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(57) ABSTRACT

An object of at least one embodiment of the present invention
is to provide a liquid crystal display device and a driving
method thereof, 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. In at least one embodiment, the
liquid crystal display device includes a liquid crystal panel
and the 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 backlight, the turn-on inter-
vals of the backlight 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
controlling 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 transi-
tion. 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
ofthe backlight is longer under a condition where gray scales
that have not been subjected to a gray scale transition is equal

(51) Imt.CL to gray scales that have been subjected to the gray scale
G09G 3/36 (2006.01) transition in a case where the turn-on period of the backlight
G09G 5/10 (2006.01) varies.

il
v 0
TEMPERATURE
SENSOR "
L
11 LIQUID 12
2 VIDEO SIGNAL - SQWEAI\“;IEQKEL L1QuID CRYQTAL
08 PROGESS LIQUID CRYSTAL
» : »| PANEL DRIVE >
vi DEgngfgéT [ON CIRCUIT CIRCUIT PANEL
X
BACKLIGHT )
BACKLIGHT | DRIVE CIRCUIT BACKL IGHT
TURN-ON SIGNAL T 15




US 2011/0267383 Al

Nov. 3,2011 Sheet1 of 11

Patent Application Publication

391A30
NOILY3¥) 03aIA

pl
61 At WNDIS NO-NHNL
Myuw4x0<m | LINO¥ID 3A140 | 191 MOV
, 1H9 1 Y9V
\ 4
119419
v p LIN9Y19
INTYE 1INV e | y
T TINVd TYLSAYD)
¢t anolt H
g1l
HOSNIS
WNLYHIdIAL
917 4
7

77

IE



US 2011/0267383 Al

Nov. 3,2011 Sheet 2 of 11

Patent Application Publication

IVNIIS
JALHG 1INV -

TV1ISAYD ainol

NO1193S
NOISH3ANOD
JTVOS AVHD

d344nd vy

»

127

AYOWAW LN

ee” H

i

NOI123S
NOT10373S 1M

A

2z

¢/ 4

1

H

4OSN3S
JUNLVHIdNAL

917

TVNDIS 03dIA

TVNDIS
NO-Nin.
1HO 1 ™HOVE



US 2011/0267383 Al

Nov. 3,2011 Sheet 3 of 11

Patent Application Publication

ALISNIINI
S0 §S31

1M

ses0see

nm

m

im

@0143d
NO-NdnL 1HOHS

ssssssen

esssssne

ssccsens

escessee

<

10 17 101
107 1n1 1N
1 107 107
107 107 N7
00143

NO-NYNL 9NO'

NIV
HOIH

A

ENTTINEL T
MO

ALISNIINI

SO 1v3¥9

1w

€ Old



Patent Application Publication Nov. 3,2011 Sheet 4 of 11 US 2011/0267383 Al

I
P
03X

s sy
S A

AR
B S
B3




US 2011/0267383 Al

Nov. 3,2011 Sheet5of 11

Patent Application Publication

3N 1A
ATIVALIY SI
JOVINE NV MOH

JONVLLIWSNVYL
GNY LHO1 TOVE
40 10naoyd

1H9ITHOvE 40
TYNDIS NO-Nunl

TVLISAYD
ainoi 40
- JONVILIWSNvHL
....... I —
NOOL
ALTSNAINT Woy4 LndLno
SO
....... SO

L1

NN

>

01434 NO-NunL

....... J.------J------
S N
ALTSNIIN]
S0
....... S

PNVLLINSNVEL | 1T U
Ny 1HO 1 THOVE
40 190004d
T
a0(¥3d NO-NMNL

1H91MOVE 40
TYNDBIS NO-Nunl

QWA - e — QIMIIA
ATIVRLOV S| ATVALOY S|
9VMI NV MOH J9VHI NV HOH

JONVLLIWSNVYHL
NV LHBITHOVE
40 10Na0yd

1HO1HOVE 40
TVNDIS NO-NYNL

WISk T LSAY)
aInol 40 Qo1 1 40
J0NYLLIHSNYAL 20NVLLINSNYAL
....... N
NODL NOOL
O 10dLN0 | e WO¥4 10d1LN0
S0
....... S

_ TYNDIS 1NdNi _ TYNDIS 1NdNI _ TYNBIS 1NdNI

(2)

(a)

(e)

G Ol



US 2011/0267383 Al

Nov. 3,2011 Sheet 6 of 11

Patent Application Publication

QIM3 1A
ATIVALIY SI
JOVINI NV MOH

(37 INS0OJY S1 TS AVHD
31Y103WLINT 40 3NETLNO

- - LT L]

