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| NVENTI ON The present invention relates to a liquidcry

nore particularly to a liquid crystal display conprising an Zdiaﬂmpgp-
(Optically Self-Conpensated Birefringence node) liquid crystal display
panel . BACKGROUND OF THE I NVENTION in recent years, with advance in

mul timedi a technol ogies, a great deal Yof I mge i nformati on has been
distributed. As a neans for displaying such image information, liquid
crystal displays have rapidly spread. This is because liquid crystal

di splays with high contrast and w de view ng angl e have been devel oped and
put to practical use wth devaQUpraIRYSOAL |DISBLAY crystal technol ogies. At
present, the liquid crystal displays are equal to CRT (Cathode Ray Tube)
di splays in display performance. However, current liquid crystal displays
are not suitable for use in display of noving i nages because of a | ow

response speed of liquid crystal. Wiile it is required that the-liquid
crystal resﬁﬂﬂﬂLﬂﬁpﬂﬁﬁiﬁxggiﬁahe period (16. 7 msec) in a current NTSC
(National Tel evi sirR8 p2bassha i dv&ONIvnt $£Rke8 it 8Mighie &géf@mimaqw d
crystal displays require nore than 104nsec to resgond etween gray scales
in nmultipl e §afose Raetirednmdy, te Hef &Pid atniitd &rsrlieyptaRpsdskBYidty i mage
to be bl urregestrdaBaidptGh Ay s81ARNbEEsatcASPARF 1 RGINRERod )Y 10l €S in a
region where a drive voltage is lowis extrenely sTow, a satistactory

movi ng i magecEi gt agisstaynpenedtt ai ned. Accordingly, many attenpts have been
conventionally made 2

BACKGROUND OF THE INVENTION

In recent years, with advance in multimedia technologies,
a great deal of image information has been distributed. As ameans
for displaying such image information, licguid crystal displays
have xapidlyspread. This is because ligquidcrystal displayswith
high contrast and wide viewing angle have been developed and put
to practical use with development of liquid crystal technologies.
At present, the liquid crystal displays are equal to CRT (Cathode
Ray Tube) displays in display performance.

However, current liquid crystal displays are not suitable
for use in display of moving images because of a low response speed
of liquid crystal. While it is reqﬁired that the liguid crystal
regpond within one frame period (16. 7 msec) in a current NISC
{National Television Standard Committee)} system, the current
liquidcrystaldisplaysxequiremorethan100msectdraspondbetween
gray scales in multiple gray scale display, thereby causing a
displayved moving image to be blurred. In particular, gince the
response between gray scales in a region where a drive wvoltage
is low is extremely slow, a satisfactory moving image display is
not attained.

Accordingly, many attempis have been conventionally made



to provide high-speed responsive liquid crystal displays. Wi le various
liquid crystal display nethods of high-speed response have been summari zed
by Wi et al. (CS. W and S.T. Wi, SPIE, 1665, 250 (1992)), nethods
capabl e of achieving a response characteristic necessary for displaying
the noving image are limted. Currently, liquid crystal displays conprising
an OCB-node |iquid crystal display pan@l, a ferroelectric liquid crysta

di splay panel, or an anti-ferroelectric liquid crystal display panel are
believed to be promsing as liquid crystal displays having high-speed
responsi veness suitable for display of the noving i mage. Anong these |iquid

crystal displ h 55 Gl L] .SF' L y g'gp anel and
the anti-fer r%%?g%{kﬁe?j[glthqgf)%g& (%g SO?% v fiél %@l&ﬁgﬁﬁl ﬁ% |lr'?l lsa @%é‘?ed
struct ure suffeariobs diuwbhgrygiadlisptayssdmidatogchight bpediergsponaehaeal uses

such as: | ow,shock resistanc lim.ted.range of. avail abl tures,
and high ter%eéa(r%a Wtéar&ézﬁaeﬁbareﬁgye%fﬂprg%ésﬁt 3‘? nr? \%i'g\'/v‘@f’ ?Eielg’ga%g?tenti on
has been focused 1921 hen&EBasndeabliaoes sbidieyshab rdsmpisachpaactes-istisé ng

nematic liquid cr stalf as li uig crystal &gg@ags asui i%ee for display of
the movi ng | RESESP3TE T97 oAt IENEnY o ReT ish ABesg St Bt dmmde 11 qui d
crystal displays oasetlemnpnatgai®drbytal. Bisgiogsi donkP88indSal (M B-hodds
thereafter denpnstrated that the provision of retanda&lon films _brought
about di spl ayS- THEHCTHFELVFER'AY Biiti'e antPTeghoSHdEdt FUEhERE Fdness, the
OCB- node | i quiidpeay Sadle1di playapaneksrdaeetriean galia dirgdtancidgyey oped.
Fig. 36 is a cross-sectional view schematicall ShOMAng a _constitution of
t he conventiéﬁﬁﬁléﬁBpﬁﬁﬂ%qu?ﬁﬁ%ﬁ%ﬂm¢§fﬁ$aﬂ?%ﬁﬂﬁgfryﬁﬁﬁ% 1sploypdEring to Fig.
36, the OCB-riga-Lpéut £bspblisiainedh SRk b1 I s608P6E ERSndYy inglisihgd] ass
substrate 81 provided with a_transparent counter electrode 82 on_a | ower
surface thereof anﬁnogzg these liquid crystal digplay panels, the ferroelectric

liguid crystal display pansl and the anti~ferrcelectric liquid

crystal display panel having a layered structure suffer from many

problems associated with their practical uses such as: low shock

resistance, limited range of available temperatures, and high

temperature dependency of property. In view of these, attention

has been focused on the OCB-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 liguid crystal
displays was demonstrated by J.P. Bos in 1983. Since it was
theresafter demonstrated that the provision of retardation films
brought about displays with wide viewing angle and high-speed
regponsiveness, the 0CB-mode liquid crystal display panels have
been studied and developed.

Fig. 36 is a cross-sectional view schematically showing a
congtitution of the conventional OCB-mode liquid crystal display
panel . Referring to Fig. 36, the OCB-mode liguild crystal display
panel comprisegs a first glass substrate 81 provided with &

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 fornmed on a

| ower surface of a counter electrode 82 and a second alignnment |ayer 86 is
formed on an upper surface of the pixel electrode 87. Liquid crystal

nol ecul es have been filled into a gap between these alignnent |ayers 83,

86 to be formed into a liquid crystal I3ayer 84. The alignment |ayers 83,

86 have been subjected to alignnent treatnment 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 polari zerse@dné SyiRisQVEeiNst r@fe 288 YRPOLdSH i 88 Ca ArahBfardnitr fixdl ass
substrate 81 and a second polarizer 92 is provided on a |l.ower surface of

t he second gl%i‘seé’t%%%ls?é’ﬁlé%‘@p%%%@acﬁdﬂhﬁ?%r P §irsyalignment AYaEd in

cross nicol e g BatedsSeasssia w@ér sibfide QR4 %bn@é@%la&@rﬁet Boopiek to each
other. Afirst retardation film®89 is provided between the first pol arizer

91 and the feeospdgrbigpmenbsiarered®isafigreed ev ol WRPEIYEEREA 44 [the 90 i s
provi ded betugaen tg'fe&%%ﬂﬁdspm ﬁ:[(gﬁ%.r c?fst%'i%&f@cxﬁ%ggxg%% %@??lf%‘i\%gt rate

88. As the retardati ms 89 negative retar ose main
axes are hybrintozs ganedvween theee alignnehs IGCBradde 46 truibd forypeddintdi spl ay

panel 159,CONSy hiiflery PRI 08 | 00l Rkl 3Berb s |46 gt al 1o

caused to transrtion ay alignnent bend dl 1 gnnent
whi ch st at e,swWdechedeo slmxstwlnaye:dea’@entetq Iaélgesqmnéeqtspismatal he

liquid cryst %lal%]::uig'; %%rg?ggl LI!‘L ogxe ﬁﬁgf ag%.?ﬂ?ll e gfpeelii%éﬂthH

significantly Tnprove are to a nena node)
liquid cryst alhedtreﬁpﬁ:aysqaaﬁetlhe Llignddlcrgatal tayest 8d ididsfiegd bparmacsui t abl e
for nmoving |q3?e display is realized. In addition, the provision of the
retardation fil'ns 89, 90 can achieve w de 4

A first polarizer 91 is provided on an upper surface of the

first glass substrate 81 and a second polarizer 92 is provided
on a lower surface of the second glass substrate 88. These
polarizers %1, 92 are provided in cross nicole, that is, such that
their optical awxes are orthogonal to each other. A first
retardation £ilm 89 ié provided between the first polarizer 91
and the first glass ‘substrate 81 and a second retardation film
90 is provided between the second polarizer 92 and the second glass
substrate 88. As the retardation f£ilms 89, 90, negative
retardation films whose main axes are hybrid-arranged are used.
In the OCB-mode liquid crystal digplay panel so constituted,
by application of a voltage, the liquid crystal is caused to
transition £rom spray alignment 84a to bend alignment 84b, inwhich
state, an image is displayed. Since the response speed of the
liguid crystal of the OCB-mode liguid crystal display panel is
gsignificantly improved as compared to a TN-mode{Twisted nematic
mode} liquid crystal display panel , fhe ligquid c:ti’ystal display
panel suitable formovingimagedisplayisrealized. Inaddition,

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



view ng angle. As described above, the OCB -node liquid crystal display
panel displays an image when the liquid crystal is in the bend alignnent
state. Therefore, an initialization process for transitioning frominitial
spray alignnment to bend alignnment (hereinafter sinply referred to as spray

- bend -alignnent transition) is essential. Figs. 37A -- 37C are views for
explaining the initialization process féor performng the spray - bend
transition in the conventional liquid crystal display, wherein Fig. 37A is

a graph showi ng change in the rate of the spray - bend transition, and
Figs. 378, 37C are graphs each showi ng a waveformof a voltage applied to
the liquid cryskdhgdimpleay panel in the initialization process. In Fig.
37A, a | ongitudina aX| s indicates the rate of transition frominitial
spray al i gnnent toA%@?ﬁFIHﬂ)ﬁéﬁhem thﬁ@%moﬂﬁém@-@%ttaldimna@@ﬁuded in

the liquid cry fsg ga?i%m% e%@%lth& Hl;e 1a%5yetd Pis ik C?l'hé L Eﬂﬁéx?r%n £axes

respectively 1n entlal rencé between e source e and the
counter el ecttradde aihdrpfmmt aal Mdilﬁlﬁéimnbprm £be tganelticmingnd t he

source |ine. sh t |t|aI| i_.on Cess

pr edet er m nedésoml tgl\sgl?ﬂsg %‘T gF?nQ?Ifd n1t31gyrm? ﬁhé’%&g’%ge ﬁj‘mﬁ’ and the
count er el ectrefdersd tichas dplrreypou:enu|a311gdmérite|teamﬁ:eh\}vemmskéte:murce i ne
and the counter ctro b mes 1OV of nore sqQ, as .sho in Fig. 37C,
a predeternined vo ’Ie’tgfgeéjﬁs“g’% FETE ?Feeﬁ%{aémllf’ﬁ%hgaid‘lt%ﬁ%y%ﬂl:%g l'ine so
t hat the pot gnioicass didxf @éﬁfmmlnlgetme@rbﬁe— gaing traisiandn tire theurce |ine

b b I he whol I al As I't,
hown 1 Fi g oYL B kRahd iy | SreRebERe B dheaRe

i ncreased stepwisg dhadighhtn Ypeayate bEnthd sppayt4 @enistwnEptededanhien the 5
Figs. 37B, 37C are graphés each showing a waveform of a voltage
applied to the ligquid crystal display panel in the initialization
process.

In Fig. 37A, a longitudinal axis indicates the rate of
trangition from initial spray alignment to bend alignment in the
liguid crystal 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
gsource line.

As shown in Fig. 37B, in the initialization process, a
predetermined voltage is applied intermittently to the source line
and the counter electrods so that the potential difference between
the source line and the counter electrode becomes 10V or more.
Also, as shown in PFig. 37C, a predetermined voltage is applied
to the gate line and the source line so that the potential difference
between the gate line and the source line becomes 10V or more over
the whole initialization process. As a resuli, as shown in Fig.
374, the rate of transition teo the bend alignment is increased

stepwise and the spray - bend transition is completed when the



initialization process is termnated. By the way, how the spray - bend
transition takes place is observed and the observation result shows that a
nucl eus of the bend alignnent is generated froma specific spot and grown.
Her ei nbel ow, this nucleus is named "transition nucleus”. Publication of
Exam ned Patent Application No. Hei. 10 - 20284 discloses a liquid crystal
di splay panel 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 region of the
| i quid cryst anitiyrizagiot Iocesy es/ eentidageforti on becones |arger than

t hat around the regi on, the _generation of the tran%Ltion nucl eus. i s
facilitated. OOnseBg'uEI?ﬁ FeY . r‘%&’ & §hTah et RS ESRR t?#ﬁﬁtq%‘layet’a?(es

pl ace. Howeve@hgeived BRI GRRVESHH:QABiod kabhk Ghyes ahat £ PlaYeud BE wsPray -
bend transition sonetines takes place with lowreliabilit because of

i nsuf fi ci ent PERE eGORMBRE tife sepeiEteicEFame BsPeT-filRi SPotc £88, 9¥ TR -

spray-al i gnegebeMiolS 1AGALLY1dE s alltheRCEOARS 18104 WHABEEENT SpPOL, which
i s observed as dot defect. SUMVARY OF THE | NVENTI ON The present invention
is directed to solREPhication obFraniead Prbent SpoeblestiondNan #s6j-et? t her eof

is to providgedgh idiubdosdy WSy dk %P%@é’alcﬁﬂ BEné£1rAkhY gl f or m ng
spray - bend transition. To solve the above-described problem there is
provi ded a [copuexycorgavalportion mpdefpri seniyctiveaatestabpisofermed

substrates; g /| b?ﬁﬁe e 0+ oh S $RO$%He R2tIEE ré}hgrﬂﬂfat%ffor

substrates, the crystal lTayer having a display alignnent state and
a 6 non-di sfhayrudreganehigeserattingnted Wiahsdtidy ppekeitsh ofthdibiand bei ng

constitution, since the electric field strength applied to aregion
of the liquid crystal layer on the convex/concave portion becomes
larger than that arcund the region, the geheration of the transition
nucleus is facilitated. Congequently, 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 present invention is directed to solving the

above-described probl__ein and an object thereof is toprovide a Ligquid
crystal display capable of reliably performing spray ~ bend
transition.

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



subjected to an initialization process so as to be changed from the
non-di splay alignnent state to the display alignnent state, before an

i mage is .displayed; a first electrode 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 interposed therebetween and di sposed between
the first electrode and the liquid cry$tal |ayer, the second el ectrode
having a | ack portion in a region overlapping with the first el ectrode;
and drive neans for generating potential difference between the first

el ectrode and the second electrode to therebyperformthe initialization

process. |In thdrs aeepEdy 41dn@Bnt WELHs FREH@LRRL Bl Uabh §LEBE Snk Beigigner at ed
between the first electrode and the second el ectrode, the electritc field

strength ar oufitPIeAESY dekapartF it iizatieri@goress SReass Sedird chprand Guem | s
larger than tfg ﬁbzeféirsbia,f I8k Gnid e REL L th “chteh&s.gh'a adigen Ol s'%ﬁtef@,rresu' t,

the liquid crystal nolecules "around the |ack porti cone the ansition
nucl eus and thefesptarvimags ishéisplagedeat fitelt eleftrole proguied onystal | ayer
reliably takese Rl 328y d st daligul dC | qdi one aof the pair of
substrates may be%anrarrgyﬁ%uggtggétg %%%%ﬁge%"%%%ﬁr ‘;r/ieac?% RG] &

el ectrodes PveFildedrith bee rhirst elsairade twitbf amameulates ianeraence | i nes

arranged so aﬁlegrgb&fv%%ﬁ aﬁéﬁtﬂsé)%&%rﬁetaeg %eail:‘j!ztsx e ]:azé x\é\% oG higg:ge qsgllgf S

provi ded as correspondi.ng to e respectrve pixe
swi t chi ng betoxwehah leyadudthey gestml elerid-odieniomxingna uldcky gostiahein ket ween

the pixel el A ts rge Lines in accordance with a drive
si gnal suppl ?‘é%’g&tgﬁg%ﬁgg%%ggg%&gl ﬁ?engjélfsetaﬁ e(f%ré’%St SIS aT I of
substrat es n@gnbeatimgoppiEitigl SlifSeratce betweeg the £0IWH eleci@der £ opposed

Lo, e 212 AusLisk Soctieal Lovhg. Srtatab il SR U her comr 1 s

In this constitution, when the potential difference isg
generated between the first electrode and the second eléctrode,
the electric field strength around the lack portion included in
the second electrode is larger than the electric field strength
in the other region. As a result, the liguid crystal molecules
around the lack portionbecome the transitionnucleus and transition
of the alignment state of the liquid crystal layer reliably takes
place.

In the ligquid crystal display, one of the pair of substrates
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 switching devices
provided as corresponding to the respective pixel electrodes . for
swltching between 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 first electrode may be the storage capacitor electrode and the second
el ectrode nmay be the pixel electrode. In the liquid crystal display, the

first electrode may be the gate line and the second el ectrode nay be the
pi xel electrode. The liquid crystal display, may further conprise storage
capacitor el ectrodes overlapping with the pixel electrodes, and the first
el ectrode nay be the storage capacitor el ectrode and the second el ectrode
may be the source line. In the liquid crystal display, the first el ectrode
may be the gate line and the second el ectrode may be the source line. In
the liquid crystal display, the first electrode may be the pixel electrode
and t he secondpmd:ﬂmtrmt&:tm&eé)evahm;@ahg Wiithethe $heel aqmirtodeystaald di spl ay,

oixel el oot r SRECE Lo  LEHHEORp T BF Oty 5T Ty SBRRE® pT B AFode and

the second eheciédceda Qlﬁe}btliﬁd& hﬁy’sb@rﬁgﬁpﬁﬁ@ﬁ@lbetr@ieﬁﬂ rode In the liquid
crystal display, the first electrode may be the source |ine and the second

el ectrode nay be tIHetﬁ%\tléq‘P’rché’rYSWedFWﬂtﬁYd e SE59t glepizRre WA PPurt her

conprise stOkAgQataR3GERE BeCeddofl I YRS ARD) BE thbi1xbR1BE¥RIde.
el ectrodes, and the first electrode may be the source line and the second

el ectrode may be TReludfagertapatitmdryel Wt EoHEherTReDTiSe; gtesaget al

di spl ay, naycawéi&%& ERIMRELEE 0Pl lPpdng 11261 £1R081 ANl Bodilbbl, §ln@cCt r ode
provi ded on one of the pair of substrates onwhich the first and second

el ectrodes akke fg&rsprotacteade may be the SV%WQQ&pC@QﬁﬂitSFh%WWFFﬁ€ﬁ1ﬁnﬁsulator

i nt er posed t@ﬁé%@%ﬂﬁ%ect&@&e LRk He ShRCLERAR MRYe be di sposed between the
fourth electrode and the liquidicrystal layer and has a |lack portion in a

regi on overl appi A§ Wi F}—'LE‘PPei Fouetal élepiavedtne AitSt Rdeakiofe Reams nay 8
be adapted te,9epgLai fnd RGaPALIbLoa SrbEEFSRCRP HRRE dRSct N ind.

In the liquid crystal display, the first electrode may be
the pixél electrode and the second electrode may be the gate line.

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

In the liguid crystal display, the first electrode may be
the source line and the second electrode may be the gate line.

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

The liguid crystal display, may further comprise: a third
electrode and a fourth electrode provided on one of the pair of
substratesonwhichthe firstand seconfelectrodes arenot provided,
soastooverlapeachotherwithaninsulatofinterposeﬁtherebetween,
the third electrodes 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



el ectrode and the fourth electrode to performthe initialization process.
In this constitution, when the potential difference is generated between
the third electrode and the fourth electrode to performtransition of the
alignment state of the liquid crystal layer, the electric field strength
around the lack portion included in the third electrode is larger than the
electric field strength in the other région. As a result, the liquid
crystal nolecules around the lack portion of the third el ectrode as well
as the liquid crystal nolecules around the |ack portion of the second

el ectrode, becone transition nucleuses. By thus generating the transition

nucl euses o Mo B8ast (fcheﬁo Btan?ﬁtl% ﬁ&@ﬁ&{ﬁml &??eﬁérﬁé&%éﬂm@@n %etﬁﬁraal | gnnent

state of th I quil | ayer can take place nore reliably. In the

l i quid crystealedirope @]xd theefountih pladtrefie eypdarfonn thepitipdigtdended in

t he second e n%gcctr de. In this case, the aperture may include a plurality of
straight-1i portions extending toward a position at which these portions
cross each ot her. 1Al 9ds thestEpetion e wm;z e Yoshapied, di‘f/ﬂ@dmpedj,s or

Crysthl i SR arhs HeiBRopot SLh BB ERY B LR RRPER | on of

t wo- di recti oro @éﬁﬂiﬁm trdnsekden b thbaxilipamértt statesénthd ayeguia cbmstﬂaus
constitution OCKW Se Q?d countergloc wnse

P oot SRR el aairreng R B e TR ERE R

I ncreased atimiRpahivBienecthateis u\argér ahmg Re dlegtonstasr sfh:e}@lthact with
each other, the tra S|t|on of the al {h itate of the |i lné#;rystal
| ayer smoot MRy TPEEPeTpFegion-g A5 4 ¥ Ne SFyﬂ?{I‘pf“gg‘?c & second
el ectrode hagradfd the lack portion of the th:.rci electrode as well as the liguid
crystal molecules around the lack portiori of the second electrode,
become transitién nucleuses. By thus generating the transition
nucleuses on the sides of both substrates, the transition of the
alignment state of the liguid crystal 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
straight-line portions extending toward a position at which these
portiong cross each other. Also, the aperture may be V-shaped,
W~shaped, or X-shaped. Further, the aperture may be
polygon-shaped.

