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DRIVING CIRCUIT AND DRIVING METHOD FOR
LIQUID CRYSTAL DISPLAY PANEL

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a driving circuit
and a driving method for driving an LCD (Liquid Crystal
Display) panel.

[0003] The present application claims priority of Japanese
Patent Application No. 2005-341783 filed on Nov. 28, 2005,
which is hereby incorporated by reference.

[0004] 2. Description of the Related Art

[0005] In recent years, as technology of a display device
has progressed, a liquid crystal television set using an LCD
panel for screen displaying has become commercially prac-
tical. FIG. 7 is a diagram showing an example of configu-
rations of a conventional liquid crystal television set using
an overdriving operation circuit, as disclosed in prior art
Patent Document 1 (Japanese Patent Application Laid-open
No. Heid-365094). In the liquid crystal television set shown
in FIG. 7, synchronizing signals extracted through a televi-
sion (TV) linear circuit 52 from signals received via an
image receiving channel and selected by a tuner 51 are
output to a synchronizing control circuit 53 and video
signals including Y/C (luminance/color) signals are output
to an analog to digital (A/D) converting circuit 54. The A/D
converting circuit 54 converts input video signals into digital
signals.

[0006] Video data output from the A/D converting circuit
54 and to be displayed in a current field is compared in a
ROM (Read Only Memory) 56 with image data stored in an
image memory 55 and obtained one field before and then a
signal representing a result from the comparison is output to
a segment electrode driving circuit 58. A common electrode
driving circuit 57 generates a signal to commonly control
each common electrode of a liquid crystal panel 59 in
accordance with a synchronizing control signal fed from the
synchronizing control circuit 53. In the liquid crystal panel
59, by the above operations, an image is displayed to provide
a preset pattern in a manner based on horizontal/vertical
synchronizing signals separated by the synchronizing con-
trol circuit 53 from signals received through the image
receiving channel and in accordance with control signals to
commonly control each common electrode fed from the
common electrode driving circuit 57 and in a manner driven
by using an overdriving voltage based on data in the first
frame and by using a voltage of a pixel electrode based on
data in the second frame.

[0007] According to technology disclosed in prior art
Patent Document 1 (Japanese Patent Application Laid-open
No. Hei4-365094), it is reported that, by performing over-
driving operations to achieve a sharp rise or sharp fall in
optical transmittance of an LCD and to improve a response
speed of a liquid crystal panel, it is made possible to speedily
track an image which changes rapidly.

[0008] Also, a liquid crystal display device including a
liquid crystal panel having a liquid crystal layer and an
electrode to supply a voltage to the liquid crystal layer and
a driving circuit to apply a driving voltage to the liquid
crystal panel is disclosed in prior art Patent Document 2

1. Field of the Invention
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(Japanese Patent Application Laid-open No. 2003-172915)
in which, when the liquid crystal panel shows an extreme
value in a voltage-transmittance characteristic curve at a
voltage exceeding a maximum gray level voltage, the driv-
ing circuit supplies, in accordance with a combination of an
input image signal existed one vertical period before and an
input image signal existing during a current vertical period,
a driving voltage obtained by overshooting a gray level
voltage corresponding to an input image signal occurring
during a predetermined current vertical period is applied to
the liquid crystal panel and, as a result, a response speed is
improved.

[0009] Another liquid crystal display device to display an
image by using a liquid crystal panel is disclosed in prior art
Patent Document 3 (Japanese Patent Application Laid-open
No. 2004-287139) in which a first storing means to store a
previous image signal occurred one vertical display period
before and a second storing means to store a previous image
occurred two vertical display periods before, an enhance-
ment converting means to obtain an enhancement converting
signal for compensating for changes in optical response
characteristics of the liquid crystal display panel from a
previous image signal occurred one vertical display period
before stored in the first storing means and from an image
occurred two previous vertical display periods before stored
in the second storing means and an image signal in a current
vertical display period are provided and, therefore, when
gray-level transition occurs in an input image signal, it is
made possible to compensate for changes in optical response
characteristics of a liquid crystal display pattern and to make
a liquid crystal reach a transmittance (target gray-level
luminance) determined by an input image signal without fail
after the elapse of one vertical display period, thus enabling
a desired gray-level luminance to be displayed all the time
and high-quality image display to be achieved.

[0010] However, in the conventional driving circuit for the
liquid ecrystal television set shown in FIG. 7, the LCD is
driven by performing an overdriving operation using gray
level voltages between the minimum gray level voltage and
the maximum gray level voltage and, therefore, a wide
variety of intermediate shades of gray can be selected, which
provides big advantages, however, when a gray level voltage
near the maximum gray-level voltage is selected, since a
voltage to be used for overdriving is almost equal to a
voltage of a pixel electrode, almost no effect can be expected
that, by improving a response speed of a liquid crystal panel,
an image changing rapidly can be speedily tracked.

SUMMARY OF THE INVENTION

[0011] In view of the above, it is an object of the present
invention to provide a driving circuit and a driving method
for an LCD panel which is capable of performing an
overdriving operation in all shades of gray and obviating the
necessity for pre-determining a driving pattern based on
experimental results or a like.

