22 July 2005 1 LI QUI D CRYSTAL DI SPLAY FIELD OF THE | NVENTI ON The present
i nvention relates to a liquid crystal display, and nore partlmé to a
li quid crystal display conprising an OCB-node (Optically Self at ed
‘Birefringence node) liquid crystal display panel. BACKGROUND OF THE

I NVENTION I n recent years, with advange in nultinmedia technologies, a
great deal of image information has been distributed. As a neans for

di spl ayi ng such imge information, liquid crystal displays have

rapi dl yspread. This is because liquid crystal displays with high contrast
and wi de view ng angle have been devel oped and put to practical use wth
devel opnent of liquid cryst QEe%ISPLAﬁf present, the liquid crystal
-di spl ays are equal to CRT (Cat hode Ray Tube) displays in display
performance. However, current liquid crystal displays are not suitable for
use in display of noving i mages because of a | ow response speed of liquid
crystal . \WiEL® of 74k ERGENTRf that the -liquid crystal respond within one
frame period (16. 7 nsec) In a current NTSC (National Television Standard
Conmi ttee) syst® P’c-‘?ﬁ?“@u*ﬁ‘éqﬂtiomJcﬂ}ladtesr@osaaliqdmpdst.ﬂ ﬁquplaey,rmre t han
|. Conmsec t Gt S I I e display,

t her eby causﬁ%%ggapﬂéﬁ%lﬁg{r%él %ﬁﬂi‘a %}Ltt',]_.['i al%fllflyg Prl"ﬁ B&rd cul ar,
-.since the OCIBG,@%£@P%Ta%§r5@|fa§zompmmeﬂmia"efegmgﬂncm@dscm)alﬂ;rume vol t age

is | owis S¥beSmeyi%psl jsatisfactory noving inage display is not
attai ned. c%gcordl ng? 1P\rﬁmn% attenpts have been conventionally nmade 22 July

2005 2
i BACKGROUND OF THE INVENTION

In recent years, with advance in multimedia technologies,
a great deal of image information has been distributed. As a méans

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

have rapidly spread This isbecause liquidcrystal displays with

h:l.gh contra_ist and w1de wfiewing angle have been developed and put

to practical use with development of liquid crystal technologies.

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

However, current liguid crystal displays are not suitable

for use in diéplay of moving images because of a low response speed

| of liquid crystal. While it is reéuired that the liquid crystal

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

Acc_ordingly, many attempts have been conventionally made -




to provide high-speed responsive liquid crystal displays. Wi le various
liquid crystal display nethods of high-speed response have bgg?l%yﬂﬁgrized
by Wi-ret al. (CS. W and S. T. Wi, SPIE, 1665, 250 (1992)), ne % ds .
capabl e of achieving.a response characteristic necessary for displaying
the noving inmage are limted. Currently, liquid crystal. displays
conprising an OCB-node . liquid crysta? di splay panel, a ferroelectric
liquid crystal display panel, or an anti-ferroel ectric I|qU|d crystal

di splay panel are believed to be promsing as liquid crystal displays

havi ng. 3 hi gh-speed responsi veness suitable for display of the noving

i mage. Anbmgrbhsﬁﬁhighnapéednyspahsﬂmspiqq&qmuyﬁtaldihplhgsrouhenérlc

liquid crystal dIS ay pan nd the roel ectric. crysta
di apl sy poiions Ry POt Alkhmataetfans oF PAE: FReraReAponES BTB s
associ at edbewr huﬁuhﬁﬂzeara@twwalt a5eq S BChmasndl swslmqkspmesusswce

limtedr e allable ten%eratures and hig t enper at ure dependency
of proper?{}’%q]r?g\?’ WoEhdfsapa é‘r"f’gﬁFPb‘ﬁVinﬁ’fSﬁtﬁé’é’ﬁsFSﬁﬁ%eﬁﬁs’é‘f‘% OCB- node

liquid crysdcdussais oy dpapedyingUshd Gnove Gt iadel b difikatial as |iquid
crystal displays suitable for display of the noving inmage. The high-speed

responsi veness ofriemétncdigydd CPW&GPH déF?é‘EUéﬁ °°Tl?;r%ﬁjé‘f9| ﬁ‘}/é’%@o%mnst r at ed

by J.P. Babidullal&8talShiwifidyt piRs1, hesaldiRotdeaonsiuiat e dtaat . the
provi sion of retardation filns brought about.di splays with w de view ng

angl e. and HEBHEE REBGL. s FonentAnfessoelertricalimud pryshal digetad displ ay
panel s hayanebaesns) sk By iie 108011t o2 st A oBhAPSREREL] Onal Vi ew

sghematically showing a constitution of the conventional  OCB-node |iquid

cfystal dbdgPagpessanepons Remeassivg tablafer digplay s themonbaeimagayi d cryst al
display panel GRRBTHhe8s 18qhid éﬁ@!ﬂ%&sﬁwfbaﬁéﬁs Spn ¥ ol edotihid) a

transparent counter electrode 82 on a | ower surface thereof and 22 July
2005 liguid crystal display panel and the anti-ferroelectric liquid
crystal display panel having a layered structuré suffer from many
problems éssociated with their practical uses such as: low shock
resistance, limited range of available tehbefatures, and high
température dependency of property. In view of these, attention
has been'focused on the 0CB-mode liquid crystal display panels
using nematic liquid crystal as liguid crystal displays suitable
for display of the moving image. ' _
The high-speed responsiveness of the OCB-mode 1iquid crystal
. _ displays ~was demonstrated by J.P. Bos in 1983. Since it was
ﬂ) . thereafter demonstrated that the provision of retardation films
brought about displays with wide viewing angle and high-speed .
responsiveness, the OCB-mode liquid crystal display panels have
been studied and developed.
' Fig. 36 is a cross-sectional view schematically showing a
- constitution ofrthe conventlional OCB-mode liquid crystal displéy
panel . Referring to Fig. 36, the OCB-mode liquid crystal display
~ panel comprises a f£irst glass substrate 81 provided with a

transparent counter electrode 82 on a lower surface thereof and




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

87 on an upper surface thereof. A first alignnent layer 83 is Egrrr?gogn a
| ower surface of a counter electrode 82 and a second ali gnman? I%@ 6 is

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

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

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

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

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

provi ded heixeteslédrrogecond pohadd zeysOA aRdebhifes e lAFs 1184 DStrate
88. As the retardation filns 89, 90, negative .retardation filns whose nmin

axes are HYAPi 98P Patyesn these sdionnent Faveuen drnd6 toj bpiformad sete di spl ay

panel so GODSGifdIbEFstalbYaPdiPbt CarheR19fnRetOhh 88 NB6l Al Pof yStal is
caused to ransition fromspray alignment 84a to bend alignment 84b, in

which st &%8I°GHPY g eliernandplegaident e aaliige toe fdawédsprarstadl t he
liquid cryshatunds 1heaLeBréDdeth badifhothys @k i BRL RUmPHISh et fon .

| sivgni ficantly inproved as conpared to a TN-node(Tw sted nenatic node)
% qui d cr ySpdPigheeFsgt fhadiiquid saystaplaver §4 sl defiopd By a sparsdr suit abl e
fornovi nggsoage display is realized. In addition, the provision of the

retardation filnms 89, 90 can achieve w de .
A first polarizer 91 is provided on an upper surface of the

first glass substrate 81 a_nd a second polarizer 92 is provided
on a lower surface of the second glass substrate 88. These
polarizers 91, 92 are provided in cross nicole, that is, such that
their optical axes are orthogonal to each other. A first
retardation film 89 i§ provided between the first po.lariZer 91
and the firsgst glass 'sﬁbst_:rate 81 and a second retardation film
90 is provided between the second polarizer 92 and the second glass
 substrate 88. As the retardation films 89, 90, negative
7 retardation films whose main axes are hybrid-arranged are used.
) In the OCB-mode liquid crystal display panel so constituted,
by application of a voltage, the liquid crystal is caused to
transition from spray alignment 84a to bend alignment 84b, in which
state, an image is displayed. Since the response speed of the
liguid crystal of the OCB—mode liquid crystal display panel is
-significantly impro{red as compared to a TN-mode(Twisted nematic
mode) liquid crystal display panel , i:he liguid cxfrstal display
panel suitable formoving image display is realized. Inaddition,
the provision of the retardation films 89, 90 can achieve wide




22 July 2005 4 view ng angle. As described above, the OCB-node |iquid
crystal display panel displays an imge when the liquid cryst2£JHszbg'the
bend alignnment state. Therefore, an initialization process fof<*" 5
transitioning frominitial spray alignnment to bend alignment (hereinafter
sinply referred to as spray - bend alignnent transition) is essential.
Figs. 37A - 37C are views. for explaini4ng the initialization process for
perfornming the spray - bend transition in the conventional |iquid crystal
di splay, wherein Fig. 37A is a graph show ng change in the rate of the
spray - bend transition, and Figs. 378, 37C are graphs each showi ng a

wavef or m ofriewinglahgde. applied to the liquid crystal display panel in the
initialization _process. In Fig. 37A a longitudinal axis indicates the

rate of transi fFSPSPFEPRT FavealthePChymeds bimmidicrystabddsplavpanedt in the
liquid crygisdidvayal ihilgd WRSH the 14881 'cS]'%E'aflﬂ‘ %atgxedbé‘rﬂi Qi’igi}g{n&t‘ﬁ}tél In

Figs. 37B, -37C,"' longitudinal axes respectively Indicate po
di f f er enceStRisnecthegefoseurate int hbakizdtine wmeeser for|twansbtionnd pot enti al

di f Ferencerigi weeld B3k a1b bt Yol a1 I GHAGS: (S undFe AR i 0.

37B, in the initialization process, a pre erm ] vol'tage i prlied
i nt er mi tt cFRASFred thasseprare -1 hend abighnené transi¢lior) det egekntdalt hat the

potent i al di M1 epeaeeahRLIBRNard 180904600l 0s, AN chlS pE0URL Elacel et T 00e

&
becomes by or nore.  ~Also, as shown i srmoned vol tage is
appl i ed tRFocrEsghe® Herferniny tthe sprayce bemd tsanthttort He put enti al
di f f er enceonRehesiLt B | the source line_beconmes by or nore
;oger the Whol e ThiTi a? zat ?g#%ﬁ'ogg sl.agAs‘a%le%reeguﬂfjtg{' %gA g‘ﬁtﬁvﬁrfl PFig.
“37A, the shewdngfchangesinithe rote¢ e bbadsmiaygAmeeid itvahsairieas ednd

Figs. 37B, 37C are graphé each showing a waveform of a voltage
applied to the liquid crystal display panel in the initia-lizai:ion
process. _ ' |
In Fig. 37A, a longitudinal axis indicates the rate of

transition from initial spray alignment to bend alignmént in the
ligquid cry'stal layer included in the liquid crystal display panel.
In Figs. 37B, 37C, longitudinal axes respectively indicate

. potential difference between the source line and the counter

" electrode and potential difference between the gate line and the
source 1ine..

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

-\'-,../'

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

stepwise and the spray - bend transition ig completed when the




stepwise and the spray - bend transition is conpleted when the 22 July 2005

5 initialization process is termnated. By the way, how the sp?§¥ f%@ﬁ?d
transition takes place is observed and. the observation resul e hat
a nucleus of the bend alignnent is generated froma specific spot and
grown. Hereinbelow, this nucleus is naned 'transition nucleus'.
Publ i cati on of Exami ned Patent Application No. Hei. 10 - 20284 discloses a
liquid crystal display panel in which a convex/concave portion nade 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 comstialitaoion procesd he eéﬁﬁtﬂ’ajtédf ield strength applied to a
on the convex/concave portion becones

region of the % q&ﬁd cryﬁtal | aye
| arger than that?argufitf ¢ Re¥r ayg RePydnbrafsiddonrtakes Rkagssisi on
nucl eus i sobstiveitai®dhe %&%&l@ﬁd ¥esﬁi€sﬁ&ﬁ@)&hatb§'?ﬂc§.é&‘£‘%ft RO snoothly

t akes place. However, in the conventional |iquid crystal -di spl ay, the
spray - bederd F&ﬁ%’?"ﬁ“&n%&%ﬁrﬁﬁgdt%am%gf\?ﬁ sr9towndegiemn-l ity because

of lnsufflrcdx@ihbsidvﬁn%hs Gudid8s € £Glahil ¥i:Rnditidh tr{HcﬁeuQase the
spray-al i gned r%‘glt on |s IocaIIy | eft and becones a um nescent spot, which

is observed as ten ofSExmmieedOPatpt ARRENEtENDTRe. Hedseb® - nventi on
i s direct efbzsa &Qd&loaestehqiq%hevé‘fﬁ%&raﬂ%a rBQ.L?i“ﬁ.“Qn Qpj ect t her eof

is to provide a liquid crystal di'splay capable o | rabl'y performng
spray - b&PIVeX{eaRsAYe RPrtiensErda of he isdvetins mﬂltbeﬁabli@bfmed here is

provi ded at & b&ua&&a&ﬁa@po@m%&%u%@éi@ BE ‘ax H{ &%98%9
bstrates; a liquid crystal l|ayer disposed bet Ween fhe pair
Ebst r at eghe purpose of generating the transition nucleus. In this

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

luminescent spot, which is observed as dot .defect.

