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A control capacitor (CDown) is connected between a pixel
electrode of a liquid crystal capacitor (CLC_Bn) in at least
one sub-pixel and a common signal line (COM) through a
TFT (3) whose gate electrode is connected to a gate signal line
(Gn+1), and a control circuit selectively switches output
modes in accordance with whether the pulse periods ofa gate
pulse to be output to the gate signal line (Gn) and a gate pulse
to be output to the gate signal line (Gn+1) partially overlap or
not.
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LIQUID CRYSTAL DISPLAY DEVICE,
DISPLAY APPARATUS, AND GATE SIGNAL
LINE DRIVING METHOD

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device that displays an image using liquid crystals. More
specifically, the present invention relates to a liquid crystal
display device that stereoscopically displays an image by
using a Patterned Retarder, and to a method for driving the
liquid crystal display device.

BACKGROUND ART

[0002] Inrecentyears, liquid crystal display devices having
a function for stereoscopically displaying an image (herein-
after also referred to as “displaying a 3D (stereo) image™) in
addition to a function for two-dimensionally displaying an
image (hereinafter also referred to as “displaying a 2D (flat)
image”) have been developed.

[0003] Technologies for displaying a stereo image, such as
an active shutter system, a lenticular system, and a patterned
retarder system (or a polarization system, also called a PR
system) are known. In any of the systems, presenting a right-
eye image only to the right eye of a user and a left-eye image
only to the left eve of the user allows the user to visually
perceive an image in stereo.

[0004] In a liquid crystal display device that employs the
active shutter system, left-eye frames (L frames) and right-
eye frames (R frames) are alternately displayed. A user
observes an image displayed on the liquid crystal display
device with 3D glasses, thereby being able to visually per-
ceive the image in stereo. The 3D glasses have a lens for the
left eye and a lens for the right eye which provide shutter
operations in synchronization with the switching between the
L frames and the R frames.

[0005] A liquid crystal display device that employs the
lenticular system presents a left-eye image and a right-eye
image individually to the left eye and the right eye of a user
through a lenticular lens formed on the front side of a liquid
crystal panel. This allows the user to visually perceive the
image in stereo without using 3D glasses.

[0006] In a liquid crystal display device that uses a pat-
terned retarder, for example, a right-eye image is displayed
using pixels selected through odd-numbered horizontal scan-
ning lines, and a left-eye image is displayed using images
selected through even-numbered horizontal scanning lines.
[0007] In the following, the patterned retarder system will
be more specifically described with reference to FIGS. 34 to
36. FIG. 34 is an exploded perspective view illustrating a
backlight unit 50, a liquid crystal panel 60, and a patterned
retarder 70, which are included in a liquid crystal display
device of the related art that uses a patterned retarder.
[0008] Thebacklightunit 50 emits light to the liquid crystal
panel 60 from the back of the liquid crystal panel 60. The
liquid crystal panel 60 has formed thereon pixels delimited by
horizontal scanning lines (lateral scanning lines) HL.1 to HLN
(N is the total number of horizontal scanning lines) and ver-
tical signal lines (longitudinal signal lines) VL.1to VLM (M is
the total number of vertical signal lines).

[0009] Intheliquid crystal panel 60, itis possible to control
the transmittance of light on a pixel-by-pixel basis by con-
trolling the alignment of liquid crystals in each pixel. In the
liquid crystal panel 60, furthermore, a right-eye image is
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displayed using pixels selected through odd-numbered hori-
zontal scanning lines HL1, HL3, and so forth (hereinafter
referred to as odd-numbered pixels), and a left-eye image is
displayed using pixels selected through even-numbered hori-
zontal scanning lines HL.2, HL.4, and so forth (hereinafter
referred to as even-numbered pixels).

[0010] The patterned retarder 70 is a retarder having a
longitudinal direction which is the horizontal scanning line
direction, and is composed of two kinds of retarders RR and
RL having different characteristics. The retarders RR are
configured to convert linearly polarized light into right-
handed circularly polarized light, and the retarders RL are
configured to convert linearly polarized light into left-handed
circularly polarized light.

[0011] Asillustrated in FIG. 34, the retarders RR, which are
shaped into bands whose longitudinal directions are parallel
to the horizontal scanning lines, are disposed on the front side
of the odd-numbered pixels arranged along the horizontal
scanning lines HL1, HL3, and so forth, and, similarly, the
retarders RL, which are shaped into bands whose longitudinal
directions are parallel to the horizontal scanning lines, are
disposed on the front side of the even-numbered pixels
arranged along the horizontal scanning lines HL.2, HL4, and
so forth.

[0012] Accordingly, a right-eye image displayed using the
odd-numbered pixels is represented by light which is trans-
mitted through the patterned retarder 70 and is then right-
handed circularly polarized, and a left-eye image displayed
using the even-numbered pixels is represented by light which
is transmitted through the patterned retarder 70 and is then
left-handed circularly polarized.

[0013] FIG. 35 illustrates 3D glasses 80 used in the pat-
terned retarder system. As illustrated in FIG. 35, the 3D
glasses 80 include a lens for the right eye and a lens for the left
eye. The lens for the right eye transmits only right-handed
circularly polarized light, and the lens for the left eye trans-
mits only left-handed circularly polarized light. With the use
of the 3D glasses 80, the user is able to observe, in an image
displayed on a liquid crystal display device, a right-eye image
displayed using the pixels delimited by the odd-numbered
horizontal scanning lines (hereinafter referred to as odd-num-
bered pixel rows), only with the right eye, and a left-eye
image displayed using the pixels delimited by the even-num-
bered horizontal scanning lines (hereinafter referred to as
even-numbered pixel rows), only with the left eye. This pro-
vides the user with a visual perception of the right-eye image
and the left-eye image with parallax as a stereo image.
[0014] A liquid crystal display device of the patterned
retarder system is also capable of normally displaying a 2D
image having no parallax by using both the odd-numbered
pixel rows and the even-numbered pixel rows. In this case, the
user may simply observe an image displayed on the liquid
crystal display device without using 3D glasses.

[0015] The 3D glasses 80, which are used in the patterned
retarder system, do not require any electrical control, unlike
3D glasses used in the active shutter system, and can therefore
be implemented with a simple configuration.

[0016] On the other hand, it is known that the patterned
retarder system suffers from a phenomenon called crosstalk
mainly due to the finite thickness of a glass layer forming a
liquid crystal panel.

[0017] The crosstalk, as used herein, is a phenomenon in
which a right-eye image is mixed into a left-eye image visu-
ally perceived by the user or, similarly, a left-eye image is
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mixed into a right-eye image visually perceived by the user.
For example, when the user observes the liquid crystal panel
from obliquely above, part of a right-eye image displayed
using the odd-numbered pixel rows is observed after passing
through the retarders for the left eye, which are disposed on
the front side of the even-numbered pixel rows. Thus, the
right-eye image is mixed into a left-eye image. Also when the
user observes the liquid crystal panel from obliquely below,
part of a left-eye image displayed using the even-numbered
pixel rows is observed after passing through the retarders for
the right eye, which are disposed on the front side of the
odd-numbered pixel rows. Thus, the left-eye image is mixed
into a right-eye image.

[0018] Hitherto, a configuration in which crosstalk,
described above, is suppressed by forming black matrices and
black stripes on a liquid crystal panel and a patterned retarder,
respectively, along the horizontal scanning lines has been
known.

[0019] FIG. 36 is a schematic partial cross-sectional view
of the backlight unit 50, the liquid crystal panel 60, and the
patterned retarder 70, which are included in a liquid crystal
display device of the related art, taken along the vertical
signal line direction (longitudinal direction). In FIG. 36, the
configuration around the pixels Pn delimited by the n-th hori-
zontal scanning line and the pixels Pn+1 delimited by the
(n+1)-th horizontal scanning line is illustrated. In FIG. 36, the
liquid crystal panel 60 and the patterned retarder 70, which
are configured such that crosstalk is suppressed by the black
matrices BM and the black stripes BS, are illustrated.

[0020] As illustrated in FIG. 36, the liquid crystal panel 60
includes a first polarizing plate 60a, a glass substrate 605, a
TFT array 60c, a color filter 60d, a CF glass substrate 60e, a
second polarizing plate 60/, and a liquid crystal layer 60g
disposed between the TFT array 60c and the color filter 60d.

[0021] On the TFT array 60c, circuit-forming elements
such as horizontal scanning lines and TFTs are formed
between the pixels Pn and the pixels Pn+1. Furthermore, on
the front side of the circuit-forming elements, the black matri-
ces BM are formed in the color filter 604, and the black stripes
BS are formed in the patterned retarder 70.

[0022] Such black matrices and black stripes as described
above can suppress the occurrence of crosstalk when the
angle defined between the direction normal to the liquid crys-
tal panel 60 and the direction of the line of sight is within xa.
degrees in the vertical signal line direction.

[0023] However, this configuration has a problem in that, in
addition to a reduction in the luminance of a 2D image and a
3D image due to the use of the patterned retarder 70, a further
reduction in luminance due to a reduction in aperture ratio
caused by black matrices and black stripes occurs.

[0024] In NPL 1 given below, there is proposed a technol-
ogy for suppressing crosstalk by dividing each pixel into two
sub-pixels (an upper sub-pixel and a lower sub-pixel) in the
vertical signal line direction, without providing the patterned
retarder 70 with black stripes BS. In this technology, when a
2D image is to be displayed, a data voltage used for image
display is supplied to both types of sub-pixels, and when a 3D
imageistobedisplayed, adata voltage used for image display
is supplied only to the upper sub-pixels and a data voltage
used for black display is supplied to the lower sub-pixels. The
lower sub-pixels to which the data voltage used for black
display is supplied function as black matrices which are large
in width.
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[0025] According to the technology disclosed in NPL 1,
therefore, the black stripes BS in the patterned retarder 70 can
be omitted, resulting in no reduction in image luminance
when a 2D image is displayed. In addition, when a 3D image
is to be displayed, the lower sub-pixels function as black
matrices and therefore the occurrence of crosstalk can be
suppressed.

CITATION LIST

Non Patent Literature

[0026] NPL 1: Hoon Kang, Su-Dong Roh, In-Su Baik,
Hyun-Joon Jung, Woo-Nam Jeong, Jong-Keun Shin, and
In-Jae Chung “A Novel Polarizer Glasses-type 3D Dis-
plays with a Patterned Retarder”, 2010 SID International
Symposium, Seattle Wash. USA, Washington State Con-
vention Center, May 25, 2010, SID 10 DIGEST

SUMMARY OF INVENTION

Technical Problem

[0027] In the technology disclosed in NPL 1, however,
since different data voltages need to be supplied to the upper
sub-pixels and the lower sub-pixels when a 3D image is to be
displayed, there is conceived a configuration in which each
sub-pixel is provided with a different source bus line. This,
however, leads to increased complexity of wiring. The tech-
nology disclosed in NPL 1 therefore has a problem in that
there is a demand to contrive a configuration in which the
complexity of wiring such as data lines (data bus lines and
source bus lines) is prevented from increasing.

[0028] The present invention has been made in view of the
foregoing problem, and an object of the present invention is to
provide a liquid crystal display device capable of switching
between a 2D display mode and a 3D display mode with
suppressed crosstalk without increasing the complexity of
wiring such as data bus lines.

Solution to Problem

[0029] To overcome the foregoing problem, aliquid crystal
display device according to the present invention at least
includes

(1) a plurality of gate signal lines,

(2) a plurality of source signal lines,

(3) pixels disposed so as to correspond to intersections
between the gate signal lines and the source signal lines,

(4) a gate driver that selectively outputs a gate pulse to the
plurality of gate signal lines, and

(5) a control circuit that controls a pulse period of the gate
pulse, wherein

(6) each of the pixels includes a plurality of sub-pixels
selected through a gate signal line in an n-th line,

(7) a first control capacitor is connected between a pixel
electrode of at least one sub-pixel among the plurality of
sub-pixels and a common signal line through a first switching
element whose gate electrode is connected to one of gate
signal lines in (n+1)-th and subsequent lines, and

(8) the control circuit selectively switches between a first
output mode in which a pulse period of a gate pulse to be
output to the gate signal line in the n-th line and a pulse period
of a gate pulse to be output to the one of the gate signal lines
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in the (n+1)-th and subsequent lines partially overlap and a
second output mode in which the pulse periods do not over-
lap.

[0030] In the configuration described above, among the
plurality of sub-pixels, the at least one sub-pixel among the
plurality of sub-pixels which has a configuration in which the
first control capacitor (for example, CDown) is connected
between the pixel electrode and the common signal line
through the first switching element (for example, TFT 3) is
called a specific sub-pixel, whereas, a sub-pixel other than the
specific sub-pixel among the plurality of sub-pixels is called
a normal sub-pixel.

[0031] In the first output mode (for example, a 2D mode),
when a gate pulse is output to the gate signal line in the n-th
line, a plurality of sub-pixels constituting a single pixel are
simultaneously selected. Accordingly, the same signal volt-
age is written individually to the plurality of sub-pixels
through the source signal line corresponding to the pixel.
[0032] Note that whether or not liquid crystal capacitors
(for example, CLC_An) included in the respective normal
sub-pixels hold the same effective voltage after the signal
voltage is written depends on the circuit configurations of the
normal sub-pixels.

[0033] Then, when a gate pulse is output to the gate signal
line in the (n+i)-th line among the gate signal lines in the
(n+1)-th and subsequent lines, the pulse period of the gate
pulse output to the gate signal line in the (n+i)-th line (here-
inafter referred to as the (n+i)-th-stage gate pulse) partially
overlaps the pulse period of the gate pulse output to the gate
signal line in the n-th line (hereinafter referred to as the
n-th-stage gate pulse).

[0034] The (n+i)-th-stage gate pulse turns on the first
switching element whose gate electrode is connected to the
gate signal line in the (n+i)-th line. As a result, the signal
voltage described above is written to the first control capaci-
tor connected to the pixel electrode of the specific sub-pixel
through the first switching element. In this condition, the
effective voltage across a liquid crystal capacitor included in
the specific sub-pixel does not change and is kept at the same
value.

[0035] Therefore, in the first output mode, the normal sub-
pixels exhibit the luminance corresponding to the signal volt-
age and the circuit configuration of the normal sub-pixels, and
the specific sub-pixel exhibits the luminance corresponding
to the signal voltage, which is suitable for the display of a
bright two-dimensional image with a normal high aperture
ratio.

[0036] Meanwhile, in the second output mode (for
example, a 3D mode), similarly to the first output mode, first,
the plurality of sub-pixels are simultaneously selected by the
n-th-stage gate pulse. However, the pulse period of the (n+1)-
th-stage gate pulse does not overlap the pulse period of the
n-th-stage gate pulse.

[0037] Therefore, when the (n+i)-th-stage gate pulse is out-
put to the gate signal line in the (n+i)-th line, the time period
during which the n-th-stage gate pulse is output to the gate
signal line in the n-th line has expired. As a result, the plurality
of sub-pixels are in the state of not being connected to the
source signal lines. The reason for this is that the plurality of
sub-pixels are sub-pixels selected through the gate signal line
in the n-th line.

[0038] In this condition, the (n+i)-th-stage gate pulse is
output to the gate signal line in the (n+i)-th line. Accordingly,
the first switching element is turned on. Thus, the first control
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capacitor and the liquid crystal capacitor (for example, CLC_
Bn) of the specific sub-pixel are brought into connection.
Then, the charge accumulated in the liquid crystal capacitor
of the specific sub-pixel flows into the first control capacitor.
Thus, the charge is redistributed between the liquid crystal
capacitor and the first control capacitor. As a result, the effec-
tive voltage across the liquid crystal capacitor with respect to
the common signal line drops. The degree to which the effec-
tive voltage drops becomes larger as the first control capacitor
is larger than the liquid crystal capacitor.

