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A liquid crystal display device according to the present
invention includes: a liquid crystal panel 115 a source driver
12 for controlling the gray-scale level by applying a voltage
to the liquid crystal panel 11; a DC-DC power supply 13 for
driving the source driver 12 by supplying current to the
source driver 12; a controller 14 for supplying a signal for
controlling the gray-scale level to the source driver 123 and
a variation calculator 15 for calculating the amount of
change in the signal from the controller 14. In the DC-DC
power supply 13, current to be supplied to the source driver
12 changes in accordance with the amount of change in the
signal calculated by the variation calculator 15.
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LIQUID CRYSTAL DISPLAY DEVICE, POWER
SUPPLY CIRCUIT, AND METHOD FOR
CONTROLLING LIQUID CRYSTAL DISPLAY
DEVICE

[0001] The disclosure of Japanese Patent Application No.
2003-347878 filed Oct. 7, 2003 including specification,
drawings and claims is incorporated herein by reference in
its entirety.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to liquid crystal dis-
play devices, power supply circuits for use in liquid crystal
display devices or other devices, and methods for control-
ling liquid crystal display devices. In particular, the present
invention relates to active-matrix-type liquid crystal display
devices.

[0003] In recent years, liquid crystal display devices have
been widely used as screens of TVs and personal computers,
panels of mobile equipment, and others.

[0004] FIG. 8 is a diagram schematically showing a
configuration of a conventional liquid crystal display device.
Hereinafter, an active-matrix-type liquid crystal display
device will be described.

[0005] As shown in FIG. 8, the conventional liquid crystal
display device includes: a liquid crystal panel 101 including
pixels (not shown) arranged in a matrix pattern; a source
driver 102 for controlling the gray-scale levels of the pixels
in the liquid crystal panel 101; and a DC-DC power supply
103 for driving the source driver 102 by supplying current
to the source driver 102. Although not shown, a gate driver
for switching the pixels in the liquid crystal panel 101, a
controller for supplying a control signal to the source driver
102 and other components are also provided.

[0006] In the liquid crystal panel 101, liquid crystal is
sandwiched between two opposed electrodes. One of the
electrodes is connected to a thin film transistor (TFT) for
each of the pixels. The gate of the TFT receives a voltage
from the gate driver. Control of the voltage applied to the
gate allows switching operation to be performed on each of
the pixels. The source of the TFT receives a voltage from the
source driver 102. Control of the voltage applied to the
source allows the gray-scale levels of the pixels to differ
from one pixel to another. The source driver 102 receives a
signal from the controller and a current from the DC-DC
power supply 103. A voltage from the DC-DC power supply
103 may be applied to the drain of the TFT (i.e., common
electrode).

[0007] In the DC-DC power supply 103, an operational
amplifier 104 for amplifying an input voltage is provided.
The operational amplifier 104 may be connected to a booster
(not shown). The booster is used to boost a reference voltage
supplied from an external power supply and to supply the
boosted voltage to the operational amplifier 104.

[0008] However, the conventional liquid crystal display
device has the following drawback.

[0009] The DC-DC power supply 103 supplies a constant
current Imax to the source driver 102. The amount of this
current Imax is sufficient for allowing the source driver 102
to operate at the maximum output. It was believed that the
supply of such a sufficient amount of current allows the

Apr. 7,2005

liquid crystal panel 101 to display a stable image. However,
in fact, a large amount of current is constantly generated
irrespective of display patterns on the liquid crystal panel
101, resulting in high power consumption in the DC-DC
power supply 103 and the source driver 102.

[0010] Such a drawback is common to power supplies for
supplying voltages to electrodes in the liquid crystal panel
101.

SUMMARY OF THE INVENTION

[0011] It is therefore an object of the present invention to
provide a liquid crystal display device exhibiting low power
consumption without a loss of stability in image display by
taking a means which allow the output of a power supply
such as a DC-DC power supply to vary in accordance with
the amount of change in display on a liquid crystal panel.

[0012] In order to achieve this object, a first inventive
liquid crystal display device includes: a display section for
displaying an image, a driver circuit for supplying an output
signal for driving the display section; a controller circuit for
supplying, to the driver circuit, a signal for controlling the
output signal; a variation calculator for calculating the
amount of change in the signal; and a power supply circuit
for supplying, to the driver circuit, power with a value based
on the amount of change in the signal.

[0013] In this device, power supplied from the power
supply circuit varies depending on changes of the image on
the display section. Accordingly, as compared to a conven-
tional device in which power with a constant value is always
supplied, power consumption is reduced without a loss of
image quality on the display section.

[0014] The power supply circuit may adjust the amount of
a current supplied to the driver circuit, in accordance with
the amount of change in the signal.

[0015] Aplurality of pixels may be provided in the display
section, the driver circuit may apply, to the pixels, a voltage
depending on the output signal, the variation calculator may
calculate the amount of change in the signal for each of the
pixels, and the power supply circuit may supply, to the driver
circuit, a current in an amount proportional to the amount of
change in the signal. In such a case, the time required for
changing an image is uniform among the pixels, thus pro-
ducing further stabilized displays.

[0016] A first inventive power supply circuit includes: an
operational amplifier; an output transistor section including
output transistors in a plurality of stages connected to an
output of the operational amplifier; an I-V converter circuit
including a transistor forming a current mirror together with
an associated one of the output transistors; and a switching
circuit for controlling an ON/OFF state of an associated one
of the output transistors based on an output signal from the
I-V converter circuit, the switching circuit being connected
to the I-V converter circuit and the output transistor section.

[0017] In this device, the same amount of currents flow in
both an output transistor and a transistor in the I-V converter
circuit at an identical stage. The switching circuit controls
the ON/OFF state of the output transistor in accordance with
this amount, thus driving output transistors in the number
associated with the number of stages necessary for allowing
the current at this time to flow. That is, the number of stages
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of operating output transistors is adjusted at every change in
display, so that power consumption is reduced without a loss
of image quality.

[0018] The I-V converter circuit may further include: a
resistor connected to the transistor in the [-V converter and
a ground line; and an inverter section including a plurality of
inverters, the inverter section having an input connected
between the transistor in the [-V converter and the resistor
and an output connected to the switching circuit. Then,
desirable operation is achieved.

