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(57) ABSTRACT

A data line driving section (6) outputs a video signal voltage
for each pixel to a data line (DL) for each predetermined
period in order. In outputting a video signal voltage for a
pixel, the data line driving section (6) outputs a gradation
signal voltage having a voltage corresponding to a gradation
value of the pixel as the video signal voltage during a second
part of the predetermined period, and outputs a correction
gradation signal voltage different from the gradation signal
voltage as the video signal voltage during a first part of the
predetermined period. A control section (4) changes a rela-
tionship between the correction gradation signal voltage and
the gradation signal voltage based on a combination of the
gradation value of the pixel and a gradation value of a pixel
preceding the pixel.
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LIQUID CRYSTAL DISPLAY DEVICE THAT
SUPPRESSES DETERIORATION OF IMAGE
QUALITY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This applicationis a continuation of application Ser.
No. 13/050,979, filed on Mar. 18, 2011, now allowed, which
claims the benefit of Japanese Application No. JP 2010-
067062 filed on Mar. 23, 2010, in the Japanese Patent Office,
the disclosures of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device.

[0004] 2. Description of the Related Art

[0005] When a liquid crystal display device is driven at a

high refresh rate, a period during which a video signal may be
input to a pixel electrode is short. Therefore, there has been
known a problem that a potential of the pixel electrode does
not reach to a desired potential and thus image quality dete-
riorates.

[0006] Therefore, in JP 2008-209890 A, the following mea-
sures are taken to suppress the deterioration of image quality.
That is, during a horizontal period (or 1H period), a voltage
obtained by adding a predetermined voltage to a gradation
voltage corresponding to a gradation value is input as the
video signal to the pixel electrode, and then the gradation
voltage is input as the video signal to the pixel electrode. This
is a driving method called pre-charging.

SUMMARY OF THE INVENTION

[0007] In recent years, a liquid crystal display device in
which a liquid crystal is driven at a high speed, for example,
a double speed (120 Hz) or a quadruple speed (240 Hz)
appears. In such a liquid crystal display device, each horizon-
tal period is short, and hence a writing time to a pixel elec-
trode shortens. Therefore, it is necessary to more efficiently
perform pre-charging.

[0008] An object of the present invention is to more reliably
suppress deterioration of image quality in a case where a
liquid crystal display device is driven at a high refresh rate.
[0009] In order to solve the above-mentioned problem,
there is provided a liquid crystal display device, including: a
plurality of pixels each including a pixel electrode and a thin
film transistor having a source connected to the pixel elec-
trode; a video signal line connected to a drain of the thin film
transistor included in each of the plurality of pixels; output
means for outputting, to a gate of the thin film transistor, an
on-voltage for turning on the thin film transistor included in
corresponding one of the plurality of pixels for each of the
plurality of pixels in a predetermined order; and video signal
output means for outputting, to the video signal line, a video
signal voltage for the corresponding one of the plurality of
pixels for each of the plurality of pixels in the predetermined
order, in which the video signal output means outputs a ref-
erence video signal voltage having a voltage corresponding to
a gradation value of the corresponding one of the plurality of
pixels as the video signal voltage for the corresponding one of
the plurality of pixels during a first part of a period during
which the video signal voltage for the corresponding one of
the plurality of pixels is output, and outputs a correction video

Dec. 11,2014

signal voltage having a voltage different from the reference
video signal voltage as the video signal voltage for the cor-
responding one of the plurality of pixels during a second part
preceding the first part of the period, and the liquid crystal
display device further includes control means for changing a
relationship between the reference video signal voltage and
the correction video signal voltage for the corresponding one
of the plurality of pixels based on a combination of the gra-
dation value of the corresponding one of the plurality of
pixels and a gradation value of another one of the plurality of
pixels which precedes the corresponding one of the plurality
of pixels.

[0010] According to one aspect of the present invention, the
output means may start to output the on-voltage for turning on
the thin film transistor included in the corresponding one of
the plurality of pixels when the video signal output means
outputs a video signal voltage for the another one of the
plurality of pixels which precedes the corresponding one of
the plurality of pixels.

[0011] Further, according to one aspect of the present
invention, the liquid crystal display device may further
include correction means for correcting the gradation value of
the corresponding one of the plurality of pixels to obtain a
correction gradation value of the corresponding one of the
plurality of pixels, the video signal output means may output
the correction video signal voltage having a voltage corre-
sponding to the correction gradation value of the correspond-
ing one of the plurality of pixels as the video signal voltage for
the corresponding one of the plurality of pixels, and the con-
trol means may control a correction amount used when the
correction means corrects the gradation value of the corre-
sponding one of the plurality of pixels, based on the gradation
value of the corresponding one of the plurality of pixels and
the gradation value of the another one of the plurality of pixels
which precedes the corresponding one of the plurality of
pixels.

[0012] Further, according to one aspect of the present
invention, the control means may change the relationship
between the reference video signal voltage and the correction
video signal voltage for the corresponding one of the plurality
of pixels based on a position of the corresponding one of the
plurality of pixels and the combination of the gradation value
of the corresponding one of the plurality of pixels and the
gradation value of the another one of the plurality of pixels
which precedes the corresponding one of the plurality of
pixels.

[0013] Further, according to one aspect of the present
invention, the liquid crystal display device further includes:
correction means for correcting the gradation value of the
corresponding one of the plurality of pixels to obtain a cor-
rection gradation value of the corresponding one of the plu-
rality of pixels; and storage means for storing a table in which
acondition related to the gradation value of the corresponding
one of the plurality of pixels, a condition related to the gra-
dation value of the another one of the plurality of pixels which
precedes the corresponding one of the plurality of pixels, and
correction amount control information are associated with
one another, for each of the plurality of pixels.

