US 20050212742A1

a» Patent Application Publication o) Pub. No.: US 2005/0212742 A1l

a9 United States

Nishitani et al. (43) Pub. Date: Sep. 29, 2005
(54) LIQUID CRYSTAL DISPLAY DEVICE (532) US. Cl s 345/92
(75) Inventors: Shigeyuki Nishitani, Mobara (JP);

Hideo Sato, Hitachi (JP) G7) ABSTRACT

Correspondence Address:

Stanley P. Fisher

Reed Smith LLP

Suite 1400

3110 Fairview Park Drive

Falls Church, VA 22042-4503 (US)

(73) Assignee: Hitachi Displays, Ltd.

(21) Appl. No.: 11/066,186

(22) Filed: Feb. 25, 2005

(30) Foreign Application Priority Data
Mar. 23, 2004 (JP) cccomvocrcec e 2004-084175

Publication Classification

The present invention provides a liquid crystal display
device which can recover a charge stored in a liquid crystal
display panel without using an exteriorly mounted part such
as a coil thus achieving the low power consumption. A
display device includes a liquid crystal display panel having
a plurality of pixels, a plurality of video lines which apply
a video voltage to the plurality of pixels, and a drive circuit
which supplies the video voltage to the plurality of video
lines. In such a display device, the liquid crystal display
panel has a common electrode to which a first voltage and
a second voltage having a potential higher than a potential
of the first voltage are alternately applied. The liquid crystal
display panel further includes a charge recovering circuit
which is connected between the respective video lines and a
power source line and recovers charge when a voltage
applied to the common electrode is changed over from the
first voltage to the second voltage or when the voltage
applied to the common electrode is changed over from the
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LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present application claims priority from Japa-
nese application JP2004-084175 filed on Mar. 23, 2004, the
content of which is hereby incorporated by reference into
this application.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device and, more particularly, to a liquid crystal
display device which aims at the low power consumption.

[0004] 2. Description of the Related Art

[0005] A TFT (Thin Film Transistor) type liquid crystal
display module has been popularly used as a display device
of a portable equipment such as a notebook type personal
computer or the like. Particularly, the liquid crystal display
module which is provided with a miniaturized liquid crystal
display panel is used as a display device of a portable
equipment such as a mobile phone, for example, which a
user always carries.

[0006] The portable equipment is required to be operated
for a long time by battery driving. Accordingly, the liquid
crystal display module which is served for such an applica-
tion is requested to satisfy the low power consumption.

[0007] On the other hand, when the same voltage (DC
voltage) is applied to a liquid crystal layer for a long time,
a display quality is deteriorated including the occurrence of
an image retention phenomenon.

[0008] To prevent the deterioration of the image quality, in
the liquid crystal display module, the voltage applied to the
liquid crystal layer is alternated for every given fixed time.
That is, using a voltage applied to a common electrode as the
reference, a voltage applied to pixel electrodes is changed to
a positive voltage side/a negative voltage side for every
fixed time.

[0009] As a driving method which applies the AC voltage
to the liquid crystal layer, there has been known a common
inversion method which alternately inverts the voltage
applied to the common electrode and the voltage applied to
the pixel electrodes to the positive voltage side and the
negative voltage side.

[0010] Further, with respect to the liquid crystal display
module which is driven by the common inversion method,
there has been known a liquid crystal display module which
recovers a charge stored in a liquid crystal display panel so
as to achieve the low power consumption (International
Publication Pamphlet W096/37803, Japanese Unexamined
Patent Publication HeilO (1998)-293559).

1. Field of the Invention

SUMMARY OF THE INVENTION

[0011] According to the common inversion method
described in the above-mentioned patent literature 1, at the
time of changing over the voltage applied to the common
electrode, the energy stored in the liquid crystal display
panel is recovered by a resonance circuit and a charge
storing capacitance, and the recovered energy is used again
at the time of performing the next common inversion thus
achieving the low power consumption.
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[0012] Further, according to the common inversion
method described in the above-mentioned Japanese Unex-
amined Patent Publication HeilO (1998)-293559, immedi-
ately before the polarity of the voltage of the common
electrode is inverted, the charge stored in the liquid crystal
display panel is recovered as the voltage having the same
polarity as the common electrode, and the common elec-
trode 1s driven by the charge which is recovered at the timing
that the polarity of the common electrode is converted into
the polarity equal to the polarity of the recovered voltage
thus achieving the low power consumption.

[0013] However, the common inversion methods
described in the above-mentioned respective patent litera-
tures have a drawback that an exteriorly mounted coil is
necessary which becomes a cause to push up a cost.

[0014] The present invention has been made to overcome
the above-mentioned drawback of the related art and it is an
object of the present invention to provide a technique which
can, in a liquid crystal display device, recover a charge
stored in a liquid crystal display panel without using an
exteriorly mounted part such as a coil thus achieving the low
power consumption.

[0015] The above-mentioned object, other objects and
novel features of the present invention will become apparent
in accordance with the description of this specification and
attached drawings.