In the ligquid crystal digplay. the lack portion may be shaped
toenableapplicationof two-directionelectricfields tothe liguid
crystallayer. Inthisconstitution, twotypesof,i.e., clockwise
and counterclockwise twist-aligned regions may be formed. Since
elastic strain energy is increased at a spot where these
twist-alignedregions are incontactwitheachother, the transition
of the alignment state of the liquid crystal layer smoothly takes

place.



aperture including a portion which is 4 Umwde or less. In this
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 nmay be a cutout portion provided in the second electrode. In
this constitution, the liquid crystal nolecules around the cutout .portion
become the transition nucleus and the tfansition of the alignment state of
the liquid crystal |ayer can take place reliably. According to the present

i nvention, there is also provided a liquid crystal display conprising: a
pair of opposed substrates; a liquid crystal |ayer disposed between the

pair of substratesin th@ela.'q]hﬂﬁl|diy§fé’§ﬁ§lspié9§yefh@%\éb8ﬂd d18teRiRYnA hgNMTENt
state and a non-display alignnent state which differ fromeach other and

bei ng subj ecRartuge dnclufiingls parvion phigeds 44mayide delehanged from the
non-di splay ajd GRFEMordkdt S, t Pee da8BLAY: %‘i'eﬂ&”ﬁlte giﬂt&oulﬂﬁf i€ an 1 mage

i s displayed; a first el ectrode and a second electrode formed on one of
the pair of sHHEFtRne dfcduded imothey diilrgp ekbentiyode hean wet hadem langed at or

i nterposed therebe R 1 di%e e %%ﬁ digg r?%ee @tla@ Lp&tﬁ%l ‘?AI{’ q3|f er ence

bet ween the first e tro e seco ectro e to per
initializati mqgnbcmasclonambmmem poet sermdr edpentodeel nf bhixed at opposed

positions in cﬁt?re&%fﬁ‘?%ﬁ?“m tﬁc@%.:%ﬂ? ts?é;{t ec_l]réic{llfgé a&]ggn 1{}xve%g‘,mgo&t ions are

protruded in néss di'r I ON~0 urd crys ayer In the
constitution pqxfuéoméielcmgap:hentatmmegu omrchets amhethecenmdqiontdﬂ)rmés

sl Ler b Bl 08 R S BRI oo IR BT B bAD.
el ectrode and t he mnﬂngertecmeoneasme xrexehmm.t thase thscrlsof pidvadalli gnnent
FLILE,Of, 0 AL SN Do P 05451 Lok ol RERALRSE0 O
portion. As @& liguild crystal layer disposed between the pair of substrates,
the liquid crystal layer having a display alignment state and a
non-display alignment state which differ from each other and being
gubjected to an initialization process so as to be changed from
the non~display alignment state to the display alignment state
before an image is displayved; a first electrode and a second
electrode formed on one of the pair of substrates so0 as to overlap
each other with an insulator interposed therebetween; drive means
for generating potential difference between the first electrode
and the second electrode to perform the initializ_ation process;
and convex portions regpectively formed at opposed positions in
the pair of the substrates such that the convex portions are
protruded in the thickness direction of the liguid crystal laver.

In the constitution, the cell gap in the region with the
convex portion is smaller than the cell gap in the region without
the convex portion. Thereby, 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

layer, the electric field strength can be locally increased around



the liquid crystal nolecules around the cell gap beconme the transition
nucl eus and the transition of the alignnent state of the liquid crystal

| ayer can reliably take place. According to the present invention, there is
still further provided a liquid crystal display having: a pair of opposed
substrates; and a liquid crystal |ayer disposed between the pair of
substrates, the liquid crystal |layer hai ng a display alignnment state and
a non-di splay alignnent state which differ fromeach other and being
subjected to an initialization process so as to be changed fromthe

non-di splay alignment state to the display alignnent state before an inmge

I s di spl ayed; &0 I SL0Q: flLrst C ' on ,Qn e pair of
substrat es; au{s\eeg%)inld%gﬁgc reo%éeélﬁna‘gie %%?Oggré\ﬁé{)#épﬁ?’fl St A%I %(ﬁ%frgg{xig’ and the
i quid cryst athe Lagerd capshtal modeodassafamdgéheratliingap deenhe athedi f f er ence

between the fir | ectrode an he_secopnd el ectrode to there rform
the initializa af%r%t%orno@g% e,usaﬁ?fg&%So%rg&sgﬁﬂorb8?tﬁ5’§n§fjcﬁm'teﬁg %%Qécg’ﬁt

second el ect rusesiquey kapsvdl Dayée dabr sé1alvagt tadepbadédl an i nsul at or

i nt erposed therebefween, In the constitution, when the potentjal_ difference

is generated bet EERTEHRS £P e RYSSEPE JaWeRhlPt hErRE bR F LA L EF R to
perform trangrovadedfa thgual ic@psedt askpisy ebvihe i gaid o ¥phsdea | ayer, the
electric field strength is locally increased between the opposed end

portions of tWOSLHFHRTnEn% a8 MIE|Feptatdeyengdisprsedshpiveepridy pPats d
crystal nol ewfl amsaratdr £011P0aAUTyReLIVEERer hAG NINPESHN a9 iRAREAONS
becone transition nucl euses and the transition of the alignnment state of

the |iquid crifetgl2itbPeRefEdspiay alignnanty stalie which SLEFT throm pagh d

crystal di sploaayer Qi 8bidd1gupppasadtead Mttihgﬂﬁmaaxépﬁwégsas&agtwsi on in
a region overl.ap‘gl ng with the first 11 electrode and the other end portion

may have a r é)@eg a:tqﬁdrgg%ﬁapn@on—display alignment state to the display
alignment state before an image is displayed: comprising: a first

electrode provided on one of the pair of substrates; a second

electrode placed between the first electrode and the liquid crystal
layer; and drive means for generating potential difference between
the first slectrode and the second electrode to thereby perform
the initializationprocess, and opposed endportions of two adjacent
sacond electrodes overlapwith the firstelectrodewithan insulator
interposed 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 ligquid crystal
layer, the electric field strength is locally increased between
the opposed end portions of the adjacent second electrodes. As
a result, the liquid crystal molecules around the region batween
the opposed end portions become transition nucleuses and the
transition of the alignment state of the liquid crystal molecules
can reliably take place.

Inthe liguidorystal display, one of the opposed end portions

may have a protrusion in a region overlapping with the first



to the protrusion in the region overlapping with the first electrode. In
this constitution, the liquid crystal nolecules around the region between
the protrusion and the correspondi ng recess becone transition nucleus and
the transition of the alignnent state of the liquid crystal |ayer can
reliably take place. In the liquid crystal display, distance between the
protrusion and the recess may be 412m -118ILm Thereby, w thout shorting
between the first electrodes, the electric field strength between the
protrusion and the corresponding recess can be increased. In the liquid
crystal display, the protrusion my be saw tooth shaped. In the liquid

crystaldi splakor6e: Ala HioBRh ol poithsh hak five HRLcbEs BprAlspaiasipst rat e

having a plurality of pix ectro provided in matrix; plurality of
gate |ines arkd Bewmrotrisivadn the ragtmbverlapringwitbshe 8dndt eelebroden
plurality of i, t.Chi i;ces Is r ' espective
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non- conduct i vetsteat echebptroemisithend tbé @hrretpoddsgansbdsisebsomece | i nes in

accor dance ith a drive signal lied.ithrou the, gate line d the
o hor 408 % nelesla e i ¥fedPnfa BN ABE HIGORE i 81 ARt lGRe ANC
count er el ectuhedeig@ppEDeedsial tLhgenrmayraliadtiyateke plddee | i quid crystal

di splay, may further conprise storage., capacitor el ectrodes qverl appi ng
with the pixel el edt f6RCTHAGTTHEY 11 ISr TGHES HEFBER (1 st or age

capaci tor el gabiogeicandng the SaeeBtns 8614 06e- BRyn.be ThieeP} Xehtrdact r ode.
1 e V0 G erst abeeplblic e ot el oaht 2% Iy By Ll gabe 1o
di spl ay, the veRgbbmitthe PBytdeion GAldOthd Zorirebp@iding Peddsat t@nivag | ayer. In
this consti tLitnichésédhe col or :
Inthe liquidcrystal display, the protrusionmaybe saw-tooth
shaped.
In the liquid crystal display, one of the pair of substrates
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 switching devices
provided as corresponding to the respective pixel electrodes, for
switching between a conductive state and a non-conductive state
between the pixel electrodes and the source lines in accordance
with a drive gignal 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 liguid crystal display, may further comprise storage
capacitor electrodes overlapping with the pixrel electrodes, and
the first electrode may be the storage capacltor electrode and
the second electrode may be the pixel electrode.
In the ligquid crystal display, the first electrode may be

the gate line and the second elecirode may be the pixel electrode.

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



filter or the flattening |l ayer can be used as the insulator between the
first electrode and the second electrode. In the liquid crystal display, an
i ntermedi ate portion may be formed between a nain portion of the second

el ectrode and the end portion of the second el ectrode so as to have a
width smaller than a width of the main portion and a wdth of the end
portion. In this constitution, by adjustdng the width and |ength of the

i ntermedi ate portion, the storage capacitance generated between the
opposed end portions of the adjacent pixel regions and the storage

capaci tance generated by the other elenments can be well-balanced. In the

liquid crysta;i@bspda¥ fiQ@tJn&B §liflegct rﬂd%h{%%o%ﬁl&ﬁq%' sgd fQ' 1

conductive mask and the second él’ectrode na e counter eéctrode. In
the |iquid crijidtar Oetl@plfdyittem@qalnmqaal bajuéerdemenmlnszslqtbefbem@éxy 15V -

32V, 10 the Iu g Lol sl SRl e oy OLLAGE, gL df erent polari 1 es may

be respectively app to adj acen plxe Thus, by appl ying

t he vol t age by so halthedldoid cnysrdli ﬂgsgmhcnh mﬁéﬁ@zedmmbbﬁmdnrxad}sver sal
electric field e”%ré"%;ed Ast %lt tvvot%f es of, i

cl ockwi se or coun erc clkwnt se "t %\?’?5 & BYTMe :‘"883faé’l‘irr’étc‘ja Si nce
the elastic maawrtlenerfgyhe setdreY eBs@todb dohés spavelekeatNengller

tw st - allgne%nreg‘}jl agqare n contact with_each_other, the transition of

the ali gnnent %EntRe FaLT #CFR 3Pdlaa§7§?1“b3iq the 8 PR EL SRy &

smoot hly. In the |ingtih Ok ebystitutdbspbayadjubeinpindiwviataendl igi¥RNs State
may be spray and the display ali rrent state may be bend

al i gnnent . %i}rgerglt SR §OLFiBt-althai SRTEge CapAELErnse gﬁ’é?‘fa&:lﬁ’ldy

per f orm ng speavyean hasdoggoaagi énd Bok-61dabE 2@ adPacehtCplidiUirdgfdnist al
dISplay’ may f&rtdlegtora eréggécitgnce generated by the other elements can

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 electrode.

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 sc-called dot inverting method,
two-direction transversal electric fields can be generated. As
a regult, two types of, i.e., clockwise or counterclockwise
twigt-aligned regions can be formed. Since the elastic strain
energy is increased at the spot where 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 spray alignment and the display alignment state may
be bend alignment. Thereby, a liquid crystal display capable of

reliably performing spray - bend transition is realized.



illum nating device having a |light source for emtting red light, green
light, and blue light; and illum nating device control neans for
controlling the illumnating device so as to emt the red light, the green
light and the blue light by tine division within one frame period.

Thereby, a liquid crystal display that enploys so-called field sequenti al
color nethod and is capable of reliablyi3performng transition of the
alignnent state of the liquid crystal |ayer can be realized. According to
the present invention, there is still further provided a liquid crystal

di splay conprising: a pair of opposed substrates a liquid crystal |ayer

di sposed bet ween tﬂe H?g{l grggﬁ%lztd'dgge%%y ‘5%? 8%%;{%:11%' | ayer having a

di splay alignment NMen & whiTh differ
from each otﬁmanﬂ:lwr drgn.sabga&cthgd lxgrﬁmoumermkr arEtticdng preddﬂset so as to

be changed fromt di a state to t he al i gnment
state before %fﬁef‘gﬁag gnéigﬁ?éflglbt n%i%}t ‘P-Ped%‘ét‘iﬁ coéﬁrgﬁﬂ‘g???it es may
be an array snmsddmt.-emmgrm i 1phini#f ingyierficpby el toalnattthedes 1agAY) ded in
matrix; a pl uralrt%‘? ate | i nes and source |ines arranged SO as to cross

each ot her; ig ’6’? A% FReitge R BE Hrgy FHEFIE EhiH&sPdRidi ng to

the reSpect l \&aaexleémehectme_ds@g faonigwd ehiyggaibeal wpedy aneondibiy¥e state
and a non-conductive state between the pixel electrodes and the source

lines in accoPdSAttedf i deemeheial gonar ‘%tﬁﬁldraé’& imearaghetferaddaPte | ines,

and the ot herpe@kotdithgPBldns@tiSloB thala@S g thf 228 BPRASI Nfhi aYIRstaAt €
havi ng a counter el ectrode opposed to the array substrate, and a source

el ectrode cor‘?????tﬁ%&atﬁ%a@#fichr ng device may extend fromthe source

line in parallel wdddrbhey ¢8tthel ptep® Bireh@iVCELSR 1¥idth1l RrgRLE | i ne
and may be interposed between the gate line and the liquid crystal |ayer,
and a drive $FgREEed 8r1ignid systal LodgEtTuRThettEer BHHE B 0PPO8RSct r ode

and the sour GRbktAS%sTBY 1liquid crystal layer disposed between the pair of
substrates, the liquid crystal layer having a display alignment
state and a non-display aligmnment 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 ig displayed, and one of the pair
of substrates may be an array substrate having a plurality of pixel
electrodes provided inmatrix; a plurality of gate lines and source
lines arranged so as to cross each other; a plurality of switching
devices provided as corregsponding to the respective pixel
electrodes, for sﬁitching between a conductlve state and a
non-conductive state between the pixel electrodes and the source
lines in accordance wilth a drive signal supplied thirough the source
lines, and the other of the pair of substrates may be an opposing
subgtratehavingacounter electrode opposed to the array substrate,
and a source electrode constituting the switching device may extend
£rom 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 liguid crystal layer, and a drive signal for causing



be supplied to the gate lines to set the source el ectrode and the pi xel

el ectrodes at equi potential and potential difference is generated between
the source line and the gate line to thereby performthe initialization
process. In the liquid crystal display, potential difference may be
generated between the counter el ectrode and the pixel electrode. 1In the
liquid crystal display, the source el ect4d ode nay have a bent portion. This
object, as well as other objects, features and advantages of the invention
wi |l beconme nore apparent to those skilled in the art fromthe foll ow ng
description taken with reference to the acconpanying draw ngs. BRI EF
DESCRI PTI ON Fi | - Lon ie h tically
showi ng a C%ﬁ@?&ﬁ@ﬁwﬁg f:l?%&}ﬁélzre 3‘55?%?&% %gf%lgp%r?er?éei %géq%%d'g?i n a
liquid crystia sepsifledytatioogdiagines aofsatsthe socharehéctofodbhmdptias ent

liquid " orystial ssby _ isthenbus present
mai ol enent S350 KEeTteRFG o GEEE R E o R BN heT SRR oFRod He 11 qui o

crystal displgnesstar debgedro thesdureet 1aband et gatd 3ind tS thereby
cross-sectional view taken in.the direction of arrows substantially al ong
line 111 - | Be=5P™ e 201835129549 BROASar ged view of a liquid crystal

|l ayer portion in thensnagsiceeysl &fsflag, pdtelittal Biffernbbagly s agram
showing a constitution of the liquid crystal display according to the

first enbodi MSHEraEgGPelrees theyraptesffichgotsand datRiswd i ipthErteen an

applied voltage ang éadh3qi@ldystdD aisplay,/ the Soukld@\WeE6OMoAE haes Of
equi potential of a cross section of a pixel in the liquid crystal display
accordi ng t o h8Nge a bent portion.

Thisobject, aswell agotherobjects, features and advantages
of the invention will become more apparent to those skilled in
the art from the following description taken with reference to

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a crosg-sectional view schematically showing &
constitution of a 1liquid crystal display panel included in a liguid
crystal display according to a first embodiment of the present
invention;

Fig. 2 is a plan view schematically showing a constitution
of main elements of the liquid crystal display pansl included in
the liquid crystal display according to the first embodiment;

Fig. 3 is a cross-sectional view taken in the diréction of
arrows substantially along line III - IXI of Fig. 2:

Fig. 4 is an enlarged %iew of a liquid 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 1s a graph showing the relationship between an applied

voltage and Gibbs energy;



first enbodinent; Fig. 8 is a view showi ng distribution of the G bbs energy
in a plane of the pixel in the liquid crystal display according to the
first enmbodinent; Fig. 9 is a view showi ng an exanpl e of waveforns of a
transition voltage in the liquid crystal display according to the first
enbodi ment; Fig. 10 is a view show ng anot her exanple of waveforns of the
transition voltage in the liquid crystals di splay according to the first
enbodiment; Fig. 11 is a view for explaining a dot inverting nmethod; Fig.
12 is a view for explaining a line inverting method; Fig. 13 is a plan
view schematical |y show ng another constitution of main elements of the

Lquid crystal, displaysanglo, neladgd 1iob i Lesdental ot dLaplay

according to the fir an viéw schenatically
showi ng stil |seatdoher a porst ﬂhmeoxumnﬁdtdxgsnal dispEryeaterding te thequi d
crystal dlsp#%% pa e% included in the liquid crystal display according to
the first i ng iﬁ?@ 15 is a plan view schematically show ng a
further consti tutr1y1 ofigrai viedd enaning eistieutiqubd teysivtds dhefday panel

H o R i e e € et ot f R R SOl AR bn eoor I Tt ut i on

of main el emayt ghefrifae bhupdidestystal display panel included in the
liquid crystal dl%%%?y according to the first enbodinent; 16 Fig. 17 is a
cross-sect i onal GBS EROMI DS Rl GF P LE OF FA¥ S TSI o617 fo*'lanﬁlﬁ%l d

crystal displaythgdeln itpel LidRdal Gryithi O8idblay according to the first
embodiment;

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

Fig. 11 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 Schematically showing another
constitution of main elements of the liguid crystal display panel
included in the liquid crystal display according to the first
embodiment;

Fig. 14 is a plan view schematically showiﬁg still another
constitution of the main elemenfs of the liguld crystal display
panel included in the liquid crystal display according to the first
embodiment;

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

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

embodiment;



crystal display according to a second enbodi nent of the present invention;
Fig. 18 is a cross-sectional view schematically showng a constitution of
a liquid crystal display panel included in a liquid crystal display
according to a third enbodi nrent of the present invention; Fig. 19 is a
pl an view schematically showi ng a constitution of main elenents of a

| iquid crystal display panel included i¥ a liquid crystal display
according to a fourth enbodi mrent of the present invention; Fig. 20 is a
pl an view schematically showing a constitution of main elenents of a
liquid crystal display panel included in a liquid crystal display
according {0 a fifidy expadl FRnlosQladdiGontl GIERIschBUEN ATy dHdindh 1S @

pl an view schematically showi ng a constitution Bl R af enen §f a

i quid cryst aonétsb#‘fdynpﬁrﬁeliQMImeﬂal fisplalyirgued iocysied irda $pdpai;a

di t t - Fig. 22
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line XXI'I - Xdwenbforkig. 21; Fig. 23 is a cross-sectional view
schematical ly show onstltutlon of nts of _a liquid crysta
di spl ay panel i ncI deg}3 |cin 49 ScPcécf’Lyg"{‘ﬁf’iaﬁ’fﬁgg a%@&?ﬁlﬁ%’ﬁaﬁﬁgé‘ sevent h

enbodi ment ofcohhtiprtdsert & mmtildmstfl qlspa&ylp&nal GhOnsaeTeGl 4 00@liavi ew

schemati cal | h constifution main el enents of a sem conduct or
swi t chi ng devi EM( 2‘3?5’ orﬁ‘t:f"&’ﬁ“Il g °§ &E}Fﬂd Eptirend; ehiHP parRARY ncl uded
inaliquid iergstian:di spl ay according to an eighth enbodi rent of the

pr ese.nt 1.7 i nventEji%?;lgFlsqa p%gnivsie% clhaeirr]lai\:/:;.ceavl\{lfrcsr;l%gggl call yt?.ir:low no 2
constitution g & cons ution
of main elements of a liquid crystal display panel included in
a 1iquid crystal display according to a fourth embodiment of the
present invention;

Fig. 20 is a plan view schematically showing a constitution
of main elements of a liquid crystal display panel included in
a liguid crystal display accoxrding to a fifth embodiment of the
present invention;

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

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

Fig. 23 1s 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 schematically showing
aconstitution of main elements of a semiconductor switching device

(TFT) portion of a liquid crystal display panel included ina liguid
crystal display according to an eighth embodiment of the prasent
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pl ay according to a ninth enbodi nent of the present invention;
a plan view schematically showing a constitution of main

a liquid crystal display panel included in a liquid crystal

ording to a tenth enbodi nent of the present invention;

Fig. 27

i ew schematically showi ng aZonstitution of main elenents of a
liquid crystal display panel included in a liquid crystal display

o0 an el eventh enbodi nent of the present invention; Fig.

28 is a

onal view taken in the direction of arrows substantially al ong

invdd™Mdnl, of Fig. 27; Fig. 29 is a plan view schematically
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Fon ot - a Ilqufﬁ”crystal di splay according to a fourteenth
enbodi nent of theFpgegerits a pyantiensckenptid@iiyskoyingra vomuisahiomt i cal |y
showi ng a structure. of a pixel, jincluded.i he.liquid.crystal .display

Se A4 Preonth Brig e ol dmbier bt il d’ 35 i s a
Vi ew show ng angpeaopdstaof divpiekosdmording th8a tananSsrbodnnel bégehd N a
liquid crystal display according to a fifteenth enbodi mnent of the

present invention;

Fig. 27 is a plan view schematically showing a congtitution
of main elements of a ligquid crystal display panel included in
a liguid crystal display according to an eleventh embodiment of
the present invention:

Fig. 28 is a cross-sectional view taken in the direction
of arrows substantially along line X¥VIII -~ ZXVIII of Fig. 27;

Fig. 29 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 twelfth embodiment of the
present invention;

Fig. 30 is aplan view schematically showing a constitution
of main elements of a liquid crystal display panel included in
a liguid corystal display according to a thirteenth embodiment of
the present invention:

Fig. 31 is a cross-sectional view schematically showing
aconstitutionof aliguidcrystal display according toa fourteenth
embodiméent of the present invention;

Fig. 32 is a plan view schematically showing a structure

of a pixel included in the liquid orystal display according to

‘a fifteenth embodiment of the present invention;

Fig. 33 is a view showing an example of waveforms of a

pr esent



Fig. 34 is a view showi ng anot her exanple of the waveforns of the
transition voltage in the liquid crystal display according to the
fifteenth enbodinment; Fig. 35 is a view showing a further exanple of the
waveforns of the transition voltage in the liquid crystal display
according to the fifteenth enbodinent; Fig. 36 is a cross-sectional view
schematically showng a constitution 38 the conventional OCB -node |liquid
crystal display panel; and Figs. 37A - 37C are views for explaining an
initialization process for spray - bend transition in the conventi onal
liquid crystal display, wherein Fig. 37A is a graph show ng changﬁ in the
rate of the i 71 A€ ngj t.J qg{gl i A OW ng
wavef or ms of Sﬂ\%‘%lﬁ%{%tglgg {'jlglptltairggdﬂt1 od 1(:1 Ee |(§{jxjiyg§%lf f’%t@ g%%%%ﬁgéﬁggzﬁe? during
the initiali Ziftesnty eveatimepETN tED DRSEREPRIENtOPNTHE PREFRRED

EMBODI MENTS  Her ei tgr, r i f .the esent .invention
Wl be described wvh rd 92%—3{%%{'5 %@Wﬁ?@%é@& %’ﬁ‘%‘r"s ° fn%%%i‘*’r%’ﬁf‘j”“ﬁ first
enbodi ment ofefttie praeséhion mokisdeoin tiv ddirelkl arys ol ctlispagysbabrcdidrsgpl ay
capabl e of reliabl rfqrm pray - bend transition by providing an
apgrture in gopﬁrg%%igf%%’%ﬁoaxgg?%’?“%g' on an inner surface of an array
substrate. Fig. 1 Fsga3sshnessvEaciicuial af@whseleeemplaat it MAOUEdIGRsA

Cryat al i spCay R BeRdr Ry Kok Bt B e R e mare e itent  on.
In Fig. 1, fap tie fs@kesrah eaby@Emenatce, a direction 19 indicated by an

w X indicates gn upper side of the liquid crystal _display panel.
gre][ gr ring now to F? %% gs 1% (ﬁ’ﬁf’ﬁs?ﬁ‘i‘?&%‘&di"&m’a%mﬁﬁ‘ﬁ@?c SHowing

a constitution of the conventional OCB-mode liguid crystal display
panel; and

Figs. 37A - 37C are views for explaining an initialization
process For spray - bend transition in the conventional liquid
crystal display, wherein Fig. 37A 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 liguid crystal display

panel during the initialization process.