[0019] The output transistor section may include, as the
output transistors: p-MIS transistors in the plurality of
stages, each of the p-MIS transistors having a gate connected
to the output of the operational amplifier and a source
connected to a power line; and n-MIS transistors in the
plurality of stages, each of the n-MIS transistors having a
gate connected to the output of the operational amplifier, a
drain connected to a drain of an associated one of the p-MIS
transistors, and a source connected to a ground line, and the
transistor in the I-V converter circuit may be a p-MIS
transistor of the same size as that of an associated one of the
p-MIS transistors in the output transistor section.

[0020] Alternatively, the output transistor section may
include, as the output transistors: pnp bipolar transistors in
the plurality of stages, each of the pnp bipolar transistors
having a base connected to the output of the operational
amplifier and an emitter connected to a power line; and npn
bipolar transistors in the plurality of stages, each of the npn
bipolar transistors having a base connected to the output of
the operational amplifier, a collector connected to a collector
of an associated one of the pnp bipolar transistors, and an
emitter connected to a ground line, and the transistor in the
-V converter circuit may be a pnp bipolar transistor having
an emitter of the same size as that of an associated one of the
pnp bipolar transistors, which is at the same stage, in the
output transistor section.

[0021] This power supply circuit is preferably a power
supply of a liquid crystal display device.

[0022] A current source may be connected to the output
transistor section. Then, current can be generated before a
capacitance depending on output transistors is completely
charged. Accordingly, high-speed operation is achieved.

[0023] A second inventive liquid crystal display device
includes: a display section for displaying an image; a power
supply circuit for supplying power for controlling the image
on the display section, the power supply circuit including an
operational amplifier; a comparator for comparing an output
from the operational amplifier with a standard value; and a
switching section for controlling an ON/OFF state of the
operational amplifier based on an output signal from the
comparator.

[0024] TIn this device, if the output from the operational
amplifier is sufficiently high, the operational amplifier is
temporally stopped and is not started again until the output
becomes low. As a result, power consumption is reduced
without a loss of image quality on the display section.

[0025] The operational amplifier may include a (+)-side
input, a (-)-side input and an output, the comparator may
include a (+)-side input, a (-)-side input and an output, the
(+)-side input of the comparator may be connected to the
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output of the operational amplifier, the (-)-side input of the
comparator may be connected to the (+)-side input of the
operational amplifier, the output of the comparator may be
connected to the switching section; and a resistor may be
interposed between the (-)-side input of the comparator and
the (+)-side input of the operational amplifier.

[0026] A third inventive liquid crystal display device
includes: a display section for displaying an image; and a
power supply circuit including an operational amplifier for
supplying power for controlling the image on the display
section, wherein the operational amplifier is stopped during
a blanking period.

[0027] In this device, the operational amplifier is stopped
only during the blanking period during which no write
operation is performed on the display section whereas the
operational amplifier is driven during an effective write
period during which write operation is performed on the
display section. As a result, power consumption is reduced
without a loss of image quality on the display section.

[0028] The third liquid crystal display device may further
include a controller circuit for generating a signal for
controlling the image on the display section, wherein the
operational amplifier is stopped during the blanking period
based on the signal from the controller circuit.

[0029] Ttis preferable that the power supply circuit further
includes a booster for boosting a voltage to be supplied to
the operational amplifier, a clock signal is supplied from the
controller circuit to the booster, and the frequency of the
clock signal in the blanking period is lower than that in an
effective write period. Then, power consumption is further
reduced.

[0030] It is preferable that the display section includes an
upper electrode, a lower electrode opposed to the upper
electrode, a source line connected to the upper electrode, a
gate line connected to the upper electrode, and a transistor
connected to both the source line and the gate line, and the
liquid crystal display device further includes: a source driver
for driving the source line, the source driver being connected
to the transistor; and a gate driver for driving the gate line,
the gate driver being connected to the transistor.

[0031] In this case, the power supply circuit may supply
the power to either the source driver or the gate driver.

[0032] Alternatively, the power supply circuit may supply
the power to the lower electrode.

[0033] Aninventive method for controlling a liquid crystal
display device including a display section, a driver circuit
for supplying a voltage to the display section, a controller
circuit for supplying, to the driver circuit, a signal for
controlling the voltage, and a power supply circuit for
supplying power to the driver circuit, includes: a first step of
calculating the amount of change in the signal from the
controller circuit; and a second step of supplying power
from the power supply circuit to the driver circuit based on
the amount of change in the signal.

[0034] With this method, power supplied from the power
supply circuit varies depending on changes of the image on
the display section. Accordingly, as compared to a conven-
tional method in which constant power is always supplied,
power consumption is reduced without a loss of image
quality on the display section.
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[0035] Inthe second step, the amount of a current supplied
to the driver circuit may be adjusted in accordance with the
amount of change in the signal.

[0036] A plurality of pixels may be provided in the display
section, in the first step, the amount of change in the signal
may be calculated for each of the pixels, and in the second
step, a current in an amount proportional to the amount of
change in the signal may be supplied to the driver circuit. In
such a case, the time required for changing the image is
uniform among the pixels, thus obtaining further stabilized
displays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG. 1 is a diagram schematically showing a
configuration of a liquid crystal driver according to a first
embodiment.

[0038] FIG. 2 is a flowchart showing steps of displaying
an image on a liquid crystal panel based on a display pattern
according to the first embodiment.

[0039] FIG. 3 is a diagram schematically showing a
configuration of a liquid crystal driver according to a second
embodiment.

[0040] FIG. 4 is a circuit diagram specifically showing a
configuration inside a DC-DC power supply of the liquid
crystal driver shown in FIG. 3.

[0041] FIG. 5 is a circuit diagram specifically showing a
configuration inside a DC-DC power supply of a liquid
crystal driver according to a third embodiment.

[0042] FIG. 6A is a circuit diagram showing a configu-
ration of a DC-DC power supply of a liquid crystal driver
according to a fourth embodiment and its surroundings.
FIG. 6B is a circuit diagram specifically showing a con-
figuration of an operational amplifier in the DC-DC power

supply.
[0043] FIG. 7A is a view schematically showing a con-
figuration of a liquid crystal display device according to a

fifth embodiment. FIG, 7B is a time chart showing operation
of the liquid crystal display device shown in FIG. 7A.

[0044] FIG. 8 is a diagram schematically showing a
configuration of a conventional liquid crystal display device.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments 1

[0045] Hereinafter, a liquid crystal driver and a method for
controlling the driver according to a first embodiment of the
present invention will be described with reference to the
drawings. FIG. 1 is a diagram schematically showing a
configuration of the liquid crystal driver of the first embodi-
ment.