) . ' SUMMARY OF THE INVENTION

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

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




-

the liquid crystal |ayer having a display alignnment state and a 22 July
2005 6 non-display. alignnment state which differ from each otgfﬁlaa&xpeing
subjected to an initialization process so as to be changed from the

non-di spl ay alignnment state to the display alignment state, before an

I mage i's 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 crystal l|ayer, the second el ectrode
having a lack portion in a region overlapping with the first el ectrode;

and drive mrdisﬁb&y albymdentti Statp @heoh idakc el £1ak Ao bRiMBRIbL gy T 1 St
second el ectrode to thereby performthe initialization

el-ectrode a h
process. q:fjﬁl E liotﬁ’si’“i‘tjt’ﬂﬁ oA P ISEE it PAI tUibef EhueE FROM gener at ed

bet ween t haaef nosiaieipeel rAdenaset iFtats aeobke @ispisPd8ignhdit gtegdric field
strength around the lack portion included in the second el ectrode is

| arger t hatPhoRe 4 dpage dsf Absrilaviede iy fRrst plerErede providadonn oke a resul t,
the |'iqui chckistpalirned 86 ESated: OWdeddifa laﬁ&é‘tn%ﬁ(etﬂ[;%iﬁ‘éﬁqéﬁeaé% transition

nucl eus and transition of the allgnnent state of l'iquid crystal |ayer
reliably to¥e&dap gridhethe fings Pi%ﬁﬁq9derV%ﬁkﬂand#%ﬁﬂkﬁ}oroﬁntaﬂD06h@ pair of

subst r at e&he&@ﬂeiﬂﬁseﬁ%nﬁﬁi&@? §é{i3§é1.fw%ta§ tH@¥i A% é)ieQJt% %Eﬂﬁ'tﬂél
el ectrodes provided in matrix; a plurality of gate lines an ource l i nes

arranged $8Y8%2} da¥PEs sth?aéﬁc@'é‘?l@rlwﬁr?ﬂm baving apflagkinostiion idewi ces
provi ded a%g¢6k LSSPLAPHIRG ¢Lre BRe &%:%9@%%&4&&&&%& 'a%?&é QdERe Fop'

smntchlng bet ween a conductive state and a non-conductive s ate bet ween
the pi xel 98PeEttiggcrotandinhdififgrence batwesm the dirdinslectnpdd aaddri ve

si gnal sumalausegoﬁémmoha%ogﬁafeﬂﬂ;&%orﬁ@ﬂe &Hftﬂﬂ%tisﬁpé&%s%ai roof
substrates may be an opposing substrate havi
_ In this constitution, when the potential difference is

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

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

~ counter electrode opposed to the array substrate.

The liguid crystal display may further comprise storage




counter el ectrode opposed to the array substrate. The l'iquid crystal

di splay may further conprise storage 22 July 2005 capacitor bzg %gﬁf
overlapping with the pixel electrodes, and the first el ectrode '§7l he

storage capacitor electrode and the second el ectrode may be the pixel

el ectrode. In the liquid crystal display, the first electrode nmay be the
gate line and the second el ectrode may be the pixel electrode. The liquid
crystal display, may further conprise storage capacitor el ectrodes
overlapping with the pixel electrodes, and the first electrode may be the
storage capacitor electrode and the second el ectrode may be the source

line. In tbepddifuidiecysbadbs dveplappingheith £8d pakeetd1aders@ys benat he gate
| i ne and tgﬁ econd el ectrode may be the source line. In the liquid
crystal i 33’/1"5 He-eFtrege é‘}aéch? ot Fa9re creapltan edeeradsdendind t he

second el eti¢ edeon@eRRtbhEe GACLE Aife pikBE dicikdacr ystal display, may
further conpri se storage capacitor el ectrodes overlapping with the pixel

el ectrodes; andI™tihe $39wid eregkalodéspiay . bthe Harpt wdiecsreds mastebeand t he
second el &fd L1 Y ahE thB%etbAE ASCEARALRAP be PP Y% LA |1 qul d

crystal display, the first el ectrode may be ource Tine and the second
el ectrode may bEe Héaydd conyisfal dimpday| q!nYdfgri;&sﬂlabOIdpsigﬂeaytonme further

conpri se Sadg&aﬂﬁ‘olcaméétﬁdﬁese&é‘&ﬁfa%%g Q)i%geﬁﬁﬁgﬂgel e&.Qc#x.t])edegl

electrodes, and the first el ectrode T source i n€ énag‘dt he second
el ect r ode theafips FHE%%‘%Q@YC%%H %)tomlgecmmtoifhcldqtarudd aryst al

di splay, remg §MJHEE1€8E&R{& v dbd LEd I fode and a fourth el ectrode
provi ded on one of the pair ? subs{arsa?uers&oﬁv\)ﬁn ch the first and second

el ectrodes ar erd the d\mﬂéé ,crystad sdispleyeribept boath edebirodsi héty de i nsul at or
i nt er posegnbh@i@beiNeetha thbe ééynﬁdefe&%ﬁgqﬁam b 4 0%9'8 nl?a(?t ween the

fourth el ectrode
In the liquid crystal display, the first electrode may be

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

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

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

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




and the liquid crystal |ayer and has a lack portion in a region

overlapping with the fourth el ectrode, and the drive neans nay %ﬂﬂ%§&¥;2005
8 be adapted to generate the potential difference between the % 1T

el ectrode and the fourth electrode to performthe initialization _process.
In this constitution, when the potential difference is generated between
the third el ectrode and the fourth el®ctrode to performtransition of the
ali-gnnment 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 region. As a result, the liquid

crystal nobeadipied 86 guncrdtecthapbt @oria100 Ferbhce HBtwebERS thodg as wel |
as the quﬁid c%%stal nol ecul es around the | ack portion of the second

el ect r ode, ®195&EBHR anAhs FouthRiadrode. topperinsm Ehendnitiaidzatidonransiti on
nucl euses pgbokBe. si des of both substrates, the transition of .the alignnent
state of the liquid crystal l|ayer can take place nore reliably. In the
liquid crystal 8 SHigyconsidtpsian patenokberpptoatial diféerenee gsovi ded in

the secondehbesti@dRtvbon (dheS RASP o1bBE-ARCRhN thd Bhuitlf leidBrRol ural ity of

straight-line-portions extending toward a position at ch these portions
cross eachoRsfEermAiragsitinn eof she glégnmenthstatestipbe liqtdd Weshbpled, or

X-shaped. 16yEkNehe ot 8oL NG BN AL ADANDA SIARST 1 ok BnbliGadd Ui d

crystal display, the | ack portion nay shape enabl &€ application of
t wo- di r ectiftothectiot®d ptedtinsldgsis baxdrr thapithe edpybriad Fagbt strendthi s

constitut jgngnd WRnky F}.%%igIl | 284 (}.le%fak\g:. Shhe ig&.\a‘iﬁj ?g&%a&l 918%6\%3].%5

tw st-aligned regions nmay be forne nce straln energy is
i-hcr eased2Beundl e laghpertidpeafothe third electrode as well as the liquid

crystal molecules around. the lack portio:i 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 liquid c.i:ystal layer can take place more
reliably. ,

In the liquid ciystal display, the lack portion may be an

aperture provided in the second electrode.
_ In this case, the aperture may include a plurality of
straight-iine portions exte_nding toward a position at which these
. portions cross each other. Also, the aperture may be V-shaped,
. W-shaped, or X-shaped. Further, the aperture may be
s ) polygon-shaped.

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

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

place.




twist -aligned regions are in contact with each other, the transition of

the alignnment state of the liquid crystal |ayer snoothly takes ? 35@522
July 2005 9 In the liquid crystal display, the second electro%% % §"an
aperture ‘including a portion which is 49mw de or less. In this
constitution, the electric field strength around the aperture included in
the first electrode can be nade largeP. |In the liquid crystal display, the
| ack portion nmay be a cutout portion provided in the second el ectrode. In
this constitution, the liquid crystal nolecules around the cutout portion
becone the transition nucleus and the transition of the -alignnment state of

the liquid crystmal thayequiPoryste alasmy,elidbbiond 606N 14 Lhe present
i.nvention, there is also provided a liquid crystal display conprising: a

pair of opPBEEtITe, pustuding: @ noextigni whighy dsal timaybde dirspesed bet ween t he
pai r of substémisonstit@chbflitheCbYstalid 2Y8iq *Lg‘f%ﬁ%ﬁ AIJoEBhaé’ | i gnment

state and a_ non-display alignnent state which fronleac other and
bei ng  subPREtEFer srehided 1n diliez fireh qhestoede s@nake tadee lehgeged from the

non-di spl ay al | aATel 134@e digetbP AHopbaY Al YUBEHor3L8 aPghOLe an | Mage

is displayed;, a first electrode an ofi one of
the pair oFUtaWts PeEtion prowkdedoinythe @pcoeéodfie@tthedew th tnid nsul at or

} nterposedc‘;,j}&&@t;@ﬁqpe@hedﬁdf% 9%}35';[%]: f Ab18SRS% ra%_{_‘g]% gy'hent |€ Jifference

between the first el-ectrode e secon e°t9 erformthe
i nitiali zRBACPrinsens; theg iyansihion parlicusnand ¢bpeaotanedtyod @xnaige at opposed

osi tions hat e &9n ortions are
IOr ot ruded alllrrllgtnﬁg@% ﬁ?%f%nﬁtsl{%ﬁ%q? %&R@nggﬁg&z{‘l%mﬁd@& \iﬁﬁkj’% In the

6nst i tution, t¥ecozdingdapthaprésentegnventiionh ttheee n;oam:x pmavid@n is

smal [ er t Iaaﬂ&lm &%Jsltaﬂﬁﬁsbihl; Q&nﬂﬁ%‘:ﬁ@ \g'[;ar}g of opposed substrates;

a liquid crystal layer disposed between the pair of substrates,
the liquid crystal layer having a display alignment state and a
nbn-display aligoment state which differ from each other and being
subjected to an initialization process so as to be changed from
the non-display alignment state to the display alignment state
‘before an image is displayed; a first electrode and a second
glectrode foi:med on one of the pair of substrates so as to overlap
each other with an insulator interposed therebetween; drive means
for genérating potential difference between the first electrode
and the second electrode to perform the init:l.aliz_ation process;
' } . and convex portions respectively formed at opposed positions in
the pair of the substrates such that the convex portlons  are
protruded in the thickness direction of the liguid crystal layer.
' In the constitution, the cell gap in the region with the
convex portion ig smaller than the cell gap in the region without
the convex portion. Thereby, when the potential difference is
,generﬁted between the first electrode and the second electrode
to perform transition of the alignment state of the liquid crystal

layer, the electric field strength can be locally increased around




t he convex portion. Thereby, when the potential difference is generated
between the first electrode and the second electrode to perfo ﬁﬁﬁltlon
of the alignnent state of the liquid crystal layer, the electrlc

strength can be locally increased around 22 July 2005 10 the cell gap in
the region with the convex portion. As a result, the liquid crystal

mol ecul es around the cell gap becone Yhe transition nucleus and the
transition of the alignnment 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 |iquite cleystedp ER)tae ﬁgﬁﬁﬁﬁﬁ(ihb@lé"’%ﬂvé:b?op@icfn ofs gulslhates, the
layer having a display alignnmen state and a non- dlsplay

liquid cry
al i gnnent g%’%t’e‘%?c?’(ﬁ@e@*?%éa@#@%therc%lﬁdgbeltmyombjzle&:t ed. to an
i nitiali zatt&is 068190 dhd Phe 1500 oG Li§ rﬂr%%tdééaqi Ayeal I gnment

statetothe di splay alignment state before anlma I'S ayed;
conpri si ngt™% iapdd” cxyisted r baeerp coni xkid abiy otakeoblade. palr of substrates; a

second el ectr oﬂgc@}ﬁq,%dtp%msgg@ ihbbiti gl e Bcf%fdf?s and %%ﬁ}\%u' d crystal

l'ayer; and drive nmeans for generating pot ent I'a 2 PSAE t he
first el ecdt¥¥yddednd %ﬂ%‘@e@xﬁrﬂtaél étﬁnlwehaminmeaebqizpmff epmsetd'le

initiali zad R -REQELRSa £47 n 2f t ent second
el ectrodes overlap w h thg %Iagc?%g{fteh eélilnbl ?ﬁf’a‘i PaiNi er posed

t her ebet wethsusirates ¢ §he tlliuuidl gan telickaterchapangnt ddpldiyfdldgriee: | S

gener at ed t | the. 0 | ec rode to perform
transiti onsq'e%;twteﬁlgh aaih :ﬁa;ﬁ &fs#)lg% %ig%gg?ﬁeqﬁt&u %fc%‘r %Fg T Hrole$ach he

el ectri c fatdey and baieh sudbibobad ity amd.neasmmnmmoctshe sepposied end
portions o bRl 2660 iRCEN AR At oheo®ES! die G 1dIUT

crystal nol ecul es around the reqgi
alignment state before an image is displayed; comprising: a first

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

- secondelectrodes overlapwith the first electrode withan insulator
iﬁte;:'posed therebetween.