[0012] According to a first aspect of the present invention,
there is provided a driving circuit for an LCD panel includ-
ing:

[0013] a pixel charging operational amplifier to a first
input terminal of which a voltage to charge a pixel of the
LCD for a current gray-scale display is applied and to a
second input terminal of which a voltage to charge a
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corresponding pixel occurred one field before is applied and
an output from which is supplied to the pixel and to which
a source voltage having a positive or negative voltage range
being wider than a gray-level voltage range of the LCD
panel is applied,;

[0014] a charged state detecting unit to detect a charged
state of the pixel and to generate an output being different
depending on whether a value representing the charged state
is within a range of a large deviation from a set value or is
within a range of a small deviation from the set value; and

[0015] a switching unit to cause an OFF state or ON state
to occur between the second input terminal of the pixel
charging operational amplifier and its output terminal
according to an output state of the charged state detecting
unit;

[0016] wherein, when a value representing a charged state
of the pixel is within a range significantly deviating from the
set value, the switching unit goes into an OFF state which
makes the pixel charging operational amplifier operate as a
comparator and makes the pixel to be overdriven using the
positive or negative source voltage and, when the value
representing a charged state of the pixel is within a range of
a small deviation from the set value, the switching unit goes
into an ON state which makes the pixel charging unit operate
as a buffer and makes the pixel be charged by using a voltage
corresponding to a current gray-scale display.

[0017] Inthe foregoing, a preferable mode is one wherein
a voltage for charging a corresponding pixel occurred one
field before is generated by a field memory device having a
memory unit to store the voltage for charging a correspond-
ing pixel occurred one field before as a digital value and a
D/A (Digital/Analog) converting unit to convert the digital
value into an analog value.

[0018] Also, a preferable mode is one wherein the charged
state detecting unit includes:

[0019] a first operational amplifier to a first input terminal
of which a voltage for charging a pixel capacitor is applied
and to a second input terminal of which a voltage being
slightly lower than a voltage to charge the pixel for a current
gray-scale display is applied,;

[0020] a second operational amplifier to the second input
terminal of which the voltage for charging the pixel capaci-
tor and to the first input terminal of which a voltage being
slightly higher than a voltage for charging the pixel for a
current gray-level display is applied; and

[0021] a logical operation unit to perform logical opera-
tions on an output from the first operational amplifier and an
output from the second operational amplifier to generate an
output obtained from the logical computation.

[0022] Also, a preferable mode is one wherein the charged
state detecting unit includes:

[0023] an operational amplifier for amplification to
amplify a voltage detected by a detecting resistor connected
between an output terminal of the pixel charging operational
amplifier and the pixel capacitor to obtain a predetermined
gain;

[0024] an absolute value circuit to full-wave rectify a
voltage output from the operational amplifier for amplifica-
tion and to generate an output having a specified signal; and
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[0025] anoperational amplifier for comparison to compare
a voltage output from the absolute circuit with a specified
voltage having a same signal as the voltage output from the
absolute circuit to generate an output obtained from the
comparison.

[0026] Also, a preferable mode is one wherein the switch-
ing unit includes a P-channel MOSFET (Metal-Oxide Semi-
conductor Field Effect Transistor) whose gate is connected
between a second input terminal of the pixel charging
operational amplifier and its output terminal is connected to
an output terminal of the charged state detecting unit and
wherein, when an output from the charged state detecting
unit is at a high level, an OFF state occurs between the
second input terminal of the pixel charging operational
amplifier and its output terminal and, when an output from
the charged state detecting unit is at a low level, an OFF state
occurs between the second input terminal of the pixel
charging operational amplifier and its output terminal.

[0027] Also, a preferable mode is one wherein the switch-
ing unit includes a N-channel MOSFET whose gate con-
nected between the second input terminal of the pixel
charging operational amplifier and its output terminal is
connected to an output terminal of the charged state detect-
ing unit and wherein, when an output from the charged state
detecting unit is at a low level, an OFF state occurs between
the second input terminal of the pixel charging operational
amplifier and its output terminal and, when an output from
the charged state detecting unit is at a high level, an ON state
occurs between the second input terminal of the pixel
charging operational amplifier and its output terminal.

[0028] Also, a preferable mode is one wherein the switch-
ing unit includes a CMOS (Complementary Metal-Oxide
Semiconductor) connected between the second input termi-
nal of the pixel charging operational amplifier and its output
terminal and whose control input is connected to an output
terminal of the charged state detecting unit and wherein,
when an output from the charged state detecting unit is at a
low level, an OFF state occurs between the second input
terminal of the pixel charging operational amplifier and its
output and, when an output from the charged state is at a
high level, an ON state occurs between the pixel charging
operational amplifier and its output.

[0029] According to a second aspect of the present inven-
tion, there is provided a method for driving an LCD panel
including;

[0030] overdriving a pixel in an LCD using a voltage
having an absolute value being larger than that of a maxi-
mum difference in gray level voltage, whichever direction,
in positive or negative direction, a voltage difference
between a current gray level voltage for a pixel and a gray
level voltage for a corresponding pixel occurred one field
before becomes maximum.

[0031] According to a third aspect of the present inven-
tion, there is provided a method for driving an LCD panel
including;

[0032] stopping overdriving operations to be performed
on a pixel in the LCD panel automatically when it is detected
that a voltage level for charging a pixel has become suffi-
ciently close to a gray level voltage level or that a charging
current value for a pixel has become a sufficiently small
value.
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[0033] With the above configuration, a voltage for charg-
ing a pixel electrode is input to a non-inverted input terminal
of the operational amplifier which operates in a voltage
range being wider than a gray level voltage range of the
LCD panel and a voltage for charging a corresponding pixel
occurred one field before is input to an inverted input
terminal to detect a charged state of a pixel electrode and,
when a value representing a charged state approaches a
preset value, the switching circuit connected between an
output terminal of the operational amplifier and its inverted
terminal is turned ON which switches operations of the
operational amplifier from the comparator to the buffer and,
therefore, an overdriving operation is made possible in all
shades of gray and, when a voltage of a pixel electrode
approaches a set voltage, the overdriving operations are
stopped and, as a result, the predetermination of a driving
pattern based on experimental results is not required and an
effect of being applied easily to various kinds of products
can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and other objects, advantages, and fea-
tures of the present invention will be more apparent from the
following description taken in conjunction with the accom-
panying drawings in which:

[0035] FIG. 1 is a block diagram showing general con-
figurations of a driving circuit for an LCD panel according
to a first embodiment of the present invention;

[0036] FIG. 2 is a circuit showing specified configurations
of a driving circuit for the LCD panel according to the first
embodiment of the present invention;

[0037] FIG. 3 is a diagram showing configurations of a
switching circuit made up of CMOS path transistors:

[0038] FIGS. 4A and 4B are diagrams schematically
showing driving voltage waveforms occurring when gray
level voltages are stored in the driving circuit for the LCD
panel according to the first embodiment of the present
invention;

[0039] FIG. 5 is a circuit diagram showing specified
configurations of a driving circuit for an LCD panel accord-
ing to a second embodiment of the present invention;

[0040] FIG. 6 is a circuit diagram showing specified
configurations of an absolute value circuit for an LCD panel
according to the second embodiment of the present inven-
tion; and

[0041] FIG. 7 is a diagram showing an example of con-
figurations of a conventional liquid crystal television set.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0042] Best modes of carrying out the present invention
will be described in further detail using various embodi-
ments with reference to the accompanying drawings.

[0043] The driving circuit for an LCD panel of the present
invention includes a pixel charging operational amplifier to
a non-inverted input terminal of which a voltage to charge
a pixel of the LCD panel for displaying in a current shade of
gray is applied and to an inverted input terminal of which a
corresponding charging voltage occurred one field before is
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applied and an output terminal of which is connected to a
pixel and to which a source voltage a having positive or
negative voltage range being wider than a gray level voltage
range of the LCD panel is applied, a charged state detecting
unit to generate an output being different depending on
whether a value representing the charged state is within a
range deviating sufficiently from a set value or is within a
range of a small deviation from the set value, a switching
unit to make an OFF state or an ON state occur between the
inverted input terminal and the output terminal of the pixel
charging operational amplifier, wherein, when a value rep-
resenting a charged state of the pixel is within a range
deviating significantly from a set value, the switching unit
goes into an OFF state which causes the pixel charging
operational amplifier to operate as a comparator and causes
a pixel to be overdriven using a positive or negative source
voltage and, when the value representing the charged state of
a pixel is near to the set value, the switching unit goes into
an ON state which causes the pixel charging operational
amplifier to operate as a buffer and a pixel is charged at a
voltage corresponding to a voltage for a current gray-level
display.

First Embodiment

[0044] FIG. 1 is a block diagram showing general con-
figurations of a driving circuit for an LCD panel of a first
embodiment of the present invention. FIG. 2 is a schematic
circuit diagram showing specified configurations of the
driving circuit for the LCD panel of the first embodiment.
FIG. 3 is a schematic diagram showing configurations of a
switching circuit made up of CMOS (Complementary
Metal-Oxide Semiconductor) path transistors. Also, FIGS.
4A and 4B are diagrams showing driving voltage waveforms
occurring when gray level voltages are stored in the driving
circuit for the LCD panel of the first embodiment.

[0045] The driving panel for the LCD panel, as shown in
FIG. 1, chiefly includes an operational amplifier 11, a pixel
charging circuit 12, a field memory circuit 13, a switching
circuit 14, a pixel capacitor 15, and a charged state detecting
circuit 16.

[0046] The operational amplifier 11 amplifies a non-in-
verted (+) input in the same phase (common mode) and an
inverted input (=) in opposite phase and generates an output
representing a difference between the two amplified results.
The pixel charging circuit 12 generates power is used to
charge a pixel electrode (not shown) so that the pixel
electrode has a voltage corresponding to a gray scale. The
field memory circuit 13 is made up of a memory section (not
shown) used to store a pixel electrode voltage as a digital
value and a D/A (Digital-to-Analog) converter (not shown)
used to D/A convert a voltage value stored in the memory
section. The switching circuit 14 goes into a state of high or
low resistance depending on whether a control input is high
(H) or low (L). The pixel capacitor 15 is a parallel capacitor
of a pixel electrode (not shown) and its charging voltage is
a typical voltage of pixel electrodes. The charged state
detecting circuit 16, when a charging voltage approaches a
predetermined value, outputs a control signal to make the
switching circuit 14 go into a state of low resistance.
Generally, a non-inverted input and an inverted input are
respectively called a first input and a second input without
making a distinction between the non-inverted input and
inverted input since each of the non-inverted input and the
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inverted input can provide an equal operation by connecting
the non-inverted and inverted inputs so as to be opposite to
each other in phase using an inverter.

[0047] As shown in FIG. 1, to the non-inverted input
terminal of the operational amplifier 11 is connected the
pixel charging circuit 12 which generates a voltage to be
used for charging the pixel electrode so that the pixel
electrode can have a required gray level, and to the inverted
input terminal is connected the pixel charging circuit 12
which stores a voltage of a corresponding pixel electrode
occurred one field before as a digital voltage value and D/A
converts the stored digital voltage value to output the
voltage as an analog voltage.

[0048] Between the output terminal of the operational
amplifier 11 and its inverted input terminal is connected the
switching circuit 14 and, when the switching circuit 14 is
turned ON, a low resistance state occurs between the output
terminal of the operational amplifier 11 and the inverted
input terminal and, when the switching circuit 14 is turned
OFF, a high resistance state occurs between the output
terminal of the operational amplifier 11 and its inverted input
terminal. The switching circuit 14 is ordinarily in a high
resistance state, however, when the charged state detecting
circuit 16 detects that a voltage for charging the pixel
capacitor 15 connected to the output terminal of the opera-
tional amplifier 11 approaches a predetermined value, the
switching circuit 14 is turned ON by a detecting signal from
the charging state detecting circuit 16 and goes into a low
resistance state.

