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(54) LIQUID CRYSTAL DISPLAY APPARATUS AND METHOD FOR DRIVING SAME

(57) An object of the present invention is to provide
a liquid crystal display device and a driving method there-
of, in which a contour of an image is clearly recognized
during movie display even in a case where a backlight is
turned on and off so as to change intervals at which the
backlight turns on. The liquid crystal display device in-
cludes a liquid crystal panel and the backlight that irra-
diates the liquid crystal panel with light, one frame period
including a turn-on period during which the backlight
turns on and a turn-off period during which the backlight
turns off, luminance being changed by changing turn-on
intervals of the backlight, the turn-on intervals of the back-
light being changed by changing lengths of the turn-on

period and the turn-off period. The liquid crystal display
device further includes an OS process circuit for control-
ling a drive voltage to be applied to the liquid crystal panel
by setting an amplitude of the drive voltage to be applied
to the liquid crystal panel during a gray scale transition.
The OS process circuit sets the amplitude of the drive
voltage to be applied to the liquid crystal panel during the
gray scale transition so as to be greater as the turn-on
period of the backlight is longer under a condition where
gray scales that have not been subjected to a gray scale
transition is equal to gray scales that have been subjected
to the gray scale transition in a case where the turn-on
period of the backlight varies.
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Description

Technical Field

[0001] The present invention relates to a liquid crystal
display device that changes luminance by turning on and
off a backlight so as to change intervals at which the
backlight turns on, and relates to a method for driving the
liquid crystal display device.

Background Art

[0002] Conventionally, there have been known, as dis-
play devices, an impulse-type display device such as a
CRT (cathode-ray tube) and a hold-type display device
such as a liquid crystal display device.
[0003] According to the impulse-type display device,
pixels in each of which a turn-on period during which an
image is displayed on each pixel and a turn-off period
during which an image is not displayed on the each pixel
are alternated. For example, in a case where a moving
image is displayed, a turn-off period is inserted when an
image corresponding to one (1) screen is changed.
Therefore, a viewer will never recognize any after-image
of a moving object. This allows the viewer to clearly dis-
tinguish between a background and the moving object,
thereby recognizing the moving image without feeling
odd.
[0004] Meanwhile, according to the hold-type display
device, each luminance of pixels is retained for one (1)
frame period (one (1) vertical period) during which an
image corresponding to one (1) screen is changed. In a
case where a moving image is displayed in the hold-type
display device, a viewer recognizes an after-image of a
moving object. Specifically, the viewer recognizes a
vague outline of the moving object. Such a phenomenon
is called, for example, moving image blur. It is considered
that the moving image blur is caused by followability of
the viewer’s visual axis.
[0005] The hold-type display device thus causes the
moving image blur during displaying of the moving image.
Therefore, the impulse-type display device is often em-
ployed as a display such as a TV (television) where a
moving image is displayed.
[0006] Meanwhile, recently, reductions in thickness
and in weight of a display such as a TV have been strongly
requested. Therefore, the hold-type display device,
which can easily achieve the reductions in lightweight
and in thickness, has been rapidly employed as such a
display.
[0007] Among others, a liquid crystal display device is
characterized in reduction in thickness, lightweight and
low power consumption. As such, such a liquid crystal
display device has been recently and widely employed,
instead of the CRT, in various fields such as a TV, a
monitor, a mobile device such as a mobile phone.
[0008] However, the liquid crystal display device gen-
erally has a very slow response speed, as compared with

other display devices such as the CRT. In the liquid crys-
tal display device, a display gray scale is changed as
follows. Namely, a change in voltage, applied across a
liquid crystal layer, causes a change in alignment states
of liquid crystal molecules so as to cause a change in
transmittance of a display pixel. The response speed of
the liquid crystal display device is in proportion to the
inverse of time (response time) necessary for the align-
ment state of the liquid crystal layer to reach an alignment
state corresponding to the applied voltage.
[0009] Note, however, that it takes some time for the
liquid crystal layer to reach the alignment state corre-
sponding to the applied voltage. For example, in a case
where a liquid crystal panel that is compatible with a dou-
ble speed tries to rewrite 120 times per second, it takes
2 or more frames for the liquid crystal panel to respond.
[0010] Therefore, a recent liquid crystal display device
which has (i) a short driving period (writing period) per
pixel and (ii) a large screen size or a high definition may
cause a problem that a desired display gray scale can
not be achieved because changes in the alignment states
of the liquid crystal molecules fail to follow, within a writing
period, a change in an applied voltage.
[0011] In order to address the problem, there has been
recently proposed, as a technique for improving a re-
sponse speed of liquid crystal, a method for driving a
liquid crystal display device (gray scale transition empha-
sis process) which is called overshooting drive (over-
drive) (see, for example, Patent Literature 1).
[0012] The gray scale transition emphasis process
(hereinafter referred to as "OS drive") is a drive method
for improving the response speed by applying an empha-
sis voltage to a liquid crystal panel so as to increase the
response speed of liquid crystal.
[0013] According to the OS drive, a change in align-
ments of the liquid crystal molecules is promoted as fol-
lows. Specifically, in a case of a transition from a current
gray scale to a next gray scale which is higher than the
current gray scale, a voltage (gray scale voltage, drive
voltage), which is greater than a write voltage (gray scale
voltage) corresponding to a gray scale to be displayed,
is applied for a predetermined period. In contrast, in a
case of a transition from a current gray scale to a next
gray scale which is lower than the current gray scale, a
voltage, which is smaller than a write voltage correspond-
ing to a gray scale to be displayed, is applied for the
predetermined period.
[0014] Such an OS drive is generally realized by con-
verting an input gray scale by use of a look-up table (LUT).
[0015] Fig. 8 is a block diagram schematically showing
a configuration of a general overshoot process circuit
(hereinafter referred to as "OS process circuit") for per-
forming the OS driving.
[0016] As shown in Fig. 8, an OS process circuit 111
includes a frame buffer 112 (frame memory), a gray scale
conversion section 113, and an LUT memory 114 in
which an LUT is stored.
[0017] The LUT memory 114 stores an LUT in which
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a converted correction gray scale is associated with a
combination of a gray scale of a current frame (current
vertical period) and a gray scale of a next frame (one (1)
vertical period) which comes one (1) frame after the cur-
rent frame.
[0018] The frame buffer 112 receives a video signal
(video data signal, gray scale data) from a video creation
device (not shown). The frame buffer 112 holds the video
signal for one (1) frame period (that is, until the frame
buffer 112 receives a video signal for a next frame).
Namely, the frame buffer 112 holds a video signal of a
previous frame (input image of a previous vertical period).
[0019] The gray scale conversion section 113 receives
(i) a video signal of a current frame from the video creation
device (not shown) and (ii) the video signal of the previous
frame read from the frame buffer 112. The gray scale
conversion section 113 reads, from the LUT, an output
gray scale (a converted correction gray scale) corre-
sponding to the video signal of the current frame and the
video signal of the previous frame, and then outputs the
output gray scale as a liquid crystal panel drive signal to
a liquid crystal panel drive circuit for driving the liquid
crystal panel.
[0020] (a) of Fig. 9 is a timing chart (a waveform dia-
gram) showing input and output signals obtained in cases
where the OS drive is not performed, and (b) of Fig. 9 is
a timing chart (a waveform diagram) showing input and
output signals obtained in cases where the OS drive is
performed. Each of (a) and (b) of Fig. 9 further shows (i)
a waveform of transmittance of liquid crystal, (ii) a wave-
form of values obtained by integrating, over a time period
during which the backlight turns on, the product (indicat-
ed by "PRODUCT OF BACKLIGHT AND TRANSMIT-
TANCE" in Fig. 9) of transmittance of liquid crystal and
an intensity of the backlight obtained when the backlight
turns on, and (iii) a waveform (an outline of a moving
object in a movie display) showing how an image is ac-
tually viewed on a liquid crystal panel. It is noted in the
following description that "no OS" indicates a case where
the OS drive is not performed, whereas "OS" indicates
a case where the OS drive is performed. (a) of Fig. 9
shows the timing chart obtained in a case of "no OS",
and (b) of Fig. 9 shows the timing chart obtained in a
case of "OS".
[0021] In the case where the liquid crystal panel drive
circuit performs the OS drive, the liquid crystal panel drive
circuit drives the liquid crystal display device in response
to the liquid crystal panel drive signal (drive voltage, gray
scale voltage) supplied from the OS process circuit 111.
This causes the liquid crystal panel to receive a great
electric potential difference at a point where display data
changes, as shown in (b) of Fig. 9. Such a correction
makes it possible to increase the response speed of the
liquid crystal display device as shown in (b) of Fig. 9,
compared to a case where the liquid crystal panel drive
circuit does not perform the OS drive.

