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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority from Japa-
nese application JP 2011-052651 filed on Mar. 10, 2011, the
content of which is hereby incorporated by reference into this
application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, in particular, a data-line driving circuit included
in a liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display device includes a plurality
of pixel circuits. A data-line driving circuit included in the
liquid crystal display device feeds a potential for allowing
each of the pixel circuits to display a grayscale through a data
line. It takes a certain period of time for the potential actually
fed to each pixel circuit to reach a potential output by the
data-line driving circuit to the data line. The reasons for the
time include a parasitic capacitance generated between the
data line and another wiring, a delay due to a wiring resis-
tance, and insufficient driving capability of transistors. There-
fore, a difference is generated between the potential of the
pixel circuit reaching within a horizontal period and the
potential applied to the data line. For preventing deterioration
of'image quality due to the difference in potential, a potential
obtained by correcting the potential indicating a display gray-
scale is fed to the data line so as to reduce a difference
between the potential actually fed to the pixel circuit and the
potential indicating the display grayscale in an existing tech-
nology.

[0006] Japanese Patent Application Laid-open No. 2008-
209890 discloses a display device in which a potential
obtained by correcting a potential indicating a display gray-
scale is fed to a data line.

[0007] Inthe case where the signal to be fed to the data line
is corrected for changing the potential of the pixel circuit
within a shorter period of time, the potential of the corrected
signal is a potential emphasizing a difference between the
potential to be fed to the pixel circuit in a preceding stage and
the potential to be fed to the pixel circuit in the current stage
with respect to pixel circuits which connects the same data
line. When a conventional data-line driving circuit is used,
however, the signal cannot be satisfactorily corrected in some
cases. For example, the data-line driving circuit cannot feed a
potential lower than a potential for the lowest-level grayscale.
Therefore, when the display grayscale changes from the high-
est-level grayscale to the lowest-level grayscale, the potential
cannot be corrected to be lowered any more. Thus, the differ-
ence between the potential that the pixel circuit should reach
and the potential that the pixel circuit actually reaches within
the horizontal period becomes larger. As a result, image qual-
ity is sometimes deteriorated.

SUMMARY OF THE INVENTION

[0008] The present invention has been made to solve the
problem described above, and has an object to provide a
liquid crystal display device capable of reducing a difference
between a potential that a pixel circuit should reach and a
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potential that the pixel circuit actually reaches, so as to reduce
the deterioration of image quality.

[0009] Representative aspects of the present invention dis-
closed in this application are briefly described as follows.
[0010] (1) A liquid crystal display device, including: a data
line; a plurality of pixel circuits, each including a transistor
switch and a pixel electrode connected to the data line via the
transistor switch; an output grayscale value generating circuit
for outputting an output grayscale value corresponding to one
of a plurality of candidate values, the output grayscale value
being obtained by correcting a display grayscale value indi-
cating a grayscale potential having one of positive polarity
and negative polarity to be applied to one end of the transistor
switch included in any one of the plurality of pixel circuits;
and a data-line driving circuit for selectively outputting, to the
data line, an output potential having one of the positive polar-
ity and the negative polarity corresponding to the output
grayscale value from among a plurality of positive-polarity
and negative-polarity output potentials corresponding to the
plurality of candidate values, respectively, in which the data-
line driving circuit outputs the potential having one of the
positive polarity and the negative polarity so that a lowest one
of the plurality of positive-polarity output potentials respec-
tively corresponding to the plurality of candidate values
becomes lower than a lowest positive-polarity grayscale
potential indicated by the display grayscale value and that a
highest one of the plurality of negative-polarity output poten-
tials respectively corresponding to the plurality of candidate
values becomes higher than a highest negative-polarity gray-
scale potential indicated by the display grayscale value.

[0011] (2) The liquid crystal display device according to the
above-mentioned item (1), in which the data-line driving
circuit outputs the potential having one of the positive polar-
ity and the negative polarity so that the lowest one of the
plurality of positive-polarity output potentials respectively
corresponding to the plurality of candidate values becomes
lower than the highest one of the plurality of negative-polarity
output potentials respectively corresponding to the plurality
of candidate values.

[0012] (3) The liquid crystal display device according to the
above-mentioned item (1) or (2), in which the data-line driv-
ing circuit outputs the potential having one of the positive
polarity and the negative polarity so that a highest one of the
plurality of positive-polarity output potentials respectively
corresponding to the plurality of candidate values becomes
higher than a highest positive-polarity grayscale potential
indicated by the display grayscale value and that a lowest one
of the plurality of negative-polarity output potentials respec-
tively corresponding to the plurality of candidates becomes
lower than alowest negative-polarity grayscale potential indi-
cated by the display grayscale value.

[0013] (4) The liquid crystal display device according to
any one of the above-mentioned items (1) to (3), in which: the
plurality of pixel circuits are arranged in a plurality of rows;
the output grayscale value generating circuit generates an
output grayscale value of a precharge signal based on the
display grayscale value for any one of the pixel circuits in a
row and a display grayscale value for one of the pixel circuits
in a preceding row, and generates an output grayscale value of
an image signal based on the display grayscale value for the
any one of the plurality of pixel circuits in the row; and the
data-line driving circuit sequentially outputs an output poten-
tial corresponding to the output grayscale value of the pre-
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charge signal and an output potential corresponding to the
output grayscale value of the image signal.

[0014] (5) The liquid crystal display device according to the
above-mentioned item (4), in which: the lowest positive-
polarity grayscale potential indicated by the display grayscale
value is a positive-polarity output potential of the image sig-
nal which is output by the data-line driving circuit in accor-
dance with the display grayscale value indicating the lowest
positive-polarity grayscale potential; and the highest nega-
tive-polarity grayscale potential indicated by the display
grayscale value is a negative-polarity output potential of the
image signal which is output by the data-line driving circuitin
accordance with the display grayscale value indicating the
highest negative-polarity grayscale potential.

[0015] (6) The liquid crystal display device according to
any one of the above-mentioned items (1) to (5), in which a
number of display grayscale values indicating the potential
within a range of the grayscale potential having one of the
positive polarity and the negative polarity, corresponding to a
range of brightness from a maximum brightness displayed by
the plurality of pixel circuits to a half of the maximum bright-
ness, is larger than a number of the candidate values corre-
sponding to the output potential within the range.

[0016] (7) The liquid crystal display device according to the
above-mentioned item (6), in which the data-line driving
circuit outputs an output grayscale value periodically chang-
ing in accordance with at least a part of the display grayscale
values indicating the potential within the range of the gray-
scale potential.

[0017] (8) The liquid crystal display device according to
any one of the above-mentioned items (1) to (7), in which: the
data-line driving circuit includes: a positive-polarity potential
output section for outputting a positive-polarity output poten-
tial; and a negative-polarity potential output section for out-
putting a negative-polarity output potential; the positive-po-
larity potential output section outputs the positive-polarity
output potential corresponding to the output grayscale value
based on a plurality of first reference potentials; the negative-
polarity potential output section outputs the negative-polarity
output potential corresponding to the output grayscale value
based on a plurality of second reference potentials; two of the
plurality of first reference potentials are the lowest positive-
polarity grayscale potential indicated by the display grayscale
value and a potential lower than the lowest positive-polarity
grayscale potential; and two of the plurality of second refer-
ence potentials are the highest negative-polarity grayscale
potential indicated by the display grayscale value and a poten-
tial higher than the highest negative-polarity grayscale poten-
tial.