[0016] To briefly explain the summary of the typical
inventions among the inventions disclosed in this specifica-
tion, they are as follows.

[0017] The present invention is directed to a liquid crystal
display device which includes a liquid crystal display panel
having a plurality of pixels, a plurality of video lines which
apply a video voltage to the plurality of pixels, and a drive
circuit which supplies the video voltage to the plurality of
video lines, wherein the liquid crystal display panel has a
common electrode to which a first voltage and a second
voltage having a potential higher than a potential of the first
voltage are alternately applied, and the liquid crystal display
device includes a charge recovering circuit which is con-
nected between the respective video lines and a power
source line and recovers charge when a voltage applied to
the common electrode is changed over from the first voltage
to the second voltage or when the voltage applied to the
common electrode is changed over from the second voltage
to the first voltage.

[0018] Inapreferred embodiment of the present invention,
the liquid crystal display device includes first switching
elements which are connected between the respective video
lines and a power source line and are turned on when the
voltage applied to the common electrode is changed over
from the first voltage to the second voltage, the video
voltage is supplied to the respective video lines from the
drive circuit via second switching elements, and the second
switching elements are turned off when the first switching
elements are turned on.

[0019] Further, in a preferred embodiment of the present
invention, the liquid crystal display device includes first
switching elements which are connected between the respec-
tive video lines and a power source line and are turned on
when the voltage applied to the common electrode is
changed over from the second voltage to the first voltage, the
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respective video lines supply the video voltage from the
drive circuit via second switching elements, and the second
switching elements are turned off when the first switching
elements are turned on.

[0020] According to the present invention, when the volt-
age applied to the common electrode is changed over from
the first voltage to the second voltage or from the second
voltage to the first voltage, the voltage of the video lines is
largely changed and hence, this voltage is recovered as
charge via the first switching elements. The recovered
charge is supplied again as the power source of the internal
circuit (drive circuit, for example).

[0021] To briefly explain advantageous effects obtained by
the typical inventions among the inventions disclosed in this
specification, they are as follows.

[0022] According to the liquid crystal display device of
the present invention, it is possible to recover the charge
stored in the liquid crystal display panel without using an
exteriorly mounted part such as a coil thus achieving the low
power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a view showing the schematic constitu-
tion of a liquid crystal display module of an embodiment 1
of the present invention,

[0024] FIG. 2 is a circuit diagram showing an equivalent
circuit of the liquid crystal display module of the embodi-
ment 1 of the present invention,

[0025] FIG. 3 is a view showing driving waveforms for
explaining an operation of the liquid crystal display module
of the embodiment 1 of the present invention;

[0026] FIG. 4 is a view showing a modification of the
driving waveforms for explaining an operation of the liquid
crystal display module of the embodiment 1 of the present
invention;

[0027] FIG. 5 is a block diagram showing the constitution
of a drain driver of a liquid crystal display module of an
embodiment 2 of the present invention;

[0028] FIG. 6 is a view showing the schematic constitu-
tion of a liquid crystal display module of an embodiment 3
of the present invention,

[0029] FIG. 7 is a view showing driving waveforms for
explaining an operation of the liquid crystal display module
of the embodiment 3 of the present invention; and

[0030] FIG. 8 is a view for explaining an operation to
recover a negative electric current in the liquid crystal
display module of the embodiment 3 of the present inven-
tion.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0031] Hereinafter, embodiments of the present invention
are explained in detail in conjunction with drawings.

[0032] Here, in all drawings for explaining the embodi-
ments, parts having identical functions are given same
symbols and their repeated explanation is omitted.
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Embodiment 1

[0033] FIG. 1 is a view showing the schematic constitu-
tion of a liquid crystal display module of the embodiment 1
of the present invention.

[0034] In the drawing, numeral 1 indicates a timing con-
troller, numeral 6 indicates a drain driver, numeral 10
indicates a voltage stabilizing circuit, numeral 12 indicates
agate driver, numeral 15 indicates a storage drive amplifier,
numeral 16 indicates a storage electrode, numeral 17 indi-
cates a common amplifier, numeral 18 indicates a common
electrode, numeral 20 indicates a drain-line switch drive
circuit, numeral 22 indicates a charge recovering switch
drive circuit, numeral 27 indicates gate lines (also referred
to as scanning lines), numeral 28 indicates a drain line
switch TFT, numeral 29 indicates drain lines (also referred
to as video lines), numeral 30 indicates a pixel TFT, numeral
31 indicates liquid crystal, numeral 32 indicates storage
capacitance, numeral 33 indicates a pixel electrode, numeral
34 indicates a charge recovering switch TFT, numeral 35
indicates a diode, numeral 36 indicates a battery, and
numeral 37 indicates a power source line.

