B0232SH DESCRI PTI ON LI QUI D- CRYSTAL DI SPLAY DEVI CE AND

THREE- DI MENSI ONAL DI SPLAY SYSTEM TECHNI CAL FI ELD [ 0001] The present

I nvention relates to a liquid crystal display device and a B0232SH
st ereoscopi c display system BACKGROUND ART

DESCRIPTION
LIQUID-CRYSTAL DISPLAY DEVICE AND THREE-DIMENSIONAL

DISPLAY SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal
( display device and a stereoscopic display systemn.

BACKGROUND ART

(00021 A liguid crystal display device has advantages such
as a light and thin body, and low power consumption. Thus,
the liguid crystal display device is utilized not only as a
small display device in a display portion of a cellular phone
or the like, but also as a large television set. A general
L liquid crystal display device performs planar display. In
recent years, it is suggested to perform stereoscopic display
with more presence by using a liquid crystal display device
(see Patent Document No. 1).
[0003] Patent Document No. 1 discloses a stereoscopilc
image display device (stereoscopic display system) provided

with a liquid crystal display device which alternately



[0002] A liquid crystal display device has advantages such as a |ight
and thin body, and | ow power consunption. Thus, the liquid crystal

di splay device is utilized not only as a small display devi ce BOA32BH
di splay portion of a cellular phone or the |like, but also as a | arge
television set. A general liquid crystal display device perforns

pl anar display. In recent years, it is suggested to perform
stereoscopic display with nore presence hy using a_liquid, crystal
di spl ay devFRE Y See %tf%&%teyﬁogn% a ?6 %g] ﬁgfgﬁ%gﬁgcéﬁ%htarﬁ%.

1 discloses a stereoscopic inmage display device (stereoscopic display

system) pgoyided widsds | i quind dysdale rdidd @hgdemicesmht €br glasses

alternately B0232SH displays a frane for left 'eye and a franme for

right eye, and shutter gl asses. The observer wearing the shutter

gl asses obiseemess aadi dpbpyaycrameesf ohe theuilddeigst aryialpl gysplay

devi ce.
device.
[0004] In the stereoscopic image display device in Patent
Document No. 1, the liquid crystal display device displays
the first and the second frames for left eye of the same
image successively. Thereafter, the first and the second
frames for right eye of the same 1image are successively
displayed. At this time, a left-eye shutter of the shutter
glasses is opened from a vertical blanking period after the
first left-eye frame is written into the 1liguid crystal
display device to the next period for the second left-eye
frame. A right-eye shutter of the shutter glasses is opened
from a vertical blanking period after the first right-eye
frame is written into the liquid crystal display device to
the next period for the second right-eye frame. As described
above, in the stereoscopic image display device in Patent

Document No. 1, cross-talk in which an observer visually

recognizes the left-eye frame and the right-eye frame

o



[0004] In the stereoscopic i mage di splay device in Patent Docunent No.
1, the liquid crystal display device displays the first and the
second franmes for left eye of the sane0 i mage B0232SH
successi vely. Thereafter, the first and the second frames for right

eye of the sane imge are successively displayed. At this tine, a

| eft-eye shutter of the shutter glasses is opened froma verti cal

bl anki ng period after the first left-eye frame is witten into the

l i qui d cryistdlt adiespsay dewile pretdrgabxangethedtive péeiadcighdhich

| eft-eye frane A right-eye shutter of the shutter glasses i s openedO

froma vertic bl anki n perlod fter the. fir e fra
witten it ¢ qq?ﬁu%ﬁ% Ve 4 sﬁF%@gﬁﬁﬁ?cgh? l%%% “HeéX fﬁgg?oéﬁpbr
t he second right-eye frane As descri bed above, in the stereoscopic

i mage di sfeay rq%‘t‘ﬂtc@ybn Patgat {dcumrinddel, 1thekebg- tattenipt M cloan
observer visually recogni zes the |l eft-eye frame and the right-eye

franme _
increase the luminance.
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Publication No. 2009-232249

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0008] As described above, in the stereoscopic display
system of Patent Document No. 1, the liquid crystal display
( device performs display of two frames for one left-eye frame
(left-eye image), and the 1liquid crystal display device
performs display of two frames for one right-eye frame
(right-eye image}. Thus, the liquid crystal display device
performs display of four frames in order for an observer to
visually recognize one stereoscopic image. In this case, in

order for the observer to recognize a stereoscopic image



B0232SH si mul t aneously can be prevented, and the tinme period in which
t he observer can visually recognize the left-eye frane and the
right-eye frane is extended, thereby attenpting to increase tIpg§2325H

| um nance. CI TATION LI ST PATENT LI TERATURE Patent Docunent No. 1:
Japanese Lai d- Open Pat ent Publication No. 2009-232249 SUMVARY OF

| NVENTI ON TECHNI CAL PROBLEM

which caﬁ be displayed as moving picture, it is necessary to
drive the liquid crystal display device at higher vertical
scanning frequencies. However, in the case where the liquid
crystal display device is driven at higher vertical scanning
frequencies, a time period for which each pixel is selected
is shortened, so that the influence of signal delay is

increased, and the luminance of the pixel is not varied to a

predetermined value. As a result, display unevenness may
occur.
[0007] In addition, the input video signal which is input

into the liquid c¢rystal display device does not always
conform to the stereoscopic display mode. In some cases, an
observer does not desire to visually recognize the
stereoscopic display with wearing the shutter glasses.
Accordingly, the liquid crystal display device is sometimes
reguired to be capable of performing normal display (planar
display) in additicn to the stereoscopic display. However,
the power consumption of the liquid crystal display device
which can perform not only the stereoscopic display but also

planar display is disadvantageously increased as compared



[ 0006] As descri bed above, in the stereoscopic display system of

Pat ent Docunent No. 1, the liquid crystal display device perforns
display of two frames for one |left-eye frame (left-eye image)poRRdy
the liquid crystal display device perforns display of two franes or
one right-eye frame (right-eye inmage). Thus, the liquid crystal

di spl ay device perforns display of four franes in order for an
observer to visually recogni ze one stereoscopic inmage. In this case,
i n order Wiath bhegeabkselveighod recognlzelispdiaer destopi ¢ 1 nage B0232SH
whi ch can be di spl ayed as noving picture, it is necessary to drive
the liquid stal display devjce at, higher vertlcal scanni ng_.
frequenC|@¥) ﬁbmevgp? Bﬁegﬁ% E CHEE G e F?&uFang?ﬁg?gfuhg’ oyt
device is driven at higher verti cal scannlng frequencies, a tine

peri od fCtrhe\Ah'a%v@aereH@édl ol aGiLd isnashentengd;esoiddatost hehe
i nfluence of signal delay is increased, and the |umnance of the

pi xel is not varied to a O predetermnm ned value.As a result, display
unevennesy arey tockuven G007 £n taddpPepBhdet e Lhpaid vica@gtai grikil SEAHRIYC h
is input

device and a stereoscopic display system which can perform
stereoscopic display with suppressed display unevenness. In
addition, another objective of the present invention is to
provide a liquid crystal display device and a stereoscopic
display system with low power consumption in which a
stereoscopic display mode and a planar display mode can be

switched.

SOLUTION TO PROBLEM

[0009] The liquid crystal display device according to the
present invention is a liquid crystal display device,
provided with a plurality of pixels, for performing display
in a stereocscopic display mode, wherein left-eye image data
and right-eye image data are alternately written every two
successive vertical scanning periods into each of the

plurality of pixels, and each of the plurality of pixels



into the liquid crystal display device does not always conformto the
stereoscopi c display node. In sone cases, an observer does not desire

to visually recogni ze the stereoscopic display with wearing thg2328H
shutter glasses. Accordingly, the liquid crystal display device is
sonetinmes required to be capable of perform ng normal display (planar
display) in addition to the stereoscopic display. However, the power
consunption of the liquid crystal display device which can perform
not only ¢Rkilsties ebbeopiatmedi Bplayl hut ougso tprartaro dvsptagal sscanning
di sadvant ageously i ncreased as conpared B0232SH with a general

liquid crystal display device. [D008] The present,. inventi ; be
conductedg?ﬁlQ?%mﬂ' %%thb%sg-dg%g?%%%% EP%B?eﬁ§ﬁﬂhnggtﬁg”b jébt?@%
of the present invention is to provide a liquid crystal display

devi ce angdxRrisies eene0oRiamedi 5Pl ayi oy sbest witheh wan perfbea scanning
stereoscopi c display with suppressed display unevenness. |In addition,
anot her objective of the present invention is to provide a liquid
crystal dPspiegs devite dndhs stlebéoseBpiBadh s sy WehtRlrh | ow
power consunption in which a stereoscopic display node and a pl anar

di spl ay ”?9@}@?” ber sWhhehed, SANHON TQERGBLEM (89921 Thes| igtui ghe
crystal display device according to the
plurality of pixels are inverted every two or more even-
numbered vertical scanning periods.
[0011] In one embodiment, respective polarities of the
plurality of pixels are inverted every two vertical scanning
periods.
[0012] In cone embodiment, respective poclarities of the
plurality of pixels are inverted every four vertical scanning
periods.
[0013] In one embodiment, the plurality of pixels are
arranged in a matrix of a plurality of rows and a plurality
of columns, and when one of the left-eye image data and the
right-eye image data 1is written in the entire of the
plurality of pixels, polarities of pixels adjacent in the

colunn direction among the plurality of pixels are eqgual to

each other.

@

O



present invention is a liquid crystal display device, provided with a
plurality of pixels, for performng display in a stereoscopic display
node, wherein left-eye imge data and right-eye image data argysogy
alternately witten every two successive vertical scanning periods
into each of the plurality of pixels, and each of the plurality of

pi xel s B0232SH exhibits the sanme polarity over the two vertical
scanning periods in which the left-eye inmage data is witten and
exhi bi ts tdia4g9ane pal asrid y eobedimbet i wheer piloablscannmifngppeel ®dsixen
which the right-eye image data is witten. [0010]1n one enbodi nent,

oo o MSTEeBHER. b el CalP Sy Geri s B [OGLEP A ne
enbodi ment, respective polarities of the plurality of pixels are
inverted gverd e, Veidd GAlenSCRANIJY RIRY iQUS:~eye image data and the
right-eye image data 1s written in the entire of the
plurality of pixels, polarities of pixels adjacent in the row
direction and in the column direction among the plurality of
pixels are different from each other.

[0015] In one embodiment, the plurality of pixels are
divided into one or more blocks corresponding to two or more
rows of the plurality of rows, and the writing of the left-
eye image data or the right-eye image data is performed to
pixels in odd-numbered rows or even-numbered rows in the
block, and thereafter is performed to pixels in the other
ones of rows.

[0016] In one embodiment, the 1liquid crystal display
device includes: a liguid crystal panel having a front
substrate, a back substrate, and a 1liquid crystal layer
disposed between the front substrate and the back substrate;

a backlight unit for irradiating the liquid crystal panel

with light; a frame rate control circuit for generating,



[0012] I n one enbodi ment, respective polarities of the plurality of

pi xel s are inverted every four vertical scanning periods. [0013]In
one enbodi nent, the plurality of pixels are arranged in a matrBog3z8Ha
plurality of rows and a plurality of colums, and when one of the

| eft-eye image data and the right-eye inmage data is witten in the
entire of the plurality of pixels, polarities of pixels adjacent in
the columm direction anong the plurality of pixels are equal tq each
ot her. [D@&ﬁ?lﬁnbn%ne#ﬁéﬁl thélﬁpﬁ%alFtyvhﬁe%l§é9§aéré“§FP§hg%d
inamtrix of a plurality of rows and a plurality of columms, and

when one Rl ghle leehhzeysd %&&??ﬁaftgl 2Nt hey | GRbTEY 6 iqwR0es Al 1 Sa

witten in entire uralrty of pixels, polarities of

pi xel s adjacent in the rom1d|rection and in the colum direction

anong t hetphimal tdytofl pixefsr arenaidtfimgenbaktedmopatcheotvidee pOO18] | n

one enbodi nent, the plurality of pixels are
a display signal; a scanning signal driving circuit for
supplying a scanning signal for selecting a pixel into which
the writing is performed; a display signal driving circuit
for supplying the display signal to the selected pixel; a
writing state signal transmitting circuit for transmitting. a
writing state signal indicating a writing state of the
plurality of pixels; and a backlight driving circuit for
controlling the turning on and off of the backlight unit.
[0017] In one embodiment, the backlight unit is turned on
in at least part of the latter one of the two vertical
scanning periods in which the left-eye image data and the
right-eye image data are written, respectively.
{oo18] In one embodiment, the liguid crystal display
device performs, in each of the plurality of pixels,
overdrive driving based on the left-eye image data and the

right-eye image data written in one or more preceding

vertical scanning period.

)



di vided into one or nore blocks corresponding to two or nore rows of
the plurality of rows, and the witing of the left-eye inmage data or
the right-eye inmage data is performed to pixels in odd-nunbergg f,Qys
or even-nunbered rows in the block, and thereafter is perforned to

pi xels in the other ones of rows. [0016]In one enbodinent, the liquid
crystal display device includes: a liquid crystal panel having a
front substrate, a back substrate, and a |liquid crystal |ayer

di sposed bEiMEen t e froat swbsdirdre,andhehe ligokdsubsystal; display
backlight unit for irradiating the liquid crystal panel with light; a

frame rate control circuit.fo epnerati, . B0232SH base n_an input
vi deo si dﬁ%‘ﬁcea P/?rdﬁ%m"’sgi gﬂé?p{'@gi E’é as"‘fﬁnﬁ%éflgf rane WS?% g’ﬁg‘r‘{e?ﬁatthgf

the input video signal; a timng controller for generating, based on
the vi deostsd @@lcopd cdidsRbay ySkghal and SCHUNG HiGhala ydhiodieng agidr G t

for supplying a scanning signal for selecting a pixel into which the
witing is perforned; a display signal driving circuit for supplying
the di spltdie silgmar 6 spiaysapdet etinpi AB81Ving ¥ i PehEPEted elsiggrgver
transmtting circuit for transmtting,a
vertical scanning frequency than that in the stereoscopic
display mode.
( [0020] In one embodiment, each of the plurality of pixels
has a first sub-pixel and a second sub-pixel.
[0021] In one embodiment, in the planar display mode,
multi-pixel driving is performed, and in the stereoscopic
display mode, the multi-pixel driving is not performed.
[0022] The liguid crystal display device according to the
invention performs display by switching its mode between a
stereoscopic display mode and a planar display mode in which
the driving is performed at a lower vertical scanning
frequency than that in the stereoscopic display mode.
[0023] In one embodiment, the driving in the planar
display mode is performed at a vertical scanning frequency

which is the half of that in the stereoscopic display mode.

[0024] In one embodiment, the liquid crystal display



witing state signal indicating a witing state of the plurality of
pi xel s; and a backlight driving circuit for controlling the turning
on and off of the backlight unit. [0017] 1 n one enbodi nent, the0232SH

backlight unit is turned on in at |east part of the latter one of the

two vertical scanning periods in which the left-eye i nage data and
the right-eye image data are witten, respectively. [0018]1n one
enbodi ment, the liquid crystal display device perfornms, in each of
the pluraff¥icaf imolerdes over driidid dar Foy Rt basédedn PReVIEET - &y&h 2
i mge data and the right-eye inmage data witten in one or nore

preceding,yeriical sganniingperigd. £:LR0191d 0 ong, Arbadi mERbL theror
liquid cr@sta di'splay device perforns display by swtching its node
bet ween the stereoscopic display node and a planar display node, and
in the plaeaeraispl aybaved, ohhendrinputg visleperfigymedd at aidleowesignal
vertical scanning frequency than that in the stereoscopic display

mode. [Oogglrirrl]g Oge l'?lg Oéjrl' n%r}gfneea}:ca eof tftlabr(la I%lhléllq:al (IDE yt%]:e p:{r%(pedts video

signal; a timing controller for generating, based on the
video signal, a display signal; a scanning signal driving
circuit for supplying a scanning signal for selecting a pixel
into which the writing is performed; and a display signal
driving circuit for supplying the display signal to the
selected pixel, wherein the timing controller makes different
the frame rate of the display signal in accordance with the
stereoscopic display mode and the planar display mode.

[0025] In one embodiment, the liquid crystal dispiay
device further includes: a backlight unit for irradiating the
liquid crystal panel with 1light; and a backlight driving
circuit for controlling the turning on and off of the
backlight unit.

10026] In one embodiment, the irradiation with light by
the backlight unit is changed 1in accordance with the

stereoscopic display mode and the planar display mode.
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has a first sub-pixel and a second sub-pixel. [0021]1n one

enbodi nent, in the planar display node, nulti-pixel driving is
performed, and in the stereoscopic display node, the nmulti-pixgiogy
driving is not perfornmed. [0022]The liquid crystal display device
according to the invention perforns display by switching its node

bet ween a stereoscopic display node and a planar display node in
which the driving is perforned at a | ower vertical scanning frequency
t han t hat[0G21lhe stler eoseopicabotspeay, notdee POORBIIIE onsridnbddisnent |
the driving in the planar display node is perforned at a verti cal

S LSS G0 e D L 00 AL L0 31 PLEREEIRLE s
off can be independently controlled, respectively.
[0028] In one embodiment, the plurality of pixels are
arranged in a matrix of a plurality of rows and a plurality
of columns, and each of the plurality of illuminating regions
( is disposed correspondingly to pixels in at least one row of
the plurality of rows.
[0029] In cne embodiment, in the case where the display is
performed in the stereoscopic display mode, the plurality of
illuminating regions are sequentially turned on.
[0030] Iin o©one embodiment, the liguid crystal panel
includes: a front substrate having a counter electrode; a
(- back substrate having a scanning line, a source line, and a
pixel electrode; and a liquid crystal layer disposed between
the front substrate and the back substrate.
[0031] In one embodiment, in the case where the display is
performed in the planar display mode, the scanning signal
driving circuit and the display signal driving circuit drive

the liquid crystal panel at a vertical scanning frequency

1



B0232SH devi ce includes: a liquid crystal panel provided with a
plurality of pixels; a frame rate control circuit for- generating,
based on an input video signal, a video signal having a highepghszre
rate than that of the input video signal; a timng controller for
generating, based on the video signal, a display signal; a scanning
signal driving circuit for supplying a scanning signal for selecting
a pixel0 into which the witing is perfornmed; and a display, signal,
driving ciliceh ti$othsuppl§i rg thetdiisplthe siafifalvhera HisefbtRrey 15
pi xel , wherein the timng - -controller nakes different the frane rate

of the displ signal .in accordance, w the ereoscopi c displa
node and ?%%ta%ﬁ“éﬁﬁ it & el;?saa(.:om[%o%%l?fna%%&ao%ﬁbodi ﬁent, tﬁe g
liquid crystal display device further includes: a backlight unit for
irradiati pgo3ddie |i qui dorgd yshisddpearal, WHd firghd ; rand acbhackl i ghtcuit
driving circuit for controlling the turning on and off of the

backl i ght unit. , , , .
sets the frame rate of the video signal to be twice as high

as the frame rate of the input video signal.

(00337 In one embodiment, in the case where the display is
performed in the stereoscopic display mode, left-eye image
data and right-eye image data are alternately arranged in the
input video signal, and the frame rate control circuit
arranges two sets of image data repeatedly in the video
signal, each one of the two sets of image data including the
left-eye image data and the right-eye image data in the input
video signal.

[0034] In one embodiment, the timing controller
successively arranges, in the display signal, a pair of the
left-eye image data and a pair of the right-eye image data of
the video signal, respectively.

[0035] In one embodiment, in the case where the display is
performed in the stereoscopic display mode, the timing

controller sets the frame rate of the display signal to be

12
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[0026] I n one enbodinent, the irradiation with light by the backlight
unit is changed in accordance with the stereoscopic display node and
the planar display node. [0027]1n one enbodi ment, the backli ghb;ap t
has a plurality of illum nating regions of which the turning on ang
of f can be independently controlled, respectively. [0028]1In one
enbodi nment, the plurality of pixels are arranged in a matrix of a
plurality of rows and a plurality of colums, and each of the

pl uralitytwifcd ldsurhiingt i awy tlegi Dresne sraties pofS ethe or rdesposidimigl,y angl in
pixels in at | east one row of the plurality of rows. [0029]1n one

enbodi ment, in the case where the djspl i .
the case where tﬂg d?sp aycgén£éifof%ed in the planar display

mode, the timing controller sets the frame rate of the

display signal to be equal to the frame rate of the video

signal.
[0036] In one embodiment, the frame rate control c¢ircuit
( sets the frame rate of the video signal to be four times as

high as the frame rate of the input video signal.
{0037] In one embodiment, in the case where the display is
performed in the stereoscopic display mode, left-eye image
data and right-eye image data are alternately arranged in the
input video signal, and the frame rate control circuit
arranges two sets of image data repeatedly in the video
( signal, in each of the two sets of image data, a pair of the
left-eye image data and a pair of the right-eye image data in
the input video signal being successively arranged,
respectively.
[0038] In one embodiment, the timing controller arranges,
in the display signal, the left-eye image data and the right-

eye image data of the video signal.
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performed in the stereoscopic display node, the plurality of
iIlum nating regions are sequentially turned on. [0030]1n one
enbodi ment, the liquid crystal panel includes: a front substraoe32SH
having a counter electrode; a back substrate having a scanning line,
a source line, and a pixel electrode; and a liquid crystal |ayer
di sposed between the front substrate and the back substrate. [0031]!
one enbodi nent, in the case where the display is perfornmed in the .
pl anar di 6p0381 noddn tne sodrdingnsi ghal thiy | VATRy “oitreuirhcafdSPhay 1S
dlsp!ay|3|gnal driving circuit drive the liquid crystal panel at a
vertica ' . . . .
Sg?ﬂghﬂgjfﬁﬁﬂu%%%y stereoscopic display mode, the timing
controller sets the frame rate of the display signal to be
equal to the frame rate of the video signal, and in the case
where the display is performed in the planar display mode,
the timing controller sets the frame rate of the display
signal to be the half of the frame rate of the video signal.
[(0040] In one embodiment, the liquid crystal display
device further includes a writing state signal transmitting
circuit for transmitting a writing state signai indicating
the writing state of the pliurality of pixels.
[0041] In one embodiment, in each of the plurality of
pixels, overdrive driving is performed based on the left-eye
image data and the right-eye image data written in one or
more preceding vertical scanning periods.
[(0042] The stereoscopic display system according to the
present invention includes: the above-described liquid
crystal display device; and shutter glasses having a left-eye

shutter which 1is opened in a period in which the liquid

crystal display device displays a left-eye image and a right-

14
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B0232SH which is the half of that in the case where the display is
performed in the stereoscopic display node. [0032] 1 n one enbodi nent,
the frame rate control circuit sets the frame rate of the vidgg)irgy
signal to be twice as high as the franme rate of the input video
signal. [0033]1n one enbodinent, in the case where the display is
perfornmed in the stereoscopic display node, left-eye i mage0 data and
right-eye inmage data are alternately arranged in the input video

si gnal , anyk tdtertftreaneviriathe iconipeslecciine i tpariahdes ivicchs eths: ofiquialge
data repeatedly in the video signal, each one of the two sets of

i mage data including.the left-eye i e data_and the right-eye inmage
data in tcfﬁan’itr"i'dutdl\?r%&@éf dPYhat. FsplaF & Tigntreye magd.” "% ’

ADVANTAGEQOUS EFFECTS OF INVENTION
[0043] The liquid crystal display device and the
stereoscopic display system according to the present
( invention can perform stereoscopic display with suppressed
display unevenness. In addition, according to the present
invention, it is possible to provide a liquid crystal display
device and a stereoscopic display system with low power
consumption in which a stereoscopic display mode and a planar
display mode can be switched.

BRIEF DESCRIPTION OF DRAWINGS

<- [0044}
[FIG. 1] Fig. 1 is a schematic diagram of a liquid
crystal display device and a stereoscopic display system in a
first embodiment of the present invention, in which (a) is a
schematic diagram of the stereoscopic display system which
displays a left-eye image in a stereoscopic display mode, (b)

is a schematic diagram of the stereoscopic display system

15



[ 0034] | noneembodi nent, t heti m ngcontrol | er0O successively arranges, in
the display signal, a pair of the left-eye image data and a pair of
the right-eye imge data of the video signal, respectively. [@&33%9mh
one enbodi nent, in the case where the display is perfornmed in the

st ereoscopi c display node, the timng controller sets the frane rate
of the display signal to be B0232SH twi ce as high as the frane rate
of the video signal, and in the case where the display is perforned
in the planiarh disinlay ede;iatieeveniingdeonty shreFt8EEQSERRLF r AhEP 2 e
of the display signal to be equal to the frame rate of the video

si gnal . mode, and (e) 1is a schematic diagram of the liguid crystal

display device which performs display in a planar display
mode .
[FIG. 2] FIG. 2 is a schematic diagram of the
stereoscopic display system shown in FIG. 1.
[FIG. 3] In FIG. 3, (a) is a schematic diagram of the (:)
stereoscopic display mode of the stereoscopic display system
shown in FIG. 2, and (b) is a schematic diagram of the planar
display mode.
[FIG. 4] FIG. 4 is a schematic diagram showing a
writing state signal transmitting circuit in the stereoscopic
display system shown in FIG. 2 and the open/close of shutter
glasses. <:>
[FIG. 5] In FIG. 5, (a) is a schematic diagram of image
data included in the input video signal input into the liquid
crystal display device shown in FIG. 2 in the stereoscopilc
display mode, (b) 1is a schematic diagram of image data
included in a video signal, and (e) is a schematic diagram of

image data included in a display signal.

16



[ 0036] I n one enbodi ment, the frame rate control circuit sets the
frame rate of the video signal to be four tines as high as the frane
rate of the input video signal. [0037]In one enbodinent, in thAgLaFE
where the display is performed in the stereoscopic display node,

| eft-eye i mage data and right-eye inage data are alternately arranged
in the input video signal, and the frame rate control circuit
arranges two sets of inmage data repeatedly in the video signal, in
each of the tvdI$et $lof InnEge. déu afala ipaiar seghemhéirefiiagyam | ofdgeradist a
and a pair of the right-eye inmage data in the input video signa

Che T1 m i Cort FOMBF BPr Bl T h IS G asray SPBAs o Eperor ey
i mge data and the right-eye i mage data of the video signal

[ 0039] | n @nestenbedisiral, denitbespase wWherect hg ohsphaypisnar display
mode, (b) is a schematic diagram of image data included in a
video signal, and (e) is a schematic diagram of image data
included in a display signal.

[FIG. 7] In FIG. 7, (a) is a schematic diagram of a
stereoscopic display mode of a liquid crystal display device
and a stereoscopic display system in a comparative example 1,
and (b) is a schematic diagram of a planar display mode.

[FIG. 8] 1In FIG. B8, (a) is a schematic diagram of image
data included in an input video signal input intoc the liquid
crystal display device shown in FIG. 7 in the stereoscopic
display mode, (b) is a schematic diagram of image data
included in a video signal, and (e¢) is a schematic diagram of
image data included in a display signal.

[FIG. 9] 1In FIG. 9, (a) is a schematic diagram of image
data included in an input video signal input into the liquid

crystal display device shown in FIG. 7 in the planar display

mode, (b) is a schematic diagram of image data included in a
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performed in the stereoscopic display node, the timng controller
sets the frane rate of the display signal to be equal to the frame
rate of the video signal, and in the case where the display i$02325H
performed in the planar display node, the timng controller sets the
frame rate of the display signal to be the half of the franme rate of
the video signal. O [0040] In one enbodinent, the liquid crystal

di splay deyvice further includes.a witin tate,signal transmttin
circuit f8r9g? aﬁ%ﬂ??f‘i n@ng :X/P?t ity ast%'f}éeq%q al 3y 'ac%t?%glrf]%%e adfa
witing state of the plurality of pixels. [0041]1n one enbodinent, in

each of the-phaedlid o Ofi pi1%gl sigawerdrive driving is perforned based
on the left-eye inage data and the right-eye image data witten in

one or nore preceding vertical scanning periods. [0042] The _
st er eoscopFEC i EPl aylsydCeml@ccdrdi hg & oSErNgrics eHrRdgmiPestiPgAang the
i ncl udes: the above-described liquid crystal display device; and

shutter gl asses i.ng lLeft - ter i IS ; ned. | pegiod
i n which %ﬁﬁglfﬁgﬁ ecr?étéﬁmﬁi§%§%§Pﬁév?gém%ispcgﬁé'a%le ?%gygninage
and a right- B0232SH

stereoscopic display system shown in FIG. 2, and (b) is a

schematic diagram showing the timings of the turning-on of
the backlight unit, the writing into each pixel, and the
shutter glasses.

[FIG. 11] FIG. 11 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 2, in which
(a) 1is a waveform diagram of scanning signal voltages
supplied to a plurality of scanning lines, (b) is a schematic
diagram showing the turning on/off of the backlight unit, and
(¢) is a schematic diagram showing the open/close of the
shutter glasses.

[FIG. 12] 1In FIG. 12, (a) is a schematic diagram showing the
time change of the 1lighting of a backlight unit in the
stereoscopic display sysfem shown in FIG. 2, and (b) 1is a
schematic diagram showing the timings of the turning-on of

the backlight unit, the writing into each pixel, and the

i8



eye shutter which is opened in a period in which the liquid crystal
di spl ay device displays a right-eye i mage. ADVANTAGEQUS EFFECTS OF

| NVENTI ON [ 0043] The |iquid crystal display device and the B0O232SH
st ereoscopi c display system according to the present invention can
perform st ereoscopic display with suppressed display unevenness. In
addition, according to the present invention, it is possible to
provide a liquid crystal display device and a stereoscopic display
syst em wighrtitey gdwesesonsunpti on in which a stereoscopic display
node and a planar display node can be switched. BRI EF DESCRI PTI ON OF

DRAW NGS EL .4%#] In F%EI. %.3,1] f_lal.;)l % s ]a Issch%m%g_'{%n'g&ég tha%&ﬂ.'n e
liquid cr&s al “di'splay devi ce’ a a stereoscopic dis fay systemin a
first enbodi nent of the present invention, in which (a) is a

schemat i ct icageaahgé tdre sher ensenfing dosplaybaykl eghwwhiveh tdi pl aye a
| eft-eye image in a stereoscopic display node, (Ib) is a schematic

di agram of the stereoscopic display system
g stereoscopic dig%lay sJ%tg& g%own in FIG. 2, and (b) 1is a

schematic diagram showing the timings of the turning-on of

the backlight unit, the writing into each pixel, and the
( shutter glasses.
[FIG. 14] FIG. 14 is a schematic diagram of a liquid crystal
panel in the liquid crystal display device shown in FIG. 2.
[FIG. 15] FIG. 15 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 2, in which
(a) is a waveform diagram of electric potential of a source
line by using electric potential of a counter electrode as a
reference, (b) is a waveform diagram of a scanning signal
voltage, (e) is a waveform diagram of electric potential of a
pixel electrode by using electric potential of a counter
electrode as a reference, (d) is a schematic diagram showing
the turning on/off of the backlight unit, and (e) is a
schematic diagram showing the open/close of the shutter

glasses.



B0232SH whi ch displays a right-eye image in the stereoscopic display
node, and (c) is a schematic diagramof the Iiquid crystal display
device which performs display in a planar display node. [FIG BPPFISH
2 is a schematic diagram of the stereoscopic display system shown in
FIG 1. [FIG 3] In FIG 3, (a) is a schematic diagram of the0
stereoscopi ¢ display node of the stereoscopic display system shown in
FIG 2, and (b)_ is a schematjc diagram of_the _planar displ de.
(1G4 FEC ) 167 2 S fonbb i 15 of 4S8 sth g L Ve ng dot A o0t GHAF
transmtting circuit in the stereoscopic display systemshown in FIG
2 and the,ppeplcloste M-St tels A-85$93tem shown in FIG. 2, in which

(a) is a waveform diagram of a display signal voltage, (b) is
a waveform diagram of a scanning signal voltage, (¢) is a
waveform diagram of electric potential of a pixel electrode
by using electric potential of a counter electrode as a
reference, (d) is a schematic diagram showing the turning
on/off of the backlight unit, and (e) is a schematic diagram
showing the open/close of the shutter glasses.

[FIG. 17] FIG. 17 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 2, in which
(2) is a schematic diagram showing the polarity of written
pixel and the sequence of writing, and (b) is a waveform
diagram of electric potential of a specific source line by
using electric potential of a counter electrode as a
reference in one frame updating period.

[FIG. 18] FIG. 18 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 2, in which
(a) is a waveform diagram of electric potential of a source

line by using electric potential of a counter electrode as a
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[FIG 5] In FIG 5, (a) is a schematic diagram of imge data included
in the input video signal input into the liquid crystal display
device shown in FIG 2 in the stereoscopic display node, (b) B§ S
schemati c di agram of image data included in a video signal, %?;i
is a schematic diagram of image data included in a display S|gnal
B0232SH [FIG 6] In FIG 6, (a) is a schematic di agram of

i mage data included in the input video signal input into the liquid
crystal disptznaevi 6@ showa ivewRfGrmR dingtsm pbhnar Hixpliag rodeal
(b) is a schematic diagram of inage dat a included in a video signal

and (c) is sche i ¢ _diagr [ e dat ded in_a display
Slgnel) TRESR o &5 VRt P SRR R SRR B pPe ISP
st ereoscopi c display node of a liquid crystal display device and a
st er eoscaopif=1di spkayrsyst ey i s Eoapacative pxampliall, ofind (djurtera
schemati c di agram of a planar display node. [FIG 8] In FIG
8, (a) is a schematic diagram of inage data included in an input

vi deo si ghedCHaasdt dsntdo qq%@rﬁnaard@?yéﬁaﬁ araprall et 2F FhoWPHing

FIG 7 in the stereoscopic display node, (b) is a schematic diagram

of image Ja athgﬁLng%I{/&ﬁ videq i gBQJ:klPrE'ﬁjt ( %)mlts aaﬁ&hqgg ié_:s of

di agram of i mage data included in a display signal.
In FIG 9, (a) is a schematic diagram of inmage dat a |ncluded in an
i nput vickﬂhQquﬂﬂ dhparamntshavied i gbed epysialos splfaytdevigatdeawn
in FIG 7 in the planar display node, (b) is a schematic di agram of
&nage dat%_included in a

glasses.

[FIG. 19]) FIG. 19 is a diagram for illustrating the driving
of the stereoscopic display system shown iﬁ FIG. 2, in which
(a) is a waveform diagram of a display signal voltage, (b) 1is
a waveform diagram of a scanning signal voltage, (e} is a
waveform diagram of electric potential of a pixel electrode
by using electric potential of a counter electrode as a
reference, (d) is a schematic diagram showing the turning
on/off of the backlight unit, and (e) is a schematic diagram
showing the open/close of the shutter glasses.

[FIG. 20] FIG. 20 is a schematic diagram showing the
variation of image data in the sterecscopic display system
shown in FIG. 2 in which overdrive processing is performed.

[FIG. 21] FIG. 21 is a schematic diagram showing a pixel in
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B0232SH vi deo signal, and (c) is a schematic diagram of inage data
included in a display signal. [FIG 10] In FIG 10, (a) is a

schemati ¢ di agram showi ng the tinme change of the |ighting of #®0232SH
backlight unit in the stereoscopic display systemshown in FIG 2,
and (b) is a schematic diagram showi ng the timngs of the turning-on
of the backlight unit, the witing into each pixel, and the shutter
gl asses. éFIQ 11 FIG 11 is a diagramfor |IIustrat|ng the driving
of the stEReoktept %ﬁbéiﬂaalypﬁ?l&leﬁhgﬁﬁmhnlwcﬁ @42, in which (a) is a
wavef or m di agram of scanni ng signal voltages supplied to a plurality

of scanni for J;I ngs) (P%]t' 3.'%“@tfghg?ék%ésaddl%grcﬁ@ﬁgﬁwsﬂgwﬁhs LUpDLOD in

on/ of f of ig I's a schematic di agram show ng
t he open/cl ose of the O shutter glasses. [FIG 12] In FIG 12, (a)

i s a schetati tidgiaframstkdwipagetlthehbvneichd@l@ge of. the |ighting of a
backl i ght unit in the ster eoscopi ¢ di splay systemshown in FIG 2,

a0, (50, | SefeschsIet bl o am shovi g, L1, ) TG, of GDSLA L £0cRD
liguid crystal panel shown in FIG. 22.
[FIG. 24] In FIG. 24, (a) is a schematic diagram of a
stereoscopic display mode of a liquid crystal display device
and a stereoscopic display system in a second embodiment of
the present invention, and (b) is a schematic diagram of a
planar display mode.
[FIG. 25] In FIG. 25, (a) is a schematic diagram of image
data included in an input video signal input into the liquid
crystal display device shown in FIG. 24 in the stereoscopic
display mode, (b) 1is a schematic diagram of image data
included in a video signal, and (e¢) is a schematic diagram of
image data included in a display signal.
[FIG. 26] In FIG. 26, (a) is a schematic diagram of image
data included in the input video signal input into the liguid

crystal display device shown in FIG. 24 in the planar display

mode, (b) is a schematic diagram of image data included in a
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B0232SH shutter glasses. [FIG 13] In FIG 13, (a) is a schematic
di agram showi ng the tine change of the lighting of a backlight unit
in the stereoscopic display systemshown in FIG 2, and (b) 1§25
schemati c di agram showi ng the tim ngs of the turning-on of the
backlight unit, the witing into each pixel, and the shutter gl asses.
[FIG 14] FIG 14 is a schematic diagramof a liquid crystal panel in
the liquid crystal display device showmn in FIG 2. [FIG 15] FIG 15
is a diagraded osighdlst andi kg) t he drisdhegastict e agrame oc ogtagadi iy
system shown in FIG 2, in which (a) is a waveform di agram of
electric potential. of a.souyrce Line by using electric potential of a
count er efre%f?‘%ecfg s aa%rlg g?énéé@‘ O¥b) is a waveform diagram of a
scanni ng signal voltage, (c) is a waveform diagram of electric
potenti al [pfca phxel eheatrmdezby usnoi€l ectgdrempatient ddbgodm aof a
counter electrode as a reference, (d) is a schematic di agram show ng
the turning on/off of the backlight unit, and (e) is_a _schenmatic
di agr am sHeR $RF YW O peifireAYs 86 Pheashiaper Grigéas. digpbamp e
16] FIG 16 is a diagramfor illustrating the driving of the
stereoscopi§ §“§ﬁ3f®6§%$§E%HH§QBTQ '§&§%é§ i%y d %dﬂ%b%ﬁtﬁ@% é§aﬁble 2,
wavef orm di agram of a display signal” voltage, (b) is a waveform
di agram of a scanning signal voltage, (c) is a waveform di agram of
el ectric pod eth)i dls ¢f szhpingelicefléagraneohyr Wiangreldésriny podenti al
g)f a counter electrode as a reference, (d) is a schematic diagram
show ng t urni.ng o f f the backl ht unlt e IS
schemat i C%I%gr%%qshovn\%% t e open/cl 558 o f‘ﬁe sjhaﬁq]’% éflggéeg the
[FIG 17] FIG 17 is a diagramfor illustrating the driving of the
st er eoscopd £idliispl ayf sysbes shewn iinn #HHG s 2o ressadpich dBjplissy asystem
schematic di agram show ng the poI arity of witten pixel and the
sequence of writi g% g a wavef orm di a%r am,of electr #
pot ent i al AW dhddiGi @4 Gr I:’El?]iln%v%ifj{ﬂs‘f%&’ ESEAE Pt BRF T a
counter electrode as a reference in one frane updating peri od.

[FIG. 29] In FIG. 29, (a) to (d) are schematic diagrams

showing images displayed on a liquid crystal display device
and a stereoscopic display system in a third embodiment of
the present invention.

[FIG. 30] In FIG. 30, (a) is a schematic diagram of the
stereoscopic display system shown in FIG. 29, and (b) is a
schematic diagram of a ligquid crystal panel in the liquid
crystal display device shown in (a).

[FIG. 31] FIG. 31 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 29, in which

(a) is a waveform diagram of a display signal voltage, (b) is
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[FIG 18] FIG 18 is a diagramfor illustrating the driving of the
stereoscopi c display systemshown in FIG 2, in which (a) is a
wavef orm di agram of electric potential of a source |ine by usBogs28H
el ectric potential of a counter electrode as a B0232SH reference,
(b) is a waveform di agram of a scanning signal voltage, (c) is a
wavef orm di agram of el ectric potential of a pixel electrode by using
electric potential of a counter electrode as a reference, (d) is a
schemat i @ dvagetenmhdhpagamhetft @ nserREiDf $1etak neoberdG i ght) uht 2
and (e) is a schematic di agram showi ng the open/cl ose of the shutter
gl asses. Fl 19]. FIG 19 i I.agr . 4l 1 st ' t 134
of the st"“’e"‘{vee socr(I)npi t % rsapr)[] gibyf s%ls e%lgﬁc}:\%? ern%rlﬁleé%,g %}i% c%fe(gd)’fc?as@g
wavef orm di agram of a display signal voltage, (b) is a waveform
di agram afy auseagnidiecignal pybbhiagel ©Ed) as couwnaeel orindimgeanasf a
el ectric potential of a pixel electrode by using electric potenti al
of a counter electrode as a reference, (8%1 is a s%hermti ¢ di agram
hiesaigurnlng

showi ng tIREQEAYSg &M of-f of FRECTRACKT i GhEdtntt SNEKE Pe)

schemati ¢ di agram showi ng the open/cl ose of the shutter gl asses.

[FIG 2018 GrRQd S $8MBighe 4ihagr apnahqw ngst hesynehat iondpigram
i mage data in the stereoscopic display systemshown in FIG 2 in

whi ch overdrive processing is perfornmed. [FIG 21] FIG 21 is a
schemat i csiivaigraarhhshowengcaopexef e shutter glasses.

[FIG. 32] 1In FIG. 32, (a) is a schematic diagram of a liquid
crystal display device and a stereoscopic display system i@ a
comparative example 3, and (b) is a schematic diagram of a
liquid crystal panel in the liquid crystal display device
shown in (a).

[FIG. 33] FIG. 33 is a diagram for illustrating the driving
of the stereoscopic display system in the comparative example
3, in which (a) is a waveform diagram of electric potential
of a source line by using electric potential of a counter
electrode as a reference, (b) is a waveform diagram of a
scanning signal voltage, (e) is a waveform diagram of
electric potential of a pixel electrode by using electric
potential of the counter electrode as a reference, (d) is a

schematic diagram showing the turning on/off of the backlight
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B0232SH the liquid crystal panel shown in FIG 14. [FIG 22] FIG 22
s a schematic diagram showing a pixel in the liquid crystal panel
shown in FIG 14. [FIG 23]FIG 23 is an equivalent circuit dgagiam
of the liquid crystal panel shown in FIG 22. [FIG 24]In FIG 24,
(a) is a schematic diagram of a stereoscopic display node of a liquid
crystal display deviceO and a stereoscopic display systemin a second

enmbodi nent of
unit, and (e) is a schematic diagram showing the open/close

of the shutter glasses.

[FIG. 34] FIG. 34 is a diagram for illustrating the driving

of the stereoscopic display system shown in FIG. 29, in which

(a}) is a waveform diagram of scanning signal voltages

supplied to a plurality of scanning lines, (b} is a schematic
( diagram showing‘the turning on/off of the backlight unit, and
(e¢) is a schematic diagram showing the open/close of the
shutter glasses.
[FIG. 35] FIG. 35 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 29, in which
(a} is a waveform diagram of electric potential of a source
line by using electric potential of a counter electrode as a
reference, (b) 1s a waveform diagram of a scanning signal
voltage, (e¢) is a waveform diagram of electric potential of a
pixel electrode by using electric potential of the counter
electrode as a reference, (d) is a schematic diagram showing
the turning on/off of the backlight wunit, and (e) is a
schematic diagram showing the open/close of the shutter

glasses.
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the present invention, and (b) is a schematic diagramof a planar

di splay node. [FIG 25]In FIG 25, (a) is a schematic diagram of

i mge data included in an input video signal input into the | BgoiagH
crystal display device shown in FIG 24 in the stereoscopic display
node, (b) is a schematic diagram of inmage data included in a video
signal, and (c) is a schematic diagramof image data included in a

di spl ay si gnal FIG _26]1ln FIG 26, h t dj f
i mge dat 1@1{:I:‘U£ﬂed Wﬁt]k?eﬁ it %a(%%‘%blf@%aﬁlﬁﬁﬁg?gF%‘g% ’Iflﬁ%r‘i??}qo

crystal display device shown in FIG 24 in the planar display node,

(b) is a sehammtds dagLaT0h:5pRI¢ 904 ferk NAldIfedn! B18. 29, in which
(a) is a schematic diagram showing the polarity of written
pixel and the sequence of writing, and (k) is a waveform
diagram of electric potential of a specific source line by
using electric potential of a counter electrode as a
reference in one frame updating period.

[FIG. 37] FIG. 37 is a diagram for illustrating the driving
of the stereoscopic display system shown in FIG. 29, in which
(2) is a waveform diagram of electric potential of a source
line by using electric potential of a counter electrode as a
reference, (b) is a waveform diagram of a scanning signal
voltage, (e) is a waveform diagram of electric potential of a
pixel electrode by using electric potential of the counter
electrode as a reference, (d) is a schematic diagram showing
the turning on/off of the backlight wunit, and (e} is a
schematic diagram showing the open/close of the shutter
glasses.

[FIG. 38] FIG. 38 is a diagram for illustrating the driving

of the stereoscopic display system shown in FIG. 28, in which
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B0232SH vi deo signal, and (c) is a schematic diagram of inage data
included in a display signal. [FIG 27]In FIG 27, (a) is a schematic
di agram of a stereoscopic display node of a |iqui d crystal di g@%@g
device and a stereoscopic display systemin a conparative exa IZ_I
and (b) is a schematic diagramof a planar display node. [FI G
28]FIG 28 is a schematic diagram show ng the variation of inage data
in the stereoscopic display systemshown in FIG 24 in which

over dri ve(gir deessiwageifsrpediagmed.cf [FldEsp29y| niGh&l ?9ltdey, t&)(dp
are schematic diagranms showi ng i mages di splayed on a liquid crystal

di spl ay device ﬁnd a stereoscg piic dis Iay systemin 1atth'rd
enbodi merft  BFVEHE THr S52%ET nEndi Gite it “dignal Vo

is a
waveform diagram of electric potential of a pixel electrode
by using electric potential of a counter electrode as a
reference, (d) is a schematic diagram showing the turning
on/off of the backlight unit, and (e) 1s a schematic diagram
showing the open/close of the shutter glasses.

[FIG. 39] FIG. 39 1is a schematic diagram showing an example

of the stereoscopic display system shown in FIG. 29.

DESCRIPTION OF EMBODIMENTS

[00459] Hereinafter with reference to the drawings,
embodiments of a liquid crystal display device and a
stereoscopic display system according to the present invention
will be described. However, the present invention is not
limited to the embodiments described below.
0046] {Embodiment 1)

Hereinafter, a first embodiment of a 1liguid crystal
display device and a stereoscoplc display system according to

the present invention will be described. First with reference
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[FIG 30]In FIG 30, (a) is a schenmatic diagram of the stereoscopic
di splay system shown in FIG 29, and (b) is a schematic diagram of a
liquid crystal panel in the liquid crystal display device shomgrizgH
(a). [FIG 31] FIG 31 is a diagramfor illustrating the driving of
the stereoscopic display systemshown in FIG 29, in which (a) is a
wavef orm di agram of a display signal voltage, (b) is B0232SH a
wavef orm di agram of a scanning signal voltage, (c) is a waveform

di agr am dfo elf86€t.ri &, potentiqlidf caypitrel eisktarodeenycasi hBPel @ ridkc
potential of a counter electrode as a reference, (d) is a schematic
di agram showi ng the tuyni on/ of.f of e, backl.i.g L nd,:Ge) |
a schenaﬁhccercﬁog&?)ghcs &\ﬁpggyt e S8/ B &;sépoghbhe%?ﬁgta%g?ngl gqslslgs.]déS
[FIG 32] In FIG 32, (a) is a schematic diagramof a liquid crystal
di spl ay deswdanand a Bier eoscapiapdios pliagplsystamtien B0gonxar atdwiled
exanple 3, and (b) is a schematic diagramof a liquid crystal panel

inthe liquid crystal display device shown in . [F1G 33] FIG 33
is a di agidi ftée iLERUSE r SXYHgt 4 1t SPlAYi F}@Vb‘f’et:‘g@ sat”f[gr éBEEgﬁ}:cgiﬁ%spefsay

systemin the conparative exanple 3, in which (a) is a waveform

di agram ofg el eqti 60a1 ENLE @ Of A spAUkCalife 10 Us Reoehasliritth a
potential of a counter electrode as a reference, (b) is a waveform
di agram of a scanning signal voltage, (c) is a waveform di agram of
el ectri c potexitityl o6f paxplxel el ectrode by using electric potenti al
of the counter electrode as a reference, (d) is a schematic diagram

show ng tfﬁb&fjrnin%h%nlgggufé ték é%giklhqgklay device 100 performs
display at least in a stereoscopic display mode. In the
stereoscopic display mode, the liquid crystal display device
100 displays a left-eye image for a certain period of time,
and displays a right-eye image for another period of time. In
this way, the liquid crystal display device 100 which performs
display in the stereoscopic display mode displays the left-eye
image and the right-eye image in different periods of time.
[0048] In the stereoscopic display mode, the liquid crystal
display device 100 is used together with shutter glasses 280.
The shutter glasses 280 have a left-eye shutter 282 and a
right-eye shutter 284. The shutter glasses 280 are designed
so that an observer can wear the glasses.

[0049] The shutter glasses 280 is controlled based on a
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B0232SH unit, and (e) is a schematic di agram show ng t he open/cl ose
of the shutter glasses. [FIG 34] FIG 34 is a diagramfor
illustrating the driving of the stereoscopic display systenlspgﬂﬁshn
FIG 29, in which (a) is a waveform di agram of scanni ng signa
vol tages supplied to a plurality of scanning lines, (b) is a
schemati c di agram showi ng the turning on/off of the backlight unit,
and (c) is a schematic di agram show ng the open/cl ose of the shutter
gl asses. sidddd BEpuEl BroB85ths higiiagramstenl idikpsayadenged HOWMri Vimg
of the stereoscopic display systemshown in FIG 29, in which (a) is
a waveform di agram of el ectri,c tential. of, a.source.line by usin
gpig Tofigislays

el ectric erta%alI" NG ea Lo unt | eEYFite HSPd Ve flEV ikt e

wavef orm di agram of a scanning signal voltage, (c) is a waveform

di agr am ofheel1eGt eGePohesd | Alnofictpbyel sehecdF ad2 ¥ vpkned gl &ed rinc
potential of the counter electrode as a reference, (d) Is a schematic
di agram showi ng the turning on/off of the backlight unit, and (e) is
a schenmattile diagr ahesigowhag 1 peid pehy ¥ias diglie dSHuER of 09| dsZRlAYSs
B0232SH [FIG 36] FIG 36 is a diagramfor illustrating the driving

of the Sttﬁ{eeoti‘g l-l_-(-:e SPLJ’HQ esy%%%mrsm—e{;% Fé}gﬁtt?e% ;'2§]4V\’{1isChoé&ﬂ')ed-.s
a schematic diagramshow ng the polarity of witten pixel and e
sequence of writing, and (b) is a waveform di agram of electric

pot ent i alAxforalinpégi f i thesodece ey by ushag odlsecverc wot emeaabs dfhea
founter el ectrode as a

shutter glasses 2B0 visually recognizes the left-eye image of
the liquid crystal display device 100 via the left-eye shutter
282 of the shutter glasses 280. The right eye of the observer
visually recognizes the right-eye image of the liguid crystal
display deice 100 via the right-eye shutter 284 of the shutter
glasses 280. The shutter glasses 2B0 are also referred to as
active glasses.

[0050) As shown in FIG. 1(a), in the case where the liquid
crystal display device 100 displays a left-eye image in the
stereoscopic display mode, the left-eye shutter 282 of the
shutter glasses 280 is opened but the right-eye shutter 284 is
closed.

[0G51] For example, the shutter glasses 280 are worn on the

head portion of the observer similarly to so-called glasses
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reference in one franme updating period. O [FIG 37] FIG 37 is a
diagramfor illustrating the driving of the stereoscopic display
systemshown in FIG 29, in which (a) is a waveform di agram oB02325H
el ectric potential of a source line by using electric potential of a
counter electrode as a reference, (Ib) is a waveform di agram of a
scanni ng signal voltage, (c) is a waveform diagram of electric

potential of a pixel. electrode b sing electric potential of the
count er Of%¥e€PF58%t%%gan?@F%+%ﬁg§§£?%W i%?ﬁf%ﬁﬂﬁ@ﬁﬁ??ﬁ’dﬁgﬁ}QW?plm“’

showi ng the turning on/off of the backlight unit, and (e) is a

schemati c,di agram showi g the opsaird0se Hfa1thke rehubheregl assesiquid
[FIG 38] FIG 38 is a diagramfor illustrating the driving of the

st ereoscopi c display systemshown in FIG 29, in which B0232SH (a)
is a wavetoystali adfrsmhaof deidiesplQy wigneite vellitRs, ¢Hsg9es 28Favef Bien
di agram of a scanning signal voltage, (c) is a waveform di agram of

electric potential of a pix el ro ing electri.c. p nt i
of a coun%)}é?tte?rect?gaaseseasg aféroef egg%ce,ggf%n%@ aggchg%atitc% d?%egraérqr?%n
showi ng the turning on/off of the backlight unit, and (e) is a

schemat i cs diner=a18csizowy ngithe open/ol-esalefl theasind t eforgl assescting
nearsightedness, farsightedness, astigmatism, or the like.
[0052] For example, the left-eye shutter 282 and the right-
eye shutter 284 are fabricated by wusing liquid crystal,
respectively. Specifically, the left-eye shutter 282 and the
right-eye shutter 284 may be fabricated by using TN (Twisted
Nematic) liquid crystal, and alternatively, may be fabricated
by using OCB (Optically Compensated Bend) liquid crystal.
[0053] As shown in FIG. 1{b), in the case where the ligquid
crystal display device 100 displays a right-eye image in the
stereoscopic display mode, the right-eye shutter 284 of the
shutter glasses 280 is opened, and the left-eye shutter 282 is
closed. The left-eye image and the right-eye image displayed
by the liquid crystal display device 100 in the stereoscopic
display mode are switched at a high speed. In response, the

open/close of the left-eye and right-eye shutters 282 and 284
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[FIG 39] FIG 39 is a schematic di agram showi ng an exanple of the
stereoscopi c display systemshown in FIG 29. DESCRI PTI ON OF

EMBCDI MENTS [ 0045] Herei nafter withreference to the draw ngs, pg3254
enbodi ments of a liquid crystal display device and a stereoscopic

di spl ay system according to the present invention will be described.
However, the present invention is not Iimted to the enbodi nents
descri bed bel ow. [0046] ( Enbodi nent 1) Hereinafter, a first
enbodi nerreofsvaitiabgdi @tcrydtigh dpsptiay devibésandya thereoswomc can
di spl ay system according to the present invention will be described.

First mnth REE.BEQ%%OQEl%g %Eg image displayed on the liquid crystal

display device 100 in the stereoscopic manner.

[0054] Herein, it is noted that the liquid crystal display

device 100 can perform display not only in the stereoscopic

display mode but also in the planar display mode. The liquid
( crystal display device 100 performs display by switching its
mode between the stereoscopic display mode and the planar
display mode. In general, the stereoscopic display mode may
be sometimes referred to as 3D display, and the planar display
mode may be sometimes referred to as 2D display.
[0055] FIG. 1l{(c) shows a schematic diagram of the liquid
crystal display device 100 which performs display in the
planar display mode. In the case where the ligquid crystal
display device 100 performs display in the planar display
mode, the observer can visually recognize the normal display
without using the shutter glasses 280.
[0056] For example, in the case where the input video
signal includes information indicating for which mode, the

stereoscopic display mode or the planar display mode, the



to FIG 1, a liquid crystal display device 100 and a stereoscopic

di splay system 300 in this enbodinment will be described. The
stereoscopi c display system 300 is provided with the |iquid cBp3I2AH
di spl ay device 100 and shutter gl asses 280. The liquid crystal

di splay device 100 is provided with a plurality of pixels. [0047] The
liquid crystal display device 100 perforns0O display at least in a
stereoscopi c display node.|ln the stereoscopic djsplay node, the
liquid criyyad  @iadpl ajndevied 18b dihspl 4YRUG |%+<%£%yéﬁgﬁﬁge tor athe
certain period of time, and displays a right-eye inmage for another
period of i ; | pbhiSeleyne theddBuodi €T ¥Si3 aflirgRlaunde¥heep 1 r
whi ch per?orns éﬁsplay I'n the stereoscopic display node displays the
| eft-eye image and the right-eye image in di-fferent periods of tine.
[ 0048] | n dimplstyerende ops c pairsplagd nbdeedt e Ithyui thiewty st ideai spyzal -
device 100 is used together with shutter glasses 280. The shutter

I 80 h a left- h d ' -
Tno. shut Cort Gadde  Sa0 BFe SHeLr bHEH So (1oL LIS CUCRryBPoRin Ged the

gl asses. [0049] The shutter glasses 280 is controlled based on a
mode and the planar display mode may be performed based on an

instruction from an observer and the like.

[C057] In the following description of the present
specification, unless it is specifically mentioned, the term
“a wvertical scanning period” or “a frame period” means a
period from a time at which a certain pixel is selected to a
time at which the pixel is selected next, and typically means
a period from a time at which a scanning line for selecting a
pixel to which the writing is performed is selected to a time
at which the scanning line is selected next. One vertical
scanning period in a general liquid crystal panel which does
not perform double-speed driving corresponds to one frame
period of the input video signal in the case where the input
video signal is a signal for non-interlace driving, and
corresponds to one field period of the input video signal in

the case where the input video signal 1is a signal for
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B0232SH signal output fromthe liquid crystal display device 100. In
the case where the liquid crystal display device 100 displays the
left-eye image, the |eft-eye shutter 282 is opened, and in thgpsaseg
where the liquid crystal display device 100 displays the right-eye

i mge, the right-eye shutter 284 is opened. Accordingly, the left eye
of the observer who wears the shutter glasses 280 visually recognizes
the left-eye image of the liquid crystal display device 100 via the

| ef t - eye Shietlerce8irigiinghe diout tepmglassér 28e. cT¥he vhghe Eye biPtthe
observer visually recognizes the right-eye image of the liquid

CTYELE SERLE R A AL S T Sl s

shutter g'a er are-also re err

active glasses. [0050] As shown in FIG 1(a), in the case where the
liquid crysteahedisqliay depstee HiGpdagphaysca ef16eyems nuigich nid hene
stereoscopi c display node, the left-eye shutter 282 of the shutter
gl asses 280 is opened but the right-eye shutter 284 is cl] osed

[ 0051] ForrR53RRA@l (e ahfitkd Eremssisy28®tart ncth bie t HEShedtonal-

portion of the observer simlarly to so-called glasses B0232SH
In the ligquid crystal display device, the writing is performed

to all of the pixels in both of odd-numbered fields and even-

( numbered fields of the input wvideo signal, so that the
reciprocal of the field <frequency of. the NTSC signal
corresponds to the vertical scanning period. 1In each vertical
scanning period, a difference (a period) between a time at
which a certain scanning line is selected and a time at which
the next scanning line 1is selected is referred to as one
horizontal scanning period (1H).