[0018] (9) The liquid crystal display device according to the
above-mentioned item (4), in which the output grayscale
value generating circuit outputs the output grayscale value of
the image signal so that the output grayscale value corre-
sponding to the display grayscale value increases monoto-
nously as the display grayscale value increases; and the out-
put grayscale value generating circuit outputs an output
grayscale value corresponding to the display grayscale value
with one-to-one correspondence for the display grayscale
value equal to or smaller than a predetermined display gray-
scale value indicating a brightness higher than a half of a
maximum brightness, and outputs an output grayscale value
corresponding to any one of the other display grayscale val-
ues for atleast a part of the display grayscale values exceeding
the predetermined display grayscale value.
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[0019] (10) The liquid crystal display device according to
the above-mentioned item (9), in which the output grayscale
value generating circuit outputs the output grayscale value of
the image signal, which periodically changes in accordance
with at least a part of the display grayscale values larger than
the predetermined display grayscale value.

[0020] (11) The liquid crystal display device according to
the above-mentioned item (9) or (10), in which the data-line
driving circuit has a larger rate of change in the output poten-
tial with respect to an increase in the output grayscale value
within the range of the output grayscale value corresponding
to the range of the display grayscale value from the predeter-
mined display grayscale value to a largest display grayscale
value, than a rate of change in the grayscale potential with
respect to an increase in the display grayscale value within a
range larger than the predetermined display grayscale value.
[0021] According to the present invention, it is possible to
reduce the difference between the potential that the pixel
circuit should reach and the potential that the pixel circuit
actually reaches within a horizontal period, so as to reduce the
deterioration of image quality, as compared with the case of
not using the configuration of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In the accompanying drawings:

[0023] FIG. 1 is a diagram illustrating a configuration of a
liquid crystal display device according to a first embodiment
of the present invention;

[0024] FIG. 2 is a waveform diagram illustrating an
example of the relation between a potential of a precharge
signal and a potential of an image signal;

[0025] FIG. 3 is a diagram illustrating an example of a
configuration of a data-line driving circuit;

[0026] FIG. 4 is a graph showing an example of the relation
between an output grayscale value and an output potential in
the data-line driving circuit;

[0027] FIG. 5 is a graph showing another example of the
relation between the output grayscale value and the output
potential in the data-line driving circuit;

[0028] FIG. 6 is a graph showing an example of the relation
between a value of display grayscale data input to a gamma
conversion circuit and an output grayscale value of gamma-
converted data;

[0029] FIG. 7 is a graph showing another example of the
relation between the value of the display grayscale data input
to the gamma conversion circuit and the output grayscale
value of the gamma-converted data;

[0030] FIG. 8 is a table showing the relation among the
display grayscale data, the gamma-converted data, and output
grayscale data;

[0031] FIG. 9 is a chart showing changes with time of the
display grayscale data, the gamma-converted data, and the
output grayscale data in the case where the value of the
display grayscale data changes from the smallest to the larg-
est;

[0032] FIG. 10 is a chart showing changes with time of the
output grayscale data and an output potential output from the
data-line driving circuit in the case where the value of the
display grayscale data changes from the smallest to the larg-
est;

[0033] FIG. 11 is a chart showing changes with time of the
display grayscale data, the gamma-converted data, and the
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output grayscale data in the case where the value of the
display grayscale data changes from the largest to the small-
est;

[0034] FIG. 12 is a chart showing changes with time of the
output grayscale data and the output potential output from the
data-line driving circuit in the case where the value of the
display grayscale data changes from the largest to the small-
est;

[0035] FIG. 13 is a diagram illustrating a configuration of a
liquid crystal display device according to a second embodi-
ment of the present invention;

[0036] FIG. 14 is a graph showing an example of the rela-
tion between an output grayscale value and an output poten-
tial in a data-line driving circuit according to the second
embodiment;

[0037] FIG. 15 is a graph showing another example of the
relation between the output grayscale value and the output
potential in the data-line driving circuit according to the sec-
ond embodiment;

[0038] FIG. 16 is a graph showing an example of the rela-
tion between display grayscale data input to a gamma con-
version circuit and gamma-converted data according to the
second embodiment; and

[0039] FIG. 17 is a graph showing another example of the
relation between the output grayscale value and the output
potential in the data-line driving circuit.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Hereinafter, embodiments of the present invention
are described based on the accompanying drawings. The
components having the same functions, which are described
and illustrated in this specification, are denoted by the same
reference character, and the description thereof is herein
omitted.

First Embodiment

[0041] A liquid crystal display device according to a first
embodiment of the present invention includes a liquid crystal
display panel, a backlight unit for supplying light transmitting
through the liquid crystal display panel, and a control board.
In terms of a structure, the liquid crystal display panel
includes an array substrate, a counter substrate, liquid crystal,
and an integrated-circuit package. On the array substrate,
pixel circuits PC are formed. The counter substrate is pro-
vided so as to be opposed to the array substrate. The liquid
crystal is sealed between the array substrate and the counter
substrate. The integrated-circuit package is provided on the
array substrate. Polarizer plates are bonded onto the outer side
of the array substrate and the outer side of the counter sub-
strate. The liquid crystal display device according to the first
embodiment performs color display and uses normally-black
liquid crystal.

[0042] FIG. 1 is a diagram illustrating an example of a
configuration of the liquid crystal display device according to
the first embodiment of the present invention. The liquid
crystal display device according to the first embodiment
includes a display region DA having a rectangular shape, a
timing control circuit TC, a gamma conversion circuit GMC,
a line memory LM, a precharge circuit PRC, a frame-rate
control circuit FRC, a reference-potential providing circuit
VRG, a data-line driving circuit XDV, a scanning-line driving
circuit YDV, a plurality of scanning lines GL, a plurality of
data lines DL, and common lines (not shown). The display
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region DA, the plurality of scanning lines GL, and the plural-
ity of data lines DL are provided on the array substrate
included in the liquid crystal display panel. In the display
region DA, the plurality of pixel circuits PC are arranged in
matrix. A part of the scanning-line driving circuit YDV and a
part of the data-line driving circuit XDV are arranged on the
array substrate around the display region DA. The remaining
parts of the scanning-line driving circuit YDV and the data-
line driving circuit XDV are provided in the integrated-circuit
package. The timing control circuit TC, the gamma conver-
sion circuit GMC, the line memory LM, the precharge circuit
PRC, the reference-potential providing circuit VRG, and the
frame-rate control circuit FRC are provided on the control
board.