[0039] In this way, the luminance of the specific sub-pixel
can be reduced in the second output mode. If the effective
voltage of the specific sub-pixel is lower than a threshold
voltage at which a change in an arrangement of liquid crystal
molecules starts and, for example, in a normally black mode,
it is possible to allow the specific sub-pixel to perform black
display.

[0040] In the second output mode according to the present
invention, therefore, it is possible to create a state where a line
in which specific sub-pixels are arranged in the horizontal
direction functions as a black stripe. That is, it is possible to
apply the liquid crystal display device to a stereo display
apparatus of the patterned retarder system described above.
The 3D display of this system can provide good 3D display
with reduced crosstalk even without using black stripes on a
patterned retarder described above.

[0041] Furthermore, since there is no need for black stripes
on a patterned retarder, a reduction in luminance caused by
the patterned retarder can also be avoided for 2D display.
Thus, it is possible to implement bright 2D display.

[0042] Inaddition, in the present invention, there is no need
to increase the number of source signal lines or increase the
number of output lines of a gate driver. This can provide
switching between 2D display and 3D display without
increasing the complexity of wiring or increasing cost.

[0043] To overcome the foregoing problem, a gate signal
line driving method according to the present invention
includes driving a gate signal line in an n-th line and a gate
signal line in an (n+i)-th line so that in a two-dimensional
image display mode, a pulse period of an n-th-stage gate pulse
to be output to the gate signal line in the n-th line and a pulse
period of an (n+i)-th-stage gate pulse to be output to the gate
signal line in the (n+i)-th line partially overlap, and so that in
a stereo image display mode, the pulse period of the n-th-
stage gate pulse and the pulse period of the (n+i)-th-stage gate
pulse do not overlap, the gate signal line in the n-th line being
disposed so thata plurality of sub-pixels included in one pixel
among a plurality of two-dimensionally arranged pixels are
simultaneously selected in an n-th horizontal scanning
period, the gate signal line in the (n+i)-th line being one of
gate signal lines in (n+1)-th and subsequent lines to which a
gate electrode of a first switching element is connected, the
first switching element and a first control capacitor being
connected in series between a pixel electrode of at least one
sub-pixel among the plurality of sub-pixels and a common
signal line, the gate signal line in the (n+i)-th line being a gate
signal line that starts to be selected in an (n+i)-th horizontal
scanning period.

[0044] Inthe method described above, the two-dimensional
image display mode corresponds to the first output mode
described in the liquid crystal display device, and the stereo
image display mode corresponds to the second output mode
described above.
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[0045] According to the gate signal line driving method,
due to the same principle as the liquid crystal display device,
itis possible to provide switching between 2D display and 3D
display without increasing the complexity of wiring, com-
pared to the liquid crystal display device of the related art
described above.

ADVANTAGEOUS EFFECTS OF INVENTION

[0046] As described above, a liquid crystal display device
according to the present invention includes a plurality of gate
signal lines, a plurality of source signal lines, pixels disposed
so as to correspond to intersections between the gate signal
lines and the source signal lines, a gate driver that selectively
outputs a gate pulse to the plurality of gate signal lines, and a
control circuit that controls a pulse period of the gate pulse,
wherein each of the pixels includes a plurality of sub-pixels
selected through a gate signal line in an n-th line, a first
control capacitor is connected between a pixel electrode of at
least one sub-pixel among the plurality of sub-pixels and a
common signal line through a first switching element whose
gate electrode is connected to one of gate signal lines in
(n+1)-th and subsequent lines, and the control circuit selec-
tively switches between a first output mode in which a pulse
period of a gate pulse to be output to the gate signal line in the
n-th line and a pulse period of a gate pulse to be output to the
one of the gate signal lines in the (n+1)-th and subsequent
lines partially overlap and a second output mode in which the
pulse periods do not overlap.

[0047] Therefore, in the first output mode, a partial overlap
between the pulse period of the n-th-stage gate pulse to be
output to the gate signal line in the n-th line and the pulse
period of the (n+i)-th-stage gate pulse to be output to one of
the gate signal lines in the (n+1)-th and subsequent lines can
provide bright 2D display, whereas, in the second output
mode, no overlap between the pulse period of the n-th-stage
gate pulse and the pulse period ofthe (n+i)-th-stage gate pulse
can provide 3D display with reduced crosstalk.

[0048] Consequently, it is possible to provide switching
between bright 2D display and 3D display with reduced
crosstalk without increasing the complexity of wiring.

BRIEF DESCRIPTION OF DRAWINGS

[0049] FIG. 1 is a circuit diagram illustrating a basic pixel
circuit of a liquid crystal display device according to the
present invention, and is a circuit diagram illustrating the
equivalent circuit of, for example, pixels of an R pixel among
sub-pixels illustrated in FIG. 6.

[0050] FIG. 2 is a waveform diagram illustrating, for each
of a 3D display mode and a 2D display mode, the waveforms
of an n-th-stage gate pulse to be output to the gate signal line
in the n-th line and an (n+1)-th-stage gate pulse to be output
to the gate signal line in the (n+1)-th line.

[0051] FIG. 3 is a plan view illustrating a schematic layout
of the pixel circuit illustrated in FIG. 1 on an active matrix
substrate.

[0052] FIG.4isatiming chart illustrating the waveforms of
gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode.
[0053] FIG.5is atiming chart illustrating the waveforms of
gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode.
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[0054] FIG. 6 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to Embodiment 1.

[0055] FIG. 7isacircuit diagram illustrating the equivalent
circuit of, forexample, an R pixel among the pixels illustrated
in FIG. 11 according to Embodiment 2.

[0056] FIG. 8 is a plan view illustrating a schematic layout
of the pixel circuit illustrated in FIG. 7 on an active matrix
substrate.

[0057] FIG. 9isatiming chartillustrating the waveforms of
gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode
according to Embodiment 2.

[0058] FIG. 10 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode
according to Embodiment 2.

[0059] FIG. 11 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to Embodiment 2.

[0060] FIG. 12 is a circuit diagram illustrating the equiva-
lent circuit of, for example, an R pixel among pixels illus-
trated in FIG. 16 according to Embodiment 3.

[0061] FIG. 13 isaplanview illustrating a schematic layout
of the pixel circuit illustrated in FIG. 12 on an active matrix
substrate.

[0062] FIG. 14 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode
according to Embodiment 3.

[0063] FIG. 15 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode
according to Embodiment 3.

[0064] FIG. 16 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to Embodiment 3.

[0065] FIG. 17 is a circuit diagram illustrating the equiva-
lent circuit of, for example, an R pixel in the pixels illustrated
in FIG. 16 according to Embodiment 4.

[0066] FIG. 18 is aplanview illustrating a schematic layout
of the pixel circuit illustrated in FIG. 17 on an active matrix
substrate.

[0067] FIG. 19 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode
according to Embodiment 4.

[0068] FIG. 20 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode
according to Embodiment 4.

[0069] FIG. 21 is a circuit diagram illustrating the equiva-
lent circuit of, for example, an R pixel among pixels illus-
trated in FIG. 25 according to Embodiment 5.

[0070] FIG.22isaplanview illustrating a schematic layout
of the pixel circuit illustrated in FIG. 21 on an active matrix
substrate.

[0071] FIG. 23 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode
according to Embodiment 5.
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[0072] FIG. 24 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode
according to Embodiment 5.

[0073] FIG. 25 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to Embodiment 3.

[0074] FIG. 26 is a cross-sectional view illustrating an
example configuration of a display apparatus including the
liquid crystal display device described above and capable of
3D display.

[0075] FIG. 27 is a block diagram illustrating an example
configuration of a liquid crystal display device according to
the present invention.

[0076] FIG. 28 is a block diagram illustrating an example
configuration of a gate driver.

[0077] FIG. 29 is atiming chart illustrating the operation of
the gate driver in the 2D display mode.

[0078] FIG. 30 is a timing chart illustrating the operation of
the gate driver in the 3D display mode.

[0079] FIG. 31 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode of
a pixel circuit illustrated in FIG. 32.

[0080] FIG. 32 is a circuit diagram illustrating a modifica-
tion example of the basic pixel circuit illustrated in FIG. 1.
[0081] FIG. 33 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode of
the pixel circuit illustrated in FIG. 32.

[0082] FIG. 34 is an exploded perspective view illustrating
the configuration of a liquid crystal display device of the
related art which includes a patterned retarder.

[0083] FIG. 35 is an explanatory diagram illustrating 3D
glasses used in a patterned retarder system.

[0084] FIG. 36 is a schematic partial cross-sectional view
illustrating the configuration of the liquid crystal display
device of the related art, taken along the vertical signal line
direction.

DESCRIPTION OF EMBODIMENTS

Embodiment 1

[0085] Embodiments of the present invention will be
described hereinafter with reference to FIGS. 1 to 6. Note that
the dimensions, materials, shapes, relative arrangements, and
so forth of the components described in the following
embodiments are not intended to limit the scope of this inven-
tion only to those unless otherwise specifically indicated, and
are merely examples for illustration.

[0086] Additionally, in the following description, a liquid
crystal display device may be of a Vertical Alignment type
(VA liquid crystal display device) that uses a liquid crystal
material with negative dielectric anisotropy, or may be a TN
(Twisted Nematic) or IPS (In-Plane Switching) liquid crystal
display device, and there is no particular limitation.

[0087] (Configuration of Pixels in Liquid Crystal Display
Device)
[0088] FIG. 6 is an explanatory diagram illustrating an

example configuration of pixels in a liquid crystal display
device according to this embodiment. The liquid crystal dis-
play device according to this embodiment is capable of full-
color display, and hence each pixel is provided with pixels
corresponding to the three primary colors, namely, red (R),
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green (G), and blue (B). Pixels of four primary colors,
namely, one of yellow (Ye), cyan (C), and magenta (M) in
addition to the three primary colors, five primary colors,
namely, two of them in addition, or six primary colors,
namely, all of them in addition, may be used. Alternatively,
white (W) may be added to the three primary colors, four
primary colors, five primary colors, or six primary colors
described above.

[0089] As illustrated in FIG. 6, an R pixel is divided into
two sub-pixels R1 and R2, and the sub-pixels R1 and R2 are
arranged in the direction in which source signal lines
described below extend. Similarly to the R pixel, a G pixel
and a B pixel are also each divided into two sub-pixels.

[0090] A row of sub-pixels including the sub-pixel R1
arranged in the direction in which gate signal lines described
below extend is called a first sub-pixel row. Similarly, a row of
sub-pixels including the sub-pixel R2 arranged in the direc-
tion in which the gate signal lines extend is called a second
sub-pixel row.

[0091] Inthe liquid crystal display device according to this
embodiment, in a 2D display mode (first output mode) in
which a two-dimensional image is displayed, all the sub-
pixels of R, G, and B, i.e., a total of six sub-pixels, are driven
in accordance with the gradation of the two-dimensional
image to be displayed. In a 3D display mode (second output
mode) in which a stereo image is displayed, in contrast, the
three sub-pixels in the first sub-pixel row are driven in accor-
dance with the gradation of the right-eye image (or left-eye
image) to be displayed, and the three sub-pixels in the second
sub-pixel row are driven so as to function as black stripes.

[0092]

[0093] FIG. 1 is a circuit diagram illustrating a basic pixel
circuit of a liquid crystal display device according to the
present invention, and is a circuit diagram illustrating the
equivalent circuit of, for example, the sub-pixels of the R
pixel among the sub-pixels illustrated in FIG. 6. Assuming
that a plurality of pixels are two-dimensionally arranged in a
matrix of N rows and M columns, as illustrated in FIG. 1, a
gate signal line Gn corresponding to the pixels in the n-th row,
or the n-th line, and a gate signal line Gn+1 corresponding to
the pixels in the (n+1)-th line extend in the horizontal direc-
tion. In addition, among a plurality of source signal lines, a
source signal line Sm for supplying a signal voltage to the
pixels in the m-th column extends to intersect the gate signal
lines Gn and Gn+1.

[0094] The position of the intersection between the gate
signal line Gn to which a gate pulse for selecting the pixels in
the n-th line is supplied and the source signal line Sm is
represented by (n, m) as in two-dimensional coordinates, and,
for example, it is assumed that the R pixel illustrated in FIG.
6 is located at the position (n, m). In this case, the R pixel is
provided to correspond to the intersection between the gate
signal line Gn and the source signal line Sm.

[0095] More specifically, if a liquid crystal capacitor
included in the sub-pixel R1 of the R pixel illustrated in FIG.
6 1s represented by a liquid crystal capacitor CLC_Anand a
liquid crystal capacitor included in the sub-pixel R2 is repre-
sented by a liquid crystal capacitor CLC_Bn, a pixel electrode
of the liquid crystal capacitor CLC_An is connected to the
source signal line Sm through a TFT 1 serving as a switching
element whose gate electrode is connected to the gate signal
line Gn. Similarly, a pixel electrode of the liquid crystal

(Configuration of Pixel Circuit)
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capacitor CLC_Bn is connected to the source signal line Sm
through a TFT 2 whose gate electrode is connected to the gate
signal line Gn.

[0096] Accordingly, the sub-pixels R1and R2 ofthe R pixel
are selected simultaneously by outputting a gate pulse from a
gate driver to the gate signal line Gn.

[0097] Furthermore, a control capacitor CDown (first con-
trol capacitor) is connected between the pixel electrode of, for
example, the sub-pixel R2 among the two sub-pixels R1 and
R2 and a common signal line COM whose potential is fixed,
through a TFT 3 (first switching element) whose gate elec-
trode is connected to the gate signal line Gn+1. Note that a
gate pulse for selecting the pixels in the (n+1)-th line is
supplied to the gate signal line Gn+1. The common signal line
COM may be the same as a holding capacitor line having the
same potential as a common electrode.

[0098] Inthis manner, for each pixel, the gate signal line Gn
connected to the TFTs 1 and 2 and the gate signal line Gn+1
connected to the control capacitor CDown are included in a
single pixel circuit. Hence, for example, also in the pixels in
the (n+1)-th line, the gate signal line Gn+1, which is con-
nected to two TFTs, and a gate signal line Gn+2 connected to
the control capacitor CDown are included in a single pixel
circuit.

[0099] Accordingly, every pixel may be provided with two
gate signal lines to which gate pulses of the same timing are
supplied. Alternatively, gate signal lines to which gate pulses
of the same timing are supplied may be designed with a single
line by, for example, wiring a gate electrode extending from
the gate signal line in the pixel or extending and wiring a drain
electrode connecting a TFT and a pixel electrode.

[0100] However, even though every pixel is provided with
two gate signal lines, their potentials are always the same, and
no need exists to increase the number of output lines of'a gate
driver. Therefore, the gate driver does not lead to an increase
in cost.

[0101] (Layout of Pixel Circuit)

[0102] FIG. 3 is a plan view illustrating a schematic layout
of the pixel circuit illustrated in FIG. 1 on an active matrix
substrate.

[0103] As illustrated in FIG. 3, a gate signal line Gn', the
gate signal line G, and the gate signal line Gn+1 are wired at
certain intervals in this order in the direction in which the
source signal line Sm extends. The direction from the gate
signal line Gn' to the gate signal line Gn+1 is equal to the
direction from the (n-1)-th line to the (n+1)-th line. The
source signal line Sm intersecting the gate signal lines G,
Gn, and Gn+1 is wired over the gate signal lines Gn', Gn, and
Gn+l.

[0104] As described above, gate pulses for selecting the
pixels in the n-th line are supplied simultaneously to the gate
signal lines Gn' and Gn. In this manner, a gate signal line to be
paired with the gate signal line Gn is represented by a gate
signal line Gn'.