JONV1LIWSNYYHL
ANV 1HO1'THOVE
40 19NQ0Yd

ﬁnug 1HO1IOVE 40
YNDIS NO-NnL

<> .
(0143d NO-NHnL

TVISAYD
anoii 40
JONVLLIWSNVYL

[ T I T
. NOOL
Wod4 Indino

$S3T -ALISNIAINI SO

A

xxxxxxxxx [ Zhuiintaiiuiad Iainteii S S

WNDIS 1NdNI

(a)

(3Z1NB0OAY ARIVETO ST aNITLNO

- -

L1

00143d No-NunL

lllllllll | Muiataind Ittt R

QI3 LA
ATIVALIV S|
JOVWI NY MOH

JONVLLIWSNYHL
(NY 1HOIDIOVE
40 10Nd0Yd

1H910vVE 40
TVNDIS NO-NunL

VISAY)
ainoei 40
JONVLLINSNYHL

NODL
Wodd 1ndino

TVNDIS LNdNI

(e)

9 'OId



US 2011/0267383 Al

Nov. 3,2011 Sheet 7 of 11

Patent Application Publication

wwl My u'o) i (0w | ©'D 0°'0) owil_ __[©'D 0'0)
k| 19 14 14 14 14 14 14 14
TYNDIS NO-NaNl 1HOITMOvVE
Kl TEDEDED) . (], e n{ao O], . {odjon|oo
a1 @7 | @1 | a a1 @7 | @1 an @11 6| el
TYNDIS JAIUA TINYd TYLSAYO QIndiT
(q)
(KX) (K "1-X) K| Gp|E D] &0
(u ) ' ©0) ®1 | o @1 ] 61| o | ol
14 8 1 (-5 %) (-6 "8) -4 D14 D4 0)
o ol | e | @ | @
(%) [ 1-%) (%) :mv Aﬁv m_%
P (0 ) o1 ©°0) \\ ®1 | @1 | 6 i)
1 1 18 d £l 0% J0°1-% O RO N RO R ECRY)
N GY @1 | @1 | o1 ! @
(e)

L "Old



US 2011/0267383 Al

Nov. 3,2011 Sheet 8 of 11

Patent Application Publication

TUNDIS

4344ng JWvi4

nol1oas | 2’

JAIHA 13NVd <
VISAHD QInoin

NOISHIANOD [« . TYNDIS 03Q1A
J1V3S AVHD

e’ 4

AYONIN 1M

1’

LEL

8 Old



US 2011/0267383 Al

Nov. 3,2011 Sheet9 of 11

Patent Application Publication

a3amaia
ATIVILLOY S1
JOVAL NV MOH

JHOHS S1 V08
AVYD 3LVIGIWGIING

JONVLLIWSNVYL
ANV LHO1"MOYE
40 10na0yd

IVNDIS NO-NYNL
1HD1THOVE

TVISAYHD
ainoii 40
JONVLLINSNVYL

NOOL
WO¥d 1nd1no

ALISNIINI mo+_.||||

((((((((( A D I H

TYNDIS INdNI

(9)

EVENN)
ATIVALOY Si
JOVNE NV MOH

9NOT SI 37V0S
AVHD 3LVIQIWEFIN]

|||||||| L B I B
JONVLLINSNYYL
ANV LH9| THovE
40 19ndoyd
...... TN 1S. NO-NnL
LH91Move

llllllll N A e I
VISAYD
a1no11 40
0NV LLINSNVAL

||||||||| | Eaiaaiint Relnindainialy R S
NOOL
WoY4 1nd1no

111111111 | A i R
WNDIS LndNI

()

