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ACTIVE MATRIX LIQUID CRYSTAL
DISPLAY DEVICE AND METHOD OF
DRIVING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to active matrix liquid
crystal display devices.

BACKGROUND ART

[0002] In liquid crystal display devices, display elements
are capacitive elements, a voltage is applied between elec-
trodes which are arranged so as to sandwich the liquid crystal
layer therebetween, and image display is performed with
pixel-by-pixel control of transmittance of the liquid crystal
layer. In an active matrix liquid crystal display device, a pixel
electrode is connected to a source bus line via a switching
element (pixel transistor), and electric charges of the pixel
during a non-selected period are retained when the switching
element is turned off.

[0003] In such an active matrix liquid crystal display
device, electric charges retained in the pixel electrode need to
be let out at the power-off of the device. As a matter of course,
this operation is performed because displayed image does not
disappear on an active matrix liquid crystal display device
which has been powered off if the electric charges remain in
the pixel electrode.

[0004] In the active matrix liquid crystal display device
which has been powered off, voltages of all source bus lines
and gate bus lines are finally dropped to the GND level, and
electric charges retained in each pixel disappear by virtue of
a leak current with the passage of time. In other words, dis-
played image disappears since a leak current combines with
electric charges remained in circuits in a panel, pixels, and
other components, and voltages of all the components in the
panel finally come close to the same voltage. In this case,
however, it takes too much time to let out electric charges in
the pixels, and defective image caused by the remaining elec-
tric charges appears on the display until the display image
disappears. Therefore, in the active matrix liquid crystal dis-
play device, it is necessary to quickly let out electric charges
of the pixel electrodes at the power-off of the device. The
following will describe a method of quickly letting out elec-
tric charges of the pixel electrodes at the power-off of the
device with reference to FIG. 10.

[0005] FIG. 10 shows the arrangement of components
related to a source bus line 101 in an active matrix liquid
crystal display device. As illustrated in FIG. 10, a pixel 103 is
connected to the source bus line 101 via a pixel transistor 104.
More specifically, a pixel electrode in the pixel 103 is con-
nected to a drain of a pixel transistor 104, and the source bus
line 101 is connected to a source of the pixel transistor 104.
Furthermore, a gate of the pixel transistor 104 is connected to
the gate bus line 102.

[0006] To adisplay-signal-supply end of the source bus line
101 (on the upper side of FIG. 10), a sampling transistor 105
and an end buffer 106 for a signal that controls the sampling
transistor 105 are connected. The sampling transistor 105
switches on/off application of a display signal to the source
bus line 101. To a scan-signal-supply end (on the left side of
FIG. 10) of the gate bus line 102, an end buffer 107 that
controls a scan signal supplied to the gate bus line 102 is
connected.
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[0007] A possible approachto letting out electric charges of
apixel electrode at the power-off of the liquid crystal display
device arranged in FIG. 10 is to drop a voltage VSS to the
GND before a voltage VDD drops thereto. FIG. 11 illustrates
the voltages VSS and VDD until the voltages VSS and VDD
drop to the GND.

[0008] Atthistime, when the VSS voltage reaches the GND
before the voltage VDD reaches the GND, LOW level of a
scan signal increases, and the pixel transistor 104 to which a
scan signal of the voltage VSS is fed becomes half-open (the
pixel transistor is not completely turned on, but has a certain
degree of electrical continuity). This makes it possible to let
the electric charges accumulated in the pixel 103 escape to the
source bus line via the pixel transistor 104. Further, in a case
where the pixel transistor 104 and the sampling transistor 105
have the same polarity (In FIG. 10, both the pixel transistor
104 and the sampling transistor 105 are N-channel transis-
tors), the sampling transistor 105 also becomes half-open
when a voltage VSS is set to GND. This lets the electric
charges escaping to the source bus line escape to the outside
through the sampling transistor 105.

[0009] Patent documents 1 and 2 disclose another methods
for letting out electric charges of pixels at the power-off of the
active matrix liquid crystal display device.

[0010] That is, Patent Document 1 discloses a method in
which each source bus line is connected to a common signal
power source via a CMOS-type FET, and at the power-off of
aliquid crystal display device, active elements (pixel transis-
tors) of all pixels are brought into electrical continuity, and the
CMOS-type FET is brought into electrical continuity to sup-
ply a common signal voltage to each source bus line, so that
a potential difference between the pixels is eliminated.
[0011] Patent Document 2 discloses a method in which at
the power-off of the liquid crystal display device, active ele-
ments (pixel transistors) of all pixels are brought into electri-
cal continuity, and a voltage that is at the same potential as a
common signal voltage is supplied from the source driver to
each source bus line.

[Patent Document 1]

[0012] Japanese Unexamined Patent Publication No.
347627/2000 (Tokukai 2000-347627; published on Dec. 15,
2000)

[Patent Document 2]

[0013] Japanese Unexamined Patent Publication No.
45785/2004 (Tokukai 2004-45785; published on Feb. 12,
2004)

DISCLOSURE OF THE INVENTION

[0014] However, the conventional arrangement described
with reference to FIG. 10 has the following problem. That is,
although electric charges of the pixel electrode can be let out
if the pixel transistor and the sampling transistor have the
same polarity, electric charges of the pixel electrode cannot be
let out if these transistors have different polarities. The fol-
lowing will describe the above problem.

[0015] FIG. 12 shows the arrangement in which a pixel
transistor 114 and a sampling transistor 115 are transistors
with different polarities. Specifically, in the arrangement of
FIG. 12, the pixel transistor 104 is N-channel transistor,
whereas the sampling transistor 115 is a P-channel transistor.
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[0016] As in the arrangement of FIG. 10, a period in which
the pixel transistor 114 becomes half-open can be obtained by
dropping the voltage VSS to the GND before the voltage
VDD reaches the GND in the arrangement of FIG. 12. How-
ever, since the sampling transistor 115 is not electrically
continuous at the same time when the pixel transistor 114 is
half-open, electric charges having been let out from the pixel
103 cannot escape through the source bus line 101. In the
arrangement of FIG. 12, the sampling transistor 115 is a
P-channel transistor. When the voltage VSS rise to the GND
level, turn-on signal level of a control signal for the sampling
transistor 115 increases. As a result of this, the sampling
transistor 115 is less likely to be electrically continuous.
Therefore, at the power-off, electric charges having been let
out from the pixel 103 cannot be let out from the source bus
line 101, and a voltage is applied to the liquid crystal layer of
the pixel 103. This causes a defective image.

[0017] As illustrated in FIG. 13, in a case where a pixel
transistor 124 is a P-channel transistor and the sampling tran-
sistor 125 is an N-channel transistor, the same problem
occurs. In this case, the pixel transistor 124 becomes half-
open when the VDDG voltage is dropped to the GND level
before the voltage VSS reaches the GND level, as illustrated
in FIG. 14. At this time, a turn-on signal level of a control
signal for the sampling transistor 125 decreases. As aresult of
this, the sampling transistor 125 is less likely to be electrically
continuous.

[0018] In FIGS. 15 and 16, sampling transistors are an
N-channel sampling transistor 135A and a P-channel sam-
pling transistor 135B. To a gate of the sampling transistor
135A, an end buffer 136A is connected. To a gate of the
sampling transistor 135B, an end buffer 136B is connected. In
FIG. 15, an N-channel pixel transistor 104 is provided. In
FIG. 16, a P-channel pixel transistor 124 is provided.