[0105] A pixel electrode 10 of the liquid crystal capacitor
CLC_An is disposed between the gate signal line Gn' and the
gate signal line Gn. Further, a pixel electrode 11 of the liquid
crystal capacitor CLC_Bn is disposed between the gate signal
line Gn and the gate signal line Gn+1. Further, a pixel elec-
trode 13 of a liquid crystal capacitor CLC_An+1 is disposed
between the gate signal line Gn+1 and a gate signal line Gn+1"
(not illustrated).

[0106] The TFT 1 is disposed at the intersection between
the gate signal line Gn and the source signal line Sm, and an
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electrode 1 extending from a semiconductor layer 1a located
on the gate signal line Gn toward the pixel electrode 10 is
connected to the pixel electrode 10 through a through-hole 1¢.
[0107] Further, the TFT 2, which shares the semiconductor
layer 1a and an electrode 14 connected to the source signal
line Sm with the TFT 1, is located at the intersection between
the gate signal line Gn and the source signal line Sm. An
electrode 26 of the TFT 2 extends from the semiconductor
layer 1a toward the pixel electrode 11, and is connected to the
pixel electrode 11 through a through-hole 2¢.

[0108] Meanwhile, the TFT 3 is located on the gate signal
line Gn+1 to correspond to a position diagonal to the through-
hole 2¢ in the pixel electrode 11. Among an electrode 35 and
an electrode 3¢ which face on a semiconductor layer 3a onthe
gate signal line Gn+1, the electrode 3b extends from the
semiconductor layer 3a toward the pixel electrode 11, and is
connected to the pixel electrode 11 through a through-hole
3d.

[0109] Further, a holding capacitor line CSn+l whose
potential is the same as the common electrode is wired in
parallel to the gate signal line Gn+1 in a layer below the pixel
electrode 13 and the source signal line Sm. The electrode 3¢
extends onto an electrode 4a extending from the holding
capacitor line CSn+1 toward the gate signal line Gn+1, and a
portion 4b facing the electrode 44 has a large area. The elec-
trode 4a and the portion 44 form the control capacitor
CDown.

[0110] The configuration of a pixel having the layout
described above is repeated for all the pixels.

[0111] (Gate Pulse)

[0112] FIG. 2 is a waveform diagram illustrating, for each
of the 3D display mode and the 2D display mode, the wave-
forms of an n-th-stage gate pulse to be output to the gate
signal line in the n-th line and an (n+1)-th-stage gate pulse to
be output to the gate signal line in the (n+1)-th line.

[0113] As illustrated in FIG. 2, first, in the 3D display
mode, the n-th-stage gate pulse to be output to the gate signal
line Gn and the (n+1)-th-stage gate pulse to be output to the
gate signal line Gn+1 are set so that their pulse periods do not
overlap. For example, the pulse period of each of the n-th-
stage gate pulse and the (n+1)-th-stage gate pulse is equal to
one horizontal scanning period, or 1H, and the (n+1 )-th-stage
gate pulse rises synchronously with the falling edge of the
n-th-stage gate pulse.

[0114] Inthe 2D display mode, in contrast, the pulse period
of the (n+1)-th-stage gate pulse partially overlaps the pulse
period of the n-th-stage gate pulse. For example, the pulse
period of each of the n-th-stage gate pulse and the (n+1)-th-
stage gate pulse is equal to two times the horizontal scanning
period H, or 2H, and the overlapping period of the n-th-stage
gate pulse and the (n+1)-th-stage gate pulse lasts for 1H.
[0115] In this manner, it is preferable that the n-th-stage
gate pulse and the (n+1)-th-stage gate pulse have the same
output timing in the 2D display mode and the 3D display
mode. In this case, it is possible to switch display modes only
by changing the pulse width, such as increasing the pulse
widths of the n-th-stage gate pulse and the (n+1)-th-stage gate
pulse in the 2D display mode and reducing the pulse widths of
the n-th-stage gate pulse and the (n+1)-th-stage gate pulse in
the 3D display mode.

[0116] In theory, the pulse period of a one-stage gate pulse
is not limited to 2H, described above, and may be 3H, 4H, or
larger. Furthermore, the overlapping period is not limited to
1H, and may be designed to be 0.5H or 0.25H since it depends
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on the value of capacitance of the control capacitor CDown
and the amount of current allowed by the TFT 3 to flow.
[0117] The pulse periods of the n-th-stage gate pulse and
the (n+1)-th-stage gate pulse in the 2D display mode and the
3D display mode described above are common to all the
embodiments.

[0118] (Driving Example in 2D Display Mode)

[0119] FIG.41isatiming chartillustrating the waveforms of
gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode.
[0120] The sub-pixel R2 having a configuration in which
the control capacitor CDown is connected between the pixel
electrode and the common signal line COM through the TFT
3 is hereinafter called a specific sub-pixel R2, whereas the
sub-pixel other than the specific sub-pixel R2, that is, the
sub-pixel R1, is hereinafter called a normal sub-pixel R1.
[0121] Inthe following description of operation, the effect
of the pull-in phenomenon (also called a field through phe-
nomenon) caused by parasitic capacitance of a TFT immedi-
ately after the state of the TFT is switched from an on state to
an off state, on the effective voltage across a liquid crystal
capacitor is not considered because it does not relate to the
essence of the present invention.

[0122] As illustrated in FIG. 4, in the 2D display mode,
when an n-th-stage gate pulse is output to the gate signal line
Gn, the normal sub-pixel R1 and the specific sub-pixel R2 are
simultaneously selected. Accordingly, the same signal volt-
age is written to the liquid crystal capacitors CLC_An and
CLC_Bn of the normal sub-pixel R1 and the specific sub-
pixel R2 through the source signal line Sm.

[0123] Then, when an (n+1)-th-stage gate pulse is output to
the gate signal line Gn+1, since the pulse period of the (n+1)-
th-stage gate pulse partially overlaps the pulse period of the
n-th-stage gate pulse, the TFT 3 is turned on in a time period
during which the normal sub-pixel R1 and the specific sub-
pixel R2 are selected. As a result, the signal voltage described
above is written to the control capacitor CDown connected to
the pixel electrode of the specific sub-pixel R2 through the
TFT 3. Inthis condition, the effective voltage across the liquid
crystal capacitor CLC_Bn of the specific sub-pixel R2 does
not change and is kept at the same value (V0).

[0124] In the 2D display mode, therefore, as illustrated in
FIG. 6, the normal sub-pixel R1 and the specific sub-pixel R2
exhibit the same luminance corresponding to the signal volt-
age described above. In this case, there is no problem in
applying the configuration according to this embodiment to a
VA mode or TN mode liquid crystal display device, although
the multi-pixel-based effect of improvements in viewing
angle is not ascertainable. In contrast, the configuration
according to this embodiment is more preferably applicable
to an IPS mode or Blue Phase mode liquid crystal display
device, which does not require a multi-pixel structure, or to a
mobile liquid crystal display device which does not indicate
serious problems in viewing angle characteristics.

[0125] (Driving Example in 3D Display Mode)

[0126] Meanwhile, as illustrated in FIG. 5, in the 3D dis-
play mode, similarly to the 2D display mode, first, the normal
sub-pixel R1 and the specific sub-pixel R2 are simultaneously
selected by the n-th-stage gate pulse. However, the pulse
period of the (n+1)-th-stage gate pulse does not overlap the
pulse period of the n-th-stage gate pulse.

[0127] Thus, the time period during which the n-th-stage
gate pulse is output to the gate signal line Gn has expired
when the (n+1)-th-stage gate pulse is output to the gate signal
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line Gn+1. As a result, when the (n+1)-th-stage gate pulse is
output to the gate signal line Gn+1, the normal sub-pixel R1
and the specific sub-pixel R2 are in the state of not being
connected to the source signal line Sm.

[0128] In this condition, the (n+1)-th-stage gate pulse is
output to the gate signal line Gn+1. Then, the TFT 3 is turned
on, bringing the control capacitor CDown and the liquid
crystal capacitor CLC_Bn into connection with each other.
Thus, as illustrated in FIG. 5, the effective voltage across the
liquid crystal capacitor CLC_An with respect to the common
signal line COM does not change and is kept at the effective
voltage V0, whereas, the effective voltage across the liquid
crystal capacitor CLC_Bn with respect to the common signal
line COM drops from the effective voltage V0 to the effective
voltage V1. The reason for this is that the charge accumulated
in the liquid crystal capacitor CLC_Bn flows into the control
capacitor CDown, causing the charge to be redistributed
between the liquid crystal capacitor CLC_Bn and the control
capacitor CDown.

[0129] The effective voltage V1 and the effective voltage
V0 have a relationship represented by the formula given
below if the charge accumulated in CDown before the redis-
tribution of the charge is 0.

V1=V0xCLC_Bn/(CLC_Bn+CDown)

That is, the larger the value of CDown, the smaller the effec-
tive voltage V1.

[0130] Inthisway,asillustrated in FIG. 6, in the 3D display
mode, it is possible to reduce the luminance of the specific
sub-pixel R2 while writing the same signal voltage to the
normal sub-pixel R1 and the specific sub-pixel R2. Further, in
acase where the following conditions (1) and (2) are satisfied,
it is possible to allow the specific sub-pixel R2 to perform
black display.

Condition (1): Set the value of CDown so that the effective
voltage of the specific sub-pixel R2 is lower than a threshold
voltage at which a change in the alignment of liquid crystal
molecules starts, even if a maximum signal voltage is applied.
Condition (2): The operation mode of the liquid crystal dis-
play device is a normally black mode.

[0131] Ifthe value of CDown is one to two times the value
of CLC_Bn, making the specific sub-pixel R2 dark can sub-
stantially be achieved.

[0132] In the 3D display mode, therefore, it is possible to
create the state that allows the second sub-pixel row in which
the specific sub-pixel R2 is arranged in the horizontal direc-
tion to function as a black stripe. That is, it is possible to apply
the liquid crystal display device described above to a stereo
display apparatus of the patterned retarder system described
above. Since 3D display in this system does not require the
black stripes of the patterned retarder described above, bright
3D display can be provided.

[0133] Moreover, since the black stripes of the patterned
retarder are not required, a reduction in brightness caused by
the patterned retarder is also avoidable for 2D display. Thus,
bright 2D display can be performed.

[0134] Inaddition, in the present invention, since there is no
need to increase the number of source signal lines, it is pos-
sible to perform switching between 2D display and 3D dis-
play without any increase in the complexity of wiring.
[0135] In terms of the effect of reduced crosstalk in 3D
display, itis possible to achieve this effect if it is only required
to reduce the luminance of the second sub-pixel row. For
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example, the value of CDown is set to be greater than or equal
to that of CLC_Bn, thereby achieving a more preferable
effect.

[0136] The effect achieved by the setting of the values of
CDown and CLC_Bn, as described here, applies to all the
other embodiments described below.

[0137]

[0138] Meanwhile, the source signal to be supplied to the
source signal line Sm may be a source signal whose polarity
is inverted frame by frame. In this case, the drop of the
effective voltage across the liquid crystal capacitor CLC_Bn
can be made larger than that in the case where the polarity of
the source signal is not inverted frame by frame. The reason
for this will be described hereinafter.

[0139] For example, it is assumed that an (n+1)-th-stage
gate pulse is output to the gate signal line Gn+1, and the plus
charge accumulated in the liquid crystal capacitor CLC_Bn is
redistributed between the liquid crystal capacitor CLC_Bn
and the control capacitor CDown.

[0140] In this case, in the control capacitor CDown, minus
charge has already been redistributed between the liquid crys-
tal capacitor CLC_Bn and the control capacitor CDown in the
frame preceding the current frame. Hence, in the current
frame, the plus charge accumulated in the liquid crystal
capacitor CLC_Bn cancels the minus charge already accu-
mulated in the control capacitor CDown, and is further redis-
tributed. As a result, the drop of the effective voltage across
the liquid crystal capacitor CLC_Bn can be made larger,
resulting in the luminance of the specific sub-pixel R2 being
more reduced.

[0141] The effect of polarity inversion of a source signal

describe above applies to all the other embodiments described
below.

(Polarity Inversion of Source Signal)

[0142] (Example Configuration of Liquid Crystal Display
Device)
[0143] FIG. 27 is a block diagram illustrating an example

configuration of a liquid crystal display device according to
the present invention. As illustrated in F1G. 27, aliquid crystal
display device 30 is an active-matrix display device, and
includes a display unit 31, a gate driver 32, a source driver 33,
an external driving circuit 34 (control circuit), and a common
driver 35.

[0144] On thedisplay unit 31, pixel circuits each illustrated
in FIG. 1 and the like are arranged in a matrix of N rows and
M columns.

[0145] As described with reference to FIG. 2 and the like, in
the 3D display mode, the gate driver 32 outputs an n-th-stage
gate pulse and an (n+1)-th-stage gate pulse or an (n+i)-th-
stage (i is an integer greater than or equal to 2) gate pulse
described below, whose pulse periods do not overlap,
whereas, in the 2D display mode, the gate driver 32 outputs an
n-th-stage gate pulse and an (n+1)-th-stage gate pulse ((n+i)-
th-stage), whose pulse periods partially overlap. The detailed
configuration of the gate driver 31 that outputs the gate pulses
described above will be described in detail below.

[0146] The source driver 33 supplies a signal potential
whose polarity is inverted, for example, every frame to the
source bus line Sm on the basis of a digital image signal DA.
The source driver 33 is capable of also supplying signal
potentials of opposite polarities to two adjacent source bus
lines Sm and Sm+1 during the same frame period, if neces-

sary.
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[0147] The external driving circuit 34 generates various
control signals, and controls the output of the gate driver 32,
the source driver 33, and the common driver 35.

[0148] More specifically, the external driving circuit 34
receives, from an external signal source, a digital video signal
Dv indicating an image to be displayed, a horizontal synchro-
nization signal HSY and a vertical synchronization signal
VSY corresponding to the digital video signal Dv, and a
control signal Dc for controlling a display operation.

[0149] Further, the external driving circuit 34 supplies the
digital image signal DA indicating an image to be displayed
and the various signals described above to the source driver
33 on the basis of the received signals Dv, HSY, VSY. and Dc.
The various signals described above are signals for displaying
the image indicated by the digital video signal Dv on the
display unit 31, and include, for example, a data start pulse
signal SSP, a data clock signal SCK, a polarity inversion
signal, and so forth.

[0150] Further, the external driving circuit 34 generates a
gate clock signal Gelk, a gate start pulse signal Gstr, a gate
enable signal Genb, and so forth described below, and sup-
plies them to the gate driver 32. Particularly, the external
driving circuit 34 modifies, by way of example, the gate
enable signal Genb or modifies, by way of another example,
the gate start pulse signal Gstr to selectively switch between
the 2D display mode (first output mode) and the 3D display
mode (second output mode), and serves as a control circuit
that controls the pulse period of a gate pulse in accordance
with each display mode.

[0151] The common driver 35 generates the previously
described common potential Vcom in accordance with the
control of the external driving circuit 34, and outputs the
common potential Vecom to the common signal line COM.
[0152] (Example Configuration of Gate Driver)

[0153] Next, an example configuration of a gate driver
applicable to all the embodiments of the present invention
will be described. FIG. 28 is a block diagram illustrating an
example configuration of the gate driver 32.

[0154] The gate driver 32 includes a shift register dedicated
to the odd-numbered lines and a shift register dedicated to the
even-numbered lines. The shift register dedicated to the odd-
numbered lines outputs a gate pulse to the gate signal lines
(G1, G3,etc.) in the odd-numbered lines, and the shift register
dedicated to the even-numbered lines outputs a gate pulse to
the gate signal lines (G2, G4, etc.) in the even-numbered lines.
[0155] The shift register dedicated to the odd-numbered
lines includes unit circuits (41, 43, etc.) corresponding to the
respective odd-numbered lines, and the shift register dedi-
cated to the even-numbered lines includes unit circuits (42,
44, etc.) corresponding to the respective even-numbered
lines. Since the shift register dedicated to the odd-numbered
lines and the shift register dedicated to the even-numbered
lines have the same configuration, a description will be given
hereinafter of the shift register dedicated to the odd-num-
bered lines.