[0046] As shown in FIG. 1, the liquid crystal diver of this
embodiment includes: a liquid crystal panel 11 including
pixels (not shown) arranged in a matrix pattern; a source
driver 12 for controlling the gray-scale levels of the respec-
tive pixels by applying a voltage to the liquid crystal panel
11; a DC-DC power supply 13 for driving the source driver
12 by supplying current to the source driver 12; a controller
14 for supplying, to the source driver 12, a signal for
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controlling the gray-scale levels; and a variation calculator
15 for calculating the amount of change in the signal from
the controller 14.

[0047] Although not shown, in the liquid crystal panel 11,
liquid crystal is sandwiched between two opposed elec-
trodes. One of the electrodes is connected to a thin film
transistor (TFT). A voltage is applied from the source driver
12 to the source of the TFT for each of the pixels.

[0048] The source driver 12 receives signals from the
controller 14 and current from the DC-DC power supply 13.
The signals from the controller 14 indicate the gray-scale
levels of the respective pixels. Specifically, gray-scale-
display bits of a signal associated with a pixel which
displays white are “All Low” whereas gray-scale-display
bits of a signal associated with another pixel which displays
black are “All High”. The source driver 12 converts these
signals into voltages and applies the voltages to the liquid
crystal panel 11.

[0049] The controller 14 receives a signal of image data
from the outside. The controller 14 decodes the signal and
supplies, to the source driver 12, signals indicating the
gray-scale levels of the respective pixels in the liquid crystal
panel 11 and also indicating the timings of displaying the
gray-scale levels.

[0050] The variation calculator 15 calculates the amount
of change in a signal supplied from the controller 14 to the
source driver 12. Specifically, when a signal XN(t) for the t™
frame (where t=1,2,3, . .. ) is output from the controller 14,
the signal XN(1) for the ™ frame is compared with a signal
XN(t-1) for the (t-1)"™ frame which has been held before-
hand, thereby calculating how much the number of bits
changes between these signals. This amount of change thus
obtained is supplied to the DC-DC power supply 13.

[0051] The DC-DC power supply 13 receives a signal
from the variation calculator 15, determines a current nec-
essary for changing the display on the liquid crystal panel 11
from a display in the (t-1)" frame to that in the t* frame, and
supplies the current to the source driver 12.

[0052] Now, a method for controlling the liquid crystal
driver according to this embodiment will be described with
reference to FIGS. 1 and 2. FIG. 2 is a flowchart showing
steps of displaying an image on a liquid crystal panel based
on a display pattern according to the first embodiment.

[0053] In the control method of this embodiment, as
shown in FIG. 2, at step STI, the signal XN(t) for the t™
frame having N bits is transmitted from the controller 14.
The signal XN(t) is generated by decoding image data in the
controller 14.

[0054] The signal XN(t) is output to the source driver 12
and the variation calculator 15. When the signal XN(t)
reaches the source driver 12, the gray-scale voltages for
respective pixels are determined at step ST2a. Thereafter, at
step ST3a, in the source driver 12, an ability necessary for
changing the gray-scale level on the liquid crystal panel is
determined for each pixel. Specifically, to change the display
on the liquid crystal panel 11 from the gray-scale level in the
(t-1)™ frame to the gray-scale levelin the t* frame, a voltage
needed to be additionally applied to the liquid crystal panel
11 by the source driver 12 is determined. The liquid crystal
panel 11 may include pixels whose gray-scale levels do not
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change. In such a case, it is sufficient to apply a voltage
enough to retain the same amount of charge between the
electrodes of the pixels.

[0055] On the other hand, when the signal XN(t) trans-
mitted from the controller 14 reaches the variation calculator
15, the signal XN(t) and the signal XN(1-t) for the imme-
diately preceding frame are compared at step ST2b, thereby
calculating the amount of change. The signal XN(t-1) has
been stored in a buffer (not shown) in the variation calculator
15 beforehand. In this case, for a comparison at the output
of a signal XN(t+1) for the (t+1)™ frame, the signal XN(t) is
stored in the buffer.

[0056] Thereafter, at step ST3b, in the DC-DC power
supply 13, an ability of the DC-DC power supply 13
necessary for driving the source driver 12 is determined
based on the amount of change in a signal. Specifically, a
voltage which needs to be supplied to the source driver 12
S0 as to change the gray-scale level on the liquid crystal
panel from the (t-1)™ frame to the t* frame is calculated.

[0057] Then, at step ST4, an operational amplifier 41
provided in the DC-DC power supply 13 is controlled,
thereby supplying current to the source driver 12. This
current includes not only an amount sufficient to charge/
discharge the source driver 12 but also an amount sufficient
to keep the source driver 12 in a steady state.

[0058]

operates.

Subsequently, at step ST5, the source driver 12

[0059] Then, at step ST6, a display in the t* frame is
provided on the liquid crystal panel 11.

[0060] Hereinafter, effects obtained in this embodiment
will be described in comparison with a conventional device.

[0061] Inthe conventional device, a large constant current
Imax is supplied from a DC-DC power supply to a source
driver. The large current Imax herein refers to a current in an
amount necessary for driving the source driver at the maxi-
mum output. Specifically, the DC-DC power supply con-
stantly supplies a current in an amount capable of being used
in such a case that the gray-scale level of every pixel
changes greatly. It was believed that such a large current
Imax is necessary for stabilizing the image on the liquid
crystal panel.

[0062] On the other hand, in this embodiment, the varia-
tion calculator 15 calculates the amount of change of the
gray-scale level for every frame. In addition, the DC-DC
power supply 13 supplies, to the source driver 12, a current
in an amount depending on this amount of the level change.
Accordingly, if a change in a display pattern is small, power
consumptions of the operational amplifier 41 in the DC-DC
power supply 13 and of an operational amplifier (not shown)
in the source driver 12 are reduced. On the other hand, if the
change in the display pattern is large, a sufficient amount of
current is supplied to the source driver 12. That is, the source
driver 12 is always capable of applying a voltage with a
necessary value to the liquid crystal panel 11. Therefore, in
this embodiment, power consumption is reduced without a
loss of image quality.

[0063] The method of calculating the amount of change in
a signal as described in this embodiment is applicable to the
following method.

