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A display device includes a circuit which is configured to
execute such control that write of a non-video signal in pixels
is executed in the first period, write of a video signal in the
pixels is executed in the second period which partly overlaps
the first period, write of the video signal, in the pixels is
executed in the third period which partly overlaps the second
period, the write of the non-video signal and the write of the
video signal are alternately executed in units of one horizontal
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corresponding to the second period and the third period are
Foreign Application Priority Data alternately executed in units of one horizontal cycle or hori-
zontal cycles in a period in which the second period overlaps
Jul. 6,2007  (JP) oo 2007-178966  the third period.
. First period
[}
1%, 3% 51% | 1 frame period
et € ; g ) ;}
_ : | Upper end

Room \ ;‘\\\P P : of screen
temperature | TB | NG RS

— = S Lower end

<L
"+ Second period BL tun-on period of screen

| " Third period g Time

(1%, 3% 63% _

R >l >

|

Low N L | T '\-\ T
temperature <T—B>\v§ '\\‘ N\ ‘~.,\~

o——ae Black insertion scan
&-—-=s Signal scan (first)
e-----# Signal scan (second)




Patent Application Publication Jan. 8,2009 Sheet1 of 8 US 2009/0009463 A1

SS
Ext I/' | o
ernal signa
source ‘ /
I /
Contro! circuit
Veom
CTY~] CTX~
S0~ Y |
~
C Source driver
\
y |[Y
NS /PX - S2 - S3 - _-Sn \S
\GC1 CE ¥|Cs | CIC
W arg - - ——
WET [ 5 %
G\ TPE [T T  IT =
N 1 f |0 >
Co L L L L g’
2 ng}:r 1_§—T d& ’J_}j- 5
S T T T 1T £
_XT _XT _XT o]
i I T 17
0 An + =T
m: i E gT E gj-
i ! I A
TN 17 ) 5
GD 1 3 2 BL LD
H_/
DP



Jan. 8,2009 Sheet 2 of 8 US 2009/0009463 A1

Patent Application Publication

¢ @ _ n_ (puooes) Ueds |eublS @===== °
(1s1y) uess |eublS e—-—-e
UedS UOHJIBSUl Yoel] e———e

<
alnjeladws}
Mo
| m A %E9
! swiL m . pouad piyp !
| |
UaIs JO | pouad L ! | . poliad pu0osg m
pus Jamo? —— ] w _
m ainjesadws)
U9BI3S JO | 00
pus Jeddn = N _
! pouad awey | o %G

pouad jsii4



Jan. 8,2009 Sheet 3 of 8 US 2009/0009463 A1

Patent Application Publication

W\lﬁp > P Pl PP FA A 7 7
4 v \\\ \\\ \\\ \\\ mww Wmu i
ZuZWZ N7z 707 2 2 o 7
WZWZ / % i vl é
7 % k B
“_.:. w_._m m\cm% leubis 1s14 W ﬁw_._uv W_L “ “ N Nmom uoIasul Yorlg 7
W ZBZ 707 Z Vi
\\ \ - \ : 7 \ \
% \ o
i ZRZWZWZWZWZMZNZ
Zh N U 0 e
m N IM._mow __Mk:_m_w M%omw m N N m m ueos [eubis 1si14 m

usalds JO pus Jomo

uaslos Jo pus Jaddn

e

4

> o

< 7 :
pousd swelf | ipoiad pILpoyiad puodes |

pouad puoseg” | a1 m
——————
1 pouad 184 !

€9Il4

ueds

[ uopesul yoe|g

s UeDsS [eubig




Upper end
of screen
Lower end
of screen

y il

US 2009/0009463 A1

1 frame period

Jan. 8,2009 Sheet4 of 8

Patent Application Publication

y _
R E SRR RS

N AN AN DN NN
AN AT AN AT AN TR TS AN
AT AN AT ATAT AR AN AN AN N
ARDUY NV NV N SN IRRRRETRN NN SRS
ANAYAN VAN SN ENRRRNE AV AN
NNTANNNY SV SN NSNS
AR A AV AN
A AT AV AN AN NN
K AN NNNN

. g

/4

)
]

f
/.

—
4
i
7

Z
%

NN

/
%
i

7
7
L
L
0,
Z

(

Signal scan <
Black insertion )

Stan

FIG.4



Patent Application Publication Jan. 8,2009 Sheet S of

1 frame period

8

US 2009/0009463 A1

A

Y

Upper end
30 e of screen
P, ‘e. Lower end
‘( of screen
D000 7
i /I'I g / % /
M ’A / 4 A
Signal scan '/ 7 7 /|1 /n//n z %
(first) A VA VA 1) n 7 . // 7 7
7 7/ Vi /I'I //,n4
7 7Rz 7,
/ % % % 74 NLP
207 THA TH
RN N
4 /lf fif i ‘A
Back nserion | [/ T U Tl W Wl U
scan % % / % 1{
? 6] il I
LRZ W7 ZR 7R AR, E_