[0014] The video signal output means may output the cor-
rection video signal voltage having a voltage corresponding
to the correction gradation value of the corresponding one of
the plurality of pixels as the video signal voltage for the
corresponding one of the plurality of pixels, and the control
means may determine a correction amount used when the
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correction means corrects the gradation value of the corre-
sponding one of the plurality of pixels, based on the correc-
tion amount control information associated with the condi-
tion satisfied by the gradation value of the corresponding one
of the plurality of pixels and the condition satisfied by the
gradation value of the another one of the plurality of pixels
which precedes the corresponding one of the plurality of
pixels in the table for the corresponding one of the pixels.
[0015] Further, according to one aspect of the present
invention, the second part of the period during which the
video signal output means outputs the video signal voltage for
the corresponding one of the plurality of pixels may be
changed based on a position of the corresponding one of the
plurality of pixels.

[0016] Further, according to one aspect of the present
invention, when the gradation value of the corresponding one
of the plurality of pixels satisfies a predetermined condition,
the video signal output means may output the correction
video signal voltage having a voltage exceeding a voltage
corresponding to a maximum gradation as the video signal
voltage for the corresponding one of the plurality of pixels.
[0017] Further, according to one aspect of the present
invention, the control means may include correction means
for correcting the gradation value of the corresponding one of
the plurality of pixels based on a correction amount corre-
sponding to a combination of the gradation value of the cor-
responding one of the plurality of pixels and the gradation
value of the another one of the plurality of pixels which
precedes the corresponding one of the plurality of pixels to
obtain a correction gradation value of the corresponding one
of the plurality of pixels, the video signal output means may
output the correction video signal voltage having a voltage
corresponding to the correction gradation value of the corre-
sponding one of the plurality of pixels as the video signal
voltage for the corresponding one of the plurality of pixels,
and the correction means may obtain a gradation value exhib-
iting a gradation higher than a maximum gradation as the
correction gradation value of the corresponding one of the
plurality of pixels when the gradation value of the corre-
sponding one of the plurality of pixels satisfies the predeter-
mined condition.

[0018] Further, according to one aspect of the present
invention, when the gradation value of the corresponding one
of the plurality of pixels satisfies a predetermined condition,
the video signal output means may output the correction
video signal voltage having a voltage different in polarity
from a reference video signal voltage for the another one of
the plurality of pixels which precedes the corresponding one
of the plurality of pixels as the video signal voltage for the
corresponding one of the plurality of pixels.

[0019] Further, according to one aspect of the present
invention, the control means may include correction means
for correcting the gradation value of the corresponding one of
the plurality of pixels based on a correction amount corre-
sponding to a combination of the gradation value of the cor-
responding one of the plurality of pixels and the gradation
value of the another one of the plurality of pixels which
precedes the corresponding one of the plurality of pixels to
obtain a correction gradation value of the corresponding one
of the plurality of pixels, the video signal output means may
output the correction video signal voltage having a voltage
corresponding to the correction gradation value of the corre-
sponding one of the plurality of pixels as the video signal
voltage for the corresponding one of the plurality of pixels,
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and the correction means may obtain a correction gradation
value different in sign from the gradation value of the another
one of the plurality of pixels which precedes the correspond-
ing one of the plurality of pixels when the gradation value of
the corresponding one of the plurality of pixels satisfies the
predetermined condition.

[0020] Further, according to one aspect of the present
invention, the liquid crystal display device may further
include temperature detection means for detecting a tempera-
ture, and the control means may change the relationship
between the reference video signal voltage and the correction
video signal voltage for the corresponding one of the plurality
of pixels based on the combination of the gradation value of
the corresponding one of the plurality of pixels and the gra-
dation value of the another one of the plurality of pixels which
precedes the corresponding one of the plurality of pixels and
the temperature detected by the temperature detection means.
[0021] Further, according to one aspect of the present
invention, the control means may change the relationship
between the reference video signal voltage and the correction
video signal voltage for a first pixel of the plurality of pixels
based on a combination of a gradation value of the first pixel
and a gradation value exhibiting a minimum gradation.
[0022] Further, according to one aspect of the present
invention, the video signal output means may output a video
signal voltage for a first pixel of the plurality of pixels for a
period longer than a period of a video signal voltage for
another one of the plurality of pixels.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the accompanying drawings:

[0024] FIG. 1 is a structural diagram illustrating a liquid
crystal display device according to an embodiment of the
present invention;

[0025] FIG. 2 illustrates a liquid crystal panel;
[0026] FIG. 3 illustrates a pixel,
[0027] FIG. 4illustrates a relationship between a gradation

value and a gradation signal voltage;

[0028] FIG. 5 illustrates an operation of a scanning line
driving section and an operation of a data line driving section;
[0029] FIG. 6 is a structural diagram illustrating the scan-
ning line driving section;

[0030] FIGS. 7A and 7B illustrate changes in video signal
voltage and pixel electrode potential during a video signal
output period,

[0031] FIG. 8 illustrates a specific structure of a control
section;
[0032] FIG. 9 illustrates an example of storage contents of

a lookup table (LUT);

[0033] FIG. 10 illustrates a specific structure for a method
of selecting a plurality of LUTs;

[0034] FIG. 11 illustrates a specific structure of a control
section including a maximum gradation correction section;
[0035] FIG. 12 illustrates a specific structure of a control
section including a minimum gradation correction section;
[0036] FIG. 13 illustrates a relationship between a grada-
tion value and a gradation signal voltage in a case where
maximum gradation correction and minimum gradation cor-
rection are performed;

[0037] FIG. 14 is a structural diagram illustrating a liquid
crystal display device; and

[0038] FIG. 15 illustrates an example of a table.
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DETAILED DESCRIPTION OF THE INVENTION

[0039] Hereinafter, an embodiment ofthe present invention
is described in detail with reference to the attached drawings.