[0019] In the arrangement of FIG. 15, the pixel transistor
104 is an N-channel transistor. Therefore, pixel transistor 104
becomes half-open when the voltage GVSS that gives a Low
level to the pixel transistor 104 is increased to the GND level
before the voltage VDD reaches to the GND level. Further, in
the arrangement of FIG. 15, the sampling transistor 135A is a
transistor whose polarity is the same (N-channel) as that of
the pixel transistor 104. However, unlike the GVSS, the volt-
age VSS that gives a Low level to the pixel transistor 135A
cannot be increased to the GND level. Therefore, as illus-
trated in FIG. 17, there exists a period in which electric
charges of the pixel cannot be let out from the N-channel
sampling transistor 135A. In other words, there exists a
period in which electric charges having been let out from the
pixel to the source bus line cannot let out through the sam-
pling transistor.

[0020] Similarly, in the arrangement of FIG. 16, there exists
aperiod in which electric charges of the pixel cannot be let out
from the P-channel sampling transistor 135B (see FIG. 18).
This is because even when the voltage VDDG that gives High
level to the pixel transistor 104 is dropped to the GND level
before the voltage VSS reaches the GND level, the voltage
VDD that give High level to the sampling transistor 1358
does not decrease to the GND level, unlike the voltage
VDDG. Thatis, in this case, there also exists a period in which
electric charges having been let out from the pixel to the
source bus line cannot let out through the sampling transistor.
[0021] In the foregoing active matrix liquid crystal display
device, (a) the polarities of the pixel transistor and the sam-
pling transistor and (b) the conditions concerning power sup-

Apr. 2,2009

ply voltages of signals for on/off control of these transistors
cannot be determined in consideration of only the circum-
stances where electric charges of the pixel need to be let out.
This is because the elements (a) and (b) have influence on
power consumption and other properties of the liquid crystal
display device and are thus determined in consideration of
various elements. Therefore, in many cases, normal active
matrix liquid crystal display devices cannot have the setting
as illustrated in FIG. 10, i.e. the setting which enables electric
charges to be let out at the power-off.

[0022] In the arrangements disclosed in Patent Documents
1 and 2, the liquid crystal display device can let out electric
charges of the pixel at the power-off, regardless of polarity of
the pixel transistor and the sampling transistor. However,
these arrangements require a control signal or the like for
special operation. This results in complexity and upsizing of
the device.

[0023] The present invention has been attained to solve the
above problems and an object of the present invention is to
realize a liquid crystal display device with a simple configu-
ration, wherein when the liquid crystal display device is pow-
ered off, electric charges of pixels are let out without the need
for a control signal for letting out the electric charges of the
pixels.

[0024] In order to solve the above problems, an active
matrix liquid crystal display device according to the present
invention includes: a plurality of source bus lines; a plurality
of gate bus lines; and pixels each provided at an intersection
ofthe source bus line and the gate bus line and each connected
to the gate bus line and the source bus line via a pixel transis-
tor, and the active matrix liquid crystal display device further
includes: an electric charge escaping transistor, provided on
each of the source bus lines, having the same polarity as the
pixel transistor and having a gate to which a turn-off voltage
signal of the pixel transistor is supplied.

[0025] According to the above arrangement, the electric
charge escaping transistor having the same polarity as the
pixel transistor and having a gate to which a turn-off voltage
signal of the pixel transistor is supplied is provided on each of
the source lines. Even when the electric charges having let out
from the pixel to the source bus line cannot let out through the
sampling transistor, the above arrangement makes it possible
to let the electric charges escape through the electric charge
escaping transistor.

[0026] Besides, no special control signal is needed to make
the pixel transistor and the pixel escaping transistor half-
open. Thus, it is possible to let out electric charges of the pixel
with a simple configuration of the device.

[0027] Further, another active matrix liquid crystal display
device according to the present invention includes: a plurality
of source bus lines; a plurality of gate bus lines; and pixels
each provided at an intersection of the source bus line and the
gate bus line and each connected to the gate bus line and the
source bus line via a pixel transistor, and the active matrix
liquid crystal display device further includes: an electric
charge escaping transistor, provided on each of the source bus
lines, having the same polarity as the pixel transistor; and
voltage control means generating a gate control voltage from
the turn-on voltage signal and the turn-off voltage signal of
the pixel transistor and supplying the generated gate control
voltage to the gate of the electric charge escaping transistor,
wherein the gate control voltage generated by the voltage
control means is a voltage for turning off the electric charge
escaping transistor during an operation of the active matrix
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liquid crystal display device, and when the active matrix
liquid crystal display device is powered off, the turn-off volt-
age signal of the pixel transistor is caused to reach a GND-
level voltage before a turn-on voltage signal of the pixel
transistor reaches the GND-level voltage, so that the gate
control voltage changes to a voltage for turning on the electric
charge escaping transistor.

[0028] According to the above arrangement, the electric
charge escaping transistor having the same polarity as the
pixel transistor is provided on each of the source lines. The
gate control voltage generated by the voltage control means is
supplied to the gate of the electric charge escaping transistor.
Then, when the active matrix liquid crystal display device is
powered off, the turn-off voltage signal of the pixel transistor
is caused to reach the GND-level voltage before the turn-on
voltage signal of the pixel transistor reaches the GND-level
voltage.

[0029] When the turn-off voltage signal of the pixel tran-
sistor is caused to reach the GND-level voltage, the pixel
transistor becomes half-open. In the electric charge escaping
transistor, the gate control voltage changes to a voltage for
turning on the electric charge escaping transistor. This allows
the electric charges accumulated in each of the pixels to be
escaped to the outside via the pixel transistor and the electric
charge escaping transistor. Thus, it is possible to let out elec-
tric charges of the pixel at the power-off of the device. Espe-
cially, since the electric charge escaping transistor is not
half-open but completely turned on, it is possible to reliably
let electric charges escape from the source bus line.

[0030] Besides, no special control signal is needed to make
the pixel transistor half-open and make the pixel escaping
transistor turn on. Thus, itis possible to let out electric charges
of the pixel with a simple configuration of the device.

BRIEF DESCRIPTION OF DRAWINGS

[0031] FIG. 1 is a circuit diagram illustrating the configu-
ration of the essential part of an active matrix liquid crystal
display device in accordance with an embodiment of the
present invention.

[0032] FIG. 2 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device.

[0033] FIG. 3 is a circuit diagram illustrating a configura-
tion of an electric charge escaping circuit included in the
active matrix liquid crystal display device.

[0034] FIG. 4 is a circuit diagram illustrating a configura-
tion of an electric charge escaping circuit included in the
active matrix liquid crystal display device.

[0035] FIG. 5 is a circuit diagram illustrating a configura-
tion of an electric charge escaping circuit included in the
active matrix liquid crystal display device.

[0036] FIG. 6 is a circuit diagram illustrating a configura-
tion of an electric charge escaping circuit included in the
active matrix liquid crystal display device.

[0037] FIG. 7 is a diagram illustrating a configuration of a
power supply control section included in the active matrix
liquid crystal display device.

[0038] FIG. 8 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device.