T
@
O




Patent Application Publication

Jan. 8,2009 Sheet 6 of 8

US 2009/0009463 A1

R R R L XS
o:o:o:.:o:o:o:0:0:’:0:0:0:0:0:0:0}:0:0:0:0:0
QRRRRILARILLRILRNARS

9.9.9.0.0.0.0 .00
0 e 0 e a0 000 8 0 0 0 00 0 Y,
1202006000, 000. 8. 4.0.0 9.0 090,090 0.0 €00
P00 00.0.9.0.0.0.0.000 600
et t O SO0 0.0.0.9.0.0.0.0.00.00
O 00 0.0.0.0.6.0.0.0:.0.0.0.6.¢ ¢ o0
19.9,0.9.9,9.9.0.0.00.0.00.0.000.090
Oe0e 00000, 00,00 0.0 00
0.0 0000
D 0.'.0.0
QD 00.0

AN

o3 .:.0' 0 etedede!
7/

\

Signal line (G)

M

FIG.6

Signal line (B)

8(G) ~

CL

CR
Pixel electrode
(G)

(

Gate line

)



US 2009/0009463 A1

Sheet 7 of 8

Jan. 8, 2009

Patent Application Publication

(0]
E
i—

2 A 7 P 7 - 8D 14
ZnlZZWZRZRY 207 RZ0/l Z
ZuZWZ 7z MZR% / 7R/ ZRZWZ Ueos

LZEIZLIZBZ 4 YRR LR ( uoIaSy| ¥oBg
e e T
.“Ipr n\_.m N Ueos \_mcmwm\@_n_\ ﬁmﬁr mﬁ “ “ \ Nsm co_tmmc_w_%_mﬂ “
P AT S T

W\w 1 U N \\ ol Z el 7 4 \\ ueods [eubig
Zm 7 OO O |
\\\\\m\m%\wﬂl \\\\\\\\_._\_r.____“\\\

> > >

VAR T ?
U U et AU A0 )7 N %

UgaJIS JO pus Jomo N}\
! 1

UsaI0s Jo pus Jaddn : ,|/+

~— 7 mA|||.I|Y. TAIWM
poiad owey | ipouad pay bll.luo__mq Eoomwv__ al |

i _ I pouad 1814




Patent Application Publication Jan. 8,2009 Sheet8of 8 US 2009/0009463 A1

I 8 T,
RS
: 3 T S NN T
R (NS =N N N AT N N
FOE I (S-S NN g NN
glk P (\\N I\\\\ \\\EI\\\
y
g B AN N ARSI SV =
g NNV \\\\:\\‘ia\ R
S T T EEEY
gé NN AN AVAVAY AR NN
&3 TS EEEEY
S NN NN RN
PO EEENT
T
%\\\\ AV AV AN AN
” g O
L



US 2009/0009463 A1

LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD OF LIQUID CRYSTAL
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2007-178966, filed Jul. 6, 2007, the entire contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to a liquid
crystal display device and a driving method of the liquid
crystal display device, and more particularly to an active
matrix liquid crystal display device and a driving method of
the active matrix liquid crystal display device.

[0004] 2. Description of the Related Art

[0005] In recent years, with an increase in the range of
purposes of use of liquid crystal panels, the liquid crystal
displays have begun to be widely applied to vehicles with
rapid prevalence (e.g. displays for navigation, and displays
for rear-seat entertainment). For example, in a case where a
liquid crystal panel is applied to the use in vehicles, it is
required that video display be normally performed in a wide
temperature range, in particular, even at very low tempera-
tures of -=30° C. to 0° C. Attention has been paid to an OCB
(Optically Compensated Bend) liquid crystal mode with high
responsivity characteristics, as a liquid crystal mode that is
suited to operations at such very low temperatures.

[0006] In general, there is a tendency that at low tempera-
tures the viscosity of a liquid crystal material increases and
the response speed decreases. However, the OCB liquid crys-
tal has sufficiently high responsivity characteristics for dis-
play at low temperatures, and is expected as a liquid crystal
material for vehicle use.

[0007] There has been proposed a liquid crystal display
device in which black display is executed at a predetermined
time ratio in one frame period in order to prevent a so-called
“reverse transition” phenomenon in which the liquid crystal
alignment state in the OCB mode transitions reversely from a
bend state to a splay state (Jpn. Pat. Appln. KOKAI Publica-
tion No. 2007-140066). In this case, at least one black signal
write scan (black insertion scan) and at least one signal write
scan (signal scan) are executed in one frame period.

[0008] The concept of timing setting in this method is as
follows. To begin with, a basic horizontal cycle is determined,
which is enough to write a non-video signal for black inset-
tion or a video signal in one liquid crystal pixel. Thereby, a
time is calculated, which is necessary for scanning a screen
from its upper part to its lower part (or from its lower part to
its upper part) in a black insertion write period or a video
signal write period.

[0009] Next, the relative temporal relationship between the
black insertion scan and the first signal write scan is deter-
mined in the following manner. If the timing of the start of
black insertion scan is fixed at the beginning of the frame
period, the relative temporal relationship can be varied by
varying the timing of the start of signal write scan.