(' [0058] In the following description of the present
specification, the term “a frame updating period” corresponds
to a period from a time at which the writing of a certain
frame is started, to a time at which the writing of the next
frame is started. In other words, “the frame updating period”
corresponds to a period from a time at which a scanning line

corresponding to a certain frame (typically, a scanning line
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for correcting nearsightedness, farsightedness, astigmatism or the

| i ke, and the observer visually recognizes the liquid crystal display

deice 100 via the shutter gl asses 280. The shutter gl asses 28®0233SH
designed so as to be worn sinmultaneously with the so-called gl asses
for correcting nearsightedness, farsightedness, astigmatism or the
i ke. [0052] For exanple, the left-eye shutter 282 and the right- O
eye shutter 284 are fabricated by using liguid crystal, respectivel
Speci fi cab?sitiaed eft - éfe WHRRE ePnS8 P TanblEhel 19 - @585 t&ut fotP
may be fabricated by using TN (Twi sted Nematic) liquid crystal, and

alternati - Wi br.i by, 41si ngk £XB, Jcgall sa
Bend) qu%% %%)S'l;tsa?ﬂ go?%?%gggﬂbm}q&i%n% G 1t€ bqﬁm?ln 2, BctRIDRg =gl R0

the liquid crystal display device 100 displays a right-eye image in
the 0 stereoscgEindidiys Haytodeexit héranght t eyecahin,t ex 284nwing hkine
shutter glasses 280 is opened, and the left-eye shutter 282 is

closed. The left-eye jmage and the right-eye inmage isPI %q Q¥S £

l'i qui d cr%sfjaqlod}eé%l %JE/ i BeP%00 °PH 19‘#9: gﬁgre%scg“dﬁdccdjfsspal ay rm%g Y

are switched at a high speed. In response, the open/close of the

lef t - eye @hdd)ght seyel st bersc282 andrR84 aBR23a8ktribed “vertical
scanning period” is defined for each pixel or for each row of
pixels of the liquid crystal display device, but ™“the frame
updating period” is defined for the 1liquid crystal display
device. Typically, the length of “a vertical scanning period”
and the length of “a frame updating period” are equal to each
other, but the starting points are not the same in accordance
with the pixel to be focused on.
[0059] In the feollowing description of the present
specification, when “a vertical scanning period” or “a frame
period” is simply mentioned, “the vertical scanning period” or
“the frame period” means “a vertical scanning period of a

W

liguid crystal display device or a liquid crystal panel” or “a
frame period of a liquid crystal display device or a liquid

crystal display panel”, and hence “the vertical scanning

period” or “the frame period” (i.e. “the wvertical scanning
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are switched at a high speed. In this way, the observer can visually
recogni ze the i mage di splayed on the liquid crystal display device
100 in the stereoscopic nmanner. [0054]Herein, it is noted thagg}
liquid crystal display device 100 can performdisplay not only in the
st ereoscopi c display node but also in the planar display node. The
liquid crystal display device 100 perforns display by switching its
node between the stereoscopic display node and the planar display
node. | n grenierdl of t bestldrpasic opi s t@ils pd sp Ieyd edenaiceheos ormbiei neigguid
referred to as 30 display, and the planar display node nay be
sonetinmes referred to,as 20 . display. [0055]F G _1 hows a

schenat i ccﬁﬁsé:&lan?aorfe%t he®ti qgk‘a cf%‘é‘kealp%tfl]sqﬁ* a?/fdg\??lzec:l%%?%ﬂal
perfornms display in the planar display node. In the case where the
liquid cryssdalaydi gpbaye dedt cend001 pifdr B yetspl ayaridl )t haapl an@ther
di spl ay node, the observer can visually recognize the normal display
w t hout using the shutter glasses 280. [0056] For example, in the case

wher e t hé"9aIP@g AP0 §i grt iGed] (RFERNLAPoPPELPEN AfndiltCat iRy Y ofideo
whi ch node, the stereoscopic display node or the planar display node,

the signal” or “a frame period of the input video signal”. The
“vertical scanning period of the input wvideo signal” is a
period of one frame or one field of the input video signal.
[0060] As described above, the liquid c¢rystal display
device dispiays a left-eye image and a right-eye image in the
stereoscopic display mode. However, if the period in which
the left-eye image and the right-eye image are continuously
displayed, respectively, 1s long, the observer visually
recognizes the left-eye image or the right-eye image itself,
and cannot visually recognize a stereoscopic image.
Accordingly, it is preferred that the period in which the
left-eye 1image or the right eye image 1s continuously
displayed is short.

[0061] In the 1liquid crystal display device 100, a
plurality of scanning lines are selected in a frame updating

period, and the writing is performed to pixels corresponding
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B0232SH i nage data included in the input video signal is, the

swi tching between the stereoscopic display node and the planar

di splay node is perfornmed based on the input video signal. B02325H
Al ternatively, the switching between the stereoscopic display node
and the planar display node may be perforned based on an instruction
froman observer and the like. [0057]1n the follow ng description of
the presentQ specification, unless it is specifjcall nenti%ned t he
term”a VertitBal sldviely PRATEET of 1R85 f r anbYREEdd” nbands pEra™u
froma tinme at which a certain pixel is selected to a tinme at which
t he pixel ] | e ext, d i a rhedi £& oM@ tine
at mhich‘gkgggﬁﬁigﬁggﬁﬁeé oFﬁge%éﬁﬁ%%gégﬁﬁggéﬁﬁfblagigﬁ the witing
is perforned is selected to a tinme at which the scanning line is

sel ect ed wextingOis ywerfbcatd sscammmggddni dob ipdxalgefier akath gedd from
crystal panel which does not perform doubl e-speed driving corresponds
to one frame perjod of the input video sigpal in the ca

i nput vi dESEISndl § SSH FY: Sprob“ldlﬁgn-tlon?g‘ﬁ gggeﬁr%:‘\n%?a%\gnﬁ{& Hife
corresponds to one field period of the input video signal in the case
where the,d nput Vvidao Si gpabtds aispyhgl deariceBO232pHxkebseriraca row
driving. For exanple, in the case where the input video signal is an
NTSC signal, one vertical scanning period of the |iquid_cr stai,

di spl ay debresposdiggd7 s dhikdvets ERE &EPis8allidr aof eﬁp@ iquid
frequency (60 Hz) of the NISC signal. In the liquid crystal display
devi ce, t%ﬁgf' spSayPeatPraed topdl | cQfndNe Pixelss #iuRot Bp@iting

odd- nunber I'el ds "and even-nunbered fields of the input video
signal, so that the reciprocal of the field frequency of the NTSC

si gnal caremspontts: t bthe herveingcaf scalfitmgygerimgge, | rheachr e cf
scanning period, a difference (a period) between a tine at which a

certain scanning l.ine is _selected d t i t e
scanni ng }égkiﬁ SE1°8E 83 s Pe gf%@ém?% %geggge or?g%nggﬁms%%%nfﬁﬁF
period (1H).

pixels in a row corresponding to the upper end scanning line
of the liquid crystal display device 100 to pixels in a row
corresponding to a lower end scanning line of the liguid
crystal display device 100. In a frame updating period for
the writing of a right-eye image, the writing of right-eye
image data is performed to pixels for each row from pixels in
a row corresponding to the upper end scanning line of the
liquid crystal display device 100 to pixels in a row
corresponding to a lower end scanning line of the liquid
crystal display device 100. Alternatively, the plurality of

pixels are divided into one or more blocks corresponding to
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[0058]In the follow ng description of the present specification, the
term"a franme updating period" corresponds to a period froma tine at
which the witing of a certain frane is started, to a tinme atpgwh-ghy
the witing of the next frame is started. In other words, "the frane
updati ng period” corresponds to a period froma tinme at which a
scanning line corresponding to a certain frame (typically, a scanning
line BO0232SH positioned at an upper end of the |iquid crystal

di spl ay dexa ce)r i sofer stosel ectespectovalyi me aAftgr civhg seahhintg lisne
corresponding to the next frame (typically, a scanning |ine

i tioned at d of , the liquid tal _displ fce). i,
st ool SRR Y BBy B BRSh Od N ob ETELTC CUANH G PEF BT

defined for each pixel or for each row of pixels of the liquid
crystal displey devisei-rhmberthe rbragagupdat ergnpeiiiasted sradefimeardhe
for the liquid crystal display device. Typically, the length of "a
vertical scanning period" and the length of "a frane _updating peri.od"

are equalbisreadheorkekinguiay ke PEXLPIHE ptt I tard N0t Ot Re® Jakeelish
accordance with the pixel to be focused on. [0059]In the foll ow ng

descri ptign ofothe Bresen! spechbi Gakjonin whRD “AoKR! Lol sepnade

period" or rame0 period"” is sinply nentioned, "the vertical
scanni ng period" or

polarity from the above-described pixels.
( [0062] In the frame updating period in which the image data
to be written is changed from the right-eye image data to the
left-eye image data, there exists a period in which although
the writing of the left-eye image data is completed in part of
the liquid crystal display device 100 (e.g. in an upper
portion), the writing of the left-eye image data is not
completed and the written right-eye image data remains in
another part of the liquid crystal display device 100 (e.g. in
a lower portion). Similarly, in the frame updating period in
which the image data to be written is changed from the left-
eye image data to the right-eye image data, there exists a
period in which although the writing of the right-eye image
data is completed in part of the liquid crystal display device

100 (e.g. in the upper portion), the writing of the right-eye

37



"the frame period" neans "a vertical scanning period of a liquid
crystal display device or a liquid crystal panel” or "a franme period
of aliquid crystal display device or a liquid crystal displawyg3?sH
panel ", and hence "the vertical scanning period" or "the frane
period"(i.e. "the vertical scanning B0232SH period of the liquid
crystal display device or the liquid crystal panel” or "the frane
period of the liquid crystal display device or the liquid crystal
panel ) hasnanot Heta néanineg fewmlegederaridaths canit irp peefoeyi thege
i nput video signal” or "a frane period of the input video signal".

The "vertical scanning.period of the input_yvid jgnal’_is,a i

of one fr&e oFBHE T & daBPgPﬁg PRBL C&pd%%e s?g%@fc.g éhﬁ%%]] Agﬁ?@ﬁié’p
descri bed above, the liquid crystal display device displays a
left-eye hopge ango a(&ight ifyenkmagseirn ddie istipt eosuopswctdi spbayiod,
node. However, if the period in which the |left-eye inmage and the
right-eye image are continuous|y displayed, respectively, is Iong

t he obserlvefh viEubine yleEBewifl Z6&ah QQﬁtﬂ%&éjﬁn&déhﬁfe{ﬁelW?%ﬁt-%9%

imge itself, and cannot visually recognize a stereoscopic inage.

Accor di ng%%é @,giﬁerprgg err efofhat ¢t I%%epqrﬂ%%Qdi RAYBEER Hheph 8ft deyece
eril e I

i mage or g ye image 1s continuously displayed is short.

[0061]In the liquid crystal display device 100, a plurality of
scanni ng 16mes arfe skkecbedrivera dosemyespdatdngdisplay, the observer

visually recognizes both of the left-eye image and the right-
eye image. Such phenomenon is also referred to as cross—-talk.
[0063] In the liquid crystal display device 100, in the
stereoscopic display mode, the left-eye image data and the
right-eye image data are alternately written in every two
successive frame updating periods, and in a period in which
the 1liquid crystal display device 100 displays both of the
left-eye image and the right-eye image, the backlight unit 250
is turned off, and/or both of the left-eye shutter 282 and the
right-eye shuttei 284 of the shutter glasses 280 are closed.
In this way, the cross-talk can be suppressed.

[0064] In the liquid crystal display device 100, 1in the
latter frame updating period of the two frame updating periods

in which the left-eye image data is successively written, the
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period, and the witing is performed to pixels corresponding to the
sel ected scanning lines.Typically, in the frane updating period of
the liquid crystal display device 100, the witing is perfornE&BZSH
sequentially to pixels for each row frompixels in a row
corresponding to the upper end scanning line of the liquid crystal

di splay device to pixels in a row corresponding to a | ower end
scanning line of the liquid crystal display device.For exanple, in a
frame updatdkid@hpennad £80 idetwmridd ngy,ofana ltébt lefe-éymgehutitesr 282
witing of |left-eye image data is perforned to pixels for each row
frompixels in a row correspondi to the upger end scanq&quline of

the |iquitf ct§Rt ahubirehl ad2RsA cg‘g%est GPFPRE s 5Pn HRaFovk bserver

corresponding to a lower end scanning line of the liquid crystal

di splay dewd£81300-dq@ibEamerdpdalingperindd.or haiveriynginf the
right-eye image, the witing of right-eéye0

latter frame updating period of the two frame updating periods
in which the right-eye image data is successively written, the
backlight unit 250 is turned on, and the right-eye shutter 284
of the shutter glasses 280 is opened, so that the observer
visually recognizes the right-eye image.

{0065] A conventional liquid crystal display device is
driven at the vertical scanning frequency of &0 Hz. However,
in recent vyears, in order to realize high-speed driving,
liquid crystal display devices driven at the vertical scanning
frequency of 120 Hz are produced. The driving of such liquid
crystal display devices is also referred to as double-speed
driving. When such a liquid crystal display device of double-
speed driving is driven at the vertical scanning frequency of
120 Hz and the stereoscopic display 1is performed without
degrading the moving picture performance, it is necessary to

switch the left-eye image and the right-eye image for every

frame updating period. In such a case, for example, a
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image data is perfornmed to pixels for each row frompixels in a row
corresponding to the upper end scanning line of the liquid crystal
di splay device 100 to pixels in a row corresponding to a | oweB02IR$H
scanning line of the liquid crystal display device 100.
Alternatively, the plurality of pixels are divided into one or nore
bl ocks corresponding to two or nore rows, respectively.After the
witing is sequentially performed wth the sanme polarity to the

pi xel s i rPdaT& gl thaeoddonuntieited atowharl Ehe BVEH-TRIFDFadS 8F3 nts
the block, the witing may be perforned sequentially to the pixels in

t he ot her_one of .the,ro L0 the Blo i thdi ari-t
t he above"f]algcgtcerni bed a%?x}é?sj.cﬁﬁ d%%&%sn%!t&hg %rhrg(rgreé%? aﬁhng(ﬁlgepik%glriﬁ%%@
which the inmage data to be witten is changed fromthe right-eye

i mage datghd oléhe-dwef tieye | dmtge dat afatbed enextstis @nper ilodndae.whéth
al though the witing of the left-eye inmage data is conpleted in part

of the liquid crystal display device 100 (e.g. in an er.portion
the witi¥RPof t ABVEEY - Bybl I SRR tat3 S s’g‘?%?lrc%irqrﬁset@gga{‘uﬂg? h@erlc}d
witten right-eye inmage data remains in another part of the liquid
crystal display deyicec10Q:i€8- gnel @iﬁhjcﬂé‘@é PREGd 0Mdta Sign bartten i

the frame updating period in which the inmage data to be witten is
changed fromthe left-eye inage data to the right-eye i nage data,
there exithes kowsericod ipdx@hi eh shehdbghid hervibal kg sefavhecrightieyd
image data is conpleted in part of the liquid crystal display device
100 (e.g. jn the YRREL AQLLLQMerydie1Wrdidad18t the bhebt - e¥for this
reason, if the right-eye shutter is opened after the liquid
crystal molecules in the lower portion of the liquid crystal
display device response, the left-eye image data is already
written in the pixels in the upper portion of the liquid
crystal display device. Therefore, the observer visually
recognizes the left-eye image in addition to the right-eye
mange. Thus, the cross talk occurs, On the other hand, in
the case where a liquid-crystal display device driven at the
vertical scanning frequency of 240 Hz is used, the left-eye
image and the right-eye 1image «can ©Dbe written twice,
respectively, in a period in which the left-eye image and the

right-eye image are written once, respectively, in the liguid

crystal display device driven at the vertical scanning
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B0232SH i nage data is not conpleted and the witten |eft-eye i mage
data remains in another part of the liquid crystal display device 100
(e.g. in the lower portion). In such a period, both of the |eiirexg

i mge data and the right-eye imge data are witten as a whole of the
liquid crystal display device 100. If the observer observes such

di spl ay, the observer visually recognizes both of the |left-eye inmage
and the right-eye i mage. Such phenonenon is also referred to as
cross-t alfkequedes] offn 1iZfe Hazi. qU|EPrcrt)k§ltSalr€tﬁEs§mra>fQ¥e\ﬁ>@@Pi@0 evant Aé
stereoscopi c display node, the |left-eye |nage data and the rlght eye

[ dat |t t el tt
UpaSti ng 8 1B S 5 p o RO ah 1 T3 A0l oy Bt A1O By

devi ce 100 di splays both of the left-eye image and the right-eye

i mage, thehaekldmght. unidec25@r Sndrgr, nedtof fof agitd ore fioteyeofimahe and
| eft-eye shutter 282 and the right-eye shutter 284 of the shutter

gl asses 280 are closed. In this wa the cross-talk c

suppr essédie [OCELT RSt ABAEEqaFd &P sYéFu%ﬂ%%I%SCQﬁRH%? 1@8 thaty frge

| atter frame updating period of the two frame updating periods in

whi ch the defteoxe Ioeaeeog@t@am éHHC%§S's\ﬁ% ¥eWEba ! enpet-ben, BAR3RSH
backl i ght unit 250 is turned on, and t-eye shutter 282 of the

shutter glasses 280 is opened, so that the observer visually
recogni zesingie mebteeyeOPnegemagarnSavi%ualkyttﬁ?QQQMFed bvage single
pdating period of the two frane updating perlods in which the

right-eye i e data i s _successiv Iy . ackli i 0
is turnegﬁgg?ggndlpﬁgerlg taef%n uttr\gr % Hpﬁggshéttggh P%s%g%é
280 i s opened, so that the observer V|suaIIy recogni zes the right-eye

i mage. that a stereoscopic image of 60 Hz is visually recognized by
driving the liguid crystal display device at the vertical
scanning frequency of 240 Hz.

[0066] As described above, it is preferred that the liquid
crystal display device be driven at a relatively higher
vertical scanning fregquency in the stereoscopic display mode.
However, in the case where the liquid crystal display device
is driven at such a relatively higher vertical scanning
frequency also in the planar display mode, the influence of
signal delay of the liguid crystal display device increases,
and appropriate display cannot be performed in some cases. 1In
addition, if a liquid crystal display device in which a line

width is increased and the influence of signal delay is
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[ 0065] A conventional liquid crystal display device is driven at the
vertical scanning frequency of 60 Hz. However, in recent years, in
order to realize high-speed driving, liquid crystal display d&i2ssi
driven at the vertical scanning frequency of 120 Hz are produced. The
driving of such liquid crystal display devices is also referred to as
doubl e-speed driving. Wien such a liquid crystal display device of
doubl e-speed driving is driven at the vertical scanning frequency of
120 Hz an@PReEIT eoséBpi c Qﬁ%é%%%?’is p%ﬁ?orn@@eﬁ?Pﬁgut J@%ﬁgdingls
the noving picture performance, it is necessary to switch the
left-eye E@Q@vﬁ%é&&%s‘i%gmé&%‘%d ngge ter @uer Ynkfaa®e updatimg line
period. In such a case, for exanple, a B0232SH bl anking tinme froma
time at which the right-eye image data is witten in all of the

pi xel s towadtlhine at which the witing of the left-eye inmage data is

started next is only 1 nsec. or |less.Several mlliseconds are
required ti eriod .f.ro | e ,ch i ghjg eyg | pRge
data is mf??%gﬁ innﬁﬁg H&%@%den g?é% 5§E%ﬁgylia%?g6%rystal gisplay

device to a tine at which liquid crystal nol ecul es response. For thisO
reason, ié&mbheimdrghtiseyieishdt herai sowpenvedtatheér staeninguitkgquency in

the planar display mode than in the stereoscopic display mode.
Accordingly, the power consumption in the planar display mode (:)
can be reduced without decreasing the aperture ratio. For

example, the liquid crystal display device 100 is driven at

the vertical scanning frequency of 240 Hz in the stereoscopic

display mode, and driven at the vertical scanning frequency of

120 Hz in the planar display mode. In this case, if the input

video signal is the NTSC signal, the vertical scanning period

of the input video signal is 16.7 ms (=1/60), the vertical (:)
scanning period in the stereoscopic display mode in the liquid

crystal display device 100 1is 4.2 ms (=1/240), and the

vertical scanning period in the planar display mode is 8.4 ms
(=1/120).

[0068] Hereinafter, with reference to FIG. 2, a liquid

crystal display device 100 and a stereoscopic display system
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crystal nolecules in the lower portion of the liquid crystal display
devi ce response, the left-eye image data is already witten in the

pi xel s in the upper portion of the liquid crystal display B0232SH
devi ce. Therefore, the observer visually recognizes the |eft-eye inmge
in addition to the right-eye nange. Thus, the cross talk occurs. On
the other hand, in the case where a liquid crystal display device
driven at the vertical scanning frequency of 240 Hz is used, the

| ef t - eye 30fhgelldndog heesdggiedeye Fifage? calrwre auw fehempttiwi ciiagram of
respectively, in a period in which the left-eye i mage and the

right-eye.image are witten gnce, respectiv , In the liguid crystal
di spl ay S]:ek{ﬁ C l%lﬁqe/eﬁr%?t%hegﬁ%?ﬁ%aﬁgg%%%nlﬁhé alggj23 ’Fg%ﬁ%%snccc%’lgf
120 Hz. For this reason, for exanple, even if the shutter glasses are
opened i myitdpe ayecond e 30D .Updaheng ipRLHOGYist412 dikB@layOldeRre, 100t h
of the left-eye imge and the right-eye imge are not visually
recogni zed, so that the occurrence of cross-tal k can _be suppressed.
Herei n, vif€dugesi Agfease efdss SopiteCl nahectst Vildua | 1PéR8 grit e d¥ra
single left-eye image and a single right-eye image, it can be said

that a stfeosgop|£id mpe eEt80 s ViesUakhycf S6poR2ed:1 By £4d,vi BY
the liquid crystal display device at the vertical 'scanning frequency

of 240 Hz. [0066] As described above, it is preferred that the liquid
crystal dicspirangdevigoel bérdrinerigtcud tr 48t i webyshlghesigmal jdrilving
canni ng frequency in the stereoscopic display node. However, in the

case where the liguid crystal .display device .is.doiven,at suc
reIativeﬁfrﬁpéﬁe?ggér?ﬁ%%%dﬁé%%n?E§V¥?%d%%%%viéﬁgg’i% %?%uﬁfé%a%tal
di spl ay node, the influence of signal delay of the liquid crystal

di spl ay dewviete 200r eas®Sa aatkappheprurdte 2Bepl ayheasweinniegperifooaied
in sonme cases. In addition, if aliquid crystal display device in

which a ljne width is increased and the influence of sigqgl,delay i s
driving circuit 140 is alsc referred to as a gat river, -and

the display signal driving circuit 150 is also referred to as
a scurce driver.

[0069] The liquid crystal panel 200 has a plurality of
pixels arranged in a matrix of a plurality of rows and a
plurality of columns. Typically, red pixels, green pixels and
blue pixels are provided as the pixels, and a color display
pixel constituted by a red pixel, a green pixel, and a blue
pixel functions as a display unit of an arbitrary color. The
color display pixel may further have any other pixels than the
red, green, and blue pixels (e.g. a yellow pixel). Although

not shown in the figure, the liquid crystal panel 200 includes

43



suppr essedi sproduced, t heapertureratioi s di sadvant ageously reduced due
to the increase of the line wdth. [0067] The liquid crystal displa
device 100 in this enbodinent is driven at a |ower vertical sd&dam
frequency in the planar display node than in the stereoscopic display
node. Accordingly, the power consunption in the planar display node 0
can be reduced w thout decreasing the aperture ratio. For exanple,

the liquid crystal display device 100 is, drjven _at, the,vertic
scanni ng ?réﬁ?&ﬁcf‘g?sgﬁelqz 3 n°th 5’%%?55% opi &7 <l é§§%%egk¥aﬁ%al
driven at the vertical scanning frequency of 120 Hz in the planar

di spl ay npgeer |dbddiisheasenetébddiedmput video signal is the NTSC
signal, the vertical scanning period of the input video signal is

16.7 nms (=1/60), the vertical scanning period in the stereoscopic
di spl ay mb@@70h t helenadm dasr y8Pat idgs £ioaevi Baviny § Spme pgte of
(=1/240), and the vertical scanning period in the planar display node

Is 8.4 ”‘366:#51292'& 68] Her qinatter. Wb Lol&fSNc8 ARkl €102, Bor
liquid cryst dlspnggﬁeV|ce f%o an@ a stereoscopi c display system
example, the input video signal is the NTSC signal. The frame
rate control circuit 110 generates a video signal having a
higher frame rate than the frame rate of the input video
signal based on the input video signal. The frame rate of the
video signal generated by the frame rate control circuit 110
is a predetermined value, so that the processing is also
referred to as FRC (Frame Rate Control). The number of fields
per second included in the input video signal displayed on a
general television device is 60, and the frame rate of the
input video signal is expressed as 60 fps (frames per second).
{00711 For example, the frame rate control circuit 110
generates a video signal having a frame rate of 120 fps based
on the input video signal having the frame rate of 60 fps. 1In
the case of the stereoscopic display mode, the video signal

includes image data to be displayed in the stereoscopic

display mode. In the case of the planar display mode, the
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300 will be described.FIG 2 shows a schematic diagramof the liquid
crystal display device 100 and the stereoscopic display system 300.
The liquid crystal display device 100 includes a frame rate cgpitl]
circuit 110, a timng controller 120, a witing state signal
transmitting circuit 130, a scanning signal driving circuit 140, a
di splay signal driving circuit 150, a backlight driving circuit 160,
a liquid crystal panel 200, and a backlight unit 250. The scanning
si gnal drvidewy sdioneli ing¢hodes iglage deferredce dlisplavgat éndile eplanard
the display signal driving circuit 150 is also referred to as a

source driver. [00 9]Th | i.quid Gry; taI neI u f
pi xel s ar#%ﬁﬁﬁﬁg 8 ?? % CasepIura |? ed¥l g¥§%3§aE%I%§%3%%%§%of
col ums. Typlcally, red plxels green plxels and bl ue pixels are
provi ded @s 2@ phxeHseonatite R Atahddirapbayt i XelkeGorsti eutmepl oy 223
red pixel, a green pixel, and a blue pixel functions as a display
unit of an arbitrary color The col or di spl pi xel may further have
any otheﬂ“Hﬂx@P§ntH&ﬁvﬁﬁél?%dlsgPEEEOHQﬂ% ?ﬁ%ﬁ¥%ﬂ§&ﬁf§%@?%}s%ﬁﬁﬁQI%ﬁN
pi xel ). Al though not shown in the figure, the liquid crystal panel

200 incl udgs, BOZ32SHA Fropt sHRStIghgo1a aqeﬁl%uaqbr atgg akd @put

liquid crystal |ayer sandmrched t her ebet ween. 0070]Fbre|n an i nput

vi deo signal having a franme rate of
video signal having a frame rate of 60 fps is input into the

frame rate control circuit 110.

[0072] The timing controller 120 controls the writing state
signal transmitting circuit 130, the scanning signal driving
circuit 140, the display signal driving circuit 150, and the
backlight driving circuit 160. The timing controller 120
generates a display signal based on the video signal, and
outputs the display signal to the display signal driving
circuit 150. In the case where the video signal includes the
image data to be displayed in the stereoscopic display mode,
the timing controller 120 sets the frame rate of the display
signal to be 240 fps. In the case where the video signal
includes the image data to be displayed in the planar display
mode, the timing controller 120 sets the frame rate of the

display signal to be 120 fps. As described above, the timing
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60 fps is input into the frame rate control circuit 110. For exanpl e,
the input video signal is the NTSC signal. The frane rate contro
circuit 110 generates a video signal having a higher frane ratB8282th
the frame rate of the input videoO signal based on the input video
signal. The franme rate of the video signal generated by the frane
rate control circuit 110 is a predeterm ned value, so that the
processing is also referred to as FRO (Frane Ra%e Cbntroli.

Th
nunber of SPRRTUS Ferl<b BT nhUdEtP TN FREST nPhit THF &S '@%a?ggnals

di spl ayed on a general television device is 60, and the franme rate of

the inputyyideo 3 gR{lenbIngXoh essediias 189 hBaetf M afms ReMNIBEO08UYnal

[ 0071] For exanple, the frame rate control circuit 110 generates a
video signal having a frame rate of 120 fps based on the input video
si gnal hadrmgintheimcamt LA0esefpBieRS Fs schanihe ebgralbffarheelecting a
stereoscopi c display node, the video signal includes inmage data to be

G ob] aveopiled M 503 5aPLE TR0 Y FRAfbild N GARS 19%u50° R BPAT
panel 200. The display signal driving circuit 150 supplies a
display signal to the selected pixel in the liquid crystal
panel 200, The scanning signal driving circuit 140 and the
display signal driving circuit 150 drive the liquid crystal
panel 200 at the vertical scanning frequency in accordance
with the frame rate of the display signal. In this way, the
timing controller 120 makes the frame rates of the display
signal different depending on the display modes, so as to make
the wvertical scanning frequencies of the liquid crystal panel
200 different depending on the display modes.

[0073] The writing state signal transmitting circuit 130
transmits a writing state signal indicating the writing state
of a plurality of pixels in the stereoscopic display mode.
The shutter glasses 280 open/close the left-eye shutter 282
and the right-eye shutter 284 base on the writing state

signal. The backlight driving c¢ircuit 160 drives the
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vi deo signal includes inmage data to be displayed in the planar
di splay node. In the case where the video signal is expressed as 24 p
based on the BD standard or the like, for exanple, 2-3 pull-deom2sH
conversion is performed before the video signal is input into the
frame rate control circuit 110, and an input video signal having a
frame rate of 60 fps is input into the frame rate control circuit
110. (0072] The timng controller 120 controls the witing state
si gnal t reafEdiiohitngnéFre®t 130, the scanning signal driving circuit
140, the display signal driving circuit 150, and the backlight
driving clggpit 169 theattdd ng,:GoNtioblencd 20, ener af ¢ 216l sl Bhe
signal based on the video signhal, and outputs the display signal to
the display signal driving circuit 150. In the case where the video
si gnal i netardescobéci tagelant mode bed dtkel pyauhi ndidrelast erwlss cdpitdie
di splay node, the timng controller 120 sets the franme rate of the
display sjgnal.to b 40 .fps. In the c where. the vi deo sign
i ncl udes Jtl%ﬂ'uidnacgré’sgﬁﬁadﬁS%@dB%ﬁf%@e@?nW héhb? aﬁrﬁ?o%llmseﬁ} ay l%dge
the timng controller 120 sets the frane rate of the display signa
to be 1203des-ipAg.descri bed above, the timng B0232SH controller 120
makes the frame rates of the display signals different depending on
t he di splay nodes. The scanning signal driving circuit 140 supplies a
scanni ng KI4iPdl f oFigaFectity Eeisisearet 5owhieh 3 ¢ -wiilfi ndr i and FIG.
erformed in the liquid crystal panel 200. The display signal driving
circui t 150 131ipRkicesoacdh 8P Asilgnabab oot hensel ieptied RiyXek1 i @iddeny
liquid crystal panel 200. The scanning signal driving circuit 140 and
the O display signal driving circuit 150 drive the liquid crystal
panel 200ieaticehel@erandakhscatriragstortuedtyrlay asgoremnd8owwin lt e
frame rate of the display signal. In this way, the timng controller
120 nmakes,the .frame r S t he_di_spl si_gnal ;.di r ent endi
on the ch%ﬁﬁ%ﬁ}%ﬁgdes,ﬁ%%'agt?% maké fﬁ%%€gF ?cé*g géﬁnﬁﬁg quuelgg%s
of the liquid crystal panel 200 different depending on the display
nmodes. crystal display device 100 which performs display in the

stereoscopic display mode. FIG. 4 is a schematic diagram of
the writing state signal transmitting circuit 130 and the
open/close of the shutter glasses 280. The image data shown
in FIG. 3{a) is enlarged and shown in FIG. 5. FIG. 5(a) is a
schematic diagram of image data included in an input video
signal, FIG. 5{b) 1is a schematic diagram of image data
included in a wvideo signal, and FIG. 5{c) 1is a schematic
diagram of image data included in a display signal.

([0076] Herein, the input video signal having the frame rate

of 60 fps is input into the frame rate control circuit 110,
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[0073] The writing state signal transmtting circuit 130 transnmits a
witing state signal indicating the witing state of a plurality of
pi xel s in the stereoscopic display node. The shutter gl asses B8832SH
open/close the left-eye shutter 282 and the right-eye shutter 284
base on the witing state signal. The backlight driving circuit 160
drives the B0232SH backlight unit 250. [0074] Hereinafter, wth

reference to FIG, 3 to FILG 6, e .ster osco d

pl anar di ¥l &y rddeuss Vﬁﬂ%‘:’l?]cﬁﬂag W@Pﬁ?sd? ?)?%5}4 g:gw%éegoog 9}29?%@
enbodi ment wil|l be described. [0075]First, with reference to FIG
3(a), Fl(inz%héﬂgké%éascopic display mode. In the input videc signal,

left-eye image data and right-eye image data are alternately
shown, respectively. ARmong the frame rate of 60 fps of the
input video signal, the left-eye image data corresponds to 30
fps, and the right-eye image data corresponds to 30 Ips. In
the input video signal, left-eye image data L1, right-eye
image data R1l, left-eye image data L2, right-eye image data
R2, .. are arranged in this order (see also FIG. 5(a)). In the
following description, in order to avoid verbose description,
the left-eye image data L1, L2, .. may be simply referred to as
image data 1Ll, L2, .., and the right-eye imége data R1, R2,
may be simply referred to as image data R1l, R2, .., in some
cases. Although not shown in the figures, before the left-eye
image data L1, right—eye image data RO and the left-eye image
data LO are arranged.

100771 The frame rate control circuit 110 generates a video
signal having a higher frame rate than the frame rate of 60
fps of the input video signal based on the input video signal.

For example, the frame rate of the video signal is set to be
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5, the stereoscopic display node of the liquid crystal display device
100 and the stereoscopic display system 300 will be described. FIG
3(a) is a schematic diagramof the liquid crystal display devigge;skep
whi ch perfornms display in the stereoscopic display node. FIG 4 is a
schematic diagramof the witing state signal transmtting circuit
130 and the open/close of the shutter glasses 280. The imge data
shown in FIG 3(a) is enlarged and shown in FIG 5. FIG 5(a) is a
schemat i ci#f} afgpam ofhgmdgendaratenepoteel i aiaaithplio videbl & t@igalone
FIG 5(b) is a schematic diagram of image data included in a video
si gnal , Fl )J.is a e Lc_di,aqr. of.. I ata.inclu
in a dis%%%@ 8?;%%%? T%%?éT%é?e?%%étﬁgai%gggkv%ﬁégﬁggagaﬁgﬁgv%ﬁgq?%%
frame rate of 60 fps is input into the frame rate control circuit
110, BO23u#SH arddebe s$iyndl,vi daa stignaltwonchutes semge adat aat varlged
di spl ayed in the stereoscopic display node. In the input video
signal, left-eye_ imge data and rjght-eye i mage data are,alternat%!y
shown, r&SgREATePElYy INARBRGTVERRC fF X -at 19160 f1ps TBE VhES? nptdnal.
video signal, the left-eye inage data corresponds to 30 fps, and the
right-eye RO Aat *pGOLi eSRPNAS] t B0 s ral,n t heel BRUENYEHED this
signal, l'eft-eye image data Li, right-eye i mage data RL, [eft-eye
i mge data L2, right-eye image data R2, ... are arranged in this
order (seEdrsolFG abia) IG| n5dhk) f ol IPowi IRPAEDed pHaye, itheorfiane o
voi d verbose description, the |left-eye inmage data Li, L2, may be

Rilrm::gz/ ref 8 ek LRSI IRIS 1 GALR kL) 5L BRORLNER5T BB - ey g | ITROe At

eye image data corresponds to 60 fps and the right-eye image
data corresponds to 60 fps. In this way, the frame rate of
the video signal (120 fps) is set to be twice as high as the
frame rate of the input wvideo signal (60 fps}. Even in the
case where the liquid crystal panel 200 complies with Full HD
standard (1920 x 1080), the frame rate control circuit 110 can
be produced by using one application specific integrated
circuit (ASIC) with relatively higher versatility.

f0078] Based on the video signal output from the frame rate
control circuit 110, the timing controller 120 controls the
writing state signal transmitting circuit 130, the scanning
signal driving circuit 140, the display signal driving circuit

150, and the Dbacklight driving circuit 160. The timing
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may be sinply referred to as inmage data Rl, R2,in sonme cases.

Al t hough not shown in the figures, before the left-eye inmage data Li,
right-eye image data RO and the left-eye inage data LO are ar BafgEsH
[0077] The frane rate control circuit 110 generates a video signal
having a higher frane rate than the frame rate of 60 fps of the input
vi deo signal based on the input video signal. For exanple, the frane
rate of the video si%nal is set to he B0232SH 120 fgs. ng frame e
rate contfentee¥lasn t12010caaprEeat @sdomel Rets W AlefVePE Fragdtdatda™c
and right-eye i mage data of the input video signal, and the two data

sets are r e qgg% Y ] i i ‘. el BralB Fh€e of
vi deo sigﬁgl?Egﬁggé atgfgéitﬁ?,%%%?¥L??$E§%g%%%jﬁg%h% are arranged
in this order (see also FIG 5(b)). As described above, the frane
rate of theovifdeo siTiealtinsngetcdndrod1@201R@s dupddcehes| &he- epélraeRe
data corresponds to 60 fps and the right-eye i nrage data corresponds

to 60 fps, In this wa the frane rate of the video signal, (1 )
is set to'BRIEwiLE a‘?yqﬂ Biie a%l(ﬁ'hrg SFartd oG &35 tO%e tlﬁﬁpqu d\engdéggitlgf’
signal (60 fps). Even in the case where the liquid crystal panel 200

conpli es WeihedtiJeldD sirandandcéd92eny 1080)ngddeafl rae raf e ledntept
circuit 110 can be produced by using one application specific

integrated circuit (ASIC) with relatively higher versatility. . 1
[ 0078] Basé®aan @& vilio? sPayhal Obut et f $ ¥ tRIS rdfid r isFrectively,

in the display signal. Specifically, in the display signal,
image data of RO, RO, L1, L1, Rl, R1, L1, L1, Rl, R1l, L2, L2,
. are arranged in this order (see also FIG. 5(c)). The frame
rate of the display signal (240 fps) is set to be twice as
high as the frame rate of the video signal (120 fps).

[0079] The timing controller 120 outputs the display signal
to the display signal driving circuit 150. Based on the
control of the timing gontroller 120, the scanning signal
driving circuit 140 and the display signal driving circuit 150
drive the liquid crystal panel 200 at the vertical scanning
frequency of 240 Hz. At this time, the left-eye image data
corresponds to 120 fps, and the right-eye 1image data
corresponds to 120 fps. Based on the contrcl by the timing

controller 120, the writing state signal transmitting circuit
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control circuit 110, the tim ng controller 120 controls the witing
state signal transmitting circuit 130, the scanning signal driving
circuit 140, the display signal driving circuit 150, and the Bg2325H
backlight driving circuit 160. The timng B0232SH controller 120
generates a display signal having a frame rate of 240 fps based on

t he video signal having the frane rate of 120 fps. The tim ng
controller 120 duplicates the left-eye image data and the right-eye
i mge datB0ftransniitde® sigitding resiccts Wy, tehdthaucelagsiare|glasses
arranges a pair of left-eye inmage data and a pair of right eye inmage

data, re tively, in the display signal. Specifically, in the
di splay signal,O i Mage data of RO RO, Li, Li, R1L, RL, Li, Li, R1,
R1, L2, L2, ... are arranged in this order (see also FIG 5(c)). The

frame rat@os0]t he diegspiaywstnakfé?dficd psd iFSGsetd,t alee dpsiresias hlifgh
as the franme rate of the video signal (120 fps).

the shutter glasses 280 based on the writing state signal
transmitting circuit 130 will be described.

(00811 The writing state signal transmitting circuit 130
outputs a writing state signal to the shutter glasses 280.
Rased on the signal, when the 1liquid crystal panel 200
displays the left-eye image, the left-eye shutter 282 of the
shutter glasses 280 is opened, and when the liquid crystal
panel 200 displays the right-eye image, the right-eye shutter
284 of the shutter glasses 280 is opened. For example, a two-
level signal having two levels of High corresponding tec the
right-eye image and Low corresponding to the left-eye image is
output from the timing controller 120 to the writing state
signal transmitting circuit 130. Based on the two-level
signal, the writing state signal transmitting circuit 130
outputs a two-level signal of High and Low as the writing

state signal to the shutter glasses 280. For example, when

the writing state signal is Low, and the liquid crystal panel
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[0079] The tim ng controller 120 outputs the display signal to the

di splay signal driving circuit 150. Based on the control of the timng

controller 120, the scanning signal driving circuit 140 and tB&232SH

di splay signal driving circuit 150 drive the liquid crystal panel 200

at the vertical scanning frequency of 240 Hz. At this time, the
| eft-eye i mage data corresponds to 120 fps, and the right-eye inmage

data corresponds to 120 fps. Based ,on the contrgl by the timn
control | €49 Zﬂ?sﬁqﬁyﬁquﬁlﬁfﬂ§r§V§ dFgast F?%n%ﬁ??f?%ﬁ %#WQﬁﬁ%IE%Z is
B0232SH 130 transnmits a witing state signal to the shutter gl asses

280. [0080] Herei Zr%,gd thd eferpnce d oskhGerd 2841e19penakbQn OfigHde the

shutter g gl‘asses based on the witing state signal transmtting
circuit 130 will be descri bed.
writing state signal is High, and the liquid crystal panel 200

displays the right-eye image, the right-eye shutter 284 is
opened, and the left-eye shutter 282 is closed. It is noted
that the writing state signal may be an infrared ray signal, a
signal complying with Bluetocoth standard, or a radio signal.
As described above, the writing state signal is preferably
transmitted by wireless.

[0082] Now, FIG. 3(a) is referred to again. As described
above, in the display signal, a pair of left-eye image data
and a pair of right-eye image data are successively arranged.
The backlight driving circuit 160 controls the backlight unit
250, so that the backlight unit 250 turns off in accordance
with the former one of respective pairs of left-eye image data
and right-eye image data which are successively arranged, and
turns on in accordance with the latter image data. In this
way, the turning on/off of the backlight wunit 250 is
controlled, so that even if the 1liquid crystal panel 200

performs hold-type driving, the observer recognizes the
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[0081] The witing state signal transmtting circuit 130 outputs a
witing state signal to the shutter glasses 280. Based on the signal,
when the liquid crystal panel 200 displays the |eft-eye i nageBoti?sH
| eft-eye shutter 282 of the shutter glasses 280 is opened, and when
the liquid crystal panel 200 displays the right-eye image, the
right-eye shutter 284 of the shutter glasses 280 is opened. For
exanple, a two-level signal having two | evels of H gh corresponding
to the righiREye asndgeubpe e €éEPé&Ponding to the left-eye image is
output fromthe timng controller 120 to the witing state signa
transmtt}gopgircund.,130.,;8ased -an fhe tyoyhavels @) onal, dlie W, ting
state signal transmtting circuit 13 outputs a two-1level signal of
Hi gh and Low as the witing state signal to the shutter glasses 280.
For exanmbimnarheh sdieywmiotiengfsttaee 1siqgndl crgstealy, dasplasheddvipg d 00
crystal panel B0232SH 200 di splays the left-eye imge, the left-eye
shutter 282 is opened,. and t i -eye shutter 284 is, cl osed. n
the witifg st eg%?%’ffaqeqqs Eﬁe]d'{T gﬂ’ﬁ) the Figoiee Vst%ﬁagﬁgﬁelc’f\é\gﬁ]e
di splays the right-eye inmage, the right-eye shutter 284 is opened,
and the |efduieyecsutdierdizi avs ddvased.10d wisi d10t sk tdads tdigspiaiyt g
state signal nmay be an infrared ray signal, a signal conplying with
Bl uet oot h standard, or a_radio signal.0 As described above, the
writing st epdppmal disphref dod8ly t FTRAsHMAIS] $itan fBFEdded in the

( signal shown in FIG. 3(b) is enlarged and shown in FIG. 6.
FIG. 6(a) is a schematic diagram of image data included in an
input video signal, FIG. 6(b) is a schematic diagram of image
data included in a video signal, and FIG. 6{c) is a schematic
diagram of image data included in a display signal.

[0084] The input wvideo signal having the frame rate of 60
fps is input into the frame rate control circuit 110, and the
input video signal includes image data to be displayed in the
planar display mode. In the input video signal, image data
N1, N2, N3, N4, .. are arranged in this order (see also FIG.
6{a)). Although not shown in the figure, before the image
data NI, imagé data NO is arranged.

[0085] The frame rate control circuit 110 generates a video

signal having a higher frame rate than the frame rate of 60
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[0082] Now, FIG 3(a) is referred to again. As described above, in the
di splay signal, a pair of left-eye inmage data and a pair of right-eye
i mage data are successively arranged. The backlight driving cBUéiAY
160 controls the backlight unit 250, so that the backlight unit 250
turns off in accordance0 with the former one of respective pairs of
| eft-eye i mage data and right-eye i nage data which are successively

Thi o vy, SEheA Tk doaky oRRESr RRES, e RF U PRl R b e L,

so that even if the liquid crystal panel 200 perforns hol d-type

driving, fde=ighsefhkerf racognzesol hthe BORABRASH idirsqll alys assti npul lse-13pe

di spl ay.
fps. For example, the frame rate control circuit 110
generates one interpolation image data based on two successive
image data of the input wvideo signal. In the wvideo signal,
the two successive image data are arranged, and the
interpolation image data 1s arranged ©between the two
successive image data. Specifically, the frame rate control
circuit 110 generates interpolation image data CO based on the
image data NO and N1. In the video signal, the image data NO
and N1 of the input wvideo signal are arranged, and the
interpolation image data CO is arranged between the image data
NO and the image data W1. Similarly, the frame rate control
circuit 110 generates interpolation image data Cl based on the
image data N1 and N2. In the video signal, the interpolation
image data €1 and the image data N2 are arranged after the
image data N1 of the input video signal. In this way, by
using interpolation image data generated based on two

successive image data, the moving picture displaying

performance can be improved. Herein, in the video signal,
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[ 0083] Next, with reference to FIG 3(b) and FIG 6, the planar

di splay node of the liquid crystal display device 100 wll be
described. FIG 3(b) is a schematic diagramof the liquid crygbhadosy
di spl ay device 100 which perfornms display in the planar display node.
The image data included in the signal shown in FIG 3(b) is enlarged
and shown in FIG 6. FIG 6(a) is a schematic diagram of inage data
included in an input video signal, FIG 6(b) is a schematic di agram

of i mage HBA%E i dRYUdRY i ra GhrdeB siGhalN3 arfB FINE 6(R)¢idrgangsd in

schemati c diagram of imge data included in a display signal

[0084] The, 4 s, ad,deqedl gnal, haying i, fr aTedkatbesnla 6hdis 1+ It
into the frame rate control circuit 110, and the 1 nput video signal

i ncludes imge data to be displayed in the planar display node. In

t he i nputvideteos simgrial , inapegedadat alddludez, N3, th¥4, input aviedear rarged
in this order (see also FIG 6(a)). Al though not shown in the figure,

berore ] "RIEL SR Alon LIS, 9818 Rk A ards ol 058l el e
frane rate than the frame rate of 60 B0232SH
alternately arranged, and the frame rate of the video signal
(120 fps) is set to be twice as high as the frame rate of the
input video signal (60 fps).
[0086] Based on the video signal output from the frame rate
control circuit 110, the timing controller 120 controls the
scanning signal driving circuit 140, the display signal
driving circuit 150, and the backlight driving circuit 160.
The timing controller 120 generates a display signal based on
the wvideo signal, and outputs the display signal to the
( display signal driving circuit 150. The frame rate of the
display signal is set to be 120 fps similarly to the frame
rate of the video signal. Similarly to the video signal, in
the display signal, image data €O, N1, Cl1l, N2, C2, N3, C3, N4,
. are arranged in this order (see also FIG. 6{c)}). The frame

rate of the display signal (120 fps) is set to be equal to the

frame rate of the video signal (120 fps}.
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fps of the input video signal based on the input video signal.
Herein, the frame rate of the video signal is set to be 120 fps. For

exanple, the franme rate control circuit 110 generates one B0232SH
interpolation i mage data based on two successive i mage data of the
i nput video signal. In the video signal, the two successive inmage

data are arranged, and the interpolation inmage data is arranged

bet ween t t successi ve immge dat eci.ficall .t he ane rate
control cP‘fQ:qJ?Yf 110 "Fendralted'd nPaypdr at r&ﬁrlpﬁag%l%jal C;O‘L%asaé1 gtnhe
the image data NO and Ni. In the video signal, the inage data NO and
Ni of thegigpuly VioaoSi @ralirgy ecardiangerso aggiddhechat ergelat topstal
i mage data i's arranged between the image data NO and the inmage
data Ni. Simlarly, the frane rate control circuit 110 generates

i nt er pol apdwt | 2RQeatlathe CVebbberl ofcaHe Ndrdge WengYNCtaddONGIZ-| n he
video signal, the interpolation imge data C and the image data N2
are arranged t [ e a Ni, of 1 RRUt Vi signali+ |
this way, ey ﬁi%ﬁérl nﬁgbg%?afngg%’i ?gléee %%lgllgdgﬁer%%e\g aséed oriltt V\:BGO
successi ve inmage data,the noving picture displaying performance can
be i npr oveshtHerlai nhel batheightdemisi @58l so BO2B2SHe ivege igatauD; 20
A, N2, C, N3, C3, N ... are arranged in this order (see also FIG
6(b)). As, described abgve, |[n the video signal, _i e data included
P he | DR O GRT &k PhtEVBOPREIGIF T madb BEF 2 gtnel BTN Hy°
interpolation are alternately arranged, and the frane rate of the
video si ghadbriidgQ fps)k i2sosabst @ Beukuwi cey ast i Jhuidsathagf Fageonat &f
of the input video signal (60 fps). [0086] Based on the video signal
output fromthe franme rate control circuit 110, the timng controllgr
120 cont rotich hehechnaniRg sPynanddeiyi sgricitecuttdimoiuad b graprayle
signal driving circuit 150, and the backlight driving circuit 160.
The timng, conol]er, 120 ag%ﬂ‘%§§59ss€rgé§p$§yt}§é gy kA$9Ysen1 t Benel
vi deo signal, and outputs the display signal to the display signa
driving circuit 150. The franme rate of the display signal is set to
be 120 fpz0&,i niHeaarkilaghhedfiaimg rdtrsugft B8 wmadeeomstingdaltheSErtnangy
to the video signal, in the display signal, inage data CO N, d,

0(c)) . T T st of TR ap ey o gnal ¢ 1200 e EABhE s
equal to the frame rate of the video signal (120 fps). .
in accordance with the gradation levels of pixels in the areas
of the display screen.
[0088] As described above, in the liquid crystal display
device 100, by the control of the timing controller 120, the
vertical scanning frequency of the liquid crystal panel 200 is
varied depending on the display modes. Specifically, the
liquid crystal panel 200 is driven at the vertical scanning

frequency of 240 Hz in the stereoscopic display mode, and

driven at the vertical scanning fregquency of 120 Hz in the
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B0232SH [ 0087] The scanni ng signal driving circuit 140 and the displ ay
signal driving circuit 150 drive the liquid crystal panel 200 at the
vertical scanning frequency of 120 Hz. In the planar display gopgesy

t he backlight driving circuit 160 controls the backlight unit 250 so
that the backlight unit 250 is turned on for all of the periods. In

t he case where the backlight unit 250 has a plurality of illumnating
regions of O which the turning on and off can be individual

control | eRlldrar edéfphaearetea di fraydsegben dhet hEnFFAFRS @%ysl%od‘ler
panel 200, the backlight driving circuit 160 may control the turning

on/ of f of IJolum nat QNS h ckl.l.g Lo 4 n
accordanég%&ﬁFﬁtﬁ%glSﬁégggﬁgh agvgﬁgg%%ygwggiggkhg%hgggégas of the

di spl ay screen. [0088] As descri bed above, in the liquid crystal

di spl ay0 gwdde 10@,s by whdeestdsdl fiofm tthe tdompagisont betbeyn 2. tShe
verti cal scanning frequency of the liquid crystal panel 200 is varied

dependi ng op the displa des. Specifically, the liguid crystal
panel 200*%% vk ah%hgtoa\?@r 54l ?B&ﬁﬁ#n&”"?‘éﬁ%ei\@@ ofc 9% §he
the stereoscopic display node, and driven at the vertical scanning
frequencyrQfmel 2@ tBZpiNgtA€rating interpolation image data based on the
successive image data of the input videco signal in the planar
( display mode, and increases the frame rate by duplicating
image data of the input video signal in the stereoscopic
display mode. In this way, in the stereoscopic display mode,
_the increase of frame rate can be simply and easily performed
by duplicating the image data, instead of generating the
interpolation image data. Alternatively, the frame rate
control circuit 110 may generate interpolation left-eye image
data based on successive left-eye image data included in the
input video signal also in the stereoscopic display mode, and
similarly may generate interpolation right-eye image data
based on right-eye image data included in the input video
signal, thereby further improving the moving picture display

performance in the stereoscopic display mode.

[0090] Hereinafter, the advantage of the liquid crystal
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pl anar di splay node. Accordi ngly, the increase of power consunption in

t he pl anar display node can be suppressed. [0089] As is understood
fromthe conparison between FIG 5 and FIG 6, the franme rateB8dmSibl
circuit 110 increases the franme rate by generating interpolation

i mage data based on the successive image data of the input video
signal in the planar display node, and increases the frane rate by

duplicating inmage data qQf .the .input video signal..in.the_s o. pi
di spl ay n%g%F?la\fl S 0" PR gesfﬂé?lé %Sc%oﬁ?‘cc §iSErtay %%g%ﬁt%&e& b
increase of frame rate can be sinply and easily perfornmed by

dupl i cat i figi 4 hembsma ata 11 Nsd eadsof i lgrNesAat tagpodhel iwiter pol aidqeid
i mge data.Alternatively, the frame rate control circuit 110 nmay

generate interpolation |left-eye image data based on successive
left-eye ¢rmiferldadissnle WR¥d cen T0Re adput SHUEOSSPEREI JaPBH2Y nSYREST
stereoscopi c display node, and simlarly may generate interpolation

i ght - eyeqpsmge ol 0338d.0Nek1glls QYe leinge, dpl fn IRGIAAAe! Bo! PFs.

i nput video signal, ereby furt i mproving the noving picture
di splay performance in the stereoscopic display node. _
[ 0090] Her®j netid eriquite adrsantlagesplayhdevicmii tP&rarst dlhe stereoscopic

display system 900 in the comparative example 1 will be
described. The stereoscopic display system 900 includes the
liquid crystal display device 700 and shutter glasses 880.
The liquid crystal display device 700 includes a frame rate
control circuit 710, a timing controller 720, a writing state
signal transmitting circuit 730, a scanning signal driving
circuit 740, a display signal driving circuit 750, a backlight
driving circuit 760, a liguid crystal panel 800, and a
backlight unit 850. The liguid crystal display device 700 and
the stereoscopic display system 900 are different from the
liquid crystal display device 100 and the stereoscopic display
system 300 in that the frame rate of a video signal generated
by the frame rate control circuit 710 is set to be 240 fps,
and the liquid crystal panel 800 is driven at the vertical

scanning frequency of 240 Hz in both of the stereoscopic
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B0232SH di spl ay device 100 and the stereoscopic display system 300 in
this enbodi ment will be described as conpared with a liquid crystal

di spl ay device 700 and a stereoscopic display system 900 i n agp2328H
conparative exanple 1. First, with reference to FIG 7, the liquid
crystal display device 700 and the stereoscopic display system 900 in
the conparative exanple 1 will be described. The stereoscopic display
system 900 includes the liquid crystal display device 700 and shutter
gl asses 880sPlEie nadgupadckystrlargirs giiaplaevieE 700 i ncl udes a frame
rate control circuit 710, a timng controller 720, a witing state
signal tr 14 ting,.Chrcui a scanpihg sigral i Vi Ci gcui
740, a di E‘?)@;y] Si g%qécehdr:f\?lkﬁéélgﬁcu?% 9@{)@ asfb% Kl fagﬁt gr@?{/i nég’ the
circuit 760, a liquid crystal panel 800, and a backlight unit 850.
The |i qui st ereestcalpidi sipbpyadamidze of0@hand itrthid s¢eyreesc djispldy speaice
system 900 are different fromthe liquid crystal display device 100
and the stereoscopic display system 300 in that e fra rate of

vi deo si ghtl 3¥h S AR 4 Créjr?épﬁﬁtyesbfﬁﬁ‘?r?o?&d;i% e?fﬁs%ﬁ%eec?‘
to be 240 fps, and the liquid crystal panel 800 is driven at the
vertical seann g filequeRR¥m®f i 240 ddé-akn 0Ot Re Of i dili) HrgeasCcapsglay
B0232SH di spl ay node and the planar display node. [0091]Wth
reference to FIG 7(a) and FIG 8, the stereoscopic display node of
the |iquidecigstH0 dikighapedéoree dbePhid thdha eitegsespreidi dptRlAY
G'system 900 will be described. FIG 7(a) is a schematic diagram of the
iquid cr | displ. eyl I..C er . di spl LN e

ster eosco%?%eqdi ?&%gﬁﬂégge&%g%ge ndgg § ] sfk]lgé\{ﬁmjisﬁ eéﬁé%é'??a?ﬁ?ssmwn
enl arged and shown in FIG 8. FIG 8(a) is a schematic di agram of

i mage datini ATGudeéd i rran itEdt A& deosshgmatic FiagBb)of simage data
schematic diagram of inmage data included in a video signal, FIG 8(c)

025 el 20 Ol RO 03 2 GBS R B2 SR
diagram of image data included in a video signal, FIG. B8(ec) is
a schematic diagram of image data included in a display
signal.

[0092] An input video signal having a frame rate of 60 fps
is input into the frame rate control circuit 710. In the
input videc signal, image data 1Ll, Rl, L2, R2, .. are arranged
in this order (see alsc FIG. 8(a)). Although not shown in the
figure, before the left-eye image data L1, right-eye image
data RO and left-eye image data LO are arranged. In this way,

when the left-eye image data and the right-eye image data are

alternately arranged in the input video signal, the display is
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is input into the frame rate control circuit 710.1n the input video
signal, image data Li, Rl, L2, 92, ... are arranged in this order
(see also FIG 8(a)). Although not shown in the figure, beforB02328H

| eft-eye image data Li, right-eye inage data RO and | eft-eye i mage
data LO are arranged. In this way, when the left-eye inmage data and
the right-eye image data are alternately arranged in the input video
signal, the display is B0232SH perforned. in the stereoscopic display
mode. [ 00T TAF&eEr aRethat S LEASCOPLE ALEPtay P9 ener at es a vi deo
signal having a higher frame rate than the frane rate of 60 fps of

the input;gggigo si gnal -baged-on. thedRpuL:¥Edeo Bidrherkieesi 8, vid

frame rate of the video signal is set to be 240 fps.” The frane rate
control circuit 710 duplicates left-eye imge data and right-eye

i mage datsigfalt Hevimguta iidgersifipeale, radspddtanvdlng frseeedptebiodi fithg
one set of inmage data in which two left-eye inage data and two

right-eye_i ma ata_are successively arranged,, T us- aj one
set of | C%iﬁ S dnPeh Rt & (S tah sggrgﬁdgg?q%%%%rgﬁﬁg%yél the
vi deo signal output fromthe frane rate control circuit 710, inmage

data RO RQeild,, dHe MRhmeRIratll oflitheRlyidRh didnall?.is. .setare dra advged
inthis order (see also FIG 8(b)). As described above, in the video
signal, two left-eye image data and two right-eye

] i e data.are
al t er nat ef8p -ar r By e 820099 e Tase Mteite e diugzgf:at%‘? yl‘?é‘f'eye
panel 800

image data and right-eye image data of the input video signal,
respectively, thereby obtaining one set of image data in which
two left-eye image data and two right-eye image data are
successively arranged. The thus-obtained one set of image
data is repeated twice and arranged. Accordingly in the video
signal output from the frame rate control circuit 710, image
data RO, RO, L1, L1, R1l, R1, L1, .1, Rl, Rl, L2, L2, .. are
arranged in this order (see also FIG. 8(b)). As described
above, in the video signal, two left-eye image data and two
right-eye image data are alternately arranged.

[0094] In the case where the liquid crystal panel 800
complies with Full HD standard (1920 x 1080), the frame rate
control circuit 710 can be produced by using two application

specific integrated circuits 712a and 712b with relatively
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conplies with Full HD standard (1920 x 1080), the frame rate control
circuit 710 can be produced by using two application specific
integrated circuits 712a and 712b with relatively higher B0232SH
versatility. The application specific integrated circuit 712a is
utilized to drive the left half of the liquid crystal panel 800, and
the application specific integrated circuit 712b is utilized to drive
the right half of the liquid crystal panel 800. [0095] Based on the

vi deo si dgriathegut persafdbithe frdie r aPeléentidl dpesdificriontedeted
timng controller 720 controls the witing state signal transmtting

circuit 730, t.he anni_n i I Vs b rcyi.t., 7 t sy L d
si gnal drcf%/ﬁlcﬁlgltciﬁ%ﬁi tls7g5,ﬂg% t’%(ra %ﬂzilg’%l ictg St 'iggrfltvﬁ%%gf c‘?fcﬁ[:l% 7%%1&1
The timng controller 720 generates a di splay signal based on the

vi deo si ghaistaantpardpuBsof handi spleayaspihedt o t freediSipl aynisegregled
driving circuit 750. The frame rate of the display signal is set to

be 240 fps which_is equal to the frame rate of, the video_sjgnal. I.n
the di spl@f diigndft2bi faget HazedreP %}Vii‘}h@ai%lq&?ﬁ hﬁ# EF,éﬁ?ﬂﬁ‘%m
R1, L2, L2, ... are arranged in this order (see also FIG 8(c)).