[0039] FIG. 9 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device.
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[0040] FIG. 10 is a circuit diagram illustrating a configu-
ration of the conventional active matrix liquid crystal display
device.

[0041] FIG. 11 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device illustrated in FIG. 10.

[0042] FIG. 12 is a circuit diagram illustrating a configu-
ration of the conventional active matrix liquid crystal display
device.

[0043] FIG. 13 is a circuit diagram illustrating a configu-
ration of the conventional active matrix liquid crystal display
device.

[0044] FIG. 14 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device illustrated in FIG. 13.

[0045] FIG. 15 is a circuit diagram illustrating a configu-
ration of the conventional active matrix liquid crystal display
device.

[0046] FIG. 16 is a circuit diagram illustrating a configu-
ration of the conventional active matrix liquid crystal display
device.

[0047] FIG. 17 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device illustrated in FIG. 15.

[0048] FIG. 18 is a waveform chart illustrating a profile of
power supply voltages at the power-off of the active matrix
liquid crystal display device illustrated in FIG. 16.

[0049] FIG. 19 is a circuit diagram illustrating a configu-
ration for power supply control in a case where power supply
circuits are embedded in a liquid erystal display panel.
[0050] FIG. 20 is a block diagram illustrating a configura-
tion of a discharge circuit in FIG. 19.

[0051] FIG. 21 is a plan view of a transistor constituting a
switch in the discharge circuit.

[0052] FIG. 22 is a diagram illustrating a variation of con-
nections of a smoothing capacitor in FIG. 19.

[0053] FIG. 23 is acircuit diagram illustrating a variation of
a configuration for power supply control in a case where
power supply circuits are embedded in a liquid crystal display
panel.

[0054] FIG. 24 is awaveform chart illustrating behaviors of
VDDG and VSS signals under power supply control in the
circuit illustrated in FIG. 23.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0055] The following will describe an embodiment of the
present invention with reference to FIGS. 1 through 9 and
FIGS. 19 through 24. FIG. 1 illustrates the arrangement of
components related to a source bus line 11 in an active matrix
liquid crystal display device according to the present embodi-
ment.

[0056] As illustrated in FIG. 1, a pixel 13 is connected to a
source bus line 11 via a pixel transistor 14. A pixel electrode
in the pixel 13 is connected to adrain of the pixel transistor 14,
and the source bus line 11 is connected to a source of the pixel
transistor 14. Furthermore, a gate of the pixel transistor 14 is
connected to the gate bus line 12.

[0057] To adisplay-signal-supply end of the source bus line
11 (on the upper side of FIG. 1), a sampling transistor 15 that
switches on/off application of a display signal to the source
bus line 11 is connected. To a gate of the sampling transistor
15, an end buffer 16 for a signal that controls the sampling
transistor 15 is connected. To a scan-signal-supply end (on the
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leftside of FIG. 1) of the gate bus line 12, an end buffer 17 that
controls a scan signal supplied to the gate bus line 12 is
connected.

[0058] More specifically, the end buffer 16 controls on/off
of the sampling transistor 15 by applying either power supply
voltage VDD or power supply voltage VSS to the gate of the
sampling transistor 15. Since the sampling transistor 15 is a
P-channel transistor in the arrangement illustrated in FIG. 1,
the sampling transistor 15 is turned on when the voltage VSS
1s applied thereto, and the sampling transistor 15 is turned off
when the voltage VDD is applied thereto.

[0059] Meanwhile, the end buffer 17 controls on/off of the
pixel transistor 14 by applying either power supply voltage
VDDG or power supply voltage VSS to the gate of the pixel
transistor 14 via the gate bus line 12. Since the pixel transistor
14 is an N-channel transistor in the arrangement illustrated in
FIG. 1, the pixel transistor 14 is turned off when the voltage
VSSis applied thereto, and the pixel transistor 14 is turned on
when the voltage VDDG is applied thereto.

[0060] Furthermore, a liquid crystal display device of the
present embodiment includes an electric charge escaping cir-
cuit 30 for each of the source bus lines 11. The electric charge
escaping circuit 30 includes an electric charge escaping tran-
sistor 31 and a buffer 32 that controls a gate signal to be
supplied to the electric charge escaping transistor 31. The
electric charge escaping transistor 31 is a transistor (N-chan-
nel transistor in this case) having the same polarity as the pixel
transistor 14, and a source-drain path is provided between the
source bus line 11 and a common electrode TCOM.

[0061] As with the end buffer 17 connected to the gate bus
line 12, the buffer 32 is arranged capable of applying either
power supply voltage VDDG or power supply voltage VSS to
the gate of the electric charge escaping transistor 31. The
actual buffer 32, however, always outputs the voltage VSS to
the gate of the electric charge escaping transistor 31. In other
words, continuous application of the voltage VSS to the gate
of the electric charge escaping transistor 31 provided in the
electric charge escaping circuit 30 makes the electric charge
escaping transistor 31 turned off all the time during operation
of the liquid crystal display device.

[0062] In the liquid crystal display device arranged as in
FIG. 1, when the liquid crystal display device is powered off,
the voltage VSS is increased to a GND level before the volt-
age VDDG reaches the GND level, as illustrated in FIG. 2.
With this arrangement, the pixel transistor 14 to which the
voltage VSS has been supplied by the end buffer 17 during the
power-on of the device becomes half-open at the power-off of
the device. This makes it possible to let electric charges
retained in the pixel 13 escape to the source bus line 11.
[0063] Meanwhile, the sampling transistor 15, which is a
P-channel transistor, cannot let electric charges escape from
the source bus line 11 even when the voltage VSS reaches the
GND level. However, the electric charge escaping transistor
31 provided in the electric charge escaping circuit 30
becomes half-open when the voltage VSS is increased to the
GND level. This is because the electric charge escaping tran-
sistor 31 is a N-channel transistor, as with the pixel transistor
14, and the voltage VSS is applied to the gate of the electric
charge escaping transistor 31.

[0064] With this arrangement, in the liquid crystal display
device arranged as in FIG. 1, during the period in which the
pixel transistor 14 is half-open, the electric charge escaping
transistor 31 is also half-opened. Therefore, the electric
charges accumulated in the pixel 13 are escaped to the com-
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mon electrode TCOM via the pixel transistor 14, the source
bus line 11, and the electric charge escaping transistor 31.
Thus, it is possible to let out electric charges in the pixel 13
when the device is powered off.

[0065] The electric charge escaping circuit 30 illustrated in
FIG. 1is arranged for the case where the pixel transistor 14 is
an N-channel transistor. In a case where the pixel transistor is
aP-channel transistor, an electric charge escaping circuit 40 is
used as illustrated in FIG. 3. More specifically, the electric
charge escaping circuit 40 includes a P-channel electric
charge escaping transistor 41 (having the same polarity as a
pixel transistor), and a buffer 42 which controls a gate signal
supplied to the electric charge escaping transistor 41.

[0066] As with the end buffer connected to the gate bus
lines, the buffer 42 is arranged capable of applying either
power supply voltage VDDG or power supply voltage VSS to
the gate of the electric charge escaping transistor 41. How-
ever, theactual buffer 42, however, always outputs the voltage
VDDG to the gate of the electric charge escaping transistor
41, and the electric charge escaping transistor 41 is therefore
turned off all the time during operation of the liquid crystal
display device.