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

Inthe liquid crystal display, one of the opposed end portions

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




t he opposed end portions becone transition nucleuses and the transition of

the alignment state of the liquid crystal nolecules can relia2#¥];2§85 :
"place. In the liquid crystal display, one of the opposed end p ¥ may

have a protrusion in a region overlapping with the first 22 July 2005 . 31
el ectrode and the other ‘end portion may have a recess corresponding to the
protrusion in theregion overl appi ngwiitth the f irst electrode. 1In this

constitution, the liquid crystal nolecul es around the region bet ween t he
protrusion and the correspondi ng recess beconme transition nucleus and the
“transition of the alignnent state of the liquid crystal Iayer can reliably

take pl aceelddtrble ahiidneGabY ahébogtwlﬁayh&}é%%@&&ssb cg:ﬁ} protrusion

and the recess may be 49m - 814m Thereb out ort een the
first eIecﬁ??ﬁﬁ£¥°tFH§i@Wé%t#qR?QﬁPEPﬁes%ﬁnniggHltbehwﬁinsudiecpmqna‘u5|on and

e Cor CRORUbsRS B30 AR 1 h W EEARE mol Mol 1D oL Bl S SLYSH ! SPI Y,

t he protrusion maybe saw t oot h I'nt I quil crys I ay, one
of the paitetyrenitha papssusinmy ahd tie &pras;smbshgate@ehavu;dt@ma plurality of

pi xel el eGliyzRdefi o hAkh t | ur y..Qf gate |lines and source
‘lines arranged so as t%?sgraggsﬂ%ayﬁ %18,1 Ofat lllgP’a Bt s&&FE &Fi ng devi ces
provi ded ddecditarighoms bal tJ@lYBhecmies'pétablae tpkese;jalaﬂieect rodes, for

the pixel of coryndes ThHE SHEathC o PhG, " aRoRa Hefres dPen & arive
si gnal suppbtresidw end theheegaisemby mas4 uaznd dfa. ot fRérevy, Wit@opai r of
Co the ar Py o s ReBRRgE At IR Gl o e%a%ayfc {574 o@D conpr | S
st or age between the protrusion and the corresponding recess can be
increased.
Inthe liquidcrystal display, the protrusion may be saw-tooth
shaped. |
In the ;l.iquid crystal display, one of the paii: of substrates
may be an array substrate having a plurality of pixel electrodes
provided in rhatrix,; a plurality' of gate lines and source lines
- arranged o as to cross each other : aplurality of switching devices
provided as corresponding to the respective pixel electrodes, for
switching bei:ween a cohdudtive state and a non-conductive state
between the pixel electrodes and the source lines in accordémce
with a drive signal supplied through the gate lines, and the other
of the pair of substrates may be an opposing substrate having a
counter electrode opposed to the array substrate.
The liquid crystal display, may further comprise stbrage
capacitor electrodes overlapping with the pixei elecfrodes, and
the first electrode may be the storage capacitor electrode and
the second electrode may be the pixel electrode.
In the liquid crystal display, the first electrode may be
the gate line and the second eiectrode may be the pixel electrode.

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




capacitor el ectrodes overlapping with the pixel electrodes, and the first
el ectrode may be the storage capacitor electrode and the secoa?quﬁﬁﬁgode
may be the pixel electrode. In the liquid crystal display, the

el ectrode may be the gate |line and the second el ectrode may be the pixel
electrode. In the liquid crystal display, the insulator  may be a color 22
July 21005 12 filter or a flattenind2 ayer. in this constitution, the
color filter or the flattening | ayer can be used as the insul ator between

the first electrode and the second electrode. In the liquid crystal
di splay, an internediate portion may be formed between a main portion of

the secondtriteet 600e fARELbREhg 2BFePOr thOothidf bASESRGIBH C so as to
have a width snmaller than a Wld?h of thelmalcn portion anJlee cb? th of the

end porti of-t9eR Qe Ehaidening larer syn asjwsimgthmnwlmthr émtdwe@ngt h of

the | nter gk &hesPQidc@Road had tRE AioonBPRFLARGE, gener al ed betueen the
opposed end portions of the adjacent pixel regions and the storage

capaci t ance gen®?dbedigpidervstabdispdaenas gtermbélatel petialoanead. | n the
i 0 1 5 Bbukl BLBYeod Hond ! 54 E800 Al SRS c0MRGL 524 Bl @

conducti ve mask and the secon ectrode coun fctrode. In
t he |i qui ®°érpeitdion sheysecphd epotzemdeabo dalsf t@lhanem wiettpeﬁa:eleabl y 15V -

32V. In tRgahl r S ot di arities maybe
respectivel 3? aigg"i%% %%Eg%ijn%éeﬁ%%’ig}e{lén id& é t“f §9Ja°db| yi ng the

vol t age by so- ckl khis @onstmmlpnngomm,ingtmdmiﬂntanmehganwerSal
glxggi\r/v: gett(i)lgl %gtuér%?‘%?%% %ﬁ%g&gt wirst St(?ragq%s%Ll%%%’rt@ﬁ’geyg?‘f’ed“é‘tf’gr med. Since
tﬁe el ast Petwegmithe opposed end portions of the adjacent pixel regions

and the storage capacitance 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
polarities may be respectivelyappliedto adjacent pixel electrodes.
Thus, by applying the voltage by so-called dot inverting method,
two-direction transversal electric fields can be generated. As
a result, two types of, i.e., clockwise or counterclockwise
twist-aligned regions can be formed. Since the elastic strain
energy is increased at the spot 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 al:l.gnment state may

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




energy is increased at the spot where these twist-aligned regions are in
contact with each other, the transition of the alignment - statsg,qf, @ﬁ
liquid crystal |ayer can take place nore snoothly. In the quui% %W? %I

di spl ay, the non-display alignment state may be spray alignnent and the
di splay alignnent state may be bend alignnment. Thereby, a liquid crystal
di splay capable of reliably performisg spray - bend transition is
realized. 22 July 2005 13 The liquid crystal display, may further
conprise: an illumnating device having a |light source for emtting red
light, green light, and blue light; and illum nating device control neans

for controlling i 'ggﬁi g ' mt the red light, the
green light andT%l%ght?:uggmfl g taab?/]qﬁirﬁggd?‘% g%gﬁl:g%gt%ﬁmﬁg%ﬁ%' Y ane peri od.
Thler eby, t ﬁililq%dtmwéemcleoﬂwfln@y? _tllclglllt $npi:@?c/ Sor _smit?irigeﬂg?ilebhit ?‘egﬁent i al
col or ne S C e el i erfornjn ransitjon o e

al i gnment aet%e loqh.%f ﬁg‘aﬁ)ﬁaﬁilgggsfﬁlsaf Iilﬁuﬂglé?‘t’“@g;?aﬂg%@zgf‘?f‘é. TR Tording to
- the presenton cordmbilding thei Blumanatihy dbviidd@s as po emitleRe gelfilgyhe, cryst al
substrates; a liquid crystal |ayer

di splay coqprising:. .a pair opposed

di sposed b%wg’éﬁe'?ﬁé‘gbgi?“%gl‘es'gﬁ%et ﬁ&?&E,bYt frdme i Hyigier yethin| Bfer having a
di spl ay alfimgimsepéricl atTheaBly A NQAgdli8pédstali Aivpal shad emphbedh differ
from each _ ot hﬁ ‘ﬂgg‘?ﬁ’ﬁl n 5%2 1ect ed to an_initialization process so as to
be changefY¥ 8¢ §%‘§'§ﬁ‘l é seitghmehtodend &s cgraite af LpLIP1% i gnnent
st at e bef geefaminPeeanss tidos pk ayethligntenstdie bHenpaifui®brpstiat rat es may
be an arr substrate having a plurality of pixel electrodes provided in

matrix; a profafFt YoY% i nes and source lines arranged so as to cross
each other;. a plddoabihy toftiebisddmUinehdieRs theoyiideskae eerafsponding to

t he respe%trim\;fdé)di éeiiqugildeggsc%%gsaié olr Swi t chi Qg pet wefn af condu%tive state

and a play comprisifig: a pair of oppose

: substrates; a lidquid crystal layer disposed between the pair of
substrates, the liquid crystal layer having a display alignment
state and a non-display alignment state which di’ffér from each

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

devices provided as correqunding to the respective i)ixel

S

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

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

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




non- conducti ve state between the pixel electrodes and the source lines in
accordance with a drive signal supplied through the source liﬁg@ﬂ 8 t he
other of the pair of substrates may be an opposing substrate ﬁg
counter el ectrode opposed to the array substrate, and a source el ectrode
constituting the switching device may extend fromthe source line in
parallel- with the gate line so as toldverlap with the gate line and may be
i nt erposed between the gate line and the liquid crystal layer, and a drive
signal for causing 22 July 2005 14 conduction between the pixel electrode
and the source lines may be supplied to the gate lines to set the source

el ectrode esiddit@on Hot@ber| @Rt pOAAS edbcBBdePAE b A ortRd POIRNhAR!
difference_is ener at ed between the source line and-the gate line to

thereby pBF FOPRIISL TP Flie gate Linemtpsstcthe sowrqeneleqtyodg andytkal di spl ay,
potential giddicesaserdmy B oqiap6LalEUINGhYGRR hREF bEBERLGL! 0de and

the pixel electrode. In the liquid crysta I splay, the source el ectrode

may have FHEAteRRatWEAR the sovpsedineganddhe gateotline tbjtbereby f eat ures

and advant gga®rmOtnd hei kDY EIH-90n WidceRECOMe More apparent to those skilled
in the art fromthe foll-ow ng description taken with reference to the

acconpanyi ng dr BithgsliaBiRi ErYBESCRIPPLON OFtaHE DRAIMNEENE: glaylbd S a
cr 055 Seclgauahealh BALARIPYAL GahLe SHBUEGeen LML NPT | 001 C

crystal display panel i1ncluded in a crys pl'ay according to a
first enbodi nentinothe Heiquidseristalndisnliam; tike gou2ce seeqhirade e

schemat i calgv¥ §hg%hpgo§tgﬁﬂstitution of main elements of the liquid
crystal display panel included in the liquid crystal display according to
the first enbodhsmbject, aswellasotherobjects, features andadvantages

of the invention will become more apparent to those skilled in
the art from the following description taken with reference to .

the acoompanying drawings.