Accor di ngly,sttieparanngd@. si gnal driving circuit 740 and the display
signal driving circuit 750 drive the liquid crystal panel 800 at the

vertical scanning frequency of 240 Hz.
[0095] Based on the video signal output from the frame rate

control circuit 710, the timing controller 720 controls the
writing state signal transmitting circuit 730, the scanning
signal driving circuit 740, the display signal driving circuit
750, and the backlight driving circuit 760. The timing
controller 720 generates a display signal based on the video
signal, and outputs the display signal to the display signal
driving circuit 750. The frame rate of the display signal is
set to be 240 fps which is equal to the frame rate of the
video signal. In the display signal, image data RO, RO, L1,
L1, R1, R1, L1, L1, R1, Rl, L2, L2, .. are arranged in this
order (see also FIG. 8{(e)). Accordingly, the scanning signal
driving circuit 740 and the display signal driving circuit 750
drive the liquid crystal panel 800 at the vertical scanning

frequency of 240 H=z.
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B0232SH [ 0096] The backlight driving circuit 760 controls the
backlight unit 850, so that the backlight unit 850 turns off
corresponding to the former inmage data of respective | ef t - eyeBDIRGE
data and right-eye i mage data which are successively arranged, and
turns on correspondingly to the latter inmge data. Based on the
witing state signal fromthe witing state signal transmtting

circuit 730, the shutter glasses 88Q ogen the | eft-eye shué%gi?Sq%g n
e

a period i4P%Hi ch CRE | PRaf Lty st g Hel 8B i spi®ys “Ph t-eye
i mage and open the right-eye shutter 884 in a period in which the
l'iquid Crkyasé]?ﬂigmn%:né%oﬁsdljS@baxaatch%hrei BALkEYEnt NBgE: $DDMAMNexXtarE

with referenceto F 7(b) and FIG 9, the planar display node of
the liquid crystal display device 700 will be described. FIG 7(b) i
a schematdar dispgndimof tohebe| Fouielr ciagealdatias pifay cgeereévy 0be Wit
perfornms display in
image data and right-eye image data which are successively
arranged, and turns on correspondingly to the latter image
data. Based on the writing state signal from the writing
state signal transmitting circuit 730, the shutter glasses 880
open the left-eye shutter B82 in a period in which the liguid
crystal panel 800 displays the left-eye image and open the
right-eye shutter 884 in a periocd in which the liguid crystal
panel 800 displays the right-eye image.
[0097] Next, with reference to FIG. 7(5) and FIG. 9, the
planar display mode of the liquid crystal display device 700
will be described. FIG. 7(b) is a schematic diagram of the
liquid crystal display device 700 which performs display 1in
the planar display mode. The image data included in the
signal shown in FIG. 7(b) is enlarged and shown in FIG. 9.
FIG. 9{a) is a schematic diagram of image data included in an

input video signal, FIG. 9(b) is a schematic diagram of image

data included in a video signal, and FIG. 9(c) is a schematic
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t he pl anar display node. The i mage data included in the signal shown
in FIG 7(b) is enlarged and shown in FIG 9. FIG 9(a) is a
schemati c di agram of inmage data included in an input video sigpadasH
FIG 9(b) is a schematic diagram of inage data included in a video
signal, and FIG 9(c) is a schematic B0232SH di agram of inmage data
included in a display signal. [0098] The input video signal having the
frame rate of 60 fps is input into the frame rate control circuit
710. | n tRagrpuclviigege sigmlinglydge data NisPIRY, sfgnalg, ... are
arranged in this order (see also FIG 9(a)). Although not shown in
the figur fore e . e o] ! range

[ 0099] Thgegggne rQ%% @61tgofq§%§c%$?n%gggg%%2%g?g%)%&w%%eo si%ﬁMGo
having a franme rate of 240 fps. For exanple, the frame rate control
circuit 74fk generatues intbetpeol atame rategeadatralCoarc@b, 78hd (Ot the
based on the image data NO and N of the input video signal. In the

vi deo sigpal, the image data, NO and Ni e r e and _t he
!t ot pol TSI ("idse GAPAE boal a0 Sy Bhe Bre Thir Mged BEPWRERIIRS
i mge data NO and the image data Ni. Simlarly, the franme rate

control cixcuifts blAegenseat £6sd nirey.poliaji on AragrghanatChRowdl bn tanRd
Cl c based on the image data Ni and N2 of the input video signal. In
the video signal, the interpolation i nage data Cla, Cb, and Cc and
t he i magef batne NPeipEcathanyageariaoss Yhe madfe deaRi 18 3% hay,

éhe frame rate control circuit 710 generates three interpolation
.mage datﬁﬂﬂ%ﬁed Ol SHECESSL ortTRICcircuit 710 generates a video

signal having a frame rate of 240 fps. For example, the frame
rate control circuit 710 generates interpolation image data
Cl0a, COb, and COc based on the image data NO and N1 of the
input video signal. In the video signal, the image data NO
and N1 are arranged, and the interpeclation image data COa,
COb, and COc are arranged between the image data NO and the
image data N1. Similarly, the frame rate control circuit 710
generates interpolation image data Cla, Clb, and Clc based on
the image data N1 and N2 of the input video signal. In the
video signal, the interpolatiocn image data Cla, Clb, and Clec
and the image data N2 are arranged after the image data NI1.
In this way, the frame rate control circuit 710 generates

three interpolation image data based on two successive image
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B0232SH data included in the input video signal. In the video signal,
together with the two successive inmage data, the three interpolation
i mge data are arranged between the two successive i nmage dat aBOE2SH
exanple, in the video signal, imge data NO (CO0a, COB, COc, N, da,
Cl b, dc, N2, Ca, C2b, C2c, N3, C3a, C3b, C3c, N4, _ are arranged in
this order (see also FIG 9(b)). As described above, the frane rate
of the video signal (240 fps) output fromthe frane rateigontro

circuit 7d@ta sinsdpded pe FowriRHedI480hPBREL: t M ey PGP S B e
i nput video signal (60 fps). [0100] Based on the video signal output

fromthe %%%]}}errat GiCANLERL CifLuidyfllsilbe {hdddg RBLT other #kke

controls canning signal driving circuit 740, the display signa
driving circuit 750, and the backlight driving circuit 760. The

ti m ng conitreatdedmatid8 geémepat eslatadi speayasighagd babeWwesn t hes/i det
signal, and outputs the display signal to the display signal driving

circuit 750. The frapne rate of the_displa i gnal i.s set. be. 24

f ps whi chSESCEHUAE 8 4% g?%ﬁe rat e ogx?lﬁ%fev’l dgg stﬁ]éena%l.&ﬁoon ?hénapl
di splay signal, imge data NO, COa, COb, C0c, N, Ca, Cb, dc, N2,
Ca, C2b, jfLfe dBA2FISHCOB, €88, ¢, nC3cc1d, clb, are ae;anged ¢2b,
this order (see also FIG 9(c)). Accordingly, the scanning signal
driving circuit 740 and the display signal driving circuyit 7%0 drive
the |iquieRer Y3alC3ganéPr80638: The verff &I iifg thi8qQenty bice
240 Hz.In the planar display node, the backlight driving circuit 760

controls L, back! L gy pni ta8%Qeser Lhad Ay dackid Obiaidl fa85Cof Sthe

turned onTn all of the peri ods.
video signal (240 f£fps) output from the frame rate control
circuit 710 is set to be four times as high as the frame rate
of the input video signal (60 fps).
[0100] Rased on the video signal output from the frame rate
control circuit 710, the timing controller 720 controls the
scanning signal driving circult 740, the display signal
driving circuit 750, and the backlight driving circuit 760.
The timing controller 720 generates a display signal based on
the videc signal, and outputs the display signal to the
display signal driving circuit 750. The frame rate of the
display signal is set to be 240 fps which is equal to the

frame rate of the video signal. In the display signal, image

data NO, COa, COb, COec, N1, Cla, Clb, Cle, N2, C2a, C2b, C2¢,
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[ 0101] As described above, in the liquid crystal display device 700 in
the conparative exanple 1, the liquid crystal panel 800 is driven at
the vertical scanning frequency of 240 Hz irrespective of therp232SH
st ereoscopi c di splay node and the planar display node. Accordingly,

t he power consunption is increased.On the contrary, in the liquid
crystal display device 100 in this enbodinent, the liquid crystal
panel 200 is driven at the vertical scanning frequency of 120 Hz in

t he pl andf3di&3f afF3HredE3Ghi BA is ke draianded tihe toier 863 pl i Fiay
node. Thus, the increase in power consunption can be suppressed. For

Fur 1 HD dil o el SeEPEgb ATkl SRRy BAARHS, GOPuo G A

power consunption of the Iiquid B0232SH crystal display device 700
is 24 Wamb t hedpamy doaslapt sagnaf thevihquidienyst af5ali spiay the
device 100 is 15 W

liquid crystal panel 800 at the vertical scanning frequency of
240 Hz. In the planar display mode, the backlight driving
circuit 760 controls the backlight unit 850 so that the
backlight unit 850 is turned on in all of the periods.

[0101] As described above, in the liquid crystal display
device 700 in the comparative example 1, the liquid crystal
panel 800 is driven at the vertical scanning frequency of 240
Hz irrespective of the stereoscopic display mode and the

planar display mode. Accordingly, the power coﬁsumption is

increased. On the contrary, in the liquid crystal display

-

device 100 in this embodiment, the liquid crystal panel 200 is

driven at the wvertical scanning frequency of 120 Hz in the

planar display mode which is the half in the stereoscopic

display mode. Thus, the increase in power consumption can be

suppressed. For example, in the case where the liquid crystal

panels 200 and 800 are Full HD display panels of 60 inches, in

the planar display mode, the power consumption of the liquid
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[ 0102] As descri bed above, in the case where the franme rate control
circuit 710 suitable for the liquid crystal panel 800 conmplying with
Full HD standard is produced by using an application specifi cB0232SH
integrated circuit with relatively higher versatility, it is
necessary to use two application specific integrated circuits 712a
and 712b. The application specific integrated circuit 712a is

utilized to drive th ixels in e.le al.f .of . the displ .
of the Ii?ﬁﬁﬁf%}r§§F§ﬁagaﬁgwl§6076§na5t%é QpSPFCgp?oﬁogﬁchgg%ﬁ%gé¥gh
integrated circuit 712b is utilized to drive the pixels in the right

hal f of the Wisnkanigceeps:of dike1biyguédies yidalispasels. 800. On the
ot her hand, the frame rate control circuit 110 can be produced by
using a single application specific integrated circuit wth

rel ativel P0H2gher Ver dasrribsd ahpvgddiihi 8RS Fas¢ O SicetBEsERPRE rTate
di splay node, the liquid crystal panel 200 is driven at the vertical

scanni ng [ equency of,; 249, bz .. 50,5 hate Lhe. 1 ;g5 0RLyoLL erpd20) igfoo

required To generate a display signal having a frane rate of 240 fps.
However, in the stereoscopic display, the B0232SH duplication of

i mge dateomslydmlgy petd orfvdd, BD tdtaindpld cbst reeduche div custingcaire

can be suppressed. [0103]In the above-nenti oned description, the

frame rate of the input video, signal input into the |i.quid yst

i opl ay. GRRACE-T0M SPBBLERS i PR Rt E e eis tidepgy T dher

limted to this. The franme rate of the input video signal may have (:)

any otheryyal46.1ikQr axanp eeddi@airppib visdeawsi gippllicayibe sp@Mfic
signal, and the franme rate of the input video signal nmay be 50 fps.
In this case, the frane rate of the video si%pal is_set to be 100

I

fps, and iHeeduades cdErevdt st 1d2ai splay 1ePgnalthies aRRL1CETHEN 28B8°Fb51G n

the stereoscopic display node and set to be 100 fps in the planar

display npde,  [QLOALERERE PagisL .1 Wit 15 8ker e5cer 1w RG piQea). if hene
left half of the display screen of the ligquid crystal panel
800, and the application specific integrated circuit 712b is
utilized to drive the pixels in the right half of the display
screen of the liguid crystal panel 800. On the other hand,
the frame rate control circuit 110 can be produced by using a (:D
single application specific integrated circuit with relatively
higher versatility. In addition, in the stereoscopic display
mode, the liguid crystal panel 200 is driven at the vertical
scanning freguency of 240 Hz, so that the timing controller

120 is required to generate a display signal having a frame

rate of 240 fps. However, in the stereoscopic display, the
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backlight unit 250 in the liquid crystal display device 100 in this
enbodi nent will be described. Herein, the backlight unit 250 has
eight illumnating regions 252 of whi ch t he turning on and of ygarRipe
i ndividually controlled. Each of the illum nating regions 252 is

di sposed so as to illumnate at |east one row of pixels of the liquid
crystal panel 200. The pixels provided in the liquid crystal panel
200 are irradiated B0232SH with any one of the pluralit
|IIunlnat@m@ﬁWQﬁphmws0252maB@195}$0¢Seﬁ@ﬁﬁﬂﬁ?rﬁ@rmﬁéhtS@oﬁgéé thptcost
shown) is disposed correspondlngly to the illumnating region 252,

and the [ight s so%;r%H&% dispo (Egl%JoPgB%Qg plyrality of rows of
ne

pi xel s provi g 1t UId crysta 0. For exanple, the

| i ght source nay be an LED (Laser Emitting Diode), or nay be a CCFL
(Col d Cat hor®siFl uorescgid  dissie)-mAhteonad | desyrigthiet badld | fhdmeunddte
250 may have a divided |ight guiding plate, or may have a |ight

gui di ng plate with slit structure. ) , ..
of the input video signal input into the 1ligquid crystal

display device 100 is 60 fps, but the present invention is not
limited to this. The frame rate of the input video signal may
have any other value. For example, the 1nput video signal may
be a PAL signal, and the frame rate of the input video signal
may be 50 fps. In this case, the frame rate of the video
signal is set to be 100 fps, and the frame rate of the display
signal is set to be 200 fps in the stereoscopic display mode
and set to be 100 fps in the planar display mode.

[0104] Hereinafter, with reference to FIG. 10(a), the
backlight unit 250 in the liquid crystal display device 100 in
this embodiment will be described. Herein, the backlight unit
250 haé eight illuminating regions 252 of which the turning on
and off can be individually controlled. Each o©of the
illuminating regions 252 1is disposed so as to illuminate at
least one row of pixels of the liquid crystal panel 200. The

pixels provided in the liquid crystal panel 200 are irradiated
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[0106] In the stereoscopic display node, the plurality of illumnating
regions 252 are sequentially turned on, and then turned off after a
predeterm ned tine elapses. In FIG 10(a), in a certain peri o028y
one illumnating region 252 is turned on, and the other illum nating
regions 252 are turned off. Alternatively, two or nore illumnating
regions 252 may be turned on in a certain period. [0107]FI G 10(b)
shows the timngs of the witing of left- gﬂe data and

ri ght - eye"i Hagg &8 o4t SPenel ¥ ity @rfy%tlégmb’éﬁ%} 926§géﬁast%%2
open/cl ose of the shutter glasses 280 in the stereoscopic display
mode. Fbr?bf®5fhe Vﬁﬁﬁ'é%ﬁmpl§92§2§kbht source (not shown) is disposed

correspondingly to the illuminating region 252, and the 1light
source is disposed along the plurality of rows of pixels
provided in the liquid crystal panel 200. For example, the
light source may be an LED (Laser Emitting Diode), or may be a
CCFL (Cold Cathode Fluorescent Lamp). Alternatively, the
backlight unit 250 may have a divided light guiding plate, or
may have a light guiding plate with slit structure.

[0106] In the stereoscopic display mode, the plurality of
illuminating regions 252 are sequentially turned on, and then
turned off after a predetermined time elapses. In FIG. 10{(a),
in a certain period, only one illuminating region 252 is
turned on, and the other illuminating regions 252 are turned
off. Alternatively, two or more illuminating regions 252 may
be turned on in a certain period.

[0107] FTG. 10(b) shows the timings of the writing of left-
eye image data and right-eye image data into the liquid
crystal panel 200 and the open/close of the shutter glasses

280 in the stereoscopic display mode. Herein, the wvertical
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scanning period is 1/240 (4.2 m seconds, and the vertical scanning
frequency is 240 Hz. [0108]First, the witing of |left-eye inage data
inthe liquid crystal panel 200 will be described. As descri bedozeue,
the witing of the |left-eye image is successively perfornmed in two
frame updating periods. After the second witing of the left-eye
imge data into the liquid crystal panel 200, the correspondi ng
illum nating region 252 of the backlight unit 250 starts to ,

i || umi nat¥cannings Regtied that 17449 néd1 ¥ g d Secpsdar fadeltooveteal
alignment direction of liquid crystal nol ecul es depends on the

previ ous [l —eye. | it epn,after one vertical scanning period
or nore e‘%%Q%?Ef?6%§?ﬁ§°f3¥§fﬁ¥}?%rng of the left-eye innage data.

For exanple, even if the gradation levels of the |left-eye i mage data
are the sp8]i n t Merease thieerwr ittimggraat ¢ bin-djeveimade t Hatpr i dinsd y
witten right-eye inage data is different, the alignnment direction of

liquid crystal nolecules is no he , i diately after one .

verti cal %&Hﬁ‘\ n@rﬁbgetr&ilodpﬂ%gs%gbf rw(}ﬁrﬁ{rﬁ%e FHEEWW?C{T ng 7ot {Rerribed
| eft-eye i mage data. Accordingly, after a predetermned tinme period
el apses f19e,B0282 Shtite ngecond vl tiag-afyd hemhgét -igy esisages datly,

the illumnation of the corresponding illumnating region 252 is
started. [0109] Herein, immediately before the witing of the right-

performed in two frame updating periods. ABTter the second
(

writing of the left-eye image data into the liquid crystal
panel 200, the corresponding illuminating region 252 of the
backlight unit 250 starts to illuminate. It is noted that in
the 1liquid crystal panel 200, the alignment direction of
liquid crystal molecules depends on the previous right-eye
image data even after one vertical scanning period Mor more
elapses from the first writing of the left-eye image data.
For example, even if the gradation levels of the left-eye
image data are the same, in the case where the gradation level
of the previously written right-eye image data is different,
the alignment direction of liquid crystal molecules is not the
same immediately after one vertical scanning period elapses
from the first writing of the left-eye 1image data.

Becordingly, after a predetermined time period elapses from
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eye inmage data, or after a predeterm ned tine period el apses fromthe

witing of right-eye inmage data, the corresponding illum nating
region 252 is turned off. If the liquid crystal nolecul es resBoa3xsH n
a short tine, the illumnating region 252 should be turned off before

the witing of the right-eye inmage data in principle. However, in
actuality, the response of liquid crystal nolecules requires a
certain amount of time, so, that for 2 mhd#e even after the itin gf

the righttye PREGR dalaiti®g aPign FECEEn of quﬁﬁiéﬁyst

nol ecul es depends on not the right-eye inage data but the previously

witten | efiyeMe ditRISdat FHrdspiotdhi8asenluhieatidgmaptdonesd ide
illumnating region 252 in this period does not cause any act ual

difference. [0110]Herein, at the start of the franme updating period
in which sthertssbond witing of left-eye image is perforned, the
operation for opening the left- eye shutter 282 is started. B0232SH

e oLt Bl HeBTR, SRS REL S NEnL! Ll 20 chE01 0 252

is first d on rane up ting perio reln

period in mhlch each of the illum nating regions 252 is t ur ned on i's

within theypetrmagk | datwd) odr tderdrefd - eyelsturitiard282mes poptoedelapsde

period in which the
from the writing of right-eye image data, the corresponding
illuminating region 252 is turned off. If the liquid crystal
molecules response in a short time, the illuminating region
252 should be turned off before the writing cf the right-eye
image data in principle. However, in actuality, the response
of liguid crystal molecules requires a certain amount of time,
so that for a while even after the writing of the right-eye
image data, the alignment direction of 1liquid crystal
molecules depends on not the right-eye image data but the
previously written left-eye image data. For this reason, the
illumination of the illuminating region 252 in this periocd
does not cause any actual difference.
[0110] Herein, at the start of the frame updating period in

which the second writing of left-eye image is performed, the

operation for opening the left-eye shutter 282 is started.
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illumnating region 252 is turned on, the left-eye shutter 282 is
opened, so that the period in which the illum nating region 252 is
turned on corresponds to the | um nance of the pixel. As descrBbewsH
above, the illum nation of the corresponding illum nating region 252
is continued after the witing of the right-eye image data, so that
the lum nance of |eft-eye inmage can be increased. In the liquid

crystal display device 100, the |left-eye inaq; and the right-eye
i mge ar Tk spPAyeRye nSHREERF eRB2pdisi otRenesh RERTS f tR%e ILYHIHAACEY n
an edge portion of a certain object included in an inmage which is

di spl ayed,_ i n reQseopl e RGN oS iAP i atel.¥qdi $R vod.he
stereoscd%%%ﬁ?%%#%y?gng?g%gropr|gt8Fyﬁgr?%€2%ﬁﬁk%h§rgkorgﬁxﬁgiis
preferred to performthe control in such a manner that the observer

cannot vipusrllly recegring the mhsipldayncehnielpeomnci g tthet hélhpihateiyey
(or right-eye) inmage data B0232SH depending on the inmediately

et bt 3% ST HEre) HAm98 G2t Rinl URPLTNSHUN Nhi2h
left—-eye shutter 282 is opened. In the period in which the
illuminating region 252 is turned on, the left-eye shutter 282
is opened, so that the period in which the illuminating region
252 is turned on corresponds to the luminance of the pixel.
As described above, the illumination of the corresponding
illuminating region 252 is continued after the writing of the
right-eye image data, so that the luminance of left-eye image
can be increased. In the liquid crystal display device 2100,
the left-eye image and the right-eye image are displayed in
different periods, so that if the luminance in an edge portion
of a certain object included in an image which is displayed in
a stereoscopic manner 1s appropriately displayed, the
stereoscopic display is not appropriately performed.
Therefore, it is preferred to perform the control in such a
manner that the observer cannot visually recognize the display

corresponding to the left-eye (or right-eye) image data
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252 is sequentially performed correspondingly fromthe upper end
portion to the |ower end portion of the liquid crystal panel 200. The
closing operation of the left-eye shutter 282 is started afteB02:8H
illumnating region 252 is finally turned0 off within the frane
updating period. [0113] Next, the witing of right-eye inage data wll
be described. The writing of right-eye imge is successively perfornmed
in two frame updating periods. For the sanme reason as descrj bed
above, afdemeralipgedut ekt ndBTpEHF BRI bFf PEPRBIEIAPELER TN t Iﬁéeg%‘c%vr‘?d
witing of the right-eye inage data into the liquid crystal pane

200, the_ﬁgkﬁg%gggding illumnating region 252 of the backlight unit
250 spartsiﬂo iTIum nate. The illum nating region 252 is turned off

i mredi ately before the witing of the next left-eye inage data, or
after a preadetier i mad pernodgobnt ang elfdpoés theormlflhainetinggredianse
next left-eye inmage data. [0ll14]Herein, the period in which each of

the illum nating , .
252 is “sequentially performed correspondingly from the upper

end portion to the lower end portion of the liquid crystal
panel 200. The closing operation of the left-eye shutter 282
is started after the illuminating region 252 is finally turned
off within the frame updating period.

[0113] Next, the writing of right-eye image data will be
described. The writing of right-eye image is successively
performed in two frame updating periods. For the same reason
as described above, after a predetermined period of time
elapses from the second writing of the right-eye image data
into the 1liquid crystal panel 200, the corresponding
illuminating region 252 of the backlight unit 250 starts to
illuminate. The illuminating region 252 1is turned off
immediately before the writing of the next left-eye image
data, or after a predetermined period of time elapses from the
writing of the next left-eye image data.

[0114] Herein, the period in which each of the illuminating
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BO232SH regions 252 is turned on is within the period in which the
right-eye shutter 284 is opened. In the period in which the
illumnating region 252 is turned on, the right-eye shutter 28&3hsy
opened, so that the period in which the illumnating region 252 is
turned on corresponds to the |um nance of the pixel. As described
above, the illumnnation of the corresponding illum nating region 252
is continued after the witing of the |eft-eye inmage data, so that

t he | unm nawenst 352hts efernethgen cap Béthher hse@erfod15nAShdE8ctiMBed
above, the left-eye shutter 282 is opened at |least in a part of the
period in which the. liquid,grystal display;devi 0_whi_c f QFr

di spl ay i eegFeP58§g8ﬁi%g%i%%|%@g%%§e dng%§§§P%¢%?#{§%tH§%?h %&%g,
and is closed in the other part of the period. In this way, the
period i n whinghathegl irguiigncegat dls divgpleay devitte 100gttki-spleayshitther

| eft-eye i mage does not necessarily match the frame period in which

the witing of left-eye image is perforned. Sim|arly, the right-eye
shut t er 2%3?9 i%S o at3? et i e pariodrin h‘éhjp‘g?i i ﬁlmlgrﬁ‘ttlﬁé‘
liquid crystal display device 100 which perforns display in the

stereoscopif (i SY2Y; Aern 032 dsploars tthe tHOhturBvanceRge. taad

is closed i'n the other part of the period.

pixel. As described above, the illumination of the

~—

corresponding illuminating region 252 is continued after the
writing of the left-eye image data, so that the luminance of
right~eye image can be increased.

[0115] As described above, the left-eye shutter 282 is
opened at least in a part of the period in which the liguid
crystal display device 100 which performs display in the
stereoscopic display mode displays the left-eye image, and is
closed in the other part of the period. In this way, the
period in which the liguid crystal display device 100 displays
the left-eye image does not necessarily match the frame period
in which the writing of left-eye image 1is performed.
Similarly, the right-eye shutter 284 is opened at least in a
part of the period in which the liquid crystal display device

100 which performs display in the stereoscopic display mode

13



[0116] Into the liquid crystal panel 200, the left-eye inage data is
witten twice and the right-eye image data is witten twice in the
period of 1/60 (= 16.7 n) seconds. In the stereoscopic displ ap0?azdé]
the ratio of the period in which respective one of the left-eye inmage
and the right-eye image is visually recognized to the display period
gf t he |!QUIg crysgag panel 200 is about 1/8. [0117]In the

escription described above with reference to FIG, 10 bpt h_ of

| ef t - eye GHiRkasie 282 &AEhEREYE i Y I%y & ¢hdet &' 0584 6P( ?ﬁ% 8%&?? e‘f’%artthe
gl asses 280 are closed at the end of the frame updating period in
whi ch the Elﬂﬁg writyng of the left-eye image data and the first
witing o?.t e fﬁg t-eye(l) image data are perforned, but the present
invention is not limted to this. [0118]In FIG 102a), ei ght
i |l um nat [Ggl&legi oTatR52tae e liquid crystal panel 200 the left-eye

image data is written twice and the right-eye image data 1is
written twice in the period of 1/60 (= 16.7 m) seconds. In
the steredscopic display mode, the ratio of the period in
which respective one of the left-eye image and the right-eye
image is visually recognized to the display period of the
liquid crystal panel 200 is about 1/8.

[0117] In the description described above with reference to
FIG. 10(b), both of the left-eye shutter 282 and the right-eye
shutter 284 of the shutter glasses 280 are closed at the end
of the frame updating period in which the first writing of the
left-eye image data and the first writing of the right-eye
image data are performed, but the present invention i1s not
limited to this.

[0118] In FIG. 10(a), eight illuminating regions 252 are
provided in the backlight unit 2506, but alternatively, the
number of the illuminating regions provided in the backlight

unit 250 may be an arbitrary number.

74



provided in the backlight unit 250, but alternatively, the nunber of
the illum nating regions provided in the backlight unit 250 may be an
arbitrary nunber. [O01191FIG 11(a) is a waveform di agram of pgg2328H
scanni ng signal voltage supplied to a plurality of scanning |ines,
FIG 11(b) is a schematic diagram showi ng the turning on/off of the
backlight unit 250, and FIG 11(c) is a schematic diagram show ng the
open/cl ose of the shutter gl asses 280. Herein, the witing of i

ri ght - eyelGlidde datfdGi-s Pet®lor ied 4 nwavefesr Fagsatpddti Ag PEATHEAI
(1F) and a second franme updating period (2F), and the witing of

R ol ke o

updating period (1F), the plurality of scanning lines are
sequent i a1 gp)sealseat edhefveic tdiagiramsshbéwime tipdatirngngeonbdf £ tdfe the
| eft-eye shutter 282 of the shutter glasses 280 is kept opened. At

the start of the first frame updating perjaqd, the plurality of,
i |1 um natRarFlie§itondriss223 oy AaEd Filﬁ’gt H'e{{éck’r?gﬁ't ?Jﬂ?etm%ﬁ acﬁjéagé’lalm

in the on state. Thus, at the start of the first franme updating

period, thg)ielt @ie Qed/hagbservaheistialdey rpcegeszesot he hafdingye
i mage. In accordance with the selection of the scanning lines in the

first frame updating period, corresponding illumnating B0232SH
the writing of right-eye image data is performed in a first

frame updating period (1F) and a second frame updating period
(2F), and the writing of left-eye image data is performed in a
third frame updating period (3F) and a fourth frame updating
period (4F).

[0120] In a first frame updating period (1F), the plurality
of scanning lines are sequentially selected. Over the first
frame updating period, the left-eye shutter 282 of the shutter
glasses 280 is kept opened. At the start of the first frame
updating period, the plurality of illuminating regions 252
provided in the backlight unit 250 are all in the on state.
Thus, at the start of the first frame updating period, the
left eye of the observer visually recognizes the left-eye
image. 1In accordance with the selection of the scanning lines

in the first frame updating period, corresponding illuminating
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regions 252 are sequentially turned off, so that the observer does
not visually recognize the left-eye image. [0121]In a second frane
updating period (2F), the plurality of scanning lines are B0232SH
sequentially selected. Over the second frame updating period, the
left-eye shutter 282 of the shutter glasses 280 is kept closed, and
the right-eye shutter 284 is kept opened. At the start of the second
frame0O updating period, the plurality of illumnating regions 252
provi ded dagiche BaEkRrghteahrRt o vardrarr ohte h&°of Fab . S
fh}f poi nt of tine, t he observer does not visually recogni ze the
eft-eye jnmage. lLn i th ot S i : i i
i the od OOensg n]plg-_a\r{ggﬁ%%gf:ﬁeg:o\@n&ge bgeselectd\Qn ighqthe scanning Iines

peri od, correspondi ngi | | um nati ngregi ons252are
[0121] In a second frame updating period (2F}, the

Tat

plurality of scanning lines are sequentially selected. Over
the second frame updating period, the left-eye shutter 282 of
the shutter glasses 280 is kept closed, and the right-eye
shutter 284 is kept opened. At the start of the second frame
updating period, the plurality of illuminating regions 252
provided in the backlight unit 250 are all in the off state.
Thus, at this point of time, the observer does not visually
recognize the left-eye image. In accordance with the
selection of the scanning lines in the second frame updating
period, corresponding illuminating regions 252 are
sequentially turned on. Accordingly, the observer visually
recognizes the right-eye image.

{0122] In a third frame updating period (3F), the plurality
of scanning lines are sequentially selected. Over the third
frame updating period, the right-eye shutter 284 of the
shutter glasses 280 is kept opened. At the start of the third

frame updating period, the plurality of illuminating regions
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sequentially turned on. Accordingly, the observer visually0

recogni zes the right-eye image. [0122]In a third franme updating
period (3F), the plurality of scanning |ines are sequential |l ygo2328H
sel ected. Over the third frame updating period, the right-eye shutter
284 of the shutter glasses 280 is kept opened. At the start of the
third frame updating period, the plurality of illum nating regions
B0232SH 252 provided in the backlight unit 250 are all in the on

st at e. ThiBS2 apratidechoimt toe tHamklighe obgér v&RO vasgalely in the on

state. Thus, at this point of time, the observer visually
recognizes the right-eye image. In accordance with the
selection of the scanning lines in the third frame updating
period, corresponding illuminating regions 252 are

sequentially turned off, so that the observer does not

N visually recognize the right-eye image.
[0123] In a fourth frame wupdating period (4F), the
plurality of scanning lines are sequentially selected. Over

the fourth frame updating period, the right-eye shutter 284 of
the shutter glasses 280 is kept closed, and the left-eye
shutter 282 is kept opened. At the start of the fourth frame
updating period, the plurality of illuminating regions 252
provided in the backlight unit 250 are all in the off state.
Thus, at this point of time, the observer does not visually
recognize the left-eye image. In accordance with the

selection of the scanning lines in the fourth frame updating

period, corresponding illuminating regions 252 are
sequentially turned on. Accordingly, the observer visually
recognizes the left-eye image. As described above, in the
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recogni zes the right-eye image. |l n accordance with the sel ection of
the scanning lines in the third frame updating period, correspondi ng
illum nating regions 252 are sequentially turned off, so that BORRSH
observer does not visually recognize the right-eye imge. [0123]1n a
fourth franme updating period (4F), the plurality of scanning |ines
arehsequentLaIIy selected. Over the fourth frame updating period, the
right-eye shutter 284 of _the shutter gl asses is kept closed, and
the | eft-E3%¢ sHhfiertg2lige pfr%i)teaﬂgcﬁa%t t%@gs%ﬁ}[{mp S % e‘L&Yr '
frame updating period, the plurality of illumnating regions 252
provi ded iy t hecbagkdd gt Unkh12p0make, aldi thert henof bestiafee. 1dhtisayeat
this point of tinme, the observer does not visually recognize the

| eft-eye image. In accordance with the selection of the scanning

| i nes in siettfegur 882f raane thpdatighy 5o oghuier ¥ e2F4ndPhg tel ubiNet$hg
regions 252 are sequentially turned on. Accordingly, the observer

visually SPEO0N 25801 R 1 81L&y LRI 98641 PRLcBBRY iod Nothene
observer may vary in response to the turning on/off of the
backlight unit 250.
[0124] in the above description, in the stereoscopic
display mode, the turning on and off is controlled for the
respective illuminating regions 252 of the backlight unit 250,
but alternatively, the turning on and off of all of the
illuminating regions 252 of the backlight unit 250 may be
'collectively controlled in the stereoscopic display mode. .It
should be understood that if the turning on and off of the
respective illuminating regions 252 of the backlight unit 250
is individually performed, the display unevenness on the
entire display screen can be easily suppressed.
[0125] Alternatively, the backlight unit 250 may include
only a signal illuminating region of which the turning on and

off can be controlled, and the entire of the liquid crystal

panel 200 may be irradiated with the 1light from the
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case where the liquid crystal panel 200 perfornms display in the
stereoscopi c display node, either one of the |left-eye shutter 282 or
the right-eye shutter 284 of the shutter glasses 280 is openegpragd
the visual recognition of the observer nay vary in response to the
turning on/off of the backlight unit 250. [0124]1n the above
description, in the stereoscopic display node, the turning on and off
is controlled for the respective illum nating regions 252 of the
backl! i ghtilnimtin2s@ngbuegidnernatively, the turning on and off of al
of the illum nating regions 252 of the backlight unit 250 may be

collectiv ontrqlled in t.he r pi i . e. .k ul,
be undersﬁ%%ﬁﬁthat%FfE%ﬁgntd?hi%%foﬁﬂgﬁﬂ’oﬁ?g%?g#ﬁélggspggﬁﬁvzgg ¢

illum nating regions 252 of the backlight unit 2500 is individually
per f or medsuriel dirsplnaye unetenneperoadt be enwer eodasptayiscadiatecamebe
easily suppressed. [0125]Alternatively, the backlight unit 250 may

i ncl ude onl a signal illumnating regi on of ich the_tu
enegre og the liquid cna%talgpaneg %%b with l&gﬂp,n%ngni%nd

turned off in another period of time.

[0127] FIG. 12(b) shows the timings of the writing of left-
eye image data and right-eye 1image data into the liquid
crystal panel 200 and the open/close of the shutter glasses
280 in the stereoscopic display mode. The vertical scanning
period is also 1/240 (= 4.2 m) seconds, and the vertical
scanning frequency is 240 Hz.

[0128] Immediately before the end of the frame updating
period in which the second writing of left-image data is
performed, the backlight unit 250 is turned on, and then
turned off after a predetermined period of time elapses from
the start of the frame updating period in which the right-eye
image data is written. The period corresponds to a period in
which the alignment direction of liquid crystal molecules in
the upper end portion of the liquid crystal panel 200 into

which the right-eye image data is written first in the frame
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of f can be controlled, and the entire of the liquid crystal panel 200

may be irradiated with the light fromthe B0232SH illum nating

regi on.

[0126] As shown in FIG 12(a), the backlight unit 250 B§232SH

turned on in a certain period of tine so as to irradiate the entire
of the liquid crystal panel 200 with light, and is turned off in
anot her period of tine. [0127]FIG 12(b) shows the tim ngs of the
witing of left-

updating period in which the right-eye image data is written
does not depend on the previously written left-eye image data.
[0129] Alternatively, the backlight unit 250 may have two
illuminating regions.

[0130] As shown in FIG. 13(a), the backlight unit 250 has
an illuminating region 252a for illuminating the upper half of
the liquid crystal panel 200, and an illuminating region 252b
for illuminating the lower half of the liquid crystal panel
200.

[0131] FIG. 13(b) shows the timings of the writing of left-
eye image data and right-eye image data into the liquid
crystal panel 200 and the open/close of the shutter glasses
280 in the stereoscopic display mode. The vertical.scanning
period is also 1/240 (= 4.2 m) seconds, and the vertical
scanning frequency is 240 Hz.

[(0132] In the case where left-eye image data 1is to be
written, immediately after the second writing of left-image
data is completed to pixels in a row in the vicinity of the
center of the liguid c¢rystal panel 200, the illuminating

region 252a is turned on, and then turned off immediately
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eye inmage data and right-eye imge data into the liquid crystal panel
200 and the open/close of the shutter glasses 280 in the stereoscopic
di spl ay node. The vertical scanning period is also 1/240 (= 4gg)y9KH
seconds, and the vertical scanning frequency is 240 Hz.
[0128] I nredi ately before the end of the frame updating period in
whi ch the second witing of left-inmage data is perforned, the
backlight unit 250 is turned on, and then turned off after a
pr edet er tiafatepahieogtattt phetlet apsure funsiating seaiedofnt Wel ¢l gpght-
updating period in which the right-eye inage data is witten. The
period corresponds t petiod | icht al Lgnoent dir d f
liquid cr%@%aﬁjﬁﬁﬁecg g% i%éth%éﬂ%%%? endqggrtkg%gg the ﬁ%&ﬁ?ﬁ Tthe
crystal panel 200 into which the right-eye inmage data is witten
first in thnenrihatengB232SH 26@katingpekdodn ronbeshoidre td ghtpenyjied
imge data is witten does not depend on the previously witten
| eft-eye i mage data. [0129 Alternativelc;)&,S t he back if%% unit 250
YSHOWY i W et

may have F5G8 itheunk g i ¥y Yetfionsie [ BA30) “PYCa) e
backl i ght unit 250 has an illum nating region 252a for illum nating
the uppergfial f; of 1the IdQUGneRYystAl tRaneh x209. ardeaPohdil Bat ithe
region 252b for illumnating the |lower half of the liquid crystal
panel 200. ‘
illuminating region 252a to the time at which the writing of
( o . .
right-eye image data is first performed in the pixels
corresponding to the illuminating region 252a.
[0133] Immediately before the end of the frame updating
period in which the second writing of left-image data is
performed, the illuminating region 252b is turned on, and then
turned off immediately before the start of the writing of
right-eye image data to the pixels of a row in the vicinity of
C

the center of the ligquid crystal panel 200. The period in
which the illuminating region 252b is turned on corresponds to
a period from the time at which the second writing of left-eye
image data is last performed in the pixels corresponding to
the illuminating region 252b to the time at which the writing
of right-eye image data is first performed in the pixels

corresponding to the illuminating region 252b. The turning on
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[0131] FIG 13(b) shows the timings of the witing of left- eye image
data and right-eye inmage data into the liquid crystal panel 200 and

t he open/close of the shutter glasses 280 in the stereoscopi cB8e¥Sithy
node. The vertical scanning period is also 1/240 (= 4.2 m seconds,
and the vertical scanning frequency is 240 Hz. [0132]In the case
mheredlefy-eye ipagefdata is to be witten, imediately after the
second wifting of _left-image dat.a is | et I } r i
the vicin? ytﬁ? iLP'lL:uIE]é}ﬁtelf] FESHE™S (qz(l;]:‘%gpcaﬂ(/jg%a pglnge(ﬁé%%foc{h%ﬁeq\ﬂ 4
illum nating region 252a is turned on, and then turned off

i mredi at ebyri 20238 Skinhehorgnd heestagfe okntibeetr 28R updabpagegeri othe n
which right-eye image data is witten. The period in which the

illumnating region 252a is turned on corresponds to a period from
the tine writdiciett FéobbcorRl W3S Hgtef lFe?%El‘a@%%&etESt 1S Most

performed in the pixels corresponding to the illum nating region 252a
to the ti 6184 Whi Gl LR L grgénﬁleﬁé-@ar&fdxa%& dabaihschbisy of
performed in the pixels corresponding to the illum nating region

252a. [0133] I medi ately before the end of the frane updating
light from the backlight unit 250 for each area of the liquid

crystal panel 200 in the planar display mode, it is preferred

that the illuminating regions of the backlight unit 250 may be (:)
not only separated for each of the plurality of rows, but also
separated for each of the plurality of columns.

[0135] In the above description, in the stereoscopic

display mode, the turning on and off of the backlight unit 250

is controlled. Alternatively, the backlight unit 250 may be

always turned on in the stereoscopic display mode, and the

images visually recognized by the observer may be switched <;)
only by the open/close of the shutter glasses 280. It should

be understood that if the turning on and off of the backlight

unit 250 is performed, higher contrast ratio can be realized.

[0136] As described above, in the case where the backlight

unit 250 has the plurality of illuminating regions 252, also

in the planar display mode, the turning on and off of the
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period in which the second witing of left-inmage data is perforned,
the illum nating region 252b is turned on, and then turned off

i medi ately before the start of the witing of right-eye i maggpgaisa
to the pixels of arowin the vicinity of the center of the liquid
crystal panel 200. The period in which the illum nating region 252b
is turned on corresponds to a period fromthe tinme at which the
second witing of left-eye inmage data is last perforned in the pixels
correspontl lupnirmtiing irebianna2bhgnredporc@e2Apliledt Ae BEABTARNGHI TH D
the witing of right-eye image data is first perfornmed in the pixels

' t he.illum [ [ 2Db. L
502325H1 Of 4 e UPPRORHFTat | RGP £t ORE. SEOX"ARd. 200 SR Ber Par mod i S

period in which the |eft-eye shutter 282 is opened. The witing of
right-eyeili mageadaha iregpenkorsedihnotrbiersase reayiz¢0h34hen oouleradto
performthe control of the intensity of light fromthe backlight unit
250 for each area of the liquid crystal panel 200 in the planar

di spl ay nbRfel®+it is preferred that the illum nating regions of the
backlight unit 250 rmay beO

[0137] FIG. 14 shows a schematic diagram of the liquid
crystal panel 200. The liquid crystal panel 200 includes a
front substrate 210, a back substrate 220, and a liquid
crystal layer 230 interposed between the front substrate 210
and the back substrate 220. The £front substrate 210 has a
transparent insulating substrate 212 and a counter electrode
214. The back substrate 220 has a transparent insulating
substrate 222 and pixel electrodes 224. By the pixel

electrodes 224, pixels are defined. The shape of a pixel when

P

viewed from a normal direction of a principal surface of the
liquid crystal panel 200 may be rectangular, or may be a shape
extending in two orthogonal directions. The front substrate

210 and the back substrate 220 may be also referred to as a

counter substrate and an active matrix substrate,
respectively.
[0138] The liquid crystal layer 230 contains a nematic

33



not only separated for each of the plurality of rows, but also
separated for each of the plurality of colums. [0135]In the above
description, in the stereoscopic display node, the turning onBapgpSer f
of the backlight unit 250 is controlled. Alternatively, the backlight
unit 250 nmay be always turned on in the stereoscopic display node,
and the images visually recogni zed by the observer may be sw tched
only by the open/close of the shutter glasses 280. It should be
under st ool et GHvStRE PaERTHYL GHVARG BPF2bEVE HEL BRIIT GhENhAPT 22
is perfornmed, higher contrast ratio can be realized. [0136] As
described o] h r ckl,i_ght 0 ihd€ion
pIuraIrty 0 %?FE%Qﬁ%t?ﬁgg %ﬁrgﬁsqgggglggsyﬁ%¥hrﬁyﬁﬁaﬁgrcgﬁgplay
node, the turning on and off of the BO0232SH illum nating regi ons 252
may be comitiol | ed ipplacdeidancelawiteh tdispgpsadat iion | evelosospegiNetal
corresponding to the iIIuninating regions 252 in order to realize

hi gh trast rat LG gh di f
i Qi CryRT AP 200 TRSTY o SRRt d pnel 00 ‘DRAP ARy a1

front substrate 210, a back substrate 220, and a liquid crystal |ayer

230 inter pposed haiwearct beof FaREhsubshdRI®R 210 @ndrt Helhaeklsubst rat e
220. The front substrate 210 has a transparent insulating substrate

212 and a counter el ectrode _
alignment film, and the 1like, and the back substrate 220

further includes a scanning line, an insulating layer, a (u)
source line, a thin film transistor (TFT), an alignment film,
and the like. On the outer sides of the front substrate 210
and the back substrate 220, polarizing plates are disposed.
For example, any of the frame rate control circuit 110, the
timing controller 120, the writing state signal transmitting
circuit 130, the scanning signal driving circuit 140, the
display signal driving circuit 150, and the backlight driving <:)
circuit 160 in the liquid crystal display device 100 shown in

FIG. 2 may be mounted in a frame area of the back substrate

220.
[0139] The display signal driving circuit 150 supplies a
‘display signal (a source signal) to a source line. In the

liquid crystal panel 200, a voltage is applied across the
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214. The back substrate 220 has a transparent insulating substrate 222
and pi xel electrodes 224.By the pixel electrodes 224, pixels are
defined. The shape of a pixel when viewed froma normal direqgigansQf
a principal surface of the liquid crystal panel 200 may be
rectangul ar, or nmay be a shape extending in two orthogonal

directions. The front substrate 210 and the back substrate 220 may be
also referred to as a counter substrate and an active matriXx

subst r at icuédpecysval ylayed1238P Thet weeuitdiec opsnakr| ayeet sy @34t arfis
a nematic B0232SH |iquid crystal mat eri al havi ng negative dielectric
ani sotro and erforns dIS nall bl a¢

conbinat&%ﬁ W th %FﬁﬁYarﬁ?lﬁb p%l?Ct%Pspose %n ahgrosserﬁEntloned
configuration. Although not shown in FIG 14, typically, the front
substrat e i21dgf ubhbesliaec! vBRSganealts fd |[dplayerignan ahpghiedt to
film and the |like, and the back substrate 220 further includes a

scanning line, an insulating |ayer, aED
the source line in view of a counter signal supplied to the

counter electrode 214 (and a storage capacitor signal supplied
to a storage capacitor line as required).

[0140] In general, in a liquid crystal panel, the
transmittance of liquid crystal layer {i.e. the luminance of
pixel} is varied by controlling the voltage applied across the
liquid crystal layer between the counter electrode and the
pixel electrode. At this time, if the relationship between
the electric potential of the counter electrode and the
electric potential of the pixel electrode is not varied, burn-
in occurs and the reliability is degraded. For this reason,
in a typical liguid crystal panel, the voltage applied across
the 1liquid crystal layer 1is set to be an AC voltage.
Specifically, it is set in such a manner that the magnitude
correlation between the electric potentials of the pixel
electrode and the counter electrode is inverted at intervals

of a predetermined period of time, and that the direction of
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source line, a thin filmtransistor (TFT), an alignnent film and the
| i ke. On the outer sides of the front substrate 210 and the back
substrate 220, polarizing plates are di sposed. For exanple, aB§23@a8H
the frame rate control circuit 110, the timng controller 120, the
witing state signal transmitting circuit 130, the scanning signal
driving circuit 140, the display signal driving circuit 1501 and the
backlight driving0 circuit 160 in the liquid crystal displa dev'gF
100 showrliastric fieddy apPlAGANEAdorA &hfr dndivdfe £ 0 e]‘ﬁé&? (ene
substrate 220. [0139] The display signal driving circuit 150 supplies

a di splay, Sl gnaby(8S9ULEeo Bl 9B L0 @90y a8 inferteatbe Lhadivdis

crystal pane 208, “a vo fage I's applied across the
of a predetermined period of time. In the following
description of the present specification, the condition where
the electric potential of the pixel electrode is higher than
the electric potential of the counter electrode is represented
as a positive polarity (+), and the condition where the
electric potential of the pixel electrode is lower than the
electric potential of the counter electrode is represented as
a negative polarity {-), unless otherwise noted. The polarity
indicates the direction of electric field applied across the
ligquid crystal layer; In the case where the writing with
positive polarity (+) 1is performed, a display signal having
higher electric potential than the counter electrode 1is
supplied to the source line. In addition, in the case where
the writing with negative polarity (-} 1is performed, a display
signal having lower electric potential than the counter
electrode is supplied to the source line.

[(0141] As described above, in the liquid crystal display

device 100, in the stereoscopic display mode, the writing of
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B0232SH liquid crystal |layer 230 between the counter el ectrode 214
and the respective pixel electrodes 224, the above-nentioned tim ng
control ler 120 generates a display signal supplied to the sougggskijjne
in view of a counter signal supplied to the counter el ectrode 214
(and a storage capacitor signal supplied to a storage capacitor |ine
as required). [0140]In general,in a liquid crystal panel, the
transmttance of liquid crystal layer (i.e. the |lum nance of pixel)

i s vari eddfic-eget risddengdattre Vol pagéoappd | edencrtyss Iunsesisgued frame
crystal |ayer between the counter electrode and the pixel electrode.

At this ti if ther atlonshl betmeen t.he electr ol tlal f
t he counﬂggggﬁggtr88ﬁl% d t &% FrlEe?Rﬁ artical plfekﬁe ﬁi the

el ectrode is not varied, burn- |n occurs and the rellablllty is

degr aded.1dr@hahbis doe@seponding typteal 1kifguege ciysgal dpaaebyekhewo
vol t age applied across the liquid crystal layer is set to be an AC
vol tage. Specifically, is set in such a manner that, the magnitude
correlatﬂﬁﬁfﬂéﬁﬁeéﬁﬁﬁﬁénélé@FﬂP@Spoteﬁ??aW§lB%n$h€pr¥é¢¢eF§€tHﬁﬁge
and the counter electrode is inverted at intervals of a predeterm ned

period ofs.time; ¢ ngfgﬂ'ﬂe& hg,dir %@Bb?n 9b BR23Z3Hel %ta'in'ec Lf;!d%ltcing

applied across th Iquid crystal layer (the direction of |ine of
"electric force) is inverted at intervals of a predeterm ned period of
time. | n tdegifodsl owemd the respective pixels exhibit the luminance

( corresponding to the right-eye image data over two vertical
scanning periods. At this time, if the polarity of the pixel
is inverted in the two wvertical scanning periods in which the
right-eye image data and the left-eye image data is written,
the pixel does not exhibit a predetermined luminance.
Especially in the ligquid crystal panel 200 which is driven at..
the vertical scanning frequency of 240 Hz, since the time
period in which the scanning line is selected and a veltage is
supplied to the pixel electrode 224 (the time period in which
the 1ligquid crystal layer 230 is charged) is short, the
electric potential of the pixel electrode 224 does not reach
the predetermined electric potential due to the influence of

signal delay or the like. As a result, the pixel does not

exhibit the predetermined luminance. For example, in the case
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description of the present specification, the condition where the
electric potential of the pixel electrode is higher than the electric
potential of the counter electrode is represented as a positiBe232SH
polarity (+), and the condition where theO electric potential of the
pi xel electrode is |lower than the electric potential of the counter
electrode is represented as a negative polarity (-), unless
otherwi se noted. The polarity indicates the direction of electric
fiel d appihect achosslenerid qpptertiast apf| aper Pirelt it scasedfhd?é tive
witing with positive polarity (+) is perforned, a display signal

havi ng hi gher el ectr.i otenti.al t h r ect r j -
suppl i ed %%FQQﬁ¥ 585?8@ EPﬁe?a?¥1$§ ??angcgﬁH?%f %é¥£§§hhggg %%%Ctrlc
witing with negative polarity (-) is performed, a display signal

havi ng | qysrerflieat r b€ poieenbiiaélt hdrdchedeouz? £r deleect node riegch the
supplied to the source line. [0141] As descri bed above, in the liquid

crystal display device 100, in the stereoscopic di
witing (ﬁuégnggce corresponding to the gradaé%on q%% H?yaggdghet£§§el

does not exhibit the predetermined luminance.

[0142] For example, in the case where after the right-eye

image data is written with the negative polarity, the left-eye (-)
image data is written with the positive polarity, and.
additionally the left—éye image data 1is written with the

negative polarity, if the gradation level of the right-eye

image data which is previously written is different, degrees

of luminance of the plurality of pixels inte which left-eye

image data is written at the same gradation level are
sometimes different from each other. As described above, by (:>
inverting the polarity of pixels for each vertical scanning

period, the display of the corresponding right-eye image or
left-eye image is influenced by the immediately preceding
left-eye image or right-eye image, and the Iinfluence is

visually recognized as display unevenness.

[0143] Bccordingly, in the liguid crustal panel 200, in the
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B0232SH | eft-eye image data is perfornmed over two successive frane
updati ng periods, and the respective pixels exhibit the | um nance
corresponding to the left-eye inage data over two vertical scagiRy
periods. The witing of right-eye inmage data is performed over other
two successive franme updating periods, and the respective pixels
exhibit the | um nance corresponding to the right-eye i nage data over
two vertical scanning periods. At this tine, if the polarity of the
pi xel |s daveer whedréen inhetwaw veetticehl sseanhngg peeriodds im which tthe
right-eye image data and the left-eye inmage data is witten, the

pi xel does nat exhibit a.predeterm ned |um nance., Especially i
liquid cristdingd Ikéﬁolﬁﬁgéﬁy?slﬁﬁﬁeeﬁagﬁ EH5FVE$?i85FQ§% nﬁ?ngag
frequency of 240 Hz, since the tinme period in which the scanning |ine

is sel ectediandyd Vahtagdaats sHPpbheskdNihe pexebretect tindepdlAiftiyhe
time period in which the liquid crystal layer 230 is charged) is
short, the electric potential of the pixel electrode 224 does not .
reach t heehrridelsr isnéavereedr i £t pbt smatarradethatt e hittienE o s
signal delay or the like. As a result, the pixel does not exhibit the

predet er g ned, Joug n%?&e'thle:ao!’]):( e@ﬁé&e | et ha cases BO2R2ZeH, whals dlje

el ectric potenti al t he pi ctrode 224 is largely varied for
each vertical scanning period, the electric potential of the pixel
el ect r odes B4 edsesgnaher eachuehee | ofii nagoel cdetaspondcagrdimallye the
radation |evel, and the pixel does not exhibit the predeterm ned

.um nance,, 142] For exanple, in the_case ere_after the r.i -

i mage datdal%p a\?(?riutnteé’ﬁnﬁnegg FAB E%gﬁfl?g}ree%soﬁ Hritye %%euP%?]fs[ﬂeo%?it%ge
data is witten with the positive polarity, and additionally the

| ef t - eye ifmagRe datiaei Svitht ten Whiheddwl,neged | ¥pepohed i kytiso f ofhehe
gradation level of the right-eye image data which is previously
witten is different,_ degrees of |um nance of the pIurinty of pixels

i nto whi ci-9udfd cEyatpharR@ 2?9 Bayy PORRNIURS Ofe TEIHESYr adati on | evel

are
[0144] Therefore, in the liquid crystal panel 200, it 1is

preferred that the polarities of respective pixels over the
two vertical scanning periods in which the writing of right-
eye image data and the writing of left-eye image data are
successively performed may be the same. As a result, the
display unevenness and the reduction in aperture ratio can be
suppressed.

[0145] Hereinafter with reference to FIG. 15, the variation
of signal voltage in the stereoscopic display system 300, the
backlight unit 250, and the open/close of the shutter glasses

280 will be described.
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sonetinmes different fromeach other. As described above, by 0
inverting the polarity of pixels for each vertical scanning period,
the display of the corresponding right-eye imge or |eft-eye BOEYSH s
i nfluenced by the i medi ately preceding | eft-eye i mage or right-eye

i mge, and the influence is visually recogni zed as displ ay
unevenness. [0143] Accordingly, in the liquid crustal panel 200, in

t he BOZ328H case mhere i vertical scannin eriods in ich the
witing ofPtHR | ef tiiyre Fﬁé@god%ti‘%flsan&htehevﬁﬂ‘?gﬁg“ ofofhé‘nri \éﬁ?‘-’%ﬁllec

i mage data are successively performed, the polarity of pixels is

inverted, phteds AAr elekr eget hat tiBg1hiynes b by | AsTepsed asdetheic
reS|stance of line is reduced, thereby suppressing the influence of
signal delay. Accordingly, t he di spl ay unevenness can be suppressed.
It is undeestroddlt Watom foft fslel caenwREt ¢l et iader @ddeds £hESAPERPRER el
ratio of the I|qU|d crystal panel 200 may sonetinmes be reduced.

[0144) Therefofe.. 14 Lho LiAuLdof y54@! s Rapel 200y chLods DrELEL T efrc.

that the o ari respe ve plxe over the

scanning periods in which the witing of right-eye inmage data and the
witing ofsleftseyesi mhge wdaktdoane cfuctessanvelny peidoaredo higggeeVide
sane. As a result, the display unevenness and the reduction in

aperture I’atIO can be su essed
P FIG. 15(c) showspgﬁe variation of an electric potential Vpe of

the pixel electrode 224 by using the electric potential Vcom
of the counter. electrode 214 as a reference, FIG. 15(d) shows
the turning on/off of a specific one of illuminating regions
252 of the backlight unit 250, and FIG. 15(e) shows the
open/close of the shutter glasses 280.

[0147] As described above, in the stereoséopic display
mode, the liquid crystal panel 200 is driven at the vertical
scanning frequency of 240 Hz, so that one vertical scanning
period (a frame updating period) is about 4.2 ms. Herein the
liquid crystal panel 200 complies with the High-vision
standard, and a period in which one scanning line is selected
is about 3.4 U s. The period corresponds to a horizontal
scanning period. In a liquid crystal panel of so-called

double-speed driving (the vertical scanning frequency of 120
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[0145] Hereinafter with reference to FIG 15, the variation of signal
voltage in the stereoscopic display system 300, the backlight unit
250, and the open/close of the shutter gl asses 280 will be desgrizBed.
B0232SH [ 0146] FI G 15(a) shows the variation of an electric potenti al
VLs of a display signal by using an electric potential Vcom of the
counter electrode 214 as a reference in the liquid crystal panel 200

in the stereoscopic nmode, FIG 15(b) shows the waveform of a scanni ng
si gnal vdfalagehd genticall1scapnspdvRer S vist %t diF rofalsh %I RRGHI 10

pot enti al

Vpe of the pixel electrode 224 by using the electric

potent! al, Va3 na" L0fn SRy 18! 861L0AG 21 28 g deTerence, FIG

15( d)

sho

{0148] As is understood from FIG. 15(a), the relationship
between the electric potential of the display signal supplied
to each source line and the electric potential of the counter
electrode is not varied over the frame updating period, and
the polarities of pixels adjacent in a column direction are
mutually the same at the end of the frame updating period.
Accordingly, the variation of the electric potential of the
display signal within the frame updating period can be
reduced, thereby reducing the power consumption. In FIG.
15(a), a display signal voltage of positive polarity 1is
supplied to a source line in a first frame updating period,
but a display signal voltage of negative polarity is supplied
to a source line adjacent to the above-mentioned source line
in the first frame updating period.

[0149] Herein in FIG. 15(c), the variation of an electric
potential Vpe of the pixel electrode 224 in a specific pixel
is focused on. For example, the maximum value and the minimum

value of the electric potential Vpe of the pixel electrode 224
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the turning on/off of a specific one of illumnating regions 252 of

t he backlight unit 250, and FIG 15(e) shows the open/close of the
shutter glasses 280. [0147] As described above, in the stereos88pizbH
di splay node, the liquid crystal panel 200 is driven at the verti cal
scanni ng frequency of 240 Hz, so that one vertical scanning period (a
frame updating period) is about 4.2 ms. Herein the liquid crystal

banel 200, conplies. i th) e H gl wls] o SLANIY P10 A R L0l Poce

corresponds to a horizontal scanning period.Iln a liquid crystal panel
of so-cal2es doubl e=speercdrivd ng7 (vhanderti val reepsot tgely equehcyhof

120 BO0232SH

electric potential Vpe of the pixel electrode 224 by using the
electric potential Vecom of the counter electrode 214 as a
reference 1is wvaried within the range. In addition, the
gradation level of the pixel is not varied from the first
frame updating period (1F) to a fourth frame updating period
(47), and the gradation level of the pixel in the left-eye
image data is substantially equal to the gradation level in
the right-eye image data. For example, the pixel coxresponds
to a center portion of an object included in an image to be
displayed in the stereoscopic manner.