[0156] Forexample, the unitcircuit 41 corresponding to the
gate signal line G1 generates a gate pulse in response to an
input thereto of an odd-numbered clock signal Gelk_odd (see
FIG. 28) serving as the gate clock signal Gelk and an odd-
numbered start pulse signal Gstr_odd (see FIG. 28) serving as
the gate start pulse signal Gstr.

[0157] The gate pulse output from the unit circuit 41 is
output through a switching element 45 whose gate opening
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and closing is controlled by an odd-numbered enable signal
Genb_odd serving as the gate enable signal Genb.

[0158] The configuration of all the unit circuits forming the
shift register dedicated to the odd-numbered lines is basically
the same as the configuration of the unit circuit 41. In the unit
circuit 41 at the initial stage, however, the generation of a gate
pulse is set by the H period of the odd-numbered start pulse
signal Gstr_odd, and is reset at the timing when the unit
circuit 43 in the subsequent stage outputs a gate pulse. In
contrast, in each of the unit circuit 43 in the subsequent stage
and the following unit circuits, the generation of a gate pulse
is set by the H period of the output of the unit circuit in the
preceding stage, and is reset at the timing when the unit circuit
in the subsequent stage outputs a gate pulse.

[0159] (Operation of Gate Driver to 2D Display Mode)

[0160] FIG. 29 is atiming chart illustrating the operation of
the gate driver 32 in the 2D display mode, and FIG. 30 is a
timing chart illustrating the operation of the gate driver 32 in
the 3D display mode.

[0161] First, a gate pulse output to the gate signal line G1 in
the 2D display mode will be described. As illustrated in FIG.
29, when the odd-numbered start pulse signal Gstr_odd rises
from a low level (L) to a high level (H) at time t1, a gate pulse
that rises from L to H synchronously with the rising edge of
the odd-numbered clock signal Gelk_odd that changes from
L to H at time t2 within a time period during which the
odd-numbered start pulse signal Gstr_odd is H is generated.
The high level of the gate pulse is maintained until a gate
pulse output from the unit circuit 43 in the subsequent stage
rises.

[0162] Inthe case of the 2D display mode, as illustrated in
FIG. 29, since the odd-numbered enable signal Genb_odd is
always controlled to be H, all the switching elements 45 are
always in an on state. Therefore, the gate pulse output from
the unit circuit 43 is output to the gate signal line G1 through
the corresponding one of the switching elements 45. In the
following description, the gate pulse output to the gate signal
line Gn is expressed as gate pulse (Gn).

[0163] Note that the gate pulse (G3) output from the unit
circuit 43 in the subsequent stage rises at the same time as the
subsequent rising edge (time t5) of the odd-numbered clock
signal Gelk_odd.

[0164] Next, the gate pulse (G3) will be described. The unit
circuit 43 is set by an H period during which the output of the
unit circuit 41 changes from L to H. The gate pulse (G3),
which rises from L to H synchronously with the rising edge of
the odd-numbered clock signal Gelk_odd at time t5 within the
H period and for which the H period is maintained until a gate
pulse output from the unit circuit in the subsequent stage
rises, is output to the gate signal line G3 through the corre-
sponding one of the switching elements 45.

[0165] Subsequently, a gate pulse output to the gate signal
lines G2 and G4 corresponding to the gate signal lines Gn+1
in the even-numbered lines with respect to the gate signal
lines Gn in the odd-numbered lines will be described.

[0166] An even-numbered start pulse signal Gstr_even
input to unit circuits 42 and 44 included in the shift register
dedicated to the even-numbered lines rises with a delay with
respect to the odd-numbered start pulse signal Gstr_odd.
Further, the even-numbered clock signal Gelk_even is input
to the unit circuits 42 and 44 with a delay of half the clock
cycle with respect to the odd-numbered clock signal Gelk_
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odd. Hence, the polarity of the even-numbered clock signal
Gelk_even is opposite to the polarity of the odd-numbered
clock signal Gelk_odd.

[0167] When the even-numbered start pulse signal Gstr_
even rises from [ to H at time t3 (>time t1), a gate pulse (G2)
that rises from L to H synchronously with the rising edge of
the even-numbered clock signal Gelk_even that changes from
L to H at time t4 within a time period during which the
even-numbered start pulse signal Gstr_even is His generated.
Thehigh level of the gate pulse (G2) is maintained until a gate
pulse (G4) output from the unit circuit 44 in the subsequent
stage rises.

[0168] In the case of the 2D display mode, since the even-
numbered enable signal Genb_even is always controlled to be
H, all switching elements 46 are always in an on state. There-
fore, the gate pulse (G2) is output to the gate signal line G2
through the corresponding one of the switching elements 46.
[0169] Inthis way, in the 2D display mode, the pulse peri-
ods of gate pulses are controlled so that the gate pulse (G2)
rises in the H period of the gate pulse (G1) and furthermore
the gate pulse (G1) falls in the H period of the gate pulse (G2).
Thus, the pulse period of the gate pulse (G1) and the pulse
period of the gate pulse (G2) partially overlap. In the example
in FIG. 29, the overlapping period of the pulse periods is from
t5to 4.

[0170] (Operation of Gate Driver to 3D Display Mode)

[0171] Incontrast, in the 3D display mode, as illustrated in
FIG. 30, the generation timings of the odd-numbered start
pulse signal Gstr_odd, the odd-numbered clock signal Gelk_
o0dd, the even-numbered start pulse signal Gstr_even, and the
even-numbered clock signal Gelk_even are completely the
same as those in the case of the 2D display mode. That is,
switching between the 2D display mode and the 3D display
mode is made using a simple control method of changing only
the odd-numbered enable signal Genb_odd and the even-
numbered enable signal Genb_even.

[0172] More specifically, as illustrated in FIG. 30, the odd-
numbered enable signal Genb_odd rises with a delay of half
the clock cycle (time t4) with respect to the first rising edge of
the odd-numbered clock signal Gelk_odd (time 2), and, after
that, the inversion between L and H is repeated at the same

intervals as those of the odd-numbered clock signal Gelk_
odd.

[0173] Similarly, the even-numbered enable signal Genb_
even rises with a delay of half the clock cycle (time t5) with
respect to the first rising edge (time t4) of the even-numbered
clock signal Gelk_even, and, after that, the inversion between
L and H is repeated at the same intervals as those of the
even-numbered clock signal Gelk_even.

[0174] Accordingly, the switching elements 45 and 46 are
turned off in the first half of the H period of each of the gate
pulses output in the 2D display mode. Thus, a 3D display
mode gate pulse whose H period is in the second half of the H
period of each of the gate pulses output in the 2D display
mode is generated.

[0175] Inthe timing chartsillustrated in FIGS. 29 and 30, in
a period during which the H period of the gate pulse (G1) and
the H period of the gate pulse (G2) overlap in the 2D display
mode, the timings of the respective start pulse signals, the
respective clock signals, and the respective enable signals are
controlled in the 3D display mode, and the pulse periods of
the respective gate pulses are controlled accordingly. That is,
the timings described above are controlled so that no overlap
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occurs between the H period of the gate pulse (G1) and the H
period of the gate pulse (G2) by making the gate pulse (G2)
become L.

Modification Example of Embodiment 1

[0176] FIG. 32 is a circuit diagram illustrating a modifica-
tion example of the basic pixel circuit illustrated in FIG. 1.
Only the difference between the circuit diagram in FIG. 32
and that in FIG. 1 is that a control capacitor CDown (first
control capacitor) is connected between the pixel electrode
of, for example, the sub-pixel R2 among the two sub-pixels
R1 and R2 and a common signal line COM through a TFT 3
(first switching element) whose gate electrode is connected to
the gate signal line Gn+2. Note that a gate pulse for selecting
the pixels in the (n+2)-th line is supplied to the gate signal line
Gn+2.

[0177] In a driving method according to this modification
example, the gate signal line Gn+2 in the (n+2)-th line is not
restrictively used, and the gate signal line Gn+i in the (n+1)-th
line (i is an integer greater than or equal to 2) may be used.
[0178] In accordance with the modification of the configu-
ration of the pixel circuit from the configuration illustrated in
FIG. 1 to the configuration illustrated in FIG. 32, the wave-
forms of the gate pulses are also modified.

[0179] FIG. 31 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode of
the pixel circuit illustrated in FIG. 32. FIG. 33 is a timing
chart illustrating the waveforms of gate pulses, signal volt-
ages, and voltages applied to the respective liquid crystal
capacitors in the 3D display mode of the pixel circuit illus-
trated in F1G. 32.

[0180] Inthe 2D display mode, as illustrated in FIG. 31, the
pulse period of the gate pulse (Gn) is controlled so that the
gate pulse (Gn) includes a plurality of periodic pulses, for
example, two (or three or four) pulses for one frame period.
The two pulses are at a high level in one horizontal scanning
period (1H), and an interval of 1H exists therebetween. Each
ofthe gate pulses output to the gate signal lines in the (n+1)-th
and subsequent lines is output with a delay of 1H with respect
to a gate pulse for the immediately preceding line.

[0181] Inorderto develop the gate pulses described above,
in the timing chart in FIG. 29, each of the odd-numbered start
pulse signal Gstr_odd and the even-numbered start pulse
signal Gstr_even may include two pulses having the timings
given below, and each of the frequencies of the odd-numbered
clock signal Gelk_odd and the even-numbered clock signal
Gelk_even may be increased twice that in FIG. 29. As timings
of the two pulses, for example, the rising edge of the second
pulse of the odd-numbered start pulse signal Gstr_odd is
synchronized with the falling edge of the first pulse of the
even-numbered start pulse signal Gstr_even.

[0182] Accordingly, the mode switching elements 45 and
46, the odd-numbered enable signal Genb_odd, and the even-
numbered enable signal Genb_even can be omitted regardless
of the 2D or 3D display mode. Therefore, the configuration
and operation of the gate driver 32 and the external driving
circuit 34 can further be simplified.

[0183] That is, a general-purpose gate driver including nor-
mal shift registers can be used as the gate driver 32. Therefore,
it is possible to avoid an increase in circuit size and an
increase in cost, which may be caused by the modification of
the configuration of the gate driver.
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[0184] The change in the effective voltage across the liquid
crystal capacitors CLC_An and CLC_Bn and the normal
sub-pixel R1 and the specific sub-pixel R2 is not different
from that in the timing chart illustrated in FIG. 4. The reason
for this is that in the 2D display mode, instead of partial
overlapping of the pulse periods of the gate pulse (Gn) and the
gate pulse (Gn+1) in FIG. 4,in FIG. 31, the pulse period of the
second pulse of the gate pulse (Gn) and the pulse period ofthe
first pulse of the gate pulse (Gn+2) are made to overlap.
[0185] In a case where each gate pulse includes three or
more pulses, there may be an overlapping period between the
pulse period of any of the second and subsequent pulses of the
gate pulse (Gn) and the pulse period of any of the first and
subsequent pulses of the gate pulse (Gn+2).

[0186] That is, a signal voltage is written from the source
signal line Sm to the liquid crystal capacitors CLC_An and
CLC_Bn during the pulse period of the first pulse of the gate
pulse (Gn). At this time, the gate pulse (Gn+2) has been at a
low level. Thus, the TFT 3 is turned off, resulting in no charge
being distributed to the control capacitor CDown.

[0187] Further, a signal voltage is sufficiently written from
the source signal line Sm to the liquid crystal capacitors
CLC_An and CL.C_Bn in the pulse periods of the second and
subsequent pulses of the gate pulse (Gn). At this time, the
pulse periods overlap the pulse periods of the first and sub-
sequent pulses of the gate pulse (Gn+2). Thus, the TFT 3 is
turned on, resulting in the signal voltage being also written to
the control capacitor CDown. In this condition, the effective
voltage across the liquid crystal capacitor CLC_Bn of the
specific sub-pixel R2 does not change and is kept at the same
value (V0).

[0188] In contrast, as illustrated in FIG. 33, in the 3D dis-
play mode, gate pulses each having one pulse are sequentially
output to the gate signal lines in the respective lines at times
shifted by 1H.

[0189] As aresult of the gate pulse (Gn) being at a low level
in the pulse period of the gate pulse (Gn+2), the charge
written to the liquid crystal capacitor CLC_Bn is redistrib-
uted between the liquid crystal capacitor CLC_Bn and the
control capacitor CDown in the pulse period of the gate pulse
(Gn+2). As a result, the effective voltage across the liquid
crystal capacitor CLC_Bn is kept at V0 until the gate pulse
(Gn+2) rises, and drops to V1 after the gate pulse (Gn+2)
rises.

[0190] Accordingly, for example, in the normally black
mode, it is possible to allow the specific sub-pixel R2 to
perform black display, and to create the state where the sec-
ond sub-pixel row in which the specific sub-pixel R2 is
arranged in the horizontal direction functions as a black
stripe.

[0191] The gate pulses illustrated in FIGS. 31 and 33 are
applicable not only to Embodiment 1 but to all the embodi-
ments described below as well.

Embodiment 2

[0192] Another embodiment of the present invention will
be described hereinafter with reference to FIGS. 7 to 11. For
convenience of illustration, the same components as those in
the foregoing embodiment are assigned the same numerals,
and a detailed description thereof is omitted.

[0193] (Overview of Difference from Embodiment 1)
[0194] FIG. 11 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to this embodiment. A liquid crystal display
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device described in Embodiment 2 and the following embodi-
ments has a configuration in which the configuration accord-
ing to Embodiment 1 and a multi-pixel structure (MPD struc-
ture: Multi Pixel Drive structure), which is suitable for use in
aVA mode or TN mode liquid crystal display device, are used
in combination.

[0195] More specifically, for example, as indicated by sub-
pixels R1to R3in FIG. 11, the number of sub-pixels per pixel
is greater than or equal to three, and the number of normal
sub-pixels (for example, R1 and R2) other than a specific
sub-pixel (for example, R3) functioning as a black stripe is
greater than or equal to two. Additionally, a pixel circuit
provided for each of a plurality of sub-pixels has a configu-
ration in which a potential difference is generated between the
normal sub-pixels at least in the 3D display mode so that the
normal sub-pixels are divided into a relatively-high-lumi-
nance sub-pixel and a low-luminance sub-pixel in response to
the writing of a source signal.

[0196] Accordingly, as illustrated in FIG. 11, at least in the
3D display mode, for example, after the sub-pixels R1 to R3
are simultaneously selected, a potential difference is gener-
ated between the sub-pixels R1 and R2. That is, the normal
sub-pixel R1 exhibiting a relatively high light transmittance
and the normal sub-pixel R2 exhibiting a relatively low light
transmittance are generated in response to the writing of the
same signal voltage. In other words, the degree of inclination
(alignment) of the liquid crystal molecules differs between
the normal sub-pixels in response to the writing of the same
signal voltage.

[0197] As aresult, a wide viewing angle can be realized in
the 3D display mode. The reason for this is that the view-
angle dependence of the y characteristics of a liquid crystal
display device (the difference between the y characteristics
obtained when observed from front and the vy characteristics
obtained when observed obliquely) can be improved by diver-
sifying the degree of inclination of liquid crystal molecules in
each pixel.

[0198]

[0199] FIG.7isacircuit diagram illustrating the equivalent
circuit of, for example, the R pixel among the pixels illus-
tratedin FIG. 11. FIG. 8 is a plan view illustrating a schematic
layout of the pixel circuit illustrated in FIG. 7 on an active
matrix substrate.