6 Ol



US 2011/0267383 Al

Nov. 3,2011 Sheet 10 of 11

Patent Application Publication

BN

1H9 17 MOVE

TWNIIS
NO-NY¥NL 1HO1THOVE

F-

TaNYd
ISAHD dinoin

A

el

TYNOIS JATAd
TANVd VISAYD aIndIT

LINOY10
$S3004d SO

A

CIVNBIS 03d1A

e

NOILYI4D 03aIA

301A30

¢01

101

g

0} O



US 2011/0267383 Al

Nov. 3,2011 Sheet 11 of 11

Patent Application Publication

(EVEIT
ATIVNLOV SI
39VNI NV MOH

lllllll B et lotos aciutoeesiarin

JONVLI INSNVYL
NV 1HD1THOYE
40 10na0Yd

LHDITMOVE 40
TYNIIS NO-NunL

a07d3d NO-Nni

lllllll B atatodrte wivibetutotsin

%
(TTT T

<+
(01434 NO-Nunl

lllllll e e

QIM3LA
ATIVNLOV SI
OV NV MOH

JONVLLIWSNVYHL
ANV LHO1IOVE
40 19nao0yd

1HBITHOVE 40
TYNDIS NO-NinL

lllllll B e brtetnbalrbs misdnbulaetute

L

ol
01d3d NO-NinL

TYN9IS NO-NifL

a3IM31A
ATIVALOY Si
3OVl NV MOH

JONVLLINSNVUL
ONY LHO1MOVE
40 19naoyd

THO1TMOVE 40

....... T — s Wi S  WISKD -
aInoi 40 QoI 40 aInoil 40 -
FONVLLINSNYAL JONVLL INSNYEL ONVLLINSNVIL
lllllll T m R mm— ittt R R bty iy R
— NOOL B NOOL — NOL
N o4 1IN0 | errm WO 010 | HO¥4 10dLN0
SO S0 SO
lllllll L D I i R Ittt R B
NDIS LNaNI TWNIS LNdNI NDIS LN
(2) (a) (e)
LL "Old



US 2011/0267383 Al

LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play 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 display
devices, an impulse-type display device such as a CRT (cath-
ode-ray tube) and a hold-type display device such as a liquid
crystal display device.

[0003] According to the impulse-type display device, pix-
els 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 distinguish between a background and the
moving object, thereby recognizing the moving image with-
out 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 cor-
responding 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. Spe-
cifically, 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 mov-
ing image blur during displaying of the moving image. There-
fore, the impulse-type display device is often employed 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, invarious fields such as a TV, a monitor, a mobile device
such as a mobile phone.

[0008] However, the liquid crystal display device generally
has a very slow response speed, as compared with other
display devices such as the CRT. In the liquid crystal 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 pro-
portion to the inverse of time (response time) necessary for
the alignment state of the liquid crystal layer to reach an
alignment state corresponding to the applied voltage.
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[0009] Note, however, that it takes some time for the liquid
crystal layer to reach the alignment state corresponding to the
applied voltage. For example, in a case where a liquid crystal
panel that is compatible with a double 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 response
speed of liquid crystal, a method for driving a liquid crystal
display device (gray scale transition emphasis process) which
is called overshooting drive (overdrive) (see, for example,
Patent Literature 1).

[0012] The gray scale transition emphasis process (herein-
after referred to as “OS drive”) is a drive method for improv-
ing the response speed by applying an emphasis 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 alignments
of the liquid crystal molecules is promoted as follows. Spe-
cifically, 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 corre-
sponding to a gray scale to be displayed, is applied for the
predetermined period.

[0014] Suchan OS drive is generally realized by converting
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 (herein-
after referred to as “OS process circuit”) for performing 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 a
converted correction gray scale is associated with a combi-
nation 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 current 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) corresponding to the video
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signal of the current frame and the video signal of the previ-
ous 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 diagram)
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 transmit-
tance of liquid crystal, (i1) a waveform of values obtained by
integrating, over a time period during which the backlight
turns on, the product (indicated by “PRODUCT OF BACK-
LIGHT AND TRANSMITTANCE” in FIG. 9) of transmit-
tance 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 actually 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 cir-
cuit 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
[0022] Patent Literature
[0023] Patent Literature 1

[0024] Japanese Patent Application Publication, Tokukai
No. 2001-343956 A (Publication Date: Dec. 14, 2001)

SUMMARY OF INVENTION

Technical Problem

[0025] 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 response of
liquid crystal is low and (ii) the hold drive is employed as a
drive method of the liquid crystal display device.

[0026] The OS drive as shown in (b) of FIG. 9 shortens a
period during which an intermediate gray scale is displayed,
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 causes a viewer to recognize a vague outline of
a moving object.

[0027] 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 moving image blur
caused by the hold drive, a drive method referred to as a
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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.

[0028] 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.

[0029] Specifically, the inventors of the present application
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.

[0030] As aresult, the inventors of the present application
found that how the image displayed on the liquid 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.

[0031] (a) through (c¢) of FIG. 11 are timing charts (wave-
form 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, transmittance of the lig-
uid 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.

[0032] According to the pseudo impulse drive, the back-
light is periodically turned on and off at predetermined 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 back-
light was constant, the image 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 (i) applying a great
electric potential difference at the point where the display
data changed.