[Liquid Crystal Display Device]

[0040] FIG. 1 is a structural diagram illustrating a liquid
crystal display device 2 according to the embodiment of the
present invention. As illustrated in FIG. 1, the liquid crystal
display device 2 includes a control section 4, a data line
driving section 6, a scanning line driving section 8, and a
liquid crystal panel 10 which includes a plurality of data lines
DL connected to the data line driving section 6 and a plurality
of scanning lines GL connected to the scanning line driving
section 8. Although not illustrated in FIG. 1, the liquid crystal
display device 2 includes a backlight unit and storage means
(for example, line memory).

[0041] The liquid crystal display device 2 is realized as, for
example, a liquid crystal display using an in-plane switching
(IPS) mode as a display mode. In this embodiment, the liquid
crystal display device 2 displays an image at a refresh rate
selected from a plurality of refresh rates by a user.

[Liquid Crystal Panel]

[0042] FIG. 2 illustrates the liquid crystal panel 10. The
liquid crystal panel 10 includes a first substrate, a second
substrate, and a liquid crystal layer filled between the first and
second substrates, which are not illustrated.

[0043] The plurality of data lines DL extending in a longi-
tudinal direction and the plurality of scanning lines GL
extending in a lateral direction are arranged in the first sub-
strate (see F1G. 2). Hereinafter, an N (N=1, 2, . .. )-th data line
DL counted from the left is referred to as a data line DL, and
an N (N=1, 2, .. .)-th scanning line GL counted from above
is referred to as a scanning line GL,.

[0044] Pixels which include thin film transistors 12 (here-
inafter, referred to as TFTs) 12, pixel electrodes 14 connected
to sources of the TFTs 12, and a common electrode 16 are
arranged in matrix in the first substrate. When the display
mode of the liquid crystal display device 2 is, for example, a
vertical alignment (VA) mode, the common electrode 16 is
provided in the second substrate.

[Pixel]

[0045] FIG. 3illustrates a pixel which is located in the N-th
row and the N-th column (see FIG. 2). As illustrated in FIG.
3, the pixel is located in the N-th column, and hence a drain of
the TFT 12 is connected to the N-th data line DL,, counted
from the left. The pixel is located in the N-th row, and hence
a gate of the TFT 12 is connected to the N-th scanning line
GL,, counted from above. Note that, V; indicates a potential
of the gate of the TFT 12, V, indicates a potential of the drain
of the TFT 12, and V ; indicates a potential of the source of the
TFT 12. The potential V corresponds to a potential of the
pixel electrode 14. In addition, V., indicates a potential of
the common electrode 16.

[Control Section]

[0046] Thecontrolsection 4 (see FIG. 1)is a control circuit,
for example, a microcomputer or a microprocessor, and con-
trols the data line driving section 6 and the scanning line
driving section 8. To be specific, the control section 4 gener-
ates control signals to control the data line driving section 6

Dec. 11,2014

and the scanning line driving section 8 and outputs the control
signals to the data line driving section 6 and the scanning line
driving section 8. Video data of each frame is successively
input to the control section 4. The video data is data including
gradation values of respective pixels. Fach of the gradation
values is numerical data indicating a gradation. In this
embodiment, the gradation valueis an integer value in a range
of 0 to 255. When the gradation value is 255, the gradation
value exhibits a maximum gradation. When the gradation
value is 0, the gradation value exhibits a minimum gradation.

[Gradation Signal Voltage|

[0047] FIG. 4 illustrates a relationship between the grada-
tion value and a gradation signal voltage. As illustrated in
FIG. 4, in this embodiment, each video data has two gradation
signal voltages. The two gradation signal voltages of each
video data are obtained by reversing the polarity of the poten-
tial V of the pixel electrode 14 relative to V. To be
specific, when the potential V¢ is higher than V ., the poten-
tial V; has a positive polarity. When the voltage V. is lower
than V ., the voltage V ; has a negative polarity.

[Scanning Line Driving Section and Data Line Driving
Section]

[0048] The scanning line driving section (output means) 8
outputs an on-voltage to each of the scanning lines GL for
each predetermined time in accordance with the control sig-
nal. To be specific, the scanning line driving section 8 outputs
the on-voltage in order from above (in order from scanning
line GL)). As a result, the on-voltage is output, in order from
a top pixel row, to each pixel included in the pixel row (to be
precise, gate of TFT 12 of pixel included in pixel row).
[0049] FIG. 5 illustrates an operation of the scanning line
driving section 8 and an operation of the data line driving
section 6. Periods during which the on-voltages are output to
the corresponding scanning lines GL for the respective scan-
ning lines GL are illustrated below a time axis exhibiting a
lapse of time. As illustrated in FIG. 5, the on-voltage is output
to each of the scanning lines GL for a period of 2xT (herein-
after, referred to as on-voltage output period) in order from
above.

[0050] As described above, the on-voltage is output in
order from above, and hence the N-th on-voltage is output to
the N-th scanning line GL,, counted from above.

[0051] In this embodiment, the scanning line driving sec-
tion 8 includes a plurality of scanning line driver ICs. FIG. 6
is a structural diagram illustrating the scanning line driving
section 8 in this embodiment. As illustrated in FIG. 6, the
scanning line driving section 8 includes a scanning line driver
IC 8a, a scanning line driver IC 85 connected to the scanning
line driver IC 8a, and a scanning line driver IC 8¢ connected
to the scanning line driver IC 85, which are provided in order
from above.