Apr. 7,2005

[0064] In the liquid crystal panel 11, the time required for
changing the frame is obtained by dividing charge accumu-
lated between two electrodes in the liquid crystal panel 11 by
a supplied current, as expressed by the following equation

(:
=0/ Equation (1)
[0065]

[0066] When the frame changes, the charge changes
greatly in a pixel exhibiting a large change of its gray-scale
level whereas this change of charge is small in a pixel
exhibiting a small change of its gray-scale level. Accord-
ingly, if a constant current is supplied from a DC-DC power
supply to a source driver as in the conventional device, the
time required for a change of the frame increases as the
amount of the change of the gray-scale level increases. If
this time differs among pixels, no uniform image quality is
obtained.

[0067] To overcome the drawback, a method of monitor-
ing the amount of change in a signal for controlling gray-
scale level and adjusting the amount of current so as to
reduce the difference in the time required for changing the
frame is taken. Specifically, current in an amount propor-
tional to the amount of change of the gray-scale level is
supplied to each of the pixels. With this method, the time
required for changing the frame is uniform among the pixels,
thus producing further stabilized displays on the liquid
crystal panel. In addition, power consumption is reduced as
compared to the conventional device.

[0068] This method is applicable to the case of using any
one of class-A, B and AB operational amplifiers.

(where t is time, Q is charge, and I is current).

Embodiment 2

[0069] Hereinafter, a liquid crystal driver and its operation
according to a second embodiment of the present invention
will be described with reference to the drawings. FIG. 3 is
a diagram schematically showing a configuration of the
liquid crystal driver of the second embodiment. FIG. 4 is a
circuit diagram specifically showing a configuration inside a
DC-DC power supply of the liquid crystal driver shown in
FIG. 3.

[0070] As shown in FIG. 3, the liquid crystal diver of this
embodiment includes: a liquid crystal panel 11 including
pixels (not shown) arranged in a matrix pattern; a source
driver 12 for controlling the gray-scale levels of the respec-
tive pixels by applying a voltage to the liquid crystal panel
11; and a DC-DC power supply 13 for driving the source
driver 12 by supplying current to the source driver 12.

[0071] As shown in FIG. 4, the DC-DC power supply 13
includes: an operational amplifier section 21; an output
transistor section 24 which is connected to the output of the
operational amplifier section 21 and in which p-MIS tran-
sistors 22(1) through 22(x) and n-MIS transistors 23(1)
through 23(x) at the first through n™ stages, respectively, are
arranged in parallel; and an I-V converter section 25 includ-
ing p-MIS transistors 26(1) through 26(%) in n stages that are
respectively connected to the gates of the p-MIS transistors
22(1) through 22(n) in the output transistor section 24.
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[0072] The operational amplifier section 21 includes an
operational amplifier (not shown).

[0073] In the output transistor section 24, the gate elec-
trodes of the p-MIS transistors 22(1) through 22(n) and the
n-MIS transistors 23(1) through 23(n) in n stages are con-
nected to the output of the operational amplifier section 21.
The source electrodes of the p-MIS transistors 22(1) through
22(n) are connected to a power line VCC and the drain
electrodes thereof are connected to the drain electrodes of
the n-MIS transistors 23(1) through 23(#) at their respective
stages. The source electrodes of the n-MIS transistors 23(1)
through 23(#) are connected to a ground line VSS.

[0074] A transistor size W and a current Ig flowing
between source and drain are in proportion to each other, as
expressed by the following equation (2):

Ins=(1/2MC o (WIL) (V5= Vr)* Equation (2)

[0075] (where y=carrier mobility,

[0076] C,x=gate oxide film capacitance,

[0077] W=transistor size,

[0078] L=gate length,

[0079] Vig=gate-source voltage, and

[0080] Vi =threshold voltage)

[0081] Accordingly, if the size ratio among the transistors

from the first stage to the n™ stage is set at 1:2: . . . : n, the
ratio of currents flowing in the respective transistors at the
first through n'* stages in the output transistor section 24 is
also determined to be 1:2: . . . n.

[0082] The I-V converter section 25 is provided to control
the ON/OFF states of the transistors at the respective stages
in the output transistor section 24. The I-V converter section
25 includes: p-MIS transistors 26(1) through 26(x) having
the same size as the p-MIS transistors 22(1) through 22(n);
resistors 27(1) through 27(x) connected to the drains of the
p-MIS transistors 26(1) through 26(r) at one end and to a
ground line VSS at the other end; and inverter sections 28(1)
through 28(») in cach of which two inverters are connected
in series.

[0083] The gates of the p-MIS transistors 26(1) through
26(n) are connected to the gates of the p-MIS transistors
22(1) through. 22(n) at their respective stages. The p-MIS
transistors 26(1) through 26(x) and the p-MIS transistors
22(1) through 22(n) form current mirrors at their respective
stages. The sources of the p-MIS transistors 26(1) through
26(n) are connected to a power line VCC and the drains
thereof are respectively connected to the resistors 27(1)
through 27(n) and the inputs of the inverter sections 28(1)
through 28(x).

[0084] The resistors 27(1) through 27(#) have resistances
of VCC/I/N), VCC/(2I/N), . . ., and VCC/(nl/N), respec-
tively.

[0085] In each of the inverter sections 28(1) through
28(n), one of first inverters 29(1) through 29(x) and an
associated one of second inverters 30(1) through 30(xz) are
connected in series. Each of the inverter sections 28(1)
through 28(n) has its input connected between the drain
electrode of an associated one of the p-MIS transistors 26(1)
through 26(z) and an associated one of the resistors 27(1)
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through 27(n). The outputs of the first inverters 29(1)
through 29(n) are connected to switches 32(1) through
32(n), respectively, and the outputs of the second inverters
30(1) through 30(») are connected to switches 31(1) through
31(n), respectively.

[0086] Now, operation of the liquid crystal driver of this
embodiment will be described with reference to FIG. 4.

[0087] In the output transistor section 24 and the I-V
converter section 25, current from the operational amplifier
section 21 flows in the order from the first stage to the n'™®
stage. In this case, the I-V converter section 25 determines
to which stage the current flows out of the first through n'®
stages, in accordance with the amount of the current.

[0088] Specifically, when current flows to a p-MIS tran-
sistor 22(a) and an n-MIS transistor 23(a) at a stage (stage
a in this case) out of the first through n™ stages, the current
also flows into a p-MIS transistor 26(«) at stage a in the I-V
converter section 25 at the same time. In this case, the p-MIS
transistor 22(z) and the p-MIS transistor 26(z) have the
same transistor size and act as a current mirror, so that the
same amount of current flows in these two transistors. The
current flowing in the p-MIS transistor 26(a) reaches the
input of an inverter section 28(a). If the amount of this
current is large, the input signal to a first inverter 29(a) in the
inverter section 28(a) is high, the output signal from the first
inverter 29(a) is low, and the output signal from a second
inverter 30(a) is high. The low-level output from the first
inverter 29(a) turns a switch 32(a¢) OFF and the high-level
output from the second inverter 30(a) keeps a switch 31(a)
ON, so that current constantly flows in the p-MIS transistor
22(a) and the n-MIS transistor 23(a).