Citation List

Patent Literature

Patent Literature 1

[0022]

Japanese Patent Application Publication, Tokukai
No. 2001-343956 A (Publication Date: December
14, 2001)

Summary of Invention

Technical Problem

[0023] A liquid crystal display device, however, causes
a problem of occurring moving image blur in a case where
a moving image is displayed. This is because (i) the re-
sponse of liquid crystal is low and (ii) the hold drive is
employed as a drive method of the liquid crystal display
device.
[0024] The OS drive as shown in (b) of Fig. 9 shortens
a period during which an intermediate gray scale is dis-
played, compared to a case where the OS drive is not
performed. Note, however, that the intermediate gray
scales, which are not included in an original gray scale,
appear at a point where display data changes, regardless
of whether or not the OS drive is performed (see (a) and
(b) of Fig. 9). The appearance of the intermediate gray
scales at the point where the display data changes caus-
es a viewer to recognize a vague outline of a moving
object.
[0025] In addition to the technique for improving the
response speed by use of the OS drive, there has been
recently proposed, as a technique for suppressing mov-
ing image blur caused by the hold drive, a drive method
referred to as a pseudo impulse drive in which impulse
drive is carried out in a hold-type liquid crystal display
device. According to the pseudo impulse drive, a turn-on
period during which an image is displayed and a turn-off
period during which no image is displayed are alternated,
by inserting the turn-off period in one (1) frame period so
that a backlight turns on and off.
[0026] Inventors of the present application combined
the pseudo impulse drive with the OS drive so that an
emphasis voltage is applied to a liquid crystal panel while
turning on and off the backlight.
[0027] Specifically, the inventors of the present appli-
cation employed a liquid crystal display system, shown
in Fig. 10, in which a video signal was inputted from a
video creation device 101 to an OS process circuit 111
(see Fig. 8) of a liquid crystal display device 102 while a
backlight turn-on signal was inputted to a backlight 131
provided behind a liquid crystal panel 121 so that the
backlight 131 turned on and off.
[0028] As a result, the inventors of the present appli-
cation found that how the image displayed on the liquid
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crystal panel was viewed at the point where the display
data changed varied depending on a turn-on period of
the backlight. This is described below in detail.
[0029] (a) through (c) of Fig. 11 are timing charts
(waveform diagrams) showing how an image is actually
viewed on the liquid crystal panel depending on the turn-
on period of the backlight, input and output signals, trans-
mittance of the liquid crystal, a waveform (indicated by
"PRODUCT OF BACKLIGHT AND TRANSMITTANCE"
in Fig. 11) of values obtained by integrating, over the time
period during which the backlight turns on, the product
of the transmittance of the liquid crystal and an intensity
of the backlight obtained when the backlight turns on.
[0030] According to the pseudo impulse drive, the
backlight is periodically turned on and off at predeter-
mined time intervals while an image is being displayed.
In a case where the backlight was thus turned on and off
at the predetermined time intervals, that is, in a case
where luminance of the backlight was constant, the im-
age could be properly displayed as shown in (a) of Fig.
11 by (i) obtaining a drive voltage of the liquid crystal
panel on the basis of a video signal of a current frame
and a video signal of a previous frame which came one
(1) frame before the current frame and (ii) applying a
great electric potential difference at the point where the
display data changed.
[0031] However, as shown in (b) and (c) of Fig. 11, in
a case where the turn-on period of the backlight 131 was
increased so that the luminance of the backlight 131 was
changed while the transmittance of the liquid crystal was
not changed from a state shown in (a) of Fig. 11, it was
found that the viewer could not clearly recognize an out-
line of the moving object (contour of an image) during a
movie display because the viewer recognized (i) an out-
line of a different gray scale (intermediate gray scale)
and (ii) an outline of a displayed moving image of a mov-
ing object. This is because, in a case where the turn-on
period of the backlight is merely changed without chang-
ing the transmittance of the liquid crystal as shown in (a)
through (c) of Fig. 11, a value, obtained by integrating
the transmittance of the liquid crystal over the turn-on
period, changes, and therefore the viewer recognizes, at
the point where the display data changes, the interme-
diate gray scales which are not included in the original
gray scale.
[0032] The present invention can solve a problem new-
ly found by changing intervals at which the backlight turns
on in a case where the emphasis voltage is applied to
the liquid crystal panel while the backlight is turned on
and off as above described. That is, an object of the
present invention is to provide a liquid crystal display de-
vice and a driving method thereof, in which the viewer
can clearly recognize the contour of the image of the
moving image during the movie display even in a case
where the backlight is turned on and off so as to change
the turn-on intervals of the backlight.

Solution to Problem

[0033] A liquid crystal display device of the present in-
vention, in order to attain the object, includes: a liquid
crystal panel; and a backlight that irradiates the liquid
crystal panel with light, one frame period including a turn-
on period during which the backlight turns on and a turn-
off period during which the backlight turns off, luminance
being changed by changing turn-on intervals of the back-
light, said liquid crystal display device, further comprising:
a control circuit which controls a drive voltage to be ap-
plied to the liquid crystal panel by setting an amplitude
of the drive voltage to be applied to the liquid crystal panel
during a gray scale transition, the control circuit setting
the amplitude of the drive voltage so as to be greater as
the turn-on period of the backlight is longer under a con-
dition where a gray scale that has not been subjected to
a gray scale transition is equal to a gray scale that has
been subjected to the gray scale transition.
[0034] Further, a method for driving the liquid crystal
display device of the present invention is a method for
driving a liquid crystal display device including: a liquid
crystal panel, and a backlight that irradiates the liquid
crystal panel with light, said method, comprising the steps
of: causing one frame period to include a turn-on period
during which the backlight turns on and a turn-off period
during which the backlight turns off; changing luminance
by changing turn-on intervals of the backlight; and setting
the amplitude of the drive voltage, to be applied to the
liquid crystal panel during a gray scale transition, to be
greater as the turn-on period of the backlight is longer
under a condition where a gray scale that has not been
subjected to a gray scale transition is equal to a gray
scale that has been subjected to the gray scale transition.
[0035] According to the above-described arrangement
and method, it is possible not only to attain low power
consumption but also to suppress occurrence of moving
image blur due to hold drive during the gray scale tran-
sition by inserting the turn-out period in the one (1) frame
period.
[0036] Further, it is possible to reduce appearance of
an outline of a different gray scale (intermediate gray
scale different from an original gray scale) in an outline
of a moving object by applying an emphasis voltage to
the liquid crystal panel as described above in a case
where the backlight is turned on and off so as to change
intervals at which the backlight turns on. Therefore, ac-
cording to the above arrangement, it is possible to provide
a liquid crystal display device and a driving method there-
of, in which a viewer can clearly recognize the outline of
the moving object (a contour of an image) during movie
display even in a case where the luminance is changed
by changing the turn-on intervals of the backlight.

Advantageous Effects of Invention

[0037] According to the present invention, in a case
where luminance is changed by changing turn-on inter-
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vals of a backlight, an amplitude of a drive voltage, which
is applied to a liquid crystal panel during a gray scale
transition on the assumption that identical evaluation cri-
teria are employed, becomes stronger as a turn-on period
of the backlight is longer. Namely, the amplitude of the
drive voltage, which is applied to the liquid crystal panel
during the gray scale transition under a condition where
a gray scale that has not been subjected to a transition
is equal to a gray scale that has been subjected to the
transition, is increased as the turn-on period of the back-
light is longer.
[0038] On this account, the present invention makes
it possible not only to attain low power consumption but
also reduce appearance of an outline of a different gray
scale (intermediate gray scale different from an original
gray scale) in an outline of a moving object during movie
display even in the case where the luminance is changed
by changing the turn-on intervals of the backlight. There-
fore a viewer can clearly recognize the outline of the mov-
ing object (contour of an image).

Brief Description of Drawings

[0039]

Fig. 1
Fig. 1 is a block diagram schematically showing a
configuration of a liquid crystal display system in ac-
cordance with an embodiment of the present inven-
tion.
Fig. 2
Fig. 2 is a block diagram schematically showing a
configuration of an overshoot process circuit in ac-
cordance with an embodiment of the present inven-
tion.
Fig. 3
Fig. 3 is a view showing how an LUT memory shown
in Fig. 2 stores a plurality of look-up tables.
Fig. 4
Fig. 4 is a view showing an example of the look-up
tables stored in the LUT memory shown in Fig. 3.
Fig. 5
(a) to (c) of Fig. 5 are timing charts each showing
input and output signals in the liquid crystal display
system shown in Fig. 1, a waveform of transmittance
of liquid crystal, a waveform of values obtained by
integrating, over a time period during which the back-
light turns on, the product of the transmittance of the
liquid crystal and an intensity of the backlight ob-
tained when the backlight turns on , and a waveform
showing how an image is actually viewed on a liquid
crystal panel.
Fig. 6
(a) of Fig. 6 is a timing chart showing input and output
signals in the liquid crystal display system shown in
Fig. 1, and (b) of Fig. 6 is a timing chart showing
input and output signals in a liquid crystal display
system shown in Fig. 10. Each of (a) and (b) of Fig.

