switching circuit 42) may be reversed.
[0231] In the embodiments, by way of example, the initial
orientation direction of the liquid crystal molecule LM is
parallel to the column direction Y. Alternatively, as illustrated
in FIG. 4, the initial orientation direction of the liquid crystal
molecule LM may be the oblique direction D that obliquely
intersects the column direction Y. At this point, an angle 61
formed between the initial orientation direction D and the
column direction Y is greater than 0° and less than 45°. The
angle 01 ranges from about 5° to about 30°, and is more
desirably less than or equal to 20° from the viewpoint of the
orientation control of the liquid crystal molecule LM. That is,
desirably the initial orientation direction of the liquid crystal
molecule LM is substantially parallel to the direction that
ranges from 0° to 20° with respect to the column direction Y.
[0232] In the embodiments, the liquid crystal layer LQ is
made of the liquid crystal material having the positive (posi-
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tive type) dielectric anisotropy. Alternatively, the liquid crys-
tal layer LQ may be made of a liquid crystal material having
a negative dielectric anisotropy, namely, an n-type liquid
crystal. In this case, when at least the pixel electrode PE
includes a secondary pixel electrode that is formed while
extending in the row direction X, both a polar angle and an
azimuth angle can be defined by the electric field, and an
orientation regulating force of the liquid crystal molecule can
be strengthened. Therefore, generation of pooling can be
suppressed. But, although the detailed description is omitted,
because the dielectric anisotropy is inverted, the angle 01
ranges from 45° to 90°, and is desirably greater than or equal
to 70° for the n-type liquid crystal.

[0233] The structure of the pixel PX is not limited to the
example in FIG. 4, and various modifications can be made.
[0234] FIG. 26 is a view illustrating a modification of the
structural example of the pixel PX in FIG. 4, and is a plan view
schematically illustrating another structural example of a
pixel PX when the liquid crystal display panel LPN is viewed
from the side of the counter substrate CT.

[0235] The structural example in FIG. 26 differs from the
structural example in FIG. 4 in that the pixel electrode PE is
formed into a cross shape and that the common electrode CE
is formed into a lattice shape so as to surround one pixel PX.
[0236] That is, the pixel electrode PE includes a primary
pixel electrode PA and a secondary pixel electrode PB, which
are electrically connected to each other. The primary pixel
electrode PA has a lengthwise direction in the column direc-
tionY, and extends linearly in the column directionY from the
secondary pixel electrode PB to the neighborhoods in the
upper and lower end portions of the pixel PX. The secondary
pixel electrode PB extends in the row direction X. The sub-
pixel electrode PB is located in the region facing the auxiliary
capacitive line C1, and is electrically connected to the switch-
ing element through the contact hole CH. In the example in
FIG. 26, the secondary pixel electrode PB is provided in the
substantial center of the pixel PX, and the pixel electrode PE
is formed into the cross shape.

[0237] In addition to the primary common electrode CA,
the common electrode CE includes a pair of secondary com-
mon electrodes CB, which are located while the secondary
pixel electrode PB is sandwiched therebetween in the row
directionY and extends in the row direction X. The secondary
common electrode CB is provided in the counter substrate
CT. The primary common electrode CA and the secondary
common electrode CB are integrally or continuously formed.
The secondary common electrode CB faces each of the scan-
ning lines G. In the example in FIG. 26, the two secondary
common electrodes CB are disposed in parallel to each other
in the row direction X. Hereinafter, in order to distinguish the
secondary common electrodes CB from each other, the upper
secondary common electrode is referred to as a CBU, and the
lower secondary common electrode is referred to as a CBB.
The secondary common electrode CBU is disposed in the
upper end portion of the pixel PX, and faces the scanning line
G1. That is, the secondary common electrode CBU is dis-
posed across the boundary between the pixel PX and the
adjacent pixel on the upper side. The secondary common
electrode CBB is disposed in the lower end portion of the
pixel PX, and faces the scanning line G2. That is, the second-
ary common electrode CBB is disposed across the boundary
between the pixel PX and the adjacent pixel on the lower side.
[0238] As to the positional relationship between the pixel
electrode PE and the common electrode CE, the primary pixel
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electrodes PA and the primary common electrodes CA are
alternately disposed in the row direction X, and the secondary
pixel electrodes PB and the secondary common electrodes
CB are alternately disposed in the column direction Y. That is,
one primary pixel electrode PA is located between the pri-
mary common electrodes CAL and CAR adjacent to each
other, and the primary common electrode CAL, the primary
pixel electrode PA, and the primary common electrode CAR
are sequentially arrayed in the row direction X. One second-
ary pixel electrode PB is located between the secondary com-
mon electrodes CBB and CBU adjacent to each other, and the
secondary common electrode CBB, the secondary pixel elec-
trode PB, and the secondary common electrode CBU are
sequentially arrayed in the column direction Y. The liquid
crystal layer LQ is made of the p-type liquid crystal.

