22 July 2005 LI QUI D CRYSTAL DI SPLAY FI ELD OF THE | NVENTI ON The present,
invention relates to a liquid crystal display, and nore parti%é to a
| i quid crystal display conprising an OCB-node (Optically Sel f= at ed
‘Birefringence node) liquid crystal display panel. BACKGROUND OF THE
I NVENTION I n recent years, with advange in nultinmedia technologies, a
great deal of image information has been distributed. As a neans for
di spl ayi ng such imge Information, liquid crystal displays have rapidly
spread. This is because liquid crystal displays with high contrast and
wi de view ng angl e have been develkﬁ%&ed and dout to practical use with
devel opnent of Tiquid cryst AFCVIRHISIYFE RISPLAY present, the liquid crystal
-di spl ays are equal to-CRT (Cathode Ray Tube) displays in display
performance.' However, current liquid crystal displays are not suitable
for use.in display of noving i mages because of a | ow response speed of
l'iquid crysisb. odViHee ThteNSrgiequi red that the liquid crystal respond
within one frang period (16. 7 nsec)-in a current NTSC (National
Tel evi si on St anths Brexant ineantiopsredmtes Ho audgend orysyel diepystal di spl ays
require Ny 20n%8 p e ray, scales in nmultiple gray
scal e di spl ayﬁ%g%eby cgﬁggn{g&g P%ﬂ’s‘%l %%%%%Dgﬁ%ﬁynﬁﬂ@%gﬂg Purred. In
. par ti cul alPCBsreia (Ppieicaldy Rnife ChupevemrtedrBiresScih@mdenmadd)egiqiiavher e a
drive vol tag8tal HikpYay gaaglé\ar_errel y slow, a satisfactory noving inmage
display i's not attained. Accordingly, many attenpts have been
conventionally made 22 July 2005 2 to provide high-speed responsive |iquid

cpystal  dpgpkéitimo W e vvenTION

In recent years, with advance in multimedia technologies,

a grgat deal of image information has been distributed. As ameans

.for d:l.sglaying such image information, liquid crystal displays

have rapidlyspread. Thisisbecause liquidcrystal displays with

h:l.gh contra_ist and wide wfiewing angle have been developed and put

to practical use with development of liquid crystal technologies.

. At preseht, ‘the liquid crystal displays are equal to CRT (Cathode
Ray Tube) displays in display performance. |

However, current liguid crystal displays are not suitable

for use in diéplay of moving images because of a low response speed
| of liquid crystal. While it is reéuired that the liquid crystal
, ) ~respond within one frame perio;l (16. 7 msec) in a current NTSC
(National Television Standard Committee) system, the current
ligquidcrystal displays requiremore than 100msec to respondbetween
gray scales in mi.:lt:l.ple gray scale display, thereby causing a
displayed moving image to be blurred. In particular, since the
response between gray scales in a reglon where a drive voltage
is low is extremely slow, a satisfactory moving image display is
not attained. - | |

Acc_ordingly, many attempts have been conventionally made -




vari ous quufd crystal display nethods of high-speed response have been

summarized by Wi et al. (CS W and S.T. Wi, SPIE, 1665, ?fgaag
nmet hods capabl e of achieving a response characteristic necessary
di splaying the noving inmage are limted. Currently, liquid crystal.

di spl ays conprising an OCB-node liquid crystal display panel, a
ferroelectric liquid crystal display®panel, or an antl-ferroelectrlc
liquid crystal display panel are believed to be promsing as |iquid
crystal displays having ' high-speed responsi veness suitable for display of
the novi ng i mage. Anong these liquid crystal display panels, the f

erroel ect rt@ prbvifld bigh-epieall mispphaivepaigtidaadydid @niplafelr wRibet ric

liquid crystal .spl el . havin a d structure suffer from many
pr obl ens é§SOC|5t agﬁﬁﬁﬁygfﬁhéliﬁiggwﬁgﬁﬁgﬂ§§§§gﬁC?p%ﬁ?rqsaapgﬁ gre _
resi st ancepedn mmlrzaageyorfu avahl allce st enpamnat gIes wuangedi ghees enperat ure

dependency, of proe n view of these, attention has been focused on
t he OCB- nc&é?ﬁ%%iﬁ g?%ﬂ%ﬂcﬁﬂagﬁPgﬁaﬁBﬁEﬂ%?gQEﬁ%ﬂjnﬁEﬁﬁ?F%qur&ﬁF%F(:rystaI as

liquid crymdissdis oty 8ispidakigethé Movdh§PinigyeObrs NBInIRYENY | MAge. The
hi gh- speed respon5|veness of the OCB-nmode liquid crystal displays was
denonstrat ed byC¥HePtEEs iquidgrystal (el ey pgempTingaft &CBABMMSE r at ed

that the nri@x\&ttalc%r&mr&i@gﬁqt bﬁﬂeil laMBeriyauait1 8ol 1él %3 W th wde
vi ewi ng angl e_and hlg - speed onsi veness,. the iquid crysta

di spl ay pa&HEPiayRAgelpRm agy EEIF"e exRaetRRIEHE P SI'Y%*@% digplay

Cr 0SS- SeCipa@Bf ar¥ beY SEEFFHd ﬁf&nlﬂéiaaewm&ufd cfpé‘t%tll diph 8Ps Rividie
c@nventlonal OCB- node |iquid crystal é panel eferring to Fig. 36,

the OCB- n&&@hwwdﬁ?ﬁ’yeﬁa‘refmse;ﬂuayabmd m@é&negnoy;tne#m@wss |
substrate 81 prgngdefledbifg@ia éiéﬁmaﬁ%il&afﬁb!ﬂéfé AleLrd0d8e SN a | over

surface tggreof and 22 Jul{
quid crystal display panel and the anti-ferroelectric liquid
crystal display panel having a layered structuré suffer from many
problems éssociated with their practical uses such as: low shock
resistance, limited range of available tehbefatures, and high
temperature dependency of property. In view of these, attention
has been'focused on the 0CB-mode liquid crystal display panels
using nematic liquid crystal as liguid crystal displays suitable
for display of the moving image. ' _
The high-speed responsiveness of the OCB-mode 1iquid crystal
| _ displays was demonstrated by J.P. Bos in 1983. Since it was
ﬂ) . thereafter demonstrated that the provision of retardation films
brought about displays with wide viewing angle and high-speed .
responsiveness, the OCB-mode liquid crystal display panels have
been studied and developed.
' Fig. 36 is a cross-sectional view schematically showing a
- constitution ofrthe conventlional OCB-mode liquid crystal displey
panel . Referring to Fig. 36, the OCB-mode liquid crystal display
~ panel comprises a f£irst glass substrate 81 provided with a

transparent counter electrode 82 on a lower surface thereof and




a second gl ass substrate 88 provided with a transparent pixel electrode 87

on an upper surface thereof. A first alignnment layer 83 is fo?ggqyggog
| ower surface of a counter electrode 82 and a second alignnen i 6 is

formed on -an upper surface of the " pixel electrode 87. Liquid crystal

nol ecul es" have been filled into a gap between these alignnment |ayers 83,
86 to be forned into a. liquid crystal layer 84.. The alignnment | ayers 83,
86 have been subjected to alignnent.treatment to align the liquid crystal
nol ecules in parallel with one another and in the sanme direction. The

t hi ckness of the liquid crystal layer 84 is defined by a spacer 85. A’
first pol a®isssonglglaspsobsthateons aprayiged ity acerabsgdientfhsadl gl ass

substrat e a.second polarizer 92 is provided on a | ower surface of
The: second TL8e8 sISFT AR aBlef Siftice iaent oot Soest: Shsoment gewer ded | n
Cross ni cod® ist hatmdds pnsalQwbhadurrhbeids apbbeitleradBsSctdio@e0fd Rggogpal to each
other. A first rftardati'on film89 is provided between the first polarizer

91 and t HEFPPASTHARISLtIAAT §F 1B £oRMEd L1 EROWRPPS FHFERAE 6 theém 90 is

provi ded heieealéduronecend pofald ceystd Hodebiifes 2Bt &lAFs 184 DSt rat e
88. As the retardation filnms 89, 90, negative -retardation filns. whose
mai N axes 8 hYpPibetUPeR fhese aliownent 1ayenend3 OBS tedie £ptmad #nty yst al

di spl ay paneiqei@m espstidit vipsh 84 by rAORNIGRRAN 18Fe A 49! 63%8ve! E&‘ed iquid
crystal is gaused to transition fromspray alignnent 84a to bend alignment
84b, in wivCHeckihite alionmendetreatdienp g@/étli%i flee Jinmideoywsted speed of

- the |iquid16eyEdsiin Qarbllee OiBiode dnbBHbf anbYa! the hnbldA¥e BRG], | S
ngnl ficantly i g‘tzéoved as conpared to a TN-node(Twi sted nemati ¢ node)
Fi

qui d cr ySpdPigheesspt fhadiiquid saystaplaver §4 sl defiopd By a sparsdr suit abl e
for novingsimage display is realized. In addition, the provision of the
retardation filns 89, 90 can achi eve-w de 22 July 2005

A first polarizer 91 is provided on an upper surface of the
first glass substrate 81 apd a second polarizer 92 is provided
on a lower surface of the second glass substrate 88. These
polarizers 91, 92 are provided in cross nicole, that is, such that
their optical axes are orthogonal to each other. A first
retardation film 89 i§ provided between the first_pélariZer 91
and the first glass'sﬁbstrate 81 and a second retardation film
90 is provided between the second polarizer 92 and the second glass

 substrate 88. As the retardation films 89, 90, negative
3 retardation films. whose main axes‘are hybrid-arranged are used.
) In the OCB-mode liquid crystal display panel so constituted,
by application of a voltage, the liquid crystal is caused to
transition from spray alignment 84a to bend alignment 84b, in which
state, an image is displayed. Since the response speed of the
liguid crystal of the OCB—mode liquid crystal display panel is
-significantly impro#ed as compared to a TN-mode(Twisted nematic
mode) liquid crystal display panel , fhe liguid cfjstal display
panel suitablefprnmvingimagedisplayisxealized. Inaddition,

the provision of the retardation films 89, 90 can achieve wide




4 view ng angle. As described above, the OCB-.node liquid crystal display

panel displays an imge when the liquid crystal is in the beng ?I%gﬁﬁ?nt
state. Therefore, an initialization process for transitioning ¢ ﬂ- tial
spray alignment to bend alignnent (hereinafter sinply referred to as spray
- bend alignnent transition) is essential. Figs. 37A - 37C are views for
explaining the initialization process4for performng the spray - bend
transition in the conventional liquid crystal display, wherein Fig. 37A
|s- a graph showing change in the rate of the spray -- bend transition,
and Figs. 37B, 37C are graphs each showi ng a waveform of a .voltage
appl i ed tovideidd @uiydecrystal display panel in the initialization process.
In Fig. 37A, a longitudinal axis indicates the rate of transition from
initial spray aPF&%ﬁEﬁ%b?QPQRﬁﬁjt&PPGﬁn@ﬂ@e%#HWW%FrYthhﬂésmﬁﬁmnaﬂellayer
| ncl uded | 81dgMlsl it flagd WALRkRENSBOAY RPOEL: 15!4 FHbBend 4By griteler-

| ? T et ween t he

| ongi tudi nal axes respectively indicate “potenti al erenc
source |intaisd tTherefgreeran dpitiabidatin mocess| ¢ dirhfiet eirodnget ween t he

gate |1ne sish {0e1t RAWEERy LI AGm. AHMA h B ahhdhe ReshlleddIe iyl al | zali on
process, -a redeterm ned voltage 1s applied Inte m‘tf'en? y TP e source
line and ¥¢ferEedntemsesrran odeensoal harmenltetpotsdntion) idi ééssmariae. bet ween

the source |inepghd thg C r by .ot e - Al so, as
shown in Fig. 37C a gr edﬁe){%%% r‘fgé‘g’\g/f)ff’?geg?}ilgggg%%Fﬁ%&“i{“oa ¥2ti%Pe 1ine and
t he sour cePHachEssEex perfohmipntthat $ptaydi-f bendénoensbttoredn the gate |ine and

-deas‘r’géﬁf"t‘%““’%‘éfﬁﬁﬁ%”??%‘% v o Piey. Ui, 1851 BoPhe bend
af i gnment shewiing remngg istidpwrste afd thhesmmyay berit tetahs Binisint, | andi S
conpl et ed F‘%@D '_;.ﬂ?, 37C are graphs each showing a waveform of a voltage
applied to the liquid crystal display panel in the initia-lizai:ion
brocess. _ ' |
In Fig. 37A, a longitudinal axis indicates the rate of
transition from initial spray alignment to bend alignmént in the
ligquid cry'stal layer included in the liquid crystal display panel.
In Figs. 37B, 37C, longitudinal axes respectively indicate
. potential difference between the source line and the counter
" electrode and potential difference between the gate line and the
source 1ine..

As shown in Fig. 37B, in the initialization process, a

-\'-,../'

p‘redetexinined voltage is applied intermittently to the source line
and the counter electrode so that the potential difference between
the source line and the counter electrode becomes 10V or more.-
| Also, as shown in Fig. 37C, a predetermined voltage is applied
to the gate line and the source line so that the potential difference
between the gaj:e line and the source line becomes 10V or more over
the whole initialization proceés. Ag a result, as shown in Fig.
37A, the rate of transition to the bend alignment is increased'

stepwise and the spray - bend transition ig completed when the




22 July 2005 5 initialization process is term nated. By the way, how the
spray - bend transition takes place is observed and. the obsegyﬁH %805
result shows that a-nucleus of the bend alignnent is generate Fom g
specific spot and grown. Hereinbelow, this nucleus is named "transition
nucl eus-". Publication-of Exam ned Patent Application No. Hei. 10 - 20284
di scloses a liquid crystal display pafel in which a convex/concave portion
made of a conductive material is formed at a predeterm ned position on the
side of an array substrate for the purpose of -generating the transition
nucleus.- In'this constitution, since the electric field strength applied

to a regi otnitfalihetidnprrdoesy SisatetmitRte@n t he convex/concave portion
becones | arger t he generation of the

th&ﬁn t hat _around t he regi on

transition nucl B4sHe W?Ya'cPPVt'ii‘(eeﬁpr%ns‘Eﬁ?ﬁeﬁﬁP}Fitﬁﬁﬁ t@kegyplacgehs

transiti Onobsﬁeﬁiﬁ)ﬁﬂ hing. tR& @bsR-Re€Lon QUBYRY shbs tt'ii%t@'?:‘ﬁ%ﬁ!&ﬁ@%' hd qui d

crystal di s the spray - bend transition sonmetines takes place with
éi

low reli ab FEeRtsds gfeneratied i fone srecdfdehseAt @pd greatric field. in

this casa;eﬁdaabsmvaytm MR 680t P haveal 9GAnlsY 16 tn Wg\ eCONes a
| um nescent spot, which is observed as dot-defect. RY OF THE | NVENTI ON

The present invRiRligatien @if ExpetneadoPatent ﬁgpi-#@atia?bove- descri®ed probl em
and -an Oblmmt&iﬂcﬁgfsebsatl‘lq%&ﬁ%ﬂ%t%l' afpiidy G& ﬁ_ Yot aly Qitaﬁéﬂ capabl e of

reliably performng spra transition: sol ve the above-descri bed
probl em t9p8vex{ @“ﬁﬁﬁ?lmian Padpof %r%@ﬁaptm%maayrml Soxmpd a pair of

Opposed sk pabeSierniReh iRy 6 Vil dle faeer,f%sa%@éag,d Waea dfe pair of
_sybstrat es the liquid crystal |ayer. having a display a gnrrent state and
the purpose of generating the transition nucleus. 1In this

' constitution, since the electric field strengthapplied to a region
of the liquid crystal layer on the convex/ concave portion becomes
. larger than that around thg region, the generation of the trangition
nmucleus is facilitated. Consequently, the spray - bend transition
smoothly takes place. ‘ |
However, in the conventional liguid crystal display, the
spray - bend transition sometimes takes place with low reliability
because of insufficient strength of the electric field. In this
| case, the spray-aligned region is locally left and becomes a

luminescent spot, which is observed as dot .defect.

) . ' SUMMARY OF THE INVENTION

_ . The presént invention is directed to solving the
above-described probl‘_elin and an object thereof is to provide a 1iquid
crystal display capable of reliably performing spray - bend
transition.

To solve the above-described problem, there is provided a
liquid crystal display comprising: a pair of opposed substrates;
a liquid crystal layer disposed between the pair of substrates,
the liquid crystal layer having a display aiignment state and a




-

22 July 2005 6 non-display. alignment state which differ from each other
and being subjected to an initialization process so as to be EfﬁqgﬁgF;rom
the non-display alignnent state to the display alignnent state; B e an
i mage is displayed; a first el ectrode provided on, one of the pair of
substrates; a second el ectrode provided so as to overlap with the first

el ectrode with an insulator interpose¥ therebetween and di sposed between
the first electrode and the liquid crystal |ayer, the second el ectrode
having.a lack portion in a region overlapping wiith the first el ectrode;
and drive neans for generating potential difference between the first

el ect rode movd-disphey sEbymginel Aeite atech @iFher Ehom pash otme fea bidgd al i zati on
process. In thig?gonstitution when the potential difference is generated

bet ween t HEWierked doeap Addiakizatiens §S TR @Fr bRide changed £k i c fiel d

strength afmyinenidieplagkalienhbet $ta€k udethd Rishiey Saegnmbf! sei¢ode is
| arger than the electric field strength in the other region. As a result,
the |iqui PEEAFELER 1MBFedR 84splavsdnp fhest slechbrds arovbdashientdne transiti on

nucl eus argk thépaiti S subbtddi@sal 00884 a éi@étgzoﬁta ﬁélﬁrildgﬂ%o?agr%ﬂ al Tayer

reliably takes place. In the liquid crystal display, one of the pair of

subst r at e CVEREPP JEL thinthe rirsdyupiestaodendiimgnaipiuledbirt intsfrppese|

el ect rOde&heﬂéﬂé!&v#i%ﬁahﬁdﬂiﬁi:ﬁééﬁbé\:w@hl-lEﬁgifii’s@él&%%:gdégﬂ@ﬁh@g gurce lines

arranged so as to cross each other; a plurality of swtchin evi ces

provi ded &EYEbHt dSF6Hdi iy Focent elegbeeds haviike leteaarsdes, irf er
Sl tehl N0 rRGLUR STeL AMGYGLMP tAL 258581 BN, COIE UELLY GioBh 2!, D! veen

the pixel electrodes and the source 1 nes.in accordance a drive
si gnal suFSPPERLINE erfpmtdnd Gfiferpherbetuern the firkbrelegtrode apdi r of

subst r at egnEBKcHRa SbARBAS BSOS F Al rA AL 001 812100401 & pRl KL 0de opposed
to the array substrate. . :
_ In this constitution, when the potential differgnce is

generated betweep the first electrode and the second eleétrode,
the electric field strength around the lack portion included in
. the second electrode is larger tﬁan the electric field strength
in the other region. As a rééuit, the liquid crystal molecules
around the lack portionbecome the transitionnucleus and transition
of the alignment state of the liquid crystal layer reliably takes
" place.

In the liquid crystal display, one of the pair of gubstrates
may be an array substrate having a plurality of pixel electrodes
) provided in matrix;:; a plurality of gate lines and source lines
arranged so as to cross each other; a plurality of switch:l.ng devices
provided as corresponding to the respective pixel electrodes, for
switching bet_ween a conductive state and a non-conductive state
between the pixel electrodes and the source lines in accordance
with a drive signal supplied through the gate lines, and the other
of the i)air of substrates may be an opposing substrate having a

~ counter electrode opposed to the array substrate.

The liguid crystal display may further comprise storage




The liquid crystal display may further conprise storage 22 July 2005
capacitor el ectrodes overlapping with the pixel electrodes, ang Jthg b%rst
el ectrode nmay be the storage capacitor electrode and the secon% QV 8 ode
may be the pixel electrode. In the liquid crystal display, the first

el ectrode may be the gate line and.the second el ectrode may be the pixel
el ectrode. The liquid crystal display, may further conprise storage °
.capacitor el ectrodes overlapping with the pixel electrodes, and the first
el ectrode may be the storage capacitor electrode and the second el ectrode
may be the source line. In the liquid crystal display, the first el ectrode
may be theagmatitokigiecapodéd @veeTaing vy 6RlS pTaY: Qgebhﬁoééw,fﬁﬁd ine. In

the liquid crégta q;§glaﬁ% the first electrode may be the pixel electrode
and the set®ndEFePGEE AR NWebe Hheysteragneapaghion piertradeyardl di spl ay,
may furt hethe @epoRE & 1¥c0F3EE maGABACHLHiRLE W TREeSaOVer | apping with the

pi xel electrodes; and the first el ectrode nmaybe the pixel electrode and

the second el ett r¥el Bl hETTHAL AbTRIGY cHpadiiret allestrodueayie the |iquid
crystal diep gyte LI bhd thoWletoha MScHRYAday bILIBPYRS Jidie.B t he second

el ectrode may be the gate line. The liquidcrysta I splay, may further
conpri se stor agercdpdeid srrvetattdispday oveayl Spptimy wonbridee spoxrade '

el ect r odessapaBetost Bieééfoﬁes%@&ﬁfa%&nmtf)et&ehgéxgﬁjr?%gc+£c!h%sa“£‘& he second

el ectrode na¥ be the storage capacitor electr iqurd Crysta
di spl ay, ¢ Firttheleebrasis Bay ke tther stomsigeccamud tande edtoode hand ect r ode

provi ded aReOSgoda biEcPRide by SHRALT B5AILRMLC the first and second

ebectrodes are not provided, So as to overlap each other with an insul ator
int er posed t herl@Ebeddguidi¢rysthil rdispllert ridgefinst bdectspesnay Ibet ween t he

T’Ce);r E)E el eabrofe 12R4 4 thi WHBnG" Xféc?tlfol:lgylﬁa[y %thggsso%rlzg‘ Cfit%?rt lon in a
‘ In the liquid crystal display, the first electrodev may be

the pixél electrode and the sécond electrode may be the gate line.

N The liquid crystal display, may further comprise storage
capacitor electrodes overlapping with the pixel electrodes, and
the first electrode may be the pixel electrode and the second
electrode may be the storage capacitor electrode.

In the liguid crystal display, the first elecirode may be
the source line and the second electrode may be the gate line,
The liquid crystal display, may further cbmprise storage
capacitor electrodes overlapping with the pixel electrodes, and
the first electrode may be the source Liﬁe and the second electrode
may be the storage capacitor electrode.
~ The liquid crystal display, may further comprise: a third
electrode and a fourth electrode provided on one of the pair of
substratesonwhichthe £first and secondelectrodes arenot provided,

' soastooverlap egch otherwithan insulator interposedtherebetween,
the third electrode may be disposed between the fourth electrode
and the liquid crystal layer and has a lack portion in a region
overlapping with the fourth electrode, and the drive means may




overlapping wwth the fourth el ectrode, and the drive neans may 22 July 2005
8 be adapted to generate the potential difference between the ﬁfjﬁ 2005

el ectrode and the fourth electrode to performthe initializati©on roce

In this constitution, when the potential difference is generated,betmeen
the third el ectrode and the fourth electrode to performtransition of the
alignment state of the liquid crystal8 | ayer, the electric field strength
around the lack portion included in the third electrode is large' than the
electric field strength in the other region. As a result, the liquid
‘crystal nolecules around the lack portion of the third el ectrode as well

as the |i ges ddaptedstalgeiDraRtIRS patentith1l dErfed6Kked BELIEN, Bhe thErgecoNd
el ectrode, cone transition_ nucleuses. By thus generating the transition

b
nucl euses %]r‘?cg%d% i2gdsthsr foutk elprdimededs Perfom tiesinibiplidzathen al i gnment
state of tgwcdekguid crystal |ayer can take place nore reliably. In the
liquid crystal display, the |ack portion may be an aperture provided.in
the second el ect? ddds pongtditutione whepethp diotentiaia@if fetente &Spl urality of

strai ght - IgeRerResd ieResx @RILAG-4 %wae@r@aeogﬁat r&nfg&r% GRcLAgse portions
cross each other. Al so, the aperture may be V- aped shape or

X- shaped. tORSHFEEM trsashpion of hendligoment ytahe ehsbediquid crpetdl qui d
crystal dixgphbay tht BeebiiCl ﬂ%&ﬁ's@geﬁ&%—r REoR]] Patﬁ'f‘eql c%cg_:lo%i"g}] gn@?&(&%ﬁ ation of

two-direction electric fields to t I qui d I"ayer
consti t ut i8rthe Haixd pbactsiode|is barselctb@k\ﬁhs@leamﬂmﬁm&sctm se

twist-al i geghd %QhQPSre@&aneAgoé Ry Pl % 18 ééa[la D1888

[ ncreased at a' spot Wher e these tw st- a I gne e ns are 'ncont act wth
eréc h ' ot hefroguntthe 3ack ppokilon of the third electrode as well as the liquid

crystal molecules around the lack portion of the second electrode,

become transition nucleuses. By thus generating the transition

-nucleuses on the sides of both substrates, the transition of the
alignment state of the liquid c.i:ystal layer can take place more
reliably. ,

In the liquid ciystal display, the lack portion may be an
aperture provided in the second electrode.

In this case, the aperture may include a plurality of
stra:l.ght -line portions extending toward a position at which these

. portions cross each other. Also, the aperture may be V-shaped,
. W-shaped, or X-shaped. Further, the aperture may be
s ) polygon-shaped.