6 further shows (i) a waveform of transmittance of
liquid crystal, (ii) a waveform of values obtained by
integrating, over a time period during which the back-
light turns on, the product of the transmittance of the
liquid crystal and an intensity of the backlight ob-
tained when the backlight turns on, and (iii) a wave-
form showing how an image is actually viewed on a
liquid crystal panel.
Fig. 7
(a) of Fig. 7 shows pixels of a liquid crystal panel and
divided regions of a backlight. (b) of Fig. 7 shows
liquid crystal panel drive signals and backlight turn-
on signals indicating turn-on periods of the respec-
tive regions of the backlight.
Fig. 8
Fig. 8 is a block diagram schematically showing a
configuration of a general overshoot process circuit.
Fig. 9
(a) of Fig. 9 are a timing chart showing input and
output signals obtained in cases where an OS drive
is not performed, and (b) of Fig. 9 is a timing chart
showing input and output signals obtained in cases
where the OS drive is performed. Each of (a) and (b)
of Fig. 9 further shows (i) a waveform of transmit-
tance of liquid crystal, (ii) a waveform of values ob-
tained by integrating, over a time period during which
the backlight turns on, the product of the transmit-
tance of the liquid crystal and an intensity of the back-
light obtained when the backlight turns on, and (iii)
a waveform showing how an image is actually
viewed on a liquid crystal panel.
Fig. 10
Fig. 10 is a block diagram schematically showing a
configuration of a liquid crystal display system em-
ployed for measurement shown in Fig. 11.
Fig. 11
(a) to (c) of Fig. 11 are timing charts showing how
an image is actually viewed on a liquid crystal panel
depending on a turn-on period of a backlight, input
and output signals, transmittance of liquid crystal, a
waveform of values obtained by integrating, over the
turn-on period of the backlight, the product of the
transmittance of the liquid crystal and an intensity of
the backlight obtained when the backlight turns on.

Description of Embodiments

[0040] The following describes in detail an embodi-
ment of the present invention.
[0041] Fig. 1 is a block diagram schematically showing
a configuration of a liquid crystal display system in ac-
cordance with the present embodiment.
[0042] The liquid crystal display system shown in Fig.
1 includes a liquid crystal display device 1 and a video
creation device 2.
[0043] The liquid crystal display device 1 shown in Fig.
1 includes an overshoot process circuit (hereinafter re-
ferred to as "OS process circuit") 11 for carrying out a
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gray scale transition emphasis process (hereinafter re-
ferred to as "OS drive") referred to as what is called over-
shoot drive (overdrive), a liquid crystal panel drive circuit
12, a liquid crystal panel 13, a backlight drive circuit 14,
a backlight 15, a temperature sensor 16, and a timing
control circuit (TCON) that is not shown in Fig. 1.
[0044] The video creation device 2 supplies, to the liq-
uid crystal display device 1, (i) a video signal (video data
signal) and (ii) a backlight turn-on signal (backlight control
signal) indicative of backlight turn-on information such
as a turn-on period of the backlight 15.
[0045] The timing control circuit creates timing control
signals such as a clock signal and a start pulse. The liquid
crystal display device 1 operates in response to the timing
control signals. The video signal and the backlight turn-
on signal are supplied to the liquid crystal display device
1 in response to the timing control signals.
[0046] The video signal, supplied from the video cre-
ation device 2 to the liquid crystal display device 1, is
supplied to the OS process circuit 11 of the liquid crystal
display device 1. The backlight turn-on signal, supplied
from the video creation device 2 to the liquid crystal dis-
play device 1, is supplied to (i) the OS process circuit 11
of the liquid crystal display device 1 and (ii) the backlight
15 via the backlight drive circuit 14 of the liquid crystal
display device 1.
[0047] The backlight 15 is provided behind (on an op-
posite surface side to a display surface) of the liquid crys-
tal panel 13, and irradiates the liquid crystal panel 13 with
light. The backlight drive circuit 14 drives the backlight
15 in response to the backlight turn-on signal (backlight
control signal) supplied from the video creation device 2.
[0048] The backlight 15 includes a light source (not
shown), controls the light source to turn on and off in
response to the backlight turn-on signal, so as to change
the turn-on period (turn-on intervals), which causes a
change (adjustment) in luminance.
[0049] The liquid crystal display device 1 is thus sub-
jected to pseudo impulse drive by insertion of a turn-off
time (turn-off period) of the backlight 15 into one (1) frame
period in response to the backlight turn-on signal.
[0050] According to the present embodiment, it is pos-
sible to not only attain low power consumption but also
suppress the occurrence of moving image blur due to a
hold drive during a gray scale transition, by (i) arranging
the backlight 15 to have the turn-on period and the turn-
off period (a period during which the backlight 15 turns
off) and (ii) controlling the turn-on of the backlight such
that an image display period and a black display period
are secured.
[0051] Note that it is preferable in the present embod-
iment that the turn-off period (black display period) is set
during the gray scale transition.
[0052] Generally, an outline of a different gray scale
does not appear in an outline of a moving object as long
as the backlight constantly emits light during the gray
scale transition. However, as early described, in a case
where (i) the turn-off period (the period during which the

backlight turns off) is secured for the low power consump-
tion and (ii) the turn-on period and the turn-off period are
secured during the gray scale transition, the outline
caused by the different gray scale appears in the outline
of the moving object.
[0053] In view of the circumstances, the turn-off period
is secured during the gray scale transition as described
above. This makes it possible to eliminate a display por-
tion due to the different gray scale (that is, intermediate
gray scale different from an original gray scale) that caus-
es moving image blur at a point where display data
changes in a case where the moving image is displayed.
As a result, a contour of an image can be clearly dis-
played.
[0054] The turn-off period of the backlight 15 is secured
during the gray scale transition as much as possible, and
a gray scale is kept as much stable as possible during
the turn-on of the backlight 15 (that is, the backlight 15
does not emit light during the gray scale transition). This
allows a reduction in appearance of the outline different
from the outline of the moving object.
[0055] It is therefore preferable that the turn-on timing
of the backlight 15 is controlled such that the turn-off pe-
riod of the backlight 15 is secured during the gray scale
transition. Further, it is preferable that the turn-on timing
of the backlight 15 is controlled such that the backlight
15 turns on immediately before transmittance of the liquid
crystal panel 13 changes.
[0056] Examples of the light source encompass vari-
ous light emitting devices such as a light emitting diode
(LED), an organic electroluminescent (EL) light emitting
device, and an inorganic EL light emitting device.
[0057] Employing of a point light source as the back-
light 15 allows black display (black insertion) in a desired
region.
[0058] The liquid crystal display device 1 displays a
video in response to the foregoing backlight turn-on sig-
nal and video signal supplied from the video creation de-
vice 2.
[0059] The OS process circuit 11 is a control circuit for
controlling a drive voltage applied to the liquid crystal
panel 13 via the liquid crystal panel drive circuit 12 by
setting an amplitude (gray scale voltage value, overshoot
quantity) of the drive voltage applied to the liquid crystal
panel 13 during the gray scale transition. Specifically, the
OS process circuit 11 accelerates a response speed of
liquid crystal by applying an emphasis voltage to the liquid
crystal panel 13 via the liquid crystal panel drive circuit 12.
[0060] The OS process circuit 11 carries out a process
(OS process) for the OS drive with respect to a supplied
video signal (video data signal, gray scale data).
[0061] The video signal, supplied from the video cre-
ation device 2 to the liquid crystal display device 1, is
subject to the OS process in the OS process circuit 11,
and then supplied as a liquid crystal panel drive signal
(correction video signal) to the liquid crystal panel drive
circuit 12.
[0062] The liquid crystal panel drive circuit 12 drives
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the liquid crystal panel 13 in response to the liquid crystal
panel drive signal. The liquid crystal panel 13, which is
driven in response to the liquid crystal panel drive signal,
displays a video in accordance with the video signal sup-
plied from the video creation device 2.
[0063] Note that the liquid crystal panel 13 is arranged
in a manner similar to a general liquid crystal panel for
use in a conventional liquid crystal display device. There-
fore, detailed description and drawings for the arrange-
ment of the liquid crystal panel 13 are omitted in this
embodiment. The arrangement of the liquid crystal panel
13 is not particularly limited. A conventionally well-known
liquid crystal panel can be employed, as appropriate, as
the liquid crystal display panel 13.
[0064] The liquid crystal panel 13 includes, for exam-
ple, an active matrix substrate, a counter substrate that
faces the active matrix substrate, and a liquid crystal layer
provided between the active matrix substrate and the
counter substrate so as to be sealed with a sealing ma-
terial. For example, a CF (color filter) substrate is em-
ployed as the counter substrate.
[0065] According to the active matrix substrate, there
are provided a plurality of scanning signal lines, a plurality
of data signal lines and a plurality of active devices such
as TFTs (thin film transistors). Each pixel is defined by a
region surrounded by a corresponding one of the plurality
of scanning signal lines and a corresponding one of the
plurality of data signal lines. In the liquid crystal panel 13,
the pixels are arranged in a matrix manner.
[0066] The liquid crystal panel drive circuit 12 includes
a scanning signal line drive circuit and a data signal line
drive circuit that are not shown in Fig. 1. The scanning
signal line drive circuit and the data signal line drive circuit
drive the liquid crystal panel 13 in response to the timing
control signals such as the clock signal and the start
pulse. Specifically, the data signal line drive circuit carries
out the OS drive with respect to the liquid crystal panel
13 in response to the liquid crystal panel drive signal (cor-
rection video signal) supplied from the OS process circuit
11.
[0067] The temperature sensor 16 measures a tem-
perature of a surface of the liquid crystal panel 13, and
then supplies data on the temperature to the OS process
circuit 11. The temperature sensor 16 can be provided
on the surface of the liquid crystal panel 13 so as to di-
rectly measure the temperature of the panel surface. Al-
ternatively, the temperature sensor 16 is provided in a
place correlated with the surface temperature of the liquid
crystal panel 13 so as to indirectly measure the temper-
ature of the panel surface. In the alternative, the surface
temperature of the liquid crystal panel 13 is detected on
the basis of the temperature measured in the place where
the temperature sensor 16 is provided.
[0068] The temperature sensor 16 includes an A/D
(analog to digital) converter (not shown) that converts,
into a digital signal, an analog signal which varies in ac-
cordance with a detected temperature, and then outputs
the digital signal.