[0239] According to the structural example in FIG. 26, the
liquid crystal molecule LM that is initially oriented toward
the column direction Y in the OFF state is influenced by the
electric field formed between the pixel electrode PE and the
common electrode CE in the ON state, and the long axis of the
liquid crystal molecule LM rotates in the plane substantially
parallel to the X-Y plane as indicated by the solid line in FIG.
26. The liquid crystal molecule LM in the region surrounded
by the pixel electrode PE, the primary common electrode
CAL, and the secondary common electrode CBB rotates
clockwise with respect to the column direction Y and is ori-
ented toward the lower left in FIG. 26. The liquid crystal
molecule LM in the region surrounded by the pixel electrode
PE, the primary common electrode CAR, and the secondary
common electrode CBB rotates counterclockwise with
respect to the column direction Y and is oriented toward the
lower right in FIG. 26. The liquid crystal molecule LM in the
region surrounded by the pixel electrode PE, the primary
common electrode CAL, and the secondary common elec-
trode CBU rotates counterclockwise with respect to the col-
umn direction Y and is oriented toward the upper left in FIG.
26. The liquid crystal molecule LM in the region surrounded
by the pixel electrode PE, the primary common electrode
CAR, and the secondary common electrode CBU rotates
clockwise with respect to the column direction Y and is ori-
ented toward the upper right in FIG. 26.

[0240] In each pixel PX, in the state in which the electric
field is formed between the pixel electrode PE and the com-
mon electrode CE, more domains can be formed than in the
example in FIG. 4, the view angle can be enlarged, and the
orientation regulating force of the liquid crystal molecule can
be strengthened more than that of the example in FIG. 4.
[0241] In the configuration of the pixel PX in FIG. 26, the
liquid crystal layer LQ may be made of the n-type liquid
crystal. In this case, a sufficiently strong orientation regulat-
ing force of the liquid crystal molecule can be obtained.
[0242] The common electrode CE may further include an
electrode. The description will be made by taking the pixel
PXin FIGS. 4 and 5 as an example. In addition to the primary
common electrode CA included in the counter substrate CT,
the common electrode CE may include a second primary
common electrode (a shielding electrode) that faces the pri-
mary common electrode CA (or the signal line S) included in
the array substrate AR. The second primary common elec-
trode extends substantially in parallel to the primary common
electrode CA and has the same potential as the primary com-
mon electrode CA. The common electrode CE can be
shielded from the undesired electric field of the signal line S
by providing the second primary common electrode.
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[0243] In addition to the primary common electrode CA
included in the counter substrate CT, the common electrode
CE may include a second secondary common electrode (a
shielding electrode) that is included in the array substrate AR
to face the scanning line G and the auxiliary capacitive line C.
The second secondary common electrode extends in the
direction intersecting the primary common electrode CA, and
has the same potential as the primary common electrode CA.
The common electrode CE can be shielded from the undes-
ired electric fields of the scanning line G and the auxiliary
capacitive line C by providing the second secondary common
electrode. According to the configuration in which the second
primary common electrode and the second secondary com-
mon electrode are provided, the degradation of the display
quality can further be suppressed.

[0244] In the liquid crystal display device of the embodi-
ments, the transverse electric field mode or the oblique elec-
tric field mode is used utilising a technique different from the
IPS (In-Plane Switching) mode. The display mode of the
liquid crystal display device is not limited to the embodi-
ments, and various modifications can be made. For example,
an MVA (Multi-domain Vertically Aligned) mode, an FFS
(Fringe Field Switching) mode, and a TN (Twisted Nematic)
mode can be used in the liquid crystal display device. In this
case, the above effect can be obtained.

