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LIQUID CRYSTAL DISPLAY DEVICE

TECHNICAL FIELD

[0001] The invention relates to a liquid crystal display
device provided with a first electrode and a second electrode
for applying the voltage to a liquid crystal layer.

BACKGROUND OF THE INVENTION

[0002] In case of erasing images displayed on a liquid
crystal display by means of turning off the power supplied
to the concerned display, there are some liquid crystal
displays in which the time between the moment at which the
power supplied to the said liquid crystal display has been
turned off and the full erasure of the image from said liquid
crystal display (said time will be referred to as “erasing
time” hereinafter) is needed 4 to 5 seconds or even about 30
seconds. The reason of the longer erasing time may exist
mainly in that the voltage having a certain magnitude may
be still applied to a liquid crystal layer for a while even after
the turnoff of the power supply. The longer erasing time
results in that the afterimage remains on the display for the
longer time. Since such afterimage is obtrusive to the user,
it is required to shorten the erasing time in such a way that
the afterimage erases as quickly as possible.

[0003] One of the known techniques for shortening the
erasing time in case of, for example, TFT type liquid crystal
display devices, is a method for providing a gate driver with
a function of switching all TFTs to the ON state immediately
after the power for the liquid crystal display device has been
turned off (such function will be referred to as “ALL-ON”
function hereinafter). If a gate driver provided with such
function is used, the OFF image data could be written to
pixel electrodes immediately after the power for the liquid
crystal display device has been turned off, so that the
potential of the pixel electrodes may be immediately
changed to a zero potential. Accordingly, the erasing time
can be shortened because the potential difference between
the pixel electrodes and the common electrode becomes
substantially zero in a short time.

[0004] In the case of performing the ALL-ON function of
the gate driver, a power detection circuit or a signal detection
circuit which are dedicated for performing the ALL-ON
function is additionally required. The power detection cit-
cuit detects the externally supplied voltage and controls the
ALL-ON function in accordance with the detected voltage.
The signal detection circuit detects not only the externally
supplied voltage but also a signal (for example, horizontal
synchronization signal) or detects only said signal and
controls the ALL-ON function in accordance with the
detected voltage and signal or only said signal.

[0005] In the case of using such voltage detection circuit,
there is a problem of increasing the cost because an expen-
sive voltage detection IC is required. On the other hand, in
the case of using the signal detection circuit, there is also a
problem that the specification of the signal detection circuit
must be changed depending on the characteristic (e.g.,
amplitude and/or frequency) of the signal to be detected.

[0006] From a viewpoint of the aforementioned situation,
it is an object of the invention to provide a liquid crystal
display device that is less expensive but capable of short-
ening the erasing time without detecting, for example, the
horizontal synchronization signal.
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SUMMARY OF THE INVENTION

[0007] A first liquid crystal display device in accordance
with the invention in order to achieve the above-described
objective comprises a first electrode and a second electrode
for applying a voltage to a liquid crystal layer, a first bus and
a second bus that are electrically connected to said first
electrode via first switching means, potential generation
means for generating a first potential that is supplied toward
said first switching means via a path containing said first
bus, a charge flowing portion into which electric charges
existing in said path, said first electrode or said potential
generation means may flow and a second switching means
for switching a state of the flow of electric charges into said
charge flowing portion to either a first sate in which said
electric charges flow into said charge flowing portion or a
second state in which said electric charges do not flow into
said charge flowing portion so much as in said first state.

[0008] The first liquid crystal display device in accordance
with the invention is provided with the charge flowing
portion into which electric charges existing in said path, said
first electrode or said potential generation means may flow.
Furthermore, the state of the flow of electric charges into this
charge flowing portion is switched by the second switching
means. Accordingly, when this charge flowing portion is
shifted from the second sate to the first state, the electric
charge existing in said path, said first electrode or said
potential generation means could efficiently flow into this
charge flowing portion, and as a result, the potentials of said
path, said first electrode or said potential generation means
could be quickly changed by an potential corresponding to
the amount of electric charges that have flowed into this
charge flowing portion. Thus, the erasing time could be
shortened, as will be later described, by means of changing
the potentials of said path, said first electrode or said
potential generation means. Besides, with the aforemen-
tioned charge flowing portion, it is possible to shorten the
erasing time at a low cost without detecting, for example, the
horizontal synchronization signal as will be described later.

[0009] In accordance with a first aspect of the invention,
it is preferable that said charge flowing portion is set to said
first state when said second switching means is in an ON
state whereas said charge flowing portion is set to said
second state when said second switching means is in an OFF
state. Thus, the charge flowing portion could be set to either
first state or second state by means of switching said second
switching means to either ON or OFF state.

[0010] In accordance with a second aspect of the inven-
tion, the aforementioned first liquid crystal display device
preferably further comprises control means for controlling
said second switching means so that said second switch
means is switched to either an ON state or an OFF state.
With such control portion, the switching between the ON
state and the OFF state of said second switching means
could be easily performed.

[0011] In accordance with a third aspect of the invention,
said potential generation means for the aforementioned first
liquid crystal display device generates a plurality of poten-
tials, and that said control portion detests said plurality of
potentials generated by said potential generation means and
controls said second switching means so that said second
switch means is switched to either an ON state or an OFF
state on the basis of said detected potentials. In accordance
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with such structure of the control portion, the control portion
does not need to detect a signal (for example, horizontal
synchronization signal), and as a result, the control portion
could be designed without reference to the signal charac-
teristic.

