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(57) ABSTRACT

An LCD device driven with storage capacitors prevents
defective image display caused by capacitive coupling
between data lines and storage capacitor lines. The LCD
device includes pixel electrodes arranged at intersections
between drain lines and gate lines, switching elements,
storage capacitor lines corresponding to the gate lines,
storage capacitors having first electrodes connected to the
pixel electrodes and second electrodes connected to the
storage capacitor lines, a switching circuit for selectively
applying a potential to the storage capacitor lines, and a
drain driver. The drain driver selects some of the data lines
so that an equal number of image data signals having a
positive polarity and image data signals having a negative
polarity are provided to the selected data lines and simul-
taneously provides the selected data lines with the image
data signals having a positive polarity and the image data
signals having a negative polarity.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2004-347535, filed on Nov. 30, 2004, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a liquid crystal
display (LCD) device, and more particularly, to an LCD
device that is driven with storage capacitors.

[0003] An LCD includes a liquid crystal material that is
sealed in a small space between two glass substrates. The
light transmittance of the liquid crystal material changes in
accordance with the applied voltage. The LCD displays
images by controlling the voltage applied to each pixel and
changing the light transmittance of the liquid crystal mate-
rial. The liquid crystal material deteriorates as potentials
having the same polarity are repeatedly applied to the liquid
crystal material. To prevent deterioration of the liquid crystal
material, the LCD device cyclically inverts the polarities of
the potentials applied to pixel electrodes.

[0004] Two polarity inversion driving methods are known.
The first one is a line inversion driving method for alter-
nately applying potentials having opposite polarities to gate
lines, which are connected to pixel electrodes. The second
one is a dot inversion driving method for alternately apply-
ing potentials having opposite polarities to pixel electrodes
for pixels arranged in both row and column directions. With
the line inversion driving method, potentials having the
same polarity are applied to every one of the pixels that are
connected to the same gate line. This enables the use of an
image data signal having a relatively small potential ampli-
tude. However, the line inversion driving method is suscep-
tible to flicker noise. This makes it difficult to drive the LCD
device at a low frequency. With the dot inversion driving
method, potentials having opposite polarities are alternately
applied to pixel electrodes that are connected to the same
gate line. Although the dot inversion driving method is
immune to flicker noise, the potential amplitude of the image
data signal must be increased. This makes it difficult to
reduce power consumption.

[0005] In the prior art, for example, Japanese Laid-Open
Patent Publication Nos. 2000-81606 and 2003-150127
describe LCD devices that enable the potential amplitudes of
image data signals to be decreased while performing the dot
inversion driving method. Such an LCD device includes
storage capacitors, each having a first electrode connected to
a pixel electrode and a second electrode connected to a
storage capacitor line. The LCD device performs storage
capacitor driving to increase the amplitude of the image data
signal by changing the potential applied to the storage
capacitor line after applying the image data signal potential
to a pixel electrode. This decreases the potential amplitude
of the image data signal.

[0006] An LCD device of the prior art that performs
storage capacitor driving will now be described with refer-
ence to FIG. 1.

[0007] An image display unit of the LCD device includes
a plurality of drain lines 100 and a plurality of gate lines 101
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that intersect one another. The drain lines 100 are data lines
for providing image data signals to a plurality of pixel
electrodes. A switching element 102 and pixel electrodes
103a and 103b are arranged at each intersection of a drain
line 100 and a gate line 101. The switching element 102 may
be a thin film transistor (TFT). Each switching element 102
has a gate connected to the corresponding gate line 101, a
source connected to the corresponding pixel electrode 103a
or 1034 , and a drain connected to the corresponding drain
line 100. A substrate (not shown) on which the pixel
electrode 103a or 1036 and the switching element 102 are
formed is opposed to a substrate on which a plurality of
opposing electrodes are formed with liquid crystal material
arranged in between the substrates. The pixel electrodes
103a and 1035 and the opposing electrodes form a liquid
crystal capacitor.

[0008] The LCD device further includes first and second
storage capacitor lines 110 and 111 for each gate line 101. A
plurality of storage capacitors 112 are arranged at the
intersections between the plurality of drain lines and the
plurality of gate lines. Each storage capacitor 112 includes
a first electrode, which is connected to the corresponding
one of the pixel electrodes 103a and 1035 , and a second
electrode, which is connected to the corresponding one of
the first and second storage capacitor lines 110 and 111. In
detail, the storage capacitors 112 are alternately connected to
the first and second storage capacitor lines 110 in the row
and column directions of the pixel array. More specifically,
the storage capacitor 112 of one pixel electrode 103a is
connected to the first storage capacitor line 110, and the
storage capacitors 112 of the pixel electrodes 1035 adjacent
in the left, right, upper, and lower directions are connected
to the second storage capacitor lines 111.