In the ligquid crystal display, the lack portion may be shaped
toenableapplicationof two-directionelectricfields to tho liguid
crystal J.airer. Inthis constitufion, twotypesceof, i.e., clockwise
and counterclockwise twist-aligned regions may be formed. Since

‘elastic strain energy is increased at a spot where these
‘twist-aligned regionsg are incontactwitheachother, the ti:a.nsition
of the alignment state of the liquid crystal layer smoothly takes

place. '




of the alignnent state of the liquid crystal |layer snoothly takes place.
22 July 2005 9 In the liquid crystal display, the second el ectﬁ)ﬂﬁy%& an
S

aperture including a portion which is 49mw de or less. .In thi
constitution, the electric field strength around the aperture included in
the first electrode can be made larger. |In the liquid crystal display, the

| ack portion may be a cutout portion Brovided in the second electrode. In
this constitution, the liquid crystal nolecules around the cutout portion
becone the transition nucleus and the transition of the alignnment state of
the liquid crystal |ayer can take place reliably. According to the present

i nventi-on, ther ani sl squiw evisted dﬁsdﬂlidwi theC E¥Sdil eHbSRIAN £ARAI Sing: a
pai r of opgosed substrates; a liquid crystal layer disposed between the
pai r of suBBEFEIEsincluddng; aurertdepsvialoh dget havidey cxr despl ay al i gnnent

state and @n 6i0R- dbaptavicabh IVRNE1 St WILED Arbh§in | :%%ﬁa&{k other and
e C

being subjected to an initialization process so as'to ~changed from the
non- di spl a§PeFiuFemiRtludedt tn (thet féret fleayrods ganebe readet dargsf.ore an i nage
is displayed; azhitsd 19586 'RYE+21%12p1860 tr fornmed on one of
the pair of substrates So as’,&?o Qverj1 gpggéarlghe g%ﬁgrpo\%g?ﬂna%ayi (r%'gu‘_ilator'

i nt er posed®tidte perijoanprovided dnatie seopngerlecirodg. potetiisal difference

between { Nordgttht £hC khO YA A8 oE NG ACHONELFECREAMG YRPSLIALM L he

initialization process; onvex portrons respectively SFRd at opposed
posi ti ons BAFtippdrgseme dfe thensitionr sucisusuaii tthatttansicbovex posti ons are

Const i tut i o oiEat SRS Ayl Lo kS a1
sfral | er than théceeadingdpe the pheserdyiinventiiohoutherehiss absw @xopdddd on.
Ther eby, - \@ﬂh&ﬁ%ﬂ}%ﬁﬂh&éﬁlﬂ één%ﬁ%gﬁgl 2 pair of opposed substrates;
a liquid crystal layer disposed between the pair of substrates,
the liquid crystal layer having a display alignment state and a
nbn-display aligoment state which differ from each other and being
subjected to an initialization process so as to be changed from
the non-display alignment state to the display alignment state
‘before an image is displayed; a first electrode and a second
glectrode foi:med on one of the pair of substrates so as to overlap
each other with an insulator interposed therebetween; drive means
for genérating potential difference between the first electrode
and the second electrode to perform the init:l.aliz_ation process;
' } . and convex portions respectively formed at opposed positions in
the pair of the substrates such that the convex portlons  are
protruded in the thickness direction of the liguid crystal layer.
In the constitution, the cell gap in the region with the
convex portion ig smaller than the cell gap in the region without
the convex portion. Thereby, when the potential difference is
,generﬁted between the first electrode and the second electrode
to perform transition of the alignment state of the liquid crystal

layer, the electric field strength can be locally increased around




generated between the first electrode and the second el ectrode to perform
transition of the alignnent state of the |iquid crystal Iayerzzggg 0
electric field strength can be locally increased around 22 July %(Eb t he
cell gap in the region with the convex portion. As a result, the liquid
crystal nolecul es around the cell gap beconme the transition nucleus and
the transition of the alignnent statet®f the liquid crystal |ayer can
reliably take place. According to the present invention, there Is stil
further provided a liquid crystal display having: a pair of opposed
substrates; and a liquid -crystal |ayer disposed between the pair of

subst r at es thé fabi gk th ensséeyiohauth DY bBivéx Bhsblq, A4 gWRRL State and
a non-di sp-tL_gg al i gnnent state which differ fromeach other & bei ng

subj ect ed t8° ant Uit PRt RRlPqieE catowd 4Be tepllpgapikevgmd thom the
non- di spl ayraidigaeRMuciedlCadd thd & AhsPL Aok oélérgnagf%u&%t&aef gge an | mae
I's displayed, conprising: a first electrode provided on ohée © he pair of
subst r at es™® dQuA crysipd c1avate oph axeld abdy weake phecéirst el ectrode and t he
diquid crystal abeySfing?hd +HL] enep.ating_petentjal. difference
between the fltst electrode é}r%gtgﬁgigggéﬁ%%él é}gﬁl}eo eésgé(ﬁ SFEBY  perf oxm
t hel ni t | al P¥atdef driderdd, carrtadppbsidyehaviar:t mopsiofost wopasjaacent second
el ect r odesg:@eeirhePs Wahl 4 B I C e Wt _i.nsul at.or nt er posed

t her ebet ween.' In the cons?ﬁiu({ ?%)%,ﬂa\?hieé?pe{%gﬂp%%é%t %ﬁwec?f'?iftéergﬂ R s

gener at ed YPetadratpe. the diqelidcryvidd ayertimrisgeomibpalagciligteent 0 perf orm

transiti onsQfeet s & LGRC f%‘ e liquid cr I ayer, the
electric fiel d st rengtﬂ 'S ii%%:%ﬁ | ﬁ%?esatsaé: 'S%jt?i}eéﬁigg?’f'lég%ép%%‘gﬁ end
por ti ons - SftheReant pateq subdeotril ¢bout Hodttalikation pasdckss dohes|tiqui d
crystal nyeeehh@se PERH % Gk EH etmeen th posed end portions
become transition nucyﬁﬂtﬁgsﬁg%d&tsﬁg‘ag 41fiERent iaRRPES The dgs- lay
alignment state before an image is displayed; comprising: a first

. electrode prpvided on one of the pair of substfates: a second
:electrode placed between the £irst electrode and the liguidcrystal
layer; and drive means for generating potential difference between
the first electrode and the second electrode to therebjr perform
the initializationprocess, and opposed endportions of twoadjacent

- secondelectrodes overlapwith the first electrode withan insulator
iﬁtegrposed therebetween.

In the constitution, when the potential difference is
generated between the first electrode and the second electrode
to perform transition of the alignment state of the liquid crystal
;ayer, the electric field strength is locally :Lr..acreased. between
the opposed end portions of the adjacent second electrodes. As
.aresult, the liquid crystal molecules around the region bétween
the opposed end portions become tfansition nucleuses and the
-t;:ansition'of the alignment state of the liquid crystal molecuies
can reliably take place.

Inthe liquid crystal display, one of the opposed end portions

may have a protrusion in a region overlapping with the. first




-transition of the alignnment state of the liquid crystal nolecules can
reliably take place. In the liquid crystal display, one of the 29& ?§65end
"porti.ons rmay have a protrusion in a region overlapping with t% 4

July 2005 el ectrode and the other end portion may have a recess
corresponding to the protrusion in the region overlapping wth the first
electrode. In this constitution, thdlliquid crystal nol ecul es around the
regi on between the protrusion and the correspondi ng recess becone
transition nucleus and the transition of the alignnent state of the liquid
~crystal layer can reliably take place. In the quuid crystal display,

di stance betewresatdaa theithEs eA pdPeiddRay RERSS ¥ éla'sgbn?ﬁgn L Ther eby,

wi t hout, shortlng bet ween the first el ectrodes, ectr strength
bet ween th ﬁﬂ%RQQF§P8ﬁ°n%ﬂﬁﬁ%#ﬂgieﬁPveskﬂnninggltbthsﬁimsnﬁlbetrwdafeased I n

Lhe |0l doebeniel i 60t S, +hB9 00 A EHAAR nIRLoDE SANGLEORD o ligped. 1N the

liquid crystal display, oné of e palr at es IR array
subst r at e Ued¥eRy ‘élﬁ)lmparmﬁiwnoﬁn@lbl@l boej?ee‘ﬂ:tqnddlag repueemmgbmen matrix; a

plurality Qfanddffod i S§e1§§1 3 UHeC Erdid 165 on AV gg F gsgglg%?s tgﬁg‘%gﬁ%ﬁge?gh t he

~other; a plurality of SWtc I'ng devices prOV|
| respect i vehgi ktiuid eotys bafesayborcam wel Lathlyg theé werea conductive state and

" accor dance i theat L PR SABRER . B ERAR R ERE L APE | nes. and the
ot her of rrhérwsian ehd smiasrecaetses:nmpebeua;n appasi Ngh&tdbSL Na@olavi ng a
G spl ay, oy T RORRER e Qb LR Btk e e Heper{eftoldittrondbh appi ng
with the pekwereltélet pogiasisiancand Ithefa:ch&tes@bm:tﬂg)dece@g daa bde storage
capaC|tori§é§gg§a%de and
Inthe liquidcrystal display, the protrusion may be saw-tooth
shaped. |
In the ;l.iquid crystal display, one of the paii: of substrates
may be an array substrate having a plurality of pixel electrodes
provided in rhatrix,; a plurality' of gate lines and source lines
- arranged o as to cross each other : aplurality of switching devices
provided as corresponding to the respective pixel electrodes, for
switching bei:ween a cohdudtive state and a non-conductive state
between the pixel electrodes and the source lines in accordémce
with a drive signal supplied through the gate lines, and the other
’ of the pair of substrates may be an opposing substrate having a
counter electrode opposed to the array substrate.
The liquid crystal display, may further comprise stbrage
capacitor electrodes overlapping with the pixei elecfrodes, and
the first electrode may be the storage capacitor electrode and
the second electrode may be the pixel electrode.
In the liquid crystal display, the first electrode may be
the gate line and the second eiectrode may be the pixel electrode.

In the liquid crystal display, the insulator may be a color




the second el ectrode may be the pixel electrode. In the liquid crystal
display, the first electrode may be the gate |ine and the secagc} el ﬁﬁ%rode
may be the pixel electrode. In the. liquid crystal display, t Plesz tor
may be a color 22 July 2005 12 filter or a flattening layer. In this
constitution, the color filter or the flattening | ayer can be used as the
i nsul ator between the first electrod@ and the second el ectrode. In the -
liquid crystal display, an internediate port-ton may be forned between a
mai n portion of the second el ectrode and the end portion of the second

el ectrode so as to have a wdth smaller than a width of the main portion
and a wi dthixdert bg £ndaReEkim 1ab8r! hir§ GONSLhAS I QR 1oRY @Y USILP9 the
width and Length of the internmediate portion, the storage capacitance
generated ¥ theElafisodeg laner ger besisedsts threinglilatentbepwaen regi ons
and the steidgersenaddianee aNenal oty Licabler elements can . -be
wel | -bal anced. In-the liquid crystal gisp ay, the -first el ectrode nay be
conpri sed of a t®dideckicsddmyietahdishdayeeonihternediadepostidpanay t he
counter elgcEpprles | . aul yst L.spl the.potential difference
I's preferabl y615v PE%%&Fn%e&%&?d@%Fggt%c 1sh eﬁ&?o\&/%latngg ° of

di f f er ent enfopertiioneat fhylsecered pdettvaie sams tetave adiatephaniase!

el ectrode [ t t -cal,l ed t ipverting

ot hod, e gt raoPH PP wadn D iBh SR n Wl 6L bR et bgb i ca” Ac
result, two typestbis cpnetituigoktiysedibrstdagntter eididkehd dentyth sie al i gned
regions c ben £ 5428 i e.elastic strain .energy is increased at the
spot vvhergﬂtGh%gfe t Wi gﬁgl‘d}%&%&r etglleo%éoma?reec?ﬁa%’bﬁ?f’ggtgwelrﬁtggch ot her, the
tT ansi t i oReb¥earhdhg| oppuredt end portions of the adjacent pixel regions

and the storage capacitance generated by the other elements can

.a

be well-balanced.

In the liquid crystal display, the first electrode may be

~comprised of a conductive mask and the second electrode may be
- the counter eiectrode. .

In the liquid crystal display, the potential difference
is preferably 15V - 32V.

In the liquid crystal display, voltages of different
polaritiesmayberespectivelyappliedtoadjacentpixelelectrodes.
Thus, by applying the voltage by so-called dot inverting method,
two-direction transversal electric fields can be generated. As
a result, two types of, i.e., clockwise or counterclockwise
twist-aligned regions can be formed. Since the elastic strain
energy is increased at the spot whére these twist-aligned regions
are in contact with each other, the transition of the alignment
state of the liquid crystal layer can take place more smoothly.

In the liquid crystal display, the non-display alignment

state may be spraf'alignment and the display alignmenf state may

. be bend alignment. Thereby, a liquid crystal display capable of
reliably performing spray - bend transition is realized.




state of the liquid crystal |ayer can take place nore snoothly. In the
liquid crystal display, the non-display alignnent state nmay b% §&%%§
alignment and the display alignnment state nmay be bend alignneng. - P%by,
a liquid crystal display capable of -reliably performng spray - bend
transition is realized. 22 July 2005 13 The liquid crystal display, my

further conprise: an illuminating densice having a.light source for
emtting red light, green light, and blue light; and illum nating device
control nmeans for controlling the illum nating device so as to emt the

red light, the green light and the blue light by time division within one

frame period. T : gi!i | hat | oys so-call ed

field sequenti a?ﬁ{zz?}(gﬂpiﬁe% 0 agn(giiy@a?dpgﬁg&#é?e ﬁ@%ﬁ?e' paenr form ng

transiti onibfurihet g gevdaret hatiaigea dfighheohirepfdr emystalg rl_afty.&?hﬁaﬂ be
is stil] further

realized. cordi ng to.the present invention, ther

provi ded a#&]e%uﬁc?hgr‘ fg‘fi zﬁlugﬁsiﬁﬁgy aélg%:}ﬁiug'f'ﬁ%gmg é’ﬁFeSPn ppoleyrs

- subst r at esforacdritgruil Hiry yisd £l 1drdyiar 6y apesactsdad veeinit BRe padnight, g
2o di Spifsy SAPThIIRE R rRe A TAPRF A FrBn BILALOS GEIGARGRE bei ng
subj ect ed fmmmanpéridd.al Theatben apnﬁ.qgsa ?@s&&lfﬁsﬂlﬁyCﬂm%ﬁp\%B?&n the
non-di spl ay al [ gnpept. state the_display. alignnment. state_before an i mage
i s di spIOa Y ,cailﬂ%ggg%ldg?equﬁ@s:gﬁjr Fo18¥ m§ﬁ%‘¥q pag ég CRBIPYROBRe LR substrate
havi ng a plesfathing efanzixebn o€ lthel410dame PE SVAEILEF ithe MK crPstdural ity of
gate Iinesl and source lines arranged so as to cross each other; a .
phural i ty BFeEWFTLRenEe2d&¢ ces provi ded as corresponding to the respective

pi xel el ectrodesscolr@ing WhliH pleRQItVERFerR16ANAUCHE UG SEBLICF@Pthed _
non- conducti v s‘%%gja bet ween the pixel el ectrodes and the source lines in

accor danc & f‘iﬁe FH APt L s AR I SO §aRY t RePabk ofeopposed

substrates; a liquid crystal layer disposed between the pair of

substrates, the liquid crystal layer having a display alignment
state and a non-display alignment state which di’ffér from each
" -other Aand being subjected to an initialization process so as to -
‘be changed from the non-display alignment state to the display
alignment state before an image is displayed, and one of the pair
of substrates may be an array substrate having a plurélity of pixel
electrodes provided in matrix: a plurality of gate lines and source
_iines arranged so as to cross- each other; a ﬁlurality of switching

devices provided as corresponding to the respective i)ixel

S

electrodes, for S\;ritch:l.ng between a conductive state and a

. non-conductive state between the pixel electrodes and the source
linés in accordance with a drive gignal supplied through the source
iines, and the other of the pair of substrate's may be an opposing
substrate havingacounterelectrode opposedto the array substrate,
and a source electrode constituting the switching device may extend
from the source line in parallel with the gate line so as to overlap

‘with the gate line and may be interposed between the gate’ line
and the liquid crystal layer, and a drive signal for causing




lines, and the other of the pair of substrates may be an opposing

substrate having a counter el ectrode opposed to the array SUbSE#ﬁéﬁ? mind a
source el ectrode constituting the sw tching device may extend 4
source line in parallel with the gate line so as-to overlap wth the gate
| ine and may be interposed between the gate line and the liquid crystal

| ayer, and a drive signal for causind42 July 2005 14 conduction between

t he pi xel electrode and the source lines nay be supplied to the gate lines
to set the source electrode and the pixel electrodes at equipotential and
potential difference is generated between the source Iine and the gate

line to theowhictiprrifediabh hihel pitdiabigstican P8BS Ssodrdel Nendsd ﬂéﬂ(d crystal
di splay, potential difference nay be generated between the coun

el ectrode SnEPREISHA i%lthel%%tterbﬂées te Fethihq Poras elsairadedinshty, t he

source el epifd10@188rodedV et &epbtoNld 'lOQnd-gUt%nepéfQiti’ff@?feH@ 1gas ot her
obj ects, features and advantages of the invention wll becone nore

apparent t¥FReTgIedsiateen the spuecaddnerand the gafid dihagtaldberepy i on t aken

W th ref erg9@rhOtnd e RELOIRARNYA NG JegWi Ngs. BRI EF DESCRI PTION OF THE
DRAWNGS Fig. | is a cross-sectional view schematically show ng a

constitution of I thpgiiiasidrarysspl dilsplay. pabeitiaicdiffedence malyitpii d
crystal digeled¥tés peifbdfcho c%uﬁ‘:«f,ls%lﬁ o RH +RL 5%18 RI&3EREqe | NVENLI ON;
ca OW n ErEat i 67 %% i n

Fig. 2 is a plan view schemati g a cons
el enents of the I0 §he dligunidt maﬁaépﬂaspmethep relurde delevtrbie ndyqui d

crystal dipgRbay @&R0p gi:EfbntO the first enbodinent; Fig. 3 is a
cross-sectional view taken in the direction of arrows substantially al ong

Iine 11l - 111 Bisgbjech; aswell asotherobjects, featuresandadvantages
of the invention will become more apparent to those skilled in
the art from the following description taken with reference to .

the acoompanying drawings.

.BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross-sectional view schematically showing a
_constitutiop of a lj.quid crystal display panel included in a liquid
crystal display according to a first embodiment of the present
invention;

Fig. 2 is a plq.n view schematically showing a éonstitution

of main elements of the liquid crystal display panel included in

e

the liquid crystal display according to the first embodiment:

Fig. 3 is a cross—seqtional view taken in the diréction of
arrows substantially along line III - III of Fig. 2;

Fig. 4 is an enlarged friew of a liguid crystal layer portion
in the cross section of Fig. 3; |

Fig. 5 is ablock diagram showing a constitution of the liguid
crystal display according to the first embodiment;

Fig. 6 is a graph showing the relationship between an applied
voltage and Gibbs energy;




Fig. 4 is an enlarged view of a liquid crystal layer portion in the cross
section of Fig. 3; Fig. 5 is a block diagram show ng a constitg& q 8& t he
liquid crystal display according to the first enbodi nent; Fig: guly 2085
graph showi ng the rel ationship between an applied voltage and G bbs
‘energy; 22 July 2005 15°Fig. 7 is a view show ng |ines of equipotential of
‘a cross section of a pixel in the lilguid crystal display according to the
first enmbodinment; Fig. 8 is a view showi ng distribution of the G bbs energy
in a plane of t he pixel in the liquid crystal display according to the
first embodinent; Fig. 9 is a view showi ng an exanpl e of waveforns of a

transit Ion vob@ge: iB 4 beed Isﬂum&rﬁﬁgélofdea&% peLer gENDot@sd he first

enbodi ment ; Fi 0 Is a view show ng anot her waveforms of the
transiti ons%ﬂit"ﬁ'g‘éf Preixed 11 ghe digrid caksthk gieplarsosaidigy toothene fir st

enbodi ment g3 Fi0 embdadnmnd; Vi ew for explaining a dot inverting nethod; Fig.
12 Is a view for explaining a line inverting nethod; Fig. 13 Is a plan

vi ew schemat i caFig- $hdwingiewcthosring clisttribttion of thel Gilbeapeaidy of the
accor di ng. 1ot R P2y e Rixer AACHHE T gul piGetafl dionity Anbertiaibe a1y
showi ng sttid [thanBihstr embodibtenttut i on of the main elenents.of the Iiquid
Lot ) St ALy S A SR Bl o 0 1
further voltage in the liguid crystal dlsplay according to the first

) embodiment ; '
) Fig. 10 is a view showing another example of waﬁeforms of
the transition wvoltage in the liguid crystal display according'
to the first embodiment;

Fig.rll is a view for explaining a dot inverting method:

Fig. 12 is a view for explaining a line inverting method;
_ Fig. 13 is a plan view échematically showing another
constitution of main elements of the liquid crystal display panel
included in the_liquid crystal display according to the fifst
embodiment :

Filg. 14 is a plan'viewAschamatically'showiﬁg still another
constitution of the main elemenfs of the liquid crystal display
‘panelincludedinthe]Jquidcrystdldisplayaccordingtothefirst
- embodiment ; _

Fig. 15 is a plan view schematically showing a further
cons{itution of main elements of the liquid crystal display panel
included in the liquid crysfal display according to the first
embodiment;

Fig. 16 is a plan view schematically showing a still further
constitution of main elements of the liquid crystal display panel
included in the liquid crystal display according to the first

| embodiment;




constitution of main elenents of the liquid crystal display panel Included
in the liquid crystal display according to the first enbodine Jul @b

is a plan view schematically showing a still further constitu F o 6f mai n
el enents of the liquid crystal display panel Included in the liquid
crystal display according to the first embodinment 22 July 2005 16 Fig. 17
is a cross-sectional view schenatlcéﬁly showing a constitution of a
liquid crystal di splay panel included in a liquid -crystal display
according to a second enbodi nent of the present invention; Fig. 18 is a
cross-sectional view schematically showing a constitution of a liquid

crystal displayrpanal7 inel deesk isecibidilivdew GonshatiHiip! swdagos ding to a
third enbodln% ~of the present invention; Fig. 19 is a plan view

schermat i cat9RF BBl Meha ddAeid FEYF i displagipanel dpetidedin aliaid d cryst al
di spl ay pa@igistianchidadyi dbcorakhgl Lﬁodacgée%hal enftloaRh&Nt %%C&E&“ pRdslgp @ fourth

enbodi nent  of the present invention; Fig. 20 is a plan V|em/sc ematically
show ng a‘EBﬁ%FF?%tlon of main elenents of a liquid crystal display pane

ncluded in - a kiguig o ystalodl8BlahACCR5H bBehdt ol t% ZRad ment - of

the present .invention; g is a plan VIEM/SC ermtic W ng a
const i t ut iSMStAFULIAN of B L ﬁ%#ﬂgriﬁtaé dnsqélﬂnpénqku-atblttﬂeslrﬂraaylpﬂm@ i ncl uded

in aliqugsehy S(ila.;lglgir S&Hc%*dfﬁgq{odhnghf:% @mﬁ&@@n&&/g qﬁm@eﬂ}:e the

present sinvention; Fig. 22 is a cross-section e direction
“of arrom5j§HB§FHWi|ally along line XXIl - XXI| of Fig. 21;

! Fig. 19 is a plan view schematically showing a constitution

! of main elements of a liquid crystal display panel included in

a liquid crystal display according to a fourth embodiment of the
present invention;

Fig. 20 is a plan view schematically showing a constitutioﬁ

_ of main elements of a liquid crystal display panel included in

- a liguid crystal display. according to a fifth embodiment of the
present invention;

‘ Fig. 21 is a plan view schematically showing a constitution
of main elements of a liquia crystal display panel included in
a liquid crystal display according to a sixth embodiment of the
present invention; '

A Fig. 22 is a cross-sectional view taken in the direction
of arrows substantially along line XXII - XXII of Fig. 21;

Fig. 23 1is a cross-sectional view schematically showing
a constitution of main elements of a liquid crystal display panel
included in a liquid crystal display according to a seventh
embodiment of the present invention:

Fig. 24 is a cross-sectional view schematicalljr shﬁwing
aconstitution of main elements of a semiconductor switching device

(TFT) portionof a liquid crystal display panel included in a liguid
crystal display according to an eighth embodiment of the present




Fig. 23 is a cross-sectional view schematically showi ng a constitution of
mai n el ements of a liquid crystal display panel included in a7 jjgpebs
crystal display according to a seventh enbodi nent of-the present
invention; Fig. 24 is a cross-sectional view schematically showing a
constitution of main elenments of a sem conductor switching device (TFT)
portion of a liquid crystal display pgdnel included in a liquid crystal -
di splay according to an ei ghth enbodi nent of the present 22 July 2005 17
invention, Fig. 25 is a plan view schematically showing a constitution of
mai n elenents of a liquid crystal display panel included in a liquid
crystal displeatigecording to a ninth enbodiment of the present invention;
Fig. 26 is a plan V|em/schenat|cally showi ng a constitution of nain

el ements of a | ifj@ -2ty stpdpndtiey sghepahdtallycthosddg iancorstitgtieh cryst al

di splay acgOrghilf eh Qméhilseh %y SE@QQ& @%&tgj_ ({igﬁ ?f&)%%gﬂtincri 5'10” Fig. 27

Is a plan view schemati cal W ng cons of hain el ements of a
liquid crysiaiuid spirayabdneblinecodeding toa hilgthh cembbiishalt dF sty

accor di ng Q<8R+« (%ﬂ@gﬁﬁébenbodlnent of the present invention; Fig. 28 is a
Cross- sectlona Vi ew t in the direction of arrows substantlally al ong

line XXVI11 - X®dbk|26cEs Epgan Xlpw sléihgma&&:alaya;hpb:mg wicNstabetmin cal |y
showi ng a ggo [ I §MENLS f a UId cyyst dji spl ay pane

i ncluded in Hé}"} |e%t3h cr S:F{T%Iﬁcﬂ%s I a?%t(?go?ﬁf% t 828 ﬁ"i’ﬂ ‘tr‘?ﬁ‘odl ment of
the presenliquidentysiml Ei@lanOaceo:laiiplgatb W epnisc bABedinalit! y£ Sew Nng a
constltutbggse&g ﬁﬁﬂ£%flenents of aliquid crystal display panel included

In
o Fig. 27 is a plan view schematically showing a constitution

of main elements of a liquid crysfal display panel included in
a 1iquid crystal display a_ccordi‘ng‘tc_o an eleventh embodiment of
the present invention; |

Fig. 28 is a cross- sect:l.onal view taken in the dJ.rect:Lon
of arrows substantially along line XXVIII - XXVIII of Fig. 27;

Fig. 29 is a plan view schematically showing a constitution
of main elements of a 1iquid oxrystal display panel included in
a liquid corystal display according to a twelfth embodiment of the
present lnvention:

Fig. 30 is aplan view schematically showing a constitution

of main elements of a liquid crystal display panel included in

. .
Tt

a liquid crystal display according to a thirteenth embodiment of
the presént invention;

_ ‘ Fig. 31 is a cross-sectional view schematically showing
aconstitutionof aliquid crystal display according to a fourteenth
embodimént of the present invention; |

Fig. 32 is a plan view schematically showing a structure
of g pixel included in the liquid crystal display according to
‘a fifteenth embodiment of the present invention;

Fig. 33 is a view showing an example (:Jf waveforms of a




a liquid crystal display according to a thirteenth enbodi nent of the-
present invention; Fig. 31 is a cross-sectional view schematical jufy 43w ng
a constitution of a liquid crystal display according to a fourteenth

enbodi nent of the present Invention; Fig. 32 is a plan view schematically
showi ng a structure of a pixel included in the liquid crystal display
according to a fifteenth enbodi nent18f the present invention; Fig. 33 is a
vi ew showi ng an exanpl e of waveforns of .a 22 July 2005 18 transition
voltage in a liquid crystal display according to a fifteenth enbodi nent of
the present invention; Fig. 34 is a view show ng anot her exanple of the
wavef or s trahsifior LoNchdd AR ¥OLiABG bRy4hA Wigpi g, Gousti@ngiksPLay
according to the fifteenth enbodinent;” Fig. 35 is a view showi ng a further
exanmpl e offiffeenidy embpddmends of hthe pxasent dmveotierre in the |iquid crystal

di splay accordi ggg, 132 §0& §idy 66 ii}lgﬁmege empe &if Bie ngvgi%o:;[mﬁe

cross-sectional view schematically showng a constitution 0O
convent i oi®dl theCransd&ipn yoiltiage yottile Hiephlaryspahaisphmdabogsiing7A - 37C

are vi ews ¢f,0¢h & ek 5y ghid. @l i zation process for spray - bend
transition in the co%{l/%gte?@ﬁgﬁeﬁtgui d crystal display, wherein Fig. 37A is

a graph show ngFétadfd.s avienshewing ofurtieiseranple dietite wavsirmson and

Fi-gs. 375, i f 5191 ¢ L8O L
|533i d cr?gtqum‘?r |ag'r% ggén gg%‘g é;g?}eﬁé%li%gglﬁm P ?g%?%ﬁagé)%%r 89" DETAI LED

DESCRI PTI &N R THEtGREFRREDEWBOD: MENTS Hereinafter, preferred enbodi nents
' Of the present f‘fﬁ’.e%tsi 0y gméxlosggsedcq:si%;liafetgievt\é %Qh&ﬁa‘:teirc%ﬁi? s;[h%war’lgw ngs..
a cdnstitution of the conventional OCB-mode ligquid crystal display
panel; and |
Figs. 37A - 37C are views for explaining an initialization
pfocess for spray - bend transition in the conventional liquid
crystal display, wherein Fig. 372 is a graph showing change in
‘the rate of the spray - bend transition and Figs. 37B, C are graphs
showing waveforms of voltages applied to the liquid crystal display

panel during the initialization process.