DETAILED DESCRIPTION OF THE PREFRRED EMBODIMENTS

Hereinafter, preferred embodiments of the present invention
wiil be described with reference to drawings.
{First Embodiment)

A first 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 liquid crystal display panel included in a liquid
crystal clispléy according to a first embodiment of the present

invention. In Fig. 1, for the sake of convenience, a direction



included in the liquid crystal display of this enbodinent has a liquid
crystal cell 101 described later. A retardation film (hereinafter sinply
referred to as a negative retardation film 104a conprised of an optical
medi um havi ng a negative refractive index anisotropy whose main axes are
hybri d-arranged, a negative wuniaxial retardation film 105a, a positive
uni axial retardation film 106, and a pi ari zer 107a are di sposed on an
upper surface of the liquid crystal cell 101 in this order. A negative
retardation film 104b, a negative uniaxialretardation film 105b,
andapol ari zer 107b are disposed on a |lower surface of the liquid crystal

cel | ~ 101. Itiiedtes Qfaﬁlgi'f(ﬂv * ﬂﬂim@t@@gﬁh%\%@r éﬁeaéfié{é Pl 'c?&&%ﬁls ‘Sgge daon

bi axi al retardation film (not shown), and e polarizer nmay be
each of the stipdeesraselihe |iquid crystal cell 101 in this order because

t he biaxial retar dﬁ; ;}%éﬂ%hg%ftgngd ops . gﬁggg}ggéﬁ% Qfs aéén\éﬁ HfU axi al

retardation filman ositive = uni axi 1'g. 2 shows
a plan vi ew sxm?énéed dal the dhowidhgrasiondisplatyi of thob e:ﬂbedimmh Hagrayst al

cell 101. 085S nal take e dir | on of
arr ows subst I?/r%t%%g |ln28# e“’“c]"*’rlf‘?‘ievlvfa t Ezr © gatjf gg; enl ar ged
view of a li qmectemmqmeal sinpdyerefperéd o amath@games&eteeaamnohﬁ)g 4. In

Fi 2, f ty f nt s ded ab t I
cl oot rode  ar i PEEatoER o PREES Hgen Favind 4 NS AR AR EP e oel
101 conpri sestndtamrﬂabstd;at @sseneditl Yresac® hgbridlareangdd)ss hayet 2

i ncl udi Lor filt d, | at ; bstrate 103. Th
color 111t er CUBRITRTEEGES IAD LB MPPays ZURCHR BrooL B BraO IR 20  as

opposed to eashmoideer and tahpalaaﬁaeerlo('raoarélﬂmwosedi 8h enpagest shhedswbet ween
rovi ded gap between the color filter

d liquid 4
23 bs ? r a![ gu Il 0 f(‘fr%xggfﬂgug%%yﬁya% :ﬁ’%%f ?.%][ &3 this order Anegativeretardation

£ilm104b, anegativeuniaxialretardationfilm105b, andapolarizer
107b are disposed on a lower surface of the liquid crystal cell
101. It should be noted that a negative retardation film 104 and
a biaxial retardation film (not shown), and the polarizer may be
disposed on each of the surfaces of the liguid crystal cell 101
in this order because the biaxial retardation film functions as
both of the negative uniaxial retardation £ilm and the positive
uniaxial retardation £ilm,

Fig. 2 shows aplan view schematically showing a constitution
of the liquid crystal cell 101. Fig. 3 i5 a cross-sectional view
taken in the direction of arrows substantially" along line IIT ~

 IIT of Fig. 2. Fig. 4 is an enlarged view of a liquid crystal
layer portion 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 liguid crystal cell 101 comprises
two substrates, namely, a color filter substrate 102 including
a color filter described later and an array substrate 103. The

color filter substrate 102 and the array substrate 103 are provided



103. The liquid crystal layer 4 contains liquid crystal nolecules 20
filled thereinto as described with reference to Fig. 4. The liquid crystal
nol ecul es 20 are nmade of a cyan-based liquid crystal material having
refractive index anisotropy An of 0.2 or nore in order to increase G bbs
energy described later. The color filter substrate 102 is structured such
that a color filter layer 21, a transparent el ectrode (counter el ectrode)
2, and an alignnment |ayer 3 are disposed on the |ower surface of the glass
substrate 1. The color filter layer 21 is conprised of a red color filter
21R, a green color filter 21G and a blue color filter 218. Black matri xes

22 as nmsks %str %%0‘%& \é%ﬂ t?{ 9"4:9{99 a,% 53%”?*85 onfx )t Qﬁt&fﬂo@%ﬁf' | ters.

The array su fas a gl ass substtate a Wri I"'ayer 17 is
formed on antumetsaetﬁm aflitcjuedgrhms:awm{emat elslﬁrevm mnra ggpl ayer 17

d.o d | i ' ch h
St oragh capalP P LFBE I FRBE S oh R S EaPS] T iy N1 g Bonauct i on

bet ween theseoelewhéQdQﬁada&ysthe1&9&e4d&ha&iﬁ§uiqdnacﬁy@tagﬁorﬁnmaestor
el ectrodes 9 _are each forned ‘%)arallel with the ggte lines 12 so as to

be placed at 2§ Hirdg8: Brarehste aﬁo@ FIReH B TPEERE Gate Yi%ed: 125%®The gate

lines 12and thgusd &fvyagel m6odalick2b sk aalié 08azyInamisbanageid fdstal sanme
| ayer as a lowernost. |layer. An insulating |ayer 8 covers the gate |lines 12

and the st oF‘%‘@%“@écp%ﬂi’ltngrreefP@EH‘f?dé%dQ}‘ arpiROTEEEY AN PF feg oM 1Por ned on

the upper subtéee tof itdRasBStHrts BetBy @bsraid a&@tddsul ating |ayer 7
covers the source lines 11. Pixel electrodes 6 are each forned on the upper

surface of the WPPHPICZyEFLEE sbsfraty HE? A8cAPREIReS 9FR efhatei on

defined 21 byi1d:hei 0k ahbPes, b4 AR6pd Rt Lodd (Wntdr e DGR ablie St orage
capacitor electrode 9 is prOV|ded between the gate lines 12 as described

above, the pfxéPOetR@ligRRend HaRerad fagi GIFPePer | Bpprhdover surface of

the glass substrate 1. The color filter layer 21 is comprised
of a red coloy filter 21R, a green color filter 21G, and a blue
color filter 21B. Black matrixes 22 as masks are respectively
provided at boundaries of the ccolor filiers.
The array substrate 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
inparallelwiththegatelines l2scastobeplacedatapredetermined
positionbetween thegate lines12. Thegatelines l2andthe storage
capacitor electrodes 9 are formed in the same layer as a lowermost
layer. An insulating layer 8 covers the gate lines 12 and ths
storage capacitor electrodes 9. The source lines 11 are formed
on the upper surface of the insulating layer 8 and an insulating
layer 7 covers the source lines 11.
Pixel electrodes 6 are esach formed on the upper surface of

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



with the storage capacitor electrode 9 with the insulating |ayers 7, 8

i nterposed therebetween. The overl apping region has a rectangul ar aperture
6a. An alignnent |ayer 5 covers the pixel electrodes 6 and the wring

| ayer 17. The alignment |ayer 5 and the alignnent |ayer 3 provided on the
side of the color filter 102 have been subjected to alignnent treatnent
such as known rubbing treatnent in ordeal to align the liquid crystal

nol ecules in the liquid crystal layer 4 in parallel with one another and
in-the sane direction. Here, it is assuned that the direction of the
alignment treatment is parallel to the source lines 11. Reference 13
denotes TFTs 4, Thi r S opduc Jevi ce
and referencedyl 4 Eg%reﬁs&%rggﬁn%glt)ggfsr%ﬁgg gi?r?%egftjl négﬂ{ S %‘Qf‘@b %Gnd the
pi xel el ectr @xaescﬁtoxi rleetiadiet Pals pravidedf betwedn goé d;ad:leybtrwls 2 ay panel
100 so const | i gqui al .ol ecul es 20 have s Ilgnnent
shown in Fi gd% 1 éd EOV I gﬁe ié‘le)%s%leftdliep?ay of THI S enbo |¥1%nxfg
applying a Ceaithlﬁhevsﬂdxage dapatiher e pitdods yshaih ﬂiaspimapmhayéﬂo as
descri bed Ia h‘t g %d cr¥stal rmlce}, ul es re caui§ to transition
from spray aI gﬁrrbrh SLPEERE i eAP PYIRER eF‘?‘Qer EE% 29 FGILRR PAefid al i gnnent
state, an i magetasgudliasphpyathrensd he |IC|UI d crystal display. In brief, the
liquid crystal di spl panel 100 is an e_di SB| ay, pane el .

Horo! nbel bu the. 7B EXBTRRI A" § GoTE o didot Sy erLroamRan el 100 i n
the spray - kepgnd nagsitilan Tie al efidehedidy@ras Ealdt EROSILE Rfentolépge. Fig. 5
is a block diiagram_show ng constitution of the liquid crystal display
accordi ng to%‘l%é"’flfiﬁgt‘me%ﬂjr%ﬂf theodfT ifhdten 192 haFFd’§en§“b§e°’§a t he
liquid crystab &iispheytRaeetmd) stish sVRidwik BB ng TEdedthBh D inl bfder

Transi stor) type |i Uld stal display ‘Eanel in which the glate lines 12
and the sour &8 fﬂ“ﬁ@ jd?"édp‘i%ﬂﬁtﬁé&“’llﬁc les in the llguid crystdl layer

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

it is assumed that the direction of the aligmment treatment is
parallel to the source lines 11.

Reference 13 denotes TFTs {Thin Film Transistor) as a
semiconductor switching device and reference 14 denotes drain
electrodes connecting the TFTs 13 and the pixel slectrodes 6.

In an initial state of the ligquid crystal display panel 100
soconstituted, the liguidorystalmolecules 20 have sprayalionment

-shown inFig. 4A. Inthe liguidcrystaldisplay of this embodiment,
by applying a certain voltage to the liquid crystal display panel
100 as described later, the liquid crystal molecules 20 are caused
to transition from spray aligament to bend alignment of Pig. 4B.
In this bend alignment state, an image is displayed in the liquid
crystal display. In brief, the liguid crystal display panel 100
is an OCB-mode display panel. Hereinbelow, the voltage applied
tothe ligquidcrystal displaypanel 100 inthe spray ~ bend transition
is referred to as a transition voltage.

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



matrix. In the liquid crystal display panel 100, the gate lines 12 and the
sources line 11 are respectively driven by a gate driver 502 and a source
driver 503 which are controlled by a control circuit 501. A backlight 500
is provided below the liquid crystal display panel 100. The backlight 500
is conposed of a cathode ray tube or the like for emtting white light. In
the liquid crystal display of this em2&di nent so 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

i nput. Thereby, the gate driver 502 applies a scanning signal voltage to

the gate |i 2,, the i . f I cLd pi xels to
be sequent @?Fy%f uzr'n%d&g%,h%?s %@%g%g%ﬁgg%%y g’%llés)l %‘mgﬁg oot ghekg%vﬁlr ce

driver 503 SEFuiinafilm Fppidieson) vypeolBiuddatrnedhl atiepdsy aredehgin to t he

vi deo signal e pi.xel .el ecirodes f | xel s _thr t he
source |ined higé ttl“%e&%bey?k?%% 1Igi ?qrﬁ% 5ggrsy°sut§acfg’ lrf%’lr%cgjr eagfe ‘?(}e&r‘%{gﬁgu}]’at ed and

| i ght transmattanceinfthbi ghiridnidybedl fdieplaheanghakbi gitle &GO thaswes. As a

result, an i ccording.to the video signal 504 is presented to an
Cbserver SR AR 7T pAd 8s i pre RGoEF NG 4 ni Y £ RECE PEITS Ccrystal
di spl ay of tsheanaabediroeati v se\Aich diredonttdllea desedndred cittudet ai | .
Fig. 6is a %Eaph showi ng the rel ati onshi p between an applied voltage and

G bbs energ?. Here, the G bbs energy refers to the sumof electric energy

and el astic ener gQybadklifh€ 506 ispRbei@nTBe Tow Al 1dididl didistal asspppt | ed
vol tage 23 G bbs ene%g% characteristic in the case where the Ihﬂ%id

crystal nol 88Ped%re barkidaht 500 §RFORPCRYhCE A fRtPRFR MR cE  uner al s
32, 33 respeet twel1 ke NEl€ aler e whdty alilgage- G bbs ener gy

In the liquid crystal display of this embodiment so
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 driver 502 applies a scanning signal voltage to the gate lines
12, thereby causing the TFTs 13 of the respective pixels to be
seguentially turned on, and according to this timing, the source
driver 503 segquentially applies a video signal voltage accordihg
to the video signal 504 to the pixel electrodes 6 of the pixels
through the source lines 11. Thereby, the liguidcrystalmolecules
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.

Subsequently, the sgpray ~ bend transition in the liguid
crystal display of this embodiment so constituted will 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 erergy and elastic energy.

In Fig. 6, reference numeral 31 indicates applied voltage



characteristics in the case where the liquid crystal nolecules are in

tw st alignnent and spray alignnment states. Referring to Fig. 6, when the
applied voltage is lower than a critical voltage Vcr, the G bbs energy of
the liquid crystal nolecules in the spray alignnent is |ower than that of
the liquid crystal nolecules in the bend alignnment. The event that the

G bbs energy is lowis equivalent to 2he event that a negative energy is
hi gh, and therefore, indicates a nore stable state. In this case,
therefore, the spray alignnent is nore stable than bend alignnent. This
rel ationship is reversed when the applied voltage is higher than the

critical vol L 898,Yehord\thdiee GO ANWoddd diie HRNRLEMRER ST ALE 5

| ower than that 1n t € spray allgnnment state. This neans that t%e bend
al i gnment i smedscwles alykelnt hlambesqbraéygmeugnwwﬂe angheaferengeatimeshys hi gh

voltage is ag?l :ﬁ%?g pectlvgyy mﬁ%g a{)%ﬂoeldteggheas ";E/le?éi %ﬁ% 'siti_on to the

bend al i gnmen are nore he”s So, when
there is a sgmiraiertstian B abbrdasef Wbk the ehigiulidi srjataalmqadmgm t he

liquid crystal e around_t ot tranS|t| to the bend alignnent
and such tr &%t %ﬁf%tpfiia 5 N SSF% RN & yg?a1 nol ecul es. In
ot her words, the kemﬁzdngrtpsﬁ'aj sipkBan kRS apphivttl voheagepd loher ehab he

electric fleld caII becones t h transL i on .nucl eus and
The emr oy - Bt rapaRaee Yorecthe bRbRROTRE ofr Fut 2B SeRRLSl v of

t hi s enbodi nesitecutbe 1h|1qw @bra@wﬁtgazhem)lleaw@s \Beaunthtt fe tapariuie 6a
fornmed in the%lxel el ectr ode become the tra S|t|on ucl eus

Her ei naf t er tgl ot pewles Héﬂé?(B?‘édr fetFmest - ¢ i8e SEPRbE BFhﬁé;&EB?l ng
el ectric fi ebbx@iySig itbutiBquivhilele 8 €haidwendf cidica angakive dargy t he

P! xel el ect rzc_)sd %igh, aarx.lzd therefore, indicates a more stable state. In this
case, therefore, the spray alignment is more stable than bend
aligfnment. -

This relgtionship 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 highvoltage is applied, the liguidcrystal
molecules tend to transition to the bend alignment which are more
stable than the-spray alignmeni:. S0, when there is a spot where
an electric field strength is locally high, the ligquid crystal
molecules around the spot transition to the hend alignment and
such transgition spreads to the other liguld crystal molecules.
In other words, the liguid crystal molecules around the spot where
the electric field strength is locally high becomes the transition
nucleus and the spray ~ bend transition takes place.

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

electrode 6 become the transitionnucleus. Hereinafter, thiswill



electric field sinmulation is carried out in the liquid crystal display of
this enbodi nent. Specifically, + 7V voltage and a -25V voltage are
respectively applied to the pixel electrode 6 and the storage capacitor

el ectrode 9 and change in the electric field strength is observed. Here,
the aperture 6a is rectangle which is 49mw de and 89mlong. Figs. 7. 8
are views showing a result of the electadc field sinmulation. Fig. 7 shows
equi potential lines of a cross section of an arbitrary pixel in the liquid
crystal display of this enbodinment and Fig. 8 shows distribution of G bbs
energy on a plane of the pixel. In Fig. 8, a denser region represents that
negative enefgy.bs.higher (G bbs energy is lower). As shown in Fig. 7, the
equi potential Tines are ‘dense around the aperture 6a. This shows that the
electric field striﬁmgthelgurpbeeedﬂ yetwqpingrenﬂuirthefﬂm@érdiﬂtrlsaxldmhat is,
electric field gent n,,0CCUrs s,due.to, t hat the
aperture 6a’l stgrow %i %he FS% T re 5 e pfﬂcﬁlele 8F %?dﬁe éeaél over | aps

with the st or@getrﬂ;sm&ommh@at:rmﬂes Qcmdedlddtemnﬁhevmi@am&r%&l applied
to the pixel tro 6 an tora i tor__el ctrode ...As can be
seen from Fi gcF 8- R %ﬁ‘éﬁ 9% ngfpggifﬁ‘%ﬁisr Suffd™® ttaﬁ%aﬁﬁ@r e 6a. It
was confi rrredrd:ihage ahte rRpayt rReRthpbl 88S ithithe pu@lfa@btr&ﬁ gGnargiend t he
aperture 6a. That is, it _was found that the |iquid crystal nolecules

around the ap“'&PFﬁ?% BRGNP RFOder LRG0 FRPIULT She SRRCTFISFINEd above,
in the |iqui Gieepgtnlisdbisqiraya. eaere Okhe tdiRrphxeloacl £ ebEOMRA Ouam t he
aperture 6a. This neans that the transition nucleus is present in each
pi xel . ConsedfeAt4™ ¥ife @1ds 84 1ppg¢ he spray al i gnment state are not |eft
and the spray - beigs.t7.ap%rel Plbwsadoddhy o MRS tNIAERe DUOSAIULMIAY,

waveforns of the transition voltage in the
simulation. Fig. 7 shows equipotential lines of a crosgs section

of an arbitrary pixel in the liguid crystal display of this
embodiment and Fig. 8 shows distributioh of Gibbs energy on a plane
of the pixel. In Fig. 8, a denser region represents that negative
energy is higher (Gibbs energy is lower}.

As shown in Fig. 7, the squipotential 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 occcurs. This is due to the fact that the aperture
6a 1s provided in the region where the pixel electrode 6 overlaps
with the storage capacitor electrode 9 and different voltages are
applied to the pixel electrode 6 and the storage capacitorelectrode
9. BAs 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 arocund the aperture 6a. That is, it was found that
the liguid crystal molecules around_ the aperturs 6a become the
transition nucleus.

As described above, in the liguid crystal display, each of
the pixel electrodes 6 has the aperture 6a. This means that the

transition nucleus isg present in each pixel. Consequently, pixels



liquid crystal display of this enbodi nent and a nmethod for applying the
transition voltage will be explained. Fig. 9 is a view show ng waveforns of
the transition voltage in the liquid crystal display of this enbodinent.
In the liquid crystal display of this enbodinent, as shown in Fig. 9,an AC
rectangul ar wave voltage input to respective pixel electrodes 6Aa, 6Cc ...

t hrough source lines 11A, 11C. .. on odd®%olumms and an AC rectangul ar wave
voltage input to respective pixel electrodes 613b, 6Dd .. through source
lines 11B, 11D.., on even colums are reversed in polarity. In this case,
first of all, + 15V voltage as a drive signal 1is applied to the gate line

123 0n {115 55 sl SOURANe! MyeBLIEOt Aol Ty L3 1300
sequenti al | y tnangétion rewmnly thkes BIscd3Aa, 13Ab, 13Ac... are turned on,

+.7V vol tage I's Dbei é_’:% \?gg%{ld{g Ewgveté?) &rfctgeléxpaﬁxeilzléax’i VHZ a e in shown in

Fig. 9. Thereby, I'S app rom sour ce es 1IA 11C. ..
to the pixel ligjuedtrgdes: &LmlafAE. this einhodingnttane aTrFéRSxomian,apNﬁms; .

respectively Li kew se, t he TFT 13Aa, , 13Ac... are turned on, -
7V vol t age |t§‘eb§Fﬂ’§s’atd]8f‘|‘é‘§ﬂia et‘?‘njé"l Aqfariﬁ% 118, lift.". Thereby,

- 7Wol t age ls appi'ige.dg &émidvesmungezakziammldﬁtheli&nsithontvbet@gexel
el ect rodes t hrough .t he TFTs

t 6Ad. . % $ reskP &v& y. Then,
-15V vol t age ji’% b Bl coYPHE ghiRiay Mo thES eRoTHEnts | 1 e r eby

causi ng the TdrkstdBAfisplafns 18A6 . embo@inddtg Bk xlownele®igodesa:bAg, 6Ab, 6AC
on the first row to be SG%UGH'[I ally turned off. Sinmul taneousﬁ% +15V
voltage is apfiCteROEIfL Y TatEans Arrut s Teipechive BU e Ttk of F% causi ng

the TFTs 13865c:c138mm@3csgum%611ms the, pixcel ofl et cotams6BRa aﬁth 6Bc on
t he second row to be se uent| ally turned on. When the TFTs [ 3Ba, 13Bb,
13Bc ... are GSFrARELLg e e?’ﬂ?l\%??gl % B%?R‘?Q’té'ﬁepm"é"t} ?J(fcttﬁgd‘g%ﬁl?'ﬁ'e | i nes

11A, 11C .., 6pd.. through source lines 11B, 11D.. on even columns are reversed
in polarity. _ |
In this case, First of all, + 15V voltage as a drive signal
is applied to the gate line 12a on a first row, thereby causing
sequentially TFTs 13Aa, 13Ab, 13Ac, .. of the pixel electrodes 64z,
63b, 6Ac .. on the first row to be sequentially turned on. When
the TFTs 132a, 13Ab, 1l33Ac.. are turned on, +7V voltage is being
applied to the source lines 114, 11C.., as shown in Fig. 9. Thersby,
+7V voltage is applied from the gsource lines 11A, 11C.. to the pixel
electrodes 6Aa, 6Ac., through the TFTs 13Aa, 13Ac.., respectively.
Likewise, when the TFTs 13Aa, 13Ab, 13Ac¢..are turnedon, -7TVvoltage
isbeingappliedtothesource lines 118, 11D... Thereby, ~'?Vvolfage
iz applied <£rom the source lines 11B, 11D.. to the pixel electrodes
6Ab, 6Ad.., through the TFTs 13Ab, 13Ad.., respectively.