[0035] Itis desirable that the liquid crystal display module
of this embodiment is produced by forming low-temperature
polysilicon TFTs on a substrate on which the liquid crystal
display panel is formed. Particularly, parts except for the
drain driver 6, the gate driver 12 and the timing controller 1
can be easily realized using the low-temperature polysilicon
TFTs. Further, it is also possible to realize a portion or the
whole drain driver 6, the gate driver 12 and the timing
controller 1 using the low-temperature polysilicon TFT5s. In
this case, since the number of parts can be reduced, it is
possible to realize the lowering of a cost of the liquid crystal
display.

[0036] (Explanation of the Operation of the Liquid Crystal
Display Module Shown in FIG. 1)

[0037] The liquid crystal display module of this embodi-
ment is a TFT liquid crystal display module in which pixels
are arranged in a matrix array as shown in FIG. 1, wherein
the number of pixels is constituted of 1024x768 dots, for
example. In FIG. 1, 3x3 dots are shown for an explanation
purpose.

[0038] In FIG. 1, three drain lines 29 and three gate lines
27 are arranged to cross each other and pixel TFTs 30 are
arranged in the vicinity of the crossing points.

[0039] The pixel TFTs 30 have gates thereof connected to
the gate line 27, drains thereof connected to the drain line 29,
and sources thereof connected to pixel electrodes 33.

[0040] A gate selection signal from the gate driver 12 is
outputted to the gate lines 27 and is applied to the gates of
the pixel TFTs 30 so as to turn on the pixel TFTs 30.

[0041] In a state that the pixel TFTs 30 assume an ON
state, when a video voltage 26 is applied to the drain lines
29 from the drain driver 6 through the drain line switch TFTs
28, the video voltage is applied to the pixel electrodes 33
through the pixel TFTs 30 and hence, the video voltage is
written in the liquid crystal 31 and the storage capacitance
32. Here, the operation of the drain line switch TFTs 28 is
described later.

[0042] On the other hand, a common electrode 18 is
connected to side of the liquid crystal 31 opposite to the
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pixel electrodes 33, the storage electrode 16 is connected to
side of the storage capacitance 32 opposite to the pixel
electrodes 33.

[0043] Voltages of the common electrode 18 and the
storage electrode 16 are controlled in response to a common
AC control signal 19 in a state that polarities thereof are
sequentially inverted with respect to the pixel voltage writ-
ten in the pixel electrodes 33 thus realizing the AC driving
of the liquid crystal.

[0044] Here, in this embodiment, the voltage which is
applied to the common electrode 18 via the common ampli-
fier 17 and to the storage electrode 16 via the storage drive
amplifier 15 is changed over between the first voltage
(VeomL) and the second voltage (VcomH) which has a
potential higher than a potential of the first voltage alter-
nately for every one display line.

[0045] In this manner, the display is realized in response
to the voltage written in the liquid crystal 31 and the storage
capacitance 32.

[0046] The timing controller 1 receives display data 2, a
vertical synchronizing signal 3, a horizontal synchronizing
signal 4 and a dot clock 5 from a system of a CPU, a display
controller and the like (not shown in the drawing) and
outputs respective signals which control the whole liquid
crystal display module to respective parts.

[0047] The drain driver 6 is operated in response to a
horizontal start signal 8 transmitted from the timing con-
troller 1 and fetches display data 7 corresponding to one
display line into the inside thereof using a horizontal shift
clock 9. Based on the fetched display data corresponding to
one line, the drain driver 6 outputs a video voltage 26
corresponding to one display line.

[0048] The gate driver 12 is operated in response to a
vertical start signal 13 transmitted from the timing controller
1 and sequentially outputs a gate selection signal to the
respective gate lines 27 based on the vertical shift clock 14.

[0049] The video voltage 26 outputted from the drain
driver 6 is supplied to the drain line 29 via the drain line
switch TFTs 28. To the gates of the drain line switch TFTs
28, a drain line switch signal 21 transmitted from the timing
controller 1 is applied and hence, the drain line switch TFTs
28 receive an ON/OFF control in response to the drain line
switch signal 21. Here, in FIG. 1, the drain line switch signal
21 has an electric current thereof amplified by the drain line
switch drive circuit 20 and is applied to the drain line switch
TFTs 28.

[0050] Further, the drain line 29 is connected with a charge
recovering switch TFTs 34.

[0051] To the gates of the charge recovering switch TFTs
34, a charge recovering switch signal 23 transmitted from
the timing controller 1 is applied and hence, the charge
recovering switch TFTs 34 receive an ON/OFF control in
response to the charge recovering switch signal 23. Here, in
FIG. 1, the charge recovering switch signal 23 has an
electric current thereof amplified by the charge recovering
switch drive circuit 22 and then is applied to the charge
recovering switch TFTs 34.

[0052] Further, the charge recovering switch TFTs 34 are
connected with diodes 35 and the charge which is present on
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the drain lines 29 is recovered at the power source line 37 via
the charge recovering switch TFTs 34 and the diodes 35.

