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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2009-251250, filed Oct. 30, 2009, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention relates to a liquid crystal dis-
play device and a method of driving the same, and more
particularly to a liquid crystal display device using an active
matrix and a method of driving the same.

BACKGROUND

[0003] The active-matrix type liquid crystal display device
is equipped with a liquid crystal layer held between a pair of
substrates which counter mutually, and a display portion
which consists of a plurality of display pixels arranged in the
shape of a matrix. One of the pair of substrates includes scan
lines arranged along with row lines of the display pixels, and
signal lines arranged along with column lines of the display
pixels in the matrix. An alignment state of the liquid crystal
molecule contained in the liquid crystal layer is controlled by
an electrical field impressed to the liquid crystal layer.
[0004] Recently, liquid crystal display devices such as an
IPS (In-Plane Switching) mode type and a FFS (Fringe Field
Switching) mode type using a lateral electrical field have been
proposed. The IPS mode type and the FFS mode type include
a plurality of first electrodes arranged in the matrix and a
second electrode that counters the first electrodes on one of
the substrates, and the state of an alignment of the liquid
crystal molecule contained in the liquid crystal layer is con-
trolled by the lateral electrical field generated between the
first and second electrodes.

[0005] 1In the liquid crystal display, a line inversion driving
method is proposed, in which the polarity of an impressed
voltage to the liquid crystal layer for every scan line is
inversed for preventing generation of a flicker phenomenon.
When the line inversion driving method is adopted in the IPS
mode or the FFS mode, the second electrode is arranged for
every scan line, and the voltage supplied to the second elec-
trode for every one-frame period is changed to either of the
high (H) level and the low (L) level to inverse the polarity of
the voltage impressed to the liquid crystal layer. In this struc-
ture, the alignment of the liquid crystal molecule contained in
the liquid crystal layer is controlled by two kinds of voltages
supplied to the second electrode and a picture signal sequen-
tially written in the first electrode.

[0006] For example, when a power supply is turned off in
the liquid crystal display device in a normally black mode,
first, black data (picture signal corresponding to the black
display) is written in all the display pixels based on a prede-
termined sequence in order to prevent disturbance of a screen
by performing the black display. Then, the power supply to
the liquid crystal panel is shut by turning off a power switch
inserted in a power supply line after a predetermined time
passes.

[0007] However, when two kinds of voltages with positive
and negative are supplied to the second electrode, even if the
black data is written in all the display pixels, the time for
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electric discharge of the high level common potential is dif-
ferent from that of the low level common potential after the
power supply is turned off. Therefore, an incidental image,
such as a lateral line shape may be generated.

[0008] Moreover, since the writing of the black data is
sequentially performed by scan operation in every scan line
like the writing of the normal display data, it takes time of at
least one field period to write the black data in one screen. For
this reason, the prior method can not respond to sudden
power-off which occurs momentary. Accordingly, it was dif-
ficult to avoid the generation of the incidental lateral line.
[0009] A liquid crystal display device including an auxil-
iary capacitance coupled with a pixel capacitance and an
auxiliary capacitance line for supplying a voltage to the aux-
iliary capacitance is proposed to make amplitude of the signal
supplied to the signal lines small. Conventionally, a liquid
crystal display device is proposed, in which the liquid crystal
display device includes a low-voltage line to supply a low
level voltage and a high-voltage line to supply a high voltage
to the auxiliary capacitance line respectively, and a switching
circuit to connect the auxiliary capacitance line with one of
the low-level voltage line and the high-voltage line (refer to a
Japanese Laid Open Patent Application No. 2009-104050).

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0011] FIG. 1 is a figure for explaining an example of a
normal display driving operation of a liquid crystal display
device according to one embodiment of the present invention.
[0012] FIG. 2 is a figure for explaining an example of the
power OFF driving operation of the liquid crystal display
according to the embodiment of the present invention.
[0013] FIG. 3 isatiming chart for explaining an example of
the driving method of the liquid crystal display according to
the embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0014] A liquid crystal display device and a method of
driving the liquid display device according to an exemplary
embodiment of the present invention will now be described
with reference to the accompanying drawings wherein the
same or like reference numerals designate the same or corre-
sponding parts throughout the several views. The liquid crys-
tal display device according to this embodiment uses a not-
mally black mode in the FFS mode type.