[0067] Furthermore, in the electric charge escaping circuit
30 illustrated in F1G. 1, the voltage VSS is applied to the gate
of the electric charge escaping transistor 31 via the buffer 32.
For a simpler arrangement, an electric charge escaping circuit
30' illustrated in FIG. 4 can be adopted in which the buffer 32
is removed so that the voltage VSS is directly applied to the
gate of the electric charge escaping transistor 31. Similarly, an
electric charge escaping circuit 40" illustrated in FIG. 5 can be
adopted in which the buffer 42 is removed so that the voltage
VDDG is directly applied to the gate of the electric charge
escaping transistor 41.

[0068] The arrangements of the electric charge escaping
circuit 30 and 40 have the following advantage: That is, in a
case where the voltages VSS and VDDG cannot be controlled
due to control system trouble or the like, outputs of the buffer
32 and 42 become close to a midpoint voltage between the
voltages VSS and VDDG (normally close to the GND volt-
age). This makes the electric charge escaping transistors 31
and 41 half-open, thus escaping electric charges on the source
bus line.

[0069] In the liquid crystal display device according to the
present embodiment, an electric charge escaping circuit 50
illustrated in FIG. 6 can be adopted as a variation of an electric
charge escaping circuit. The electric charge escaping circuit
50 is an exemplary circuit used in the case where the pixel
transistor is a N-channel transistor.

[0070] Theelectric charge escapingcircuit 50, as illustrated
in FIG. 6, includes an electric charge escaping transistor 51, a
buffer 52, a voltage control transistor 53, and resistors 54
through 56. The electric charge escaping transistor 51 is a
transistor (N-channel transistor herein) having the same
polarity as the pixel transistor, and a source-drain path is
provided between a source bus line and a common electrode
TCOM.

[0071] Further, the buffer 52 is arranged capable of apply-
ing either power supply voltage VDDG or power supply
voltage VSS to the gate of the electric charge escaping tran-
sistor 51 in accordance with an input supplied to a control
terminal of the buffer 52. To the control terminal of the buffer
52is applied a voltage of anode between a drain of the voltage
control transistor 53 and one end of the resistor 54. A source
of the voltage control transistor 53 is connected to a GND
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voltage, and the other end ofthe resistor 54 is connected to the
voltage VDDG. To the gate of the voltage control transistor 53
is applied a voltage of a node between one end of the resistor
55 and one end of the resistor 56. The other end of the resistor
55 is connected to the voltage VSS, and the other end of the
resistor 56 is connected to the voltage VDDG.

[0072] Intheelectric charge escaping circuit 50 arranged as
above, a voltage which is obtained by division of a VSS-to-
VDDG voltage by the resistors 55 and 56 is applied to the gate
of the voltage control transistor 53. Resistance values of the
resistors 55 and 56 are set so that a voltage for turning off the
voltage control transistor 53 is applied to the voltage control
transistor 53 during operation of the device. When the voltage
control transistor 53 is turned off, the voltage VDDG 1is
applied to the control terminal of the buffer 52. Then, the
voltage VSS is applied to the gate of the electric charge
escaping transistor 51, which turns off the electric charge
escaping transistor 51.

[0073] On the other hand, when the device is powered off,
the voltage VSS drops to the GND level before the voltage
VDDG reaches the GND level. Then, a gate voltage of the
voltage control transistor 53 increases, which turns on the
voltage control transistor 53. When the voltage control tran-
sistor 53 is turned on in the situation where resistance of the
resistor 54 is sufficiently high. the voltage VSS is applied to
the control terminal of the buffer 52. This applies the voltage
VDDG to the gate of the electric charge escaping transistor
51, which turns on the electric charge escaping transistor 51.
[0074] That is, in the case of the electric charge escaping
circuit 50, the electric charge escaping transistor 51 is com-
pletely turned on when the device is powered off, instead of
being half-open. This makes it possible to more reliably let
out electric charges in the source bus line. The circuit illus-
trated in FIG. 6 is arranged for the case where the pixel
transistor is an N-channel transistor. However, even if the
pixel transistor is a P-channel transistor, it is possible to
completely turn on the electric charge escaping transistor at
the power-off of the device on the same principle.

[0075] Theabove-described liquid crystal display device is
arranged such that in the case where the pixel transistor is an
N-channel transistor, the voltage VSS reaches the GND level
before the voltage VDDG does at the power-off of the device,
thereby enabling pixel charges to be let out. Additionally, the
liquid crystal display device is arranged such that in the case
where the pixel transistor is a P-channel transistor, the voltage
VDDG reaches the GND level before the voltage VSS does,
thereby enabling pixel charges to be let out.

[0076] Making thevoltage VSS reach the GND level before
the voltage VDDG reach the GND level (and vice versa) can
be easily realized by performing timing control by means of
software at the power-off of the device. The timing control is
performed by a power supply control section, which is nor-
mally provided in the liquid crystal display device.

[0077] The above-described timing control in the power
supply control section, however, may not respond to an unex-
pected power-off of the device (e.g. accidental removal of a
device battery by the user). For example, making the voltage
VSS reach the GND level before the voltage VDDG (and vice
versa) at an unexpected power-off of the device can be real-
ized by employing a power supply control section as illus-
trated in FI1G. 7.

[0078] FIG. 7 illustrates a power supply control section 60
and three power supply voltages VSS, VDD, and VDDG that
the power supply control section 60 outputs. The power sup-
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ply voltages VSS, VDD, and VDDG outputted from the
power supply control section 60 are connected to capacitors
61, 62, and 63, respectively, so that the supplied voltages
gradually decrease at an unexpected power-off. For example,
assume that capacitance of the capacitor 61 connected to the
power supply voltage VSS is set lower than capacitances of
the capacitors 62 and 63. In this case, it is possible to make the
voltage VSS reach the GND level before the voltage VDDG
does. This effect can be also obtained at an unexpected power-
off of the device.

[0079] The above-described liquid crystal display device
assumes that the electric charge escaping circuit escapes elec-
tric charges from the source bus line to the common electrode
TCOM. However, the present invention is not limited to this.
The electric charges may be escaped to places other than the
common electrode TCOM if they have a sufficient capacity to
store the electric charges escaped from the source bus line.
[0080] The above description takes, as an example, the
arrangement illustrated in FIG. 2, i.e. the arrangement in
which the voltage VSS reaches the GND level before the
voltage VDDG (in the case where the pixel transistor and the
electric charge escaping transistor are N-channel transistors).
The arrangement illustrated in FIG. 2 is easy to realize. How-
ever, in the present invention, the voltage VSS may converge
on the GND level after the voltage VDDG does as long as
there exists the period in which electric charges are let out
from the source bus line via the electric charge escaping
transistor.

[0081] FIGS. 8 and 9illustrate cases where the voltage VSS
converges on the GND level after the voltage VDDG does.
[0082] In the case illustrated in FIG. 8, the voltage VSS
becomes higher than the GND level, and then converges on
the GND level. This case is more effective than the case
illustrated in FIG. 2, in that the pixel transistor and the electric
charge escaping transistor opens wider.

[0083] In the case illustrated in FIG. 9, the voltage VSS
does notreach the GND level, but the voltage VSS approaches
the GND level. This generates a sufficient time to let out
electric charges with the pixel transistor and the electric
charge escaping transistor half-open, thus allowing electric
charges to be let out from the source bus line.