[0012] In accordance with a fourth aspect of the invention,
the aforementioned first liquid crystal display device pref-
erably further comprises a first driver for transmitting sig-
nals to said first bus and a second driver for transmitting
signals to said second bus, and that said potential generation
means generates a second potential to be supplied toward
said first driver and a third potential to be supplied toward
said second driver in addition to said first potential, and that
said control portion detects said first, second and third
potentials and controls said second switching means so that
said second switching means is switched to either an ON
state or an OFF state on the basis of said detected potentials.
By means of detecting these first, second and third potentials
generated by said potential generation means, the control
portion could be designed without reference to the signal
characteristic.

[0013] In accordance with a fifth aspect of the invention,
said control portion for the aforementioned first liquid
crystal display device preferably comprises a third switching
means for switching an ON state and an OFF state of said
second switching means. Through easy switching of said
third switching means, the switching between the ON state
and the OFF state of said second switching means could be
easily controlled.

[0014] Furthermore, in the aforementioned first liquid
crystal display device, said first electrode may be a pixel
electrode and said second electrode may be a common
electrode, said first bus may be a gate bus and said second
bus may be a source bus, and said first driver may be a gate
driver and said second driver may be a source driver.

[0015] Moreover, the invention provides a second liquid
crystal display device comprising a first electrode and a
second electrode for applying a voltage to a liquid crystal
layer, a first bus and a second bus which are electrically
connected to said first electrode via first switching means,
and potential generation means for generating a first poten-
tial which is supplied toward said first bus, characterized in
that said potential generation means generates a second
potential to be supplied toward said first bus when the supply
of the power for said potential generation means has been
stopped, said second potential being larger than said first
potential.

[0016] In particular, the potential generation means pro-
vided in the aforementioned second liquid crystal display
device generates the second potential larger than said first
portion when the supply of the power for said potential
generation means has been stopped. That second potential is
supplied toward said first bus. By means of the supply of the
second potential larger than the first potential toward the first
bus when the supply of the power for said potential genera-
tion means has been stopped, the erasing time could be
shortened as will be later described. Besides, in accordance
with the aforementioned potential generation means pro-
vided in the second liquid crystal display device, it is
possible to shorten the erasing time at a low cost without
detecting, for example, the horizontal synchronization signal
as will be described later.

Jul. 11, 2002

[0017] In accordance with a further aspect of the inven-
tion, said potential generation means in the aforementioned
second liquid crystal display device preferably comprises a
differential amplifier that outputs said second potential. With
such differential amplifier, the second potential could be
generated through a simple circuit structure.

[0018] Furthermore, in the aforementioned second liquid
crystal display device, said first electrode may be a pixel
electrode and said second electrode may be a common
electrode, and said first bus may be a gate bus and said
second bus may be a source bus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic diagram illustrating an
exemplary TFT liquid crystal display as a first embodiment
of the liquid crystal display device in accordance with the
invention;

[0020] FIG. 2 is a schematic diagram illustrating the pixel
structure of the liquid crystal panel 2;

[0021] FIG. 3 is a schematic diagram illustrating the
structure of the erasing circuit 6 and the connection relation
of the erasing circuit 6 with its related circuits;

[0022] FIG. 4is a graphical chart illustrating the variation
of potentials;
[0023] FIG. 5 is a schematic diagram illustrating an

exemplary TFT liquid crystal display as a second embodi-
ment of the liquid crystal display device in accordance with
the invention; and

[0024] FIG. 6 is a schematic diagram illustrating the
potential generating portion 51.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] Following will describe some embodiments of the
invention. FIG. 1 is a schematic diagram illustrating an
exemplary TFT liquid crystal display as a first embodiment
of the liquid crystal display device in accordance with the
invention. This TFT liquid crystal display (simply referred
to as “display” hereinafter) 1 comprises a liquid crystal
panel. The liquid crystal panel 2 displays color images and
constructs pixels representing each color of R (red), G
(green) and B (blue).

[0026] FIG. 2 is a schematic diagram illustrating the pixel
structure of the liquid crystal panel 2. The liquid crystal
panel 2 comprises gate buses 23 and source buses 24 both of
which extend vertically each other. In this embodiment,
there are provided 800 gate buses 23 and 3072 source buses
24, but the number of these gate and source buses may be
variable depending on the application of the display 1. In
FIG. 2, three gate buses 23 and one source bus 24 are only
illustrated. The liquid crystal panel 2 also comprises a pixel
electrode 21 and a TFT 22 in each pixel. In FIG. 2, two pixel
electrodes 21 and two TFT 22 are only illustrated as exem-
plary. Adrain electrode 22¢ of the TFT 22 is connected to the
corresponding pixel electrode 21, a gate electrode 224 of the
TFT 22 being connected to the corresponding gate bus 23
and a source electrode 22b of the TFT 22 is connected to the
source bus 24. The liquid crystal panel 2 further comprises
a common electrode 25. The common electrode 25 is in fact
extending two-dimensionally so as to face with each pixel
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electrode 21 via a liquid crystal layer (not shown herein), but
the common electrode 23 is represented by a single straight
line in FIG. 2 for the simple illustration purpose.