[0043] The scanning lines GL are aligned in the display
region DA so as to extend in a horizontal direction in FIG. 1.
A left end of each of the scanning lines GL is connected to the
scanning-line driving circuit YDV. The data lines DL are
arranged side by side in the display region DA so as to extend
in a vertical direction in FIG. 1. An upper end of each of the
data lines DL is connected to the data-line driving circuit
XDV. Each of the pixel circuits PC is provided so as to
correspond to a point of intersection of the data line DL and
the scanning line GL. For color display, one pixel consists of
three pixel circuits PC for displaying red, blue, and green,
respectively. The three pixel circuits PC are arranged in the
horizontal direction. When a resolution of a screen is 1,920
columns by 1,080 rows, the number of the pixel circuits PC
provided in the display region DA is (1,920x3) columns by
1,080 rows. The number of the data lines DL is (1,920x3),
whereas the number of the scanning lines GL is 1,080. Each
of the data lines DL corresponds to the column of the pixel
circuits PC, whereas each of the scanning lines GL corre-
sponds to the row of the pixel circuits PC. The pixel circuits
PC constituting one column display the same color and are
connected to one of the data lines DL.

[0044] Each of the pixel circuits PC includes a pixel tran-
sistor TR and a pixel electrode PX forming a pixel capaci-
tance with a common electrode (not shown). The pixel tran-
sistor TR is an n-channel type thin-film transistor operating as
a switch. A gate electrode of the pixel transistor TR is con-
nected to the scanning line GL corresponding to the pixel
circuit PC including the same pixel transistor TR. A source
electrode of the pixel transistor TR is connected to the data
line DL corresponding to the pixel circuit PC, whereas a drain
electrode thereof is connected to the pixel electrode PX. The
thin-film transistor has no polarity and therefore the distinc-
tion between the source electrode and the drain electrode is
made based on the potential applied thereto, for the sake of
convenience. Although the destinations of connection of the
source electrode and the drain electrode are described above
for the sake of convenience, the destinations of connection
may be interchanged with each other. The common electrode
is electrically connected to the common line which provides
a common potential.

[0045] Inthe liquid crystal display device, when the poten-
tial is applied to the data line DL, a predetermined period of
time is required for a potential of the source electrode of the
pixel transistor TR included in each of the pixel circuits PC to
reach the applied potential. The causes of this are a parasitic
capacitance generated between the data line DL and the scan-
ning line GL, a delay due to a wiring resistance, insufficient
driving capability of the pixel transistors TR, and the like. In
order to reduce the above-mentioned period of time, the lig-
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uid crystal display device according to the embodiments of
the present invention applies a potential Vp of a precharge
signal in the first half of a horizontal period 1H and applies a
potential Vd of an image signal in the second half of the
horizontal period 1H. If a time average of the potential of the
pixel electrode PX is offset from the common potential, the
relation between a transmittance of the liquid crystal and a
potential difference is out of order, sometimes resulting in a
ghostimage. For coping with the problem of generation of the
ghost image, the data-line driving circuit XDV feeds the
signals while switching between a positive-polarity signal for
setting the potential of the pixel electrode PX higher than the
common potential and a negative-polarity signal for setting
the potential of the pixel electrode PX lower than the common
potential every predetermined time.

[0046] FIG. 2 is a waveform diagram showing an example
of the relation between the potential Vp of the precharge
signal and the potential Vd of the image signal. A waveform
indicated by a chained line represents a scanning signal
applied to the scanning line GL. A period of time from a rise
of the potential of the scanning signal to a fall thereof corre-
sponds to the horizontal period 1H. Each of two broken lines
represents a potential of a signal applied by the data-line
driving circuit XDV to the data line DL, and each of two solid
lines represents the potential of the pixel electrode PX. In the
example shown in FIG. 2, the waveform indicated by the
broken line indicating the potential increasing in the horizon-
tal period 1H represents the potential of the positive-polarity
signal applied to the data line DL and the waveform indicated
by the solid line indicating the potential increasing in the
horizontal period 1H represents the potential of the pixel
electrode PX when the potential of the positive-polarity sig-
nal is applied. On the other hand, the waveform indicated by
the broken line indicating the potential decreasing in the
horizontal period 1H represents the potential of the negative-
polarity signal applied to the data line DL and the waveform
indicated by the solid line indicating the potential decreasing
in the horizontal period 1H represents the potential of the
pixel electrode PX when the potential of the negative-polarity
signal is applied. The potential Vp of the precharge signal is a
potential which is corrected so as to emphasize a difference
between the potential Vd of the image signal applied to the
data line DL for the pixel circuits PC of the previous row and
the potential Vd of the image signal applied to the data line
DL for the pixel circuits PC of the current row. When the
potential Vd of the image signal changes from a potential
indicating a low-level grayscale to a potential indicating a
high-level grayscale, a potential Vpp of the positive-polarity
precharge signal becomes higher than a potential Vdp of the
positive-polarity image signal, and a potential Vpn of the
negative-polarity precharge signal becomes lower than a
potential Vdn of the negative-polarity image signal. The posi-
tive-polarity image signal is output subsequently to the posi-
tive-polarity precharge signal, and the negative-polarity
image signal is subsequently output to the negative-polarity
precharge signal. When the potential of the image signal
changes from a potential indicating a high-level grayscale to
a potential indicating a low-level grayscale, the potential Vpp
of the positive-polarity precharge signal becomes lower than
the potential Vdp of the positive-polarity image signal, and
the potential Vpn of the negative-polarity precharge signal
becomes higher than the potential Vdn of the negative-polar-
ity image signal. The positive-polarity image signal is output

Sep. 13,2012

subsequently to the positive-polarity precharge signal, and
the negative-polarity image signal.

[0047] Display grayscale data Din fed from the exterior of
the liquid crystal display device is input to the gamma con-
version circuit GMC, the line memory LM, and the timing
control circuit TC. In this embodiment, the display grayscale
data Din consists of a display grayscale value corresponding
to a value of a grayscale to be displayed by each of the pixel
circuits PC. The display grayscale value is a value represent-
ing any one of 256 levels, ranging from 0 to 255. The display
grayscale value indicates a positive-polarity or negative-po-
larity potential (hereinafter, referred to as “grayscale poten-
tial”) that the potential of the source electrode of the pixel
transistor TR is hoped to reach within the horizontal period
1H in which the pixel transistor TR included in the pixel
circuit PC is turned ON. Hereinafter, the display grayscale
value for the pixel circuit PC in the n-th column and the m-th
row is described as a value of display grayscale data Din(n,
[0048] The gamma conversion circuit GMC, the line
memory LM, the precharge circuit PRC, and the frame-rate
control circuit FRC operate as an output grayscale value
generating circuit for generating an output grayscale value to
be input to the data-line driving circuit XDV. The schema of
those circuits is described below. The output grayscale value
indicates a potential (output potential) output from the data-
line driving circuit XDV. The gamma conversion circuit
GMC converts the display grayscale data Din to generate
gamma-converted data DD. Gamma-converted data DD(n,m)
corresponding to the pixel circuit PC in the n-th column and
the m-th row contains the output grayscale value and adjust-
ment information. The gamma conversion circuit GMC out-
puts the output grayscale value which allows the data-line
driving circuit XDV to output the grayscale potential in accor-
dance with the value of the display grayscale data Din(n,m) as
the output grayscale value contained in the gamma-converted
data DD(n,m) if there is the output grayscale value. Other-
wise, the gamma conversion circuit GMC outputs the output
grayscale value which allows the data-line driving circuit
XDV to output a potential approximate to the grayscale
potential. The adjustment information indicates a deviation
between the grayscale potential and the output potential cor-
responding to the output grayscale value of the grayscale
potential.