[0033] However, as shown in (b) and (¢) 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 outline of the mov-
ing object (contour of an image) during a movie display
because the viewer recognized (i) an outline of a different
gray scale (intermediate gray scale) and (ii) an outline of a
displayed moving image of a moving object. This is because,
in a case where the turn-on period of the backlight is merely
changed without changing 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
intermediate gray scales which are not included in the origi-
nal gray scale.
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[0034] The present invention can solve a problem newly
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 device 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

[0035] A liquid crystal display device of the present inven-
tion, 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 backlight, said liquid crystal
display device, further comprising: a control circuit which
controls 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 transi-
tion, the control circuit setting the amplitude of the drive
voltage so as to be greater as the turn-on period of the back-
light 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.
[0036] Further, a method for driving the liquid crystal dis-
play 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 volt-
age, 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.
[0037] According to the above-described arrangement and
method, it is possible not only to attain low power consump-
tion but also to suppress occurrence of moving image blur due
to hold drive during the gray scale transition by inserting the
turn-out period in the one (1) frame period.

[0038] Further, it is possible to reduce appearance of an
outline of a different gray scale (intermediate gray scale dif-
ferent 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, according to the above arrange-
ment, it is possible to provide a liquid crystal display device
and a driving method thereof, 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 lumi-
nance is changed by changing the turn-on intervals of the

backlight.

Advantageous Effects of Invention

[0039] According to the present invention, in a case where
luminance is changed by changing turn-on intervals of a
backlight, an amplitude of a drive voltage, which is applied to
a liquid crystal panel during a gray scale transition on the
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assumption that identical evaluation criteria 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 tran-
sition 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 backlight is longer.

[0040] On this account, the present invention makes it pos-
sible 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. Therefore a viewer can
clearly recognize the outline of the moving object (contour of
an image).

BRIEF DESCRIPTION OF DRAWINGS

[0041] FIG.1

[0042] FIG. 1 is a block diagram schematically showing a
configuration of a liquid crystal display system in accordance
with an embodiment of the present invention.

[0043] FIG.2

[0044] FIG. 2 is a block diagram schematically showing a
configuration of an overshoot process circuit in accordance
with an embodiment of the present invention.

[0045] FIG. 3 is a view showing how an LUT memory
shown in FIG. 2 stores a plurality of look-up tables.

[0046] FIG. 4is a view showing an example of the look-up
tables stored in the LUT memory shown in FIG. 3.

[0047] FIG.5

[0048] (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 crys-
tal, a waveform of values obtained by integrating, over a 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, and a wave-
form showing how an image is actually viewed on a liquid
crystal panel.

[0049] FIG. 6

[0050] (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 ina 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 product 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.

[0051] FIG.7

[0052] (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 indi-
cating turn-on periods of the respective regions of the back-
light.

[0053] FIG.8

[0054] FIG. 8 is a block diagram schematically showing a
configuration of a general overshoot process circuit.

[0055] FIG.9

[0056] (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
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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 waveform
of values obtained by integrating, over a time period during
which the backlight turns on, the product of the transmittance
ofthe 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.
[0057] FIG.10

[0058] FIG. 10 is a block diagram schematically showing a
configuration of a liquid crystal display system employed for
measurement shown in FIG. 11.

[0059] FIG.11

[0060] (a)to (c) of FIG. 11 are timing charts showing how
an image is actually viewed on a liquid crystal panel depend-
ing 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 back-
light, the product of the transmittance of the liquid crystal and
an intensity of the backlight obtained when the backlight
turns on.

DESCRIPTION OF EMBODIMENTS

[0061] The following describes in detail an embodiment of
the present invention.

[0062] FIG. 1 is a block diagram schematically showing a
configuration of a liquid crystal display system in accordance
with the present embodiment.

[0063] The liquid crystal display system shown in FIG. 1
includes a liquid crystal display device 1 and a video creation
device 2.

[0064] The liquid crystal display device 1 shown in FIG. 1
includes an overshoot process circuit (hereinafter referred to
as “OS process circuit”) 11 for carrying out a gray scale
transition emphasis process (hereinafter referred to as “OS
drive”) referred to as what is called overshoot drive (over-
drive), a liquid crystal panel drive circuit 12, a liquid crystal
panel 13, a backlight drive circuit 14, a backlight 15, a tem-
perature sensor 16, and a timing control circuit (TCON) that
is not shown in FIG. 1.

[0065] The video creation device 2 supplies, to the liquid
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.

[0066] 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.

[0067] The video signal, supplied from the video creation
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 cre-
ation device 2 to the liquid crystal display device 1, is sup-
plied 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.

[0068] Thebacklight 15 is provided behind (on an opposite
surface side to a display surface) of the liquid crystal panel 13,
and irradiates the liquid crystal panel 13 with light. The back-
light 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.
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[0069] 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 (adjust-
ment) in luminance.

[0070] The liquid crystal display device 1 is thus subjected
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.