[0027] Referring back to FIG. 1, around the liquid crystal
panel 2, there are disposed a gate driver 3 and a source driver
4, both of which are connected to a potential generating
circuit 5. The display 1 also comprises a erasing circuit 6 for
easing instantancously the image being displayed on the
liquid crystal panel 2 immediately after the supply of DC
power supply for the potential generating circuit 5 has been
stopped.

[0028] FIG. 3 is a schematic diagram illustrating the
structure of the erasing circuit 6 and the connection relation
of the erasing circuit 6 with its related circuits. The potential
generating circuit 5 generates predetermined potentials Vs,
Vg, Vo and Ve. The potentials Vs, Vg and Ve are positive
ones but the potential Vo is a negative one. The potential Vs
is supplied toward the source driver 4. The potentials Vg and
Vo are toward the gate driver 3. The potential Ve is supplied
toward the common electrode 25 (see FIG. 2).

[0029] Asshown in FIG. 3, the erasing circuit 6 comprises
a charge flowing portion 67 having a resistor 635. The charge
flowing portion 67 is connected to a switching element 62.
The switching element 62 comprises a transistor 62a and
resistors 62b and 62¢. A collector of the transistor 62a is
grounded via a protection resistor 65 and an emitter of the
transistor 62a is connected to the gate driver 3 via a
supplying line L3 of the potential Vo. The erasing circuit 6
furthermore comprises a control portion 66 for controlling
the ON/OFF of the switching element 62. The control
portion 66 is provided with a switching element 61 which is
the same structure as the switching element 62. The switch-
ing element 61 comprises a transistor 61a and resistors 61b
and 61c. A collector of the transistor 61a is connected to the
switching element 62 via a point P3 and to a supplying line
L2 of the potential Vg via a resistor 64. An emitter of the
transistor 61a is connected to the emitter of the transistor
624 and to the supplying line L3 at a point P2. Abase of the
transistor 61 is connected to a supplying line L1 of the
potential Vs via the resistors 61b and 63. The switching
element 61 becomes an ON state when the potential differ-
ence Vp; -V, between the potential Vp, at the point P1 and
the potential Vp, at the point P2 satisfies the following
equation (1):

VPl_VP2§VON (1)

[0030] The switching element 61 becomes an OFF state
when the potential difference Vp,=-Vp, satisfies the follow-
ing equation (2)

VPl_VP2§VOFF (2)

[0031] In case of Von>Vp;-Vps>Vopp, 1t is unstable
whether the switching element 61 becomes the ON state or
the OFF state. The switching element 61 may become the
ON state or the OFF state depending on the characteristic of
the product using as said switching element 61.

[0032] The switching element 62, which has the same
characteristic as the switching element 61, also becomes an
ON state when the potential difference V.-V, between the
potential V5 at the point P3 and the potential V, at the
point P2 satisfies the following equation (3):

VPS_ VPZ z VON (3)
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[0033] The switching element 62 becomes an OFF state
when the potential difference Vp;-Vp, satisfies the follow-
ing equation (4):

Vo3~ Ve2 SVorr *

[0034] In case of Von>Vps=Vp>Vipe, it is unstable
whether the switching element 62 becomes the ON state or
the OFF state. The switching element 62 may become the
ON state or the OFF state depending on the characteristic of
the product using as said switching element 62.

[0035] Now, the operation of the display 1 shown in FIG.
1 will be described with reference to FIG. 1 through FIG.
3. Initially, when the power of the main body of the display
1 is turned on, the DC power is supplied to the potential
generating circuit 5, so that the circuit 5 starts generating the
potentials Vs, Vg, Vo and Ve. The potential Vs is to drive the
source driver 4, the potentials Vg and Vo are to be supplied
toward the gate buss 23 (see FIG. 1) via the gate driver 3,
and the potential Vc is to be supplied toward the common
electrode 25.

[0036] Immediately after the potential generating circuit 5
starts generating the potentials, the potential V., at the point
P2 has not reached yet the potential Vo but is nearly equal
to zero potential and the potential Vp, at the point P4 also
has not reached yet the potential Vs but is nearly equal to
zero potential. As a result, the potential difference Vp,—Vp,
between the points P1 and P2 is almost zero, and accord-
ingly the switching element 61 satisfies the equation (2),
namely, the element 61 is in the OFF state. However, as the
time elapses after the start of the generation of the potentials
by the potential generating circuit §, the potential at the point
P2 approaches the potential Vo (which is a negative value)
whereas the potential at the point P4 approaches the poten-
tial Vs (which is a positive value) , so that the potential
difference Vp,-Vp, between the points P1 and P2 will
gradually increase. Here, the potential difference Vp,-Vp,
between the points P1 and P2 can be represented by the
following equation (5) using the potential Vp, at the point
4:

Vo1~ Vo= (Vpa= Voo )X (#1+12)/(Ra+r1+r2) Q)

[0037] where rl and 12 are the resistance values for the
resistors 615 and 61c,respectively. Further, Ra is a resistance
value for the resistor 63.