[0052] As illustrated in FIG. 6, each of the scanning line
driver ICs 8a, 8b, and 8¢ is connected to a plurality of scan-
ning lines GL. Each of the scanning line driver ICs outputs the
on-voltages to the scanning lines GL connected thereto. To be
specific, the scanning line driver IC 8a outputs the on-voltage
to each of the scanning lines GL and outputs the on-voltage to
the scanning line driver IC 85. The scanning line driver IC 85
outputs the on-voltage output from the scanning line driver IC
8ato each of the scanning lines GL and outputs the on-voltage
to the scanning line driver IC 8¢. The scanning line driver IC
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8¢ outputs the on-voltage output from the scanning line driver
1C 85 to each of the scanning lines GL.

[Data Line Driving Section]

[0053] The data line driving section 6 repeatedly outputs
the video signal voltage to each of the data lines DL for each
predetermined period T in accordance with the control signal
output from the control section 4.

[0054] To be specific, the data line driving section 6 out-
puts, to the data line DL, (video signal line), a voltage based
on a gradation value for the N-th-column pixel (to be precise,
pixel in which drain of TFT 12 is connected to data line DL,)
as the video signal voltage for the corresponding pixel. In this
case, the data line driving section 6 outputs the N-th video
signal voltage for the N-th-row pixel to the data line DL,
Whenattention is focused on the data line DL, as aresult, the
data line driving section 6 (video signal output means) suc-
cessively outputs the video signal voltage for corresponding
pixel to the data line DL,, for each of N-th-column pixels.
[0055] Hereinafter, the period T during which each video
signal voltage is output from the data line driving section 6 is
referred to as a video signal output period.

[0056] The video signal voltage is output in accordance
with atiming when the on-voltage is output from the scanning
line driving section 8 to each of the scanning lines GL. That is,
while the on-voltage is output from the scanning line driving
section 8 to the scanning line GL,, the video signal voltage
for the N-th-row pixel (to be precise, pixel in which gate of
TFT 12 is connected to scanning line GL,,) is output. In other
words, while the video signal voltage for the N-th-row pixel is
output, the on-voltage is output to the scanning line GL,. In
FIG. §, periods during which video signal voltages for corre-
sponding-row pixels are output for respective rows are illus-
trated above the time axis. In this case, t, indicates a timing
when the output of the video signal voltage for the N-th-row
pixel starts, and t,, | indicates a timing when the output of the
video signal voltage for the N-th-row pixel is completed. As
described above, while the video signal voltage for the N-th-
row pixel is output, the on-voltage is output to the scanning
line GL.

[0057] As is also apparent from FIG. 5, the output of the
on-voltage to the scanning line GL is started simultaneously
with the output of a video signal voltage for an (N-1)-th-row
pixel. Therefore, the output of the on-voltage to the scanning
line GL, is performed even while a video signal voltage fora
pixel located in a row preceding the N-th row is output (see
FIG. 5). This reason is as follows.

[0058] The scanning line driving section 8 has the structure
illustrated in FIG. 6, and hence a total wiring resistance value
increases with a downward shift because of resistances of
wiring lines connecting the ICs to each other. Therefore, a
rising speed of the potential V ; reduces with the downward
shift. As a result, a timing when the TFT 12 is turned on is
delayed with the downward shift. Therefore, the output of the
on-voltage to the scanning line GL  is started simultaneously
with the output of the video signal voltage for the pixel
located in the row preceding the N-th row so that the TFT 12
of the N-th-row pixel is reliably in the on state while the video
signal voltage for the N-th-row pixel is output even in a case
where a refresh rate is high.

[With Respect to Refresh Rate]

[0059] When the refresh rate is high (for example, 240 Hz),
the video signal output period shortens. As a result, a period
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during which the video signal voltage is input to the drain of
the TFT 12 shortens. Therefore, there is a problem that the
video signal output period is completed before the drain volt-
age V, of the TFT 12 and the potential V; of the pixel elec-
trode 14 each become the potential corresponding to the
gradation value and thus the image quality deteriorates.
[0060] In order to solve the problem, the liquid crystal
display device 2 is designed as follows so that the drain
voltage V,, of the TFT 12 becomes a target potential at the
shortest time and then the potential Vs of the pixel electrode
14 reaches to the target potential.

[0061] That is, in the liquid crystal display device 2, the
data line driving section 6 does not output, as the video signal
voltage, a gradation signal voltage (reference video signal
voltage) having a voltage corresponding to a gradation value
for the entire video signal output period. In order to increase
achange speed of the drain voltage V,, of the TFT 12, the data
line driving section 6 first outputs, as the video signal voltage,
a correction gradation signal voltage different from the gra-
dation signal voltage, and then outputs the gradation signal
voltage as the video signal voltage.

[0062] FIG. 7A illustrates the design described above, that
is, changes in video signal voltage V- output from the data
line driving section 6, drain voltage V, of the TFT 12, and
potential V of the pixel electrode 14 during the video signal
output period. In this case, attention is focused on the pixel
located in the N-throw and N-th column (hereinafter, referred
to as pixel of interest). Assume that Vs indicates a potential of
the pixel electrode 14 of the pixel of interest and V , indicates
a voltage input to the drain of the TFT 12 of the pixel of
interest.

[0063] The period from t, to t,, , is the video signal output
period during which the video signal voltage V. for the pixel
of interest is output from the data line driving section 6. That
1, the period from t, to ty,  is the video signal output period
during which the video signal voltage V. for the N-th-row
pixel is output. In this case, a period from t,, to t, is a period
during which the correction gradation signal voltage is output
as the video signal voltage V. for the pixel of interest to the
data line DL, (second period). and a period from t, to t,,, , is
aperiod during which the gradation signal voltage is output as
the video signal voltage V. for the pixel of interest to the data
line DL, (first period).