[0053] The power source line 37 is connected with the
battery 36 and an electric current outputted from the battery
36 is inputted to the voltage stabilizing circuit 10 together
with the recovered charge and is converted into a stabilized
voltage and, thereafter, is supplied to the drain driver 6 as a
drain driver power source 11.

[0054]

[0055] FIG. 2 is a circuit diagram showing the equivalent
circuit of the liquid crystal display module of this embodi-
ment. In FIG. 2, parts identical with the parts shown in FIG.
1 are given same symbols.

[0056] InFIG.2,numeral 38 indicates a power source and
the power source 38 is the equivalent expression of the
storage drive amplifier 15 and the common amplifier 17 in
FIG. 1.

[0057] At the timing that the common voltage (Vcom)
which is applied to the common electrode 18 is inverted, the
voltage applied to the storage electrode 16 is also inverted
and hence, the storage drive amplifier 15 and the common
amplifier 17 are indicated by one power source 38 in
appearance.

[0058] Numeral 39 indicates a power source and this
power source 39 also equivalently expresses the drain driver
6 shown in FIG. 1.

[0059] The power source 38 is equivalently connected
with the storage capacitance 32 and the liquid crystal 31.

[0060] Further, numeral 40 indicates parasitic capacitance,
that is, parasitic capacitance between the source and the
drain of the pixel TFT 30, which is connected between the
pixel electrode 33 and the drain line 29.

[0061] Further, the drain line switch TFT 28 and the
charge recovering switch TFT 34 are respectively expressed
by switch symbols Sa, Sb.

[0062] In the equivalent circuit in FIG. 2, the liquid
crystal capacitance of the liquid crystal 31 and the storage
capacitance 32 are connected in parallel and, further, the
parasitic capacitance 40 is connected with the liquid crystal
capacitance of the liquid crystal 31 and the storage capaci-
tance 32 in series.

[0063] With respect to the respective capacitances, the
liquid crystal capacitance of the liquid crystal 31 is equal to
or more than 10 fF, the storage capacitance 32 is equal to or
more than 100 fF, and the parasitic capacitance 40 is
approximately 10 fF and hence, a total resultant capacitance
of these capacitances, that is, a pixel capacitance 41 is
dominated by the parasitic capacitance 40 and becomes
approximately 10 fF.

[0064]

[0065] FIG. 3 is a view showing driving waveforms for
explaining the operation of the liquid crystal display module
of this embodiment. In FIG. 3, symbol VDn indicates a
voltage of the drain line 29, symbol Vcom indicates a
voltage applied to the common electrode 18, symbol VGm
indicates a voltage applied to the gate line 27, symbol Vsa
indicates a drain line switch signal 21, and symbol Vsb
indicates a charge recovering switch signal 23.

(Explanation of Equivalent Circuit)

(Explanation of the Whole Driving Waveforms)
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[0066] As shown in FIG. 3, the explanation is made with
respect to a case in which one horizontal period (1 H) is
divided into three periods.

[0067] That is, these periods are the period A in which the
voltage (Vcom) applied to the common electrode 18 is
inverted from VcomL to VcomH, the period B in which the
charge is recovered, and the period C in which the gray scale
voltage is written in the pixel.

[0068] In the period A, since both of the drain line switch
signal 21 and the charge recovering switch signal 23 assume
an OFF state, both of the drain line switch TFT 28 and the
charge recovering switch TFT 34 assume an OFF state and
hence, when the voltage of the common electrode 18 is
changed from VeomL to VeomH, the voltage of the drain
line 29 is elevated via the pixel capacitance 41.

[0069] Next, in the period B, since the charge recovering
switch signal 23 assumes an ON state, the charge recovering
switch TFT 34 assumes an ON state and hence, a potential
of the drain line 29 is lowered to a potential which is
obtained by applying a forward bias voltage of the diode 35
to a voltage of the power source line 37. In FIG. 3, this
lowering amount of voltage is expressed by symbol Vep.

[0070] This implies that the charge stored in the pixel
capacitance 41 passes through the charge recovering switch
TFT 34 and flows into the power source line 37 via the diode
35. Accordingly, it is possible to partially recover the charge
of the pixel capacitance 41.

[0071] Next, in the period C, the charge recovering switch
signal 23 assumes the OFF state, the charge recovering
switch TFT 34 assumes the OFF state, the drain line switch
signal 21 assumes the ON state and the drain line switch TFT
28 assumes the ON state. Accordingly, the video voltage
(VDnL) from the drain driver 6 is outputted to the drain line
29.

[0072] Further, by allowing the gate line 27 to assume the
ON state and the voltage of the gate line 27 to assume VgH,
the video voltage 26 outputted from the drain driver 6 is
wrilten in the pixel electrode 33.

[0073] Here, the electric power which can be recovered is
explained in conjunction with a trial calculation which
inventors of the present invention have carried out.