[0049] FIG. 2 is a diagram showing configurations of the
driving circuit for the LCD panel of the first embodiment of
the present invention which corresponds to the block dia-
gram shown in FIG. 1. The driving circuit shown in FIG. 2
roughly includes an operational amplifier (OP) 21, a wiring
resistor 22, a pixel capacitor 23, an operational amplifier
(OP) 24, an operational amplifier (OP) 25, a NAND circuit
26, and an FET (Field Effect Transistor) 27.

[0050] A positive power supply Vdd and a negative power
supply are connected to the OP 21. A pixel charging voltage
Vrefl is applied from the pixel charging circuit 12 to the
non-inverted (+) input terminal of the OP 21. A voltage
Vref2 for charging a corresponding pixel occurred one field
before is applied from the field memory circuit 13 to the
inverted input terminal of the OP 21. An output terminal of
the OP 21 is connected through the wiring resistor 22 to the
pixel capacitor 23. An output terminal of the OP 24 is
connected to the pixel capacitor 23 and a voltage Vref3
being slightly lower than the pixel charging voltage Vrefl is
applied to an inverted input terminal of the OP 24. A voltage
being slightly higher than the pixel charging voltage Vrefl
is applied to a non-inverted input and the pixel capacitor 23
is connected to an inverted input. An output from the OP 24
is input to one of input terminals of the NAND 26 and an
output from the OP 24 is input to the other input terminal of
the NAND 26. An output from the NAND 26 is input to a
gate of the FET 27 connected between the non-inverted
input terminal of the OP 21 and an output terminal of the OP
21. The FET 27 is made up of, for example, a P-channel
MOSFET.

[0051] In the driving circuit of the LCD panel shown in
FIG. 2, the pixel capacitor 23 is charged by the output fed
through the wiring resistor 22 from the OP 21. At this time
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point, a charged state of the pixel capacitor 23 is detected by
the OP 24 and OP 25. Since the charging current to be
applied to the pixel capacitor 23 is integrated by an inte-
grating circuit made up of the wiring resistor 22 and the
pixel capacitor 23, a charging voltage to be applied to the
pixel capacitor 23 is input later than the pixel charging
voltage Vrefl. Therefore, it is desirous that the resistance of
the wiring resistor 22 is much lower.

[0052] A voltage of the pixel capacitor 23 is input to a
non-inverted input terminal of the OP 24 and a voltage Vref3
being slightly lower than the non-inverted input voltage
Vrefl is input to an inverted input terminal of the OP21 and
an output of the OP 24 becomes low when the voltage of the
pixel capacitor 23 is lower than the voltage Vref3 and
becomes high when the voltage of the pixel capacitor 23 is
higher than the voltage Vref3. Moreover, the voltage of the
pixel capacitor 23 is input to an inverted input terminal of
the OP 25 and a voltage Vrefd being slightly higher than a
non-inverted input voltage Vrefl of the OP 21 is input to the
non-inverted input terminal of the OP 25 and an output of the
OP 25 becomes high when the voltage of the pixel capacitor
23 is lower than the Vref4 and becomes high when the
voltage of the pixel capacitor 23 is higher than the voltage
Vrefd. The voltages Vref3 and Vrefd are generated by
making a voltage generating circuit (not shown) perform
certain operations according to the pixel charging voltage
Vrefl.

[0053] The outputs from the OP 24 and OP 25 are applied
to the NAND circuit 26. The NAND circuit 26 generates an
output by performing a NAND operation on both the output
from the OP 24 and OP 25 and, therefore, the output from
the NAND circuit 26 becomes low when both the outputs
from the OP 24 and OP 25 are high, that is, when a voltage
of the pixel capacitor 23 is higher than the voltage Vref3 and
becomes high at other times.

[0054] When a P-channel MOSFET is used as the FET 27,
if a voltage of the pixel capacitor 23 is lower than the voltage
Vref3 or higher than the voltage Vrefd, that is, if the voltage
of the pixel capacitor 23 deviates significantly from the pixel
charging voltage Vrefl fed from the pixel charging circuit 12
occurring in a current field, the FET 27 goes into an OFF
state and, therefore, the OP 21 operates as a comparator and
pixel electrodes are overdriven by charging the pixel capaci-
tor 23 by using the source voltage Vdd when the voltage
Vrefl is higher than the voltage Vref2 and by using the
source voltage Vss when the voltage Vrefl is smaller than
the voltage Vref2.

[0055] On the other hand, when a voltage of the pixel
capacitor 23 is higher than the voltage Vref3 and lower than
the Vrefd, that is, when the voltage of the pixel capacitor 23
is near to the pixel charging voltage Vrefl fed from the pixel
charging circuit occurring in a current field, the FET 27 goes
into an ON state. In this state, a state occurs in which a short
circuit is made between an output from the OP21 and an
inverted input and, therefore, the OP 21 operates as a buffer
to stop overdriving and the output from the OP 21 varies
depending on the Vrefl and the pixel capacitor 23 is finally
charged to have the voltage Vrefl.

[0056] At this time point, since the positive source voltage
Vdd of the OP 21 is higher than a pixel charging voltage
corresponding to a voltage at which operations are per-
formed in maximum shades of gray and the negative source
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voltage Vss is lower than the pixel charging voltage corre-
sponding to a voltage at which inverted operations are
performed in maximum shades of gray, an output from the
OP 21 occurring when operating as the comparator has a
dynamic range being wider than that of the pixel charging
voltage corresponding to the voltage at which inverted
operations are performed in maximum shades of gray and at
which operations are performed in maximum shades of gray.
Moreover, the voltage at which inverted operations are
performed in maximum shades of gray is equivalent to a
voltage at which operations are performed in minimum
shades of gray. This is because an inverted voltage of the
maximum gray level voltage is the lowest when an LCD
panel is AC (Altemating current) driven. Therefore, accord-
ing to the driving circuit of the LCD panel of the embodi-
ment, overdriving operations can be performed using the
maximum voltage for any shade of gray.