DETAILED DESCRIPTION OF THE PREFRRED EMBODIMENTS

Hereinafter, preferred embodiments of the present invention
will be described with reference to ‘drawings.
(First Embodiment) |

P

Afirgt embodiment of the present invention embodies a liquid
- crystal display capable of reliably performing spray - bend
transition by providing an aperture in a pixel electrode Formed
. on an inner surface of an érray substrate.
Fig. 1 is a cross-sectional view schematically showing a
constitution of a 1iguid crystal digplay panel included in a liquid
) crystal displ;':ly according to a first embodiment of the present

invention. Im Fig. 1, for the sake of convenlence, a direction




(First Enbodinent) A first enbodi ment of the present invention enbodies a
liquid crystal display capable of reliably perform ng spray - 2005
transition by providing an aperture in a pixel electrode forne on an

i nner surface of an array substrate. Fig. 3 is a cross-sectional view -
schematically showing a constitution of a liquid crystal display panel
included in a liquid crystal dlsplayQaccordlng to a first enbodi nent of
the present invention. In Fig. 1. for the sake of convenience, a direction
22 July 2005 19 indicated by an arrow X i ndicates an upper side of the
liquid crystal . display panel. Referring-nowto Fig. 1, a liquid crystal

di spl ay pamghicHQa b!y%' 4498¢ % ihali BEtdd Mofrljpegr S tg-lelsﬁiq‘g:![d%t:}&é Ay dation

enbodi ment _has a id crystal cell escri
film (her@’rﬁﬁﬁﬁepa%? ly referred to as a negatlve retardation film -~ 104a

conprised of anpepliGaly fRALYFRY] NG 1§ &f&@%gy I GLLAGH Vet THIEX

ani sot r opy whose nain axes are hybrid- ar rang uniaxi al
retardati o?PqJM‘iﬁﬂl-'OBahealimwsdtq:mtam@smhy regit ahﬂmtemmdirﬁedma@& and a

pol ari zer 1A a2 p rface of the lig crystal cell
101 in thi's or&e%ﬁ%aﬁeggﬁfv@qrg arlg‘%teldo;f\é!t(?r ‘I ﬁ%ﬂ Q%tif?é'gg%ﬂ\'/e uni axi al
ret ar dat i ofhefrelipafiOSh simply ze et mras a(ifélgaame diet ppEat. oaNt finl)ONer

surface of, ry shoul d noted that a negative
retardat i on& ? ?(L"kp%g'igd & %B’Fg&#a aPﬁ‘éjf‘T%ﬁ Iﬁgle'?r%’?ﬁf’%ﬁﬁ , and the
pol ari zer imdexmisditspms etioon medn Iaxef; drhelu&i:tfiﬁaﬁﬁﬁal@fedt henbgapiivé cryst al
cell 101 eca bi axi al_.retardation filmfunctions as
bgth of t k#éﬁﬁ;e&%f |r\%%g§éﬁt§m alflﬁf"e§‘§§%’af‘ i %cf?lftﬂ"ﬁ]'ﬁﬁﬁxﬁ‘ £558r4a%en uni axi al
rétardat i gdLj mﬁ Eng.a polamiveral@laaryiwpsebe rai hﬁaiﬂgérskwa&g a
constitut "o tne liquiderystal cell101 inthisorder. Anegativeretardation

film 104b, anegativeuniaxial retardation£ilm105b, andapolarizer
- 107b are diséosed on a lower surface of the liquid c::ystai cell
101. It should be noted that a negative retardation £4lm 104 and
a biéxial retardation £iim (not shown), and the polarizer may be
disposed on each of the surfaces of the liquid crystal cell 101
in this order because the biaxial retardation film functions as
both of the negative uniaxial retardation Film and the positive
uniaxial retardation f£ilm.
Fig. 2 shows a plan view schematically showing a constitution

of the liquid crystal cell 101. Fig. 3 is a cross-sectional view

e’

j:_aken in the directlon of arrows substa.nt:l.;—xiljrﬂalong line IIT -
. 1IT of Fig. 2. Fig. 4 is an enlarged view of a liquid crystal
layer portioxi in the cross section of Fig. _4. In Fig. 2, for the-
sake of convenience, elements provided above the pixel electrode
are omitted. '
Referring toFigs. 2, 3, the liquid crystal cell 101 comprises
two substrates, namely, a color filter substrate 102 including
a color filter described latér and an array substrate 103. “The

 color filter substrate 102 and the array substrate 103 are provided



of the Iiquid crystal cell 101.. Fig. 3 is a cross-sectional view taken in
the direction of arrows substantially along Iine IIl 11l of J5miyZposH 9.
4 is an enlarged view of a liquid crystal |ayer portion in the cross
section of Fig. 4. In Fig. 2, for the sake of conveni ence, elenents

provi ded above the pixel electrode are omtted. Referring to Figs. 2, 3,
the liquid crystal cell 101 conprises0 two substrates, nanely, a color
filter substrate 102 including a color filter described |ater and an array
substrate 103. The <color filter substrate 102 and the array substrate- 103
are provided 22 July 2005 20 as opposed to each other with a spacer (not

shown ) i nherdpesda {1eaERSMRE WY 2shhOdll qufz'y%% \ kayr?{eréojséd provi ded

in a gap between the color filter substrate e array Substrate
103. The | Fegfeeéreen and| aydiquidcortsdiadslayeguiddis rysvaiedolreeugags 20
filled theggila 85 I | feLenge ig._ 4. The _liguid crystal
nol ecul es 20 are n£%§£§ £éE§§§%L% 5%%8%%iqU|3£§f§§?§Frﬁ%f%$? Faﬂ%ving

ref ract i vel®hdekhehi@udromstah lafred 4Zcartaims @iqund exy<tan ifodecatéscase G bbs
energy desgfi The color filter. substrate 102 i s structured such
that a color ???cltl g:trhg%%/%tro 3%,Aeasctrri!a)ﬁéﬁvalrten’f‘c"éeelr?@??ofi?ewgoﬁt et®%l ect r ode)
2, and an BldddmemstdlayeiecBlas eoairepededt avyahe-bassd1isuifeegsedt the gl ass

Syt ol 58 g LBRLEL LAY o Rlh B SOTRE SRR, ot BT LT
22 as maskerdarete egpeet sy dipbspemuigiedeadriveantatées of the color filters.
formed on an upher CeLer 442TsF THETIPESa A8 TUUS RGeS HE RFHY Ao | ayer 17
i's conpri sedonffijteeliyaresl 12 taaskmownt @ lebbosde (doumtes eilBgtese) Ot her,
storage ‘Cél?a&xix& % ae.ll.ie ttra:cl)'g ?l%ygi: 3a Q\(Jj:eaélsposed on the lower surface of
i:he glass substrate 1. The color filter layer 21 is comprised
of a red. color filter 21R, a green color filter 21G, and a blue
color f£ilter 21B, Black matrixes 22 as masks are respectively
provided at boundafies of the color filtei:s. .
The array subsfrate 103 has a glass substrate 10 and a wiring
layer 17 is formed on an upper surface of the glass substrate 10.
The wiring layer 17 is comprised of gate lines 12 and source lines
11 crossing each other, storage capacitor electrodes 9, and an
insulator for preventing conduction between these electrodes. To
_ bemore detailed, the storage capacitor electrodes 9 are each formed
inparallelwiththegatelines12soastobeplacedatapredetermined
- position between thegate lines12. Thegate lines l1l2andthe storage
capacitor electrodes 9 are formed in the same layer as a lowermost
layer. An ingulating layer 8 covers the gate lines 12 and the
storage capacitor electrodes 9. The source lines 11 are formed
" on the upper surface of the insﬁlating layer 8 and an insulating
‘layer 7 covers the source lines 11. '
Pixel electrodes 6 .are each formed on the upper surfaée of

the wiring layer 17 so as to be located in a pixel region defined




i nsul ator for preventing conduction between these el ectrodes. To be nore
detail ed, the storage capacitor electrodes 9 are each forned inUuBﬁi(fb'S' el
with the gate lines 12 so as to beplaced at a predeterm ned position
between the gate lines 12. The gate lines 12 and the storage capacitor
electrodes 9 are forned in the sane |ayer as a |owernost |ayer. An

I nsulating |ayer 8 covers the gate | Rghes 12 and the storage capacitor

el ectrodes 9. The source lines.11 are forned on the upper surface of the
-insulating layer 8 and an Insulating |ayer 7 covers the source lines 11.

Pi xel electrodes 6 are each forned on the upper surface of the wiring
layer 17 sg eﬁetlgataeulx@%aimnunt@e Bby¥fle N2ALON de1diRed e dubYakl05 21 by
the gate lines 12 and the source lines 11. Since the storage capacitor

el ect r ode PERSIEID Elaetreta fedh nuevided ddtivaes iR gste ddoesi bedisabove, the
pi xel ele Legi v i .t t capaci tor

Bl Gt rode o0y P ALOY G o THs LAl nik & oo R e
over | appi i thethieostdrage xapaettemgliteiroded? witle tBa.indnlatignbeydrs ayer 5
covers the, pix nd th wiring layer_17. The alignnent |ayer
5 and thee]él ?3g%&e?Pgﬁéég'%‘%:fg%%é?ﬁnde?hc?nOE’ ﬁzé‘gasrfpg'égo’feqjﬁé’ cBf ot filter 102
have been regbpegilagd apexrtalveghaent treatment such as known rubbing treatnent
in order to alj Loui.d_crystal | ecul es in_ the |iqui rystal |ayer
4 °in parallel W ﬁht' eeékg# %rr %r? vﬁﬁsﬁee %%‘r?g ?i:ll?cetgf'lg%ﬁ. R et,?le it is
assuned t warinddagler dct.i Orheohilidmenealti Jayens andahsestidnmenpalaglelrel to the

source |i - Reference. 13 notes T i.n Film Transjstor) as a
seni conducr‘?'t?p(s)rro%\‘/i\ne%{g H?tr?éa TV &8 glﬁcf’ oﬁé’f;e&éﬁgg%fqbaevﬁo{’ge? ﬁ'?lé*‘ﬁ’tegl ectrodes
connect i ngotdidghfidst t¥eatmertheuph @l kadwac trubbliisy Gredtheit inidddak state of
t he_ liqui .‘d;o%rlxg;latlhedifq@igyc asri]:g mjbqgcules- in the liquid crystal layer

4 in parallel with one another and in the same direction. Here,

it is assumed that the direction of the alignment treatment is
parallel t:o‘ the source lines 11. _
Reference 13 denotes TFTé {Thin Film Transistor) as a
semiconductor switching device and reference 14 denotes drain
electrodes connecting the TFTs 13 and the pixel electrodes 6.
7 In an initial state of the liquid crystal display panel 100
sa constitute& . theliquidcrystalmolecules 20 have spray alignment
- showninFig. 4A. Inthe liquidcrystal display of this embodiment,
by applying a certain voltage to the liguid crystal display panel
o 100 as described later, the liquid crystal molecules 20 are caused
to transition from spray alignment to bend alignment of Fig. 4B.
In this bend alignment state, an image is displayed in the liquid
crystal display. In brief, the iiquid crystal display panel 100
is an OCB-mode display panel. Hereinbelow, the v;oltage applied
tothe liquidcrystal displaypanel 100 in the spray - bend trans ition
is referred to as a transition voltage. .
Fig. 5 is a block diagram showing a constitution of the liquid
crystal display according to the first embodiment. Referriné to



so constituted, the liquid crystal nolecules 20 have spray alignment shown
in Fig. 4A. In the liquid crystal display of this embodi ment, 2djuigpedsyi ng
a certain voltage to the liquid crystal display panel 100 as descri bed

| ater, the liquid crystal nolecules 20 are caused to transition from spray
alignment to bend alignment of Fig. 4B." In this bend alignnent state, an
image is displayed in the liquid cry=tal display. In-brief, the liquid
crystal display panel 100 is an OCB-node di splay panel. Hereinbel ow, the
voltage applied to the liquid crystal display panel 100 in the spray -bend
transition is referred to as a transition voltage. Fig. 5 s a bl ock

Theof st oagdon 2e ¥1old AR AyskBS dibBils ppfly 3hEsd FE:4nB58 0L D19 1O
liquid cryStal(Thindlidm fp‘!amevliS!;@O) itype ijulidkmmalTﬁEp(ﬁblgmﬁul ey

Transi st or [ ay pane which the gate lines 12
and the soﬁlﬁc%pﬁh%egg%fllfaégess&?oﬁ/n%dgge %urﬁﬁt#ﬁ?s th ‘F‘Fﬁep?‘?‘ﬂt‘i\%& tyst al

di spl ay pamriirixQ0,Int bige ga,t;[eidl iongstall AiapThy PEnEDUDOCStHel fftel 1iRES

respectiv n river 502 and a source driver 503 which are
control | e?%gfq‘gﬁégﬁt{’r@% T r ?arg(ffSpﬁCBjacﬁg'Pﬁ‘b‘iﬁveBdU?gab? 8510 bel ow t he

li quid cryst2endh spime dmaelsoie}ﬁicﬂ'hﬁe bastddighl b9 dntreEReSEMA of a
cat hode r tube or the like for emtting white light. In the liquid
crystal displ'ay of this enbodi nent so constituted, the control circuit 501

out puts controla pagnalg&ttsmo imﬁmgardedd:rdmﬁrth"i&&q%md drysrsPHigp A i ver 503,
respectlviﬁx ﬂﬁﬁ ;ﬂg}g vi deo signal 504 externally input. Thereby
the gate~driver FF%?%‘%E%% MGGl °F & cagedo rehetWa e | ines
12, thereloy thesiikg for ehfiteidd wiitkbheigi@spective pixels to be
Sequent'ajly'tlfhn%geOf&qu1%dcg§§¥£idhgébfé%'%QIEhié Ehggﬁiégxi 2gurce

constituted, the control circuit 501 outputs control signals to

the gate driver 502 and the source driver 503, respectively,

according to a video signal 504 externally input. Thereby, the

gate drj.ver 502 applies a scanning signal voltage to the gate lines
"12, thereby causing the TFTs 13 of the respective pixels to be

sequentially'furned on, and according to this timing, the soﬁfce

driver 503 sequentially applies a video signal voltage aécordihg

to the video signal 504 .to the pixel electrodes 6 of the pixels

through the source lines 11. Thereby,the1iquidprystalmolecules

are modulated and light transmittance of light emitted from the

backlight 500 changes. As a result, an image according to the

video signal 504 is presented to an observer.

Subsequenply, the spray - bend transition in the liquid

- erystal display of this embodiment so constitutedwill be described

in detail. '

Fig. 6 is a graph showing the relationship between an applied
voltage and Gibbs energy. Here, the Gibbs energy'refers.to the

sum of electric energy and elastic energy.

In Fig. 6, reference numeral 31 indicates applied voltage




driver 503 sequentially applies a video signal voltage according to the
video signal 504 to the pixel electrodes 6 of the pixels thropghlbeos
source lines 11. Thereby, the liquid crystal nolecules are nodul ated and
light transmittance of light emitted fromthe backlight 500 changes. As a
result, an inmage according to the .video signal 504 is presented to an
observer. Subsequently, the spray - Bend transition in the liquid crystal
di splay of this enbodi nent so constituted will be described in detail.
Fig. 6 is a graph show ng the relationship between an applied voltage and
G bbs energy. Here, the G bbs energy refers to the sumof electric energy

and el asti Coehsd Bfer Sdfcfdﬂétggigtq_fce{ CHEE HQEQ%@% %{]{e 198&&?% el i ed

vol tage 22 July 200 S ener aracteristrc rn case where the
liquid cr y&qlélcﬂﬁnlae“euﬂleshalbenﬂ raltlhmémndtate gnderifesbate nameralaf er ence

et SSLLLP gl O35 PR ST YBl0BE g e )

characterlstlcs |n € qui are in
twi st ali g?hm‘nctmts.psain ahb gErenthetattde. 1RpiiEr brpgtd10mbleoulds When t he

applied v a t han critic . vol tage Vcr, the G bbs energy of
the |iqui %If:erglgt%i WF BLERE K w0 B FREXE 7 PR grﬁf?ﬁfa s lower than that of

the liquid cryRatzrring cowigs 6,nwhé19themi>pahé@mﬂ&ge Thaowgenhanhat the
i ohe and’t Ehrbetio Yol atbe Rl gl BReFEF e, th 1l Evathas = Y 10
t her ef or e mol heubpr axy t&blmr&ngﬁmm essltoadelcetﬁahafhdiﬁaﬁl thal iigpaant . This
‘relatlonsgkg £5i£l mnﬁgatQ%%%Pplled volga% %her t han the
critical ?age gﬁd' R§ EREERY- i hhe geﬁEﬁBaE PEHHERE state is
| ovver t haenehay ilsnldivhasS@citﬂ.yraaemig RiPEthe event that a negative energy
is high, and therefore, indicates a more stable state. In this
case, therefore, the spray alignment is more stable than bend
alignment
ThlS relationship is reversed when the applied voltage is -
higher than the critical voltage Ver, and the Gibbs energy in the
bend alignment state is lower than that in the spray alignment
state. This means that the bend alignment is more stable than
spray alignment. : '
When arelatively high voltage is applied, the 1iquid crystal

molecules tend to transition to the bend aligmment which are more
stable than the spray alignment. So, when there is a spot where
an electric field strength is locally high, the liquid crystal
molecules around the spot transition to the bend alignment and
such transition spreads to the other liquid crystal molecules.
In other words, the liquid crystai molecules around the sbot where
the electric field strength is locally high becotnes the transition
nucleus and the spray - bend transition takes place.

' In the liquid crystal display of this embodiment, the liquid
crystal molecules around the aperture 6a formed in the pixel

electrode 6 become the transitionnuclens. Hereinafter, thiswill




state. This neans that the bend alignnent is nore stable than spray
alignment. \Wen a relatively high voltage is applied, the Iiquxgfymisal
nol ecules tend to transition to the bend ali.gnnent which are nore stable
t han the spray alignnment. So, when there is a spot where an electric field
strength is locally high, the liquid crystal nolecules around the spot
transition to the bend alignnment and24such transition spreads to the other
~liquid crystal nolecules. In other words, the liquid crystal nolecul es
around the spot where the electric field strength is locally high becones
the transition® nucleus and the spray - bend transition takes place. In the
| 'iquid crysd alkpdasida@y of this enbodinent, the liquid crystal nolecules
around the aperture 6a fornmed in the pixel electrode 6 becone the
transi ti on nucl E%s theePeinese: ef meagusing [eleobrin fie2d ol seaibetionpl ai ned.
For the PUibeRe Vloidees el Ble ARELLLE obl 6 dndl SHLdIDYI LA ok [ AR Vi CI NI LY
of the aperture 6a of the pixel electrode 6, ah - elecftric Fi &1 d"si mul ation
i s. carri &lestrie fiefd simpliagien yist ghrrigids phihyirofthe hissnddborystait .
Speci fi cald; t - e ectively.applied to
t he pixeltt%gé$¥§ggﬁggan g?%ggugt3%§%g£¥§%%§8f5?0§ %g%g%gﬁég 5%3 change in
t he el ect Modtage pge stespagtively aiddeddn. tidepixel hdeqipaideus endahies rect angl e
which 1is i ! ' are vi.ews. showi a result
of the el e%tg f?%&"}c%%%ﬂ%:?%ﬁﬁ%g%&%yaéﬁ%% %g%ieﬁ'(ﬁé/'e%ﬁ?? ﬁe?ﬁnes of a
cross sectsitsang®@f ignokmepived ar fepe x dihei apdrdterti@uiid vsotehgle dikdphay of this
enbodi menty aQﬂmFlvgdeSH%hg S q_imsltri buti on of G bbs energy on a plane of the
pi.xel. In B g. 8, a dense regl%h represents that negative .energy is
hi gher (G bbs &d@sgy’.i 8 arewwsiews showing a result of the electric field

simulation. Fig. 7 shows equipotential lines of a cross section
of an arbitrary pixel in the liquid crystal display of this

embodiment and Fig. 8 shows distribution of Gibbs energy on a plane

of the pixel. InFig. 8, a denser region represents that negative
energy is higher (Gibbs energy is lower). |

_ As shown in Fig. 7, the equipotential lines are dense around
the aperture 6a.,  This showé that the electric field strength is
locally high around the aperture 6a, that is, electric field

concentration occurs. This is due to the fact that the aperture
6a is provided in the region where the pixel electrode & overlaps

with the storage capacitor electrode 9 and different voltages are

applied to the pixel electrode 6 and the storage capacitor electrode
9. As can be seen from Fig. 8, the negative energy is high around
‘the aperture 6a. It was confirmed that the spray - bend transition
is facilitated around the aperture 6a. That is, it was found that
the liquid crystal molecules around the aperture éa become the
transition nucleus. | |

As described above, in the liquid crystal disi)lay, each of
the pixel electrodes 6 has the aperture 6a. This means that the

transitionnucleus is present in each pixel. Consequently, p:l.xéls



As shown in Fig. 7, the equipotential lines are dense around the aperture
6a. This shows that the electric field strength is [locally higp miyrod the
aperture 6a, that is, electric field concentration occurs. This i's due to
the fact. that the aperture 6a is provided in the 'region where the pixel
el ectrode 6 overlaps wth the storage capacitor electrode 9 and different-
voltages are applied to the pixel elzgctrode 6 and the storage capacitor

el ectrode 9. As can be seen fromFig. 8, the. negative energy is high
around the aperture 6a. It was confirmed that the spray - bend transition
Is facilitated around the aperture 6a. That is, it was found that the

uleus. A deeort e ea Tt RS ROk B DSt Bty B of e

~ pi xel el ectyasddsion hadiabky apéetupkac@a. This neans that the transition

' ' ' : I i xels. 22 July 2 25 i
the. spray al | oniereReiPE s Pa¥RbteoPT Sit cErie ot oL ey 0\ Mitnoi 1 on |
reliably thigeddpirgseal aisulayesuenid snbodamen ©&H® aabthbe sbrappifimyn vol t age

f.this enbodiment and a nethod for applying

inthe liguid crystal display
the transit |eogr3'6¥’tt&§8 W%pagﬁew b5 RERLa4BEg: 9 is a view showi ng
wavef orms of t heid.r ansid visw ¥idwid@eravieBol e of ittlitdankY8idd vei&dyeay oOf this

enbodi nent,. |.n e liquid crystal display of this enbodiment, as shown in
Fig. 9,an jﬂcl:h‘? ég%#‘%%?ﬁ'&?t%f? SR 9§ dhiApeoddmentspeltithe HEL el ectrodes

6Aa, 6Cc cxystahraisghay i eaibidmpalddnt,1h6. sharh qddreg! Ws ged an AC
rect angul ar ve vol tage input to respective pixel electrodes 6Bb, 6Dd

‘through s&GPERPIPREFYENCLITee opyhteverpeciiunmdxetl elpeteedasdasin pol ar i ty.
I this caee, .. finsughfsdlrbe *iddV148] oG, 88 dadlldoYfmss M an Ac

rectangular wave voltage input to respective pixel electrodes 6Bb,

6Dd .. through source lines 11B, 11D.. on even columns are reversed

-in pelarity. _

In this case, first of all, + 15V voltage as a drive signal
is applied to the gate line 12a on a firé.t row, thereby_causing
sequentially TFTs 13Aa, 13ab, 13Ac, .. of the pixel electrodes 6Aa,
6Ab, 6Ac .. on the first row to be sequentially turned on. When
the 'I"FTs 13Aa, 13Ab, 13Ac.. are turned on, +7V voltage is being
applied to the source lines 114, 11C.., as shown inFig. 9. Thereby,
+7V voltage is applied from the source lines 11A, 11C.. to the pixel

. eiectrodes 6Aa, 6Ac.., through the TFTs 13Aa, 13Ac.., respectively.