[0074] As conditions, it is assumed that the liquid crystal
performs a white display in a state that the voltage is not
applied to the liquid crystal, that is, the liquid crystal is
normally white liquid crystal and the display condition is
that whole screen is black display. Further, it is assumed that
the display resolution of the liquid crystal panel is 320x240
pixelsx3 (RGB) and the frame frequency which drives the
liquid crystal is 60 Hz.

[0075] Under such conditions, since the pixel capacitance
41 of one pixel is approximately 10 fF, the capacitance of the
whole liquid crystal panel as viewed from the common
electrode is expressed by the following formula (1).

10 FFx320x240x3=2300 pF o)

[0076] Firstly, the voltage of the common electrode is
elevated by 4V with respect to the drain line voltage 4V and
hence, the drain line voltage is elevated to 8V in total. Next,
by performing the charge recovering operation, the drain
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line voltage is lowered to 3.6V. Accordingly, the recovered
charge quantity is expressed by the following formula (2).

2300 pFx(8V-3.6V)=10.12 nC ©

[0077] Next, the line inversion period becomes 69.4 us
since the line inversion period is calculated as 60
Hzx240Line. By allocating 3% of this period to the charge
recovering period, that is, the period B, the electric current
which flows during this period is expressed by the following
formula (3).

10.12 nC/(69.4 psx3%)=486.1 A ©)

[0078] In the common inversion method of this embodi-
ment, since the common voltage is inverted for every one
display line, it is possible to recover the charge one time for
every two display lines.

[0079] Accordingly, to convert the charge into the average
electric current of one frame, the electric current is
expressed by the following formula (4).

486.1 uAx69.4 usx30%/(69.4 psx2Line)=72.9 uA @)

[0080] Accordingly, the recovered electric power is
expressed, assuming that the voltage at the time of recov-
ering the charge is 3.6V measured as the voltage of the
battery 36, by the following formula (5).

72.9 4Ax3.6v=0.262 mW )

[0081] Here, the electric power which the common ampli-
fier 17 to which the present invention is not applied charges
and discharges the capacitance of the whole liquid crystal
panel is expressed by the following formula (6).

2300 pFx8V/(69.4 usx2Line)x4V=0.530 mW (6)

[0082] Accordingly, the electric power recovering effect
obtained by the present invention is understood as an effect
which can recover the electric power of approximately 50%
of the electric power which charges and discharges the
whole capacitance of the liquid crystal panel.

[0083] Further, the voltage of the drain line 29, after the
electric power is recovered, is lowered by a voltage Vep and
hence, the drain driver 6 may be driven from the voltage
which is lowered by Vep to the voltage VDnL.

[0084] Accordingly, a voltage amplitude that the drain
driver 6 drives the drain line 29 is also lowered and hence,
the power consumption of the drain driver 6 can be also
lowered.

[0085] (Modification of Driving Timing)

[0086] In the driving waveforms shown in FIG. 3, the
drive method may be modified such that the period A and the
period B are united to form one period and the common
inversion and the recovery of the charge are performed
simultaneously. The driving waveforms in such a modifica-
tion are shown in FIG. 4.

[0087] One horizontal period is divided into two periods
and these two periods are constituted of the period D in
which the common inversion and the recovery of the charge
are performed and the period C in which the gray scale
voltage is written in the pixel.

[0088] By turning on the charge recovering switch signal
23 along with the common inversion, the charge stored in the
pixel capacitance 41 passes through the charge recovery
switch TFT 34 and flows into the power source line 37 via
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the diode 35. Accordingly, the potential of the drain line 29
is hardly elevated and hence, it is possible to recover a
portion of the charge. Further, an electric power recovering
effect which is obtainable here is equal to the above-
mentioned electric power recovering effect.

[0089] As has been explained heretofore, according to the
present invention, assuming that the equivalent capacitance
in the QVGA type liquid crystal panel is 2300 pF, the
regenerated charge quantity becomes 10.12 nC. When this
charge quantity is converted into the average current value,
the average current value becomes 72.9 uA and hence, the
electric power of 0.262 mW can be recovered.

[0090] The electric power which the drain driver 6
requires for charging and discharging of the liquid crystal
panel, when the present invention is not applied, is 0.53 mW
and hence, approximately 50 percent of the electric power
can be recovered.

[0091] Further, since the potential of the drain line after
the electric power is recovered is lowered, a voltage ampli-
tude which the liquid crystal driver drives thereafter can be
lowered and hence, the power consumption of the liquid
crystal driver can be lowered.

Embodiment 2

[0092] According to the present invention, it is possible to
incorporate the circuit portion which recovers the charge in
the drain driver. In this case, the pixel portion may be formed
of a low-temperature polysilicon TFT or an amorphous
silicon TFT.

[0093] By incorporating the circuit portion which recovers
the charge in the drain driver 6, the increase of the number
of parts which may be induced by carrying out the present
invention can be obviated.

[0094] Further, with respect to a recent liquid crystal
driver which is used in a liquid crystal display module for a
recent mobile phone, there exists a liquid crystal driver
which incorporates a display memory (frame memory) in the
inside of the driver.