[0071] According to the present embodiment, it is possible
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.

[0072] Note that it is preferable in the present embodiment
that the turn-off period (black display period) is set during the
gray scale transition.

[0073] 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 transi-
tion. 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 consumption 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.

[0074] 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 portion due to the
different gray scale (that is, intermediate gray scale different
from an original gray scale) that causes moving image blur at
a point where display data changes in a case where the mov-
ing image is displayed. As a result, a contour of an image can
be clearly displayed.

[0075] 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.

[0076] It is therefore preferable that the turn-on timing of
the backlight 15 is controlled such that the turn-off period of
the backlight 15 is secured during the gray scale transition.
Further, itis preferable that the turn-on timing of the backlight
15 is controlled such that the backlight 15 turns on immedi-
ately before transmittance of the liquid crystal panel 13
changes.

[0077] Examples of the light source encompass various
light emitting devices such as a light emitting diode (LED), an
organic electroluminescent (EL) light emitting device, and an
inorganic EL light emitting device.

[0078] Employing ofa point light source as the backlight 15
allows black display (black insertion) in a desired region.
[0079] The liquid crystal display device 1 displays a video
in response to the foregoing backlight turn-on signal and
video signal supplied from the video creation device 2.
[0080] 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
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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.

[0081] 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).

[0082] The video signal, supplied from the video creation
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.

[0083] The liquid crystal panel drive circuit 12 drives 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 supplied from the
video creation device 2.

[0084] 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. Therefore,
detailed description and drawings for the arrangement 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.

[0085] Theliquid crystal panel 13 includes, for example, 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 material. For example, a CF
(color filter) substrate is employed as the counter substrate.
[0086] 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 sur-
rounded 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.

[0087] 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 sig-
nals 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 (correction video signal) supplied
from the OS process circuit 11.

[0088] The temperature sensor 16 measures a temperature
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 directly measure the tempera-
ture of the panel surface. Alternatively, the temperature sen-
sor 16 is provided in a place correlated with the surface
temperature of the liquid crystal panel 13 so as to indirectly
measure the temperature of the panel surface. In the alterna-
tive, 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.
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[0089] 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 accordance with a
detected temperature, and then outputs the digital signal.

[0090] 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.

[0091] The OS drive circuit 11 carries out data conversion
(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 accordance 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.

[0092] 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.

[0093] Note that the OS process circuit 11 can obtain as
needed the temperature of the panel surface from the tem-
perature sensor 16. Alternatively, the OS process circuit 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.

[0094] 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.

[0095] The following describes in detail a configuration
and an operation of the OS process circuit 11 with reference
to FIG. 2.

[0096] FIG.2isablock diagram schematically showing the
configuration of the OS process circuit 11 in accordance with
the present embodiment.

[0097] As shown in FIG. 2, the OS process circuit 11
includes a frame buffer 21 (memory), a calculation section 31
(drive voltage setting section), and an LUT memory 41 (stor-
age section).

[0098] The frame buffer 21 is a frame memory for tempo-
rarily 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 previous vertical period).

[0099] Inthe LUT memory 41, a plurality of LUTs (look-
up tables, conversion tables) have been stored for changing, in
accordance with the turn-on period of the backlight 15, the
amplitude (OS intensity, overshoot quantity) of the drive volt-
age to be applied during the gray scale transition in the OS
drive of the liquid crystal panel 13.

[0100] 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 conver-
sions. FIG. 4 is a view showing an example of the plurality of
LUTs stored in the LUT memory 41.
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[0101] As showninFIG. 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.

[0102] AsshowninFIG. 4, in each of the plurality of LUTs
stored in the LUT memory 41, each amplitude (OS intensity)
ofdrive voltages by which the liquid crystal panel 13 is driven
during a corresponding gray scale transition 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 combinations of video signals of a
current frame (current video input signal gray scales) and
video signals of a previous frame (previous video input signal
gray scales).

[0103] 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.

[0104] The LUT memory 41 should store the plurality of
LUTs. Therefore, for example, a magnetic disk device suchas
an HDD or an EEPROM that is a semiconductor memory is
suitably employed as the LUT memory 41, because the mag-
netic disk device and the EEPRO can retain data evenina case
where a power supply is shut off.

[0105] As shown in FIG. 2, the calculation section 31
includes an LUT selection section 32 (first calculation sec-
tion) and a gray scale conversion section 33 (second calcula-
tion section).

[0106] In response to (i) the backlight turn-on signal sup-
plied 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 selection 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.

[0107] 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.

