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(57) ABSTRACT

The present invention provides a liquid crystal display device
including: a pixel array including a plurality of scanning lines
arranged in rows, a plurality of signal lines arranged in col-
umns, a plurality of liquid crystal elements arranged in a
matrix corresponding to an intersection of each scanning line
and each signal line. and a plurality of common connection
lines arranged one by one corresponding to the liquid crystal
elements of each line; a scanning line drive circuit; a signal
line drive circuit; and a common connection line drive circuit
electrically separating, from each other, one or a plurality of
common connection lines (first common connection lines),
and a plurality of common connection lines (second common
connection lines), and electrically connecting the plurality of
second common connection lines to each other to indepen-
dently drive the first common connection line and the second
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LIQUID CRYSTAL DISPLAY DEVICE, AND
METHOD OF DRIVING LIQUID CRYSTAL
DISPLAY DEVICE

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an active matrix
type liquid crystal display device, and a method of driving the
same.

[0003] 2. Description of the Related Art

[0004] In recent years, a liquid crystal display device in
which an image is displayed by driving a display element
(liquid crystal element) using a liquid crystal has been widely
utilized. In such a liquid crystal display device, in a liquid
crystal layer sealed between substrates of glass or the like,
alignment of liquid crystal molecules is changed, and thus
light from a light source is transmitted and modulated so as to
perform a display.

[0005] Inthe liquid crystal display device, an active matrix
drive is typically used. However, in this driving method, to
suppress deterioration of liquid crystal, a frame inversion
drive in which a polarity of a voltage applied to the liquid
crystal is inverted for each frame period is performed. To
suppress generation of a flicker in each frame due to the
polarity inversion of the voltage applied to the liquid crystal,
a line inversion drive in which the polarity of the voltage
applied to the liquid crystal is inverted for each horizontal
period (1H) is performed. Moreover, to reduce an amplitude
of a signal voltage applied to a pixel electrode, a common
inversion drive in which the polarity of the voltage applied to
a common electrode is inverted is performed.

[0006] The existing driving methods described above are
disclosed in Japanese Unexamined Patent Publication Nos.
Hei-11-271787. and 2001-159877.

SUMMARY OF THE INVENTION

[0007] However, in the common inversion drive, the volt-
age of the common electrode provided in common for all
pixels is positively/negatively changed in the 1H period.
Thus, an extremely large amount of electric charge is neces-
sary, and it is practically difficult to perform charge/discharge
of the common electrode at high speed. In the case where the
charge/discharge of the common electrode is insufficient,
deterioration of image quality such as crosstalk and shading is
generated. Even in the case where the common electrode may
be charged/discharged at high speed, the power consumption
is large. Moreover, since the voltage of the common electrode
provided in common for all the pixels is positively/negatively
changed in the 1H period, a so-called COM noise (audio
noise) is generated. When a device sensitive to noise (for
example, a capacitive touch panel) is connected to the display
device, malfunction is generated. Thus, it is considered that
the common electrode is provided one by one for each of the
horizontal lines, and the polarity of the voltage applied to each
of the common electrodes (common connection lines) is also
inverted for each horizontal period (1H). Thereby, the size of
the capacity generated by the common connection line of a
selected pixel, and the common connection line of the other
pixel electrically connected to the selected pixel is half the
size of the capacity generated by the common electrode pro-
vided in common for all the pixels. As a result, it is possible to
perform the charge/discharge of the common connection line
while suppressing the power consumption low
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[0008] However, in the case where the polarity of the volt-
age applied to each of the common connection lines is
inverted for each horizontal period (1H), a large electric field
in the lateral direction is generated between the pixels adja-
cent to each other in the vertical direction. Thus, the align-
ment of the liquid crystal molecules is disturbed by the elec-
tric field in the lateral direction, and there is an issue that light
leakage is generated.

[0009] In view of the foregoing, it is desirable to provide a
liquid crystal display device capable of performing charge/
discharge of a common connection line at high speed while
suppressing both power consumption and light leakage low,
and a method of driving the same.

[0010] According to an embodiment of the present inven-
tion, there is provided a liquid crystal display device includ-
ing: a pixel array, a scanning line drive circuit, a signal line
drive circuit, and a common connection line drive circuit. The
pixel array includes a plurality of scanning lines arranged in
rows, a plurality of signal lines arranged in columns, a plu-
rality of liquid crystal elements arranged in a matrix corre-
sponding to an intersection of each scanning line and each
signal line, and a plurality of common connection lines
arranged one by one corresponding to the liquid crystal ele-
ments of each line. The scanning line drive circuit sequen-
tially applies a selection pulse to the plurality of scanning
lines, and sequentially selects the plurality of liquid crystal
elements in a unit of the scanning line. The signal line drive
circuit applies a signal potential corresponding to a video
signal to each signal line, and writes the signal potential in the
liquid crystal elements to be selected. The common connec-
tion line drive circuit electrically separates, from each other,
one or a plurality of common connection lines (first common
connection lines) arranged corresponding to the liquid crystal
elements to be selected, and a plurality of common connec-
tion lines (second common connection lines) arranged corre-
sponding to the liquid crystal elements not to be selected of
lines different from a line including the liquid crystal ele-
ments to be selected, and at least two lines adjacent to each
other, and electrically connects the plurality of second com-
mon connection lines to each other to independently drive the
first common connection line and the second connection lines
from each other.

[0011] According to an embodiment of the present inven-
tion, there is provided a method of driving a liquid crystal
display device including the pixel array, the scanning line
drive circuit, and the signal line drive circuit includes a step of
electrically separating, from each other, one or a plurality of
common connection lines (first common connection lines)
arranged corresponding to the liquid crystal elements to be
selected, and a plurality of common connection lines (second
common connection lines) arranged corresponding to the
liquid crystal elements not to be selected of lines different
from a line including the liquid crystal elements to be
selected. and at least two lines adjacent to each other, and
electrically connecting the plurality of second common con-
nection lines to each other to independently drive the first
common connection line and the second connection lines
from each other.