[0049] The line memory LM stores the display grayscale
data Din for one row and outputs the stored data at timing at
which the display grayscale data Din for a next row is input.
In other words, the line memory LM outputs the display
grayscale data Din(n-1,m) of the previous row. The pre-
charge circuit PRC corrects the output grayscale value con-
tained in the gamma-converted data DD(n,m) based on the
value of the display grayscale data Din(n-1,m) of the previ-
ous row and the value of the display grayscale data Din(n,m)
of the row as a target of output, so as to generate the output
grayscale value indicating the potential of the precharge sig-
nal. The output grayscale value indicating the potential of the
precharge signal and the gamma-converted data DD(n,m) are
output collectively as internal grayscale data Doutl(n,m).
When the display grayscale data Din(n-1,m) is smaller than
the display grayscale data Din(n,m), the precharge circuit
PRC outputs a value obtained by increasing the output gray-
scale value of the gamma-converted data DD(n,m) as the
output grayscale value of the precharge signal. When the
display grayscale data Din(n-1,m) is larger than the display
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grayscale data Din(n,m), the precharge circuit PRC outputs a
value obtained by reducing the output grayscale value of the
gamma-converted data DD(n,m) as the output grayscale
value of the precharge signal.

[0050] The frame-rate control circuit FRC generates the
output grayscale value indicating the potential of the pre-
charge signal and the output grayscale value indicating the
potential of the image signal based on the internal grayscale
data Dout1(n,m) so as to output the output grayscale values as
output grayscale data Dout2(r,m). Based on the output gray-
scale data Dout2(n,m), the data-line driving circuit XDV
feeds the potential of the precharge signal to the data line DL
connected to the pixel circuits PC in the m-th column in the
first half of the horizontal period 1H in which the pixel cir-
cuits PC in the n-th row are scanned by the scanning-line
driving circuit YDV and feeds the potential of the image
signal to the data line DL in the second half of the horizontal
period 1H.

[0051] The data-line driving circuit XDV outputs the out-
put potential in accordance with the output grayscale value. In
this embodiment, the output grayscale value which can be
input to the data-line driving circuit XDV varies from 0 to
255. The positive-polarity or negative-polarity output poten-
tial in accordance with each output grayscale value is output.
From another point of view, the data-line driving circuit XDV
can output the output potential corresponding to each of pre-
determined 256 candidate values and selectively outputs the
positive-polarity or negative-polarity output potential corre-
sponding to the output grayscale value input to the data-line
driving circuit among the positive-polarity and negative-po-
larity output potentials corresponding to the candidate values.
In this embodiment, the normally-black liquid crystal is used.
Therefore, the positive-polarity output potential monoto-
nously increases and the negative-polarity output potential
monotonously decreases as the output grayscale value
increases.

[0052] FIG. 3 is a diagram illustrating an example of a
configuration of the data-line driving circuit XDV. The data-
line driving circuit XDV includes a positive-polarity output
section PG for outputting a positive-polarity output potential
and a negative-polarity output section NG for outputting a
negative-polarity output potential. Which of the positive-po-
larity potential and the negative-polarity potential the data-
line driving circuit XDV outputs is determined by a frame and
the column of the pixel circuits PC to which the output poten-
tial is fed. In this embodiment, the polarity of the potential
applied to one data line DL within one frame period is the
same.

[0053] Assuming that the number of candidate values for
the output grayscale value is q (255 in this embodiment), the
positive-polarity potential output section PG includes q
switches SWP and (q—1) resistors RP. The k-th (k is an integer
from 1 to q) switch SWP,_, corresponds to the k-th smallest
candidate value. The switches SWP are arranged in the order
of'the corresponding candidate values. Between one end of a
switch SWP; (i is an integer from 1 to q—1) and one end of a
switch SWP, | adjacent thereto, the i-th resistor RP, is pro-
vided. Similarly, the negative-polarity output section NG
includes q switches SWN and g-1 resistors RN. The k-th
switch SWN,_; corresponds to the k-th smallest candidate
value. The switches SWN are arranged in the order of the
corresponding candidate values. Between one end of a switch
SWN, and one end of a switch SWN,_; adjacent thereto, the
i-th resistor RN, is provided. The other end of the k-th switch
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SWP,_, and the other end of the k-th switch SWN,_, are
connected to the data line DL so as to output an output
potential Vout to the data line DL.

[0054] The reference-potential providing circuit VRG pro-
vides reference potentials to ends of five switches SWP onthe
resistor RP side and ends of five switches SWN on the resistor
RN side. The five switches are parts of the plurality of
switches SWP and the five switches SWN are parts of the
plurality of switches SWN. The reference potentials respec-
tively provided to the switches SWP and SWN differ from
each other. The output grayscale values (candidate values)
corresponding to the switches SWP and SWN are 0 (the
smallest value), C, D, B, and 255 (the largest value) in the
increasing order. A reference-potential providing source
VRG provides reference potentials Vrefl, Vref2, Vref3,
Vrefd, and Vref5 to the switches SWP,55, SWP,, SWP,,
SWP_, and SWP, and reference potentials Vref6, Vref7,
Vref8, Vref9, and Vrefl0 to the switches SWN,, SWN,
SWN,,, SWN,, and SWP,, respectively.

[0055] FIG. 4 is a graph showing an example of the relation
between the output grayscale value and the output potential
Vout of the data-line driving circuit XDV (DV curves).
Chained lines shown in FIG. 4 indicate DV curves of the
display grayscale value of the display grayscale data Din and
the positive/negative-polarity grayscale potentials corre-
sponding to the display grayscale value, whereas solid lines
indicate DV curves of the output grayscale value and the
output potential of the data-line driving circuit XDV. The
reference potential Vrefl is the highest of the reference poten-
tials Vrefl to Vrefl0. The potential becomes lower in the
order from the reference potential Vrefl to the reference
potential Vref10. The range of the positive-polarity potential
in accordance with the display grayscale value is from Vref2
to Vref4, whereas the range of the negative-polarity potential
in accordance with the display grayscale value is from Vref7
to Vref9. As can be seen from the DV curves, the relation
between the output potential and the output grayscale is non-
linear. In accordance with the non-linear relation, resistance
values of the resistors RP and RN are not same.