[0009] The storage capacitor lines 110 and 111 are con-
nected to a storage capacitor driver 113. The storage capaci-
tor driver 113 includes a switching circuit for selectively
switching the potential that is applied to the storage capaci-
tor lines 110 and 111.

[0010] The method for driving the pixel electrodes 103a
and 1035 of the LCD device will now be described with
reference to FIG. 2.

[0011] FIG. 2(A) shows a driving method in which an
image data signal Vd, which has positive polarity, is pro-
vided to a pixel electrode 103a connected to a first storage
capacitor line 110 via a storage capacitor 112 in a predeter-
mined frame.

[0012] As shown in FIG. 2(A), in each frame, a gate
potential Vg applied to the gate line 101 rises once from a
low potential level (L level) to a high potential level (H
level). The gate potential Vg is maintained at an H level for
a constant period and then falls again to an L level. In FIG.
2(A), the gate potential Vg is maintained at an H level from
timing t1 to timing 12.

[0013] When the gate potential Vg rises to an H level at
timing t1, the source and the drain of the switching element
102 are connected to each other so that the image data signal
Vdis provided to the pixel electrodes 103« via the drain line
100. The potential (pixel potential) Vp of the pixel elec-
trodes 1034 increases to substantially the same level as the
level of the potential of the image data signal Vd.

[0014] When the gate potential Vg falls to an L level at
timing 2, the source and the drain of the switching element
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102 are disconnected from each other. When the gate
potential Vg falls, the pixel potential Vp, which has
increased to substantially the same level as the level of the
potential of the image data signal Vd, is decreased by an
amount AVs. The potential of the opposing electrode
(opposing electrode potential Vcom) always remains con-
stant. The constant potential is predetermined so that is has
a level lower than a median level Ve of the potential of the
image data signal Vd by the decrease amount AVs of the
pixel potential Vp (Vcom=Vc-AVs).

[0015] At timing t3 that is immediately after the fall of the
gate potential Vg, the potential of the signal applied to each
of the storage capacitor lines 110 and 111 (hereafter referred
to as the storage capacitor potential Vsc) is inverted. The
storage capacitor potential Vsc is set at either an H level
Vsch or an L level Vscl. The H level Vsch is higher than the
opposing electrode potential Vcom. The L level Vscl is
lower than the opposing electrode potential Vcom. The
storage capacitor potential Vsc applied to the first storage
capacitor line 110 always has a level that differs from the
storage capacitor potential Vsc applied to the second storage
capacitor line 111. More specifically, when the potential of
an H level Vsch is applied to the first storage capacitor line
110, the potential of an L level Vscl is applied to the second
storage capacitor line 111. When the potential of an L level
Vscl is applied to the first storage capacitor line 110, the
potential of an H level Vsch is applied to the second storage
capacitor line 111.

[0016] In a frame in which the image data signal Vd
having a positive polarity is provided to the pixel electrode
103a , the storage capacitor potential Vsc rises from an L
level Vsel to an H level Vsch at timing t3. The rise of the
storage capacitor potential Vsc causes charge to be redis-
tributed between the liquid crystal capacitor and the storage
capacitor 112. The charge redistribution increases the pixel
potential Vp by an amount AVp. The increased pixel poten-
tial Vp is held until the gate potential Vg rises again in the
next frame.

[0017] FIG. 2(B) shows a driving method in which an
image data signal Vd, which has a negative polarity is
provided to a pixel electrode 1035 connected to a second
storage capacitor line 111 via a storage capacitor 112 in the
same frame as in FIG. 2(A).

[0018] The gate potential Vg rises to an H level at timing
t1 and connects the source and the drain of the switching
element 102. As a result, the image data signal is provided
to the pixel electrode 1035 via the drain line 100. The pixel
potential Vp decreases to substantially the same level as the
level of the potential of the image data signal Vd.

[0019] The gate potential Vg falls to an L level at timing
2 and disconnects the source and the drain of the switching
element 102. When the gate potential Vg falls, the pixel
potential Vp, which has decreased to substantially the same
level as the level of the potential of the image data signal Vd,
is further decreased by an amount AVs.