[0012] In the liquid crystal display device and the method
of driving the liquid crystal display device according to the
embodiments of the present invention, a common electrode
for all the liquid crystal elements is not provided, but the
common connection lines are provided one by one corre-
sponding to the liquid crystal elements of each line. Thereby,
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in comparison with the case where the common electrode for
all the liquid crystal elements is provided, it is possible to
reduce capacity during driving. One or the plurality of first
common connection lines and the plurality of second com-
mon connection lines are electrically separated from each
other, and the plurality of second common connection lines
are electrically connected to each other. Thereby, in the liquid
crystal elements not to be selected, a potential difference is
not generated between the second common connection lines
during a period when a voltage applied to the corresponding
liquid crystal elements is maintained. Moreover, since the
first common connection line and the second common con-
nection lines are independent from each other, influence from
other wirings (for example, the scanning line, the signal line,
a CS wiring, and a COM wiring) is small, and it is possible to
realize high image quality.

[0013] Here, in the liquid crystal display device and the
method of driving the liquid crystal display device according
to the embodiments of the present invention, it is possible to
employ various measures which will be described below. For
example, the common connection line drive circuit may elec-
trically separate, from each other, the first common connec-
tion line, and the common connection lines (second common
connection lines) arranged corresponding to the liquid crystal
elements not to be selected belonging to all the lines different
from the line including the liquid crystal elements to be
selected. Thereby, the influence form the liquid crystal ele-
ments not to be selected is hardly propagated to the liquid
crystal elements to be selected. Moreover, in virtually all or in
all the liquid crystal elements not to be selected, the potential
difference is not generated between the second common con-
nection lines during the period when the voltage applied to the
corresponding liquid crystal elements is maintained.

[0014] According to the embodiments of the present inven-
tion, the common connection line drive circuit may allow the
second common connection line to become floating for a
predetermined time, and may apply a predetermined potential
to the second connection line for a predetermined time. The
liquid crystal elements selected by the one scanning line in the
plurality of liquid crystal elements may be arranged in rows,
or may be alternately arranged.

[0015] According to the liquid crystal display device and
the method of driving the liquid crystal display device of the
embodiments of the present invention, the capacity during
driving is reduced, and the potential difference is not gener-
ated between the second common connection lines during the
period when the voltage applied to the corresponding liquid
crystal elements not to be selected is maintained. Thereby, it
is possible to perform charge/discharge of the common con-
nection line while suppressing power consumption and light
leakage low.

[0016] In particular, in the case where the first common
connection line, and the second common connection lines
arranged corresponding to the liquid crystal elements not to
be selected belonging to all the lines different from the line
including the liquid crystal elements to be selected are elec-
trically separated from each other, and the second common
connection lines are electrically connected to each other, it is
possible to extremely reduce the capacity during driving.
Thereby, it is possible to not only further reduce the power
consumption, but also virtually eliminate the light leakage.
Since the common connection line of a write line is indepen-
dent, the influence from the other wirings (for example, the
scanning line, the signal line, the CS wiring, and the COM
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wiring) is small, and it is possible to realize the high image
quality. Moreover, since it is possible to perform the charge/
discharge of the common connection line at higher speed, it is
possible to eliminate the risk that the deterioration of the
image quality is generated due to the charge/discharge of the
common connection line.

[0017] According to the embodiments of the present inven-
tion, in the case whetre the second common connections lines
become floating for the predetermined time, and the prede-
termined potential is applied to the second common connec-
tion lines for the predetermined time, it is possible to reduce
parasitic capacity of the plurality of signal lines arranged in
columns and the second common connection lines. Thereby,
the electric charge charged/discharged by the signal line is
reduced, and it is possible to further suppress the power
consumption low. In the case where the liquid crystal ele-
ments selected by the one scanning line in the plurality of
liquid crystal elements are alternately arranged, and have a
dot inversion structure, it is possible to suppress visibility of
a flicker. Moreover, in one line cotresponding to the one or the
plurality of common connection lines arranged correspond-
ing to the liquid crystal elements to be selected, the state of
half the liquid crystal elements in the one line is active, and
thus the capacity during driving becomes half As a result, it is
possible to perform the charge/discharge of the common con-
nection line at higher speed, and it is possible to apply the
present invention to a large liquid crystal display and a land-
scape type liquid crystal display. That is, it is possible to
improve the image quality by employing these measures.
[0018] Other and further objects, features and advantages
of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic configuration view of a liquid
crystal display device according to a first embodiment of the
present invention.

[0020] FIG. 2 is a configuration view of a pixel array of
FIG. 1.
[0021] FIG. 3 is a waveform diagram illustrating an

example of action of the liquid crystal display device of FIG.
1.

[0022] FIG. 4isaschematic view schematically illustrating
an example of the action of the liquid crystal display device of
FIG. 1.

[0023] FIG. Sisaschematic view schematically illustrating
action subsequent to FIG. 4.

[0024] FIG. 6isaschematic view schematically illustrating
action subsequent to FIG. 5.

[0025] FIG. 7isaschematic view schematically illustrating
another example of the action of the liquid crystal display
device of FIG. 1.

[0026] FIG. 8 is a configuration view illustrating a first
modification of a common connection line drive circuit of
FIG. 1.

[0027] FIG. 9 is a configuration view illustrating a second
modification of the common connection line drive circuit of
FIG. 1.

[0028] FIG. 10 is a configuration view illustrating a third
modification of the common connection line drive circuit of
FIG. 1.

[0029] FIG. 11 is a configuration view illustrating a fourth
modification of the common connection line drive circuit of
FIG. 1.
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[0030] FIG. 12 is a schematic configuration view of the
liquid crystal display device according to a second embodi-
ment of the present invention.

[0031] FIG. 13 is a configuration view of the pixel array of
FIG. 12.
[0032] FIG. 14 is a waveform diagram illustrating an

example of the action of the liquid crystal display device of
FIG. 12.

[0033] FIG. 15 is a schematic view schematically illustrat-
ing an example of the action of the liquid crystal display
device of FIG. 12.

[0034] FIG. 16 is a schematic view schematically illustrat-
ing action subsequent to FIG. 15.

[0035] FIG. 17 is a schematic view schematically illustrat-
ing action subsequent to FIG. 15.