.BRIEF DESCRIPTION OF THE DRAWINGS

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

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

of main elements of the liquid crystal display panel included in

e

the liquid crystal display according to the first embodiment:

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

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

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

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




Fig. 3 is a cross-sectional viewtaken in the direction of arrows ‘
substantially along line Ill - IIl of Fig. 2; Fig. 4 is an enl d.view of
a liquid crystal layer portion- in the cross section of Fig. 3§£gﬁ§2¥§§is a
bl ock di agram showi ng a constitution of the liquid crystal display
‘according to the first éenbodinent; Fig. 6 is a graph show ng the
‘rel ati onshi.p between an applied voltidge and G bbs energy; 22 July 2005 15
Fig. 7 is a viewshowng |lines of equipotential of a cross section of a
pixel in the liquid crystal display according to the first enbodi nent;
Fig. 8 is a view showing distribution of the G bbs energy. in a plane of

the pixel in thesbi kg £57h hoflaphinedSEobatforehPidgeld LodserOdi MENt;

Fig. 9 is a view showi ng an exanp wavef or of a transition voltage
in the |igtfttioryef 8 pigedplmyheddarid egystal Bésplaysaccenboditvethie Fig. 10

s a view show RRLadaidag. exanpl e of waveforns of the transition voltage
inthe liquid crystal display according to the first enbodinment; Fig. 11

is a view for eRp¥aithiinge aidwtshomieg tdisgrietthice; of Rikg. Gikbd anergst ew f or
expl ai ni ng;. 2l i | nyest | t.hod: = -Fi 13 1. | an_vi ew schematically
showi ng. ano?h%jrjg%éo%\étﬁéu??}é#o ?rha? A 8P EHeH g%%f #ﬁ&gﬂcﬂmr Tt al

di spl ay pairelthe| it¥sidedbodinend:| i qui d crystal display according to the
first enbodi . Fl 4 | |_an _vi ew sche ical ly show ng stil
anot her cons???i ig%g%yl?%%ﬁéé%n %&?&%@ﬁ¥%°§va{%§?ﬂmFaﬁf&*€P§iﬁ ™ di spl ay
panel i nclved&dgenin Hbel Lignidl crystal ddsspdaacacedinli rg twe tdiesfir st

, embodiment;
) Fig. 10 is a view showing another example of wa{refoms of
the transition wvoltage in the liguid crystal dlisplay 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 échematically showing another
constitution of main elements of the liquid crystal display panel
included in the_ liquid crystal display according to the fir.st
embodiment :

Fig. 14 is a plan viewAschemati-cally'showiﬁg still another
constitution of the main elemen{:s of the liquid crystal display
‘panel included in the liquid crystal display according to the fixrst

- embodiment ; _

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

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

| embodiment;



enbodi nent; Fig. 15 is a plan view schematically showi ng a further
constltutlon of main elenents of the liquid crystal display paﬂfhﬂ bgﬁ§Uded
in the liquid crystal display according to the first enbodi ¥

is a plan view schematically showing a still further constitution of main
el ements. of the liquid crystal display panel included in the liquid
crystal di splay according to the firdt enmbodiment; 22 July 2005 16 Fig.
17 is a cross-sectional V|em/schenat|cally showing.-a constitution of a
liquid crystal display panel included in a liquid crystal display
according to a second enbodi nent of the present invention; Fig. 18 is a
cross-secti onal Figew7sthimatoSldeyt SO Reled scﬁ@ﬂéﬁié&lﬁ.&r%&fmé aiquid

crystal ) anel included in a liquid crystal display according to a
third e rrbo%‘?"r?%f:gfﬁmt fed Jhauid erysiasettsnday PF-‘Pgl 1mglm%e£irp¢ ahawiew

schemat i cabdpstalonisilag &RThihy Ol sdfonABnboghRIENE Ofe 3-bigi d crystal
di splay panel included in a liquid crystal display according to a fourth

enmbodi mentienthgn: present invention; Fig. 20 is a plan view schematically
showi ng a Consti{yit 18N @f oFBNla1s8LEIBM:S Ay Bohbfil a1y Shdafly P! &Y panel

included in. a liquid crystal display according to ment of
the pres é?ﬂnsl":ﬁ‘v"'éifﬁqnd?f a tiguidgrystad diisphay panel thehudedcal 4 ylmhbw ng a

constituti@Rstai Fﬂaf'%@h§n8ftoaal Ef e ofb lntﬁ%fﬁ! H?&p?% i ncl uded

in aliquid crysta | splay according to a sixt t he
‘present |ﬁ@€ﬁPF%ﬂP

Fig. 19 is a plan view schematically showing a constitution
of main elements of a liquid crystal display panel included in
a liquid crystal display according to a fourth embodiment of the
present invention;

Fig. 20 is a plan view schematically showing a constitutioﬁ

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

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

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

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

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

Fig. 24 is a cross-sectional view schematicalljr shﬁwing
aconstitution of main elements of a semiconductor switching device
(TFT) portionof a liquid crystal display panel included in a liguid
crystal display according to an eighth embodiment of the present




Fig. 22 is a cross-sectional view taken in the direction of arrows

substantially alongline XXI'l - XXI'l of Fig. 21, Flg 23 1S a2 July 2005
cross-sectional view schematically showing a constitution of main eI enent s
of aliquid crystal display panel included in a liquid crystal display

according to a seventh enbodi nent of the present invention; Fig. 24 is a
cross-sectional view schematically sBdwing a constitution of main el enents
of a sem conductor sw tching device (TFT) portion of a liquid crystal

di splay panel included in a liquid crystal display according to an eighth
enbodi ment of the present 22 July 2005 17 invention; Fig. 25 is a plan

vi ew schenpivesdliby; showi ng a constitution of nmain elenments of a |liquid
crystal displaylfanel included in a liquid crystal display according to a
ni nt h enbodi nent¥igr 3hds aplepatiew ﬂmtmlm ajmwzﬁglasccalq:cliantimew

schemat i cgjd ymé:ﬂp\éh.@lgerﬁscgf‘sat '1&3&&% ?gﬁigpgéfn%rﬁtei :P udledqj'.'“ d crystal

di spl ay panel included I n y accor i'ng tS a tenth
enbodi nenta dtaehe Grﬁﬁé%bmlspkmenppomld@l g0 2Aihth mpbdtmaritewrsetemat i cal |y

show ng a ,gRash f main elenents of a liquid crystal display panel
mcludedﬁ?g fqu|§@€?§stal di splay according to an el eventh enbodi nent

of the present ﬂlﬂv@rﬁtisom;plﬁng;meﬁ&dhematmaa&s-s&ewin@aa:ion‘étte’mtﬂiﬁen in the
0 oeb T orohafl RS0l L, A0 REEhbhed 5KHhRY SO 27
el ements 6f Ligqiidqoryistalydispladi sptaydipaned o pehtidedbodiment! bfjuind cryst al
d| spl ay aggggglqubgngitvyel fth enbodi ment of the present invention;
Fig. 27 is a plan view schematically showing a constitution
of main elements of a liquid crysfal display panel included in
a 1iquid crystal display a_ccordi‘ng‘to an eleventh embodiment of
the present invention; | |
Fig. 28 is a cross- sect:l.onal view taken in the dJ.rect:Lon
of arrows substantially along line XXVIII - XXVIII of Fig. 27;
Fig. 29 is a plan view schematically showing a constitution
of main elements of a 1iquid crystal display panel included in
a liquid corystal display according to a twelfth embodiment of the
present lnvention:
Fig. 30 is aplan view schematically showing a constitution

of main elements of a liquid crystal display panel included in

. .
Tt

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

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

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

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




Fig. 30 is a plan view schematically showing a constitution of main
elements of a liquid crystal display panel included in all(ngzhmyy@mal

di splay according to a thirteenth enbodi nrent of the present invention;

Fig. 31 is a cross-sectional view schematically showing a constltutlon,of
a liquid crystal display according to a fourteenth . enbodi nent of the
present invention; Fig. 32 is a pl anl&i ew schenmatically showing a structure
of a pixel i ncl uded in the liquid crystal display according to a fifteenth
enbodi nent of the present invention; Fig. 33 is a view show ng an exanpl e
of waveforns of a 22 July 2005 18 transition voltage in a liquid crystal

di spl ay act@ngifihn Qoftadd fiheanirmﬁ&beﬂymt ds'!i.-pi&ﬁ aBE&? kpvgntion; Fig.

34 is a view show ng anot her exanpl e t he wavef or s the transition
vol t age |rFitfﬁ%e'r%&rna%#wtapfdﬂ@|paysarefeémerpngionn t he flfteenth

enbodi ment; Fi 9ri1gd JaS1& a-£ § tfh‘é!i:té}é%iin yavert or s
of the tranS| ti onévol tageﬁl In the 11 qU| cryst pgéaclﬁ)g@ g’%c%%r]o ng to the

fifteenthofnigwdtransitisn yol88g¢ dntherdamidantyistnildispbay schentingeal | y

showi ng roeﬁ@tfltfldgé% %%bggﬁn&q:nvent ional OCB-node |iquid crystal display
panel ; and Fi gs. are views for explaining an initialization

process for spr E?g 3§é{$da viewmshowing & furtiszxcaranglicl @hthe wavpfadmscr yst al -
di-spl a [ C the rate of the
play, W!I?q{h% &aﬁ%gtlgg eo.lclﬁ?:fe % Qgg éiﬁ%!%%y PQ{' %gsp S?YOW?‘I d:

spray - bend transition an re-graphns Vef orms of
vol tages &pptheedifteerth Iemqqtﬁ:dnemrtystal di splay panel during the

nitiali zati on iocass s DFIALED DRSGRLP.QY OF, hE RREEFFED ENBODI NENTS

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

Figs. 37A - 37C are views for explaining an initialization
pt'ocess for spray - bend transition in the conventional liquid
crystal display, wherein Fig. 372 is a graph showing change in
‘the rate of the spray - bend transition and Figs. 37B, C are graphs
showing waveforms of voltages applied to the liguid ¢crystal display

panel during the inltializat:l.on process.

DETAILED DESCRIPTION OF THE PREFRRED EMBODIMENTS

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

P

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

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




Herei naf ter, pref erred enbodi nents of the present invention wll be
described with reference to drawi ngs. (First Enbodinent) A firgt | ment
of the present invention enbodies a |liquid crystal display capa{) e of
reliably performng spray - bend transition by providing an aperture in a
pi xel electrode formed on an inner surface of an array substrate. Fig. 1
is a cross-sectional view schematicall9y showing a constitution of a liquid
crystal display panel included in a liquid ecrystal display according to a
first enbodi nent of the present invention. In Fig. 1, for the sake of
conveni ence, a direction 22 July 2005 19 indicated by an arrow X indicates
an upper Sif®iddtel | HH ’ | Y., f i wto Fig.
1, aliquid cryst a@ﬁ%ﬁﬁ%&‘%’gﬁeﬁoﬁ ?%:eﬁrus %@ntﬁe%ﬁ?ggﬁs%yst al
di spl ay of S1§R1tYeRperl-ment has a liquid crystal cell 101 described later..
A retardation fj rel I npl to. a neqatjyve
retardation fil %ﬂrﬁ(ﬁ% l’c?:d(;ﬁrrgé }E‘géaﬁd;@%%q%ﬁ ?%ggparrlegf%%aﬁa‘\)ﬁr%g iaoonegat Ive
refracti velnglyded imitbet ¥auidwinystaladispdaeg ofatbisdnbbdimentanged, a
negative L a%l f,ar [ il m.10 osj tiye_ynj axi retardation
film 106, an )g po %t%lzggﬂlol%g %?Secrd‘ljbsegglsaé%zgn ﬂé %S’p'g?tjs"tﬁ‘r ?é’ﬂ:’% of the
liquid cry€texleinefter] 61mply rhfsrmrides .asfanegative reehpdataionofild)i | m 104b, a
| arizer _107b are di sposed

o a | over Ul pRip B s RhchbaEboREol naRind o HreR 1P TREEREE not ed t hat
a negat i veindekandavitoopy whosd fdimattes arbi leptirdld- ariargdal i Dnedadife( Not

iaut o or yerareet et o R B e e Br LR P EPdat i on 11 m
f'incti ons fddm 1ast.hand 4 lpolachysir ve7aaraxdiaiposed andahi Wpeli buRsaad t he
positive of thé iiquidcerystal cell 101 inthisorder. Anegativeretardation
£film104b, anegativeuniaxial retardation£ilm105b, andapolarizer
. iO7b are diséosed on a lower surface of the liquid c::ystai cell
101. It should be noted that a negative retardation £4lm 104 and
a biéxial retardation £iim (not shown), and the polarizer may be
disposed on each of the surfaces of the liquid crystal cell 101
in this order because the biaxial retardation film functions as
both of the negative uniaxial retardation £ilm and the posgitive
unfaxial retardation f£ilm. 7'

Fig. 2 shows a plan view schematically showing a constitution

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

S

j:_aken in the directlon of arrows substa.nt:l.;—xiljrﬂalong line IIT -
. 1IT of Fig. 2. Fig. 4 is an enlarged view of a liquid crystal
layer portioxi in the cross section of Fig. _4. In Fig. 2, for the-

sake of convenience, elements provided above the pixel electrode

are omitted. '

Referring toFigs. 2, 3, the liquid crystal cell 101 comprises

two substrates, namely, a color filter substrate 102 including

a color filter described latér and an array substrate 103. “The

 color filter substrate 102 and the array substrate 103 are provided




uni axi al- retardation film Fig. 2 shows a plan view schematically show ng a
constitution of the liquid crystal cell 101. . Fig. 3 is a crosgdpemisi onal
view taken in the direction of arrows substantially along line I'I'l - Il

of Fig. 2. Fig. 4 is an enlarged view of ‘a liquid crystal |ayer portion in
the cross section of Fig. 4. In Fig. 2, for the sake of convenience,

el enents provi ded above the pixel ele®trode are omtted. Referring to
Figs. 2, 3, the liquid crystal cell 101 conprises two substrates, nanely,
a color filter substrate 102 including a color filter described | ater and
an array substrate 103. The. color filter substrate 102 and the array

substrate 30%gHoBed @ bUER FhedUhye? Wapaddk: Afio P%ﬁﬁ%g f%t‘%?rggf%# her with a

spacer (not shown ) interposed therebetween an | ayer 4
i s provi deBherebatyesn apdt acdimuifecxysitod laYared ssipstovatied O2aagap t he array

substrat e pdQien!Pee ldogH] LSt ntains |igquid crystal
nol ecul es 20 feinl | ed dtoﬂgir:gfl%%'ia%kb é?é?%b@cfc\%n%ﬁh}eefagfa csélbf%xia—'#eg. 4. The
liquid crys®®sl T bbalidsordGtal d agade wintaicy dAhguibheshtailguildcaresst al’

mat eri al hgyi f Ve index antsotr.qpy of 0. r more in -order to
i ncrease G gggjé%(gr%%g a5 Fﬁe%ﬂﬁcggé?g "ﬂ%gl E%negren??lﬁzoe%igubé‘t rft% 102 s

st ruct ur edl=wdl crigat alamoleaiude s 2blare maliape i Fhno sbdde@TSpAL @ BkyetAct r ode