Mo,

Likewise, when the TFTs 13Aa, 13Ab, 13Ac..are turnedon, -7Vvoltage
isbeingappliedtothe sourcelines 11B, 11D... Thereby, -7Vvoli:age
is applied from the source iines 11B, 11D.. to the pixel electrodes
6Ab, 6Ad.., through the TFTs 13Ab, 13Ad.., respectively.
Then, -15V voltage is appiied to the gate line 12a on the
first row, thereby causing the TFTs 13Aa, 13Ab, 13Ac.. of the pixel
- electrodes 6Ra, 6Ab, 6Ac on the first row to be sequentially turned
.off.. Simultaneously, +15V voltage is applied to the gate line
12b on the second row, thereby causing the TFTs 13Ba, 13Bb, 13Bc..



is applied to the gate line 12a on a first row, t hereby causing

sequentially TFTs 13Aa, 13Ab, 13Ac, ... of the pixel electrodes 20056Ab
6Ac ... on the first rowto be sequentially turned on. Wen the TFTs 13Aa,
13Ab, 13Ac... are turned on, +7V voltage is being applied to the source
lines 11A, 11C..., as shown in Fig..9. Thereby, +7V voltage is applied

fromthe source lines 11A, 11C... to?2bhe pixel electrodes 6Aa, 6Ac...,

t hrough the TFTs 13Aa, 13Ac.", respectively. Likew se, when the TFTs 13Aa,

- 13Ab, 13Ac .., are turned on, -- 7V voltage is being applied to the source
lines 11B, 11D.... Thereby, - 7V voltage is applied fromthe source |lines

11B, 11D..of timet bexdl xabcetanls edgs 6E \D6BOAR: the $d¥dRdORH NG TETS 13Ab,
13Ad. .., res %lvel Then, -15V voltage is applied to the gate line 12a

on the fi¥ ih?“t B oay ey theTFFR 382 3A3BD 1 338y - 28Akurnedf t he
pixel el asilr odesidifage Wbuo bl oBp114E bl fifd sbB¥ed Qg SPAUCRIEAl Y turned

of f. Simultaneously, +15V voltage is applied to the gate Ti'né” 12b on the
. second rof® FR.FRAD BilisPng ThRECHTTEs 18Byolt@Bh is1@Rdied F2oduthe 2005 26 of

the pixel sjuecbnades 1682118800 HECH 21 BB GBS w Lo be,, segyentially
turned on. Wen the TFTs 13Ba° 1388 13Bc " g@gsrufnéeé) " th§ ls;qu‘vol tage is

bei ng appltheFFls 13Ra . 188¢ ce TesReCtivEAy . 112@kemse.at$he;htimw'm FiRn, 9.
Ther ef or e, 1388V t'a d 1 1C... to the
onE o, 500 ), 105 e S Bk, o

pi xel el ectrodes 6Ba, 6BC ..., t
respect i vé’P?r"?_lJ{%éﬁstelB WAEP- { HEheREore 3BV vaBBige 18Bppliedaent urned on,

+7V vol t agfel sodiQleNdi APhiRd t Yol I D' Therefore,
+7V volta eel s ap Bl |Jéd frlom i%e lsegu??:e %lesél%%%m‘ﬁ%d;,% t P4 e pi xel
‘el ect rode$hBmigh §Bg TEFTs 18RboulfBd he fré‘SEssctS%J,y A3Bd ..., respectively. By

app yi ng the AGyiagghongytal aake. i aBGalR LIS oPOREL Ls (il xel

el ectrodes 6 fro he source y sequen
vol t age tBi%g}elaptrgdes6ifirpm$he Boutdrel flagsl Mt $agmntsaam&pming

+ 15v voltage to all the gate lzl.nes 12 the plus voltage is applied
to the pixel electrodes 6Aa, 6Ca, 6Ac, 6CC ... on the odd rows and
"columns and the pixel electrodes 6Bb, 6Db, 6Bd, 6Dd .. on the even
rows and columns while the minus voltage is applied to the pixel
electrodes 6Ba, 6Da, 6Bc, 6Dc .. on the even rows and odd columns
and the pixel electrodes 6Ab, 6Cb, 6Ad, 6Cd .. on the odd rows and

even columns.

Thgreby, the electric field is generated bei:ween each of
the pixel eliectrodes 6Aa, 6Ba, 6Ca, 6Da .. on the odd colunns and

- } " each of the pixel electrodes 6Ab, GBb 6Cb, 6Db .. on the even rows,
‘as well as between each of the pixel electrodes 63a, 6Ca .. on odd
rows and each of the pixel electrodes 6Ba, 6Da .. on even rows,
~which is shown in Fig. 11.

When the dot inverting method in which the voltage polarity
is J;eversed for every dot, a transversal electi:‘ic field which is
parallel to the substrate is generat\ed in each pixel. The
transverse electric field has two directions respectively

in_dicated by arrows 110, 120 (leng-th direction of the source line




to the pixel electrodes 6Aa, 6Ca, 6Ac, 6Cc ... on the odd rows and coI ums

and the pixel electrodes 6Bb, 6Db, 6Bd, 6Dd ... on the even

colums, while the mnus voltage is applied to the pixel electro es GBa
6Da, 6Bc, 6Dc ... on the even rows and odd colums and the pi xel

el ectrodes 6Ab, 6Cb, 6Ad, 6Cd ". on the odd rows and even columms.
Thereby, the electric field is genera7d between each of the pixel

el ectrodes 6Aa, 6Ba, 6Ca, 6Da ... on the odd columms and each of the pixel
el ectrodes 6Ab, 6Bb, 6Cb, 6Db on the even rows, as well as between each of
the pixel electrodes 6Aa, 6Ca ". on odd rows and each of the pixel

el ectrodes; 9Bgg § ho 11. Wien the
dot inverting net %ﬁgth ab &lﬁﬁ,ﬂ %ﬁ‘l@‘& %geeEEB erzﬁ %rsgl? %FSéanf or every
dot, a tratwodypes okl dceri GldamﬁdBMﬂGibumserqﬁHrca{vi@é tméﬂweligbsd rate is

generated AGh X he, transverse electric field has two _directions
respect i ve#ggfl %d?c%. teotfmﬁg afF3 £1-"16 POt JerroHRee Erietiad9P8f the source

line 22 Jurqgi&(i(%aﬂ?lﬂ]commdct mghreaw ethdrQneDfstlibastgatia dddigylds ). For
this reasonnc s. of ., clockw se and countercl ockw se,

twist-aligne eargg(gir 0 °3r£é%‘81tﬁeﬁ“ REeRTeS "S98t L Yih &MeTPRes &G st - al i gned
regions aréadinitatéaaihevspruyeactent eansetast.i c strain energy is

i ncreased, whic ased negative ener This facilitates
the spray - benghﬁ‘3 Jé Pgﬁagﬂ/\ﬁF%@iPﬁe RFg'IiFQg"é’ Fie Bg?‘ﬂb edSEEFeP% 0 t he

pi xel el ect dadeise aﬁoiré\—dd%erﬁm/ﬁadﬂéﬁ,rl ked vOAREGE .15 dPPhie £8UEhd S applied
to the countB%Fi el ecf:ro e 2 and the storage capacitor electrode 9 for one:

second as Sh etee tﬁ‘ﬁpﬁﬂrﬁ’é’et?@af’r"-ﬁ?i% PLPEFFAAS T £9&, onene
potenti al aﬁcbh&rﬁlmowhmﬁ lvegt o ckness direction of the liquid crystal
di spl ay panel-: .
By applying the transition voltage, the potential difference
in the thickness direction of the liguid crystal display panel
100 is inc:.feased'. Since the pixel-electrode 6 has the aperture
6a in the region overlapping with the storage capacitor electrode
9 with the insulator interposed therebetween, the increase in the
botential difference in the thickness direction of the liquid
_.drystal display panel causes the strong electric field
concentration to occur around the aperture 6a. As a result, the
liquid crystal molecules around the aperture 6a formed in each
pixel elecfrode 6 beqome the transition nucleus and the spray -

bend transition reliably takes place.

\mmr'

The counter electrode 2 and the storage capacitor electrode
9 may be shorted in structure. The voltage is not necessarily
sequentially applied to the respective gate lines 12 but a gaf:e-on
potential may be continuously applied thereto during the
initialization procese. _

While the potential difference generated between the counter
electrode 2 and the pixel electrode 6 by respectively applying
-25V, 7V voltages to these electrodes, is 32V at maximum, another

valuesg, i.e., values sufficient to generate the transition nucleus




100 is increased. Since the pi xel electrode 6 has the aperture 6a in the
regi on overlapping with the storage capacitor electrode 9 wit $TGZME

i nsul ator interposed therebetween, the increase in the potentf

difference in the . thickness dlrectlon of the liquid .crystal display
panel causes the strong electric field concentration to occur around the
aperture 6a: As a result, the |[|iquidscrystal nolecules around the aperture
6a formed in each pixel electrode 6 becone the transition nucleus and the
spray bend transition reliably takes place. The counter el ectrode 2 and
the storage capacitor electrode -9 nay be shorted in structure. The voltage

I S not NeGRIS @ | +3gau p ed to, the . respective te lines 12
but a gate-on . 5 %pnt %al %%Bhf%)ieéla&g ti Mol ?ta%epﬂ‘lsl E&EWPEF% Yl ng the
initializati3dW pn@mﬁerww asthespntential di fference generated between

the counter elgetr a nd t I.xel ctrode 6 by respectively applying
- 25V 7V vol tag@é t% ne‘f°§'2??§d’§i’m?st%§2"(7“’§tf°ﬁ‘ﬁ§<|°m9'aﬁ8t“ﬁé’r val ues,

i .e.,val uge eun‘:IO}(BIdentInt mmneﬁax AiFherditaRstionothd eake s B2gJul,y 2005 28

may be ad ted S ecgific the voltage_ is approximtely 1 - 35V and
pr ef er abl %Dlg (i qﬁ?én% PR &Q]@C’H%Rﬂpﬁg t‘ﬁ'ek\?aﬁvé‘r%rtﬁﬁ of Fig. 10

my be emplu@yedinbe 11hias paeatidli bikes anhhy -BE0MvLALas298 Alpified 9. nNO

vol t age | 9 % %gﬁ BI xel el ectrodes 6 by keeping the source |lines
11 at pot cc?fm OF RGPS ¢ 9BF tRGe SEAragsprararitorgelentredant er

el ect rode 92f<&ndné hecehd! agess apagifsosasd, eaid leﬁay? t{(éifd QzlElé‘ns'?&‘iBHd f\lhso in
y takes place as in the case

this case he spr bend transition relia
of using Fﬁilwg%s&%w&lqsaﬂbth%@fﬁéfW&i‘/’éﬂ' Shedrarsiigngrolitageone cases
wher e t heo¥othic@igavesohini B8 Ppld.ed to the liquid _

In some cases where the voltage is being applied to the liquid
crystal layer 4, i.e., across the pixel electrode 6 and the counter
eléctr_ode 2, before the transition voltage is applied, the spray
- bend traneition does not smoothly take place due to formation
of the spray aligmhent wl.{th the liquid crystal molecules arranged
asymmetrically. It is therefore desirable that no voltage is
applied across the pixel electrode 6 and the counter electrode
2-just before application of the transition voltage. Thereby,
since the sprayalignment with the liquid crystalmolecules arranged

. symmetrically can be maint_aineci without application of the voltage
to the liquid crystal layer 4, the transition to the bend alignment
smoothly takes piace.

Instead of the dot inverting method, the transition voltage
may be applied according to the line inverting method in which
the voltage polarity is reversed for every line. In this case,
ene—direction { i_.ndicated by arrow 110) transversal electric field

.is generated and facilitates the spray - bend transition. |
While the aperture 6a of the pixel electrode 6 is rectangular
in the liquid crystal display according te the embodiment as

described above, ancther shapes described below may be adopted.




crystal layer 4, i.e. , ‘across the pixel electrode 6 and the counter

el ectrode 2, before the transition voltage is applied, the sprzyjuly26mEnd
transition does not snoothly take place due to formation of the spray
alignment with the liquid crystal nolecules arranged asymetrically. It is
therefore desirable that no voltage is applied across the pixel electrode
6 and the counter electrode 2 just B&8fore application of the transition
vol tage. Thereby, since the spray alignment with the liquid crystal

nol ecul es arranged symmetrically can be mai ntai ned w thout application of
the voltage to the liquid crystal layer 4, the transition to the bend
alignment  snoOENY. i fkBSolinifPard PRILHE fsl‘fﬁﬁ.nﬁ%ﬁe'a’ﬁ\é@ﬁéf% thod, the
transition voltage may be applied according to the line inverting nethod
in which %h&hesPeagareobpad the ipixebedestrodes .- evEBhy apenturd fatdfi s case,
one-di recty el Vers lectric field is
gener at ed g%crib #gg?%%? gggtgh?f;%\gé)llﬂs? i%é%%r%ﬁs‘%?%n&’{ﬂﬁﬁﬁte'iﬁﬁlg aperture
6a of the Qsivkdpneesterdide Brviagdmapisditgoh at whiichtthest poutitorey gisisal  di spl ay

accordi ng JQut qﬂ! ‘ cri.bed above, .another shapes described
bel ow nay _ﬁ%haggbetqgtd). gg %Iey%ﬁg’%%f Sﬁggielﬁtﬁ%ﬂg‘géﬂf%p% %Bfan vi ews
showi ng t laredmotondrct Wapreeactodtiiche thpeebyferalg f inveetpdXeshapleect rode 6.
The apert 6 h L.xel electro 6,0f Fig. .13 is conprised of two

st rai ght - :i{h%g étf) It ii%n‘gap%(t?t%n?i?r%e egﬁgjr?n é:WBG‘E*’[g?cotéﬁﬁt é\‘?ﬂﬂsg T$¥Hese portions
cross eaecieothisy fidhés gme thelrghyr Eonmingotwd hgrpelkr af ilockwise patati ons are

Shape i o CanbbIapReER Bl BT GRY FPE o T REotE Eart tBREBEE ¢ 11 ol s
and t her ehefotheny twiot taiigsed reglank ures d nadtth ta€ € Wikt Rl ecAJONeE & _
e one nPAE IR derdih BabER! BpaHercl? BRO'meqhlENS dnlE3y 4t S' -2l Oned
increased. By locally increasing the negative energy, the liguid
orystal molecules around the aperture 6a become the transition
nucleus aand the spray - bend transition smoothly takes place.
_ Instead of the inverted V-sha.pé, the shape obtained by
. ‘Totating the inverted V-shape inmultiples of 90 degrees, including
V-shape, may be adopted. With such éhapes, thé two types of
twist-aligned regions can also be formed.
The aperture 6a of the pixel electrode 6 of Fig. 14 is of
an inverted-w shape with two continuous inverted V shapes. With

this shape, the two types of twist-aligned regions can be formed.

e

Instead of the inverted-W shape, it is needless to say that
the shape obtained by rotating the inverted-W shape in multiples
0f 90 degrees, may be adopted. Three ormore continuous inverted-v
shapgs may be adopted.

The aperture 6a of the pixel electrode 6 of Fig. 15iscomprised
of two straight-line portions aé in the case of Fig. 13 and is
X-shaped in which their central portions cross each other. With
this shape, the two types of twist-aligned regions can also be

.formed.




the elastic strain energy, and hence, the negative -energy are increased.
By locally increasing the negative energy, the liquid crystal2aniegoldes
around the aperture 6a becone the transition nucleus and the spray - bend
transition snmoothly takes place. Instead of the Inverted V-shape, the shape
obtained by rotating the inverted V-shape in nmultiples of 90 degrees,

I ncl udi ng V-shape,. may be adopted. \Wbth such shapes, the two types of

twi st -aligned regions can also be forned. The aperture 6a of the pixel
electrode 6 of Fig. 14 is of an inverted-Wshape with two continuous

I nverted V shapes. Wth this shape, the two types of tw st-aligned regions

can be formed. . thaskRaduel dd6el MCRLEE WShARG, Liod 1000l g8s, 40 Say

that. the shape obtai ned by rotatl &he |nve pe1n miltiples of
90 degr ees2 Thenpusshagept @Gheﬂ’hhetethﬁrhmubescpqugumumchmarth:edngzle shapes may

be adopt edand hep 23R8l el t.he pixel. el rode 6 of Fi
conpri sed - of thxo stlregl gﬁ%‘?’l ?l]%g l%or T t‘ralesdl as‘%“::ttrll1 Fﬁré 55‘889%7 %I]—‘F w‘:'13 and is
X- shaped itypdsi of tmtr-a(wMGﬂhlrepm:ts @as &Y«s becHcimedt.her .- Wt h this

shape, the two W|st ned i ons an al so be forned. 22 Jul
2002 30 The ape?t%%@ gfm’% cﬂlxgieegt 55% S PP OT BAITOWF  a d

rhonbus shexres. otldhapesrmdbherjrumnﬂtﬁre pnd woenats weh aszeathséiavigl e and a

paral | el ogf.al adont ed. t uch. s he two types of

twist-ali gi[qe Teq! o‘% L (Pepc 6“%% f ?Vr?eahe% ab"e&f’é’f”@f%’aab&ﬁ A pi xel

el ectrode “ﬁlerﬂyltbé.sofelaaivﬂﬁsmdl)tﬁeﬁ tht pabppasofgeiiastihetrahRee and a
are not quel y determ ned. Nevertheless, it is

wi dth and ni

pref er abl egleﬁ'%f‘{ct 13‘1\% 8?rh°en§r?'éf At-i \%e;?igﬁ‘é"lﬂrlﬁ'ofth? PEFEFPBS of
gener at i ngrefesdtgar hael £qidritsohi & d aORAABt sAtiar., Specifically, the
apert ure q%econd Embodiment)

A second embodiment of the present invention illustrates
@ liquid crystal display provided with a flattening layer 18.
- The source lines 11 are each provided between the pixel
. .electrodes 6 in the liquid crystal display of the first embodimeﬁt
as shown in Fig. 2, and part of the first insulating layer 7 forms
a convex portion between the pixel electrodes 6 as corresponding
to the thickness of the source line1l. Forthis reasen, the distance
between the pixel electrodes 6 needs to be greater than the width
‘of the convex poftion and as a result, an aperture ratio is reduced.
Accordingly, inthisembodiment, the flatten:l.ng layerl8is provided
as described below. '
F:Lg. 17 is a cross-sectional view schematically showing‘a
constitution of the liquid crystal display panel included in the
liquid crystal display of this embodiment. As shown in Fig. 17,
the flattening layer 18 made of aresin material such as acryl-based
resist covers the surface of the first insulating layer 7 and the
pixel electrodes 6 are formed on the flattening layer 18.
Since the other elements are identical to those of the first

embodiment, the same or corresponding parts are denoted by the




preferably has a portion of 49mw de or |ess. (Second Enbodi ment) A second
enbodi ment of the present invention illustrates a liquid crysiajugiep ay
provided with a flattening |ayer 18. The source lines 11 are each provided
between the pixel electrodes 6 in the liquid crystal display of the first
enbodi ment as shown in Fig. 2, and part of the first insulating |ayer 7
forms a convex portion betvveen t he pitxel el ectrodes 6 as corresponding to
the thickness of the source line 11. For this reason, the distance between
t he pixel electrodes 6 needs to be greater than the width of the convex
portion and as a result, an aperture ratio is reduced. Accordingly, in
this enbodifiRiterdrlificd h%éﬁhsn&xd Qé.(%ﬁcl]tsw'ifl F)‘P\‘)Iedtfe%craée&] ggldbed bel ow.
Fig. 17 is a cross-sectio vi ew schenati Tt t uti on of
the liquid crysthe pdiospsion p’inéhe |ﬁi@ltmdeihg ﬂayéue 1d bqulrbdxrcpstné di spl ay of
this enbo the fl ni_n ayer 18 made of a
resin mat gﬂ%ﬁhg%?%tggé’%r Tk %egteaie?%rsque %:O\a/%l?jgs tcﬁg 288 W® the first

i nsul at i n¢pdeayvre Zatdnd amhthpre(ﬁdreel eaffudent by asrd ghar dbghiag ihe
flattening X% 18+ Sg&&t{}he ot er elepents are identical to those of the
first enbo Pl WP SPSW rlé’é‘p’d %4 parts are denoted by the 22
~July 2005 31 s @t fleftepoielaysIEI BhSt Gll Servedad, £14tbn RAbviithdasCr i bed

her ei n. 'El}eﬂqéq]\g %I n of the flattening. .l a %“r 18 can reduce the distance
bet ween the pi xelx 848 FXVPRi 8% Ah 1P LLeLEHEP e 5B (RI¥E r ati 0, and

t her ef or e elsaffade ena:hcy ﬁmzel ghérdbes phpycitor atéttrvad Wi th power consunption

reduced. ‘[E,ﬁ féqgtm%eggp lLayer 18 not only serves to flatten unevenness of
the | ayer %‘ al’s as an insul ator between the pixel electrode 6 and

~ the storage capathint embedinieddiof the present invention illustrates a
ligquid crystal display in which the color filter layer is formed
on the side of the array substrate

' Fig. 18 is g cross-sectional view schematically showing a
constitution of a 1iqu:ld.cIystalndisplay-panél—ineluded---.-’en-a- liguid’

- crystal display of this embodiment. As shown in Fig. 18, a color
filter layer 21 comprised of color filters 2-1R, 21G, 21B and Black
matrixes ._22 provided between the filter 21R and the filter 21G
and between the filter 21G and the filter 21B is formed on the
insulating layer 7 provided on the side of the array substrate
103.

Since the other element:s are identical to those of the £irst

p—

embodiment, the same or corresponding parts are denoted by the
- same reference numerals and as such, will not be described herein.