[0036] FIG. 18 is a schematic view schematically illustrat-
ing another example ofthe action of the liquid crystal display
device of FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0037] Embodiments of the present invention will be here-
inafter described in detail with reference to the drawings. The
description will be made in the following order:
1. First embodiment (FIGS. 1 to 7)
[0038] Case where pixels connected to one scanning line
are alternately arranged
2. Modifications of the first embodiment (FIGS. § to 11)
[0039] Variation of a common connection line drive cir-
cuit
3. Second embodiment (FIGS. 12 to 18)
[0040] Case where the pixels connected to the one scan-
ning line are arranged in lines.

1. First Embodiment

[0041] (Schematic Configuration)

[0042] FIG. 1 illustrates the schematic configuration of a
liquid crystal display device 1 according to a first embodi-
ment of the present invention. The liquid crystal display
device 1 includes a liquid crystal display panel 10, a backlight
20 arranged in rear of the liquid crystal display panel 10, and
a drive circuit 30 driving the liquid crystal display panel 10.
The liquid crystal display panel 10 includes, for example, a
pixel array 13 inwhich a plurality of sub-pixels 11R, 11G, and
11B are arranged in a matrix. In this embodiment, for
example, the sub-pixels 11R, 11G, and 11B adjacent to each
other constitute a pixel 12. Hereinafter, the term “sub-pixel
11” will be appropriately used as a general term for the
sub-pixels 11R, 11G, and 11B. The drive circuit 30 includes,
for example, a video signal processing circuit 31, a timing
generating circuit 32, a signal line drive circuit 33, a scanning
line drive circuit 34, and a common connection line drive
circuit 35.

[0043] (Pixel Array 13)

[0044] FIG. 2 illustrates an example of the circuit configu-
ration in the pixel array 13. For example, as illustrated in
FIGS. 1 and 2, the pixel array 13 includes a plurality of
scanning lines WSL arranged in rows, and a plurality of signal
lines DTL arranged in columns. The plurality of sub-pixels
11R, 11G, and 11B are arranged in a matrix corresponding to
each intersection of each scanning line WSL and each signal
line DTL. In the pixel array 13, a plurality of common con-
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nection lines COM are arranged one by one corresponding to
the sub-pixels 11R, 11G, and 11B of each row.

[0045] In FIG. 2, to distinguish the individual scanning
lines WSL and the individual common connection lines
COM, (1) (1=1=Y) is assigned to each end. Similarly, to
distinguish the individual signal lines DTL, (j) (1=j=X) is
assigned to each end. To distinguish the individual sub-pixels
11R, 11G, and 11B, a coordinate (j, 1) is assigned to each end.
[0046] As illustrated in FIG. 2, each of the sub-pixels 11
includes, for example, a liquid crystal element 14, and a
transistor 15. The liquid crystal element 14 includes, for
example, a common electrode, an insulating film, a pixel
electrode, an alignment film, a liquid crystal layer, an align-
ment film, and a transparent substrate on a drive substrate in
this order from the drive substrate side. In the drive substrate,
for example, the transistor 15 or the like is formed on a glass
substrate. The common electrode is a strip-shaped electrode
provided for each horizontal line (one line), and is used in
common for the liquid crystal elements 14 included in the
plurality of sub-pixels 11 belonging to the one horizontal line.
The common electrode constitutes, for example, a part of the
common connection line COM, and is electrically connected
to the common connection line COM. The insulating film
insulates and separates the common electrode and the pixel
electrode from each other, and provides a gap in the height
direction between the common electrode and the pixel elec-
trode. The liquid crystal layer is, for example, formed of
liquid crystal of IPS (in-plane switching) mode, and has a
fanction to transmit or shield the light emitted from the back-
light 20 by the applied voltage. The pixel electrode functions
as an electrode for each sub-pixel 11, and is, for example,
arranged in a region not facing the common electrode.
Thereby, when the voltage is applied between the pixel elec-
trode and the common electrode, an electric field in the lateral
direction is generated in the liquid crystal layer. The transistor
15 is, for example, a field-effect type TFT (thin film transis-
tor), and is composed of a gate controlling a channel, and a
source and a drain provided at both ends of the channel.
[0047] One end of the liquid crystal element 14 is con-
nected to a source or a drain of the transistor 15, and the other
end of the liquid crystal element 14 is connected to the com-
mon connection line COM. A gate of the transistor 15 is
connected to the scanning line WSL, and one of the source
and the drain of the transistor 15 which is not connected to the
liquid crystal element 14 is connected to the signal line DTL.
Here, in the plurality of sub-pixels 11 belonging to the one
horizontal line, the gate of the transistor 15 is not connected to
the common scanning line WSL, but alternately connected to
the two scanning lines WSL provided at both sides of each
sub-pixel 11. That is, the plurality of sub-pixels 11 connected
to the one scanning line WSL are alternately (zigzag)
arranged with the one scanning line WSL in between. There-
fore, in the plurality of liquid crystal elements 14, the liquid
crystal elements 14 selected by the one scanning line WS are
alternately arranged with the one scanning line WSL in
between.

[0048] (Backlight 20)

[0049] The backlight 20 is intended to illuminate the liquid
crystal display panel 10 from the rear side, and includes, for
example, a light guide plate, a light source arranged on the
side face of the light guide plate, and an optical element
arranged on the top face (light emission face) of the light
guide plate. The light guide plate is intended to guide the light
from the light source to the top face of the light guide plate,
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and has, for example, a predetermined patterned shape at least
on one of the top face and the bottom face. The light guide
plate has a function to scatter and uniformize the light enter-
ing from the side face. The light source is a linear light source,
and is formed of, for example, an HCFL (hot cathode fluo-
rescent lamp), a CCFL, or a plurality of LEDs arranged in a
line. The optical element is, for example, composed by stack-
ing a diffusion plate, a diffusion sheet, a lens film, a polariza-
tion separation sheet, or the like.

[0050] (Drive Circuit 30)

[0051] Next, each circuit in the drive circuit 30 provided on
the periphery of the pixel array 13 will be described with
reference to FIG. 1.