[0057] As described above, in order to make the OP 21
operate as a comparator when a control input to the FET
making up the switching circuit 14 is at a high level and to
make the OP 21 operate as a buffer when the control input
to the FET is at a low level, a P-channel MOSFET is used
as the FET 27. On the other hand, in order to make the OP
21 operate as the comparator when a control input to the FET
making up the switching circuit 14 is at a high level and to
make the OP 21 operate as the buffer when the control input
to the FET is at a high level, an N-channel MOSFET is used
as the FET 27.

[0058] FIG. 3 shows an example of other configurations of
the switching circuit where a CMOS path transistor is used
as the switching circuit 14. In FIG. 3, only main components
of the switching circuit 14 are shown which roughly
includes an OP 21, a CMOS path transistor 28, and an
inverted circuit 29. The CMOS path transistor 28 switches
operation states of the switching circuit 14 between the state
in which the OP 21 operates as a comparator and the state
in which the OP 21 operate as a buffer in a manner that, the
CMOS path transistor 28 is turned OFF when a control input
is at a low level, which makes a high resistance state occur
between an inverted input of the OP 21 and an output of the
OP 21 and the CMOS path transistor 28 is turned ON when
the control input is a high level, which makes a low
resistance state occur between the inverted input of the OP
21 and its output. It is needless to say that, by changing
connection so that an output terminal of the inverted circuit
29 1s directly connected to a N-channel gate of the CMOS
path transistor 28 and so that a control input is directly
applied to a P-channel gate of the CMOS path transistor, the
CMOS path transistor 28 is turned ON when the control
input is at a low level and is turned OFF when the control
input is at a high level.

[0059] FIGS. 4A and 4B are diagrams schematically
showing driving voltage waveforms occurring when gray
level voltages are stored in the driving circuit for the LCD
panel according to the first embodiment of the present
invention. FIG. 4A shows a waveform occurring when a
difference in gray level between in current and previous
fields is large and, as shown in FIG. 4A, a period during
which overdriving by using a driving voltage being larger
than the maximum gray level voltage is performed is longer.
FIG. 4B shows a waveform occurring when a difference in
gray level between in current and previous fields is small
and, as shown in FIG. 4B, the period during which over-
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driving by using a driving voltage being larger than the
maximum gray-level voltage is performed is shorter.

[0060] Therefore, in the driving circuit for the LCD panel
of the first embodiment, if a difference in writing voltage
between current and previous fields is large, the overdriving
period is automatically made longer and if the difference in
writing voltage between current and previous fields is small,
the overdriving period is automatically made shorter and, as
a result, processes are not required in which the driving
period is predetermined based on experimental results or a
like and the predetermined driving period is to be stored in
a memory or a like.

[0061] Thus, according to the driving circuit of the LCD
panel of the first embodiment, a voltage for charging a pixel
electrode in a current field is applied to a non-inverted input
terminal of the operational amplifier operating in a voltage
range being wider than a gray level voltage range of the
LCD panel. A voltage charging a corresponding pixel
occurred one field before is applied to an inverted input
terminal of the operational amplifier. A charged state of a
pixel electrode is detected by a voltage value of a pixel
capacitor. If a value representing the charged state deviates
significantly from a set value, the switching circuit con-
nected between the output terminal of the operational ampli-
fier and its inverted input terminal is configured to go into an
OFF state to make the operational amplifier operate as the
comparator. When a value representing the charged state of
the pixel electrode approaches the set value, the switching
circuit is configured to go into an ON state to switch
operations of the operational amplifier from an operation to
be performed as the comparator to an operation to be
performed as the buffer, which enables the overdriving
operation to be performed in all shades of gray. Moreover,
when a voltage of the pixel electrode approaches a set value,
the overdriving operation is automatically stopped and, as a
result, it is not necessary that a driving pattern is predeter-
mined based on experimental results or a like. The driving
circuit for the LCD panel can be easily applied to various
products accordingly.

Second Embodiment

[0062] FIG. 5 is a schematic circuit diagram for showing
specified configurations of a driving circuit for an LCD
panel according to a second embodiment of the present
invention. FIG. 6 is a schematic circuit diagram showing
specified configurations of an absolute value circuit for the
LCD panel according to the second embodiment. FIG. 5
shows circuit configurations of the second embodiment of
the present invention, which corresponds to the block dia-
gram shown in FIG. 1 and chiefly includes an OP 31, a
detecting resistor 32, a wiring resistor 33, a pixel capacitor
34, an OP 35, a feedback resistor 36, an absolute value
circuit 37, an OP 38, and an FET 39.

[0063] The OP 31 is connected to a positive power supply
Vdd and to a negative power supply Vss. A pixel charging
voltage Vrefl is fed from a pixel charging circuit 12 to a
non-inverted input terminal of the OP 31. A charging voltage
Vref2 of a corresponding pixel occurred one field before is
fed from a field memory circuit 13 to an inverted input of the
OP 31. An output from the OP 31 is applied through the
detecting resistor 32 used to detect a charging current and
the wiring resistor 33 to the pixel capacitor 34. A non-



US 2007/0120791 A1

inverted input terminal of the OP 35 is connected to one end
on the OP 31 side of the detecting resistor 32. An inverted
input terminal of the OP 35 is connected to the other end of
the detecting resistor 32. The feedback resistor 36 used to set
an amplifying rate at a specified value is connected between
an inverted input terminal of the OP 35 and its output
terminal. An output from the OP 35 is full-wave rectified by
the absolute value circuit 37 and is then output. A non-
inverted input terminal of the OP 38 is connected to an
output terminal of the absolute value circuit 37 and a voltage
Vdelta used to judge whether or not a charging current fed
to the pixel capacitor 34 has become sufficiently small is
applied to an inverted input terminal of the OP 38. An output
terminal of the OP 38 is connected to a gate of the FET 39
connected between the inverted input terminal of the OP 31
and the output terminal of the OP 38. The FET 39 is made
up of, for example, a P-channel MOSFET.