[0015] According to one embodiment, a liquid crystal dis-
play device includes: a substrate; a plurality of first electrodes
arranged in a matrix of rows and columns on the substrate;
scan lines extending along with the first electrodes arranged
in the row direction; signal lines extending along with the first
electrodes arranged in the column direction; a pixel switch
arranged in an intersection portion of the scan line and the
column line to switch a connection between the signal line
and the first electrode by a scan signal applied to the scan line;
a scan line driving circuit to sequentially scan the scan lines;
a plurality of second electrodes arranged so as to counter the
first electrodes through an insulating layer and extend along
with the pixels in the row direction; a first voltage supply line
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to supply a first voltage to the second electrode; a second
voltage supply line to supply a second voltage to the second
electrode; a control circuit; a first switch circuit arranged
between the first and second voltage supply lines and the
second electrodes to switch a connection between the first
voltage supply line and the second electrodes, and a connec-
tion between the second voltage supply line and the second
electrodes by a control signal outputted from the control
circuit; a second switch circuit arranged between the first
voltage supply line and the signal line to switch a connection
between the first voltage supply line and the signal line by the
control signal outputted from the control circuit; and a gate
open circuit to receive signals from the scan line driving
circuit and the control circuit, the gate open circuit supplying
a signal to switch on the pixel switch to the scan line.

[0016] According to other embodiment, a method of driv-
ing a liquid crystal display device includes; a substrate, a
plurality of first electrodes arranged in a matrix of rows and
columns on the substrate, scan lines extending along with the
first electrodes arranged in the row direction, signal lines
extending along with the first electrodes arranged in the col-
umn direction, a pixel switch arranged in an intersection
portion of the scan line and the column line to switch a
connection between the signal line and the first electrode by a
scan signal supplied to the scan line, a scan line driving circuit
to sequentially scan the scan lines, a plurality of second
electrodes arranged so as to counter the first electrodes in the
row direction through an insulating layer, a first voltage sup-
ply line to supply a first voltage to the second electrode, a
second voltage supply line to supply a second voltage to the
second electrode, a control circuit, a first switch circuit
arranged between the first and second voltage supply lines
and the second electrodes to switch a connection between the
first voltage supply line and the second electrodes, and a
connection between the second voltage supply line and the
second electrodes by a control signal outputted from the
control circuit, a second switch circuit arranged between the
first voltage supply line and the signal line to switch a con-
nection between the first voltage supply line and the signal
line by the control signal outputted from the control circuit,
and a gate open circuit to receive signals from the scan line
driving circuit and the control circuit and supply a signal to
switch on the pixel switch, the method comprising the steps:
when the power supply to the liquid crystal display device is
turned off, (a) connecting the first voltage supply line with the
second electrode by controlling the first switch circuit; (b)
connecting the first voltage supply line with the signal line by
controlling the second switch circuit; and (¢) supplying a
signal to simultaneously switch on the pixel switches con-
nected with all the signal lines to the gate open circuit.

[0017] As shown in FIG. 1 and FIG. 2, the liquid crystal
display device according to this embodiment includes a pair
of substrates, that is, an array substrate (not shown) and a
counter substrate (not shown) opposite the array substrate, a
liquid crystal layer LQ held between the pair of substrates,
and a display portion (not shown)having a plurality of display
pixels PX arranged in the shape of a matrix.

[0018] Thearray substrate includes a transparent insulating
substrate (not shown), a pixel electrode PE arranged in each
display pixel PX, scan lines GL (GL1, GL2, GL3 - - -)
extending along with the row lines of the pixel electrodes PE,
signal lines SL (SL1, SL.2, SL3 - - - ) extending along with the
column lines of the pixel electrodes PE, pixel switches SWP
arranged near the positions where the scan lines GL and the
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signal lines SL cross each other, and common electrodes
COM (COM1, COM2, COM3 - - - ) arranged so as to face the
pixel electrodes PE through an insulating layer (not shown)
formed on the transparent array substrate, respectively.