[0052] The video signal processing circuit 31 corrects a
digital video signal 30A input from the external, and converts
the corrected video signal into an analogue signal to output
the analogue signal to the signal line drive circuit 33. The
timing generating circuit 32 controls the signal line drive
circuit 33, the scanning line drive circuit 34, and the common
connection line drive circuit 35 to operate in conjunction with
each other. The timing generating circuit 32 outputs, for
example, a control signal 32A to these circuit in response to
(in synchronization with) a synchronization signal 30B input
from the external

[0053] The signal line drive circuit 33 applies, to each sig-
nal line DTL, the analogue video signal (signal potential
corresponding to the video signal 30A) input from the video
signal processing circuit 31, and writes the analogue video
signal in the sub-pixel 11 to be selected. The signal line drive
circuit 33 may, for example, output a signal potential V.
corresponding to the video signal 30A. For example, as illus-
trated in FIGS. 3, 6, and 7 which will be described later, the
signal line drive circuit 33 may perform a frame inversion
drive. In the frame inversion drive, the signal potential V., in
which the potential is inverted to a reference potential V- for
each frame period is applied to each signal line DTL, and the
signal potential V,, is written in the sub-pixel 11 to be
selected. The frame inversion drive is intended to suppress
deterioration of the liquid crystal element 14, and is used
according to needs. For example, as illustrated in FIGS. 3 to
6 which will be described later, the signal line drive circuit 33
may perform a 1H inversion drive. In the 1H inversion drive,
the signal potential V,, in which the potential is inverted to
the reference potential V- for each 1H period is applied to
each signal line DTL, and the signal potential V , is writtenin
the sub-pixel 11 to be selected. The 1H inversion drive is
intended to suppress generation of a flicker in each frame
caused by the polarity inversion of the voltage applied to the
liquid crystal element 14, and is used according to needs.
Here the reference potential V., /is, for example, 0 (zero) bolt,
or a potential V__,, of the common connection line COM.

[0054] The scanning line drive circuit 34 sequentially
applies a selection pulse to the plurality of scanning lines in
response to (in synchronization with) the input of the control
signal 32A, and sequentially selects the plurality of sub-
pixels in a unit of the scanning line WSL. The scanning line
drive circuit 24 may, for example, output a voltage V_,
applied when turning on the transistor 15, and a voltage V -
applied when turning off the transistor 15. Here, the voltage
V,,, has avalue (constant value) equal to or higher than that of
an on-voltage of the transistor 15. The voltage V , shas a value
(constant value) lower than that of the on-voltage of the
transistor 15.
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[0055] Next, the common connection line drive circuit 35
will be described. FIG. 3 is a timing chart illustrating an
example of the action of the liquid crystal display device 1. In
FIG. 3, the waveform in an n-1% frame period, an n” frame
period, and an n+1” frame period is illustrated. FIG. 4 sche-
matically illustrates the polarity of the sub-pixel 11 at the
timing of the application of the V_, to the scanning line WSL
(i) in the n-1” frame period of FIG. 3. FIG. 5 schematically
illustrates the polarity of the sub-pixel 11 at the timing of the
application of the V, to the scanning line WSL (i+1) in the
n-1? frame period of FIG. 3. FIG. 6 schematically illustrates
the polarity of the sub-pixel 11 when the n—1” frame period of
FIG. 3 is passed. F1G. 7 schematically illustrates the polarity
of the sub-pixel 11 when the n” frame period of FIG. 3 is
passed. In FIGS. 4 to 7, the polarity of the sub-pixel 11 in the
case where the signal line drive circuit 33 performs the 1H
inversion drive and the frame inversion drive is illustrated. In
addition, in FIGS. 4 and 5, the sub-pixel 11 surrounded by the
thick line denotes that the sub-pixel 11 is selected by the
scanning line WSL (i) or the scanning line WSL (i+1). In
FIGS. 4 to 7, the sub-pixel 11 surrounded by the narrow line
denotes that the selection by the scanning line is finished
already, and it is in a retention period. In FIGS. 4 and 5, the
sub-pixel 11 surrounded by the dotted line denotes that the
selection by the scanning lines is not performed yet.

[0056] Here, the expression “polarity of the sub-pixel 117
denotes whether a potential V|, of the sub-pixel 11 (refer to
FIG. 3) is positive or negative in relation to the potential V__
of the common connection line COM. For example, as illus-
trated in FIG. 3, when the V_, is applied to the scanning line
WSL (i), the potential V|, of the sub-pixel 11R (1, i) is a
positive potential in relation to the potential V.. Therefore,
in this case, it may be said that the sub-pixel 11R (1, i) has a
positive polarity. Meanwhile, for example, when the V_, is
applied to the scanning line WSL (i+1), the potential V
applied to the sub-pixel 11G (2, 1) is a negative potential in
relation to the potential V. Therefore, in this case, it may be
said that the sub-pixel 11G (2, 1) has a negative polarity.

[0057] As illustrated in FIGS. 3 to 6, when the signal line
drive circuit 33 performs the 1H inversion drive, the common
connection line drive circuit 35 performs the common inver-
sion drive in which the polarity of the voltage supplied to the
common electrode (common connection line COM) is
inverted for each predetermined horizontal line. Specifically,
the common connection line drive circuit 35 may apply, to the
common connection line COM corresponding to the sub-
pixel 11 to be selected, the potential whose polarity to the
reference potential V,_.is opposite to the polarity to the ref-
erence potential V,,.in the signal line DTL. As illustrated in
FIG. 4, the common connection line drive circuit 35 includes,
for example, a switching element 36 electrically connected to
the common connection line COM. The switching element 36
is provided one by one for each of the common connection
lines COM, and includes, for example, two output terminals.
One output terminal of the switching element 36 is connected
to a wiring 36 A, and then connected to an output terminal of
an auxiliary pulse generating device 37 through the wiring
36A. The other output terminal of the switching element 36 is
connected to a wiring 36B. As illustrated in FIG. 4, the wiring
36B is, for example, connected to an output terminal of a logic
circuit 41. The logic circuit 41 outputs, for example, a signal
of 2.5V which is larger than 0 V.

[0058] The common connection line drive circuit 35 con-
nects the common connection lines COM (first common con-
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nection lines) to the output terminal of the auxiliary pulse
generating device 37, the common connection lines COM
being arranged correspondingly to the horizontal lines
including the sub-pixels 11 (to be selected) turned on by
applying the V_, to the scanning line WSL. For example, as
illustrated in FIG. 4, the common connection line drive circuit
35 connects the common connection lines COM (i-1) and
COM (i) to the output of the auxiliary pulse generating device
37 through the switching element 36 and the wiring 36A, the
common connection lines COM (i-1) and COM (i) being
arranged corresponding to the two lines including the sub-
pixels 11R (1,1),11G (2,1-1), 11B (3,1) ..., and 11B (X, i-1)
to be selected.