[0010] Asthetime fromthe start of black insertion scan (i.e.
the beginning of one frame period) to the start of signal write
scan is made shorter, a longer hold period (i.e. a period from
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the end of the first signal scan to the start of black insertion in
the next frame petiod; the liquid crystal is kept in the signal
display state) can be secured, and high luminance can be
obtained. However, if this time is too short, reverse transition
occurs in the OCB liquid crystal.

[0011] Taking the above into account, the time from the
start of black insertion scan to the start of signal write scan is
set to be as short as possible within the range in which no
reverse transition occurs. In general, reverse transition tends
to easily occur at high temperatures and to hardly occur at low
temperatures. Thus, in accordance with temperatures, the
time from the start of black insertion scan to the start of signal
write scan is set to be long at high temperatures and is set to
be short at low temperatures.

[0012] By driving the liquid crystal display device in the
above-described manner, it is possible to perform video dis-
play which is excellent in moving image visibility in a wide
temperature range including very low temperatures of -30°
C. 10 0° C., and is also excellent in power efficiency, lumi-
nance and contrast.

[0013] When the liquid crystal display device is driven as
described above, however, vertical crosstalk appears in a dis-
played image in some cases.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention has been made in consider-
ation of the above-described problems, and the object of the
invention is to provide a liquid crystal display device which
prevents the occurrence of the above-described crosstalk and
has good display quality, and a driving method of the liquid
crystal display device.

[0015] According to a first aspect of the present invention,
there is provided a liquid crystal display device comprising: a
plurality of liquid crystal pixels which are arrayed substan-
tially in a matrix; a driver circuit which cyclically writes a
non-video signal and a video signal to each of the plurality of
liquid crystal pixels as pixel voltages; and a control circuit
which controls an operation timing of the driver circuit,
wherein the control circuit sets, in one frame period, a first
period which is shorter than the one frame period, a second
period which partly overlaps the first period and is shorter
than the one frame period, and a third period which partly
overlaps the second period and is shorter than the one frame
period, and the control circuit is configured to execute control
of the driver circuit such that write of the non-video signal in
the plurality of liquid crystal pixels is executed in the first
period, write of the video signal in the plurality of liquid
crystal pixels is executed in the second period, write of the
same video signal as the video signal, which is written in the
second period, in the plurality of liquid crystal pixels is
executed in the third period, the write of the non-video signal
and the write of the video signal are alternately executed in
units of one horizontal cycle ora plurality of horizontal cycles
in a period in which the first period overlaps the second
period, and the write of the video signal corresponding to the
second period and the write of the video signal corresponding
to the third period are alternately executed in units of one
horizontal cycle or a plurality of horizontal cycles in a period
in which the second period overlaps the third period.

[0016] According to a second aspect of the present inven-
tion, there is provided a driving method of a liquid crystal
display device, comprising: setting, in one frame period, a
first period which is shorter than the one frame period, a
second period which partly overlaps the first period and is
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shorter than the one frame period, and a third period which
partly overlaps the second period and is shorter than the one
frame period; executing write of a non-video signal in a
plurality of liquid crystal pixels in the first period; executing
write of a video signal in the plurality of liquid crystal pixels
in the second period; executing write of the same video signal
as the video signal, which is written in the second period, in
the plurality of liquid crystal pixels in the third period; alter-
nately executing the write of the non-video signal and the
write of the video signal in umits of one horizontal cycle or a
plurality of horizontal cycles in a period in which the first
period overlaps the second period; and alternately executing
the write of the video signal corresponding to the second
period and the write of the video signal corresponding to the
third period in units of one horizontal cycle or a plurality of
horizontal cycles in a period in which the second period
overlaps the third period.

[0017] The present invention can provide a liquid crystal
display device which prevents the occurrence of crosstalk and
has good display quality, and a driving method of the liquid
crystal display device.

[0018] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0019] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
embodiments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

[0020] FIG.1schematically shows an example of the struc-
ture of a liquid crystal display device according to a first
embodiment of the present invention;

[0021] FIG. 2 is a view for explaining an example of a
driving method of the liquid crystal display device shown in
FIG. 1;

[0022] FIG. 3 is a view for explaining the example of the
driving method of the liquid crystal display device shown in
FIG. 1;

[0023] FIG. 4 is a view for explaining another example of
the driving method of the liquid crystal display device shown
in FIG. 1;

[0024] FIG. 51s a view for explaining a conventional driv-
ing method of a liquid crystal display device;

[0025] FIG. 6isaview fordescribing an example of display
in a case of performing the driving method of the liquid
crystal display device, as illustrate in FIG. 5;

[0026] FIG. 7 is a view for explaining a cause which leads
to the example of display shown in FIG. 6;

[0027] FIG. 8is a view for explaining still another example
of the driving method of the liquid crystal display device
according to the embodiment; and
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[0028] FIG. 9is aview for explaining still another example
of the driving method of the liquid crystal display device
according to the embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0029] A liquid crystal display device according to an
embodiment of the present invention will now be described
with reference to the accompanying drawings. As shown in
FIG. 1, the liquid crystal display device according to the
embodiment includes an OCB mode liquid crystal display
panel DP, a backlight BL which illuminates the liquid crystal
display panel DP, and a controller CNT which controls the
liquid crystal display panel DP and backlight BL.