[0095] By incorporating the frame memory in the inside of
the driver, in performing a still image display whose display
content is not changed, the display data is read out from the
frame memory and the liquid crystal is driven based on the
display data.

[0096] Accordingly, the power consumption of the liquid
crystal display module is restricted to only the reading out of
the frame memory and driving of the liquid crystal, that is,
the electric power for charging and discharging the liquid
crystal and hence, the liquid crystal display module which
incorporates the frame memory in the inside of the driver has
the feature that the module can largely reduce the power
consumption.

[0097] By applying the present invention to the liquid
crystal display module which incorporates such a frame
memory in the inside of the driver, the electric power
required for charging and discharging the liquid crystal can
be reduced by 50%, whereby it is possible to realize the
further reduction of the power consumption.

[0098] FIG. 5 is a block diagram showing the constitution
of the drain driver of the liquid crystal display module of the
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embodiment 2 of the present invention. The drain driver
shown in FIG. § is an example of the frame memory
incorporated (built-in) liquid crystal driver to which the
circuit for recovering the charge according to the present
invention is applied.

[0099] In FIG. 5, display data 42 is fetched by a memory
writing circuit 43 and, thereafter, is written in a given
address of a frame memory 44.

[0100] Next, the display data stored in the frame memory
44 is read out in accordance with the driving timing of the
liquid crystal by a memory readout circuit 45 and is tem-
porarily held in a data latch circuit 46 as the display data for
one line.

[0101] On the other hand, a gray scale voltage generating
circuit 47 is a circuit which generates a plurality of gray
scale voltages 48 necessary for the gray scale display and,
for example, 64 pieces of gray scale voltages 48 are gener-
ated.

[0102] Next, selectors (also referred to as decoders) 49,
out of 64 pieces of gray scale voltages 48, respectively select
one gray scale voltage for each in response to the display
data held in the data latch circuit 46 and output the gray scale
voltages to drain lines 53.

[0103] Further, the circuit for recovering the charge is, in
the same manner as the above-mentioned embodiment 1,
constituted of MOS transistors (50, 51) and a diode 52.

[0104] At the time of performing the common inversion
driving, control signals (54, 55) are respectively controlled
such that the MOS transistor 50 assumes an OFF state and
the MOS transistor 51 assumes an ON state.

[0105] Accordingly, the charge at the time of common
inversion which appears on a drain line 53 is recovered by
a power source circuit 56 through the MOS transistor 51 and
the diode 52.

[0106] The power source circuit 56 receives the supply of
electric power from an external power source via a power
source terminal 57 and, at the same time, the power source
circuit 56 also receives the supply of electric power attrib-
uted to the charge recovered at the time of performing the
common inversion driving.

[0107] Then, the power source circuit 56 supplies the
electric power to respective parts in the inside of the
frame-memory-incorporating drain driver including the gray
scale voltage generating circuit 47.

[0108] As described above, since the electric power which
charges and discharges the liquid crystal panel can be
recovered at the time of performing the common inversion
driving, it is possible to realize the low power consumption
of the liquid crystal display module which incorporates the
frame memory in the inside of the driver.

Embodiment 3

[0109] In the above-mentioned respective embodiments,
the explanation has been made with respect to the circuit
which recovers the positive-polarity charge when the com-
mon voltage (Vcom) in the common inversion driving is
changed in the plus direction.
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[0110] In this embodiment, the explanation is made with
respect to a circuit which recovers a negative-polarity charge
when the common voltage is changed in the minus direction.

[0111] FIG. 6 is a view showing the schematic constitu-
tion of the liquid crystal display module of the embodiment
3 according to the present invention. Parts identical with the
parts of the above-mentioned embodiment 1 are given same
symbols.

[0112] Further, FIG. 7 is a view showing driving wave-
forms used in this embodiment. Here, in FIG. 7, symbol
VDn indicates a voltage of the drain line 29, symbol Vcom
indicates a voltage applied to the common electrode 18,
symbol Vsa indicates a drain line switch signal 21, and
symbol Vsb indicates a charge recovering switch signal 23,
and symbol Vsc indicates a negative-polarity charge recov-
ering switch signal 59.

[0113] An operation to recover the positive charge when
the common voltage (Vcom) which is applied to the com-
mon electrode 18 is changed in the plus direction, that is,
from VcomlL to VeomH, is equal to the operation performed
in the embodiment 1.

[0114] The positive charge which appears on the drain line
29 is recovered by the positive-polarity power source
through the charge recovering switch TFT 34 and the diode
35 and is supplied to the drain driver 6 through the voltage
stabilizing circuit 10.

[0115] On the other hand, during a period E in which the
common voltage (Vcom) applied to the common electrode
18 is changed in the minus direction, that is, from VecomH
to VcomlL, by turning off all of the drain line switch signal
21, the charge recovering switch signal 23 and the negative-
polarity charge recovering switch signal 59, the negative
voltage appears on the drain line 29.