Then, ~-15V voltage is applied to the gate line 12a on the
first row, thereby causing the TFTs 134a, 13ADb, 13Ac.. of the pixel
electrodes 6Aa, 6Ab, 6Ac on the first row to be sequentially turned
off., Simultaneously, +15V voltage is applied to the gate line
12b on the seccond row, thereby causing the TFTs 13Ba, 13Bb, 13Bc..



as shown in Fig. 9. Therefore, -7V voltage is applied fromthe source

lines 11A, 11C .. to the pixel electrodes 6Ba, 6Bc ..., through the TFTs
13Ba, 13Bc..., respectively. Likew se, when the TFTs 13Ba, 13Bb, 13Bc ...
are turned on, +7V voltage is being applied to the source lines 1lB,
11D.... Therefore, +7V voltage is applied from the source |ines 11B,

11D... to the pixel electrodes 6Bb, 6Bcteg ., through the TFTs | 3Bb, 13Bd
., respectively. By applying the AC rectangul ar wave voltage to the

respective pixel electrodes 6 fromthe source lines 11 by sequentially

applying + 15v voltage to all the gate lines 12, the plus voltage is

applied to't I X& trods 6 on the odd rows and
col ums and tHhe ot T & xegl %]g ggs aGD%%Gég %’bd%% Seehnd; KaY &PeR® rows and
col ums, whi |s©qﬁ4§h®t:l‘ﬂmy3:urﬁéd age Whernpyd TEFk 13Bal, NeBP| A8bc ..ake¢lirekies 6Ba,
6Da, 6Bc 6Dc . on the even rows and odd colums and the pixel

el ectrodes 6RB: BChVosnage dgbeing ppling ?Pd&hf}cﬁﬁém&ﬁdlm&?eﬁpco%?ms

Ther eby, the sl gdwni €n figl &b | smganebas ed vbe&maPe aChpPiieal NG-oRi %l
el ectrodes 6Aa, 6Ba, GCai 6Da_... on the odd utms and each of the pixel
el ectrodes 6ABUTEBAINGTALAGBEC tosherniged RISCERRALS 6By GRS . ABroRgRween each

of the pixel tghaetrradss, 04%: ... 6§§spect19gvﬁdd1;1ﬁ%ea%ﬂe§%ﬁ@Tﬁff's &, pi xel
el ectrodes 6Ba, 6Da ... on even rows is shown in Fig. 11. Wen the

dot invertind3RRe H3BCi n afki EHMeleoy o TEgosaparia Poing applied &g th every
dot, a transyghsed 18hestiniC fimel d Mhi-eRois, +9@%lllt§§e ;Q aml%ub&&{n@t e is

generat ed in each pixel. The transverse electric I d has two directions
respectivel ytk ?’rﬁﬂ"é?&ﬁe%llw atB ovidP11t0 t@EOP{Keéng@hG%ﬂqdeétﬁi% 6Bdt-he source

jine 27 11 aAfoddNehl Mdlabbon Ghal N AabEot1vag,12). For this Teason,
two types of, |. e., clockw se and counterclockw Se, twist-aligned regi ons

are formed. Arou n#YRrPpTingHes &C récianguhps varg V@H@de to the respective
pixel electrodes 6 £rom the source lines 11 by sequentially applying

+ 15v voltage to all the gate lines 12, the plus voltage is applied
to the pixel electrodes 6Ada, 6Ca, 6Ac, 6Cc .. on the odd rows and
columns and the pixel electrodes 6Bb, 6Db, 6Bd, 6D4 .. 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.

Thereby, the electric field is generated between each of
the pixel electrodes 6Aa, 6Ba, 6Ca, 6Da .. on the odd columns and
each of the pixel electrodes 6Ab, 6Bb, 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 reversed for every dot, a transversal electric field which is
parallel to the substrate is generated in each pixel. The
transverse electric field has two directions respectively

indicated by arrows 110, 120 (length direction of the source line



regions are in contact with each other, elastic strain energy is

I ncreased, which results in increased negative energy. This facilitates
the spray - bend transition. While the voltage is being applied to the

pi xel electrodes 6 in the above-described manner, -25V voltage is applied
to the counter electrode 2 and the storage capacitor electrode 9 for one
second as shown in Fig. 9. By applying 27he transition voltage, the
potential difference in the thickness direction of the liquid crystal

di splay panel 100 is increased. Since the pixel- electrode 6 has the
aperture 6a in the region overlapping with the storage capacitor electrode

9 with the inyUka§ AlenlPh %’iﬁ?‘@é@ﬂ)ﬂt BETGRELYESH nd N8, n(\i‘ro§a§1?1§ Eegg'c?n

potential difference in the thickness direction of the |1 crystal
di spl ay panelt"@dupes ofhed -st r ghgciutisetandrduntbrbloohabes 1 mimanmgmtur

around the a%@&h‘ﬁ@ a f@fme% r%@‘dhﬁd 4 %ﬁotléh% ,d C ecoﬁswaggggla :I ?Ir gﬁnd

the aperture 6a formed I'n each pixel ectro
nucl eus and tdegigps aye-lnbmakzltmhtem oﬂiazabé:yasttabestmliacmer&etg:ount er

Struct ure. TRECSTTGe 2 sEOREE, L8 by e e dRoRFHIT 1 oBBBI | BBt o (e
respective g#eeilitgsslghdwpray gabendntrapeiendd.al may be continuously
Tt er ence. gener atd TBJPRCEH toHE St iis, SPIRER: So e B42Rl TREVHTG
el ectrode 6 lﬁym e&pemdmeaysappbglmner25‘¢5v70<61‘tabé8@e&ppméd1@56the
el ectrodes, | eregeég% & ot h val ues val ues sufficient to
generate the ?r SR gniiadatite] n%fé g%e ﬁﬁ’fla-‘{?ec%ﬁfé‘ﬁfgﬂ S1efEreds & £Oryone he
vol tage is appeoxd mat shownl@n Figg5¥.and preferably 15 - 32V. The transition
vol tage havi ng t h%y%\f&{u%g eografxsgtiojhovorg.at%ge, the potential difference
in the thickness direction of the liquid crystal display panel
100 is increased. Since the pixel-electrode 6 has the aperture
6a in the region overlapping with the storage capacitor electrode
9 witli the insulator interposed therebetween, the increase in the
botential difference in the thickness direction of the liquid
crystal display panel causes the strong electric f£field
concentration to cccur around the aperture 6a. As a result, the
liquid crystal molecules around the aperture 6a formed in each
pixel electrode 6 become the transition nucleus and the spray -
bend transition relié.bly takes place.
The counter electrode 2 and the storage capacitor electrode
9 may be shorted in structure. The voltage is not necessarily
gequentially applied to the respective gate lines 12 but a gate-on
potential may be continuously applied thereto during the
initializatién process, )
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

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



be enployed. In this case, differently fromthe case of Fig. 9, no voltage
Is applied to the pixel electrodes 6 by keeping the source |lines 11 at
potential of O V and -25 V voltage is applied to the counter el ectrode 2
and the storage capacitor electrode 9 for one second. Also in this case,
the spray - bend transition reliably takes place as in the case of using
the transition voltage of the wavefor®® of Fig.9. In sone cases where the

voltage is being applied to the liquid crystal layer 4, i.e., across the
pi xel electrode 6 and the counter electrode 2, before the transition
voltage is applied, the spray - bend transition does not snoothly take

| ace due to r f al cgystal
p m ﬁﬂéméh edd gé ﬁfﬁﬁlyf ﬁlﬁn ere ore (}%ﬁ'og{ tY 1y

nol ecul es arrahged ynnet I's sira hat no
voltage is appiv edﬁam:tr&f@sabhe 15 xe32VeI ect rode 6 and the count er electrode

2 just before app tion. of the qQl Th Y.10 slice the
spray al i gnnment E‘P%qirﬁgsftll(fﬁlv tzflvtirrgijcgé atélggg??saﬁgefg mgr‘e]['rl cally
can be mai nt aeregleyédiouln apps |caam mfﬂérddteyvmiomagm chee tolﬁeFig qm d crystal

: ﬁ}s/te:aag 01E hteﬂér?? 2 %’I?\\?%r tf‘g’ﬁ%le%e? %’gr}t F‘gﬁ%ﬁ €(§¥’t &g%l’eis %e appl i ed

accordi ng t osbine:e Lﬂﬁad l!l!/&ftt p@@anﬂf&&h&ﬂ? 01V ahd clas ¢ helva)_c}et ageapmhem ty is
reversed for_ ev ry | i ? | Se CASE, one: directi &lndlcated by arrow
110) transveFRd ef’%‘(’:‘ltﬁrc ‘?"éﬁrﬁ ®i% aﬁgn@}eafgﬂr?ﬁdc‘?%%% PERCTRE spray -
bend transitpcr N becddie apeblid ehﬁﬂcaée,t bre pbxey -chart tﬂfiﬁu.@ims
rectangular in the liquid créstal pla¥ accor di ng to, the enbodi nent as
descri bed abﬁ%@ﬁb&ﬁﬁﬁﬁﬁ?pgﬁﬁb §iﬂé§8ﬁaﬁéﬁ FEFBY hEy Bﬂsﬁﬁﬁﬁfﬁﬂxaﬁg Fi gs.
13 through 16f are phadrotineVes $AgWbNg t he anot her shapes of the aperture 6a
of the pixel electrode 6. The aperture 6a of fhe pixel electrode 6 of Fig.
13 i's conprised of B ERBe Spveq emhﬁéroltage is being applied to the liqu

crystal layer 4, i.e., across the pixel eléctrode 6 and the counter
electrode 2, before the transition voltage is applied, the spray
- bend transition does not smoothly take place due to formation
of the spray aligmnment with 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 sprayalignmentwith the liq;{uid crystalmolecules arranged
symmetrically can be maintained without application of the voltage
to the liguid crystal layer 4, the transition to the bend alignment
smoothly takes place.

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,
one-direction {indicated by arrow 110) transversal electric field
is generated and facilitates the gpray ~ bend transition.

While the aperture 6a of the pixel electrode 6 is rectangular
in the liguid crystal display according to the embodiment as

described above, another ghapes described below may be adopted.



portions extending toward a position at which these portions cross each
other. The one end portions of the straight-line portions are in contact
wi th each other, thereby formng an inverted-V shape. This shape is

capabl e of generating two-direction transversal electric fields and
thereby formng two types of clockwi se and counterclockwi se tw st-aligned
regions. As a result, at the spot wherd® these twist-aligned regions are in
contact with each other, the elastic strain energy, and hence, the
negative energy are increased. By locally increasing the negative energy,
the liquid crystal nolecules around the aperture 6a becone the transition

nucl eus and the s,y ndubt 3954 90, DA MavitBKES LBGE: slditead o

the Inverted V-shape, the shape obtained e Inverted V-shape
in multipl es of tigY agerfrunesta pAcihedpingl dlestiapds 6nny The apdojpdmdsa ViFt h such

shapes, the ; 1 st-aligned.regions ca | so_be formed. The
apelroture 6a (t)t?@tli%gg%%g t% &égc rooxggkg' g?"_ﬁicgf“gﬁ‘feﬁs"'}o we Wailﬁ{?grlg‘g’&-Wshape
with two contriombberss exhesydting t]\?’wwliaﬂgesiwmm; wrltnchhtsﬂaQBQQr:ct?dvsﬁﬁ%ypes_ ;)f_
tw st-aligned._regiQns c be for .lnste 0 e inverted-Wshape, it is
needl ess to %gﬁﬁt ATt ?\%es naepsmge CEHREYF 8? 6t ﬁ%f?ﬂhlth%“?eh%’rﬂfié’&-sw shape
in multiples amﬁn%nd&@ﬁg)eﬂﬂ;;d&)btbeﬁ_ﬁﬂlwi&gfofhix?hrﬁ?nmt ; edqutltaﬁgluouts e 6
i nverted-V apes nmay_ be adopte e aperture 6a o e pi xel electrode
of Fig. 15 iglp' gn%ﬁ*”?eas ‘if"fpag&% ‘% PST‘@‘FﬁtE’{FFn@%SFF?%%?naEr veRgakase of
Fig. 13 and iegecieish@peris anahtiplirebi eformied itidl R bONS1dkasse @M Ot her.
es of twi st-aligned regions can_al so be

1\‘/\(’)F Predt hlsg Spl’ﬁggg%}ecp‘?’ﬁ{‘%ﬁéa&%fsﬁ"ﬁéi%e)?eqegéf”égt r 0% 8 WG FRY.theFPOS of a
rhonmbus shapeheréihese thask 218 ghdDPBESOns ey JOBOn R v aadn ddegl e and a
paral | el ogr e @as%?dasdgxgigdéné/ggty? asulljcf rllleggg ,pet%é 1t1ehgeatti\1{r\g energy are

increased. By locally increasing the negative energy, the liquid

crystal molecules around the aperture 6a become the transition

nucleus and the spray - bend transition smoothly takes place.

Instead of the inverted V-shape, the shape obtained by
rotating 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 continuocus inverted V shapes. With
this shape, the two types of twist-aligned regions can be formed.

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

Theaperture6aofthepixelelectrodaﬁofFig.ISiscomprised
of two straight-line portions as in the case of Fig. 13 and is
X-ghaped in which their central portions cross each other. With
this shape, the two types of twist-aligned regions can also be

formed.



types of twi st-aligned regions can also be fornmed. The aperture 6a of the
pi xel electrode 6 may be of various types of shapes as descri bed above and
a wdth and size thereof are not uniquely determ ned. Nevertheless, it is
preferable that the width is relatively small for the purpose of
generating stronger electric field concentration. Specifically, the
aperture 6a preferably has a portion o0$049m w de or |ess. (Second

Enbodi nent) A second enbodi ment of the present invention illustrates a
liquid crystal display provided with a flattening | ayer 18. The source
lines 11 are each provided bet ween the pixel electrodes 6 in the liquid

crystal display of phheLELaly SIOOAEYsxedS ANOMIAL b £l Ghug? 2] 7L Of

the first insulating Ié& :%agorns a conveX he pi xe
el ectrodes 6 mshmmhmeeﬁppadlnghenthddﬁhethnm&nﬁsxﬂg@oﬁduuqﬂﬂmamzlhngke11 For

this reason, the distanc bet ween t he_pi x ctro neegs

great er t han ?’H’g ‘ﬁq S‘Pgﬁ% BBhvex® ‘B&"Fgm%éﬁd 5¥& i’raé’?ﬁrttql %\W%pert ure
ratio i s redusgsbs oAcsalsdi-Atighed flegjjh;lns e&b@iwﬁﬁﬁ fokheafl attening | ayer 18
is provided as degcribed below Fi I S.a craoss-sectional view
schematical |y showf#y 2ReT tHifs b7 (4t 'Fllfhpbﬁ‘e]t RECFTRIPS EFYteaP™ dPEHPLS panel

i ncl uded in tHfes! bfWndpss st abschivsBh bRk 4dd & wiradinE Bl ze AhesBOMN | N
Fig. 17, the flattening_|layer 18 made of a resin material such as

acryl -based RSP RIHELY dokerRiReCac SlPTEM SRRy I I RIATREARLE FBSer 7 and

the pixel el@aEd+R383s6208i7QKRA10FEREe bhAldsRs@Bnkbayeingltrofléi€e t he
other elenents are identical to those of the first enbodi nent, the sane or

cor r espondi nPIP&EESC drie ettt thytice Fpecibiralids cFheh @BeFEHRS &Bs and as
such, will nqlrHe-gdesfHabed ;%ﬁ"%ﬂ ofTQ%pm&ésaxoriegé the flattening |ayer

18 can reduce the di'stance t ween e pi xel electrodes 6. This can
i ncrease t he {Second Embodiment)
A second embodiment of the present invention illustrates
a liguid crystal display provided with a flattening layer 18.
The source lines 11 are each provided between the pixel
electrodes 6 in the liguid crystal display of the first embodiment
as shown in Fig. 2, and part of the first insu'lating layer 7 forms
a convex portion between the pixel electrodes 6 as corresponding
to the thickness of the source line1l. Forthis reason , thedistance
betwesen the pixel electrodes & needs to be greater than the width
of the convex poftion and as a result, an aperture ratio is reduced.
Accordingly, inthisembodiment, theflatteninglayer 18 isprovided
as described below.
Fig. 17 is a cross-sectional view schematically showing a
constitution of the liquid crystal display panel included in the
liguid crystal display of this embodiment. As shown in Fig. 17,
the £flattening layer 18 made of a reginmaterial 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



aperture ratio, and therefore, sufficiently bright display is achieved

w th power consunption reduced. The flattening | ayer 18 not only serves to
flatten unevenness of the layer but also serves as an insul ator between
the pixel electrode 6 and the storage capacitor electrode 9. (Third
Enbodi nent) A third enbodi nent of the present invention illustrates a
liquid crystal display in which the col®ar filter layer is formed on the
side of the array substrate. Fig. 18 is a cross-sectional view
schematically showing a constitution of a liquid crystal-display panel
included in a liquid crystal display of this enbodinent. As shown in Fig.

18, I Jodol ' | ' R 21B and

Dl Ack Mot 1 {E R T o R Berhann Then Ter i Baferben el 1 "0
bet ween the filterTil @ranibicheof | thec 120 ningl bayerd 18 ncdrheedusss that | ng

I 7 [ he side, of th bst 103, Si e ot her

el tment s are § HERETR AP TE KBS P IGEL FE PR Sendbar it L CHEeakt® or

correspondi ngapeatiise afaeidernaidethéyedore, S cieiiivebeegh@BEplsy asd as
such, will not ,he descrjbed herein. In this co%stitution, the color filter

layer 21 not BArGVeS JH&Pi RAETa 8T HEREALRIZA%Pdet ween the pixel el ectrodes
6 and the st oragermafiaeitboinel o Bl todiyisealye ta siiht t wcent ot oHr

di splay. (Fourth Enbodi mant%L A fourth enbodi nent of *the present invention
illustrates % FPHUIATSE Y& 3190i BIVE T 530l RS ULLPE| Yelives™ pdte 8-F8hg spray
- bend transidicebrfje Br axd dinddsopideUt8Faditokhe1ddttehe 6l €eCctrode and 32 the
source line forned on the inner surface of the array substrate. Fig. 19 is
a plan view s@ﬁéﬁﬁtﬁ“@&@?‘ﬁe@ﬂow ng a constitution of a liquid crystal

di spl ay panel incladagrd embb@indr@Ubsl thbYSdedlent invention illustrates a
liquid crystal di_si:l&y in which the color filter layer is formed
onr the side of the array s_ubstrate.

Fig. 18 is a cross-sectional view schematically showing a
constitution of a liguid crystal.display panel included in a liguid
crystal display of this embodiment. As shown in Fig. 18, a color
filter layer 21 comprised of color filters 21R, 21G, 21B and black
matrizxes 22 provided between the filter 21R and the filter 216G
and between the filter 21G and the filter 21B is formed on the
insulating layer 7 provided on the side of the array substrate
i03.

Since the other elemenﬁs 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.

In this constitution, the color filter layer 21 not only
functions as the insulator between the pixel electrodes 6 and the
storage capacitor electrode 9 but also a £filter for color display.
{Fourth Embodiment)

A fourth embodiment of the present invention illustrates
a liguid crystal display capable of reliably performing spray -

bend transition by providing apertures in the pixel elsctrode and



di splay of this enbodinent. As shown in Fig. 19, parts of opposite end
portions of the pixel electrode 6 are respectively protruded toward the
corresponding gate lines 12 so as to overlap with the gate lines 12. The
pi xel el ectrode 6 has rectangul ar apertures 6a provided in regions of the
protruded portions which overlap wth the gate lines 12. In addition to
these apertures 6a, the pixel electrod 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 electrode 6 overlaps with the
gate lines 12 and the storage capacitance electrode 9 with the insulating

| ayer interp va S AN ' The
soﬁr ce line ﬁ%gsv&e{}?éggﬁémﬁﬁn?%gﬁ giél% gﬁ+‘%’rn£e&f%g§mc%h{h't%haér %&Fg‘?ﬁ"g‘ | ayer
i nt er posed t her ebefpels iamdpldreviectchegat drallypdowine aldmsitdtption ded in

t he overl appi r.eal on. Si the ot her .ele tg.arg identigcal to.those of
the T1ret 2P0 B0a iR P Ll auhf ¥ BilesC STTEARE 3 fid ISR B G DO°F ©
sane ref er encrisplands asisenbeodiniehl . Nnak shewsles Eigbad, pWhenot bepbsayesi ti on
vol tage of the first enbodj.nent is lied in the liquid crystal display
o e ot Beabis Bt < LRk ot e Pomre e by B Ehider

thi ckness di negiianhef cdrii@sbomiiing gadeysimis U2 $pl Ay tpaielrlap Wikargased.