[0030] The liquid crystal display panel DP includes a pair
of electrode substrates, namely, an array substrate 1 and a
counter-substrate 2, and a liquid crystal layer 3 which is held
between the array substrate 1 and counter-substrate 2. The
liquid crystal layer 3 includes, as a liquid crystal material, an
OCB mode liquid crystal which is transitioned in advance, for
example, from splay alignment to bend alignment in order to
execute a normally-white display operation. In this embodi-
ment, reverse transition of the liquid crystal from the bend
alignment to splay alignment is prevented by cyclically
applying a driving voltage corresponding to black display to
the liquid crystal layer 3.

[0031] In addition, the liquid crystal display panel DP
includes a display section which is composed of display pix-
els PX that are arrayed substantially in a matrix. The array
substrate 1 includes a transparent insulating substrate which
is formed of, e.g. glass. A plurality of pixel electrodes PE are
disposed in association with the respective display pixels PX
on the transparent insulating substrate.

[0032] The counter-substrate 2 includes a color filter (not
shown) which is formed of red, green and blue color layers
disposed on a transparent insulating substrate of, e.g. glass,
and a counter-electrode CE which is disposed on the color
filter and is opposed to the plural pixel electrodes PE.
[0033] The pixel electrodes PE and counter-electrode CE
are formed of a transparent electrode material such as 1TO
and are covered with alignment films (not shown). respec-
tively, which are subjected to rubbing treatment in mutually
parallel directions. Each pixel electrode PE and counter-elec-
trode CE, together with a pixel region which is a part of the
liquid crystal layer 3 that is controlled to have a liquid crystal
molecular alignment corresponding to an electric field from
the pixel electrode PE and counter-electrode CE, constitute
the display pixel PX.

[0034] Each of the display pixels PX has a liquid crystal
capacitance Clc between the associated pixel electrode PE
and counter-electrode CE. The liquid crystal capacitance Clc
is determined by a specific dielectric constant ofliquid crystal
material, a pixel electrode area, and a liquid crystal cell gap.
In addition, a storage capacitance Cs is constituted by a volt-
age that is applied to the pixel electrode PE and a voltage that
is applied to a storage capacitance line C which is disposed in
amanner to extend substantially in parallel to a scanning line
G.

[0035] Further, the array substrate 1 includes a plurality of
scanning lines G (G1 to Gm) which are disposed along rows
of the pixel electrodes PE, a plurality of signal lines S (S1 to
Sn) which are disposed along columns of the pixel electrodes
PE, and a plurality of pixel switches W which are disposed
near intersections between the scanning lines G and signal
lines S.
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[0036] Each pixel switch W permits, when driven via the
associated scanning lines G, electrical conduction between
the associated signal lines S and the associated pixel elec-
trodes PE. Each of the pixel switches W is composed of, e.g.
a thin-film transistor. The gate of the pixel switch W is con-
nected to the scanning line G, and the source-drain path of the
pixel switch W is connected between the signal line S and the
pixel electrode PE.

[0037] Thecontroller CNT includes a gate driver GD which
successively drives the scanning lines G1 to Gm so as to turn
on the plural pixel switches W on a row-by-row basis; a
source driver SD which outputs video signals or non-video
signals to the plural signal lines S1 to Sn during a time period
in which the pixel switches W of each row are turned on by the
driving of the associated scanning line G; a backlight driving
unit LD which drives the backlight BL; and a control circuit
5 which controls the gate driver GD, source driver SD and
backlight driving unit (inverter) LD.

[0038] The control circuit 5 is configured to execute an
initializing process for transitioning liquid crystal molecules
from splay alignment to bend alignment by varying a countet-
voltage Vcom at a time of power-on and applying a relatively
high driving voltage to the liquid crystal layer 3.

[0039] The control circuit 5 outputs to the gate driver GD a
control signal CTG which is generated on the basis of a sync
signal that is input from an external signal source SS. The
control circuit 5 outputs to the source driver SD a control
signal CTS which is generated on the basis of the sync signal
that is input from the external signal source SS, and a video
signal or a reverse-transition prevention voltage for black
insertion, which is input from the external signal source SS.
Further, the control circuit 5 outputs a counter-voltage Veom,
which is to be applied to the counter-electrode CE, to the
counter-electrode CE of the counter-substrate 2.

[0040] Specifically, the source driver SD applies source
voltages to the plural signal lines in parallel. The source
voltage is applied to the pixel electrode PE of the liquid
crystal pixel PX of the selected row via the associated pixel
switch X. The liquid crystal capacitance Clc is constituted
between the counter-electrode CE and the pixel electrode PE
by the source voltage that is applied to the pixel electrode PE
and the counter-voltage Vcom that is applied to the counter-
electrode CE. In the case of column-reversal driving, the
source voltages to all liquid crystal pixels PX are set at oppo-
site polarities between neighboring columns of liquid crystal
pixels PX. In the case of frame-reversal driving, the source
voltages to all liquid crystal pixels PX are set at opposite
polarities between neighboring frames.