[0056] The positive-polarity output potential in the case
where the output grayscale value is C is the same as the
positive-polarity grayscale potential in accordance with the
smallest display grayscale value (the lowest positive-polarity
grayscale potential indicated by the display grayscale value)
and is the potential output from the switch SWP . having one
end provided with the reference potential Vref4. The positive-
polarity output potential in the case where the output gray-
scale value is B is the same as the positive-polarity grayscale
potential in accordance with the largest display grayscale
value (the highest positive-polarity grayscale potential indi-
cated by the display grayscale value) and is the potential
output from the switch SWP having one end provided with
the reference potential Vref2. The negative-polarity output
potential in the case where the output grayscale value is C is
the same as the negative-polarity grayscale potential in accor-
dance with the smallest display grayscale value (the highest
negative-polarity grayscale potential indicated by the display
grayscale value) and is the potential output from the switch
SWN_ having one end provided with the reference potential
Vref7. The negative-polarity output potential in the case
where the output grayscale value is B is the same as the
negative-polarity grayscale potential in accordance with the
largest display grayscale value (the lowest negative-polarity
grayscale potential indicated by the display grayscale value)
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and is the potential output from the switch SWN having one
end provided with the reference potential Vref9. The refer-
ence potential Vrefl is higher than the positive-polarity
potential in accordance with the largest display grayscale
value, whereas the reference potential Vref5 is lower than the
positive-polarity potential in accordance with the smallest
display grayscale value. The reference potential Vref6 is
higher than the negative-polarity potential in accordance with
the smallest display grayscale value, whereas the reference
potential Vref10 is lower than the negative-polarity potential
in accordance with the largest display grayscale value. By
providing the reference potentials other than those corre-
sponding to the range from the smallest output grayscale
value to the largest output grayscale value, the degree of
freedom for changing the range of the potential of the pre-
charge signal becomes higher.

[0057] When the output grayscale value is O or larger and
smaller than C, the positive-polarity output potential is lower
than the positive-polarity potential in accordance with the
smallest display grayscale value, whereas the negative-polar-
ity output potential is higher than the negative-polarity poten-
tial in accordance with the smallest display grayscale value.
The output grayscale values described above are used for
outputting the potential of the precharge signal. When the
output grayscale value is larger than B and 255 or smaller, the
positive-polarity output potential is larger than the positive-
polarity potential in accordance with the largest display gray-
scale value, whereas the negative-polarity output potential is
lower than the negative-polarity potential in accordance with
the largest display grayscale value. The output grayscale val-
ues described above are also used for outputting the potential
of the precharge signal.

[0058] The positive-polarity and negative-polarity output
potentials in the case where the output grayscale value is
between C and D are the same as the positive-polarity and
negative-polarity grayscale potentials in accordance with the
display grayscale value which is smaller than the output gray-
scale value by C. On the other hand, the range of the positive-
polarity and negative-polarity output potentials in the case
where the output grayscale value is between D and B corre-
sponds to the range of the grayscale potential having the
display grayscale value varying from (D-C) to 255. Here,
(B-D)<{255—(D-C)} is satisfied. Therefore, in this range,
the output grayscale values do not have one-to-one corre-
spondence. In the range of the display grayscale value from
(D-C) to the largest value, the degree (absolute value) of a
rate of change in the output potential with an increase in the
output grayscale value corresponding to the display grayscale
value becomes larger than the degree (absolute value) of arate
of change in the grayscale potential with an increase in the
display grayscale value within the range. The output gray-
scale value D is any of the output grayscale values satisfying
acondition that a brightness of display when the output poten-
tial in accordance with the output grayscale value is applied to
the pixel circuits PC becomes larger than a half of the maxi-
mum brightness. The number of the display grayscale values
within the range of the positive-polarity or negative-polarity
grayscale potential, which corresponds to the range from the
maximum brightness of the display by the pixel circuits PC to
the brightness corresponding to the half of the maximum
brightness, is larger than the number of candidate values
corresponding to the output potential within the above-men-
tioned range.
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[0059] The degree of change in the positive-polarity poten-
tial in accordance with the display grayscale value increases
as the display grayscale value increases from the smallest
value and then only decreases after the passage through a
value (first value) in the vicinity of the center. On the other
hand, there is a case where the degree of change in the posi-
tive-polarity output potential in accordance with the output
grayscale value changes from increasing to decreasing or
from decreasing to increasing at values other than the first
value. In anexample of FIG. 5, the degree of change increases
at a second value (B) which is larger than the first value.
Similarly, there is a case where the degree of change in the
negative-polarity output potential in accordance with the out-
put grayscale value changes from increasing to decreasing or
from decreasing to increasing at values other than the first
value. Such a case may arise depending on the way of change
in the output potential at the level at which the output gray-
scale value exceeds B.

[0060] The positive-polarity potential and the negative-po-
larity potential in accordance with the smallest display gray-
scale value may be the same. FIG. 5 is a graph showing
another example of the relation between the output grayscale
value and the output potential Vout of the data-line driving
circuit XDV. In this example, the reference potential Vref4
and the reference potential Vref7 are the same value. More-
over, the reference potential Vref6 is lower than the reference
potential Vref5. Further, as shown in FIG. 5, the positive-
polarity output potential corresponding to the smallest can-
didate value may be lower than the negative-polarity output
potential corresponding to the smallest candidate value. In
this manner, the signal can be more reliably corrected.

[0061] FIG. 6 is a graph showing an example of the relation
between the value of the display grayscale data Din(n,m),
which is input to the gamma conversion circuit GMC, and the
output grayscale value of the gamma-converted data DD(n,
m). The gamma conversion circuit GMC outputs C, which is
the output grayscale value larger than the smallest candidate
value of the output grayscale value, as the gamma-converted
data DD(n,m) when the smallest display grayscale value is
input as the value of the display grayscale data Din(n,m), and
outputs D, which is the output grayscale value smaller than
the largest candidate value of the output grayscale value, as
the gamma-converted data DD(n,m) when the largest display
grayscale value is input. The correspondence between the
display grayscale value, and the output grayscale value and
the adjustment information contained in the gamma-con-
verted data DD(n,m) is indicated with the DV curves of FIG.
4 (or FIG. 5). For the display grayscale value from 0 to (D-C)
or 255, the display grayscale value and the output grayscale
value correspond to each other in one-to-one correspondence.
For the display grayscale value from (D-C+1) to 254, one
display grayscale value corresponds to one output grayscale
value or two display grayscale values correspond to one out-
put grayscale value.

[0062] TItis difficult for human eyes to perceive a difference
in grayscale at high brightness. Therefore, even if the output
of'the potential in accordance with the display grayscale value
on the high brightness side becomes incorrect, the incorrect
output is less likely to be perceived than on the low brightness
side. Therefore, the deterioration of image quality due to a
lowered grayscale can be reduced. In this embodiment, the
adjustment information consists of 1 bit. When the bit of the
adjustment information represents 0, the grayscale potential
indicated by the display grayscale value is equal to the output
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potential in accordance with the output grayscale value. On
the other hand, when the bit of the adjustment information
represents 1, the grayscale potential indicated by the display
grayscale value is higher than the output potential in accor-
dance with the output grayscale value and is lower than the
output potential which is output in accordance with an output
grayscale value which is larger than the output grayscale
value by one.