[0084] The above-described liquid crystal display device
assumes that a turn-off voltage signal of the pixel transistor
reaches the GND level before a turn-on voltage signal does at
the power-off of the device. Besides, the above description
assumes that the turn-off voltage signal and the turn-on volt-
age signal are supplied as power supply voltages from the
outside of the liquid crystal display panel. The aforemen-
tioned control is performed outside the liquid crystal display
panel. However, the present invention is also applicable to a
liquid crystal display device having a power supply circuit
inside a liquid crystal display panel if a power supply control
circuit is provided inside the liquid crystal display panel. That
is, when the liquid crystal display device is powered off, the
power supply control circuit performs power supply control
to make the turn-off voltage signal of the pixel transistor reach
the GND-level voltage before the turn-on voltage signal of the
pixel transistor does. The following will describe an embodi-
ment in the case where a power supply circuit is provided
inside a liquid crystal display panel.

[0085] FIG. 19 illustrates an example of the power supply
control circuit in the case where power supply circuits are
provided in a liquid crystal display panel. In the circuit illus-
trated in FIG. 19, only a power supply voltage VCC and a



US 2009/0085902 A1

ground voltage GND are supplied to the liquid crystal display
panel, and power supply circuits 71 and 72 in the liquid
crystal display panel generates two types of power supply
voltages, VDDG and VSS. That is, the power supply circuit
71 generates the power supply voltage VDDG, and the power
supply circuit 72 generates the power supply voltage VSS.

[0086] Each of the power supply circuits 71 and 72 receives
the power supply voltage VCC and the ground voltage GND,
so that the power supply circuits 71 and 72 generate the power
supply voltages VDDG and VSS, respectively, by using a
charge pump, for example. The charge pump generates a
desired voltage when a capacity is repeatedly charged and
discharged. In FIG. 19, input signals supplied to the power
supply circuits 71 and 72 are used for the control of the
charging and discharging. In the present invention, the types
of the power supply circuits 71 and 72 are not particularly
limited, and a power supply circuit (e.g. resistive divider)
other than the charge pump can be also used.

[0087] FIG. 19 illustrates the case where two types of
power supply voltages are generated inside the liquid crystal
display panel. However, three or more types of power supply
voltages may be generated according to circumstances. For
ease of explanation, only pixel transistor control voltages
VDDG and VSS are given herein.

[0088] The power supply voltages VDDG and VSS gener-
ated by the power supply circuits 71 and 72 are supplied to,
for example, the end buffer 17 and the buffer 32 in the circuit
illustrated in FIG. 1. Then, when the voltage VSS is made
reach the GND level before the voltage VDDG does, the
aforementioned working occurs. This makes it possible to
quickly let out electric charges from a pixel at the power-off of
the device.

[0089] The power supply control circuit illustrated in FIG.
19 has discharge circuits 73 and 74 to drop the voltage VSS to
the GND level before the voltage VDDG does. The discharge
circuit 73 is provided between the power supply voltage
VDDG outputted from the power supply circuit 71 and the
ground voltage GND. The discharge circuit 74 is provided
between the power supply voltage VSS outputted from the
power supply circuit 72 and the ground voltage GND.

[0090] The discharge circuits 73 and 74 basically have the
same structure, and each of the discharge circuits 73 and 74
includes a switch 77 and a switch control circuit 78 that
controls the switch 77, as illustrated in FIG. 20. In the dis-
charge circuits 73 and 74, the switch 77 is opened at the
power-off of the liquid crystal display device, and closed at
the power-on of the liquid crystal display device. That is, in
the discharge circuits 73 and 74, the switch 77 is turned on at
the power-off of the liquid crystal display device so that
electric charges are let out from the discharge circuits 73 and
74 to the GND.

[0091] Inthe discharge circuits 73 and 74, a voltage of each
signal reaches the GND level when the power supply voltage
VCC drops. Therefore, if the switch 77 is a P-channel tran-
sistor, the switch 77 opens when the gate voltage is at the
GND level. This ensures the switch 77 to be opened at the
power-off of the liquid crystal display device.

[0092] On the other hand, at the power-on of the liquid
crystal display device, the switch 77 needs a High signal
(turn-off voltage of P-channel transistor). At the power-on of
the device, the switch 77 needs to be reliably closed. Accord-
ing to circumstances, a signal for controlling the switch 77
needs to be shifted from the input signal level to another level.
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The switch control circuit 78 illustrated in FIG. 20 is provided
to supply an input signal for reliably closing the switch 77 at
the power-on of the device.

[0093] The above description assumes that the switch 77 is
a P-channel transistor. However, the present invention is not
limited to this. The switch 77 can be either P-channel transis-
tor or N-channel transistor.

[0094] Ifthe discharge circuits 73 and 74 are differentiated
from each other in the ability of letting out electric charges,
the power supply control as illustrated in FIG. 2 becomes
possible. More specifically, if the discharge circuit 74 has a
higher level of the ability of letting out electric charges than
the discharge circuit 73, it is possible to drop the voltage VSS
to the GND level before the VDDG voltage reaches the GND
level.

[0095] One of the methods of differentiating the discharge
circuits 73 and 74 in the ability of letting out electric charges
is to change the abilities of the switches 77 in the discharge
circuits 73 and 74. That is, the switch 77 is made up of a
transistor in the liquid crystal display panel. Therefore, the
transistors with different sizes can make the switches 77
different in their ability.

[0096] FIG. 21 1s aplanview of a transistor which makes up
the switch 77. This transistor is such that a source electrode
77b, a gate electrode 77¢, and a drain electrode 77d are
disposed on a semiconductor layer 77a that includes a chan-
nel region. W indicates channel width, and L indicates chan-
nel length.

[0097] The larger the channel width W, the higher the level
of the ability of the transistor. The smaller the channel length
L, the lower the level of the ability of the transistor. In other
words, the channel width W of the transistor which makes up
the switch of the discharge circuit 74 is made larger than the
channel width W of the transistor which makes up the switch
of the discharge circuit 73. Alternatively, the channel length L
of the transistor which makes up the switch of the discharge
circuit 74 is made smaller than the channel length L of the
transistor which makes up the switch of the discharge circuit
73.

[0098] Apart from the method of differentiating the abili-
ties of the transistors which make up the switches 77, various
kinds of methods by which the voltage VSS is dropped to the
GND level before the VDDG voltage reaches the GND level
are available.

[0099] For example, by changing a material for lines con-
nected to the switches of the discharge circuits, it is possible
to drop the voltage VSS to the GND level before the voltage
VDDG reaches the GND level. That is, by using a high-
resistance line as a switch line of the discharge circuit 73 and
a low-resistance line as a switch line of the discharge circuit
74, it 1s possible to change the level of the ease of letting out
electric charges. This makes it possible to perform the power
supply control as illustrated in FIG. 2.