[0245] FIG.27is asectional view schematically illustrating
a liquid crystal display device according to a modification of
the first and second embodiments. As illustrated in FIG. 27,
the liquid crystal display device may include a liquid crystal
display panel LPN, a sensing substrate 30, a protective plate
40, and bonding materials 50 and 60. The liquid crystal dis-
play panel LPN is one of the liquid crystal display panels LPN
of the first and second embodiments. In this case, the liquid
crystal display panel LPN is formed like the liquid crystal
display panel LPN of the first embodiment.

[0246] The sensing substrate 30 faces the display surface of
the liquid crystal display panel LPN. The sensing substrate 30
includes an input area R3 facing a display area R1. The
sensing substrate 30 acts as a touch panel, and detects posi-
tional information on the point input to the input area R3.
[0247] The bonding material 50 bonds the liquid crystal
display panel LPN and the sensing substrate 30 together. The
protective plate 40 faces the sensing substrate 30. The pro-
tective plate 40 acts as decoration for an input surface side
(the surface side of the liquid crystal display panel LPN) of
the sensing substrate 30, and affects the appearance of the
liquid crystal display device. The protective plate 40 is of a
flat type, and is made of transparent insulating materials, such
as glass and an acrylic resin. The bonding material 60 bonds
the sensing substrate 30 and the protective plate 40 together.
[0248] For example, an electrostatic capacity system and a
resistance pressure-sensitive system can be used as a position
detecting system of the sensing substrate 30. A finger of an
operator and a conductor can be cited as an example of input
means 200, and the input means 200 may be selected accord-
ing to the position detecting system. In any system, undesired
noise acting on the sensing substrate 30 from the liquid crystal
display panel LPN is desirably reduced.

[0249] As described above, because the CC driving is used
in the liquid crystal display device, the amplitude (the voltage
value) of the video signal provided to the signal line S can be
reduced, namely, a variation in potential of the video signal
can be suppressed compared with the case that the CC driving
is not used. The undesired noise acting on the sensing sub-
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strate 30 from the liquid crystal display panel LPN is reduced
by suppressing the variation in potential of the video signal,
so that the degradation of the position detecting function of
the sensing substrate 30 can be suppressed.

What is claimed is:

1. A liquid crystal display device comprising:

a first substrate comprising a plurality of signal lines that
extend in a column direction, a plurality of scanning
lines that extend in a row direction, a plurality of switch-
ing elements that are electrically connected to the signal
lines and the scanning lines, a plurality of auxiliary
capacitive elements that are electrically connected to the
switching elements, a plurality of auxiliary capacitive
lines each of which extends in the row direction and is
electrically connected to one end of the auxiliary capaci-
tive element, a plurality of pixel electrodes each of
which is electrically connected to the switching element
and the other end of the auxiliary capacitive element, a
first driving circuit and a second driving circuit that
output a scanning signal to the scanning line and alter-
nately output a first auxiliary capacitive voltage and a
second auxiliary capacitive voltage to the auxiliary
capacitive line, a first switching circuit that is connected
to the first driving circuit to alternately switch between a
first state and a second state in each predetermined frame
duration, the first switching circuit being connected to
the (2L-1)th-row scanning lines and the (2L-1)th-row
auxiliary capacitive lines in the first state, the first
switching circuit being connected to the 2Lth-row scan-
ning lines and the 2L th-row auxiliary capacitive lines in
the second state, and a second switching circuit that is
connected to the second driving circuit to alternately
switch between the first state and the second state in each
predetermined frame duration;

a second substrate that is arranged opposite to the first
substrate with a gap;

a liquid crystal layer that is held between the first substrate
and the second substrate; and

a common electrode that is formed on the first substrate or
the second substrate and set to a common voltage of a
constant voltage.

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

further comprising:

a timing control circuit that controls a time each of the first
switching circuit and the second switching circuit is
switched between the first state and the second state.

3. The liquid crystal display device according to claim 1,
wherein the first switching circuit and the second switching
circuit are alternately switched between the first state and the
second state.

4. The liquid crystal display device according to claim 1,
wherein the predetermined frame duration is two frame dura-
tions.

5. The liquid crystal display device according to claim 4,
wherein the first driving circuit and the second driving circuit
alternately output the first auxiliary capacitive voltage and the
second auxiliary capacitive voltage in each of two frame
durations.