[0038] In this embodiment, the values of the potentials Vo
and Vs and the values Ra, r1 and 12 of the resistors 63, 615
and 61c¢ are selected so as to satisfy the equation (1) when
the potential generating circuit 5 has generated the potentials
Vo and Vs. Thus, the potential difference Vi -Vy, satisfies
the equation (2) when the supply of the DC power for the
potential generating circuit § is being stopped, but the
potential difference V,,—V,, become large gradually by
starting the supply of the DC power for the potential
generating circuit 5, so that the potential difference Vp,=Vp,
satisfies equation (1) eventually. At the time when the
potential difference V=V, satisfies equation (1), the
switching element 61 exists in the ON state with reliability.
When the switching element 61 becomes the ON state, the
collector current I, flows through the switching element 61
that is in the ON state, and the potential V3 at the point P3
becomes almost equal to the potential V2 at the point P2.
Accordingly, the potential difference Vps—Vp, between the
points P3 and P2 is nearly equal to zero. So, the switching
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element 61 now satisfies the equation (4), namely, the
switching element 61 is in the OFF state. Thus, the supply-
ing lines 1.2 and 1.3 for supplying the potentials Vg and Vo
are placed in such state that the lines [.2 and L3 are being
electrically disconnected from the charge flowing portion 67
having the resistor 65.

[0039] When the potentials Vg and Vo are supplied to the
gate driver 3 that has been electrically disconnected from the
charge flowing portion 67, the gate driver 3 supplies the
potentials Vg or Vo for each of 800 gate buses 23. Specifi-
cally, the gate driver 3 sequentially selects each one of these
800 gate buses to supply the potential Vg only for the
selected one gate bus 23 and supply the potential Vo for the
remaining 799 gate buses. As a result, only the TFT 22 (see
FIG. 3) connected to that gate bus 23 receiving the potential
Vg could be turned to the ON state. At this time, the image
signal is transmitted to all source buses from the source
driver 4. Thus, in accordance of the sequence of the selection
by the gate bus 23, the image will be sequentially written to
each pixel, so that one desired image could be displayed on
the liquid crystal panel 2. Then, the same steps for the
selection of the gate buses will be repeated and the images
will be displayed consecutively.

[0040] Now, the operation when the power supply in the
main body of the display 1 has been turned off will be below
explained with reference to FIG. 4 as well as FIG. 1 through
FIG. 3.

[0041] FIG. 4 is a graphical chart illustrating the variation
of the potential when the power supply in the main body of
the display 1 has been turned off. When the power supply in
the main body of the display 1 has been turned off at a time
t=0, the image signal that has been supplied to the source bus
24 from the source driver 4 is turned off and the supply of
DC power for the potential generating circuit 5 is stopped,
so that the circuit § stops generating the generation of the
potentials Vs, Vg, Vo and Vc. When the potential generating
circuit 5 stops generating the potentials Vs, Vg, Vo and Ve,
each of the potentials Vs, Vg, Vo and Vc may gradually
approach to the zero potential and eventually become zero.
In this embodiment, when the potential generating circuit 5
stops generating the potentials Vs, Vg, Vo and Ve, the
potential of the common electrode 25 become zero firstly. In
FIG. 4, the curve Vu schematically represents how the
potential of the common electrode 25 becomes zero.

[0042] Besides, one gate bus to which the potential Vg is
supplied (referred to as simply “one gate bus™ hereinafter) is
connected to the supplying line 1.2 whereas 799 gate buses
to which the potential Vo is supplied (referred to as simply
“799 gate buses” hereinafter) are connected to the supplying
line L.3. As far as the one gate bus 23 concerns, this “one gate
bus”23 holds a value almost equal to the Vg (>0) immedi-
ately after the potential generating circuit § has stopped
generating the potentials. Therefore, the TFT 22 that is
connected to this “one gate bus”23 still remains in the ON
state immediately after the potential generating circuit 5 has
stopped generating the potentials. As a result, a signal
indicating that the image signal is OFF, from the source
driver 4 via the source bus 24, will be written to the pixel
electrode 21 which is connected to the TFT 22 being in such
ON state (such pixel electrode will be referred to as “active
electrode pixel” hereinafter), so that the potential of this
active pixel electrode 21 may instantaneously become zero.
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Because the potential of this one gate bus 23 and the
potential of this active pixel electrode have little effect on
erasing time of the display 1 shown in FIG. 1, the following
will not further refer to the potential of this one gate bus 23
and the potential of this active pixel electrode but describe
in detail about the potentials of the 799 gate buses 23 and the
potentials of the pixel electrodes which are electrically
connected to those 799 gate buses 23. In the following
explanation, the“799 gate buses” will be generally referred
to as “gate bus” unless the one gate bus and the 799 gate
buses especially need to be distinguished.

[0043] When the potential generating circuit 5 stops gen-
erating the potentials, the potentials Vp,, Vps and Vi,
approach to zero, so that the potential difference Vp,~Vp,
will approach to zero. Accordingly, the potential difference
Vp1=Vp,, which was satisfying the equation (1) when the
DC power was supplied, gradually decreases and eventually
satisfies the equation (2). Once the equation (2) has been
satisfied, the switching element 61 becomes the OFF state
with reliability. By the way, Comparing the supplying line
1.2 for supplying the potential Vg and the supplying line L1
for supplying the potential Vs, the supplying line L2 is
connected to the gate bus 23 via the gate driver 3 whereas
the supplying line L1 is connected to the source bus 24 via
the source driver 4. The capacity to be formed between the
gate bus 23 and such other electrodes as the pixel electrodes
21 and the common electrode 25 (such capacity is referred
as “gate bus capacity”, hereinafter) is several times (2 to 3
times) as large as the capacity to be formed between the
source bus 24 and the other electrodes (such capacity is
referred as “source bus capacity”, hereinafter). Because of
such difference between the gate bus capacity and the source
bus capacity, the potential V,s at the point P5 on the
supplying line .2 that is connected to the gate bus 23 may
reach the zero potential with a certain time delay relative to
the potential Vy,, at the point P4 on the supplying line L1 that
is connected to the source bus 24. Accordingly, immediately
after the switching element 61 has been turned to OFF, the
potential Vy4 at the point P35 still holds a sufficiently larger
potential than the zero potential. Here, the potential differ-
ence VP,-V,,, between the potential V4 at the point P3 and
the potential Vp, at the point P2 can be represented using the
potential Vps at the point P5 as follows:

Vps=Voom(Vps—Vpo)x(#3+74)/(Rb473+14) (6)
[0044] where 13 and r4 represent resistance values for the

resistors 62b and 62¢,respectively. Rb represents a resistance
value for the resistor 64.

[0045] In this embodiment, the values of the potentials Vo
and Vg and the values Rb, r3 and r4 of the resistors 64, 62b
and 62¢ are selected in such a way that the potential
difference VP;-V,, satisfies the equation (3) immediately
after the switching element 61 has become the OFF state. In
other words, immediately after the switching element 61 has
become the OFF state, the potential difference Vp;=Vp, is
equal to or greater than Von and accordingly the switching
element 62 becomes the ON state. In response, the charge
flowing portion 67 having the resistor 65 is electrically
connected to the supplying line 1.3 via the switching element
62. That is to say, although the supplying line L3 has been
electrically disconnected from the charge flowing portion 67
immediately before the supply of the DC power for the
potential generating circuit 5 has been stopped (immediately
before t=0), the supplying line L3 is electrically connected
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to the charge flowing portion 67 via the switching element
62 after the supply of the DC power for the potential
generating circuit 5 has been stopped. Besides, because
those 799 gate buses 23 are electrically connected to this
supplying line 1.3, the electric charge that has been accu-
mulated on those 799 gate buses may not only naturally
discharge toward the circumstance of the gate buses 23 but
also flow into the charge following section 67 through the
gate driver 3, the supplying line .3 and the switching
element 62. In accordance with such movement of the
electric charge, the potential of the gate buses 23 eventually
becomes zero. The curve Vw in FIG. 4 shows how the
potential of the gate buses 23 eventually becomes zero. As
the potential of the gate buses becomes zero, the potential of
the gate electrode 22a of the TFT 22 that is connected to the
gate buses 23 also becomes zero.

[0046] As above noted, once the supply of DC power for
the potential generating circuit 5 has been stopped, a signal
indicating that the image signal is OFF will be transmitted
from the source driver 4 to each source bus 24. Accordingly,
the potential of the source electrode 22b of each TFT 22 will
also become zero. Thus, as far as the TFT 22 that is
connected to the 799 gate buses 23 concerns, the potential of
the gate electrode 22a and the potential of the source
electrode 22b of each TFT 22 will both become zero (that is
to say, the potential difference between the gate electrode
224 and the source electrode 22b will become zero). The
TFT 22 generally becomes a full OFF state when the
potential of the gate electrode 224 is somewhat smaller than
the potential of the source electrode 22b, but in the afore-
mentioned case in which the potential difference between
the gate electrode 22a and the source electrode 22b is nearly
equal to zero, the TFT is not placed in a full OFF state but
in a state where the current is slightly flowing (this state will
be referred to as “HALF-ON state” hereinafter). The electric
charge accumulated on the pixel electrode 21 that is con-
nected to the TFT 22 in such HALF-ON state may not only
naturally discharge toward the circumstance of this pixel
electrode 21 but also flow into the gate bus 23 and the source
bus 24 through the TFT 22 being in such HALF-ON state.
In accordance with such movement of the charge, the
potential of the pixel electrode 21 that is connected to the
TFT 22 being in such HALF-ON state eventually becomes
zero. The curve Vx in FIG. 4 shows how the potential of
said pixel electrode 21 eventually becomes zero.

[0047] Thus, the potential of the pixel electrode 21 of the
liquid crystal panel 2 becomes zero (curve Vx). As seen from
the curve Vx, the potential of the pixel electrode 21 becomes
zero at a time tl. Therefore, at the time t1, the difference
between the potential of the common electrode 25 (curve
Vu) and the potential of each pixel electrode 21 (curve Vx)
is zero, so that the display of the liquid crystal panel 2 can
be completely erased.

[0048] 1In accordance with the aforementioned structure,
the erasing time te until the display of the liquid crystal panel
2 is completely erased is te=t1. Specifically, te=about 1 to 2
seconds.