[0069] As shown in Fig. 1, the OS process circuit 11
receives the video signal and the backlight turn-on signal
from the video creation device 2. The OS process circuit
11 further receives data on the surface temperature of
the liquid crystal panel 13 from the temperature sensor
16.
[0070] The OS drive circuit 11 carries out data conver-
sion (OS process) for the OS process with respect to the
video signal (original video data signal) supplied from the
video creation device 2, in response to the video signal
and the backlight turn-on signal, and preferably in ac-
cordance with the data on the surface temperature of the
liquid crystal panel 13. Thereafter, the OS process circuit
11 supplies, as the liquid crystal panel drive signal, a
converted video signal to the liquid crystal panel drive
circuit 12.
[0071] The OS process circuit 11 changes the intensity
(overshoot quantity) of the OS drive of the liquid crystal
panel 13 in accordance with the turn-on period of the
backlight 15. This causes a reduction in appearance of
the outline of the different gray scale in the outline of the
moving object.
[0072] Note that the OS process circuit 11 can obtain
as needed the temperature of the panel surface from the
temperature sensor 16. Alternatively, the OS process cir-
cuit 11 can obtain the temperature of the panel surface
from the temperature sensor 16 in accordance with the
backlight turn-on signal supplied from the video creation
device 2.
[0073] Note also that the OS process circuit 11 can
obtain the backlight turn-on signal directly from the video
creation device 2 or the OS process circuit 11 can obtain
the backlight turn-on signal via the backlight drive circuit
14. The following describes in detail a configuration and
an operation of the OS process circuit 11 with reference
to Fig. 2.
[0074] Fig. 2 is a block diagram schematically showing
the configuration of the OS process circuit 11 in accord-
ance with the present embodiment.
[0075] As shown in Fig. 2, the OS process circuit 11
includes a frame buffer 21 (memory), a calculation sec-
tion 31 (drive voltage setting section), and an LUT mem-
ory 41 (storage section).
[0076] The frame buffer 21 is a frame memory for tem-
porarily storing video data of a previous frame. In a case
where the frame buffer 21 receives a video signal from
the video creation device 2 shown in Fig. 1, the frame
buffer 21 holds the video signal for one (1) frame period
(that is, until the frame buffer 21 receives a video signal
of a next frame). That is, the frame buffer 21 holds the
video signal of the previous frame (input image of a pre-
vious vertical period).
[0077] In the LUT memory 41, a plurality of LUTs (look-
up tables, conversion tables) have been stored for chang-
ing, in accordance with the turn-on period of the backlight
15, the amplitude (OS intensity, overshoot quantity) of
the drive voltage to be applied during the gray scale tran-
sition in the OS drive of the liquid crystal panel 13.

11 12 



EP 2 434 474 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0078] Fig. 3 is a view showing how the LUT memory
41 stores a plurality of LUTs different from one another
in how much gray scales change due to respective gray
scale conversions. Fig. 4 is a view showing an example
of the plurality of LUTs stored in the LUT memory 41.
[0079] As shown in Fig. 3, the plurality of LUTs are
stored in the LUT memory 41 so as to be associated with
the turn-on periods of the backlight 15 and the surface
temperatures of the liquid crystal panel 13.
[0080] As shown in Fig. 4, in each of the plurality of
LUTs stored in the LUT memory 41, each amplitude (OS
intensity) of drive voltages by which the liquid crystal pan-
el 13 is driven during a corresponding gray scale transi-
tion caused by the OS drive is associated, as an output
gray scale (correction gray scale) corresponding to a gray
scale voltage value (drive voltage) to be supplied to the
liquid crystal panel 13, with a corresponding one of com-
binations of video signals of a current frame (current vid-
eo input signal gray scales) and video signals of a pre-
vious frame (previous video input signal gray scales).
[0081] An output gray scale of a corresponding input
gray scale between adjacent two input gray scales of an
LUT (that is, an output gray scale that is not stored in the
LUT) is determined by use of an interpolation made
based on output gray scales obtained from respective
input gray scales of the LUT. This allows a reduction in
size of the LUT.
[0082] The LUT memory 41 should store the plurality
of LUTs. Therefore, for example, a magnetic disk device
such as an HDD or an EEPROM that is a semiconductor
memory is suitably employed as the LUT memory 41,
because the magnetic disk device and the EEPRO can
retain data even in a case where a power supply is shut
off.
[0083] As shown in Fig. 2, the calculation section 31
includes an LUT selection section 32 (first calculation
section) and a gray scale conversion section 33 (second
calculation section).
[0084] In response to (i) the backlight turn-on signal
supplied from the video creation device 2 and (ii) the data
on the surface temperature of the liquid crystal panel 13
supplied from the temperature sensor 16, the LUT selec-
tion section 32 selects one of the plurality of LUTs stored
in the LUT memory 41 in accordance with the turn-on
period of the backlight and the surface temperature of
the liquid crystal panel 13, and then supplies the one of
the plurality of LUTs to the gray scale conversion section
33.
[0085] The gray scale conversion section 33 receives
(i) the video signal of the current frame (current video
input signal gray scale) from the video creation device 2
and (ii) the video signal of the previous frame (previous
video input signal gray scale) read from the frame buffer
21.
[0086] The gray scale conversion section 33 deter-
mines an output gray scale (correction gray scale) for the
OS drive from the one of the plurality of LUTs selected
by the LUT selection section 32, in accordance with input