[0059] The common connection line drive circuit 35 con-
nects the common connection lines COM (second common
connection lines) to the wiring 36B for a predetermined time,
the common connection lines COM being arranged corre-
sponding to at least the two horizontal lines adjacent to each
other in the plurality of horizontal lines including only the
sub-pixels 11 (not to be selected) which are turned off by
applying the voltage V ;- 1o the scanning line WSL. For
example, as illustrated in FIG. 4, the common connection line
drive circuit 35 connects the common connection lines COM
(i-2) and COM (i-3) to the wiring 36B through the switching
element 36, the common connection lines COM (i-2) and
COM (i-3) being arranged corresponding to the two lines
including the sub-pixels 11R (1, i-2), 11R (1, i-3), and the
like not to be selected.

[0060] Here, as indicated by a of FIG. 3, when the sub-pixel
11 is not selected, the potential V| of the sub-pixel 11 main-
tains the potential applied to the sub-pixel 11 when being
selected. That is, in either case whether the common connec-
tion line COM (i) is connected to the wiring 36 A or the wiring
36B, the potential V,; of the sub-pixel 11 is not changed, and
only the potential of the common connection line COM (1) is
changed. Accordingly, the display luminance of the sub-pixel
11 is constant all the time when the pixel 11 is not selected.

[0061] In addition, for example, the second common con-
nection line may be connected to the wiring 36A only in the
beginning of the period indicated by A of FI1G. 3 (for example,
only in the period of B1 of FIG. 3), and the second common
connection line may be connected to the wiring 36B in the
remainder of the period indicated by A of FIG. 3 (for example,
in the period of B2 of FIG. 3). For example, the second
common connection line may be connected to the wiring 36 A
only in the end of the period indicated by A of FIG. 3 (for
example, only in the period of C1 of FIG. 3), and the second
common connection line may be connected to the wiring 36B
in the remainder of the period indicated by A of FIG. 3 (for
example, in the period of C2 of FIG. 3). For example, the
second common connection line may be connected to the
wiring 36A only in the period (for example, in the period of
D2 of FIG. 3) obtained by subtracting the period when the
auxiliary pulse is output to the second common connection
line from the period corresponding to the one frame period
interposing the period (for example, the period of D3 of FIG.
3) when the auxiliary pulse is output from the auxiliary pulse
generating device 37 to the second common connection line,
and the second common connection line may be connected to
the wiring 36B in the period (for example, in the period of D1
of FIG. 3) before and after that period.

[0062] In this embodiment, the common connection line
drive circuit 35 electrically separates, from each other, the
two common connection lines COM (first common connec-
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tion lines) arranged corresponding to the sub-pixels 11 to be
selected, and the plurality of common connection lines COM
(second common connection lines) arranged corresponding
to the sub-pixels 11 not to be selected of the horizontal lines
different from the horizontal lines including the sub-pixels 11
to be selected, and at least the two horizontal lines adjacent to
each other. For example, as illustrated in FI1G. 5, the common
connection line drive circuit 35 electrically separates, from
each other, the two common connection lines COM (i) and
COM (i+1) arranged corresponding to the sub-pixels (11R (1,
i+1),11G (2,1), 11B (3,1+1),and 11B (X, i) to be selected, and
the two common connection lines COM (i-2) and COM (i-1)
arranged corresponding to the two horizontal lines including
the sub-pixels 11R (1,i-2)and 11R (1, i-1) not to be selected.

[0063] Moreaver, in this embodiment, the common con-
nection line drive circuit 35 electrically connects the plurality
of second common connection lines to each other, and inde-
pendently drives the first common connection lines and the
second common connection lines from each other. For
example, as illustrated in FIG. 5, the common connection line
drive circuit 35 connects the two common connection lines
COM (i-2) and COM (i-1) to each other, and independently
drives the two common connection lines COM (i) and COM
(i+1), and the two common connection lines COM (i-2) and
COM (i-1) from each other.

[0064] Thereby, in comparison with the case where the
common electrode for all the sub-pixels 11 is provided, it is
possible to reduce the capacity during driving. In the sub-
pixels 11 not to be selected, the potential difference is not
generated between the second common connection lines dur-
ing the period when the potential applied to the corresponding
sub-pixels 11 is maintained. Thereby, it is possible to perform
the charge/discharge of the common connection line COM at
high speed while suppressing both the power consumption
and the light leakage low.

[0065] The potential of the first common connection line
and the potential of the second common connection line are
preferably not highly different. For example, the potential of
the first common connection line may be 5V, and the potential
of the second common connection line may be 2.5V which is
larger than O V. In this case, since the large electric field in the
lateral direction is not generated between the first common
connection line and the second common connection line, it is
possible to reduce the light leakage in this part.

[0066] In this embodiment, the common connection line
drive circuit 35 preferably electrically separates, from each
other, the first common connection lines, and the common
connection lines COM (third common connection lines)
arranged corresponding to the sub-pixels 11 not to be selected
belonging to all the horizontal lines different from the hori-
zontal lines including the sub-pixels 11 to be selected. For
example, although not illustrated in the figure, the common
connection line drive circuit 35 preferably electrically sepa-
rates, from each other, the two common connection lines
COM (1) and COM (i+1) arranged corresponding to the sub-
pixels 11R (1,i+1),11G (2,1), 11B (3, i+1), and 11B (X, i) to
be selected, and the common connection lines COM (1) to
COM (i-1), and COM (i+2) to COM (Y) arranged corre-
sponding to all the horizontal lines including the sub-pixel
11R (1,1-2), 11R (1, i-1), and the like not to be selected. At
this time, the common connection line drive circuit 35 con-
nects the third common connection lines to the wiring 36B for
the predetermined time.
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[0067] Thereby, the influence from the sub-pixel 11 not to
be selected is hardly propagated to the sub-pixel 11 to be
selected. Moreover, in virtually all or in all the sub-pixels 11
not to be selected, the potential difference is not generated
between the third common connection lines during the period
when the voltage applied to the corresponding sub-pixels 11
is maintained. As a result, it is possible not only to further
reduce the power consumption, but also virtually eliminate
the light leakage. Moreover, since the charge/discharge of the
common connection line COM may be performed at higher
speed, it is possible to eliminate the risk that the deterioration
of the image quality is generated due to the charge/discharge
of the common connection line COM.