[0116] Next, during a period F, with respect to the negative
voltage which appears on the drain line 29 by turning on the
charge recovering switch TFT 58, the charge is recovered by
a negative-polarity power source line 61 through the diode

[0117] Then, the negative voltage is stabilized by a con-
stant voltage power source 62 and is supplied to the gate
driver 12.

[0118] Accordingly, it is possible to recover the negative-
polarity charge when the common voltage is changed in the
minus direction at the time of performing the common
inversion driving and hence, the liquid crystal display mod-
ule which exhibits the low power consumption can be
realized.

[0119] Further, the detailed explanation of the operation to
recover the negative current is made in conjunction with
FIG. 8.

[0120] In FIG. 8, numeral 63 indicates a node and
numeral 64 indicates a negative-polarity power source.
Here, the negative-polarity power source 64 may be consti-
tuted by converting a power source which is originally
positive-polarity power source such as the battery, for
example into the negative-polarity power source 64 using a
switching regulator and a charge pump. Further, as the
negative-polarity power source 64, it may be possible to use
a battery which is directly connected with the negative
polarity.
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[0121] Further, directions of electric currents I, I, I,, I5
which flow in respective nodes are indicated by arrows. Due
to the negative-polarity power source system, the flowing
electric current flows to the power source from loads.

[0122] Here, considered is a conventional liquid crystal
display panel which is not provided with the system con-
sisting of the diode 60, the charge recovering switch TFT 58
and the negative-polarity charge recovering switch signal
59.

[0123] In this case, the electric current I, which flows in
the negative-polarity power source 64 becomes equal to the
electric current I, which flows out from the constant voltage
power source 62.

[0124] The constant voltage power source 62 is a power
source for generating a gate-off voltage (VgL) which the
gate driver 12 outputs.

[0125] The electric current I, which flows in the constant
voltage power source 62 from the gate driver 12 is the
negative-polarity power source side consumed electric
power which the gate driver 12 consumes. Further, in
general, the relationship I<I; is established and the differ-
ence between these currents becomes the voltage conversion
efficiency of the constant voltage power source 62.

[0126] Here, although the constant voltage power source
62 may be incorporated in the gate driver 12, FIG. 8 shows
the case in which the constant voltage power source 62 is
separated from the gate driver 12. Further, it is also possible
to adopt the constitution in which the constant voltage power
source 62 per se is not provided and the voltage (VgL) is
directly generated by the negative-polarity power source 64.

[0127] In this case, in the conventional panel, the electric
current I, which flows in the negative-polarity power source
64 is equal to the electric current I; which is obtained by
adding the electric current corresponding to the voltage
conversion efficiency of the constant voltage power source
62 to the electric current I, consumed by the gate driver 12

(I=Ly).

[0128] Next, considered is a case to which this embodi-
ment is applied. In this embodiment, there exists the system
which consists of the diode 60, the charge recovering switch
TFT 58 and the negative-polarity charge recovering switch
signal 59.

[0129] The operation of this embodiment is explained in
conjunction with FIG. 7.

[0130] During the period E in which the common voltage
(Vcom) applied to the common electrode 18 is changed in
the minus direction, that is, from VecomH to VcomlL, the
potential of the drain line 29 becomes further lower than
VeomlL.

[0131] Next, during the period F, by turning on the nega-
tive-polarity charge recovering switch signal 59 and by
turning on the charge recovering switch TFT 58, the electric
current I flows out from the node 63 via the diode 60. Due
to this electric current I, the potential of the drain line 29 is
elevated by the voltage Ven.

[0132] Accordingly, the electric current I, which flows in
the negative-polarity power source 64 becomes equal to an
electric current which is obtained by subtracting the electric
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current I; which flows out to the diode 60 from the electric
current I, which flows in the constant voltage power source
62 (1,=1,-1,).

[0133] In this manner, the electric current I, which flows
in the negative-polarity power source 64 is reduced by an
amount of the electric current I,which flows in the diode 60
compared to the conventional liquid crystal display panel
and hence, this embodiment can obtain an advantageous
effect that the electric power consumed by the negative-
polarity power source 64 is reduced.

[0134] Further, since the potential of the drain line 29 is
elevated by the voltage Ven, with respect to the voltage
amplitude which the drain driver drives, it is sufficient to
drive the voltage which ranges from the voltage elevated by
the voltage Ven to the voltage VDnH. Accordingly, this
embodiment can also obtain an advantageous effect that the
electric power which the drain driver 6 consumes can be
reduced.

[0135] Although the invention made by the inventors have
been specifically explained heretofore based on the above-
mentioned embodiment, it is needless to say that the present
invention is not limited to the above-mentioned embodiment
and various modifications are conceivable without departing
from the gist of the present invention.