values (input gray scales), i.e., the current video input
signal gray scale and the previous video input signal gray
scale. The gray scale conversion section 33 then sup-
plies, as the liquid crystal panel drive signal, the output
gray scale (correction gray scale) to the liquid crystal pan-
el drive circuit 12 shown in Fig. 1.
[0087] According to the LUTs stored in the LUT mem-
ory 41, (i) the OS intensity increases as the turn-on period
of the backlight 15 becomes longer and (ii) the OS inten-
sity increases as the surface temperature of the liquid
crystal panel 13 becomes lower.
[0088] Each of the plurality of LUTs stores some gray
scale transitions and gray scale conversion data for the
surface temperatures of the liquid crystal panel 13 so as
to cover a gray scale transition range (0 to 255 gray scales
in a case of 8 bit). The gray scale conversion data has
its place as adjusting a response speed of the liquid crys-
tal panel 13.
[0089] The gray scale conversion data indicates the
intensity of OS. In a case of, for example, a liquid crystal
panel whose drive frequency is 120 kH, it is necessary
for the liquid crystal panel to have a response speed of
not more than 8.3 ms irrespective of how the gray scale
transition and the surface temperature of the liquid crystal
panel change. However, the liquid crystal panel possibly
has a response speed of not less than 8.3 ms, depending
on the gray scale transition scope and/or the surface tem-
perature of the liquid crystal panel. In view of the circum-
stances, it is necessary to improve the response speed
of liquid crystal of the liquid crystal panel. The response
speed can be rapidly improved by application of a great
electric potential difference.
[0090] It is the gray scale conversion data that applies
the great electric potential difference. The gray scale con-
version data is obtained by measuring some gray scale
transitions and surface temperatures of the liquid crystal
panel 13 in the gray scale transition range (0 to 255 gray
scales in the case of 8 bit) of the liquid crystal panel 13,
and is then stored in the LUT.
[0091] Gray scale conversion data, obtained based on
gray scale transitions and surface temperatures which
are not stored in the LUT, is obtained by proportional
calculation.
[0092] The above describes a normal role of OS data.
According to the present embodiment, the normal role of
the OS data and turn-on timing of the backlight 15 are
combined. This makes it possible to alleviate adverse
effect of the moving image blur (pseudo contour) caused
by securing a period during which the backlight 15 (such
as an LED backlight employing an LED as a light source)
does not turn on.
[0093] In a case where (i) the backlight 15 is driven at
a frequency of, for example, 120 Hz, (ii) a turn-off rate is
50% (4.15 ms) in the first half of a cycle of the backlight
15, and (ii) a turn-on rate is 50% (4.15 ms) in the second
half of the cycle of the backlight 15, the liquid crystal
having a response speed of not more than 4.15 ms will
not cause the moving image blur (pseudo contour).
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[0094] According to the present embodiment, it is pos-
sible to alleviate the moving image blur (pseudo contour)
by thus changing the response speed of the liquid crystal
for the turn-on rate of and the turn-off rate of the backlight
15.
[0095] (a) through (c) of Fig. 5 each show a relationship
of (i) the turn-on period of the backlight 15 of the present
embodiment and (ii) the OS intensity. Specifically, (a)
through (c) of Fig. 5 are timing charts (waveform dia-
grams) each showing input and output signals in the liquid
crystal display system shown in Fig. 1, a waveform of
transmittance of liquid crystal, a waveform of values ob-
tained by integrating, over a time period during which the
backlight 15 turns on, the product (indicated by "PROD-
UCT OF BACKLIGHT AND TRANSMITTANCE" in Fig.
5) of the transmittance of the liquid crystal and the inten-
sity of the backlight 15 obtained when the backlight 15
turns on, and a waveform showing how an image is ac-
tually viewed on the liquid crystal panel 13 (an outline of
moving object during a movie display).
[0096] As shown in any of (a) through (c) of Fig. 5, in
a case where a transition occurs from a gray scale (gray
scale A) to another gray scale (gray scale B different from
the gray scale A), it is possible to stabilize, regardless of
the turn-on period of the backlight, how the image is ac-
tually viewed at the point where the display data changes,
by causing the OS intensity to become stronger as the
turn-on period of the backlight increases so that the trans-
mittance of the liquid crystal is changed.
[0097] That is, according to the present embodiment,
the amplitude of the drive voltage, which is applied to the
liquid crystal panel during the gray scale transition on the
assumption that identical evaluation criteria are em-
ployed, becomes stronger as the turn-on period of the
backlight 15 is longer. Namely, the amplitude of the drive
voltage, which is applied to the liquid crystal panel during
the gray scale transition under a condition where the gray
scale A that has not been subjected to a transition is
equal to the gray scale B that has been subjected to the
transition, is increased as the turn-on period of the back-
light 15 is longer. More preferably, the amplitude of the
drive voltage, which is applied to the liquid crystal panel
13 during the gray scale transition under the condition
where (i) the gray scale that has not been subjected to
a transition is equal to the gray scale that has been sub-
jected to the transition and (ii) detected surface temper-
atures of the liquid crystal panel 13 are identical, is in-
creased as the turn-on period of the backlight 15 is longer.
This prevents the outline of the different gray scale (that
is, intermediate gray scale different from the original gray
scale) from appearing in the outline of the moving object
during movie display at the point where the display data
changes. Accordingly, a viewer can clearly recognize the
contour of the image.
[0098] (a) of Fig. 6 is a timing chart showing input and
output signals in the liquid crystal display system shown
in Fig. 1, and (b) of Fig. 6 is a timing chart showing input
and output signals in the liquid crystal display system

shown in Fig. 10. Each of (a) and (b) of Fig. 6 further
shows (i) a waveform of transmittance of liquid crystal,
(ii) a waveform of values obtained by integrating, over a
time period during which the backlight turns on, the prod-
uct (indicated by "PRODUCT OF BACKLIGHT AND
TRANSMITTANCE" in Fig. 6) of the transmittance of the
liquid crystal and an intensity of the backlight obtained
when the backlight turns on, and (iii) a waveform showing
how an image is actually viewed on a liquid crystal panel
(an outline of a moving object during a movie display).
[0099] As shown in (a) and (b) of Fig. 6, according to
the liquid crystal display system shown in Fig. 1, the out-
line of the different gray scale does not appear in the
outline of the moving object during a turn-on period during
which the outline of the intermediate gray scale appears
in case of the liquid crystal display system shown in Fig.
10. Therefore, the outline of the moving object is clearly
recognized in case of the liquid crystal display system
shown in Fig. 1. That is, the present embodiment of the
invention prevents a vague outline of the moving object
from being visually recognized, so as not to cause the
moving image blur in the movie display.
[0100] According to the present embodiment, it is pos-
sible to create an optimum liquid crystal panel drive sig-
nal, by providing the plurality of LUTs for changing the
intensity of the OS drive in accordance with the turn-on
period of the backlight 15 so that the transmittance of the
liquid crystal is changed in accordance with the turn-on
period of the backlight 15 when a liquid crystal drive signal
is created on the basis of the video signal. In other words,
the above-described problem can be solved merely by
increasing, in accordance with the turn-on period of the
backlight 15, the number of the LUTs to be referred.
[0101] It is possible to create a more optimum liquid
crystal panel drive signal in which temperature depend-
ency of the response speed of the liquid crystal is con-
sidered, by thus changing the OS intensity of the OS
drive, in which the identical evaluation criteria are em-
ployed, especially in accordance with the turn-on period
of the backlight 15 and the surface temperature of the
liquid crystal panel 13. This makes it possible to reduce
or prevent occurrence of the situation in which the outline
of the different gray scale is recognized in the outline of
the moving object.
[0102] The present embodiment describes, as an ex-
ample, a case where (i) the plurality of LUTs are thus
prepared for respective combinations of the turn-on pe-
riods of the backlight 15 and the surface temperatures
of the liquid crystal panel 13 and (ii) the LUT selection
section 32 selects an LUT in accordance with the turn-
on period of the backlight and the surface temperature
of the liquid crystal panel 13.
[0103] However, the present embodiment of the
present invention is not limited to this embodiment. Al-
ternatively, a plurality of LUTs are prepared for respective
turn-on periods (turn-off rate) of the backlight, and the
LUT selection section 32 can select an LUT in accord-
ance with merely the turn-on period (turn-off rate) of the
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backlight.
[0104] Note, however, that since a liquid crystal mate-
rial has a physical property of depending greatly on tem-
perature, the response speed of a liquid crystal display
device varies depending on the temperatures of the liquid
crystal material. This may cause the overshoot quantity
appropriate for the turn-on period of the backlight to vary
depending on ambient temperature.
[0105] In view of the circumstances, an LUT is thus
selected in accordance with the turn-on period of the
backlight 15 and the surface temperature of the liquid
crystal panel 13. It is therefore possible to carry out an
optimum OS process even in a case where the surface
temperature of the liquid crystal panel 13 changes.
[0106] The present embodiment describes, as an ex-
ample, a case where the output gray scale is determined
by means of the plurality of LUTs. The present embodi-
ment of the present invention is, however, not limited to
this embodiment. Alternatively, the gray scale can be
converted, instead of employing the plurality of LUTs, as
follows. Namely, the calculation section 31 obtains an
output gray scale by calculating the output gray scale by
use of a formula in accordance with the turn-on period
of the backlight 15.
[0107] Since the output gray scale is thus determined
by means of the plurality of LUTs, it is possible to (i) ar-
range the liquid crystal display device at low cost and (ii)
determine the output gray scale in a short period of time.
In contrast, in the case where the gray scale is converted
by calculation based on the formula as described above,
it is possible to eliminate the LUT memory 41 from the
liquid crystal display device or to reduce the memory ca-
pacity of the LUT memory 41.
[0108] Alternatively, the calculation section 31 can cal-
culate, for example, a turn-off rate of the backlight 15 on
the basis of a turn-on period of the backlight 15, and can
then determine, on the basis of a calculated turn-off rate,
the amplitude of a drive voltage to be applied to the liquid
crystal panel 13 during a gray scale transition.
[0109] Alternatively, instead of the LUT selection sec-
tion 32 and the gray scale conversion section 33, the
calculation section 31 can include an LUT update section
for calculating an overshoot parameter in accordance
with a surface temperature of the liquid crystal panel 13
which surface temperature is detected by the tempera-
ture sensor 16 and the turn-on period (or the turn-off rate)
of the backlight 15, and for updating an LUT. This ar-
rangement makes it possible to reduce the size of the
LUT. It is therefore possible to reduce the memory ca-
pacity of the LUT memory 41.
[0110] Note that a turn-on rate of the backlight 15 (how
the backlight emits light) is determined by the video cre-
ation device 2. It follows that a corresponding turn-off
rate of the backlight 15 is automatically determined by
the video creation device 2.
[0111] For example, in a case where the backlight 15
is driven at a frequency of 120 Hz, one (1) frame period
corresponds to 8.3 ms. Therefore, in a case where a turn-