[0020] In the pixel electrode 1035 , the storage capacitor
potential Vsc falls from an H level Vsch to an L level Vscl
at timing t3 that is immediately after timing t2. The fall of
the storage capacitor potential Vsc causes charge to be
redistributed between the liquid crystal capacitor and the
storage capacitor 112. As a result, the pixel potential Vp
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further decreases by an amount AVp. The decreased pixel
potential Vp is held until the gate potential Vg rises again in
the next frame.

[0021] Inthe next frame, the polarity of the potential of the
image data signal Vd provided to each of the pixel electrodes
103a and 1035 is inverted. The pixel electrodes 103a and
1035 are driven in a manner opposite to the preceding frame.
More specifically, the pixel electrode 103a is driven in the
manner shown in FIG. 2(B), and the pixel electrode 1035 is
driven in the manner shown in FIG. 2(A).

[0022] 1Inthe LCD device that performs the above storage
capacitor driving, the polarity inversion of the potential
applied to each of the storage capacitor lines 110 and 111
amplifies the pixel potential Vp. In this case, even if the
potential level of the image data signal is relatively small,
the potential of each of the pixel electrodes 1034 and 1035
is held at a sufficiently high level. This enables the LCD
device that performs storage capacitor driving to reduce the
potential amplitudes of image data signals during horizontal
scanning and lower power consumption, while employing
the dot inversion driving method.

[0023] Inthe LCD device that performs the above storage
capacitor driving; the drain lines 100 and the storage capaci-
tor lines 110 and 111 are laid out so as to intersect one
another. This forms a parasitic capacitor at each intersection
of the drain line 100 and the storage capacitor line 110 or 111
and causes capacitive coupling between the lines. In this
case, the storage capacitor potential Vsc of each of the
storage capacitor lines 110 and 111 changes when the image
data signal is provided to the drain line 100 thereby changing
the potential of the drain line 100.

[0024] The storage capacitor lines 110 and 111 are con-
nected to the storage capacitor driver 113. The storage
capacitor driver 113 includes the switching circuit, which
switches the potential applied to each of the storage capaci-
tor lines 110 and 111 between an H level Vsch and an L level
Vscl. The switching circuit of the storage capacitor driver
113 is required to have a high driving capacity to invert the
polarity of the storage capacitor potential Vsc as described
above. This increases the impedance of the switching circuit.
As a result, each of the storage capacitor lines 110 and 111
connected to the switching circuit has high impedance.
When the storage capacitor lines 110 and 111 have high
impedance, once the potential changes, this influence
remains for a relatively long time. Such change in potential
of the storage capacitor lines 110 and 111 may affect the
potentials of image data signals provided to the pixel elec-
trodes 103a and 1034 via the drain lines 100 or the potentials
of the pixel electrodes 103a and 1035 . This may lead to a
defective image display.

SUMMARY OF THE INVENTION

[0025] The present invention provides an LCD device that
prevents defective image display that may be caused by
capacitive coupling occurring between data lines and storage
capacitor lines.

[0026] One aspect of the present invention is a liquid
crystal display device including a plurality of data lines. A
plurality of gate lines intersect the plurality of data lines. A
plurality of pixel electrodes are respectively arranged at
intersections between the plurality of data lines and the
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plurality of gate lines. The liquid crystal device further has
a plurality of switching elements, each including a control
terminal connected to a corresponding one of the plurality of
gate lines, a first terminal connected to a corresponding one
of the plurality of pixel electrodes, and a second terminal
connected to a corresponding one of the plurality of data
lines. A plurality of storage capacitor lines respectively
correspond to the plurality of gate lines. The liquid crystal
device also has a plurality of storage capacitors, each
including a first capacitor electrode connected to a corre-
sponding one of the plurality of pixel electrodes and a
second capacitor electrode connected to a corresponding one
of the plurality of storage capacitor lines. A first drive unit,
connected to the plurality of storage capacitor lines, selec-
tively applies a storage capacitor potential to the plurality of
storage capacitor lines. A second drive unit, connected to the
plurality of data lines, alternately provides an image data
signal having a positive polarity and an image data signal
having a negative polarity to the plurality of data lines. The
second drive unit selects some of the data lines so that an
equal number of image data signals having a positive
polarity and image data signals having a negative polarity
are provided to the selected data lines. The second drive unit
simultaneously provides the selected data lines with the
image data signals having a positive polarity and the image
data signals having a negative polarity.