[0019] The pixel switch SWP includes a thin film transistor
(TFT: Thin Film Transistor) as a switching element. A gate
electrode of the thin film transistor is electrically connected
with a corresponding scan line GL (or formed integrally). A
source electrode of the thin film transistor is electrically con-
nected with a corresponding signal line SL (or formed inte-
grally). A drain electrode of the thin film transistor is electri-
cally connected with a corresponding pixel electrode PE (or
formed integrally).

[0020] Ifthe ON voltage is impressed to the gate electrode
of the thin film transistor, an electrical connection is formed
between the source electrode and the drain electrode, and a
picture signal is supplied to the pixel electrode PE from the
corresponding signal line SL. Liquid crystal capacitance is
formed by the picture signal impressed to the pixel electrode
PE and the common voltage impressed to the common elec-
trode COM.

[0021] A plurality of slits are formed in the pixel electrode
PE with a predetermined interval therebetween, and a lateral
electrical field generates between the pixel electrode PE and
the common electrode COM arranged through an insulating
layer. The state for alignment of the liquid crystal molecule
contained in the liquid crystal layer LQ is controlled by the
lateral electrical field. Each display pixel PX further includes
an auxiliary capacitance CS coupled with the liquid crystal
capacitance. The liquid crystal capacitance is stored in the
liquid crystal layer by electrical field impressed to the liquid
crystal layer. The auxiliary capacitance CS is a capacitance
produced between the pixel electrode PE and the common
electrode COM.

[0022] The common electrodes COM are arranged so as to
extend in approximately parallel with the scan lines GL, and
each common electrode COM counters the pixel electrodes
PE arranged in the row direction. The array substrate includes
afirst voltage supply line W1 and a second voltage supply line
W2 to supply two kinds of common voltages to the common
electrode COM. A low level common voltage (CSL) is
impressed to the first voltage supply line W1, and a high level
common voltage (CSH) is impressed to the second voltage
supply line W2. In this embodiment, the low level common
voltage (CSL) is set to an approximate ground voltage.

[0023] Theone end portion of the common electrode COM
is connected to the first switching circuit SW1. The first
switching circuit SW1 includes a switching element S1 to
switch a connection between the common electrode COM
and the first voltage supply line W1, and a switching element
S2 to switch a connection between the common electrode
COM and the second voltage supply line W2. The ON or OFF
state of the switching elements S1 and S2 is controlled by a
control signal SHUT outputted from a control circuit CT to
switch a normal display driving operation and a power OFF
driving operation.

[0024] Oneend portion of the signal line SL is connected to
asecond switching circuit SW2. The second switching circuit
SW2 includes a switching element S3 which switches a con-
nection between the signal line SL and the first voltage supply
line W1. The ON or OFF of the switching element S3 is
controlled by the SHUT signal outputted from the control
circuit CT.
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[0025] The other end portion of the signal line SL is con-
nected to a third switching circuit SW3. The third switching
circuit SW3 includes output terminals of a signal line driving
circuit SD and switching elements S4 to switch a connection
with the signal line SL. The switching circuit SW3 is consti-
tuted so that the picture signal outputted from one output
terminal of the signal line driving circuit SD is supplied to one
of three signal lines SL. In this embodiment, a multiplexer
circuit is employed, that is, a plurality of third switching
circuits SW3 having three switching elements S4 respectively
are arranged in the scan line direction. Of course, the third
switching circuits SW3 may be formed so that the switching
elements S4 are arranged respectively corresponding to all
the output terminals of the signal line driving circuit SD
without using the multiplexer circuit.

[0026] One end of the scan line GL is connected to a scan
line driving circuit GD through a gate open circuit GC and a
gate buffer circuit GBF. The gate open circuit GC includes a
NOT circuit GCA to receive the scan signal outputted from
the scan line driving circuit GD, a NAND circuit GCB to
receive the signal outputted from the NOT circuit GCA and
the SHUT signal outputted from the control circuit CT. The
signal outputted from the NAND circuit GCB ofthe gate open
circuit GC is supplied to a buffer of the gate buffer circuit
GBF and is supplied to the scan line GL through the buffer.