[0049] Now consider the case in which the display 1
shown in FIG. 1 is not provided with the erasing circuit 6.
In this case, the display does not comprise the charge
flowing portion 67 that is to be connected to the supplying
line 3 when the supply of DC power for the potential
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generating circuit 5 has been stopped. Accordingly, the
display that is not provided with the erasing circuit 6, in
comparison with the display that is provided with the erasing
circuit 6, has a less number of the paths into which the
electric charge accumulated on the gate bus 23 can flow, so
that the potential variation in the gate bus 23 of the display
that is not provided with the erasing circuit 6 may be more
moderate than that of the display that is provided with the
erasing circuit 6. More specifically, as seen in FIG. 4, with
regards to the display that is provided with the erasing circuit
6, the potential variation in the gate bus 23 is represented by
a curve Vw, whereas with regards to the display that is not
provided with the erasing circuit 6, the potential variation in
the gate bus 23 is represented by a curve Vw' indicated by
a broken line. Therefore, in the case of the display that is not
provided with the erasing circuit 6, the instant when the
potential of the gate bus 23 becomes zero is delayed by T1
in comparison with the display that is provided with the
erasing circuit 6. Accordingly, as for the display that is not
provided with the erasing circuit 6, the instant when the TFT
22 connected to the gate buses 23 becomes the HALF-ON
state is also delayed, so that the pixel electrodes connected
to the TFTs 22 being in such HALF-ON state shows a
moderate potential variation. More specifically, as seen in
FIG. 4, with regards to the display that is provided with the
erasing circuit 6, the potential variation in the pixel electrode
21 is represented by a curve Vx, whereas with regards to the
display that is not provided with the erasing circuit 6, the
potential variation in the pixel electrode 21 is represented by
a curve Vx' indicated by a broken line. Further, in the case
of the display that is not provided with the erasing circuit 6,
the potential variation in the common electrode 25 is rep-
resented by a curve Vu'. Thus, in case of the display that is
not provided with the erasing circuit 6, the instant when the
potential difference between the common electrode 25 and
each pixel electrode 21 becomes zero is delayed by T2 in
comparison with the display that is provided with the erasing
circuit 6, so that the erasing time te with respect to the
display that is not provided with the erasing circuit 6 is
te=t1+T2, which is specifically equal to about 4 to 5 seconds.
As a result, it is recognized that the erasing time te could be
shortened by about 3 seconds by providing the erasing
circuit 6.

[0050] Further, in this embodiment, the erasing circuit 6
detects three potentials Vs, Vg and Vo generated by the
potential generating circuit 5 and operates on the basis of the
detected potentials. Accordingly, there is no need to provide
a expensive voltage detector IC for specifically driving the
erasing circuit 6, which may be resulted in a reduction of the
cost.

[0051] Furthermore, in this embodiment, the erasing cir-
cuit 6 operates only by three potentials Vs, Vg and Vo. That
is to say, the erasing circuit 6 operates without depending on
such signal as the horizontal synchronization signal. Accord-
ingly, the erasing circuit 6 can be designed without consid-
ering such signal characteristic.

[0052] Tt should be particularly noted that the one end of
the charge flowing portion 67 is grounded in this embodi-
ment but the one end of the charge flowing portion 67 may
be nongrounded.

[0053] Besides, in this embodiment, in order to shift the
TFT 22 to a HALF-ON state in a short time, the switching
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element 62 is connected to the supplying line 1.3 such that
the electric charge accumulated in the gate bus 23 could flow
into the charge flowing portion 67 through the supplying line
L3 and the switching element 62. In accordance with this
structure, the potential of the gate electrode 22a of the TFT
22 could become zero in a short time and the TFT 22 could
accordingly become in a HALF-ON state in a short time.
However, as long as the switching element 62 is connected
to any path that electrically connects between the potential
generating circuit 5 and the pixel electrode 21, it may be
possible to shift the TFT 22 to a HALF-ON state in a short
time even if the switching element 62 is connected to any
other portion than the supplying line 1.3.

[0054] Furthermore, although the erasing circuit 6 is con-
stituted by two switching elements 61 and 62 and three
resistors Ra, Rb and Re, any other configuration may be
allowable.

[0055] FIG. 5 is a schematic diagram illustrating an
display as a second embodiment of the liquid crystal display
device in accordance with the invention. In describing the
display 100 in FIG. 5, same reference numerals are used in
FIG. 5 for the same components as for the display 1 in FIG.
1, and only the difference from the display 1 in FIG. 1 will
be explained in the following.

[0056] The difference between the display 100 shown in
FIG. 5 and the display 1 shown in FIG. 1 is only that the
display 100 shown in FIG. 5 does not comprise the erasing
circuit 6 but instead comprises a potential generating circuit
50, the structure of which is different from that of the
potential generating circuit 5 shown in FIG. 1.

[0057] This potential generating circuit 50 comprises a
potential generating portion 51 for erasing afterimage on the
panel 2. The potential generating portion 51 will be
explained below. FIG. 6 shows the potential generating
portion 51 in detail. The potential generating portion 51 is
provided with a differential amplifier 511. An input terminal
511a of the differential amplifier 511 receives the potential
Vo generated by the potential generating circuit 50 while
another input terminal 5115 is connected to an output
terminal 511c of this differential amplifier 511 via a resistor
512. Additionally, the input terminal 5115 is connected to a
switching element SW via a resistor 513. The switching
element SW is opened when the DC power is supplied to the
potential generating circuit 50 while it is closed when the
supply of DC power for the potential generating circuit 50
is stopped. The output terminal 511c of the differential
amplifier 511 is additionally connected to the supplying line
L3 (see FIG. 5).

[0058] The following will explain the operation of the
display 100 with reference to FIG. 5 and FIG. 6 as well as
FIG. 2 when needed.