[0041] In the liquid crystal display device according to the
present embodiment, as shown in FIG. 2, the control circuit 5
sets, in one frame period, a first period which is shorter than
the one frame period, a second period which partly overlaps
the first period and is shorter than the one frame period, and a
third period which partly overlaps the second period and is
shorter than the one frame period. FIG. 2 shows the gate scan
timing in the panel, with the horizontal axis indicating time,
and the vertical axis indicating a vertical position on the
screen.

[0042] The control circuit5 controls the gate driver GD and
the source driver SD and executes, in the first period, write of
non-video signals in the plural liquid crystal pixels. The con-
trol circuit 5 controls the gate driver GD and the source driver
SD and executes, in the second period, write of video signals
in the plural liquid crystal pixels PX, and executes, in the third
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period, write of the same video signals in the plural liquid
crystal pixels as the video signals written in the second
period.

[0043] Accordingly, under the control of the control signal
CTG, the gate driver GD successively drives the plural scan-
ning lines G1 to Gm so as to successively select arow of plural
liquid crystal pixels PX for non-video signal write in the first
period. In the second period and third period, the gate driver
GD, as shown in FIG. 3, successively drives the plural scan-
ning lines G1 to Gm so as to successively select the corre-
sponding row of plural liquid crystal pixels PX for video
signal write.

[0044] In the first period, while each scanning line, G1 to
Gm, is being driven, the source driver SD outputs signal line
voltages (source voltages), which are black display voltages
Vb(+), Vb(-), as non-video signals for one row. In the second
and third periods, while each scanning line, G1 to Gm, is
being driven, the source driver SD outputs video signals Vs
for the corresponding row as signal line input voltages
(source voltages). The voltages Vb(+), Vb(-) are source volt-
ages at the time of application of reverse transition prevention
voltage in a case where each pixel potential is positive/nega-
tive, relative to the counter-voltage Vcom.

[0045] As shown in FIG. 2 and FIG. 3, there is a temporally
overlapping part between the black insertion scan, which is
executed in the first period, and the first signal scan, which is
executed in the second period. In the period of this overlap-
ping part (hereinafter referred to as “first overlap period™), as
shown in FIG. 3, black insertion scan and signal writescanare
alternately executed in units of 1 horizontal cycle.

[0046] Similarly, in the period of overlap (hereinafter
referred to as “second overlap period”) between the first sig-
nal scan, which is executed in the second period, and the
second signal scan, which is executed in the third period, the
first signal write and the second signal write are alternately
executed in units of 1 horizontal cycle.

[0047] Specifically, in the overlapping period (“first over-
lap period”) between the first period and the second period,
the control circuit 5, as shown in FIG. 3, alternately executes
non-video signal write and video signal write in units of one
horizontal cycle or a plurality of horizontal cycles. In the
second overlap period, the control circuit 5 alternately
executes video signal write corresponding to the second
period and video signal write corresponding to the third
period in units of one horizontal cycle or a plurality of hori-
zontal cycles.

[0048] The concept of setting the timing between the black
insertion scan and the signal scan in this case is as follows. To
begin with, a basic horizontal cycle is determined, which is
enough to write a non-video signal for black insertion or a
video signal in one liquid crystal pixel. For example, a period
TH shown in FIG. 3 is determined. It is not necessary to make
equal the length of the period TH for black insertion write and
the length of the period TH for video signal write. However,
for the purpose of simple description, it is assumed that the
length of the period TH is equal between the black insertion
write and the video signal write.

[0049] The time, which is necessary for scanning a screen
from its upper part to its lower part (or from the lower part to
the upper part) in the black insertion write or the video signal
write is calculated by 2xTHxthe number of scanning lines.
FIG. 2 shows, by way of example, the case in which the scan
time, which is thus calculated, is 36%, which is les than 50%
of one frame.
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[0050] Next, the relative temporal relationship between the
black insertion scan and the first signal write scan is deter-
mined in the following manner. If the timing of the start of
black insertion scan is fixed at the beginning of the frame
period, as shown in FIG. 2, the relative temporal relationship
can be varied by varying the timing ofthe start of signal write
scan.

[0051] Asthetime(i.e. aperiod TB in FIG. 2) from the start
of black insertion scan (ie. the beginning of one frame
period) to the start of signal write scan is made shorter, a
longer hold period (i.e. a period from the end of the first signal
scan to the start of black insertion in the next frame period; the
liquid crystal is kept in the signal display state) can be
secured, and high luminance can be obtained. However, if the
period TB is too short, reverse transition occurs in the OCB
liquid crystal.