[0064] A period up to t, is a part of the video signal output
period during which the video signal voltage V. for a pixel
preceding the pixel of interest by one row is output from the
data line driving section 6. That is, the period up to t,, is the
part of the video signal output period during which the video
signal voltage V. for the (N-1)-th-row pixel is output.
[0065] Therefore, V+AV which is a value of V- during the
period from t,, to t indicates the potential of the correction
gradation signal voltage and V which is a value of V. during
the period fromt, to t,,, , indicates the potential of the grada-
tion signal voltage. In addition, AV indicates a potential dif-
ference between the gradation signal voltage and the correc-
tion gradation signal voltage. Further, Vg, which is a value of
V. during the period before t,, indicates a potential of the
video signal voltage V- for the pixel preceding the pixel of
interest by one row. To be more precise, V, indicates the
potential of the gradation signal voltage output as the video
signal voltage V. for the pixel preceding the pixel of interest
by one row.

[0066] In addition, V, indicates a value of V at the start
time ty, of the video signal output period.
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[0067] As illustrated in FIG. 7A, in the liquid crystal dis-
play device 2, the correction gradation signal voltage differ-
ent from the gradation signal voltage is output during the
period from t,; to t,. Therefore, before the time t,,, , when the
video signal output period is completed, V, reaches to the
target potential V of the gradation signal voltage and Vg
reaches to the target potential V as well (see FIG. 7A).
[0068] A casewhere AV isconstant is assumed. In this case,
the deterioration of image quality may be less suppressed
than expected. This point is described below.

[0069] Before ty, the drain voltage V, of the TFT 12 of the
pixel of interest is affected by the video signal voltage V . for
the pixel preceding the pixel of interest by one row. Therefore,
Vi, which is the value of V, at the start time t,, of the video
signal output period is changed depending on the gradation
signal voltage for the pixel preceding the pixel of interest by
onerow. FIG. 7B illustrates such a point, that is, as in the case
of FIG. 7A, changes in video signal voltage V., drain voltage
V,of the TFT 12, and potential V ; of the pixel electrode 14
during the video signal output period. The potential Vi, is
changed between FIGS. 7A and 7B.

[0070] In FIG. 7B, the potential V, of the video signal
voltage V. for the pixel preceding the pixel of interest by one
row is lower than the potential Vi, of FIG. 7A. Therefore, Vy,
which is the value of V, at the start time t,,of the video signal
output period in FIG. 7B is lower than V,; of FIG. 7A. As a
result, V, of FIG. 7B is lower than V, of FIG. 7A.

[0071] Thus, in the case where AV is constant, before the
time t,,,, when the video signal output period is completed,
V ,reaches to the target potential V, and V. also reaches to the
target potential V (FIG. 7A). However, in the case of FIG. 7B,
there 1s a possibility that, before the time t,,,,. V,, may not
reach to the potential V, and V¢ may also not reach to the
potential V. In other words, when AV is constant, there is a
possibility that, before the time t,, ,, Vs may not reach to the
target potential V depending on a combination of the grada-
tion signal voltage for the pixel preceding the pixel of interest
by one row and the gradation signal voltage for the pixel of
interest. Therefore, the deterioration of image quality cannot
be reliably suppressed.

[0072] With respect to this point, the liquid crystal display
device 2 is designed so that the control section 4 operates as
follows to reliably suppress the deterioration of image qual-
ity. The point is described below.

[Details of Control Section]

[0073] FIG. 8 illustrates a specific structure of the control
section 4 (control means). As illustrated in FIG. 8, the control
section 4 includes a gradation voltage signal generation sec-
tion 20, a comparison section 22, a correction section 24, and
a correction gradation voltage signal generation section 26.
[0074] In the liquid crystal display device 2, the respective
pixels associated with the video data are selected in a prede-
termined order. In this embodiment, the respective pixels are
selected in an order corresponding to sequential scanning.
Every time each of the pixels is selected, the gradation voltage
signal generation section 20, the comparison section 22, the
correction section 24, and the correction gradation voltage
signal generation section 26 operate as follows. Hereinafter,
the selected pixel is referred to as the pixel of interest and the
gradation value of the pixel of interest is expressed by “n”.
The gradation value of the pixel preceding the pixel of interest
by one row is expressed by “n-1".
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[Gradation Voltage Signal Generation Section]

[0075] That is, the gradation voltage signal generation sec-
tion 20 generates a gradation voltage signal K corresponding
to the gradation value “n” based on the gradation value “n” of
the pixel of interest.

[0076] In this embodiment, a gradation signal voltage cor-
responding to a gradation value “0” is set as the gradation
voltage signal K to be V . (see FIG. 4).

[0077] The gradation voltage signal generation section 20
outputs the gradation voltage signal K to the data line driving
section 6. The data line driving section 6 outputs the gradation
signal voltage V as the video signal voltage for the pixel of
interest in accordance with the control signal.

[0078] A correction gradation voltage signal K+AK is gen-
erated by the comparison section 22, the correction section
24, and the correction gradation voltage signal generation
section 26 based on the gradation value “n” of the pixel of
interest and the gradation value “n-1” of the pixel preceding
the pixel of interest by one row, which is stored in the line
memory.

[Comparison Section]

[0079] That is, the comparison section 22 compares the
gradation value “n” of the pixel of interest with the gradation
value “n-1" of the pixel preceding the pixel of interest by one
row, which is stored in the line memory. To be specific, the
comparison section 22 obtains a magnitude relationship
between the gradation value “n” of the pixel of interest and the
gradation value “n-1" of the pixel preceding the pixel of
interest by one row. That is, it is determined “whether or not
the gradation value “n” of the pixel of interest is larger than
the gradation value “n-1" of the pixel preceding the pixel of
interest by one row”, or it is determined “whether or not the
gradation value “n” of the pixel of interest is equal to the
gradation value “n-1" of the pixel preceding the pixel of
interest by one row”.