Since the pixel electrode 6 has the apertures 6a in the regions
over| appi ng WA R tHesghte THY r?é‘s‘e&?lSﬁgr‘ldﬁeﬁ HE5r B LIPLET Fgﬁr’é‘i”&gt rode 9

W th the i nsWaabkdgidedayerregbes RES etk PRotLRRINBEI L A% sORSH begcalove, the
increase in the potential difference_ in the thickness direction of the
liquid crystditRdrépeale Jdher Pausts fftior thdhere @rertureera. dde
concentrat i 0pike1 et réded8Nkhd herdASRgE1drY Bp@RirbUs £ ProRiadt inarteesul t,
the liquid c%%Ftal nol ecul es around the apertures 6a becone the transition

nucl eus and giglb pg?,ﬂ;apaéﬁgjwilpam? ﬂ:qﬁ?ge capacitor electrode 9, similar
to the first embodiment. The pixel electrode 6 overlaps with the

gate lines 12 and the storage capacitance electrods 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 layer interposed therebetween, and the rectangular
aperture l1lla 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 :_?irst embodiment is applied
in the liguid crystal display of this embodiment so constituted,
the potential difference in the thickness direction ¢of the liguid
crystal display panel is increaséd. Since the pixel electirode
& has the apertures 6a in the regions overlapping with the gate
lines 12 and the storage capacltor 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



snoot hly takes place. Likew se, when the transition voltage is applied to
the source lines |i and the gate lines 12, the potential difference in the
t hi ckness of the liquid crystal display panel is increased. Since the
source line 11 has the aperture Ila in the region overlapping wth the
gate line 12 wth the insulating |ayer interposed therebetween as

descri bed above, the increase in the pstential difference in the thickness
direction of the liquid crystal display panel causes the electric field
concentration to occur around the aperture Ila. As a result, the liquid
crystal nolecules around the aperture Ila becone the transition nucleus

and the spr - . It ﬁrgg é‘éﬁ?e% C ohd |y 5t,0 t he
first enbod?%%ﬁ?? t éb&ﬁ tﬁ$ggpt e g%@%%h%e 6§R2%Jﬁfﬁe mf%?ﬁ'o tSthe
aperture || @& aeeulespbetigaliif costed mblethhesoerbest thdapeghyrestoaonger
field electric field concentratio [o]o]e The _apertures_6a,..lla need not
be rect angulbaercoﬁlajtthnea e selr{(:)tfms’hué%ggsoq‘nlal;i%tgwé'.sl}ffythr%e&éih%ﬁ .Sul"%%%, in this
enbodi nent, dretpixealaket auisade 6 has the plurality of apertures 6a and
the source line 11 has the aperture Ila. Since the |iquid crystal

nol ecul es ar ound %ﬁﬂ?wéﬁ%Téﬁﬁﬂﬁieéﬁ?ns%q%2“88?% efﬁﬁ?ﬁ??ﬁﬂg?g??ﬁgﬁﬁﬁﬁleuses,

t he nunber qfinksanSkhé Ghe ol RUSES 1RS PlecpdBintibdridsiiatefe Lkl r st
enbodi ment . Cnnsequentlg, t he %$ra¥6- bend transition takes place nore
reliably tHRTERSES OF R THOSTYEBL G ARIRY PRSI BB e ntH R fifth
enbodi ment ahet SriReaSQBL11 AYEREhbE GpertdiSLIALASINR rdditi e ¥sdialg di spl ay

capabl e of reliaq%y performn sprag - bend 34 transition by providing
cut out porti¥GitE FRf SRES pHias 1wty bR ey RER % Y He PhFEIC%80r f ace of the

array subst rb@ebdtdendhs iddsdrainandR)) sEbaRIbESd iy SROWoBERal
constituti Orcliifference inthe thicknessl direction of the liquidcrystal display
panel causes the electric field concentration to occur around the
aperture lla. As a result, the liguid crystal molecules around
the aperture lla 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 lla are respectively set to 4
{mor less. Thereby,. stronger field electric field concentration
ocours. The apertures 6a. lla need not be rectangular but may
be of shapes of Figs. 12 through 15.

Thus, in this embodiment, the pixel electirode 6 has the
plurality of apertures 6a and the source line 11 has the aperture
lla. Since the liquid crystal molecules around the apertures 6a,
lla become the transition nucleuses, the number of transition
nuclsuses is greater than that of the first embodiment.
Conseguently, the spray - bend trangition takes placemore reliably
than that of the first embodiment.

{Fifth Ewmbodiment]
A f£ifth embodimept of the present invention illustrates a

liguid crysial display capable of reli'ably performing spray - bend



of a liquid crystal display panel included in a liquid crystal display of
this enbodinent. As shown in Fig. 20, parts of opposite end portions of
the pi xel electrode 6 are respectively protruded toward the corresponding
gate lines 12 so as to overlap with the gate lines 12. A plurality of
cutout portions 6b are fornmed in the regions of the protruded portions
which overlap wwth the gate Ilines 12. 3kence, the protruded portions are
conb-shaped. The w dth of these cutout portions is 4ltmor |ess. Since the
other elements are identical to those of the first enbodinent, the same or
correspondi ng parts are denoted by the sanme reference nunerals and as such
wi |l not be descr.ibed herein, . Wen the transition. volt of the. first
erbod nent 1 STAITEN U REPRBGTR PR EPRn: S0 S BN, SlerteBat tut eq.

t he potenti aFormbd bar&nrcanher tdierhbe dens abrsgcéumtratet he |iquid crystal
di splay panel is_increased. Since the pixel electrode 6 has the cutout
portions bb in t nELFegborea BYER VABBIHGYR el R ShAYERY 7 feB surution,

i ncrease in bphe poyeid ictstif IREBIGE palel NRICEBE&EKAASE Wighegtdgrtadf the
liquid crystal disp y panel causes the strong electric field to occur

|
around the r@%ﬁ%’@ﬁﬂfg RiF BIRCPBRR Y -0 RS BpeWnakn Blg . 28 PRTES HeORRFEES cryst al

nol ecul es ar g @otHforfEUd H ¥he Bilkeh R ot B § RRBrd IR cELANS brHFuRLE! euses
and the spray - bend transition snoothly takes place. The pixel el ectrode

6 may be protPEHEE e RORFRINCHFAERT gAte Hénef ddi BhdsotePrapmyith thest or age

capacitor el ggtd Qdged 122! 184G 1 1TYCH: JDBLLLRS By BOLadd BYlRd1hN this
enbodi nent. Further, simlarly to the fourth enbodi nent, the source |ane

11 may be pFeRFESPRA oF tha@raberdas eortionp ohiehcgRT AR L HpERAGaHPt h t he

gate 35 |ingired 1WNi k8nbdE RbUpAbidMe8l pdrdliond £QN EbRNSnEReAS erfor Med at
the end portions of the pixel electrode 6, one aperture may be provided.
width of these cutout portions is 44m or less.

Since the other elements are identical to those of the first
enbodiment, the same or corresponding parts are denoted by the
gsame 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 thickﬁess 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 direction
of the liquid crystal display panel causes the strong electric
field to occur around the respectiva\ cutout portions 6b. As a
result, the ligquid 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 with storage capacitor elecirode 9, although
such apertures are not provided in this embodiment. Further,
similarly to the fourth embodiment, the socurce line 11 may be

provided with the aperture in the region overlapping with the gate



(Si xth Enbodi nent) A sixth enbodi ment of the present invention illustrates
a liquid crystal display capable of reliably performng spray - bend
transition by providing cutout portions in the storage capacitor electrode
and the gate line formed on the inner surface of the array substrate. Fig.
21 is a plan view schematically show ng a constitution of a liquid crystal
di splay panel included in a liquid crwstal display of this enbodi nent.

Fig. 22 is a viewtaken in the direction of arrows substantially al ong
line XXIl - XXIl of Fig. 20. In Fig. 22, for the sake of convenience,

el ements provi ded above the storage capacitor electrode are omtted.
Referring tg Figf]:Z 21, 22, the liquid crystal cell 101 conprises the color
filter 102 andctie array substrate 103 which are opposed to each ot her
with a spacer (naohisbhane)piniralposed cutbat poetiwansh Sradernbe acalrer filter
102 is consti&uted sim/larl to that of the first enboginent e sane or

s t
cor r espondi FGPArELons gt S PUSTEFAER EnnRe PRYHISAIEY REREPEIEA and as

such, w | netxtbendessiddlddgd herein. The array substrate 103 has the gl ass
substrate 10. The pixel electrodes 6 are fornmed on the_ upper surface of
the gl ass substr dt 81x%pephedimest ofs thamuegerhjevenvigol lus trrEepiay el

el ectrodes Qiqftdbiddi@il B%phay éa%)%}fe%ﬁ@&%l& hRrePRBhoSPrhaCaafy t he
insulating layer 19. The wiring layer 25 is conprised of the gate Ilines 12
and the sout&8nfities by rEevigdige Puteut possient i dhRertoragp Sapedtivye

capaci tor elg@ebtf QRSN tRRUgAHe 1108 UAL@E &P enBl EURIN bRSkadess CRadUCt | ON
bet ween these el ectrodes. To be nore detailed, 36 the source lines 11 are

formed on t RECERSAWCELTH#EP:| ayer 19 and the insulating |ayer 7 covers the

sour ]Se i 395 13-h #hg. 9248 d h8Svihds@hal R8a BIOLRNRA NG NGt u@iRCt r 0des 9
are rornmed on e :
of a liguid crystal display panel included in a liguid orystal

display of this embodiment. Fig. 22 isaview taken inthedirection
of arrows substantially along line XXII - XXII of Fig. 20. In
Fig. 22, for the sake of convenience, elements provided above the
storage capacitor electrode are omitted.

Referring to Figs. 21, 22, the liquid crystal cell 101
comprises the color £ilter 102 and the array substrate 103 which
are opposed to each other with a spacer {(not shown)interposed
therebetween. Since the color filter 102 is constituted similarly
to that of the first embodiment, the same or corregponding parts
are denoted by the same reference numerals, and as such, will not
be described herein.

The érray substrate 103 has the glass substrate 18. Thepixrel
electrodes 6 are formed on the upper surface of the glass substrate
10 and the insulating laver 19 covers the pixel electrodes 6.

A wiring layer 25 is formed on the upper surface of the
insulating layer 19, The wiring layer 25 is comprised of the gate
lines 12 and the source lines 11 arranged to cross each other,
the storage capacitorelectrodes 9, and the insulator for preventing

the conduction between these electrodes. To be more detailed,



insulating |layer 7 and the alignnment |ayer 5 covers the gate lines 12 and
the storage capacitor electrodes 9. Simlarly to the first enbodi nent, the
storage capacitor electrode 9 is placed between the gate lines 12 and the
pi xel electrode 6 is 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 ¥th the pixel electrode 6 with the
insulating |ayers 7, 19 interposed therebetween. A plurality of cutout
portions 9b are fornmed in the overlapping region. Parts of opposite end
portions of the pixel electrode 6 are respectively protruded toward the

correspondi ngtlgé'itsgui‘ééqun%zlf%Fﬁaf%rﬂl?%%\éle?{ aBn ltatéil.;[]gt ag 9 anraeﬁlélz The

gate lines 12 are provi 0 or tions 12b in the
regi ons overl awmglnwnaherhe covets tmiedsqnmdel mm@f ithe Thiexgdtecllenés ode 6.

he width of 9b, | ar|
{he first omoburiinfic SthelH ReBihii stamianies f G-RoErirdap it hose of

the first enbodilaentg 1&#@: Tane the NOGReSRODMYEI)S Ravéfs ahe gdeaalings by the
sane ref erencfg:% gegal s, and as such will not be described herein. VWen the

transition vo © (187894 SAPREHSE sftueges gl ied in the |iquid

crystal display of shﬁmmwﬁzdtnarﬁlrge &R3lhéit e 4d0RapOtEYabAtor

difference in thc% | ckness_direction of the |iquid crystal di spl ay panel
i s increased. SRR e 181 RIFGE Relygert the dafetivdetd dids thadisetout

portions 9b isLdditRode 08DrovEddOPRi tHe pkdiN rbffordadfindd 8¢t#RAIGaks and the
gate line 12 has the cutout portions 12b, the increase in the potenti al

di f ference i M-ORE 14O ABRSOLTER 11099 blr oFheueEore olibesEpxpTegenaritpay panel

causes 37 thaestiond) 9ehAL khb Gregioh bve OGN the pq&swel%rceya&lat he
cutout portions 9b, 12b. As a result, the spray - bend transition snmoothly

takes place #hdiiPsthe Ipsiatipgi HygEsdl s difajntatineses tharehetesn. A

pluralityof cutout portions 9bare formedinthe overlappingregion.
Parts of opposite end portions of the pixel electrode 6 are
i‘espectively protruded toward the corresponding gate lines 12 so
as to overlap with the gate 1lines 12. The gate lines 12 are provided
with a plurality of cutout portions 12b in the regions overlapping
'&ith 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 embodiment.
' 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 transitionvoltage of the first embodiment isapplied
in the liquid crystal display of this embodiment so constituted,
the potential difference in the thickness direction of the liquid
crystal display panel is increased. Since the storage capacitor
electrode 9 has the cutout portions 9b in 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



I's obtained. Wiile the gate lines 12 and the storage capacitor electrode 9
have the cutout portions only in the regions overlapping with the pixel

el ectrode 6, the cutout portions may be provided in the regions
overlapping with the source line 11. Mreover, the cutout portions may be
repl aced by apertures. (Seventh Enbodinment) In the first through sixth
enbodi nents, the apertures or cutout @grtions are provided in the

el ectrodes forned on the inner surface of the array substrate. On the

ot her hand, a seventh enbodi ment of the present invention illustrates a
liquid crystal display capable of reliably performng spray - bend

transition pr.ovi di ertures in an auxiliary electrode faornmed on the
ner surtace i g s8R LAt BRonBe ATt bp ol LEGHL G SIS 7" 5"
a Cross-sect ipprakons gy henakiacekhyt stisdpigyriend teheyiRabs sadothilyi qui d
crystal display panel included . in a liquid crystal display according to
this enbodi el RbPER 2t taRgactory hage TaRted wiipelt Botfetens:
conprises thescebedideldl.t er substrate 102 and the array substrate 103 which
are opposed to each other wth the spacer (not shown) i nterposed

t her ebet ween. Si ndBHtRSReAFGELINEE S 21d the SLPEAqePRRECE PR AP A% |y to

that of the fd hate tRERQHIIRPortlibes SANP QF tﬁ@rﬂegﬁ&%@baﬁlag@&hé_ﬁrtﬁ denot ed
by the sanme reference nunerals, and as such will not be described herein.

Auxi liary el éberiided slpchredq by ibg BrtophPorsiwis Bay padrosided pa ¥eunt er

el ectrode 2 f;QpiBek SFediRgpi ANGL totiid 86 Rf1inkNa .CHRbovdd | RS cpithgt rate 102
with an insul ating |ayer EZ | nt erposed therebetween. The auxiliary

el ectrodes 5PoREVRsSTBEtRhieRI7SPY KE IPLTLgAMR- shape as the pixel el ectrodes
6 forned on tlagvbiMiEEmBsEiRee) Of the array substrate 103 and are each

| ocated in the pixel region defined by the gate |ines 12 and the source
lines 11, simlar |Iy‘: the first 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 illustrates 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 schematically showing main
elements of a liquid crystal display panel included in a liguid
crystal display according to this embodiment. Referring to Fig.
23, the liguid crystal cell 101 comprises the color filter substrate
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 éf the firgt
embodiment, the same or corresponding parts are denoted by the
same refereance 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



to the pixel electrode 6. The alignnent |ayer 3 covers the auxiliary

el ectrodes 51 and the insulating |ayer 52. As descri bed above, since the

auxiliary electrodes 51 have substantially the sane shape as the pixel

el ectrodes 6 and are provided with a rectangul ar aperture 5la 4 Am w de or

less in the vicinity of the center thereof. The entire surface of the

auxiliary electrode 51 overlaps wth tisge counter electrode 2, and hence,

the aperture 5la is forned in the region overlapping with the counter

el ectrode 2. The shape of the aperture 5la is not limted to a rectangle

but may adopt shapes shown in Figs. 12 through 15, as described in the
ent cal,_ to those of the

first embodi ngpt. C r

first enbodiment éﬁ% & tégg BT Iggoerlreé:sm(’) ?6@? £ Iée ARt BEERPY he  same
reference numer thsanmny abssuabe 108 Ianmah:e tmacdaseatémﬂh bR piisel W@wnt he
transition vo e first, enmbodi Is applied in the uid
crystal di spldefag?dﬁwli FB68i HEGE 2B ntbhtel EUTES, l”teﬁelbotséﬂﬂ%fﬁ

di fference i rtothe giket knessode 6€C tthaB10fnridne 1kl 843 Hovdraileahx gt y panel
i's increased. Since the aUX|I|ary el ectrode 51 has the aperture 5la in the

regi on over| SI5CREP6% AL Fe EBAntnsulabing LABe®e 52-with t he i nsul at or

i nter posed t her ebedsneesbribhe atRObeRthad tbld@heNes, bledth8abdise NRSS
di rection of the | iquid crystal dlsplayéganel is increased. In addition,

by applyi ng &UPFHFIHGEIRI frcraRe BeBM athibe AiFelcelactrpies Goan @reel ect r ode
2 to the augrbidiss #Lack AdRSngdrad Qﬁexscwgrﬁaei Eﬁtvfm‘é d f%]ads afiaagent rat on

to occur around each of the apertures b5la. resul lquid crysta
nol ecul es ar AR LIRS Fantes tB‘?L’é?"ﬁech@enfthée ?‘F’%ﬁ@ﬁtoiféﬁeﬁﬂéib’tMS and

spray - bend eﬁ.&@fﬁdée‘ on &mhﬁé lettﬁk&ﬁa %gunﬁixagfecélo'&gezt r&%daﬁ%lé ary
el ectrode 51 is provided in each pixel in the liquid crystal display of

this enbodi nﬁﬁf" ap?ﬁgaqer%stﬁogﬁed inthe regionoverlappingwith the counter
electrode 2. The shape of the aperture 51la 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, the same or cofresponding parts are denoted by the
same reference numerals and as such will not be described herein.

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 directioh of the liguid
crystal display panel is increased. Since the auxiliaryelectrode
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 liguid
crystal display panel is increased. In addition, by applying a
vbltage different from that applied to the counter electrode 2
to the auxiliary electrodes 51, the strong electric field
concentration to cccur arcund each of the apertures 5la. As a
result, theliquidcrystalwmolecules arcund the apertures 51abecome

the transition nucleuses and spray - bend transition smoothly takses



nucl eus is present in each pixel. Consequently, a satisfactory inmage

di splay without residual spray-aligned pixels is obtained. Further, by
generating the transition nucl euses on the side of the opposing substrate
(color filter substrate) , nore transition nucleuses can be generated.
Consequently, the reliability of the spray - bend transition is further

i nproved. (Ei ghth Enbodi nent) An ei ghtBsenbodi nent of the present invention
illustrates a liquid crystal display capable of reliably perform ng spray
- bend transition by providing protrusions on opposite portions of the
array substrate and the opposing substrate. Fig. 24 is a cross-sectional

vi ew schemat | faal |y showng main elenents of a sem conductor sw tching
devi ce (TFT)ppocﬁ'i on of a liquid crystal display panel included in a
liquid crystal di sphey thefauxiii Samnbbetbtrede.siRes erovided on lHagh pi4elt he

liquid crystal cel]. 1 co ises. the_color filter 102 and t arra
sugst r at eylogn t?’ﬁc'}rﬁ?b‘%agcrtyﬁggééaT’rFB{)%ﬁEttgﬁisstt"gﬁ‘f‘?f& B FETHET LIPS, \>/lmi ch
are opposednhi@ledChe ghbesntWih Rabh@ixpacer cdiRigushemn) & ifatl POEAdry

t herebetween, The_array substrate 103_has the gl ass substrate 10. The gate
line 12 is foPRSALPIEHe WPt Sepidpad S@F"“l’??e“%l"ﬁg?%%}c%ﬁ ptriPed-and an

insulating |ayer GRr@Ruersy &9ty kh8eridsithRe nicleddes sRdnbhagpi xel
el ectrode 6 are forned on the upper surface of the .insulating |ayer 65.

The TFT 13 i of Bheoprpsdngrubshgdeticohor b e oRaFmtalo moRe trgRf 'dirpne 12.
The TFT 13 i gudildudel WaBGheSetalarhbad. achiscuehtlAYie réBidvi1i 0F BEERAN an

active sem conductor |ayer 64 nade of anorphous 40 silicon (a - Si). The
N+ a-Si | ayefPBY seborst trgnelidon: it funfheg oiieetedhe active seni conduct or
| ayer 64, angegyni@Ukssoegtfode 113. and a drain el ectrode 14. As defined

herein, the source -
An elghth embodiment of the present invention illustrates

a liguid crystal display 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 switching device (TFT) portion of a
liguid crystal display panel incladed in a liguid crystal 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 switching device TFT 13, which are
opposed to each other with the spacer {(not shown)interposed
therebetween.

The array substrate 103 has the glass substrate 10. The gate
line 12 is 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~-8i layer

63 is formed on an active semicdnductor layer 64 made of amorphous



electrode 111 refers to an el ectrode connected to the.source line through
which a signal voltage is supplied thereto. The TFT 13 1is protected by a
protection film®62. The color filter substrate 102 is structured such that
the glass substrate 1, the color filter layer 21, the transparent

el ectrode (counter electrode)2, and the alignnent |layer 3 are disposed in
this order. The color filter |layer 21 4% conposed of red, green, blue
color falters and bl ack matri xes at boundaries of these color filters. A
convex portion 66 protruded toward the array substrate 103 is formed on
the lower surface of the counter electrode 2 as opposed to the TFT 13. The

convex porti@yiBeni & MBYE) Of BROKY abasethyePhOi Q22084 iV 8166 RasOyas L0
have a suitable size. A cell gap 4b between the color filter substrate 102

with the cortenregbitbpestivssamdonfuctas resifotand 2590 en ¢}PAREATFT 13 is
smal ler than ;8,681 HaRn4% Lelygen heAQOJiﬁfineldl £ &feSUPBLL Aofrd02 W thout

the TFT 13 and the array substrate 103 w thout the convex portion 66. \Wen
t he transitiokpoisbéaddl gefehe thianselamtiyode wentedipdappkhegouree fhee| i qui d

crystal di ?pézﬁ%u b dllich a?’l%Bﬁ%f%&F?& Egné%dpﬂ%ﬁere LDg e&-ﬁ%tiﬁm‘: jield

concentration oc urs aroun e ce gap 4 IC]UI crystal
nol ecul es arbumaoténtedeby Egaqxodech@moﬁblm térzansi ti on nucI eus and the spray -

end transition rall ably. baKES, oBAGSe GUASEOUSILNR diNCmIaLLY |1 auid

crystal display capa Vi ng a satl s dot
defect®is cﬂitaalsnewbsﬂﬁ&téel.athamcmmrceiltegapaysr fajr,rrenle b;rausmmgpntthe convex

portion66 of. the oI or . filter ec'{bsé?ffdealgz and.the TET.13 of the array

substrate 41°%® (S§° ?Hé’oﬁ?eesren hven Pe RSt AR %a Cuéh®e

consti t uti omispAsedanimalkhibs nakieve, Thhecalanr dilicel Lagap 2iays brposagd by
providing  a,conye O W00 HibE91S0Lnd LTINS HEE-A3: ot L0 ALES
of these color filters.
A convex portion 66 pro’cruded toward the array substrate
103 is formed on the 1owér surface of the counter electrode 2 as
opposed to the TFT 13, The convex portion 66 is made of epoxy-based
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 trangitionvoltage of the £first embodiment is applied
in the liguid crystal display of thig embodiment so constituted,
the electric field concentration occurs arcund the cell gap 4b.
Thereby, the liguid crystal molecules around the cell gap 4b become
transition nucleus and the spray - bend transition reliably takes
place. Consequently, a high-gquality ligquid crystal display
capable of providing a satisfactory image without dot defect is
obtained.