In this constitution, the color filter layer 21 not only
functions as the insulator between the pixel electrodes 6 and the
si:orage capacitor electrode 9 but alsc a filter for color display.
(Fourth Embodiment) '

A fourth embodiment of the present invention illustrates
a liquid crysfal display capable of reliably performing spray -

bend transition by providing apertures in the pixel electrode and




(Third Enbodi nent) A third enbodi ment of the present Invention illustrates
a liquid crystal display in which the color filter |ayer is fﬂjﬁﬁdz% t he
side of the array substrate. Fig. 18 is a cross-sectional view
schematically showing a constitution of a liquid-crystal-d play panel
included in a liquid crystal display of this enbodiment. As shown in Fig.
18, a color filter layer 21 conpriseé& of color filters 21R 21G 21B and
black matrixes 22 provided between the filter 21R and the filter 21G and
between the filter 21G and. the filter 21B is forned on the insulating

| ayer 7 provided on the side of the array substrate 103. Since the other.

el ements atke bé@Rid Cidle fdmel Ve il%lﬁagr dirrake o @%%deifm&ltsub%'@??éé”e or

correspondi ng parts are denoted by sanme reference nunerals and as
such, will not B&ddélddsidedanaier schpnativadly shovinga emstibhetionl or filter

layer 21 n@¢ a0fdghiaf 43GkLoBisd i | tween. thes pixel. el ectrodes
6 and the .staor adgﬁe capaci tg@%?g%&%ggg%&cgﬁ?é%?go% Eli%'fjgdr c\g%srt%lol or -

di splay. ey iefrthdssimbedinent . .f ods shoventroBigehe, parthef pppseitie | nventi on
i1l ustrat esa Bodd1Pul i spl a | e_of reliabl rformmng spray
-- bend trans??i%i(ral)ﬂl%;dlo %%%%%g%‘ﬁg %%g? ?J‘?eegaalt?rr? THe eﬁ%%&%\éﬁgﬁ%‘% and 22
July 2005 @warfictheocrmsppnéiiogate ldnes B2 samer ts ovbalap afith hehear r ay

U d e e iy g et SNARIFETE hef O B RS opl 2y of
thi.s enbodianpnevided $howyibns Fof) thadprqrautisd gforeppns ivbachesekapt i ons of
gare || ned 5 Ui HEee 13h8s | FEDSRH AHBLEA bt Ui b SBieRe 85, e "2l ect r ode
6" has recbianglledectpsid Griess a rectangular aperture 6a provided in the
region overlapping with the storage capacitor electrode 9, similar
to the first embodiment. The pixel eleétrode 6 overlaps ﬁith the
_gai:e lines 12 and the storage capacitance electrode 9 with ‘the
insulating layer interposed therebetween, similarly to the first
embodiment. .
The source line 11 overlaps with the gate line 12 with the
- insulating J.ayér interposed therebetween, and the rectangular
aperture lla is provided in the overlapping region.
Since the other elements are identical to those of the first
embodiment, the same or corresponding parts are denoted by the
. same references, and as such, will not be described.
When the transitionvoltage of the first embodiment is applied
in the liquid crystal display of this embodiment so constituted,
the potential difference in the thickness direction of the liquid
crystal dj.splay panel is 1ncreaséd. Since the pixel electrode
6 has the apertures 6a in the regions overlapping with the gate
lines 12 and the storage _capacitof electrode 9 with ‘the insulating
layer interposed therebetween as described above, the increase
in the potential difference in the thickness direction of the liquid
.crystal display panel causes the strong electric field




"6a provided in regions of the protruded portions which overlap wth. the
gate lines 12. In addition to these apertures 6a, the pixel d&2mly2is 6
has a rectangul ar aperture 6a provided in the region overlapping with the
storage capacitor electrode 9, simlar to the .first enbodi ment. The pixel
el ectrode 6 overlaps with the .gate lines.12 and the storage capacitance
electrode 9 with '"the insulating |ayér interposed therebetween, simlarly
to the first enbodinent. The source line 11 overlaps with the gate |line
12 with the Insulating |ayer interposed therebetween, and the rectangul ar
aperture 1lla is provided in the overlapping region. Since the other

el ement s acandeiénatal tbOoddi@sareiind kbef tdsflect VD APeFRites EHE 2@ME OF
_correspondiggﬁggEts are, denoted by the sanme references, and as such, wll
not be destri-B&4t: WRENI1HE Y PERRTRYL BRLYSeSgRIYMS KRe fanesturem&di nent i s

applied ivedone the|4irdnsitidndhubian a¥aofnd Qb§afrm%hﬁef¥ah§9t§&{15t i tuted,

the potential difference in the thickness direction of the liquid crystal
di spl ay pdfCtheytakessRtrfe-Since the pixel electrode 6 has the apertures

6a I n e regi OnSR8E! AR AS Wil 0 S5l agelibBBS: dda AlEhd A 8LOT 200

capacitor electrode 9 with the insulating [ayer Interpose er ebet ween as
descri bed 13B8Fell PRE thecpatedinpp khethotrotenbialddiferemee imthke t hi ckness

dir ecti on enhokiidad YA 1qble/Shalcad Bl ayy BERG! 1£2USERJNE Hikany el ectric

field 22 July 2005 33 concCentration to occur aroun e respective
apert ur es t8g. soaxce gingsif has tthe anegihge ddgsivatherwbaten evexkappidgt he

apert ur es w8 anh b@rO g s hii e’ §Qsdr£ﬂh°rﬂhauﬁ+]ﬁi§tw.1%?31:59:(%65&?”‘1 transition
shoot hly takes place. Likew se, when the transition voltage Is applied to
~ the sour c&Perehfiyeen amdespelipgd abdyaeshe2inanesspotethe apotdintiat ence in the
' difference in the thickness direction of the liquid crystal display
panel causes the electric field concentration to occur arcund the
aperture lla. Af a result, the liguid crystal molecules around
the aperture 11& become the transition nucleus and the spray -
bend transition smoothly takes place.
Similarly to the first embodiment, the width of the aperture
6a and the width of the aperture 1lla are respectively set to 4
Umorless. Thereby, stronger field electric field concentration
occurs. The apertures 6a, 1lla neéd not be rectangular but‘may
be of shapes of Figs. 12 through 15.
Thus, in this embodiment, the pixel electrode 6 has the
plurality of apertures 6a and the source line 11 has the aperture
1lla. Since the liquid crystal molecules around the apertures 6a,
1la become the transition nucleuses, the number of transition
nucleuses 1s greater than that of thé first embodiment.
Consequently, the spray - bend trangition takes place more reliably .
than that of the first embodiment.
(Fifth Embodiment)
A fifth embodiment of the present invention i-lluétrates a

- liquid crystal display capable of reliébly performing spray - bend




~thickness of the liquid crystal display panel Is increased. Since the
source line 11 has the aperture Ila in the region overl appi ng 3 Idiy 2005 gat e
line 12 with the insulating |ayer interposed therebetween as described
above, the increase In the potential difference in the thickness direction
of the liquid crystal display panel causes the electric field :
concentration to occur around the a@arture Ila. As a result, the liquid
crystal nolecules around the aperture Ila becone the transition nucl eus
and the spray - bend transition snoothly takes place. Simlarly to the
first enbodiment, the width of the aperture 6a and the width of the
aperture | taa@iglaﬁw%&wfmgssﬁtm or IR an! 898 palF Ml eradd ONIE!
field electric field coOncentration curs e ape Fiiires a need not
be rect angbtredpan tia%/inber(ﬁurihapetsf cheFagsay ERbstrategh 15. Thus, In this
embodi ment, thegpj X s Iurallt of ap! ert es 6 a and
the source |ine '% %as tﬁg) gggﬁfgr%%gm%&ca ngt':mewtlh1 ?%fhl t'érysl} al

nmol ecul es eff euAdgeie capetalirddspbay panka tedadedt be d Lagsid icepstaic| euses,

t he nunber 4 Jon cl euses i a of the first
-embodi nent . {%g#gg%&ﬁ%h I%ﬁbO% ee%%rays-ﬁ%@hgnkgghélfP@ﬁQ?ﬁﬁé?PBf & nmore
reliably Qﬂlhpothakxsoéf tthe fikedtelemhodidsrenire cEspédtikahgdicoenidedd fifth
enbodi ment JPrLesent ention ijllustrates | iquid crystal display
capabl e of© QJ k@yccﬁgf r°rrﬁ3¥lég §’8?3§}iﬂeﬁe S??SJ%Pfo%ggp 4P Wi tion by
provi di ng gnj:teowt.nqmoum omplmamypmﬁ(ehteﬁeqtomdens fonr gél fREmédan nner
surface of the array ggstraE é% ﬁiﬁ 12 ﬁ ew schematically
showi ng a S RE R T SO PTG RPRhAgRE ihig s°meé'¥a5§’r’r§¥l thedatfed in a
I'fquid cryidnes 1zl spémge ofthbmﬁnﬁﬁhedlpmﬁ&oné\wwméhdﬁeg e parts of

opposite
pp width of these cutout portions is 4/m or less.

" Since the other elements are identical to those of the first

embodiment, the same or corresponding parts are denoted by the
same reference numerals and as such will not be described herein.

When the transition voltage of the first embodiment isapplied

in the liquid crystal display panel so constituted, the potential
difference in the thickﬂess direction of the liquid crystal display
panel is increased. Since the pixel electrode 6 has the cutout
portions 6b in the regions overlapping with the gate lines 12,
the increase in the potential difference in the thickness diréction

. ) - of the Yiquid cryétal display panel causes the gstrong electric
field to 6ccur around the réspective. cutout portions 6b. As a
result, the 1iquid crystal molecules around the cutout portions
6b become the transition nucleuses and the spray - bend transition
smoothly takes place. '

The pixel electrode 6 may be provided with apertures in the
regions overlapping wit_h storage caﬁac:l.tor electrode 9, although
such apertures are not provided in this embodiment. Further,
similarly to the fourth embodiment, the source line 11 may be
provided with the aperture in the region overlapping with the gate



end portions of the pixel electrode 6 are respectively protruded toward
the corresponding gate lines 12 so as to overlap with the gatz hilypesosi2. A
plurality of -cutout portions 6b are fornmed i.n the regions of the protruded
portions which overlap with the gate l|ines 12. Hence, the protruded
portions are conb-shaped. The width of these cutout portions is 49m or

| ess. Since the other elenments are idsntical to those of "the first

enbodi nent, the sane or corresponding parts are denoted by the sane
reference nunerals and as such will not be described herein. When the
transition voltage of the first enbodinent is applied in the liquid
crystal disglay,panel so constituted, the potential difference in the

t hi ckness direction of the liquid crystal display panel is increased.

Si nce the pixel Weilkrthogdubfahy ¢heutotOpbrt st 60ase Gornad blietheegi ons

over |l appin Lt h.th e l.ines.,12 he increase in the potentjal

di fference&}d@cf%é'oflﬁf’gﬁhggém fe‘ é@ﬁ’i)orﬁite Gce)'fc”l%?apelri Hﬁ?&%%?&ﬁ?’l‘?ﬁdsm ay panel
causes t he(SitxtbnEmisdddebntr field to occur around the respective cutout
portions 6b. As a_ result, the |iquid crystal nolecules around the cutout

e ui d
portions 6b bel HERHENCAIHET PSﬂWﬁ,EF@ iarentice Shlusrraterd
transiti oniqanaeirfbyal akasnay agrbidhbe wivablebestdmdagGpray -henar ovi ded

Wi t h apertures H: tgg regéj(.)ns over | a‘?]gl_n w th storage capacitor el ectrode
9, al t houdFeRELEtPaBE PEYESInG SubRit BYThAoBs 4 Fbe Fiteradm 6aPFR T Furt her,
simlarly electhedd auat theaedi 1B folhed AUEEE innBe dulrefZB¥ &HE thRr ovi ded

with the %&%r‘tur%in the region overlapping with the, gate 22 July 2005 35
liyne 12. WAFFE THESPEFality of cutout portions 6b are forned at the end

portions of therpyxel & £614082eh scRBRPRAN Y BoIEYy BRoREOMII&dn (Sixth
Enmbodi rrento% a '

liquid crystal display panei included in a liquid crystal

display of this embodiment. Fig. 22 is aview taken in the direction

of arrows substantially along line XXIY - XXII ofrFiQ. 20. In

. Fig. 22, for the sake of convenience, elements provided above the
'storagg capacitor electrode are omitted;

Referring to Figs. 21, 22, the liquid crystal cell 101
comprises the color f£ilter 102 and the array substrate 103-whi§h
are opposed to each other with a spacer (not shown)interposed
thexrebetween. Sincethecolorfilterlozisconétitutédsimilarly
to that of the first embodiment, the same or corresponding parts

) are denoted by the same réference numerals, and as such, will not
be described herein,

_ TheérraysubstratelOShastheglasssubstratelo. The pixel

electrodes 6 are formed on the upper surface of the glass substrate

10 and the insulating 1éyer 19 covers the pixel electrodes 6.

A wiring layer 25 is formed on the upper surface of the.
1ns‘ulatin§ layer 19. The wiring layer 25 is compriged of the gate
1ines 12 and the source lines 11 arranged to cross each other,
thestoragecapacitorelectrodes9,andtheinsu;atorforpreventing

the conduction between these electrodes. To be more detailed,




A sixth enbodi ment of the present Invention illustrates a |iquid crystal

di spl ay capable of reliably performng spray - bend transitiop 00

provi ding cutout portions in the storage capacitor electrode an t%e gate
line formed on the inner surface of the array substrate. Fig. 21 is a plan
view schematically showing a constitution O a liquid crystal display
panel included in a liquid crystal di#splay of this enbodinent. Fig. 22 is
a viewtaken in the direction of arrows substantially along line XXlII -
XXI'l of Fig. 20. In Fig. 22, for the sake of conveni ence, elenents

provi ded above the storage capacitor electrode are omtted. Referring to

Figs. 21, 2Re sdecé 14hésl 16 3%t Adrrfell bn R 1nEANREIrRESaddle16 Undeifd | ter 102
and the array substrate 103, which are opposed to each other with a spacer

(not shownj™® %aéﬂﬁsﬁerthmsm sogree clinge thi oFhé idater 11k | s
consti t ut egs Sidd kﬁél%orhgeté@tac%o} 'laqei:'&é&ese@bggé Fothea  JIF 33ME OF

correspondlng parts are denoted by the sane re ence nunera s and as
such, wil | inBilatpag daxer i7iaad Heer alianneht layeny eaMsssridieegdt381heess t he gl ass

substrate ig). all 6001 i8kag ! GORESES oBEEAAy god On Lhe upper surface of

t he gl ass substrate 10 an Re rnsufatin yer 19 covers the pixel
el ectrodes 6. ASHr¥landy |ty dhe2binst famquydleon tthe appmgesuabaciatoaf t he.

insul ati ngeié&(:%ﬁdé-% 1361 eyl BSHL erthg5 dtd Tk 15edngf thetig?age lines 12

and the source lines 11 arrange 0 cro eac her |
capaci t or lestredriésis PIQMHdeQ-HI tiga lpd kel ::fe@ioprdzafenwngr thlggazenduct i on

bet neen  h5e, o Sl e 8 ELIDE© HRLALLS], 22 ulic 2905 38 che source

Ilanes 11 are formed on the rnsu ayer °frng | ayer 7
covers t heelsotirede 9i s thd regThe cgaaréabpir@swiﬂm mobi:hﬂ slestag@ecapaci t or

el ect rode% %ﬁyzetﬂc .rLH&gLaQQ.nE; fayers 7, 19 interposed therebetween A

pluralityof cutout portions 9bare formedin the overlappingregion.
Parts of opposite end portions of the pixel electrode 6 are
fespec}:ively protruded toward the corresponding gate lines 12 so
as to overlap with the gate lines 12. Thé gate lines 12 are profided
with a plurality of cutout portions 12b in the regions overlapp:l.ng
with the protruded portion of the pixel electrode 6.
The width of these cutout portions 9b, 12b is 4 Um or less,
similarly to the first e:hbodiment. '
. Since the other elements are identical to those of the first
embodiment, the same or corresponding parts are denoted by the
- same reference humerals. and as such will not be described herein.
When the transition voltage of the firstembodiment is applied
in the liquid crystal display of this embodiment so constituted,
the potent:lTa1' difference in the thickness direction of the liquid
crystal t_iisplay panel is increased. Since the storage capacitor
-electrode 9 has the cutout portions 9b iﬁ the regions overlapping
with the pixel electrode 6 and the gate line 12 has the cutout
-portions 12b, the increase in the potential difference in the

thickness direction of the liquid crystal display panel causes




insulating |ayer 7 and the alignnment |ayer 5 covers the gate lines 12 and
the storage capacitor electrodes 9. Simlarly to the first engxjulepsos the
storage capacitor electrode 9 is placed between the gate lines 12 and the
pi xel electrode 6 i.s provided in the pixel region defined by the gate
lines 12 and the source lines 11. Therefore, the storage capacitor

el ectrode 9 has the region overlapping with the pixel electrode 6 with the
insulating layers 7, 19 interposed therebetween. A plurality of cutout
‘portions 9b are formed in the overlapping region. Parts of opposite end
portions of the pixel electrode 6 are respectively protruded toward the
correspondj ' tq_overl w th the te lines 12. The
gate i neg{%sg%n%péioé\}ﬁgéé%igmf? ﬁggce&%ﬁra\éﬁ?lf §88F C%ﬂ?ﬁﬁ‘t‘n‘%ﬁﬁ ?‘b‘ﬁ’éﬁmb in the
regi ons oveerttdopeRyg. 18bt h Aderesut, ubedppay t benid efandiaiph xabotligct r ode 6.
The width t hese cut out rtions 9b, 12b_is_ 4 amor |less, simlarly to
the first £e) eosdg']r?r&écn an i?ncs,gg{'#‘@c(g?ﬁ%rimgpgr@r@%a%r“@tgﬂgﬁtq"&a?eﬁe&tt hose of
the first ienpbadimenht, the same or corresponding parts are denoted by the
same reference pnu r%I‘s, ang as such wi.ll not be described herein. Wen the
transition volt othe HBLT 118¢5 Larhdi Thenttaraggsmmesdtor Rledd ot qui d ‘
crystal disphay tle thtctepbOelioRNénIO 16 O Lhgi A, ovdRpPeLE Wi kal

di fferencet' i n }gfheﬁ t{licﬁ;kngss direction of the liquid crystal display panel

i s i ncr eas®d PR aFHEOLe Srathe EubA: PYFtions dwaY; by #rov tmaheut out

portions Heagiitné beer REpANG wA¥RhaRPuUPGe 1904 D1 [ hBoPbowRlr, altRddtede 6 and the
gate-line 12 Qas the cutout portions 12b, the increase in the potenti al

_dgf f er enc ®OFHOHe MAFhPe KrPdacet MY APEREW®St he | i qui d crystal display panel
causes 22 ($etantd)@anddikdn@)strong electric field concentration to occur
around t he -cut qut . gofrit ions 9b, 12b. As a result, the spray - bend ‘
transition srTDd[l‘"I‘ll rst through sixth embodiments, the apertures or

cutout portions are provided in the electrodes formed on the inner

surface of the array substrate. On the other hand, a seventh

embodiment of the present invention illusfrates a liguid crystal

_display capable of reliably performing spray - bend transition

by providing apertures in an ~auxiliary electrode formed on the

inner surface of an opposing substrate (color filter substrate).

Fig. 23 is a cross-sectional view schéematically showing main
elements of a liquid crystal display panel included in a liquid
crystal display according to this embodiment. .Referring to Fig.

23, the ligquid crystal cell 101 comprises the color £ilter substrate

v

' 102 and the array substrate 103 which are opposed to each other
with thé spacer (not shown)interposedr therebetween. Since the
array substrate 103 is constituted similarly to that c‘>f the first
embodiment, the same or corresponding parts are denoted by the
same reference numerals, and as such will not be described herein.

Auxiliary electrodes 51 are formed on the lower surface of
the counter electrode 2 formed on the inner surface of: the color
filter substrate 102 with an insulating layer 52 interposed
therebetween. The auxiliary electrodes 51 have substantially the




takes place and a satisfactory inmage display without dot defect is
obtained. Wiile the gate lines 12 and the storage capacitor elzrhipdeos 9
have the cutout portions only in the regions overlapping with the pixel

el ectrode 6, the cutout portions nmay be provided in the regions overl apping
with the source line 11. Mreover, the cutout portions may be replaced by
apertures. (Seventh Enmbodinment) In tR®8 first through sixth enbodiments, the
apertures or cutout portions are provided in the electrodes formed on the
i nner surface of the array substrate. On the other hand, a seventh

enbodi nent of the present Invention illustrates a liquid crystal 5 display

capabl e of sérd kR&bPy aperiedpikdd e BEBb des R rhEARS AP InndY sRELYIII NG
apertures in an auxiliary electrode forned on the Inner surface of an

opposi ng sYbLRF FFEEY EBPHTHte 103 and pxe pahJocatEidyin 2Be pixekregton sect i onal
vi ew schengédieall oy $HAVGAG T8k ghegR i gfy Lgp! ay panel
included in a li qwu}i'd \(,:%yst al display tatg?:gsf'ro | ﬁlga ?%{%h?{s' %%g%h%r%éﬁt.
Ref er ri ng tQthsRixelzdectiedd § .quThe akigomeht tayer I 6dvershbeiaseslidmy col or
filter suhsid-at-8desl®d 3RE {H2€ 1 b 103 whi ch are opposed to each
other wth the. %pacer (not sﬁ%ﬁ%ﬁjégt%%&géga'therebetmeen. Since the
array substr at eAs88s¢Bihednghdveut sthesy thd ankil oyt didctebdéd a1fhavat

enbodi mentgypkRgn S8 O S i r e denoted hy the sane

ref erence numerals. gndh&a%ragngcﬁ %% Pgn%% g)gx%{eseclreiclto:’e:%g e?ef”ﬁg.I 8XGxi i ary

el ect rode®rovided wibth sedecianghtal apertwte § i @10h wiiborclesy eh tekect rode 2

formed on4iRen{fNGF v : e filter substrate 102 with an
insul ating | ayer SZt%lJ%Jer_?%%stg' _reéﬁ'erg%ie?‘{;/\%ierr? S %éwﬁﬁgi%? 8P EPEEt r odes 51
have subs edpctradey 5t heveddapa| wit200be 3BDunter electrode 2, and hence,

the apertureSiais formedin the region overlapﬁing with the counter

electrode 2. The shape of the aperture 5la is not limited to a
rectangle but may adopt shapes shown in Figs. 12 through 15, as
described in the first embodiment. '
_ Since the other elements are identical to those of the first
embodiment, thfs same or cofresponding parts are denoted by the
same reference numerals and as such will not be described herein.
When the transition voltage of the first embodiment is applied
in the liquid crystal display of this embodiment so constituted,
the potential difference in the thickness direétioﬁ of the liquid
‘ crystal display panel is increased. Since the auxiliary electrode
) 51 has the aperture 5la in the region overlapping with the counter
 electrode 2 with the insulator interposed therebetween, the
potential difference in the thickness direction of the liquid
crysta_l display panel is increased. In addition, by applying a
Vbltage different from that applied to the counter electrode 2
'Eo the auxiliary electrodes 51, the strong electric field
concentration te occiur around each of the apertures 5la. As a
result, the liquidcrystalmolecules around the apertures 51abecome

f.he transition nucleuses and spray - bend transition smoothly takes



sanme shape as the pixel electrodes 6 formed on the inner surface of the
array substrate 103 and are each located in the pixel region zefilngghdy
the gate lines 12 and the source lines 11, simlarly to the pixel

el ectrode 6. The alignnent |ayer 3 covers the auxiliary electrodes 51 and
the insulating | ayer 52. As described above, since the auxiliary el ectrodes
51 have substantially the same shape%s the pixel electrodes 6 and are
provided with a rectangul ar aperture 51a 49mwide or less in the vicinity
of the center thereof . The entire surface of the auxiliary electrode 51
overlaps with the counter electrode 2, and hence, the. aperture 5la is
formed in phecd.egion overlapping with the counter electrode 2. The shape
of the aperture 51a is not linmted to a rectangle but nmay adopt shapes
shown in Figs. P2neeibaghxidiaggelaetrqdentl dsrpndydded rigt eastbpdkeknt . Since
the ofher ohHBN frakhdtllidighibp O Ohddifeht! the SIRATLIG. (he
sane or corresponding parts are denote y the sane reference nunerals and
as such wi PEckess b pgesenti bedahbdixgl . \hEnnsémient ins iat sanisfebtege of t he

first emboghdgngsd PRJ;i ' | jquid. cr |, _display,of this
"~ enbodi nent so congia?ultq‘}ég?%% %sfp&ch%énétp?%F %f’f%%ﬁig)ﬁggilgﬁst &3 Ekness
direction of thButrthpay.dy gengedingitbpltapnpatiin msclieuses ancthe Sidice t he

auxiliary ; ; i.n e regi,on o | appi ng with
the count e‘%lﬁg:‘lt%%%%%agJs‘igg\n&tatﬁgﬁﬁggﬁ%g%{%%%sﬁf#r%dsmeod% t%@?g%g%en, t he
pot enti al Mcdlepsenceanibe demeratedk nesssedivently Othotel tupilliguiod tisy yst al

di spl ay p@iﬁl‘ iS4 il ition a ying a voltage different
f?om t hat apSFi edt!"@it}lo(\ﬂr ?ﬁ%?%ot&ﬁ e%dcegué:gg?% e OQF%' the auxiliary el ectrodes
51, the st{Edahth|Rmtodivedt)el d concentration to occur around each of the

apertures 51la. |iquid crystal nolecul.es around the
apertures 5la bleﬁigngh&f%}é{{)ﬁ%rs&?t?%%%ﬁu%]fee%gésmgﬁﬂtgﬁ? é@ipsﬁjé% % ransition
snoot hl y akéguizl c3péial2@08play capable of reliably performing spray -

bend transition by providing protrusions on opposite portions of
the array substrate and the opposing substrate. |
Fig. 24 is a cross-sectional view schematically showing main
_elements of a semiconductor switchj.ng device (TFT} portion of a
liguid crystal display panel included in a liquid orystal display
of this embodiment. Referring to Fig. 24, the liguid crystal cell
101 comprises ‘the color filter 102 and the array substrate 103
including the semiconductor switéhing devicell TFT 13, which are
opposed to each other with the spacer (not shown)interposed
therebetween.
The array suhstrate 103 has the glass éubstrate 10. The gate
line _12 1s formed on the upper surface of the glass‘ substrate 10
and an insulating layer 65 covers the gate line 12. The TFT 13
and the pixel electrode 6 are formed on the upper surface of the
. insulating layer 65. .
The TFT 13 is provided at a position corresponding to the
~gate line 12. The TFT 13 is structured such that a N* a-Si layer

63 is formed on an active semiconductor .layer 64 made of amorphous




39 place. Since the auxiliary electrode 51 is provided in each pixel in
the -liquid crystal display of this enbodi ment, the transition22 ng¢bess is
present in each pixel. Consequently, a satisfactory imge display wthout
resi dual spray-aligned pixels is obtained. Further, by generating the
transition nucl euses on the side of the opposing substrate (color filter
substrate), nore transition nucleusé® can be generated. Consequently, the
reliability of the spray - bend transition is further inproved. (Eighth
Enbodi nent) An ei ghth enbodi nent of the present invention illustrates a
liquid crystal display capable of reliably perform ng spray - bend
transiti onsblidqenoya ci 139 ) Pr Othe! N*08SSI0NaPBP Y EBrReY lthO0BBe Arichify array
substrate and the opposing substrate. Fig. 24 is a cross-sectional view
schemat i caPPRPeShdlieftf P Femdrenfisiter davar §dnicaditrnirse wdiectnedry devi ce
(TPT) portinn aah & addidtblesitabale di Sid %6eRAOInd-dGh 1M oBufod | 0UI
crystal display _of this enbodinment. Referring to Fig. , the i qui d
crystal ce?fectfeée ddApiqtess tonan edpatrade eemetged dwdthehsourgeayimmibst r at e
103 i ncl ughrhgh N 1SBM t L t.ghi j T 1 ' re
opposed, to eaghhﬁ %grhvcﬁﬂt@ﬁm%hglgg‘g%eﬁ(sﬁg?%do&ﬁ?g{?érglc')hsee LF&P]h:‘falrebet ween.
The array SUBSPEetedl 43 aarotretigmddinuedirate 10. The gate line 12 is

formed on the URRLELB ER¢EePkub a b l.nsul ati ng
l'ayer 65 covers theogate |i€?’le EZ%EI'%S %’ Zri%BéEI;u%ESf%gsu 28 ¢

a
) prxe el'eCtrode 6 are
formed on KUFESUPRALTatef hedbef celnr fiihter diavey 2hydhebbramipardl 13 is
provi ded afy, étﬁﬁfétbgﬁn{?&”équ' t h ine.12 The TFT 13 is
structured _Such thét a.N+ a-Si aili/[g?z' %i?hi gh?ﬁtr% %I?qt ARTSELT VS
séni condufisPosed dn tuisnppdent Zherptlousfilter layer 21 is composed

of red, green, blue color filters and black matrixes at boundaries

of these color filters.