[0089] On the other hand, if the amount of a current
flowing into the inverter section 28(a) at stage a is small, the
input signal to the first inverter 29(a) is low, the output signal
from the first inverter 29(a) is high, and the output signal
from the second inverter 30(a) is low. The high-level output
from the first inverter 29(a) turns the switch 32(z) ON and
the low-level output from the second inverter 30(a) turns the
switch 31(z) OFF, so that no current flows in the p-MIS
transistor 22(a) and the n-MIS transistor 23(a).

[0090] Hereinafter, effects obtained in this embodiment
will be described in comparison with a conventional device.

[0091] In the conventional device, a transistor (output
transistor) capable of generating high power is provided at
the output of a DC-DC power supply. This transistor is
always driven irrespective of a necessary amount of current.
If a plurality of transistors are provided, all the transistors
are driven.

[0092] On the other hand, in this embodiment, the output
transistor section 24 and the I-V converter sections 25(1)
through 25(n) are provided in the output of the DC-DC
power supply to control the ON/OFF states of transistors at
respective stages in the output transistor section 24. Accord-
ingly, the amount of current supplied to the source driver is
adjusted to an optimum value.

[0093] In this case, a current Ig supplied to the source
driver is the sum of a current consumed by the source driver
itself and a current necessary for charging/discharging the
liquid crystal panel. The current Ig is obtained by the
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following equation (3) when the liquid crystal panel is
charged/discharged, and otherwise obtained by the follow-
ing equation (4):

Is=lsotlps Equation (3)
[0094] (where Ig=current needed to be supplied to the
source driver,

[0095] Iso=quiescent current of the source driver, and
[0096] 1,,=current for charging/discharging the panel)

Ii=lso Equation (4)

[0097] The current I, for charging/discharging the panel

is expressed by the following equation (5):

Toa=Csox|V(O-V(=D)|/T Equation (5)

[0098] (where Cqo=load capacitance on a source line,
[0099] V(t)=output voltage for the t* frame, and

[0100] T=convergence time)

[0101] For example, with respect to a TFT panel, the

maximum value of the current I, for charging/discharging
the panel is about 3 to 4 mA whereas the quiescent current
I, of the source driver is 1 mA or less. This shows that the
amount of the current Ig necessary for the source driver
changes greatly depending on whether the panel is charged/
discharged or not. In the case of charging/discharging the
panel, the value of the required charging/discharging current
I, changes depending on the amount of change in the
display on the panel.

[0102] Accordingly, adjustment of the amount of current
at every frame change as described in this embodiment
enables a large reduction of power consumption. In addition,
in this embodiment, current is supplied from current sources
(MIS transistors) of the same type to the source driver,
resulting in stable displays.

[0103] In the foregoing description, the output transistor
section 24 and the I-V converter section 25 are constituted
by MISFETs. Alternatively, according to the present inven-
tion, the MISFETs may be replaced with bipolar transistors.
In such a case, if the output transistor section 24 is consti-
tuted by first through n' stages, n bipolar transistors having
emitter areas each occupying one-n™ of the total emitter area
of all the transistors are provided.

[0104] Specifically, the p-MIS transistors 22(1) through
22(n) may be replaced with pnp bipolar transistors. In such
a case, the bases of the pnp bipolar transistors are connected
to the output of the operational amplifier section 21 and the
emitters thereof are connected to a power line VCC. In
addition, the n-MIS transistors 23(1) through 23(n) are
replaced with npn bipolar transistors. The bases of the npn
bipolar transistors are connected to the output of the opera-
tional amplifier section 21, the collectors thereof are respec-
tively connected to the collectors of the pnp bipolar tran-
sistors, and the emitters thereof are connected to a ground
line VSS.

[0105] Further, in that case, the p-MIS transistors 26(1)
through 26(r) in the I-V converter section 25 are replaced
with pnp bipolar transistors. The bases of the pnp bipolar
transistors are respectively connected to the bases of the pnp
bipolar transistors in the output transistor section 24. The
emitters of the pnp bipolar transistors in the I-V converter
section 25 and the emitters of the pnp bipolar transistors in
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the output transistor section 24 are set at the same size. That
is, these transistors form a current mirror.

[0106] A logic signal of Ig/n is supplied to the base of a
bipolar transistor at the first stage and a logic signal of
(n/N)Ig(=Ig) is supplied to the base of a bipolar transistor at
the n' stage. In the case of using bipolar transistors in such
a manner, the same effects are obtained as in the case of
using MIS transistors.

[0107] This embodiment is applicable to the case of using
any one of class-A, B and AB operational amplifiers.

Embodiment 3

[0108] Hereinafter, a liquid erystal driver and its operation
according to a third embodiment of the present invention
will be described with reference to drawings. FIG. 5 is a
circuit diagram specifically showing a configuration inside a
DC-DC power supply of the liquid crystal driver of the third
embodiment. Out of the components of the configuration of
this embodiment, detailed description of components
already described in the second embodiment will be omitted.

[0109] As shown in FIG. 5, the DC-DC power supply of
this embodiment includes: an operational amplifier section
21; an output transistor section 24 in which p-MIS transis-
tors 22(1) through 22(n-1) and n-MIS transistors 23(1)
through 23(n-1) at the first through (n-1)th stages, respec-
tively, are arranged in parallel; and an I-V converter section
25 including n p-MIS transistors 26(1) through 26(x). The
third embodiment is different from the second embodiment
in that a current source 33 is provided at the n' stage in the
output transistor section 24, instead of the p-MIS transistor
22(n) and the n-MIS transistor 23(x) (shown in FIG. 4). The
current source 33 is connected to the gate of the p-MIS
transistor 26(xn) via a switch 34.

[0110] Now, operation of the liquid crystal driver of this
embodiment will be described with reference to FIG. 5.

[0111] In the output transistor section 24 and the I-V
converter section 25, current from the operational amplifier
section 21 flows in the order from the first stage to the
(n-1) stage. In this case, the I-V converter section 25
determines to which stage the current flows out of the first
through n' stages, in accordance with the amount of the
current.