[0100] As a still another method, there is a method of con-
necting the power supply line VDDG inside the liquid crystal
display panel to capacitance and load higher than those of the
power supply line VSS. This slows down a speed at which
electric charges are let out. This also makes it possible to
perform the power supply control as illustrated in FIG. 2.
[0101] Further, the power supply control circuit illustrated
in FIG. 19 includes smoothing capacitors 75 and 76 so that
stable voltages can be supplied as the power supply voltages
VDDG and VSS outputted from the power supply circuits 71
and 72. The smoothing capacitors 75 and 76 are provided to
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connect the power supply circuits 71 and 72 to a stable power
source. In FIG. 19, the smoothing capacitor 75 is connected
between the power supply circuit 71 and the GND, and the
smoothing capacitor 76 is connected between the power sup-
ply circuit 72 and the GND.

[0102] The smoothing capacitors 75 and 76 are not neces-
sarily provided inside the liquid crystal display panel. The
smoothing capacitors 75 and 76 can be provided outside the
liquid crystal display panel. A considerable area is required
for the formation of capacitances of the smoothing capacitors
75 and 76 inside the liquid crystal display panel. Considering
this, provision of the smoothing capacitors 75 and 76 outside
the liquid crystal display panel is advantageous in downsizing
the panel.

[0103] Capacitors included in the power supply circuits 71
and 72 (in the case where the power supply circuits 71 and 72
are realized by charge pumps) may be provided inside the
liquid crystal display panel or outside the liquid crystal dis-
play panel. That is, in the case where the capacitors included
in the power supply circuits 71 and 72 are provided outside
the liquid crystal display panel, only circuits for controlling
charging and discharging of the charge pumps are included in
the liquid crystal display panel.

[0104] The stable power source to which the smoothing
capacitors 75 and 76 is not necessarily the GND. The stable
power source may be other stable power source (e.g. VCC)
(see FIG. 22).

[0105] Thus, in the arrangement in which the smoothing
capacitors 75 and 76 are provided, the discharge circuit 74
also lets out electric charges accumulated in the smoothing
capacitors 75 and 76 at the power-off of the liquid crystal
display device. For this reason, the capacitance of the smooth-
ing capacitor 75 connected between the VDDG and the GND
is made higher than the capacitance of the smoothing capaci-
tor 76 connected between the VDVSS and the GND, whereby
a VDDG dropping speed is slowed down at the power-off of
the device. This makes it possible to perform the power sup-
ply control as illustrated in FIG. 2.

[0106] Inthecircuit configurationillustrated in FIG. 19, the
discharge circuit 73 is connected between the VDDG line and
the GND line, the discharge circuit 74 is connected between
the VSS line and the GND line. However, this is not the only
possibility. For example, as illustrated in FIG. 23, the dis-
charge circuit 79 can be connected between the VDDG line
and the GND line, and the discharge circuit 80 can be con-
nected between the VSS line and the VDDG line.

[0107] If the discharge circuits are connected as illustrated
in FIG. 23, behaviors of VDDG and VSS at the power-off of
the device can be controlled as illustrated in FIG. 24. In order
to perform power supply control as illustrated in FIG. 24,
capacitance of the smoothing capacitor 75 between VDDG
and GND is made higher than capacitance of the smoothing
capacitor 76 between VSS and GND, or capacitance and load
connected to the power supply line VDDG in the liquid crys-
tal display panel is made higher than those connected to the
power supply line VSS.

[0108] Under the power supply control as illustrated in
FIG. 24, VSS is exceeded GND by the discharge circuit 80
and pulled by VDDG at the power-off of the device. Since
VSS comeclose to ON voltage, notto GND, the power supply
control is close to the one illustrated in FIG. 8, not to the one
illustrated in FIG. 2. This enables effective control to let out
electric charges in the pixel electrode.
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[0109] The arrangements of the power supply control cir-
cuits illustrated in FIGS. 19 and 23 are applicable to the
configuration illustrated in FIG. 1. However, as a matter of
course, the present invention is not limited to this. That is, the
arrangements of the power supply control circuits illustrated
in FIGS. 19 and 23 are similarly applicable to power supply
controls in a case where the pixel transistor is a P-channel
transistor and the sampling transistor is a N-channel transistor
as illustrated in FIG. 13 and in a case where the sampling
transistor is made up of P-channel transistor and N-channel
transistor as illustrated in FIGS. 15 and 16.

[0110] As described above, an active matrix liquid crystal
display device according to the present invention includes: a
plurality of source bus lines; a plurality of gate bus lines; and
pixels each provided at an intersection of the source bus line
and the gate bus line and each connected to the gate bus line
and the source bus line via a pixel transistor, and the active
matrix liquid crystal display device further includes: an elec-
tric charge escaping transistor, provided on each of the source
bus lines, having the same polarity as the pixel transistor and
having a gate to which a turn-off voltage signal of the pixel
transistor is supplied.

[0111] According to the above arrangement, the electric
charge escaping transistor having the same polarity as the
pixel transistor and having a gate to which a turn-off voltage
signal of the pixel transistor is supplied is provided on each of
the source lines. Even when the electric charges having let out
from the pixel to the source bus line cannot let out through the
sampling transistor, the above arrangement makes it possible
to let the electric charges escape through the electric charge
escaping transistor.

[0112] Besides, no special control signal is needed to make
the pixel transistor and the pixel escaping transistor half-
open. Thus, it is possible to let out electric charges of the pixel
with a simple configuration of the device.

[0113] Further, the active matrix liquid crystal display
device 1s such that when the active matrix liquid crystal dis-
play device is powered off, the turn-off voltage signal of the
pixel transistor is caused to reach a GND-level voltage before
a turn-on voltage signal of the pixel transistor reaches the
GND-level voltage.

[0114] According to the above arrangement, when the
active matrix liquid crystal display device is powered off, the
turn-off voltage signal of the pixel transistor is caused toreach
a GND-level voltage before a turn-on voltage signal of the
pixel transistor reaches the GND-level voltage.

[0115] When the turn-off voltage signal of the pixel tran-
sistor is caused to reach the GND-level voltage, the pixel
transistor becomes half-open (the pixel transistor is not com-
pletely turned on, but has a certain degree of electrical conti-
nuity). The electric charge escaping transistor also becomes
half-open. This allows the electric charges accumulated in
each of the pixels to be let out to the outside via the pixel
transistor and the electric charge escaping transistor. Thus, it
is possible to let out electric charges of the pixel at the power-
off of the device.

[0116] Another active matrix liquid crystal display device
according to the present invention includes: a plurality of
source bus lines; a plurality of gate bus lines; and pixels each
provided at an intersection of the source bus line and the gate
busline and each connected to the gate bus line and the source
bus line via a pixel transistor, and the active matrix liquid
crystal display device further includes: an electric charge
escaping transistor, provided on each of the source bus lines,
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having the same polarity as the pixel transistor; and voltage
control means generating a gate control voltage from the
turn-on voltage signal and the turn-off voltage signal of the
pixel transistor and supplying the generated gate control volt-
age to the gate of the electric charge escaping transistor,
wherein the gate control voltage generated by the voltage
control means is a voltage for turning off the electric charge
escaping transistor during an operation of the active matrix
liquid crystal display device, and when the active matrix
liquid crystal display device is powered off, the turn-off volt-
age signal of the pixel transistor is caused to reach a GND-
level voltage before a turn-on voltage signal of the pixel
transistor reaches the GND-level voltage, so that the gate
control voltage changes to a voltage for turning on the electric
charge escaping transistor.