[0027] FIG.1shows one exampleofa structure of the liquid
crystal display device when the normal display driving opera-
tion is performed to supply the picture signal to the pixel
electrode PE. In the case shown in FIG. 1, the SHUT signal is
high (H) level. At this time, a common electrode COM1 is
connected to the second voltage supply line W2 by the switch-
ing element S2, a common electrode COM?2 is connected to
the first voltage supply line W1 by the switching element S1,
and a common electrode COM3 is connected to the second
voltage supply line W2 by the switching element S2. That is,
voltages having different level are respectively supplied to
adjoining common electrodes COM.

[0028] After one frame period, the common electrode
COMIL is connected to the first voltage supply line W1 by the
switching element S1, the common electrode COM?2 is con-
nected to the second voltage supply line W2 by the switching
element S2, and the common electrode COM3 is connected to
the first voltage supply line W1 by the switching element S1.
Thus, the voltage level supplied to common electrode COM
changes for every one frame period.

[0029] The switching elements S3 of the second switch
circuit SW2 are turned off by the SHUT signal. The NAND
circuit GCB in the gate open circuit GC transmits the scan
signals outputted from the scan line driving circuit GD to the
gate buffer circuit GBF by the signal outputted from the NOT
circuit GCA and the SHUT signal. Then, as shown in FIG. 3,
the scan lines GL are sequentially driven for every one hori-
zontal period.

[0030] Theswitching elements S4 in the third switch circuit
SW3 are sequentially turned on during one horizontal period,
and the picture signals outputted from one output terminal of
the signal driving circuit SD are supplied to three signal lines
SL. The picture signals supplied to the signal lines SL are
supplied to the pixel electrodes PE through the pixel switches
SWP. In this embodiment, the multiplexer circuit is adopted.
The plurality of third switch circuits SW3 are sequentially
operated for all the output terminals of the signal driving
circuit SD.
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[0031] FIG. 2 shows one example of a structure of the liquid
crystal display device when the power OFF driving operation
is performed. If the power supply to the liquid crystal display
device is turned off, the control circuit CT starts the power
OFF driving operation. As shownin FIG. 3, the control circuit
CT starts the power OFF driving operation from timing T1
when the power supply was turned off. At timing T2 when a
predetermined time passes from the power OFF, a switch
inserted in a power supply line (not shown) shuts the power
supply to the control circuit CT. In addition, at the time ofthe
normal display driving operation, the power voltage VDD is
anytime supplied to the power supply line.

[0032] In the case shown in FIG. 2, the SHUT signal is a
low (L) level. All the common electrodes COM are connected
to the first voltage supply line W1 by the switching element
S1 in the first circuit SW1 at this time. That is, the common
voltage (CSL) of low level is supplied to all the common
electrodes COM from the first voltage supply line W1.

[0033] The switching elements S3 of the second switch
circuit SW2 are turned on by the SHUT signal. The NAND
circuit GCB of the gate open circuit GC outputs the scan
signal which turns on the pixel switch SWP by the signal
outputted from the NOT circuit GCA and the SHUT signal.
The signal outputted from the NAND circuit GCB is supplied
to the scan line GL through the gate buffer circuit GBF. Then,
as shown in FIG. 3, the scan signals which turn on the pixel
switches SWP are simultaneously supplied to all the scan
lines GL.

[0034] The switching elements S4 of the third switch cir-
cuit SW3 are simultaneously turned off by the SHUT signal.
Therefore, the common voltage (CSL) of low level is supplied
to the signal lines SL from the first supply line W1 through the
second circuit SW2, and the common voltage (CSL) of low
level is also supplied to all the pixel electrodes PE through the
pixel switch SWP.