Surface ot reen Pty rREtedthy® e dnea dRhpy s EF dyreht 257 Ao ompr | seq.
of a red coider fe¢ IMreaédR,Gi@bgrawrg;zoheﬁczfiﬂehemaeéxg and a bl ue col or
boundar i o5 of (HS GBS TtrEreotRa ar A 1B e arEed (e Ratiat @ acs
subst r at e ch@onfdltemiayerg2l | ayeandparieatlcdefefods)(dsuntppeiestiidarge of the
gl ass qu g,rgtuf a;ioalignment layer 3 are disposed on the lower surface of

i:he glass substrate 1. The color filter layer 21 is comprised
of a red. color filter 21R, a green color filter 21G, and a blue
color f£ilter 21B, Black matrixes 22 as masks are respectively
provided at boundafies of the color filtei:s. .
The array subsfrate 103 has a glass substrate 10 and a wiring
layer 17 is formed on an upper surface of the glass substrate 10.
The wiring layer 17 is comprised of gate lines 12 and source lines
11 crossing each other, storage capacitor electrodes 9, and an
insulator for preventing conduction between these electrodes. To
_ bemore detailed, the storage capacitor electrodes 9 are each formed
inparallelwiththegatelines12soastobeplacedatapredetermined

- position between thegate lines12. Thegate lines l1l2andthe storage

capacitor electrodes 9 are formed in the same layer as a lowermost
layer. An ingulating layer 8 covers the gate lines 12 and the
storage capacitor electrodes 9. The source lines 11 are formed
" on the upper surface of the insﬁlating layer 8 and an insulating

‘layer 7 covers the source lines 11. '
Pixel electrodes 6 .are each formed on the upper surfaée of

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




The wiring layer 17 is conprised of gate lines 12 and source lines 11
crossi ng each other, storage capacitor electrodes 9, and an ij}sMr 5 for
preventi ng conduction between these el ectrodes. To be nore detailed, the
storage capacitor electrodes 9 are each forned in parallelwith the gate
lines 12 so as to beplaced at apredeterm ned position between the gate
lines 12. The gate lines 12 and the 8lorage capacitor electrodes 9 are
formed in the same | ayer ‘as a lLowernost |ayer. An insulating |ayer 8
-covers the gate lines 12 and the storage capacitor electrodes 9. The
source lines 11 are forned on the upper surface of the insulating | ayer 8
and an i nsgy ghé Yhte 1 AST 17 a‘f:ﬁVﬁIeSsBchéQEB&@ 1hi, n%iml,é, tHd ﬁ& &jecctrodes 6
are each forned on the upper surface of the wring |ayer S0 as to be

| ocat ed i rFaRapiker edeghenfadéf Lnayrop2dgdinetrees tl‘@lgbye tlhelegalé ds nes 12 and
the sourc n st Qgg t s provided
bet ween t?eésggfggedl%ﬁg‘?} %ﬁ ijg[c?esgir 8dabo%%ls% g@%@ﬁev%g?a% Fdde 6 has a
regi on oveévifthpghengtonage rapheltenedgetmapal vl U the dasndaliely Yatdrst he

i nsul ating | gy t her ebe The over pi Ng regi on has
a rect angiul grfra%e Zseg té]%tr%kQQ e% n%n %Iv%\grpp&ngo e 3gp| xel

el ectrode$eetamm11taheapwtrumgﬁhayer 17 The al i gnrrent | ayer 5 and t he

al i gnnment | ayer §h€é hge](_ja cov?a'rd% xeei C %QJE ﬁl I Eﬁrerglgl have been

subjected to a tre trrent RASWn®T i n order
to align wheihg Qayelr crist'itle larmigmﬂrﬁslayeﬁ Beahd q:ﬂtbdaﬁrgyiﬁtbﬁt ieqyaer 4 in
paral | el ne anaqt her nd | di i_.s assuned
that the Igr | (e)% ngthtehe a ?Eﬁc n?oq‘tofzféﬁﬁg 1%% havr?al?%‘?nf ﬁ\lb:i%’tfaﬂe sour ce

11 nes 11. taeﬁle!lgamemt tedemaite sudir Bs kiddwm rEbbmngtﬁaatrﬂérﬂ:r in afrder
sem condugt ofy ; 3 e 10 4o e 20 1L e LS 08 Gkt A8NF &S 630 Thyer
4 in parallel with one another and in the same direction. Here,
it is assumed that the direction of the alignment treatment is
parallel t:o‘ the source lines 11. _
Reference 13 denotes TFTa {Thin Film Transistor) as a
semiconductor switching device and reference 14 denotes drain
electrodes connecting the TFTs 13 and the pixel electrodes 6.
7 In an initial state of the liquid crystal display panel 100
sa constitute& . theliquidcrystalmolecules 20 have spray alignment
- showninFig. 4A. Inthe liquidcrystal display of this embodiment,
by applying a certain voltage to the liguid crystal display panel
o 100 as described later, the liquid crystal molecules 20 are caused
to transition from spray alignment to bend alignment of Fig. 4B.
In this bend alignment state, an image is displayed in the liquid
crystal display. In brief, the iiquid crystal display panel 100
is an OCB-mode display panel. Hereinbelow, the v;oltage applied
tothe liquidcrystal displaypanel 100 in the spray - bend trans ition
is referred to as a transition voltage. .
Fig. 5 is a block diagram showing a constitution of the liquid
crystal display according to the first embodiment. Referriné to




el ectrodes connecting the TFTs 13 and the pixel electrodes 6. In an initial
state of the liquid crystal display panel 100" so constituted,23 hgy boasui d
crystal nolecules 20 have spray alignment shown in Fig. 4A. In the liquid
crystal display of this enbodinent, by applying a certain voltage to the
liquid crystal display panel 100 as described later, the liquid crystal

mol ecul es 20 are caused to transitia2 fromspray alignnent to bend
alignment of Fig. 4B. 1In this bend alignnent state, an inmage is displayed
inthe liquid crystal display. In-brief, the liquid crystal display panel
100 is an OCB-node display panel. Hereinbelow, the voltage applied to the

liquid crypigd. i splsay. 0Q..J ' - ransition is-referred
to as a tran%li‘ tion vol?%ge. : Eﬂig&fgg?% %gsgg%géa%eggg%#ﬁh‘&%lngnﬁm

const it ut i 67 dFhindilpgTrahsistys) dlvpdi bigudy ageaadi dispiaytfmeli 15t

enbodi ment 4, Ref [ t 0. I 5 22 Figs. 5,.2, 3, the liquid crystal
di spl ay pa"rwle:ili‘illlgé‘E ids%qg %é‘ﬁ% %%o%//\l}r]dz%)‘f:‘lso(‘fﬁ?nﬂlséﬂelsn'}ll'rafﬁsPE'?‘{i'Td)edtVbe 1§ quid
crystal dimglirdx. paimethe diguhd clrystel gaspldy pasell 10aNGhehgasPifes | i nes 11
are provi ] triX. t liquid crystal_ display panel 100, the gate
T hen’ 15 ahd enlBbhbdee hihd I sk Joabe Chmd, aiivpham & Baregravefat e ar [ ver
502 and a ¥@umcks skuncerdrSR3r i ehidk are 65k f:x116d bhs EnaeBl b@kesid cuit 501,
A backl i ght,,500 is provided below the liquid crystal display panel 100.

The backli'ght 500 is conposed of a cathode ray tube or the like for
em tting white AbgitLighn Sdveid pepthidearnsabal thdiSiudy 2 stdi g16p0Rdi ment so

constitut qhe%h]ﬁ?qo%ok clyeuit 501 outputs control signals to the.'gate
dri ver 50% an ¢ sotfr scﬁ%%rf’%‘bsi,s F%‘Wl%layf’at’é‘l‘%tﬁé?n@% a video
si gnal 504rexberiixlel Joi nguiiccidfanaiy, 1idw. gate driver 502 applies a .
Sc_anm ng st gnalInV%Lctaalgiequti ggﬁst%%t gilsé.ll:]aeys 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 drj.ver 502 applies a scanning signal voltage to the gate lines
"12, thereby causing the TFTs 13 of the respective pixels to be

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

driver 503 sequentially applies a video signal voltage aécordihg

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

through the source lines 11. Thereby,the1iquidprystalmolecules

are modulated and light transmittance of light emitted from the

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

video signal 504 is presented to an observer.

Subsequenply, the spray - bend transition in the liquid

- erystal display of this embodiment so constitutedwill be described

in detail. '

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

In Fig. 6, reference numeral 31 indicates applied voltage




12, thereby causing the TFTs 13 of the respective pixels to be
sequentially turned on, and according to this timng, the sourzeulgraoser
503 sequentially applies a video signal voltage according to the video
signal -504. to the pixel electrodes 6 of the pixels through the source
lines 11. Thereby, the liquid crystal nolecules are nodulated and |ight
transmttance of |ight emtted fromghe backlight 500 changes. As a
result, an imge according to the video signal 504 is presented to an
observer. Subsequently, the spray - bend transition in the liquid crystal
di splay of this enbodi ment so constituted will be described in det ai

Fig. 6 is agghePhns t ) i ol tage and
G bbs energy. Hertel, elI;Lc%‘i:abE%r:{es"riyei(r%gi ?ggggtg%g\?%ghgsaaﬁ?% e \irl C energy
and el ast i®0kegulegy arerirFkye bénd raéﬁenmmEShmlaaﬂ ﬁfei:mﬁ:ecabns:armpl i ed

vol tage 22;,]ul ener glteristic in the case where
the liquid cr$§t2€&%Ct?§el ?gﬁ%?%tei %pg % 3?3 Rt *Lt#e and reference
numeral s <@@ragBerigpestinahy ¢awdi ehéee a:pnpl lia@hjsa)btmlanbb&mr gy

characterigti in the.case er t he ui_d crystal nol ecules are in
twist alli ga%%e%ﬁ tsf)'%%/ |g?ﬁ£ﬁtpr§¥a? PRF 79385 to Fig. 6, when the

appl i ed vol tageRe&rirmn@ltotMn 6 Awhér H:heaalpp\médi avgﬂ:té@é istivereSidban energy of
the Iiqui % 8£¥§:I.cta QP# ecu Itﬁ) t%gbbggpr g)% rrﬁ i s |ower than that of
the 1iqui Crys 41 VROl 8’5 e mefe AN ARt Ahat t he
G bbs enewgyycuked twthe spaai\lighhedto ik h&m@‘tetfﬁant @t af rtagaiiqmdener gy is
ther ef o e ST RESEBF S arr g bod FiaERe Rt Se RIRBARAT TRIGRRENt . Thi &
rel at | onskenprgy iseYew 3edeqiitialbhe tapphé eFene! t1ddCaifogative energy
' is high, and therefore, indicates a more stable state. In this
case, therefore, the spray alignment is more stable than bend
alignment
ThlS relationship is reversed when the applied voltage is -
higher than the critical voltage Ver, and the Gibbs energy in the
bend alignment state is lower than that in the spray alignment
etate. This means that the bend alignment is more stable than
spray alignment. : '
When arelatively high voltage is applied, the 1iquid crystal

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

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

electrode 6 become the transitionnuclens. Hereinafter, thiswill




hi gher than the critical voltage Vcr, and the G bbs energy in the bend
alignment state is lower than that in the spray alignment st aienly%30
nmeans that the bend alignnment is nore stable than spray alignnment. \Wen a
relatively high voltage is applied, the liquid crystal nolecules tend to
transition to the bend alignment which are nore stable than the spray
alignment. So, when there is a spot BWAere' an electric field strength is
~locally high, the liquid crystal nolecules around the spot transition to
t he bend alignnment and such transition spreads to the other liquid crystal
nol ecules. In-other words, the liquid crystal nolecul es around the spot
where thepelgpliaiked.ield strength is locally high becones the transition
nucl eus and the_spray - bend transition takes place. In the liquid crystal
di spl ay of thi sT¥nii&&i PReFROSet B Ngagyring (9199‘[5%10 Fdpbe dissribetion t he
aperture 6 kg r.0 nsi tiLon nucl eus.
Her ei naf ter, téﬁgjvhhgtﬁg% ?iﬁé%pzegggfétf gﬁ exp ai neaigﬁzl];oaf@hi tp?t‘r pose of
measuri ng QHQ§§F%¢(fHeﬂéI%ﬂmﬂl§¢#9@nNﬁ garried phe in ¢heilyqudfl chstaperture 6a
of the pixgl r & ec S ied out in
t he |IQUI§ﬁ€P$§ Skﬂ%qgé%?&éﬂg thl%&% Eggkg%flqugg#g a??y,QEQYV vol t age
and a - 25Wolyaye aye @tseeﬁ’ebpémaMIydatpptheedit@ thectyiodel 6 eh@theode 6 and

the storaggrg Qf a?gi e n.the eI ctri Leld
strength is gbggg%gé ibrgﬁgéﬁe apeér §“r§%$ % ] :é#ﬁ‘ls 49m wi de
and 8um | kgengilgds ghsegvade Weres tsxleoapexg:uaer@sdbtreﬁtahbee adhdehric field

sinmul atio ui.potential l'ines of a cross section of an
arbltrarygblggﬁ'WZd€ %f % Qc?ystal di splay of this enbodi nent and Fig.