[0068] As illustrated in FIGS. 6 and 7, in this embodiment,
when the signal line drive circuit 33 performs the frame
inversion drive, the common connection line drive circuit 35
performs the common inversion drive in which the polarity of
the voltage supplied to the common electrode (common con-
nection line COM) is inverted for each frame period. For
example, as illustrated in FIGS. 6 and 7, the common con-
nection line drive circuit 35 inverts the polarity of the voltage
applied to the sub-pixel 11 for each frame period so that the
polarity of the sub-pixel 11 when the n-1” frame period is
passed, and the polarity of the sub-pixel 11 when the n frame
period is passed are opposite from each other. Thereby, it is
possible to reduce the amplitude of the signal voltage applied
to the sub-pixel 11, and it is possible to further suppress the
power consumption low.

[0069] In this embodiment, in the case where the common
connection line drive circuit 35 allows the second common
connection line or the third common connection line to
become floating for the predetermine time, the wiring capac-
ity of the signal line DTL and the common connection line
COM is drastically reduced, and thus it is possible to further
suppress the power consumption low. In this embodiment, in
the case where the common connection line drive circuit 35
allows the second common connection line or the third com-
mon connection line to have a predetermined potential (for
example, 2.5 V which is larger than 0 V) for the predeter-
mined time, the signal line DTL hardly receives the coupling
influence from the common connection line COM, and thus it
is possible to further suppress the power consumption low.
[0070] Inthis embodiment, in the case where the sub-pixels
11 selected by the one scanning line in the plurality of sub-
pixels 11 are alternately arranged, and have a dot inversion
structure, it is possible to suppress visibility of a flicker. [none
line corresponding to the one or the plurality of common
connection lines arranged corresponding to the sub-pixels 11
to be selected, the state of half the sub-pixels 11 in the one line
is active, and thus the capacity during driving becomes half.
As a result, it is possible to perform the charge/discharge of
the common connection line at higher speed, and itis possible
to apply the liquid crystal display device 1 of this embodiment
to a large liquid crystal display and a landscape type liquid
crystal display.

2. Modification

[0071] Intheabove embodiment, for example, as illustrated
in FIG. 8, a resistance 38 may be conned to the end of the
wiring 36B. Even in this case, when the resistance 38 is
extremely highly-resistive, it is possible to practically regard
the wiring 36B as being floating.

[0072] For example, as illustrated in FIG. 9, an output ter-
minal of a constant voltage source 39 may be connected to the
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end of the wiring 36B through a switching element 40. In this
case, the potential of the wiring 36B is stabilized, and thus it
is possible to reduce malfunction when the liquid crystal
display device 1 of this modification is used in a device
sensitive to noise (for example, a touch panel) or the like.
[0073] For example, as illustrated in FIGS. 10 and 11, the
number of the output terminals of the switching element 36
may be three. In this case, itis possible to use the output of the
logic circuit 41 and the output of the constant voltage source
39 when the sub-pixel 11 is not selected, and thus it is possible
to realize flexibility of the design.

3. Second Embodiment

[0074] FIG. 12 illustrates the schematic configuration of a
liquid crystal display device 2 according to a second embodi-
ment of the present invention. FIG. 13 illustrates an example
of the internal configuration of the pixel array 13 of the liquid
crystal display device 2 of FIG. 12. The configuration of the
liquid crystal display device 2 differs from the configuration
ofthe liquid crystal display device 1 ofthe above embodiment
in that the plurality of sub-pixels 11 connected to the one
scanning line WSL are arranged in a line (in a row). Herein-
after, the description common to the above embodiment is
omitted, and the difference from the above embodiment will
be mainly described.

[0075] FIG. 14 is a timing chart illustrating an example of
action of the liquid crystal display device 2. In FIG. 14, the
waveform in the n-1? frame period, the n frame period, and
the n+1% frame period is illustrated. FIG. 15 schematically
illustrates the polarity of the sub-pixel 11 at the timing of the
application of the V,, to the scanning line WSL (i) in the n-1%#
frame period of FIG. 14. FIG. 16 schematically illustrates the
polarity of the sub-pixel 11 at the timing of the application of
the V, to the scanning line WSL (i+1) in the n-1?* frame
period of FIG. 14. F1IG. 17 schematically illustrates the polar-
ity of the sub-pixel 11 when the n-1” frame period of FIG. 14
is passed. FIG. 18 schematically illustrates the polarity of the
sub-pixel 11 when the n™ frame period of FIG. 14 is passed.
In FIGS. 14 to 18, the polarity of the sub-pixel 11 in the case
where the signal line drive circuit 33 performs the 1H inver-
sion drive and the frame inversion drive is illustrated. In
addition, in FIGS. 15 and 16, the sub-pixel 11 surrounded by
the thick line denotes that the sub-pixel 11 is selected by the
scanning line WSL (i) or the scanning line WSL (i+1). In
FIGS. 15 to 18, the sub-pixel 11 surrounded by the narrow
line denotes that the selection by the scanning line is finished
already, and it is in the retention period. In FIG. 15, the
sub-pixel 11 surrounded by the dotted line denotes that the
selection by the scanning line is not performed yet.

[0076] Asillustrated in FIGS. 14 to 17, when the signal line
drive circuit 33 performs the 1H inversion drive, the common
connection line drive circuit 35 of this embodiment performs
the common inversion drive in which the polarity of the
voltage supplied to the common electrode (common connec-
tion line COM) is inverted for each 1H.

[0077] The common connection line drive circuit 35 con-
nects the common connection line COM (first common con-
nection line) to the output of the auxiliary pulse generating
device 37, the common connection line COM being arranged
corresponding to the one horizontal line including the sub-
pixels 11 (to be selected) which are turned on by applying the
V,,, to the scanning line WSL. For example, as illustrated in
FIG. 15, the common connection line drive circuit 35 con-
nects the common connection line COM (i) to the output of
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the auxiliary pulse generating device 37 through the switch-
ing element 36 and the wiring 36 A, the common connection
line COM (i) being arranged corresponding to the one line
including the sub-pixels 11R (1,1), 11G (2, 1), 11B (3,1) .. .,
and 11B (X, 1) to be selected.