[0027] Other aspects and advantages of the present inven-
tion will become apparent from the following description,
taken in conjunction with the accompanying drawings,
illustrating by way of example the principles of the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] The invention, together with objects and advan-
tages thereof, may best be understood by reference to the
following description of the presently preferred embodi-
ments together with the accompanying drawings in which:

[0029] FIG. 1is a schematic diagram of an LCD device in
the prior art;

[0030] FIGS. 2(A) and 2(B) are waveform diagrams
showing methods for driving pixels of the LCD device
shown in FIG. 1;

[0031] FIG. 3 is a schematic block circuit diagram of an
LCD device according to a first embodiment of the present
invention;

[0032] FIG. 4 is a schematic circuit diagram of an image
display unit and a storage capacitor driver incorporated in
the LCD device of FIG. 3;

[0033] FIG. 5 is a waveform diagram showing a method
for driving the LCD device of FIG. 3;

[0034] FIGS. 6(A) to 6(F) are diagrams showing a first
example of a method for providing an image data signal to
the LCD device of FIG. 3;

[0035] FIGS. 7(A)to 7(E) are diagrams showing a second
example of a method for providing an image data signal to
the LCD device of FIG. 3; and

[0036] FIG. 8 is a schematic circuit diagram of an active
matrix LCD device according to a second embodiment of
the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0037] Aliquid crystal display (LCD) device according to
a first embodiment of the present invention will now be
described with reference to FIGS. 3 to 7. In the LCD device
of the first embodiment that performs storage capacitor
driving, the method for providing image data signals is
improved so as to prevent defective image display that may
be caused by capacitive coupling between data lines and
storage capacitor lines.

[0038] FIG. 3 shows the entire configuration of the LCD
device in the first embodiment. A liquid crystal panel 10 of
the LCD device in the first embodiment includes an image
display unit 11, a drain driver 12, a gate driver 13, and a
storage capacitor driver 18.

[0039] The image display unit 11 includes a plurality of
drain lines 14 and a plurality of gate lines 15 that intersect
one another. The drain lines 14 are data lines for providing
image data signals to a plurality of pixel electrodes. A first
storage capacitor line 16 and a second storage capacitor line
17 are arranged in parallel with each gate line 15. The drain
lines 14 are connected to the drain driver 12. The gate lines
15 are connected to the gate driver 13. The first and second
storage capacitor lines 16 and 17 are connected to the
storage capacitor driver 18.

[0040] The drain driver 12 is provided with a horizontal
start signal STH, a horizontal clock signal CKH, and a video
signal VD from a controller 50. The controller 50 is arranged
external to the liquid crystal panel 10. In response to the
horizontal start signal STH, the drain driver 12 sequentially
samples image data that is to be provided to each drain line
14 based on the video signal VD in synchronization with the
horizontal clock signal CKH. The drain driver 12 sequen-
tially provides each drain line 14 with a write signal for
writing data to each pixel electrode in accordance with the
sampled image data in a predetermined pattern. In other
words, the drain driver 12 sequentially provides each drain
line 14 with an image data signal.

[0041] The drain driver 12 alternately provides image data
signals having opposite polarities to the drain lines 14 in the
order in which the drain lines 14 are arranged. More
specifically, when an image data signal having a positive
polarity is provided to one drain line 14, image data signals
having a negative polarity are provided to drain lines 14 on
each side of that one drain line 14, or to the drain lines 14
adjacent to that one drain line 14. Further, for each frame,
the drain driver 12 alternately inverts the polarity of the
image data signal that is to be provided to each drain line 14.
In this way, the LCD device performs the dot inversion
driving with the pixel electrodes.

[0042] The gate driver 13 is provided with a vertical start
signal STV and a vertical clock signal CKV from the
controller 50 of the liquid crystal panel 10. In response to the
vertical start signal STV, the gate driver 13 sequentially
applies gate signals to the gate lines 15 from the gate line 15
of the first stage toward the gate line 15 of the final stage in
synchronization with the vertical clock signal CKV.