While anarrowcell gap is formed by using the convex portionsé

of thecolor filfer substrate 102 and the TFT 13 of the array substrate



103 and anot her convex portion on the color filter substrate 102 as
opposed to the convex portion different fromthe TFT 13. (Ninth

Enbodi ment) A ninth enbodi nent of the present invention illustrates a
liquid crystal display capable of 'reliably performng spray - bend
transition by providing cutout portions in opposed ena portions of

adj acent pixel electrodes fornmed on thet i nner surface of the array
substrate. Fig. 25 is a plan view schematically showi ng a constitution of
main elements of a liquid crystal display panel included in a liquid
crystal display of this enbodinent Her ei nbel ow, for the sake of

convent ence. s PLAE o SLEst 008,20 nBe koL BH (@080 AR Rf gpent 1o the

pi xel electro ditelton o e source 1ine are
di scussed. Red anrditgrhatifiey. th&&;aﬂxbe qmmejapehaacbe Edmﬁﬁbgmba@mgm th the

gate lines 12 at end whe rotrusion 6Cc extended
in the length® 8??%’&??%#0&8{%8%5{1?5%‘“ Q}’ %? tPgrﬁﬁ,F&?‘ s“%ﬁg T3t ti ons of
the pixel elexd eadanbbhahiceivad potyipasat the cblner faldepPiubsrtewheEr e t he
protrusions 6c are provided are protruded toward the gate line 12 so as to
overlap with*% W@PQ%L&% o] ke penve ét°§§%%‘é BE oM e EpORdT9 ™D Yhe plurality
of protrusi ongke Bhwbaikeryed in the region of the protruded portion of the

pi xel electrode 6B which overlaps with the gate line 12. Sinmlarly to the
first enbodi nent, ?tHE R subedinentt pHd&ecPTeRREF | Hye it ¢h RS tFRt8% |3 nes 12

with the i nsmq%tiar&ylaeaﬁaléﬁfagrda@asﬁe of BeL AR R ol I SpAiRe- Béker

el ements are identical to those of the first 42 enbodi nent, the sane or

cor r espondi nFFELELOHPE REOTEAERE Ky toHe PoSHIARS, U OPRITRS ARMPCEELCRfHhd as such

will not be gesaiabif per& BieNiRlel HRrhbd@ Rty thOAnMEH ts%ﬁ@a&; oehend i 1 st

enbodi nent is applied
array substrate.

Fig. 25 is a plan view schematically showing a constitution
of main elements of a liquid crystal display panel included in
a liquid crystal display of this embodimenit. Hereinbelow, for
the gake 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. 25, the pixel electrode 6A overlaps with
the gate lines 12 at end portions where a plurality of protrusions
6c 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 where the protrusions 6¢ 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 6c are
formed in the region of the protruded portion of the pixel electrode
68 which overlaps with the gate line 12.

Similarly to the first embodiment, the pixel slectrods 6
overlaps with the gate lines 12 with the insulating layer interposed
therebstween.

Since the other elements are identical to those of the first



in the liquid crystal display of this enbodi nent so constituted, the
potential difference in the thickness direction of the liquid crystal
di splay panel is increased. Since the protrusions 6c 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 aresult, the liquid crystal nualzecules in the region between the
protrusions 6¢c and the recesses 6d becone the transition nucleus and the
spray - bend transition reliably takes place. Consequently, a high-quality
liquid crystal display capable of providing a satisfactory inmage w thout
dot defect is_obtained., In the ninth enbqdinent, if the voIt&gq&eapplied
ty,

h
to the adjacCeHTSAR. Lhe SoPG(Ys SRATCREPGIRI PAVEF &8 FRRY6ra f or

exanpl e, a pldsmendraibide HOhdRUE dndl APPLEHLIDnbb®eoseribd®Rbrade 6A and
a mnus polarity voltage is applied to the pixel electrode, 6B

two-direction trarf@pertdgitrepsiiopyol tegent Weditrheubotiasntiagpriied

gener at ed betjeeRe thgufil-aeaitl Rispthy WeethiLdfodiNenbBo dnstiibeliamt ed by
arrows 110, 120. In this state, simlarly to the description wth

reference to Yhegeotprtiahdigferepre 1atihe HiHBPYY A1HICHIRB 95 A &Pt al
mol ecul es, angd-hepe aig,?%ynga@l: V€1 £ORLG¥a . Ok1hdethd Gubtuivak 3L 43l ecul es

in the regi on between e Pl xe el ectrodes 6A, 6B, are increased.
Consequent | y, theheonnssagndingerebesgps Gdnerarisnotithl the ares 1pradé. the nake the

el ectric field 0epes aLeds RGIWERE- 4160 PSS HdRweSF pRBEridiRnCHE I&FPONdi Ng

recess 6d stronger, a distance 6e between the protrusion 6¢c and the recess
6d may be setthgsceymdspondipbaerese 64. Ndvept Pridss the liuwid ¢r¥etalenenber ed

that there i %oﬁgggléé 4 bR Lgﬁgﬁ%eﬂﬂ@eﬁ SRL6Eb & heQbnd BE aqjti thaRegedils because

I f the distance 6e I's reduced to excess, shorting m ght occur between the
pi xel el ect r ddesbeceme Jhectfansatign niclaus andethy gpray t Pepdityargisio®nce 6e is

reliably takes place. Consequently, ahigh-qualityligquidcrystal
displaycapable of providing asatisfactory image without dot defect
is obtained.

In the ninth embodiment, if the voltages applied to the
adijacent pixel electrodes 63, 6B are reversed in polarity, for
example, a plus polarity voltage is applied to the pixel electrode
64 and a minus polarity voltage is applied to the pixel electrode
6B, two-direction transversal electric fields seen in a plan view
are generated between the adjacent pixel electrodes 6A, 6B, as
indicated by arrows 110, 120. In this state, similarly to the
degcription with reference to Fig. 11, the elastic strain energy
of the liquid crystal molecules, and hence the negative energy
of the liquid crystal molecules in the region between the pixel
electrodes 6A, 6B, are inéreased. Consequently, the spray - bend
alignment smoothly takes place.

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

Nevertheless, it should be remembered that there is some 1imitation



approximately 4 - 89m Mreover, the flattening |ayer nmay be provided
simlarly to the second enbodi nent and the color filter |ayer may be
provided on the side of the array substrate simlarly to the third

enbodi mrent. (Tenth Enbodi nent) A tenth enbodi nent of the present invention
illustrates a liquid crystal display capable of reliably perform ng spray
- bend transition by providing an intet3redi ate portion between a main
portion and an end portion of the pixel electrode, which differs fromthe
constitution of the ninth enbodinent. Fig. 26 is a plan view schematically
showi ng a consitution of main elenents of a liquid crystal display panel

included in @ LLEWGD SF ¥stdls gl §1Bi | ' reinbel ow, for
t he sake of conveﬁ%enc?e, Xg tg‘.eng e gét?%’dtggg%l%ggggé%sgé?ti%& Pode 6B
adj acent to tdedupp&d exdasst sbdet BAniight hechebaiveedithepitalnlebtrédw sour ce

line 11 are 4qi sc . Ref.erring to Fig. .26, .the pixel electrode 6A
over| aps W t?}y' tlh%%gﬁg gjfé}gé‘ Caﬁ%%st 8?6%%58??0%15% Sg%ﬁﬁgﬁﬁn%eoﬂai bhs where a
plurality ofapprokimetiednss 6€ siumthe |l ength direction of the source line 11

are formed. End tion of the_pixel electrode 6B which is gpposed to the
end portion mhergq{%éaoﬁ?’ét rtE’?i B:East)%&n,”é? gaﬁﬁ’é\}‘faé'eﬁea‘fré"’iﬁ?%tﬁ‘g‘g%%l”]tyomrd t he

st orage capadiotiite siconfircatodhaa AR 1 IR AN e biet Ry St Q-a@fadzapaci t or

el ectrode 9. Rei_%essgs g% corresgondi ng to the Fl urality of protrusions 6c¢
are fornmed i ACNE SFEGCOAPS A T THENSETEFRHLY- 106 LY FO R Rt dfkenbodarensi-ect r ode

6B whi ch overlraptmidxbodihentst or age capacitor electrode 9. Simlarly to the
first enbodi nent, the %xel el ectrode 6 44 overlaps with the storage

capacitor el ect r ode*87 EAPPHSRERA APe RFesPAy drveRtipbLiFtrREe®Bet ween.
The pixel el acgtuptlerfsta LipRay safdawie o AL IHLRYHek8okmi®dGpray ~ bend

transition by providing an intermediate portion between a main
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 ligquid crystal display panel included in
a 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 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 portions where a plurality
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 éc are provided are
protruded toward the storage capacitor electrode ¢ so as to overlap
with the storage capacitor electrode 9. Recesses 6d corrasponding
to the plurality of protrusions 6c are formed in the region of
the protruded portion of the pixel electrode 68 which overlap with
the storage capacitor electrode 8.

Similarly to the first embodiment, the pixel electrode §



portions and internedi ate portions 601 each of which is provided between
the main portion and each of the end portions. In the pixel electrode 6,
the width O of the internmediate portions 601 is set smaller than the

wi dth of the main portion and the width of the end portions and,
specifically set to 101 mor less. Since the other elenents are identical
to those of the ninth enbodinent, the &ane or corresponding parts are
denoted by the sane reference nunerals and as such will not be descri bed
herein. The storage capacitance forned between the protrusion 6c and the
correspondi ng recess 6d forned at end portion of the pixel electrode 6

vari es dependivags o e tieldh-a0dchiia i Al  on 601.
So, by adjusting the mﬁdtﬁ ang ?eﬁg %gfg%ﬁ%aﬁﬁ%€$%§%$§ggﬂ$§%gﬁ%ﬁi601
dependi ng on l@Her sinfenpoedd therebsttyeage capacitance forned in each pixel,

t he storage capaciqth@{:\g&elggfgéﬁtogg é)%v\@%;gﬁ%rfg%rnyaiino}r)\b%éiﬁ?xnder} e recess

6d and the storage paci tance generate her et e $§ Can be
wel | - bal ance®orviens et intersEdinbe pookiage 60f eahke dfi wisichenid @dbmbidd i S

applied in We[o1 ~rystal, di splay of thig enbodi nent so constituted,
the electri c%fq?g%? %é%c'gan ré ?%%Onogggr%a%‘e? %ﬁe £h Rﬂr}gﬂf’ﬁ% on® and the
corr espondi ngirek edsctihdess Nnthawhiyth 60t e tHaihtamBadi e pbrtiods ev1resul t,
the liquid crystal nolecules ound the_regi on between the protrusion 6c¢
and the r ece%é %‘% 3’3%%%5 %ﬁ%n t%ﬁ“ﬁnvéjﬁtﬁ’o?lf rﬁ?f‘gl BUS PR hE"S ggy"idiénd
transition reki&d entiaf®xiphacena, CopeetiRRllY setathi G AU i1b¥s! i qui d
crystal display c Rabl% ' sati sfactory i mage w t hout dot

f Ld
defect is obtai ned "tEl ggé’ﬁﬁrg\éhﬁ%‘%&iﬁe) LOGRtCRY ERTTROSRIS ARt t he

present i nveatbaiirehk siteatate 4x cortdspohding yated HeSpbytetapphie of
ransition by providing apertures in the

reliably perfg&g&gg spray - bepd t .
counter el ecFFBUE ?%eﬁlr?&d’%ﬁr?ﬂ% af‘ﬁr?@rs‘é“d"r‘f’h]c]en‘gtf be gt hgreiiost rat e.
The storage capacitance formed between the protrusion 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 length
of the intermediate portion 601 depending on the amount of the
storage capacitance formed in each pixel, the storage capacitance
generated between the protrusion éc and the recess 64 and the storage
capacitance generated by the other elements can be well-balanced.
Whgn the transitionvoltage of the first embodiment isapplied
in the liquid crystal display of this embodiment so constituted,
the electric field concentration occurs between the protrusion
6¢c and the correspondingrecess 6d, similarly totheninthembodiment.
As aresult, the liquid crystal molecules around the region between
the protrusion 6c and the recess 6d become the transition nucleus
and the gpray - bend transition reliably takes place. Consequently,
& high~quality liquid orystal display capable of providing a
gsatisfactory image without dot deféct is obtained.
{Eleventh Embodiment)

An eleventh embodiment of the present invention illustrates



Fig. 27 is a plan view schematically show ng a constitution of main

el ements of a liquid crystal display panel included in a liquid crystal

di splay of this enbodinment. Fig. 28 is a cross-sectional view taken in the
direction of arrows substantially along line XXVII1- XXVI1I of Fig. 27.
Fig. 27 shows the positional relationship between the black matrix 22 and
the counter electrode 2 and the othefSelenents are onitted. Referring to
Figs. 27, 28, the liquid crystal cell 101 conprises 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 constitubethquadtaithy éi%pwftcagiabi&%ff:bél%bﬁff’%%gﬁx‘ﬂéng kfdaysane or

correspondlng parts are denoted he sanme reference nunerals and as
such wi |l Rkeedfgagasiionbey pnevedimg am;tee%rmf the epuntaysetegtrofie? has t he

gl ass subst g;ghee on él&qlngggfédrgfgl cadf} %et §°§l‘f§§’§§%g$ i?t,&f'he | ower surface

of the gl ass strate peci ter 21R, the
green col or f| I Fdg. 27Gs awpdan Weeblacreenmtmﬂlly Ishewiiil 8 caneti’omived and

conduct i ve QE%&A&n”Eié&%ﬁ% 68 gﬁgqéﬂi s@at QQ#}%%’ b?a o gﬂs?éeed gol or

filters. The counter tro and ar e orned on
t he | ower sarlmdoﬁryéteacdimlaﬁrl bf ehhilsagmbodﬂi’aenﬂ'hef‘tg)u%ells ®| ect rode 21s

di vi ded for r I|ne 4P e _f or Lxe l'ine
and the conagg |'>vé§8% & visr ke ‘ég‘pweé‘{]raec\eégm 0o as 0 s“&vg %Iia& th the gap
bet ween theaa@t}gatmmmxmmveileof FmgIES'? 2FiglerRishafrs ehe pbeitjtdmelsake of

convenience L.GQunt er ectr.od and. a el ectrode 2B adjacent to
the counter "8T%¢ onsé’gpﬂ% wefﬂt%ﬁe‘{]‘r?gémgﬁr% [ r§§ PSRUBEY R egtft ®l'ine (not

shown) are @iacushedottear elmienttbeammﬁemdal ectrode 2A is protruded toward
the counter elegtrode 2B 3:i8VeLY, BEXClnd il RLOLLHARY, PRELT ON
comprises the color filter 102 and the array substrate 103 which
are opposed to each other with the gpacer (not shown)interposed
therebetween. Since the array substrate 103 is constituted
similarly to that of the first embodiment, the same or corresponding
parts are denoted by the same reference numerals, and as such will
not be described herein.

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, the green
color f£ilter 21G, and the blue dolor filter 21B are formed and
conductive black matrixes 23 are formed at boundaries of these
ocolor 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 blecklmatrix 23 is placed
soastooverlapwiththegapbetweentheadjacentcounterelectrodes'
2. Hereinafter, for the sake of convenience, & countear electrods

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



has a shape simlar to that of the end portion of the pixel electrode 6 of
the tenth enmbodi ment. Mre specifically, the protruded portion has a
plurality of protrusions 2c extended toward the length direction of the
gate line. Part of the counter electrode 2B is protruded toward the
counter electrode 2A for every pixel as opposed to the protruded portion
where the protrusions 2c are provided. 46The protruded portion of the
counter electrode 2B has recesses 2d corresponding to the protrusions 2c.
These protruded portions and the mains portions of the counter electrodes
2A, 2B are connected by neans of the internediate portions 201. In this
embodi ment , bh&n&@b@én%ﬁﬂéﬁeckﬁ&?&f%Jéf’&@ﬁh@@ﬁo@éﬁ wtnt}‘aarhﬁ§ytjsl§sts%ﬁ bet ween
t he counter el ectrode and the black matrix 23. V?hen the transition

vol tage of the fiFéFtepbddeneqintes elssitrede Z:Ani§ mortrufiﬁdj:]:gwgast ahefll spl ay
of this enbo SO bt ?Ls,d u ransition

vol t age di ffg}Fgﬁ%}rf r%g‘ran t ha{E E%B% S op?%%ﬂ'lg%ﬁﬁt%r BL%: esoée P8 applied
to the bl ackhﬁﬁtarsihﬁpezsmllm?et%tmqﬂ tilere%re‘lnszd:dnneﬁtthaptmal era&itradbet ween

the protrusigng a on rec cpl Ther t l'iquid
crystal nol gcu gglear@%ﬁtthﬂ&%fnﬁg&#%%?on% \M,Peer?(i?% an PIOt&lf‘s t’?}fﬂ%nd t he

cor r espondi ngormSMMGmOﬂpmwm mmkmsealadwiﬂ‘mtl tféﬂrelayth- dbend
transition r C Cone e ual it i qui

crystal di spﬁ%{:/gé(yéégb e 0 gp%oslll | hgsp 2 g# 58?‘6 %’F’ zr?ob‘f dot
defect is obpawmdedBywam:gm\mtare:ngcﬁﬂweibzn&bsebeﬁﬁpﬂmlwgfaaoa he side
of the oppo t C It su nore transiti

nucl euses ar gbgr}glr? é‘P 3§ pﬁ:oo g‘ef% ep’ito §85Wf§ é°t418 PYUWHErti on 47

nucl euses ar 'éhgemeltmm pnt'ylcmof highes cdentafr bhectaBay2s lﬂb.ﬁtzfefiieﬁfﬁs
Icongfgqugnt ! Yza GSH:&% 'aEXgSE thg%rggégglonsbz%rjd 'Ithregg SplrE)%:;tthdeldsporlil:gong '

and the mains portions of the counter electrodes 2A, 2B are connected
by means of the intermediate portions 201.

In this embodiment, the color filter layer 21 functions as
the insulator between the counter electrode 2 and the black matrix
23.

When the transitionvoltage of the first embodiment is applied
in the liquid 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 fleld concentration occurs between the protrusion
2c and the corresponding recess 2d. Thereby, the liguid crystal
molecules around the region between the protrusion 2c and the
corresponding recess 2d become transition nucleus and the spray
- bend transition reliably takes place. Consequently, a
high-quality liquid crystal display capaﬁle 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



(Twel fth Enbodi ment) A twelfth enbodi ment of the present invention
illustrates a liquid crystal display in which the shape of end portions of
the pixel electrode is different fromthat of the tenth enbodinent. Fig. 29
is a plan view schematically showi ng a constitution of main elenments of a
liquid crystal display panel included in a liquid crystal display of this
embodi ment. As shown in Fig. 29, sinitarly to the tenth enbodi ment, the

pi xel electrode 6 is conprised of amain portion , end portions , and

i nternmedi ate portions 601 each of which is provided between the main
portion and each of the end portions. The width of the internediate

portion 601 nhdicubs W diorhbad ohli@ oM eHds0de bheHPERROSIlstRagad t he
width of the end portions. Hereinbelow for the sake of convenience, the

pi xel el ect r oAEeGREBRYY + Frd 1pPiE YA TEhe hFeY s eadtaarsit t 08 ISHAC thpx el

el ectrode 6A;4n-Sig.l ength direction of the source line 11 are discussed.
The pi xel electrode 6A overlaps with the storage capacitor electrode 9 at
end portion (Frealdth Prandamens) of protrusions 6¢ extended in the |ength

direction of the Spupeeedl B hnBhe okOIEonahELRIALI P PO AY ©

sawt oot h shaped an ong sides 6g and short e protrusions
6¢C respecti velygmiecqrsédbtdisplapdin ghittehei timpecgpeutd portipas| ehgt h

direction of,th te |l td ' 6B whi ch
s opposed t B FHEAipciBfed £ abfhellt 0l By bR sHR L EnfSROEE
protrusions 6c¢c ar@&grvisedlies iewtscharat icaldy dholrimgsa opagie todperxi t or

el ectrode 9 averl Lt 0. .th Lage [.LQr . 0 9. The
recesses 6d "E‘:t(s)(r;"“r&l ggp%%g}eﬁgs togfota \kll\ﬁél%lbdr gfﬁt% 10?“;?(}%? r Asnlegn%g%@"%%rae 8 forned
in the regi om ldigut.fiecyusdbl utliedlppref dhisfentbodipdntnl A& ebbvwde FEB whi ch

ouer| ap it thyd Ne.RLELAGE, CARACILA SLAFRERE, Bho Fubh AdetekQad heuf 17!
comprisedof amainportion, endportions, and intermediate portions
601 each of which is provided between the main portion and each
of the end portions. The width of the intermediate portion 601
is set smaller than the width of the main portion and the width
of the end portions. Hereinbelow, for the sake of convenience,
the pixel electrode 64 and the pixel electrode 6B adjacent to the
pixel electrode 63 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 é¢
extended in the length direction of the socurce line 11 are formed.
The protrusions 6¢ are saw~tooth shéped and long sides 6g and short
gldes 6h of the brotrusions 6¢c respectively make predetermined
angles with respect to the length direction of i:he gate line 12.