on rate is set within 8.3 ms, a turn-off rate is automatically
determined.
[0112] As described above, the amplitude of the drive
voltage to be applied to the liquid crystal panel 13 during
the gray scale transition can be changed by, for example,
selecting an LUT in accordance with how to be illuminat-
ed by the backlight 15. How to be illuminated by the back-
light 15 is determined by the calculation section 31 based
on the way for the backlight 15 to emit light which way is
determined by the video creation device.
[0113] In any case, it is desirable that the calculation
section 31 adjusts (sets) the amplitude of the drive volt-
age to be applied to the liquid crystal panel 13 during the
gray scale transition such that the value, obtained by in-
tegrating over a turn-on period the product of the trans-
mittance of the liquid crystal and the intensity of the back-
light obtained when the backlight turns on, becomes a
desired concentration which allows a clear recognition
of the contour of the image (see (a) through (c) of Fig.
5). That is, it is desirable that the calculation section 31
sets the amplitude of the drive voltage to be applied to
the liquid crystal panel 13 during the gray scale transition
such that the outline of the different gray scale is not
recognized in the outline of the moving object in the mov-
ing image.
[0114] The moving image blur (pseudo contour) oc-
curs at a gray scale between a gray scale that has not
been subjected to a gray scale transition and a gray scale
that has been subjected to the gray scale transition. This
is because the backlight 15 turns on in the course of gray
scale transition of the liquid crystal. In view of the circum-
stances, it is possible to alleviate the moving image blur
(pseudo contour) by causing the backlight 15 to turn on
at a stable gray scale which is before and after gray scale
transition. The alleviation of the moving image blur (pseu-
do contour) leads to adjustment of a gray scale concen-
tration. The gray scale concentration is adjusted (that is,
the moving image blur is alleviated) by, as described
above, changing the response speed of the liquid crystal
with respect to the turn-on and turn-off rates of the back-
light 15.
[0115] In a case where the present embodiment of the
present invention is applied to, for example, a PC (per-
sonal computer), the liquid crystal display device 1 cor-
responds to a liquid crystal display module, and the video
creation device 2 corresponds to a CPU (central process-
ing unit) of the PC. Note that the present embodiment of
the present invention is not limited to the application to
the PC. The present embodiment of the present invention
is therefore applicable to various articles such as a TV
and a mobile phone that include a liquid crystal display
module.
[0116] Fig. 1 shows, as an example, a case where the
video creation device 2 is provided separately from the
liquid crystal display device 1. As shown in Fig. 1, the
video creation device 2 can be provided outside the liquid
crystal display device 1. Alternatively, the video creation
device 2 can be included in the liquid crystal display de-
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vice 1. That is, the liquid crystal display device of the
present invention can be provided with the video creation
device (video creation circuit).
[0117] Further, the OS process circuit 11 can be a par-
tially or entirely large-scale integrated with other circuits,
and these circuits which have been large-scaled integrat-
ed with each other can be provided on the liquid crystal
panel 13. Similarly, circuits such as the liquid crystal pan-
el drive circuit 12 and the backlight drive circuit 14 can
be partially or entirely large-scale integrated with each
other, and these circuits which have been large-scale
integrated with each other can be provided on the liquid
crystal panel 13. The video creation device 2 can also
be large-scale integrated, and can be included in the liq-
uid crystal display device 1 as described above.
[0118] The present technique is applicable to a nor-
mally black liquid crystal display device and a normally
white liquid crystal display device.
[0119] The present technique is also applicable to a
case where the backlight 15 is divided into a plurality of
blocks (regions) and the plurality of blocks have respec-
tive different turn-on periods.
[0120] The following describes an example in which
each of the blocks is controlled, with reference to (a) and
(b) of Fig. 7.
[0121] In (a) of Fig. 7, (i) pixels of the liquid crystal
panel 13 and (ii) divided regions (blocks) of the backlight
15 are illustrated. In (b) of Fig. 7, (i) liquid crystal panel
drive signals and (ii) backlight turn-on signals indicating
turn-on periods of the respective regions of the backlight
15 are illustrated.
[0122] Particularly, an area active backlight has re-
cently gained attention as an illumination device for use
in a display device or the like. In the area active backlight,
there are provided a plurality of regions for illuminating
light (hereinafter referred to as "illumination regions"),
and brightness (luminance) of illumination light is con-
trolled for each of the illumination regions in accordance
with an image to be displayed on the liquid crystal panel.
Therefore, the whole area active backlight does not have
a uniform luminance, but when and how long the illumi-
nation light is illuminated are controlled for each of the
illumination regions in accordance with the display data.
[0123] According to a liquid crystal display device in-
cluding the area active backlight, an image is displayed
by controlling the luminance of each illumination light
from a corresponding one of the divided illumination re-
gions of the area active backlight such that the each il-
lumination light illuminates a corresponding region (here-
inafter referred to as a "display region") of the liquid crys-
tal panel.
[0124] Therefore, such a liquid crystal display device
can display a high quality image by setting an overshoot
quantity (conversion quantity) for each of the display re-
gions which is illuminated by illumination light of a corre-
sponding one of the illumination regions in accordance
with a backlight turn-on signal for the corresponding one
of the illumination regions so as to carry out a correspond-