A convex portion 66 protruded toward the array substrate
103 ig formed on the lower surface of the counter électrode 2 as

opposed o the TFT 13. The convex portion 66 is made_s of epoxy-bhased

photosensitive resin so as to have a suitable size. A cell gap
4b between the color filter substrate 102 with the convex portion

66 and the array substrate 103 with the TFT 13 is smaller than

a cell gap 4a between the color filter substrate 102 without the

TFT 13 and the array substrate 103 without the convex portion 66.

When the transition volté.ge of the first embodiment is applied

_)* in the liquid crystal diéplay of this embodiment so constituted,

the electric field concentration occurs around the cell gap 4b.

Thereby, the 1iguid crystal molecules around the cell gap 4b become

' transition nucleus and the spray - bend transition reliably takes
place. Consequently, a high-quality liquid crystal display

capéble of providing a satisfactory image without dot defect is

obtained.
While a narrow cell gap is formed by using the convex portioné66

of the color filtersubstrate 102 and the TFT 13 of the array substrate



22 July 2005 40 silicon (a w Si). The N+ a-Si |ayer 63 serves to
electrically connect the active sem conductor |ayer 64, and a2kl 2005
electrode '111 and a drain electrode 14. As defined herein, the source

el ectrode 111 refers to an el ectrode connected to the source line through
which a signal voltage is supplied thereto. The TFT 13 is protected by a
protection film62. The color filter4bubstrate 102 is structured such that
t he gl ass substrate 1, the color filter layer 21, the transparent

el ectrode (counter electrode) 2, and the alignnment |ayer 3 are disposed in
this order. The color filter .layer 21 is conposed of red, green, blue

color filteys ene phbaskt HBVEAXRS 86 RRUNGAREEStPEubReRst b Hidh, I ters. A
convex portion 66 gqr‘otruded toward the array substrate 103 is forned on

the | over BUPFP &HECHIATINE - ddinasron el sronay bs fsppeddw providies TFT 13.
qhe convela poiid:Opobdnsaitidget 2BR A% RNGIOSAY Lhiifirge N SO as 10

have a suitable size. A ce gap 4b between the co Ssubstrate 102
with the ddHvend perthesncomerapertisa on thy aodbstfidter O shicabe the TFT 13 i s

smal | er than S8l ko8 4anbet QLo ofi rsubstrate 102 wit hout
the TFT 13 gﬁgothe grray sﬂbstﬁ%ﬁgiﬁggﬁ%?%ﬁ%ﬂ{f%h% E%%@%& g%Ttion 66. Wen
the transi(figH Fgibedgmensf) the first enbodinment is applied in the liquid
crystal displahggﬂpiﬁggl%&q,' i glectric field
concentration occur s grgun_ t%ggggwﬁqa%%gﬁgé%H%ﬁg?%b§aiPﬁ%“ﬁFSU?d crysta
mol ecul es lag@itharysialctisplgygansblrechrelidhlyeirfooninmspenys- daddt he spray -

bend trangkihotibgl i Yo e ent | high-quality liquid
chystal display capiggkevoqﬁ%gfgﬁ | nBOIaQ}s%a?{F ?’l's{’f 3%?%Sreydaieﬁ%g°e°r\%g?ﬂ%ut dot

def ect - i s gistiacaet pivsl | elegtnatien oreéd ogathd $nfior mmatfhye Ui fige t he convex
porti on66array substrate. A

Fig. 25 is a plan view schematically showing a constitution

of main elements of a liquid crystal display panel included in
& liquid crystal display of this embodiment. Hereinbelow, for

the sake of convenience, a pixel electrode 6A and a pixel electrode

6B adjacent to the pixel electrode 6A in the 1ength'dire'ct:|.on of
the source line 11 are discussed.

Referring to Fig. 25, the piﬁ-:e_l electrode 6A overlaps with
the.gate lines 12 at end portions where a pPlurality of protrusions
6&: extended in the length direction of the source line 11 are formed.
End portions of the pixel electrode 6B which are opposed to the
end portions whére the protrusidns' 6c are provided are protruded
toward the gate line 12 so as to overlap with the gate line 12.
Recesses 64 corresponding to the plurality of protrusions éc a.reA
formed in the region of the protruded portion of the pixel electrode
6_B which overlaps with the gate line 12,

- Similarly to the first embodiment, the pixel electrode 6
overlaps with the gate 1ines 12 with the insulating layer interposed
therebetween.

Since the other elements are identical to those of the first .



of the color filter. substrate 102 and the TFT 13 of the array substrate 22
July 2005 41 103, the present invention is not limted to such22 July 2005
constitution. As an alternative, the narrow cell gap may be fofmed by
providing a convex portion different fromthe TFT 13 on the array
substrate 103 and another convex portion on the color filter substrate 102
as opposed to the convex portion dif#erent fromthe TFT 13. (Ni.nth
Enbodi.nment) A ninth enbodi rent of the present invention illustrates a
‘liquid crystal display capable of reliably perform ng spray - bend
transition by providing cutout portions in opposed enc, portions of

adj acent péntRIdiRbRE! Pde I ' rfac f. t.he array
substrate. Fig. 2§€i st@% %-Iugér)loﬁgovﬁgkgﬁ%%@gﬁréys%r%wsﬁlgﬁaeﬁcg%gﬂet ution of
mai n el enetR%® ¥ferenpquivierals apd adi swhawlidanet beEsediikd heretnl.i qui d -
crystal displ ayy | | . rei nhel ow, f the sa f

conveni ence, a %}?%(neélﬁaeﬁea?{g? gg%'{%%ttgﬂg‘?fghﬁggg?t%T%O%'F‘Sﬁ +8 lSéﬂ‘]%acent to

t he pixel & tee dddulidAriyatahdisplhugt bf dihiecdnbedinént be avttautddane 11 are
di scussed. ring,t La. 25 e.pixel electrode 6A overlaps with

t he- gat e Iﬁhggés%fltgtglggégﬁ%r cleoirlnsg\’?\%giﬁ%c G Su$ elc%mbf’fpfg’ﬁtjrjt%"r%ns 6C

ext ended io¥yshel Héapldy gamel s Ancodadede SSuwcectHd peotbhsdéws bobRad. End

portions t i rode 6B which are _opposed to the end portions
wher e t heQ%?o{b%tf%séﬁéd]‘éj‘cqeg%%esﬁregv%d8&851 P BBt %aé’c?t%m ¢ tBegate line
12 so as tedeotmid fhehiltdprideatgtienl boeurs?. betRREASFLSIRAS169dLapa@Ndi ng to
the pluraljty sions 6¢c are  formed jn the region of the protruded
partion o%h%h%é%:le%é%é#&trregﬁﬁs' G%B Wi BnEBvEr S -afBe v d L ysted |ine 12.

Si i | ar | ympbeeulesin the oo matwben the pRbkohs RIneWd SletHs rédégEbaps Wi th the
gate i ne%dl%eWO&,lQ tthgetrl'arﬂ%gLfctml chie"i‘%'seén&@ﬂg rs g:)'asugq bend transifion

reliably takesplace. Consequently, ahigh-qualityliquidcrystal

display capable of providinga _satisfactozy image without dot defect
is obtained.

In the ninth embodiment, if the voltages applied to the
adjacent pixel electrodes 6A, 6B are reversed in poiarity, for
example, a plus polarity voltage ig applied to the pixel electrode
6A and a minus polarity veltage is applied to the pixel electrode
6B, two-direction transversal electric fields seen in a plan view
are generated between the adjacent pixe]_. electrodes 6A, 6B, as

indicated by arrows 110, 120. - In this state, similarly to the

S

description with reference to Fig. 11, the elastic strain energy
of the liquid crystal molecules, and hence the negative energy
of the liguid crystal molecules in the region between the pixel
electrodes 6A, 6B, are indreased. Congequently, the spray - ber;d
_alignment smoothly takes place. |

To make the electric field generated between the protrusion
6¢ and the co;-respdnding recess 6d stronger, a distance 6e between
the protrusion 6c and the recess 6d may be set as small as possible.

Nevertheless, it should be remembered that there is some limitation .



t herebetween. Since the other elenents are identical to those of the first
22 July 2005 42 enbodinent, the same or corresponding parts arg fgngyed by
the sane reference nunerals and as such will not be described herein. Wen
.the transition voltage of the first enbodinment is applied in the liquid
crystal display of this enbodi nent so constituted, the potential _
difference in the thickness directiof3of the liquid crystal display panel
is increased. Since the protrusions 6¢ and the correspondi ng recesses 6d
overlap with the gate line 12, the electric field concentration occurs
between protrusion 6¢c and the corresponding recess. 6d. As a result, the
l'iquid crybt aledunti®@cvifeshd @ikbende e Mmdrrinsgels e 8 Stdrikal posiHC and the
- recesses ddube Qe the transition nucleus and the spray - bend transition
reliably takes e%l 8 EECe TR d e Pightoghugihegesn Ehe pixgliedestyadest di spl ay
capabl e ofé.pr Bpediifgc#1153t i 6 B pRe¥eldBAGE thht NG aiXt el et s 1S Obtained.
In the ninth enbodinent, if the voltages applied to the adjacent pixel

el ect r odeLRRRO*ERALGHIY fevetb®d in polarity, for exanple, a plus polarity
vol tage is appludboer| h@xep»fass{té%,ﬁiﬁgti% mgﬁ@éﬁ rBviRdWE RO ANl ty vol tage
is applied to the pixel electrode B, two-direction transversar electric
fields sedf? ¥he Seqandiprprdiment; and)tive palenit bktanckayermayd peanidei xel

el ect r odesnfMe sGBe o@%helaRdh , 2 s state,
simlarly to the descript i%ﬁﬁﬁvﬁﬁxﬁxtﬁ%%?jé%&yttq’otr%iztg‘#?fw?%%e@ltést ic strain
energy oft TERER |Bmbedimentist al nol ecul es, and hence the negative energy of
the liquid crys abn® Hafisen r.eqi bmy& I xel, electrodes
6A, 6B, are increasedléﬁg:onseaﬁg%% F‘;f’e It%%'l’es(%glﬁray -% %%galgffﬁarﬁ?@n? snoot hl y
takes pl altTuHhCHE @ HEPdRE CEPRRLE 0B rdl talar o rbbtgvepnay hdepdot r usi on

trangition by providing an intermediate portion between a maiﬂ

portion and an end portion_ of the pixel electrode, which differs
‘from the constitution of the ninth embodiment.

Fig. 26 is a plan view schematically showing a consitution
of main elements of a liquid crystal display panel included in
a liquid crystal display of this embodiment. Hereinbelow, for

tl;e sake of convenience, a pixel electrode 6A and a pixel electrode
6B adjacent to the pixel electrode 6A in the length direction of
the source line 11 are discussed.

Referring to Fig. 26, the pixel electrode 6A overlaps with

the storage capacitor electrodes 9 at end portlons where aplurality

Em,",‘-rr .

of protrusions 6c in the length direction of the source line 11
are formed. End portion of the pixel electrode 6B which is opposed
to the end portion where the protrusions 6éc are provided are
protruded toward the storage capacitor electrode 9 so as to roverlap

- with the storage capacitor electrode 9. Recesses 6d corresponding
to the plurality of protrusions 6c are formed in the region of
the protruded portioﬁ of the pixel electrode 6B which overlap with
the storage c‘apacitor electrode 9.

Similarly to the first embodiment, the pixel electrode 6



6¢c and the corresponding recess 6d stronger, a distance 6e between the
protrusion 6¢c and the recess 6d may be set as small as possi bl 2 July 2005
Neverthel ess, it should be renenbered that there is sone limtation 22 July
2005 43 .in reduction of the distance 6e, because if the distance 6e is
reduced to excess shorting mght occur between the pixel electrodes 6.
Specifically, it is preferable that t4e distance 6e is approxi mately 4 --
8 Am Mbreover, the flattening | ayer may be provided simlarly to the
second enbodinent and the color filter |layer nay be provided on the side
of the array substrate simlarly to the third enbodinent. (Tenth'

Enbodi nent yveriapati thrheditoraje OdpdditopeseitodeMRIHH tHe idduustimd es a
liquid cryftal dl@? 4% caﬁgble of reliably performng spray - bend
transiti on B prBETHIEG ahP s RPN at e porti on between a main portion and
an end portion @fle tﬁaﬁeplé@@ct%&@td 98 Cgonphtii 680 Gief & GlaSin HEPMInNCekPNSti tUtion
of the ninth enbodi nent . 26 is a plan view schematically show ng a
const t ut i oRPTEP FENA ’e‘?"éﬁ@ﬁg%a’éﬂ Paerr?jlﬁ 0k epch &F WhigH 45 pyaFEded ncl uded in
a liquid Clﬁéﬁw*e@h S Radl YrtilhSarihadhBateneHBLeI fR8LioNs . f 9k riid1e sake of

conveni ence, pi xel electrode 6A and a pixel electrode 6B adjacent to the
pi xel el ecQjF"(?&eelf?ﬁEtFﬂd‘% fe thenpidthifoRefithe biterppdiakn pertidngcboltl are

di scussed. i Rgberdulaldet AnahIthed GridtASo P ithE nBhCELFOMR Bha QKR RS Wi th the
storage capacitor electrodes 9 at end portions where a plurality of

protrusi orff &bejend pertions landi r epadidhcalily setsburlddimiqme 1eéss. are for nmed.
End portion of éih%epdﬂée&tlfére&ién%ﬂ%s@%%e%i&él 99%%99 ofttﬁz ¢§hd portion

where the protrusions 6¢c are provided are protruded foward the storage
~ capaci t or “@bedineRte thesage ob Wﬁa*pﬂdmgt halfth% aﬁ@ﬁg?é:eéabadllxeor

el ect r ode s3meRREEESESe RENGHTLIRPRLINGh will not be desoribed herein.

. The storage capacitance formed between the proti‘usion 6c

and the corresponding recess 6d formed at end portion of the pixel

electrode 6 varies depending on the width and length of the
“intermediate portion 601. So, by adjusting the width and 1ength
. of the intermediate portion 601 depending on the amount of' the
sforage capacitande formed in each pixel, the storage- capacitance
generated between the protrusion 6c and the recess 6d and the storage
capacitance generated by the other elements can be well-balanced.
Whe'n the transitionvoltage of the first embodiment isapplied
in the liquid crystal display of this embodiment so constituted,

e

the elect;ric field concentration occurs between the protrusion
6cand the corresponding recess Gd, similarliytotheninthembodiment.
Asa r.esult . the 1liquid crystal molecules around the region between
the protrusion 6c and the recegs 6@ become the transition nucleus
and the spray - bend transition reliably takes place. Consequently,
a high-quality liquid crystal display capable of providing a
satisfactory image without dot deféct is obtained.

{Eleventh Embodiment)

An eleventh embodiment of the present invention illustrates



to the plurality of protrusions 6¢c are fornmed in the region of the
protruded portion of the pixel electrode 6B which overlap with bﬂ 23650rage
capacitor electrode 9. Simlarly to the first enbodi nent, the %?

el ectrode 6 22 July 2005 44 overlaps with the storage capacitor electrode 9
with. the insulating I|ayer interposed therebetween. The pixel electrode 6
is conprised of a main portion, end %jortions and internediate portions 601
each of which is provided between the main porti-on and each of the end
portions. In the pixel electrode 6, the width 60f of the internediate
portions 601 is set smaller than the width of the main portion and the
width of aHdgend qQuystabrdspbdy capablé |o&:aJ:éMa$ﬂy perebPATh @lsph@$s- Since the
ot her el enpnts. are i.dentical to those of the ninth enbodi nent, the same

correspond Ny PAPTE PR WeREPEHI PRRFtULSREin Lhe conBEeR mierEFedend as such

Wi Il not beomkesconbatk Ranek surfhGe SSORAEoFRRAA ?té\m?s‘%r&%mi‘d bet ween t he
protrusion 6c and the correspondi ng recess 6d tornmed at end portion of the

pi xel el ectrodt% 7ArFed PR ERAY FFRBRA T LIK FhRVARE & eangtthtetiamhe
~intermedi a6 maohtémedd of5a, 1ByuRALYPLET ai b5 W %Hef%élﬁaga hy of the

I nternedi ate portion 601 depending on the anmount of the storage
capaci t anc® lf‘GPﬁ%cFIiYﬁtééc‘H%li‘EI of tthd ssenhosgaertipafig arkfe isgener at ed

bet ween tfﬁtogéo&é@lﬂoﬁﬁl@ﬁe@ﬂécéﬂﬁ‘nﬂ%?&&%c@ﬂo@@afm w&gﬁtﬁﬂ%ﬁ tance

generated hy the other elenents can be well-bal ance transition
vol t age ofalPﬁg Y pp FXVEIFELEKVRIT of Eimpdl i eBig n27¥ Ishovs ghe posiyberal di spl ay of

this enbo&ldmﬁiomlgm&%éﬁl%ﬁgbla&ieﬁaﬁkﬁpéi hﬁafths'c%uﬁ%‘fggéé?ﬁad%” occurs

bétween the protrusion 6c and the corresponding recess simlarly to
fhe ni nt h eABddffefther plemepts gue omketdd.qui d crystal nol ecul es .around the

region between rdrl@rPAPUELSN. 65,208 URQ | EGESS PYsLOCULR 1t Pfy transition

nucl eus

comprises the color filter 102 and the array substrate 103 which
are opposed to each other with the spacer (not shown)interposed
‘therebetween. Since the array substrate 103 is constituted
. similarly to that of the first embodiment, the same or corresponding
paris are denbted by the _samé reference numerals, and as such will
not be described hereiﬁ.
The color filter substrate 102 has the glass substrate 1.
. A color filter layer 21 is formed on the lower surface of the glass
. substrate 1. Specifically, the red color filter 21R, thé green
color filter 21G, and the blue color filter 21B are formed and

:“mw/‘

conductive black matrixes 23 are formed at bounda.i:‘ies of these .
color filters. ‘ |
The counter electrode 2 and the alignment layer 3 are formed

on the lower surface of the color filter layer 21. - The counter

electrode 2 is divided for every pixel line to apply the.voltage

for every pixel line and the conductive bl‘;_lck matrix 23 is placed

so as tooverlapwith the gap between the adjacent counter electrodes .
2. Hereinafter, for the sake of convenience, a counter electrode

2A and a qounter electrode 2B adjacent to the counter electrode




and the spray - bend transition reliably takes place. " Cbnsequently, a
hi gh-quality liquid crystal display capable of providing a Saiif Sé@*y
i mage without dot defect is obtained. (Eleventh Enbodi nent) An~ e

enbodi nent of the present invention illustrates 22 July 2005 45 a liquid
crystal display capable of reliably performng spray - bend transition by
providing apertures in the counter el#6ctrode fornmed on the inner surface
of -t he opposing substrate. Fig. 27 is a plan view schematically show ng a
.constitution of main elenents of a liquid crystal display panel included
in a liquid crystal display of this enbodinment. Fig. 28 is a

Cr 0SS- - Sec2a dinthe Vértyyhidlkast idh dfehelidtedlin@Inot sRéw)dreBibEbadd.al |y al ong
line XXVII1- XXVIII of Fig. 27. Fig. 27_shows the positional relationship

bet ween the bl aBREtfr the 2?“%8” EH@"GB?I‘FR &P &F RYgtsyded tovary thee ot her

el enents agcun®@rt $RshtrBat &3y iF88 &rk PSxer? GnaZthe PREIddBd Holtawat al cel |
101 conprises the color filter 102.and the array substrate 103 which are

opposed t J‘aeqa%ﬁhi‘i?%%*m%af"ﬁ%%tsﬁa’é@reqdrﬂﬁrtéﬁﬁ\mf)themiéﬁbGée@trqdﬁer ebet ween.
Since the @ldrayns URsithabfbddmehs. Cﬁeéé'sgﬂéfc%méi 19, 8hd %&Qr&&%i bOf t he

first enmbodi ment, the same or corresponding parts are denot y the sane
r ef er ence RAFFRPAN3S apluraki WREPRItNsions 2hextradeditosarditheelengtThe col or

11 ter submbbakeor 02 B35 ghile 19h30° UDYI' BhE chuntdh CLBIeddel gl aVer 21 1

formed on the | ower surface of the glass substrate 1 Ically, the
red colorPFPFFE@e¢mﬂ¥aﬁﬂﬁbegwgehere%#QﬂTOﬂﬁpﬁéPrzyﬁrYaﬁmbk¢ﬁpnﬁq§@dcolor

filter 21BoafRe fp%@?ﬂdélf‘? Hﬁéfé’%hﬁ rimmsx @{&zm%ﬁed at
coO ect ro

boundari es of these [ters unt er and the
ar i gnment mgymaotg'ugpg ij.‘ftﬁ@g of the counter electrode 2B has recesses

2d corresponding to the protrusions 2c. These protruded portions
and themains portions of the counter electrodes 2A , 2Bare connedted
by means of the intermediate portions 201.

In this embod:l.ment the color filter layer 21 functions as.
the insulator between the counter electrode 2 and the black matrix

- 23. o

‘When the transitidn voltage of the first embodiment is applied
in the liguid crystal display of this embodiment so constituted,
and simultaneously, the transition voltage different from that
applied to the counter electrode 2 is applied to the black matrix

23, the electric field concentration occurs between the protrusion

l\’q./”

2c and the corresponding recess 2d. Thereby, the liquid crystal
" molecules around the region be_tween the protrusion 2¢ and the

porresponding recess 2d become transition nmucleus and the spray

- bend transition reliably takes place. Consequently, a .

high-gquality liguid crystal display capatile of providing a

satisfactory image without dot defect is obtained.

By thus generating the transition nucleuses on the side of
the opposing substrate (color filter substrate), more transition

nucleuses are generated as compared to the case where the transition




on the | ower surface of the color filter layer 21. The counter el ectrode 2
Is divided for every pixel line to apply the. voltage for eveﬁ%ﬂhﬁi 55 l'ine
and the conductive black matrix 23 is placed so as to overl ap“a'th gap
bet ween the adj acent. counter electrodes 2. Hereinafter, for the sake of
conveni ence, a.counter electrode 2A and a counter €lectrode 2B adjacent to
the counter electrode 22 July 2005 4872Ain the | ength direction of the
gate line (not shown) are discussed. Part: of the counter electrode 2A is
protruded toward the counter electrode 2B for every pixel and the protruded
portion has a'shape simlar to that of the end portion of the pixel

el ectr ode n@lghsehareegineratbddndgrdn thdrsa.ds e thé Garhy subBeraet r uded
portion h rad ity qf otrusjons 2c extended toward the |ength

di recti ona'tis)‘?n%tB ﬁégﬁglltyé ’%Ie’llﬁgl.’gbafrytc.’fs ® PAYCobkransdttonggtorther " pr ot r uded
toward t heinpounteér el ectrode 2A for every pixel as opposed to the.

protruded rtion ere the protrusions 2c are provided. The protruded
portion of‘%ﬁéfg%%é’fh'@?‘é@trode 2B has recesses 2d corresponding to the

protrusions 2c. ATHeSEEHH &itdédRen Pkt Ky restid 1MRITRLAS 1RQEEIARE Of the
counter electrodes 2A, 2B are connected by nmeans of the 1 nternedi ate

portions ZoTi9PHT @rvstehdgphanin which dher shane of erd @orpiofs 0€ti ons as

the i nsul aherpikel wrestide LHEMERIrafit 8ebh St AR tlhen RLBEK AR | X 23. Wien
the transition voltage of the first enmbodinment 1s applied 1n the liquid

crystal display¥df- 2RilS 2 RbeRVAehechemageslly shewing awgnstiitianeousl y, the
transi ti ontvedin@@esledéLbens fiRTE! B&lsta@PRdAdy! %u; e 1GOHMS 18! ectrode 2

is applied to the black matrix 23, the electric Tield concentration occurs

between t RelPTHtS GE¥SiRL Sdsniry ofethts mabpdiminty racebowadin Fhgr eby, the
liquid crys| adinidBLef toeendieHEN dB8al RN REPIRETD dRRESLL UsLon 2¢ and

t 'he_ comprisedof amainportion, endportions, ar_ld intermediate porti‘ons
6.01_ each of which is providegi between the main portion and each
of the end portions. The width of the intermediate portion 601
is set smaller fhan the width of the main portion and the width
.Of the end portions. Hereinbelow, for the sake of convenlience,
“the p_ixel electrode 6A and the pixel electrode 6B adjacent to the
Pixel electrode 6A in the length direction of the source line 11
_are discussed. '

' The pixel electrode 6A overlaps with the storage capacitor
electrode 9 at end portion where a plurality of protrusions 6c¢
qxtended in the length @irection of‘the source line 11 are formed.
The protrusions 6c are saw-tooth shaped and long sides 6g and short
sides 6h of the b_rotrusions 6c respectively make predetermined
angles with respect to the 1eng1;h direction of 'i:he gate line 12,

End portion of the pixel electrode 6B wliich is opposed to
the end portion of the pixel electrode 6A where the protrusions
6c are provided is protruded toward the storage capacitorelectrode

9 so as to overlap with the storage capacitor electrode 9. The

recesses 6d corresponding to the plurality of protrusions 6c are




.correspondi ng recess 2d becone transition nucleus and the spray bend
transition reliably takes place. Consequently, a high-quality Iiﬂﬁid
crystal display capable of -providing a satisfactory image wi t Aoty 469>
defect is obtained. By thus generating the transition nucleuses on the side
of the opposing substrate (color filter substrate), nore transition

nucl euses are generated as conpared % the case where the transition 22
July 2005 47 nucl euses are generated only on the side of the array
substrate. Consequently, reliability of the spray -- bend transition is
further inproved. (Twelfth Enbodi nent) A twelfth enbodi nent of the present
i nvent i on fickined in ahe segion bfUhé peoyaiddd pHirs RbAYE ithe PRkED o1 Gk Ha@pe of end
portions %% ﬁﬁ %1pixe electrode is different fromthat of the tenth

embodi nent”. 0 pyeriar, WIthnthg &hosese RaPrehFey edrstredp &-constitution of
mai n el ements ofimarhigyive ﬁ:ﬁé/Sﬁtialstdézﬁﬁvdameﬂaﬁ%e;:ﬁﬂéid%ieb&o_ ki qui d |
crystal disg%@%&of t hi s enbodi nent. As shown in Fig. 29 I

‘ , simlarly to the
tenth enb8y s withthestorage caprgtioreliestregmpriteheofinswkdtingor ti on, end

portions jagefl intbepsdel therPMilde@ds 601 each of which is provided between
the main portion and each of the end portions. The width of the

i nt er nedi at e poticsthertherselement e ddenhingnlt tre thpei bE shemisthmin portion
and the vigbdaindht! Nhet BEMP Yl | g#n '  addqel
“hi I ceires aﬁgh?*}féﬂy ae'%é)&emgeé?éegﬁgadj acent to

conveni ence, the pixel electrode 6 he pi x ectro
the pi xefas seferspeegumeralpanderysnckivi bl npbrbeoflegdrdbedireseini ne 11 are

di scussed. The Rjh&@lne!£GldcRd6n 64 Gﬂ,l‘?éﬂ e 1%%1[Eitééeﬁto‘?:.rﬁgees§§99‘3i tor

electrode 9 at end portion where a plurality “prottusions extended in
the | engt # 4 PR Ofi Bie BrotMSLign ficcextandsecoingides wibh ttbd. direction

of alignment treatment performed on the alignment layer, the

strongest electric £field is generated in the liquid crystal 1ayér.
It is therefore desirable that the direction in which the long

side 6g or the short side 6h extends conforms te the direction

of th_é alignment treatment. Thereby, stronger electric field can

be generated and consequently the spray - bend transition more
re;iab‘ly takes place. | '

In some cases, by varying the viewing angle characteristic
depending on the position in a display sereen, satisfactory image
Qisplay as a whole is achieved. In such cases, the viewing angle
characteristic is often. varied by changing the direction of the
alignment treatment depending onthepositioninthe display screen.
_'i‘herefore, the direction in which the long side 6g or the short
s5ide 6h of the protrrusion 6c extends may be varied for every pixel
to be adapted to the change in the direction of alignment treatment.
'( ;I'hirteenth embodiment) _

Athirteenthembodiment 1llustratesaliquidorystal display
inwhich the shape of end portions of the pixel electrode is different
£rom that of the tenth embodiment. |

Fig. 30 is a plan view schematically showing a constitution.