[0080] The comparison section 22 further obtains an abso-
lute value In| of the gradation value “n” of the pixel of interest
and an absolute value In-11 of the gradation value “n-1" of
the pixel preceding the pixel of interest by one row.

[First Line Processing]

[0081] When the pixel of interest is a first-row pixel, the
gradation value “n-1" of the pixel preceding the pixel of
interest by one row is set to “0” for pseudo recognition. After
that, the comparison section 22 obtains a magnitude relation-
ship between the gradation value “n” of the pixel of interest
and the gradation value “0” exhibiting the minimum grada-
tion.

[0082] Then, the correction gradation voltage signal K+AK
is generated by the correction section 24 and the correction
gradation voltage signal generation section 26 based on the
magnitude relationship between both the gradation values
and the absolute values of both the gradation values.

[Correction Section]

[0083] That is, the correction section 24 corrects the grada-
tion value “n” of the pixel of interest based on the magnitude
relationship between both the gradation values and the abso-
lute values of both the gradation values to obtain a correction
gradation value n+An serving as a basis for generating the
correction gradation voltage signal K+AK. Note that, An indi-
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cates a correction amount. In this embodiment, the correction
section 24 reads, from the storage means, a lookup table
(hereinafter, referred to as LUT) in which a condition related
to the gradation value “n” of the pixel of interest, a condition
related to the gradation value “n-1" of the pixel preceding the
pixel of interest by one row, and As are associated with one
another, and obtains As associated with a condition satisfying
“n” and a condition satisfying “n-1”. When the gradation
value “n” of the pixel of interest is larger than the gradation
value “n-1” of the pixel preceding the pixel of interest by one
row, the correction section 24 calculates n+As as the correc-
tion gradation value n+An. In this case, the correction amount
An is “As”. On the other hand, when the gradation value “n”
of the pixel of interest is smaller than the gradation value
“n=17 of the pixel preceding the pixel of interest by one row,
the correction section 24 calculates n—As as the correction
gradation value n+An. In this case, the correction amount An
is “-As”.

[0084] When the gradation value “n” of the pixel of interest
is equal to the gradation value “n-1" of the pixel preceding
the pixel of interest by one row, the correction section 24 sets
An to “0”.

[0085] FIG. 9 illustrates an example of storage contents of
the LUT. As illustrated in FIG. 9, the LUT is set to change the
correction amount An depending on the magnitude relation-
ship between the gradation values and the relationship
between the absolute values of the gradation values. There-
fore, the correction amount An is changed depending on a
combination of the gradation value “n” of the pixel of interest
and the gradation value “n-1" of the pixel preceding the pixel
of interest by one row.

[Positional Correction]

[0086] A data line resistance value of the data line DL
increases as a distance from the data line driving section 6
lengthens. A parasitic capacitance generated between the
substrate and the data line DL also increases. Therefore, the
rising speed of the drain voltage V , of the TFT 12 reduces as
the distance from the data line driving section 6 lengthens.

[0087] Thus, in order to change the correction amount An
depending on the distance from the data line driving section 6,
a plurality of LUTs are stored in advance. The position of a
row driven by the scanning line GL is determined by a lon-
gitudinal position information counter 27 (see FIG. 10) and a
LUT corresponding to a longitudinal position is read from the
storage means.

[0088] FIG. 10 illustrates a specific structure for a method
of selecting one of the plurality of LUTs. A correction amount
An between a plurality of LUTs is calculated by linear inter-
polation to suppress a steep change in correction amount An
which is caused due to a variation in referenced LUTs.

[Correction Gradation Voltage Signal Generation Section]

[0089] The correction gradation voltage signal generation
section generates the correction gradation voltage signal
K+AK corresponding to the correction gradation value n+An
based on the correction gradation value n+An.

[0090] When the correction gradation voltage signal K+AK
is generated, the correction gradation voltage signal genera-
tion section 26 outputs the correction gradation voltage signal
K+AK to the data line driving section 6. The data line driving
section 6 outputs the correction gradation signal voltage
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V+AV as the video signal voltage V. for the pixel of interest
in accordance with the control signal.

[0091] As described above, in the liquid crystal display
device 2, the correction gradation signal voltage V+AV out-
put as the video signal voltage V- for a certain pixel changes
depending on the magnitude relationship between the grada-
tion value “n” of the pixel of interest and the gradation value
“n—1" of the pixel preceding the pixel of interest by one row
and the relationship between the absolute values of the gra-
dation values. In other words, a relationship between the
gradation signal voltage V and the correction gradation signal
voltage V+AV (that is, magnitude relationship between V and
V+AV or difference between V and V+AV) changes depend-
ing onthe combination ofthe gradation values “n” and “n-1".
Therefore, the adjustment is performed so that, before the
output of the video signal voltage V. for the pixel of interest
is completed, the drain voltage V, of the TFT 12 of the pixel
of interest reaches to the target potential V at the shortest time
and thus the potential V of the pixel electrode 14 reliably
reaches to the target potential. As a result, the deterioration of
image quality is reliably suppressed.

[Maximum Gradation Correction]

[0092] As is apparent from FIG. 9, for example, when the
gradation value “n” of the pixel of interest is “255” and the
gradation value “n-1" of the pixel preceding the pixel of
interest by one row is “0”, the correction amount An is a
positive value, and hence the correction gradation value n+An
is “285” exhibiting a gradation higher than the maximum
gradation. Thus, in this case, the correction gradation signal
voltage V+AV exceeds a voltage corresponding the gradation
value “255” exhibiting the maximum gradation.

[0093] Therefore, in order to output the voltage corre-
sponding to the gradation value “285” of the pixel from the
data line driving section 6, the maximum gradation of the
correction gradation voltage signal is set to “285” and the
maximum gradation of the gradation voltage signal is set to
“2557.