[0200] First, a description will be given of a case where the
number of gate signal lines to which gate pulses are simulta-
neously supplied in the pixels in the n-th line is three with
reference to FIG. 8. One of the three gate signal lines is a gate
signal line Gn for selecting the normal sub-pixels R1 and R2.
Another of the three gate signal lines is a gate signal line Gn'
for selecting the specific sub-pixel R3 simultaneously with
the selection of the normal sub-pixels R1and R2. The other of
the three gate signal lines is a gate signal line Gn" for turning
on the TFTs connected to the control capacitors in the specific
sub-pixels in the pixels in the (n-1)-th line.

[0201] As described previously, preferably, the single gate
signal line Gn for selecting the pixels in the n-th line branches
in the pixels into the gate signal line Gn' and the gate signal
line Gn".

[0202] The gate signal line Gn" is included in the compo-
nents of the pixel circuits in the (n—1)-th line. As illustrated in
FIG. 8, a gate signal line Gn+1 having functions equivalent to
those of the gate signal line Gn" is provided as a component
of the pixel circuit in the n-th line.

(Configuration of Pixel Circuit)
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[0203] The liquid crystal capacitor included in the normal
sub-pixel R1 illustrated in FIG. 11 is represented by a liquid
crystal capacitor CLC_An, the liquid crystal capacitor
included in the normal sub-pixel R2 is represented by a liquid
crystal capacitor CLC_Cn, and the liquid crystal capacitor
included in the specific sub-pixel R3 is represented by a liquid
crystal capacitor CLC_Bn. A pixel electrode of the liquid
crystal capacitor CLC_An is connected to the source signal
line Sm through a TFT 1 whose gate electrode is connected to
the gate signal line Gn. Similarly, a pixel electrode of the
liquid crystal capacitor CLC_Cn is connected to the source
signal line Sm through a TFT 2 whose gate electrode is
connected to the gate signal line Gn. Further, a pixel electrode
of the liquid crystal capacitor CLC_Bn is connected to the
source signal line Sm through a TFT 4 whose gate electrode
is connected to the gate signal line Gn'.

[0204] Accordingly, the normal sub-pixels R1 and R2 and
the specific sub-pixel R3 are simultaneously selected by out-
putting an n-th-stage gate pulse to the gate signal lines Gn and
Gn',

[0205] Additionally, a control capacitor CDown is con-
nected between a pixel electrode of the specific sub-pixel R3
and the common signal line COM through a TFT 3 whose
gate electrode is connected to the gate signal line Gn+1. The
common signal line COM may be the same as a holding
capacitor line having the same potential as a common elec-
trode.

[0206] Incidentally, the normal sub-pixel R1 includes a
holding capacitor line CS_An (first holding capacitor line)
for, along with the pixel electrode of the liquid crystal capaci-
tor CLC_An, forming a holding capacitor C1, and the normal
sub-pixel R2 includes a holding capacitor line CS_Cn (sec-
ond holding capacitor line) for, along with the pixel electrode
of the liquid crystal capacitor CLC_Cn, forming a holding
capacitor C2, as a configuration for generating a potential
difference between the normal sub-pixels R1 and R2 in
response to the writing of a source signal.

[0207] In the 2D display mode and the 3D display mode,
holding capacitor control signals of opposite phases are
applied to the holding capacitor line CS_An and the holding
capacitor line CS_Cn so that a potential difference (lumi-
nance difference) is generated between the normal sub-pixel
R1 and the normal sub-pixel R2.

[0208] (Layout of Pixel Circuit)

[0209] A supplementary discussion will be given of the
layout illustrated in FIG. 8. The gate signal line Gn", the gate
signal line Gn, the gate signal line Gn', and the gate signal line
Gn+1 are wired at certain intervals in this order in the direc-
tion in which the source signal line Sm extends. The direction
from the gate signal line Gn" to the gate signal line Gn+1 is
equal to the direction from the (n-1)-th line to the (n+1)-th
line.

[0210] A pixel electrode 20 of the liquid crystal capacitor
CLC_An is disposed between the gate signal line Gn" and the
gate signal line Gn, a pixel electrode 21 of the liquid crystal
capacitor CLC_Cn is disposed between the gate signal line
Gn and the gate signal line Gn', and a pixel electrode 22 of the
liquid crystal capacitor CLC_Bn s disposed between the gate
signal line Gn' and the gate signal line Gn+1.

[0211] The holding capacitor line CS_An is wired in par-
allel to the gate signal line Gn in a layer below the pixel
electrode 20 and the source signal line Sm, and the holding
capacitor line CS_Cnis wired in parallel to the gate signal line
Gn in a layer below the pixel electrode 21 and the source
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signal line Sm. Further, a holding capacitor line CS_Bn
whose potential is kept at the same level as that of the com-
mon electrode is wired in parallel to the gate signal line Gn+1
in a layer below the pixel electrode 22 and the source signal
line Sm.

[0212] The layout of the TFTs 1, 2, and 4 is similar to the
layout of the TFTs 1 and 2 described with reference to FIG. 3,
and the layout of the TFT 3 is similar to the layout of the TFT
3 described with reference to FIG. 3, which will not be
described.

[0213] (Driving Example in 2D Display Mode)

[0214] FIG.9is atiming chart illustrating the waveforms of
gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode.
[0215] As illustrated in FIG. 9, in the 2D display mode,
when an n-th-stage gate pulse is output to the gate signal lines
Gn and Gn', the normal sub-pixels R1 and R2 and the specific
sub-pixel R3 are simultaneously selected. Accordingly, the
same signal voltage is written to the liquid crystal capacitors
CLC_An and the CLC_Cn of the normal sub-pixels R1 and
R2 and to the liquid crystal capacitor CLC_Bn of the specific
sub-pixel R3 through the source signal line Sm. Thus, the
effective voltage across the liquid crystal capacitor CLC_An
and CLC_Cn with respect to the common signal line COM
becomes equal to the effective voltage V0.

[0216] Then, when an (n+1)-th-stage gate pulse is output to
the gate signal line Gn+1, since the pulse period of the (n+1)-
th-stage gate pulse partially overlaps the pulse period of the
n-th-stage gate pulse, the TFT 3 is turned on in a time period
during which the sub-pixels R1to R3 are selected. As a result,
the signal voltage described above is written to the control
capacitor CDown connected to the pixel electrode of the
specific sub-pixel R3 through the TFT 3. In this condition, the
effective voltage across the liquid crystal capacitor CLC_Bn
of the specific sub-pixel R3 does not change and is still at the
same value (V0).

[0217] Meanwhile, when a holding capacitor control signal
is applied to the holding capacitor line CS_An and an effec-
tive voltage VC1 across the holding capacitor C1 of the nor-
mal sub-pixel R1 becomes equal to Vcom+Vce in the manner
illustrated in FI1G. 9, an effective voltage V_An across the
liquid crystal capacitor CLC_An is given by

V_An=P0+2xKl1xVc,

where K1=C1/(CLC_An+C1).

[0218] Further, when a holding capacitor control signal of
an opposite phase to that of the holding capacitor control
signal described above is applied to the holding capacitor line
CS_Cn and a voltage VC2 across the holding capacitor C2 of
the normal sub-pixel R2 becomes equal to Veom-Ve, an
effective voltage V_Cn across the liquid crystal capacitor
CLC_Cn is given by

V_Cn=V0-2xK2xVe,

where K2=C2/(CLC_Cn+C2).

[0219] In this way, the effective voltage of the normal sub-
pixel R11is maximized, and the effective voltage of the normal
sub-pixel R2 is minimized. The effective voltage of the spe-
cific sub-pixel R3 has an intermediate level between them.
[0220] Therefore, as illustrated in FIG. 11, in the 2D dis-
play mode, for example, the R pixel can be separated into the
normal sub-pixel R1 having a high luminance, the normal
sub-pixel R2 having a minimum luminance, and the specific
sub-pixel R3 having an intermediate luminance. The relation-
ship in magnitude between the luminance values Y(R1),
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Y(R2), and Y(R3) may be either Y(R1)>Y (R3)>Y(R2) or
Y(R1)<Y(R3)<Y(R2). As a result, the viewing angle can be
the widest in all the embodiments, and it is possible to provide
2D display that is improved over an MPD structure of the
related art.

[0221] (Driving Example in 3D Display Mode)

[0222] Inthe3Ddisplay mode, as illustrated in FIG. 10, the
effective voltage V_An across the liquid crystal capacitor
CLC_An and the effective voltage V_Cn across the liquid
crystal capacitor CLC_Cn are not different from those in the
case of the 2D display mode.

[0223] Further, as described in Embodiment 1, the effective
voltage across the liquid crystal capacitor CLC_Bn of the
specific sub-pixel R3 drops from the effective voltage VO to
the effective voltage V1 when an (n+1)-th-stage gate pulse is
output to the gate signal line Gn+1.

[0224] Inthe 3D display mode, therefore, as described pre-
viously, the luminance of the specific sub-pixel R3 can be
made dark to such an extent that the specific sub-pixel R3
functions as a black stripe, by the setting of the value of the
control capacitor CDown, in response to the writing of the
same signal voltage, and the normal sub-pixel R1 exhibits a
high luminance while the normal sub-pixel R2 exhibits a low
luminance. Therefore, it is possible to implement 3D display
with suppressed crosstalk while increasing the viewing angle
characteristics in accordance with the two levels of luminance
of the normal sub-pixels R1 and R2.

Embodiment 3

[0225] Still another embodiment of the present invention
will be described hereinafter with reference to FIGS. 12t0 16.
Forconvenience of illustration, the same components as those
in the foregoing embodiments are assigned the same numet-
als, and a detailed description thereof is omitted.

[0226] (Difference from Embodiment 1)

[0227] FIG. 16 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to this embodiment. FIG. 12 is a circuit
diagram illustrating the equivalent circuit of, for example, the
R pixel among the pixels illustrated in FIG. 16. As illustrated
in FIG. 16, the R pixel includes normal sub-pixels R1 and R2
and a specific sub-pixel R3.

[0228] As is apparent from the circuit diagram in FIG. 12,
in this embodiment, the circuit configuration of the normal
sub-pixel R1 and the specific sub-pixel R3 is the same as the
circuit configuration in Embodiment 1, and is different from
that in Embodiment 1 in that a normal sub-pixel R2 having a
circuit configuration equivalent to the circuit configuration of
the specific sub-pixel R3 is additionally provided. The con-
figuration of the normal sub-pixel R2 is a configuration in
which a potential difference is generated between the normal
sub-pixels R1 and R2.

[0229] More specifically, in the normal sub-pixel R2, a
control capacitor C3 (second control capacitor) is connected
between a pixel electrode of the liquid crystal capacitor CLC_
Cn and the common signal line COM through a TFT 5 (sec-
ond switching element) whose gate electrode is connected to
the gate signal line Gn+1. The value of the control capacitor
C3 is set smaller than the value of the control capacitor
CDown. More preferably, as described previously, the value
of the control capacitor CDown is set large to such an extent
that the voltage to be applied to the liquid crystal capacitor
CLC_Bn is less than or equal to a threshold value in the 3D
display mode, while the value of the control capacitor C3 is



US 2013/0229326 Al

set large to such an extent that a signal voltage of, for example,
4V drops by approximately 1 to 2 V.

[0230] (Layout of Pixel Circuit)

[0231] FIG.13isaplanview illustrating a schematic layout
of the pixel circuit illustrated in FIG. 12 on an active matrix
substrate.

[0232] The difference from the layout illustrated in FIG. 8
will be described. First, a gate signal line Gn+1 is wired in
parallel to the gate signal line Gn' between the pixel electrode
21 of the liquid crystal capacitor CLC_Cn and the gate signal
line Gn'.

[0233] The TFT 3 and the TFT 5 are disposed side by side
on the gate signal line Gn+1. One electrode 55 of the TFT 5
extends to below the pixel electrode 21 from a semiconductor
region 5a on the gate signal line Gn+1, and is connected to the
pixel electrode 21 through a through-hole 5¢. Further, the
other electrode 54 of the TFT 5 extends onto a holding capaci-
tor line CS_Cn from the semiconductor region 5a, and the
control capacitor C3 is formed between the electrode 54 and
an electrode extending toward the gate signal line Gn+1 from
the holding capacitor line CS_Cn.

[0234] (Driving Example in 2D Display Mode)

[0235] FIG. 14 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode.
[0236] As illustrated in FIG. 14, in the 2D display mode,
since the pulse period of the n-th-stage gate pulse and the
pulse period of the (n+1)-th-stage gate pulse overlap, the
TFTs 3 and 5 are turned on by the (n+1)-th-stage gate pulse in
a time period during which the sub-pixels R1 to R3 are
selected by the n-th-stage gate pulse, and a signal voltage is
written to the two control capacitors CDown and C3.

[0237] Therefore, as already described, when the n-th-stage
gate pulse is output to the gate signal lines Gn and Gn', the
effective voltage V0, which has been reached in response to
the writing of a signal voltage to the liquid crystal capacitors
CLC_An, CLC_Bn, and CLC_Chn, is still maintained even
after the (n+1)-th-stage gate pulse has been output to the gate
signal line Gn+1.

[0238] As a result, as illustrated in FIG. 16, in the 2D
display mode, all the sub-pixels R1 to R3 have the same
luminance (for example, high luminance) in response to the
writing of the same signal voltage. Hence, the effect of
improvements in viewing angle characteristics is not ascer-
tainable.

[0239] (Driving Example in 3D Display Mode)

[0240] FIG. 15 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode.
[0241] As illustrated in FIG. 15, in the 3D display mode,
since the pulse period of the n-th-stage gate pulse and the
pulse period of the (n+1)-th-stage gate pulse do not overlap,
the charge accumulated in the liquid crystal capacitors CLC_
Bn and CL.C_Cn in atime period during which the sub-pixels
R1 to R3 are selected by the n-th-stage gate pulse flows into
the control capacitor CDown and the control capacitor C3,
respectively, at the time when the (n+1)-th-stage gate pulse is
output to the gate signal line Gn+1.

[0242] That is, the charge accumulated in the liquid crystal
capacitor CLC_Bn is redistributed between the liquid crystal
capacitor CLC_Bn and the control capacitor CDown, and the
charge accumulated in the liquid crystal capacitor CLC_Cn is
redistributed between the liquid crystal capacitor CLC_Cn
and the control capacitor C3.
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[0243] As a result, as illustrated in FIG. 15, the effective
voltage across the liquid crystal capacitor CLC_Bn drops
from the effective voltage V0 to the effective voltage V1
described above, which is represented by the following for-
mula.

V1=V0xCLC_Bn/(CLC_Bn+CDown)

[0244] Similarly, the effective voltage across the liquid
crystal capacitor CLC_Cn drops from the effective voltage
V0 to an effective voltage V2 represented by the following
formula.

V2=V0xCLC_Cn/(CLC_Cn+C3)

[0245] Therefore, the relationship V1<V2 is obtained for
the relationship CDown>C3.

[0246] In this way, as illustrated in FIG. 16, appropriately
setting the values of CDown and C3 allows the normal sub-
pixel R1 to exhibit a high luminance and the normal sub-pixel
R2 to exhibit a luminance lower than that of the normal
sub-pixel R1 in response to the writing of the same signal
voltage, whereas, the luminance of the specific sub-pixel R3
can be made dark to such an extent that the specific sub-pixel
R3 functions as a black stripe.

[0247] Accordingly, it is possible to implement 3D display
with suppressed crosstalk while increasing the viewing angle
characteristics in accordance with the two levels of luminance
of the normal sub-pixels R1 and R2.