[0043] The storage capacitor driver 18 applies storage
capacitor potentials Vscl and Vsc2 to the first and second
storage capacitor lines 16 and 17, respectively. The storage
capacitor driver 18 selectively switches each of the storage
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capacitor potentials Vsc1 and Vsc2 between, for example, a
high potential level (H level) Vsch and a low potential level
(L level) Vscl. The level Vsch is higher than an opposing
electrode potential Vcom, which is a constant potential of an
opposing electrode. The level Vscl is lower than the oppos-
ing electrode potential Vcom. The levels of these potentials
(Vscl, Vsc2, and Vecom) are not necessarily limited in the
manners described above.

[0044] FIG. 4 shows the circuit configuration of the image
display unit 11 and the storage capacitor driver 18.

[0045] A switching element 20 and a pixel electrode 21 are
arranged at each intersection of the drain lines 14 and the
gate lines 15. The switching element 20 may be a thin film
transistor (TFT). Fach switching element 20 has a gate
connected to the corresponding gate line 15, a source
connected to the corresponding pixel electrode 21, and a
drain connected to the corresponding drain line 14. A
substrate on which the plurality of pixel electrodes 21 are
formed are opposed to a substrate on which a plurality of
opposing electrodes 22 with liquid crystal material arranged
in between. Each opposing electrode 22 is connected to a
common line 23 to which the opposing electrode potential
Veom is applied. Each pixel electrode 21 and its opposing
electrode 22 form a liquid crystal capacitor 24.

[0046] A storage capacitor 25 is connected to each pixel
electrode 21. The storage capacitor 25 has a first electrode
connected to the pixel electrode 21 and a second electrode
connected to the corresponding one of the first and second
storage capacitor lines 16 and 17. The storage capacitor lines
16 and 17, which are connected to the storage capacitors 25,
are arranged alternately in the row and column directions of
the pixel array.

[0047] Inthe image display device, the pixel electrodes 21
corresponding to red (R), green (G), and blue (B) are
arranged sequentially on each gate line 15. Each set of pixel
electrodes 21 for three colors forms one pixel.

[0048] The storage capacitor driver 18 includes a first
switching circuit 26 connected to the corresponding first
storage capacitor line 16 and a second switching circuit 27
connected to the corresponding second storage capacitor line
17. The switching circuit 26 is formed to apply a potential
having an H level Vsch or a potential having an L level Vscl
to the corresponding first storage capacitor line 16. The
switching circuit 27 is formed to apply a potential having an
H level Vsch or a potential having an T level Vscl to the
corresponding second storage capacitor line 17.

[0049] The operation of the LCD device will now be
described with reference 10 FIG. 5. FIG. 5 shows the
vertical start signal STV, the vertical clock signal CKV, the
potentials (gate potentials Vgl to Vg3) of the gate lines 15
in the first to third rows from the top stage, and the potentials
(storage capacitor potentials Vscl and Vsc2) of the first and
second storage capacitor lines 16 and 17.

[0050] When the vertical start signal STV rises, image
display for the present frame is started. In response to a rise
of the first pulse of the vertical clock signal CKYV, the
potential (gate potential) Vgl of the first gate line 15 rises
from a low potential level (L level) to a high potential level
(H level). As a result, the source and drain are connected in
the switching element 20 of each pixel electrode 21 that is
arranged on the first gate line 15. In the first embodiment, the
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gate potential that has risen to an H level is applied as a drive
potential to the switching element 20 via the gate line 15.
This connects the drain line 14, which is a data line, and the
pixel electrode 21.

[0051] During a period in which the gate potential Vg1 has
an H level, image data signals Vd are sequentially provided
to the pixel electrodes 21 that are connected to the first gate
line 15 via the drain line 14. Image data signals having a
positive polarity are provided to pixel electrodes 21 that are
connected to the first storage capacitor line 16 via the storage
capacitor 25. Image data signals having a negative polarity
are provided to pixel electrodes 21 that are connected to the
second storage capacitor line 17 via the storage capacitor 25.
Then, the gate potential Vgl falls to an L level.

[0052] Immediately after the fall of the gate potential Vg1,
the storage capacitor potentials Vscl and Vsc2 change. The
storage capacitor potential Vscl of the first storage capacitor
line 16 changes from an L level Vsc1 to an Hlevel Vsch. The
storage capacitor potential Vsc2 of the second storage
capacitor line 17 changes from an H level Vsch to an L level
Vscl. The changes in the storage capacitor potentials Vscl
and Vsc2 cause charge to be redistributed between the liquid
crystal capacitor 24 and the storage capacitor 25 so that the
pixel potential Vp shifts to a high potential or a low
potential. This amplifies the pixel potential Vp charged in
each pixel electrode 21. Fach pixel electrode 21 holds the
amplified pixel potential Vp until the gate potential Vgl
rises next time, or for a single frame period.