[0064] In the driving circuit of the LCD panel shown in
FIG. 5, a value of the charging current fed to the pixel
capacitor 34 is detected by the OP 35 for every driving of the
pixel. When charging of the pixel capacitor 34 proceeds, the
charging current becomes small and a drop in voltage across
the detecting resistor 32 becomes small and, therefore, a
voltage output from the OP 35 becomes small and, as a
result, an output from the absolute value circuit 37 con-
nected to the non-inverted input terminal of the OP 38 also
becomes small. The OP 38 operates as a comparator to
compare a voltage value output from the absolute value
circuit 37 fed to the non-inverted input terminal of the OP 38
with the voltage Vdelta fed to the inverted input terminal of
the OP 38 and generates a high-level output when the
non-inverted input is larger than the inverted input, that is,
when the charging current fed to the pixel capacitor 34
exceeds a specified value and also generates a low-level
output when the inverted input is larger than the non-
inverted input, that is, when the charging current fed to the
pixel capacitor 34 becomes smaller than the specified value.

[0065] Therefore, in the case where the P-channel MOS-
FET is used as the FET 39, if the charging of the pixel
capacitor 34 does not proceed and a value of the charging
current is not small, an input to the gate is at a high level and
the FET 39 is in an OFF state and the OP 31 operates as the
comparator and overdrives the pixel electrode by using the
positive source voltage Vdd when the pixel charging voltage
Vrefl is larger than the charging voltage Vref2 of a corre-
sponding pixel occurred one field before and by using the
negative source voltage Vss when the voltage Vrefl is
smaller than the voltage Vref2.

[0066] On the other hand, when the charging of the pixel
capacitor 34 proceeds and a value of the charging current
becomes sufliciently small, that is, when a voltage for
charging the pixel capacitor 34 sufficiently approaches the
pixel charging voltage Vrefl output from the pixel charging
circuit 12, an input of the gate is at a low level and, therefore,
the FET 39 goes in an ON state and the OP 31 operates as
abuffer and, as a result, the overdriving operation is stopped
and an output from the OP 31 becomes a voltage corre-
sponding to the voltage Vrefl and the pixel capacitor 34 is
charged so as to finally become the voltage Vrefl.

[0067] At this time point, since the positive source voltage
Vdd of the OP 31 is higher than a pixel charging voltage
corresponding to a voltage at which operations are per-
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formed in maximum shades of gray and the negative source
voltage Vss is lower than the pixel charging voltage corre-
sponding to a voltage at which inverted operations are
performed in maximum shades of gray, an output of the OP
31 occurring when operating as the comparator has a
dynamic range being wider than that of the pixel charging
voltage corresponding to the voltage at which inverted
operations are performed in maximum shades of gray and at
which operations are performed in maximum shades of gray.
Therefore, according to the driving circuit of the LCD panel
of the embodiment, as in the case of the first embodiment,
overdriving operations at the maximum voltage can be
performed for any shade of gray.

[0068] Moreover, as in the case of the first embodiment
shown in FIG. 4, if a difference in writing voltage between
current and previous fields is large, the overdriving period is
made longer and, if the difference in writing voltage between
in current and previous fields is small, the overdriving period
is made shorter. Thus, according to the driving circuit for the
LCD panel of the second embodiment, when a difference in
writing voltage between current and previous fields is large,
the overdriving period is automatically made longer and
when the difference in writing voltage between current and
previous fields is small, the overdriving period is automati-
cally made shorter and, as a result, processes are not required
in which the driving period is predetermined based on
experimental results or a like and the predetermined driving
period is to be stored in a memory or a like.

[0069] Also, according to the driving circuit for the LCD
panel of the second embodiment, a voltage for charging a
pixel electrode in a current field is applied to a non-inverted
input terminal of the operational amplifier operating in a
voltage range being wider than a gray-level voltage range of
the LCD panel. A voltage for charging a corresponding pixel
occurred one field before is applied to an inverted input
terminal of the operational amplifier. A charged state of a
pixel electrode is detected by a voltage value of the pixel
capacitor. If a value representing the charged state deviates
significantly from a set value, the switching circuit con-
nected between the output terminal of the operational ampli-
fier and its inverted input terminal is configured to go into an
OFF state to make the operational amplifier operate as a
comparator. When a value representing the charged state of
the pixel electrode approaches the set value, the switching
circuit is configured to go into an ON state to switch
operations of the operational amplifier from an operation to
be performed as the comparator to an operation to be
performed as the buffer, which enables the overdriving
operation in all shades of gray. Moreover, when a voltage of
the pixel electrode approaches a set value, the overdriving
operation is automatically stopped and, as a result, it is not
necessary that a driving pattern is predetermined based on
experimental results or a like. The driving circuit for the
LCD panel can be easily applied to various products accord-

ingly.

[0070] FIG. 6 is a schematic circuit diagram for showing
specified configurations of an absolute value circuit for an
LCD panel according to the second embodiment of the
present invention in which the absolute value circuit per-
forms full-wave rectification by using a general operational
amplifier. The absolute value circuit, as shown in FIG. 6,
roughly includes an OP (Operational Amplifier) 41, an R
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(Resistor) 42, a D (Diode) 43, a D (Diode) 44, an R 45, an
R 46, an R 47, an OP 48, and an R 49.