[0150] In the first frame updating period (1F), a display
signal indicating higher electric potential than that of the
counter electrode 214 is supplied to the source line. Herein
when the scanning signal voltage for selecting a certain pixel
becomes an ON voltage, a display signal voltage is supplied to
a pixel electrode 224 of the certain pixel, thereby performing
the writing with positive polarity. At this time, the display

signal voltage supplied to the source line is set so as to
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Hz), the vertical scanning period is 8.4 nms, and a period in which
one scanning line is selected is 6.8 Ms. [0148] As is understood from
FIG 15(a), the relationship between the electric potential ofpiPen
di splay signal supplied to each source line and the electric
potential of the counter electrode is not varied over the frane
updating period, and the polarities of pixels adjacent in a colum
direction are nutually the sane at the end of the frane updatinég

peri od. Awdur dihgl yelecheivamaengaasdf ehetbeedtisded potegiiioste of<4 hé
di splay signal within the frame updating period can be reduced,

t her eby reducing .the power copsupptign, Ln FIG . i SRl :

si gnal voﬁfirélgeé: %le %gilﬁ @é)tﬁgph?ﬂ)y ?gesEﬁﬁg?%de%%&?lscoﬁfog&ee%ﬁl%g i'N a
first frame updating period, but a display signal voltage of negative
pol arity de suppltredt t @ha Soiyeeikilned afifacenie tivetheembaote- neantritered
source line in the first frame updating period. [0149] Herein in FIG
15(c), the variation of an electric potential Vpe of the pixel

el ect r odee1EFA rORea 2dfedinfl EhEi PéRel s SR BEREREE 0%5.)4 FOR L eBERMIAS, tndhe
maxi mum val ue and the m ni num value of the electric potential Vpe of
the pixelq.elelipnda 224  BOZ32% 10y iy No:ddechlegiid Copotaat i Algileom
of the counter electrode 214 as a reference are + and -7V,
respectively, and the electric potential Vpe of the pixel electrode
224 by usimyptiefe baeet r i280potentirabrvesed ofovt heuppliter &hectdioird ay14
Cas a reference is varied within the range.In addition, the

signal voltage to the pixel electrode 224. However, since the
liquid crystal panel 200 is driven at the vertical scanning
frequency of 240 Hz, and the period in which a scanning line
is selected and the display signal voltage is supplied to the
pixel electrode 224 is relatively short, the electric
potential of the pixel electrode 224 does not reach the target
electric potential in some cases. For example, 1in the case
where a so-called liquid crystal panel of double-speed driving
(the vertical scanning frequency of 120 Hz) is used as the
liquid crystal panel 200, the scanning signal voltage 1is
returned to the OFF voltage before the electric potential of
the pixel electrode 224 reaches the target electric potential.
The illuminating region 252 of the backlight unit 250 is

turned off at least in the middle of the first frame updating
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gradation | evel of the pixel is not varied fromthe first frane
updating period (1F) to a fourth frane updating periodO (4F), and the
gradation level of the pixel in the left-eye inage data is B0232SH
substantially equal to the gradation level in the right-eye i mge
data. For exanple, the pixel corresponds to a center portion of an
object included in an inmage to be displayed in the stereoscopic

manner. [0150]In the first frame updating period (1F),.a displa

si gnal inH?E%wauthFBHErt%?e%%?ﬁ?fﬁ¥§téWFgﬁlwf+ﬁﬁFqfﬁﬁ 8¢ ?ﬁéch%&ﬁW%H
el ectrode 214 is supplied to the source line. Herein when the

scanni ng gihghalnvoldage for s6t eclbngl By ceetddli Rixaby begonessapvdN

vol tage, a display signal voltage is supplied to a pixel electrode

224 of the certain pixel, thereby performng the witing with

posi tive Pot aright~eXe shustern@84the ehapichy sitdgallafdet afel Suppl Hr

to the source line is set so as to
first frame updating period.
[0151] In a second frame updating period (2F), a display
signal indicating higher electric potential than that of the
counter electrode 214 is supplied to the source line. As
described above, the writing of right-eye image is performed
successively in two frame updating periods. When the scanning
signal voltage for selecting the corresponding pixel becomes
an ON voltage, a display signal voltage is supplied to a pixel
electrode 224 of the corresponding pixel, thereby performing
the writing with positive polarity. The polarity written in
the second frame updating period is the same as that in the
first frame updating period, and the display signal voltage
supplied to the source line is set so as to make the electric
potential of the pixel electrode 224 a target electric
potential with the same polarity as that of the target

electric potential in the first frame updating period.

Accordingly, the electric potential of the pixel electrode 224
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B0232SH nmeke the electric potential of the pixel electrode 224 a
target electric potential. The target electric potential is set so
that the potential difference between the counter el ectrode 2gd>aRe;
t he pi xel electrode 224 corresponds to the gradation level. In this
way, the charging of the liquid crystal layer 230 is progressed by
supplying the display signal voltage to the pixel electrode 224.
However, since the liquid crystal panel 200 is driven at the verti cal
scanni ng feagisncyhef t240ekz elasdrifie rarengdailn whiehe & s&&fni Fyrdatne
is selected and the display signal voltage is supplied to the pixel
el ectrode .S, r i\v.el\y or, the ctric. p } - .
pi xel elé%%%%dg'22§$%%gggﬁbt§$e§%ﬁ t éxﬁgfgé%é@ egkggéip tg%fﬁg in
sone cases. For exanple, in the case where a so-called liquid crystal
panel of &gl erspedd drirngetg €ldwnier tpoadntsednnimgthe eduescy fankE20
Hz) is used as the liquid crystal panel 200, the scanning signal
voltage is returned to the OFF voltage before the electricgLé o%ential

t

of the piRFtECtPYICD24 HOHERBE t FE tHF Yt R RTIV potEnt 81 . Hrfhe
illum nating region 252 of the backlight unit 250 is turned off at

least in $he-diddl @ref,ihheafdrste f 1AM updati NgetBR2326H pepbsht isQ
that the right-eye inage witten in the first frame updating period
is not visually recognized by the observer. The right-eye shutter 284
i s openedin rthehesdapnde £ ramef upfating fRqwicd maye bgpdatfateperixan the
éOlSl]In a second frane updating period (2F), a display signa

ndiCatirggggéywaie%kgggrbgtgﬁ%fgﬁifﬂ ﬁﬂgﬂkfﬂgﬁ f%%mghﬁpdating pericd.
Thereafter, the scanning signal voltage is returned to the OFF
voltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning peried after the
writing of the corresponding pixel is performed in the second
frame updating period. The right-eye shutter 284 is kept
opened over the second frame updating period. BAccordingly,
the right-eye image written 1in the second frame updating
period is wvisually recognized by the cbserver.
[0152] Next, in a third frame updating period ({(3F}, left-
eye image data is written. Herein in the third frame updating
period, a display signal indicating lower electric potential
than that of the counter electrode 214 is supplied to the

source line. When the scanning signal voltage for selecting
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counter electrode 214 is supplied to the source |ine.AsO descri bed
above, the witing of right-eye inmage is perforned successively in
two frame updating periods. Wen the scanning signal voltage B0x32SH
sel ecting the correspondi ng pi xel becones an ON vol tage, a display
signal voltage is supplied to a pixel electrode 224 of the
correspondi ng pi xel, thereby performng the witing with positive
polarity. The polarity witten in the second frane gfdati periad is
the sanme ‘g t perrdgpasdngi mimelr et dattintg Per You:d%hd *ir}??e ‘ng %y
signal voltage supplied to the source line is set so as to nake the
el ectric potential . qof t i .electr etdd 16F the
potentialg%ﬁQ4}t%%&tggﬁeq%oﬁﬁﬁg?§ggsg%hgggoggéﬁg %géggéoiﬁemnric
potential in the first frame updating period. Accordingly, the
el ectric potenidoakdial t hexqi xeltrelrebyr oger 2@aningadiies whétinggefith
el ectric potential.Herein the target electric potential in the second
frame updating period is equal to the target el.ectric po ti i
the firstnegandupbatdhgtYeri o™ ér, 913% éssé)ﬁﬁgedgﬁeagw, QJ(Jj%J{e %
the overdrive driving and the like, the target electric potential in
the secong, fran wRdahengoperkod: ARy besdli fderanted manet haet algetric
electric potential in the first frame updating period. Thereafter,
the scanning signal voltage is returned to the OFF voltage. Tﬂe )
i || umi natpeigertagilonof52tbe thkxdlaclalicghtrodni t 22460 3 s HAFGFéd GheOVErC
one vertical scanning period after the witing of the correspondi ng
pi xel is perfaorned in con r ti i chgbtreye
shutter 2 %t?rgt%gﬁt op%%%ﬁ%ﬁer%%eﬁ%ggﬁgi rtgaljgnei%ﬁ%dg??l}lég@ﬁtgeri od.
Accordingly, the right-eye inage witten in the second frame updating
- period i spytaualdly teceoyai zed by firmmeobspdateimg [PASKNeks, seh &% HP¢ d
frame updating period (3F), left- eye image data i's witten. Herein

cllectric PorEMTH 1 VRt oF CHS Sstnvar rde: odet ol Pt Lt PHE,

to the source line. Wen the scanning signal voltage for selecting
that the scanning signal voltage is returned to the OFF
voltage before the electric potential of the pixel electrode
224 reaches the target electric potential. At this time, the
backlight unit 250 is still in the on state at the start of
the third frame updating period, but is turned off before the
writing of the left-eye image data is performed in the third
frame updating period. Thus, the left-eye image written in
the third frame updating period is not visually recognized by
the observer. In the latter half of the third frame updating

period, the left-eye shutter 282 is cpened.

f0153] Alsc in the fourth frame updating period (4F), a

%6



B0232SH t he correspondi ng pi xel becones the ON voltage, the display
signal voltage is supplied to the pixel electrode 224 of the
correspondi ng pixel, thereby performng the witing wth negagh¥8gy
polarity.Simlarly, the display signal voltage supplied to the source
line is set so as to make the electric potential of the pixel

el ectrode 224 a target electric potential.However, the polarity of
the target electricO potential in the third frane updating period is
set to beddiglfzgr entgrfalomndiatting t hewsecehdct riamepeipedtialg Yhen dhatso
that the scanning signal voltage is returned to the OFF voltage
before the_ el ectric potential qf i xel el ectrode_224 reaches, the
Carget ol Th i SHRY HLSChFoRRi 815 b, SPRELEEKLT gHE® (i f- om0 e
still in the on state at the start of the third frame updating

period, bid usstuiped ebbvbef are theiwmirid i Bg afhd heckefdyeyenhgaod s
data is performed in the third frame updating period. Thus, the
left-eye image witten in the third frame updating period is not
visual ly R iege PuUsreshévebseiletwol fraRe |dedingalPeréPde he t"Hisd
frame updating period, the |left-eye shutter 282 is opened. [0153] Al so

in the fO&'Hé hséérﬁ%&pgﬂﬁﬂg pc?ﬂa%% (f%:r_) ' s@lecting the corresponding
pixel becomes the ON voltage, the display signal voltage is
supplied to the pixel electrocde 224 of the corresponding
pixel, thereby performing the writing with negative polarity.
The polarity written in the fourth frame updating period is
the same as that in the third frame updating period, and the
display signal voltage supplied to the source line is set so
as to make the electric potential of the pixel electrode 224 a
target electric potential with the same polarity as that of
the target electric potential in the third frame updating
perio&. Accordingly, the electric potential of the pixel
electrode 224 reaches the target electric potential.
Thereafter the scanning signal voltage is returned to the OFF
voltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning period after the

writing of the corresponding pixel is performed in the fourth
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B0232SH di splay signal indicating |ower electric potential than that
of the counter electrode 214 is supplied to the source line. As
descri bed above, the witing of the left-eye inmage is perforned232SH
successively in tw frane updati ng periods. Wen the scanning signal
vol tage for selecting the correspondi ng pi xel becones the ON vol t age,
the display signal voltage is supplied to the pixel electrode 224 of
the correspondi ng pi xel, thereby performng the witing with negative
pol ari ty.fiHme pobaetiys woertef- i n The AQftrRYEr atRUsdat$% pér ?‘b‘?‘i‘ s
the sanme as that in the third franme updating period, and the display
signal voltage, supplied to th e 1} | S0 a t
electric Yot i%ﬂg%oF%thOBF§gl%g%%%t?éééyiﬂgzggg%gﬁdet%g%gg?gff' e
potential with the sanme polarity as that of the target electric

pot enti al 1 & tdie tiRiagd #Faveenpidatibeg fpertodfrave oretiatging, pehéod can
el ectric potential of the pixel electrode 224 reaches the target

electric potential. Thereafter the sca ning signal voltage is
returned 9o t¥feiadry veFPaRbZedHY iMPPuRPREETRY regi on 252 of the
backlight unit 250 is turned on over one vertical scanning period

after the[@{ggfng q&;EQ%CQQBEQSQQ@ﬂLngﬁpEﬁ@|1h§u9@réﬁydﬂﬁi pAnthe200,
fourth frane updating period. The | eft-eye shutter 282 is kept opened
over the fourth frame updating period. Therefore, the left-eye inqge
witten i hefheseouindpd raats updarirhtprr BBECRAF BRIWi Shafyy vertical
recogni zed by the observer. [0154] As descri bed above, in the liquid

3;?./,[5;[ 2|a| pg'ggljlniznogo’pelrei]c&ci-seywej.ehnq:qiee dafa i;ﬁ)l\griitt&?n BHCGESRLVELY iRadao
data is written successively in two vertical scanning periods
with the same polarity, so that the reduction of aperture
ratio and the display unevenness can be suppressed. As the
liquid crystal panel 200, a so-called double-speed driving
liguid crystal panel can be utilized. By inverting the
polarity of pixels for every two vertical scanning periods as
described above, the occurrence of flicker can be suppressed.
[0155] It is noted that when the writing in four frame
updating periods shown in FIG. 15 is repeatedly performed, the
right-eye image data is written with the positive polarity,
and the left-eye image data i1s written with the negative

polarity. In this case, even if the gradation levels of

right-eye image data and left-eye image data for a certain
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scanning periods with the sanme polarity, and right-eye inage0O data is
witten successively in two vertical scanning periods with the sanme
polarity, so that the reduction of aperture ratio and the di sphgsy
unevenness can be suppressed. As the liquid crystal panel 200, a
so-cal | ed doubl e-speed driving liquid crystal panel can be
utilized.By inverting the polarity of pixels for every two vertical
scanni ng peri ods as described above, the occurrence of flicker can be
suppr esseotix4101565 | the ssad edthdhat umivemcehefwrting myixed ftourvhicimghe
updating periods shown in FIG 15 is repeatedly perforned, the

| eft- oye TR SE & eS| FEER Wit h PHO Wbgarive Cerarrey |5 L1

case, even if the gradation levels of right-eye inage data and

left-eye juRgardat af Ofkh&@ $ekéRi Bo which the left-eye image data is
written, so that appropriate display cannot ke performed in
some cases. Accordingly, it is preferred that the right-eye
image data is written with positive polarity and negative
polarity in accordance with the periods, and similarly, the
left-eye image data is written with positive polarity and
negative polarity in accordance with the periods.
[0156] Hereinafter, with reference to FIG. 1ls, the
variation of signal voltage in the stereoscopic display system
300, the backlight unit 250, and the open/close of the shutter
glasses 280 will be described.
[0157] FIG. 16{a) shows the wvariatioen of an electric
potential VLs of a source line by using an electric potential
Vecom of the counter electrode 214 as a reference, FIG. 16(b)
shows the waveform of a scanning signal voltage VLg, FIG.
16 (¢) shows the variation of an electric potential Vpe of the

pixel electrode 224 by using the electric potential Veom of

the counter electrode 214 as a reference, FIG. 16{(d) shows the
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B0232SH pi xel are the same, the |um nance of the pixel to which the
right-eye image data is witten is different fromthe | um nance of
the pixel to which the |left-eye image data is witten, so thaB(232SH
appropriate display cannot be perforned in sone cases. Accordingly,
it is preferred that the right-eye inage data is witten with
positive polarity and negative polarity in accordance with the
periods, and simlarly, the left-eye inmage data is witten

posi ti ve potrama Pndﬁéfnééaﬁl‘%/é)%ﬂl&tgpﬁyUPht atedr Btk 1t ﬁst(ﬁb "shows

periods. [0156] Hereinafter,with reference to FIG 16,the variation of

signal vol,t age | sger [ ysdgm 300, the backlight
uni t 250 an pteﬁ{e} %%gﬁ/%?o?géosgmt%eg ﬁg%ltg%(?égl asses 280 wll be

described. [0157]FIG 16(a) shows the variation of an electric .
potenti al [0M=3]0f arsOurcenddenastbpdusizog aiGel dé(rdl e poeenmeilakiviegnitof
t he counter el ectrode 214 as a reference, FI G 16(b) shows t he

vvav_efoymof a scannin nal volta VL (¢ Q ied
vari at i onP¥Fvesh dihsct e(‘,:t &FGHPF%IPt %119 Vhe C%Jlsﬁpg eI rode g%l By
using the electric potential Vcomof the counter electrode 214 as a
referencey, Rl Gn 18(-eShawe A8 the electric potential of the counter
electrode is not varied in the frame updating period.
Accordingly, the variation of the electric potential of the
display signal within the frame updating period can be
reduced, thereby reducing the power consumption.
[0159] Herein in FIG. 16(c), the variation of an electric
potential Vpe of the pixel electrode in a specific pixel is
focused on. The gradation level of this pixel is not varied
from the first frame updating period (1F} to the eight frame
updating period (8F), and the gradation level of this pixel of
the left-eye image data is substantially the same as the
gradation level of the right-eye image data. For example, the
pixel corresponds to a center portion of an object included in
an image to be displayed in the stereoscopic manner.

[0160] In the first frame updating period (1F), a display

signal indicating higher electric potential than that of the
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B0232SH turning on/of f of the backlight unit 250, and FIG 16(e)
shows the open/close of the shutter glasses 280. [0158]As is
understood fromFIG 16(a), the relationship between the el echfiesy
potential of the display signal supplied to each source |ine and the
electric potential of the counter electrode is not varied in the
frame updating period. Accordingly, the variation of the electric
potential of theO display signal within the frame updating period can
be reducezhuntiser ebeateddei B4t He pomed iednsanphicosouroes3frer ei heR
FIG 16(c), the variation of an electric

the scanning signal voltage for selecting a certain pixel
becomes an ON voltage, a display signal voltage is supplied to
a pixel electrode 224 of the certain pixel, thereby performing
the writing with positive polarity. At this time, the display
signal voltage supplied to the source line is set so as to
make the electric potential of the pixel electrode 224 a
target electric potential. The target electric potential is
set so that the potential difference between the counter
electrode 214 and the pixel electrode 224 corresponds to the
gradation level. In this way, the charging of the ligquid
crystal layer 230 is progressed by supplying the display
signal voltage to the pixel electrode 224. However, since the
liquid crystal panel 200 is driven at the vertical scanning
frequency of 240 Hz, and the period in which a scanning line
is selected and the display signal voltage is supplied to the
pixel electrode 224 is relatively short, the scanning signal
voltage is returned to the OFF voltage before the electric

potential of the pixel electrode 224 reaches the target

electric potential. The illuminating region 252 of the
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potential Vpe of the pixel electrode in a specific pixel is focused
on. The gradation level of this pixel is not varied fromthe first
frame updating period (1F) to the eight franme updating peri odBO8R)SH
and the gradation level of this pixel of0 the left-eye inage data is
substantially the same as the gradation | evel of the right-eye inmage
data. For exanple, the pixel corresponds to a center portion of an

obj ect included in an inmage to be djsplayed in the stereq I C
nanner._[QEQ%HHQ?HI%@lFi?ég iF RIS ngt piFddd YA pRe &l§§$§|%§ the
signal indicating higher electric potential than that of the B0232SH

first frame updating period, so that the right-eye image
written in the first frame updating period is not visually
recognized by the observer. The right-eye shutter 284 is
opened in the latter half of the first frame updating period.

[0161] In a second frame updating period (2F), a display
signal indicating higher electric potential than that of the
counter electrode 214 is supplied to the source line. As
described above, the writing of right-eye image is performed
successively in two frame ﬁpdating periods. When the scanning
signal voltage for selecting the corresponding pixel becomes
an ON voltage, a display signal voltage is supplied to a pixel
electrode 224 of the corresponding pixel, thereby performing
the writing with positive polarity. The polarity written in
the second frame updating period is the same as that in the
first frame updating period, and the display signal voltage
supplied to the source line is set so as to make the electric
potential of the pixel electrode 224 a target electric
potential with the same polarity as that of the target

electric potential in the first frame updating period.
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counter electrode 214 is supplied to the source line. Wen the
scanni ng signal voltage for selecting a certain pixel becones an ON
vol tage, a display signal voltage is supplied to a pixel elechhpgen
224 of the certain pixel, thereby performng the witing with
positive polarity. At this tine, the display signal voltage supplied
to the source line is set so as to make the electric potential of the
pi xel el ectrode 224 a target electric potential. The target electric
pot ent i alAdeorskingdy, t hae ¢lrciputcepoitghtdal fef dive Hiseheenethecdd Ed%er
el ectrode 214 and the pixel electrode 224 corresponds to the

gradation_| evel t.he charging of. t.he |igyi a
layer 230°5%° ogltglgseldaﬁ%/l\@gup%eftﬁdct h@og?s Sy si g%gfeg ﬁlg} {5
t he pi xel electrode 224. However, since the liquid crystal panel 200

is drivens@indifg \saghhtakoseagai g teeguentyroftd0rz, valnthdehe The
period in which a scanning line is selected and the display signal
voltage is supplied to the pixel electrode 224 is relatlvel% sho t

the scanmgrEngfarIveegirfe 332 <t hReB2EblIHY ceRtyvéPPadR bef

el ectric potential of the pixel electrode 224 reaches the target

electric &W&Fn$%%ovegbfcéﬂlH@%ﬁﬁEﬁ g?éﬁﬂ&fnagégrothéh%rlggg 29H the

backl i ght unit I's turned off a east in the mddle of the first
frame updating period, so that the right-eye imge witten in the

first framengsgendnggpeiked is pﬁqummﬁﬂahmyth@c@@ﬁpzédfb§m¢h@Pdatlng
@bserver The right-eye shutter 284 is opened in the | atter half of

e f1rStdrage UPdaL 09 perlod 1046l beao,seqand fdaneaundal

period (28 isplay s I ndi'cating hi ghe PectTi ¢ potentia
than that of theO counter electrode 214 is supplied to the source
| i ne. As destridedrabovepdabenyr igdmigdof righioreyegippgehies peghiorayed
successively in tw frane updating periods. Wen the scanning signal

voltage for selecting the corresgond%qgmglxe heconmes,an ON vol %g%
a di spl aylSBn AT IFoFHagB FECsAPEPICd T T WIREI Pl BEE T Bdet 20% B2 e
correspondi ng pi xel, thereby performng the witing with positive
pol ari ty. rgynagkdr byt i | J8ikvehQ
[0162] Next, in a third frame updating peried (3F), left-
eye image data is written. Herein in the third frame updating
period, a display signal indicating higher electric potential
than that of the counter electrode 214 1is supplied to the
source line. When the scanning signal voltage for selecting
the corresponding pixel becomes the ON voltage, the display
signal voltage is supplied to the pixel electrode 224 of the
corresponding pixel, thereby performing the writing with

positive polarity. Similarly, the display signal voltage

supplied to the source line is set so as to make the electric
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the second frame updating period is the sanme as that in the first
frame updating period, and the display signal voltage supplied to the
source line is set so as to make the electric potential of th&80pi2&s
el ectrode 224 a target electric potential with the same polarity as
that of the target electric potential in the first frame updating
period. B0232SH Accordingly, the electric potential of the pixel

el ectrode 224 reaches the target_electric potential. Thereafter, the

scanni ng Reefrltialol ©dgetPs ret¥fihed HSGERESOFF V0l ad@ IPhe LoCtL1C

illum nating region 252 of the backlight unit 250 is turned on over
one vert '%gér SCANNT NG e A3kt 8lo1hRetYr bti REaof 1hhensoEEesR@NEEAg:

pi xel is ormed 1n the second frane updating period. The right-eye
shutter 284 is kept opened over the second frame updating
peri od. Acapdali ing ypertilwal.r i itcoeyd ngimge thei elleat rhct hetericiond $F aflee
updating period is visually recogni zed by the observer.
pixel electrode 224 reaches the target electric potential.
The backlight unit 250 is still in the on state at the start
of the third frame updating peried, but is turned off before
the writing of the left-eye image data is performed in the (;J
third frame updating period. .Thus, the left-eye image written
in the third frame updating period is not visually recognized
by the observer. In the latter half of the third frame
updating period, the left-eye shutter 282 is opened.
(0163} Also in a fourth frame updating period (4F}, a
display signal indicating higher electric potential than that
of the counter electrode 214 is supplied to the source line. (:>
As described above, the writing of the left-eye image 1is
performed successively in two frame updating periods. When
the scanning signal voltage for selecting the corresponding
pixel becomes the ON voltage, the display signal voltage is

supplied to the pixel electrode 224 of the corresponding

pixel, thereby performing the writing with positive polarity.
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[0162] Next, in a third frame updating period (3F), left- eye inmge
data is witten. Herein in the third frame updating period, a display
signal indicating higher electric potential than that of the poupker
el ectrode 214 is supplied to the source Iine. Wen the scanning
signal voltage for selecting the correspondi ng pi xel becones the ON
vol tage, the display signal voltage is supplied to the pixel

el ectrode 224 of the corresponding pixel, thereby performng the
witing Wi posititse woltdent yin St | feunth  Freans WAL 619y AT 196l tidge
supplied to the source line is set so as to nake the electric

B0232SH pat enti al of th pi_X tr 4 t ri

potenti al Qn W tH The satfre poﬁna‘ratihty tglgi %aﬁ% tﬁgggélg !flir%g&rfe a&p?dzﬁk}eng
period. Accordingly, the electric potential of the pi er el ectrode
224 reachgssging taigedl evectrge [t epétalin Thechhaek| hghterinicha25Ches
still in the on state at the start of the third frane updating
period, but is turned off before the wrltln of %gf% eye.ima
data is perIUTHEd P61t M dthe aﬁfex‘ﬁjpd&tl E)r?)‘i 6 FhRudhe; h%ame
|l eft-eye image witten in the third frame updating period is not

visual ly ﬁ&%&%ﬁyyz%g QMa%h@fO@ﬁ?ﬁ%@@ek”ei@@tff@tﬁﬁtéﬁﬂiﬁlointfﬁétﬂﬁﬂﬂﬁ

frame

frame updating period. Accordingly, the electric potential of

N

the pixel electrode 224 reaches the target electric potential.
Thereafter the scanning signal voltage is returned to the OFF
voltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning period after the
writing of the corresponding pixel is performed in the fourth
frame updating period. The left-eye shutter 282 1is kept

opened over the fourth frame electric potential. Therefore,

Yl

the left-eye image written in the fourth frame updating period
can be visually recognized by the observer.

[0l64] In a fifth frame updating period (5F), a display
signal indicating lower electric potential than that of the
counter electrode 214 is supplied to the source line. Herein
when the scanning signal voltage for selecting a certain pixel

becomes the ON voltage, the display signal voltage is supplied
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updating period, the left-eye shutter 282 is opened. [0163]Also in a
fourth franme updating period (4F), a display signal indicating higher
electric potential than that of the counter electrode 214 is $0gpiSted
to the source line. As described above, the witing of the |eft-eye
image is performed successively in tw frame updating periods. Wen

t he scanning signal voltage for selecting the correspondi ng pi xel

becones the vol tage, the dis y signal_voltage.is supplie he
pi xel el eEPr Eﬂffﬁoflﬁﬁérg ?rgigdﬂiﬁﬁﬁ prx&f P %%E%fn%%%fogﬂéﬁﬁgy
the witing with positive polarity. B0232SH The polarity witten in

the fourtpefrare dypdati ngipend oiirs rddprsaaepasat haf. i rsitheathiyf dthe
frame updating period, and the display signal voltage is set in such
a manner that the electric potential of the pixel electrode 224 has
the same gobptay ysikmnalhatolémoehsuparlded EPeéﬁ?i gopBERntiR® +H $He S°
third frame updating period. Accordingly, the electric potential of

the pixel g ggtigde £2t.igaehes JOGdALIehreLREt e PURNIBLe 224 &

Thereaftefr™t he 'scanni ng Signa age Is returned to the

voltage. The illum nating region 252 of the backlight unit 250 is
turned ontavest or@everitccalotstannilng peéicwedeaft ertha hpoweiitng odf the
correspondi ng pixel is perforned in the fourth franme updating peri od.

The left-eye shutter 282 i s kept ~open over_ the fourth fra .
electric E%F%ﬁﬁi%i?CEﬁﬁﬁwﬁQ£%§%H?ﬁelﬁeﬁggbfﬁfﬁhaggeﬁfif%%ﬁtﬂﬁstﬁgrlOd
fourth frame updating period can be visually recognized by the
observer. ;50464] & Be fdfdde ehame repdahhogipeth@dfibih faratespbdyting
signal indicating |ower electric potential than that of the counter
el ectrode 214 is supplied to the source line. Herein when the

scanni ng Beghed: a5l ttags £BP SeRRRINHFIPNGdr VALha YT xET Tecdmes fhRet’N

vol tage, the display signal voltage is supplied
OFF voltage before the electric potential of the pixel

electrode 224 reaches the target electric potential. The
illuminating region 252 of the backlight unit 250 is turned
off in the middle of the fifth frame updatiné period. Thus,
the right-eye image written in the fifth frame updating period
is not wvisually recognized by the observer. In the latter
half of the fifth frame updating period, the right-eye shutter
284 is opened.

[0165] Periods from a sixth frame updating period (6F) to
an eighth frame updating period (8F) are the same as those
from the second frame updating period (2F) to the fourth frame

updating period (4F), except for the points that the polarity
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B0232SH to the pixel electrode 224 of the correspondi ng pixel,

t hereby performng the witing with negative polarity. Simlarly, the
di splay signal voltage supplied to the source line is set so ps3bod
make the electric potential of the pixel electrode 224 a target

el ectric potential. However, the polarity of the target electric
potential in the fifth frame updating period is set to be different
fromthat in the fourth frane updating period, so that the scanni n%
si gnal voift agee | dismtaw neidned tied t@BR woldt d4ge eflerdtyhefeltdet mige
potential of the pixel electrode 224 reaches the target electric
potential .. The i

. L1 Wy i i 52_of Kl | Unis 250 i
t ur ned ofeflelcﬁrf)ﬁg %E&S?%feg?d%ﬁgé O‘:'El}fttz’h ?ér?ar%ggpgzt%i n%%rl%gégnTﬁ%sﬂ,ﬁ

the right-eye image witten in the fifth frame updating period is not
vi sual | y geeagpizedthy thbeppbsaiueerdeskripheohai § esmhtattdd afn tdelefri ftoh
frame updating period, the right-eye shutter 284 is opened.

[ 0165] Periods froma sixth frame updati nggip,eri od wE%‘r‘“rtQ an eighth

frame upddoify FRAIGE (BECHEE 10Re sakB a4 1thd% f r BHE t RBVEET O ©F
frame updating period (2F) to the fourth frame updating period (4F),

except fQqi,1thePoigH SHNali . REAMNd Yperformed every four vertical
scanning periods in the liquid crystal panel 200.

[0166] As described above, by writing right-eye image data
and left-eye image data with the same polarity every two
vertical scanning periods, the reduction of aperture ratio and
the display unevenness can be suppressed. In addition, by
performing the inversion of polarity of the pixel every four
vertical scanning periods, the right-eye image data can be
written with positive polarity and negative polarity and the
left-eye image data can be written with positive polarity and
negative polarity in accordance with the wvertical scanning
periods. As a result, the shift in luminance caused by the
polarity can be suppressed.

[0167] In the above description, display signal voltages
with different polarities are supplied to adjacent source

lines, but the present invention is not limited to this.
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B0232SH of the di splay signal voltage and the polarity of the pixel
el ectrode 224 are different, so that the description which overl aps
with the previous description is omtted in order to avoid venbo®sH

description. In this way, the inversion of polarity of the pixels my

be perforned every four vertical scanning periods in the liquid
crystal panel 200. [0166] As descri bed above, by witing right-eye
image data and left-eye inmage data with the same polarity everY t WO
vertical Aldmmiatdvpéri odsy e&heeréadpt ifgarel WAt rPatid andtIHeyY
di spl ay unevenness can be suppressed. In addition, by performng the

i nversion_of polarity of I xel_ev I t i cal i 11
peri ods, ?*ﬁ?%ﬂ dﬁFFééssiH%gg gg%a;%ﬁﬁﬁﬁéj%ﬁg téﬁ&wF%hssgg???%ggb 2
polarity and negative polarity and the |left-eye i nage data can be
written wt htpesi sbvecollaneby andinegattveeppl adint yai rceadedndapeane
with the vertical scanning periods. As a result, the shift in

| um nance caused by the polarity can _be suppressed. [0167]1.n th
above des‘éi?cilf’d:tlif@n,P%H”s?ﬁfaytg?gr%ﬂla\%ltﬁ’ag%‘g %tcfllstﬁq'lafy[er%ﬁllaplol ‘é?ﬁall%es

are supplied to adjacent source lines, but the present invention is
not limtgdt0ddi§o respective source line may be inverted every

horizontal scanning period. For example, the liquid crystal
paneli200 may be driven by dot inversion. That is, at the end
of a certain frame updating period, polarities of pixels
adjacent in a row direction and a column direction may ke
inverted.

[0168] In the above description, pixels arranged in a
matrix are sequentially selected from the upper end of the
liquid crystal panel to the lower end thereof, but the present
invention is not limited to this. For example, a plurality of
pixels may be divided into one or more blocks corresponding to
two or more rows, respectively, and the writing may be
sequentially performed into pixels of one of an odd-numbered
row and an even-numbered row in a block with the same
polarity. Thereafter, the writing may be sequentially

performed into pixels of the other row in the block with
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B0232SH Alternatively, in a certain frame updating period, display
signal voltages with the sanme polarity may be supplied to all of the
source lines.Alternatively, in a certain frame updating peri ogy2b88
polarity of a display signal voltage supplied to respective source
line may be inverted every horizontal scanning period. For exanple,
the liquid crystal panel 200 may be driven by dot inversion. That is,
at the end0 of a certain franme updating period, polarities of pixels
adj acent palagitgwwiiicéctisondafferencolinem dilredctéonthaychseinvett ége
[0168] I n the above description, pixels arranged in a matrix are
sequentially selected fromthe upper end of the liquid crystal panel
to the | GRSV eeREPEhEPROO DI  he present invention is not linited to
this. For exanple, a plurality of pixels nay be divided into one or

nmore bl ocls 609r r espandhBgchSe tMRe18) JIXe s @08 respSPECEd Vi@ley blard tihe
witing may be sequentially performed into pixels of one of an
odd- nunbered row and an even-nunbered row in a block with the sane

pol arity. thenekidtichr crysiealv PERRY AR89 be Tsequddergl IYPI5ErR8r Mt ot o

pi xel s of the other rowin the block with
after the writing is sequentially performed into pixels of one

of the odd-numbered row and the even-numbered row, the writing
is sequentially performed into pixels of the other row. Such
driving is also referred to as source-line inversion driving.

[0170] Alternatively, in the case where pixels correspond
to a plurality of blocks in the liquid crystal panel 200, in a
frame updating period, after the writing is seguentially
performed into pixels of one of the odd-numbered row and the
even-numbered row in the block with the same polarity, the
writing is sequentially performed into pixels of the other row
with polarity which is different from that of the pixels of
the above-mentioned one row. For example, after the writing
is sequentially performed into pixels of one of the odd-
numbered row and the even-numbered row in a block, the writing
is sequentially performed into pixels of the other row, and

after the writing is sequentially performed into pixels of one
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BO232SH pol arity which is different fromthat of the pixels of the
above-nenti oned one row. [0169]1n the case where pixels correspond to
one block in the liquid crystal panel 200, in a frame updating(232SH
period, after the witing is sequentially performed into pixels of
one of the odd-nunbered row and the even-nunbered row, the witing is
sequentially perforned into pixels of the other row Such driving is
also referred to as source-line inversion driving. [0170]

Al t er nat i el she iqid-hambasedwhey ealpd Xdls Y @3BERgetor A" ptur B9 137707
bl ocks in the liquid crystal panel 200, in a frame updating period,
after the witi i s sequentjall : i el 5 f gde
odd- nunbg?]e‘%i:kr'o %dwfhlgl%ehg nﬁ%%geﬁé%l%rlgyi%é%%e%eﬁoc%ﬁ t%m%ﬁg sane
polarity, the witing is sequentially performed into pixels of the

ot her rowwd t Bripet arblyy Whgwdh i @r tiiffger ent af.somrtelfatrred tthe g5 Xelacof
t he above-nenti oned one row. For exanple, after the witing is
sequentially perforned into pixels of one oﬁ t he odd-nunberegu£gwﬁgpd
the even-Miferien BWiiAda bllyeRcathy wHit FRG F&35edlighti al Py
performed into pixels of the other row, and after the witing is
sequenti alt v, pRLFOT OBd [P0 dlKe! shOf n @i r POZB2SHLOT of NBixels (i.e.
odd- nunbered row and the even-nunbered row in the next block, the
witing is sequentially perforned into pixels of the other row. Such
driving ishal sombefer odd serrasngl oklagsiverre bt i ¥R ngachy H1Ca9 y3LS n
the case where a plurality of blocks are provided, the nunbers of
rows of pixels (i.e. the nunber i | duhcd } ash
bl ock are*®@ Ié?oe%%%hogﬁﬁﬁf. %ﬂ?éfﬁgélvégg,'?Eggﬁﬁnbefﬁq%? %ﬁﬁi of
pi xel's (i.e. the nunbers of scanning lines) included in each bl ock
may be diffesent (f romeechoibears. Suckasoinge-linre)i Aveteden ot i 93¢y
and bl ock inversion are disclosed in International Publication No.

WD2008/139693. In the present specification, .the desgripti s
| nt er nat i BHaFK PUBY| Ot i Bhfﬁfer\%Z 15%83 C>|ti“airr1cor %g‘r:gt ggﬂﬁgg line

ref erence.
| inversion driving and block inversion are disclosed 1in

Tnternational Publication No. W02008/139693. In the present
specification, the description of International Publication
No. WO2008/139693 is incorporated by reference.

[0171] FIG. 17(a) shows the polarities of written pixels
and the sequence in which the writing is performed in one
block. For example, in a certain horizontal scanning period,
after the writing is performed with different polarities into
pixels adjacent in the row direction in a certain row, 1in the
next horizontal scanning period, a row adjacent to the row of

pixels to which the writing is performed in the immediately
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[0171]FIG 17(a) shows the polarities of witten pixelsO and the
sequence in which the witing is perfornmed in one bl ock. For exanple,
in a certain horizontal scanning period, after the witing isgg32SH
performed with different polarities into pixels adjacent in the row
direction in a certain row, in the next horizontal scanning period, a
row adj acent to the row of pixels to which the witing is perforned
in the imedi ately B0232SH preceding horizontal scanning period is
ski pped, rardethegwhaedimpritalpestonmiod | PEoipixels @Iklapf-‘gw wHith ths
separated by two rows fromthe row of pixels into which the witing
is perforned.in the i di at el recedi n or i tal. scanni .qd
with the "$dme"HFolSr ipfa)r]}?gjs’m?%afx?ﬁ KHe |Sn’?roe%igat%c8€ ‘?)Hrleccg}‘he?jllrgnngg‘l%q)aq‘%‘rt!68
hori zontal scanning period. Thereafter the witing is sequentially
per f or meghWithdd tha@ssarempehar icby evepyxeldetnto®which heneblwacdking is
Thereafter, the witing is sequentially performed into the pixels of
the row which is skipped in the previous witing in the block wth
pol ari t y PETEPEREAt 1} oRNEhateaiehelhr RASGES IR thafg 2orhe twriT3 g9
al so perforned with the same polarity in every other row
Accor di n%e%’iotiprw:l%”gh@ And OpoPiXRlyS hE aHlockn ofthd Cihddititely
colum, the witing with positive polarity is perforned into pixels
of the even-nunbered row, and the witing with negative polarity is
per f or negrienedipgxbbsiointadle swhmogheesdod ow. The1ge] G Uy BLieng
he variation of electric potential VLs of the source |ine by using

rof or ence® AT CEAGLYaPPaF IO Ebot i cSHE Tt H LS T o e

frame
row in the block. Thereafter, the writing is sequentially
performed into the pixels of the row which is skipped in the
previous writing in the block with polarity different from
that of the previous writing. The writing also performed with
the same polarity in every other row. Accordingly, for
example, as for pixels in a block of a certain column, the
writing with positive polarity is performed into pixels of the
even-numbered row, and the writing with negative polarity is
performed into pixels of the odd-numbered row.
[0172] FIG. 17(b) shows the wvariation of -electric
potential VLs of the source line by using the electric

potential Veom of the counter electrode 214 as a reference.

Herein the variation of electric potential VLs in one frame

111



B0232SH updati ng period of a specific source line in the liquid
crystal panel 200 which is divided into two blocks is focused on.In
this source line, in one frame updating period, for exanple, B232SH
witing with positive polarity is perfornmed into pixels of

odd- nunbered rows in the first block, and then the witing with
negative polarity is perfornmed into pixels of even-nunbered rows.
Next, the witing with positive polarity0 is performed, into pi elswgf
odd- nunbevredbiriows pParipe sdcond BB andCrheh ﬂﬁgeww}qiﬁﬁmvjihqul
negative polarity is performed into pixels of even-nunbered rows. As

f th i di . . d iLi Bgoui
tg; saﬁesé%géﬁ?%Jg%gfﬁng%gggﬁéé? %%edf¢EH@H’EHEd‘¥N% pieukee: i Rgeudey

e witing wth negative polarity is

perfolilled into pixels of the odd-nunmbered rows in the first bl ock,
and then &he Wrht ithgswisbhrpesilthee pol ankt \f riesepeptior ed Parbodi xEds
in the even-nunbered rows. Next, the witing with negative polarity

is performed into pixels of the odd-nunbered row.in.the seco b ,
and t hen ?%%FR%Qwiqﬁf\MQHFlBSSVﬁFUepBB+%}Y?yp?i?ﬁﬁﬁﬁf&angrgﬁ @g%i§§€§

of the even- nunbered rows.
pixels of odd-numbered rows in the first block, and then the

writing with negative polarity is performed into pixels of
even-numbered rows. Next, the writing with positive poclarity
is performed into pixels of odd-numbered rows in the second
block, and then the writing with negative polarity 1is
performed into pixels of even-numbered rows. As for the
source line adjacent to the above-mentioned source line, in
the same frame updating period, the writing with negative
polarity is performed into pixels of the odd-numbered rows in
the first block, and then the writing with positive polarity
is performed into pixels in the even-numbered rows. Next, the
writing with negative polarity is performed into pixels of the
odd-numbered row in the second block, and then the writing
with positive polarity is performed into pixels of the even-
numbered rows.

[0173] Hereinafter, with reference to FIG. 18, the
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[0173] Hereinafter,with reference to FIG 18,the B0232SH vari ati on of
signal voltage in the stereoscopic display system 300, the backlight
unit 250, and the open/close of the shutter glasses 280 will Pbg32sH
described. [01741FI G 18(a) shows the variation of an electric
potential Vie of a display signal by using an electric potential Vcom
of the counter electrode 214 as a reference in the liquid crystal
panel 200 in the stereoscopic display node, FIG 18(b) shows the
wavef or mwefriatsoanaf ngigianaloltebeage Mhe gStGZHeGSCQB&)dJsW@sY tystem
vari ation of an electric potentl al Vpe of the pixel electrode 224 by

usi ng thg % g%ggig |aI cg of the count %gfagggtggd%glsl}macsteg

referenc urn?ng oneio Speci
il lumnati ng regi on 252 of the backl i ght unit 250, and FIG 18(e)

shows t hgyiepeskchaseyDf1 tdie aehuttipedgl asses 280. FIG 18 is the sane
as FIG 15 except for the point that the variation of the electric

potential VLs of the display si is different, so that
descri pt &3 4hi ch &v¥er| &(% t 1§ Wé abbYe- YRANIEGREd 88sci? pt?itﬁ?tl%c
omtted in order to avoid the verbose description. [0175]As is

under st O%Q)tfelit@%fl Gr.d8(@ . athgis®lAf i QAShEP by wusing an electric
potential Vecom of the counter electrode 214 as a reference in
the liquid crystal panel 200 in the stereoscopic display mode,
FIG. 18(b) shows the waveform of a scanning signal voltage
VLg, FIG. 18(c) shows the variation of an electric potential
Vpe of the pixel electrode 224 by using the electric potential
Veom of the counter electrode 214 as a reference, FIG. 18(d)
shows the turning on/off of a specific illuminating region 252
of the backlight unit 250, and FIG. 18(e) shows the open/close
of the shutter glasses 280. FIG. 18 is the same as FIG. 15
except for the point that the variation of the electric
potential VLs of the display signal is different, so that the
description which overlaps with the above-mentioned
description is omitted in order to avoid the verbose
description.

[0175] As is understood from FIG. 18(a), the relationship
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B0232SH between the electric potential of the display signal supplied
to the source line and the electric potential of the counter

el ectrode is not varied over about one quarter of the franme uBdaildty
period, so that the power consunption can be reduced. For exanpl e,
after the witing is perforned into pixels in odd-nunbered row of the
first block wwth positive polarity, the witing is perfornmed into

pi xel s in the even-nunbered row with nggative ogfgity” Thin thfied
wiiting i ReHERYbrimed SYRCEEpFxBPES i ¢helhddih &4 PoIP8f tHBP
second bl ock with positive polarity, and finally the witing is

perf or Mede Nt B PLYES 1 dd1Carkt A1 URRNGd of rehthanegst the counter
polarity. Accordingly, the polarities of pixels adjacent in the
colum direction at the end of the frane updating period are

di f f er ent efeommatchi oty . varni e Gvas(ahout hengotraetgy rel | Bhanfepme
the polarity of the display signal voltage is varied in the order of

positive, negative, positive nd .negat i ve 1ty he fi

franme upddf %ﬁ”ﬁbﬁggpo $ ?%CE%%%qgﬁ% “ﬁév%??gﬁﬁgﬁ%%1gﬁﬁkﬁeokéﬁh%ed'
di splay signal voltage supplied to a source line adjacent to the
source |ingriBxhhg1d) r sktér anmeupdatiing per i ek formear ijettd npistesl or ter
of negative, B0232SH positive, negative, and positive polarity. In
FIG 18(b), the period in which the scanni ng si, Eal vogtage th lg
the ON voPEdyrmpkersd) ngws ofF) ghe 18¢EFE f BAASEs ol t RESThAH Tt PEN=6t “Y he

el ectric potential Vpe of a pixel electrode 224 of a specific pixel

sel ected phen the (4 spl 3 Fo9hah ohtHopitdve DOl @Hd tavdnsnatppke@drow
fromthe source Iine inthe frame updating period. [0176]In a first

franme updating period (1F), the polarity of the display signal
suppl i ed wbth heegouirce pdlmeiity -varihed i rhehergitdag 8f pesitprped 1into
negative, positive, and negative polarity. In such a case, when the

scanning signal vl tage fol sgheetlng i prxelnbesorBaathaddt wien
vol tage, B &Fspl dy srgnal” voltage 1s supplied to the pixel electrode
224 of the pixel, so that the witing with positive polarity is
per f or medpo#t titd spdliaw,tyt, hengerfioclilly whieclvrd tsognaengekifpemgd into
sel ected and the display signal voltage is supplied to the pixel

el ectrode 224 is relatively short, so that the _electri.c. potential, of
the pixel PEFekEr odb 338 dBUSTTRETORARh (Y ¢ Hight ATETIC SSrentid

in sonme cases. [0177]1n a second frame updating period (2F), the
polarity accordingly, the polarities of pixels adjacent in the column

direction at the end of the frame updating period are
different from each other. In FIG. 18(a), the source line in
which the polarity of the display signal voltage is varied in
the order of positive, negative, positive, and negative
polarity in the first frame updating period is focused on.
However, the polarity of the display signal voltage supplied
to a source line adjacent to the source line in the first

frame updating period is varied in the order of negative,
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B0232SH of the display signal supplied to the source line is varied
in the order of positive, negative, positive, and negative polarity.
As described above, the witing of right-eye inmage data is pegheped
successively in tw frane updati ng periods. Wen the scanning signal
vol tage for selecting the correspondi ng pi xel becones the ON vol t age,
the display signal voltage is supplied to the pixel electrode 224 of
the correspondi ng pixel, and the witing with positive polarity which
is the sapesidsiviehenggbatvey dntd tiesitivst peraretyupddini AgCpel 8 o i sthe
performed. Thus, the electric potential of the pixel electrode 224
reaches the target electric potenti.al. Herein t tar el ectric
pot enti alPT The'3el ﬁﬂﬁf rtg‘ﬁe SFaR g $EEd ‘forslecéa(?&alqa% %%ettglgr gat
el ectric potential in the first frame updating period. Alternatively,
as descrihed el o slue Lo theppyerdsiye goévddy & the vakiatilde of
target electri'c potential in the second frane updating period may be
different fromthe target electric potential in the first frame
updat i ng P i 8dcThekeaPeERItide ¥B8nMThgasiRdFRL VOIYHEe%s 754 uPhed
to the OFF voltage. The illum nating region 252 of the backlight unit

250 is t%ﬁ&qﬂ% %’i‘%{elorkeele%(%%ézwen the display signal of positive

polarity is supplied from the source 1line in the frame

~~

updating period.

[(0176] In a first frame updating peried (1F), the polarity
of the display signal supplied tc the source line is varied in
the order of positive, negative, ©positive, and negative
polarity. In such a case, when the scanning signal voltage
for selecting the pixel becomes the ON voltage, a display
signal voltage is supplied to the pixel electrode 224 of the
pixel, so that the writing with positive polarity is
performed. At this time, the period in which a scanning line
is selected and the display signal voltage is supplied to the
pixel electrode 224 is relatively short, so that the electric
potential of the pixel electrode 224 does not reach the target
electric potential in some cases.

[0177] In a second frame updating periocd (2F), the polarity
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vertical scanning period after the witing into the corresponding

pi xel is performed in the second frane updating period. The right-eye
shutter 284 is kept opened over the second frame updating B0232SH
period. Accordingly, the right-eye inmage witten in the second frane
updating period is visually recogni zed by the observer. [0178] Next,
inathird frane updating period (3F), left- eye inmage data is
witten.In the third frapme updati period, the polarity.of the

di spl ay sPpndte dismle¥asStand éﬂﬁﬁﬂgfg FPnEh?ss%%f*% Jfﬁyfﬁev8F5%$ ot
negative, positive, negative, and positive polarity. Wen the
scanni ng ghgnal &l t age FoLisplEct ingatheepi Xgbs becanes ahlde GBgative

vol tage, a display signal voltage is supplied to the pixel electrode
224 of the corresponding pixel, and the witing with negative

pol ari ty pslaeitfor nde dAsssihedephovhe dispizitigiggedl niehtagee 1mage
supplied to the source line is set so as to nake the electric

Fovever - SR pbt TTAS TBF oL RECPRr BT oY et 1 oot (AL TR Ene Fhe o
frame updating period is set to be different fromthat in the second
frame updeiémg REE|I OGcanning signal voltage for selecting the
corresponding pixel becomes the ON veltage, the display signal
voltage is supplied to the pixel electrode 224 of the
corresponding pixel, and the writing with positive polarity
which is the same as the polarity in the first frame updating
period is performed. Thus, the electric potential of the
pixel electrode 224 reaches the target electric potential.
Herein the target electric potential in the second frame
updating period is equal to the target electric potential in
the first frame updating period. Alternatively, as described
below, due to the overdrive driving or the like, the target
electric potential in the second frame updating period may be
different from the target electric potential in the first
frame wupdating period. Thereafter, the scanning signal

voltage is returned to the OFF voltage. The illuminating

region 252 of the backlight unit 250 is turned on over one
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B0232SH Thus, before the electric potential of the pixel electrode
224 reaches the target electric potential, the scanning signal
voltage is returned to the OFF voltage. [0179]1n a fourth fragg3zsy
updating period (4F), the polarity of the display signal supplied to
the source line is varied in the order of negative, positive,
negative, and positive polarity. Wen the scanning signal voltage for
sel ecting the O corresponding pixel becones the ON voltage, a di s Ia
signal volardgeals sigpiniad t caiedpi xaitedl ecthodewp2ing t hgto
correspondi ng pixel, and the witing is performed with negative

I whi
Bce)r ?:Jldt y,&cclocgf)ﬁgij t%e”gj[ Zl(S: f’é]e(a:tt po&eﬁ?ﬁglt %%d %e pi xf?gﬁ% elg%r oc} J

224 reaches the target el ectric potential. Thereafter, the scanning
signal vaqldrdge.i s Tied uehgidt teoyd hemGRf} 284 is kept opened over the

second frame updating period. Accordingly, the right-eye
image written in the second frame updating period is wvisually
recognized by the observer.

[0178] Next, in a third frame updating period (3F), left-
eye 1image data is written. In the third frame updating
period, the polarity of the display signal supplied to the
source line is wvaried in the order of negative, positive,
negative, and positive polarity. When the scanning signal
voltage for selecting the pixel becomes the ON voltage, a
display signal voltage is supplied to the pixel electrode 224
of the corresponding pixel, and the writing with negative
polarity is performed. Also herein the display signal voltage
supplied to the source line is set so as to make the electric
potential of the pixel electrode 224 a target electric
potential. However, the polarity of the target electric
potential in the third frame updating period is set to be

different from that in the second frame updating period.
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voltage. The illum nating region 252 of the backlight unit 250 is
turned on over one vertical scanning period after the witing into

t he corresponding pixel in the fourth franme updating period i 802328H
performed. The |l eft-eye shutter 282 is kept opened throughout the
fourth frame updating period. Accordingly, the left-eye imge witten
in the fourth frame B0232SH updating period is visually recognized

by the observer [ 0180] As. descri bed a t he | iqui S
panel 2000 My HEASHepE el LG b B PGB 2t o1 RiPT Grocto0e 224

successively in two vertical scanning periods wth the sane

polarity. o, addi t{es, theheeach Rickel, Jdtehtigye ivmgese@imines sdridlen
successively in tw vertical scanning periods with the sane polarity.

Accordingly, the reduction of aperture ratio and the display
unevennesgottayehd ssupprere@dio ¢ #FSovedta2&d doubl e- speed dri ving
liquid crystal panel can be utilized as the liquid crystal panel 200.

I n addi ti ggﬂgg.v ner L 0g,Lbe POLALIdua0h i el po@very L uacverticaly

scanni ng € occurrence e Suppr essed.

of the display signal supplied to the source line is varied in
the order of negative, positive, negative, and positive
polarity. When the scanning signal voltage for selecting the <i}
corresponding pixel becomes the ON voltage, a display signal
voltage is supplied to the pixel electrode 224 of the
corresponding pixel, and the writing is performed with
negative polarity which is the same as that in the third frame
updating period. Accordingly, the electric potential of the
pixel electrode 224 reaches the target electric potential.
Thereafter, the scanning signal voltage is returned to the OFF (:)
voltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning period after the
writing into the corresponding pixel in the fourth frame
updating period is performed. The left-eye shutter 282 is

kept opened throughout the fourth frame updating period.

Accordingly, the left-eye image written in the fourth frame
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[0181] I n the case where the witing of four franme updating periods
shown in FIG 18 is repeatedly perforned, right-eye inmage data is
witten into the pixel with positive polarity, and left-eye i gggesy
data is witten with negative polarity. As described above, in the
case where the respective polarities of the right-eye i nrage data and
the left-eye image data witten into one and the sanme pixel are
fixed, even if the gradation |evels of the right-eye i mage data and

t he | ef t -uydnt1B@2 82 8ibd meg ev idaiad 19f race®rizeich byi X6k epecwmial to each
ot her, the lum nance of the pixel into which the right-eye image data

is witten,is..different framthe | um nance of. the pixel _int i

t he Ieft-@eeﬁ]nageﬁﬁaagsfgﬁﬁcs tEfbéW?Aslg glé%lcjﬁilﬁulgdg:&ﬁ%#%id?%b%fcﬁ’
cannot be perfornmed in sone cases. Therefore, preferably, for each

pi xel , rigy eye biREE, dBéfrisaMibendatd N Pasditites patasssdwedyd in
negative polarity in0O accordance with the period, and simlarly,

| eft-eye i mage data _ .
two “vertical scanning periods with the same polarity. In

addition, for each pixel, right-eye image data 1is written
successively in two vertical scanning periods with the same
polarity. Accordingly, the reduction of aperture ratio and
the display unevenness can be suppressed, and a so-called
double-speed driving liquid crystal panel can be utilized as
the liquid crystal panel 200. In addition, ky inverting the
polarity of pixels every two vertical scanning periods, the
occurrence of flicker can be suppressed.

[0181] In the case where the writing of four frame updating
periods shown in FIG. 18 1s repeatedly performed, right-eye
image data is written into the pixel with positive polarity,
and left-eye image data is written with negative polarity. As
described above, in the case where the respective polarities
of the right-eye image data and the left-eye image data
written into one and the same pixel are fixed, even if the

gradation levels of the right-eye image data and the left-eye
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is witten with positive polarity and negative polarity inaccordance
with Ehe pe¥|oq. [PlBZ]Fbreinafter,mﬁth reference to FIG 19,the
variation of signal voltage in the stereoscopic display syste

the backlight unit 250, and the open/close OP t he sﬁut?eryglagg%gggéo
will be described. 0 [0183] FIG 19(a) shows the variation of an

el ectric potential VLs of a source line by using an electric
potential Vcom of the counter electrode 214 as a reference, FIG

19(b) shoimadeedaizvebdr m clerdasoamikay Srgnalauedl tayeeadly, O/aE, 191%)
shows the variation of an electric potential Vpe of the pixel

el ectrode, 224 by usi the_.electrjc potent

counter elEEHEEE 2 4%§§" Rifg e?’%% s %Gﬂl’%g(rﬁ)%%r@% %S’%%ﬁahngis
on/ of f of the backlight unit 250, and FIG 19(e) shows the open/ cl ose
of the shyt{w@ferdl asses r280ent 0k34hAxHs Umaliiatcodof r ammeFIpBxel9(HE)50

the relationship
which the left-eye image data is written. As a result,
adequate display cannot be performed in some cases.
Therefore, preferably, for each pixel, right-eye image data is
written with positive polarity and negative polarity in ()

accordance with the period, and similarly, left-eye image data

is written with positive polarity and negative polarity in

accordance with the period.

[0182] Hereinafter, with reference to FIG. 19, the

variation of signal voltage in the stereoscopic display system

300, the backlight unit 250, and the open/close of the shutter

glasses 280 will be described.

[0183] FIG. 19(a) shows the variation of an electric

potential VLs of a source line by using an electric potential

Veom of the counter electrode 214 as a reference, FIG. 19 (b)

shows the waveform of a scanning signal voltage VLg, FIG.

19(c) shows the variation of an electric potential Vpe of the

pixel electrode 224 by using the electric potential Veom of
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between the electric potential of the display signal supplied to the
source line and the electric potential of the counter electrode is
not varied over about one quarter of the franme updating peri ofg>39H
that the power consunption can be reduced. In FIG 19(a), the source
line in which the polarity of the display signal is varied in the
order of positive, negative, positive, and negative polarity in the
first frame updating period is focused on. However, the polarity of

t he di splthe siqmaersapptireda Rl ssurceef¢rrnaslj ddént 1044} hehasuritde
line in the first frame updating period is varied in the order of
negative, _positive, garive, .and.positive rity. G C)

f ocuses oﬂpﬁrﬁ‘élgvgwggfoﬁ of % H:’eacg(llégf’lrci %nlp)%%gn i 8 Egbbf]'%?%i ajns
el ectrode 224 of a specific pixel selected when the display signal of
posi tive §yd ajgehycisssupplited dshatthbe §oadses I3g0e in the frane
updating period. FIG 19 is the sane as FIG 18 described above
except for the point that the B0232SH variation of the electric .
potenti al QA& lof tRe disspinslprsitgrdl TEABWALEn EPE) 10Fhs Felafyansindm
so that the description which overlaps with the above-nentioned
descri ptiQn Je$ 0%kt @d B9k dsété&i?a\agld(% tt;h% \aqrsgqggarg??m PhigLied

[0185]In a first frame updating perio 1F), the po y of the

‘di splay signal supplied to the source line is varied in the order of

posi ti ve,tnegst i s@irqsodiitnev@ndarfdhensgacitvéo poteamiial Hef eilie ehdietthe

Ecanning signal voltage for
electrode is not varied over about one gquarter of the frame
updating period, so that the power consumption can be reduced.
In FIG. 19{(a), the source line in which the polarity of the
display signal is varied in the order of positive, negative,
positive, and negative polarity in the first frame updating
period is focused on. However, the polarity of the display
signal supplied to a source line adjacent to the source line
in the first frame updating period is varied in the order of
negative, positive, negative, and positive polarity. FIG.
19(c) focuses on the variation of the electric potential Vpe
of a pixel electrode 224 of a specific pixel selected when the
display signal of positive polarity is supplied to the source

line in the frame updating period. FIG. 19 is the same as

FIG. 18 described above except for the point that the
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sel ecting the pixel beconmes the ON voltage, a display signal voltage
is supplied to the pixel electrode 224 of the pixel, so that the
witing with positive polarity is performed. At this tine, thB0232SH
di splay signal voltage supplied to the source line is set so as to
make the electric potential of the pixel electrode 224 the target
electric potential. However, at thisO tinme, the period in which the
scanning line is selected and the display_signal voltage is supplied
to the pivastiadliest oddehe28lpetEEf eIty adnhdite, °fo HRaf fR a%c%?ﬁﬂaﬁg
signal voltage is sonetinmes returned to the OFF voltage before the
el ectric potential t hxel.e 224 .r es eqtakgeition
electric %3?ght%§IF%E[01 6 %1%?52%%%%9 raheéapgg%?hguggrsgd (g%),
the polarity of the display signal supplied to the source line is
vari ed i nwhieh ervédernapb poshtilwe atnegateneiopodiddaa;ipgadnnégaeiieted
polarity. As described above, the witing of right-eye image is
performed successively in tw frame updatin eri ods. Wen the

scanni ng 5 girsle v &Pt 84817 oS 818 PPy ?ﬁ‘érjc‘%?foe%‘pondi ng pi xel becones
the ON voltage, the display signal voltage is supplied to the pixe

el ectrode; @k of the GOrdiespoRdbAg BbXet inanskAiel WiEY i nghei pblarity
positive polarity is performed. The polarity with which the witing
is perfornmed in the second franme updating period is the sane_as éhe
pol arity ¢h thre diispdeyf pagealipthRRIAGERT BBS TAHSS thdSeractRFEsd 11
potential of the pixel electrode 224 reaches the target electric
potential ., Thereafter .t in i VO S T elhdr ngdqheitde
OFF voItaEEf -ﬁﬁ§§ﬁ Iﬁgin ??%gfgggigﬁ%%%gggf t %égggtﬁig%t unitg250 is
turned on over one vertical scanning period after the witing into

t he correspbandityg pi xBérésn pemhenmethé n sdearsegondigrake Viggdagengtor
period. The right-eye shutter 284 is kept opened over the second
frame updating periqd: ASCHrdidghks LhE bholoiyge! M08l LEC0: bhk

voltage is supplied to the pixel electrode 224 of the pixel,
so that the writing with positive polarity is performed. At
this time, the display signal voltage supplied to the source
line i; set so as to make the electric potential of the pixel
electrode 224 the target electric potential. However, at this
time, the period in which the scanning line is selected and
the display signal voltage is supplied to the pixel electrode
224 is relatively short, so that the scanning signal voltage
is sometimes returned to the OFF voltage before the electric

potential of the pixel electrode 224 reaches the target

electric potential.
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B0232SH updating period is visually recogni zed by the observer.
[0187] Next, in a third frame updating period (3F), left- eye inmge
data is witten.In the third frame updating period, the pol argpysety
the display signal supplied to the source line is varied in the order
of positive, negative, positive, and negative polarity.Wen the
scanni ng signa

[01B6] In a second frame updating period (2F), the polarity
of the display signal supplied to the source line is varied in
the order of positive, negative, positive, and negative
polarity. As described above, the writing of right-eye image
is performed successively in two frame updating periods. When
the scanning signal voltage for selecting the corresponding
pixel becomes the ON voltage, the display signal voltage is
supplied to the pixel electrode 224 of the corresponding
pixel, and the writing with positive polarity is performed.
The polarity with which the writing is performed in the second
frame updating period is the same as the polarity in the first
frame updating period. Thus, the electric potentizl of the
pixel electrode 224 reaches the target electric potential.
Thereafter, the scanning signal voltage is returned to the CFF
voltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning period after the
writing into the corresponding pixel 1is performed in the
second frame updafing period. The right-eye shutter 284 is
kept opened over the second frame updating pericd.