[0063] FIG. 7 is a graph showing another example of the
relation between the display grayscale value input to the
gamma conversion circuit and the output grayscale value of
the gamma-converted data. An output grayscale value D1 in
the example shown in FIG. 7 corresponds to D in the example
shown in FIG. 6. For the display grayscale value from 0 to
(D1-C) or 255, the display grayscale value and the output
grayscale value correspond to each other in one-to-one cor-
respondence. For the display grayscale value from (D1-C+1)
to 254, one display grayscale value corresponds to one output
grayscale value or two display grayscale values correspond to
one output grayscale value. In this case, N1 is larger than N2.
N1 means the number of output grayscale values which cor-
responds to two display grayscale values and which is in the
rage from D2 to B, and N2 means the number of output
grayscale values which corresponds to two display grayscale
values and which is in the range from D1 to D2. In this
manner, for the same reason as described in the example of
FIG. 6, the deterioration of image quality due to a reduction in
grayscale can be reduced. This case requires the DV curves of
the data-line driving circuit XDV in accordance with the
example of FIG. 7.

[0064] The frame-rate control circuit FRC acquires the
gamma-converted data DD(n,m) generated in the gamma
conversion circuit GMC via the precharge circuit PRC. When
the grayscale potential indicated by the display grayscale
value and the output potential in accordance with the output
grayscale value differ from each other, the frame-rate control
circuit FRC periodically changes the output grayscale value
of the output grayscale data Dout2(»,m) to control the pixel
circuits PC to display a grayscale which cannot be expressed
by the output grayscale value in a pseudo manner. The display
grayscale values, for which the output grayscale values are
periodically changed, are at least a part of values larger than
(D-C) in the description for FIG. 6 and values larger than
(D1-C) in the description for FIG. 7.

[0065] FIG. 8 is a table showing the relation among the
display grayscale data Din(n,m), the gamma-converted data
DD(n,m), and the output grayscale data Dout2(n,m). In the
table of FIG. 8, a field for Din indicates the value (display
grayscale value) of the display grayscale data Din(n,m), an
integer portion of a numerical value in a field for DD indicates
the output grayscale value contained in the gamma-converted
data DD(n,m), a fractional portion of the numerical value in
the field for DD indicates the adjustment information con-
tained in the gamma-converted data DD(n,m), and a field for
Dout2 indicates the output grayscale value to be output to the
data-line driving circuit XDV. For example, “244.5” in the
field for DD indicates that the output grayscale value is 244
and the bit of the adjustment information represents 1. In the
example of FIG. 8, Cis 10, D is 225, and B is 245. When the
bit of the adjustment information represents 1, the frame-rate
control circuit FRC outputs the output grayscale value of the
gamma-converted data DD(n,m) and a value obtained by
adding 1 to the gamma-converted data DD(n,m) as the output
grayscale value of the output grayscale data Dout2(s,m)
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while switching between those values for each frame. The
grayscale may be expressed in a pseudo manner by a method
other than the one described above. For example, a finer
grayscale may be expressed by using three or more frames, or
the grayscale may be expressed by using output grayscale
values which are not adjacent to each other.

[0066] An example of an operation in the case where the
value of the display grayscale data Din(n,m) changes from the
smallest to the largest is described. FIG. 9 is a chart showing
changes with time of the display grayscale data Din(n,m), the
gamma-converted data DD(n,m), and the output grayscale
data Dout2(n,m) in the above-mentioned case. In the first
horizontal period 1H shown in FIG. 9, 0 is input as the value
of the display grayscale data Din(n,m), and the output gray-
scale value of the gamma-converted data DD(n,m) generated
thereby is C. When the display grayscale value of the display
grayscale data Din(n,m) in a preceding horizontal period 1H
is 0, the output grayscale value of the precharge signal con-
tained in the output grayscale data Dout2(n,m) output from
the frame-rate control circuit FRC is C, and the output gray-
scale value of the image signal is C. The frame-rate control
circuit FRC outputs the output grayscale value of the pre-
charge signal in the first half of one horizontal period and
outputs the output grayscale value of the image signal in the
second half.

[0067] In the second horizontal period 1H, 255 is input as
the display grayscale value of the display grayscale data
Din(n,m). The output grayscale value of the gamma-con-
verted data DD(n,m) generated thereby is B. The output gray-
scale value of the precharge signal contained in the output
grayscale data Dout2(n, m) output from the frame-rate control
circuit FRC is the largest value, that is, 255, and the output
grayscale value of the image signal is B.

[0068] FIG. 10 is a chart showing changes with time of the
output grayscale data Dout2(r,m) and the output potential
Vout output from the data-line driving circuit XDV when the
value of the display grayscale data Din(n,m) changes from the
smallest to the largest. A solid-line waveform indicates the
positive-polarity output potential Vout, whereas a broken-line
waveform indicates the negative-polarity output potential
Vout. Even when the display grayscale value becomes the
largest, the data-line driving circuit XDV outputs the poten-
tial of the precharge signal larger than the potential of the
corresponding positive-polarity image signal or the potential
of the precharge signal smaller than the potential of the cor-
responding negative-polarity image signal.

[0069] FIG. 11 is a chart showing changes with time of the
display grayscale data Din(n,m), the gamma-converted data
DD(n,m), and the output grayscale data Dout2(», m) when the
value of the display grayscale data Din(n,m) changes from the
largest to the smallest. FIG. 12 is a chart showing changes
with time of the output grayscale data Dout2(,m) and the
output potential Vout output from the data-line driving circuit
XDV in the above-mentioned case. In the first horizontal
period 1H, 255 is input as the value of the display grayscale
data Din(n,m), and the output grayscale value of the gamma-
converted data DD(n,m) generated thereby is B. If the value
of'the display grayscale data Din(n,m) in the preceding hori-
zontal period 1H is 255, the output grayscale value of the
precharge signal contained in the output grayscale data Dout2
(n,m) output from the frame-rate control circuit FRC is B, and
the output grayscale value of the image signal is B.

[0070] Inthe second horizontal period 1H, 0 is input as the
display grayscale value of the display grayscale data Din(n,
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m), and the output grayscale value of the gamma-converted
data DD(n,m) generated thereby is C. The output grayscale
value of the precharge signal contained in the output gray-
scale data Dout2(n,m) output from the frame-rate control
circuit FRC is the smallest value, that is 0, and the output
grayscale value of the image signal is C. Even if the change in
grayscale is large as described above, the data-line driving
circuit XDV outputs the potential of the precharge signal
lower than the potential of the positive-polarity image signal
or the potential of the precharge signal higher than the nega-
tive-polarity image signal. As a result, the deterioration of
image quality can be reduced. Further, the number of gray-
scales output from the data-line driving circuit XDV is not
increased. Thus, an increase in circuit size can be suppressed.