8 shows di stri Figser?.o$ aBebbiswenshailngra aephildnef the electric field
simulation. Fig. 7 shows equipotential lines of a cross section

of an arbitrary pixel in the liquid crystal display of this

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

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

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

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

with the storage capacitor electrode 9 and different voltages are

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

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

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



of the pixel. In Fig. 8, a denser region represents that negative energy
i's higher (G bbs energy is lower). As shown in Fig. 7, the equixpmieriosal

| ines are dense around the aperture 6a. This shows that the electric field
strength is locally high around the aperture 6a, that is, electric field
concentration occurs. This is due to the fact that the aperture 6a is
provided in the region where the pixeks electrode 6 overlaps wth.the
storage capacitor electrode 9 and different voltages are applied to the

pi xel electrode 6 and the storage capacitor electrode 9. As can be seen
fromFig. 8 the negative energy is high around the aperture 6a. It was

confirnmed t I n Ltion Itated aro the

aperture G%Qq?%ﬁatglﬁf@?a?#nmeq‘%f ga%gf’t at"° lgfﬁ ﬂﬁf&h TR r’r]f)‘?"rebgul es

~around t hetzgnsitier Wdibelpekeheplddeansi ti on nucl eus. As descri bed above,

inthe liquid cgystal di a ach of _th I xel el ec rodes 6 _has the

aperture 6a. Thlé% enkf}ﬁ F"yi{vﬁ orns 2hste Sﬁ s vettageedBnths n each

pi xel . Conl;eppddmrbvytapﬂxqiﬁyzcas thisyerdidddmedbahda mdeh6@EBY apblgiigENt State
transition reliably takes place.

are not d the spray -
Subsequenftl 7t hcg‘lpﬁsv%ytatgﬁewﬂ]aﬁ’?l ErRPPSAt age in the liquid crystal

di spl ay of t hi sr-':mtbs)dls mem@mga&meow oBRBLW ARG s1E N6 LoBRGet | ON
vol tage wi s _a_vi ew showi ng waveforns of the

transiti or1m\/5tl‘€f &gg‘ﬂﬁ?ﬁ’-’? hEad Pgﬁ?JcFYcPﬁﬁl’&F ‘%ﬂbé’ﬂfua?mb'f fhi@ectiBdnent . In

the |iqui dryetysialsplagpayndé diticaiReodiadeBhowdInSEOYN d AnFh@. 9, an AC
rect angul ar ve vol tage input to respective pixel el ectrodes 6Aa, 6Cc

‘through s&GPEEMHRESSY K"lﬁ@ inpyh to gespentina Pizal eARcikodesddPangul ar wave
vol t age i mEot.. tithroagRasiiree Pindd 18hecirdes &P co16Res -ana bRArAUgh source

I 1 nes 11B, 1%angulag_r‘}m%g%21%gl ums are reversed
_ ge input to respective pixel electrodes 6Bb,
6Dd .. through source lines 11B, 115... on even columns are reversed
-in pelarity. _ ‘ ‘

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

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

Mo,

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




in polarity. In this case, first of all, + 15V voltagé as a drive signal

Is applied to the gate line 12a on a fi rst row, thereby causi ng july 2005
sequentially TFTs 13Aa, 13Ab, 13Ac, - of the pixel electrodes 6Aa, 6ADb,
6Ac . on the first rowto be sequentlally turned on. When the TFTs 13Aa,
13Ab, 13Ac.,. are turned on, +7V voltage is being applied to the source
lines 11A, 11C..., as shown in Fig. ¢ Thereby, +7V voltage is applied
fromthe source lines 11A, 11C'. to the pixel- electrodes 6Aa, 6Ac".,
-through the TFTs 13Aa, 13Ac.., respectively. Likew se, when the TFTs 13Aa,
13Ab, 13Ac... are turned on, -7V voltage is being applied to the source

i nes 11B, ofl fRe. pixéihe&ebyrode?;VGB@l tABC 6BS APRhbCsbddnAM-bh&Sgur ce |ines

i 1B, 11D. to the pjxel el ectrodes 6Ab 6Ad. .., through the TFTs 13Ab,
13Ad. .., rEdyert f%&‘&t“ﬂ‘i’@rﬁ’“ o theTEge 1i3§aaﬂﬁﬁbeél3$‘bmﬁhetgm%ﬂ line 12a
on the fldrs,t -TOWo1lthgs &y ve | F of the

pi xel el ectrodes 6Aa§ 6Ab, ﬁ;%aggl%ﬁtfxl gr%?ﬁ Jsrgﬁ\\i/lvc?oi@g sequen%l ally turned
Coff. Si muIASfReERs P, Figs9- v herekones a'ﬁ-blvpétlageoilsh@@aeé lfirom tHE2D on t he
second I Ovéout-BEMERYs GAUSI NG, tébetﬁggﬁéﬁgfe 2330s ¢B3BG%Rc .. 2¢ %“'%1 2005 26
of the pixel electrodes 6Ba, 6Bb BC on the second row to B equentially
turned on tPeRETsi3BaTRPEC 13BesPeGRyeLly3Bd ikewhse® Whemthk TEFs 1388/ Vol t age i s
bei ng appliizgd, t he s Ave i.n, Fi

Therefore, -7V %gfct ag%%%ﬁg%ﬁ Pgd from %%a%e %81}?‘%13‘ Qﬁ%ﬁ fl}'k &f‘c . to the
pi xel el cSPPEeR 41888 113c11D.... t Hreneforet KIVIFGLtak®Bas atpdded.from

t - T, turned on,
i(;f/p\?gl L;Qieigi%dufgi%\rll%%pp}qigg %%pt %-g &ég)?%%l Ieljl\:éé%gri‘% %Blb.D" deT‘Her ef ore,
“#7V vol tagér?%glhﬁbﬁi%@ﬁ AGRD . t }Bds our vestechtwelylB, 11D." to the pi xel
el ectrodes 6BbgyGidvEhg QHQHCEQQtJrEan}%QQe v%ﬁggge to Ji:gsge(:tec\%%%' By

appl ying the AC rectangul ar wave v espec
Ppixel electrodes 6 £rom the scurce lines 11 by sequentlally applying

+ 15v voltage to all the gate llnes 1_2, the plus voltage is applied
to the pixel eiectrodes 6Aa, 6Ca, 6Ac, 6CC ... on the odd rows and
"columns and the pixel electrodes 6Bb, 6Db, 6Bd, 6Dd .. on the even
rows and columns while the minus voltage is applied to the pixel
electrodes 6Ba, 6Da, 6Bc, 6Dc .. on the even rows and odd columns
and the pixel electrodes 6Ab, 6Cb, 6Ad, 6Cd .. on the odd rows and

even columns.

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

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

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

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




pi xel electrodes 6 fromthe source lines 11 by sequentially applying + 15v
voltage to all the gate lines 12, the plus voltage is applied 22 ml bepspi xel
el ectrodes 6Aa, 6Ca, 6Ac, 6Cc _on the odd rows and colums and the pixel
el ectrodes -6Bb, 6Db, 6Bd, 6Dd .., on the even rows and columms, while the
m nus voltage is applied to the pixel electrodes 6Ba, 6Da, 6Bc, 6Dc -. on
the even rows and odd colums and tiery pi xel el ectrodes 6Ab, 6Cb, 6Ad, 6Cd
". on the odd rows and even columms. Thereby, the electric field is
-generat ed between each of the pixel electrodes 6Aa, 6Ba, 6Ca, 6Da ". on

t he odd. colums and each of the pixel electrodes 6Ab, 6Bb, 6Cb, 6Db ._ on

the even r@Wsang 38 ; ach, of .t he pixgl el ectrodes 6Aa, 6Ca ".
on odd rows and eg%\ﬁl (I‘)ii?L g‘?%tlel%%}l\giglr{hgl g%fer& 3‘3%62@61, <arIé’lSeJ:h:.Ls FHE0Rn rowms,
whi ch i s sheatybes Pfgi-4l. clmwishendatounheesldohyiset beistitalaghed t he

vol t age po ' ' eversed for every dat, a transversal electric field
which is %gé%%%eﬁkéof%%ﬁ‘gdéuggw%‘} & ﬁgxﬁeﬁﬁrgt ERege, tedshHiigRrd The
t ransver seregigatsr axe finajaithas with aliche6thad)SelRApEEire@hYendryg £at ed by

arrows 110, 129 (hength direction of the source |ine 22 Jul){‘ 2005 27 11
and | ength directlon t heH&f et i iereased msoathys enengsn, Thisio types of,
i . e, cloctadigatanes amenspray ockamd asrahwieiondl i gned regions are forned.

A d t i st-al i d ' ' tact wth h
ot hor. ol acti o 8k HENEHESS 1s herdicamisdin Beé pexef 3 oPhrotns cased

negative ehdngghe Bbbse-deaciribd@nafndhe -2BV01tahENG hpsldd k8NndMil e the

vol tage is_bei n? ingi(gAj to the pixel electrodes 6 in the above-described
manner, - Z5VYSE CAGEF P p Anfidde: Stanage CmRRiteT electrai®ed £ORRIE he st or age

‘capaci t or seicendragdendvhom eag. second as shown in Fig. 9.

' By applying the transition voltage, the potential difference
in the thickness direction of the liguid crystal display panel
100 is inc:.feased'. Since the pixel-electrode 6 has the aperture
6a in the region overlapping with the storage capacitor electrode
9 with the insulator interposed therebetween, the increase in the
botential difference in the thickness direction of the liquid

_.drystal display panel causes the strong electric field
concentration to occur around the aperture 6a. As a result, the
liquid crystal molecules around the aperture 6a formed in each
pixel elecfrode 6 beqome the transition nucleus and the spray -

bend transition reliably takes plade.

\mmr'

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

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

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




By applying the transition voltage, the potential difference in the

t hi ckness direction of the liquid crystal display panel 100 Hi%'nc? ed
Since the pixel electrode 6 has the aperture 6a in the region’ @%ﬁing
with the storage capacitor electrode "9 with the insulator interposed

t herebet ween, the increase in the potential difference in the thickness
direction of the liquid .crystal digplay panel causes the strong electric
field concentration to occur around the aperture 6a. As a result, the
liquid crystal nolecul es around the aperture 6a fornmed in each- pixel

el ectrode 6 becone the transition nucleus and the spray - bend transition
reliably t p Th r,.el ectrode. 2 and the stor capaci tor

el ectrode ﬁ%ein’gyé%g&seﬁér%@ggégﬁ{cgatl}%(:tﬁt}ee.vo%%g?/glst %q@mﬁggﬁﬁel@essari ly
sequent i alt B5¥pphd airefferatley néspexdvi.ve gate |ines 12 but a gate-on
potential may conti nuqusl |ied thereto during the initialization
process. Wile %%%%%n1?5&%@53#@9{&59&&@%53%%%% A2 M&Funt er

el ectrode #® amﬂldﬂ'etﬂl.pimetlaﬁ eats P rbelyht1@SHRmt i:welc)ﬁﬁamﬁ ¥igdoe, - 25V, 7V
vol tages to these el ectraqodes, is. 32V at. maxi mum another values, i.e.,

val ues sufTi g?gﬁ?get &-Sg%?%‘ﬁfsjet? e PLFRY elentinferchiPnkesning 2bes 28 may
be adopt edouBpediihiecall ¥t gdrent0hl ageo VSardPREX) RBlEhde 18 appidBY and
preferablx 1%‘- 32V Th%gtransition vagl tage having the mavégorns of Fig. 10
my be engl sveFOIRheT Flectiede 29rrd dlunfioradconrRard toxselentody. 9, no
vol tage i ® sppbhedebondheapixgh @liRctdndesnd shyak a0t ¢34 ce | ines
11 at poten£l$$¥.of 0 V.and -25 V voltage is applied to the counter

el ect r ode ™8 Ky % HkeS RiPg§ sl ERe Pate ef veinrgdhe tyarsitionaraidagad. Also in
thi s casepft tie Wakayormdemdrig.ansition reliably takes place as in the case

of using the transition voltage -
_ : In some cases where the voltage is being applied to the ligquid

crystal layer 4, i.e., across the pixel electrode 6 and the counter
eléctr_ode 2, before the transition voltage is applied, the spray