6. The liquid crystal display device according to claim 5,
wherein the first driving circuit and the second driving circuit
switch one of the first auxiliary capacitive voltage and the
second auxiliary capacitive voltage to the other and output the
switched auxiliary capacitive voltage in the second frame
duration in each of the first state and the second state.
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7. The liquid crystal display device according to claim 1,
wherein the first driving circuit, the second driving circuit, the
first switching circuit, and the second switching circuit
sequentially provide the scanning signal to the scanning lines
in each row.

8. The liquid crystal display device according to claim 1,
wherein during a kth frame duration in which the first switch-
ing circuit is in the second state while the second switching
circuit is in the first state, the first driving circuit outputs the
scanning signal and the second auxiliary capacitive voltage
and the second driving circuit outputs the scanning signal and
the first auxiliary capacitive voltage, and

during a (k+1)th frame duration, the first switching circuit
is switched to the first state, the second switching circuit
is switched to the second state, the first driving circuit
outputs the scanning signal and the second auxiliary
capacitive voltage, and the second driving circuit out-
puts the scanning signal and the first auxiliary capacitive
voltage.

9. The liquid crystal display device according to claim 8,
wherein during the kth frame duration, a positive-polarity
video image is provided to the (2L-1)th-row pixel electrodes,
and a negative-polarity video image is provided to the 2Lth-
row pixel electrodes, and

during the (k+1)th frame duration, the negative-polarity
video image is provided to the (2L-1)th-row pixel elec-
trodes, and the positive-polarity video image is provided
to the 2Lth-row pixel electrodes.

10. The liquid crystal display device according to claim 8,
wherein during a (k-1)th frame duration, the first switching
circuit is switched to the second state, the second switching
circuit is switched to the first state, the first driving circuit
outputs the scanning signal and the first auxiliary capacitive
voltage, and the second driving circuit outputs the scanning
signal and the second auxiliary capacitive voltage, and

during a (k+2)th frame duration, the first switching circuit
is maintained in the first state, the second switching
circuit is maintained in the second state, the first driving
circuit outputs the scanning signal and the first auxiliary
capacitive voltage, and the second driving circuit out-
puts the scanning signal and the second auxiliary capaci-
tive voltage.

11. The liquid crystal display device according to claim 10,
wherein during the (k-1)th frame duration, the negative-po-
larity video image is provided to the (2L-1)th-row pixel
electrodes, and the positive-polarity video image is provided
to the 2Lth-row pixel electrodes,

during the kth frame duration, the positive-polarity video
image is provided to the (2L-1)th-row pixel electrodes,
and the negative-polarity video image is provided to the
2Lth-row pixel electrodes,

during the (k+1)th frame duration, the negative-polarity
video image is provided to the (2L-1)th-row pixel elec-
trodes, and the positive-polarity video image is provided
to the 2Lth-row pixel electrodes,

during the (k+2)th frame duration, the positive-polarity
video image is provided to the (2L.—-1)th-row pixel elec-
trodes, and the negative-polarity video image is pro-
vided to the 2Lth-row pixel electrodes.

12. A liquid crystal display device comprising:

a first substrate comprising a plurality of signal lines that
extend in a column direction, a plurality of scanning
lines that extend in a row direction, a plurality of switch-
ing elements that are electrically connected to the signal
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lines and the scanning lines, a plurality of auxiliary
capacitive elements that are electrically connected to the
switching elements, a plurality of auxiliary capacitive
lines each of which extends in the row direction and is
electrically connected to one end of the auxiliary capaci-
tive element, a plurality of pixel electrodes each of
which is electrically connected to the switching element
and the other end of the auxiliary capacitive element, a
first driving circuit that provides a scanning signal to the
(4L-1)th and 4L th-row scanning lines and outputs a first
auxiliary capacitive voltage and a second auxiliary
capacitive voltage, a second driving circuit that provides
the scanning signal to the (4L-3)th-row and (4L.-2)th-
row scanning lines and outputs the first auxiliary capaci-
tive voltage and the second auxiliary capacitive voltage,
a first switching circuit that is connected to the first
driving circuit and the (4L-1)th-row and 4Lth-row aux-
iliary capacitive lines, and a second switching circuit
that is connected to the second driving circuit and the
(4L-3)th-row and (4L-2)th-row auxiliary capacitive
lines;