Accordingly, the right-eye image written in the second frame
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vol tage for selecting the pixel becones the ON voltage, a0 display
signal voltage is supplied to the pixel electrode 224 of the
correspondi ng pixel, and the witing is performed with positiBe232SH

polarity

which is the sane as that in the second frame updating

period. Thus, the electric potential of the pixel electrode 224
reaches the target electric potential. [0188]In a fourth frane

updati ng

period (4F), the polarity of the display. signal %$£plied to

the sour cepdatiad pevapd eth i SUee 18 deFoSRIFRE I V8¢ REgREY

positive,
| eft-eye
peri ods.

and negative polarity. As described above, the witing of

(iB0R | S RELLor Rd SUGaeasiotehk LBdbYe " SOB SPIRSING tert-

t he scanhi ng signal "voltage for sefecting the

correspondi ng pi xel becones the ON voltage, a display signal voltage

is suppli

@f t anbbe piatel £k eotrioden224 ah t ties cohiedpdimdineg UBIPBISH
period, the polarity of the display signal supplied to the
source line is varied in the order of positive, negative,
positive, and negative polarity. When the scanning signal
voltage for selecting the pixel becomes the ON voltage, a
display signal voltage is supplied to the pixel electrode 224
of the corresponding pixel, and the writing is performed with
positive polarity which is the same as that in the second
frame updating period. Thus, the electric potential of the
pixel electrode 224 reaches the target electric potential.
[0188)] In a fourth frame updating period (4F), the polarity
of the display signal supplied to the source line is varied in
the order of positive, negative, positive, and negative
polarity. As described above, the writing of left-eye image
is performed successively in two frame updating periods. When
the scanning signal voltage for selecting the corresponding
pixel becomes the ON voltage, a display signal voltage is

supplied to the pixel electrode 224 of the correspending
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pi xel , and the witing is perforned with positive polarity which is
the sanme as that in the third franme updating period. Accordingly, the
electric potential of the pixel electrode 224 reaches the targgizssy
electric potential. Thereafter, the scanning signal voltage is
returned to the OFF voltage. The illum nating region 252 of the
backlight unit 250 is turned on over one vertical scanning period
after the witing into the corresponding pixel is perforned in the
fourth frimelupdatd nghperirot inghd sl eferfoymedhutittéy 82 tiiyek aprlagidned
throughout the fourth frame updating period. Accordingly, the

| eft-eye i e Wi ten in the fourth frame .u

V|suaIIyVFE' grii°z &30y P heob5? Vet T%ﬁggffgp%& A tﬁ8§%gﬂﬁﬁdﬁﬁgtlng
period (5F), the polarity of the display signal supplied to the
source | im@draivglipdthd dha-torideboobnbeg@htdV eshep@3kbilVvel etiegadd \224
and positive polarity. Herein, when the scanning signal voltage for
sel ecting the correspondi ng plxel becones the ON voltage, a dlspl?y
si gnal volesgesi stBappFaedrt o HFETFiRel PRt dde 22XhEFeHeer,  the
correspondi ng pixel, and the witing is performed with negative

pol ari ty. Al $Qn.t he olhsPhay: signak yettﬁge% PR hrBA2AZSet 0 trihe
source line 1s get So as to nake the electric potential of the pixel
el ectrode 224 the target electric potential. However, the polarity of
t he t ar geitlleireéobting poeeinn #52 @fthéefbackﬂiqhhnynuﬁdaﬁpngsp@mt&ﬁﬁ|Q§
Eet so as to be different fromthe polarlty in the fourth frane

u

Pt 00 R T W 088052 A0S ELILS BOLantigl g ke

el ectrode e targe ent i anni ng
signal O
corresponding pixel is performed in the fourth frame updating
period. The left-eye shutter 282 is kept opened throughout
the fourth frame updating period. Accordingly, the left-eye
image written in the fourth frame updating period is visually
recognized by the observer.
[0189] In a fifth frame updating period {(5F), the polarity

of the display signal supplied to the source line is varied in
the order of negative, positive, negative, and positive
polarity. Herein, when the scanning signal voltage for
selecting the corresponding pixel becomes the ON voltage, a
display signal voltage is supplied to the pixel electrode 224
of the corresponding pixel, and the writing is performed with

negative polarity. Also, the display signal voltage supplied
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voltage is returned to the OFF voltage. [0190] Periods froma sixth
frame updating period (6F) to an eighth franme updating period (8F)
are the sane as those fromthe second frane updating period (BB}32Se!
the fourth frame updating period (4F), except for the points that the
timng at which the polarity of the display signal voltage is
inverted is different, and that the polarity of the pixel electrode

224 is different, so that the description mh%ch overla%s.mﬁth t he. 1
above desE?igtd GFPUESSoM PR etf i 5Pt @ef St 5al0FY T 5JSE deS PP ot

In this way, the inversion of polarities of the pixels my be

performed,evepy four.1vegidcalofeappinger i Hdfet Nelber HQupdtentysdinl
panel 200. [0191]1n the description with reference to FIG 17 to FIG
B0232SH 19, all of the pixels in the liquid crystal panel 200 are

di vi ded iMbwetaw Blreckolabitytdd phresemadnadfdtgaci sorentiahi tedtis
this. The pixels may be divided into three or nore blocks. In

addition, .t nunber of. bl ocks be set. | cqordance ;wi-Lh er
iIIuninatfh%ﬁ}ééﬁgﬁéufgigﬁPgt%%H%%%kF?é%?zd%i?%Q%S,%%oglggén%%g. %%W
the provision of three or nore bl ocks in accordance with three or

more il uphdabbngriegi dms, tike t ifsRrpRr i fxthrfer oapddrei rendpetiodi ti nGhusit o
pixels in a block in a certain frane scanning period to the start of

witing into pixels in the block in the next frane scannin rio

can be ex®®FISt, t86 tHACTH L PRy aP%ditsHﬂ a?lﬁﬁfﬂ ceg%%trﬁ fi gﬂ“

| um nance in which the occurrence of cross-talk is suppressed can be (ij
easi |y ang. sinm yrrealiazgde [0L22khA thaahowe, dager i §tdiny t Bignal ~

reference to FIG 17

voltage is returned to the OFF voltage.

[0190] Periods from a sixth frame updating period (6F) to
an eighth frame updating period (8F) are the same as those
from the second frame updating period (2F) to the fourth frame
updating period (4F), except for the points that the timing at
which the pol%rity of the display signal voltage is inverted
is different, and that the polarity of the pixel electrode 224 ~
is different, so that the description which overlaps with the
above description is omitted in order to aveid verbose
description. 1In this way, the inversion of polarities of the
pixels may be performed every four vertical scanning periods

in the liquid crystal panel 2Q0.

[0191] In the description with reference to FIG. 17 to FIG.
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to FIG 19, the witing in the odd-nunbered rows and the witing in

t he even-nunbered rows in successive bl ocks are perforned
alternately, but the present invention is not |imted to thisggiEhgH
writing of one of the odd-nunbered row and the even-nunbered row over
t he successive bl ocks may be perfornmed successively. For exanple, the
witing wiwth B0232SH positive polarity is perforned into pixels in

t he odd-nunbered rows of the first block, and then the witing wth
negati ve I¥bl a2l yof s ther fromede i othw x&EgRig FHES%@%nPﬁHﬁ%e?BB FS s
of the first block. Thereafter, the witing with negative polarity is

perfornE%Fhﬂk%dPhﬁﬁk? L?%t%§08¥?n'%ﬂqbQ5ﬁg Eouse.f 1R seaand; Bl eck

and t hen e witing w posriTve polarity Is performed I nto pixels
in the odd-nunbered rows of the second block. In addition, the
witing witditedsicbi veipol artid piixelpenfpribedivitdedpixebsthned her more
odd- nunbered rows of the third block, and then the witing with

negative polarity is perfornmed into pixels i e even-nunbered,rows
of the tmerd“-h@rock.In[@ﬁéwﬁntheﬂ@bd@%@fe%c??pw8ﬁ,siﬁ‘atyh ¢ set i

stereoscopi c display node, left-eye inmage data and right-eye inage

data are Jespeehixely cr ths e 1 @i data nverirklygahs Sgsmnbngciper bacisl i grd
the polarity of each pixel is inverted every two or four vertica
scanni ng periods, but the present invention is not limted to this.
The pol arirtit o?5®achopi RERMAES- be BynvElre eBrevesipn wot of NRBReor more
ven- nunbered vertical scanning periods. For exanple, the polarity of

ach pix%hiﬁﬁ¥ Q% %%%8Eﬁggcgvﬁfgh B8023294F more illuminating regions,

a time period from the end of writing into pixels in a block
in a certain frame scanning period to the start of writing
into pixels in the block in the next frame scanning period can
be extended, so that a liquid crystal display device with high
luminance in which the occurrence of cross-talk is suppressed
can be easily and simply realized.

[0192] In the above description with reference to FIG. 17
to FIG. 19, the writing in the odd-numbered rows and the
writing in the even-numbered rows in successive blocks are
performed alternately, but the present invention 1is not
limited to this. The writing of one of the odd-numbered row
and the even-numbered row over the successive blocks may be

performed successively. For example, the writing with

127



six, or eight or nore vertical scanning periods. [0194]1n the above
description, in the stereoscopic display node, the right-eye inage

data and the left-eye inage data witten for the second tine @&e3idie
sanme as the right-eye inage data and the |left-eye inmage data witten
for the first time, respectively, and the witing of equal gradation
| evel is performed twice into the respective pixel, but the present

invention is not limted to this 0195] For each of t plurality o
pi xel s, bE@%%F%ﬁ?tHﬂ%%&ﬂéMa%FOBGFQRRﬂequ“EQrPéﬁﬁl?nﬁbénﬁh Q'aﬁam?%ﬁﬁé

gradation | evel of image data previous to the above-nentioned i mage

data, the gradati 2R | gyekiob1bhe, ahaverRent igred irRgs dath wRYabeve
set. In the case ere the gradation level is varied over the

successive inmage data, the gradation level is set in such a manner
that the pobamityofisvaerdbroed oin‘ttmepigﬁée@atihohhe evednimuibgrger renanct
the original anmount of variation. [0196] For exanple, in the

SUCCoSSl VEr RS £ 21 b0 1o EABEAHOEE S U SLALELLDT LGN rosauive

| evel corresponding to high
polarity is performed into pixels in the even-numbered rows of
the second block, and then the writing with positive polarity
is performed into pixels in the odd-numbered rows of the
second block. In addition, the writing with positive polarity
is performed into pixels in the odd-numbered rows of the third
block, and then the writing with negative polarity 1is
performed into pixels in the even-numbered rows of the third
block.
[0183] In the above description, in the stereoscopic
display mode, left-eye image data and right-eye image data are
respectively written for two vertical scanning periods, and
the polarity of each pixel is inverted every two or four
vertical scanning periods, but the present invention is not
limited to this. The polarity of each pixel may be inverted

every two or more even-numbered vertical scanning periods.

For example, the polarity of each pixel may be inverted every
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effective voltage, the gradation level is set so as to B0232SH
correspond to still higher effective voltage. Accordingly, even liquid
crystal nolecules with relatively sl ow response speed nay be mpanggd
into the alignnent condition corresponding to the high effective
voltage in a relatively short tinme. Alternatively, in the successive
i mge data, in the case where the gradation | evel corresponding to
hi gh effective voltagei s changedinto gradation | evel 0 correspondi ng
to | ow efsfiect Precvaht arfe marise verhted Givanajapg pesrseds so as to
correspond to still lower effective voltage. Accordingly, liquid

crystal I | es y ch d into. the.alignpent ndit i -
correspo ﬂ%gwto tgg Igﬁfef é%%?véﬂ§%F§§§é8#h aﬂﬁelgﬁ$vg%%hgﬁgfﬁplc
time. Such driving is also referred to as overdrive driving.

display mode, the right-eye image data and the left-eye image
data written for the second time are the same as the right-eye
image data and the left-eye image data written for the first
time, respectively, and the writing of equal gradation level
is performed twice into the respective pixel, but the present
invention is not limited to this.

[0195] For each of the plurality of pixels, based on the
gradation level of certain image data and the gradation level
of image data previous to the above-mentioned image data, the
gradation level of the above-mentioned image data may be set.

In the case where the gradation level is varied over the

N

successive image data, the gradation level is set in such a
manner that the amount of variation of the gradation level is
larger than the original amount of variation.

[0196] For example, in the successive image data, in the
case where the gradation level corresponding to low effective
voltage is changed into gradation level corresponding to high

effective voltage, the gradation 1level 1is set so as to
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[0197] FIG 20 shows the schematic diagram of the stereoscopic display
system 300 which perforns overdrive driving. The timng controller 120
i ncludes a signal duplicating potion 122 and an overdrive dri W0R3SH
portion 124. [0198] As descri bed above with reference to FIG 3(a)
and FIG 5, the frame rate control circuit 110 generates a video
signal having a higher frame rate than the frame rate of 60 B0232SH

dhta are SPFERGEI not htor HerBReRosTEPCt I DPItHS - L2 bt

in the video signal.
even ligquid crystal molecules with relatively slow response
speed may be changed into the alignment condition
corresponding to the high effective voltage in a relatively
short time. Alternatively, in the successive image data, in
the case where the gradation level corresponding to high
effective voltage is changed into gradation level
corresponding to low effective voltage, the gradation level is
set so as to correspond to still lower effective voltage.
Accordingly, ligquid crystal molecules may be changed intc the
alignment condition corresponding to the low effective voltage
in a relatively short time. Such driving is also referred to
as overdrive driving.
[0197] FiG. 20 shows the schematic diagram of the
stereoscopic display system 300 which performs overdrive
driving. The timing controller 120 includes a signal
duplicating potion 122 and an overdrive driving portion 124.
[0198] As described above with reference to FIG. 3(a) and

FIG. 5, the frame rate control circuit 110 generates a video

signal having a higher frame rate than the frame rate of 60
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[ 0199] The signal duplicating portion 122 generates a display signal
having a franme rate of 240 fps based on the video signal -having a
frame rate of 120 fps. Specifically, the signal duplicating pgpiixn
122 duplicates left-eye imge data and right-eye image data of the

vi deo signal, respectively, and arranges themin the display signa

in such a manner that paired |eft-eye i mage data and paired right-eye
i mge data are successively arranged. Herein, in the display signal

i mge datfpROcfRGhe | inpit RiLdeRl, signalsi , bReed Rpn |phe | AnpRE, pideo
L2, L2 ... are arranged in this order. [0200] The overdrive driving

ti 124 d [ dat a_based, | t d
Phe. pr ovi G hiage ita. SF0biri AXCRJOR of Toli G The il Ly S

pi xel s, new gradation level is set based on the gradation | evel of

t he i nagerdats ,cangerpedr2 andit heegradad i onglavel of the previous

i mage data. [0201] Herein, one pixel is focused on in order to prevent
B0232SH t he description from bei ng excessively conplicated, and the

descripti RS overdei vELEPRYi iy 1d FEAREr B F4PT hd2CasECREF & hé

imge data is varied in the order of RO RO Li, and LI.
display signal having a frame rate of 240 fps based on the

video signal having a frame rate of 120 fps. Specifically,
the signal duplicating portion 122 duplicates left-eye image
data and right-eye image data of the wvideo signal,
respectively, and arranges them in the display signal in such
a manner that paired left-eye image data and paired right-eye
image data are successively arranged. Herein, in the display
signal, image data RO, RO, L1, L1, R1l, R1l, L1, L1, R1l, R1l, L2,
L2, R2, R2, L2, L2 .. are arranged in this order.

[02001] The overdrive driving portion 124 produces new image
data based on image data concerned and the previous image
data. Specifically, for each of the plurality of pixels, new
gradation level is set based on the gradation level of the
image data concerned, and the gradation level of the previous
image data.

[0201] Herein, one pixel is focused on in order to prevent

131



[0202] In the case where the inmage data of the display signal output
fromthe signal duplicating portion 122 is not varied, the overdrive
driving is not perfornmed. In such a 0 case, the inage data of BoIs@SH

di splay signal output fromthe overdrive driving portion 124 is RO (=

OS(RO-4R0)). Herein, the function OS(X-4Y) indicates the image data
of the display signal output fromthe overdrive driving portion 124
when the image data of the display signal output fromthe signal
dupl i cat i Hp pdes¢oiptize | Erammr PeHNG r eRFIetiyety [ezuRyted i michdhe
case where the inage data of the display signal output fromthe

signal duplicating porti . : | f r.am ' b CRpkeS
differ ent&ﬁ'(:ornﬁ%,%nt h(geE oggﬁéggb%éd}ﬁ?\%%gi sl%pe ofrcr%\enlclé.le \Ig?llrls'lt%}lbi tcailsse
assumed that the gradation level of a certain pixel in which the

i mage datwhdRQ itheWwinbended respandedt enathewerdam|dfag®, BAd bhe and
%(r)gggtsi_'on | evel of the pixel of the imge data Li corresponds to a

{0202] In the case where the image data of the display
signal output from the signal duplicating portion 122 is not
varied, the overdrive driving 1s not performed. In such a
case, the image data of the display signal output from the
overdrive driving portion 124 is RO (= OS(RO—R0)}. Herelin,
the function 0S(X—Y) indicates the image data of the display
signal output from the overdrive driving portion 124 when the
image data of the display signal output from the signal
duplicating portion 122 is varied from X to Y.

[0203] Next, in the case where the image data of the
display signal output from the signal duplicating portion 122
is varied from RO to L1 which is different from RO, the
overdrive driving is performed. First, it is assumed that the
gradation level of a certain pixel in which the image data RO
is written corresponds to a lower voltage, and the gradation

level of the pixel of the image data L1 corresponds to a
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hi gher voltage. Herein the | ower voltage indicates that the absolute
val ue of the applied voltage of the liquid crystal |layer 230 of the
liquid crystal panel 200 is small, and the higher voltage i ndggahes
that the absolute value of the applied voltage of the liquid crystal
| ayer 230 of the liquid crystal panel 200 is |large. As described
above, the liquid crystal panel 200 is in the normally bl ack node,
and the | um nance corresponding to the | ower voltage is higher than
t he | un narmercorrléggendi Agrednt kdehilgher veltage. Ipdb@desn Wgch tae
case, due to the overdrive driving by the overdrive driving portion

124, when_.th radat,i on | ev o] e | t .S vari.

gradat i onakfsec@éﬂq eofvatlﬁlee ionf;g@eda%%é%e,d F%S%a atao aﬁgﬂes(l:%{%-%%%qi S

set instead of the image data LI. In this case, across the liquid

crystal |apwer 28 &f viohd ageqid 'cwitel igmnstli |200hiighesmealian ankie the

voltage Vii corresponding to the gradation |evel of the imge data Li
is applied. Thereafter, in the case where the | e data_of th

di spl ay SHgHET olephRI% r dtEtESgnEatduftiec af PR P t VEAUE22°F s the

varied fromLl to Li, the overdrive driving is not perforned, and

across the i dogrygtabsl ayeri 230a avehkbageayBR2828H M ne 1iquid

corresponding to the gradation level of the imge data Li is applied.

As descri bed above, when the gradation |level is varied in accordance

Wi th t he acarstatli eanfelo@A0ovisvolazdfe t oAhi gbsvioirasheabavfe dher dkigpdd
riving portion 124 sets a gradation level which is still higher than
he gradatjon _l.ev bt ghped _by.th iqngl li i ti 1

Such drifF:§&F§ %%g%e?ggrgg t%ﬂaghéversHggggdH?%%%ggmﬁ%éDS?Rgxﬁgm

the gradation | evel of the inage data RO corresponds to a higher

vol t age, landrizheegraadatispnntiéngl tof thke liomege wddttagki isorhiegpendshano

a |lower voltage. In such a case, due to the overdrive driving by the

overdrive drivin ortion 124, jmage data Li' (=05(R0-41,1)) is set
i nstead df'& &wﬂaﬁsed%%rwo@neh?g @a%é}lgiﬁa(r'oé@ﬁgg%ei i quid crystal
| ayer 230, a voltage V1,1'" which is still |lower than the voltage VIi

correspondjzigto the guadahi eAséevale ofo tiR igRgardatadtivirgg appluked.
Thereafter, in the case where the imge data output fromthe signa
duplicating portion 122 is varied fromLi to Li, the overdrive

driving iverstriger foivibed Revdisey 324t Heen i ghe Fr&dpdian Layet 2B3d-he
voltage Vii corresponding to the gradation level of the imge data Li
I'S image data RO is varied to the gradation level of the image
data L1, image data L1’ (=0S(R0C—Ll) 1is set instead of the
image data Ll. In this case, across the liquid crystal layer
230, a voltage VL1’ which is still higher than the voltage VL1
corresponding to the gradation level of the image data Ll is
applied. Thereafter, in the case where the image data of the
display signal output from the signal duplicating portion 122

is varied from L1 +to L1, the overdrive driving is not

performed, and across the liquid crystal layer 230, a voltage
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appl i ed. As descri bed above, when the gradation |evel of inmage data is
varied in accordance with the variation fromhigh voltage to | ow

vol tage, the overdrive driving portion 124 sets a gradation | ByUE2SH
corresponding to a voltage which is still |lower than the gradation

| evel obtained by the signal duplicating portion 122. Such driving is
also referred to as undershoot driving. In the present specification,

the above-nentioned overshoot drivt;giand under shoot driviqgé%%e
col | ecti Va8l goafrespending ako oves d¥fadd tdiorvilggell ATt hBe stRImedtihdtas
the overdrive driving in the present specification, the term

“over ?hOOI dr V]itin MeYs Pc?esl&%eg! %b@gg' tidﬂ@n_ itHeSHEQth%?lex;eﬁe is

term "undet sHdo r'i ving" may 1 ndi cate fhe driving of applying a

vol tage corresponding to gradation |lower than the target gradation.

[ 0206] | n +dwei i sl aycsdgimalceoutimt  flreonvd thieatdwer dirore I Vg ge6T tn

124, image data RO RO, Li', Li, RI', RL, Li', Li, RI', RL, L2', L2

R2', R2, L2', L2, ... are arranged.in tpis order. Accordipgly, in the

vertical &eHhni%ivgte8fY od™ i v@ﬁ%%?qﬁﬁg r Fght 225 e Rqﬁﬁigndangan%e%%e

| eft-eye image data are switched, the electric potential of the pixel

el ectrode, 224 + iBO232SEh cani be thesdiangas grbectias 10f entidakion level
g
obtained by the signal duplicating portion 122. Such driving
is also referred to as overshoot driving.
[0205] Next, the gradation level of the image data RO
corresponds to a higher voltage, and the gradation level of
the image data L1 corresponds to a lower voltage. In such a
case, due to the overdrive driving by the overdrive driving
portion 124, image data L1’ (=0S(RC—L1)) is set instead of
the image data L1. In this case, across the liquid crystal
layer 230, a voltage VL1’ which 1is still lower than the
voltage VL1l corresponding to the gradation level of the image
data Ll is applied. Thereafter, in the case where the image
data output from the signal duplicating portion 122 is varied
from L1 to Ll, the overdrive driving is not performed, and

across the 1liguid crystal layer 230, a voltage VL1

corresponding to the gradation level of the image data L1l is
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[0207] Herein the backlight unit 250 is turned on in accordance wth
the latter vertical scanning period of the two vertical scanning
periods into which the right-eye inmage data or the left-eye i gggesy
data are successively witten. Specifically, the backlight unit 250
is turned off in a period in which the inmage data after the overdrive
driving isO witten, and is turned on in a period in which the next
image data is witten. [0208] The | eft-eye shutter 282 of the shutter
gl asses 28pliisdopendd idesarpeedodtiayvewhiwien heh¢ | gurdatigst aevphneit
200 displays the left-eye image and the backlight unit 250 is turned

on, and is clos in, the other .period. The right-eye shut.iter 28

t he shut tBPG a‘g%q‘?s 280'F516pe g‘d alcr?ogdsg‘f?oggfch %llechvaf lea%]lf)éui%d‘%fm
crystal panel 200 displays the right-eye imge and the backlight unit
250 is tuinpd veNtagldeb S1&h 0s8d dge, t hReObherdperd edivifg08¢ Byion 124

perform ng the above-descri bed overdrive driving,

sets a gradation level corresponding to a voltage which is
still lower than the gradation level obtained by the signal
duplicating portion 122. Such driving is also referred to as
undershoot driving. In the present specification, the above-
mentioned overshoot driving and wundershoot driving are
collectively referred to as overdrive driving. In the same
meaning as the overdrive driving in the present specificatioen,
the term “overshoot driving” may be used. In addition, in
such a case, the term “undershoot driving” may indicate the
driving of applying a voltage corresponding to gradation lower
than the target gradation.

[0206] In the display signal output from the overdrive
driving portion 124, image data RO, RO, L1’, L1, R1’, R1, L1’,
11, R1’, R1l, L2’, L2, R2', R2, L2', L2, .. are arranged in this
order. Accordingly, in the vertical scanning period in which

the right-eye image data and the left-eye image data are

switched, the electric potential of the pixel electrode 224
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the electric potential of the pixel electrode 224 reaches the target
electric potential earlier, so that the turning-on of B0232SH the
illum nating region 252 of the backlight unit 250 and the opeBiI3QSHf
the shutter glasses 280 may be perfornmed earlier, thereby attenpting
the increase of brightness. For exanple, when the shutter glasses 280
is opened, imediately after the end of the second witing of
left-eye image and right-eye image, the illumnating region 252 of

t he backldaghbeutihe R&0IetmElsstrdenedten:1910210] The overdrive driving
may be perforned with reference to a | ookup table, or by way of

arithneti rQcessi,ng, . Al ternatli h erdepve dripy b
perfornedﬁgﬁ7gonbi F% l?hé%¥a[é%¥g}¥%h%hgnhwbvgggeggfiEpfg%?n?ﬁé an
overdrive driving is

accordance with the latter vertical scanning period of the two

vertical scanning periods into which the right-eye image data

or the left-eye image data are successively written.
Specifically, the backlight unit 250 is turned off in a period

in which the image data after the overdrive driving is (;)
written, and is turned on in a period in which the next image

data is written.

[0208] The left-eye shutter 282 of the shutter glasses 280

is opened in a period in which the liquid crystal panel 200

displays the left-eye image and the backlight unit 250 1is

turned on, and is closed in the other period. The right-eye

shutter 284 of the shutter glasses 280 is opened in a period By
in which the liquid crystal panel 200 displays the right-eye
image and the backlight unit 250 is turned on, and is closed
in the other period.

(0209] By performing the above-described overdrive driving,

the electric potential of the pixel electrode 224 reaches the

target electric potential earlier, so that the turning-on of
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performed based on the gradation |evel of the inage data concerned,
and the gradation level of the previous imge data, but the present
invention is not limted to this. The overdrive driving may bgg3osy
performed based on the gradation | evel of the inage data concerneg
and the gradation levels of two i mage data previous to the inage
data. As described above, the overdrive driving may be perforned
based on the gradation |evel of the inage data concerned, and

gr adat i ortheBG2328knkéveysrefiat 3%astf ame bamgéidat auprte\3Busand thise
Lnage daLa d[0212]In t he case where the video signal includes inage
ata to be |splayed in ster €9scQ i i spl ay node the Si

dupl i cat i FRFPGE i %&g%FSan Fﬁgegug?ﬁc3$¥o§ oP ST ckﬁ%¥1%§§’
descri bed above. In the case where the video signal includes inage
data to he,disR! @t@:@mgﬁlh@etﬁéaﬁlﬁ&réﬁ%|@ﬂ PPUghtid¥e .Si gnat example,
duplicating portion 122 does notO performthe duplication of inage

data. [0213]It is understood that the liquid crystal panel 200
when the shutter glasses 280 is opened, ‘immediately after the

end of the second writing of left-eye image and right-eye

image, the i1lluminating region 252 of the backlight unit 250

T

may be turned on.

[0210] The overdrive driving may be performed with
reference to a lookup table, or by way of arithmetic
processing. Alternatively, the overdrive driving may be
performed by combining them.

[0211] In the above description, the overdrive driving is
performed based on the gradation level of the image data
concerned, and the gradation level of the previous image data,
but the present invention is not limited to this. The
overdrive driving may be performed based on the gradation
level of the image data concerned, and the gradation levels of
two image data previous to the image data. As described
above, the overdrive driving may be performed based on the

gradation level of the image data concerned, and gradation
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may have a nulti pixel structure. Each pixel has a plurality of
sub- pi xel s of which the |Ium nance can be different from each other,
so that the view ng angl e dependence of the gamma charact eri s@e32Sthn
be inmproved. [0214]FI G 21 shows a schematic di agram of one pixel in0
the liquid crystal panel 200. In the liquid crystal panel 200, a

pi xel P has a sub-pixel Spa and a sub-pixel Spb. The sub-pixel Spa is
defined by a sub-pi xel electrode 224a, and the sub-pi xel .Spb ig

defi ned byewekumipipteleapbctddeam24F2tpoRIST IR (WG élﬁggﬁe Fi%es
Lsa and Lsb are provided for pixels P in one colum. The sub- pi xel

el ectrodeﬂ@%ﬁﬁi1 and, B@%”%L—@%ﬁefé e £ONHeaEEdst gnali f L RE LRGeS OURESE

| ines Lsa an sb via ferent TFTs 226a and 226b. At least in a
certain gray scale, the driving is performed in such a manner t hat
the el ectdatcapabente alispdfayele inwotlseibspexedsairact r ozl 4u0dthd P2b
are different. As described above, due to the different electric
potential s, of the sub-pixel electrod 224a and _224Db ying
vol t ages St9R% gHBEJr‘?%tﬁrHJ cPOEEE™ | g?%r poefrft%ﬁIenssﬁh-epi {j(lé lsla%bgaldgndOf
Spb are different. Thus, the |um nance of the sub-pixel Spa and the

| umi nance; Rfgd heasalb- 1 x@lsSabear ebdivef er eat theomagackhetrbethe video

Accordingly, the white float can be inproved.
signal includes image data to be displayed in the planar
display mode, the signal duplicating portion 122 does not
perform the duplication of image data.
[0213} Tt is understood that the liquid crystal panel 200
may have a multi pixel structure. Each pixel has a plurality
of sub-pixels of which the luminance can be different from
each other, so that the viewing angle dependence of the gamma
characteristics can be improved.
[0214] FIG. 21 shows a schematic diagram of one pixel in
the liquid crystal panel 200. 1In the liquid crystal panel
200, a pixel P has a sub-pixel Spa and a sub-pixel Spb. The
sub-pixel Spa is defined by a sub-pixel electrode 224a, and
the sub-pixel Spb is defined by a sub-pixel electrode 224b.

[0215] Herein two source lines Lsa and Lsb are provided for

pixels P in one column. The sub-pixel electrodes 224a and
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[0216] FIG 22 shows a schematic diagram of one pixel in another
liquid crystal panel 200. In the liquid crystal panel 200, a pixel P
has a sub-pi xel Spa and a sub-pi xel Spb. The sub-pi xel Spa i sggghkped
by a sub-pi xel electrode 224a, and the sub-pixel Spb is defined by a
sub- pi xel el ectrode 224b. [0217] The sub-pi xel Spa has a liquid
crystal capacitor and a storage capacitor CCa.The liquid crystal
capacitor is constituted by the counter electrode 214, the sub-pixel
el ect r ode22Z2M s reanebrirfeetieldqiicd ddf¥strant | agerce 30indiss geve chndpdEd2 SHa

different TFTs 226a and 226b. At least in a certain gray
scale, the driving is performed in such a manner that the
electric potentials of the two sub-pixel electrodes 224a and
224b are different. As described above, due to the different

electric potentials of the sub-pixel electrodes 224a and 224b,

N,

the applying voltages across the liguid crystal layer of the
sub-pixels Spa and Spb are different. Thus, the luminance of
the sub-pixel Spa and the luminance of the sub-pixel Spb are
different from each other. Accordingly, the white float can
be improved.

[0216] FIG. 22 shows a schematic diagram of one pixel in
another liquid crystal panel 200. In the liquid crystal panel
200, a pixel P has a sub-pixel Spa and a sub-pixel Spb. The
sub-pixel Spa is defined by a sub-pixel electrode 224a, and
the sub-pixel Spb is defined by a sub-pixel electrode 224b.
[0217] The sub-pixel Spa has a liquid crystal capacitor and
a storage capacitor CCa. The liquid crystal capacitor is
constituted b; the counter electrode 214, the sub-pixel

electrode 224a, and the liguid crystal layer 230 disposed
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t her ebet ween. The storage capacitor CCa is constituted by a storage
capacitor electrode electrically connected to the sub-pixel electrode
224a, a storage capacitor counter electrode EOa el ectrically B02325H
connected to a storage capacitor line Lcsa, and an insulating | ayer

di sposed t herebetween. [0218] The sub-pixel Spb has a liquid crystal
capacitor and a storage capacitor COD. The liquid crystal capacitor
is O constituted by the counter el ectrode 214, the sub-pi xel

el ect r odetBOURPELAFED he TieqUAt@ @05 s CAPEFAYRT 5% afsﬁ8ggﬁltuted by 2

t her ebet ween. The storage capacitor CCb is constituted by a storage

capaci t or ggl ecty Qde el g6t tadd dodeornect edct 01 § heorsidrtpidxeb eheciupde
224b, a storage capacitor counter electrode EOb electrically

connected to a storage capacitor line Lcsb, and an insulating |ayer
di sposed pierkbeteoromde 2249] aTissosabe picreRcet @bt coHBESR284=ghirde.
224b are connected to one and the sanme source line Ls via different

TFTs 226a_and 226b.. At .l east i certai 4 S LD ageQL dpnce
with a sﬁggﬁg%f %ﬁﬁﬁﬁ%ﬁ&# §Fﬁﬁh?t§8pgﬁi§d%F%r?ﬁg %? ?gégggapac%tor '
| ines Lcsa and Lcsb, the driving is perforned in such a manner that

t he aver aged elreGinsiud ap@hentapds difsgiolsedt whe setbetpiocsl. B0232SH

[0218] The sub-pixel Spb has a liquid crystal capacitor and
a storage capacitor CCb. The liquid crystal capacitor is
constituted by the counter electrode 214, the sub-pixel
electrode 224b, and the liquid crystal layer 230 disposed
therebetween. The storage capacitor CCb is constituted by a
storage capacitor electrode electrically connected to the sub-
pixel electrode 224b, a storage capacitor counter electrode
EOb electrically connected to a storage capacitor line Lesb,
and an insulating layer disposed therebetween.

[0219] The sub-pixel electrodes 224a and 224b are connected
to one and the same source line Ls via different TFTs 226a and
226b. At least in a certain gray scale, in accordance with a
storage capacitor signal supplied to the storage capacitor
lines Lesa and Lesb, the driving is performed in such a manner

that the average electric potentials of the two sub-pixel

140

A



el ectrodes 224a and 224b are different. For exanple, in the case
where the average electric potential of one of the two sub-pixel

el ectrodes 224a and 224b is increased fromthe electric potengiabsy
corresponding to the display signal voltage supplied to the source
line Ls, the average electric potential of the other one is | owered
fromthe electric potential corresponding to the display signal

vol tage supplied to the source line Ls. As described above, due to

t he d|ffeﬂemtradesa©é4elen@r2%4®o@9mtd%ﬁﬁﬁnﬁnﬁfnaEﬂnnqﬁam@ﬂeeléétﬁbées
224a and 224b, the applying voltages across the I|qU|d crystal |ayer

of the sub-pixels are differe result n t

sub- pi xel“®8ga ™ Eﬁae ﬁ&l|ﬂﬁ%{§ﬁ8ee&FcFﬁ “shb: %?&% é ng&g g ?Le Q%O
fromeach other, thereby inproving the white float. In the I|qU|d
crystal pamebiz00 sdiawtricdekl @242, apde =My cesl i irecdezisprovided ftae
one colum of pixels, so that the reduction of aperture ratio and the

i ncrease of power consunption can be suppressed. [0220]FI G_. 23 shows
an equi vEIERLIEFrBRFEN AL FOTFRGRPRILRY stuIthsatdrPes SHOG iR ERES
22. To the storage capacitor lines Lcsa and Lcsb, storage capacitor

sional's aposupnl L5, BORARSH nshpest | VoY Juamos! 1 2ge: CanRsidena1

trunk line tcsa and Ltcsb, respectively. [022 Fbreln the witing

to the pixel Pin the liquid
of the other one is lowered from the electric potential

corresponding to the display signal voltage supplied to the
source line Ls. As described above, due to the different
average electric potentials of the sub-pixel electrodes 224a
and 224b, the applying voltages across the liquid crystal
layer of the sub-pixels are different. As a result, the
luminance of the sub-pixel Spa and the luminance of the sub-
pixel Spb are different from each other, thereby improving the
white float. In the liquid crystal panel 200 shown in FIG.
22, one source line is provided for one column of pixels, so
that the reduction of aperture ratio and the increase of power
consumption can be suppressed.

{0220] FIG. 23 shows an equivalent circuit of the liquid
crystal panel 200 shown in FIG. 22. To the storage capacitor

lines Lesa and Lesb, storage capacitor signals are supplied
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crystal panel 200 will be described. The scanni ng signal voltage
supplied to the scanning line Lg is varied fromthe OFF voltage to
the ON vol tage, and accordingly the TFTs 226a and 226b are tuB0g32SH
into the ON state. When the scanning lineO Lg selects a pixel in this
way, the display signal voltage supplied to the source line Ls is
applied to the sub-pixel electrodes 224a and 224b Thereafter, the
scanni ng signal voltage supplied to the scanning |ine g IS varled
from t he CMRESIAGYt oOL¥He GEPTIBE t £GR2CARAT addot i n§i)cE hdtFERs F¥ha
and 226b are turned into the OFF state. After the TFTs 226a and 226b

are tgrne?%é{%;ngég <EF, 8 % the storage capacitorO signal voltages

supplied rage ca aC|tor | ines Lcsa
[0221] Herein, the writing to the pixel P in the liquid
crystal panel 200 will be described. The scanning signal

voltage supplied to the scanning line Lg is varied from the
OFF voltage to the ON voltage, and accordingly the TETs 226a
and 226b are turned into the ON state. When the scanning line
Lg selects a pixel in this way, the display signal voltage
supplied to the source line Ls is applied to the sub-pixel
electrodes 224a and 224b. Thereafter, the scanning signal
voltage supplied to the scanning line Lg is varied from the ON
voltage to the OFF voltage, and accordingly the TFTs 226a and
226b are turned inte the OFF state. After the TFTs 226a and
226b are turned into the OFF state, the storage capacitor
signal voltages supplied tc the storage capacitor lines Lecsa
and Lesb are varied into different directicns. Thus, the
electric potential of the sub-pixel electrode 224a is varied.

[0222] For example, with respect to the pixel P to which
the writing of positive polarity is performed, the first

variation of the storage capacitor signal supplied to the
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and Lcsb are varied into different directions. Thus, the electric
potential of the sub-pixel electrode 224a is varied. [0222] For
exanple, with respect to the pixel P to which the witing of pgsikhve
polarity is perforned, the first variation of the storage capacitor
signal supplied to the B0232SH storage capacitor line Lcsa after the
TFTs 226a and 226h are turned into the OFF state is the increase, and
the first variation of the storage capacitor signal supplied to the
st or age capacideorcdpanétbrsbing Lheadetreasehe t T 4R el Hd2éhere
sub- pi xel Spa i s higher than that of the sub- pi xel Spb.

Alternativel ect he pi.xel P to which th i.n
negative Pol t%n{]% SZIEf ocf'FrFttedS]E the fPr 1ihe\/a?’?%ff‘:fase’ %1%’; télt o?falg'feSt
capacitor signal supplied to the storage capacitor line Lcsa after
the TFTs P26a3Re 226htaee Jusme@ | edpaditerORFigial estgpliel i ner eage,
and the first variation of the storage capacitor signal supplied to
the storage capacitor line Lcsb is the decrease, the |um nance of the
sub- pi xel SEpRges dapRELtPhahltnakcHt thehsuisiasreapespbhe | domayace of
descri bed above, the electric potentials of the

the sub-pixel Spa is higher than that of the sub-pixel Spb.
Alternatively, with respect to the pixel P to which the
writing of negative polarity is performed, the first variation
of the storage capacitor signal supplied to the storage
capacitor line Lesa after the TFTs 226a and 226b are turned
into the OFF state is the increase, and the first variation of
the storage capacitor signal supplied to the storage capacitor
line Lesb is the decrease, the luminance of the sub-pixel Spa
is lower than that of the sub-pizel Spb.

[0223] As described above, the electric potentials of the
sub-pixel electrodes 224a and 224b are substantially equal
when the TFTs 226a and 226b are in the ON state, but the
variations of the storage capacitor signal voltages supplied
to the storage capacitor lines Lesa and Lesb after the TET
226a and 226b are turned into the OFF state are different, sco

that the effective electric potentials of the sub-pixel
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sub- pi xel el ectrodes 224a and 224b are substantially equal when the
TFTs 226a and 226b are in the ON state, but the variations of the

st orage capacitor signal voltages supplied to the storage capBGiX68H
lines Lcsa and Lcsb after the TET 226a and 226b are turned into the
OFF state are different, so that the effective electric potentials of
t he sub-pi xel B0232SH el ectrodes 224a and 224b can be made
different. Accordingly, the | um nance of the sub-pixel Spa ang, tr}%

| uni nance: lefctirodesuB2pr xend Pk FRTHO i HFT SHETREERT each“otHer % and
t he view ng angl e dependence of the gamma characteristics can be

i nproved. [ 0224] As descrd ve,. IRt | 4 Qi 9, LT Y8t idlandleS AV he
devi ce 16‘(51? ?‘F%ﬁréané:ﬁbood% brrtgﬂe[ %hgjjﬁegui %cryst al panel 200 is driven
at the vertical scanning frequency of 120 Hz in the planar display
node, andH-pier1at spihe cser t bealdisamenng fregueach oftlmo Henin thee

stereoscopi c display node. In this way, when the driving is perforned
at the vertical scanning frequency_of 240 Hz e ef{:ecti V.e voéag_‘aqge
el ay

0 t
Cannot ber G0 AR APRPTAICE n ot A3B05 dRA ST RC e &1

e si‘gnal

of the storage capacitor signal supplied to the storage capacitor

i ne, anc&ﬁﬂy%dgdke. In such a case, in the stereoscopic display node,
the sanme storage capacitor signal nmay be supplied to the different
storage capacitor lines. As described above, in the case wher ,thf
liquid cryeazd] pandls 2gedribethabeyieri it xeie stigetdr 8TYERL ndi tp-2Y
pi xel driving may be realized by supplying different storage
CapaCltordégfggﬂf%O in this embodiment, the liguid crystal panel 200 is
driven at the vertical scanning freguency of 120 Hz in the
planar display mode, and driven at the vertical scanning
frequency of 240 Hz in the stereoscopic display mode. In this
way, when the driving is performed at the vertical scanning
fregquency of 240 Hz, the effective voltage cannot be
appropriately varied in some cases due to the signal delay of
the storage capacitor signal supplied to the storage capacitor
line, and the like. In such a case, in the stereoscopic
display mode, the same storage capacitor signal may be
supplied to the different storage capacitor lines. As
described above, in the case where the liquid crystal panel

200 has the multi pixel structure, the multi pixel driving may

be realized by supplying different storage capacitor signals
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B0232SH to the storage capacitor |lines Lcsa and Lcsb in the planar
di spl ay node, and the multi pixel driving may not be realized by
suppl ying the sane storage capacitor signal to the storage capscptar
lines Lcsa and Lcsb in the stereoscopic display node. [0225]1In the
liquid crystal panel 200 having the nmulti pixel structure shown in
FIG 21 to FIG 23, in the case where the liquid crystal panel 200
perforns display in the planar display node, the nulti pixel drive is
per f or nedo arite | atorrIc asepahidcs thieds quisk caydt hrsPamsl thgo planar
perforns display in the stereoscopic display node, the multi pixel
drive is pot .necessarily. perfor A\ L qui t,al Rpanegl, 200
perfornscgﬁgﬁﬁéymP eth%X%t€¢%6gg§%ién'%gpﬁggvgggg#QYEH%i %%sunengﬁat
t he observer observes the liquid crystal panel 200 in a range limted
to sone ext elppleaqr dhagkyme i sitdheyeplampacidbs pbiynabdey the storage
performng the multi pixel driving, the |um nance of the sub-pixel
Spa is made different fromthe | um nance, of the sub-pixel ,Spb, in. at
| east a CEPRELACHr AyinsEal BS53 haPebyEGstor DY A§St HE-SARCHG EndlePLiay
characteristics, and in the stereoscopic display node, the nulti
pi xel drijqag BO0232SH is not performed, and the |um nance of the
sub- pi xel Spa may be equal to the [ um nance of the sub-pixel Spb in
an arbitrary gradation. In this way, the nmulti pixel driving is not
perfor med 0i225the sfier ébscobiavidi spfesgtatodeansl WwAP@hherRendr Fg‘?n@q%l
Eerforned at higher vertical scanning frequencies, thereby
suppressi g Ehgtkgc eaSQﬂﬂL,CQEP%&§E|Qf %ﬂ ﬁnﬁOQEQG'Hrtﬂércéagkﬁkr%he
i nfl uenc&6f si gnha %%?ay. a result, e cost reduction can be
realized. [0226] (Enbodi nent 2)

the liquid crystal panel 200 performs display in the planar

display mode, the multi pixel drive is performed, and in the
case where the liguid crystal panel 200 performs display in
the stergoscopic display mode, the multi pixel drive is not
necessarilyl performed. When the 1liquid crystal panel 200
performs display in the stereoscopic display mode, it is
assumed that the observer observes the liquid crystal panel
200 in a range limited to some extent. Accordingly, in the
planar display mode, by performing the multi pixel driving,
the luminance of the sub-pixel Spa is made different from the
luminance of the sub-pixel Spb in at least a certain gray
scale, thereby improving the viewing angle characteristics,

and in the stereoscopic display mode, the multi pixel driving
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In the above description, the frane rate control circuit generates a
video signal having a frame rate of 120 fps, but the present
invention is not limted to this. The frame rate control circBD232Shy
generate a video signal having a frane rate of 240 fps.
[0227] Herei nafter, with reference to FIG 24(a) and FIG 24(b), a
liquid crystal display device and a stereoscopic display systemin a
second enbodi nent will be described. In FIG 24(a) and FI G %%%g) are
schemat i cidiagt aper oirmese ﬁP&uﬁBecﬁV§ﬂaPn8?sBFa§h3e§FEEPﬁfﬁﬁ\ e
st ereoscopi c display system 300A in this enbodi nent. The stereoscopic
di splay .B0232S S ' he ., LgQuy tial 2di sphéyrar
devi ce 1dﬁifaﬁﬁﬁs%§t%§§]g@g§¥g§%é g?%?%egFFq%#%gégﬁfféﬁ gisplay !
device 100A includes a frame rate control circuit 110, a timng
control | egrad@fich.wi timgtsiat eayi gnabe t radsai tnised cirtuing 138, et
scanning signal driving circuit 140, a display signal driving circuit

150, a backlight driving circuit 160, a |iquid crystal panel .200, d
a backl i gherimiteh50n THEE | iSGGrG EryRt al ‘iﬁq%%aé(y e ce Og'kléﬁd %}ﬂ@e
st ereoscopi ¢ display system 300A have the sanme configurations as

those of ghe, ahpves desaidrhed Likquidneryseatidispasnmer ceetlonanes,

the stereoscopic display device 300 except for the point that the

frame rate control circuit 110 generates a video signal having a

frane ratehofetosiprresitias, the okyEicasd Rloi oM Aldhosd @ SouUrce
description, the description which overlaps with the above (?j

descriptiogn,is. om d 0 i i fergnge 4auktG th
24(a) andgfﬁ%fr2%Fbi%étg%egéggg%%%%QgrEgﬁgﬁmgggéégf t he quuﬁd  the
crystal

cost reduction can be realized.
{0226] {(Embodiment 2)

In the above description, the frame rate control circuit
generates a video signal having a frame rate of 120 fps, but
the present invention is not limited to this. The frame rate
control circuit may generate a video signal having a frame
rate of 240 fps.

[0227] Hereinafter, with reference to FIG. 24(a) and FIG.
24(b), a liguid crystal display device and a stereoscopic
display system in a second embpdiment will be described. In
FIG. 24(a) and FIG. 24(b) are schematic diagrams of the liquid
crystal display device 100R and the stereoscopic display

system 300A in this embodiment. The stereoscopic display
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di spl ay devi ce 100A and the stereoscopic display system 300A will be
descri bed. The i mage data shown in FIG 24(a) is enlarged and shown in
FIG 25.FIG 25(a) is a schematic B0232SH di agram of i mage dgiaosy
included in an input video signal, FIG 25(b) is a schematic di agram
of image data included in a video signal, and FIG 25(c) is a
schemati c diagram of image data included in a display signal

[ 0229] Herein, the input video signal having a frame rate of 60 fps is
i nput i ntsyysttee f309%e imatladesntthel IGiquadl tervbGalFeiisganpldeviche LORBut
video signal is the NTSC signal. In the input video signal, inmge

data to be displayed jn th i c. displ s iqnel .
he | npuBTYt (B SFgn P ar 2E0e i i, HHIL A AT g - S8 Pt dsFa

are alternately indicated. Herein in the video signal, inage data Li,
Rl, L2, R0a -indl@ied rangedmen tdis ebderolseeralse MA@, 2a8(a)iming
Al t hough not shown in the figure, before the |left-eye image data Li,

ri ght-eye image data RO and | eft-eye i mage data O L . )
controller 120, a writing “state “signal transmitting circuit

130, a scanning signal driving circuit 140, a display signal
driving circuit 150, a backlight driving circuit 160, a liquid
crystal panel 200, and a backlight unit 250. The liquid
crystal display device 1002 and the stereoscopic display
system 300A have the same configurations as those of the
above-described liquid crystal display device 100 and the
stereoscopic display device 300 except for the peint that the
frame rate control circuit 110 generates a video signal having
a frame rate of 240 fps. Thus, in order to avoid the verbose
description, the description which overlaps with the above
description is omitted.

[0228] Hereinafter, with reference to FIG. 24(a) and FIG.
25, the stereoscopic display mode of the liquid crystal
display device 100A and the stereoscopic display system 300A
will be described. The image data shown in FIG. 24(a) 1is

enlarged and shown in FIG. 25. FIG. 25(a) 1is a schematic
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LO are arranged. [0230] The franme rate control circuit 110 generates a
video signal having a higher frame rate than the frane rate of 60 fps
of the input video signal based on the input video signal. HeB8:¥SH
the frame rate of the video signal is set to be 240 fps. The frane
rate control circuit 110 duplicates |left-eye B0232SH i nage data and
right-eye image data of the input video signal, respectively, and two
sets of inmge data each one of which is obtained b%,%uccessiv IyFIG
arr angi nglimgran off imepe- 89ka HagEidrd il &Rt VoPeri aﬁgg%g’e i mhige
data, respectively, are repeatedly arranged in the video signal.

Accor di n.gi%ﬁb)' nJhe s\éhgrggtfé Qﬁaégraﬁxa'o'fe.damééétdﬁaﬁ inrageedata andideo
paired ri‘ght-‘eye image data are alternately arranged. Herein, in the
video signal, inmage data RD, RO Li, Li, R1, RL, Li, Li, Rl, R1, L2,
L2, ... as@gmalr,angedl FIG.t 5(or des 4 sechahsbid Gamsh)9l IPOT r &
rate of the video signal (240 fps) is set to be four time as high as
the frame rate of the ingu# vi deo signal (60 fps). [0231] As descri bed
above, thE¢iudRd &t & SR HY Vvi'd6 'signal is set to be 240 fps, and
the left-eye image data corresponds to 120 fps and the right-eye

i mage dat gy£psy espopdeihg 120 fipput! Ritlhe eagpalhpaeindeal Eqame rate
crystal panel 200 conplies with Full Hi gh-vision standard (1920 x

1080), the frame rate control circuit 110 which eneraies.a videg, o
si gnal havf ng0afpraide Aapetofingaothgs firemgr satEeF°BYTUSI g thd ‘
application specific integrated circuits (ASIC) 112a

For example, the input video signal is the NTSC signal. In

the input video signal, image data to be displayed in the
stereoscopic display mode is included. In the input video
signal, léft—eye image data and right-eye image data are
alternately indicated. Herein in the video signal, image data
L1, R1, L2, R2, .. are arranged in this order (see also FIG.
25(a)). Although not shown in the figure, before the left-eye
image data L1, right-eye image data RO and left-eye image data
L0 are arranged.

[0230] The frame rate control circuit 110 generates a video
signal having a higher frame rate than the frame rate of 60
fps of the input video signal based on the input video signal.
Herein, the frame rate of the video signal is set to be 240

fps. The frame rate control circuit 110 duplicates left-eye
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B0232SH and 112b with relatively higher versatility. The application
specific integrated circuit 112a is utilized for driving the left

hal f of the Iiquid crystal panel 200 and the application specBfa3esH
integrated circuit 112b is utilized for driving the right half of the
liquid crystal panel 200. [0232] Based on the video signal output from
the frame rate control circuit 110, the timng controller 120

controls the0 witing state signal transmtting circuit 130, the
scanni ng igiegratadipi ¥nAgr ahteeve lﬂ@get%t%i%fpltg‘;‘? dPEHEI VIS isignal
circuit 150, and the backlight driving circuit 160. The timng

controll f, 20 9502 Al 834 Al SRIAY o3 dighebaged O Mo idiequsicanal,

and out put’s e display signal” to the play signal driving circuit
150. The frane rate of the display signal is set to be 240 fps which
i s equal daatihedf bgnesuatessofrelpe avirdeoisg gaalpaikn afheladitsplygy image
signal, image data RO, RO, Li, Li, Rl, R, Li, Li, RL, R1, L2, L2,

are arranged. in this , . .
data “and a pair of right-eye image data, respectively, are

repeatedly arranged in the video signal. Accordingly, in the
video signal, paired left-eye image data and paired right-eye
image data are alternately arranged. Herein, in the wvideo
signal, image data RO, RO, L1, L1, R1, R1l, L1, 11, R1, Rl, L2,
1.2, .. are arranged in this order (see also FIG. 25(b)). The
frame rate of the video signal (240 fps) is set to be four
time as high as the frame rate of the input video signal (60
fps).

[0231] As described above, the frame rate of the video
signal is set to be 240 fps, and the left-eye image data
corresponds to 120 fps and the right-eye image data
corresponds to 120 fps. 1In the case where the liquid crystal
panel 200 complies with Full High-vision standard (1820 x
1080), the frame rate control circuit 110 which generates a
video signal having a frame rate of 240 fps is produced by

using two application specific integrated circuits (ASIC) 1l2a
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order (see also FIG 25(c)).The frame rate of the display signal (240
fps) is set to be equal to the frame rate of the video signal (240
fps). The scanning signal driving circuit 140 and the displayBgﬁﬁﬁﬁi
driving circuit 150 drive the BO0232SH |liquid crystal panel 200 at
the vertical scanning frequency of 240 Hz. At this time, left-eye

| mage data corresponds to 120 fps, and right-eye i mage data

Cont ol | 67 25128 (e TR R AT oGP ORal VS r Y ng LT ERPE 130"

transmts a witing state signal indicating the witing state of a

pl ural it ysgdcpiveel siddyrhRedastereaseopizadisphaylipee. Toe driving the
left half of the liguid crystal panel 200 and the application
specific integrated circuit 112b is utilized for driving the
right half of the liguid crystal panel 200.
[0232] Based on the video signal output from the frame rate
contrcl circuit 110, the timing controller 120 controls the
writing state signal transmitting circuit 130, the scanning
signal driving circuit 140, the display signal driving circuit
150, and the backlight driving circuit 160. The timing
controller 120 generates a display signal based on the video
signal, and.outputs the display signal tc the display signal
driving circuit 150. The frame rate of the display signal is
set to be 240 fps which is egual to the frame rate of the
video signal. In the display signal, image data RO, RO, L1,
L1, Rl, Rl, 1.1, L1, Rl, Rl1l, L2, L2, .. are arranged in this
crder (see also FIG. 25(c)). The frame rate of the display
signal (240 fps) is set to be egual to the frame rate of the

video signal (240 fps}). The scanning signal driving circuit

140 and the display signal driving circuit 150 drive the
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shutter glasses 280 open and/or close the left-shutter 282 and the
right-eye shutter 284 based on the witing state signal. [0234] Next,
with reference to FIG 24(b), the planar display node of the hoxusd

crystal

di spl ay device 100A will be described.Fig. 24(b) is a

schematic diagramof the liquid crystal display device 100A which
performs display in the planar display node. The inmage data included
in the signal shown in FIG 24(b) is enlarged and shown in FI G

26. FI G

Je(@)idi srasseheprndlc 200agitakhef v Fakfed ld &Cannhed uffeRpyenan of

i nput video signal, FIG 26(b) is a schematic diagram of inage data

i ncl uded | i i . . i i i
LSt A B 958 B0l o\ A R PP e

i mage data

ude €b sigha romt

control l er 120.

fps, and right-eye image data corresponds to 120 fps.