- bend transition does not smoothly take placé due to formation

of the spray aligmhent wl.{th the liquid crystal molecules arranged
asymmetrically. It is therefore desirable that no voltage is
applied across the pixel electrode 6 and the counter electrode
2-just before application of the transition voltage. Thereby,
since the sprayalignment with the liquid crystalmolecules arrangéd

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

Instead of the dot inverting method, the transition voltage
may be applied according to the line inverting method in which
the voltage polarity is revgrséd for every line. In this case,
pne—direction { i_.ndicated by arrow 110) transversal electric field
.is generated and facilitates the spray - bend transition. |

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

described above, ancther shapes described below may be adopted.



of the waveforms of Fig.9. In some cases where the voltage is being applied
to the liquid crystal layer 4, i.e., across the pixel electrorendy 2005 t he
counter electrode 2, before the transition voltage is applied, the spray
- bend transition does not snoothly take place due to formation of the
spray alignment with the liquid crystal nolecules arranged asymmetrically.
It is therefore desirable that no voRkPage is applied across the pixel

el ectrode 6 and the counter electrode 2 just before application of the
transition voltage. Thereby, since the spray alignment with the liquid
crystal nol ecules arranged symmetrically can be naintained without
application of Fhesves Ttﬁﬁrﬁlghtﬂs aﬂ,ﬂ 14 &y sCeneRi t'hg%%r tft rlughgq dsf ansition
to the bend alignnent snooth ﬁes pl ace. Ins it ?l i nverting
met hod, t HEE thafertoare \ﬁéquagbe myl lsdeapprdecd - acBhe dipagtuxe sa®fl i ne
inverting #Rf o1 dhaih6he 6t N Fvlg L0 B Hbd d w{%ever gtf]?'r every line.
In this case, one-direction cated arrow ﬁ sversal electric
field 1is Rﬁ?ﬁéf—'@& eyt emdinavairt st pesitthen syndnich thend porahsigamss Wil e the
aperture f pi e t an uIa the |iquid crystal
di spl ay. a(%ggd?#\%%o t eogll?rbgjgrﬁeﬁfions oégg'crl %1'6 J{«;ne BﬁB'fjf?g'ls shapes
descri bed dreligpeomipcbyititeptiedthed? tlmh:ybﬁﬁﬁlﬁuin&%ﬁmﬂ&&-ﬂ&ﬁawgh 16 are
pl an vi ews, e er shapes, . of .t he erture 6a of the pixel

el ectrode é‘iQT#AI% t'elrQ t u?ﬁ%%ég 3F 9% erati%l“&%%‘? Fden e SELESA 3 i s
conpri sed edpctyise ﬁeadghmdl tmeremofbnﬁn@ exd etydieBgot wIRiclwBsg @Rkt i on at

whi ch the 0 h ot The one _end port s of the

strai ght -?’gﬁlg‘?%%ér]t%%%‘ﬁgée E‘Fﬁés _ (icglﬁ? 5?%3% ch r&fﬂg {;%g‘f’éﬁ’?tf ormng an
i nver t ed- vhehabese 'Elwﬂ.stsdia{gaed Teghpab hee dh ag;eitabatwimg etam stiheect i on

t ransver S%he ee.las%&r ! gtraJ. grsaer.a&g, ; hgrhe ce,ott.lrlpa r}l%gat yeelerg}cr)fr:u:'CI ockwi se and
'increased. By locally increasing the negative energy, the liguid
orystal molecules around the aperture 6a become the transition
nucleus aand the spray - bend transition smoothly takes place.
_ Instead of the inverted V-sha.pé, the shape obtained by
. ‘Totating the inverted V-shape inmultiples of 90 degrees, including
V-shape, may be adopted. With such éhapes, thé two types of
twist-aligned regions can also be formed.
The aperture 6a of the pixel electrode 6 of Fig. 14 is of
an inverted-w shape with two continuous inverted V shapes. With

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

e

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

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

.formed.




count'ercl ockwi se twi st-aligned regions. As a result, at the spot Were
these twist-aligned regions are in contact with each other, tdyengf 2@ C
strain energy, and hence, the negative energy are increased. By locally

i ncreasing the negative energy, the liquid crystal nolecules around the
aperture 6a becone the transition nucleus and the spray - bend transition
smoot hly takes place. Instead of thea3onverted V-shape, the shape obtai ned
by rotating the inverted V-shape in multiples of 90 degrees, including
V-shape, may be adopted. Wth such shapes, the two types of tw st-aligned
regions can also be formed. The aperture 6a of the pixel electrode 6 of

Fig. 14 is of gReldpus4ihed- ég{gpaﬁ,% %{% t‘%?c&odg | pUQUIS; LNVEr Egd %/Oshapesl.

Wth this shape, the two t regi oNs" can r med
| nst ead of @rhemtussheped- mbhapmntnerwmsedbemw sma;;aablaa:h:iangrjree shape

obt ai ned by, 4 gt%fmelgsrwv%r% %gh@a%e i rHJIa‘tJ%}E) E‘ﬁgﬁ 29 d‘bcgrees

maybe adopt ed ree or nore cC |nu I'nver adopt ed.
The apert uk¥pegaobf twtuat- pliehecielregimmjeaﬁ alsd-ibg. £dfmdds conpr i sed of -two

straight-line p ns.as. i.n t case of 3and|s shaped. i n whi ch
their central pglﬁl iag’ﬁgt%feogg °e€§ﬂe&1ﬁ8$.e]ﬁf’?ﬁ° §i 8L R F vf‘ﬁje‘ﬁ’tsv\o types of
twist-ali gtmsrwismmpeeaas absmrm(i awrveednd 22 wiaty a2Q08ize30ndFsbaperture 6a
of the pi £ i S a rhonmbus shape.. O her than the
r honbus, %yﬁ%n@%ﬁ’%ﬁy aet ”t"f"lgeadh %eveé'%ejae?ar’aﬁﬁl%ﬁf%’%"%‘i}‘% adopt ed.
Wth such meapatn ibfr@lhmelyyqlﬁﬂl&‘brtt%@hrﬁ&éegdiledez{%itﬂﬂ§sﬁﬁéhg‘izlrso be

xel ele trode 6 ma e of various types

f or med. Tt]ﬁ% ga of the
of, shapes as escr ﬁ% 3?)'3)?%“%@%? “wi T ﬁﬁﬂajs}ryze th e?%ﬂ?F“r%lr%a not uni quely
det er m negreleyanlyh8hess pdritibs ¢¥ afias aake éhatess.

(Second Embodiment)

A second embodiment of the present invention illustrates

@ liquid crystal display provided with a flattening layer 18.
- The source lines 11 are each provided between the pixel
. .electrodes 6 in the liquid crystal display of the first embodimeﬁt
as shown in Fig. 2, and part of the first insulating layer 7 forms
é.convex:portion between the pixel electrodes 6 as corresponding
tothe thickness of the source line i1, Forthisreasén,thedistance
between the pixel electrodes 6 needs to be greater than the width
‘of the convex poftion and as a result, an aperture ratio is reduced.
Accordingly,inthisembodlment theflatteninglayerlaisprovided
as described below.

Fig. 17 is a cross-sectional view schematically showing‘a
constitution of the liquid crystal display panel included in the
liquid crystal display of this embodiment. As shown in Fig. 17,
the flattening layer 18 made of aresin material such as acryl-based
resist covers the surface of the first insulating layer 7 and the
pixel electrodes 6 are formed on the flattening layer 18.

Since the other elements are identical to those of the first

embodiment, the same or corresponding parts are denoted by the




the width is relatively small for the purpose of generating stronger
electric field concentration. Specifically, the aperture 6a p;g;eju?;My has
a portion of 411mw de or less. (Second Enmbodi ment) A second enbodi ment of
the present invention illustrates a liquid crystal display provided with a
flattening layer 18. The source lines 11 are each provided between the

‘pi xel electrodes 6 in the liquid crystal display of the first enbodi nent

as shown in Fig. 2, and part of the first insulating layer 7 forns a
convex portion between the pixel electrodes 6 as corresponding to the

thi ckness of the source line 11. For this reason, the di stance bet ween t he
pi xel el eCﬁ&@f@fe@eﬁ@@ﬂﬁmé&l@eaﬁ £8%GEn ! Bat LB o g‘ %rlg aredio v EX
portion and as a result, an aperturé ratio s re %\ccor Hgly, in

t hi s enbodi nent The E%‘Off#-atqnewﬁngm agﬂ@rttésings lpyemxaedanamdimcthbed bel ow.
Fig. 17 i I w t|c how n contltutlon of
the 1iqui (S:Idj%rt;%éstqéaﬁ) }ﬁg%ﬁ. %% EEg rc?e t%hf | rc?fﬁﬁgt € di spl ay of
t hi s enbodinewtipre A&tshowmd rthErgfon'b?,, suf:hﬁ:ifehalj aringt| @yaiay8ignde of a
resin mat gy dlhgl vgg%q_t chbgse re3|$t overs the surface of the first

i nsul ating 1ayer 7. BT IOPEeUS8Es 6 are formed on the
flattening. | ayerhe]ﬂatSenum l.dmeam:tmﬂdSt eh BRBsve saloer ladeBh nGatedrfesshose of the

first e sa correspondin rts are denoted by the 22
Sty 2005 S5 HE davek Jus® BTEe Farterara hanadambetiaen bt Bdescr | bod
her ei n. Fﬂecpnrcmel $i mucﬂnet beofdgt bapaditdragescthdaean, reduce the distance

bet ween t 4( Iﬁ(‘:t rtgdes 6. This can increase the aperture ratio, and
t her ef ore u’f FTPRA right display is achieved with power consunption

réduced. The flaathird egbd@pentlEr Hok HddenselMRStEon f11abberatuae¥enness
ligquid crystal display in which the color filter layer is formed

on the side of the array substrate
' Fig. 18 is g cross-sectional view schematically showing a
constitution of a 1iqu:ld.cIystalndisplay-panél—ineluded---.-’en-a- liguid’
- crystal display of this embodiment. As shown in Fig. 18, a color
filter layer 21 comprised of color filters 2-1R, 21G, 21B and Black
matrixes ._22 provided between the filter 21R and the filter 21G
and between the filter 21G and the filter 21B is formed on the
insulating layer 7 provided on the side of the array substrate

103.

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

p—

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

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

A fourth embodiment of the present invention illustrates
a liquid crysfal display capable of reliably performing spray -
bend transition by providing apertures in the pixel electrode and



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 thjy ﬁh 005
enbodi ment of the present invention illustrates a liquid crystal |splay
in which the color filter layer is formed on the side of the array
substrate. Fig. 18 is a cross-sectional. view schematically show ng a
constitution of a liquid crystal dispRay panel included in a liquid

crystal display of this enbodinent. As shown in Fig. 18, a color filter

| ayer 21 conprised of color filters 21R 21G 21B and black nmatrixes 22
provi ded between the filter 21R and the filter 21G and between the filter

21 and t hend kbisie AHB #6tnb @Rt hddiuriedst ba Ay Shupbepioy ded on the

side of the array substrate 103. Since the other nts are 1dentical to
those of the fiF3&%: 1%#150@P#féﬁt‘fie‘t?W@hsa@%iwlz@#mvsp@mqugtpautbomre denot ed

by the sageal£f %s@ﬁ%:@p&a?rt%n@i Hdecyft'n &&c{jf% ﬁ{:tlf fed herein.

In this constitution, "'the color ter ayer 'ons as the
i nsul at or %H%watﬂhésmﬂd@eﬂimmt r &slelgovér EMEig hig, p&ntsagﬁopg@@met or

el ectrode &@H&rﬁoﬁ fdul,- #S.;:eft ele%?ro glaSJ:% é’s& cQ:ELg% Y grP'gbttﬁjénént) A

fourth enbodi nent o esent i nvent on il rystal
di spl ay cajsuerd tife ¢@rne@bbyd-pm teteailiges [2ayo -astm(ibv"ef:Bi;S mtiltnrtri&y provi di ng

apertures et I xel 5 22 J 200 t he source |ine
for med on he %ﬁ]r?%r fgur ?‘5‘% x;&ﬁ'_ %%gcrr?é?/ els‘t%% egt 8“9‘1 g2PBH5e5, plan view
schemat i c#d previgisidngn aregdnss i aflutthenpratfruded I;ﬁpl:t'ltﬁioﬁsf yﬂﬁ&h sraflapy panel

| uded I, I . f t nb t h
Fio. 16, satporst oK ARREIE bl Bler” e’ Pheber et CRBCE7 03096 Bre |

res pect i V@ﬁ.yeprediepum 6 has a rectangular aperture Ga provided in the
region overlapping with the storage capacitor electrode 9, similar
to the first embodiment. The pixel eleétrode 6 overlaps ﬁith the
_gai:e lines 12 and the storage capacitance electrode 9 with ‘the
insulating layer interposed therebetween, similarly to the first’
embodiment. .