End portion of the pixel electrode 6B which 1s opposed {o
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

recegses 64 corresponding to the plurality of protrusions 6¢ are



overlaps with the storage capacitor electrode 9 with the insulating |[ayer

I nt erposed t herebetween. Since the other elenents are identical to those of
the ninth enbodi nent, the same or corresponding parts are denoted by the
same reference nunerals and as such will not be described herein. Wen the
direction in which the long side 6g or the short side 6h of the protrusion
6c extends coincides with the directi®8n of alignment treatnent perforned
on the alignnent |ayer, the strongest electric field is generated in the
liquid crystal layer. It is therefore desirable that the direction in
which the long side 6g or the short side 6h extends conforns to the

direction reimédien hé oM ot 1RSI Lded PEF1EIY ofSHHeqIGeL e@bEdodec fiel d can
be generated and consequentL% the spray - bend transition nore reliably

t akes pl ac8P ¥ o RECTLP¥Lth the, sloTRge ARPAAIERF nRLeatgPRe char acteristic

dependi ng on theipesitiyORe! fhel £dL5P|cA¥odLEARN, 1B isb ALY rédEAGe di Spl ay
as a whole is achieved. In such cases, the viewing angle characteristic is
of t en. var PEEFIRPSOHERJBAG LORRIYPRRAAAILER dPCIoge St tgrivedp st ialdngent

dependi ng 9RyiNe RASLLdN thirdddewdbsPl @y screen.  Therefore, the direction
in which the ' long side 6g or the short side 6h of the protrusion 6¢

ext ends may be \Eimicedhegrthev@mlpmphkepre fdetficad ot Bse® the »indiige in t he

erbodi ment CPRLABAZE oind B T corr e ohLRE B £ R Rk, By el he o end
portions ofarhEeferwicectmeirabd andssgfidtertit not berdesiraibet hedrintent h
of ‘mai 1ol ement s "B ooe SO AFtath I FRIRIBR Bk kaBHU PR e T
crystal di spflafhoff the prevrhodiondivt extends tpincides-vith tB@ diseetifloar |y to t he
tenth enbogjf %gnm&gg @eé%lner?é %%&'Eggx?eds oi’xsthe alignment layer, the

strongest electric field is generated in the liquid crystal layer.

It is therefore desirable that the direction in which the long

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

of the alignment treatment. Thereby, stronger electric field can

be generated and conseguently the spray - bend transition more

reliably takes place.

In some cases, by varying the viewing angle characteristic

depending on the position in a display screen, satisfactory image

display as a whole is achieved. In such cases, the viewing angle

characteristic is often varied by changing the direction of the

alignment treatment dependingonthepositioninthedisplayscreen.

Therefore, the direction in which the long side 6g or the short

side 6h of the protrusion 6c extends may be varied for every pixel

to be adapted to the change in the direction of alignment treatment.

(Thirteenth embodiment)

Athirteenthembodiment illustratesaliquidcerystaldisplay
inwhich the shape of endpoxrtions of the pixelelectrode igdifferent
from that of the tenth embodiment.

Fig. 30 is a plan view schematically showing a constitution



conprised of a main portion , end portions , and internediate portions 601
each of which is provided between the main portion and each of the end
portions. The width of the internediate portion 601 is set smaller than
the width of the main portion and the width of the end portions.

Her ei nbel ow, for the sake of convenience, the pixel electrode 6A and the
pi xel el ectrode 6B adjacent to the pi4gel electrode 6A in the length
direction of the source line 11 are discussed. The pixel electrode 6A has
portion protruded toward the storage capacitor electrode 9 such that the
protruded portion overlaps with the storage capacitor electrode 9. A

plurality of protr Sion rned | he regl.on.overd W th the
st or age capaC| o1 e eé“?ngdé’% 2%1%13 t%xy%yta 45k ?1% B%nlg?%luglgg i on

t he storage g£apaeid cufryeh:e:ctdi@giﬂaﬁ ofEaﬁlsp@mboommft t s phaet i@l eLyr ode GB
which is oppgosed to the end portion_ of pi xel el ectrode 6A where the

prot rusi ons SBOFHEHETHY AR Haﬂ ’ieé‘tﬁr%‘ibf’f}ff&?f‘tt 05\%‘? PLEAL LEGFEYE Eatfaci tor

el ectrode Sdfprased 6 HMLI i tibh Nedd o1t Oh S gen S ARG b O a R RELLOSE O.
Recesses 60b corresponding . to the plurality of protrusions 60a are forned

in the regi oﬁP’oFa‘Fthé’fp‘FWuﬂ%d’rBBW‘?doHeﬁ‘fe%éh‘b|“5?€rP RATHEPR G BRBEE whi ch

overlap w thot BRe ThAlRER16APACI HHY wlABLHE QIR PntePtulllAd YorOiduhgodf i ISt
enbodi ment, the pixel electrode 6 overlaps with the stc rage capacitor

el ectrode 9 % FATtHELLAG Hhapi e ViG] Hieorptr awrther @p8t W idti nce t he

ot her el enends AL @radpsiiiionk. tﬁei:&ﬁ?n%l@& e fidlshke LG FRALncL he same or
corresponding parts are denot ed b " "same reference numeral s and as such

wi Il not be eedepfl ardrede 5A5’91dy Wféﬁiﬁiee%‘?%ﬁ@ﬁ?l%a@iﬁqe&@et%m? he first

enbodi ment | M@ml&%& Reiyd uw I1dngtY ol 8o dlionPb2Ynef sdultics HiHROfH nent so
constituted, the electric field concentration occurs between the
protr usi on @re discussed.

The pilxel electrode 6A has portion protruded toward the
storage capacitor electrode 9 such that the protruded portion
overlaps with the storage capacitor electrode 9. A plurality of
protrusions 60a are formed in the region overlapping with the
storage capacitorelectrode 9 soas toextendinthe lengthdirection
of the storage capagitor electrode 9.

End portion of the pixel electrode 6B which is opposed to
the end portion of the pixel electrode 6A where the protrusions
60a areprovidedis protruded toward the storage capacitorelectrode
9 50 as to overlap with the storage capacitorelectrode 2. Recesses
€0t corresponding to the plurality of protrusions 60a are formed
in the region of the protruded portion of the pixel electrode 6B
which overlap with the storage capacitor electrode 9.

Similarly to the first embodiment, the pixel electrode &
overlaps with the storage capacitor electrode ¢ with the insulating
layer interposed therebelween.

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.



60a and the corresponding recess 60b, simlarly to the ninth enbodi nent.
As a result, the liquid crystal nolecules around a region between the
protrusion 60a and the correspondi ng recess 60b becone the transition

nucl eus and the spray - bend transition reliably takes place.

Consequently, a high-quality liquid crystal display capable of providing a
satisfactory image without dot defectsis obtained. (Fourteenth Enbodi nent)

A fourteenth enbodi nent of the present invention illustrates a liquid
crystal display that enploys a field sequential color nethod and is
capabl e of rellably performng spray - bend transition. Fig. 31 is a

cross- secti onal g AEDEIRLGRh b1 SNBNEATe - SOORIALE L Slpu bl U1 ¢

crystal display accor I Ten rring 31, the
l'iquid crystial théi 3pdaiy @n‘ysthmuﬁsenrhpdtfnlems auoginses sa donquimuaﬁyst al

di spl ay pan 100 u stal dis anel s
Gestr bed | FrpreidarPef Exehd e hre an e ur Bt reR o BReBRRE ot 70
pl aced bel owoat el Ithqw&m&yeﬁ(ﬁlngdrscpﬁsaysmn&limw&mﬂhe tmckhinght 70
conprises a |I% I quiding plat 2 conpri g arent rectangul ar

7
cynthet o eRbitindte. 22 FstTe o b e vt Sxetat it PRRLAR BFATEY Sof an- end
face 72a of rtabecd ingte gl it NGrotRbialdh %Baaﬁmnﬁ@mré@pdﬂmngr@&eaee 72a, a
reflector glaced belom/the_llgpt QU|d|n€#§Iate 72, and a |.i
di tf usi ng <haBy bpgome, b LHRRF T OB MG 2% PR EReat - bRad rtFavﬁifg??Pdi ng plate
72. The | i ght1saiiCeaids iplade | EBoRddqa¥nt 1y WA Gl ghEfSai(ileyoiiqam tting
di odes) for emtting light of three primary colors - red, green, 51 and
bl ue, are s&FuSH %}Waampﬁeb%af QHPVIW%%WSfFHt?%%ﬂW 70 so
constit ut edget heddcinis @prhigsh from the light source 71 is incident on the
l'i ght guiding plate 72 through
{Fourteenth Embodiment}
& fourteenth embodiment of the present invention illustrates
a liguid crystal disgplay that employs a field sequential color
method and is capable of reliably performing spray - bend
transition.
Fig. 31 is a cross-sectional view schematically showing a
constitution of a liquid crystal display according to this
embodiment. Referring to Fig. 31, the liquild crystal display of
this embodiment comprises a liguid crystal display panel 100,which
is one of the liguid crystal display panels described in the £irst -
through thirteenth embodiments, and a backlight 70 placed below
the liguid crystal display panel 100.
The backlight 70 comprises a 1ight guiding plate 72 comprised
of trangparent rectangular synthetic resin plate, a light source
71 placed in the vicinity of an end face 72a of the light guiding
plate 72 as opposed to the end face 72a, a reflector 73 placed
below the light guiding plate 72, and a light diffusing sheet 74
provided on an upper surface of the light guiding plate 72.
The Light source 71 is aLEDarray inwhichLEDs (lightemitting

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



the end face 72a. The incident light is nultiple-scattered inside of the
light guiding plate 72 and emanates fromthe entire upper surface thereof.
In this case, the light |eaking dowmmward from the light guiding plate 72
and incident on the reflector 73 is reflected by the reflector 73 and
returned to the inside of the 1light guiding plate 72. The |light emanating
fromthe light guiding plate 72 is difsfiused by the light diffusing sheet
74 and the resulting diffused light is incident on the liquid crystal

di spl ay panel 100. Thereby, the liquid crystal display panel 100 is
entirely and uniformy irradiated with red, green, or blue light. In the

liquid crystal djsplay panel of.this epbodi nent, so__constituted, a control
circuit (not aé‘r‘?o&%)e'o&f: usf%qu&ng'b YangibrgeﬁgF e‘#lg fiﬁléarbqf(%kl ight 70 to cause
the LEDs as the |ighthé®deREight 1heo dwasklt@ldd, 7€hd diglegeenttied £yomemn t

light of red, green, and blue in a predeterm ned cycle. T rform di spl ay
in synchr oni 74% 38t fPYFFa 'Hel%h‘i“‘s’éjieﬁﬁc’ﬁfthfaﬁ&ﬁ?t, e gf?ﬁ'?f:?)l% gﬁf%‘fﬂht out put s

a control  sigRaind@cR BALe el MRA abKIOL1 GROW N B8 - S@itteeed LhyRie (NOt
shown), in accordance with the inmage signal externally input. As a result,

the gate dri & thpgipkt syidinmhplate I7 Jdl evaiatag o8 threephne PPRRSS,

thereby causifigehBe thEFsc®f ihenisshael i MR Riye! JekRidie as@uueat £akd y
turned on, and according to this timn t he source driver seguentl ally
%h

appli es an i ridgelighinaniding agate J2 wrd gngdfentopacthoFeloAtarnas dsspect i ve

pi xel s throughchRer SOULCE LBLRctod AT 8RY . rdthendd QWi the i@ ofDhRCUl es are
nodul ated and light transmttance of light emtted fromthe backlight 70

changes. As Xigheguldingplatedfe dheckightigrmasating fuemgdediighbouiding esent ed
to a viever ye.hs i99§§fﬁ’éeﬁg}y}ﬁ@ lﬁ?ﬂ%’&ﬂfﬁfsﬁﬁ& 8hedl PPARYEneISsufBLglESCr i bed

above, the liquid crystal display o hi s enbodi ment enpl oys so-call ed
field sequentdiffused ddghbtivodncidentcan dhef Liged pais e lcAyariay a8s’sdi ay by

the field se(w)%r]t iﬁlerg’%,orthe ligquid crystal display panel 100 is entirely
and uniformly irradiated with red, green, or blue light.

In the liguid crystal display panel of this embodiment so
constituted, a control circuit (not shown) outputs a control signal
to the backlight 70 to cause the LEDs as the light source of the
backlight 70 to sequentially emit light of red, green, and blue
in a predetermined cycle. To perform display in synchronization
with the emission of 1light, the control circuit outputs a control
gignal to a gate driver (not shown) and a source driver {not shown),
in accordance with the image signal externally input. Asaresult,
the gate driver applies a scanning signal voltage to the gate lines,
thereby causing the TFTs of the respective plxels 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 liquid crystal molecules are modulated and light
transmittance of light emitted £rom the backlight 70 changes. As
a result, an image according to the image signal is presented to

a viewer who is obsgerving the ligquid crystal display.



met hod, since one franme period is divided into a plurality of sub-frame
periods in display, a satisfactory image display is not obtained if the
response of the liquid crystal display panel is slow. On the other hand,
since the liquid crystal display of this enbodinment conprises the OCB-nobde
I'i quid crystal display panel 100 capabl e of high-speed response, a

sati sfactory image display can be adii eved by the field sequential color
nmet hod. As thus far described, the liquid crystal display panels
illustrated in the first to thirteenth enbodi nents are capable of reliably
performng spray - bend transition. Therefore, in the liquid crystal

di splays of th ' a t'ﬁ%ﬁ t S t hout a dot

defect is obt aﬁ%ﬁ%gﬁﬁgﬁﬁeEﬁggﬁ ntg) Qﬁyﬁ‘ti teentl(% (r%a%l \#Aent of the

present i nesbbdbrent| bmzsltoryatm—caama q:;i'ebld wegsentiadi scpiloaym@apdbl doof reliably

perform ng SRLa nd. t an5| rovi r cirode so as
SRk big Saed PERRLORLR Y LA M eh BB Ru RS

to overlap constl qui d
crystal dimephay, efintéi cnecttbadk mertod Sis déntdedalinto 4 patrafityhef fir st

i e S S i M S

schemat i calobyashaiipoci eonsdnskUss @Re mquadsdfyuehurcnsgiaﬁ pRh¥elig N the
l'iquid crystal dlsplay of this enbod hown in _Fig. 32, the pixe

i s connect &°Fo PReP sWEé‘Wn@lffeﬁ?‘B\ﬁlﬂBadmﬁtaal SARRE O B ode 111 to

which a siegBatiingitt 8gfprisek Orhe o8B R decti dulllaoughs daheassplagepiane 11. The
source electrode 111 extends in_the length direction of theégate line 12

and over | ap@0\GaPRPLR LR -FPRARE TOSRANSS - %S?ﬁjﬁﬁa&?ﬁy tHRee 835P4a¥own)

i nt er posed daheb£hehveess vihensigrRAbL yaldengeal Scoau:pp&dtada to the source
el ectrode 111 and then to the ﬁlxel electrode through, a drain electrode. A

liquid crystal [IRfyERUg G ¢ pefls thes hidgld crystal display panels

illustrated in the first to thirteenth ewmbodiments are capable
of reliably performing spray -~ bend transdition. Therefore, in
the liguid crystal displays of these embodiments, a satisfactoxy
image display without a dot defect is obtained.

{(Fifteenth Embodiment}

A fifteenth embodiment of the present invention illustrates
a Liquid crystal diéplay capable of reliably performing spray -~
bend transition by providing the source electrode so as to overlap
with the gate line. Since the constitution of the liguid crystal
dlsplay of this embodiment is identical to that of the first
embodiment except the structure of the pixel described with
reference to Fig 32, degcription thereof is omitted.

Fig. 32 is a plan view schematically showing a constitution
of a structure of a pixel in the liguid 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 line 11. The
source electrode 111 extends in the length direction of the gate

line 12 and overlaps with the gate line 12 with an insulator (not



above the source line 11. That is, the source electrode 111 is interposed
between the gate line 12 and the liquid crystal |ayer. The source el ectrode
111 has a bent portion in a region thereof overlapping with the gate |ine
12. When a transition voltage described later is applied in the liquid
crystal display of this enbodinment so constituted, the electric field
concentration occurs between the bent5Yortion of the source electrode 111
and the pixel electrode 6. Asa result, liquid crystal nolecules around a
region between the bent portion and the pixel electrode 6 becone
transition nucleus and the spray - bend. transition reliably takes place.
Subsequent | ysnofRyef riBsd daSebd@iasht | @Re VOl drRiCydtddaCis | dufih Jegr yst al

di splay of this enmbodinment and a nmethod for a I n the transition

vol tage wi | | ththespicgerrd@ctFodp 1 BRarG thew tehhe Rowehglepiinetiortirongh t he

transition v, e 1 | i, QUi g ISRl | Loent. In
the liquid %%%%a?lé | g%) %’y g?}ipﬁfé%ﬁtﬁé‘l %\3’%’? éégoéstwgy\glvl) ?ﬁ%ggjs%% + 15V
vol t age as abayettheonowniecchinallli s Tppt ited e sespecéleaatrgdecl il hes 12a,
12b, 120... r._Qne cond. Likew s +.25V._vol tage .i.s applied to the
counter el ec{n?cgagoie(fg?wc?ﬁé‘ 1!shésc‘E)’élrllsécf’. fﬁher %%Sn ¢ ht?’éa ) ildc‘:a@]'?i%gﬁ{L EiagﬁrAC
rectangul ar wave T daagee edecipldeadlhes kivens purtipr imesedibn tabred® and 30Hz
(field frequenc nd_ i duty ratio 0.5 1. Mre specifically,

S larly v baben R wlfh dretided Tng £ pkn PRI ER our ce
lines 11 i n dusclribedraater ishmplidédanNhe eoquiiyotataladsspiayta@penappl ied to
the pixel electrode 6Aa, .. . through source lines 11A 11C... on odd
ol ubme. and SRBSIE S FReSaELTSd HE ISR T S SeageR e ign goRare

el ectrodes ueBlaee®dPHe bent Rootfdh bhahs Gdueee leioetrdibdl 111443 the paxeven
colums are 54 reyersed in polarjify.. . As the result of the application of
Che tranet 1 iSesERIShe 5o piheBRHE o ldisg SR RER e car i ARBPS ¢ ke

pl ace in a between the bent portion and the pixel electrode § become transition

nucleus and the spray - bend trangition reliably takes place.

Subsequently, waveforms of the transition voltage in the
liguid crystal display of this embodiment and a method for applying
the transition voltage will be explained.

Fig. 33 is a view showing waveforms of the transition voltage
in the liguid crystal display of this embodiment. In the liguid
crystal display of this embodiment, as showinFig. 33, + 15Vvoltage
ag a gate-on potential is applied to respective gate lines 1l2a,
i2b, 12c¢.. for one second. Likewise, + 25V voltage is applied to
the counter electrode 2 for one second. During this application,
an AC rectangular wave voltage is applied to the source lines 11
at X 7V and 30Hz (field frequency), and in a duty ratio of 0.5 :
i. More spécifically, gimilarly 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

| 6ha, 6Cc, .., through source lines 11A, 11C.. on odd columns and
the AC rectangular wave voltage applied to the pixel electrodes

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



conparatively large-sized liquid crystal display. This is due to the fact
that the AC voltage applied to the liquid crystal causes unstable

"di sturbance. thereby resulting in inproved uniformty. The field
frequency of the transition voltage is not limited 30Hz. According to
study by inventors or the like, it is desirable that the frequency is 1lkHz
or less. As an alternative, transition54oltage of waveforns shown in Fig.
34 may be enployed. In that case, differently fromthe case of Fig. 33, no
voltage is applied to the pixel electrode 6 by keeping the source line 11
at potential of OV and -25V voltage is applied to the counter el ectrode 2
for one secopgyerskBCH RearPQtential of the source line 11 is kept at OV
and is not fluctuated, = application of the transition voltage is easily
carried out witho8i thdependt nf e anrd igatirancokithe drangitignivelithge. case, the

spray - bend LLio | Kk {m.ar | e, case using
the transiti 1(:)%1'5’r \%%F%%geggégt%@%ﬁe‘?’o?%R(L)I?@éf’g#wgg%l%léac%t %gl?t y, however,
sl i ght nonunedmpamativedly Ipreersizdikridquidngiysiah dispbigser Yiets isndtde pl ane

and the volt [ | [.e ar rating,th -. pend nsi.tion Is
appr oxi nmat el ?‘gg“? gg’%‘ 9’% %thee%ggéﬁggﬁﬁggé tﬁ‘ge{‘%éi als&;&gfs ttﬁ‘?%.a %§§s. By the
way, the i nvemttabie diidhebahnée” fthardby rasultiagdpriayrovedrenitEdomangi tion i s

gat e on' pot cH B HERERE L B s PR RsrErt o B Rp ap s i Ret B o ng
vol t ?ges Iof f&cfofrﬁm%&o qoalmkigrdytvixgaan(terlg prdtk%&ﬁ{kﬁ)l i*a?e é}e_&iamiﬁzé eﬂaﬁg t he
counter el ectrode and,_ + is applied to the gate line as e

gat e- on pot entd %F?‘.Iuenﬁﬁi &8 rﬁ]@ﬁt %h &ge to the fact that the transversal
electric field 55 ageanaiabetativiengtidheivodd egbtadgdf of haveaoBapahamty i s
stronger than _that

Stronger {hap oL bRt OSE R ShReld ShC SRS e PR 1
case of Fig. 33, no voltage is applied to the pixel electrode 6
by keeping the source line 11 at potential of OV 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,
application of the transitionvoltage is easily carriedout 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 transition is observed
in the plane and the voltage required for generating the spray
~ bend transition is approximately 2 to 3 V higher as compared
to tha 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 patentiél 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 potentiall.
This might be due to the fact that the transversal electric field



As a further alternative, the transition voltage of the waveforns shown in
Fig. 35 may be enployed. Simlarly to the case of Fig. 9, + 15V voltage as
the gate-on potential is sequentially applied to the respective gate |ines
12a, 12b, 12c ..., while - 25V voltage is applied to the counter el ectrode
2 for one second. During this application, an AC rectangul ar wave vol t age
Is applied to the source lines 11 at 58V and 30Hz (field frequency) and in
the duty ratio of 0.5 : 1. In that case, since the gate lines 12 are
driven in the sane manner that an inmage is nornmally displayed, the gate
driver provided in the general liquid crystal display (e.g., TN-type

liquid cryst S Itution
s el zod. depehatnpied a8 EREE of PGB Poran T R ORERF BRED .
vol tage i s appkt gdnacatess;suhg t}hemzllteg@:bf ddeféremntcpdlaei tiasnémi thel ectr ode
2 just before the t ition volt in this enbodi nent. The
liquid cryst P spF"?Ni EERPT RN gg rﬁ@?é@ ﬁgﬁ% %Cquid crystal display
panel s have been tbus ﬁmhdﬁsazrtbbmw’éhetm Q&'&ﬂéitﬂoﬁVﬂFﬂﬁa@B bs tpet |imted

to these and be enpl oyed in _Li crystal dis s conprising liquid
crystal dispFa ‘9%?5?‘?&%%’1 BAL9hdy %ﬁb&l‘%‘tﬂl&?e% i X%‘f Ee gﬁaﬁa%

non-di spl ay atirggmrent + skatwitube ab tdieféﬁe-&ﬁ@@teﬂ@imoiméqmlwwl re the
initialization for. changing the non- d|spla lignment state to the display

ali gnment  sEBRE St LRe FRsPoRigye watgi L shttitd Wdlappreti at ed

fromthe forgeimeci%%@bwéa@H&hé&&ntétgw&r@aaﬁsai«oﬁé§5&o’:ms Qurihg Present
invention are capable of obtaining a preferable image display w thout dot

def ect. Thes&r5b apPpiigatdorr 2 &F ’éﬁ“stﬁPa?%a%F"é"%ﬁ"ﬁllté%ljé eorligd bois
products, ipgd WdiRAg higus ¢y %rty§t?¢ aﬂglsm Kir@B%a shbqindy§rakat Al tRONi tors,

l'iquid crystal di spl ays of porta e phones, etc.
duty ratio of 0.5 : 1. 1In 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 liguid crystal display
{e.g., TN~type liguid 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 transgition voltage is applied. in this
embodiment. _

The liguid crystal displays comprising the OCB-mode ligquid
crystal display panels have been thus far described. The present
invention is not limited to these and may be employed in liguid
erystal displays comprising Ligquid crystal display panelsg which
have a display alignment state and a non-~display alignment state
which differ from each other and reguire fhe initialization for
changing the non-display alignment state to the display alignment
state before an image ls 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



Nurmer ous nodifications and alternative enbodi nents of the invention wll
be apparent to those skilled in the art in view of the foregoing
description. Accordingly, the descriptionis to be cons trued as
illustrative only, and is provided for the purpose of teaching those
skilled in the art the best node of carrying out the invention. The
details of the structure and/or functi®¥h may be varied substantially

wi t hout departing fromthe spirit of the invention. 1
111111121212112121211121211112 CL MS CLAIMS 1. A liquid crystal display
conprising: a pair of opposed substrates: a liquid crystal |ayer disposed
bet ween t he Jajufaodryiiast daiRays deapplidinie £ Yababud yyetuda@ying a

di splay alignment state and a coon_-display alignnent state wh.ioh differ
from each otH&ruding Jemilf Supfekitedevisionn. i%’i’i%ﬁ%l‘?@éi"%ﬁ“‘mﬁﬁ%’é%ss no as

to be changeddih@mristle HPp1dLSRRYoRLAINBALNe k810 the display
alignnent state before an inmage is displayed; a first el ectrode- provided

on one of the pai Nugpreybhsedtiicetions srdsrfewiative sabopinantgdef e as to
overlap. witfy.the;di sty Loda WAl Lbsulal o fnlt sLPaseds
t her ebet ween glr?g d‘lgs%%sedﬁé %g%v\een %e{}?i rstﬂgﬁ ect rode andpﬁhe f?“(’:tui d
crystal | ayef thhefamgohel delserintiage Raavidigadyl aBle geserimtion s regi on
over |l appi nj i e, Al i ng
potential di ;gggﬁggr%%%§§%%5%§g££ |f§?§2%3gﬁ%§§8 and 11 g%ggggﬁgﬁilectrode
to thereby pértearhingethosn skalletatinorthpregtet® b2st Tivde| ofjhadrginst al
di spl ay aCGRLANG, | 0an QAT re adtlEi Sk cAdSeAAGRY HA/LE Vb2 aperture
provi ded in the sooond el ect rode.
may be varied substantially without departing from the spirit of

the invention.