[0233] Based on the signal from the timing controller 120,
the writing state signal transmitting circuit 130 transmits a
writing state signal indicating the writing state of a
plurality of pixels in the stereoscopic display mode. The
shutter glasses 280‘open and/or close the left-shutter 282 and
the right-eye shutter 284 based on the writing state signal.
[0234] Next, with reference to FIG. 24(b), the planar
display mode of the liquid crystal display device 100A will be
described. Fig. 24(b) is a schematic diagram of the liquid
crystal display device 100A which performs display in the
planar display mode. The image data included in the signal
shown in FIG. 24(b)} is enlarged and shown in FIG. 26. FIG.
26(a) is a schematic diagram of image data included in an
input video signal, FIG. 26(b) is a schematic diagram of image
data included in a video signal, and FIG. 26{(c) is a schematic
diagram of image data included in a video signal output from

the timing controllexr 120.
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[ 0235] The input video signal having the frame rate of 60 fps is input
into the frame rate control circuit 110. In the input video signal,

image data Ni, N2, N3, N4, ... are arranged in this order (se&03p&dl
FIG 26(a)). Although not shown in the figure, before the inmage data
Ni, image data NO is arranged. [0236] The frane rate control circuit

110 generates a video signal having a frame rate of 240 fps higher
than the f rate of 60 fps .of the input_video, sigpal ba on:t
i nput Vi dééggﬁgnal.er or TR et ﬁégf‘?gnéa‘r?%l? E%ent ?5 m%i]?%%ft 1
generates three interpolation i mage data based on two successive

i mge dat apines ugdedhd nddee thepyt-amk destsi @had soland r@auianges. t hent wee
image data in the video signal and the three interpol ation i mage data
between the two image data. Specifically, the frane rate control
circuit liopgererdacesionatr pthagde cirtiarade dlita ¥a, Moob; 347d aesended
based on the image data NO and N of the input video signal, and
arranges e .l mRg a a | kAt | deo gi a t ‘n
i nt erpol aﬁ?o%hﬁmgégﬁt é,s\%a,ggfgb?kghda%%j g’et mgggﬂﬁ%hi ﬂ%eggg’g% Il\lO
and the image data Ni. In the video signal, inmage B0232SH data NQ,
C0a, Q0b, tkBc,fiNured abefdy Che, NRageC2dat&@2¥1 C2dmaNg, ¢8w 88%b, is
C3c, \d ... are arranged in this order (see also FIG 26(b)). As
descri bed above, in the video signal, imge data included in the

i nput vi dB 3Rl and interpol ation i mage data generated by
interpolation are arranged, and the franme rate of the video signal

(240 fps) (bs3set torthe frame LheBScast FyIgkiasutibelio agenamitesol vhaeo
i nput video signal (60 fps). [0237] Based on the video signal output

fromthe frame rate ,
signal having a frame rate of 240 fps higher than the frame

| rate of 60 fps of the input video signal based on the input
video signal. For example, the frame rate control circuit 110
generates three interpolation image data based on two
successive image data included in the input video signal, and
arranges the two image data in the video signal and the three
interpolation image data between the two 1mage data.
Specifically, the frame rate control circuit 110 generates
interpolation image data COa, COb, and COc based on the image
data NO and N1 of the input video signal, and arranges the
image data NO and N1 in the video signal, and the
interpolation image data COa, COb, and COc between the image

data N0 and the image data N1. In the video signal, image
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control circuit 110, the timng controller 120 controls the scanning
signal driving circuit 140, the display signal driving circuit 150,
and the backlight driving circuit 160. The tim ng controller g@&%osH
generates a display signal having a frame rate of 120 fps which is

| ower than the frane rate of 240 Hz of the video signal. Mre
concretely, the timng controller 120 generates a display signal by
discarding a part of image data in the video signal . As described
above, nig&tﬁeﬁﬂ d&8asi ARt , CPemEL d 1R/ NG1ben&1cooB2 . CeRaniCeky £2¢,

C b, Clc N2, C2a, C2b, Cc, N3, C3a, CGb, C3c, N4, ... are arranged
in this er er ,..the tim c r.12 S e
s loTea DUBKE! caklo 9 SILLRRLET A2l sEaiss e, diiRg
timng controller 120 alternately discards the imge data included in
the videxrsi.grd (b)so t st ddwerfibadeabate, oint hkee dir$pt@yssjrgrial drsmgehe
hal f of the video signal Fbrein in the display signal, image data

NO, COb, Ni, Ob, N2 : rranged jn this .
or der (sé?té‘i sbn‘FJrl@edZG%E) )theThenEi"i‘tané(lijﬁ?e Sd‘lg"’f’l e Ut pP‘%%/eEI?Cghr?aHlon
(120 fps) is set to be the half of the frane rate of the video signa

(240 fps)imaHie SHANNGAYE @Rl pAr i ¥idipAlatgBht 2340 Andntbe, diaspl ahe
signal driving circurt 150 drive the liquid crystal panel 200 at the
vertical scanning frequency of 120 Hz. In the planar display node,

the backlfingime drate rRf cireuridasostamak ol 394 hEPbacksi §RE 4RI L2500
{hat t he backlight unit 250 is turned on over all of the periods. O

0238] cri.b bove n I t S 1 .
by way Qﬁnghe ggnﬁqgﬁ g¥ tﬁ% %%%ﬁ%dhﬂ%%gﬁﬁ|*% §T5g£ 4 ggzert|c§1qQﬁ
scanni ng frequency of the liquid crystal panel 200 drlven by the

di splay sipgnal driving circuit 150 and the backlight driving circuit
160 is varied in accordance with the display node. Specifically, the

liquid cry pan 0 B 2328 is driv g vertical scanning
frequencyt O?136!’;34 t?\ré &5&%“8&%@%}‘% % %dr?rﬂl/eenraa

t he vertical scannlng frequency of 120 Hz in the pIanar di spl ay node.
Accor di ndaatrbhe dincrieasa 10f, powert GONsU g itrdlilrrt Neopl @rarodiss plhay

node can be suppressed.
scanning signal driving circuit 140, the display signal
driving circuit 150, and the backlight driving circuit 160.
The timing controller 120 generates a display signal having a
frame rate of 120 fps which is lower than the frame rate of
240 Hz of the wvideo signal. More concretely, the timing
controller 120 generates a display signal by discarding a part
of image data in the video signal. As described above, in the
video signal, image data NO, COa, COb, COc, N1, Cla, Clb, Clg,

N2, C2a, C2b, C2c, N3, C3a, C3b, C3c, N4, .. are arranged in

this oxder. However, the timing controller 120 discards the
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[ 0239] As is understood fromthe conparison between FIG 25 and FI G
26, the frame rate control circuit 110 generates interpol ation inage
dat a based on successive i nmage data of the input video signal BOR3xSkke
pl anar node, thereby increasing the frame rate, and duplicates inage
data of the input video signal in the stereoscopic display node,

t hereby increasing the frame rate. In this way, in the stereoscopic
di spl ay npde, instead of the generatjon i nt.erpolation_i e dat
the dupli&&9%nddf2i e Hifa F%apeF#STngé?'sggfhaFg?heaPﬁg?%%ke ié%
frame rate can be easily perfornmed. Alternatively, the franme rate
control CLiedli fad 10 HBY L GRNGS asnd 18RI QN te@hbiteye HABEEr&atEne
based on successive left-eye image data included in the input video
signal, and simlarly, generate interpolation right-eye i mage data

based on ihege i ghtaeyecinde® dat &henclideed sigrefe iSfputhal st e .

[ 0240] Herei nafter, advantages of the liquid crystal display device
100A and the sterepscaqpic,dis yst ep 300A En thig enbadiment | |
be descriBgaai%ﬁcgﬁ%aggg%%gﬂﬁ?#S%Ffi%%ig%%rgé}glOdispFay gevice&%OOA
and a stereoscopic display system 900A in a conparative exanple 2.
First, w tibréefearente tdaspl&y 2igndlhe iagai data ysa alcak,spilay Cilevi B2,

- 700A and the stereoscopic display system 900A in the conparative

exanple 2 will be described. The stereoscopic displ syst em 900

i ncl udes ERR 1¥3yuiPRer fral- GE&pPay e cJeIP7 acgr&f%hdtstegr %F’ sé%gs'
880. The liquid crystal display device 700A includes a frane rate
control chegeyit. 74P @ bl PIEONE 110ld @isp28y igMali N@ositake skgseat
transmitting circuit 730, a scanning signal driving circuit 740, a
di splay signal driving circuit 750, a backlight driving circuit 760
a liquid tpybealthsardsllB00f &hel &rBEEKFREH q%nit%h%S'O%dthes’r‘Frq%}rd(z‘m
crystal display device 700A and the stereoscopic display system 900A
are diffe fr t Laui d; tal: disp i 1 dqt

ot or coscoBtE) di Sy -yt S S R Y R say g OF ey
circuit 710 generates a video signal having a frame rate of 240 fps
based on ahghapudriviicteo csirgmak R&0i dgiwe f rlaarel i BOZB 28 sitatle pane 0200
fps, and the liquid crystal panel 800 is driven at the vertical

o Thad L eORETeL Ol 2 S ihg" HrlaBint P %02 £560REOP! tndiRE! BYaRRAC

and the pfanhRedy

display mode, the backlight driving circuit 160 controls the
backlight unit 250 so that the backlight unit 250 is turned on
over all of the periods.

[0238] As described above, in the liquid crystal display
deice 100A, by way of the control of the timing controller
120, the vertical scanning frequency of the liquid crystal
panel 200 driven by the display signal driving circuit 150 and
the backlight driving circuit 160 is varied in accordance with

the display mode. Specifically, the liquid crystal panel 200
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[0241]Wth reference to FIG 27(a), the stereoscopic display node of
the liquid crystal display device 700A and the stereoscopic display
system 900A wi || be described. An input video signal having thg-hkgme
rate of 60 Hz is input into the frane rate control circuit 710. In
the input video signal, inmage data Li, Rl, L2, R2 ... are arranged in
this order. Al though not shown in the figure, before the |left-eye
i mage data Li, right-eye imge data RO and | eft-eye imge data LO are
arranged.id QP4ideBased the vhetioputscdrdeogsifgrahehayi ofy 24k Hx dme that e
of 60 fps, the frane rate control circuit 710 generates a display
signal having a frame rate of 240 fps. ., The fr rate control circuit
710 dupl | SHEOSCREIF A SRARY Mikse AA0ACRALET 1 r St SBY&CT hede HHur Y
of the input video signal, respectively, and repeatedly arranges two
sets in egchnehcyhbehipai nedihethe eyEandmae s3akg avdepai Aedordgiylyeye
i mge data are successively arranged, in the video signal.
Accordingly, in B0232SH the video signal, a pair of left-eye imge
data and HiaincrsRse gift Poyeri wageuEat bomr &0 aFker pR®Y &k Rfgediode
Herein in the video signal, inmge data PD, RO Li, Li, Rl, R1, Li,
Li, Ri1, , e arranged in this order. The frane rate
contr ol glarnc:?l%t Sb%Brﬁ%Ss&ﬁa'ppl ication specific integrated circuits 712a
and 712b. [0243] The timng controller 720 controls the witing stateO
[0239] As is understood from the comparison between FIG. 25
(

and FIG. 26, the frame rate control circuit 110 generates
interpolation image data based on successive image data of the
input video signal in the planar mode, thereby increasing the
frame rate, and duplicates image data of the input video
signal in the stereoscopic display mode, thereby increasing
the frame rate. In this way, in the stereoscopic display

mode, instead of the generation of interpolation image data,

TN

the duplication of image data 4is performed, so that the
increase in frame rate can be easily performed.
Alternatively, the frame rate control circuit 110 may generate
interpolation left-eye image data based on successive left-eye
image data included in the input video signal, and similarly,
generate interpolation right-eye image data based on the

right-eye image data included in the input video signal.
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signal transmtting circuit 730, the scanning signal driving circuit
740, the display signal driving circuit 750, and the backlight
driving circuit 760 based on the video signal output fromthepdrage
rate control circuit 710. The timng controller 720 generates a

di spl ay signal based on the video signal, and outputs the display
signal to the display signal driving circuit 750. The frane rate of
the display signal isO set to 240 fps which is equal to the frane
rate of tHeadildeo siegrahaftertheadNasplagessi gifal , themagbl @ RGYTE!
Li, Li, R1, RL, Li, Li, R, R, L2, L2 ... are arranged in this

order. The scanni .signal..driving _circul . angs i { I
dri ving B PE AR aOPh e, &%Fd Sé%%%%égéghﬁe?l%%%gt ﬁf’éh?“ Rt
vertical scanning frequency of 240 Hz. [0244] The backlight driving
circuit 780 epnir ehdolihgehaCkllghtbheuniés@bedsoit haompheibarkight a
unit 850 turns on in accordance with the latter inage data of

| eft-eye image data and right-eye jnaaf data which are succesaivghy
ar r anged, L rasse civiespy. dBEREAY ot 1 W R %1%t oECgRAPPHY o e Y

witing state signal transmtting circuit 730, the shutter gl asses
880 opens oneY 8 ShUbhSI-A82 ¢ B.xanpesi 9d i i Clyitherkigrinbe
crystal 5§%£%m£%8 3isp|ays téifleffieiem?nage, and opens the
right-eye shutter 884 in a period in which the |iquid c[ystal panel
800 di splaysFItie RPghttheyd iigwige.crystal display device 700A and the

stereoscopic display system 900A in the comparative example 2
will be described. The stereoscopic display system 900A
includes the liquid crystal display device 700A and shutter
glasses 880. The liquid crystal display device 700A includes
a frame rate control circuit 710, a fiming controller 720, a
writing state signal transmitting circuit 730, a scanning
signal driving circuit 740, a display signal driving circuit
750, a backlight driving circuit 760, a liquid crystal panel
800, and a backlight unit 850. The liguid crystal display
device 7002 and the stereoscopic display system 900A are
different from the liquid crystal display device 100A and the
stereoscopic display system 300A in that the frame rate
control circuit 710 generates a video signal having a frame

rate of 240 fps based on an input video signal having a frame
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[ 0245] Next, with reference to FIG 27(b), the planar display node of
the liquid crystal display device 700A will be described. An input
video signal having a frame rate of 60 fps is input into thej%&ﬁ

rate control circuit 710. In the input video signal, imge d
N2, N3, N4 ... are arranged in this order. Al though not shown in the
figure, before the image data Ni, imge data NO is arranged.

[0246] The frame rate control circuit 710 generates a video signal
havi ng a datamefr e fok, 240df pise haspd dredybeal npabeli 8@ isidgualen at
having the frane rate of 60 fps. The frame rate control circuit 710
generates three interpol ati on i nage data bas on_twQ_syccessiyve
i mage datts nEPLER ns?%n%%ufr%‘ﬁlb%rbc%ia aﬁz,%oa arlpaﬁbo t‘ﬁt\é 05

Lnage data in the video signal and the three interpolation inage data
etween the WA HARGE A3y FRHeCXRAP G diknkbhedysgesy sharal . | mge
Uz UshERIR ARy FoeCHAIPR, 1 besy )

data NO, c, N2, C2a, b, C2c, N3,
C3a, C3b, C3c, MNare arranged in this order
[0241] With reference to FIG. 27(a), the stereoscopic

display mode of the liquid crystal display device 700A and the
stereoscopic display system 900B will be described. An input
video signal having the frame rate of 60 Hz is input into the
frame rate control circuit 710. In the input video signal,
image data L1, R1, L2, R2 .. are arranged in this order.
Although not shown in the figure, before the left-eye image
data Ll, right-eye image data RO and left-eye image data LO
are arranged.

‘[0242] Based on the input video signal having the frame
rate of 60 fps, the frame rate control circuit 710 generates a
display signal having a frame rate of 240 fps. The frame rate
control circuit 710 duplicates the left-eye image data and the
right-eye image data of the input video signal, respectively,
and repeatedly arranges two sets in each of which paired left-
eye image data and paired right eye 1image data are

successively arranged, in the video signal. Accordingly, in
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[02471Based on the video signal output fromthe frame rate contro
circuit 710, the timng controller 720 controls the scanning signal
driving circuit 740, the display signal driving circuit 750, gpshoshe
backlight driving circuit 760. The timng controller 720 generates a
di splay signal having a frane rate of 240 fps which is equal to the
frame rate of 2400 Hz of the video signal. In the video signal, inage
data NO, COa, COb, Cc, N, Ca, db, dc, N2, Ca, C2b, C2c, N3,
C3a, C3b,tHBoid¥b, arignaly aagealit nof hieftoreger iFhagesdahai and st gradlr of
driving circuit 740 and the display signal driving circuit 750 drive

the liquid crystal panel 800 at t tical i |
240 Hz. |qu}%epﬂeaﬁ§‘ragai QBF%yaﬁ%d%?te\t/%tl Fo338aroed? MHERUEN U e

video signal, image data RO, RO, L1, L1, RI1, R1, L1, LI, RI1,

Rl, L2, L2 .. are arranged in this order. The frame zxate

control circuit 710 has application specific integrated

circuits 712a and 712b.

[0243] The timing controlier 720 controls the writing state (:)
signal transmitting circuit 730, the scanning signal driving
circuit 740, the display signal driving circuit 750, and the
backlight driving circuit 760 based on the video signal output
from the frame rate control circuit 710. The timing
controller 720 generates a display signal based on the video
signal, and outputs the display signal to the display signal
driving circuit 750. The frame rate of the display signal is (:>
set to 240 fps which is equal to the frame rate of the video
signal. In the display signal, image data RO, RO, L1, L1, R1,
R1, L1, L1, R1, Rl, L2, L2 . are arranged in this order. The
scanning signal driving circuit 740 and the display signal

driving circuit 750 drive the liquid crystal panel 800 at the

vertical scanning frequency of 240 Hz.
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backlight driving circuit 760 controls the backlight unit 850 so that
t he backlight unit 850 is turned on over all of the periods. [0248]As
described above, in the liquid crystal display deice 700A in gha,
conparative exanple 2, the liquid crystal panel 800 is driven Q% ?ﬁe
vertical scanning frequency of 240 Hz regardl ess of the stereoscopic
di spl ay node and the planar display node. Accordingly, the power
consunption is increased.On the contrary, in the liquid crystal

di spl ay dewisge 100Ahet headlklight crlystrahg panetcd@0 7€§0dr comprals t lrhe
vertical scanning frequency of 120 Hz which is the half of that in

the stereoscopic display node, so that the Jincrea
consunpt i}:@q:kégﬁhgeugﬁtb M@ that the backlig%t urslgtogsgo’g\grrns on in

accordance with the latter image data of left-eye image data
and right-eye image data which are successively arranged,
respectively. Based on the writing state signal from the
writing state signal transmitting circuit 730, the shutter
glasses 880 opens the left-eye shutter 882 in a period in
which the 1liquid crystal panel 800 displays the left-eye
image, and opens the right-eye shutter 884 in a period in
which the 1liquid crystal panel 800 displays the right-eye
image.

[0245] Next, with reference to FIG. 27(b), the planar
display mode of the liquid crystal display device 700A will be
described. An input video signal having a frame rate of 60
fps is input into the frame rate control circuit 710. In the
input video signal, image data N1, N2, N3, N4 .. are arranged
in this order. Although not shown in the figure, before the
image data N1, image data NO is arranged.

{0246] The frame rate control circuit 710 generates a video

signal having a frame rate of 240 fps based on the input video
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[0249] I n the above description, the frame rate of the input video
signal input into the liquid crystal display device 100A is 60 fps,
but phe present invention is not limted to this. The frane rpys2eH
the input video signal nmay have another value. For exanple, the input
video signal may be a PAL signal, and the frane rate of the input
video signal may be 50 fps. In this case, the frane rate of the video
B0232SH signal is set to be 200 fps, and the frane rate of the

di spl ay siigmal isasietg t bhde £280ef psatien phe & eFedscopl e dif§play Hfdde
and set to be 100 fps in the planar display node. [0250]Also in the

liquid crystal _display, deyi.ce 100A in iS_ec j . di s {gna
vpltages‘6?“&PﬂféﬁéﬁP¥ﬁoﬁibiﬁﬁggrﬁﬁﬁsbéngﬁﬁp |g%£§§ﬂ§6f§E3ﬁ%&%63F%§
lines. Alternatively, in a certain frane updating period, a displayC

) signal yaldage havi Bectdsisammpgbanity eyl hidsuppkheditputltideo

signal, and arranges the two image data in the video signal

and the three interpolation image data between the two image

data. For example, in the video signal, image data N0, COa,

c0b, COc, N1, cla, Clb, Cle, N2, C2a, C2b, C2c, N3, C3a, C3b, <¢>

C3c, N4 .. are arranged in this order.

[0247] Based on the video signal output from the frame rate

control circuit 710, the timing controller 720 controls the

scanning signal driving circuit 740, the display signal

driving circuit 750, and the backlight driving c<ircuit 760.

The timing controller 720 generates a display signal having a
frame rate of 240 fps which is equal to the frame rate of 240 C:)
Hz of the video signal. 1In the video signal, image data NG,
C0a, COb, COc, N1, Cla, Clb, Cle, N2, C2a, C2b, C2c, N3, C3a,
c3b, C3c, N4, .. are arranged in this order. The scanning
signal driving circuit 740 and the display signal driving

circuit 750 drive the liquid crystal panel 800 at the vertical

scanning frequency of 240 Hz. 1In the planar display mode, the

160



of the source lines.In such a case, at the end of the certain frane
updating period, the polarities of pixels adjacent in the colum
direction are the same. [0251]Alternatively, at the end of thgp3sgy
certain frame updating period, the polarities of pixels adjacent Tn
the row direction and the columm direction nay be inverted. ForO
exanple, in the certain franme updating period, the polarities of

di splay signal voltages supplied to respective source |lines may be

i nvert ed thaklegnh Heoivirentalrcdanniefg cpartirotls Foine examiplightt heilti §g0d
crystal panel 200 may be driven by dot inversion. [0252]Also in the

liquid crystal displa I ce 100A
g gé that tﬂ% Bééi gg t uggt bgo is turned on over all of the

periods.

[0248] As described above, in the liquid crystal display
deice 700A in the comparative example 2, the liquid crystal
panel 800 is driven at the vertical scanning frequency of 240
Hz regardless of the stereoscopic display mode and the planar
display mode. Accordingly, the power consumption is
increased. On the contrary, in the liquid crystal display
device 100aA, the liquid crystal panel 200 is driven at the
vertical scanning frequency of 120 Hz which is the half of
that in the stereoscopic display mode, so that the increase of

power consumption can be suppressed.

o

[0249] In the above description, the frame rate of the
input video signal input into the liguid crystal display
device 100A is 60 fps, but the present invention is not
limited to this. The frame rate of the input video signal may
have another value. For example, the input video signal may
be a PAL signal, and the frame rate of the input video signal

may be 50 fps. In this case, the frame rate of the video
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B0232SH t hi s enbodi ment, pixels may be sel ected sequentially fromthe
upper end to the lower end of the liquid crystal panel.

Alternatively, as for the pixels arranged in a matrix, the w B023R§H
may be perforned for pixels in odd-nunbered rows and even-nunbered
rows in a block. For exanple, the witing into respective pixels my
be perforned in the way as descri bed above with reference to FIG 17
to FIG 19. [0253] As descri bed above, in the_stereoscopi.c disgla
mode, in 2iEnal dai gekr jRtke PHhdiPs200nd) BRE - BRASS 1RGE 84t EPFs %ﬁﬁiﬂﬁén

successively in two vertical scanning periods, and right-eye inage

data is i n. ST iy t er tavcal EHFiPehl OBay Mz
in the | ;’%ltﬁt&c?q'crl%gt aeC Eosg%yz@evﬁﬁ%e%%ofﬂ% asst%gggglr:i %acg aa%)ove 3(/\,1 th
reference to FIG 15 and FIG 16, it is preferred that the left-eye
i mge datandrsdtheor bghto@yips nmgéehdapbanay despdeiyt medewi th t he sane
polarity in the successive two vertical scanning periods. In this

case, evepn_ if the sypply of .the disp]ay signal,voltage tqQ th ixel
el ect rodep%‘{P]i s n@ﬁsé’uf]ﬂ ci_i}’eentlrjsﬂ'ﬁéjrfoﬁyr’?et%qbyd]tﬁ?elaf"i rdsetvgvc\:/rei 1%0?8 gl’fn

the left-eye image data or the right-eye i mrage data because the
period oftHidre bmpoMiinhtt he Pistalayi S sietreqt edvdS:agB@2328H shpfferdrte
supply of the display signal voltage to the pixel electrode 224 can
be sufficiently perfornmed by the second witing of the |eft-eye, i mage

data or terlatiighesey@dvmadeE dab@wrliesh it t nadT3GR cFORESE dt¥ptsy

device 100A and the stereoscopic display system 300A, the overdrive
driving W@ké¥%£%§QE?§UEQH a certain frame updating period, a display

signal voltage having the same polarity may be supplied to all
of the source lines. In such a case, at the end of the
certain frame updating period, the polarities of pizxels
adjacent in the column direction are the same.

[0251] Alternatively, at the end of the certain frame
updating period, the polarities of pixels adjacent in the row
direction and the c¢olumn direction may be inverted. For
example, in the certain frame updating period, the polarities
of display signal voltages supplied to respective source lines
may be inverted for each horizontal scanning period. For
example, the liguid crystal panel 200 may be driven by dot
inversion.

[0252] Also in the liquid crystal display device 100A in
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[ 0254] FI G. 28 shows a schematic di agram of the stereoscopic display
system 300A whi ch perfornms the overdrive driving. The stereoscopic

di spl ay system 300A has the sane configuration as that of theggiosyg
st ereoscopi c display system 300 descri bed above with reference to
FIG 20 except for the point that the timng controller 120 does not

i nclude the signal duplicating portion 122. Thus, the description

whi ch overlaps with the above description is omtted in order to

avoi d vertioise aescrimphipnpikORS51As ke serlidmaadalseusent t ol hefBrashddie o
FIG 24, the frane rate control circuit 110 generates a video signal

having a franme rate of 240 fps which is _higher than.the frame rate of
60 fps ofURHRF i ABHt WA dEBS silgar baddd°6n the #ﬁaﬂ%dvic&é’c?téggr%ﬁl?e n
the video signal, inmage data PD, PD, Li, Li, R1, B0232SH R1, Li, Li,

RL, Rl, l@tdhatReelR?2, ab2,fdr? the BLifLeB4rangefydd thi s ofdefix, the

[ 0256] The overdrive driving portion 124 produces new i mage
writing may be performed for pixels in odd-numbered rows and
even-numbered rows in a block. For example, the writing into
respective pixels may be performed in the way as described
above with reference to FIG. 17 to FIG. 19.
[0253] As described above, in the stereoscopic display
mode, in the liquid crystal panel 200, left-eye image data is
written successively in two vertical scanning periods, and
right-eye image data is written successively in two vertical
scanning periods. Also in the liquid crystal display device
100A, as described above with reference to FIG. 15 and FIG.
16, it is preferred that the left-eye image data or the right-
eye image data may be written with the same polarity in the
successive two vertical scanning periods. In this case, even
if the supply of the display signal voltage to the pixel
electrode 224 is not sufficiently performed by the first

writing of the left-eye image data or the right-eye image data

because the period of time in which the pixel is selected is
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data based on i mage data concerned and the previous inmage data.
Specifically, for each of the plurality of pixels, new gradation

| evel is set based on the gradation |evel of the inmage data B0232SH
concerned, and the gradation |evel of the previous imge data.

[0257] Herein, one pixel is focused on in order to prevent the
description from being excessively conplicated, and the description
of overdrive driving is perfornmed in the case where the | mage data is

varied i nsheetorthe BIPRG HOthg dispday s1pgpassfPhtede tAasEGngrE®

the image data of the video signal is not varied, the overdrive
driving ig)pot.perfespgedln Eyc@u§f§@§§mt%$epb9?8§hQﬁF%yOfuhﬁﬁsecond

di spl ay signal output fromthe overdrive iving portion 124 is RO (=
OS (RO-4A0)). [0259]In the case where the inmage data of the video
signal iswvatimg HFomhRO laft-ewshi Thedes dafferenttls opi fO -edre image
overdrive driving is perforned. First, it is assuned that the
data. Alsc in the liquid crystal display device 100A and the
stereoscopic display system 300A, the overdrive driving may be
performed.
[0254] PIG. 28 shows a schematic diagram of the \v)
stereoscopic display system 300A which performs the overdrive
driving. The stereoscopic display system 300A has the same
configuration as that of the sterecscopic display system 300
described zbove with reference to FIG. 20 except for the point
that the timing controller 120 does not include the signal
duplicating portion 122. Thus, the description which overlaps
with the above description is omitted in order to avoid (:D
verbose description.
[0255] As described above with reference to FIG. 24, the
frame rate control circuit 110 generates a video signal having
a frame rate of 240 fps which is higher than the frame rate of

60 fps of the input video signal based on the input video

signal. In the video signal, image data RO, RO, L1, L1, RI1,

164



B0232SH gradation | evel of the inmage data RO corresponds to a | ower
vol tage, and the gradation |evel of the inmage data Li corresponds to
a higher voltage.In this case, due to the overdrive driving bg%jﬁgH
overdrive driving portion 124, when the imge data ROis varied to
the image data Li, image data Li' (=0S(R0-41,1) is set instead of the
image data LI. In this case, across the liquid crystal |ayer 230, a
vol tage VL1 which is still higher than the voltage VL1 correspondi ng
to the grridatilgn Ilgv@&1,0R1t, h&2i nkde Hat aRRi 12, abdl i edlre Taragdfederin
in the case where the imge data of the video signal is varied from
Li to Li, .the overdrive driving is not perfornmed, and across the
liquid cry8tfar@&Yer 230, a voltage VL1 corresponding to the
gradation |l evel of the image data Li is applied. As described above,
when the gragdationthavelbetsOiwardrading pecelslanca wirbhutbe vaf iiatdgen
froma |lower voltage to a higher voltage, the overdrive driving
portion 124 sets a gradation level which is still higher than the
gradat i orfldtevepazsgd t pe iimage dirte | AORERIRANedNSi GHEI PIU265F NeX1RIS t
is assuned that the gradation |level of the

data. Specifically, for each of the plurality of pixels, new
gradation level is set based on the gradation level of the
image data concerned, and the gradation level of the previous
image data.

[0257] Herein, one pixel is focused on in order to prevent
the description from being excessively complicated, and the
description of overdrive driving is performed in the case

where the image data is varied in the order of RO, RO, L1, and

Ll.
) f0258] In the case where the image data of the video signal
is not wvaried, the overdrive driving is not performed. In

such a case, the image data of the display signal output from
the overdrive driving porticn 124 is RO (= OS(RO—RO}).

[0259] In the case‘where the image data of the video signal
is varied from RO to L1 which is different from RO, the

overdrive driving is performed. First, it is assumed that the
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i mge data RO corresponds to a higher voltage, and the B0232SH
gradation | evel of the inmage data Li corresponds to a | ower
voltage.In this case, due to the overdrive driving by the oveBdpsasH
driving portion 124, image data Li' (-OS(RO-4L1)) is set instead of
the inmage data LlI.In this case, across the liquid crystal |ayer 230,
a voltage VIA" which is still lower than the voltage VL1
corresponding to the gradation level of the imge data Li is applied.

Ther eaf t egradatidre keed ier 819 het3gmmgd tat BC of CEFRSRATMEL '8 ghat OFEr

varied fromLi to Li, the overdrlve driving is not perforned, and

across th d ¢ryst a ages Vil or; r,gﬂ?gon t
t he grada |#n évefé1 nd t'a:h g%%tna I}}ég!% a%fpl F%%é: A:\Ls scrg:aggd o

above, when the gradatl on IeveI is varied in accordance with the
“variati oncérossporkisghey  ¥ohtagert goatdgawer Vol tthge, ddse,ovdredriaethe
driving porti on 124 sets a gr adation level corresponding to a voltage

which is still |ower than radation.l evel .of the e?& I

the vi deo”¥s¥iatve 40961F Wh i TN é{}lgiegrﬁllvéﬁ?pﬁf)r\ga% % wien

overdrive
the image data RO is varied to the image data Ll, image data
1.1’ (=0S(R0—L1) is set instead of the image data L1. In this

L ()

case, across the liguid crystal layer 230, a voltage VL1’ p—y
which is still higher than the voltage VL1 corresponding to
the gradation level of the image data L1 is applied.
Thereafter, in the case where the image data of the video
signal is varied from Ll to Ll, the overdrive driving is not
performed, and across the liguid crystal layer 230, a voltage
VL1 corresponding to the gradation level of the image data Ll
is applied. As described above, when the gradation level is
varied in accordance with the variation from a lower voltage
to a higher voltage, the overdrive driving portion 124 sets a
gradation level which is still higher than the gradation level
of the image data in the video signal.

[0260] Next, it is assumed that the gradation level of the

image data RO corresponds to a higher voltage, and the

166



driving portion 124, image data PD, RO, Li', Li, RI', R1, Li", Li,
R1', R1, L2', L2, R2", R2, L2', L2, ... are arranged in this order.
Accordingly, in the vertical scanning period in which B0232Sk}thg
right-eye inmage data and the left-eye imge data are swtche ,’TEe
el ectric potential of the pixel electrode 224 can be the target
electric potential. [0262] Herein the backlight unit 250 is turned on
I n accordance with the latter vertical scanning period of the two
vertical gearriog perveddsfi mhe umagk tdacar ilghtceeyespoade Hata dwderhe
| eft-eye i mage data are successively witten.0 Specifically, the

backlight unit 250 is turned off |n '
g voltage. in tﬁis case, Aue %xpegﬂém%verdrive driving by the

overdrive driving portion 124, image data L1’ ({=0S(R0—L1)) is
set instead of the image data L1. In this case, across the
liquid crystal layer 230, a voltage VLL’ which is still lower
than the vecltage VL; corresponding to the gradation level of
the image data L1 is applied. Thereafter, in the case where
the image data of_the video signal is varied from L1 to L1,
the overdrive driving is not performed, and across the liquid
crystal layer 230, a voltage VL1 corresponding to the
gradation level of the image data L1 is applied. As described
above, when the gradation level is varied in accordance with
the variation from a higher voltage to a lower voltage, the
overdrive driving portion 124 sets a gradation level
corresponding to a voltage which is still lower than the
gradation level of the image data in the video signal.

[0261] In the display signal output £from the overdrive
driving portion 124, image data RO, RO, L1’, L1, R1’, RIl, L1,
11, R1’, R1l, L2’, L2, R2’, R2, L2’, L2, .. are arranged in this

order. Accordingly, in the vertical scanning pericd in which
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in which the image data after the overdrive driving is witten, and
Is turned on in a period in which the next imge data is witten.
[0263] The | eft-eye shutter 282 of the shutter glasses 280 is Bpe3dsH
in a period in which the liquid crystal panel 200 displays the
left-eye image and the backlight unit 250 isO turned on, and is
closed in the other period. The right-eye shutter 284 of the shutter
gl asses 280 is opened in a period in which the liquid, crystal panel
200 di spltys rhentigne - ey@gﬁrm@etaanan@héh@ackﬁtmﬁyanwa%od%at (rited
on, and is closed in the other period. [0264]The overdrive driving

may be peg£f¥ d thﬁg electric potential of the pixel electrode 224

can be the target electric potential.

[0262] Herein the Dbacklight unit 250 is turned on in
accordance with the latter vertical scanning period of the two
vertical scanning periods into which the right-eye image data
and the left-eye image data are successively written.
Specifically, the backlight unit 250 is turned off in a period
in which the image data after the overdrive driving is
written, and is turned on in a period in which the next image
data is written.

[0263] The left-eye shutter 282 of the shutter glasses 280
is opened in a period in which the liquid crystal panel 200
displays the left-eye image and the backlight unit 250 is
turned on, and is closed in the other period. The right-eye
shutter 284 of the shutter glasses 280 is opened in a pericd
in which the liquid crystal panel 200 displays the right-eye
image and the backlight unit 250 is turned on, and is closed
in the other period.

[0264] The overdrive driving may ©be performed with
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B0232SH reference to a | ookup table, or by way of arithnetic
processing. Alternatively, the overdrive driving may be perforned by
conbi ning them [0265]1n the above description, the overdrivegghhy¥ijng
is perforned based on the gradation | evel of the i mge data
concerned, and the gradation | evel of one inage data previous to the
i mge data, but the present invention is not limted to this. The
overdrive driving may be perforned based on the gradation | evel of

t he i mageradatraneenceoned, aookime tpkddat | om | byel waf teb orrifdmetic

i mge data previous to the inmage data. As descri bed above, the

overdrive driving may be perforned based on th radati.on | evel o
t he inagé”ﬁ&@éségﬂcern Fe§ﬁagbVﬁg%Iizﬁele9¥F535%”%t réX%PgoﬁgﬂfNESe
data previous to the image data. [0266] (Enbodi ment 3) In the

above- desfdvisedehi BYi SobMsitdl tdiempl ay device, the stereoscopic
di spl ay node and the planar display node can be switched, but the

present invention is not limted to this. The liquid crystal display
devi ce melP2881f or mldi $peaypbeiky deact het 52y eblaR opT - HiidH &Ffede, 1and
the switching of display B0232SH
performed based on the gradation level of the image data
concerned, and the gradation level of one image data previous
to the image data, but the present invention is not limited to
this. The overdrive driving may be performed based on the
gradation level of the image data concerned, and the gradation
level of two or more image data previous to the image data.
As described above, the overdrive driving may be performed
based on the gradation level of the image data concerned, and
gradation levels of at least one image data previous to the
image data.
[0266] (Embodiment 3)
In the above-described liquid crystal display device, the
stereoscopic display mode and the planar display mode can be
switched, but the present invention is not limited to this.

The ligquid crystal display device may perform display only in

the stereoscopic display mode, and the switching of display
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nmode is not performed. [0267] Hereinafter, a liquid crystal display
device and a stereoscopic display systemin a third enbodi nent of the
present invention will be described. FIG 29 shows a |iquid cysRgH
di spl ay device 100B and a stereoscopic display system 3003 in this
enbodi ment. The liquid crystal display device 1003 in this enbodi nent
does not performdisplay in the planer display node, but performns
display only in the stereoscopic display node. The stereoscopic

di spl ay swysteemns3008 pacforesi.t he |iquid crystal display device 1003
and shutter glasses 280. The liquid crystal display device 1003 is

dri t 1 I f
[0268] Fi O3t SRR S6Tt ar b SERErAE <" abt B loi TheS o 2

stereoscopi ¢ di splay system 300B in successive frane updatlng

peri ods. g:de@eo%%gxct W fHdGa 9% d3tahown far texanpl epbédignegtter ebsdds
di splay system 300B at the end of the respective frame updating
periods. [0269] As shown in FI G 29(a cer ae upda{
period, tRResSGuiiRVERFiPa| Wa%pp‘éydﬁéﬁ%‘aﬁoof sp?%yg FiYht - le%)'gld
i mage. The left-eye shutter 282 and the right-eye shutter

crystal display device 100B and a stereoscopic display system
300B in this embediment. The liquid crystal display device
100B in this embodiment does not perform display in the planer
display mode, but performs display only in the sterecscopic
display mode. The stereoscopic display system 300B includes
the liquid crystal display device 100B and shutter glasses
280. The liquid crystal display device 100B is driven at the
vertical scanning frequency of 240 Hz, for example.

[0268] FIG. 29(a) to FIG. 29(d) are schematic diagrams of
the stereoscopic display system 300B in successive frame
updating periods. FIG. 29(a) to FIG. 29(d) show, for example,
the stereoscopic display system 300B at the end of the
respective frame updating periods.

[0269] As shown in FIG. 29(a), in a certain frame updating
period, the liguid crystal display device 100B displays right-

eye image. The left-eye shutter 282 and the right-eye shutter
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B0232SH 284 of the shutter glasses 280 are both closed. [0270]At this
time, as for the polarities of respective pixels of the liquid

crystal display device 1002, for exanple, the polarities of piggbsy
adj acent in the colum direction are the sane, and the polarities of
pi xel s adjacent in the row direction are inverted. Alternatively, the
polarities of all pixels may be the positive polarity or the negative
polarity. Alternatively, the polarities of pixels adjacent in the row
di recti ozsandft bee cslutterdigleetesn2dhyarze boteciesed r om each ot her.
[0271] As shown in FIG 29(b), in the next franme updating period, the

liquid crystal display device 1003 di splays right.-eye i e. Also in
the Iiquil@2dPyst al BHi gBFﬁy td@?i'céslcdf@f? ife %Jlgat]ﬁlﬁd‘\é(?f Ogﬁgﬁs-peeﬁglve
imge is performed over two successive frane updating periods. At

this tinme;.the bkohts eyenShiuthesc2B4qoiptdie Rutkelogbassas 28apis,
opened, so that the observer can visually recognize the right-eye
image. In the liquid crystal display device 1002, the witing of

ri ght - eyéhenmpgéadat se$ sobepfxglrechdimcend s0céEbSsFobuerdiragtio8afnfng
periods with the sane polarity, so that the

the same, and the polarities of pixels adjacent in the row
direction are inverted. Alternatively, the polarities of all
pixels may be the positive polarity or the negative polarity.
Alternatively, the polarities of pixels adjacent in the row
direction and the column direction may be inverted from each
other.

[0271] As shown in FIG. 29(b), in the next frame updating
period, the liquid crystal display device 100B displays right-
eye image. Also in the liquid crystal display device 100B,
the writing of right-eye image 1is performed over two
successive frame updating periods. At this time, the right-
eye shutter 284 of the shutter glasses 280 is opened, so that
the observer can visually recognize the right-eye image. In
the liquid crystal display device 100B, the writing of right-
eye 1image data is performed in two successive vertical

scanning periods with the same polarity, so that the
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B0232SH pol arities of respective pixels are the sane as those in the
previ ous frame updating period. [0272] As shown in FIG 29(c), in the
frame updating period after the next one, the liquid crystal @gbsysay
device 1003 displays left-eye image. At this tine, the left-eye
shutter 282 and the right-eye shutter 284 of the shutter glasses 280
are both closed. The polarities of respective pixels are inverted
fromthe polarities in the previous franme updating period. [0273]As
shown i n I@riddEd) ofi raspechexe Piaeks updat iRy PETG RE ?WR??i%ﬂn?Pe
crystal display device 1003 displays left-eye inage. Also in the
liquid crystal display deyvice 1003,. t.the witing of left-eye inmage is
per f or me %ﬁﬁﬁoqﬁ&?%gﬁ cggéﬁEﬁ§%|R§ﬁéoépdating periods. At this t?ne,
the left-eye shutter 282 of the shutter gl asses 280 is opened, so
that the olsgryver can svicsdabhyriecamicge thethef fraye updagengl petied
liquid crystal display device 1003, the witing of |eft-eye image
data is perforned over the two successive vertical, scannin eri
with the aEMRE pphar PEFE S§Sr hdthet I'IJel‘ﬁHidar‘FW%tsalofdjr%%lfé’ct?%éiocpﬁ xg‘?@a

are the sane as the polarities in the B0232SH
displays left-eye image. At this time, the left-eye shutter

282 and the right-eye shutter 284 of the shutter glasses 280
are both c¢losed. The polarities of respective pixels are
inverted from the polarities -in the previous frame updating
period.

[0273] As shown in FIG. 29{d), in the next frame upda£ing
period, the liquid crystal display device 100B displays left-
eye image. Also in the liguid crystal display device 100B{
the writing of left-eye image is performed over two successive
frame updating periods. At this time, the left-eye shutter
282 of the shutter glasses 280 is opened, so that the observer
can visually recognize the left-eye image. In the liquid
crystal display device 100B, the writing of left-eye image
data is performed over the two successive vertical scanning
periods with the same polarity, so that the polarities of

respective pixels are the same as the polarities in the
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previ ous frame updating period. [0274] As descri bed above, in the
liquid crystal display device 100B in this enbodi nent, the witing of
| eft-eye image data is perfornmed over two successive verticalBO3 SH
scanning periods with the same polarity, and the witing of rld% -eye
imge data is perfornmed over two successive vertical scanning periods
with the sane polarity. In this way, the witing of left-eye inmge
data and the witing of right-eye imge data are perforned with the

sane pol grdiess $Rabbalpddedegeeesdof | unmi nance of respective
pi xels in the visually recogni zed periods can be varied to
predeterm ned degrees of |um nance. Thus, the djsplay unevenness _can

be suppred2dd] (0225] HessrARPEePPORPE h Ieftdifenti s FFySt36 PR
31, the specific exanple of the liquid crystal display device 100B

and the eg;&%%)sﬁ%ﬁbc (i SRk aYaNSEEMRMBO0BhM L)riRendeser ibed eye image

[ 0276] FI i saschemati ¢ di agram of the stereoScopic display
system 300B. The liquid crystal display device 100B includes a liquid
crystal panel 360 ardfarbetkldwgt gmot 28Ccésgivie r y¢irdiray tereantiggi d
crystal panel 200 with Iight. For exanple, the liquid crystal panel

200 i periods with the same polarity, and the writing of right-eye

image data is performed over two successive vertical scanning
periods with the same polarity. In this way, the writing of
left-eye image data and the writing of right-eye image data
are performed with the same polarities, so that the degrees of
luminance of respective pixels in the wvisually recognized
periods can be varied to predetermined degrees of luminance.
Thus, the display unevenness can be suppressed.

(0275] Hereinafter, with reference to FIG. 30 and FIG. 31,
the specific example of the liquid crystal display device 100B
and the stereoscopic display system 300B will be described.
[0276] FIG. 30(a) is a schematic diagram of the
stereoscopic display system 300B. The liquid crystal display
device 100B includes a liquid crystal panel 200 and a
backlight unit 250 for irradiating the liquid crystal panel

200 with light. For example, the liquid crystal panel 200 is
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BO232SH driven at the vertical scanning frequency of 240 Hz. Al though

not shown in the figure, the backlight unit 250 has a plurality of
illum nating regions which can be individually turned on/off, Bg2328H
respectively. [0277]FIG 30(b) is a schematic diagramof the liquid
crystal panel 200. The liquid crystal panel 200 includes a front
substrate 210, a back substrate 220, and a |liquidO crystal |ayer 230
di sposed between the front substrate 210 and the back substrate

220. The fdohvers iistuhat ¥e2tbchbsseaniags gaeanenensli 4hdlzsubst-Fapeah
212 and a counter el ectrode 214.- The back substrate 220 has a

1 qui d cryet alTiatel So0 Ras ‘THE Samet bon i Uearren 24t hat ot Fhe -
liquid crystal panel described above with reference to FIG 14, and
the descrpption thhi 6h evenhapst Md hrédisorabovei descan pbEonnidd vadial byl
in order to avoid verbose description.
turned on/off, respectively.
[0277] FIG. 30(b) is a schematic diagram of the 1liquid
crystal panel 200. The liquid crystal panel 200 includes a
front substrate 210, a back substrate 220, and a liquid
crystal layer 230 disposed between the front substrate 210 and
the back substrate 220. The front substrate 210 has a
transparent insulating substrate 212 and a counter electrode
214 . The back substrate 220 has a transparent insulating
substrate 222 and a pixel electrode 224. The liquid crystal
panel 200 has the same configuration as that of the liguid
crystal panel described above with reference to FIG. 14, and
the description which overlaps with the above description is
omitted in order to avoid verbose description.
(02781 Hereinafter, with reference to FIG. 31, the
variation of signal voltage, the backlight unit 250, and the

open/close of the shutter glasses 280 1in the stereoscopic

display system 300B will be described.
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[0278] Herei nafter, with reference to FIG 31,the variation of signal
vol tage, the backlight unit 250, and the open/close of the shutter

gl asses 280 in the stereoscopic display system 3003 wll be Rp2328H
described. [0279]FIG 31(a) shows the variation of an electric
potential VLs of a source line by using an electric potential Vcom of
the counter electrode 214 as a reference, FIG 31(b) shows the

wavef orm of a scanning signal voltage VLg, FIG 31(c) shows the
variati on[79%n el &6ri c3ptalentstmwsVpshef vaeigdidesl efecdR odel 4 By
using the electric potential Vcomof the counter electrode 214 as a

reference, FI G, 31 shows _the turnin ff L .Qf
iIIuninaﬁrﬂﬁﬂ$%ﬁio&gLoP?tﬁesﬁ%ﬁi?i%ﬁﬁegﬁfpﬁggﬁ,%én lEngi%f%gﬁggﬁ%ﬂs
t he open/close of the shutter glasses 280. [0280] As descri bed above,
the |iquivbdad ¥t alhepaieint2@0 cilecdibden2at hbeaveefécabcscarmd.ndl (b)
frequency of 240 Hz, so that one vertical scanning period (a frane
updati ng perio%ﬁéis about 4.2 ns. Herein the liquid cr%stal Ean&lG?OO
conpl i es SHF t Hee HYEKe{PER 0RTstandSR Y 1 BhdSaIet | A FAISNIYEHR” ofeC-
scanning line is selected is about 3.4 /is. [0281] As i s understood
from FI Gz3yaksnotBechel dhEPRSIMP of an electric potential Vpe of the

pixel electrode 224 by using the electric potential Veom of
the counter elecirode 214 as a reference, FIG. 31(d) shows the
turning on/off of a specific one of illuminating regions of
the backlight unit 250, and FIG. 31(e) shows the open/close of
the shutter glasses 280.

[0280] As described above, the liquid crystal panel 200 is
driven at the vertical scanning frequency of 240 Hz, so that
one vertical scanning period (a frame updating period) is
about 4.2 ms. Herein the liquid crystal panel 200 complies
with the High-vision standard, and a period in which one
scanning line is selected is about 3.4 Us.

[0281] As is understood from FIG. 31(a), the relationship
between the electric potential of the display signal supplied
to each source line and the electric potential of the counter

electrode is not varied over the frame updating period, and
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between the electric potential of the display signal supplied to each
source line and the electric potential of the counter electrode is
not varied over the frame updating period, and B0232SH the B0232SH
polarities of pixels adjacent in the colum direction are nutually
the sane at the end of the frane updating period. Accordingly, the
variation of the electric potential of the display signal within the

frame updatin eriod can be_reduced, thereby .reducing t
consunptigh? gﬂféﬁ%ﬁlgflfﬁ)Pl§e3F38§3§cg?bnﬁ? YT Ay By %%%ggﬁﬁgé are
polarity is supplied to the source line in a first franme updating

period, byh+@fipptay sh@aktvalHeagamofonegati veapel apdbyihg peppbded
to a source line adjacent to the above-nentioned source line in the
first frame updating period. [0282]In the first frame updating perjod
(1F), a dhepbayingdlghal thendiamtadtierhi ghekhel séeetel pobPertiatak h%ﬁ that
of the counter electrode 214 is supplied to the source line. Herein

when the scanning si Y/ e ti t ald)-spjxe be
becones aﬁl%ﬁpégltaﬁggﬁa 8?%% ay-ggéna E@%ItggggFgﬁiuggﬁ?ggﬁtgag

pi xel el ectrode 224 of the certain pixel, thereby performng the
wWiting wrebupes) t terpo) arietiyciAy tities power thesdigplay. si ghal FIG.
vol tage supplied to the source line is set so as to nmake the electric

potenti al ot he pixel. el ectrode 2243, Lar 06l eLegh [l s PSR Tbe

supplied to the source line in a first frame updating period,
but a display signal voltage of negative polarity is supplied
to a source line adjacent to the above-mentioned source line
in the first frame updating period.

[0282] In the first frame updating period (1F¥), a display
signal indicating higher electric potential than that of the
counter electrode 214 is supplied to the source line. Herein
when the scanning signal voltage for selecting a certain pixel
becomes an ON voltage, a display signal voltage is supplied to
a pixel electrode 224 of the certain pixel, thereby performing
the writing with positive polarity. At this time, the display
signal voltage supplied to the source line is set so as to
make the electric potential of the pixel electrode 224 a

target electric potential. The target electric potential is
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B0232SH

set so that the potential difference between the counter

el ectrode 214 and the pixel electrode 224 corresponds to the
gradation level. In this way, the charging of the liquid crysg@hosH
| ayer 230 is progressed by supplying the display signal voltage to

t he pi xel electrode 224. However, since the liquid crystal panel 200
is driven at the vertical scanning frequency of 240 Hz, and the

period i
vol t age
t he scan
electric
electric

n which a scanning line is sel ected and the display signal
isetsuppl itdatt othde potrakiel eclifdgaepes ketwsest | Vg y coNoEer
ning signal voltage is returned to the OFF voltage before the

HBEERD1E) 20hnae) Pl Rafrhol 80T i 24 S Rask P IBRE ai £"3s0

is turned off at least in the mddle of the first frame updating
period, sg@ahBalohhaekkght-ewye kHRgE wakd,t tEe | chdhgidg ref thandiquid
updating period is not visually recogni zed by the observer. The

right-eye shutter. 284 is opened in the latter half of the fiQf

updati ng

t frame
cyerrad. Jorgs] PA0a isecBRAYIFEMRA ubdat PP e Podt o pdisglay

di splay signal indicating higher electric potential than that of the

counter elietsode 214 i SyRPLigd1t S1berpuiea .| i B8wéVer BA23REH he

liquid crystal panel 200 is driven at the vertical scanning
frequency of 240 Hz, and the period in which a scanning line
is selected and the display signal voltage is supplied to the
pixel electrode 224 is relatively short, the scanning signal
voltage is returned to the OFF voltage before the electric
potential of the pixel electrode 224 reaches the target
electric potential. The illuminating region of the backlight
unit 250 is turned off at least in the middle of the first
frame updating period, so that the right-eye image written in
the first frame updating period is not visually recognized by
the observer. The right-eye shutter 284 is opened in the
latter half of the first frame updating period.

[0283] In a second frame updating period (2F), a display
signal indicating higher electric potential than that of the

counter electrode 214 is supplied to the source line. As
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descri bed above, the witing of right-eye inage is perforned
successively in tw frane updating periods. Wen the scanning signal
vol tage for selecting the correspondi ng pi xel becones an ON vB80R3é]
a display signal voltage is supplied to a pixel electrode 224 of the
correspondi ng pixel, thereby performing the witing with positive
polarity. Inhthe qugig crystal display device 100B, the polarity
witten in the secon rame0 updatin eri,od is the same.as_that_in
the 1irstasiambeipdRertio pof GHLARA Che “dPShr Sy STBRET b0 PROL eE

supplied to the source line is set so as to nake the electric

potenti al ;of 48 Ri1Xeknel 86t £ ode: 23Marihgr g6ti &ILCt Nirenpehenktahnivd h

the sanme polarity as that of the target electric potential in the
first frame updating period. Accordingly, the electric potential of
the pi xel sejrech rodeR@4 feactwlsatiast dhgetPrarseprienpopeniet apscones
Herein the target electric potential in the second franme updating

pdat i g Herod g er o Th LB Anagts ALt e BOFhusrarpva PEh

driving and the like, the target electric potential in the second

frame updatédgrdery izsh rey Hiee didfesanindingmgtilte 1t angetrebyeperiforming
the writing with positive polarity. In the 1ligquid crystal
display device 100B, the polarity written in the second frame
updating period is the same as that in the first frame
updating period, and the display signal voltage supplied to
the source line is set so as to make the electric potential of
the pixel electrode 224 a target electric potential with the
same polarity as that of the target electric potential in the
first frame wupdating period. Accordingly, the electric
potential of the pixel electrode 224 reaches the target
electric potential. Herein the target electric potential in
the second frame updating period 1is equal to the target
electric potential in the first frame wupdating period.
However, due to the above-described overdrive driving and the

like, the target electric potential in the second frame

updating period may be different from the target electric
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B0232SH potential in the first frame updating period. Thereafter, the
scanning signal voltage is returned to the OFF voltage. The

ilTum nating region of the backlight unit 250 is turned on ovg3988
vertical scanning period after the witing of the correspondi ng pi xel
is perforned in the second franme updating period. The right-eye
shutter 284 is kept opened over the second frane updating

period. Accordingly, the right-eye image witten in the second frane
updat i ng geeenodai sivi shel fiy ste ogme zepH i iich et odr veFhe vea fdesar itbed
above, the electric potential of the pixel electrode 224 reaches the

target electric potentjal,. and the pixel i bi,ts | umi nance
cor r esporf§ithg e Fﬁgnﬁiaﬁﬁ&?%ﬁ?liﬁ/ ?Uf%ﬁgﬁFfbf%F %%%évp FP%eraﬁge

updating period (3F), left- eye inage data is witten. Herein in the

third franguupdating ReEied, o dineplmyeigiignal nidi cz80 ngs | ewefied on
el ectric potential than that of the counter electrode 214 is supplied
to the source |line. Wen the scanning signal_ voltage for selectin

t he correygondingg Pexelcecordinge I W06 t 2T t Hee dVEpHRF sPEn&?‘e
voltage is supplied to the pixel electrode 224 of the correspondi ng

pi xel, a%%r&@@pgﬁ&iﬁémbfﬁéﬂqjﬂ?%ﬁ&%%?m@ﬁ'@EiEXei§econd frame updating
period. The right-eye shutter 284 is kept opened over the
second frame updating period. Accordingly, the right-eye
image written in the second frame updating period is wvisually
recognized by the observer. As described above, the electric
potential of the pixel electrode 224 reaches the target
electric potential, and the pixel exhibits the luminance
corresponding to the gradation level.
[0284] Next, in a third frame updating period (3F), left-
eye image data is written. Herein in the third frame updating
period, a display signal indicating lower electric potential
than that of the counter electrode 214 is supplied to the
source line. When the scanning signal voltage for selecting
the corresponding pixel becomes the ON voltage, the display
signal voltage is supplied to the pixel electrode 224 of the

corresponding pixel, and the writing with negative polarity is
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B0232SH performed. Herein the display signal voltage supplied to the
source line is set so as to make the electric potential of the pixel
el ectrode 224 a target electric potential. The polarity of t h80RESHet
electric potential in the third frame updating period is set so as to
be different fromthat in the second frame updating period, so that
tre fcannln? 5|gnﬁl ¥8Itﬁge is returned to the OFF voltage before the
electric potential o the pixel  electrode 224 reaches the.target

el ectric potiawied.. Aerehns thenBlsRHRY i 14U éFﬂ%&g?eSPBRf%?gfﬁ% the
backlight unit 250 is still in the on state at the start of the third

frame updglng RArkods UL b5 dAnnPaaabl chel orécdhe, Wotknngaof of hene
|l eft-eye Tmage data is perfornmed in the third frame updating peri od.

Thus, the left-eye image witten in the third frane updating period

is not vipsiedl weleetagneze@4by tdmeycdhsdeeerio peteneldlat t dhehBPEabity

the third frame updating period, the left-eye shutter 282 is opened.
of the target electric potential in the third frame updating
period is set so as to be different from that in the second
frame updating period, so that the scanning signal voltage is
returned to the OFF voltage before the electric potential of
the pixel electrode 224 reaches the target electric potential.
At this time, the illuminating region of the backlight unit
250 is still in the on state at the start of the third frame
updating period, but is turned off before the writing of the
left-eye image data is performed in the third frame updating
pericd. Thus, the left-eye image written in the third frame
updating period is not visually recognized by the observer;
Tn the latter half of the third frame updating period, the
left-eye shutter 282 is opened.
[0285] Also in a fourth frame updating period (4F), a
display signal indicating lower electric potential than that

of the counter electrode 214 is supplied to the source line.

As described above, the writing of the left-eye image is
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[0285]Also in a fourth frame updating period (4F), a display signal
indicating |lower electric potential than that of the counter

el ectrode 214 is supplied to the source line. As described alfugysthe
witing of the left-eye image is B0232SH perforned successively In
two franme updating periods. When the scanning signal voltage for

sel ecting the correspondi ng pi xel beconmes the ON vol tage, the display
signal voltage is supplied to the pixel electrode 224 of the

corr espopeirfigrpea ekpcthes syl ypeid otwd nfrahe wedethgd weehliedarat | Ween
polarity. In the liquid crystal display device 100B, the polarity

witten in the fourth fra u ting period is.the me £ I
the thir &Pfr SETTHALt iHFH ri‘g) ,%agﬁd f{) e i epclscalygsit}%alCo&gﬁetsgygédmg
supplied to the source line is set so as to nmake the electric

potentiakhiqbit Becphxgl tekeohr ada td34, athar gafspebectsigaapoventage wst h
the sane polarity as that of the target electric potential in the

third frame updating period. Accordingly, the electric potential  of
the pi xelupbétedode 22her dricifds EheCkERSet 28Rect’ i ChBot egegPonding
Thereafter the scanning signal voltage is returned to the OFF

vol t age. il ] i I t he. | | i Jo3 at ed
on over gﬁgg&ér%ﬁgggg%céﬁﬁﬁéﬁyﬁﬁgr?%g 2?62?8 hgggﬁiﬁg%g:ﬁgpgﬁgarqE9
correspondi ng pixel is performed in the fourth frame updating peri od.
The | ef t TayetshutlienizB2cirgskept dppled ovevicse 108t htlie amelarity
deating period. Therefore, the left-eye

written in the fourth frame updating period is the same as
that in the third frame updating period, and the display
signal voltage supplied to the source line is set so as to
make the electric potential of the pixel electrode 224 a
target electric potential with the same polarity as that of
the target electric potential in the third frame updating
period. Accordingly, the electric potential of the pixel
electrode 224 reaches the target electric potential.
Thereafter the scanning signal voltage is returned to the OFF
voltage. The illuminating region of the backlight unit 250 is
turned on over one vertical scanning period after the writing
of the corresponding pixel is performed in the fourth frame
updating period. The left-eye shutter 282 is kept opened over

the fourth frame updating period. Therefore, the left-eye

181



B0232SH image witten in the fourth frane updating period is
visually recogni zed by the observer. As described above, the electric
potential of the pixel electrode 224 reaches the target el ect B0232SH
potential, and the pixel exhibits the | um nance corresponding to the
gradation | evel. [0286] As descri bed above, in the liquid crystal

panel 200, left-eye image data is witten successively in two
vertical scanning periods with the sane polarity, and. ri ght-ei/e i niayge
data is wmageenrsuceasdnvehy FALEWD Vams cRdasdainPRgLRer FodE Wit
the sane polarity.For this reason, the reduction of aperture ratio

and the display _uneyen S su CINY T 2 Her etpaf &Bsctric
advant agersecg r%éﬁeegl %Hu?gachthg{?&ai sg?%y devilggglgég and t he

st ereoscopi c display system 3003 in this enbodinent will be descri bed
i n conparpsamtdialh afl ithe d pdxesdt ablelitopidey @8¢i ceeasitbsa $her eb3EbHi C
di splay systemin a conparative exanple 3. First, with reference to

i spl ay’ SYARGAIG00BOFRI el cortbhr af Fve fotapl SVAAITT Bd deser s bag.”

FIG 32(a) is a schematic diagramof the stereoscopic display system

9008. The sfera036@RNhe €bSPh@Ygradation level.
[02806] As described above, in the liguid crystal panel 200,
left-eye image data 1is written successively in two vertical
scanning periods with the same polarity, and right-eye image
data is written successively in two vertical scanning periods
with the same polarity. Tor this reason, the reduction of
aperture ratio and the display unevenness can be suppressed.
[0287] Hereinafter, advantages of the liquid crystal
display device 100B and the stereoscopic display system 300B
in this embodiment will be described in comparison with a
liquid crystal display device and a stereoscopic display
system in a comparative example 3. First, with reference to
FIG. 32, the liquid crystal display device 700B and the
stereoscopic display system 900B in the comparative example 3

will be described. ¥IG. 32(a) is a schematic diagram of the

stereoscopic display system 900B. The stereoscoplc display
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B0232SH system 900B i ncludes the liquid crystal display device 700B
and shutter glasses 880. The liquid crystal display device 700B
includes a liquid crystal panel 800 and a backlight unit 850.pgg33051
Al t hough not shown in the figure, the backlight unit 850 has a
plurality of illumnating regions which can be individually turned
on/off, respectively. The liquid crystal panel 800 is driven at the
vertical scanning frequency of 240 Hz. Also in the liquid crystal

di spl ay dewdtcen 7908 | tnd heleconpar at i gel cexampdte 13, dsspltaghiday iofe tHHOB
di splay node is not perfornmed, and the liquid crystal display device

700B perforps display only in the stereoscopic display, node. .
[ 0288] FI GRBo¢pjther t§89-di ajf @ b‘ﬂuf‘%ecﬂfﬁfﬁﬂd %Jri’}graé*i Fanse
800. The liquid crystal panel 800 includes a front substrate 810, a

back subsjgay 6 B40deand aiki g4 & g3t Fareay @00830ddhspaseti et wean
the front substrate 810 and the back substrate 820. The front

substrate 810 has a transparent insulating substrate 812 and a
counter 3%%trddéahgrgh mhe Pawk sabshepated@d Hdw dackahghharentt 850
insul ating substrate 822 and a pi xel el ectrode 824.