[0094] FIG. 11 illustrates a specific structure of a control
section 4 (control means) including a maximum gradation
correction section 28. The comparison section 22 compares
the gradation value “n” of the pixel of interest with the gra-
dation value “n-1” of the pixel preceding the pixel of interest
by one row. The correction section 24 generates the correction
gradation value n+An based on the maximum gradation “285”
and generates the corresponding correction gradation voltage
signal K+AK. The gradation voltage signal generation section
20 generates the gradation voltage signal K for the pixel of
interest based on the maximum gradation “255”.

[Minimum Gradation Correction]

[0095] As is apparent from FIG. 9, for example, when the
gradation value “n” of the pixel of interest is “0” and the
gradation value “n-1" of the pixel preceding the pixel of
interest by one row is “255” which is a voltage having the
same polarity as the gradation signal voltage of the pixel of
interest, the correction amount An is a negative value. There-
fore, the correction gradation value n+An is “~30” different in
polarity from the gradation value “0” of the pixel of interest
and exhibits a voltage lower than the voltage corresponding to
“0”.

[0096] Therefore, in order to output the voltage corre-
sponding to the gradation value “~30” of the pixel from the
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data line driving section 6, the minimum gradation of the
correction gradation voltage signal is set to “~30" and the
minimum gradation of the gradation voltage signal is set to
“0”.

[0097] FIG. 12 illustrates a specific structure of a control
section 4 (control means) including a minimum gradation
correction section 29. The comparison section 22 compares
the gradation value “n” of the pixel of interest with the gra-
dation value “n-1” of the pixel preceding the pixel of interest
by one row. The correction section 24 generates the correction
gradation value n+An based on the minimum gradation “~30”
and generates the corresponding correction gradation voltage
signal K+AK. The gradation voltage signal generation section
20 generates the gradation voltage signal K for the pixel of
interest based on the minimum gradation “0”.

[0098] FIG. 13 illustrates a relationship between the grada-
tion value and the gradation signal voltages in a case where
the operation is performed using the maximum gradation
correction section 28 and the minimum gradation correction
section 29. The gradation value is in a range of “-30” to
“285”. The gradation signal voltages having difference
polarities are in a range of “~30” to “~1”. A voltage exceeding
the gradation signal voltage “255” for the pixel of interest is
in a range of “256” to “285”.

[0099] The present invention is not limited to the embodi-
ment described above.

[0100] In the embodiment described above, the output of
the on-voltage from the scanning line driving section 8 to the
scanning line GL,,is started while the video signal voltage for
the pixel located in the (N-1)-th row preceding the N-th row
by one row is output. However, for example, the output of the
on-voltage may be started while a video signal voltage for a
pixel located in a row preceding the N-th row by at least two
rows is output.

[0101] For example, the comparison section 22 may com-
pare the gradation value “n” of the pixel of interest with a
gradation value of a pixel preceding the pixel of interest by at
least two rows.

[0102] For example, the gradation signal voltage may be
corrected to generate the gradation signal voltage as the cor-
rection gradation signal voltage.

[0103] Forexample, the correction amount An between the
plurality of LUTs is calculated by nonlinear interpolation.
[0104] For example, the data line driving section 6 may
output the video signal voltage for the first-row pixel for a
period longer than a period of a video signal voltage for
another-row pixel. For example, when the refresh rate is high,
the video signal output period of the video signal voltage for
the first-row pixel may be set to a period at least twice as long
as a video signal output period of a video signal voltage of a
pixel located in a row except the first row. In this case, the data
line driving section 6 may be controlled by the control section
4 to output the video signal voltage for the first-row pixel for
a period longer than a period of a video signal voltage for
another-row pixel.

[ Temperature Correction]

[0105] Characteristics of the TFT 12 change depending on
atemperature, and hence the change speed of the potential V¢
of the pixel electrode 14 varies depending on the temperature.
Thus, when the magnitude relationship between the gradation
value “n” of the pixel of interest and the gradation value
“n-1" of the pixel preceding the pixel of interest by one row
and the relationship between the absolute values of the gra-
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dation values are set at a certain temperature, there is a pos-
sibility that the deterioration of image quality may be less
suppressed than expected.

[0106] Therefore, the control section 4 may adjust the cor-
rection amount An based on the temperature. That is, the
control section 4 may change the relationship between the
gradation signal voltage V and the correction gradation signal
voltage V+AV based on the combination of the gradation
value “n” and the gradation value “n-1" and the temperature.
Hereinafter, an example of a structure for achieving such an
operation is described.

[0107] FIG. 14 is a structural diagram illustrating a liquid
crystal display device 2 which performs the operation
described above. As illustrated in FIG. 14, in this structure,
the liquid crystal display device 2 includes a temperature
sensor 17. A temperature “C” is detected by the temperature
sensor 17 and input to the control section 4. In this structure,
atable in which conditions related to the temperature “C” are
associated with coefficients y is stored in the storage means in
advance. FIG. 15 illustrates an example of the table.

[0108] On this assumption, the correction section 24 reads,
from the table illustrated in FIG. 15, a coefficient y associated
with a condition satisfying the temperature “C”, and calcu-
lates (n+(yxAn)) as the correction gradation value.

[0109] Therefore, even when the combination of the grada-
tion value “n” of the pixel of interest and the gradation value
“n—1" of the pixel preceding the pixel of interest by one row
is the same, the correction gradation value changes depending
onthetemperature “C”. As a result, the deterioration of image
quality is reliably suppressed.