[0078] The common connection line drive circuit 35 con-
nects the common connection lines COM (second common
connection lines) to the wiring 36B for the predetermined
time, the common connection lines COM being arranged
corresponding to at least the two horizontal lines adjacent to
each other in the plurality of horizontal lines including only
the sub-pixels 11 (not to be selected) which are turned off by
applying the voltage V- to the scanning line WSL. For
example, as illustrated in FIG. 16, the common connection
line drive circuit 35 connects the common connection lines
COM (1) and COM (i-1) to the wiring 36B through the
switching element 36, the common connection lines COM (i)
and COM (i-1) being arranged corresponding to the two lines
including the sub-pixels 11R (1, i), 11R (1, i-1), and the like
not to be selected.

[0079] Here, as indicated by f of FIG. 14, when the sub-
pixel 11 is not selected, the potential V,, of the sub-pixel 11
maintains the potential applied to the sub-pixel 11 whenbeing
selected. That is, in either case whether the common connec-
tion line COM (1) is connected to the wiring 36 A or the wiring
36B, the potential V,, of the sub-pixel 11 is not changed, and
only the potential of the common connection line COM (i) is
changed. Accordingly, the display luminance of the sub-pixel
11 is constant all the time when the pixel 11 is not selected.
[0080] In addition, similarly to the case of the above
embodiment, for example, the second common connection
line may be connected to the wiring 36 A only in the beginning
of the period indicated by A of FIG. 14 (for example, only in
the period of Bl of FIG. 14), and the second common con-
nection line may be connected to the wiring 36B in the
remainder of the period indicated by A of FIG. 14 (for
example, in the period of B2 of FIG. 14). For example, the
second common connection line may be connected to the
wiring 36A only in the end of the period indicated by A of
FIG. 14 (for example, only in the period of C1 of FIG.14), and
the second common connection line may be connected to the
wiring 36B in the remainder of the period indicated by A of
FIG. 14 (for example, in the period of C2 of FIG. 14). For
example, the second common connection line may be con-
nected to the wiring 36A only in the period (for example, in
the period of D2 of FIG. 14) obtained by subtracting the
period when the auxiliary pulse is output to the second com-
mon connection line from the period corresponding to the one
frame period interposing the period (for example, the period
of D3 of FIG. 3) when the auxiliary pulse is output from the
auxiliary pulse generating device 37 to the second common
connection line, and the second common connection line may
be connected to the wiring 36B in the period (for example, in
the period of D1 of FIG. 3) before and after that period.
[0081] Also in this embodiment, the common connection
line drive circuit 35 electrically separates, from each other,
the one common connection line COM (first common con-
nection line) arranged corresponding to the sub-pixels 11 to
be selected, and the plurality of common connection lines
COM (second common connection lines) arranged corre-
sponding to the sub-pixels 11 not to be selected of the hori-
zontal lines different from the horizontal line including the
sub-pixels 11 to be selected, and at least the two horizontal
lines adjacent to each other. For example, as illustrated in
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FIG. 16, the common connection line drive circuit 35 electri-
cally separates, from each other, the one common connection
line COM (i+1) arranged corresponding to the sub-pixels 11R
(1, i+]), 11G (2, i+1), 11B (3, i+1), and 11B (X, i) to be
selected, and the three common connection lines COM (i-2),
COM (i-1), and COM (i) arranged corresponding to the three
horizontal lines including the sub-pixels 11R (1,i-2), 11R (1,
i-1), and 11R (1, 1) not to be selected.

[0082] Moreover, in this embodiment, the common con-
nection line drive circuit 35 electrically connects the plurality
of second common connection lines to each other, and inde-
pendently drives the first common connection line and the
second common connection lines from each other. For
example, as illustrated in FIG. 16, the common connection
line drive circuit 35 electrically connects the three common
connection lines COM (i-2), COM (i-1), and COM (i) to
each other, and independently drives the three common con-
nection lines COM (i-2), COM (i-1), and COM (i), and the
one common connection line COM (i+1) from each other.
[0083] Thereby, in comparison with the case where the
common electrode for all the sub-pixels 11 is provided, it is
possible to reduce the capacity during driving. In the sub-
pixels 11 not to be selected, the potential difference is not
generated between the second common connection lines dut-
ing the period when the potential applied to the corresponding
sub-pixels 11 is maintained. Thereby, it is possible to perform
the charge/discharge of the common connection line COM at
high speed while suppressing both the power consumption
and the light leakage low.

[0084] The potential of the first common connection line
and the potential of the second common connection line are
preferably not highly different. For example, the potential of
the first common connection line may be 5V, and the potential
of the second common connection line may be 2.5V which is
larger than O'V. In this case, since the large electric field in the
lateral direction is not generated between the first common
connection line and the second common connection line, it is
possible to reduce the light leakage in this part.

[0085] In this embodiment, the common connection line
drive circuit 35 preferably electrically separates, from each
other, the first common connection line, and the common
connection lines COM (third common connection lines)
arranged corresponding to the sub-pixels 11 not to be selected
belonging to all the horizontal lines different from the hori-
zontal line including the sub-pixel 11 to be selected. For
example, as illustrated in FIG. 16, the common connection
line drive circuit 35 electrically separates, from each other,
the one common connection line COM (i+1) arranged corre-
sponding to the sub-pixels 11R (1,1+1), 11G (2,i+1), 11B (3,
i+1), and 11B (X, i+1) to be selected, and the three common
connection lines COM (i-2), COM (i-1), and COM (i)
arranged corresponding to the three horizontal lines including
the sub-pixels 11R (1,1-2), 11R (1,1i-1),and 11R (1, 1) not to
be selected.

[0086] Thereby, the influence from the sub-pixel 11 not to
be selected is hardly propagated to the sub-pixel 11 to be
selected. Moreover, in virtually all or in all the sub-pixels 11
not to be selected, the potential difference is not generated
between the third common connection lines during the period
when the voltage applied to the corresponding sub-pixels 11
is maintained. As a result, it is possible not only to further
reduce the power consumption, but also virtually eliminate
the light leakage. Moreover, since the charge/discharge of the
common connection line COM may be performed at higher
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speed, it is possible to eliminate the risk that the deterioration
of the image quality is generated due to the charge/discharge
of the common connection line COM.