[0112] When a current flows to a p-MIS transistor 22(a)
and an n-MIS transistor 23(a) at a stage (stage a in this case)
out of the first through (n-1)" stages, the current also flows
into a p-MIS transistor 26(a) at stage a in the I-V converter
section 25 at the same time. In this case, the p-MIS transistor
22(a) and the p-MIS transistor 26(z) have the same transis-
tor size, so that the same amount of current flows in these
two transistors to reach the input of an inverter section 28(a).
If the amount of this current is large, the input signal to a first
inverter 29(a) in the inverter section 28(a) is high, the output
signal from the first inverter 29(a) is low, and the output
signal from a second inverter 30(a) is high. The low-level
output from the first inverter 29(a) turns a switch 32(a) OFF
and the high-level output from the second inverter 30(a)
keeps a switch 31(a) ON, so that current constantly flows in
the p-MIS transistor 22(a) and the n-MIS transistor 23(a).

[0113] On the other hand, if the amount of a current
flowing into the inverter section 28(a) at stage a is small, the
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input signal to the first inverter 29(«) is low, the output signal
from the first inverter 29(a) is high, and the output signal
from the second inverter 30(a) is low. The high-level output
from the first inverter 29(a) turns the switch 32(a) ON and
the low-level output from the second inverter 30(a) turns the
switch 31(z) OFF, so that no current flows in the p-MIS
transistor 22(a) and the n-MIS transistor 23(a).

[0114] At the n™ stage in the output transistor section 24,
when the output from an inverter 29(n) becomes high, the
switch 34 turns ON, so that current is supplied from the
current source 33 toward a source driver (not shown).
Accordingly, if a sufficient amount of current is not obtained
with the transistors from the first through (n-1)"* stages, the
current source 33 operates to supply current to the source
driver.

[0115] In this embodiment, as in the second embodiment,
the amount of current is adjusted at every frame change, thus
enabling a large reduction of power consumption.

[0116] In addition, the current source 33 provides the
following advantages.

[0117] For example, to generate current by the DC-DC
power supply (shown in FIG. 4) of the second embodiment,
it is necessary to charge the gate capacitance (Cpy) of a
high-power transistor provided in the output. Specifically, it
is necessary to charge the gate capacitances of the p-MIS
transistors 22(1) through 22(n) and the n-MIS transistors
23(1) through 23(n) at the first through n™ stages. To charge
the gate capacitance, a time T expressed by the following
equation (6) is needed.

1=CR Equation (6)
[0118]
[0119]

[0120] The capacitance C near the output transistor is
expressed by the following equation (7):

(where C=capacitance near an output transistor and

R=time constant)

C=Coxt+Co

[0121] (where C,x=gate capacitance of the output tran-
sistor, and

[0122] C=parasitic capacitance of the power line and the
output transistor)

[0123] On the other hand, in the DC-DC power supply of
this embodiment, the current source 33 is provided at the n™
stage. Accordingly, if the transistors at the first through n™
stages in the output transistor section 24 are driven, current
is supplied from the current source 33. The current source 33
starts supplying the current before the gate capacitances of
the transistors from the first stage through the (n-1)™ stage
are completely charged. Accordingly, current is supplied to
the source driver quickly, thus enabling high-speed opera-
tion. This is especially effective in a case where the image
on a liquid crystal panel changes rapidly.

[0124] This embodiment is applicable to the case of using
any one of class-A, B and AB operational amplifiers.

Equation (7)

Embodiment 4

[0125] Hereinafter, a liquid crystal driver and its operation
according to a fourth embodiment of the present invention
will be described with reference to drawings. FIG. 6A is a
circuit diagram showing a configuration of a DC-DC power
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supply of the liquid crystal driver of the fourth embodiment
and its surroundings. FIG. 6B is a circuit diagram specifi-
cally showing a configuration of an operational amplifier in
the DC-DC power supply.

[0126] As shown in FIG. 6A, the liquid crystal driver of
this embodiment includes: a DC-DC power supply 13; and
a comparator 44 provided in parallel with an operational
amplifier 41 provided in the DC-DC power supply 13.

[0127] The output of the operational amplifier 41 is fed
back to the input, i.c., negative feedback, via a node 43
between the operational amplifier 41 and an output terminal
42. The (+)-side input of the operational amplifier 41 is
connected to the (-)-side input of a comparator 44 via a
variable resistor 45. One end of the variable resistor 45
which is not connected to the operational amplifier 41 is
grounded. The (+)-side input of the comparator 44 is con-
nected to the output terminal 42.

[0128] As shown in FIG. 6B, an operational amplifier
section 46, p- and n-MIS transistors 47 and 48 serving as
output transistors of the operational amplifier section 46, and
a p-MIS transistor 49 for supplying a high/low signal to the
gate electrode of the p-MIS transistor 47 are provided in the
operational amplifier 41. The gate electrode of the p-MIS
transistor 49 is connected to the output of the comparator 44.

[0129] Now, operation of the liquid crystal driver of this
embodiment will be described with reference to FIGS. 6A
and 6B.

[0130] In a circuit with a positive power supply, the lower
limit of a desired value (standard value) of the output voltage
from the operational amplifier section 46 is generally set at
V_ ~awhere V, is a theoretically-desired value of the output
voltage and o 1s a value which is determined in consider-
ation of the driving temperature and variations among
devices. If the output from the operational amplifier is V_—a.
or higher, a source driver (not shown) does not operate
normally.

[0131] In thisembodiment, a voltage of V_—a. is applied to
the (-)-side input of the comparator 44. The value of V_-a
is obtained by adjusting the value of the variable resistor 45
with the variable resistor 45 interposed between the (+)-side
input of the operational amplifier 41 and the (-)-side input
of the comparator 44. On the other hand, since the (+)-side
input of the comparator 44 is connected to the output
terminal 42, the output voltage of the operational amplifier
41 is applied to the (+)-side input of the comparator 44.

[0132] The comparator 44 compares V_-c. and the output
voltage of the operational amplifier, and outputs a resultant
signal Sig4 to the p-MIS transistor 49 in the operational
amplifier 41. The p-MIS transistor 49 controls operation of
the operational amplifier based on the signal Sig4. Specifi-
cally, if the output voltage of the operational amplifier 41 is
V-a or higher, operation of the operational amplifier is
stopped, whereas if the output voltage of the operational
amplifier 41 is lower than V_-a., operation of the operational
amplifier is started again.

[0133] Hereinafter, effects obtained in this embodiment
will be described in comparison with a conventional device.