a second substrate that is arranged opposite to the first
substrate with a gap;

a liquid crystal layer that is held between the first substrate
and the second substrate; and

a common electrode that is formed on the first substrate or
the second substrate and set to a common voltage of a
constant voltage,

wherein during a kth frame duration, the first switching
circuit provides the first auxiliary capacitive voltage to
the (4L-1)th-row auxiliary capacitive lines and provides
the second auxiliary capacitive voltage to the 4Lth-row
auxiliary capacitive lines, and the second switching cir-
cuit provides the first auxiliary capacitive voltage to the
(4L-3)th-row auxiliary capacitive lines and provides the
second auxiliary capacitive voltage to the (4L.-2)th-row
auxiliary capacitive lines, and

during a (k+1)th frame duration, the first switching circuit
provides the second auxiliary capacitive voltage to the
(4L-1)th-row auxiliary capacitive lines and provides the
first auxiliary capacitive voltage to the 4Lth auxiliary
capacitive lines, and the second switching circuit pro-
vides the second auxiliary capacitive voltage to the (4L—
3)th-row auxiliary capacitive lines and provides the first
auxiliary capacitive voltage to the (4L-2)th auxiliary
capacitive lines.

13. The liquid crystal display device according to claim 12,
wherein the first driving circuit and the second driving circuit
sequentially provide the scanning signal to the scanning lines
in each row.

14. A liquid crystal display device comprising:

a first substrate comprising a plurality of signal lines that
extend in a column direction, a plurality of scanning
lines that extend in a row direction, a plurality of switch-
ing elements that are electrically connected to the signal
lines and the scanning lines, a plurality of auxiliary
capacitive elements that are electrically connected to the
switching elements, a plurality of auxiliary capacitive
lines each of which extends in the row direction and is
electrically connected to one end of the auxiliary capaci-
tive element, a plurality of pixel electrodes each of
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which is electrically connected to the switching element
and the other end of the auxiliary capacitive element, a
first driving circuit and a second driving circuit that
output a scanning signal to the scanning line and alter-
nately output a first auxiliary capacitive voltage and a
second auxiliary capacitive voltage to the auxiliary
capacitive line, a first switching circuit that is connected
to the first driving circuit to alternately switch between a
first state and a second state in each predetermined frame
duration, the first switching circuit being connected to
the (2L-1)th-row scanning lines and the (2L-1)th-row
auxiliary capacitive lines in the first state, the first
switching circuit being connected to the 2Lth-row scan-
ning lines and the 2Lth-row auxiliary capacitive lines in
the second state, and a second switching circuit that is
connected to the second driving circuit to alternately
switch between the first state and the second state in each
predetermined frame duration;

a second substrate that is arranged opposite to the first

substrate with a gap;

a liquid crystal layer that is held between the first substrate

and the second substrate; and

a common electrode that is formed on the first substrate or

the second substrate and set to a common voltage of a
constant voltage,
wherein each of the pixel electrodes includes a primary
pixel electrode that extends in the column direction, and

the common electrode includes a plurality of primary com-
mon electrodes, each of which is formed on the second
substrate, located in the row direction while the primary
pixel electrode is sandwiched therebetween, and extends
in the column direction.

15. The liquid crystal display device according to claim 14,
wherein the common electrode further includes other plural-
ity of primary common electrodes, each of which is formed
on the first substrate, extends in the column direction, and is
located between the primary common electrode and the sig-
nal line.

16. The liquid crystal display device according to claim 14,
wherein each of the pixel electrodes further includes a sec-
ondary pixel electrode that is formed on the first substrate,
connected to the primary pixel electrode, and extends in the
row direction.

17. The liquid crystal display device according to claim 16,
wherein the primary pixel electrode and the secondary pixel
electrode intersect each other, and are formed into a cross
shape.

18. The liquid crystal display device according to claim 16,
wherein the common electrode further includes a plurality of
secondary common electrodes, each of which is formed on
the second substrate, located in the column direction while
the secondary pixel electrode is sandwiched therebetween,
and extends in the row direction.

19. The liquid crystal display device according to claim 18,
wherein the common electrode further includes other plural-
ity of secondary common electrodes, each of which is formed
on the first substrate, extends in the row direction, and is
located between the secondary common electrode and the
scanning line.
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