[0059] When the power supply in the main body of the
display 100 is turned on, the DC power is supplied to the
potential generating circuit 50 so as to generate not only the
potentials Vs, Vg, Vo and Ve but also a potential V1 (see
FIG. 6). The potentials Vs, Vg, Vc and V1 are positive ones
but the potential Vo is a negative one. The potentials Vs, Vg
and Vc are supplied to the source bus 4, the gate bus 3 and
the common electrode respectively, and the potential Vo is
supplied to the input terminal 511a of the differential ampli-
fier 511 (see FIG. 6). Besides, although the potential V1 is
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intended to supply to the differential amplifier 511 via the
switching element SW and the resistor 313, the potential V1
cannot be supplied to the differential amplifier 511 while the
DC power is being supplied to the potential generating
circuit 50 because the switching element SW is kept open in
this state where the DC power is being supplied to the
potential generating circuit 50. Therefore, only the potential
Vo is supplied to the differential amplifier 511 while the DC
power is being supplied to the potential generating circuit
50. Accordingly, the output potential Vout becomes Vout=
Vo, and eventually Vo will be supplied to the supplying line
L3. Thus, the potentials Vg and Vo are resultantly supplied
to the gate driver 3 via the supplying lines I.2 and .3, so that
the images could be consecutively displayed on the liquid
crystal panel 2 in the same way as for the display 1 shown
in FIG. 1.

[0060] Secondly, the operation of the display 100 when the
power in the main body of the display 100 is turned off will
be explained.

[0061] When the power supply in the main body of the
display 100 is turned off, the image signal supplied to the
source driver 4 is turned off and the supply of the DC power
for the potential generating circuit 50 is stopped, so that the
circuit 50 stops generating the potentials Vs, Vg, Vo, Ve and
V1. It should be noted that the each potential Vs, Vg, Vo, Vc
and V1 still does not reach zero immediately after the supply
of the DC power for the potential generating circuit 50 is
stopped. Accordingly, the potential Vg (>0) is supplied to
one gate bus 23 just before the potential generating circuit 50
stops generating the potentials, and that said one gate bus 23
still has a potential larger than zero immediately after the
potential generating circuit 50 stops generating the potential.
Therefore, the TFT 22 (see FIG. 2) that is connected to said
one gate bus 23 still remains in the ON state. Then, a signal
indicating that the image signal is OFF, via the source bus
24, will be written to the pixel electrode 21 which is
connected to the TFT 22 being in such ON state, so that the
potential of this pixel electrode 21 may instantaneously
become zero.

[0062] Additionally, the switching element SW shown in
FIG. 6 is closed in the case that the supply of DC power for
the potential generating circuit 30 is stopped. The output
potential Vout just after the switching element SW has been
closed can be represented by the following equation (7):

Vout=(Vo-V1)xRa/Rb+Vo @)

[0063] where Ra represents a resistance value of the
resistor 512, and Rb represents a resistance value of the
resistor 513. In this case, the values for Ra and Rb are
adjusted such that Vout becomes Vout=0V just after the
switching element SW has been closed. Accordingly,
although the potential Vo (<0) is supplied to 799 gate bus 23
just before the potential generating circuit 50 stops gener-
ating the potentials, a zero potential can be written instan-
taneously to the 799 gate buses 23 via the supplying line L3
just after the potential generating circuit 50 has stopped
generating the potentials. Here consider that the display 100
shown in FIG. 5 does not comprise the potential generating
portion 51. In this case, when the power in the main body of
the display 100 is turned off, the potential in the 799 gate
buses 23 can not reach zero until the electric charge accu-
mulated in the gate buses 23 naturally disappears from the
gate buses 23. In contrast, as with the display 100 shown in
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FIG. 5, in the case of providing the potential generation
portion 51 that supplies the potential Vout=0V to the sup-
plying line 3 immediately after the supply of the DC power
for the potential generating circuit 50 has been stopped, the
potential of the gate buses 23 could be set to zero instanta-
neously without awaiting the natural disappearing of the
charge being accumulated in the gate buses 23 from the gate
buses 23.

[0064] Besides, the potential of the source electrode 22b
of this TFT 22 becomes zero because the image signal has
been turned off, so that the potential difference between the
gate electrode 22a and the source electrode 22b of each
TFTs 22 connected to the 799 gate buses 23 could become
zero. In the case that the potential difference between the
gate electrode 22a and the source electrode 22b of each
TFTs 22 is zero, the each TFTs 22 shifts to the HALF-ON
state, so that, the electric charge accumulated in the pixel
electrode 21 could be quickly removed from the pixel
electrode 21 through the TFT 22 being in the HALF-ON
state. As a result, the potential of this pixel electrode 21
reaches zero. In this way, the potentials of all pixel elec-
trodes 21 of the liquid crystal panel 2 could be changed to
zero quickly. Immediately after the potentials of all pixel
electrodes 21 of the liquid crystal panel 2 have reached zero,
the potential of the common electrode 25 can reach zero as
well. Accordingly, the potential difference between the com-
mon electrode 25 and each pixel electrode 21 becomes zero,
so that the image on the liquid crystal panel 2 could be
completely erased.

[0065] Thus, it is possible to shorten the erasing time even
if the TFT 21 is forced to a HALF-ON state by means of the
potential generating portion 51.

[0066] In the case of the display 100 shown in FIG. 5, the
potential generating portion 51 generating the potential for
erasing the afterimage detects two potentials Vo and V1
generated by the potential generating circuit 50 and operates
on the basis of the detected potentials. Accordingly, there is
no need to provide a expensive voltage detector IC for
specifically driving the erasing circuit 6, which may be
resulted in a reduction of the cost.