[0071] In the absolute value circuit shown in FIG. 6, the
OP 41 and circuits surrounding the OP 41 make up a
halfwave rectifier that operates only when an input Vin is
positive and in which the OP 48 and circuits surrounding the
OP 48 make up an adding circuit that generates an output by
adding an output from the halfwave rectifier including the
OP 41 to the input having a negative voltage. The halfwave
rectifier and adding circuit, as a whole, operate as the
absolute value circuit and full-wave rectify the input voltage
having a positive or negative voltage to output an voltage
Vout. Moreover, configurations other than described above
operating as an absolute value circuit are not limited to the
circuit shown in FIG. 6.

[0072] Tt is apparent that the present invention is not
limited to the above embodiments but may be changed and
modified without departing from the scope and spirit of the
invention. For example, in the above embodiments, the FET
22 and FET 39 making up the switching circuit 14 are made
up of a P-channel MOSFET, however, by inverting a voltage
to be applied to a gate, instead of the P-channel MOSFET,
an N-channel MOSFET may be used.

[0073] Similarly, the operational amplifiers 24, 25 shown
in FIG. 2 and the operational amplifier 38 shown in FIG. 5,
as required, each may be displaced with a comparator or a
like.

[0074] Moreover, as the switching circuit 14, a CMOS
path transistor may be employed. Furthermore, as the abso-
lute circuit 37, any circuit having configurations being
different from those described in the second embodiment, so
long as the circuit has the same functions as in the absolute
circuit shown in FIG. 37, may be employed.

[0075] The driving circuit for the LCD panel of the present
invention can be generally employed in a display panel of a
liquid crystal television set, a liquid crystal display panel of
a portable phone, and in personal computers using a liquid
crystal panel as a display device.

What is claimed is:
1. A driving circuit for an LCD (Liquid Crystal Display)
panel comprising:

a pixel charging operational amplifier, to a first input
terminal of which a voltage to charge a pixel of said
LCD for a current gray-scale display is applied and to
a second input terminal of which a voltage to charge a
corresponding pixel occurred one field before is applied
and an output from which is supplied to said pixel and
to which a source voltage having a positive or negative
voltage range being wider than a gray-level voltage
range of said LCD panel is applied;

a charged state detecting unit to detect a charged state of
said pixel and to generate an output being different
depending on whether a value representing said
charged state is within a range of a large deviation from
aset value or is within a range of a small deviation from
said set value; and

a switching unit to cause an OFF state or ON state to occur
between said second input terminal of said pixel charg-

May 31, 2007

ing operational amplifier and its output terminal
according to an output state of said charged state
detecting unit;

wherein, when a value representing a charged state of said
pixel is within a range significantly deviating from said
set value, said switching unit goes into an OFF state
which makes said pixel charging operational amplifier
operate as a comparator and makes said pixel to be
overdriven using said positive or negative source volt-
age and, when said value representing a charged state
of said pixel is within a range of a small deviation from
said set value, said switching unit goes into an ON state
which makes said pixel charging unit operate as a
buffer and makes said pixel be charged by using a
voltage corresponding to a current gray-scale display.
2. The driving circuit for the LCD panel according to
claim 1, wherein a voltage for charging a corresponding
pixel occurred one field before is generated by a field
memory device having a memory unit to store said voltage
for charging a corresponding pixel occurred one field before
as a digital value and a D/A (Digital/Analog) converting unit
to convert said digital value into an analog value.
3. The driving circuit for the LCD panel according to
claim 1, wherein said charged state detecting unit compris-
ing:

a first operational amplifier, to a first input terminal of
which a voltage for charging a pixel capacitor is applied
and to a second input terminal of which a voltage being
slightly lower than a voltage to charge said pixel for a
current gray-scale display is applied;

a second operational amplifier, to said second input ter-
minal of which said voltage for charging said pixel
capacitor and to said first input terminal of which a
voltage being slightly higher than a voltage for charg-
ing said pixel for a current gray-level display is applied;
and

a logical operation unit to perform logical operations on
an output from said first operational amplifier and an
output from said second operational amplifier to gen-
erate an output obtained from said logical computation.

4. The driving circuit for the LCD panel according to

claim 1, wherein said charged state detecting unit comprises:

an operational amplifier for amplification to amplify a
voltage detected by a detecting resistor connected
between an output terminal of said pixel charging
operational amplifier and said pixel capacitor to obtain
a predetermined gain;

an absolute value circuit to full-wave rectify a voltage
output from said operational amplifier for amplification
and to generate an output having a specified signal; and

an operational amplifier for comparison to compare a
voltage output from said absolute circuit with a speci-
fied voltage having a same signal as said voltage output
from said absolute circuit to generate an output
obtained from the comparison.

5. The driving circuit for the LCD panel according to
claim 1, wherein said switching unit comprises a P-channel
MOSFET (Metal-Oxide Semiconductor Field Effect Tran-
sistor) whose gate is connected between a second input
terminal of said pixel charging operational amplifier and its
output terminal is connected to an output terminal of said
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charged state detecting unit and wherein, when an output
from said charged state detecting unit is at a high level, an
OFF state occurs between said second input terminal of said
pixel charging operational amplifier and its output terminal
and, when an output from said charged state detecting unit
is at a low level, an OFF state occurs between said second
input terminal of said pixel charging operational amplifier
and its output terminal.

6. The driving circuit for the LCD panel according to
claim 1, wherein said switching unit comprises a N-channel
MOSFET whose gate connected between said second input
terminal of said pixel charging operational amplifier and its
output terminal is connected to an output terminal of said
charged state detecting unit and wherein, when an output
from said charged state detecting unit is at a low level, an
OFF state occurs between said second input terminal of said
pixel charging operational amplifier and its output terminal
and, when an output from said charged state detecting unit
is at a high level, an ON state occurs between said second
input terminal of said pixel charging operational amplifier
and its output terminal.