Second Embodiment

[0071] Aliquidcrystal display device according to a second
embodiment of the present invention differs from the liquid
crystal display device according to the first embodiment in
that the frame-rate control circuit FRC is not provided. Here-
inafter, differences from the liquid crystal display device
according to the first embodiment are mainly described.
[0072] FIG. 13 is a diagram illustrating an example of a
configuration of the liquid crystal display device according to
the second embodiment. The precharge circuit PRC corrects
the display grayscale value based on the display grayscale
data Din(n-1,m) in the preceding row and the display gray-
scale data Din(n,m) in the row as a target of output, and
corrects the output grayscale value contained in the gamma-
converted data DD(n,m), to thereby generate the output gray-
scale value indicating the potential of the precharge signal.
The output grayscale value indicating the potential of the
precharge signal and the gamma-converted data DD(n,m) are
collectively output as output grayscale data Dout(n,m). Based
on the output grayscale data Dout(n,m), the data-line driving
circuit XDV feeds the potential of the precharge signal to the
data line DL connected to the pixel circuits PC in the m-th
column in the first half of the horizontal period 1H in which
the pixel circuits PC in the n-th row are scanned by the
scanning-line driving circuit YDV and feeds the potential of
the image signal in the second half of the horizontal period
1H

[0073] FIG. 14 is a graph showing an example of the rela-
tion between the output grayscale value and the output poten-
tial in the data-line driving circuit XDV according to the
second embodiment. In FIG. 14, the output grayscale value
corresponding to the lowest display grayscale is C, the output
grayscale value corresponding to the highest display gray-
scale is B, and the largest output grayscale value is A. The
value A is larger than 255 corresponding to the largest value
of the display grayscale value. The data-line driving circuit
XDV can output (A+1) types of output potentials. Between C
and B, 256 output grayscale values can be set. The number of
output grayscale values is the same as the number of levels
which can be expressed by the display grayscale value.
[0074] The data-line driving circuit XDV can output, in
addition to the output grayscale value corresponding to the
display grayscale value in one-to-one correspondence, the
output grayscale value for outputting the positive-polarity
potential lower than the positive-polarity grayscale potential
indicated by the smallest display grayscale value and the
negative-polarity potential higher than the negative-polarity
grayscale potential indicated by the smallest display gray-
scale value, and the output potential corresponding to the
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output grayscale value for outputting the positive-polarity
potential higher than the positive-polarity grayscale potential
indicated by the largest display grayscale value and the nega-
tive-polarity potential lower than the negative-polarity gray-
scale potential indicated by the largest display grayscale
value.

[0075] In the example shown in FIG. 14, to the positive-
polarity potential output section PG included in the data-line
driving circuit XDV, the reference potential Vrefl corre-
sponding to the largest output grayscale value, the reference
potential Vref2 corresponding to the largest display grayscale
value, the reference potential Vref3 corresponding to the
smallest display grayscale value, and the reference potential
Vref4 corresponding to the smallest output grayscale value
are input. On the other hand, to the negative-polarity potential
output section NG, the reference potential Vref5 correspond-
ing to the smallest output grayscale value, the reference
potential Vref6 corresponding to the smallest display gray-
scale value, the reference potential Vref7 corresponding to
the largest display grayscale value, and the reference poten-
tial Vref8 corresponding to the largest output grayscale value
are input. DV curves from the grayscales C to B are obtained
by shifting the DV curves indicating the grayscale potential
corresponding to the display grayscale value in the x-direc-
tion by C.

[0076] As in the first embodiment, the positive-polarity
potential and the negative-polarity potential in accordance
with the smallest display grayscale value may be the same.
FIG. 15 is a graph showing another example of the relation
between the output grayscale value and the output potential in
the data-line driving circuit XDV according to the second
embodiment. In FIG. 15, the reference potential Vref3 and the
reference potential Vref6 are the same. The reference poten-
tial Vref4 is lower than the reference potential Vref5.

[0077] FIG. 16 is a graph showing an example of the rela-
tion between the display grayscale data Din(n,m) input to the
gamma conversion circuit GMC and the gamma-converted
data DD(n,m) according to the second embodiment. The out-
put grayscale value of the gamma-converted data DD(n,m) is
obtained by adding C to the display grayscale value of the
display grayscale data Din(n,m). The number of the display
grayscale values corresponding to the output grayscale value
never becomes plural. In the case as shown in FIG. 16, when
the display grayscale value changes from the largest to the
smallest, the output potential in accordance with the output
grayscale value of 0 can be output as the potential of the
precharge signal. On the other hand, when the display gray-
scale value changes from the smallest to the largest, the output
potential in accordance with the output grayscale value of A
(>255) can be output as the potential of the precharge signal.
[0078] As described above, the deterioration of image qual-
ity due to the correction of the image signal and the insuffi-
cient capability of the data-line driving circuit XDV can be
reduced even without providing the frame-rate control circuit
FRC or causing a plurality of display grayscale values to
correspond to one output grayscale value in the gamma con-
version circuit GMC.

[0079] In the embodiments described above, the liquid
crystal display device using normally-black liquid crystal has
been described. However, the same effects can be obtained
with a liquid crystal display device using normally-white
liquid crystal. FIG. 17 is a graph showing another example of
the relation between the output grayscale value and the output
potential in the data-line driving circuit XDV. In the case of
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normally-white liquid crystal, the positive-polarity output
potential monotonously decreases and the negative-polarity
output potential monotonously increases as the output gray-
scale value increases. On the other hand, the following two
characteristics are common to the normally-white liquid crys-
tal and the normally-black liquid crystal. The first character-
istic is that the data-line driving circuit XDV feeds a potential
lower than the lowest positive-polarity grayscale potential
indicated by the display grayscale value and feeds a potential
higher than the highest positive-polarity grayscale potential.
The second characteristic is that the data-line driving circuit
XDV feeds a potential higher than the highest negative-po-
larity grayscale potential indicated by the display grayscale
value and feeds a potential lower than the lowest negative-
polarity grayscale potential. For example, as long as a switch
of the data-line driving circuit XDV is configured so as to
realize the DV curves as described above and the potential in
accordance with the DV curves is fed, the same effects as
those of the embodiments of the present invention can be
obtained even when the normally-white liquid crystal is used.
[0080] While there have been described what are at present
considered to be certain embodiments of the invention, it will
be understood that various modifications may be made
thereto, and it is intended that the appended claims cover all
such modifications as fall within the true spirit and scope of
the invention.

What is claimed is:

1. A liquid crystal display device, comprising:

a data line;

a plurality of pixel circuits, each including a transistor
switch and a pixel electrode connected to the data line
via the transistor switch;

an output grayscale value generating circuit for outputting
an output grayscale value corresponding to one of a
plurality of candidate values, the output grayscale value
being obtained by correcting a display grayscale value
indicating a grayscale potential having one of positive
polarity and negative polarity to be applied to one end of
the transistor switch included in any one of the plurality
of pixel circuits; and

a data-line driving circuit for selectively outputting, to the
data line, an output potential having one of the positive
polarity and the negative polarity corresponding to the
output grayscale value from among a plurality of posi-
tive-polarity and negative-polarity output potentials cor-
responding to the plurality of candidate values, respec-
tively,

wherein the data-line driving circuit outputs the potential
having one of the positive polarity and the negative
polarity so that a lowest one of the plurality of positive-
polarity output potentials respectively corresponding to
the plurality of candidate values becomes lower than a
lowest positive-polarity grayscale potential indicated by
the display grayscale value and that a highest one of the
plurality of negative-polarity output potentials respec-
tively corresponding to the plurality of candidate values
becomes higher than a highest negative-polarity gray-
scale potential indicated by the display grayscale value.