The protrusions 6¢c are sawtooth shaped and | ong sides 6g and short sides
6h of the protrusions 6¢ respectively make predeterm ned anglgilﬁﬁah
respect to the length direction of the gate line 12. End porti gy 2092

pi xel el ectrode 6B which is opposed to the end portion of the pixel

el ectrode 6A where the protrusions 6c are provided is protruded toward the
storage capacitor electrode 9 so as4®o overlap wth the storage capacitor
el ectrode 9. The recesses 6d corresponding to the plurality of protrusions
6c are 22 July 2005 48 formed in the region of the protruded portion of the
pi xel el ectrode 6B which overlap with the storage capacitor electrode 9.

SymLarly boddif ddihis OOd TERI1a LRES X APl ef 0P SrcaRigh Gps wiLh the

storage capacitor electrode 9 wth the Ins ayer T nterposed
t her ebet weR nt198ifA cerastal olinplag| efrdids emodisenti cak $iwwnhdseFiaf. the ninth

enbodi nent 3o t BenSA{WH r ngdi : s ,are_denoted by the  sane
reference nuneral s a%’g{%s(m%ugﬂ&w gljfﬂ%r%iol?‘%@té' (F%SGCPJI'}E)%Ld eﬁ%?%‘i%ﬁl? n the
di recti on 99rPRihEedof Amainmper tdiode e6gportidus, sindihteshaiabb poftidies protrusi on

6¢c ext endsgdi0bGH 4SwiM Jih I L ion of alignment treatpgent perforned

on the ali gnrren‘t% %gy‘éﬁéht %Lérbersotq' ¢ 8%%%’5# wePR |'8g;p} BPEH1Y gBfietated in the

| i qui d. cryesft Gke leagaportibnsi s Thewelith efdess 1abbmmddiate tgia-tdbs aoiti on in
ext ends conforns, to the

\élvihlrg(r:]t ;[ gﬁ ilsg % t?yagﬁ?’g%#g[ﬁti eregail??rhg?tf.s{g‘%é'g ByPoSePBnift B L F e fiel d can
be gener atédthmendansdoest | Yetbinteibay forbend dakansi idonteityie,r €l i abl y
LK Pt i URCEASES o Ul DGR RS S SR SR 51
as a whol @ikel adkituett 6Anlisthd leagts dirbet ML vE Nthedfi@le CHad agteristic is
often. va%gddj@éugggg_gi ng the direction of the
'Tye pixel electrode 6A has portion protruded toward the
storai_i;e capacitor electrode 9 such that the profruded portion
overlaps with the storage capacitor electrode 9. A plurality of
pbrotrusions 60a are formed in the region overlapping with the
storage capacitorelectrode 9 soas toextendin the length direction
of the storage capacitor electrode 9.
End portion of the pixel elecirode 6B which is opposed to
the end portion of the pixel electrode 6A where the protrusions
60a are provided is protruded toward the storage capacitorelectrode
y " 9 so as to overlap with the storage capacitor eléctrode 9. Recesses
60b corresponding to the pPlurality of protrusions 60a are formed
in the region of the protruded portion of tﬁe plxel electrode 6B
which overlap with the storage capacitor electrode 9.
Similarly to the first embodiment, the pixel electrode 6
overlaps with the storage capacitor electrode 9 with the insﬁlating
layer interposed therebetween.
Since the other elements are identical to those of the ninth
-embodiment, the same or corresponding parts are denoted by the

same reference numerals and as such will not be described herein.




alignment treatnment depending on the position in the display screen.
Therefore, the direction in which the long side 6g or the short_ _side 6h of
the protrusion 6¢c extends nmay be varied for every pixel to bez%aéb?QQSto
the change in the direction of alignment treatnment. (Thirteenth

enbodi nent) A thirteenth enbodinent illustrates a liquid crystal display
in which the shape of and portions of3% he pixel electrode is different
fromthat of the tenth enbodinment. Fig. 30 is a plan view schematically
showi ng a constitution. 22 July 2005 49 of nain elenents of a liquid
crystal display panel included in a liquid crystal display of this

embodi nent. AS wheiBhé Braidition Vol fdgldmite) ket bhBod Hidnk 19pgdig@nt . the
pi xel' electrode, 6 i.s conprised of amain portion, endportions, and

i nt er medi atB F6rtieie cxystad A4spday @i HH s embpdsment s cheengtdfuted nai n

portion angheagketpic tH1818N6biRRREH-ANDn JOGY ROl the pdx.%tt%QF&H ate

portion 601 is set smaller than the width-of the main portion and the
width of $%R a@qdthe rqargasponding nergssnw60b orsimidaskk dootheorndhi ence, the

pixel el ecimpinbh andls'2eBUIE! +Rb Ofh0M 0T AAAMLE Ldfna Bl *E!

el ectrode 6A in the length direction.of the source are di scussed.
The pi xel EECN beleregn bhe nrotrisien 60a rande the owane spbmdingt veagses capaci t or

el ect rode Sus Uglbdlalng bEii0h bhEt Y b PR QEL) SRR L,LIE 51 or age

capacitor electrode 9. A plurality o .protru are"tormed in the
regi on overaldppingiakieshplage. sGuyseguentiyacat drigbl-qedtiogeldqsiai as to extend
in the | engtledi wechi t apaci tor el ectrode. 9 End portion
of, the pixel elect r%d%pgaé&; Jie[:]‘ﬁf %%%%g %dé)?%mft% EOIE?F'I it %%hougf t he pi xel
el ectr ode %A GRESQE deeobtaimedsi ons  60a are provided is protruded toward

the stor aggoa2PaGitheEmboEGdneqe

A fourteenth embodiment of the present invention illustrétes
a liguid crystal 'display that employs a field sequential color
method and is capable of reliably performing spray -~ bend
trangition.

Fig. 31 is a cross-sectional view schematicaily showing a
constitution of a liquid crystal display according to .this
embodiment. Referring to Fig. 31, the liquid crystal display of
this embodiment comprises a liguid crystal display panel 100,which
is one of the liquid crystal display panels described in.the first -
through thirteenth embodiments, and a backlight 70 placed below

' 1

the liquid crystal display panel 100.

‘The backlight 70 comprises a light guiding plate 72 comprised
of transparent rectangular synthetic resin plate, a light gource
71 placed in the vicinity of an end face 72a of the light gulding
plate 72 as opposed to the end face 72a, a reflector 73 placed
below the light Quiding plate 72, and a light diffusing sheet 74
provided on an upper surface of the light guiding plate 72.

The 1ight source 71 is aLED array in which LEDs ( light emitting

diodes) for emitting light of three primary colors - red, green,




9 so as to overlap with the storage capacitor electrode 9. Recesses 60b
corresponding to the plurality of protrusions 60a are fornmed in the region
of the protruded portion of the pixel electrode 6B which over?%ﬁﬂﬂ?QWSthe
storage capacitor electrode 9. Simlarly' to the first enbodi nent, the pixel
electrode 6 overlaps with the storage capacitor electrode 9 with the

i nsulating |ayer interposed therebebiheen. Since the other elenents are
identical to those of the ninth .enbodinent, the same or corresponding
parts are denoted by the sane reference nunerals and as such will not be
described herein. 22 July 2005 50 Wen the transition voltage of the first
embodi mentod 380! 8 sbifadial iUl Shyshdlary spbdeq] UNis embodiment so
constituted, the electric field concentratl on occurs between the

protiusi on 60almftettprkibghteIpEmcnystidoded. 6, Light énitbedt frarhe ni nt h
enbodi nent S; A4l L gui.d ¢ , region

bet ween trﬁ?ﬁﬁ%ﬁiﬁ&??g%é%b%ggﬁéi¥%g9%5£%$%sIgﬂ%#ﬁgﬂé§§%§%9¥ggﬁﬁﬁ%bone t he
transi ti ontheuerndfimseam@h .t HEhespraifdenticgtit tisanditipber scacterds] yngiglees pl ace.
Consequent | high-quality.ligujd rystal di.spl capahl.e of providing a
sat of act off théadati it Pasb8dat e HahGad enn e O SeErmoa o)
A fourt eendurfandddienect. ofintiid spessenthe Might| Drakibpuddunstaed £xm i qui d

crystal. displ t.hat .emmpl oys,a Jf.j el equential .col or_netho d is capable
of "Fel i ablGRaiety Hadl B3eE 1 2hd ARUERLIG ke Areieigel e
Cr 0SS- sectiedfilattad bw Geheadledtal] y3 shawraumedconhet iddide of tael i qui d

i d cryRBar RPERRgLR 14 S St e o prre e Mgl cin
di spl ay paleke 108sdbfHised by the 1ight diffusing sheet 74 and the resulting
diffused light is incident omn the liguid crystal display panel
100. Thereby, the liguid crystal d:iéplay panel 100 is entix;*ely
and uniformly irradiated with red, greem, or blue light.

In the liquid cry'st-al display panel of this embodiment so
constituted, a control circuit (not shown) output's acontrol signal
to the backlight 70 to cause the LEDS as the light source of the
backlight 70 to sequentially emit light of red, green, é.nd blue
in a predetermined cycle. To perform display in synchronization
‘With thé emission of light, the contrcl c:i.rcuit outputs a control
‘signal to a gate driver (not shown) and a source driver (not shown},

in accordance with the image signal externally input. Asaresult,

S

the gate driver applies a scanning signal voltage to the gate lines,
thereby causing the TFTs of the respective pikels tobe sequentially
turned on, and according to this timing, the source driver
sequentially applies an image signal voltage to the pixel .
electrodes of the respective pixels through the source lines.
- Thereby, the ligquid crystal molecules are modulated and light
transmittange of light emitted frdm the backlight 70 changes. As
‘a result, an image according to thé image sigﬁal is presented to

- a viewer who is observing the liquid crystal display.




Is one of the liquid crystal display panels described in -the first

through thirteenth enbodi nents, and a backlight 70 placed bel ow the I quid
crystal display panel 100. . The backl i ght 70 conprises a Ilght2 Iy Qﬂf
plate 72 conprised of transparent rectangul ar synthetic resin plate, a

i ght source 71 placed in'the vicinity of an end face 72a of 'the |ight
guiding plate 72 as opposed to the é&3d face 72a, a reflector 73 placed
bel ow the light guiding plate 72,7 and a |ight diffusing sheet 74 provided
on an upper surface of the light guiding plate 72. The light source 71 is a
LED array in which LEDs (light emtting diodes) for enitting Iight of

three primary @@l 8éscrive@labdifedRne 22 qhihYcAA021 54 AndbLye,
sequentlajé%hand repeatedly arran %d q%n fﬁe backﬁigﬁtygé so constltuted

the |ight timgnt reawoméorpghte%éw% spquentiaictefiatt methdadche In ght
gui ding pladf: 42 ddr Pl a &ﬂ%t@.&dﬁ{s‘iﬁg %ﬁ d r%‘?le.ll. Céeg%?étlalgcolor

‘multiple-scattered inside of the [i |ng Hhd°&Hanat es from
t he entir d®iR98r singef qoe f#ﬂmeenériOG ﬁStﬂﬂvid@dsént¢tuapﬂugﬁnlﬁyeaklng

downward fg&@e-hge bibg 2.and incident on.the reflector 73
is reflected by ?% 5}5 g;(l:t&cjirg y%'an az ﬁar%eé_yt%“atgﬁe hEFEESI % he 1 ght
gui di ng plehtained ifhéh¢ ingisporym o4t tiey 1ﬁqom icrgstayhiisguagipagel plsate 72 i s
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crystal diesppéimersn ebmu0Geiss thatdGBeyde driduiiaiduysthy dispadirapacivi th red,
Shod mont Sorerebidiar Al Bekh Rfofld ™ Bord B R Pet Bite Slami®S 2 control
signal t&aphbe tﬁﬂtblilavgrhtby?@heofmassetmﬁiﬁﬂ)mmﬁ methéght source of the
predet or i ned. oyaras P ubiatthel, (B d Hevalal ieply panels " 7
illustrated in the first to thirteenth embodiments are capable

of reliably perfomitxg spray - bend transdition. Therefore, in

the liquid crystal displays of these embodiments, a satisfactory

image display without a dot defect is obtained.
 (Fifteenth Embodiment)

A fifteenth en_nbod:i_ment of the present invention illustrates

a liquid crystal display capable of reliably performing spray -

bend transition by providing the source electrode so as toloverlap

with the gate line. Since the constitution of the ligquid crystal-
‘display of this embodiment is identical to that of the first
embodiment except the structuré of the pixel described with

reference to Fig 32, description thereof is omitted.

Fig. 32 is a plan view schemat:ically showing a constitution

of a structuré of a pixel in the liquid crystal display of this
embodiment., As shown in Fig. 32, the pixel is connected to the

‘source line 11 provided with a source electrode 111 to which a

signal voltage is to be supplied through the source 1irte 11. The

source electrode 111 extends in the length direction of the gate ‘

dline 12 and overlaps with the gate line 12 with an insulator {not




with the em ssion of light, the control circuit outputs a control si gna
to a gate driver (not shown) and a source driver (not shown),

acecordance with the inmage signal externally input . Asa resultzzIQHﬁgnéate
driver applies a scanning signal voltage to the gate lines, thereby
.causing the TFTs of the respective pixels to be sequentially turned on,
and according to this timng, the sossce driver sequentially applies an
i mage signal voltage to the pixel electrodes of the respective pixels

t hrough the source lines. - Thereby, the liquid crystal nolecules are
nodul ated and light transmttance of Iight emtted fromthe backlight 70

changes. %O@nm;]ﬁ%[rboﬁg@ ﬂh@gﬁ?ﬁ&’%ﬁrdlﬂg 3 tle ngéﬁ al gnal 1} ripresent ed

to a viewer 0 I s observing y 2005 52
As descr i Hodtheenpacetelectrods bllbaly@tthén to spéep)txei eﬂbc&ro@’\tmﬂhug‘ﬁnt enpl oys

so-cal | ed f al ase of j qui d_crystal

di spl ay by ‘%%él ‘%’glgg?g%é ueﬁ'gl'?L ldc t%d nog; heym, ri'@ ‘Hsg’r?@eﬂeri od is

di vi ded i mbove qblemcajncbylme 13ub- 'i'mmnspemeodaurd% dispdwyie msaki sfactory

i mge dis t . obtained if he jesp onse of the liquid crystal

di spl ay pghg¥rﬂosseﬁq1etwee %‘teh% &t e hand e Ty sﬁgﬁc}aé’ﬁist al displ ay
of this enbodlmnbun@emlemdbhel mBamdepbrﬂwwthéy&gﬁ:ln HesRbAY panel

100 capabl g hi S respon satlsfactor i mage displa can be
achi evgd Byeﬁ%’pﬁ '&in“egﬁ b ig’b‘?gﬂ ’lsr'fﬁgﬁ‘a‘fﬂd‘g%?/l bed, the
l'i qui d cr jetatibeisytay: mlagbsmd lih ugder Bicd ai é\q&é’c&lf did1al 0o Rhis eent h
enbodi rreng%boad'l% chabI e 3[’ I abl ?[ erform ng spray - bend transition.
Ther ef or e, £R ?caﬁfﬁitdﬁ? Ahe&i %‘E iy istdicrasen PREAYEE a

sati sf actbe'l;weenrtﬂ@a)dhﬁﬁd)ﬂ;&dm dthend sausted e tedtaoliel 3 10MALASH1x4 T ft eent h

Enbodl rrenéi A fi f%ee&t h enbodi ment of the present invention illustrates
ectrode s aresult, liguid crystalmolecules around a region

between the bent portion and the pixel electrode 6 become trénsition

- nucleus and the spray - bend transition reliably takes place.

. Subsequently, waveforms of the ti‘ansition voltage in the

iiqu‘id crystal display of this embodiment and a method for applying
the transition voltage will ‘be explained.

Fig. 33 is a view showing waveforms of tfxe transition voltage
in the liquid crystal diSplay of thig embodiment. In the liquid
crystal display of this embodiment, as show in Fig. 33, + 15Vvoltage
as a gate-on potential is applied to respective gate lines 12a,
12b, 1l2c.. for one second. Likewise, + 25V voltage is applied to
the counter electrode 2 for oﬁe second. During this application,
an AC rectangular wave voltage is applied to the source lines 1l
at * 7V and 30Hz (field frequency), and in a duty ratio of 0.5 :
1. More specifically, similarly to the first embodiment, the
voltage is applied to the source lines 11 in such a manner that

. the AC rectangular wave voltage applied to the pixel electrode
63a, 6Cc, .., through source lines 11A, 11C.. on odd columns and
the AC rectangular wave voltage applied to i:he pixel. electrodes
6Bb, 6Dd.. through the source lines 11B, 11D.. on even columns are



a liquid.crystal display capable of reliably performng spray -- bend
transition by providing the source electrode so as to overlap W th the
‘gate line. Since the constitution of the liquid crystal di spl%%/hﬁff’zwﬁ s
enbodi nent is identical to that of the first enbodi nent except the
structure of the pixel described wwth reference to Fig 32, description
thereof is omtted. Fig. 32 is a plaf4view schematically showi ng a
..constitution of a structure of a pixel in the liquid crystal di.splay of
‘this enbodiment. As shown in Fig. 32, the pixel is connected to the
source line 11 provided with a source electrode 111 to which a signal

vol t age i srdvarleaStPRbh el fyir ough the source Iine 11. The source el ectrode
Il extends in the length direction of the gate I|ine 12 and overlaps with
the gate.line 125 #eregnlt o§ihet appilsetiop of (kg 12605168 s olwags.nt er posed
t her ebet weg{y | S| | | u | t h urce_el ectrode 111
and then to tﬁgpgjlfxeiggg{ieeé%rn%g‘gf?rt]r%gﬁgﬁmffq:g%ﬁi ﬁa]%ﬁ % ér?% g‘. A 1 qui d
crystal | Bpaparabivedyolmge-sided poguedd ahyetelt dispeyr c@hlikniks e That i s,

t he sourc qdg i I RQS tween.the.gate line 12 and the
li qui d cr;e/tsote%tlfec%%yer. ] gscoﬁéié‘léa%glag’g? ggggo\ﬁfqﬁggl%gﬁ%%ﬁalp%?ﬁegn in a
regi on t hamgghbleVdidtawpance W therehe rgat Bt ingnian ihro\Waa Bnaférnatyi.t i on

vol t age i ' lLied in the |iquid cr al. display of this
enbodi msnfy?l goqiggﬁgftrgegﬁ%%%{ 3 %ggézfge?lr%@ “fY°é1t&883ﬁc%‘H¥f}é‘P1t8ﬁ BEars  between
t he bent perbrdingoto tsiteds byr oerealtors bodehel 1ikeandt tilbedqiirabie ahaet rode 6. As

a resul t, tg\la %%St{il 1 Legullgg around a region bet ween fthe bent
portion and the pixef €l ectiode Becone transition nucleus and the spray

-“ bend: transithemr eltabiativek asrapkation Subtafleptvareropnefsbowr of the
this enb%ggrrent and a

transitio in the |iguid tal displ f
mothod ooty gk R aRER T ofeBitage e Alted ey s

case of Fig. 33, no voltage is applied to the pixel electrode 6

by Keeping the source line 11 at potential 6f 0V and -25V voltage
is applied to the counter electrode 2 for one second. Since the
potential of the source line 11 is kept at 0V and is not fluctuated,
' applica_ation of the transitionvoltage is easi]_.y carried out without
depending on the source driver. Also in that case, the spray -
bend transition reliably takes place similarly to the case using
the transition voltage of the waveforms of Fig. 33. In actuality,
however, slight nonuniformity of spray - bend transitionis obsexrved

in the plane and the voltage reguired for generating the spray

\“»m-/_'

- bend transition is approximately 2 to 3 V higher as compared
to the case of Fig. 33. |
By the way, the inventors or the like found that the spray
- bend transition is facilitated when the potential applied to
the counter electrode 2 and the gate-on potentiél have the same
.polarity as compared to the case using voltages of different
polarities (e.g., -25Vvoltage is applied to the counter electrode
2 and + 15V is applied to the gate line 12 as the gate-on potential).
This might be due to the fact that the transversal electric field




Fig. 33 is a view showi ng waveforns of the transition voltage in the
liquid crystal display of this enbodinent. In the liquid crystal dﬁ&flay
of this enbodinent, as showin Fig. 33, + 15V voltage as a g 3
potential is applied to respective gate lines 12a, 12b, 12c... for.one
second. Likew se, + 25V voltage is applied to the counter electrode 2 for
one second. During this application, ssan AC rectangul ar wave voltage is

~applied to the source lines 11 at f 7V and 30Hz (field frequency), and in

a duty ratio of 0.5 : 1. Mre specifically, simlarly to the first

“enbodinent, the voltage is applied to the source lines. 11 in such a

manner th%enéﬂ&%e&@s&ﬁ%‘tﬂ@%‘l@& 9848 49 A HARELLP T, LOLIE LR o eotr ode

6Aa, 6Cc, , through source | nes
rect angul th%Q@‘WPégr@iaﬁpiheecbltt@geh@fpibf@brem& polaniddes mdbthes. Dd.

t hrough t SRULC d %ﬁq 1 ve are 22 July 2005 54
rever sed Pﬁp pol arﬁ? d Q%%n eorne%lgj) her %Yheacz}gﬁl SE% $ion of the transition
vol tage, the sb#aiyfuben@h: tarlamsimtm céahe uﬂiaizeiﬂiQh okCagd agCthd a

This is due to the fact

conmparati v, | ze d .crystal pl ay,

that the A ‘Q\ég ?‘gfggh%‘bnp EF égt"ﬁ‘é' < YUY 83ysté¥“%§§§° hestass e

"di st ur bardeFigt Rerebyv Ivesuehge ag the gaq-ouambteAtiAr Aktdbquedhiaifily

frequency 4 %& &thtor nS| tion téo tq&e js not limted 30Hz. Accor ng to
study by inventors or tR&TIKE: 9 Inpgstint &0 ¢ A3 ~tWeller add¥ncy is 1kHz
or |ess. A!plangam empnateld\t:ethhmnﬁtér@mdt@baageoﬁfzné\@a&fﬂ Mepfiggn 1N Fig.