[0108] The gray scale conversion section 33 determines 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 con-
version section 33 then supplies, as the liquid crystal panel
drive signal, the output gray scale (correction gray scale) to
the liquid crystal panel drive circuit 12 shown in FIG. 1.
[0109] According to the LUTs stored in the LUT memory
41, (i) the OS intensity increases as the turn-on period of the
backlight 15 becomes longer and (ii) the OS intensity
increases as the surface temperature of the liquid crystal panel
13 becomes lower.

[0110] Each of'the plurality of LUTSs 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
bit). The gray scale conversion data has its place as adjusting
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aresponse speed of the liquid crystal panel 13. 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, depend-
ing on the gray scale transition scope and/or the surface
temperature 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.

[0111] Tt is the gray scale conversion data that applies the
great electric potential difference. The gray scale conversion
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.

[0112] 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.

[0113] 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 mov-
ing 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.

[0114] In a case where (i) the backlight 15 is driven at a
frequency of, for example, 1.20 Hz, (ii) a turn-off rate is 50%
(4.15 ms) in the firsthalfofa 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
ofnot more than 4.15 ms will not cause the moving image blur
(pseudo contour).

[0115] According to the present embodiment, it is possible
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.

[0116] (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 (¢) of FIG. 5 are timing charts (waveform diagrams)
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 integrat-
ing, over a time period during which the backlight 15 turns on,
the product (indicated by “PRODUCT OF BACKLIGHT
AND TRANSMITTANCE” in FIG. 5) of the transmittance of
the liquid crystal and the intensity of the backlight 15
obtained when the backlight 15 turns on, and a waveform
showing how an image is actually viewed on the liquid crystal
panel 13 (an outline of moving object during a movie dis-
play).

[0117] As shown in any of (a) through (¢) 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 actually viewed at
the point where the display data changes, by causing the OS
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intensity to become stronger as the turn-on period of the
backlight increases so that the transmittance of the liquid
crystal is changed.

[0118] 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 assump-
tion that identical evaluation criteria are employed, 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 backlight 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 subjected
to the transition and (ii) detected surface temperatures of the
liquid crystal panel 13 are identical, is increased 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.

[0119] (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 product (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).

[0120] As shown in (a) and (b) of FIG. 6, according to the
liquid crystal display system shown in FIG. 1, the outline of
the different gray scale does not appear in the outline of the
moving object during a turn-on period during which the out-
line of the intermediate gray scale appears in case of the liquid
crystal display system shown in FIG. 10. Therefore, the out-
line 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.

[0121] According to the present embodiment, it is possible
to create an optimum liquid crystal panel drive signal, 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 back-
light 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.
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[0122] Ttispossibleto create a more optimum liquid crystal
panel drive signal, in which temperature dependency of the
response speed of the liquid crystal is considered, by thus
changing the OS intensity of the OS drive, in which the
identical evaluation criteria are employed, 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.

[0123] The presentembodiment describes, as an example, a
case where (i) the plurality of LUTs are thus prepared for
respective combinations of the turn-on periods of the back-
light 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.

[0124] However, the present embodiment of the present
invention is not limited to this embodiment. Alternatively, 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 accordance with merely the turn-on
period (turn-off rate) of the backlight.

[0125] Note, however, that since a liquid crystal material
has a physical property of depending greatly on temperature,
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.

[0126] In view of the circumstances, an LUT is thus
selected in accordance with the turn-on period of the back-
light 15 and the surface temperature of the liquid crystal panel
13. It is therefore possible to carry out an optimum OS pro-
cess even in a case where the surface temperature of the liquid
crystal panel 13 changes.

[0127] The presentembodiment describes, as an example, a
case where the output gray scale is determined by means of
the plurality of LUTs. The present embodiment of the present
invention is, however, not limited to this embodiment. Alter-
natively, the gray scale can be converted, instead of employ-
ing 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.

[0128] Since the output gray scale is thus determined by
means of the plurality of LUTs, it is possible to (i) arrange 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 capacity of the LUT memory 41.

[0129] Alternatively, the calculation section 31 can calcu-
late, 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-offrate, the ampli-
tude of a drive voltage to be applied to the liquid crystal panel
13 during a gray scale transition.

[0130] Alternatively, instead of the LUT selection section
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 tempera-
ture of the liquid crystal panel 13 which surface temperature
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is detected by the temperature sensor 16 and the turn-on
period (or the turn-off rate) of the backlight 15, and for updat-
ing an LUT. This arrangement makes it possible to reduce the
size of the LUT. It is therefore possible to reduce the memory
capacity of the LUT memory 41.

[0131] Note that a turn-on rate of the backlight 15 (how the
backlight emits light) is determined by the video creation
device 2. It follows that a corresponding turn-off rate of the
backlight 15 is automatically determined by the video cre-
ation device 2.