7. The driving circuit for the LCD panel according to
claim 1, wherein said switching unit comprises a CMOS
(Complementary Metal-Oxide Semiconductor) connected
between said second input terminal of said pixel charging
operational amplifier and its output terminal and whose
control input is connected to an output terminal of said
charged state detecting unit and wherein, when an output
from said charged state detecting unit is at a low level, an
OFF state occurs between said second input terminal of said
pixel charging operational amplifier and its output and, when
an output from said charged state is at a high level, an ON
state occurs between said pixel charging operational ampli-
fier and its output.

8. A method for driving an LCD panel comprising:

overdriving a pixel in an LCD using a voltage having an
absolute value being larger than that of a maximum
difference in gray level voltage, whichever direction, in
positive or negative direction, a voltage difference
between a current gray level voltage for a pixel and a
gray level voltage for a corresponding pixel occurred
one field before becomes maximum.

9. A method for driving an LCD panel comprising:

stopping overdriving operations to be performed on a
pixel in the LCD panel automatically when it is
detected that a voltage level for charging a pixel has
become sufficiently close to a gray level voltage level
or that a charging current value for a pixel has become
a sufficiently small value.

10. A driving circuit for an LCD (Liquid Crystal Display)

panel comprising:

a pixel charging operational amplifier, to a first input
terminal of which a voltage to charge a pixel of said
LCD for a current gray-scale display is applied and to
a second input terminal of which a voltage to charge a
corresponding pixel occurred one field before is applied
and an output from which is supplied to said pixel and
to which a source voltage having a positive or negative
voltage range being wider than a gray-level voltage
range of said LCD panel is applied,

a charged state detecting means to detect a charged state
of said pixel and to generate an output being different
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depending on whether a value representing said
charged state is within a range of a large deviation from
a set value or is within a range of a small deviation from
said set value; and

a switching means to cause an OFF state or ON state to
occur between said second input terminal of said pixel
charging operational amplifier and its output terminal
according to an output state of said charged state
detecting means;

wherein, when a value representing a charged state of said
pixel is within a range significantly deviating from said
set value, said switching means goes into an OFF state
which makes said pixel charging operational amplifier
operate as a comparator and makes said pixel to be
overdriven using said positive or negative source volt-
age and, when said value representing a charged state
of said pixel is within a range of a small deviation from
said set value, said switching means goes into an ON
state which makes said pixel charging means operate as
a buffer and makes said pixel be charged by using a
voltage corresponding to a current gray-scale display.
11. The driving circuit for the LCD panel according to
claim 10, wherein a voltage for charging a corresponding
pixel occurred one field before is generated by a field
memory device having a memory means to store said
voltage for charging a corresponding pixel occurred one
field before as a digital value and a D/A (Digital/Analog)
converting means to convert said digital value into an analog
value.
12. The driving circuit for the LCD panel according to
claim 10, wherein said charged state detecting means com-
prising:

a first operational amplifier, to a first input terminal of
which a voltage for charging a pixel capacitor is applied
and to a second input terminal of which a voltage being
slightly lower than a voltage to charge said pixel for a
current gray-scale display is applied,

a second operational amplifier, to said second input ter-
minal of which said voltage for charging said pixel
capacitor and to said first input terminal of which a
voltage being slightly higher than a voltage for charg-
ing said pixel for a current gray-level display is applied;
and

alogical operation means to perform logical operations on

an output from said first operational amplifier and an

output from said second operational amplifier to gen-

erate an output obtained from said logical computation.

13. The driving circuit for the LCD panel according to

claim 10, wherein said charged state detecting means com-
prises:

an operational amplifier for amplification to amplify a
voltage detected by a detecting resistor connected
between an output terminal of said pixel charging
operational amplifier and said pixel capacitor to obtain
a predetermined gain;

an absolute value circuit to full-wave rectify a voltage
output from said operational amplifier for amplification
and to generate an output having a specified signal; and

an operational amplifier for comparison to compare a
voltage output from said absolute circuit with a speci-
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fied voltage having a same signal as said voltage output
from said absolute circuit to generate an output
obtained from the comparison.

14. The driving circuit for the LCD panel according to
claim 10, wherein said switching means comprises a P-chan-
nel MOSFET (Metal-Oxide Semiconductor Field Effect
Transistor) whose gate is connected between a second input
terminal of said pixel charging operational amplifier and its
output terminal is connected to an output terminal of said
charged state detecting means and wherein, when an output
from said charged state detecting means is at a high level, an
OFF state occurs between said second input terminal of said
pixel charging operational amplifier and its output terminal
and, when an output from said charged state detecting means
is at a low level, an OFF state occurs between said second
input terminal of said pixel charging operational amplifier
and its output terminal.

15. The driving circuit for the LCD panel according to
claim 10, wherein said switching means comprises a
N-channel MOSFET whose gate connected between said
second input terminal of said pixel charging operational
amplifier and its output terminal is connected to an output
terminal of said charged state detecting means and wherein,
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when an output from said charged state detecting means is
at a low level, an OFF state occurs between said second
input terminal of said pixel charging operational amplifier
and its output terminal and, when an output from said
charged state detecting means is at a high level, an ON state
occurs between said second input terminal of said pixel
charging operational amplifier and its output terminal.

16. The driving circuit for the LCD panel according to
claim 10, wherein said switching means comprises a CMOS
(Complementary Metal-Oxide Semiconductor) connected
between said second input terminal of said pixel charging
operational amplifier and its output terminal and whose
control input is connected to an output terminal of said
charged state detecting means and wherein, when an output
from said charged state detecting means is at a low level, an
OFF state occurs between said second input terminal of said
pixel charging operational amplifier and its output and, when
an output from said charged state is at a high level, an ON
state occurs between said pixel charging operational ampli-
fier and its output.
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