2. The liquid crystal display device according to claim 1,

wherein the data-line driving circuit outputs the potential
having one of the positive polarity and the negative polarity so
that the lowest one of the plurality of positive-polarity output
potentials respectively corresponding to the plurality of can-
didate values becomes lower than the highest one of the
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plurality of negative-polarity output potentials respectively
corresponding to the plurality of candidate values.

3. The liquid crystal display device according to claim 1,
wherein the data-line driving circuit outputs the potential
having one of'the positive polarity and the negative polarity so
that a highest one of the plurality of positive-polarity output
potentials respectively corresponding to the plurality of can-
didate values becomes higher than a highest positive-polarity
grayscale potential indicated by the display grayscale value
and that a lowest one of the plurality of negative-polarity
output potentials respectively corresponding to the plurality
of candidates becomes lower than a lowest negative-polarity
grayscale potential indicated by the display grayscale value.

4. The liquid crystal display device according to claim 1,
wherein:

the plurality of pixel circuits are arranged in a plurality of

rows;

the output grayscale value generating circuit generates an

output grayscale value of a precharge signal based on the
display grayscale value for any one of the pixel circuits
inarow and a display grayscale value for one ofthe pixel
circuits in a preceding row, and generates an output
grayscale value of an image signal based on the display
grayscale value for the any one of the plurality of pixel
circuits in the row; and

the data-line driving circuit sequentially outputs an output

potential corresponding to the output grayscale value of
the precharge signal and an output potential correspond-
ing to the output grayscale value of the image signal.

5. The liquid crystal display device according to claim 4,
wherein:

the lowest positive-polarity grayscale potential indicated

by the display grayscale value comprises a positive-
polarity output potential of the image signal which is
output by the data-line driving circuit in accordance with
the display grayscale value indicating the lowest posi-
tive-polarity grayscale potential; and

the highest negative-polarity grayscale potential indicated

by the display grayscale value comprises a negative-
polarity output potential of the image signal which is
output by the data-line driving circuit in accordance with
the display grayscale value indicating the highest nega-
tive-polarity grayscale potential.

6. The liquid crystal display device according to claim 1,
wherein a number of display grayscale values indicating the
potential within a range of the grayscale potential having one
of'the positive polarity and the negative polarity, correspond-
ing to a range of brightness from a maximum brightness
displayed by the plurality of pixel circuits to a half of the
maximum brightness, is larger than a number of the candidate
values corresponding to the output potential within the range.

7. The liquid crystal display device according to claim 6,
wherein the data-line driving circuit outputs an output gray-
scale value periodically changing in accordance with at least
a part of the display grayscale values indicating the potential
within the range of the grayscale potential.

8. The liquid crystal display device according to claim 1,
wherein:

the data-line driving circuit comprises:

a positive-polarity potential output section for output-
ting a positive-polarity output potential; and

a negative-polarity potential output section for output-
ting a negative-polarity output potential,
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the positive-polarity potential output section outputs the
positive-polarity output potential corresponding to the
output grayscale value based on a plurality of first ref-
erence potentials;

the negative-polarity potential output section outputs the
negative-polarity output potential corresponding to the
output grayscale value based on a plurality of second
reference potentials;

two of the plurality of first reference potentials comprise
the lowest positive-polarity grayscale potential indi-
cated by the display grayscale value and a potential
lower than the lowest positive-polarity grayscale poten-
tial; and

two of the plurality of second reference potentials com-
prise the highest negative-polarity grayscale potential
indicated by the display grayscale value and a potential
higher than the highest negative-polarity grayscale
potential.

9. The liquid crystal display device according to claim 4,

wherein:

the output grayscale value generating circuit outputs the
output grayscale value of the image signal so that the
output grayscale value corresponding to the display
grayscale value increases monotonously as the display
grayscale value increases; and

the output grayscale value generating circuit outputs an
output grayscale value corresponding to the display

Sep. 13,2012

grayscale value with one-to-one correspondence for the
display grayscale value equal to or smaller than a pre-
determined display grayscale value indicating a bright-
ness higher than a half of a maximum brightness, and
outputs an output grayscale value corresponding to any
one of the other display grayscale values for at least a
part of the display grayscale values exceeding the pre-
determined display grayscale value.

10. The liquid crystal display device according to claim 9,
wherein the output grayscale value generating circuit outputs
the output grayscale value of the image signal, which peri-
odically changes in accordance with at least a part of the
display grayscale values larger than the predetermined dis-
play grayscale value.

11. The liquid crystal display device according to claim 9,
wherein the data-line driving circuit has a larger rate of
change in the output potential with respect to an increase in
the output grayscale value within the range of the output
grayscale value corresponding to the range of the display
grayscale value from the predetermined display grayscale
value to a largest display grayscale value, than a rate of
change in the grayscale potential with respect to an increase in
the display grayscale value within a range larger than the
predetermined display grayscale value.

Ed sk sk sk Ed



patsnap

TREMOF) BREREE
[F(RE)E US20120229524A1 K (aH)A 2012-09-13
BRiES US13/415351 % A 2012-03-08

BB (TR AGER) WMTRBERCO. , LTD.
HERFERIAGE) MTEREERCO., LTD.

(W& B A TOSHIMA GOKI
OOISHI YOSHIHISA
OKE RYUTARO
MARUYAMA JUNICHI

REBEA TOSHIMA, GOKI
OOISHI, YOSHIHISA
OKE, RYUTARO
MARUYAMA, JUNICHI

IPCH =S G09G3/36 G09G5/10

CPCH %= G09G3/2025 G09G3/3648 G09G2340/0435 G09G2320/0223 G09G2320/0276 G09G3/3688
R 5 2011052651 2011-03-10 JP

H 20 FF 30k US9013517

SAEBEE Espacenet USPTO

HWE(R) [fgj

~ MRS TEE B MEL S MRECH R E LR
AT HHUERERE TR ERMER SR 2 —0IER e 8RR S I R
EEAMKESHHLREERELED 0% AT ELERRAESHE | s |
PR BRI B ER PR SURIEZ — RO R A BB . BT

BB B, AN RT RN IS E ERE R e B

[ emc | [ m |

lDouH Gn.md

FRG |

F SR A BN — MERE E R R s | 3 B SR - —
HEF R TEEY A TAETFHE IREETR M — MR | Ty —
B AR P S A Lo Bor  [or

NGl =]

e 4
R



https://share-analytics.zhihuiya.com/view/42a51774-744b-460e-91bb-95c59fe60e5b
https://worldwide.espacenet.com/patent/search/family/046795146/publication/US2012229524A1?q=US2012229524A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220120229524%22.PGNR.&OS=DN/20120229524&RS=DN/20120229524