[0053] When the following vertical clock signal CKV
falls, the gate potential Vg2 of the second gate line 15 rises
from an L level to an H level. This connects the source and
drain in the switching element 20 of each pixel electrode 21
that are on the second gate line 15 so that the image data
signals Vd are sequentially provided to the pixel electrodes
21 via the drain line 14. Then, the gate potential Vg2 falls
to an L level. Immediately afterward, the storage capacitor
potentials Vscl and Vsc2 change. The storage capacitor
potential Vscl changes from an H level Vsch to an L level
Vschl. The storage capacitor potential Vsc2 changes from
an L level Vscl to an H level Vsch.

[0054] When the vertical clock signal CKV rises next, the
gate potential Vg3 of the third gate line 15 rises to an H
level. Then, the image display operation is performed for
each gate line 15 in the same manner as described above.

[0055] The drain driver 12 in the LCD device of the first
embodiment selects the drain lines 14 in a manner so that the
drain lines 14 are simultaneously provided with the same
number of image data signals Vd having a positive polarity
and image data signals Vd having a negative polarity. The
drain driver 12 provides the image data signals Vd to the
pixel electrodes 21 during the period in which the gate
potential has an H level. Even in this case, capacitive
coupling occurs at the intersections between the drain lines
14 and the storage capacitor lines 16 and 17. This locally
changes the potentials at the storage capacitor lines 16 and
17. In detail, the potentials at the storage capacitor lines 16
and 17 change locally and become high at the intersections
with the drain lines 14, which provide image data signals
having a positive polarity. The potentials of the storage
capacitor lines 16 and 17 change locally and become low at
the intersections with the drain lines 14, which provide
image data signals having a negative polarity.
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[0056] However, in the first embodiment, the number of
the intersections at which the potential becomes high is the
same as the number of the intersections at which the
potential becomes low. Thus, the influence of the potential
that becomes high and the influence of the potential that
becomes low offset each other so as to smooth the potentials
of the storage capacitor lines 16 and 17. As a result, the
potential change is reduced for the entirety of the storage
capacitor lines 16 and 17. The reasons for this will now be
described in detail.

[0057] The number of intersections at which the drain
lines 14, provided with image data signals having a positive
polarity, intersect the storage capacitor lines 16 and 17 is
represented by n. A parasitic capacitor formed by capacitive
coupling occurring at each of these intersections is repre-
sented by Cpa. Further, the amounts of potential change in
the drain lines 14 are represented by AVU1, AVU2, . . .
AVUn. The number of intersections at which the drain lines
14, provided with image data signals having a negative
polarity, intersect the storage capacitor lines 16 and 17 is
represented by m. A parasitic capacitor formed by capacitive
coupling occurring at each of these intersections is repre-
sented by Cpa. Further, the amounts of potential change in
the drain lines 14 are represented by AVDI1, AVD2, . . .
AVDm.

[0058] In this case, when the entire capacity of the storage
capacitor lines 16 and 17 is represented by Call, the entire
potential change amount =66 Vsc of the storage capacitor
lines 16 and 17 caused by capacitive coupling that occurs
between the drain lines 14 and the storage capacitor lines 16
and 17 is indicated by the expression shown below.

AVse={(AVUL+AVU2+ . . . +AVUR+AVDI+AVD2+ ..

. +AVDm)*Cpa}/Call
[0059] The average value of the potential change amounts
AVU1, AVU2, . . . AVUm at the intersections where the
potential becomes high is represented by AVUave. The
average value of the potential change amounts AVDI,
AVD2, ... AVDm at the intersections where the potential
becomes low is represented by AVDave. When using the
average values AVUave and AVDave, the entire potential
change amount AVsc of the storage capacitor lines 16 and 17
is indicated by the expression shown below.

AVsc=(n*AVUave+m*AVDave)* Cpa/Call

[0060] In the first embodiment, the number of image data
signals having a positive polarity is equal to the number of
simultaneously provided image data signals that have a
negative polarity (n=m). Further, AVUave=—AVDave is
satisfied in an average image. Thus, the entire potential
change amount AVsc of the storage capacitor lines 16 and 17
is substantially zero (AVsc~0) when the image display
device of the first embodiment displays an average image.

[0061] In the first embodiment, the operation of providing
image data signals Vd may specifically be performed in the
manner described below.