[0134] In a conventional device, irrespective of the
amount of a current flowing into the source driver, the
operational amplifier always operates. Accordingly, self-
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power consumption of the operational amplifier is high. Tt
was believed that if the operation of the operational ampli-
fier stops, the output voltage thereof drops.

[0135] On the other hand, in this embodiment, if the
output from the operational amplifier 41 is within the range
of the standard value, the operational amplifier is temporally
stopped, thereby reducing power consumption. If the output
from the operational amplifier 41 is less than the standard
value, the operational amplifier is started again, so that
sufficient current is always supplied to the source driver.
Accordingly, a stable display is maintained without deterio-
ration in characteristics of the operation of the source driver.

[0136] The foregoing description has been made using a
power supply for driving a source driver as an example.
Alternatively, the present invention is applicable to other
power supplies such as power supplies used for a counter
electrode and a common electrode. In such a case, power
consumption is reduced without a loss of image quality.

[0137] In the foregoing description, the positive power
supply is used. However, the present invention is applicable
to a negative power supply. In such a case, the comparator
compares the maximum value V_+a of the standard value
with the output voltage from the operational amplifier. If the
output voltage of the operational amplifier is V_+c. or lower,
the operational amplifier is stopped, whereas if the output
voltage is higher than V_+a, the operational amplifier is
operated. Accordingly, power consumption is also reduced
without deterioration in characteristics of the display and the
like.

[0138] This embodiment is applicable to the case of using
any one of class-A,. B and AB operational amplifiers.

Embodiment 5

[0139] Hereinafter, a liquid crystal driver and its operation
according to a fifth embodiment of the present invention will
be described with reference to drawings. FIG. 7A is a view
schematically showing a configuration of the liquid crystal
display device of the fifth embodiment. FIG. 7B is a time
chart showing operation of the liquid crystal display device
shown in FIG. 7A.

[0140] As shown in FIG. 7A, the liquid crystal display
device of this embodiment includes: a TFT liquid crystal
panel 51; a gate driver 52 equipped with a DC-DC power
supply and connected to a gate line (not shown) of the liquid
crystal panel 51; and a source driver 53 equipped with a
RAM controller and connected to a source line (not shown)
of the liquid crystal panel 51.

[0141] In the liquid crystal panel 51, an upper electrode 54
and a lower electrode 55 are provided opposed to each other
to form a capacitor. The upper electrode 54 is connected to
the drain of a thin film transistor (TFT) 56. The source of the
TFT 56 receives a voltage from the source driver 53. The
gate of the TFT 56 receives a voltage from the gate driver 52.
On the other hand, the lower electrode 55 receives a voltage
from the DC-DC power supply incorporated in the gate
driver 52.

[0142] The liquid crystal panel 51 includes source lines
(not shown) connected to 132 RGB filters and 176 gate lines.

[0143] Although not shown, an operational amplifier for
amplifying an input voltage and a booster connected to the
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operational amplifier are provided in the DC-DC power
supply. The booster is provided to boost a reference voltage
supplied from the outside and to supply the boosted voltage
to the operational amplifier.

[0144] Now, operation of a liquid crystal driver according
to this embodiment will be described with reference to FIG.
7B.

[0145] As shown in FIG. 7B, a clock signal CKV is
always supplied from the RAM controller incorporated in
the source driver 53 to the DC-DC power supply. At every
frame, 300 clocks are supplied to the DC-DC power supply.
During the supply from the first clock through the 176™
clock associated with the 176™ gate line out of the 300
clocks, image data is written in the liquid crystal panel. This
period during which write operation is actually performed in
this manner will be referred to as an effective write period.
Then, from the 177 clock through the 300™ clock, no image
data is written in the liquid crystal panel. This period during
which write operation is not actually performed will be
referred to as a blanking period.

[0146] During the blanking period, the frequency of a
clock signal supplied to the booster in the DC-DC power
supply is 1/N times (where N=2, 3, 4, . .. ) as high as that
during the effective write period.

[0147] Asignal STV is a signal for controlling the time at
which the first clock is input. Specifically, when the blanking
period for a frame terminates and the display changes to the
next frame, the signal STV is supplied from the controller to
the gate driver.

[0148] A signal NOEV is a signal for preventing overlap-
ping between the times of inputs of clocks associated with
respective gate lines. The signal NOEV is supplied to the
gate driver for each of the first through 176™ clocks.

[0149] During the blanking period, a power supply control
signal PSAVE is supplied from the controller to the DC-DC
power supply. The supply of the power supply control signal
PSAVE continues from the rising edge of the 177 clock in
a frame to the rising edge of the first clock in the next frame.
The power supply control signal PSAVE causes the opera-
tional amplifier in the DC-DC power supply to stop and to
be in a High-Z state.

[0150] In this embodiment, during the blanking period, the
operational amplifier in the DC-DC power supply is stopped
and the frequency of a clock signal supplied to the booster
is reduced. Accordingly, power consumption is reduced, as
compared to a conventional device in which constant power
is supplied even during the blanking period. Hereinafter, this
will be described specifically.

[0151] In the conventional device, a power consumption P

of a DC-DC power supply is expressed by the following

equation (8):
P=PoputPetPetctPica Equation (8)

[0152] (where P, =power consumption of the operational
amplifier,

[0153]
[0154] P

P =power consumption of the booster,

=power consumption of another circuit, and

etc

[0155] P, =power consumption necessary for charging/
discharging the liquid crystal panel)
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[0156] The power consumption P, is expressed by the
following equation (9):

Pie=CVS
[0157]

Equation (9)

(where C=panel capacitance,

[0158] V=voltage applied to the panel, and
[0159] f=frequency of a clock signal supplied to the
panel)

[0160] On the other hand, in this embodiment, the power
consumption P of the DC-DC power supply is expressed by
the following equation (10):

{(- tl)/T}+P A T=t)ITY+P o (1 T1)-(1/N)+

flE-'md{ T-11)/ Equation (10)

[0161] (where T=t0ta1 period (the sum of the effective
write period and the blanking period),
[0162]

[0163] 1/N=division ratio of the clock frequency of the
booster during the blanking period to the clock frequency of
the booster during the effective write period)

t,=blanking period, and

[0164] In this manner, power consumptions of the opera-
tional amplifier and the booster during the blanking period
are reduced. Both the operational amplifier and the booster
are analog circuits. In the conventional device, the power
consumption P, of the operational amplifier, the power
consumption P, of the booster, and the power consumption
P,.4 necessary for charging/discharging the panel occupy a
large part of the total power consumption P of the DC-DC
power supply. However, in this embodiment, power con-
sumption of a charging/discharging current in such an opera-
tional amplifier, a booster and a panel exhibiting high power
consumption is reduced, thus obtaining significant effects. In
addition, the operation of the operational amplifier is
stopped during the blanking period, so that no drawbacks
occur in image quality.