What is claimed is:
1. A liquid crystal display device comprising:

a liquid crystal display panel having a plurality of pixels;

a plurality of video lines which apply a video voltage to
the plurality of pixels; and

a drive circuit which supplies the video voltage to the
plurality of video lines, wherein

the liquid crystal display panel has a common electrode to
which a first voltage and a second voltage having a
potential higher than a potential of the first voltage are
alternately applied,

the liquid crystal display device includes first switching
elements which are connected between the respective
video lines and a power source line and are turned on
when the voltage applied to the common electrode is
changed over from the first voltage to the second
voltage,

the video voltage is supplied to the respective video lines
from the drive circuit via second switching elements,
and

the second switching elements are turned off when the

first switching elements are turned on.

2. A liquid crystal display device according to claim 1,
wherein the liquid crystal display device includes diode
elements which are connected between the first switching
elements and the power source line and in which the flow
direction of an electric current is the direction directed from
the first switching elements to the power source line.

3. A liquid crystal display device according to claim 2,
wherein the first switching elements, the diode elements and
the second switching elements are arranged in the inside of
the drive circuit.

4. A liquid crystal display device according to claim 1,
wherein the liquid crystal display device includes a timing
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controller which controls the first switching elements and
the second switching elements.

5. A liquid crystal display device according to claim 2,
wherein the first switching elements, the diode elements and
the second switching elements are integrally formed on a
substrate on which the liquid crystal display panel is formed
using thin film transistors.

6. A liquid crystal display device comprising:

a liquid crystal display panel having a plurality of pixels;

a plurality of video lines which apply a video voltage to
the plurality of pixels; and

a drive circuit which supplies the video voltage to the
plurality of video lines, wherein

the liquid crystal display panel has a common electrode to
which a first voltage and a second voltage having a
potential higher than a potential of the first voltage are
alternately applied,

the liquid crystal display device includes first switching
elements which are connected between the respective
video lines and a power source line and are turned on
when the voltage applied to the common electrode is
changed over from the second voltage to the first
voltage,

the video voltage is supplied to the respective video lines
from the drive circuit via second switching elements,
and

the second switching elements are turned off when the

first switching elements are turned on.

7. A liquid crystal display device according to claim 6,
wherein the liquid crystal display device includes diode
elements which are connected between the first switching
elements and the power source line and in which the flow
direction of an electric current is the direction directed from
the power source line to the first switching elements.

8. A liquid crystal display device according to claim 7,
wherein the first switching elements, the diode elements and
the second switching elements are arranged in the inside of
the drive circuit.

9. A liquid crystal display device according to claim 6,
wherein the liquid crystal display device includes a timing
controller which controls the first switching elements and
the second switching elements.

10. A liquid crystal display device according to claim 7,
wherein the first switching elements, the diode elements and
the second switching elements are integrally formed on a
substrate on which the liquid crystal display panel is formed
using thin film transistors.

11. A liquid crystal display device comprising:

a liquid crystal display panel having a plurality of pixels;

a plurality of video lines which apply a video voltage to
the plurality of pixels; and

a drive circuit which supplies the video voltage to the
plurality of video lines, wherein

the liquid crystal display panel has a common electrode to
which a first voltage and a second voltage having a
potential higher than a potential of the first voltage are
alternately applied,
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the liquid crystal display device further includes:

first switching elements which are connected to the
respective video lines and are turned on when the
voltage applied to the common electrode is changed
over from the first voltage to the second voltage;

first diode elements which are connected between the first
switching elements and a first power source line and in
which the flow direction of an electric current is the
direction directed from the first switching elements to
the first power source line;

second switching elements which are connected to the
respective video lines and are turned on when the
voltage applied to the common electrode is changed
over from the second voltage to the first voltage;

second diode elements which are connected between the
second switching elements and a second power source
line and in which the flow direction of an electric
current is the direction directed from the second power
source line to the second switching element; and

the video voltage is supplied to the respective video lines
from the drive circuit via third switching elements, and

the third switching elements are turned off when the first
switching elements or the second switching elements
are turned on.

12. Aliquid crystal display device according to claim 11,
wherein the first to the third switching elements and the first
and the second diode elements are arranged in the inside of
the drive circuit.
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13. A liquid crystal display device according to claim 11,
wherein the liquid crystal display device includes a timing
controller which controls the first to the third switching
elements.

14. A liquid crystal display device according to claim 11,
wherein the first to the third switching elements, the first and
the second diode elements are integrally formed on a sub-
strate on which the liquid crystal display panel is formed
using thin film transistors.

15. A liquid crystal display device comprising:

a liquid crystal display panel having a plurality of pixels;

a plurality of video lines which apply a video voltage to
the plurality of pixels; and

a drive circuit which supplies the video voltage to the
plurality of video lines, wherein

the liquid crystal display panel has a common electrode to
which a first voltage and a second voltage having a
potential higher than a potential of the first voltage are
alternately applied, and

the liquid crystal display device includes a charge recov-
ering circuit which is connected between the respective
video lines and a power source line and recovers charge
when a voltage applied to the common electrode is
changed over from the first voltage to the second
voltage or when the voltage applied to the common
electrode is changed over from the second voltage to
the first voltage.
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