[ 0289] Herheai\snafé erpfﬂéarlirt%f eroefnceiltl?lmﬁhgtf’l:f’gth?egions which can be

individually turned on/off, respectively. The liquid crystal
panel 800 is driven at the vertical scanning frequency of 240
Hz. Also in the liguid crystal display device 700B in the
comparative example 3, switching of the display mode is not
performed, and the liquid crystal display device 700B performs
display only in the stereoscopic display mode.
[0288] FIG. 32(b) 1is a schematic diagram of the liguid
crystal panel 800. The liquid crystal panel 800 includes a
front substrate 810, a back substrate 820, and a liquid
crystal layer 830 disposed between the front substrate 810 and
the back substrate 820. The front substrate 810 has a
transparent insulating substrate 812 and a counter electrode
814. The back substrate 820 has a transparent insulating
substrate 822 and a pixel electrode 824,

[0289] Hereinafter, with reference to FIG. 33, the
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B0232SH vari ation of signal voltage, the backlight unit 850, and the
open/ cl ose of the shutter glasses 880 in the stereoscopic display
system 900B wi || be described. [0290] FI G 33(a) shows the varigabixmH
of an electric potential VLs of a source line by using an electric
potential of the counter electrode 814 as a reference, FIG 33(hb)
shows the waveform of a scanning signal voltage VLg, FIG 33(c) shows
the variation of an electric potential Vpe of the pixel electrode 824
by usi ng tiweiediest rafc sotredt ivaltebet héheobarkiighecerbde8®A4 ard gthe
reference, FIG 33(d) shows the turning on/off of a specific one of

illumnating regions of the backlight. unit 8 and
t he open/ @PEE S h8gsr%‘ﬁ et Lbﬁk%esrgegl%%%?s [ggglﬁr}jn ?1% rgéﬁ%&?%;g%ﬁ%
updating period (1F), a display signal indicating higher electric

pot enti al g higik htst@f, bbesCELNT &le elesetibde. 814 is supplied to the
source line.” Herein when the scanning signal voltage for selecting a

certain pixel becones an ON voltage, a display signal voltage ist .
suppl i ed 1@82%0Dhi xelFecB3dad 8owt (HE cEPLAPRIPR xe?t Aer EFCHELC
performng the witing with positive polarity. At this time, the

di spl ay 5%%%%%%11 VLs of a source line by using an electric potential
of the counter electrode 814 as a reference, FIG. 33(b) shows
the waveform of a scanning signal voltage VLg, FIG. 33({c)
shows the variation of an electric potential Vpe of the pixel
electrode 824 by using the electric potential of the counter
electrode 814 as a reference, FIG. 33(d) shows the turning
on/off of a specific one of 1illuminating regions of the
backlight unit 850, and FIG., 33(e) shows the open/close of the
shutter glasses 880.

[0291] In a first frame updating period (1F), a display
signal indicating higher electric potential than that of the
counter electrode 814 is supplied to the source line. Herein
when the scanning signal voltage for selecting a certain pixel
becomes an ON voltage, a display signal voltage 1is supplied to
'a pixel electrode 824 of the certain pixel, thereby performing

the writing with positive polarity. At this time, the display
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signal voltage supplied to the source line is set so as to nake the
electric potential of the pixel electrode 824 a target electric
potential. The target electric potential is set so that the pgjpengal
di fference between the counter el ectrode 814 and the pixel electrode
824 corresponds to the gradation level. In this way, the charging of
the liquid crystal |ayer 830 is progressed by supplying the display
signal voltage to the pixel electrode 824. However, since the liquid
crystal pagekl880lisgdrisvupplaedt he Eéet iscalrcgcdinend sf reafuetreyadf t940
Hz, and the period in which a scanning line is selected and the

di splay signal voltage is supplied to the_pixel electr 4 4

rel ati veF‘;‘?‘%hoW‘? £ gCEEJa%nPﬁgeggbﬁ& O\f;ﬂf‘g e P&y eteulre%ggogé tdr?? OFF
vol tage before the electric potential of the pixel electrode 824
reaches thegtargebcelect pbeedotant i athe Therddd W aatding goegnanadf ishe
backlight unit 850 is turned off at least in the mddle of the first
frame updating period, so that the right-eye inmage witten in the
first frass upRlatiha§ pere o®otenkdelyiEifdisrenrecdiiiesd bt hgounter
observer. The right-eye shutter 884 is opened in the latter half of

the Tirsk LbRBaLPERE! 08 PEALO: el 0292 bdd SRAONLIIAFRNUBARL! R
period (ZF), a display signa ndicating |l ower electric potenti al
than that of the counter electrode 814 is supplied to the source

| i ne. The guaibtthgn oflevieght - e ithige way, pertfeor alrair nscessi vhey lilguido

éfane updati ng periods. Wen the scanning signal voltage for

| ecti th ' pixel b ON. vol §. , di
S onal | VOFYAGEL | S Spl AR D ASBPREr B bcPVodh oy B | Fe By

correspondi ng pi xel, thereby performng the witing with negative
pol aritygsibRal h@olt S st aki xdi spl eyt cield ®@@4700Bowavéhe since the
conparative exanple 3, the polarity witten in the second frane
updating period is different fromthat in the first frame updating
period. Afduhfls crvsealt RanalsfPly isi ghaivevolatadd S uppl i ed it AR89
source line is set so as to make the electric potential of the pixel

el ectrode 8ofdeAclabpeboehiect bhg E’ﬁ’ée?éjcﬁéd ek airged SbBRLiRgC line
potential is set”so that the potential difference between the counter

el ectrode 814 and the pixel electrode 824 corresponds to the
gr adat i onsl eedkctédnenedrtheaidictokaie diiggaild velyagal 1parigtrlged jite the
driven at the vertical scanning frequency of 240 Hz, and the period

in which a scaning Li0eghs $§' ¢ehgd:p0f, the M sPlay sighahng signal
voltage is returned to the OFF voltage before the electric
potential of the pixel electrode 824 reaches the target
electric potential. The illuminating region of the backlight
unit 850 is turned off at least in the middle of the first
frame updating period, so that the right-eye image written in
the first frame updating period is not visually recognized by
the observer. The right-eye shutter 884 1is opened in the

latter half of the first frame updating period.
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B0232SH voltage is supplied to the pixel electrode 824 is relatively
short, the scanning signal voltage is returned to the OFF vol tage
before the electric potential of the pixel electrode 824 reacBex2CHe
target electric potential. The illum nating region of the backlight
unit 850 is turned on over one vertical scanning period after the
witing of the corresponding pixel is perforned in the second frane

updating periaod. The right-eye shutter 884 is kept. ope over .1 h
second f r&?egzdpdat ilig et TRINTHW MRt He Hﬁprdﬁfj e&%qi’ne?gedjvﬁﬁ%taty

in the second frame updating period is visually recognized by the

observer . A5 desgl{hed ;agovieyctheielect B gopehenti akneh thetpiotelthe
el ectrode 4 does not reéach the target electric potential, so that

t he pixel does not exhibit the |um nance corresponding to the
gradat i orcduntelr. §13283pNext814i nis supplddd atre thelasPrgcperibd- (3MAhe
|l eft- eye image data is witten. Herein in the third franme updating

Phat of (He ot ST DT rOde BEFT S bopor ot 1R Cearedd fho

When the scanning signal voltage for selecting the correspondi ng

pi xel becorme tpRla@ingobkageds I hewithspiiay scanning signal voltage for
selecting the corresponding pixel becomes an ON voltage, a
display signal voltage is supplied to a pixel electrode 824 of
the corresponding pixel, thereby performing the writing with
negative polarity. In the liquid crystal display device 700B
in the comparative example 3, the polarity written in the
second frame updating period is different from that in the
first frame updating period. At this time, the display signal
voltage supplied to the séurce line is set so as to make the
electric potential of the pixel electrode 824 a target
electric potential. The target electric potential is set so
that the potential difference between the counter electrode
814 and the pixel electrode 824 corresponds to the gradation
level. However, since the liquid crystal panel B0O is driven

at the vertical scanning frequency of 240 Hz, and the period

in which a scanning line is selected and the display signal
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B0232SH signal voltage is supplied to the pixel electrode 824 of the
correspondi ng pixel. Thus, the electric potential of the pixel

el ectrode 824 becones higher than the electric potential of the3isy
counter electrode 814. In this way, the witing with positive
polarity is perforned in the third frane updating period. However,
the polarity witten in the third frame updating period is different
fromthat in the second franmeO updating period, so that the scanning
si gnal voldlageei Ssr etppiéddt bot hbeOBExebdl ehget beder@24 his efeatriively
potential of the pixel electrode 824 reaches the target electric
potential. At this tinme, the illunm nati region_qf the backljgh

uni t 850 SRt 1§29 nSERRRUI sPAPR% At Vf’r]rgg%?a o‘?eqct%élet i 7 H-l%rrtgFF
updating period, but is turned off before the witing of the left-eye
i mge datgitsgReikerredtha thecthie dpbt @i dpdat i fige peliald. e Tdutsodehe
|l eft-eye image witten in the third Frane updating period is not
visually recogni zed by the observer. In the latter half of the third
frame upd4 mpasdeisodhet fargeghtelegerafupebenisyl i s bpenayluninating
[0294]Also in a fourth frame updating period (4F), a display signal

indicati@%&f%ﬁeroglqﬁﬁgiBaggifgﬁgahnhgansg@ags turned on over one

vertical scanning period after the writing of the
corresponding pixel is performed in the second frame updating
period. The right-eye shutter 884 is kept opened over the
second frame updating period. Accordingly, the right-eye
image written in the second frame updating period is visually
recognized by the observer. As described above, the electric
potential of the pixel electrode 824 does not reach the target
electric potential, so that the pixel does not exhibit the
luminance corresponding to the gradation level.

[0293] Next, in a third frame updating period (3F), left-
eye image data is written. Herein in the third frame updating
period, a display signal indicating higher electric potential
than that of the counter electrode 814 is supplied to the
source line. When the scanning signal voltage for selecting

the corresponding pixel becomes the ON voltage, the display
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B0232SH of the counter electrode 814 is supplied to the source line.
As descri bed above, the witing of the left-eye inmage is perforned
successively in tw frane updating periods. Wen the scanni ngBoSpsasH
vol tage for selecting the correspondi ng pi xel becones the ON vol t age,
the display signal voltage is supplied to the pixel electrode 824 of
t he correspondi ng pixel, thereby perform ng the witing with negative
polarity. In the quuid_crystal_displa¥ devi.ce_700B in the

conpar at | ¥89%anfriage tife YEPAAPEY thr tPeRIRALt RLSFOIRTH §hmt the

updating period is different fromthat in the third frame updating

period. T -hef he el ric t Lal-; of b Xel of the
el ect rodeggéﬁé%%c%lg@ t %e:lérgetﬁgséct??% %g%gﬂ%}gl }DB{EEEEESL%EN% ng
signal voltage is returned to the OFF voltage. The illum nating
regi on ofpikel beickdtirgkle QA4 th&5Mndss highreed than ovies wmstwdrct pegpntial
scanning period after the witing of the corresponding pixel is

formed in_the fourth f dat i iod. The |eft- t
502 [ KePt BRenBUOVE: THE FUR A Ar ank TLiAEi RGY et Bd Y Fher el br &

the left-eye image witten in the fourth frame updating period is

visual |y pesogniaegobyrithe obspevesrnds dasafticdbechhbyeratdeupiating c
B0232SH potential of the pixel electrode 824 does not reach the
target electric potential, and the pixel does not exhibit the

| um nancePeBFeEspordtiHsyeto the gPatREitoh Yeveten [ 82o81hAs et i e

above, the polarities of pixels in tw vertical scanning periods in
whi ch the,ryoht; ey ) imge; daharpdfetherkeht raY%e 1iMgehdatécéi® frame
y are

witten, respectlve?
updating period, so that the scanning signal voltage 1is
returned to the OFF voltage before the electric potential of
the pixel electrode 824 reaches the target electric potential.
At this time, the illuminating region of the backlight unit
850 is still in the on state at the start of the third frame
updating period, but is turned off before the writing of the
left-eye image data is performed in the third frame updating
period. Thus, the left-eye image written in the third frame
updating period is not visually recognized by the observer.
Tn the latter half of the third frame updating period, the
right-eye shutter 884 is opened.

[0294] Also in a fourth frame updating period (4F), a

display signal indicating lower electric potential than that
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different, so that in sone cases, the electric potential of) the

pi xel el ectrode 824 doest not reach the target electric potential in
every period. Especially when the target electric potential whehigy

| argely departs fromthe electric potential of the counter electrode
814, for exanple, when high lumnance in the normally black node is
dealt with, the electric potential of the pixel electrode 824 does
not reach the target electric potential in sone cases. [0296]In the
above destfr it aruntere pilretrode f 8tdists swpphiey der the pravest lihe-
description from being excessively conplicated. Alternatively, if two

different pixels are focused ., for exanple, .in the.case where t

gradati ofd e %?%“g?ed[ wePPY el g?‘ﬁnt%rjvﬁﬁncgn ?ﬁe st t +&fe Tifage %‘% aggr e

witten in the fourth frame updating period are equal to each

B0232SH performed successively in two frame updating periods. When
the scanning signal voltage for selecting the corresponding

pixel becomes the ON voltage, the display signal voltage is

supplied to the pixel electrode 824 of the corresponding

./‘-

pixel, thereby performing the writing with negative polarity.
In the liquid crystal display device 700B in the comparative
example 3, the polarity written in the fourth frame updating
period is different from that in the third frame updating
period. Therefore, before the electric potential of the pixel
electrode 824 reaches the target electric potential, the
scanning signal voltage is returned to the OFF voltage. The
illuminating region of the backlight unit 850 is turned on
over one vertical scanning period after the writing of the
corresponding pixel is performed in the fourth frame updating
pericd. The left-eye shutter 882 is kept opened over the
fourth frame updating period. Therefore, the left-eye image
written in the fourth frame updating period is visually

recognized by the observer. As described above, the electric
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other, but the gradation levels of the right-eye image data which is
witten imediately before are different, the degrees of |um nance of
the two pixels into which the left-eye inmage data is witten Bay3asel
different in some cases. Specifically, in the case where the electric
potential of the pixel electrode 824 of one of the pixels is equal to
the electric potential of the counter electrode 814 in the second
frame updating periad éi.e,, t he gradatigg Igvel of the Bixgl %s ‘

| ow), thePRIFEIEL OfotBRt PRFebre kR 19PReP28] 22T W 24 Fekbhies  1HE
target electric potential in the third frame updating period, but the
electric pptantial BtehbgaPi Xelne®! agler 0gex824 ABYs NQlot! eaghibhe the
target electric potential in sonme cases in the fourth franme updating
period. On the contrary, in the case where the electric potential of
t he pi xel lehborasdeo824spdndireg sichdhepoxetlatkon dysily different from
the electric potential of the counter electrode 814 in the second
frame updati period (i.e., the gradatio I, . e_pl i

hi gh), thg6%¥%%trié“bo en ﬁgﬁdo?bgﬁg’S%é%Jbégag;F%ggeBEZngégé %%ttwo
reach the target electric potential in the third frame updating
period, buérthelel eeddriqgpaieantddal iof wBORB2Sk: t higlpt xete elmemte odeta
824 reaches the target electric potential in the fourth frane
updating period in sone cases. As described apove, if the polarities
of pixel 2% (the tRf VEYE cHeIcaffFhg 56T i B 55T mhf eRPT e 1S ght 26 e
i mge data and the left-eye inage data are witten, respectively, are

differenty; the Qisplay @fad henrkght - e¥8es TgRe Ok1EREr €f boeyetr idmger
concerned may be affected by the |l eft-eye inmage or right-eye inage

i mredi ately before, in sone cases. This nmay be visually recognized as

di spl ay ubewephesk. el eComide R4 eroedt suppr 883k hehs| §aapeHePa§chbFic
the like, if the line wdth in the liquid crystal panel 800 is

| e easeduod dnd S nol me;g'%b;;gefioods.uw BSBeLIgL () SRifh URAKENRESSet

However, in such a case, erture rati l'1quid crysta
panel 800 is deteriorated. [0298] On the contrary, in the liquid
crystal débpttayidepbcentliOB whitlhi $aegbbdi nepbrtsi Moemt hehd effleeyric
i mge data and the right-eye imge data are witten over two

i Spl 2y UREVEHTESS Za Bac R R b <SR o Rolt Tuct oF i REE Y Phe" rian

aperture ratio. Accordingly, as the liquid crystal panel 200
luminance in the normally black mode is dealt with, the
electric potential of the pixel electrode 824 does not reach
the target electric potential in some cases.
[0296] In the above description, one pixel is focused on in
order to prevent the description from being excessively
complicated. Alternatively, if two different pixels are
focﬁsed on, for example, in the case where the gradation

levels of two pixels into which the left-eye image data are

written in the fourth frame updating period are equal to each
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B0232SH which is driven at the vertical scanning frequency of 240 Hz,
a so-call ed doubl e-speed driving liquid crystal panel can be suitably
used. In addition, by inverting the polarities of pixels everyytwey
vertical scanning periods, the occurrence of flicker can be
suppressed. [0299] Hereinafter,with reference to FIG 34,the
stereoscopi c display system 300B will be described. FIG 34(a) is a
wavef orm di agram of a scanni ng signal voltage supplied to a plurality
of scanniatger, nésit RE SHdatics devehenatfi c:hdi agrdr-sewilnggehelata
fjur ning on/off of the backlight unit, and FIG 34(c) is a schematic

i agram showi ng t he, open/cl ose of the shutter gl.asses. [0300]|n a
first frafe pgﬁt Y"ﬁbt%é’? i%‘&ﬂ%ﬁ}?lyh%eﬁ?{ﬁ a4% ?% egﬁgﬁfgi%be He eS8r e
sequentially selected. Over the first franme updating period, the

left-eye sshulfRhad82 of the shut bekedbasses W8I stkepletpasied.imilge
the start of the first frane updating period, the plurality of

illum nating regions 252 provided in the backlight unit 250 are all

in the orflasate. wrhiken a1ay e siiferent the fquesscapesme BpRRtTiFgLLy.

period, the left eye of the observer visually recognizes the |left-eye
in the «case where the electric potential of the pixel
electrode 824 of one of the pixels is equal to the electric
potential of the counter electrode 814 in the second frame
updating period (i.e., the gradation level of the pixel 1is
low), the electric potential of the pixel electrode 824
reaches the target electric potential in the third frame
updating period, but the electric potential of the pixel
electrode 824 may not reach the target electric potential in
some cases in the fourth frame updating period. On the
contrary, in the case where the electric potential of the
pixel electrode 824 of the other pixel is largely different
from the electric potential of the counter electrode 814 in
the second frame updating period (i.e., the gradation level of
the pixel 4is high), the electric potential of the pixel

electrode 824 does not reach the target electric potential in

the third frame updating period, but the electric potential of
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B0232SH i mage. I n accordance with the selection of the scanning |lines
in the first frame updating period, corresponding illum nating
regions 252 are sequentially turned off, so that the observer BOpESH
not visually recognize the left-eye inmage. [0301]In a second frane
updating period (2F), the plurality of scanning lines are
sequentially selected. Over the second frame updating period, the

| eft-eye shutter 282 of the shutter glasses 280 is kept closed, an

t he righﬂﬂ&yaﬁsﬁdtﬁéﬁczgﬂdﬁs8%@pFe@@R?ﬁth%Mt%qﬁﬁtsFéPFtSFCtH%t§%EHﬂH
frame updating period, the plurality of illum nating regions 252

provided In the backlioht UpLt 290.ars abl,ifythe obtns! dsesThus adn
this peridd, e observer ddes mot- vi sua y recogni ze the left-eye
i mge. In accordance with the selection of the scanning lines in the
second fras@m-mipRat | Agopes | ad, toer egsperdihgsi ldunpnatlag ¥regitbas B2
are sequentially turned on. Accordingly, the observer visually
recogni zes the right-eye image. [0302]In a third frame updat] ¢
per i od ( SFEEHI. prAIPEy Bt S6anih H es™ i e SERUERT af 19 92t
selected. Over the third frame updating period, the right-eye shutter
284 of thgnd the left-eye image data are written, respectively, are
different, the display of the right-eye image or the left-eye
image concerned may be affected by the left-eye 1image or
right-eye image immediately before, in some cases. This may
be visually recognized as display unevenness.
[0297] In order to suppress the signal delay or the like,
if the line width in the 1ligquid crystal panel 800 1is
increased, it is not impossible to suppress the display
unevenness. However, in such a case, the aperture ratio of
the liguid crystal panel 800 is deteriorated.
[0298] On the contrary, in the liguid crystél display
device 100B in this embodiment, since the left-eye image data
and the right-eye image data are written over two successive
vertical scanning periods with the same polarity, the display

unevenness can be suppressed without deteriorating the

aperture ratio. Accordingly, as the liquid crystal panel 200
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B0232 S1-1 shutter glasses 280 is kept opened. At the start of the
third frame updating period, the plurality of illum nating regions
252 provided in the backlight unit 250 are all in the on statgy;y384s,
in this period, the observer visually recognizes the right-eye 1 nage
In accordance with the selection of the scanning lines in the third
frame updating period, corresponding illum nating regions 252 are
sequentially turned off, so that the observer does not visually
recogni zevHike risghtrieye atragee O30l seahoiunghffe@amnaypdd i2d§ Hz,
period (4F), the plurality of scanning lines are sequentially
sel ected. Over the fourth frame u dathngerLod, t he &ight-?ye b
shutter ZB45BCHEs KRHPER~§PERE eSr DB d Grssdl RRgeLh&an e
| eft-eye shutter 282 is kept opened. At the start of the fourth frane
updating $ELedy LReqp! Ural | dyaadidnl,| WY natvdrs ingditoRs idhkovsded
in the backllghy unit 250 are all in the off state. Thus, at this
point of tinme, the observer does not visually recognize the left-eye
i mge. | pixeder ¢ancE WWehvehel el exanedngf peRéodeanfihPIGTHESTCR Che
fourth frame updating period, corresponding illum nating regions 252
are sequentiall I ne Accqrdingly, the observer visually
recognizggjfﬁgrlé %Hgiégﬁ)qﬁggg S described above, either one of the
| eft-eye shutter 282 or the right-eye shutter 284 of the shutter
gl asses 2829093 openedeimmfidhe iwbige visfiatdnca ecogni E8@. by 3he the
bserver may vary in response to the turning on/off of the backlight

uBIdfat lzﬁg(%t[eg:?)egésllzgglé hedi%%%.gymseyrs%egnh%g\gﬁ t IwgglOfbef Ogésér_[i rg%i. FIG.

34(a) is a waveform diagram of a scanning signal voltage
supplied to a plurality of scanning lines, FIG. 34(b) is a
schematic diagram showing the turning on/off of the backlight
unit, and FIG. 34(c) is a schematic diagram showing the
open/close of the shutter glasses.

[0300] In a first frame updating period (1F), the plurality
of scanning lines are sequentially selected. Over the first
frame updating period, the left-eye shutter 282 of the shutter
glasses 280 is kept opened. At the start of the first frame
updating period, the plurality of illuminating regions 252
provided in the backlight unit 250 are all in the on state.
Thus, at the start of the first frame updating period, the

left eye of the observer visually recognizes the left-eye

193



periods is repeatedly performed as shown in FIG 31, into the pixel,
the right-image data is witten with positive polarity and the
left-eye image data is witten with negative polarity. In thigyepse
even if the gradation levels of the right-eye inage data and the

| eft-eye image data of the pixel are nutually the same, the | um nance
of the pixel into which the right-eye image data is witten is
different fromtheO | um nance of the pixel into which the left-eye

i mage dat@mdge.W ilht encoadanae et ¢hdi splayt vy qfotthise Sgann oRgretl 197
sone cases. For this reason, it is preferred that the right-eye inmage

data may be witten wiith positive polarity and negatj.v i d

accor danck! viiftth ftlﬁétpéff?’ags';lpéfhﬁl ReraPty ‘E%%r?%?%@éyg ??nhigéi%%%laﬂb
may be witten with positive polarity and B0232SH negative polarity
in accordﬁg§¥%d@ ot Re ePQEeAd8tially turned off, so that the observer

does not visually recognize the left-eye image.

(03017 in a second frame updating period (2F), the
plurality of scanning lines are sequentially selected. Over

| ()
the second frame updating period, the left-eye shutter 282 of :

the shutter glasses 280 is kept closed, and the right-eye
shutter 284 is kept opened. At the start of the second frame
updating period, the plurality of illuminating regions 252
provided in the backlight unit 250 are all in the off state.
Thus, in this period, the observer does not visually recognize
the left-eye image. In accordance with the selection of the
scanning lines in the second frame updating period,
corresponding illuminating regions 252 are sequentially turned
on. Accordingly, the observer visually recognizes the right-
eye image.

[0302] In a third frame updating period (3F), the plurality
of scanning lines are sequentially selected. Over the third

frame updating period, the right-eye shutter 284 of the
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[ 0305] FIG 35(a) shows the variation of an electric potential VLs of
a source line by using an electric potential Vcom of the counter

el ectrode 214 as a reference, FIG 35(b) shows the waveform gfya,qp
scanni ng signal voltage VLg, FIG 35(c) shows the variation of an

el ectric potential Vpe of the pixel electrode 224 by using the

el ectric potential Vcomof the counter el ectrode 214 as a reference,
FIG 35(d) shows the turning on/off of the backlight unit 250, and
FI G 35(ehushewsgliesapeadiclieskept épenahut trer tkassest 280.tHe0306FAs
is understood fromFI G 35(a), the relationship between the electric
potential of the display signal supplied to each source l.ine and the
el ectri c fFementPapt 6RI t REX Lodint Bhe e‘géléf%‘j]dotev i nbfl%qaé:&nﬁn TER&CnS
frame updating period. Thus, the variation of the electric potenti al
of the digpl gy sj;igRal i the -aweiyrdating pajd odrcanibe idectieased,
so that the power consunption can bée reduced. [0307]Herein, the
variation of the electric potential Vpe of a pixel electrode of a
speci fi c spiexel iEhimcusedhdis PrRrEPG T ObsEweyr dandbhy |X8ASAIINaESEhe
pi xel is not varied from B0232SH

the right-eye image. In accordance with the selection of the
scanning lines in the third frame updating periced,
corresponding illuminating regions 252 are sequentially turned
off, so that the observer does not visually recognize the
right-eye image.

[0303] In a fourth frame updating pericd {(4F), the
plurality of scanning lines are sequentially selected. Over

the fourth frame updating period, the right-eye shutter 284 of

the shutter glasses 280 is kept closed, and the left-eye

s ~

shutter 282 is kept opened. At the start of the fourth frame
updating period, the plurality of illuminating regions 252
provided in the backlight unit 250 are all in the off state.
Thus, at this point of time, the observer does not visually
recognize the left-eye image. In accordance with the
selection of the scanning lines in the fourth frame updating

period, corresponding illuminating regions 252 are
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the first frame updating period (1F) to the eighth frame updating
period (8F), and the gradation |evel of |left-eye inmage data of this
pi xel is substantially equal to the gradation |evel of the rigabigye
i mge data. For exanple, the pixel corresponds to the center portion
of an object included in the inmage which is displayed in the
stereoscopic manner. [0308]In a first frane updating period (1F), a
di splay( signal indicating higher electric potential than that of_ the
count er ejsptarndel2y4 tiensdppii.ed Bocoh@iswly cethé nebselrel nviveal bhe
scanni ng signal voltage for selecting a certain pixel becones an ON

vol tage, a display signal _voltage is suppli,ed tg a pixel el d

224 of i HEGEILAAE prol ST RRYoDy88r 1 of i RG TR W NG WPtk ot o7
positive polarity. At this tine, the display signal voltage supplied
to the soyfcenli m@fﬁseyf@t sEe: @S tIeeke the ehektrdw: potentdml28f ¢he
pi xel electrode 224 a target electric potential. The target electric
potential is set so that the potential difference between the_COUfier
el ect r odeti2d 4 shnlitehe gaiaRersel28€t rotleopoBe@or PBEpdiits 1B TheVisualy
gradation level.In this way, the charging of the liquid crystal |ayer
230 i s progressed S | vy i : BO gggﬁ | l- heoktagend O
t he pi err%?%%}l‘raz(%g%fzgggk%%ggé%kegg cgla?%el?i é%l d csr%yg:{&glth\saﬁgl 20
is driven at the vertical scanning frequency of 240 Hz, and the

peri od i nomeh cef stenbenglige ursits@b@ct ed and t he di splay signal
voltage is supplied to the pixel electrode 224 is relatively short,

th i i | | t i t d to.th F t b .
l'ectric BOtent al T o CarRerherectiode 3350, Bhches (pefies fpdpeitd®

electric potential. The illum nating region 252 of the backlight unit

250 is tuppeth@ fiatrdmasidly bheraided eanfstdien fiinr Sch.r aap dpdat the
period, so that the right-eye inage witten in the first frane
updating period is not visually recognized by the obseryver. Th .

ri ght - eyepshen t ekheguight dpeqeddphat hé waﬁ%%/n &t groS e VFi Pé’f[af Fhfre
updating period. [0309] In a second frame updating period (2F), a

di spl ay S%Q&aéhé ndigatd, g iﬂb@?eaa@é etd 1 G tRehent LAl nddanddhabiakithe

counter electrode 214 1's supplied to the source line. As described

above, the witing of right-eye image is perforned successivelgﬁin
B~

two frameInpdhisngaperi edsn Wiertheharedahnipng levghal ofoltbgge eye

sel ecting the correspondi ng pi xel becones an ON vol tage, a display
si gnal Voﬁﬁggg kféf%ugghhe%hgo fef¥3%ve image data of the pixel are

mutually the same, the luminance of the pizel into which the
right-eye image data 1is written 1is different from the
luminance of the pixel'into which the left-eye image data is
written, and adequate display may not be performed in some
cases. For this reason, it is preferred that the right-eye
image data may be written with positive polarity and negative
polarity in accordance with the periods, and similarly the

left-eye image data may be written with positive polarity and
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B0232SH el ectrode 224 of the correspondi ng pixel, thereby perform ng
the witing with positive polarity. The polarity witten in the
second frame updating period is the sane as that in the firstpf§zzage
updati ng period, and the display signal voltage supplied to the
source line is set so as to make the electric potential of the pixel
el ectrode 224 a target electric potential with the same polarity as
that of the targetC) electric potential in the first frame updating
period. AsRtdivEgPylathley eie@acredpptentidt e PRELPIRel el ectrode
224 reaches the target electric potential.Thereafter, the scanning
signal vo IS ret.urn 0 t Foyol tage: o (Lhe i Llkuninati -
regi on 25g£%$ﬁthe 6§§k|i§ﬁ§${nn%3§¥ 0 Fggturne 1%%§bvgk 2%2 Q%?%Fgéf
scanning period after the witing of the corresponding pixel is

per f or nechdterithels¥Tendff aarpunpeating penisdhgThe elghtrbyerstiuantttiad
284 i s kept opened over the

Veom of the counter electrode 214 as a reference, FIG. 35(b)
shows the waveform of a scanning signal voltage VLg, FIG.
35(c) shows the variation of an electric potential Vpe of the
pixel electrode 224 by using the electric potential Veom of
the counter electrode 214 as a reference, FIG. 35(d) shows the
turning on/off of the backlight unit 250, and FIG. 35(e) shows
the open/close of the shutter glasses 280.

[0306] As is understood from FIG. 35(a), the relationship

between the electric potential of the display signal supplied

to each source line and the electric potential of the counter

AT

electrode is not wvaried in the frame updating period. Thus,

the variation of the electric potential of the display signal

in the frame updating period can be decreased, so that the

power consumption can be reduced.

{03071 Herein, the variation of the electric potential Vpe

of a pixel electrode of a specific pixel is focused on in FIG.

35(c). The gradation level of the pixel is not varied Zfrom
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second frane updating period. Accordingly, the right-eye imge witten
in the second franme updating period is visually recognized by the
observer. [0310]Next, in a third franme updating period (3F), Bg%i2SH
eye inage data is witten. Herein in the third franme updating

B0232SH period, a display signal indicating higher electric potenti al
than that of the counter electrode 214 is supplied to the source

[ i . Wh t he, i i |, .vol t . f ti he .
e, uhen e scamring sl goel. vol (08 401 (1) <Gl MOILIC qnen rane

voltage is supplied to the pixel electrode 224 of the correspondi ng
pi xel , angdr@ny i p&RgodM tBFPPSiahnidverol gi-kliytisn paelelmedt Hefetaye
the display signal voltage supplied to the source line is set so as
to make the electric potential of the pixel electrode 224 a target
el ectri c Wergnt datanaef ndhiife Banel polsr ist¥pskant hatly n 9¥élsetsnd e
frame updating period. Thus, the electric potential of the pixel

el ectrode .2ac hect . elect i ¢ et al . e ! he
ni ¢ 250 TR 1 eheo st At a the BEar et the eh ra Fr S
updating period, but is turned off before the witing of the left-eye
i mage datmisdel perfrespeddsntbhehe henkdr e tipdatifngnpebiedt Fhasudade
|l eft-eye image witten in the third frame updating period is not

{rame. upcd (M8 PeRISAT LR §erEbyaYSHuLber 2aY 4 S d0REa. "TOFEL] Al so

in a fourth frame updating period (4F), a
[0308] In a first frame updating period (1F), a display
signal indicating higher electric potential than that of the
counter electrode 214 is supplied to the source line. Herein
when the scanning signal voltage for selecting a certain pixel
becomes an ON voltage, a display signal voltage is supplied to
a pixel electrode 224 of the certain pixel, thereby performing
the writing with positive polarity. At this time, the display
signal voltage supplied to the source line is set so as to
make the electric potential of the pixel electrode 224 a
target electric potential. The target electric potential is
set so that the potential difference between the counter
electrode 214 and the pixel electrode 224 corresponds to the

gradation lewvel. In this way, the charging of the liquid

crystal layer 230 is progressed by supplying the display
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B0232SH di spl ay signal indicating higher electric potential than that
of the counter electrode 214 is supplied to the source line. As
descri bed above, the witing of the left-eye image is perfornggsogy
successively in two frane updati ng periods. When the scanni ng S|gné
vol tage for selecting the correspondi ng pi xel becones the ON vol t age,
the display signal voltage is supplied to the pixel electrode 224 of
the correspondi ng pi xel, thereby performng the witing with positive
pol arity.sifmalpobatadey tw ittheepikalt bedtourdeh 22AaneHapeet i ng ipeei dei s
the sanme as that in the third franme updating period, and the display
signal voltage is set_so as.to ke the electri ot ent.i al. of _the

pi xel el édivdde F¥5t31t Rrget é’flogf:ltlrsi r&d’?@ntaitaltﬁiﬁpt‘ﬁelf & damganiing
polarity as that of the target electric potential in the third frame
updat i ng f&%ré:quHCQ Aecondi 09l Yantihene!l getids pot@itdrala afcddigngi Aehe
el ectrode 224 reaches the target electric potential.Thereafter the
scanni ng signal voltage is returned to the OFF voltage. The

i |1 uni natiisngelegited 25@ bifie t slaok|sighelumPitag® i3 $URMEED 0GB
one vertical scanning period after the witing of the correspondi ng

pi xel iSFHELEOQH%%tEQdéhE2BOHEtQeﬁgéﬂ§eﬂpd§ﬁéfE1 the scanning signal
voltage is returned to the OFF voltage before the electric
potential of the pixel electrode 224 reaches the target
electric potential. The illuminating region 252 of the
backlight unit 250 is turned off at least in the middle of the
first frame updating pericd, so that the right-eye image
written in the first frame updating period is not wvisually
recognized by the observer. The right-eye shutter 284 is
opened in the latter half of the first frame updating period.
[03029] Iin a second frame updating period (2F), a display
signal indicating higher electric potential than that of the
counter electrode 214 is supplied to the source line. As
described above, the writing of right-eye image is performed
successively in two frame updating periods. When the scanning
signal voltage for selecting the corresponding pixel becomes

an ON voltage, a display signal voltage is supplied to a pixel
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period. The | eft-eye shutter 282 is kept opened over the fourth frame
updating period. Therefore, the left-eye inage witten in the fourth
frame updating period is visually recognized by the observer.B02325H
[0312]In a fifth frame updating period (5F), a display signal
indicating | ower electric potential than that of the counter

el ectrode 214 is supplied to the source line. Herein when the

scanni ng signal voltage for selectin .certain.pixel _becones.the ON
vol t age, ?4ﬁ?§ﬂQ%ﬂz%?%ﬁ?ﬁuﬁhQMﬁQQﬁﬁfﬁaggéﬁgpPFéaltotgﬁﬁg%¥x%?rformlng
el ectrode 224 of the corresponding pixel, thereby performng the
writing widh negatiye, Rl Ydsti¥ivel Bbhariyy. thendi splayitsy gnal ol tiage
supplied to the source line is set so as to nake the electric
potential of the pixel electrode 224 a target electric potential.
However, thre spedend tfrafe tumslatingeresiedt disc thet edealas thdfe i fiIF
frame updating period is set to be different fromthat in the fourth

et ur nod 10 The 0P IRTRge D tre Thetl catt i ¢ aokbni rafvor TRE9°

pi xel el ectrode 224 reaches the target electric potential. At this
time, thesigglumdnalc rger egiote 2bthofid heethasklasght make 26O edectric
B0232SH turned off at least in the mddle of the fifth franme updating

period. Thus, the right-eye inage witten . in fifth frame dati ng
period | PHA N EduaPEy FREogi ﬁ&efﬁéoﬂﬁseégir.aIr?%?ﬁggla?r%#t?%ﬁf
of the fifth frame updating period, the right-eye shutter 284 is

opened. potential with the same polarity as that of the target
electric potential in the first frame updating period.
Accordingly, the electric potential of the pixel electrode 224
reaches the target electric potential. Thereafter, the
scanning signal voltage 1is returned to the OFF voltage. The
illuminating region 252 of the backlight unit 250 is turned on
over one vertical scanning period after the writing of the
corresponding pixel is performed in the second frame updating
period. The right-eye shutter 284 is kept opened over the
second frame updating period. Accordingly, the right-eye
image written in the second frame updating period is visually
rgcognized by the observer.
[0310] Next, in a third frame updating period (3F), left-

eye image data is written. Herein in the third frame updating
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[ 0313] Periods froma sixth frame updating period (6F) to an eighth
frame updating period (8F) are the sane as those fromthe second
frame updating period (2F) to the fourth frane updating periqugégﬁ,
except for the points that the polarity of the display signal voltage
and the polarity of the pixel electrode 224 are different, so that

t he description which overlaps with the previous description is
omtted in order to avoid verbose description. In this way, in the

| i qui d crpestiald, paneli sp08y shenanviEndicatiofy péobhert yledtpixabatamyabe
O perforned every four vertical scanning periods. [0314] As descri bed

above, by witing right-eye inmage data and | eft-eye inmage data wth
the same tﬁ’@l“arimﬂ% eVkr yPEWE ircaﬁaleé:g&ﬁ ?nglﬁer¥%d§?pgﬁ]ee egﬁcttsh‘gn
of aperture ratio and the display unevenness can be suppressed. In
addi tion,s py-cpenfigem ngrche thav fshaingf spﬁﬁar | yy1 gl ] SseRIting
four B0232SH vertical scanning periods, the right-eye image data can
be witten with positive polarity and negative polarity and the

| ef t - eye theagemasecodinde PhEELt &cRinehd 58Si ON &7 Pdlagei t yhgndlisplay
negative polarity in accordance with the vertical scanning periods.

As @ resullnalNGoTRhEE 18 LHEhPADF e §aRe o Rlet N RAIAI! $2438P8he

SUppr essed.
corresponding pixel, and the writing with positive polarity is
performed. Herein the display signal voltage supplied to the
source line is set so as to make the electric potential of the
pixel electrode 224 a target electric potential having the
same polarity as that in the second frame updating period.
Thus, the electric potential of the pixel electrode 224
reaches the target electric potential. The backlight unit 250
is still in the on state at the start of the third frame
updating period, but is turned off before the writing of the
left-eye image data is performed in the third frame updating
period. Thus, the left-eye image written in the third frame
updating period is not visually recognized by the observer.
In the latter half of the third frame updating period, the

left-eye shutter 282 is opened.

[0311] Also in a fourth frame updating period (4F)}, a
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[0315] I n the above description, display signal voltages with
different polarities are supplied to adjacent source lines, but the
present invention is not limted to this. Alternatively, in aBOg}aS& n
frame updating period, display signal voltages with the sanme polarity
may be supplied to all of the source lines. In such a case, the
polarities of the pixels adjacent in the colum direction are the
sane at the end of the frame up datln peri_od. &0316£Alter ative

t he end c#l%Rkﬁﬁr%%ﬁ@a&pdégFﬁ@tb%ﬁl%&ﬁ The& IFAta L PR eBFl?ﬁ U ¥ £

adjacent in the rowdirection and the colum direction may be

I nverted.,Foryex f%r'élé%t%%ﬁ%ab@4f1§n%uHBg§éﬁngopgﬁé0g®ui@§ line.
polarity ot a di splay signal voltage supplied to respective source

line may be inverted every horizontal scanning period, and the liquid
B0232SH chystakcpabed 200veay He dwiveindyodotthewvéestopye image 1is
Alternatively, the pixels arranged in a matrix may be divided into

one of NSRRI E T oS And 't Moy BRI Povks HREt her s

witing is perfornmed into pixels in the other one of the roms.

[ 0317] FI Gha3668anshoyssifgapolaltigestot pexetsingit ehahicolresponding
pixel becomes the ON voltage, the display signal voltage is
supplied to the pixel electrode 224 of the corresponding -
pixel, thereby performing the writing with positive polarity.
The polarity written in the fourth frame updating period is
the same as that in the third frame updating pericd, and the
display signal voltage is set so as to make‘ the electric
potential of the pixel electrode 224 a target electric
potential with the same polarity as that of .the target
electric potential in the third frame updating periocd. <u)
Accordingly, the electric potential of the pixel electrode 224
reaches the target electric potential. Thereafter the
scanning signal voltage is returned to the OFF voltage. The
illuminating region 252 of the backlight unit 250 is turned on

over one vertical scanning period after the writing of the

corresponding pixel is performed in the fourth frame updating
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the witing is performed and the sequence in which the witing is
perfornmed in one block. For exanple, in a certain horizontal scanning
period, the witing is perfornmed with different polarities i ngg3rsy
pi xel s adjacent in the row direction in a certain row Thereafter, in
t he next horizontal scanning period, a row adjacent to the row of

pi xel s into which the witing is perforned in the immedi ately

precedi ng hori zontal scanning period is skipped, and the witing is
per f or mecbdritoa.pi X€hs akfa-egw whuchers 28@parsat kebthyopaned ongefr dire

the row of pixels into which the witing is perfoLned in the

i medi ately precedi ng horizontal scanni eriod wi.th the sane.

pol ari ty E1tHatt femer Fe9pRHBEi BEELY pr e@gﬁf‘ﬁ%o%r ;,\g}b%t frsEaming2°
period. Thereafter the witing is sequentially perforned with the
same  polaritienevery ek o0%hi Netd@ bhoekt Ther gafitier, the widdding
is sequentially perfornmed into the pixels of the row which is skipped
in the previous witing in the block with polarity different from

that of tdesognéviduly wrhia iaRpervhe-writing al so performed with the

sane polarity every other row Accordingly, for exanple, as for

pi xels in l.ock of a certain LE] Wi oS td:
polarity ﬁ%’%&rfor?@d% n J(’)E%lg nggs)ljnéc;mpﬁépgr\l/ n?lﬁlﬂP erégg‘%gvx%, %l\r:%ltaﬁe

witing with negative polarity is performed into pixels of the

odd- nunbeyieganovishdilc@318y FLGwa6( klekonsct beteatial | bhanf thhecPEi ¢he
otential VLs of the source line by using the electric potenti al

‘1 oomof the counter electrode 214 as .a r fergnce. Here'lnnet he Herei

vari at i ofF B tEFeCLPFET PR et ats VIR N S6n& O FafeSOPHSEY i 1 Der i'6d of a

specific source line in the liquid crystal panel 200 which is divided

into two Jlpcksel SchREUSEhiYhall RollBb§e SO Ceelldotengi B esetdimrmExel

updating period, for exanple, the witing with positive polarity is

perfornmed into pixels of odd-nunbered rows in the first block, and

t hen t he badomesg thet BN negtddfe pocadieyley Pervedr ﬁ@&tﬁﬁ?oli)i%&r@l@fﬂ
B0232SH

to the pixel electrode 224 of the corresponding pixel, thereby
performing the writing with negative polarity. Similarly, t?e
display signal voltage supplied to the source line is set so
as to make the electric potential of the pixel electrode 224 a
target electric potential. However, the polarity of the
target electric potential in the fifth frame updating period
is set to be different from that in the fourth frame updating
period, so that the scanning signal voltage is returned to the
OFF voltage before the electric potential of the pixel
electrode 224 reaches the target electric potential. At this

time, the illuminating region 252 of the backlight unit 250 is
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even- nunbered rows. Next, the witing with positive polarity is
perfornmed into pixels of odd-nunbered rows in the second bl ock, and
then the witing with negative polarity is perfornmed into pixa&ps3asH
even- nunbered rows. As for the source |ine adjacent to the
above-nentioned source line, in the sane franme updating period, the
witing with negative polarity is perforned into pixels of the

odd- nunbered rows in the first block, and then the witin

ith .
posi ti ve porzad toff tpdepstndd FREoMBAES sO%ftft%efié\Féln-fﬁé‘}%ﬁ\émPeﬂan%.

Next, the witing with negative polarity is perforned into pixels of
the odd nuIDeled 1A | RyENG 8REODJL D100 NGBl ! REWEL FLAG Mkd
positive Porarity is performed 1 nto pixels

[ 0319] Herei nafter,with reference to FIG 37, the variation of signal
vol t age iwpddeirsf esenisebpic dosplkayusysy ened80@nizdve ackheghbsanier.

250, and the open/close of the shutter glasses 280 will be descri bed.

o i spl ay'8i Ghal 159 CESi 1 Lon & ocitt | ECpEt o TE  GEOH DS t e KBt B
el ectrode 214 in the liquid B0232SH
right-eye shutter 284 is opened.
(0313} Periods from a sixth frame updating period (6F) to
an eighth frame updating period (8F) are the same as those
from the second frame updating period (2F) to the fourth frame
updating period (4F), except for the points that the polarity
of the display signal voltage and the polarity of the pixel
electrode 224 are different, so that the description which
overlaps with the previous description is omitted in order to
avoid verbose description. In this way, in the liquid crystal
panel 200, the inversion of polarity of pixels may be
performed every four vertical scanning periods.
f0314] As described above, by writing right-eye image data
and left-eye image data with the same polarity every two
vertical scanning periods, the reduction of aperture ratio and

the display unevenness can be suppressed. In addition, by

performing the inversion of polarity of pixels every four

204

of the even-nunbered rows.

O



crystal panel 200 as a reference, FIG 37(b) shows the waveform of a
scanni ng signal voltage VLg, FIG 37(c) shows the variation of an
electric potential Vpe of the pixel electrode 224 by using tH&232SH
el ectric potential Vcom of the counter electrode 214 as a reference,
FIG 37(d) shows the turning on/off of a specific illum nating region
252 of the backlight unit 250, and FIG 37(e) shows the open/cl ose of
the shutter glasses 280. FIG 37 is the sane as FIG 33 described
above exd@FIFAL (HENPIPAL PERALBhe tigr i LINGTSEE (RIS YA cCan be
potential VLs of the display signal is different, so that the
descripti helyieye PVt i |1aned SChtpt AR khe
omtted fﬁqgﬁggruﬁgﬁa@%?gg%ﬁ% %%%%%gépgggiﬁﬁg%%on. f%321]A§ i's
understood fromFIG 37(a), the relationship between the electric
pot ent i alledft-the dnapéagatsi gremdl upplitéednt ¥ithepgsitiee IRH@rdnd &R
electric potential of the counter electrode is not varied over about
one quarter of the fra updatin riod, so th r .
consunpt in(?ﬁagéﬁebgoﬁg&gggd.lr?o?cg&]g%%qcée, "é%&er tﬁ%egv%r%ittgfqﬁg g anning
performed into pixels in an odd-nunbered row of the first block with
posi tive eeliadkl y, AsBR232Shiitthe oM tdHigH sirpenfdnamedei shaspdxelys tha
an even-nunbered row with negative polarity. Next, the witing is
perfornmed into pixels in the odd-nunbered row of the second bl ock
with posiRilg&ipyl a@t the HR@IEPAafty the witing is perforned into

Pi xels in an even-nunbered row with negative polarity. Accordingly,
the pol arfigshes of pixehs agiAcenieddritdiaopol umpdhyedican atvditegend
of the franme updating period are different fromeach other. In FIG
37(a), the source line in which the polarity of the display signa
vol t age ivd thardeEf¢renthepotaiertisfs paset ipprliedative 2dpaseit veEoUERE
negative polarity in the first frame updating period is focused on.
rovever. G08.POLAIL Y8l A8 APl el ARl 1401208 SRR et Ands.
source |ine~adjacent 10 the Source 11né in the first frane updati ng
period is varied in the order of negative, positive, negative, and
posi tive akanbtyvely, Fi B7¢bYtairme fpemeodipidatwhgcipetrbedscalisiigy
signal voltage VD, is the ON voltage is 3.4 Ms. FIG 37(c) focuses
on the variation of the e|lectric potential .Vpe of a pixel .electrao
224 of aSdfBeitTelpRget bt N BeHEr AT pray g%"éqpldfe%% 215

polarity is supplied fromthe source line in the frane B0232SH
of the source lines. In such a case, the polarities of the

pixels adjacent in the column direction are the same at the
end of the frame updating period.

[0316] Alternatively, at the end of the frame updating
period, the polarities of the pixels adjacent in the row
direction and the column direction may be inverted. For
example, in a certain frame updating period, the polarity of a
display signal voltage supplied to respective source line may

be inverted every horizontal scanning period, and the liquid
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updating period. [0322]In the first frame updating period (1F), the
polarity of the display signal supplied to the source line is varied
in the order of positive, negative, positive, and negative polP&2Fa5yH
In such a case, when the scanning signal voltage for selecting the

pi xel beconmes the ON voltage, a display signal voltage is supplied to
the pi xel electrode 224 of the pixel, so that the witing with
positive polarity i rf d. this ti th er|j i I
scanni ng f¥é§%% s%ﬁ%cfedggﬁg Eﬁg;di§%|a?kg?ﬁﬁa|q0§|t§g§ ignggﬁg??ﬁﬂ
to the pixel electrode 224 is relatively short, so that the electric
pot ent i al abfedite ipien®l, ehecblirdes 224radaes] rot ar eathikheayabgetivided
electric potential in sone cases. [0323]1n the second franme updating
period (2F), the polarity aof the display signal supplied to the .
source | i ARt CRRArqedLF tHEEPdLr B lf)%s?bﬁ VE- L Iy A5 \P@Ff%@?‘?i Lo
and negative polarity. As described above, the witing of right-eye

i mage dat g; & Pefif 05 d, SUEKESSHY ShinbdY line: dusan® qURGRL Idv@nPaLIneESed
When the scanni ng signal voltage for selecting the correspondi ng

pi xel becones the ON voltage, the display signal B0232SH voltage is
suppl i ed rows hengi stéleneltdet rodbt Doy b rhefedredspohdi mg3silRelin akP
the witing with positive polarity which is the sane as the polarity
inthe first frane yp i eriod is performed. Thus, the electric
potentialog?eﬁﬁ%mbfgeggélg%?gbde 224 reaches the target electric
potential. Herein the target electric potential in the second frane ("
updating period is rqual3et(a)t Beotvarget pellectties pof enticdls iintbhehich
first frame updating period. Alternatively, as described bel ow, due
to the overdrive driving, the targe | ectric potential .in the second
frame updsff ﬁ&%ﬂgodsngﬁr%‘énﬂ‘? fag'l'ctﬁtehef PERPERES t Xt gEH 8 &8F Wﬁlglng
potential in the first frame updating period. Thereafter, the

scanni ng sk gnrfvehbageihs &gt uedxt o t hayOFExvablage. ifhe certain
illumnating region 252 of the backlight unit 250 is turned on over
one vertical scanning period after the witing into the corresponding
pi xel is perizmisd i AcameingcdRdirdandgpdafihpertBodPe THRFIEghYiEye
shutter 284 is kept opened over the second frame updating period.

Accor di nggyffé%ﬁtf LONGTeY Eel ”P%‘o ‘t'g]ig}eﬁ%” aH9aEBge seeand frameivadat sy

period is visu y recogni zed observer.

~

in a certain row. Thereafter, in the next horizontal scanning
period, a row adjacent to the row of pixels into which the
writing is performed in the immediately preceding horizontal -
scanning period is skipped, and the writing is performed into
pixels of a row which is separated by two rows from the row of
pixels into which the writing is performed in the immediately
preceding horizontal scanning period with the same polarity as
that in the immediately preceding horizontal scanning period.

Thereafter the writing is sequentially performed with the same
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[0324] Next, in the third frame updating period (3F), left- eye inmge
data is witten.In the third frame updating period, the polarity of
the display signal supplied to the source line is varied in thBg3gHer
of negative, positive, negative, and positive polarity. \Wen the
scanni ng signal voltage for selecting the pixel becones the ON

vol tage, a display signal voltage is supplied to the pixel electrode
224 of the corresponding pixel, and the witing with negative

pol ari ty RELaFditor PREY AP§Beﬁer1é?"‘h the HhepPaycsi gnalhedrehrr, the
supplied to the source line is set so as to nake the electric

potenti al,, ftltn iR KRl Bheel [ AflCo 2t thd AT iGftlo EREI G 1R0LENEH! xou

However , ki larity ©o e target electric potential in the third
frame updatlng period is set to be different fromthat in the second
frame updatiahg jzerskibpethusy beéopeevheuwl veciting ponewheakblofkt Wéth
pi xel el ectrode 224 reaches the target electric potential, the

scanni ng si gnal 4 retur d to OFF volta ewr£0325]ln %he

fourth fr Tahda lﬁ% 68P IPEF) the:éoﬁg i Y8t he VT 5%y sitghal

supplied to the source Ilne is varied in the order of negative,

posi tive,ynedali ¥@sodpdh-formed with the same polarity every other row.
Accordingly, for example, as for pixels in a block of a
certain column, the writing with positive polarity 1is
performed into pixels of the even-numbered rows, and the
writing with negative polarity is performed into pixels of the
odd-numbered rows.
[0318] FIG. 36 (b) shows the wvariation of electric
potential VLs of the source line by using the electric
potential Veom of the counter electrode 214 as a reference.
Herein the variation of electric potential VLs in one frame
updating period of a specific source line in the liquid
crystal panel 200 which is divided into two blocks is focused
on. In this source line, in one frame updating period, for
example, the writing with positive polarity is performed into

pixels of odd-numbered rows in the first block, and then the

writing with negative polarity is performed into pixels of
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positive polarity. Wien the scanning signal voltage for selecting the
correspondi ng pi xel becones the ON voltage, a display signal voltage
is supplied to the pixel electrode 224 of the correspondi ng pP&%SES
and the witing is perforned with negative polarity which is the sane
as that in the third franme updating period. Accordingly, the electric
potential of the pixel electrode 224 reaches the target electric

potential. Thereafter, the scanning,signal .volt I 4,9 +the
OFF vol t &FERTRETPEFEH FAYT ng ﬁ%ﬁ?oﬂjﬁ% IBFlFﬁewggng?a ?iﬁ%ﬂ§9550t%2
turned on over one vertical scanning period after the witing into

the correspondi Mgl elntcs figrdier e ddu-hebkewdt rolsan® updatserpnd
period. The l'eft-eye shutter 282 is kept opened throughout the fourth
frame updating period. Accordingly, the left-eye inmage wwi{ten in.the
fourth framskupdandngtperi ofhes Wikl y WéSogRicg8d1By thelbbser ver®

[ 0326] As descri bed above, in the liquid crystal panel 200, for each

pi xel, | egé[ffo%eeidnpjﬁ'ﬁtoda AL B WE tone suyGaessiwel Youddl twonyekrbicalhe
scanni ng ‘peri ods wi the sane polarity.In
source line adjacent to the above-mentioned source line, 1in
the same frame updating period, the writing with negative
polarity is performed into pixels of the odd-numbered rows in
the first block, and then the writing with positive polarity
is performed into pixels of the even—-numpbered rows. Next, the
writing with negative polarity is performed into pixels of the
odd-numbered rows in the second block, and then the writing
with positive polarity is performed into pixels of the even-
numbered rows.
[0319] Hereinafter, with reference to FIG. 37, the
variation of signal voltage in the stereoscopic display system
300, the backlight unit 250, and the open/close of the shutter
glasses 280 will be described.
[0320] FIG. 37(a) shows the wvariation of an electric

potential VLs of a display signal by using an electric

potential Veom of the counter electrode 214 in the 1liquid
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addition, for each pixel, right-eye inmage data is witten
successively in two vertical scanning periods with the sane

polarity. Accordingly, the reduction of aperture ratio and theB@iigpHay
unevenness can be suppressed, and a so-call ed doubl e-speed driving
liquid crystal panel can be utilized as the liquid crystal panel 200.
In addition, by inverting the polarity of pixels every two vertical
scanni ng perlods the occurrence of flicker can_be suggresse

[0327] | n ¥HStedsePhel e 200 AFi t? ng SEIEBGR f r AHe upd P ngSHEH odibe

shown in FIG 37 is repeatedly perfornmed, right-eye inmage data is

written infodhe piexel Wi, %Igf@ﬁ%w%a@ % BRd el - ey ch Mg ws

data is witten with negative polarity. As escribed above, in the

case where the respective polarities of the right-eye i mage data and
the | eft-thee vangetdat aodr i aherliestoionecmnttigd sWpe pifxethar @ixel
fixed, even if the gradation |evels of the right-eye image data and

he | ef f a. I h h
e | am FAREE DRt Ry REI “BACS. WFOH IRe ot By & mg it & ¢he

witten is different fromthe Iunlnance of the plxel into which the

| ef t - eye dgm@erdaiiadtsonei t4ian. aAsa are€subhce adegaat e7dapplsaywsanthet
be performed in sone cases. Therefore, preferably, for each pixel

right-eye image data is B0232SH = | , , ,
turning on/off of a specific illuminating region 252 of the

backlight unit 250, and FIG. 37(e) shows the open/close of the
shutter glasses 280. FIG. 37 is the same as FIG. 33 described
above except for the point that the variation of the electric
potential VLs of the display signal is different, so that the
description which overlaps with the above-mentioned
description is omitted in order to avoid the verbose
description.

[0321] As is understood from FIG. 37(a), the relationship
between the electric potential of the display signal supplied
to the source line and the electric potential of the counter
electrode is not varied over about one quarter of the frame
updating period, so that the power consumption can be reduced.
For example, after the writing is performed into pixels in an

odd-numbered row of the first block with positive polarity,
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witten with positive polarity and negative polarity in accordance
with the period, and simlarly, left-eye inage data is witten with
positive polarity and negative polarity in accordance with th&02325H
period. [0328] Hereinafter,with reference to FIG 38,the variation of
signal voltage in the stereoscopic display system 300B, the backlight
gnit 220a and the open/close of the shutter glasses 280 wll be

escri be 0329] FI G . 38(a) -shows . rj_ati f I i
potentiaIt@%swgflég%oh?cée%F?ﬁgﬁn/%ﬂﬁénéﬂgﬁﬁglg@E%FEqﬁgﬁéﬁgﬁg P%%oﬁ?%f
the counter electrode 214 as a reference, FIG 38(b) shows the

vavef orm pf t segami Vg sognaltwol age ,Wage RrGtilg(ds seadsrmbe into
variation of an electric potential Vpe of the pixel electrode 224 by

using the electric potential Vcomof() the counter electraﬁféﬁ%4 as,_a
o e

referencePirpls 38 dfhehRAdtWELEERRI HEYonPof Pt SRECHAC
250, and FIG 38(e) shows the open/close of the shutter glasses 280.

positive polarity, and finally the writing is performed into
pixels in an even-numbered row with negative polarity.
Accordingly, the polarities of pixels adjacent in the column
direction at the end of the frame updating period are
different from each other. In FIG. 37{a), the source line in
which the polarity of the display signal voltage is varied in
the order of positive, negative, positive, and negative
polarity in the first frame updating period is focused on.
However, the polarity of the display signal voltage supplied
to a source line adjacent to the source line in the first
frame updating period is varied in the order of negative,
positive, negative, and positive polarity. In FIG. 37(b), the
period in which the scanning signal voltage VLg is the ON
voltage is 3.4 U s. FIG. 37(c) focuses on the variation of
the electric potential Vpe of a pixel electrode 224 of a
specific pixel selected when the display signal of positive

polarity is supplied from the source line in the frame
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[ 0330] As is understood fromFI G 38(a), the relationship between the
el ectric potential of the display signal supplied to the source line
and the electric potential of the counter B0232SH el ectrode B®23D8H
vari ed over about one quarter of the frame updating period, so that

t he power consunption can be reduced. In FIG 38(a), the source line
in which the polarity of the display signal is varied in the order of
positive, negative, positive, and negative polarity in the first
frame updidatdngePFdHds focused on. However, the polarity of the

di splay signal supplied to a source |ine adjacent to the source line
N the Ti{gdoohr ane ypdahlnge perl oded el ateBld ch gt NBoPIAET OfF) - the
negative, positive, negative, and positive polarity. FIG 38(c)
focuses on the variation of the electric potential Vpe of a pixel

el ect rodepd24i0fy afspkei flisppixedizmellecuedlivheénto heheli splezge diigeali sof
positive polarity is supplied to the source line in the frame
updati ng per.i od. ., Fl 38 is the sane as, FIG 37 above described
except fd’!%rllt‘?éi pb? nt*hat e \?a?ri%??%ﬁvo%’ t He9Rr 28t i go%fle‘rrﬁ'i aPi a
of the display signal shown in FIG 38(a) is different, so that the
descri ptiyaMivehpevgri eps Wrhhstbe abeyse reqhéonelde desaiiipid Wignal
omtted in order to avoid the verbose description. [0331]1In a first
frame updating period (1F), the polarity of the display_ signal
suppl i ed %od-teRe sSur ceeleFelns i?/]&ﬁ!ié’élxﬁ}nl becomes the ON voltage, a

(

display signal voltage is supplied to the pixel electrode 224
of the pixel, so that the writing with positive polarity 1is
performed. At this time, the period in which a scanning line
is selected and the display signal voltage is supplied to the
pixel electrode 224 is relatively short, so that the electric
potential of the pixel electrode 224 does not reach the target
electric potential in some cases.