[0165] The foregoing description has been made using a
power supply for driving a source driver for driving a
counter electrode or a common electrode, as an example.
Alternatively, the present invention is applicable to other
power supplies such as a power supply used for driving a
gate driver. In such a case, power consumption is reduced
without deterioration in characteristics of the display and the
like.

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

a display section for displaying an image;

a driver circuit for supplying an output signal for driving
the display section;

a controller circuit for supplying, to the driver circuit, a
signal for controlling the output signal;

a variation calculator for calculating the amount of change
in the signal; and

a power supply circuit for supplying, to the driver circuit,
power with a value based on the amount of change in
the signal.

2. The device of claim 1, wherein the power supply circuit

adjusts the amount of a current supplied to the driver circuit,
in accordance with the amount of change in the signal.
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3. The device of claim 1, wherein a plurality of pixels are
provided in the display section,

the driver circuit applies, to the pixels, a voltage depend-
ing on the output signal,

the variation calculator calculates the amount of change in
the signal for each of the pixels, and

the power supply circuit supplies, to the driver circuit, a
current in an amount proportional to the amount of
change in the signal.

4. A power supply circuit, comprising:

an operational amplifier;

an output transistor section including output transistors in
a plurality of stages connected to an output of the
operational amplifier;

an [-V converter circuit including a transistor forming a
current mirror together with an associated one of the
output transistors; and

a switching circuit for controlling an ON/OFF state of an
associated one of the output transistors based on an
output signal from the I-V converter circuit, the switch-
ing circuit being connected to the I-V converter circuit
and the output transistor section.

5. The circuit of claim 4, wherein the -V converter circuit

further includes:

a resistor connected to the transistor in the 1-V converter
and a ground line; and

an inverter section including a plurality of inverters, the
inverter section having an input connected between the
transistor in the I-V converter and the resistor and an
output connected to the switching circuit.

6. The circuit of claim 5,

wherein the output transistor section includes, as the
output transistors:

p-MIS transistors in the plurality of stages, each of the
p-MIS transistors having a gate connected to the
output of the operational amplifier and a source
connected to a power line; and

n-MIS transistors in the plurality of stages, each of the
n-MIS transistors having a gate connected to the
output of the operational amplifier, a drain connected
to a drain of an associated one of the p-MIS tran-
sistors, and a source connected to a ground line, and

the transistor in the I-V converter circuit is a p-MIS
transistor of the same size as that of an associated one
of the p-MIS transistors in the output transistor section.
7. The circuit of claim 5,

wherein the output transistor section includes, as the
output transistors:

pup bipolar transistors in the plurality of stages, each of
the pnp bipolar transistors having a base connected
to the output of the operational amplifier and an
emitter connected to a power line; and

npn bipolar transistors in the plurality of stages, each of
the npn bipolar transistors having a base connected
to the output of the operational amplifier, a collector
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connected to a collector of an associated one of the
pop bipolar transistors, and an emitter connected to
a ground line, and

the transistor in the [-V converter circuit is a pnp bipolar
transistor having an emitter of the same size as that of
an associated one of the pnp bipolar transistors, which
is at the same stage, in the output transistor section.
8. The circuit of claim 4, wherein a current source is
connected to the output transistor section.
9. A liquid crystal display device, comprising:

a display section for displaying an image;

a power supply circuit for supplying power for controlling
the image on the display section, the power supply
circuit including an operational amplifier;

a comparator for comparing an output from the opera-
tional amplifier with a standard value; and

aswitching section for controlling an ON/OFF state of the
operational amplifier based on an output signal from

the comparator.
10. The device of claim 9, wherein the operational ampli-
fier includes a (+)-side input, a (-)-side input and an output,

the comparator includes a (+)-side input, a (-)-side input
and an output, the (+)-side input of the comparator is
connected to the output of the operational amplifier,

the (-)-side input of the comparator is connected to the
(+)-side input of the operational amplifier,

the output of the comparator is connected to the switching
section; and

a resistor is interposed between the (-)-side input of the
comparator and the (+)-side input of the operational
amplifier.

11. Aliquid crystal display device, comprising:

a display section for displaying an image; and

a power supply circuit including an operational amplifier
for supplying power for controlling the image on the
display section,

wherein the operational amplifier is stopped during a
blanking period.
12. The device of claim 11, further comprising a control-
ler circuit for generating a signal for controlling the image
on the display section,

wherein the operational amplifier is stopped based on the
signal from the controller circuit during the blanking
period.
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13. The device of claim 12, wherein the power supply
circuit further includes a booster for boosting a voltage to be
supplied to the operational amplifier,

a clock signal is supplied from the controller circuit to the
booster, and

the frequency of the clock signal in the blanking period is

lower than that in an effective write period.

14. The device of claim 12, wherein the display section
includes an upper electrode, a lower electrode opposed to the
upper electrode, a source line connected to the upper elec-
trode, a gate line connected to the upper electrode, and a
transistor connected to both the source line and the gate line,
and

the liquid crystal display device further comprises:

a source driver for driving the source line, the source
driver being connected to the transistor; and

a gate driver for driving the gate line, the gate driver being

connected to the transistor.

15. The device of claim 14, wherein the power supply
circuit supplies the power to either the source driver or the
gate driver.

16. The device of claim 14, wherein the power supply
circuit supplies the power to the lower electrode.

17. A method for controlling a liquid crystal display
device including a display section, a driver circuit for
supplying a voltage to the display section, a controller circuit
for supplying, to the driver circuit, a signal for controlling
the voltage, and a power supply circuit for supplying power
to the driver circuit,

the method comprising:

a first step of calculating the amount of change in the
signal from the controller circuit; and

a second step of supplying power from the power supply
circuit to the driver circuit based on the amount of
change in the signal.

18. The method of claim 17, wherein in the second step,
the amount of a current supplied to the driver circuit is
adjusted in accordance with the amount of change in the
signal.

19. The method of claim 17, wherein a plurality of pixels
are provided in the display section,

in the first step, the amount of change in the signal is
calculated for each of the pixels, and

in the second step, a current in an amount proportional to
the amount of change in the signal is supplied to the
driver circuit.
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