ing OS drive.
[0125] For example, as shown in (b) of Fig. 7, in a case
where the backlight 15 is divided into (m+1)�(n+1)
blocks (regions) and each of the blocks corresponds to
2�2 pixels, it is possible to properly drive the liquid crystal
panel 13 by supplying a turn-on signal of the backlight
15 in accordance with the liquid crystal panel drive signal.
[0126] In this case, the OS process circuit 11 can carry
out the OS process by use of the plurality of LUTs. Instead
of using the plurality of LUTs, the OS process circuit 11
can carry out the OS process by calculating based on a
formula.
[0127] In this case, the calculation section 31 can cal-
culate, for example as a turn-off rate, how the backlight
which is divided into the regions illuminates the display
regions or the pixels of the liquid crystal panel 13, and
can change, in accordance with how the display regions
or the pixels are illuminated, the amplitude of the drive
voltage to be applied to the liquid crystal panel 13 during
the gray scale transition. This makes it possible to carry
out an optimal OS drive in each display region even in a
case where a turn-on period of a corresponding illumi-
nation region of the backlight 15 or a surface temperature
of the liquid crystal panel 13 changes.
[0128] The OS process circuit 11 and the OS process
performed by the OS process circuit 11 may be realized
by hardware logic, alternatively may be realized by soft-
ware by using the CPU (central processing unit).
[0129] Namely, the liquid crystal display device 1 in-
cludes: the CPU for executing a control program for re-
alizing functions of the OS process circuit 11; a ROM
(read only memory) that stores the control program; a
RAM (random access memory) that develops the control
program; a storage device (storage medium) such as a
memory that stores the control program and various data;
and the like. The OS process can be realized in such a
manner that the liquid crystal display device is provided
with a computer-readable storage medium for storing a
program code of the control program for realizing the
functions, and a computer, CPU or MPU (microproces-
sor) reads out and executes the program code stored in
the storage medium.
[0130] The storage medium is, for example, tapes such
as a magnetic tape and a cassette tape, or discs such
as magnetic discs (e.g. a floppy disc® and a hard disc),
and optical discs (e.g. CD-ROM, MO, MD, DVD, and CD-
R). Further, the storage medium may be cards such as
an IC card (including a memory card) and an optical card,
or semiconductor memories such as mask ROM,
EPROM, EEPROM, and flash ROM.
[0131] Further, the liquid crystal display device 1 may
be arranged so as to be connectable to a communication
network so that the program code is supplied to the liquid
crystal display device 1 through the communication net-
work. The communication network is not particularly lim-
ited. Examples of the communication network include the
Internet, intranet, extranet, LAN, ISDN, VAN, CATV com-
munication network, virtual private network, telephone
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network, mobile communication network, and satellite
communication network. Further, a transmission medium
that constitutes the communication network is not partic-
ularly limited. Examples of the transmission medium in-
clude (i) wired lines such as IEEE 1394, USB, power-line
carrier, cable TV lines, telephone lines, and ADSL lines
and (ii) wireless connections such as IrDA and remote
control using infrared ray, Bluetooth®, 802.11, HDR, mo-
bile phone network, satellite connections, and terrestrial
digital network. Note that the present invention can be
also realized by the program code in the form of a com-
puter data signal embedded in a carrier wave, which is
the program that is electrically transmitted.
[0132] As described above, a liquid crystal display de-
vice of the present invention, including: a liquid crystal
panel; and a backlight that irradiates the liquid crystal
panel with light, one frame period including a turn-on pe-
riod during which the backlight turns on and a turn-off
period during which the backlight turns off, luminance
being changed by changing turn-on intervals of the back-
light, said liquid crystal display device, further comprising:
a control circuit which controls a drive voltage to be ap-
plied to the liquid crystal panel by setting an amplitude
of the drive voltage to be applied to the liquid crystal panel
during a gray scale transition, the control circuit setting
the amplitude of the drive voltage so as to be greater as
the turn-on period of the backlight is longer under a con-
dition where a gray scale that has not been subjected to
a gray scale transition is equal to a gray scale that has
been subjected to the gray scale transition.
[0133] Further, a method for driving the liquid crystal
display device of the present invention is a method for
driving a liquid crystal display device including: a liquid
crystal panel, and a backlight that irradiates the liquid
crystal panel with light, said method, comprising the steps
of: causing one frame period to include a turn-on period
during which the backlight turns on and a turn-off period
during which the backlight turns off; changing luminance
by changing turn-on intervals of the backlight; and setting
the amplitude of the drive voltage, to be applied to the
liquid crystal panel during a gray scale transition, to be
greater as the turn-on period of the backlight is longer
under a condition where a gray scale that has not been
subjected to a gray scale transition is equal to a gray
scale that has been subjected to the gray scale transition.
[0134] According to the above-described arrangement
and method, applying an emphasis voltage to the liquid
crystal panel as described above makes it possible to
reduce appearance of an outline of a different gray scale
in an outline of a moving object in a case where the back-
light is turned on and off so as to change intervals at
which the backlight turns on.
[0135] That is, it is preferable that the control circuit
sets the amplitude of the drive voltage to be applied to
the liquid crystal panel during the gray scale transition
such that the outline of the different gray scale is not
recognized in the outline of the moving object in the mov-
ing image.

[0136] It is preferable in the present invention that the
backlight is divided into a plurality of regions having lu-
minances that are individually controlled, and the control
circuit sets, in accordance with a turn-on period of each
of the plurality of regions of the backlight, the amplitude
of the drive voltage for a corresponding region of the liquid
crystal panel.
[0137] According to the above arrangement, it is pos-
sible to control the luminances of the respective divided
regions of the backlight in accordance with an image to
be displayed on the liquid crystal panel. Further, in the
respective regions having the luminances that are indi-
vidually controlled, it is possible to reduce appearance
of the outline of the different gray scale in the outline of
the moving object. On this account, the liquid crystal dis-
play device in which the backlight is divided into the plu-
rality of regions can display a high quality image.
[0138] Specifically, the control circuit includes a mem-
ory for temporarily storing gray scale data of a previous
frame which comes one frame before a current frame,
and the control circuit sets the amplitude of the drive volt-
age in accordance with gray scale data of the current
frame, the gray scale data of the previous frame read
from the memory, and the turn-on period of the backlight.
[0139] That is, the control circuit carries out a gray
scale transition emphasis process in accordance with the
turn-on period of the backlight, and sets the amplitude of
the drive voltage so as to be greater as the turn-on period
of the backlight is longer under the condition where the
gray scale that has not been subjected to the gray scale
transition is equal to the gray scale that has been sub-
jected to the gray scale transition, so that the transmit-
tance of the liquid crystal is changed. This makes it pos-
sible to stabilize how an image is actually viewed at the
point where the display data changes regardless of the
turn-on period of the backlight.
[0140] The control circuit sets the amplitude of the
drive voltage by carrying out (i) a gray scale conversion
based on the gray scale data of the current frame and
the gray scale data of the previous frame read from the
memory so as to carry out a gray scale transition empha-
sis process and (ii) the gray scale conversion by use of
look-up tables different from one another in the turn-on
period of the backlight, so as to carry out the gray scale
transition emphasis process.
[0141] More specifically, the control circuit further in-
cludes: a storage section which stores a plurality of look-
up tables different from one another in how much gray
scales change due to respective gray scale conversions;
a selection section which selects a look-up table from the
plurality of look-up tables; and a gray scale conversion
section which carries out a corresponding one of the gray
scale conversions by use of the look-up table selected
by the selection section, the selection section selecting
a look-up table in accordance with the turn-on period of
the backlight from the plurality of look-up tables stored
in the storage section.
[0142] Alternatively, the control circuit calculates a
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turn-off rate based on a turn-on period of the backlight,
and sets the amplitude of the drive voltage in accordance
with the turn-off rate.
[0143] As described above, the amplitude of the drive
voltage to be applied to the liquid crystal panel during the
gray scale transition is set by use of the look-up tables
different from one another in the turn-on period of the
backlight. This makes it possible to set, at short times,
the amplitude of the drive voltage to be applied to the
liquid crystal panel during the gray scale transition in ac-
cordance with the turn-on period of the backlight, and
also makes it possible to manufacture the liquid crystal
display device at low cost.
[0144] Further, as described above, the amplitude of
the drive voltage to be applied to the liquid crystal panel
during the gray scale transition is also set by the calcu-
lation. This makes it possible to eliminate storage means
for storing the look-up tables from the liquid crystal dis-
play device, or reduce memory capacity for storing the
look-up tables.
[0145] It is preferable that a timing at which the back-
light turns on is controlled such that a turn-off period is
secured during the gray scale transition.
[0146] It is preferable that the backlight is controlled to
turn on immediately before transmittance of the liquid
crystal panel changes.
[0147] Generally, the outline of the different gray scale
is not recognized in the outline of the moving object pro-
vided that the backlight constantly emits light during the
gray scale transition. However, in a case where the turn-
on period and the turn-off period of the backlight are se-
cured during the gray scale transition in the present in-
vention, the outline of the different gray scale is recog-
nized in the outline of the moving object. In view of the
circumstances, the turn-off period of the backlight is set
during the gray scale transition as much as possible, and
a gray scale is kept as much stable as possible during
the turn-on of the backlight. This allows a reduction in
appearance of the outline different from the outline of the
moving object.
[0148] Further, it is preferable that the liquid crystal
display device further includes a temperature sensor
which detects a surface temperature of the liquid crystal
panel, the control circuit setting the amplitude of the drive
voltage by further taking into consideration the surface
temperature detected by the temperature sensor.
[0149] Further, it is preferable that the control circuit
sets the amplitude of the drive voltage to be greater as
the turn-on period of the backlight is longer under a con-
dition where (i) a gray scale that has not been subjected
to a gray scale transition is equal to a gray scale that has
been subjected to the gray scale transition and (ii) the
surface temperature of the liquid crystal panel is constant
before and after the gray scale transition. It is also pref-
erable that the control circuit sets the amplitude of the
drive voltage to be greater as the surface temperature is
lower.
[0150] A liquid crystal material has a physicality of de-

pending greatly on temperature. This causes a response
speed of a liquid crystal display device to change due to
change in the temperature of the liquid crystal material.
[0151] However, as described above, the control cir-
cuit sets, in accordance with the surface temperature de-
tected by the temperature sensor, the amplitude of the
drive voltage to be applied to the liquid crystal panel dur-
ing the gray scale transition. This makes it possible to
set the amplitude of the drive voltage to be applied to the
liquid crystal panel during the gray scale transition so as
to be an optimal value, even in a case where the surface
temperature of the liquid crystal panel changes.
[0152] The present invention is not limited to the de-
scription of the embodiments above, but may be altered
by a skilled person within the scope of the claims. An
embodiment based on a proper combination of technical
means disclosed in different embodiments is encom-
passed in the technical scope of the present invention.