[0052] Taking the above into account, the period TB is set
to be as short as possible within the range in which no reverse
transition occurs. In general, reverse transition tends to easily
occur at high temperatures and to hardly occur at low tem-
peratures. Thus, in accordance with temperatures, the period
TB is set to be long at high temperatures and 1s set to be short
at low temperatures. FIG. 2 shows, by way of example, the
case in which the period TB is set, as a condition of non-
occurrence of reverse transition, at 13% of one frame in a
room-temperature environment (e.g. 20° C.) or at 1% of one
frame in a low-temperature environment (e.g. -20° C.).
[0053] Inthe driving method shown in FIG. 2, the backlight
BL is also flickered in sync with the scanning on the panel.
The first object of the flickering of the backlight BL is to
improve the moving image visibility by flicking the backlight
only in a predetermined time period in one frame and thereby
performing impulse display as in the case of a CRT.

[0054] The second object of flickering the backlight BL is
to improve the power efficiency of the backlight and contrast
by turning off the backlight BL. when the liquid crystal is in
the black insertion state and turning on the backlight BL only
when the liquid crystal is in the signal write state.

[0055] A specific timing of flickering the backlight is as
follows. The start of turning on the backlight BL is set at the
timing of the completion of the first signal write scan, and the
end of turning on the backlight BL is set at the timing of the
beginning of black insertion in the next frame. Needless to
say, the timing of the end of turn-on of the backlight does not
need to strictly coincide with the timing of the start of black
insertion, and may be set to slightly disagree in consideration
of a turn-on time delay of the liquid crystal.

[0056] Specifically, the period of turn-on of the backlight is
substantially coincident with the hold period. The timing of
the start of turn-on is controlled in accordance with tempera-
tures. In the present embodiment, the backlight turn-on
period is 100%—(36%+13%)=51% in a room-temperature
environment, and is 100%-(36%+1%)=63% in a low-tem-
perature environment.

[0057] In the case shown in FIG. 2, the second auxiliary
signal write scan (the same video signal write as the first
signal write) is executed during the turn-on period of the
backlight. Thus, even in the case where the time of the signal
write in the pixel is insufficient with the first signal scan, the
signal write in the pixel can surely be executed by the second
signal write, and the adverse effect (e.g. decrease in lumi-
nance) due to the deficient signal write can be prevented.
[0058] Inthe case shown in FIG. 2, the black insertion scan,
which is executed in the first period, is overlapped with the
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first signal write scan which is executed in the second period.
Thereby, the time ratio (=TB/1 frame cycle) for execution of
black display in one frame can freely be set and, in particular,
can be decreased to the lower limit value that is specified by
the prevention of reverse transition. Therefore, a maximum
turn-on period of the backlight can be secured.

[0059] Furthermore, in the OCB liquid crystal display
device, if effective use is made of the fact that reverse transi-
tion hardly occurs in the low-temperature environment, the
backlight turn-on time can be made longer in the low-tem-
perature environment.

[0060] Ingeneral, as the temperature lowers, the luminance
of the backlight BL decreases and the response speed of the
liquid crystal decreases, and, as a result, the luminance of the
display pixel decreases. However, if the driving method as
shown in FIG. 2 is adopted, the decrease in luminance in the
low-temperature environment can be compensated, and a suf-
ficiently bright image can be obtained even in the low-tem-
perature environment.

[0061] In the meantime, in FIG. 2, in each of the black
insertion scan and the signal write scan, each gate line is
driven more than once per one scan. Alternatively, as shown in
FIG. 4, each gate line G can be driven only once. In the case
shown in FIG. 2, each gate line G is driven three times in each
of the black insertion scan and the signal write scan. By
driving the gate line G more than once, as shown in FIG. 2, the
write characteristics can be improved and the decrease in
luminance due to deficient write can advantageously be pre-
vented.

[0062] By executing the driving as described above, it
becomes possible to perform video display which is excellent
in moving image visibility in a wide temperature range
including very low temperatures of -30° C. to 0° C., and is
also excellent in power efficiency, luminance and contrast.
[0063] A description is given of the case in which the liquid
crystal display device is driven, for example, as shown in FIG.
5, so that the second signal write is started after the end of the
first signal write. Specifically, in the case shown in FIG. 5, the
control circuit 5 sets the first period, second period and third
period in such a manner that there is no overlapping period
between the second period and the third period.

[0064] In this case, even if an attempt is made to display a
black window on a central area of the screen with a uniform
intermediate-gray-level green background, there may occur
such a case that an area with a luminance, which is different
from the luminance of the background, occurs at an upper/
lower part of the display section, as shown in FIG. 6, and the
luminance varies discontinuously at the boundary area.
[0065] This crosstalk becomes invisible if the second signal
scan is stopped in the driving of the liquid crystal display
device as shown in FIG. 5. Thus, the above-described
crosstalk is considered to occur due to the second signal scan.
[0066] FIG. 7 shows an equivalent circuit of one liquid
crystal pixel of the liquid crystal panel. FIG. 7 shows, by way
ofexample, acase of'a G pixel in an RGB array. A pixel switch
W is connected between a pixel electrode PE(G) and a signal
line S(G). The pixel switch W is ON/OFF controlled by the
potential of the gate line G.