Embodiment 4

[0248] Still another embodiment of the present invention
will be described hereinafter with reference to FIGS. 1710 20.
For convenience of illustration, the same components as those
in the foregoing embodiments are assigned the same numet-
als, and a detailed description thereof is omitted.

[0249] (Difference from Embodiment 1)

[0250] Theexample configurationillustratedin FIG. 16 can
be applied to the configuration of a pixel in a liquid crystal
display device according to this embodiment.

[0251] FIG. 17 is a circuit diagram illustrating the equiva-
lent circuit of, for example, the R pixel among the pixels
illustrated in FIG. 16. As is apparent from the circuit diagram
in FIG. 17, in this embodiment, the circuit configuration of
the normal sub-pixel R1 and the specific sub-pixel R3 is the
same as the circuit configuration in Embodiment 1, and is
different from that in Embodiment 1 in that a normal sub-
pixel R2 including a liquid crystal capacitor CLC_Cn that is
capacitively coupled to the liquid crystal capacitor CLC_Bn
of the specific sub-pixel R3 is additionally provided. The
configuration of the normal sub-pixel R2 is a configuration in
which a potential difference is generated between the normal
sub-pixels R1 and R2.

[0252] More specifically, a coupling capacitor Cdown_C is
formed between a pixel electrode of the normal sub-pixel R2
and a pixel electrode of the specific sub-pixel R3. Like the
control capacitor C3 in Embodiment 3, the value of the cou-
pling capacitor Cdown_C may be set large to such an extent
that a signal voltage of, for example, 4 V drops by approxi-
mately 1V.

[0253] (Layout of Pixel Circuit)

[0254] FIG. 18 is aplanview illustrating a schematic layout
of the pixel circuit illustrated in FIG. 17 on an active matrix
substrate.

[0255] The difference from the layout illustrated in FIG. 8
will be described. A wiring line 7a extending from below the
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pixel electrode 22 of the specific sub-pixel R3 extends from
below the pixel electrode 21 of the normal sub-pixel R2 over
the gate signal line Gn', and forms a capacitor electrode 8a
having an extended area. The wiring line 7a is connected to
the pixel electrode 22 through a through-hole 7. The cou-
pling capacitor Cdown_C is formed by the capacitor elec-
trode 8a and the pixel electrode 21, which faces the capacitor
electrode 8a with an insulating layer (not illustrated) therebe-
tween. The magnitude of the coupling capacitor Cdown_C
can be set appropriately in accordance with the area of the
capacitor electrode 8a.

[0256] (Driving Example in 2D Display Mode)

[0257] FIG. 19 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode.
[0258] As illustrated in FIG. 19, in the 2D display mode,
since the pulse period of the n-th-stage gate pulse and the
pulse period of the (n+1)-th-stage gate pulse overlap, the TEFT
3isturned on by the (n+1)-th-stage gate pulse in a time period
during which the sub-pixels R1 to R3 are selected by the
n-th-stage gate pulse, and a signal voltage is written to the
control capacitor CDown.

[0259] Note that no charge is accumulated in the coupling
capacitor Cdown_C in response to the writing of a signal
voltage. The reason for this is that when the n-th-stage gate
pulse is output to the gate signal lines Gn and Gn' and the
TFTs 1,2, and 4 are turned on, the capacitor electrode 8a and
the pixel electrode 21, which form the coupling capacitor
Cdown_C, have the same potential (V0).

[0260] Inthis way, when the n-th-stage gate pulse is output
to the gate signal lines Gn and Gn', the effective voltage V0,
which has been reached in response to the writing of a signal
voltage to the liquid crystal capacitors CLC_An, CLC_Bn,
and CLC_Cn, is still maintained even after the (n+1 )-th-stage
gate pulse has been output to the gate signal line Gn+1.
[0261] As a result, as illustrated in FIG. 16, in the 2D
display mode, all the sub-pixels R1 to R3 have the same
luminance (for example, high luminance). Hence, the effect
of improvements in viewing angle characteristics is not ascet-
tainable.

[0262] (Driving Example in 3D Display Mode)

[0263] FIG. 20 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode.

[0264] As illustrated in FIG. 20, in the 3D display mode,
since the pulse period of the n-th-stage gate pulse and the
pulse period of the (n+1)-th-stage gate pulse do not overlap,
the charge accumulated in the liquid crystal capacitor CLC_
Cn in a time period during which the sub-pixels R1 to R3 are
selected by the n-th-stage gate pulse flows into the coupling
capacitor Cdown_C at the time when the (n+1)-th-stage gate
pulse is output to the gate signal line Gn+1. Furthermore, the
charge accumulated in the liquid crystal capacitor CLC_Bnin
a time period during which the sub-pixels R1 to R3 are
selected by the n-th-stage gate pulse flows into the control
capacitor CDown and the coupling capacitor Cdown_C at the
time when the (n+1)-th-stage gate pulse is output to the gate
signal line Gn+1.

[0265] That is, the charge accumulated in the liquid crystal
capacitors CLC_Bnand CLC_Chn s redistributed among four
capacitors, namely, the liquid crystal capacitors CLC_Bnand
CLC_Cn, the control capacitor CDown, and the coupling
capacitor Cdown_C.
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[0266] As a result, as illustrated in FIG. 20, the effective
voltage across the liquid crystal capacitor CLC_Bn drops
from the effective voltage VO to an effective voltage V1 rep-
resented by the following formula.

V1=V0x(M-CLC_CnxCDown)/(M+Cdown__Cx
CDown)

where M=CLC_Cnx(CLC_Bn+Cdown_C+CDown)+CLC_
BnxCdown_C.

[0267] Similarly, the effective voltage across the liquid
crystal capacitor CLC_Cn drops from the effective voltage
V0 to an effective voltage V2 represented by the following
formula.

(Formula 1),

V2=VoxM/(M+Cdown__CxCDown)

[0268] Comparing the effective voltage V1 in formula 1
given above and the effective voltage V2 in formula 2 given
above, it is found that the effective voltage V1 is always
smaller than the effective voltage V2, and the relationship
V1<V2 is always established regardless the magnitude of the
control capacitor CDown, the coupling capacitor Cdown_C,
and so forth.

[0269] Itis also found that as the control capacitor CDown
increases, the degree to which the effective voltage V1 drops
is larger that the degree to which the effective voltage V2
drops.

[0270] In this way, as illustrated in FIG. 16, appropriately
setting the values of CDown and Cdown_C allows the normal
sub-pixel R1 to exhibit a high luminance and the normal
sub-pixel R2 to exhibit a luminance lower than that of the
normal sub-pixel R1 in response to the writing of the same
signal voltage, whereas, the luminance of the specific sub-
pixel R3 can be made dark to such an extent that the specific
sub-pixel R3 functions as a black stripe.

[0271] Accordingly, it is possible to implement 3D display
with suppressed crosstalk while increasing the viewing angle
characteristics in accordance with the two levels of luminance
of the normal sub-pixels R1 and R2.

(Formula 2)

Embodiment 5

[0272] Still another embodiment of the present invention
will be described hereinafter with reference to FIGS. 21 t0 25.
For convenience of illustration, the same components as those
in the foregoing embodiments are assigned the same numet-
als, and a detailed description thereof is omitted.

[0273]

[0274] FIG. 25 is an explanatory diagram illustrating an
example configuration of pixels in a liquid crystal display
device according to this embodiment. As illustrated in FIG.
25, similarly to Embodiments 2 to 4, an R pixel includes
normal sub-pixels R1 and R2 and a specific sub-pixel R3.

[0275] FIG. 21 is a circuit diagram illustrating the equiva-
lent circuit of, for example, the R pixel among the pixels
illustrated in FIG. 25. As is apparent from the circuit diagram
in FIG. 21, in this embodiment, the circuit configuration of
the specific sub-pixel R3 is the same as the circuit configura-
tion in Embodiment 1, and is different from that in Embodi-
ment 1 in that a normal sub-pixel R2 including a liquid crystal
capacitor CLC_Chn that is capacitively coupled to the liquid
crystal capacitor CLC_An of the normal sub-pixel R1 is
additionally provided. The configuration of the normal sub-
pixel R2 is a configuration in which a potential difference is
generated between the normal sub-pixels R1 and R2.

(Difference from Embodiment 1)
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[0276] More specifically, a coupling capacitor Cdown is
formed between a pixel electrode of the normal sub-pixel R1
and a pixel electrode of the normal sub-pixel R2. Appropri-
ately setting the value of the coupling capacitor Cdown allows
adjustment of the amount by which the effective voltage
across the liquid crystal capacitor CLC_Cn in the normal
sub-pixel R2 drops in response to the writing of a signal
voltage to the liquid crystal capacitor CLC_An of the normal
sub-pixel R1.

[0277] More preferably, as described previously, the value
of the control capacitor CDown is set large to such an extent
that the voltage to be applied to the liquid crystal capacitor
CLC_Bn is less than or equal to a threshold value in the 3D
display mode, while the value of the coupling capacitor
Cdown is set large to such an extent that a signal voltage of,
for example, 4 V drops by approximately 1 to 2 V.

[0278] (Layout of Pixel Circuit)

[0279] FIG.22isaplanview illustrating a schematic layout
of the pixel circuit illustrated in FIG. 21 on an active matrix
substrate.

[0280] The difference from the layout illustrated in FIG. 8
will be described. A gate signal line Gn for supplying an
n-th-stage gate pulse to a TFT 1 associated with a pixel
electrode 21 of the normal sub-pixel R1 is wired adjacent to
the (n-1)-th line side with respect to the pixel electrode 21.
[0281] TInorderto capacitively couple the pixel electrode 21
to a pixel electrode 22 of the normal sub-pixel R2, a wiring
line 7a extending from below the pixel electrode 22 extends to
below the pixel electrode 21 of the normal sub-pixel R1, and
forms a capacitor electrode 8a having an extended area. The
wiring line 7¢ is connected to the pixel electrode 22 through
a through-hole 75. The coupling capacitor Cdown is formed
by the capacitor electrode 8a and the pixel electrode 21,
which faces the capacitor electrode 8a with an insulating
layer (not illustrated) therebetween. The magnitude of the
coupling capacitor Cdown can be set appropriately in accor-
dance with the area of the capacitor electrode 8a.

[0282] (Driving Example in 2D Display Mode)

[0283] FIG. 23 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 2D display mode.
[0284] As illustrated in FIG. 23, in the 2D display mode,
since the pulse period of the n-th-stage gate pulse and the
pulse period of the (n+1)-th-stage gate pulse overlap, the TFT
3isturned on by the (n+1)-th-stage gate pulse in a time period
during which the normal sub-pixel R1 and the specific sub-
pixel R3 are selected by the n-th-stage gate pulse, and a signal
voltage is written to the control capacitor CDown.

[0285] Note that when the n-th-stage gate pulse is output to
the gate signal line Gn and the TFT 1 is turned on, charge is
accumulated in the coupling capacitor Cdown and the liquid
crystal capacitor CLC_Cn of the normal sub-pixel R2 in
accordance with the magnitude of the coupling capacitor
Cdown and the liquid crystal capacitor CLC_Cn.

[0286] In this way, as illustrated in FIG. 23, when the n-th-
stage gate pulse is output to the gate signal lines Gn and Gn',
the effective voltage V0, which has been reached in response
to the writing of a signal voltage to the liquid crystal capaci-
tors CLC_An and CLC_Bn, is still maintained even after the
(n+1)-th-stage gate pulse has been output to the gate signal
line Gn+1.

[0287] In contrast, the effective voltage across the liquid
crystal capacitor CLC_Cn is equal to an effective voltage V3
lower than the effective voltage V0. The effective voltage V3
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has a relationship with the effective voltage V0, which is
represented by the following formula.

V3=V0xCdown/(Cdown+CLC__Cn)

[0288] As a result, as illustrated in FIG. 25, in the 2D
display mode, the normal sub-pixel R1 and the specific sub-
pixel R3 exhibit a high luminance in response to the writing of
the same signal voltage, and the normal sub-pixel R2 exhibits
alow luminance. Therefore, it is possible to achieve the effect
of improvements in viewing angle characteristics.

[0289] (Driving Example in 3D Display Mode)

[0290] FIG. 24 is a timing chart illustrating the waveforms
of gate pulses, signal voltages, and voltages applied to the
respective liquid crystal capacitors in the 3D display mode.
[0291] As illustrated in FIG. 24, in the 3D display mode,
since the pulse period of the n-th-stage gate pulse and the
pulse period of the (n+1)-th-stage gate pulse do not overlap,
the charge accumulated in the liquid crystal capacitor CLC_
Bn in a time period during which the sub-pixels R1 and R3 are
selected by the n-th-stage gate pulse is redistributed between
the liquid crystal capacitor CLC_Bn and the control capacitor
CDown at the time when the (n+1)-th-stage gate pulse is
output to the gate signal line Gn+1.

[0292] As a result, as illustrated in FIG. 24, the effective
voltage across the liquid crystal capacitor CLC_Bn drops
from the effective voltage V0 to an effective voltage V1 rep-
resented by the following formula.

V1=VOxCLC_Bn/(CLC_Bn+CDown)

[0293] In contrast, for the liquid crystal capacitors CLC_
An and CLC_Chn, the writing of a signal voltage in response
to the output of the n-th-stage gate pulse to the gate signal line
Gn is not affected by the output of the (n+1)-th-stage gate
pulse to the gate signal line Gn+1.

[0294] Therefore, similarly to the case of the 2D display
mode, the effective voltage across the liquid crystal capacitor
CLC_An is kept at the effective voltage V0, and the effective
voltage across the liquid crystal capacitor CLC_Cn is equal to
the effective voltage V3.

[0295] In this way, as illustrated in FIG. 25, appropriately
setting the value of CDown allows the normal sub-pixel R1 to
exhibit a high luminance and the normal sub-pixel R2 to
exhibit a luminance lower than that of the normal sub-pixel
R1 in response to the writing of the same signal voltage,
whereas, the luminance of the specific sub-pixel R3 can be
made dark to such an extent that the specific sub-pixel R3
functions as a black stripe.

[0296] Accordingly, it is possible to implement 3D display
with suppressed crosstalk while increasing the viewing angle
characteristics in accordance with the two levels of luminance
of the normal sub-pixels R1 and R2.

[0297] [Example Configuration of Display Apparatus
Capable of 3D Display]

[0298] FIG. 26 is a cross-sectional view illustrating an
example configuration of a display apparatus 80 including the
liquid crystal display device described above and capable of
3D display. The configuration of the display apparatus 80 is
similar to the configuration of the related art illustrated in
FIGS. 34 and 36. The major difference is that black stripes,
whichare required in a patterned retarder in the related art, are
not provided because one of sub-pixel rows arranged in par-
allel to gate signal lines for individual pixel rows functions as
a black stripe in the 3D display mode.

[0299] Note that examples of the display apparatus 80
include general desktop display apparatuses such as displays
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used for liquid crystal color television receivers or various
apparatuses, and general mobile display apparatuses such as
those for notebook PCs, mobile phone terminals, and mobile
information terminals. The configuration of the display appa-
ratus 80 will be described hereinafter.

[0300] The display apparatus 80 includes a liquid crystal
panel 100 and a backlight unit BLU disposed on the back side
of the liquid crystal panel 100 and serving as a light source of
the liquid crystal panel 100. The display apparatus 80 further
includes a patterned retarder 200 (optical panel) on the dis-
play surface side of the liquid crystal panel 100 (on the side
from which light whose light intensity has been modulated by
the liquid crystal display device is emitted).

[0301] The liquid crystal panel 100 includes a first polariz-
ing plate 100a, a glass substrate 1005, a TFT array 100c, a
color filter 1004, a glass substrate 100e, and a second polar-
izing plate 100/, and a liquid crystal layer 100g is held
between the TFT array 100¢ and the color filter 1004.
[0302] The basic configuration of the patterned retarder
200 and its operation in cooperation with 3D glasses are the
same as those of the patterned retarder 70 and the 3D glasses
80 already described with reference to FIG. 34, and a detailed
description thereof is thus omitted.