[0062] FIG. 6 shows an example of a case employing a
scanning method, in which image data signals Vd are
provided to pixel electrodes 21 in accordance with the
sampling order. With the scanning method, an even number
of drain lines 14 from the leftmost column (one end of the
array) are selected at the same time to simultaneously
provide the image data signals. As a result, the number of
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image data signals Vd having a positive polarity becomes
equal to the number of simultaneously provided image data
signals Vd having a negative polarity.

[0063] Intheexample shown in FIG. 6, the drain driver 12
selects six drain lines 14 at a time from the leftmost column
in the line arrangement and simultaneously provides image
data signals to the selected drain lines. In a first step, image
data signals are provided simultaneously to the first to sixth
drain lines 14 as shown in FIG. 6(A). Subsequently, image
data signals are provided simultaneously to the seventh to
twelfth drain lines 14 in the second step, the thirteenth to
eighteenth drain lines 14 in the third step, the nineteenth to
twenty-fourth drain lines 14 in the fourth step, and the
twenty-fifth to thirtieth drain lines 14 in the fifth step as
shown in FIGS. 6(B) to 6(E).

[0064] FIG. 7 shows an example of a case employing a
multiplexer method in which image data signals Vd are
provided to the pixel electrodes 21 after all of the image data
is sampled in the horizontal cycle. With the multiplexer
method, an even number of drain lines 14 that are arranged
at intervals of an even number of lines are sequentially
selected at a time as the drain lines 14 that are simulta-
neously provided with the image data signals. As a result, the
number of image data signals Vd having a positive polarity
becomes equal to the number of simultaneously provided
image data signals Vd having a negative polarity.

[0065] Inthe example shown in FIG. 7, the drain driver 12
selects six drain lines 14 arranged in intervals of eight lines
at a time and simultaneously provides image data signals to
the selected drain lines. In the first step, image data signals
are provided simultaneously to the first, ninth, seventeenth,
twenty-fifth, thirty-third, and fourth-first drain lines 14 as
shown in FIG. 7(A). In the second step, as shown in FIG.
7(B), image data signals are provided simultaneously to the
second, tenth, eighteenth, twenty-sixth, thirty-fourth, and
forty-second drain lines 14, which are each shifted to the
right by one line from the drain lines 14 selected in the first
step. In each of the third and subsequent steps, image data
signals are simultaneously provided to selected drain lines
14 that are shifted to the right by one line from the lines
selected in its preceding step as shown in FIGS. 7(C) to 7(E).

[0066] The method for selecting the drain lines 14 in a
manner such that the number of image data signals having
a positive polarity becomes equal to the number of simul-
taneously provided image data signals having a negative
polarity should not be limited to the specific method
described above. There are many other ways to select the
drain lines 14 in this manner. The other methods also reduce
the potential changes of the storage capacitor lines 16 and 17
that may be caused by capacitive coupling occurring when
image data signals are provided.

[0067] Depending on the total number of the drain lines
14, some drain lines 14 may remain unselected when the
drain lines 14 are selected in a manner that the number of
image data signals having a positive polarity becomes equal
to the number of simultaneously provided image data signals
having a negative polarity. In this case, providing an equal
number of image data signals having a positive polarity and
image data signals having a negative polarity in all the
writing steps may not be possible. In particular, when the
number of pixel electrodes 21 connected to a gate line 15 is
an odd number, one image data signal provided to the final
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pixel electrode 21 of the gate line 15 may have no image data
signal having an opposite polarity that it can be paired with.
Even in this case, the drain driver 12 tries to select the drain
lines 14 to its utmost extent in a manner that an equal
number of image data signals having a positive polarity and
image data signals having a negative polarity are provided.
This sufficiently reduces defective image display that may
be caused by capacitive coupling between the drain lines 14
and the storage capacitor lines 16 and 16 as described above.

[0068] In the first embodiment, each of the switching
circuits 26 and 27 in the storage capacitor driver 18 func-
tions as a storage capacitor potential switching unit for
selectively switching the potential applied to the storage
capacitor lines 16 and 17.

[0069] The LCD device of the first embodiment has the
advantages described below.