[0067] On the left side of the pixel electrode PE(G), the
signal line S(G) for supplying a signal to the own pixel PX is
disposed. On the right side of the pixel electrode PE(G), a
signalline S(B) for supplying a signal to the right neighboring
liquid crystal pixel PX (not shown) is disposed. Parasitic
capacitances CL, and CR occur between the pixel electrode
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PE(G) and these signal lines S. FIG. 7 omits depiction of the
liquid crystal capacitance Cle which is constituted between
the pixel electrode PE and the counter-electrode CE and the
capacitance Cs which is constituted between the pixel elec-
trode PE and the common capacitance line C.

[0068] Consideration is now given to a signal line potential
variation at both ends of the pixel electrode PE(G) in the
second signal scan period at positions of points P and Q in
FIG. 6. In the pattern shown in FIG. 6, a blue (B) component
is not displayed at all. Thus, with respect to the points P and
Q, the potential of the signal line S(B), which is disposed on
the right side of the pixel electrode PE(G), is always at ablack
voltage level over the entire second signal scan period.
[0069] By contrast, as regards the signal line S(G) which is
disposed on the left side of the pixel electrode PE(G), since a
window pattern of a green (G) component is displayed, the
point P is always at the green potential level of the back-
ground. On the other hand, as regards the point Q, the poten-
tial changes from the background green level to the black
voltage level, and further the potential changes from the black
voltage level to the background green level.

[0070] This means that the coupling voltage, which is
applied to the pixel electrode PE(G) from the signal line S(G)
via the parasitic capacitance CL, differs between the point P
and point Q. Specifically, this means that the pixel potential in
the hold period differs between the point P and point Q, and it
is thus considered that the luminance differs between both
points, leading to occurrence of crosstalk.

[0071] Although asimilarcoupling voltage is applied in the
first signal scan, since the backlight BL is turned off in this
period, no crosstalk appears on the display screen.

[0072] By contrast, in the liquid crystal display device
according to the present embodiment, the liquid crystal dis-
play device is driven as shown in FIG. 2 and FIG. 3. FIG. 2
shows the black insertion scan and the first signal scan in the
period (first overlap period) in which the black insertion scan
of the first period and the first signal scan of the second period
overlap, and also shows the signal scans (first and second) in
the period (second overlap period) from the completion of the
black insertion scan to the completion of the first signal scan.
[0073] Specifically, in the driving method of the liquid
crystal display device of the present embodiment, the opera-
tioninthe first overlap period is the same as in the case of FIG.
5, but the operation in the second overlap period is different
from the case shown in FIG. 5.

[0074] To be more specific, in the case shown in FIG. 5, the
second signal scan begins after the completion of the first
signal scan. In the driving method of the liquid crystal display
device of the present embodiment, the second signal scan
begins immediately after the completion of the first black
insertion scan.

[0075] On the basis of the same concept as the concept that
the black insertion scan and the first signal write scan are
alternately executed in the first overlap period in units of 1
horizontal cycle, the second signal write scan and the first
signal write scan are alternately executed in the second over-
lap period in units of 1 horizontal cycle.

[0076] The turn-on timing of the backlight BL is the same
between the liquid crystal display device according to the
present embodiment and the case shown in FIG. 5. Specifi-
cally, the turn-on of the backlight is started at the timing when
the first signal write scan is substantially completed, and the
turn-on of the backlight is finished at the timing when the
black insertion is substantially started in the next frame.
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[0077] According to the liquid crystal display device of the
present embodiment, since the second signal scan progresses
to some extent at the time point of the start of the turn-on of
the backlight, the period in which the second signal scan is
performed during the backlight turn-on period is shorter than
in the case shown in FIG. 5. Thus, in the case of the liquid
crystal display device of the present embodiment, the time
period in which the pixel electrode PE(G) is affected by the
coupling with the neighboring signal line S(B) is short, and
the occurrence of vertical crosstalk is prevented.

[0078] Therefore, the present embodiment can provide a
liquid crystal display device which prevents occurrence of
crosstalk and has good display quality, and a driving method
of the liquid crystal display device.

[0079] In particular, the time (corresponding to the period
TB in FIG. 3) for executing black display in one frame is set
to be long in the high-temperature environment in order to
prevent reverse transition, the turn-on start timing of the back-
light is delayed by the corresponding degree. As a result, the
time period for execution of the second signal scan within the
backlight turn-on period becomes still shorter, and the verti-
cal crosstalk reduction effect becomes particularly conspicu-
ous at high temperatures.

[0080] When the driving method of the liquid crystal dis-
play device of the present embodiment is compared with the
driving method of FIG. 5, the second signal scan is started
relatively earlier in the former method, and therefore a longer
hold period following the second signal write can be secured
within the turn-on period of the backlight BL.

[0081] Since the very object of the second signal write scan
is to supplement the pixel charge that is not sufficient with the
first signal write, the former method enables longer display
with the enhanced pixel charge, and the adverse effect due to
deficient signal write (e.g. the decrease in luminance) can
greatly be reduced, compared to the case shown in FIG. 5.
[0082] In the driving method of the liquid crystal display
device of the present embodiment, it is preferable to set the
timing continuously from the first overlap period to the sec-
ond overlap period, with the period TH being set as the
horizontal cycle unit. In other words, it is preferable to set the
timing over the time period from the first overlap period to the
second overlap period, without causing a fractional period,
which does not correspond to an integer number of times of
the period TH, between both the overlap periods.