[0323] In the second frame updating period (2F), the
polarity of the display signal supplied to the source line is
varied in the order of positive, negative, positive, and
negative polarity. As described above, the writing of right-
eye image data is performed successively in two frame updating
periods. When the scanning signal voltage for selecting the

corresponding pixel becomes the ON voltage, the display signal

211



B0232SH the order of positive, negative, positive, and negative

pol arity. Herein, when the scanning signal voltage for selecting the
correspondi ng pi xel becomes the ON voltage, a display signal ﬁgpléﬁb
is supplied to the pixel electrode 224 of the pixel, so that the
witing with positive polarity is performed. At this time, the
dliplﬁﬁ si?nal vol tage supplied to the source line is set so as to
make e electric potential O.of_ th i xel. _elec 4 t
electric FOtERs arts %%88@%?‘1 att4 hiecgl%ti ﬁ%\f‘ei{ heéjpz)%?cler(? i nb\?\gi cﬁfgﬁ%he
scanning line is selected and the display signal voltage is supplied
to the pixslraiReldiade pa241i,s el afiyehyishoy twislho phattihe soaanitng
signal voltage is sonetines returned to the OFF voltage before the

el ectric potential of the pixel electrode 224 reaches the targg%tiq%
, e

el Iect_ri c Por@ntisalthy o382 bg &hseBohdrirane udthatiidgtpéreBa ¢
pol arity

period is performed. Thus, the electric potential of the
pixel electrode 224 reaches the target electric potential.
Herein the target electric potential in the second frame
updating period is egual to the target electric potential in
the first frame updating period. Alternatively, as described
below, due to the overdrive driving, the target electric
potential in the second frame updating period may be different
from the target electric potential in the first frame updating
period. Thereafter, the scanning signal voltage is returned
to the OFF voltage. The illuminating region 252 of the
backlight unit 250 is turned on over one vertical scanning
period after the writing into the corresponding pixel 1is
performed in the second frame updating period. The right-eye
shutter 284 is kept opened over the second frame updating
period. Accordingly, the right-eye image written in the
second frame updating period is visually recognized by the

observer.
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of the display signal supplied to the source line is varied in the
order of positive, negative, positive, and negative polarity. As
descri bed above, the witing of right-eye inage is performed B0232SH
successively in tw frane updati ng periods. Wen the scanning signal
voltage for selecting the corresponding B0232SH pi xel becones the ON
vol tage, the display signal voltage is supplied to the pixe

el ectrode 224 of the corresponding pixel, and the witing with

positive [P3124di ty NexXperiorirhsd tiiRd Hofae i WRALITW RﬁFéﬂd?FﬁFNwi%ﬁfﬁﬁ

is perforned in the second frane updating period is the sane as the

polarity eiyroéf t Prﬁaéé- ratehr ane %Eg@E-éﬁ]g pef 0ty eThig; rd hergheCtiddating

potenti al e’ pi xel electrode 224 reaches the target electric
potential. Thereafter, the scanning signal voltage is returned to the
OFF vol t ageiocdhe tiHd um Iatiityg afegtiom 258pbdy t hégbatklsightiedi to250ei s
turned on over one vertical scanning period after the witing into

the corresponding pixel is perfarnmed in the second frane u i
peri od. fﬁ@rF?gﬁ%J§?e1§hJFFg?dZQﬁli ?e85385eﬁ d SAERs 5%%%ﬁgge’

frame updating period. Accordingly, the right-eye image witten in

the secon@ghiame, URGat i higs iRENe0Gbd T nvitsyal | yheecegsi zetnbynyhesignal
observer. [0333]ﬂbxt, inathird frame updating period (3F), left-

eye image data is witten.In the third frame updating $erio$ t he
pol arity veflteHe dicgpl aylefigiel EuppPisalt PecRBeEoee P ndotEagar i &d
(n the order of positive, negative,

display signal voltage is supplied to the pixel electrode 224
of the corresponding pixel, and the writing with negative
polarity is performed. Also herein the display signal voltage
supplied to the source line is set so as to make the electric
potential of the pixel electrode 224 a target electric
potential. However, the polarity of the target electric
potential in the third frame updating period is set to be
different from that in the second frame updating period.
Thus, before the electric potential of the pixel electrode 224
reaches the target electric potential, the scanning signal
voltage is returned to the OFF voltage.

[0325] In the fourth frame updating period (4F}, the
polarity of the display signal supplied to the source line is

varied in the order of negative, positive, negative, and
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positive, and negative polarity.Wen the scanning signal B0232SH
voltage for selecting the pixel becomes the ON voltage, a displa
signal voltage is supplied to the pixel electrode 224 of the B0232SH
correspondi ng pixel, and the witing is performed with positive
polarity which is the same as that in the second frame updating
period. Thus, the electric potential of the pixel electrode 224

reaches the target electric potential. [0334]ln a_t h £
updat i ng %ﬁﬁ%%ﬁﬁ%4ﬁ?,afh%ypolaﬁ??? 0 ethg%ﬁﬁgﬁﬂ%ysgggégl\%g%gﬁfed ?o
the source line is varied in the order of positive, negative,

posi tive, sard-thiegattve potegdgondiAg daselli hetoalevehet N Wwoltamg,ofa
| eft-eye image i s perforned successively in tw frane updating

peri ods. Wien the scanning signal voltage for selecting the
cor r espond} sl 3y xelgngdc oResaRel NSRRI Rk, to IS RidPLs BYREFTOOT t 24t

is supplied to the pixel electrode 224 of the correspondi ng pixel,

and the wii (il LS RRLJALTRG Wh kD1 POShd | ¥ge ROL ALY 28hiceh chsmbhicy saire
as that in the thir rane updating period. Accordingly, the electric
potential of the pixel electrode 224 reaches the target electric

pot ent i al nddwericas perlartihg which is the same as that in the third frame

updating period. Accordingly, the electric potential of the

| | | ()
pixel electrode 224 reaches the target electric potential. A
Thereafter, the scanning signal voltage is returned to the OEF
veltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning period after the
writing into the corresponding pixel 1is performed in the
fourth frame updating period. The left-eye shutter 282 is
kept opened throughout the féurth frame updating period.
Accordingly, the left-eye image written in the fourth frame ~
updating period is visually recognized by the observer.

[0326] As described above, in the liquid crystal panel 200,
for each pixel, left-eye image data is written successively in
two vertical scanning periods with the same polarity. In
addition, for each pixel, right-eye image data is written

successively in two vertical scanning periods with the same
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scanning signal voltage is returned to the OFF voltage. The
illumnating region 252 of the backlight unit 250 is turned on
B0232SH over one vertical scanning period after the witing iggxg2the
correspondi ng pixel is performed in the fourth frame updating peri od.
The |l eft-eye shutter 282 is kept opened throughout the fourth frame
updating period. Accordingly, the left-eye image witten in the
fourth frame updating period is visually recognized by the observer.

[ 0335] | np@leirith. f r rsoggdaging pBei sedpsHont aé ﬁB?é%P%? gptipeand
di splay signal supplied to the source line is varied in the order of
negative, .posifive, negative,. .an oS ti l.arkty. reina. he
scanni ngltglggn%ﬁsljvoalyt alélgg‘féonrnessesl eg?r?n%et héé?p or rsgélﬁbnd?dr% gi )rgaéjl \e%gggﬁes
the ON voltage, a display signal voltage is supplied to the pixe

el ect r odeiodB4c0épéde @oiviespandiuvigl pivyeltalapdnthe cani bengtiidized as
performed with negative polarity. Al so, the display signal voltage
supplied to the source line is set so as to ke the electric

pot ent i althsf 1iREIPi <&VSkbch? %@%ﬁth%pt%ﬁéﬁleQ’eg¥4iﬁpﬁﬁgFéﬁgiEF?
However, the polarity of the target electric potential of the fifth

frame updahinge pepicot ke seleve@ yasd Re-dickh ereannihgmgeheops| athty
in the fourth frame updating period. Thus, before the electric
potential of the pixel electrode 224 B0232SH

occurrence of flicker can be suppressed.

( [0327] In the case where the writing of four frame updating
periods shown in FIG. 37 1is repeatedly performed, right-eye
image data is written into the pixel with positive polarity,
and left-eye image data is written with negative polarity. As
described above, in the case where the respective pclarities
of the right-eye image data and the left-eye image data
written into one and the same pixel are fixed, even if the
gradation levels of the right-eye image data and the left-eye
image data of a certain pixel are equal to each other, the
luminance of the pixel into which the right-eye image data is
written is different from the luminance of the pixel into
which the left-eye image data 1is written. As a result,
adequate display cannot be performed 1in some cases.

Therefore, preferably, for each pixel, right-eye image data is
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reaches the target electric potential, the scanning signal voltage is
returned to the OFF voltage. [0336] Periods froma sixth frame
updating period (6F) to an eighth frame updating period (8F) BP&EA3e
sanme as those fromthe second frame updating period (2F) to the
fourth frame updating period (4F), except for the points that the
timng at which the polarity of the display signal voltage is
inverted is different, and that t ri of plxe IO

224 is di"flfjetrc{eeﬁjt, WS}SRt h%?sjt%levedeggﬁiap?lkgn '\%\%cllchné gtrllgrlgpsb\?\n?%ﬁg%%edﬁl
previ ous description is omtted in order to avoid verbose

descri ptigboddaridal &ivaYthd heedivgr sinansahipot by, thefaf-eyheipagel datrmy
be performed every four vertical scanning periods in the liquid
crystal panel 200. [0337]In the description with reference to .FlG, 36
to FIG 38 HFEtEPn(Hethi POsdtine MOl LY d 30Fy 1382 Ydfel PYFF Are 11
divided into two bl ocks, but the present invention is not limted to
this. The pi - i &Qgg jJaito three or nore blocks. In
addition,aﬁﬁéﬁﬁﬁﬁ%§¥lg§ ﬁﬁ%cks ﬁ%? be set in accordance with the
illum nating regions 252 of the backlight unit 250, for exanple. By
the provi siiBlof thieeelonfiere BORB2SHebkRoekeei ntaccdi@anced8it hthe
three or nore illumnating regions, a tinme period fromthe end of
witing into pixels_.in,a block.in a.ce i i ri

the st ar VoA 76 PABath e e Theh Sert T REY Bias Ry oLk 4
scanni ng period can be extended, so that a liquid crystal display
devi ce widod) ghnkbunbaaticehitn whi€h 250¢ oandr rercecpén teloss: t alfk flse
suppressed can be easily realized.

shutter glasses 280 will be described.

[0329] FIG. 38(a) shows the wvariation of an electric
potential VLs of a source line by using an electric potential
Vecom of the counter electrode 214 as a reference, FIG. 38(b)
shows the waveform of a scanning signal voltage VLg, FIG.
38(c) shows the variation of an electric potential Vpe of the
pixel electrode 224 by using the electric potential Vcom of
the counter electrode 214 as a reference, FIG. 38(d} shows the
turning on/off of the backlight unit 250, and FIG. 3B(e) shows
the open/close of the shutter glasses 280.

[0330}] As.is understood from FIG. 38(a), the relationship
between the electric potential of the display signal supplied

to the source line and the electric potential of the counter
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[0338] I n the above description with reference to FIG 36 toFIG 38,
the witing in the odd-nunbered rows and the witing in the
even-nunbered rows in successive bl ocks are perforned alternagtehysH
but the present invention is not Iimted to this. The witing of one
of the odd-nunbered row and the even-nunbered row over the successive
bl ocks nmay be perfornmed successively. For exanple, the witing with
positive polarity is perfornmed into pixels in the odd-nunbered rows
of the fiedsctibbdekisanatt KenieAeowrrt PREVI PRENEYEEESE PBI APPt FrpBe
perfornmed into pixels in the even-nunbered rows of the first bl ock.

Thereafter he wrjiti it gatLv ' L5: per '

pi xel s iﬁppﬁél% e%%ﬁh e%%ﬁgpgﬁsg% %ﬁgég%%%ﬁmgﬁgcﬁ,&ﬁﬂgﬁfﬁfﬁhﬁﬁg'
witing with positive polarity B0232SH is performed into pixels in
t he odd- mumraced 38qws , oftheheocsecond ibkodk. whicaddihei polathey wit khg
with positive polarity may be performed into pixels in the

odd- nunbered_rows of the third block, and then, _the ygjtingﬁ%%%h
negat i ve GBEPARY t §IHRFL beS pBRFbidreth | HE® PFIRH sOF nPoHi- 18iFen: ered
rows of the third block. [0339]1n the above description, left-eye

i mage datasapdyLi ghhaeveqhtRee datardi@ haspect ifielky Wrakbempdakihyo
vertical scanning periods, and the polarity of each pixel is inverted
every two or four vertical scanning periods, but the present

i nvent i operrgodotis| ifipcueddt ent hi Jlowpverpoltde BpleritdcRipithel d+aplpe
inverted every two or nore even-nunbered vertical scanning periods.

or examplig, 1 Neupol ALk Yo Ol L3EHP! KBl MRy RRAMY 3L QeRY S 1 AneOf

eight o re ver scanni hg peri ods.
in the first frame updating period is varied in the order of
negative, positive, negative, and positive polarity. FIG.
38(c) focuses on the variation of the electric potential Vpe
of a pixel electrode 224 of a specific pixel selected when the
display signal of positive polarity is supplied to the source

line in the frame updating period. FIG. 38 is the same as

I

FIG. 37 above described except for the point that the

variation of the electric potential VLs of the display signal

shown in FIG. 38(a) is different, so that the description

which overlaps with the above-mentioned description is omitted

in order to aveid the verbose description.

[0331] In a first frame updating period (1F), the polarity

of the display signal supplied to the source line is varied in
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[0340]Wth reference to FIG 39, a liquid crystal display device 1003
and a stereoscopic display system 3003 will be exenplarily descri bed.
[0341] FIG 39 shows a schenmatic diagramof the liquid crystal BdR3HHy
devi ce 1003 and the stereoscopic display system 3003. The
stereoscopi c di splay system 3003 includes the liquid crystal display
devi ce 1003 and shutter glasses 280. The liquid crystal display

devi ce 10013 includes a frane rate control circujt. 1101 a tim

n
control | efNa20PTdeTr iOfi ngOstai ¥ si IRtV EnsnPPT1 g %i r & T@%?t%Ye
scanning signal driving circuit 140, a display signal driving circuit

150, a bagkllght, dri vi:Dge Gl Y CYienl60ned ddaiidgCr ¥sbak1 panaltageo, rand
a backl i ght unit’ 250. [0342] Herein, an input video signal having a
frame rate of

selecting the corresponding pixel becomes the ON voltage, a

display signal voltage is supplied to the pixel electrode 224
of the pixel, so that the writing with positive polarity is
performed. At this time, the display signal voltage supplied
to the source line is set so as to make the electric potential
of the pixel electrode 224 the target electric potential.
However, at this time, the period in which the scanning line
is selected and the display signal voltage is supplied to the
pixel electrode 224 is relatively short, so that the scanning
signal voltage is sometimes returned to the OFF voltage before
the electric potential of the pixel electrode 224 reaches the
target electric potential.

[0332] In a second frame updating period (2F), the polarity
of the display signal supplied to the source line is varied in
the order of positive, negative, positive, and negative
polarity. As described above, the writing of right-eye image
is performed successively in two frame updating periods. When

the scanning signal voltage for selecting the corresponding

218



60 fps is input into the frame rate control circuit 110. For exanpl e,
the input video signal is the NTSC signal. The frane rate contro
circuit 110 generates a video signal having a frane rate of 2398
which is higher than the franme rate of the input video signal based
on the input video signal. [0343]Based on the video signal output
fromthe frame rate control circuit 110, the timng controller 120
controls the witing state signal transmtting circuit 130, the
scanni ng psixghalbegrirgs nghei CYuieltage, t rbediksPagysisdaBpLdVPYEAge 1S
circuit 150, and the backlight driving circuit 160. The tim ng

controller 120 generates a.displ I gnal i a.fra :
B0232SH 5Pp§ibe$pgxba§§8 &ﬁ‘eﬁe §¥%§% S|gngﬁxhggqnék%hgﬁFﬁgﬁngg%ggof
120 fps, and outputs the display signal to the display signal driving

circuit PS&eBasesdonthchestiantnolviah tgwesittimengolarity is performed.
The polarity with which the writing is performed in the second
frame updating period is the same as the polarity in the first
frame updating period. Thus, the electric potential of the
pixel electrode 224 reaches the target electric potential.
Thereafter, the scanning signal voltage is returned toc the OFF
voltage. The illuminating region 252 of the backlight unit
250 is turned on over one vertical scanning period after the
writing into the corresponding pixel 1is performed in the
second frame updating period. The right-eye shutter 284 is
kept opened over the second frame updating pericd.
Accordingly, the right-eye image written in the second frame
updating period is visually recognized by the observer.
[0333] Next, in a third frame updating period (3F), left-
eye image data 1s written. In the third frame updating
period, the polarity of the display signal supplied to the
source line is varied in the order of positive, negative,

pesitive, and negative polarity. When the scanning signal
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controller 120, the scanning signal driving circuit 140 and the

di splay signal driving circuit 150 drive the liquid crystal panel 200
at the vertical scanning frequency of 240 Hz. At this tine, tRBE62325H

| eft-eye i mage data corresponds to 1200 fps, and the right-eye imge
data corresponds to 120 fps. [0344] Based on the signal fromthe
timng controller 120, the witing state signal transmtting circuit

130 transmts a witing_state signal indicating the witin tate of
a pl ural i 191 %6¥9%i k@F s SSFREL SRt ﬂ:g‘fa ¢t esbez%geoﬂ‘peﬁge alqg c‘%&gtéﬁget’ he
Ief%;eye shutter 282 and the right-eye shutter 284 based on the
witing s : rej t rAake1c b rzad t
110 .generézla?éepglat%}hg:ﬂL inggov%i@gﬁg% Egvigqu]%bltlhégﬁf%%rarde&r g?g%éf @%%(E)@%%ﬁé V\mh
is higher than the franme rate of 60 fps of the input video signal,
based on ¢hetheputrndspeodsngnrixehndandiethd Mg ieentisoPegiforped with
generates the display signal having the frane rate of 240 fps based

on the video, si
posiéﬂ\%nagl)élabruitty} ha?hféhesggt the same as that in the second

frame updating period. Thus, the electric potential of the
pixel electrode 224 reaches the target electric potentia;.

[0334] In a fourth frame updating period (4F), the polarity
of the display signal supplied to the source line is varied in
the order of positive, negative, positive, and negative
polarity. As described above, the writing of left-eye image
is performed successively in two frame updating periods. When
the scanning signal voltage for selecting the corresponding
pixel becomes the ON voltage, a display signal voltage 1is
supplied to the pixel electrode 224 of the corresponding
pixel, and the writing is performed with positive polarity
which is the same as that in the third frame updating period.
Accordingly, the electric potential of the pixel electrode 224
reaches the target electric potential. Thereafter, the
scanning signal voltage is returned to the OFF voltage. The

illuminating region 252 of the backlight unit 250 is turned on

220



invention is not limted to this.The frame rate control circuit 110
may generate a video signal having a frane rate of 240 fps which is
hi gher than the frane rate of 60 fps of the input video signaggybgged
on the input video signal, and the timng controller 120 rmay generate
a display signal having a frame rate of 240 fps, based on the video
signal. [0346] The input video signal may be a PAL signal, and the
frame rate of the input video signal may be 50 fps. In this case, the
frame ratavesf dnfe wsrddcasdi gaannirg speriqs hrf D fhss WHLI0Y figso Ahe
the frame rate of the dISp| ay signal is set to be 200 fps. [0347]In

t he above descript.ion, ht - eye | dat.a e IR0

in the seccogﬁ(?sﬁﬁoﬁ n% % he arrefng‘glg heErl %%t f!é;‘e}%{}il yleanll dat aaq?]{tcri‘a
the left-eye image data in the first witing, respectlvely, and the
sanme gradairied.| evEle i Be f-idyleenshutit@ rt [BB2r eispekspty eoppenerl stimhedoubut
the present invention is not limted to this. The overdrive driving

may be perfornmed for the right-eye inage data and, t | eft -eye i mage
data i n tHhe S&Ed \ﬁrraf“?nglp%?ﬁén%véﬁa?“?‘ij/e dP‘Fﬂ?PﬁﬁlrF@ILl}bertfkl?r ?ﬂiﬁfti'ﬁyghe

same way as described above with respect to FIG 20 and FIG  B0232SH
image written in the fourth frame updating period is visually

recognized by the observer.

[0335] In a fifth frame updating period (5F), the polarity
of the display signal supplied to the source line is varied in
the order of negative, positive, negative, and positive
polarity. Herein, when the scanning signal voltage for
selecting the corresponding pixel becomes the ON voltage, a
display signal voltage is supplied to the pixel electrode 224
of the corresponding pixel, and the writing is performed with
negative polarity. Also, the display signal voltage supplied
to the source line is set so as to make the electric potential
of the pixel electrode 224 the target electric potential.
However, the polarity of the target electric potential of the
fifth frame updating period is set so as to be different from
the polarity in the fourth frame updating period. Thus,

before the electric potential of the pixel electrode 224

221



28, for exanple. [0348] Alternatively, in the liquid crystal panel 200
inthe liquid crystal display device 300B in this enbodi nent, each

pi xel includes a plurality of sub-pixels. For exanple, each pBXe}25t
the liquid crystal panel 200 may have the sanme configuration as
descri bed above with reference to FIG 21 to FIG 23. 0 [0349] In
the liquid crystal panel 200 of the liquid crystal display devices

100, 100A, and 100B, at |east one of the front suhstrate 210 and t
back subsfF2teD 28N ey 3THEN ude STt Tafi d?f%?ﬁttlﬁ' Fm%qlfferg?%?mtr}?e s+gha

alignment filmis processed so that the pre-tilt angle of |iquid

crystal npbeciles d $80rHeqressciy orer goangdgéess than 90 degrees with
respect to the surface of a vertical alignnent film The pre-tilt

angle is an angle fornmed by a principal surface of the alignnment film
and the ma§d¥6laxi s Refritdde Ifirgmi ¢ criyshalfraprecilesifgef PAEECT n{¢He tO
pre-tilt direction. [0350] As a nethod for form ng such an alignnent

fil t hod - ubbi : ) ose
ber  or mi nE" phoeath RERke ERAcihpOLRg1 BAPRERF: BTG ae ch
structure

from the second frame updating period (2F) to the fourth frame
updating period (4F), except for the points that the timing at
which the polarity of the display signal voltage is inverted
is different, and that the polarity of the pixel electrode 224
is different, so that the description which overlaps with the
previous description is omitted in order to avoid verbose
description. In this way, the inversion of polarity of the
pixels may be performed every four vertical scanning periods
in the ligquid crystal panel 200.

[0337] In the description with reference to FIG. 36 to FIG.
38, all of the pixels in the liquid crystal panel 200 are
divided into two blocks, but the present inventicn is not
limited to this. The pixels may be divided into three or more
blocks. In addition, the number of blocks may be set in
accordance with the illuminating regions 252 of the backlight

unit 250, for example. By the provision of three or more
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B0232SH is previously formed in a base of the alignnent film and the
mnute structure is reflected in the surface of the alignnent film a
nmet hod i n which inorganic substance such as SiOis obliquely B0232SH
deposited, so as to formthe alignnent filmhaving a mnute structure
on its surface, and other nethods are known. However, from the point
of view of mass productivity, the rubbing process or the photo

al i gnment process is preferred. Especially the photo, alignnent .
process dawckepiovecthedgned dvberdigeet 96 Préeo L1l PR D rIGEesss,
perforns the alignnent process in a non-contact manner, and hence
static electricity.due _to fricti e C i he .r ~ng
process.ﬁt%%ﬁﬁﬁgééﬁﬁg g%o eéé%i%gg ?ﬁ ?ﬁgﬁi% t%ﬁ%ﬁﬁﬂﬁﬁgﬁiggtfbﬁhﬁgg
W)2006/ 121220, by using the photo alignnent filmincluding

phot 0- sengi td veegtoHip, fthee dsspeifipnpafiqt ekd i theasghetcad beiting
controlled to be 1' or less. The photo-sensitive group may preferably
i nclude at | east one, photo-sensitive base s%%gcted froma r aup of

4- chal cornd'tgr Bapela 1 nele MO dbptle il i 1T Yo dF2"BhdS i
group. [0351] The liquid crystal panel 200 may be a so-called WA

(Ml ti - dymidy e ¥aHbHCako AhHNnEnt yuieder foeal i gl 267 Metate BOR3 RS
panel 200 of the MA node regul ates the orientation of the director
of the liquid crystal domain forned at the voltage application by

di sposi nd.uriinearesfint shiehr nble | pce e esicec OLoGEOBF ~F pheats df EIRIGSSEE
ﬁ;ojections (ribs) formed on the liquid crystal |ayer side in such a

nner that they_ar i in parallel and alternately on a pair
of substfggbéeo%ﬁgégﬁqaﬁﬁﬁﬁgﬂg liquid crystal |ayer interposed

t her ebet ween, when viewed O fromthe normal direction of the
substrat eL03B8e ori &nt aheoabofret Hesti gt tbrerwisthal rafmrmingei sot F8G. 36
direction orthogonal to the direction in which the linear slits or

L 5 GBS e Ao By Rt LA ol 1S g,

may be di sposed so as to overlap the boundary of another |iquid

crystal domMRiiRg in the even-numbered rows in successive blocks are
performed alternately, but the present invention is not
limited to this. The writing of one of the odd-numbered row
and the even-numbered row over the successive blocks may be
performed successively. For example, the writing with
positive polarity is performed into pixels in the odd-numbered
rows of the first block, and then the writing with negative
polarity is performed into pixels in the even-numbered rows of
the first block. Thereafter, the writing with negative

polarity is performed into pixels in the even-numbered rows of

the second block, and then the writing with positive polarity
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[0352] Al ternatively, the liquid crystal panel 200 nmay be a PSA

node. The Pol yner Sustai ned Alignment Technol ogy (hereinafter,

referred to as "PSA technol ogy") is disclosed in Japanese Lai 80Zpihl

Pat ent Publication No.2002-357830, Japanese Laid-Open Patent

Publ i cati on No.2003-177418, Japanese Lai d- Open Patent Publication No.

2006- 78968, and K. B0232SH
is performed into pixels in the odd-numbered rows of the
second block. 1In addition, the writing with positive polarity
may be performed into pixels in the odd-numbered rows of the
third block, and then, the writing with negative polarity may
be performed into pixels in the even-numbered rows of the
third block.
[0339] In the above description, left-eye image data and
right-eye image data are respectively written for two vertical
scanning periods, and the polarity of each pixel is inverted
every two or four vertical scanning periods, but the present
invention is not limited to this. The polarity of each pixel
may be inverted every two or more even-numbered vertical
scanning periods. For example, the polarity of each pixel may
be inverted every six, or eight or more vertical scanning
periods.
[0340] With reference to FIG. 38, a liquid crystal display
device 100B and a stereoscopic display system 300B will be
exemplarily described.

[0341] FIG. 39 shows a schematic diagram of the liquid

crystal display device 100B and the stereoscopic display
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Hanaoka et al. "A New MVA-LCD by Pol yner Sustai ned Alignnent

Technol ogy", SID 04 DI GEST 1200-1203 (2004). Al of the disclosure
contents of these four docunments are incorporated in this B0232SH
specification by reference. [0353] The PSA technology is a technol ogy
in which a small anount of pol ynerizabl e conpound (e.qg.

phot opol yneri zabl e nononmer or oligonmer) is mxed in a liquid crystal
material, and after the liquid crystal panel is assenbled, the

pol yner i zaisttemc890Bund The | srenkrcadini i sadelv Ryistane FO0Fy ingjgdes
(e.g. ultraviolet rays) in the condition where a predeterm ned

voltage i.s applied across.the. liquid,crysta y t LNg
a pol yrnert,?“asol]ég‘1 b Coht ot ‘?Jhsé) rye-?ﬂ%lcedi #%é:?i ghdofsmt%rﬁgg%(i g‘&%gggg
crystal nol ecules. The alignment condition of the liquid crystal
mol ecul esgohenthhe 1pghydesryst4ir atlsgedyl sSerbtat ddoRdi(chcesdr drene
after the voltage is renoved (in the condition where no voltage is
applied). Herein the layer formed by the polynmer is referred tQ _as an
al i gnmentrafgi FEALAPhgCREGeIt THY: of | BHAEM FRFHAAiSTng2Pay & “reting
formed on the surface of the alignnment film (on the side of the
liquid C@éﬁ%@' éf‘%ﬂ]}’ BUh sh$t POy NeGessati | ¥3d or nedsgnasng BR33asH
to cover the surface of the alignment film Alternatively, the
al i gnment nmaintaining |ayer may be polyner particles which discretely
exi st. [@354LAbeciiquit t4§stal dpapkdy 2000wfl e RSA madeuis 150, a
bt ai ned, for exanple, by applying the above-descri bed PSA

-echnol ogy.  Although. not shown.in,the figure, [ﬁ?gﬂ d
electrodgécﬁiﬁgpﬁc {&ﬁﬁygiﬁﬁﬁggé%s%égbd%S?%%ﬁﬁ%??&gﬁg%i %ﬁ%&a SO 35 to

overlap the polarizing axis of a pair of polarizing plates, and a
plurality ebchrageh yort i2®mes extending in a direction of
substantially 45 fromthe cross-shaped stem portion. Specifically,

t he branch portions extend in directions of ﬁ?' v'135' £ 225" | ang
315 from{Rd24t em PBFEH oM, 2andPNtqUideerSsIa L M5IdBHI BT THY HE S §di d
crystal layer of vertical alignment type (dielectric anisotropy is
negatiVekan%si@%'EH?QtifhEBfﬁﬁéifyﬁhé vl ebnthel respactd waolr ameb
portions extend due to the oblique electric field fromthe stem
portion and the branch portions. This is because the oblique el ectric
field fremarhéebr bline hiport ivddscest enal nbs i T80 6LIRY! eacH vtiRERe
affects the liquid crystal nolecules so as to be inclined in the

direCtioq:aFE%r pceor?lqir%lil ac,rirtc%itthello generates a video signal having a
frame rate of 120 fps which is higher than the frame rate of
the input videc signal based on the input video signal.

[0343] Based on the video signal output from the frame rate
control circuit 110, the timing controller 120 controls the
writing state signal transmitting circuit 130, the scanning
signal driving circuit 140, the display signal driving circuit
150, and the backlight driving circuit 160. The timing

controller 120 generates a display signal having a frame rate
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B0232SH direction in which the branch portions extend, and the
oblique electric field fromthe stem portion affects the liquid
crystal nolecules so as to be inclined in the direction in whB0R32She
respective branch portions extend.lf the PSA technology is utilized,
t he above-nentioned alignment of the liquid crystal nolecul es fornmed
when the voltage is applied across the quuid crystal |ayer can be
stabilized. Also in_the PSA .the scan l.i ne be dIS osed
so as to dverthFRHheBEIQar gBSf VLot hetdhd [hgdd'l&gyggg Thohai h° Reeor
[0355] Alternatively, the liquid crystal panel 200 may be a CPA node.

For exanpls; #de Rinelogheetr eHe d24phdp & ghapaonithl higplsymeedsyl
and by the appli‘cation o voltage to the liquid crystal layer 230,

the liquid crystal nolecules in the respective liquid crystal domain
may be aldgreihaobtiguely Lh0an aRkazgd yosynie r FrenkemhePt [WB56F 1R A%e
above-described liquid crystal panel 200, the voltage is applied

across the liqguid cr al | ay t tr spased om dd€ang
front subsPHd Cgei and Jﬁ}é th §£ ‘%lmg #ngaglpe(((j:) ﬁf/lenlq‘{/ ut tthe preaénent
invention is not limted to thls. In the liquid crystal panel, a

vol tage mMEye display signal driving circuit 150 drive the liguid
crystal panel 200 at the vertical scanning freguency of 240
Hz. At this time, the left-eye image data corresponds toc 120
fps, and the right-eye image data corresponds to 120 fps.
(0344} Based on the signal from the timing controller 120,
the writing state signal transmitting circuit 130 transmits a
writing state signal indicating the writing state of a
plurality of pixels. The shutter glasses 280 opens and closes
the left-eye shutter 282 and the right-eye shutter 284 based
on the writing state signal.
[0345] Herein, the frame rate control circuit 110 generates
the video signal having the frame rate of 120 fps which 1is
higher than the frame rate of 60 fps of the input video
signal, based on the input video signal, and the timing.
controller 120 generates the display signal having the frame

rate of 240 fps based on the video signal, but the present
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B0232SH be applied in a transverse direction parallel to the in-plane
of the liquid crystal layer. For exanple, the liquid crystal panel
may be an IPS (In Plane Switching) node. | NDUSTRI AL APPLI CABIHg21XSH
[0357] According to the present invention, the display unevenness of
the liquid crystal display device which can perform stereoscopic
di splay and the stereoscopic display systemcan be suppressed. In
addi tion, according to the present invention, it is possible to
provi de anvegbien cigstralt dispited devi tBland alha ef B8R 0pFES diCOPFEY!
systemw th | ow power consunption in which the stereoscopic display
node and the % di spl a e.c e i t.gh . REFEREN LGNS
LI ST [0§%§f&8 1E.‘Lflﬁqd‘l‘a‘d’ @F&éfgpgd?sﬁ%é;o ééﬁ“%% ﬁg"“ﬁ;iﬁ e 2utbor
240 fps which is higher than the frame rate of 60 fps of the
input video signal, based on the input video signal, and the
timing controller 120 may generate a display signal having a
frame rate of 240 fps, based on the video signal.
[0348] The input video signal may be a PAL signal, and the
frame rate of the input video signal may be 50 fps. 1In this
case, the frame rate of the video signal is set to be 100 fps
or 200 fps, and the frame rate of the display signal is set to
be 200 fps.

[0347] In the above description, right-eye image data and

left-eye image data in the second writing are the same as the

i

right-eye image data and the left-eye image data in the first
writing, respectively, and the same gradation level is written
into the respective pixels twice, but the present invention is
not limited to this. The overdrive driving may be performed
for the right-eye image data and the left-eye image data in
the second writing. The overdrive driving is performed in the

same way as described above with respect to FIG. 20 and FIG.
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200 Liquid crystal panel 250 Backlight unit 280 Shutter gl asses

B0232SH CLAI M5 1. Aliquid crystal display device, provided
with a plurality of pixels, for perfornmng display in a st er eBE2VWIL
di spl ay node, wherein | eft-eye i mage data and right-eye inage

data are alternately witten every two successive vertical scanning

periods into each of the plurality of pixels, and
28, for example.
[0348] Alternatively, in the liquid crystal panel 200 in
the liquid crystal display device 300B in this embodiment,
ecach pixel includes a plurality of sub-pixels. For example,
each pixel of the liquid crystal panel 200 may have the same
configuration as described above with reference to FIG. 21 to
FIG. 23.
[0349] In the liquid crystal panel 200 of the 1liquid
crystal display devices 100, 100A, and 100B, at least one of
the front substrate 210 and the back substrate 220 may include
an alignment film. Herein, the alignment film is processed so
that the pre-tilt angle of liquid crystal molecules is 85
degrees or more and less than 90 degrees with respect to the
surface of a vertical alignment film. The pre-tilt angle is
an angle formed by a principal surface of the alignment film
and the major axis of the liquid crystal molecules defined in
the pre-tilt direction.
[0350] As a method for forming such an alignment film, a

method for performing rubbing process, a method for performing

photo alignment process, a method in which a minute structure
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each of the plurality of pixels exhibits the sane polarity over the
two vertical scanning periods in which the left-eye inmage data is
written and exhibits the same polarity over the two vertical ggapaing
periods in which the right-eye imge data is witten. 2. The
liquid crystal display device of claim1, wherein respective
polarities of the plurality of pixels are inverted every two or nore
even- nunbered vertical scanning periods. 3. The liquid crysta
di spl ay devipevibuslpi foinet 2 aterss mfr édpeetligenpot afiln.esref thise
plurality of pixels are inverted every two vertical scanning periods.

B0232SH Th d di,spl d f
wher ei n F5§55@tﬁ§éu§5F5?ri?e§é eéﬁﬁg d%gF |F§V%$e%?%£féh%r% 16 nme Mred

every four vertical scanning periods. 5. The liquid crysta

di splay demirge Hf n@tyodnen olhgbRi BBotghRid, subetaide t hectpl us akidy ief
pi xel s are arranged inamtrix of a plurality of rows and a

plurality of colums, and when gne of the left-eye inage data
and the rakjHaueys Fepeel he/a SO afr tot AT nt}i%ealéﬁpmﬁétofl%rﬁélaVlng a

plurality of pixels, polarities of pixels adjacent in the colum

d'reCt'OﬂuﬁﬁQﬁgs%QECQLPéaéﬁt¥£9f5&¥f%é %,%QH@k hotgash Htdeinown.

However, from the point of view of mass productivity, the
rubbing process or the photo alignment process is preferred.
Especially the photo alignment process can improve the yield
because the photo alignment process performs the alignment
process in a non-contact manner, and hence static electricity
due to friction does not occur unlike the rubbing process. In
addition, as described in International Publication No.
W02006/121220, by using the photo alignment film including
photo-sensitive group, the dispersion of pre-tilt angle can be
controlled to be 1° or less. The photo-sensitive group may
preferably include at least one photo-sensitive base selected
from a group of 4-chalcone group, 4’-chalcone group, coumalin
group, and cinnamoyl group.

[0351] The liquid crystal panel 200 may be a so-called MVA

(Multi-domain Vertical Alignment) mode. The liguid crystal
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6. The liquid crystal display device of any one of clainms 1 to 4,
wherein the plurality of pixels are arranged in a matrix of a
plurality of rows and a plurality of colums, and when BoS26H
the left-eye image data and the right-eye inage data is witten in
the entire of the plurality of pixels, polarities of pixels adjacent
in the row direction BO0232SH and in the colum direction anong the
plurality of pixels are different from each otger. . . 7. The
liquid cipsedl 2AGpPhytheviitd P8 H54962 GRer&fn YTHEGFGF BT P? ofe
pi xel s are divided into one or nore bl ocks corresponding to two or
for e 1 OV\%iqfecttlagaF:qurtﬁlé Uy i d MSst3Nd domain REmME EHNGIRS Fdtage

left-eye 1mage a or the right-eye inmage data is perforned to
pi xel s i n odd-nunbered rows or even-nunbered rows in the bl ock, and
t her eaf t exprils cperbor hpddisppsicel slimearhelothefooned o Elpselectrode
8. The liquid crystal display device of any one of clains 1 to 7

conprisirg¥ linear dielectric projections ({(ribs) formed on the liquid
crystal layer side in such a manner that they are disposed in
parallel and alternately on a pair of substrates opposed with
the liquid crystal layer interposed therebetween, when viewed
from the normal direction of the substrate. The orientation
of the liquid crystal domain is the direction orthogonal to
the direction in which the linear slits or the dielectric
projections (referred to collectively as "“linear structures”)
extend. In the MVA mode, the scanning lines Lga and Lgb may
be disposed so as to overlap the boundary of another liquid
crystal domain.
[0352] Alternatively, the ligquid crystal panel 200 may be a
PSA mode. The Polymer Sustained Alignment Technology
(hereinafter, referred to as “PSA technology”) is disclosed in
Japanese Laid-Open Patent Publication No. 2002-357830,
Japanese Laid-Open Patent Publication No. 2003-177418,

Japanese Laid-Open Patent Publication No. 2006-78968, and K.
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a liquid crystal panel having a front substrate, a back substrate,
and a liquid crystal |ayer disposed between the front substrate and

t he back substrate,; a backlight unit for irradiating thgylbhgyid
crystal panel with light; a frame rate control circuit for
generating, based on an B0232SH i nput video signal, a video signal
having a higher frane rate than that of the input video signal

a timng controller for generating, based on the video signal, a

di spl ay siagmalka et al.a“3caiemi MyAsighabydPplymgr cPretaindbrilsighfeping
a scanning signal for selecting a pixel into which the witing is

erformed; O
P Technology”, SID 04 DIGEST 1200-1203 (2004). All of the

disclosure contents of these four documents are incorporated
in this specification by reference.
[03537 The PSA technology is a technology in which a small

amount of polymerizable compound (e.g. photopolymerizable

N

monomer or oligomer) is mixed in a liquid crystal material,
and after the liguid crystal panel 1is assembled, the
polymerizable compound is irradiated with activation energy
rays {e.g. ultraviolet rays) in the condition where a
predetermined voltage 1is applied across the liqu;d crystal
layer, thereby producing a polymer, so as to control the pre-
tilt direction of the liquid crystal molecules. The alignment
condition of the liquid crystal molecules when the polymer is
produced is maintained (stored) even after the wvoltage 1is
removed (in the condition where no voltage 1is applied).
Herein the layer formed by the polymer is referred to as an
alignment maintaining layer. The alignment maintaining layer
is formed on the surface of the alignment film (on the side of

the liquid crystal layer), but is not necessarily formed so as
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a display signal driving circuit for supplying the display signal to
t he sel ected pixel; a witing state signal transmtting circuit
for transmitting a witing state signal indicating a witing B02328Hof
the plurality of pixels; and a backlight driving circuit for
controlling the turning on and off of the backlight unit.O 9.
The liquid crystal display device of claim38, wherein the backllght
unit is turned on in at least part of the latter one of _th

vertical &tampydy peri sBsta¢e wif chhehalierteRlyett Hage aﬁFﬁrEﬁHlY?ﬁy
right-eye inmage data are witten, respectively. B0232SH 10.

The 1i qwﬁ,‘i1 créﬁ%tg%heg‘ﬁsgag t?]l%"f[rf;?e 1;afye§”h‘la§’rl§3e Ho R Batt 60185 which

wherein in e plurali pi xels, overdrive driving is
performed based on the left-eye inmage data and the right-eye inmage
data wi tdiedcdaredyeenistrore precedi ng vertical scanning period.

[0354] The liquid crystal panel 200 of the PSA mode 1is
obtained, for example, by applying the above-described PSA
technology. Although not shown in the figure, each of the
pixel electrodes 224 includes a cross-shaped stem portion
disposed so as to overlap the polarizing axis of a pair of
pclarizing plates, and a plurality of branch poftions
extending in a direction of substantially 45 from the cross-
shaped stem portion. Specifically, the branch portions extend
in directions of 45° , 135° , 225° , and 315° from the stem
portion, and liquid crystal molecules in the liguid crystal
layer of vertical alignment type (dielectric anisotropy is
negative) are inclined in directions in which the respective
branch portions extend due to the obligue electric field from
the stem portion and the branch porticns. This is because the
oblique electric field from the branch portions extending in
parallel toc each other affects the liquid crystal molecules so

as to be inclined in the direction perpendicular to the
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11. The liquid crystal display device of any one of clainms 1 to 10,
wherein the liquid crystal display device performs display by
switching its node between the stereoscopic display node and gyRhapar
di splay node, and in the planar display node, the driving is -
performed at a | ower vertical scanning frequency than that in the
stereoscopi ¢ di spl ay node. 12. The liquid crystal display
device of any one of clains 1 to 11, wherein each of the plurality of
pi xel s hag r@ckiibat is ubhpitxedheabdaack epontdi sub-epiteet, and the ¥ lithe
liquid crystal display device of claim12, wherein in the planar

choplay ey ul L plel, Ol VD9 |5 022 perl e, A0d 1iquid "
per f or med.
crystal molecules so as to be inclined in the direction in
which the respective branch portions extend. If the PS3A
technology is utilized, the above-mentioned alignment of the
liquid crystal molecules formed when the voltage is applied
across the liquid crystal layer can be stabilized. Also in
the PSA mode, the scanning line may be disposed so as to
overlap the boundary of another liquid crystal domain.
[0355] Alternatively, the liquid crystal panel 200 may be a
CPA mode. For example, the pixel electrode 224 has a shape

with high symmetry, and by the application of voltage to the

liquid crystal layer 230, the liquid crystal molecules in the

o~

respective ligquid crystal domain may be aligned obliquely in
an axially symmetric manner.

[0356] In the above-described liquid crystal panel 200, the
voltage is applied across the liquid crystal layer by the
electrodes disposed on the front substrate and the back
substrate, respectively, but the present invention 1is not

limited to this. In the liquid crystal panel, a voltage may
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14. A liquid crystal display device which perforns display by
switching its node between a stereoscopic display node and a pl anar
di splay node in which the driving is perforned at a | ower verB0z3ISH
scanni ng frequency than that in the stereoscopic display node.
15. The liquid crystal display device of claim 14, wherein the
driving in the planar display node is perforned at a verti cal
scanni ng frequency which is the half of that in the_ stereoscopic
di spl ay Rpleapplied im@ CrRESVFEEEE dLrSEtar @RLALL§LdEDi ERS of "R Th
14 or 15, conprising: a liquid crystal panel provided with a
plurality. of .ni xels;: a.f r ont j et epgtatkPektal
based on %ﬁ t@%é@f@ﬁdiﬁg ?€53d2%9§€gna%94595{ eg'sﬁgﬁa? ﬁavingE%F
hi gher frame rate than that of the input video signal;

panel may be an IPS (In Plane Switching} mode.

INDUSTRIAL, APPLICABILITY

0357} According to the present invention, the display
unevenness of the liguid crystal display device which can
perform stereoscopic display and the stereoscopic display
system can be suppressed. In addition, according to the
present invention, it is possible to provide a liquid crystal
display device and a stereoscopic display system with low
power consumption in which the stereoscopic display mode and
the planar display mode can be switched.

REFERENCE SIGNS LIST

[0358] 100 Ligquid crystal display device

200 Liquid crystal panel

250 Backlight unit

280 Shutter glasses
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atimng controller for generating, based on the video signal, a

di spl ay signal; a scanning signal driving circuit for supplying
a scanning signal for selecting a pixel into which the witingyiissy
per formed; and a display signal driving circuit for supplying
the display signal to the selected pixel, wherein the timng

controller makes different the frane rate of the display signal in
accordance with the stereoscopic display node and the planar display

node. 17. The liquid crystal @L&PhRy device of claim 16
furthe[ conpri si ng: a backlight unit for irradiating the liquid
crysta '

controll Pﬁge!t tJr\gi :‘%r hgiglg‘géna%t&]f ‘3?5? %L?%E’#%H Vﬂunl ti%ieacu"iuttﬁ %s
plurality of pixels, for performing display in a stereoscopic
display mode, wherein

left-eye image data and right-eye image data are
alternately written every two successive vertical scanning
periods into each of the plurality of pixels, and

each of the plurality of pixels exhibits the same
polarity over the two vertical scanning periods in which the
left-eye image data is written and exhibits the same polarity
over the two vertical scanning periods in which the right-eye

image data i1s written.

2. The liquid crystal display device of claim 1, wherein
respective polarities of the plurality of pixels are inverted

every two or more even-numbered vertical scanning periods.

3. The liquid crystal display device of claim 1 or 2,
wherein respective polarities of the plurality of pixels are

inverted every two vertical scanning periods.
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B0232SH 18. The liquid crystal display device of claim17,
wherein the irradiation with light by the backlight unit is changed
in accordance with the stereoscopic display node and the pl an80232SH
di spl ay node. 19. The liquid crystal display device of claim17
or 18, wherein the backlight unit has a plurality of illum natingO
regions of which the turning on and off can be independently
controlled, respectively 20. The liquid cryst spl qy devj ce

i
of claim 19, wherBi% %h%uﬁﬁu?é¥F¥®l of 19F k@Y sI&aF£c&r P nﬁgal n-a Yratri x

of a plurality of rows and a plurality of colums, and each of

the pl Urawﬁéry 19f féggirgetq%' 1:6990s b$ ghéP?%PaEPﬁ eépom@gs yagén

pi xel s in at Teast e row the plurality of rows
liquid crystal display deV|ce of claim20, wherein, in the case mhere
t he di spl ayvérstgaerdvamyedom Uhetst@leﬁguwmn@'dﬁgpbdy-nnde, t he
plurality of illum nating
5. The 1liguid crystal display device of any one of
claims 1 to 4, wherein the plurality of pixels are arranged
in a matrix of a plurality of rows and a plurality of
columns, and
when one of the left-eye image data and the right-eye
image data is written in the entire of the plurality of

pixeils, polarities of pixels adjacent in the column direction

among the plurality of pixels are equal to each other.

6. The ligquid crystal display device of any one of
claims 1 to 4, wherein the plurality of pixels are arranged
in a matrix of a plurality of rows and a plurality of
columns, and

when one of the left-eye image data and the right-eye
image data is written in the entire of the plurality of

pixels, polarities of pixels adjacent in the row direction
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B0232SH regi ons are sequentially turned on. 22. The liquid
crystal display device of any one of clains 16 to 21, wherein the
liquid crystal panel includes: a front substrate having a coug§fhsy
el ectrode; a back substrate having a scanning line, a source
line, and a pixel electrode; and a liquid crystal |ayer

di sposed between the front substrate and the back substrate.

23. The liquid crystal display device of any one of clainms 16 to 22,
wher ei n iand hen ¢case cohlema theedt spl aynarng péef ploedliny tde mpilxaiar are
di spl ay node, the scanning signal driving circuit and the display
signal driving circuit drive the liquid crystal panel at a vertical
scanni ng $ridqrenty ThAmcRaFR HEETal f of that in the case where the
display is performed in the stereoscopic display node. 24. The
liquid crystal display device of any one of clainms 16 to 23, wherein
the frame rate control circuit sets

7. The liquid crystal display device of claim 6, wherein
the plurality of pixels are divided into one or more blocks

corresponding to two or more rows of the plurality of rows,

p
\
and
the writing of the left-eye image data or the right-eye
image data is performed to pixels in odd-numbered rows or
even-numbered rows in the block, and thereafter is performed
to pixels in the other ones of rows.
8. The liquid crystal display device of any one of
C

claims 1 to 7 comprising:

a liquid crystal panel having a front substrate, a back
substrate, and a liquid crystal layer disposed between the
front substrate and the back substrate;

a backlight unit for irradiating the 1ligquid crystal
panel with light;

a frame rate control circuit for generating, based on an
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B0232SH the frame rate of the video signal to be twice as high as the
frame rate of the input video signal. 25. The liquid crysta

di spl ay device of claim 24, wherein in the case where the di spbz32Sithk
performed in the stereoscopic display node, |eft-eye i mage data and
right-eye image data are alternately arranged in the input videoO
signaléI and the frame rate control circuit arranges two sets of
i mage data repeatedly .in the video signal, each one of the_two sets
of image AU iHASISHG Phe ReV198Y 6> i Hhie Nt @d%aftd L ABST i GHITB Y ©

i mage data in the input video signal. 26. The liquid crysta

di spl ay daylieenle &icRe28noRer Ehdl Lhgyddini ng control | er

successively arranges, in the display signal, a pair of the left-eye
i mage data and a pair of the right-eye inmage data of the video
signal, resped itvigting controlder Twe |denfnktdmgst dlasgics Finay:hew kteof
any one of

signal, a display signal;

a scanning signal driving circuit for supplying a
scanning signal for selecting a pixel into which the writing
is performed;

a display signal driving circuit for supplying the
display signal to the selected pixel;

a writing state signal transmitting circuit for
transmitting a writing state signal indicating a writing
state of the plurality of pixels; and

a backlight driving circuit for controlling the turning

on and off of the backlight unit.

9. The liguid crystal display device of claim 8, wherein
the backlight unit is turned on in at least part of the
latter one of the two vertical scanning periods in which‘the
left-eye image data and the right-eye image data are written,

respectively.
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B0232SH cl ains 24 to 26, wherein in the case where the display is
performed in the stereoscopic display node, the timng controller
sets the frane rate of the display signal to be tw ce as highggskhe
frame rate of the video signal, and in the case where the display is
performed in the planar display node, the timng controller sets the
frame rate of the display signal to be equal to the franme rate of the
vi deo signal . 28. The liquid crystal display device of any one
of clains 16 tld.23Thehddquadt lnrvisitade dikamlavondevicei péuiansepret vé
frame rate of the V|deo S|gnal to be four tines as high as the frane

rate of tt Efjﬂsre\u]tZS érg Qc?]%‘nt in cach’ds The | lqléuaqlct&yStfalplqgeﬁgl ay

devi ce of° e case where t

performed in the stereoscopic display node, Ieft eye i nage data and
ri ght - eyesddmge wat@rarieigal ter pat ebymad roaged bn the ingftt-evieddmage
signal, and the frane rate control circuit arranges two sets of

B0232SH i _ )
data and the right-eye image data written in one or more

preceding vertical scanning period.

11. The liquid crystal display device of any one of
claims 1 to 10, wherein the liquid crystal display device
performs display by switching its mode between the
stereoscopic display mode and a planar display mode, and in
the planar display mode, the driving is performed at a lower
vertical scanning frequency than that in the stereoscopic

display mode.

12. The 1liquid crystal display device of any one of
claims 1 to 11, wherein each of the plurality of pixels has a

first sub-pixel and a second sub-pixel.

13. The 1liquid crystal display device of claim 12,

wherein in the planar display mode, multi-pixel driving is
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i mage data repeatedly in the video signal, in each of the two sets of
i mge data, a pair of the left-eye inage data and a pair of the
right-eye inmage data in the input video signal being successi BR§2SH
arranged, respectively. 30. The liquid crystal display device
of claim?29, wherein the timng controller arranges, in the display0
signal, the left-eye inage data and the right-eye i mage data of the
vi deo S|gnal . The liquid crystal display device of any one
of cl ai neP2BEYNeSY, rein in the case where the display is
performed in the stereoscopic display node, the timng controller

sets the frame;fatenof {the-LRIAY sug@@uayo bedequakhto mhgtixpﬂgel
rate of the video signal, and in the case where the display is

performed in the planar dlsplay node, the timng controller sets the
frame ratérbfinhelsdinggdl ®prérgnati-to be the half of the frame rate of
the video signal. B0232SH 32. The liquid crystal display
device of any one of clains 16 to 31, further conprising a witing
state signal transmtting circuit for transmtting a witing state
signal indicating the witing state of the plurality of pixels.

14. A 1liquid crystal display device which performs

display by switching its mode between a stereoscopic display
mode and a planar display mode in which the driving is
performed at a lower vertical scanning frequency than that in

the stereoscopic display mode.

15. The liquid crystal display device of claim 14,
wherein the driving in the planar display mode 1s performed
at a vertical scanning frequency which is the half of that in

o | O

the stereoscopic display mode. -

16. The liquid crystal display device of claim 14 or 15,
comprising:

a liquid crystal panel provided with a plurality of
pixels;

a frame rate control circuit for generating, based on an
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33. The liquid crystal display device of any one of claims 14 to 32,
wherein in each of the plurality of pixels, overdrive driving is
performed based on the left-eye imge data and the right-eye BOPISH
data witten in one or nore preceding vertical scanning periods.
34. A stereoscopic display system conpri sing: the liquid
crystal display device of any one of clains 1 to 33; and

shutter glasses having a |left-eye shutter which is opened in a period
in whi chloRet] védre e+gRibd Aisieqy Sdepriehar SpY of s 6816t (&5 ?ﬁﬁ‘@e
and a right-eye shutter which is opened in a period in which the
liquid crystal,dispEayndevigg dj:3RlA%s gRallk ght -eye i mage.

a timing controller for generating, based on the video
signal, a display signal;

a scanning signal driving circuit for supplying a
scanning signal for selecting a pixel into which the writing
is performed; and

a display signal driving circuit for supplying the
display signal to the selected pixel, wherein

the timing controller makes different the frame rate of

the display signal in accordance with the stereoscopic

display mode and the planar display mode.

17. The 1liquid crystal display device of claim 16,
further comprising:

a backlight unit for irradiating the 1liguid crystal
panel with light; and

a backlight driving circuit for controlling the turning

on and off of the backlight unit.
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B02325H

18. The liquid crystal display device of c¢laim 17,
wherein the irradiation with light by the backlight unit is
changed in accordance with the stereoscopic display mode and

the planar display mode.

19. The liquid crystal display device of claim 17 or 18,
wherein the backlight unit has a plurality of illuminating
regions of which the turning on and off can be independently

controlled, respectively.

20. The 1liquid crystal display device of claim 19,
wherein the plurality of pixels are arranged in a matrix of a
plurality of rows and a plurality of columns, and

each of the plurality of illuminating regions is
disposed correspondingly to pixels in at least one row of the

plurality of rows.

21. The 1liguid crystal display device of claim 20,
wherein, in the case where the display is performed in the

stereoscopic display mode, the plurality of illuminating
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B0232SH

regions are sequentially turned on.

22. The liquid crystal display device of any one of
claims 16 to 21, wherein the liquid crystal panel includes:

a front substrate having a counter electrode;

a back substrate having a scanning line, a source line,
and a pixel electrode; and

a liquid crystal layer disposed between the front

substrate and the back substrate.

23. The 1liguid crystal display device of any one of
claims 16 to 22, wherein in the case where the display 1is
performed in the planar display mode, the scanning signal
driving circuit and the display signal driving circuit drive
the liquid crystal panel at a vertical scanning frequency
which is the half of that in the case where the display is

performed in the stereoscopic display mode.

24. The 1ligquid crystal display device of any one of

claims 16 to 23, wherein the frame rate control circuit sets
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B0232SH

the frame rate of the video signal to be twice as high as the

frame rate of the input video signal.

25. The liguid crystal display device of claim 24,
wherein in the case where the display is performed in the
stereoscopic display mode, left-eye image data and right-eye
image data are alternately arranged in the input video
signal, and

the frame rate control circuit arranges two sets of
image data repeatedly in the video signal, each one of the
two sets of image data including the left-eye image data and

the right-eye image data in the input video signal.

26. The liguid crystal display device of claim 25,
wherein the timing controller successively arranges, in the
display signal, a pair of the left-eye image data and a pair
of the right-eye image data of the wvideo signal,

respectively.

27. The 1liguid crystal display device of any one of
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B0232SH

claims 24 to 26, wherein in the case where the display is
performed in the stereoscopic display mode, the timing
controller sets the frame rate of the display signal to be
twice as high as the frame rate of the video signal, and in
the case where the display is performed in the planar display
mode, the timing controller sets the frame rate of the
display signal to be equal to the frame rate of the video

signal.

28, The 1liquid crystal display device of any one of
claims 16 to 23, wherein the frame rate control circuit sets
the frame rate of the video signal to be four times as high

as the frame rate of the input video signal.

29. The 1liquid crystal display device of claim 28,
wherein in the case where the display is performed in the
stereoscopic display mode, left-eye image data and right-eye
image data are alternately arranged in the input video
signal, and

the frame rate control circuit arranges two sets of
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image data repeatedly in the video signal, in each of the two
sets of image data, a pair of the left-eye image data and a
pair of the right-eye image data in the input video signal

being successively arranged, respectively.

30. The 1liquid crystal display device of claim 29,
wherein the timing controller arranges, 1in the display
signal, the left-eye image data and the right-eye image data

of the video signal.

31. The liquid crystal display device of any one of

claims 28 to 30, wherein in the case where the display is

performed in the stereoscopic display mode, the timing

controller sets the frame rate of the display signal to be
equal to the frame rate of the video signal, and

in the case where the display is performed in the planar
display mode, the timing controller sets the frame rate of
the display signal to be the half of the frame rate of the

video signal.
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32. The liquid crystal display device of any one of
claims 16 to 31, further comprising a writing state signal
transmitting circuit for transmitting a writing state signal

indicating the writing state of the plurality of pixels.

33. The 1liquid crystal display device of any one of
claims 14 to 32, wherein in each of the plurality of pixels,
overdrive driving is performed based on the left-eye image
data and the right-eye image data written in one or more

preceding vertical scanning periods.

34. A stereoscopic display system comprising:

the liquid crystal display device of any one of claims 1
to 33; and

shutter glasses having a left-eye shutter which is
opened in a period in which the liquid crystal display device
displays a left-eye image and a right-eye shutter which is
opened in a period in which the liquid crystal display device

displays a right-eye image.
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