[0117] According to the above arrangement, the electric
charge escaping transistor having the same polarity as the
pixel transistor is provided on each of the source lines. The
gate control voltage generated by the voltage control means is
supplied to the gate of the electric charge escaping transistor.
Then, when the active matrix liquid crystal display device is
powered off, the turn-off voltage signal of the pixel transistor
is caused to reach the GND-level voltage before the turn-on
voltage signal of the pixel transistor reaches the GND-level
voltage.

[0118] When the turn-off voltage signal of the pixel tran-
sistor is caused to reach the GND-level voltage, the pixel
transistor becomes half-open. In the electric charge escaping
transistor, the gate control voltage changes to a voltage for
turning on the electric charge escaping transistor. This allows
the electric charges accumulated in each of the pixels to be
escaped to the outside via the pixel transistor and the electric
charge escaping transistor. Thus, it is possible to let out elec-
tric charges of the pixel at the power-off of the device. Espe-
cially, since the electric charge escaping transistor is not
half-open but completely turned on, it is possible to reliably
let electric charges escape from the source bus line.

[0119] Besides, no special control signal is needed to make
the pixel transistor half-open and make the pixel escaping
transistor turn on. Thus, itis possible to let out electric charges
of the pixel with a simple configuration of the device.
[0120] The active matrix liquid crystal display device is
preferably arranged such that a first buffer which controls the
electric charge escaping transistor is connected to the gate of
the electric charge escaping transistor, a second buffer which
controls the pixel transistor is connected to the gate bus line,
and the first buffer has the same size and power system as the
second buffer.

[0121] According to the above arrangement, when the turn-
on voltage signal and the turn-off voltage signal cannot be
controlled due to control system trouble or the like, the out-
puts of the first and second buffers become close to amidpoint
voltage between the turn-on voltage signal and the turn-off
voltage signal (normally becomes close to the GND voltage).
Thus, even when control system trouble or the like occurs, the
pixel transistor and the electric charge escaping transistor
show the same behaviors. That is, making the pixel transistor
half-open causes the electric charge escaping transistor to
reliably become half-open, thus allowing electric charges of
the pixel to escape.

[0122] Further, the active matrix liquid crystal display
device is preferably such that each of the source bus lines is
connected to a common electrode via the electric charge
escaping transistor.
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[0123] According to the above arrangement, electric
charges that are let out from the pixel is transferred to the
common electrode. This makes it possible to reliably elimi-
nate the difference in voltage applied to liquid crystal of the
pixel.

[0124] Further, the active matrix liquid crystal display
device can be arranged such that a power supply control
circuit is embedded in a liquid crystal display panel, and
causes the turn-off voltage signal of the pixel transistor to
reach the GND-level voltage before the turn-on voltage signal
of the pixel transistor reaches the GND-level voltage, when
the active matrix liquid crystal display device is powered off.
[0125] According to the above arrangement, the power sup-
ply control circuit can perform the foregoing power supply
control even in a case where the turn-off voltage signal and
the turn-on voltage signal are generated inside the liquid
crystal display panel, instead of being supplied as power
supply voltages from the outside of the liquid crystal display
panel. This makes it possible to let out electric charges with a
simple configuration of the device without the need for a
special control signal.

[0126] Further, the active matrix liquid crystal display
device can be arranged such that the power supply control
circuit includes: a first power supply circuit which generates
the turn-on voltage signal of the pixel transistor; a second
power supply circuit which generates the turn-off voltage
signal of the pixel transistor; a first discharge circuit which
lets out electric charges of the first power supply circuit when
the active matrix liquid crystal display device is powered off;
and a second discharge circuit which lets out electric charges
of the second power supply circuit when the active matrix
liquid crystal display device is powered off, wherein the first
discharge circuit and the second discharge circuit let out
electric charges of the first power supply circuit and the sec-
ond power supply circuit, respectively, under on/off control of
switches that constitute transistors, and difference in size
between the transistors of the first and second discharge cir-
cuits causes the turn-off voltage signal of the pixel transistor
to reach the GND-level voltage before the turn-on voltage
signal of the pixel transistor reaches the GND-level voltage.
[0127] According to the above arrangement, difference in
size between the transistors of the first and second discharge
circuits (for example, making a channel W of the transistor
constituting the switch of the second discharge circuit greater
in width than a channel of the transistor constituting the
switch of the first discharge circuit or making a channel of the
transistor constituting the switch of the second discharge
circuit greater in length than a channel of the transistor con-
stituting the switch of the first discharge circuit) makes it
possible to let out electric charges of the second power supply
circuit earlier than electric charges of the first power supply
circuit. In other words, it is possible to make the turn-off
voltage signal of the pixel transistor reach the GND-level
voltage before the turn-on voltage signal of the pixel transis-
tor reaches the GND-level voltage.

[0128] Further, the active matrix liquid crystal display
device can be arranged such that the power supply control
circuit includes: a first power supply circuit which generates
the turn-on voltage signal of the pixel transistor; a second
power supply circuit which generates the turn-off voltage
signal of the pixel transistor; a first discharge circuit which
lets out electric charges of the first power supply circuit when
the active matrix liquid crystal display device is powered off;
and a second discharge circuit which lets out electric charges
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of the second power supply circuit when the active matrix
liquid crystal display device is powered off, wherein differ-
ence in load between lines connected to the first and second
discharge circuits causes the turn-off voltage signal of the
pixel transistor to reach the GND-level voltage before the
turn-on voltage signal of the pixel transistor reaches the
GND-level voltage.

[0129] According to the above arrangement, the difference
in load between lines connected to the first and second dis-
charge circuits (for example, using a high-resistance line as a
switch line of the first discharge circuit and a low-resistance
line as a switch line of the second discharge circuit) makes it
possible to let out electric charges of the second power supply
circuit earlier than electric charges of the first power supply
circuit. In other words, it is possible to make the turn-off
voltage signal of the pixel transistor reach the GND-level
voltage before the turn-on voltage signal of the pixel transis-
tor reaches the GND-level voltage.

[0130] Further, the active matrix liquid crystal display
device can be arranged such that the power supply control
circuit includes: a first power supply circuit which generates
the turn-on voltage signal of the pixel transistor; a second
power supply circuit which generates the turn-off voltage
signal of the pixel transistor; a first discharge circuit which
lets out electric charges of the first power supply circuit when
the active matrix liquid crystal display device is powered off;
and a second discharge circuit which lets out electric charges
of the second power supply circuit when the active matrix
liquid crystal display device is powered off, wherein differ-
ence between capacitance and load, inside the liquid crystal
display panel, connected to the first power supply circuit and
those connected to the second power supply circuit causes the
turn-off voltage signal of the pixel transistor to reach the
GND-level voltage before the turn-on voltage signal of the
pixel transistor reaches the GND-level voltage.

[0131] According to the above arrangement, the difference
between capacitance and load, inside the liquid crystal dis-
play panel, connected to the first power supply circuit and
those connected to the second power supply circuit (for
example, connecting a line which is connected to the first
power supply circuit and outputs the turn-on voltage signal to
capacitance and load higher than a line which is connected to
the second power supply circuit and outputs the turn-off volt-
age signal) makes it possible to let out electric charges of the
second power supply circuit earlier than electric charges of
the first power supply circuit. In other words, it is possible to
make the turn-off voltage signal of the pixel transistor reach
the GND-level voltage before the turn-on voltage signal of the
pixel transistor reaches the GND-level voltage.