[0110] Instead of adjusting the correction amount An based
on a pixel position, the control section 4 may change a period
T1 for which the correction gradation signal voltage is output
based on the pixel position in order to adjust the change speed
ofthe potential V ;ofthe pixel electrode 14 to a desired speed.
For example, the control section 4 may determine the period
T1 based on the position of a corresponding pixel for each
pixel. For example, a table in which conditions related to the
pixel position are associated with candidates of the period T1
may be prepared. The period T1 may be determined based on
the candidate of the period T1 which is associated with a
condition satisfying the position of the corresponding pixel
for each pixel. Then, the control section 4 may control the data
line driving section 6 to output the correction gradation signal
voltage for the period T1.

[0111] 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 plurality of pixels each including a pixel electrode and a
thin film transistor having a source connected to the
pixel electrode;

a video signal line connected to a drain of the thin film
transistor included in each of the plurality of pixels:
output means for outputting, to a gate of the thin film
transistor, an on-voltage for turning on the thin film
transistor included in corresponding one of the plurality
of pixels for each of the plurality of pixels in a predeter-

mined order; and
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video signal output means for outputting, to the video
signal line, a video signal voltage for the corresponding
one of the plurality of pixels for each of the plurality of
pixels in the predetermined order,

wherein the video signal output means outputs a reference
video signal voltage having a voltage corresponding to a
gradation value of the corresponding one of the plurality
of pixels as the video signal voltage for the correspond-
ing one of the plurality of pixels during a first part of a
period during which the video signal voltage for the
corresponding one of the plurality of pixels is output,
and outputs a correction video signal voltage having a
voltage different from the reference video signal voltage
as the video signal voltage for the corresponding one of
the plurality of pixels during a second part preceding the
first part of the period,

wherein the liquid crystal display device comprising a
comparison means for comparing the gradation value of
another one of the plurality of pixels which precedes the
corresponding one of the plurality of pixels,

wherein the control means further comprises correction
means for changing a relationship between the reference
video signal voltage and the correction video signal
voltage based on the result of the comparison means for
the corresponding one of the plurality of pixels based on
a combination of the gradation value of the correspond-
ing one of'the plurality of pixels and a gradation value of
another one of the plurality of pixels which precedes the
corresponding one of the plurality of pixels; and

wherein when the gradation value of the corresponding one
of the plurality of pixels satisfies a predetermined con-
dition, the video signal output means outputs the correc-
tion video signal voltage having a voltage different in
polarity from a reference video signal voltage for the
another one of the plurality of pixels which precedes the
corresponding one of the plurality of pixels as the video
signal voltage for the corresponding one of the plurality
of pixels.

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

wherein the control means comprises correction means for
correcting the gradation value of the corresponding one
of the plurality of pixels based on a correction amount
corresponding to a combination ofthe gradation value of
the corresponding one of the plurality of pixels and the
gradation value of the another one of the plurality of
pixels which precedes the corresponding one of the plu-
rality of pixels to obtain a correction gradation value of
the corresponding one of the plurality of pixels,

wherein the video signal output means outputs the correc-
tion video signal voltage having a voltage corresponding
to the correction gradation value of the corresponding
one of the plurality of pixels as the video signal voltage
for the corresponding one of the plurality of pixels, and

wherein the correction means obtains a correction grada-
tion value different in sign from the gradation value of
the another one of the plurality of pixels which precedes
the corresponding one of the plurality of pixels when the
gradation value of the corresponding one of the plurality
of pixels satisfies the predetermined condition.

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

wherein the control means changes the relationship between
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the reference video signal voltage and the correction video
signal voltage for the corresponding one of the plurality of
pixels based on a position of the corresponding one of the
plurality of pixels and the combination of the gradation value
of the corresponding one of the plurality of pixels and the
gradation value of the another one of the plurality of pixels
which precedes the corresponding one of the plurality of
pixels.

4. The liquid crystal display device according to claim 3,
further comprising:

correction means for correcting the gradation value of the

corresponding one of the plurality of pixels to obtain a
correction gradation value of the corresponding one of
the plurality of pixels; and
storage means for storing a table in which a condition
related to the gradation value of the corresponding one
of the plurality of pixels, a condition related to the gra-
dation value of the another one of the plurality of pixels
which precedes the corresponding one of the plurality of
pixels, and correction amount control information are
associated with one another, for each of the plurality of
pixels,
wherein the video signal output means outputs the correc-
tion video signal voltage having a voltage corresponding
to the correction gradation value of the corresponding
one of the plurality of pixels as the video signal voltage
for the corresponding one of the plurality of pixels, and

wherein the control means determines a correction amount
used when the correction means corrects the gradation
value of the corresponding one of the plurality of pixels,
based on the correction amount control information
associated with the condition satisfied by the gradation
value of the corresponding one of the plurality of pixels
and the condition satisfied by the gradation value of the
another one of the plurality of pixels which precedes the
corresponding one of the plurality of pixels in the table
for the corresponding one of the pixels.

5. The liquid crystal display device according to claim 1,
further comprising means for changing the second part of the
period during which the video signal output means outputs
the video signal voltage for the corresponding one of the
plurality of pixels, based on a position of the corresponding
one of the plurality of pixels.

6. The liquid crystal display device according to claim 1,
further comprising temperature detection means for detecting
a temperature,

wherein the control means changes the relationship

between the reference video signal voltage and the cor-
rection video signal voltage for the corresponding one of
the plurality of pixels based on the combination of the
gradation value of the corresponding one of the plurality
of pixels and the gradation value of the another one of the
plurality of pixels which precedes the corresponding one
of the plurality of pixels and the temperature detected by
the temperature detection means.

7. The liquid crystal display device according to claim 1,
wherein the video signal output means outputs a video signal
voltage for a first pixel of the plurality of pixels for a period
longer than a period of a video signal voltage for another one
of the plurality of pixels.

I S S T
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