[0303] However, the positional relationships between sub-
pixels functioning as black stripes (dark pixels illustrated in
FIG. 26) and the boundaries between retarders RR (first opti-
cal plates for the right-eye image) and retarders RL (second
optical plates for the left-eye image) of the patterned retarder
200 are different from those in the configuration in FIGS. 34
and 36. Specifically, the boundaries between the retarders RR
and the retarders RL are arranged so that the perpendiculars
dropped from the boundaries to the TFT array 100c¢ intersect
the dark pixels.

[0304] Further, preferably, a line parallel to gate signal lines
1s arranged to intersect the perpendiculars dropped from the
boundaries between the retarders RR and the retarders RL to
the TFT array 100c so that each of the dark pixels is equally
divided into two sections along the corresponding one of the
source signal lines. This arrangement can increase the effect
of a reduction in crosstalk in the 3D display mode.

[0305] The retarders RR and the retarders RL. may be
formed of, for example, A/4 wavelength plates having differ-
ent optical axes. In addition, the retarders RR and the retard-
ers RL may be expressed as, as more generalized terms,
optical plates that generate outgoing light beams having dif-
ferent polarization states from incident light.

[0306] The TFT array 100c¢ in FIG. 26 is configured such
that each pixel of R, G, or B includes three sub-pixels, and, as
illustrated in FIG. 11, the three sub-pixels are driven as a
high-luminance sub-pixel (a bright pixel in FIG. 26), a low-
luminance sub-pixel (an intermediate pixel in FIG. 26), and a
sub-pixel functioning as a black stripe (a dark pixel in FIG.
26).

[0307] The reason that crosstalk is reduced in the 3D dis-
play mode is as follows. As illustrated in FIG. 26, within the
light emitted from the intermediate pixel among the pixels
located right behind the retarder RL for displaying a left-eye
image, the light emitted from around the boundary between
the intermediate pixel and the adjacent dark pixel is transmit-
ted through the retarder RR when the propagation direction of
the light is beyond 0 degrees downward with respect to the
direction normal to the liquid crystal in the longitudinal direc-
tion of the panel liquid crystal panel (the direction in which
the three sub-pixels are arranged). That is, the light of the
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left-eye image is transmitted through the retarder RR for the
right-eye image, and crosstalk occurs.

[0308] Similarly, within the light emitted from the bright
pixel among the pixels located right behind the retarder RR
for displaying a right-eye image, the light emitted from
around the boundary between the bright pixel and the dark
pixel is transmitted through the retarder RL when the propa-
gation direction of the light is beyond 6 degrees upward with
respect to the direction normal to the liquid crystal panel in
the longitudinal direction of the liquid crystal panel. That is,
the light of the right-eye image is transmitted through the
retarder RL for the left-eve image, and crosstalk occurs.
[0309] In the display apparatus 80, therefore, as illustrated
in FIG. 26, the angle defined between the direction normal to
the liquid crystal panel 100 and the direction of the line of
sight is within 6 degrees (26 degrees upward and downward
altogether) in the longitudinal direction of the liquid crystal
panel, the occurrence of crosstalk can be suppressed.

[0310] According to the present invention, therefore, a con-
trol capacitor CDown is connected between a pixel electrode
of a liquid crystal capacitor CLC_Bn in at least one of a
plurality of sub-pixels and a common signal line COM
through a TFT 3 whose gate electrode is connected to the gate
signal line Gn+1 in the (n+1)-th line. Further, a control circuit
is configured to selectively switch between a first output
mode in which the pulse periods of a gate pulse output to the
gate signal line Gn in the n-th line and a gate pulse output to
the gate signal line Gn+1 partially overlap and a second
output mode in which these pulse periods do not overlap.
[0311] Accordingly, it is possible to provide a liquid crystal
display device capable of switching between a 2D display
mode and a 3D display mode with suppressed crosstalk with-
out increasing the complexity of wiring such as data bus lines.
[0312] A driving method in which the output timings of the
n-th-stage gate pulse and the (n+1)-th-stage gate pulse coin-
cide in the first output mode and the second output mode may
be used. In this case, it is possible to switch output modes only
by changing the pulse width, such as increasing the pulse
widths of the n-th-stage gate pulse and the (n+1)-th-stage gate
pulse in the first output mode and reducing the pulse widths of
the n-th-stage gate pulse and the (n+1)-th-stage gate pulse in
the second output mode.

[0313] Furthermore, each of a gate pulse in the first output
mode and a gate pulse in the second output mode may include
a single pulse for one frame period, and the gate pulse in the
first output mode may have a longer pulse period than the gate
pulse in the second output mode.

[0314] Furthermore, a gate pulse in the first output mode
may include a plurality of periodic pulses for one frame
period, and there may be an overlapping pulse period between
a pulse period of any of the second and subsequent pulses in
the gate pulse to be output to the gate signal line in the n-th
line and a pulse period of any of the first and subsequent
pulses in the gate pulse to be output to the gate signal lines in
the (n+1)-th and subsequent lines.

[0315] Inthis case, a general-purpose gate driver including
normal shift registers can be used. Thus, it is possible to avoid
an increase in circuit size and an increase in cost, which may
be caused by the modification of the configuration of the gate
driver.

[0316] In the liquid crystal display device according to the
present invention, the control capacitor may be set to a value
greater than or equal to that of a liquid crystal capacitor
included in the at least one sub-pixel.
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[0317] As already described, when an (n+i)-th-stage gate
pulse is output to the gate signal line in the (n+i)-th line, the
first switching element is turned on. Thus, the charge accu-
mulated in the liquid crystal capacitor of the specific sub-
pixel is redistributed between the liquid crystal capacitor and
the first control capacitor.

[0318] In this case, by setting the control capacitor to a
value greater than or equal to that of the liquid crystal capaci-
tor of the specific sub-pixel, it is possible to reliably reduce
the luminance of the specific sub-pixel. Therefore, when the
liquid crystal display device according to the present inven-
tion is applied to a stereo display apparatus of the patterned
retarder system, the effect of a reduction in crosstalk in 3D
display can be achieved. That is, the effect of a reduction in
crosstalk in 3D display can be achieved merely by making the
luminance of the specific sub-pixel a value of gray without
making it solid black.

[0319] Inthe liquid crystal display device according to the
present invention, the control capacitor may be set to a value
in the second output mode so that an effective voltage across
aliquid crystal capacitor included in the at least one sub-pixel
is less than or equal to a threshold voltage at which a change
in an arrangement of liquid crystal molecules starts.

[0320] Thus, as already described, for example, a liquid
crystal display device of the normally black mode can allow
the specific sub-pixel to perform black display. In the second
output mode, therefore, it is possible to create the state that
allows a line in which the specific sub-pixel is arranged in the
horizontal direction to function as a black stripe.

[0321] Accordingly, in a case where a liquid crystal display
device according to the present invention is applied to a stereo
display apparatus of the patterned retarder system, the effect
of areduction in crosstalk for 3D display can be more reliably
achieved.

[0322] Inthe liquid crystal display device according to the
present invention, a source signal supplied to each of the
source signal lines may be a source signal whose polarity is
inverted frame by frame.

[0323] In the configuration described above, it is assumed
that an (n+i)-th-stage gate pulse is output to the gate signal
line in the (n+i)-th line, and the charge accumulated in the
liquid crystal capacitor in the specific sub-pixel, for example,
plus charge, is redistributed between the liquid crystal capaci-
tor and a first control capacitor.

[0324] In this case, in the first control capacitor, minus
charge has already been redistributed between the liquid crys-
tal capacitor and the first control capacitor in the frame pre-
ceding the current frame. Hence, in the current frame, the plus
charge accumulated in the liquid crystal capacitor of the
specific sub-pixel cancels the minus charge already accumu-
lated in the first control capacitor, and, in addition, is further
redistributed. As a result, the drop of the effective voltage
across the liquid crystal capacitor of the specific sub-pixel can
be made larger than that in the case where the polarity of the
source signal is not inverted frame by frame.

[0325] Accordingly, in a case where a liquid crystal display
device according to the present invention is applied to a stereo
display apparatus of the patterned retarder system, the lumi-
nance of the specific sub-pixel can be made darker, and there-
fore the effect of a reduction in crosstalk for 3D display can be
enhanced.

[0326] Inthe liquid crystal display device according to the
present invention, the number of sub-pixels per pixel is
greater than or equal to three, and assuming that the at least
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one sub-pixel among the plurality of sub-pixels is called a
specific sub-pixel and a sub-pixel other than the specific
sub-pixel is called a normal sub-pixel, the number of normal
sub-pixels is greater than or equal to two, and a pixel circuit
provided for each of the plurality of sub-pixels may have a
configuration in which a potential difference is generated
between the normal sub-pixels at least in the second output
mode so that the normal sub-pixels are divided into a rela-
tively-high-luminance sub-pixel and a low-luminance sub-
pixel in response to writing of a source signal through the
source signal lines.

[0327] In the configuration described above, in a case
where the liquid crystal display device performs color display
using a combination of primary colors such as red, green, and
blue or red, green, blue, and yellow, the pixel described above
corresponds to one of the primary colors. For example, each
of pixels of primary colors of red, green, blue, and yellow
includes at least one specific sub-pixel and two or more nor-
mal sub-pixels.

[0328] After the plurality of sub-pixels are simultaneously
selected through the gate signal line in the n-th line, a poten-
tial difference is generated between normal sub-pixels at least
in the second output mode. That is, a normal sub-pixel exhib-
iting a relatively high light transmittance and a normal sub-
pixel exhibiting a relatively low light transmittance are gen-
erated in response to the writing of the same signal voltage. In
other words, the degree of inclination (alignment) of the
liquid crystal molecules differs between the normal sub-pix-
els in response to the writing of the same signal voltage.
[0329] As aresult, a wide viewing angle can be realized in
the second output mode. The reason for this is that the view-
angle dependence of the y characteristics of a liquid crystal
display device (the difference between the y characteristics
obtained when observed from front and the v characteristics
obtained when observed obliquely) can be improved by diver-
sifying the degree of inclination of liquid crystal molecules in
each pixel.

[0330] In the liquid crystal display device according to the
present invention,

(1) the normal sub-pixels may include a first normal sub-pixel
and a second normal sub-pixel,

(2) the first normal sub-pixel may have a first holding capaci-
tor line that, along with a first pixel electrode, forms a holding
capacitor,

(3) the second normal sub-pixel may have a second holding
capacitor line that, along with a second pixel electrode, forms
a holding capacitor, and

(4) holding capacitor control signals having opposite phases
may be applied to the first holding capacitor line and the
second holding capacitor line in the first output mode and the
second output mode so that a potential difference is generated
between the first normal sub-pixel and the second normal
sub-pixel.

[0331] According to the configuration described above, as
described previously, in the first output mode, the signal
voltage of'a source signal is written to the specific sub-pixel as
it is. In contrast, a potential difference is generated between
the first normal sub-pixel and the second normal sub-pixel
depending on the holding capacitor control signals applied to
the respective holding capacitors. More specifically, the volt-
ages written to the first normal sub-pixel and the second
normal sub-pixel can be separated into a voltage higher than
the signal voltage and a voltage lower than the signal voltage.
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[0332] Accordingly, in the first output mode, one of the first
normal sub-pixel and the second normal sub-pixel exhibits a
high luminance and the other exhibits a low luminance with
respect to the luminance of the specific sub-pixel. Thus, there
are three levels of luminance, namely, high, intermediate, and
low. In the first output mode, therefore, the viewing angle
characteristics in the case of two levels of luminance can
further be increased.

[0333] In the second output mode, on the other hand, as
described previously, the setting of the value of the control
capacitor can make the luminance of the specific sub-pixel
dark to such an extent that the specific sub-pixel functions as
a black stripe, and one of the first normal sub-pixel and the
second normal sub-pixel exhibits a high-luminance while the
other exhibits a low luminance. Therefore, it is possible to
increase the viewing angle characteristics in accordance with
the two levels of luminance.

[0334] Inthe liquid crystal display device according to the
present invention, a second control capacitor may be con-
nected between a pixel electrode of at least one normal sub-
pixel among the normal sub-pixels and the common signal
line through a second switching element whose gate electrode
is connected to any of the gate signal lines in the (n+1)-th and
subsequent lines, and the value of the second control capaci-
tor may be a value smaller than the first control capacitor.
[0335] According to the configuration described above, the
normal sub-pixel including the second control capacitor has
the same circuit configuration as the specific sub-pixel
including the first control capacitor.

[0336] In the first output mode, therefore, when an n-th-
stage gate pulse is output to the gate signal line in the n-th line,
a plurality of sub-pixels constituting a single pixel are simul-
taneously selected, and the same signal voltage is written
individually to the plurality of sub-pixels.

[0337] Then, when an (n+i)-th-stage gate pulse having a
pulse period which overlaps that of an n-th-stage gate pulse is
output to the gate signal line in the (n+1)-th line, a first switch-
ing element and a second switching element whose gate elec-
trodes are connected to the gate signal line in the (n+1)-th line
are turned on. As a result, the signal voltage described above
is written to the first control capacitor included in the specific
sub-pixel, and the signal voltage described above is written to
the second control capacitor included in the normal sub-pixel.
In this condition, the plurality of sub-pixels maintain the same
effective voltage. That is, the plurality of sub-pixels have the
same luminance.

[0338] Meanwhile, in the second output mode, similarly to
the first output mode, first, the plurality of sub-pixels are
simultaneously selected by the n-th-stage gate pulse. The
pulse period of the (n+i)-th-stage gate pulse is set so as not to
overlap the pulse period of the n-th-stage gate pulse.

[0339] Therefore, the (n+i)-th-stage gate pulse is output to
the gate signal line in the (n+i)-th line while the plurality of
sub-pixels are in a non-selection state. Accordingly, the first
switching element and the second switching element are
turned on. Thus, as described previously, charge is redistrib-
uted between the liquid crystal capacitor of the specific sub-
pixel and the first control capacitor, and charge is redistrib-
uted between the liquid crystal capacitor of the at least one
normal sub-pixel and the second control capacitor.

[0340] As aresult, the effective voltage of the specific sub-
pixel with respect to the common signal line drops, and the
effective voltage of the at least one normal sub-pixel with
respect to the common signal line drops. Note that, since the
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value of the second control capacitor is smaller than the value
of the first control capacitor, the degree to which the effective
voltage of the at least one normal sub-pixel drops is smaller
than the degree to which the effective voltage of the specific
sub-pixel drops.

[0341] Accordingly, a normal sub-pixel having a relatively
high luminance, the at least one normal sub-pixel having a
relatively low luminance, and a specific sub-pixel having a
relatively lower luminance, to which the signal voltage
described above has been written as it is, are generated.
[0342] Therefore, in the second output mode, as described
previously, the setting of the value of the control capacitor
makes the luminance of the specific sub-pixel dark to such an
extent that the specific sub-pixel functions as a black stripe
while, for the normal sub-pixels, making it possible to
increase the viewing angle characteristics in accordance with
the two levels of luminance.

[0343] In the liquid crystal display device according to the
present invention, the specific sub-pixel and the at least one
normal sub-pixel among the normal sub-pixels may be con-
nected through a coupling capacitor.

[0344] According to the configuration described above, in
the first output mode, when an n-th-stage gate pulse is output
to the gate signal line in the n-th line, a plurality of sub-pixels
constituting a single pixel are simultaneously selected, and
the same signal voltage is written individually to the plurality
of sub-pixels.