3.-'. The liquid crystal display according to Claim?2, wherein the
aperture |Is V-shaped. 4. . The liquid crystal display according to Caim 2,
wherein the aperture is Wshaped. V he liquid crystal display according to
Caim?2,. where the. aperture is X-shaped. 5 a The liquid .crystal.

di spl ay" according to claim2, wherein the lap ture is pol ygon-shaped.
PFI111tJ111111111113 3131111111 Ms 58 7. The liquid crystal display
according to any one of clains 2 to 6, wherein the aperture includes a

plurality of ' ! I lﬁ)ortions exkendi ng toward a position at which
t hese portiOHﬂmauﬂ ““emm her. 8. T)r%tez . 41 1d. crystal display according
to Claim1, Wher®ein the *lacks portion is.a. outont portion provided in the
second eleotro e. 9. The liquid crystal display according to any. one of

the preceding clainms, wherein the Fe8lSportion is shaped to enable
application of two-direction electric fields to the liquid crystal |ayer.

10. A liqui ? crysgt Qk_q{&é%@é_ﬁﬂnﬁiéﬁﬁgg%ﬁmiz of opposed substrates; a

i xquxd crystal |ayer disposed between"the palr Of substrates, the liquid
crystal -layer h&vparapt dippobad subgmabae: state and a non-di spl ay

i €121 sat| on pr ceasflbeybtal {QRARibagllBlrath OF Bl SHRMBELGIELD
al i gnment st diguld erysited| dyyer bgmiue @ disptay ajidfunentawtiofagnd e
di apl ayed: | aénddrephafleddbhReit: 200w AEGP AT ALCELGR Rk %afgs? R wage0"  the
pair of SubstrateS soO as to overlap each other wth an 1I=u ur 1 nterpos;
ad t xerebefUissked to an initialization process g¢ as te be changed from
the non-display alignment state to the display 'aligmﬁem; state
before an image is Elisplaréd: | |
a first electrﬂdé- ﬁr:wided on one of the pair of substrates;
_ a se'c:o;xﬁ‘ elastyods provided so as to overlap with the first
électrode with an insulator intérposed therebetweaen wud disposed
- between the £irst electrode and the Liguid crystal layer, the second
e-léc_tmde bhaving a lack portion in & region overleapping with the
firet electrofe; and _ '
drive means faz: g‘aneréting putent‘i&l Aifferanoe batﬁean thé
£irst electrode and the second electrode to thereby perform the
initializatinn.groaass, : _
2. The 1icquid qrysﬁai'dispiay auaérdisg to Claim L, Wﬁﬁ361n
the 1aalc: portion 1s an aperturs p'rovideﬁ in the second sleatroda.
3. fhe liquid erystal display according to Claim 2, wherein
" the aperture is V-shaped.

4. - The liguid orystal display according to Claim 2, whevein
_the aperture is W-shaped. " R

5, The liquid crystal display according to Claim 2, whereln
~ the. agézftura is X-shaped. ' '

6. - Yhe liguld crystal display according to Claim 2, wherein
_t'_he._ .gpe;:-tura is palygan-shapea_ '



drive neans for generating potential difference between the first
el ectiode and the second electrode 'to performthe initialisation process;
and Convex portico respectively formed at opposed positions in the pair of
t he substrates such that the convex portions are protruded in the

t hi ckness dir ' tba.liquid crystal |ayer,.
111111111111%&@{3 1” ﬂmg €L MS59 11. Aliguidcx
st al di . spl ayhavI~.cndy’ Mpposed substrates; and a liquid crystal |ayer

di sposed between the pair of substrates the liquid crystal |ayer having a
di splay a ignnent state and a non-digglay alignnent state which differ f
om each other and being .Subjected to an initialization process so as to

be changed fyom fhe;n0R- élééaémi%ﬂagnm&aﬁgaw 49 &heodisnkay 2al i gnment
state Dbefore an image is datsplayed; conprising . a first electrode provided
on one of tHE& Pai'PeETins bBs EPaTREe ingludssoAP Attt Hratddali®Bet ween t he
first el ect nodeionan@xtdi@dihg qrowdréxyspaditiayest wrdhdithese rmsansodfsor
generating peLghtlal %ﬁgﬁrence between the :eJxSt electrode and the
second. electrode to:thereby perform -~the : nitialization process, wherein

' opposed arfl por Fhe ddgudd cryptaRdiarRY «GREMEy UeEi LR08S wneYA] k&g ) W tTE
. y e

the first e_l,_g% Egggivm' th_arc itnsul ator_interposed't her ebet weeen
liquid crystal £ar spray™ SCCHEatRpatdoppromidad indbeciqerongriasitrote. Qpposed
and portions hashé pr@téUshRRal NaBpiedi Mor@RS leoSRRL NG L Lhe" first-

el ectrode - ti,f her end_portion as _a. recess ocn responding to the
prot r usi onaﬁﬁ‘r%c%&?lg oHIRE o erg’iﬂ ntlae ﬂllﬁc?% PPRE P +8t58Pe¢t fDFB2RES. “The

li quid crysatPQFi‘Efité’%I' ggfg(égérggﬂ@tipe claftnic2, finhdy ek tdlestiageal bet ween t he
protrusi on aydcdihgayeacess is 41Lm- a ttt.
ic. A 1iquid orystal display compriging:
.8 pair of opposed substrates; '
aliguidcrystal layer ﬂisposeaﬁétwean the pair of substrates,
the liguid orystal layer baving a display alignment state and a
~ non~display aligoment state which differ from each other and being
' subjec:teii to an initialization process so ag to be cimnged'fram :
the non-Qisplay alignment state to thée dieplay alignwent state
before an image is displayed, o
a first electrode and a second electrode formed on one- of
. the pair of substrates so as to overlap each other with an insulator
interposed therebetween:
drive means for gégnérai;ing potential differance between the
first electrode and the second elestrode to perform the
T dnitiedization process: and |
' convex portions respectively formed at gpposed positions
in th@ pair of the substrates such that the convex pcsxﬁ:ians. are
protruded in the thickness direction of the liquid erystal layer.



14: The liquid crystal display according to Claim12 or -13,whe eirt the
protrusion is sawtobth 'shaped. 15. The liquid crystal display according
to any one of the preceding clainms, wherein the second el ectrode has an

aperture includingaportion which is 4n wide or less. I IV I I I I 1#1 I
I . The liquid crystal display according to any

one of the mg‘ﬁ@“g wherein one of the pair of. substrates is an
array substr g asplurality of pixel electrodes provided in matrix;

a plurality of gate |ines and source (I%I nes arranged so as to cross each
other; a plurality of sw tching devi e provi ded as corresponding to the
respectlve pi xel electrodes, for sw tching between a conductive state and

a non- conddéti veAligui@ores e e ey BRI o R IR OgRE SEREERATRSEe | i nes
in accor dapeG, Y ddiPedfdeed Siyehdlt PRl bethddd QP lb8r SaUEGtLds, NES, and

the other of the pair of substrates is an opposing substrate having a

dot er el ectibsdbippiso sETstHL tlﬁ@&ﬁr#@asinswﬁﬁsa @y afionmert |Stghe #Rd fst al
di spl ay aceQrdhfgnif afgﬂn@n%@taftu%a% qiee@amfbaﬁz REch hag ndanagiyt or

el ectrodes overlapping wth the pixel ectrodes. wherein the first
el ectrode isgbtipetet doatR Mﬁ&éﬂﬁﬁqﬂ pregasferafs theba shangrd deBde is the

pi xel el ecieh,@Q0gon Jf el Aiﬁﬂnﬂn‘iryéé@ tg' £l %}(_sﬁfé_ﬁrﬂi‘&ﬂm&ﬂt dtae16,

wherein the first elfecirode Is the gate |1 ne and e second el ectrode is
the pixel befere randnage1ds Maplaypduiaprprdsiegd: di splay according to aim

16, further —Compy &£idi0fldthaae 9@.\&@& 8k aﬁg%c:etmdfe;oéy@ﬁmmcg Wi th

the pixel electrodes, wherein the fJxst el-ectrode’ |s the stora

aapadi tcsr el ectr §§M@W§§%mﬁé@t¢%@&?st%§%ﬁr%@q & 20. The
liquid cryghal vfb Siledda26rdsidld 1k@ef] aidR 16, Wierein the '
drive means for generating potential difference batween
the First slectrode aﬁd the second elscirode to thereby perform
the mt:.a,l:.zation ymc:ess, wherein: oppased end partitms af two
: _adjacant second alectmdes averlay . w:!.th the firet eleatrode with
- an dnsulator interposed therebetwaen.
12, 'ﬂm Yiguid czystél. -«_d:l;aplay according to Claim 11, wherein
one of the opposed end portions has a protrusion in a regiﬁn-
overlapping with the fivst electrode and the other end porticn
' }ms B resess com&spendingto the protrusion ina :::e_gion overlaéping
- With the first electrode. _ | o 5 )
13. The Liquid crystal dlsplay sccording to Claim 12, wherein
distance between the_pﬁatrusinn and the recess is 4i4m - m&m.

4. The ligoid crystal display aacurﬁmg to G.‘La:mx 12 or 13,vherein
the g::at:rus:x.on is zaw-tobth shaped.

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

including a portion which is 4um wide or less.



first electrode Is the gate line and the second electrode is the source
li.e. 21-. The 1l.i(juid crystal display according to Caim16,wh in the
first electrode is the pixel electrode and- the second electrode is the
gate line. m&lﬁé tt11\t\12112 \\IINI2N, L 14 5 61 22. The liquid crystal

di spl ay aoo L‘"@m further conprising storage capacitor

el ectrodes ov Hmt he pixel electrodes, wherein the first

el ectrode is the plxel &l ectrode and the sword electrode |s the storage
capacitor electrode. 23. The liquid crystal display according to Claim

i 6,wharein -the first electrode |Is ta8fe source line and the second
electrode. in the gate |ine. 24. The la. .d brystel- display according to
Claim 16, fuée-th&ke tiompdi siysgabt drsmdey c%&f’&ééf#qgorwelaétt Perle’t o%Rsr | appi ng

Wi th the pi X%ece@u@cumﬁs,wrm@i@ iR bbechelipast &f nbEodeebSid ha source
-line end t nd el ectrode i % stog €%aeiaam t%F el ectéode 25 The
liquid cryst# g YA EC BRFER Y If &n? REFVIEE el ect rode
I s conpri sedim:mataizcondpbireVEymes kgsted 1itwe s8¢ ovvirce| Hoks odwapged t he

counter el eciy ode.. 2Qrodd1CedchdUb .Gl ¥stabrisep! 8Y AcGehfiN %l Oany one of
clains 16 to 25, wherein volta es of different, gol ariities ar

respect i vel YPERSH#s% #ot GO5RRR IpFxef® eel“?@??‘ifdg piepl fﬁ%CHrPg?ﬁ'd cryst al
di spl ay accofati mgitahiagybameenfa tdr@duprieeediatg ehdi asponwhenrdichitehe

potenti al d'étfa%éeﬂgﬁde'eﬁ Jcﬁé/ pimAaV- eleZ&oaIQeaAa qased é&&ééahl@sspnﬁy

according to any_one of reced] clal risin athird
el ectrode arftFe-43Grt I"i’lP}I‘ eEt rdgﬂ‘ée p‘ﬂﬁ‘)‘gﬁeﬁ‘l’fﬁ'} Sﬂe %ﬁ"“gf’hé: p&rF
substrates dninebj ehdthe first and second el ectrodes are not provided, so
as to overl'ap eachihs other of the palr of substrates is an apposing substrate

having a counter electrode opposed to the array substrate.

17. The liguid crystal display according fo Gla.im 16. Farther
compriging storage capacitor electrodes overlapping with the pizel
electrodes, wherain the £irst electrode is the gtorage capacitor
électrode and the second electrode is the pixel electrode.

: '-18. " %he liquid crystal display according to Claiwm 16, wherein the
first electrode is the gate line and the second electrode :!.s tlxe
pixal eleci:rade.

19, The liquid crystal display according to Claim 16, further
‘ comprising storage ca;iabitui: electrodas overlapping with the pixel
electrodes, wherein the fi.x:‘s"_t electrode is the storage capaditor
electrode and the second electrode iy the source line.

“20. The liguid orystal display according to Claim 16,wherein the
First electrxode ig the gete line and the second electrode 1ls the

- souree ling.

- 21-. ?I'he Liguid orystal display acaerﬂing to Claim la, ﬁhere:!.n the
first elecstmde iy the pixel alectrode a,nd the- second electrode
iz thée gate line. '



other with an insulator interposed therebetween, wherein

11111112112121212121212111 01111 CL M62 the third electrode is disposed

between the fourth electrode.. and the liquid crystal |ayer and has a | ack

portion in a region overlapping with the fourth el ectrode, and wherein the

drive neans is adapted to Eenﬂﬁate potential difference between the third
S

el ectrode and ‘““ﬂ ode to perform the initia, izationx
process. 29. Tbg “‘ m

di splay according to any one of the
precedi ng cl ai m», Wwheteih' the non-display alignnent state is spray
alignment and the display alignment st®te is bend alignment. 30. The
liquid crystal display according to any one of the preceding clains,
wherein the insulator is a colour filter. 31. The liquid crystal display
accor di ng- t &-any T et isridh XY Hitdc SAFRbET: (agpredingn dpetiatmis | fuutharor is a

flatteni ng baissindotobiGel btk dlctl-ofl S BHaN AEEAL 4RI h2pR0K ONe Of

the preceding clains, wherein an internediate portioni's etween a

mai n porti ofleFtRadess cWRaERIM ke rHEtanliesiredents ther pivel eflecheodecond

el ectrode Sgn@StHe sRa¥Ea e ictizbas "B Ik stdalyed ol N portion
and a width of thesend portion. 33.ﬁ%ﬁeslLquﬁaaééﬁgégggfaggéﬁégaﬁaccording

to any one of the preceding clainms, further conprising: red an#-jal um-at
tug devi ce Bmvt Jfhe Ligiid coystal dispiav adovgding dolClgiin, legveareinigiet r and

bl ue Iight ftﬁﬂy hbpnlshata g devi ey tral l,..ang.f ntrolling the
i1l um nating eviec% ‘é%éas to iém’t the %’%gé]laflghﬁénﬁ?gmg?e%ﬁq%?gﬁ?:'I‘Sand t he
bl ue |ight ¥ tdeke 3ix¢si CA w ,thin one frame period. 63 34.. A “liquid
crystal display t onprising: : : :
2. The liguid orystal display according to Claim 16, further
_comprising si:orage capacitor electrodes overlapping with the pixel
electrodes., wherein the first eleotrede is the source line and

'the: second electrode is the storage capacitor éléctx:ode. -

' 25 The liguld crystal display according fo Claim k. whe.::e:!.n
the First electrode 158 comprised of a sonduative nask fmﬁ the secmnd
elactrode ig the counter electrode.

26. The liquid crystal display according tb'aﬂy one of claims
16 to 25,  wherein voltages of different polarities are

- respectively applied to adjacent pixel electrodes.

27. The 1liguid crystal display according to any one of the

preceding claims, wherein the potential difference is 15V - 32V.

28. The ligquid crystal display according to any one of the
preceding claims further comprising: a third electrode and a fourth
electrode provided on one of .the pair of substrates on which the first
and second electrodes are not provided, so as to overlap each

other with an insulator interposed therebetween, wherein



a pair of opposed substrates; a liquid crystal |ayer disposed between the
pair of substrates, the liquid crystal |ayer having a display alignnment
state and a non-display alignnent state which differ fromeach other and
being subjected to an initialization process so as to be changed from the

non di spl ay i state to the display alignnent ' state before 'an
image is di 58 %g{ ﬂ!ﬂﬁu i“rmtne of the pair of substrates is an array
substrate ha A - I"i?*y of pixel electrodes provided in matrix; a

Plurality of gate lines and source |lines arranged so as to cross each
other; a plurality of swtching deviggs pro' crided as corresponding to the
respective pixel electrodes, for swtching between. a. conductive. state
and a non-- conducliy g, iRl Lo AGLNRAR: A cRbY Deifht khO $68-A0d1addiRa8OUr CO
lines in accordance wth a drive signal supplied through the gate lines,
and t he ot heanéothe Helqudilr oxfstsdbbaren enditam i HpPo FORtEER dncR A oBhayi ng .
, counter el d ar t r 2l wndpdin Wher, 3. n.a source
el ectrode coﬁ%ﬁl?gﬁ?‘%% 1s:i\%vlé)t chi ﬁg ev‘ft(?gggit ends -@?r orrln this source |ine
in par Ilal with tthe deive héans Fadapted bvastegsteyatenthal ghffenange and is
i nt er posed el.?ﬂ M 'g}é{;g laYiEdreoRd
wherein a dlr}l%%gggén% orégg“hg?ﬁgd%gﬁglﬁ% (%lr:]’ et \ﬁggﬁé%ﬂéée pi x%r- ng{aect r ode
and the sourthe Hnhtlakizpgpphimaessthe gate line to-sot the source

el ectrodes and the pixel electrode at equipotential,, and potenti al

di fference i23?gefeealtmifetrcreeinlt désplsgurcectdiag hndany heregatfe thene to

t hereby perfprdtebhi®) idliatihal | BRLELQN HOGRSSdiRAay 381ighhend | Siditd gEyst al

di splay according t.@ Caim-34 erej.n otent .al difference, ls generated
bet ween the Count earll?méﬁné:ct?%ddem%f tdds?%ag’ pfi%eﬁnm% tectsg"i’)t e £ thafeby

per f o. rm t hedkigrrendl-i zat i on

V.

30. The liquid crystal display according to any one of the

preceding claims, wherein the insulator is a colour filter.

31. The liquid crystal display accor&ing to any one of the

preceding claims, wherein the insulator is a flattening layer.

32. The 1liquid crystal display according to any one of the
preceding claimg, wherein an intermediate portion is Fformed
between a main portion of the gecond electrode and the end
portion of the second electrode so as to have a width smaller

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

33. The 1liquid crystal display according to any one of the
preceding claimg, further comprising:
. an illuminsting devicé baving & light source for emitting
red light, green 1ight. and blue light: and
illwrinating device cootrol means for __qontrdll:ing the
illominating device so as to emit the red light, the green Light
and the blue light by time division within one frame period.



proradso r 36. The liquid crystal display according
wherein the source el ectrode has a bent portion. |

o

¢ L " s *
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34, A liquid orystal dieplay comprising:

a pair of opposed substrates;

aliquid crystal layer disposed between the pair of substrates,
the liquiq crystal layer having é display aligmment state and a
non-aisplay alignment state which ﬁiffesrlfrqm aach other and being
subjected to an initialization procese so as te be changed £rom
the non-digplay a,lignmént gtate 'Ea the ﬁiéplay al:}.gnme_nt' gtate
before an image is displayed, whersin
' one of the palr of substrates is an array substrate having
a plurality of pixel slectrodes provided in matrix: a plurality

~of gate lines and source lines arranged so as to oross each other;

a plurality of switching devices provided as corresponding to the
respective pivel electrodes, for switohing between & conductive
gstate and & non~conductive state ba;ween the plzel alectmdes and
the scurce lines in accordance with a drive signal sﬁgpl:_!.&ﬂ through
the gate lines, and

the other of the paix of substrates is an opposing svbstrate

ﬁ&vm'g -2 counter electrode opposed to the array substrate, and .

whersin -

asource elaectrade consﬁituting the switching éfmr'i.cze extonds
£rom the gource line in parallel with the gate Line so ag to overlap

with the gate line and is interposed between the gate line and

the liguid erystal leyer, and wherein

a drive signal for causing conduction between the pinel
electrode and the source line is supplied to the gate line to set
the some.elactmde and the pizel electrode at equ:l.pateﬁtial,
and potential difference is generated between the sc:m:aé iiua and
the gate line to therehy perform the imitialization Process.
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35 | The liquid crystal display sccording te Claim 34, wherein
potential difference is genéi:ated between the counter electrods
and the pixel electrode to thereby perform the initialization
proCess. '

36. The liquid crystal display accexding to Claim 34 or 35,

wherein the source electrode has a bent portion.
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