[0035] Therefore, since the potential supplied to the pixel
electrode PE and the potential supplied to the common elec-
trode COM becomes approximately same, the value of the
potential difference for controlling the state of the alignment
of the liquid crystal molecule becomes substantially zero.
Thereby, the display portion becomes a black display state.

[0036] As mentioned above, if the liquid crystal display
device performs the power OFF driving operation, the signals
corresponding to the black display can be simultaneously
supplied to all pixel electrodes. Thereby, the time (time from
the timing T1 to the timing T2) to charge the pixel electrode
can be shortened. Moreover, since the common voltages hav-
ing same potential are supplied to all the common electrodes
COM, the electric discharge time of the adjoining common
electrodes COM becomes substantially equal after the supply
ofthe power voltage VDD to the control circuit CT was turned
off.

[0037] Therefore, the writing of the signal corresponding to
the black display completes before the power supply voltage
VDD turns off. Accordingly, the incident image is not dis-
played after the power supply is turned off. Furthermore, even
if it is a case where the power supply of the liquid crystal
display device is turned off suddenly, it becomes possible to
complete the signal writing to the pixel electrode PE and
common electrode COM before the supply of the power
voltage VDD from the power supply line is shut. Thereby,
even ifitis the case where the power supply fails suddenly, the
black display can be performed without the incident image.
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[0038] Furthermore, according to this embodiment, since
the first voltage supply line W1 is used to supply the common
voltage to both the signal line SL and the common electrode
COM when the power supply to the liquid crystal display is
shut, it is not necessary to provide additional voltage supply
lines.

[0039] That is, according to the liquid crystal display
device and the driving method of the same in this embodi-
ment, it is possible to provide a high quality liquid crystal
display device.

[0040] In the liquid crystal display device according to the
above-mentioned embodiment, when the power supply of the
liquid crystal display device is turned off, while the common
electrode COM is connected with the first voltage supply line
W1 in the first switching circuit SW1, the signal line SL is
connected with the first voltage supply line W1 in the second
switching circuit SW2. However, when the power supply of
the liquid crystal display device is turned off, while the com-
mon electrode COM may be connected with the second volt-
age supply line W2 in the first switching circuit SW1, the
signal line SI, may be connected with the second voltage
supply line W2 in the second switching circuit SW2.

[0041] Since the same potential is supplied to the common
electrode COM and the signal wire SL in each case, the same
effect as the liquid crystal display device according to the
above-mentioned embodiment can be achieved.

[0042] Moreover, although the liquid crystal display device
according to the above-mentioned embodiment adopts the
FFS mode, the present invention is applicable to the liquid
crystal display device, in which the polarity of the potential
impressed to the liquid crystal layer LQ is inversed for every
one or more scan lines by changing the common voltage.
Consequently, the same effect as the liquid crystal display
device according to the above-mentioned embodiment can be
achieved.

[0043] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
In practice, the structural element can be modified without
departing from the spirit of the invention. Various embodi-
ments can be made by properly combining the structural and
method elements disclosed in the embodiments. For example,
some structural and method elements may be omitted from all
the structural and method elements disclosed in the embodi-
ments. Furthermore, the structural and method elements in
different embodiments may properly be combined. The
accompanying claims and their equivalents are intended to
cover such forms or modifications as would fall with the
scope and spirit of the inventions.

1-18. (canceled)

19. A liquid crystal display device, comprising:

a substrate;

a plurality of first electrodes arranged in a matrix of rows
and columns on the substrate;

scan lines extending along with the first electrodes
arranged in the row direction;

signal lines extending along with the first electrodes
arranged in the column direction;

a pixel switch arranged in an intersection portion of the
scan line and the signal line to switch a connection
between the signal line and the first electrode by a scan
signal applied to the scan line;

a scan line driving circuit to sequentially scan the scan
lines;
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a plurality of second electrodes arranged so as to counter
the first electrodes with an insulating layer positioned
between the first electrode and the second electrode, and
the second electrodes extending along with the pixels in
the row direction;

a first voltage supply line to supply a first voltage to the
second electrode;

a second voltage supply line to supply a second voltage to
the second electrode;