[0345] Then, when an (n+i)-th-stage gate pulse having a
pulse period which overlaps that of an n-th-stage gate pulse is
output to the gate signal line in the (n+i)-th line, a first switch-
ing element whose gate electrode is connected to the gate
signal line in the (n+i)-th line is turned on. As a result, the
signal voltage described above is written to the first control
capacitor included in the specific sub-pixel. In this condition,
the plurality of sub-pixels maintain the same effective volt-
age. That is, the plurality of sub-pixels have the same lumi-
nance.

[0346] Meanwhile, in the second output mode, similarly to
the first output mode, first, the plurality of sub-pixels are
simultaneously selected by the n-th-stage gate pulse. The
pulse period of the (n+i)-th-stage gate pulse is set 5o as not to
overlap the pulse period of the n-th-stage gate pulse.

[0347] Therefore, the (n+i)-th-stage gate pulse is output to
the gate signal line in the (n+i)-th line while the plurality of
sub-pixels are in a non-selection state. Accordingly, the first
switching element is turned on. Then, since the specific sub-
pixel and the at least one normal sub-pixel are connected
through a coupling capacitor, charge accumulated in the spe-
cific sub-pixel and the at least one normal sub-pixel is redis-
tributed between the liquid crystal capacitor of the specific
sub-pixel, the first control capacitor, the liquid crystal capaci-
tor of the at least one normal sub-pixel, and the coupling
capacitor. As a result, the effective voltages of the specific
sub-pixel and the at least one normal sub-pixel with respect to
the common signal line drop.

[0348] Note that the setting of the coupling capacitor and
the first control capacitor can make the drop of the effective
voltage of the specific sub-pixel larger than the drop of the
effective voltage of at least one of the normal sub-pixels.
[0349] Accordingly, a normal sub-pixel having a relatively
high luminance, the at least one normal sub-pixel having a
relatively low luminance, and the specific sub-pixel having a
relatively lower luminance, to which the signal voltage
described above has been written as it is, can be generated.
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[0350] Therefore, in the second output mode, as described
previously, the setting of the values of the coupling capacitor
and the first control capacitor makes the luminance of the
specific sub-pixel dark to such an extent that the specific
sub-pixel functions as a black stripe while, for the normal
sub-pixels, making it possible to increase the viewing angle
characteristics in accordance with the two levels of lumi-
nance.

[0351] Inthe liquid crystal display device according to the
present invention, a liquid crystal capacitor of the first normal
sub-pixel among the normal sub-pixels may be connected to
the source signal line through selection by the gate pulse, and
a liquid crystal capacitor of the second normal sub-pixel
among the normal sub-pixel may be connected to the pixel
electrode of the first normal sub-pixel through a coupling
capacitot.

[0352] According to the configuration described above, in
the first output mode, when an n-th-stage gate pulse is output
to the gate signal line in the n-th line, as a result of selection
by the n-th-stage gate pulse, the same signal voltage is written
to sub-pixels connected to the source signal line among a
plurality of sub-pixels constituting a single pixel. The sub-
pixels to which the same signal voltage is written also include
the first normal sub-pixel.

[0353] Since the liquid crystal capacitor of the second nor-
mal sub-pixel is connected to the pixel electrode of the first
normal sub-pixel through a coupling capacitor, the effective
voltage of the second normal sub-pixel is lower than the
effective voltage of the first normal sub-pixel.

[0354] Then, when an (n+i)-th-stage gate pulse having a
pulse period which overlaps that of an n-th-stage gate pulse is
output to the gate signal line in the (n+i)-th line, a first switch-
ing element whose gate electrode is connected to the gate
signal line in the (n+i)-th line is turned on. As a result, the
signal voltage described above is written to the first control
capacitor included in the specific sub-pixel. In this condition,
the specific sub-pixel and the first normal sub-pixel maintain
the same effective voltage. That is, the specific sub-pixel and
the first normal sub-pixel have the same Iuminance.

[0355] 1Inthe second output mode, on the other hand, when
an n-th-stage gate pulse is output to the gate signal line in the
preceding stage, the effective voltage of the second normal
sub-pixel is lower than the effective voltage of the first normal
sub-pixel. This point is the same as that in the first output
mode.

[0356] Further, when an (n+i)-th-stage gate pulse having a
pulse period which does not overlap that of an n-th-stage gate
pulse is output to the gate signal line in the (n+i)-th line, the
effective voltage of the specific sub-pixel with respect to the
common signal line drops. This point has been described
previously.

[0357] Accordingly, in the first output mode, the specific
sub-pixel and the first normal sub-pixel exhibit a high-lumi-
nance, and the second normal sub-pixel exhibits a low lumi-
nance. Thus, it is possible to increase the viewing angle char-
acteristics in accordance with the two levels of luminance.
[0358] In the second output mode, furthermore, as
described previously, similarly to the first output mode, the
setting of the value of the first control capacitor makes the
luminance of the specific sub-pixel dark to such an extent that
the specific sub-pixel functions as a black stripe while, for the
normal sub-pixels, making it possible to increase the viewing
angle characteristics in accordance with the two levels of
luminance.
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[0359] A display apparatus according to the present inven-
tion includes

(1) any of the liquid crystal display devices described above,
and

(2) anoptical panel disposed on a side from which light whose
light intensity has been modulated by the liquid crystal dis-
play device is emitted so as to face the liquid crystal display
device, wherein

(3) a display type of the liquid crystal display device is nor-
mally black, and

(4) the optical panel has substantially the same length in a row
direction as a length of one row of the pixels arranged in the
row direction, the optical panel has substantially the same
length in a column direction as a length of one column of the
pixels arranged in the column direction, and first optical
plates that generate outgoing light having a first polarization
state from incident light and second optical plates that have
substantially the same shape as the first optical plates and that
generate outgoing light having a second polarization state
different from the first polarization state from incident light
are formed at positions corresponding to odd-numbered rows
and even-numbered rows, respectively, of the pixels arranged
in the row direction.

[0360] According to the configuration described above, the
first optical plates of the optical panel generate outgoing light
having a first polarization state when transmitting outgoing
light of the pixels in the odd-numbered rows among the pixels
two-dimensionally arranged on the liquid crystal display
device. Further, the second optical plates of the optical panel
generate outgoing light having a second polarization state
when transmitting outgoing light of the pixels arranged in the
even-numbered rows.

[0361] Accordingly, in the second output mode, for
example, a right-eye image is displayed using the pixels
arranged in the odd-numbered rows, and a left-eye image is
displayed using the pixels arranged in the even-numbered
rows, thus allowing the optical panel to emit a right-eve image
and a left-eye image with parallax at different polarization
states.

[0362] Therefore, auserisableto view a 3D image by using
3D glasses which support the different polarization states. In
the first output mode, furthermore, a normal image without
parallax is displayed using the respective pixels, thus allow-
ing the user to view a 2D image as usual with the naked eye.
[0363] Since the display type of the liquid crystal display
device is normally black, in the second output mode, as
described previously, the luminance of the specific sub-pixel
is reduced, and the specific sub-pixel functions as a black
stripe. This can suppress crosstalk for 3D image display with-
out increasing the complexity of wiring to allow the specific
sub-pixel to function as a black stripe.

[0364] Inaddition, since no need exists to provide the opti-
cal panel with a black stripe, brighter 2D display and 3D
display than that in the related art can be achieved.

[0365] Additionally, a liquid crystal display device having
a configuration in which a single pixel is provided with a
plurality of normal sub-pixels and a luminance difference is
generated between the normal sub-pixels in response to the
writing of a signal voltage in the first output mode or the
second output mode can achieve 2D display or 3D display
with a wide viewing angle.

[0366] The present invention is not limited to the foregoing
embodiments, and a variety of modifications can be made
without departing from the scope defined by the claims.
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Embodiments obtained by appropriately combining technical
means disclosed in different embodiments are also included
in the technical range of the present invention.

INDUSTRIAL APPLICABILITY

[0367] The present invention is suitably applicable to gen-
eral mobile and desktop liquid crystal display devices con-
figured to stereoscopically display images using the patterned
retarder system.

REFERENCE SIGNS LIST

[0368] 3 TFT (first switching element)

[0369] 5TFT (second switching element)

[0370] 10, 11, 13 pixel electrode

[0371] 22, 23 pixel electrode

[0372] 20 pixel electrode (first pixel electrode)

[0373] 21 pixel electrode (second pixel electrode)

[0374] 30 liquid crystal display device

[0375] 32 gate driver

[0376] 34 external driving circuit (control circuit)

[0377] 80 display apparatus

[0378] 100 liquid crystal panel

[0379] 200 patterned retarder (optical panel)

[0380] CDown control capacitor (first control capacitor)

[0381] C3 control capacitor (second control capacitor)

[0382] Cdown_C coupling capacitor

[0383] CLC_An liquid crystal capacitor

[0384] CLC_Bn liquid crystal capacitor

[0385] COM common signal line

[0386] CS_An holding capacitor line (first holding
capacitor line)

[0387] CS_Cn holding capacitor line (second holding
capacitor line)

[0388] Gn, Gn', Gn" gate signal line (gate signal line in
the n-th line)

[0389] Gn+1 gate signal line (gate signal line in the
(n+1)-th line)

[0390] R1 sub-pixel (normal sub-pixel)

[0391] R2 sub-pixel (normal sub-pixel)

[0392] R3 sub-pixel (specific sub-pixel)

[0393] Sm source signal line

[0394] RR retarder (first optical plate for a right-eye
image)

[0395] RL retarder (second optical plate for a left-eye
image)

1. A liquid crystal display device at least comprising:

a plurality of gate signal lines;

a plurality of source signal lines;

pixels disposed so as to correspond to intersections
between the gate signal lines and the source signal lines;

a gate driver that selectively outputs a gate pulse to the
plurality of gate signal lines; and

a control circuit that controls a pulse period of the gate
pulse, wherein

each of the pixels includes a plurality of sub-pixels selected
through a gate signal line in an n-th line,

a first control capacitor is connected between a pixel elec-
trode of at least one sub-pixel among the plurality of
sub-pixels and a common signal line through a first
switching element whose gate electrode is connected to
one of gate signal lines in (n+1)-th and subsequent lines,
and
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the control circuit selectively switches between a first out-
put mode in which a pulse period of a gate pulse to be
output to the gate signal line in the n-th line and a pulse
period of a gate pulse to be output to the one of the gate
signal lines in the (n+1)-th and subsequent lines partially
overlap and a second output mode in which the pulse
periods do not overlap.
2. The liquid crystal display device according to claim 1,
wherein
a gate pulse in the first output mode and a gate pulse in the
second output mode each include a single pulse for one
frame period, and the gate pulse in the first output mode
has a longer pulse period than the gate pulse in the
second output mode.
3. The liquid crystal display device according to claim 1,
wherein
a gate pulse in the first output mode includes a plurality of
periodic pulses for one frame period, and there is an
overlapping pulse period between a pulse period of any
of the second and subsequent pulses in the gate pulse to
be output to the gate signal line in the n-th line and a
pulse period of any of the first and subsequent pulses of
the gate pulse to be output to the gate signal lines in the
(n+1)-th and subsequent lines.
4. The liquid crystal display device according to claim 1,
wherein
the control capacitor is set to a value greater than or equal
to that of a liquid crystal capacitor included in the at least
one sub-pixel.
5. The liquid crystal display device according to claim 1,
wherein
the control capacitor is set to a value in the second output
mode so that an effective voltage across a liquid crystal
capacitor included in the at least one sub-pixel is less
than or equal to a threshold voltage at which a change in
an arrangement of liquid crystal molecules starts.
6. The liquid crystal display device according to claim 1,
wherein
a source signal supplied to each of the source signal lines is
a source signal whose polarity is inverted frame by
frame.
7. The liquid crystal display device according to any claim
1, wherein
the number of sub-pixels per pixel is greater than or equal
to three, and
assuming that the at least one sub-pixel among the plurality
of sub-pixels is called a specific sub-pixel and a sub-
pixel other than the specific sub-pixel is called a normal
sub-pixel, the number of normal sub-pixels is greater
than or equal to two, and a pixel circuit included in each
of the plurality of sub-pixels has a configuration in
which a potential difference is generated between the
normal sub-pixels at least in the second output mode so
that the normal sub-pixels are divided into a relatively-
high-luminance sub-pixel and a low-luminance sub-
pixel in response to writing of a source signal through
the source signal line.
8. The liquid crystal display device according to claim 7,
wherein
the normal sub-pixels include a first normal sub-pixel and
a second normal sub-pixel,
the first normal sub-pixel has a first holding capacitor line
that, along with a first pixel electrode, forms a holding
capacitor,
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the second normal sub-pixel has a second holding capaci- the optical panel has substantially the same length in a row

tor line that, along with a second pixel electrode, forms
a holding capacitor, and
holding capacitor control signals having opposite phases
are applied to the first holding capacitor line and the
second holding capacitor line in the first output mode
and the second output mode so that a potential difference
is generated between the first normal sub-pixel and the
second normal sub-pixel.
9. The liquid crystal display device according to claim 7,
wherein
a second control capacitor is connected between the pixel
electrode of the at least one normal sub-pixel among the
normal sub-pixels and the common signal line through a
second switching element whose gate electrode is con-
nected to the one of the gate signal lines in the (n+1)-th
and subsequent lines, and
the second control capacitor has a value smaller than the
first control capacitor.
10. The liquid crystal display device according to claim 7,
wherein
the specific sub-pixel and the at least one normal sub-pixel
among the normal sub-pixels are connected through a
coupling capacitor.
11. The liquid crystal display device according to claim 7,
wherein
aliquid crystal capacitor of a first normal sub-pixel among
the normal sub-pixels is connected to the source signal
line through selection by the gate pulse, and a liquid
crystal capacitor of a second normal sub-pixel among
the normal sub-pixels is connected to the pixel electrode
of the first normal sub-pixel through a coupling capaci-
tor.
12. A display apparatus comprising:
liquid crystal display device according to claim 1; and
an optical panel disposed on a side from which light whose
light intensity has been modulated by the liquid crystal
display device is emitted so as to face the liquid crystal
display device, wherein
a display type of the liquid crystal display device is nor-
mally black, and

direction as a length of one row of the pixels arranged in
the row direction, the optical panel has substantially the
same length in a column direction as a length of one
column of the pixels arranged in the column direction,
and first optical plates that generate outgoing light hav-
ing a first polarization state from incident light and sec-
ond optical plates that have substantially the same shape
as the first optical plates and that generate outgoing light
having a second polarization state different from the first
polarization state from incident light are formed at posi-
tions corresponding to odd-numbered rows and even-
numbered rows, respectively, of the pixels arranged in
the row direction.

13. A gate signal line driving method comprising:

driving a gate signal line in an n-th line and a gate signal
line in an (n+i)-th line

so that in a two-dimensional image display mode, a pulse
period of an n-th-stage gate pulse to be output to the gate
signal line in the n-th line and a pulse period of an
(n+1)-th-stage gate pulse to be output to the gate signal
line in the (n+i)-th line partially overlap, and

so that in a stereo image display mode, the pulse period of
the n-th-stage gate pulse and the pulse period of the
(n+1)-th-stage gate pulse do not overlap,

the gate signal line in the n-th line being disposed so that a

plurality of sub-pixels included in one pixel among a
plurality of two-dimensionally arranged pixels are
simultaneously selected in an n-th horizontal scanning
period,

the gate signal line in the (n+i)-th line being one of gate

signal lines in (n+1)-th and subsequent lines to which a
gate electrode of a first switching element is connected,
the first switching element and a first control capacitor
being connected in series between a pixel electrode of at
least one sub-pixel among the plurality of sub-pixels and
a common signal line, the gate signal line in the (n+i)-th
line being a gate signal line that starts to be selected in an
(n+i)-th horizontal scanning period.
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