34 may be %ggl c%thhat (g differently fromthe case of Fig. 33, 'no
voltage is app FE Ve 3Bi X2 "SRRIV AT VBVE (P Lkags i ifgapPbiadbtipce |ine 11

at pot ent itab mueymds -1A58 o | Avegiea 308z qmméw@ré&hém)%iﬂﬁsl ectrode 2
for one sge Sing t?e po&entlal of the source line 11 i1s kept at OV
S6P e ot 9% 1 |

and is no l::jg toe d’ that case, since the gate lines 12 are
driven in the same manner that an image is normally displayed,
the gate driver provided in the general liquid crystal dispi_ay
{e.g., TN-type 1iquid crystal display) can be used. Therefore,
inexpensive constitution is realized. |

Similarly to the first embodiment, it is desirable that no
voltage is applied across the pixel electrode 6 and the counter
electrode 2 just before the transition voltage is applied, in thisl
‘embodJ.ment. )

The liquid crystal displays comprising the OCB-mode 1iquid
crystal display panels have been thus far described. The present
invention is not limited to these and may be employed in liquid
crystal displays comprising liquid crystél display panels which
have a display alignment state and a non-display alignment state
Which_ differ from each other and require fhe initialization for
changing the non-display alignment state to the display alignment

- state before an image is displayed.
' - As should be appreciated from the forgoing description, the
liguid crystal displays of the present invention are capable of

obtaining a preferable image display without dot defect. These




application of the transition voltage is easily carried out w thout

dependi ng on the source driver. Also in that case, the spray -_ bend
transition-reliably takes place simlarly to the case .using t e ulY 2005 t i on
vol tage of the waveforns of Fig. 33. In actuality, however, slight

nonuni formty of spray bend transition is observed in the plane and the

vol tage required for generating the siray -.bend transition is _
approximately 2 to 3 V higher as conpared to the case of Fig. 33. By the
way, the inventors or the |ike found that the spray - bend transition is

facilitated when the potential applied to the counter electrode 2 aid the
gat e- on polimiidlerpsysl hepBRE arBObpBlilhbas OWRRE Sk i ohili€rsase using
vol tages of djfferent polarities (e.q., -25V voltage is applied to the
count er el 8% ga9 Lt YRR Eelnfﬂ’gisﬁéﬂst JigHdd FFYs tpl MeoniEogs. t he

gat e- on pOl:&_ﬂiﬂdab):‘ysta-ﬁhidisﬁi%fg okeps@nie plndsackedhat the transversal
electric field 22 July 2005 55 generated using the voltages of the sane
polarity is strofgerobpaedifigatiganans ektersphive kubydineageohnotheli f f er ent
pol ari ti esidshtibe w3l 8Y appaeBRt ({ARBbEL UkinFel NGl &RY LACIH %f%&d- As a
further alternative, the transition voltage of the waveforns shown in Fig.
35 may be ¥npheyEeredSing| dasoFivrtiome demurdipfl¥i ¢hegdescriip¥ion| tmge as the
gat e-on poiery st ' [ r ' e lines
12a, 12b; 12c .. Sﬂr\%ﬁﬁlgg%ﬂ%%%lalt\)%?tggg% %%%%ﬁ%&e?%@?%ﬁgh?ﬁruﬁﬁer el ectrode
2 for one ¥elspgimuithage skpiliedppl itbatawn tharbes® mede arfywharyimwe vol t age
is applieg 1.¢e |lqae . jat _ | ncy) and in
the duty ru tgt(:)f %é gfﬁv%?dé'o?l'l.ﬂ%né% atlgc%fsQ{egl%gggﬁee%gféglfphggs%%z are
driven i n™eicbe yatiedAHbetanideliy Withget depavting fyondithplspiedt oft he gate
driver prowedegsddtibhe general liquid crystal display {e.g., TN-type
liquid crystal display) can be used. Therefore, ,

Q—




i nexpensive constitution is realized. Simlarly to the first enbodinment, it
is desirable that no voltage is applied across the pixel electrode 6 and
the counter electrode 2 just before th ?ransition voltage is 2 in
this enbodinment. The liquid crystal dig% ays conprising the OCB-node
liquid- - crystal display panels have been thus far described. The present
invention is not. limted to these and may be enployed in liquid crystal
di spl ays conprising liquid crystal di Sg&8M$anel s which have a display

al i gnment state-and a non-display alignnent state which differ from each
~other and require the initialization for changing the non-display
alignment state tR ibguiisgraytral i GEEMy SSpeidBipre an inmage is

di spl ayed. As should be appreciated fromthe forgoing description, the
liquid crystal di3pPays %E PPROFRGSEHISE TR 1 on are capabl e of obtai ning

a preferaple i mg kspkay t def. 56 i quid
~crystal g?splays ﬁrghgg% iggk gggol%&%%bgéﬁﬁ%gﬁﬁgﬁ%%“%%ﬁﬁFﬁﬁfﬁggffngd
crystal tel esulssonstes) quile clygtad nomydtorls, lalviequi daciygt al displiays of
portabl e phones, etc. Numerous difications and alternative enbodinents of
t he inventi%ﬁl%ﬁm?n%esgggﬁréﬁFpg% PH8§31§PiFVeﬁﬁﬁgqqﬂ9%H?tq?FvWB%Fhof t he
foregoi ng desCffdk i OftroCCOLEH NUbhet NEakl@SCHEPREONSIBjebPedE COHSt pHEd as
illustrative only, and is provided for the purpose of teaching. those
skilled in tHelgkalizrt BustPHRERS Df Seafytrg beorhaneed nieon i dre The—
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before an Image is displayed; ;

a first electrode provided on one of the pair of
substrates; a second electrode provided sc as to overlap
with the first electrode with an insulator interposed

15 there between and disposed between the first electrode
and the liquid crystal layer. the second electrode having
a lack portion in a region overlapping with the first
electrode;

a counter electrode provided on the other substrate

20 on which the first electrode is not provided; and

drive means for generating potential difference
between the first electrode and the second electrode and
between the counter electrode and the second electrode
and applying equipotential to the first electrode and the

25 counter electrode to thereby perform the initialization
process. "
2, The 1liquid crystal display according to Claim 1,
wherein the lack portion is an aperture provided in the
second electrode.

30 3. The liquid crystal display according to Claim 2,
wherein the aperture is V-shaped.
4. The 1liqguid crystal display according to Claim 2,

wherein the aperture is W-shaped.




22 July 2005 1. A liquid crystal display conprising, a pair of opposed
substrates; 5 a liquid crystal |ayer dirsposed between the pair_of
substrates, the liquid crystal layer hagsng a display ali gnne?ﬁj‘gx A9 and
a non-display alignnent state which differ fromeach other and being
subjected, to an initialization process so as to be changed fromthe non
10 display alignnment state to the display alignment state before an |nage
is displayed; a PrrstTEPeéﬂﬁﬁﬁgrﬁ€M$G%ﬁ gisphayofaqdrrdigic P Claim
substr at es; S T r royi S ko overlap wth the first

el ectrode mﬁ?ﬁ gﬁe?%éﬁlg?%rQ?%fg?g%sg%qﬁ5g?%%$%'betmeen and di sposed

bet ween the firstéel ecTheddiqand tdeystajui diep¥ayaladaering heo setandh

el ectrode haging a lacg $ortion in a regjon ov rIa(Ping with the first

el ectrode: a“tolifFEFR| BRE r PRRF DILYi PO I substrate 20 on which
the first electrode is not provided; and drive neans for generating

. potential difference between the first electrode and the second el ectrode
and between the counter electrode and the second el ectrode and applying
equi potential to the first electrode and the 25 counter electrode to
thereby performthe initialization process. 2. The liquid crystal display
according to Caiml, wherein the |ack portion is an aperture provided in
the second electrode. 30 3. The liquid crystal display according to C aim
2, Wwherein the aperture is V-shaped. 4. The liquid crystal display
according to Caim 2, -




wherei-n the aperture is Wshaped. 57a 22 July 2005 5. The liquid crystal

di splay according to Claim 2, wherein the aperture is X-shaped. 6. The

|l iquid crystal display accordlng to Claim 2, wherein the aper%%#@yggps

pol ygon-shaped. 22 July 2005 58 7.- The I|qU|d crystal display according to
any one of clains 2 to 6, wherein the aperture includes a plurality of
straight-line portions extending toward a position at which these portions
cross each other. 8. The liquid crystal display according to Claiml,
Wherein the lack portion is a cutout portion provided in the second

el ectrode. 9 The liquid crystal di spfay according to any, one of the
preceding clainms, wherein the lack portion is shaped to enable application

of two-directi Olﬁaeeifq%&'&yfah@i Q{%I}; tQ(.ecolrliﬂ?d ag;tgﬁealofl g.}ylfnl A0. Aliquid

crystal dis Iay conpr.i sing dtrat 65 dguid crystal
| ayer di spB‘ged H]éﬁﬁé%nt}tehépwe o‘fncé\%@t F‘a?lé’é”ah‘%yhéfl‘?rquaii@fcﬂ-y@q al layer
havi ng a dboplieys abitgnabnt Shat® Anfoditio®natli splchy tabignp@rtost at e which
differ froggc%@cg&@lt RehLeand being .subjected to an initialisattion process'
SO0 as to he’ chgﬂr;lged from the non-display alignment state to the .display
al i gnnment 8st at ebbhmmm&emyﬂﬁﬁxxag & q@ﬁgg el de and a

flﬂ R & %éﬁr}l é’%% f'éé:h?o overl ap

second el gkkqlS.s5ar e ope of the pair B strat
each other wth an lnsu?ﬁ’gf'u PPH”%%B%M%;@ttmfmmcmwmans f or

gener at i ng potmaat ua@lddl&&ﬂﬂnmspﬁmoiﬁ%g to any one of the

_ " preceding claims, wherein the lack portlon is sghaped to enable

application of two-direction electric fields to the ligquid
crystal layer.,
10. A liguid crystal display comprising:
. a pair of opposed substrat_:as;_ -
&aliquidcrystal Layer diépusedﬁétwean the pair of substrates,
) the Liguid crygtal. J.a.yer having a displﬂy' aligmnent state and a |
‘ non—display alignment state which d:z.f:Eer from eagh othar and being
: sub;lec:tad to an initialization process so &8 to be changed from .
 the nan-display alignment state to thé dis:_:lay alignment etate
‘before an image is diaplayed: )
a first electrode and & second electrode formod on one. of
. the pair of substratés so as to overlap each other with an insulator
interposed therebetween; . | o
drive means for generatmg potentia:l. diffaranae batween the
fi:r.-st electrode and the second aelaeotrode to parform, the .
dnitialization process; and
' convex portions respectively formed at opposed pus:l.tions
in the pair of the substrates such that the convex portions are
protruded in the th:.alcness direction _af the liquid crystal layer.




first electrode and the second electrode to perform the initialization
Process; and convex porno s respectively fornmed at opposed pos'thﬁngqg%s
the pair of the substrates such that the convex portions are %% in
“the thickness direction of the liquid crystal layer. 22 July 2005 59 1... A
liquid crystal display havjng a pair of opposed 6tibstrateS; and a |iquid
crystal layer dispersed between the pair-of substrates, the liquid crystal
| ayer having a display argunent state and a non-display alignnment state
whi ch differ fromeach other and belng .-Subjected to an itnitialization
process so as to be changed from t h&? non- di spl ay alignnent state to the
display alignment state before an inmage is di spl ayed; conprising: a first
el ect rode ¥rovi Mdmsﬁﬁlﬂﬁépwmmmwk:zaﬁ.rmem:posadsabmmhiﬂlsect rode

di sposed haigne l.qui d, crys er; and
p ehakie éé&l ehest 5o u%ﬁéﬁg étl—% %’ u@ﬁﬁa s

drive neans for gene gg :&ﬁq’gt i a o
El ect r ode Zd 1A% SeTRY BEVi!Ematﬁmm pRifmment sheté rddd al i zat | on
process, \WORL8HBpORPAsEseit Peatdw ent _sec

el ect rodes: over | a%\?\n th the first eﬁ'{é’f W?Qéﬁ tﬁ%ﬁﬁggg’lﬁf‘ﬂt er posed

"t her ebet f¥Bfecten tPhé”I’rftﬁﬁialéF’-?-ﬂ-m p:@nsps ®p asct.)ui d:lengh.augeﬂ girom| L

Wh [ O g |on|n-are|on
' Osre(ra: gpp' na e)\nél% k:ﬂ:t% f| st el ec??g‘ge%ar'fggs%&ﬁl %W%FFFB?: ghas a
recess coh’ gg‘ﬁ%rﬁ’i ﬁ@‘aﬂﬁ Indindevedi oronnrisinggi on overl apping wth the
first- electrodgeddy chfiooiphotiish gh dllelos PASpUs R3S ug, gﬁﬁﬁgﬁ%ﬁ miz

wherein distance between the géotrum on an
The liquid crysfafesaudedpeire dhﬁ?ﬂﬁéd@mﬂehlzherf:ﬂﬂMQetmde

&ndl the liguid ecrystal layer; and
dr:l.ve means :Eor generat:l.ng potential difference batween
.the first electrode and the second electrode to thereby parfom
‘the init:.al:.zat:.on pmcess, wherem oppc-sed end portinns of two
adjacent second electrodes overlap w:(.th the f:l.rst electrode with
; an msulator interposed the:r:ehetween.
o112, !l‘he diguid erystal ‘Aleplay accorﬁ:l.ng to Claim 11 wherem |
one of the opposed end portiuns has a protrusion in a reg:l.un
— Werlapplng with the first electrode and the other end purt:l.un
has arecogss aorresponding to the protrusion ina ::egion overlappmg
_ With the first electrode.
13, The liquid c::rstel disi:.?.a;r acmrding to cl'aim 12, whex.mi.n |
q:lstancse batween the_protrusi_.on and the recess is 44Um - amﬁ.

14; The liguid crystal display aucordmg to claim 12 or-13,vherein
the pratrusion is gaw-tooth chaped.

15. The 1liquid crystal display according to any one of the
" preceding claimg, wherein the second electrode has an aperture

including a portion which is 4pm wide or less.




the protrusion is sawtooth shaped.. - 15. The liquid crystal display
according to any one of the precedlng clains, wherein the secoeg% éﬁftrode
has an aperture including a portion which is 4umw de or | ess??

2005 60 16. The liquid crystal display according to any one of the-
precedi ng clains, wherein one of the pair of. substrates is an. array
substrate having a plurality of pixel electrodes provided in matrix; a
plurality of gate lines and source lines arranged so as to cross each
other; a plurality of switching devices -provided as corresponding to the
respective pixel electrodes, for s@#tching between a conductive state and
a non-conductive state betmeen t he pi xel electrodes and the source |lines
in accordatfce WPEh1iwfi veyasiadndismlapplaceerding otghatheorsowrtcechel i nes, and

t he ot her Lﬂfecbﬁtﬁlgp&&ﬁm%f Ststih abRs JfS A8 E@ﬁo%fnguﬁé'g}ﬁ{:%satll% afaving a

counter el sed Io th ra strate. 17. T iquid crystal
di spl ay acagr%%gl ng f[B %ﬂﬁ ar m e ‘I%Lﬁrf’lﬁ} ﬁ*}y %oﬁb’fells PhEFEPdsagacridsdci t or
el ect rodesllb\F@F¥ld‘panglwaﬂht)t o piteellined euidr edesie 1Wer airparddaa fir st

el ectrode sos etshe:ostc%e.gee&&p%ehéxor Iﬂluesi{tq,d%fa%% élﬁn eGopy %S' ectrode is
t he pi xel stal disp ccording to

Claim 16 \/\/ﬁgf eeldn atshézor‘feisipg?dlé‘?eﬁ?r B]E% JF ﬁ'é”@atpéxﬂ r%leaﬁ’éoqeﬁe second
el ect r ode fog BliE-chphg | batveert rodenductil®. stdtre andl aqubs-whgsdtake di spl ay

accor di ng'sthee Ciaaivdé\aﬁfithé Ufnt:&fir 10PNk S T %ﬂdSEﬂé ag&%’épaﬁb«gg ;1 gl ectrodes
over | appi ng wih the.npixe electrodes wher ein ectrode' is the

storage capaC| or- efect?ogewfndsltgﬁg sSUBRIF e8| dBFPistie the t3RESSUr ce | i ne.
20. The [i amsu érdstal display according to claim16,wherein the first
ef ectrode i s th&hgatthekiafetlanghiher sabobehialsets éﬂ@ﬁpb§1ﬁ§1§ubstrate

hav:mg a counter electrude opposed to the arrey substrate

‘ 17. The liguid c:rysta]. d:!.sp.lay a.ccord:mg to c1aim 16, :Eurther
comprismg storage ¢apacitor electrodes overlapping with the pixel
electrodes, wherein the first electrode ig the gtoxrage capacitor
éledtrode and the second elegtrode is the pimel eledtmde;

© 48, The liquid azystal display according to Claim 16, wherein the
E:I.'.\:'st electrode is the gate 1line and the second electrode is the
ixel e-.'l.eatmde. '

-'19‘. The liguid crystal d:.spla.y according to cx.aim 16, further
comprising storage capac:i.tor electrodaes overlapping with the bixal
electrodes, wherein the £ixst electrode is the storage capagitor

' .eleatroda and the second electrode iz the sourcs line.

20,  The liguid orystal displsy according to Claim 16,whereln the
first electrode ig the gate line and the second el&c‘l:rode .'.Ls the
L source line. '

- 21, The 1igquid exystal display according to Claim 16.wherain the
first electrode is the pixe:l. alectroae and the second electrode
:La the gate line. '




P

source line. .- 21. The liquid Crystal display according to Caim

16, -Werein the first electrode is the pixel electrode and, t#ﬁ%@fﬁﬁﬁg

el ectrode is the gate line. 22 July 2005 61 22. The liquid cr spl ay
accordig to Claim16,,further conprising storage capacitor el ectrodes
ovarlapping it the pay electrodes, which a .first electrode is the pixel

el ectrode and the second electrode s the storage capacitor el ectrode.
-'23.. The liquid crystal di splay according to C aim 16, wherein the firs4t
el octrode is the source line and the second electrode. is the gate line,.
24.: ThO liquid crystal display accoPling to daim 16, further conprising
st orage capacitor. el ectrodes overlapping with the pixel electrodes,

mherein the fi egt.r ode the. source line and . the second eIectrode
is the. s rag'séﬁ%a‘g*a%ﬁlf‘of“%’f‘leaf:‘t r%ﬂ@lazsmmﬁﬂiwmcd Clpgmilgl Elivdpeay

accordungabmpﬁlawm@dﬂbfawheﬁ@aaxtdﬂﬁuédﬂ&%BEEb@ iééﬁi%#%i of a
conducti ve nq;hﬁﬁpd 't he second electrode is *th ou te% g@ééﬁ%% 26. The

i qui d cr?% Ep| ORI R AL &ﬂ?ﬂﬁﬁﬂﬂﬂoiscthﬁ[nixe16elﬁnﬁ£bﬂewhere|n
vol t ages aid diHef eseahd Flﬂleﬁ:!’l:h:b&&sis A k68 adj acent

pi xel el ectrodes. 27. The liquid crystal d?%%%% E%%é%?%hag%Fggﬁhy one of
t he precedln clainms, wherein the potential difference is 15V - 32V. 28.

The 1iqui®-cr QA eEYE tadcdien iy Q“éﬂwﬂsrte GEatmhis, whpretethag cl ai ns

further Rt o1 8Gkndud ! fue| RCAIELAN Lod, (U '&anS'Eféégmgsg%o‘” ded on

one of }h ai r_of -substrates 'on- I TSt

el ectrod F tﬁo}i’ﬁ’rvowded soas to overlap each other wth an insul ator

Eyterposed therebetmeen ‘wherein 22-July 2005 ‘ . .
'24; The ligquid orystel display according to Claim 16, . further
aomprisingstoragecapaelturelectrodesovarlappingwiththepmxel
electrodes, whereln the first electrode is the source line and
.the gecond electrode is the storage capacitor electzoﬂa.

-25 | I‘.‘he. ligudd cr_y-stal display aaaord:!.ng fo Claim 16, wharein |

‘the £irst electrode 18 comprised of a conduotive mask and the secund
electrode is “the aounter electrode.

26. The 1iquid crystal dispiay' according toaxiy one of claims
o 16 to 25, wherein voltages of different polarities. are
- . respectively applied to adjacent pixel electrodes.

27. The liquid crystal display according to any one of the
preceding claims, wherein the potential difference is 15V — 32V.

28. ‘The liquid crystal display according to any one of the
- preceding claimg further comprising a third electrode and a fourth
‘electrode provided on one of -the pair of sibstrates - on wh:.ch the first
. and second electrodes are not provided, so as to overlap each
other with an insulator intexposed therebetween, wherein




62 the third electrode is disposed between the fourth electrode and the
liquid crystal lave " and has a lack portion in a region over%f ig W th
the fourth el ectrode, and wherein the drive nmeans is adapted t ﬁg% e
potential difference between the third electrode and the fourth el ectrode
to performthe initialization process. 29. The liquid crystal display
according to any one .of the Preceding clains, wherein the non-display
alignnent state is ‘spray _ alignnent and the display alignnent state is
bend alignnent. 30. The liquid crystal display according to- any one of
the preceding clains, wherein the iggulator is a colour filter. 31. The
liquid crystal display according to any one of the preceding clains,
wherein the ins { a8 At Qi | A iaquw d_crystal display
according to anybhl H%néeﬁigﬁ‘dset; eééx%?%ggﬁgo%gibﬁ%%g%]eéggiéﬁh‘gﬁi’f’f!i'f'“é i-at e
portion i-s@P8risy ligeiduaysialntiyegonéitoe of ladie poetoon 1 ectggide and t he

end porti efeagiifgSEEN Ak %;,;__BS 0 have,a width-smaller than a
wi dth of the main pgrt_i on and a w &&%‘tgtgﬁ%'e [0 Hgﬁ%\%ﬂ 33. The liquid
crystal display Hee@rivegesnsdmadepteddi generape goesnnyal bhiterentyr t her

conpri Si NOkpeBfech I @igkign éﬁ?gd&a i I source for emtting red
| i.ght. greeni rﬁn hﬁﬁ]g bl ueg:ilg t andgﬁlleg%l ﬁ‘téﬁér%‘ggg%?’é%&céﬁﬂﬁ -9fBans for
controlIirﬁfﬁjiEitFF¥%ﬁﬁﬁﬂﬂﬁ F§otesdce so a to enit thei red Light, the green
light and,the blue |ight by tiara division 14P within one frane period. 22
July 2005 83 d%e Algwig | FYEFF st Hlspdas prarprCompricsiang. .ona pai khéX opposed

Subst r at espreceding claims, wherein the nen-display alignment gstate ig

)

spray alignment and the display alignment state is bend
alignment.

30. The liguid crystal display according to- any one of the”

preceding claims, whetrein the insulator ig a colour filter.-

. 31. The 1liquid crystal display according to any one of the

preceding claims, wherein the insulator is a flattening layer.

'32, _ The liquid crystal display according to any one of the
p‘j:‘ec:e_ding claims, wherein an intermediate portion is formed
between a main portion of the second electrode and the end
portion of the second elect;:ode f=Te} .as. to have a width smaliér

than a width of the main portion and a width of the end portion.

33. The liquid crystal display according to -any .one of the
preceding claims, further comprising:
- @n illuminating devicé having a light source for emitting
red light, green light, and blue light: and
i1lminating device control means fpruqontrdlling the
illuminating device so as to ewit the ved 1ight, the green Light
and the blue light by time division within one frame period.




a liquid crystal layer disposed between the pair of substrates, the liquid
crystal layer having a display alignnment state and a con-displ a}/ al i(%nment
state which differ fromeach other and being subjected to an 22 July 20
initialization process so as to be changed from the non--display alignnent
state to the display alignment' state before an image is displayed,
wherein one of the pair of substrates is an array substrate having a
plurality of pixel electrodes provided in matrix; a4 plurality O gate
lines and source |lines arranged no as to rues each other; a plurality of
swi tching devi ces provided.as correspgnding to the respective pixel

el ectrodes, f.or switching between- a L. -conductive -state and a
non- - conddét i vé digudd pawaded aheriayx eonprdsintrdes and - the source-lines in
accordance wt ' ' . | gfhrough the gate lines, .and the
ot her of the p%%‘%? }s%bél% at gsﬁﬁggg#%%ﬁosi ng substrate having.a counter
el ectrode oppogeliquiddnysdaldpystBisperaal balentihensiir of stwtreted ect r ode
. constituti | ¥ | €] r ' in parallel
with the %gtgei%r%m%%f%é}?%g%%%‘aggﬁb-g\jﬁsﬁ&tﬁ%}}‘ga e %:én%E%énédg:ﬁg #]nt er posed
bet ween t Aenogdtsplanrlicamentatethiwidicl dfferfirom eady otharandbedtnn a drive

S1 nal 1 Obub RSl Ul am DELUGENpENSed 86! e YeP B AilARIIgE SOUT c8

line is sup gate li1ne to Set-the source e e and the pixel

el ect r odet¥® uidpspday sliionasut poatet kol thy (Gispd AFcaltangentr statke bet ween

the sour CGetd e a@Nimabd e HF4G ll"i&??dt ukpgigby performthe initialization
process. 22 July 2005764 35. ? e liquid crystal display according to Claim

34; wherein ' p&Remt fhedpadnpErodstragendeato AuRayeebstate bawinger
' electrodes paRehal D6y R Bhxbd AlcREBads 180N FPWLRET:] Hephyrii A3l zatt] ou

of gate lines and sourde lines arranged so as to arass each other;

aplurality of switching devices provided as corresponding to the

respective pixel electrodes, for switching between a conductive

. ‘gtate and a non-conductive state between the plxel eleutrades and

the source lines in accordance with ‘a' drive signal sﬁppl:_ied'through'
the gate lines, and | '

the other of the pair of substrates is am opposing substrate

h&vinrgj a counter electrode opposed to the array substrate, and .
. wherein- ‘ o |
] ~ asourceelaotrode gansﬁs_tuting the sw:l.fching device extends
_ “-} £rom the gource 1ine in parallel with the Qate. line go as to overlap
o With the gate line and is interposed between the gate line and
the liquid oxystal layer, and wherein o |
& drive signal for causing ¢onduction between the pimel
electrode and the source line is supplied teo the gaté 1line to set
the source-e.lectrode and the pixel electrode at equ:l.puteﬁtial,
and potential difference is generated between the soum;?. ii.ne. and
_ the gate line to thereby perform the initialization process.



36. The liquid crystal display according to Caim34 or 35  wherein the
sourge el ectrode has a bent portion. 22 July 2005

6a |

, 3'5, | The liquid cryetsl display according to Claim 36 wherein
potential difference is gener&.ted between the. c.uunter electrode

_ and the pixel electrode to thereby pexfdrm the inxtmalmzation
procdss. ;

36. The liquid crystal dlsplay accexd:.ng to Claim 34 or 35,

wherein the source electrode has a bent portion.