[0132] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

1. An active matrix liquid crystal display device compris-
ing:

a plurality of source bus lines;

a plurality of gate bus lines; and

pixels each provided at an intersection of the source bus
line and the gate bus line and each connected to the gate
bus line and the source bus line via a pixel transistor,

the active matrix liquid crystal display device further com-
prising:
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an electric charge escaping transistor, provided on each of
the source bus lines, having the same polarity as the pixel
transistor and having a gate to which a turn-off voltage
signal of the pixel transistor is supplied.

2. The active matrix liquid crystal display device according

to claim 1, wherein

when the active matrix liquid crystal display device is
powered off, the turn-off voltage signal of the pixel
transistor is caused to reach a GND-level voltage before
a turn-on voltage signal of the pixel transistor reaches
the GND-level voltage.

3. An active matrix liquid crystal display device compris-

ing:

a plurality of source bus lines;

a plurality of gate bus lines; and

pixels each provided at an intersection of the source bus
line and the gate bus line and each connected to the gate
bus line and the source bus line via a pixel transistor,

the active matrix liquid crystal display device further com-
prising:

an electric charge escaping transistor, provided on each of
the source bus lines, having the same polarity as the pixel
transistor; and

voltage control means generating a gate control voltage
from the turn-on voltage signal and the turn-off voltage
signal of the pixel transistor and supplying the generated
gate control voltage to the gate of the electric charge
escaping transistor, wherein

the gate control voltage generated by the voltage control
means is a voltage for turning off the electric charge
escaping transistor during a operation of the active
matrix liquid crystal display device, and

when the active matrix liquid crystal display device is
powered off, the turn-off voltage signal of the pixel
transistor is caused to reach a GND-level voltage before
a turn-on voltage signal of the pixel transistor reaches
the GND-level voltage, so that the gate control voltage
changes to a voltage for turning on the electric charge
escaping transistor.

4. The active matrix liquid crystal display device according

to claim 1, wherein

a first buffer which controls the electric charge escaping
transistor is connected to the gate of the electric charge
escaping transistor,

a second buffer which controls the pixel transistor is con-
nected to the gate bus line, and

the first buffer has the same size and power system as the
second buffer.

5. The active matrix liquid crystal display device according

to claim 1, wherein

each of the source bus lines is connected to a common
electrode via the electric charge escaping transistor.

6. The active matrix liquid crystal display device according

to claim 2, further comprising:

a power supply control circuit which causes the turn-off
voltage signal of the pixel transistor to reach the GND-
level voltage before the turn-on voltage signal of the
pixel transistor reaches the GND-level voltage, when the
active matrix liquid crystal display device is powered
off, wherein

at least part of the power supply control circuit is embedded
in a liquid crystal display panel.

7. The active matrix liquid crystal display device according

to claim 6, wherein
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the power supply control circuit includes:

a first power supply circuit which generates the turn-on
voltage signal of the pixel transistor;

asecond power supply circuit which generates the turn-off
voltage signal of the pixel transistor;

a first discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
first power supply circuit when the active matrix liquid
crystal display device is powered off; and

a second discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
second power supply circuit when the active matrix lig-
uid crystal display device is powered off, wherein

the first discharge circuit and the second discharge circuit
let out electric charges of the first power supply circuit
and the second power supply circuit, respectively, under
on/off control of switches that constitute transistors, and
difference in size between the transistors of the first and
second discharge circuits causes the turn-off voltage
signal of the pixel transistor to reach the GND-level
voltage before the turn-on voltage signal of the pixel
transistor reaches the GND-level voltage.

8. The active matrix liquid crystal display device according

to claim 6, wherein

the power supply control circuit includes:

a first power supply circuit which generates the turn-on
voltage signal of the pixel transistor;

asecond power supply circuit which generates the turn-off
voltage signal of the pixel transistor;

a first discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
first power supply circuit when the active matrix liquid
crystal display device is powered off; and

a second discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
second power supply circuit when the active matrix lig-
uid crystal display device is powered off, wherein

difference in load between lines connected to the first and
second discharge circuits causes the turn-off voltage
signal of the pixel transistor to reach the GND-level
voltage before the turn-on voltage signal of the pixel
transistor reaches the GND-level voltage.

9. The active matrix liquid crystal display device according

to claim 6, wherein

the power supply control circuit includes:

a first power supply circuit which generates the turn-on
voltage signal of the pixel transistor;

asecond power supply circuit which generates the turn-off
voltage signal of the pixel transistor;

a first discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
first power supply circuit when the active matrix liquid
crystal display device is powered off; and

a second discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
second power supply circuit when the active matrix lig-
uid crystal display device is powered off, wherein

difference between capacitance and load connected to the
first power supply circuit and those connected to the
second power supply circuit causes the turn-off voltage
signal of the pixel transistor to reach the GND-level

Apr. 2,2009

voltage before the turn-on voltage signal of the pixel
transistor reaches the GND-level voltage.

10. The active matrix liquid crystal display device accord-
ing to claim 6, wherein

the power supply control circuit includes:

a first power supply circuit which generates the turn-on
voltage signal of the pixel transistor;

a second power supply circuit which generates the turn-off
voltage signal of the pixel transistor;

a first discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
first power supply circuit when the active matrix liquid
crystal display device is powered off;

a second discharge circuit which is embedded in the liquid
crystal display panel and lets out electric charges of the
second power supply circuit when the active matrix lig-
uid crystal display device is powered off; and

smoothing capacitors which are connected to an external
entity outside the liquid crystal display panel and stabi-
lize signal voltages outputted from the first power supply
circuit and the second power supply circuit, wherein

making capacitances of the smoothing capacitors different
from each other causes the turn-off voltage signal of the
pixel transistor to reach the GND-level voltage before
the turn-on voltage signal of the pixel transistor reaches
the GND-level voltage.

11. A method of driving an active matrix liquid crystal
display device comprising: a plurality of source bus lines; a
plurality of gate bus lines; and pixels each provided at an
intersection of the source bus line and the gate bus line and
each connected to the gate bus line and the source bus line via
a pixel transistor, the active matrix liquid crystal display
device further comprising: an electric charge escaping tran-
sistor, provided on each of the source bus lines, having the
same polarity as the pixel transistor and having a gate to
which a turn-off voltage signal of the pixel transistor is sup-
plied, wherein

when the active matrix liquid crystal display device is
powered off, the turn-off voltage signal of the pixel
transistor is caused to reach a GND-level voltage before
a turn-on voltage signal of the pixel transistor reaches
the GND-level voltage, so that the pixel transistor and
the electric charge escaping transistor become half-
open, whereby electric charges accumulated in each of
the pixels are let escape.

12. The active matrix liquid crystal display device accord-

ing to claim 3, wherein

each of the source bus lines is connected to a common
electrode via the electric charge escaping transistor.

13. The active matrix liquid crystal display device accord-
ing to claim 3, further comprising:

a power supply control circuit which causes the turn-off
voltage signal of the pixel transistor to reach the GND-
level voltage before the turn-on voltage signal of the
pixel transistor reaches the GND-level voltage, when the
active matrix liquid crystal display device is powered
off, wherein

atleast part of the power supply control circuitis embedded
in a liquid crystal display panel.
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