[0070] The LCD device of the first embodiment selects the
drain lines 14 in a manner that an equal number of image
data signals having a positive polarity and image data
signals having a negative polarity are simultaneously pro-
vided to the pixel electrodes 21. Thus, local potential
changes to a high level and local potential changes to a low
level that may be caused by capacitive coupling between the
drain lines 14 and the storage capacitor lines 16 and 17 offset
each other. As aresult, potential changes are decreased in the
entirety of the storage capacitor lines 16 and 17. This
prevents defective image display that may be caused by
capacitive coupling.

[0071] AnLCD device according to a second embodiment
of the present invention will now be described with refer-
ence to FIG. 8. The second embodiment will be described
focusing on differences from the first embodiment. In addi-
tion to the method of the first embodiment for providing the
image data signals, the second embodiment also has an
improvement in the circuit configuration of the LCD device
to further decrease the potential changes of the storage
capacitor lines that may be caused by capacitive coupling.

[0072] FIG. 8 shows a circuit configuration of an image
display unit in the LCD device of the second embodiment.
The LCD device of the second embodiment includes an
additional capacitor 30 connected to a first storage capacitor
line 16 and an additional capacitor 31 connected to a second
storage capacitor line 17.

[0073] The capacitors 30 and 31 are connected to the
storage capacitor lines 16 and 17, respectively, so as to
increase the entire capacitance of each of the storage capaci-
tor lines 16 and 17. As a result, the potential changes that
may be caused by capacitive coupling between the drain
lines 14 and the storage capacitor lines 16 and 17 are further
decreased.

[0074] Tt should be apparent to those skilled in the art that
the present invention may be embodied in many other
specific forms without departing from the spirit or scope of
the invention. Therefore, the present examples and embodi-
ments are to be considered as illustrative and not restrictive,
and the invention is not to be limited to the details given
herein, but may be modified within the scope and equiva-
lence of the appended claims.
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What is claimed is:
1. A liquid crystal display device comprising:

a plurality of data lines;

a plurality of gate lines intersecting the plurality of data
lines;
a plurality of pixel electrodes respectively arranged at

intersections between the plurality of data lines and the
plurality of gate lines;

a plurality of switching elements, each including a control
terminal connected to a corresponding one of the
plurality of gate lines, a first terminal connected to a
corresponding one of the plurality of pixel electrodes,
and a second terminal connected to a corresponding
one of the plurality of data lines;

a plurality of storage capacitor lines respectively corre-
sponding to the plurality of gate lines;

a plurality of storage capacitors, each including a first
capacitor electrode connected to a corresponding one of
the plurality of pixel electrodes and a second capacitor
electrode connected to a corresponding one of the
plurality of storage capacitor lines;

a first drive unit, connected to the plurality of storage
capacitor lines, for selectively applying a storage
capacitor potential to the plurality of storage capacitor
lines; and

a second drive unit, connected to the plurality of data
lines, for alternately providing an image data signal
having a positive polarity and an image data signal
having a negative polarity to the plurality of data lines,
wherein the second drive unit selects some of the data
lines so that an equal number of image data signals
having a positive polarity and image data signals hav-
ing a negative polarity are provided to the selected data
lines, the second drive unit simultaneously providing
the selected data lines with the image data signals
having a positive polarity and the image data signals
having a negative polarity.

2. The liquid crystal display device according to claim 1,
wherein the second drive unit selects some of the data lines
in quantities that are an even number starting from a data
line located at an end of the plurality of data lines.

3. The liquid crystal display device according to claim 1,
wherein the second drive unit selects some of the data lines
in quantities that are an even number at an interval of an
even number of data lines.

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

a plurality of additional capacitors respectively connected

to the plurality of storage capacitor lines.

5. The liquid crystal display device according to claim 1,
wherein the plurality of storage capacitor lines include first
and second storage capacitor lines for each of the plurality
of gate lines, and the plurality of storage capacitors include
a first storage capacitor connected to each first storage
capacitor line and a second storage capacitor connected to
each second storage capacitor line.

6. The liquid crystal display device according to claim 5,
wherein a plurality of sets of the first and second storage
capacitors are connected so that the first and second storage
capacitors are arranged alternately on the first and second
storage capacitor lines.
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7. The liquid crystal display device according to claim 5,
wherein the first storage capacitor lines correspond to the
data lines provided with the image data signals having a
positive polarity, the second storage capacitor lines corre-
spond to the data lines provided with the image data signals
having a negative polarity, and the first drive unit applies a
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storage capacitor potential having a first level to the first
storage capacitor lines and applies a storage capacitor poten-
tial having a second level differing from the first level to the
second storage capacitor lines.
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