[0083] Ifthe black insertion scan in the first overlap period
corresponds to an odd-numbered period TH and the first
signal write scan in the first overlap period corresponds to an
even-numbered period TH, it is preferable to set the scan
timing such that the second signal write scan in the following
second overlap period corresponds to an odd-numbered
period TH (following the black insertion scan in the first
overlap period), and the first signal write scan in the second
overlap period corresponds to an even-numbered period TH.
[0084] Thereby, the first signal write scan is always succes-
sively executed in even-numbered periods TH over the first
and second overlap period, without disturbing the cycles.
This prevents occurrence of a problem, such as horizontal
streaks, due to a discontinuous luminance difference at a
position corresponding to the boundary between the overlap
periods.

[0085] After the end of the second overlap period, the sec-
ond signal write scan is executed only in the odd-numbered
period TH. In the even-numbered period TH that is left at this
time, for example, as shown in FIG. 8, a gray level between
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black and white may be output as dummy signal write. Alter-
natively, for example, an average gray level of video signals,
which are displayed over the entire screen, may be calculated
and output. Thereby, the problem, such as horizontal streaks,
due to the discontinuous luminance difference, can be
reduced.

[0086] Besides, as shown in FIG. 9, after the end of the
second overlap period, it is thinkable to execute the second
signal write scan at double speed by using both the even and
odd periods TH. Thereby, the time of execution of the second
signal scan in the backlight turn-on period is halved, and the
crosstalk reduction effect becomes still more conspicuous.
[0087] The present invention is not limited directly to the
above-described embodiment. In practice, the structural ele-
ments can be modified and embodied without departing from
the spirit of the invention.

[0088] Various inventions can be made by properly com-
bining the structural elements disclosed in the embodiment.
For example, some structural elements may be omitted from
all the structural elements disclosed in the embodiment. Fur-
thermore, structural elements in different embodiments may
properly be combined.

[0089] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the inven-
tion in its broader aspects is not limited to the specific details
and representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What is claimed is:

1. A liquid crystal display device comprising:

a plurality of liquid crystal pixels which are arrayed sub-
stantially in a matrix;

a driver circuit which cyclically writes a non-video signal
and a video signal to each of the plurality of liquid
crystal pixels as pixel voltages; and

a control circuit which controls an operation timing of the
driver circuit,

wherein the control circuit sets, in one frame period, a first
period which is shorter than the one frame period, a
second period which partly overlaps the first period and
is shorter than the one frame period, and a third period
which partly overlaps the second period and is shorter
than the one frame period, and

the control circuit is configured to execute control of the
driver circuit such that write of the non-video signal in
the plurality of liquid crystal pixels is executed in the
first period,

write of the video signal in the plurality of liquid crystal
pixels is executed in the second period,

write of the same video signal as the video signal, which is
written in the second period, in the plurality of liquid
crystal pixels is executed in the third period,
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the write of the non-video signal and the write of the video
signal are alternately executed in units of one horizontal
cycle or a plurality of horizontal cycles in a period in
which the first period overlaps the second period, and

the write of the video signal corresponding to the second
period and the write of the video signal corresponding to
the third period are alternately executed in units of one
horizontal cycle or a plurality of horizontal cycles in a
period in which the second period overlaps the third
period.
2. The liquid crystal display device according to claim 1,
wherein the control circuit is configured to execute control of
the driver circuit such that write of a dummy video signal and
the write of the video signal corresponding to the third period
are alternately executed in units of one horizontal cycle or a
plurality of horizontal cycles in a period within the third
period, which does not overlap the second period, and a
predetermined dummy signal is output in a period in which
the write of the dummy video signal 1s executed.
3. The liquid crystal display device according to claim 1,
wherein the control circuit is configured to execute control of
the driver circuit such that the write of the video signal cor-
responding to the third period is executed in a period within
the third period, which does not overlap the second period, at
double the speed of the write of the video signal correspond-
ing to the third period in a period within the third period,
which overlaps the second period.
4. The liquid crystal display device according to claim 1,
wherein a liquid crystal is in an OCB mode.
5. A driving method of a liquid crystal display device,
comprising:
setting, in one frame period, a first period which is shorter
than the one frame period, a second period which partly
overlaps the first period and is shorter than the one frame
period, and a third period which partly overlaps the
second period and is shorter than the one frame period,

executing write of a non-video signal in a plurality of liquid
crystal pixels in the first period;

executing write of a video signal in the plurality of liquid

crystal pixels in the second period;

executing write of the same video signal as the video sig-

nal, whichis written in the second period, in the plurality
of liquid crystal pixels in the third period,;
alternately executing the write of the non-video signal and
the write of the video signal in units of one horizontal
cycle or a plurality of horizontal cycles in a period in
which the first period overlaps the second period; and

alternately executing the write of the video signal corre-
sponding to the second period and the write of the video
signal corresponding to the third period in units of one
horizontal cycle or a plurality of horizontal cycles in a
period in which the second period overlaps the third
period.
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