[0067] Besides, in the case of the display 100 shown in
FIG. 5, the potential generating portion 51 operates only by
three potentials Vs, Vg and Vo. That is to say, the potential
generating portion 51 operates without depending on such
signal as the horizontal synchronization signal. Accordingly,
the potential generating portion 6 can be designed without
considering such signal characteristic.

[0068] Furthermore, in the case of the display 100 shown
in FIG. 5, in order to shorten the erasing time, the TFT 21
is set to a HALF-ON state by using the way that the
differential amplifier 511 outputs Vout=0V when the supply
of the DC power for the potential generating circuit 50 is
stopped. However, Vout may be larger than zero. If Vout is
larger than zero, the TFT 21 is set to a full ON state rather
than a HALF-ON state and the signals indicating that the
image signal is OFF can be written to the pixel electrodes,
so that the erasing time could be shortened.

[0069] In this display shown in FIG. 5, the potential
generating portion 51 is a part of the potential generating
circuit 50. However, the potential generating portion 51 may
be separated from the potential generating circuit 50.
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[0070] In each of the aforementioned first and second
embodiments of the liquid crystal display device in accor-
dance with the invention, the supply and the supply stop of
the DC power for the potential generating circuits 5 and 50
are performed when the power supply in the main body of
the display 1 and display 100 is turned on or off. However,
if the display 1 and the display 100 are used as a display for
a personal computer for example, the supply and the supply
stop of the DC power for the potential generating circuits 5
and 50 may be performed when the main body of the
personal computer rather than the display 1 or 100 is turned
on or off. Thus, the invention is not intended to limit the
method for the supply and the supply stop of the DC power
for the potential generating circuits 5 and 50.

[0071] Furthermore, the liquid crystal display device in
accordance with the invention may be applied to any other
electronic device than the personal computer.

[0072] As aforementioned, in accordance with the liquid
crystal display device in accordance with the invention, it is
possible to shorten the erasing time less expensively without
detecting such signal as horizontal synchronization signal.

1. A liquid crystal display device comprising:

a first electrode and a second electrode for applying a
voltage to a liquid crystal layer;

a first bus and a second bus that are electrically connected
to said first electrode via first switching means;

potential generation means for generating a first potential
that is supplied toward said first switching means via a
path containing said first bus;

a charge flowing portion into which electric charges
existing in said path, said first electrode or said poten-
tial generation means may flow; and

a second switching means for switching a state of the flow
of electric charges into said charge flowing portion to
cither a first sate in which said electric charges flow into
said charge flowing portion or a second state in which
said electric charges do not flow into said charge
flowing portion so much as in said first state.

2. A liquid crystal display device as claimed in claim 1,
characterized in that said charge flowing portion is set to said
first state when said second switching means is in an ON
state whereas said charge flowing portion is set to said
second state when said second switching means is in an OFF
state.

3. Aliquid crystal display device as claimed in claim 2,
characterized in that said liquid crystal display device fur-
ther comprises control means for controlling said second
switching means so that said second switch means is
switched to either an ON state or an OFF state.

4. A liquid crystal display device as claimed in claim 3,
characterized in that said potential generation means gener-
ates a plurality of potentials, and that said control portion
detests said plurality of potentials generated by said poten-
tial generation means and controls said second switching
means so that said second switch means is switched to either
an ON state or an OFF state on the basis of said detected
potentials.

5. A liquid crystal display device as claimed in claim 4,
characterized in that the device further comprises a first
driver for transmitting signals to said first bus and a second
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driver for transmitting signals to said second bus, and that
said potential generation means generates a second potential
to be supplied toward said first driver and a third potential
to be supplied toward said second driver in addition to said
first potential, and that said control portion detects said first,
second and third potentials and controls said second switch-
ing means so that said second switching means is switched
to either an ON state or an OFF state on the basis of said
detected potentials.

6. Aliquid crystal display device as claimed in any one of
claims 3 to 5, characterized in that said control portion
comprises a third switching means for switching an ON state
and an OFF state of said second switching means.

7. Aliquid crystal display device as claimed in any one of
claims 1 to 6, characterized in that said first electrode is a
pixel electrode and said second electrode is a common
electrode.

8. Aliquid crystal display device as claimed in any one of
claims 1 to 7, characterized in that said first bus is a gate bus
and said second bus is a source bus.

9. Aliquid crystal display device as claimed in any one of
claims 5 to 8, characterized in that said first driver is a gate
driver and said second driver is a source driver.

10. A liquid crystal display device comprising:

a first electrode and a second electrode for applying a
voltage to a liquid crystal layer;
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a first bus and a second bus which are electrically con-
nected to said first electrode via first switching means;
and

potential generation means for generating a first potential
which is supplied toward said first bus,

characterized in that said potential generation means
generates a second potential to be supplied toward said
first bus when the supply of the power for said potential
generation means has been stopped, said second poten-
tial being larger than said first potential.

11. Aliquid crystal display device as claimed in claim 10,
characterized in that said potential generation means com-
prises a differential amplifier that outputs said second poten-
tial.

12. Aliquid crystal display device as claimed in claim 10
or 11, characterized in that said first electrode is a pixel
electrode and said second electrode is a common electrode.

13. Aliquid crystal display device as claimed in any one
of claims 10 to 12, characterized in that said first bus is a gate
bus and said second bus is a source bus.
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