a control circuit;

a first switch circuit arranged between the first and second
voltage supply lines and the second electrodes to switch
a connection between the first voltage supply line and
the second electrodes, and a connection between the
second voltage supply line and the second electrodes by
a control signal outputted from the control circuit;

a second switch circuit arranged between the first voltage
supply line and the signal line to switch a connection
between the first voltage supply line and the signal line
by the control signal outputted from the control circuit;
and

a gate open circuit to receive signals from the scan line
driving circuit and the control circuit, the gate open
circuit supplying a signal to switch on the pixel switch to
the scan line,

wherein

the control circuit supplies control signals to connect the
first voltage supply line with the second electrode by
controlling the first switch circuit, to connect the first
voltage supply line with the signal line by controlling the
second switch circuit, and to simultaneously supply the
scan signals to switch on the pixel switches to all the
signal lines through the gate open circuit when the liquid
crystal display device is powered off,

the first switch circuit includes a first switching element to
switch a connection between the first voltage supply line
and the second electrode and a second switching ele-
ment to switch the connection between the second volt-
age supply line and the second electrode under control
by the control circuit, and

the second switch circuit includes a third switching ele-
ment to switch the connection between the first voltage
supply line and the signal line under control by the
control circuit.

20. The liquid crystal display device according to claim 19,
wherein in case the power supply to the liquid crystal display
device is turned off, the voltage supplied to the first electrode
is substantially same as that supplied to the second electrode.

21. The liquid crystal display device according to claim 19,
wherein the liquid crystal display device uses one of the IPS
mode and FFS mode.

22.The liquid crystal display device according to claim 19,
wherein the first electrode is a pixel electrode and the second
electrode is a common electrode.

23. The liquid crystal display device according to claim 19,
wherein

in case the power supply of the liquid crystal display device
is turned off, the control circuit starts the power OFF
driving operation, and the power supply to the control
circuit is turned off after a predetermined time passes.
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24. A liquid crystal display device, comprising:

a first substrate;

a second substrate opposite the first substrate including:

aplurality of pixel electrodes arranged in a matrix of rows
and columns,

scan lines extending along with the pixel electrodes
arranged in the row direction,

signal lines extending along the pixel electrodes arranged
in the column direction,

a pixel switch arranged in an intersection portion of the
scan line and the signal line to switch a connection
between the signal line and the pixel electrode by a scan
signal applied to the scan line,

a scan line driving circuit to sequentially scan the scan
lines,

asource line driving circuit to supply picture signals to the
signal lines,

a plurality of common electrodes arranged so as to counter
the pixel electrodes with an insulating layer positioned
between the common electrodes and the second elec-
trodes, the common electrodes extending along with the
pixels in the row direction,

a first voltage supply line to supply a first voltage to the
common electrode,

a second voltage supply line to supply a second voltage to
the common electrode,

a control circuit,

a first switch circuit arranged between the first and second
voltage supply lines and the common electrodes to
switch a connection between the first voltage supply line
and the common electrodes, and a connection between
the second voltage supply line and the common elec-
trodes by a control signal outputted from the control
circuit,

a second switch circuit arranged between the first voltage
supply line and the signal line to switch a connection
between the first voltage supply line and the signal line
by the control signal outputted from the control circuit,
and

a gate open circuit to receive signals from the scan line
driving circuit and the control circuit, the gate open
circuit supplying a signal to switch on the pixel elec-
trode,

a liquid crystal layer held between the first and second
substrates;

wherein in case the power supply of the liquid crystal
display device is turned off, the control circuit starts the
power OFF driving operation to set the potential of the
pixel electrode and the voltage of the common elec-
trodes substantially equal, and the power supply to the
control circuit is turned off after a predetermined time
passes,

the control circuit supplies control signals to connect the
first voltage supply line with the second electrode by
controlling the first switch circuit, to connect the first
voltage supply line with the signal line by controlling the
second switch circuit, and to simultaneously supply the
scan signals to switch on the pixel switches to all the
signal lines through the gate open circuit when the liquid
crystal display device is powered off,

the first switch circuit includes a first switching element to
switch a connection between the first voltage supply line
and the second electrode and a second switching ele-
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ment to switch the connection between the second volt-
age supply line and the second electrode under control
by the control circuit, and

the second switch circuit includes a third switching ele-
ment to switch the connection between the first voltage
supply line and the signal line under control by the
control circuit.