[0132] For example, in a case where the backlight 15 is
driven at a frequency of 120 Hz, one (1) frame period corre-
sponds 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.
[0133] As described above, the amplitude of the drive volt-
age 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 illuminated by the back-
light 15. How to be illuminated by the backlight 15 is deter-
mined 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.

[0134] In any case, it is desirable that the calculation sec-
tion 31 adjusts (sets) the amplitude of the drive voltage to be
applied to the liquid crystal panel 13 during the gray scale
transition such that the value, obtained by integrating over a
turn-on period the product of the transmittance of the liquid
crystal and the intensity of the backlight 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 calcu-
lation 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 moving
image.

[0135] The moving image blur (pseudo contour) occurs 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 circumstances, it is possible to alleviate
the moving image blur (pseudo contour) by causing the back-
light 15 to turn on at a stable gray scale which is before and
after gray scale transition. The alleviation of the moving
image blur (pseudo contour) leads to adjustment of a gray
scale concentration. 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 backlight 15.
[0136] In a case where the present embodiment of the
present invention is applied to, for example, a PC (personal
computer), the liquid crystal display device 1 corresponds to
aliquid crystal display module, and the video creation device
2 corresponds to a CPU (central processing unit) of the PC.
Note that the present embodiment of the present invention is
not limited to the application to the PC. The present embodi-
ment of the present invention is therefore applicable to vari-
ous articles such as a TV and a mobile phone that include a
liquid crystal display module.

[0137] FIG. 1 shows, as an example, a case where the video
creation device 2 is provided separately from the liquid crys-
tal display device 1. As shown in FIG. 1, the video creation
device 2 can be provided outside the liquid crystal display
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device 1. Alternatively, the video creation device 2 can be
included in the liquid crystal display device 1. That is, the
liquid crystal display device of the present invention can be
provided with the video creation device (video creation cir-
cuit).

[0138] Further, the OS process circuit 11 can be a partially
orentirely large-scale integrated with other circuits, and these
circuits which have been large-scaled integrated with each
other can be provided on the liquid crystal panel 13. Similarly,
circuits such as the liquid crystal panel 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
liquid crystal display device 1 as described above.

[0139] The present technique is applicable to a normally
black liquid crystal display device and a normally white lig-
uid crystal display device.

[0140] 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 respective different
turn-on periods.

[0141] The following describes an example in which each
of the blocks is controlled, with reference to (a) and (b) of
FIG. 7.

[0142] 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 illus-
trated.

[0143] Particularly, an area active backlight has recently
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 (herein-
after referred to as “illumination regions”), and brightness
(luminance) of illumination light is controlled for each of the
illumination regions in accordance with an image to be dis-
played on the liquid crystal panel. Therefore, the whole area
active backlight does not have a uniform luminance, but when
and how long the illumination light is illuminated are con-
trolled for each of the illumination regions in accordance with
the display data.

[0144] According to a liquid crystal display device includ-
ing the area active backlight, an image is displayed by con-
trolling the luminance of each illumination light from a cor-
responding one of the divided illumination regions of the area
active backlight such that the each illumination light illumi-
nates a corresponding region (hereinafter referred to as a
“display region”) of the liquid crystal panel.

[0145] 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 regions which is
illuminated by illumination light of a corresponding 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 corresponding OS drive.

[0146] For example, as shown in (b) of FIG. 7, in a case
where the backlight 15 is divided into (m+1)x(n+1) blocks
(regions) and each of the blocks corresponds to 2x2 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.
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[0147] 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.
[0148] Inthis case, the calculation section 31 can calculate,
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 illumination region of the backlight 15 or a
surface temperature of the liquid crystal panel 13 changes.
[0149] The OS process circuit 11 and the OS process per-
formed by the OS process circuit 11 may be realized by
hardware logic, alternatively may be realized by software by
using the CPU (central processing unit).

[0150] Namely, the liquid crystal display device 1 includes:
the CPU for executing a control program for realizing func-
tions 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.

[0151] 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 memo-
ries such as mask ROM, EPROM, EEPROM, and flash ROM.
[0152] 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 network. The
communication network is not particularly limited. Examples
of the communication network include the Internet, intranet,
extranet, LAN, ISDN, VAN, CATV communication network,
virtual private network, telephone network, mobile commu-
nication network, and satellite communication network. Fur-
ther, a transmission medium that constitutes the communica-
tion network is not particularly limited. Examples of the
transmission medium include (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, mobile 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
computer data signal embedded in a carrier wave, which is the
program that is electrically transmitted.