Industrial Applicability

[0153] A liquid crystal display device of the present in-
vention is applicable to a general liquid crystal display
device that changes luminance by turning on and off a
backlight so as to change turn-on intervals of a backlight.
The liquid crystal display device can reduce occurrence
of a situation in which an outline of a different gray scale
(an intermediate gray scale which is not included in an
original gray scale) is recognized in an outline of a moving
object. It is therefore possible to suppress deterioration
in display quality of the moving image due to, for example,
occurrence of an afterimage on a display screen. Accord-
ingly, the present invention is suitably applicable to (i) a
liquid crystal display device employed in various fields
such as a TV, a monitor, a mobile phone, a navigation
device, and a portable video game machine and (ii) a
method for driving the liquid crystal display device.

Reference Signs List

[0154]

1: liquid crystal display device
2: video creation device
11: OS process circuit (control circuit)
12: liquid crystal panel drive circuit
13: liquid crystal panel
14: backlight drive circuit
15: backlight
16: temperature sensor
21: frame buffer (memory)
31: calculation section
32: LUT selection section (selection section)
33: gray scale conversion section
41: LUT memory (storage means)
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Claims

1. A liquid crystal display device, comprising:

a liquid crystal panel; and
a backlight that irradiates the liquid crystal panel
with light,
one frame period including a turn-on period dur-
ing which the backlight turns on and a turn-off
period during which the backlight turns off, lumi-
nance being changed by changing turn-on inter-
vals of the backlight,
said liquid crystal display device, further com-
prising:

a control circuit which controls a drive volt-
age to be applied to the liquid crystal panel
by setting an amplitude of the drive voltage
to be applied to the liquid crystal panel dur-
ing a gray scale transition,
the control circuit setting the amplitude of
the drive voltage so as to be greater as the
turn-on period of the backlight is longer un-
der a condition where a gray scale that has
not been subjected to a gray scale transition
is equal to a gray scale that has been sub-
jected to the gray scale transition.

2. The liquid crystal display device as set forth in claim
1, wherein the backlight is divided into a plurality of
regions having luminances that are individually con-
trolled, and
the control circuit sets, in accordance with a turn-on
period of each of the plurality of regions of the back-
light, the amplitude of the drive voltage for a corre-
sponding region of the liquid crystal panel.

3. The liquid crystal display device as set forth in claim
1 or 2, wherein the control circuit includes a memory
for temporarily storing gray scale data of a previous
frame which comes one frame before a current
frame, and
the control circuit sets the amplitude of the drive volt-
age in accordance with gray scale data of the current
frame, the gray scale data of the previous frame read
from the memory, and the turn-on period of the back-
light.

4. The liquid crystal display device as set forth in claim
3, wherein the control circuit sets the amplitude of
the drive voltage by carrying out (i) a gray scale con-
version based on the gray scale data of the current
frame and the gray scale data of the previous frame
read from the memory so as to carry out a gray scale
transition emphasis process and (ii) the gray scale
conversion by use of look-up tables different from
one another in the turn-on period of the backlight, so
as to carry out the gray scale transition emphasis

process.

5. The liquid crystal display device as set forth in claim
4, wherein the control circuit further includes:

a storage section which stores a plurality of look-
up tables different from one another in how much
gray scales change due to respective gray scale
conversions;
a selection section which selects a look-up table
from the plurality of look-up tables; and
a gray scale conversion section which carries
out a corresponding one of the gray scale con-
versions by use of the look-up table selected by
the selection section,
the selection section selecting a look-up table in
accordance with the turn-on period of the back-
light from the plurality of look-up tables stored
in the storage section.

6. The liquid crystal display device as set forth in any
one of claims 1 to 5, wherein a timing at which the
backlight turns on is controlled such that a turn-off
period is secured during the gray scale transition.

7. The liquid crystal display device as set forth in any
one of claims 1 to 6, wherein the backlight is control-
led to turn on immediately before transmittance of
the liquid crystal panel changes.

8. The liquid crystal display device as set forth in any
one of claims 1 to 7, wherein the control circuit sets
the amplitude of the drive voltage such that an outline
of a different gray scale is not recognized in an outline
of a moving object in a moving image.

9. The liquid crystal display device as set forth in any
one of claims 1 to 3, wherein the control circuit cal-
culates a turn-off rate based on a turn-on period of
the backlight, and sets the amplitude of the drive
voltage in accordance with the turn-off rate.

10. The liquid crystal display device as set forth in any
one of claims 1 to 9, further comprising:

a temperature sensor which detects a surface
temperature of the liquid crystal panel,
the control circuit setting the amplitude of the
drive voltage by further taking into consideration
the surface temperature detected by the tem-
perature sensor.

11. The liquid crystal display device as set forth in claim
10, wherein the control circuit sets the amplitude of
the drive voltage to be greater as the turn-on period
of the backlight is longer under a condition where (i)
a gray scale that has not been subjected to a gray
scale transition is equal to a gray scale that has been
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subjected to the gray scale transition and (ii) the sur-
face temperature of the liquid crystal panel is con-
stant before and after the gray scale transition.

12. The liquid crystal display device as set forth in claim
10, wherein the control circuit sets the amplitude of
the drive voltage to be greater as the surface tem-
perature is lower.

13. A method for driving a liquid crystal display device,
the liquid crystal display device comprising a liquid
crystal panel, and a backlight that irradiates the liquid
crystal panel with light,
said method, comprising the steps of:

causing one frame period to include a turn-on
period during which the backlight turns on and
a turn-off period during which the backlight turns
off;
changing luminance by changing turn-on inter-
vals of the backlight; and
setting the amplitude of the drive voltage, to be
applied to the liquid crystal panel during a gray
scale transition, to be greater as the turn-on pe-
riod of the backlight is longer under a condition
where a gray scale that has not been subjected
to a gray scale transition is equal to a gray scale
that has been subjected to the gray scale tran-
sition.

27 28 



EP 2 434 474 A1

16



EP 2 434 474 A1

17



EP 2 434 474 A1

18



EP 2 434 474 A1

19



EP 2 434 474 A1

20



EP 2 434 474 A1

21



EP 2 434 474 A1

22



EP 2 434 474 A1

23



EP 2 434 474 A1

24



EP 2 434 474 A1

25



EP 2 434 474 A1

26



EP 2 434 474 A1

27



EP 2 434 474 A1

28



EP 2 434 474 A1

29

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2001343956 A [0022]



专利名称(译) 液晶显示装置及其驱动方法

公开(公告)号 EP2434474A1 公开(公告)日 2012-03-28

申请号 EP2010777475 申请日 2010-02-09

[标]申请(专利权)人(译) 夏普株式会社

申请(专利权)人(译) 夏普株式会社

当前申请(专利权)人(译) 夏普株式会社

[标]发明人 MURAKAMI HIROFUMI C O SHARP KABUSKIKI KAISHA
TANAKA YUHJI C O SHARP KABUSKIKI KAISHA
HORINO SHINJI C O SHARP KABUSKIKI KAISHA

发明人 MURAKAMI, HIROFUMI C/O SHARP KABUSKIKI KAISHA
TANAKA, YUHJI C/O SHARP KABUSKIKI KAISHA
HORINO, SHINJI C/O SHARP KABUSKIKI KAISHA

IPC分类号 G09G3/36 G02F1/133 G09G3/20 G09G3/34

CPC分类号 G09G3/3426 G09G3/3611 G09G2310/0237 G09G2320/0252 G09G2320/0261 G09G2320/041 
G09G2320/064 G09G2320/0646 G09G2330/021 G09G2340/16

优先权 2009121458 2009-05-19 JP

其他公开文献 EP2434474A4

外部链接 Espacenet

摘要(译)

本发明的一个目的是提供一种液晶显示装置及其驱动方法，其中即使在
打开和关闭背光以改变间隔的情况下，在电影显示期间也清楚地识别图
像的轮廓。背光打开的地方。液晶显示装置包括液晶面板和用光照射液
晶面板的背光，一个帧周期包括背光开启的开启周期和背光关闭的关闭
周期，通过改变背光的开启间隔来改变亮度，通过改变开启周期和关闭
周期的长度来改变背光的开启间隔。液晶显示装置还包括OS处理电路，
用于通过设定在灰度转变期间施加到液晶面板的驱动电压的幅度来控制
施加到液晶面板的驱动电压。OS处理电路设定在灰度转换期间施加到液
晶面板的驱动电压的幅度，以便随着背光的开启周期在没有的灰度级的
情况下更长而更大。经受灰度转变的灰度等于在背光的开启周期变化的
情况下经历灰度转变的灰度级。
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