[0087] As illustrated in FIGS. 17 and 18, in this embodi-
ment, when the signal line drive circuit 33 performs the frame
inversion drive, the common connection line drive circuit 35
performs the common inversion drive in which the polarity of
the voltage supplied to the common electrode (common con-
nection line COM) is inverted for each frame period. For
example, as illustrated in FIGS. 17 and 18, the common
connection line drive circuit 35 inverts the polarity of the
voltage applied to the sub-pixel 11 for each frame period so
that the polarity of the sub-pixel 11 when the n-1? frame
period is passed, and the polarity of the sub-pixel 11 when the
n™ frame period is passed are opposite from each other.
Thereby, it is possible to reduce the amplitude of the signal
voltage applied to the sub-pixel 11, and it is possible to further
suppress the power consumption low.

[0088] In this embodiment, in the case where the common
connection line drive circuit 35 allows the second common
connection line or the third common connection line to
become floating for the predetermine time, the wiring capac-
ity of the signal line DTL and the common connection line
COM is drastically reduced, and thus it is possible to further
suppress the power consumption low.

[0089] Also in this embodiment, various modifications as
illustrated in FIGS. 8 to 11 may be made.

[0090] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tion JP 2009-103933 filed in the Japan Patent Office on Apr.
22,2009, the entire contents of which is hereby incorporated
by reference.

[0091] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alternations may occur depending on design require-
ments and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

What is claimed is:

1. A liquid crystal display device comprising:

a pixel array including a plurality of scanning lines
arranged in rows, a plurality of signal lines arranged in
columns, a plurality of liquid crystal elements arranged
in a matrix corresponding to an intersection of each
scanning line and each signal line, and a plurality of
common connection lines arranged one by one corre-
sponding to the liquid crystal elements of each line;

a scanning line drive circuit sequentially applying a selec-
tion pulse to the plurality of scanning lines, and sequen-
tially selecting the plurality of liquid crystal elements in
a unit of the scanning line;

asignal line drive circuit applying a signal potential corre-
sponding to a video signal to each signal line, and writ-
ing the signal potential in the liquid crystal elements to
be selected; and

a common connection line drive circuit electrically sepa-
rating, from each other, one or a plurality of common
connection lines (first common connection lines)
arranged corresponding to the liquid crystal elements to
be selected, and a plurality of common connection lines
(second common connection lines) arranged corre-
sponding to the liquid crystal elements not to be selected
of lines different from a line including the liquid crystal
elements to be selected, and at least two lines adjacent to
each other, and electrically connecting the plurality of
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second common connection lines to each other to inde-
pendently drive the first common connection line and the
second connection lines from each other.

2. The liquid crystal display device according to claim 1,
wherein the common connection line drive circuit electrically
separates, from each other, the first common connection line
and common connection lines (third common connection
lines) arranged corresponding to the liquid crystal elements
not to be selected belonging to all the lines different from the
line including the liquid crystal elements to be selected.

3. The liquid crystal display device according to claim 1,
wherein the common connection line drive circuit allows the
second common connection line to become floating for a
predetermined time.

4. The liquid crystal display device according to claim 2,
wherein the common connection line drive circuit allows the
third common connection line to become floating for a pre-
determined time.

5. The liquid crystal display device according to claim 1,
wherein the common connection line drive circuit applies a
predetermined potential to the second common connection
line for a predetermined time.

6. The liquid crystal display device according to claim 2,
wherein the common connection line drive circuit applies a
predetermined potential to the third common connection line
for a predetermined time.

7. The liquid crystal display device according to claim 1,
wherein the common connection line drive circuit allows the
second common connection line to become floating for the
predetermined time, and applies the predetermined potential
to the second common connection line for the predetermined
time in a period other than the predetermined time when the
second common connection line becomes floating.

8. The liquid crystal display device according to claim 2,
wherein the common connection line drive circuit allows the
third common connection line to become floating for the
predetermined time, and applies the predetermined potential
to the third common connection line for the predetermined
time in a period other than the predetermined time when the
third common connection line becomes floating.

9. The liquid crystal display device according to claim 2,
wherein the liquid crystal elements selected by the one scan-
ning line in the plurality of liquid crystal elements are
arranged in rows.

10. The liquid crystal display device according to claim 1,
wherein the liquid crystal elements selected by the one scan-
ning line in the plurality of liquid crystal elements are alter-
nately arranged.

11. The liquid crystal display device according to claim 1,
wherein the signal line drive circuit applies, to each signal
line, a signal potential in which a potential is inverted to a
reference potential for each frame period, and writes the
signal potential in the liquid crystal element to be selected.

12. The liquid crystal display device according to claim 11,
wherein the common connection line drive circuit applies, to
the common connection line corresponding to the liquid crys-
tal element to be selected, a potential in which a polarity to the
reference potential is opposite from a polarity to the reference
potential in the signal line.

13. A method of driving a liquid crystal display device
including a pixel array including a plurality of scanning lines
arranged in rows, a plurality of signal lines arranged in col-
umns, a plurality of liquid crystal elements arranged in a
matrix corresponding to an intersection of each scanning line
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and each signal line, and a plurality of common connection
lines arranged one by one corresponding to the liquid crystal
elements of each line, and a scanning line drive circuit
sequentially applying a selection pulse to the plurality of
scanning lines, and sequentially selecting the plurality of
liquid crystal elements in a unit of the scanning line unit, and
a signal line drive circuit applying a signal potential corre-
sponding to a video signal to each signal line, and writing the
signal potential in the liquid crystal elements to be selected
comprising:
a step of electrically separating, from each other, one or a
plurality of common connection lines (first common
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connection lines) arranged corresponding to the liquid
crystal elements to be selected, and a plurality of com-
mon connection lines (second common connection
lines) arranged corresponding to the liquid crystal ele-
ments not to be selected of lines different from a line
including the liquid crystal elements to be selected, and
at least two lines adjacent to each other, and electrically
connecting the plurality of second common connection
lines to each other to independently drive the first com-
mon connection line and the second connection lines
from each other.
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