[0153] As described above, a liquid crystal display device
ofthe 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 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, said liquid crystal display
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device, further comprising: a control circuit which controls 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 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 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.

[0154] Further, a method for driving the liquid crystal dis-
play 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 volt-
age, 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.
[0155] 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 appear-
ance of an outline of a different gray scale in an outline of a
moving object in a case where the backlight is turned on and
off so as to change intervals at which the backlight turns on.
[0156] 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 moving image.

[0157] TItis preferable in the present invention that the back-
light is divided into a plurality of regions having luminances
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.

[0158] According to the above arrangement, it is possible 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 individually 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 display device in which the backlight is divided into
the plurality of regions can display a high quality image.
[0159] Specifically, 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 con-
trol circuit sets the amplitude of the drive voltage in accor-
dance 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.

[0160] 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 back-
light 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 subjected to the gray scale tran-
sition, so that the transmittance of the liquid crystal is
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changed. This makes it possible 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.

[0161] 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
ofthe 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.

[0162] More specifically, 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 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.

[0163] Alternatively, the control circuit calculates 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.

[0164] As described above, the amplitude of the drive volt-
age 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 accordance with the turn-on period
ofthe backlight, and also makes it possible to manufacture the
liquid crystal display device at low cost.

[0165] 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 calculation. This
makes it possible to eliminate storage means for storing the
look-up tables from the liquid crystal display device, or
reduce memory capacity for storing the look-up tables.

[0166] It is preferable that a timing at which the backlight
turns on is controlled such that a turn-off period is secured
during the gray scale transition.

[0167] Itispreferable thatthe backlight is controlled to turn
on immediately before transmittance of the liquid crystal
panel changes.

[0168] Generally, the outline of the different gray scale is
not recognized in the outline of the moving object provided
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 secured during the
gray scale transition in the present invention, the outline of the
different gray scale is recognized 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.

[0169] Further, itis preferable that the liquid crystal display
device further includes a temperature sensor which detects a
surface temperature of the liquid crystal panel, the control
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circuit setting the amplitude of the drive voltage by further
taking into consideration the surface temperature detected by
the temperature sensor.

[0170] 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 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 subjected to the gray
scale transition and (ii) the surface temperature of the liquid
crystal panel is constant before and after the gray scale tran-
sition. It is also preferable that the control circuit sets the
amplitude of the drive voltage to be greater as the surface
temperature is lower.

[0171] A liquid crystal material has a physicality of
depending 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.
[0172] However, as described above, the control circuit
sets, in accordance with the surface temperature detected by
the temperature sensor, the amplitude of the drive voltage to
be applied to the liquid crystal panel during 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.

[0173] The present invention is not limited to the descrip-
tion 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 encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0174] A liquid crystal display device of the present inven-
tion 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. Accordingly, the present invention is suitably appli-
cableto (i) aliquid 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
[0175] 1: liquid crystal display device
[0176] 2: video creation device

[0177] 11: OS process circuit (control circuit)
[0178] 12: liquid crystal panel drive circuit
[0179] 13: liquid crystal panel

[0180] 14: backlight drive circuit

[0181] 15: backlight

[0182] 16: temperature sensor

[0183] 21: frame buffer (memory)

[0184] 31: calculation section

[0185] 32: LUT selection section (selection section)
[0186] 33: gray scale conversion section
[0187] 41: LUT memory (storage means)
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1. A liquid crystal display device, comprising:

a liquid crystal panel; and

abacklight 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 backlight,

said liquid crystal display device, further comprising:

a control circuit which controls 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 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 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.

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 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.

3. The liquid crystal display device as set forth in claim 1,
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 voltage 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.

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 conversion based on
the gray scale data of the current frame and the gray scale data
ofthe 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 corre-
sponding one of the gray scale conversions by use of the
look-up table selected by the selection section, the selec-
tion section selecting a look-up table in accordance with
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the turn-on period of the backlight from the plurality of
look-up tables stored in the storage section.

6. The liquid crystal display device as set forth in claim 1,
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 claim 1,
wherein the backlight is controlled to turn on immediately
before transmittance of the liquid crystal panel changes.

8. The liquid crystal display device as set forth in claim 1,
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 claim 1,
wherein the control circuit calculates a turn-off rate based on
aturn-on period of the backlight, and sets the amplitude ofthe
drive voltage in accordance with the turn-off rate.

10. The liquid crystal display device as set forth in claim 1,
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 tempera-
ture detected by the temperature 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 subjected to the gray scale transition and
(i) the surface temperature of the liquid crystal panel is
constant 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 temperature 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 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.
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