25. The liquid crystal display device according to claim 24,
wherein in case the power supply to the liquid crystal display
device is turned off, a black display signal is written in all the
pixel electrodes.

26. The liquid crystal display device according to claim 24,
wherein the liquid crystal display device uses one of the IPS
mode and FFS mode.

27. The liquid crystal display device according to claim 24,
wherein the polarity of the potential impressed to the liquid
crystal layer is inversed for every one or more scan lines by
changing the potential of the common electrodes.

28. A method of driving a liquid crystal display device
including:

a substrate,

a plurality of first electrodes arranged in a matrix of rows

and columns on the substrate,

scan lines extending along with the first electrodes
arranged in the row direction,

signal lines extending along with the first electrodes
arranged in the column direction,

a pixel switch arranged in an intersection portion of the
scan line and the signal line to switch a connection
between the signal line and the first electrode by a scan
signal supplied to the scan line,

a scan line driving circuit to sequentially scan the scan
lines,

a plurality of second electrodes arranged so as to counter
thefirst electrodes in the row direction with an insulating
layer positioned between the first electrodes and the
second electrodes,

a first voltage supply line to supply a first voltage to the
second electrode,

a second voltage supply line to supply a second voltage to
the second electrode,

a control circuit,

a first switch circuit arranged between the first and second
voltage supply lines and the second electrodes to switch
a connection between the first voltage supply line and
the second electrodes, and a connection between the
second voltage supply line and the second electrodes by
a control signal outputted from the control circuit,

a second switch circuit arranged between the first voltage
supply line and the signal line to switch a connection
between the first voltage supply line and the signal line
by the control signal outputted from the control circuit,
and

a gate open circuit to receive signals from the scan line
driving circuit and the control circuit and supply asignal
to switch on the pixel switch, wherein

the control circuit supplies control signals to connect the
first voltage supply line with the second electrode by
controlling the first switch circuit, to connect the first
voltage supply line with the signal line by controlling the
second switch circuit, and to simultaneously supply the
scan signals to switch on the pixel switches to all the
signal lines through the gate open circuit when the liquid
crystal display device is powered off,
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the first switch circuit includes a first switching element to
switch a connection between the first voltage supply line
and the second electrode and a second switching ele-
ment to switch the connection between the second volt-
age supply line and the second electrode under control
by the control circuit, and

the second switch circuit includes a third switching ele-
ment to switch the connection between the first voltage
supply line and the signal line under control by the
control circuit;

the method comprising: when the power supply to the
liquid crystal display device is turned off,

(a) connecting the first voltage supply line with the second
electrode by controlling the first switch circuit;

(b) connecting the first voltage supply line with the signal
line by controlling the second switch circuit; and

(¢) supplying a signal to simultaneously switch on the pixel
switches connected with all the signal lines to the gate
open circuit.

29. The method of driving a liquid crystal display device

according to claim 28, wherein in case the power supply of the
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liquid crystal display device is turned off, the control circuit
starts the power OFF driving operation, and the power supply
to the control circuit is turned off after a predetermined time
passes.

30. The method of driving a liquid crystal display device
according to claim 29, wherein in the case the power supply of
the liquid crystal display device is turned off, a black display
signal is written in all the pixel electrodes.

31. The method of driving a liquid crystal display device
according to claim 28, wherein the liquid crystal display
device uses one of the IPS mode and FFS mode.

32. The method of driving a liquid crystal display device
according to claim 28, wherein the first electrode is a pixel
electrode and the second electrode is a common electrode.

33. The method of driving a liquid crystal display device
according to claim 28, wherein the polarity of the potential
impressed to the liquid crystal layer is inversed for every one
or more scan lines by changing the voltage of the second
electrode.
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