The source line 11 overlaps with the gate line 12 with the

- insulating J.ayér interposed therebetween, and the rectangular
aperture lla is provided in the overlapping region.

Since the other elements are identical to those of the first
embodiment, the same or corresponding parts are denoted by the

. same references, and as such, will not be described.

When the transitionvoltage of the first embodiment is applied
in the liquid crystal display of this embodiment so constituted,
the potential difference in the thickness direction of the liquid
crystal dj.splay panel is 1ncreaséd. Since the pixel electrode
6 has the apertures 6a in the regions overlapping with the gate
lines 12 and the storage _capacitof electrode 9 with ‘the insulating
layer interposed therebetween as described above, the increase
in the potential difference in the thickness direction of the liquid
.crystal display panel causes the strong electric field




‘toward the corresponding gate lines 12 so as to overlap with the gate
lines 12. The pixel electrode 6 has rectangul ar apertures 6a 32rluyi2083 i n
regions of the protruded portions which overlap wth. the gate |ines 12.
In addition to these apertures 6a, the pixel electrode 6 has a rectangul ar
aperture 6a provided in the region overlapping with the storage capacitor
el ectrode 9, sinmilar to the first edBodi nent. The pixel electrode 6
overlaps with the gate lines 12 and the storage capacitance el ectrode 9
with the insulating |ayer interposed therebetween, simlarly to the first
enbodi nent. The source line 11 overlaps with the gate line 12 with the

i nsul at i ngedrepatraticsr posasturharahat WA respetife dpRet@ngulsal agperture lla
i's provided in %Eetﬁéeila ping¥r%gkgn“ Si nce the other elements are

i dentical ¥J°HOSe HEd pEYstadBelechies, a¥ends ihe aperEwFe§pondi ng
parts are weoatethd traheit SA Rub W BRECEhe 3PFaRS. Pah, tMnsit il be
described. Wien_the transition voltage of the first enbodinent 1s applied

in the |i P8 By stakPsdPgfieay of this enbodi nent so constituted, the
potential di ffemﬂmﬁsenwﬁé}ﬁtﬁéltféﬁ%§§§oﬁ+6ﬁfafgbg§a Lﬁ&ﬂ%ﬁﬂa%o%rﬁsfyﬁ al

di splay panel is increased. Since the pixel "el ectrode as the apertures
6a i n t he IF8§Fohs 289 eifteagptad 1npE 2 hEheaosent iade difPerendet ire theor age

capaci { or nherkErEr e Guidierjdiadl Aluhily ph Pl LALELARNCA diligL ebet ween as
descri bed above, the increase 'in the potential difference in the thickness
di recti on t8f fHEcpiidiedit has yheapegitype djaganthe cagses ovénslappioag el ectric

fleld 22 ki @05acd%60ne8TVIa! A0 LASeNg SaguRCitg, bEgpect | ve

apertures 6a. As a result, the liqui a ecul es~around the
aper t ur es tharelrdwsnp ashdeéesertd abovenudheutnanedse hin $peagotenltéat transition

- smoothly GaKesrddlcBGS the thickness direction of the liquid crystal display
panel causes the electric field concentration to occur arcund the

aperture lla. Af a result, the liguid crystal molecules around
the aperture 11& become the transition nucleus and the spray -
bend transition smoothly takes place.

Similarly to the first embodiment, the width of the aperture
6a and the width of the aperture 1lla are respectively set to 4
Umorless. Thereby, stronger field electric field concentration
occurs. The apertures 6a, 1lla neéd not be rectangular but‘may
be of shapes of Figs. 12 through 15.

Thus, in this embodiment, the pixel electrode 6 has the
plurality of apertures 6a and the source line 11 has the aperture
1lla. Since the liquid crystal molecules around the apertures 6a,
1la become the transition nucleuses, the number of transition
nucleuses 1s greater than that of thé first embodiment.
Consequently, the spray - bend trangition takes place more reliably .
than that of the first embodiment.

(Fifth Embodiment)
A fifth embodiment of the present invention i-lluétrates a
- liquid crystal display capable of reliébly performing spray - bend




_Li kewi se, when the transition voltage is applied to the source lines 11
and the gate lines 12, the potential difference in the thicknEskp2odhe:
liquid crystal display panel is increased. Since the source line 11 has
the aperture Ila in the region overlapping with the gate line 12 with the
insul ating |ayer interposed therebetween as described above, the increase
in the potential difference in the t3ickness direction of the liquid
crystal display panel causes the electric field concentration to occur
around the aperture lla. As a result, the liquid crystal nolecul es around
the aperture |la becone the transition nucleus and the spray - bend
transition |.d h I Loent, the

W dth of theaaserire aevaraR pattypRrLted e hafd iRty TRGELARS
respect i vef9rmegt opote impeprsurfege dhdhebgrrast suhgtratfd.el d el ectric field
conecentration ULS. 5 o, Lur |.a_need .not_ be rect ul ar but
may be of shapggg'of2 algisggﬁﬂ%g%{ go%%ﬁgﬁgéafﬁgs,&ogﬁn?rﬁ €O l% ?Jr'}%nt, t he
pi-xel el ece¥ eddiguihsrivhtal plispdady tpanel apdnBedein Galaqdid keystalr ce |ine 11

has the ap I il.a. Since the ljquid c al | ecul es around the
-apertures %%é,pliaﬁloéf BesoRS c’t%l ac htr‘ani‘ssl il’%"ﬁ‘ %%%ﬁ%uggg PaFﬁ%"?u?RB%’F ki
transi ti orendhpettcivg@escot thereixetrelehanodd @t axy rébpedtively prboethdent .
Consequent spray - bend transition takes place re . reliably than
that of t hée&(dfair%l&q'eeg %glsr?é)ﬁ’??n% Igia??ﬁul‘:‘ﬁﬁo REritS Qﬂ ?".‘*FE%P é’ﬂﬁgcfftf?ent of the
present i rpadet Limes DRusty plesalatyl offdutoat polrah oflé Sl aye Gapadd enof reliably
performn pray. - be 22 Jul 005 34 transition b rovi di'ng cut out
partions iqﬁl%tlﬁe lﬁflfeciyg?%gf?gﬂgde = s s qvﬁﬁé?pé’&f%aﬁl}& = he array
SUbstr at e.1ifieg. 120 Henee plths prddiwuded qroaicions | yres Romb Nghape@OnThit Ut i on
width of these cutout p'ortioxis is 4/m or less.

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

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

When the transition voltage of the first embodiment isapplied

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

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

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

provided with the aperture in the region overlapping with the gate



of aliquid crystal display panel included in a liquid crystal display of
this enbodi ment. As shown in Fig. 20, parts of opposite end pzxhilpps0sof
the pixel 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 forned in the regions of the protruded portions
which overlap with the gate -lines 135 Hence, the protruded portions are
conmb-shaped. The w dth of these cutout portions is 4/ Imor less. Since the
other elements are identical to those of the first enbodinent, the same or
correspondi ng parts are denoted by the same reference nunerals and as such
will not b eseri bed herein. Wen the transition voltage of the first
enbodi nent Is applied in the liquid crystal display panel so constituted,
the potential Whikethnpduralityeof kutéwepertionactt ape Gorinb® atitqiel d cryst al

display p sed ce t I xel ctrode 6 has he cut out
portions 6 é? :ign?éaﬁgﬁglgse 3%&ﬁ4%?<&?9??9ﬁ§ §5¢ BaY PR@goYHed. he

i ncrease |ﬂﬁmha.nmﬁmmméﬁt)dlfference in the thickness direction of the
liquid crystal display pa causes the strong electric field to occur
around t he resp’g&ig‘\'ig %'E’t gﬂl’f'e'b'bl" U?%Pﬁﬁse%igve‘}@é’ﬂl t1ustgatey@ d crystal
mol ecul es nrqnma@ryheaxai@ﬂaypﬁﬁama%f %N 1 BBLP PRrEd¥nihp skl i-Wenaucl euses

and the s Sé ’E"’b\}q transifion snoothly takes place. The pixel electrode
6 may be p Pl Y prapiiing eeteyf P‘Ffétml“ég’r’bﬁge SFerpeH FPARPIOFh st or age

capaci tor e&leeefds&dan& thid iga®e giineS ¥6AmAPOh! HESInAbe NiraREOYd dgd i N this
enbodi nent.. Furt simlarly to the fourth enbodi nent, the source line

11 may be 2TBFHVS éﬁlﬁf?h the aperture in the region overlapping with the,
gate 22 July 20@'5g 3% id #9142 vi¥hiskRehd® RLEY 3hblindh OHEOUuRBHt | ONS 6b
are forned at t he
a liquid crystal display panel included in a liquid crystal
display of this embodiment. Fig. 22 is aviewtaken in the direction
of arrows substantially along line XXII - XXII of F:i.g 20. In
. Fig. 22, for the sake of convenience, elements provided above the
'storag_e capacitor electrode are omitted;

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

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

~ The hrray subétrate 103 has the glass subgtrate 10. The pixel

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

10 and the insulating 1é\yer 19 covers the pixel electrodes 6.

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

the storage capacitorelectrodes 9, andthe insulator forpreventing

the conduction between these electrodes. To be more detailed,




end portions of the pixel electrode 6, one aperture may be provided.

(Sixth Enbodi nent) A sixth enbodi ment of the present inventicnhjj%gwgggates
a |iquid crystal 'display capable of reliably perform ng spray - ben
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 schenatically showi¥g a constitution of a liquid crystal
di splay panel included in a liquid-crystal display of this enbodinment.

Fig. 221s a viewtaken in the direction of arrows substantially along |ine
XXI'l - XXI'l of Fig. 20. In Fig. 22, for the sake of conveni ence, elenents

provi ded akny&oubes 15468 298 APRSIda06n Qh@‘?ﬂl{sﬁgﬁtﬁ{gel&f@rt E?%dRﬁIeer ring to
Figs. 21, 22, the liquid crystal cell 101 conprises the color filter 102

and the ar F&?ujsﬁ?ﬂgﬂr]a’tlf@rlb?w&hth‘arseu!;%dsiéestbl-eaﬁlhe @dter Likesh a spacer
(not shownlz | dHehROSAGrabl URAGLIEL b1cpkBEfed BOAEO! Rhnbl! difTend02 1S

constltuted simlarly to that of the first enbodi ment. e sane or
cor respond ipRplsding lagen 7gadothedabignmsn t darer r5e¢ce1ree"ﬁd§1ermm®r aimgs and as

such, Wi | 11510ing bR URSCLEOGNBE LD o1 LB afdeY Substrate 103 has the gl ass

substrate 10. The pi xel trodes are tormd on the upper surface of
the gl ass subst f#ridarly m\dh{sh’éinstsammdimgntaymé $eomnﬁe|capadmstqm xel

oo hi pefbotiol [ 80 pAURl BIcychd AROTChAN LN, HADERa S 39EPT 1 '

insulating layer 19. The wrin 'S conprlse e lines 12
and the scﬁ}te@érpﬂmésial)rawmea tlme oiged mgdbn aldfdned nwehetg}art@ge

Dot voen { Hate rarr s sgaoie 1ifed B2 FhBkedcRs. B8 STEF0I960m152 ho source
IHnes 11 #lectvedred ks the tegdoh arverdappirey with ahé phel electrode
6 with the insulating lgyers 7. 19 interposed therebetween, A
pluralityofcutoutportions9bareformedintheoverlappingregion.
Parts of opposite end portions of the pixel electrode 6 are
fespectively'protruded.toward.the corresponding gate lines 12 so
astooverlapwiththegatelines12. Thégatelines12areprbvided
with a plurality of cutout portions 12b in the regions overlapp:l.ng
with the protruded portion of the pixel electrode 6.
The width of these cutout portions 9b, 12b is 4 Um or less,
similarly to the first eﬁbodiment. '
. Since the other elements are identical to those of the first
embodiment, the same or corresponding parts are denoted by the
- same reference humerals. and as such will not be described herein.
Whenthetransitionvnltageofthefirstambodimentisapplied
in the liguid crystal display-of this embodiment so constituted,
the potent:lTa1' difference in the thickness direction of the liquid
crystal @isplay'panel is increased. Since the storage capacitor
-electrode 9 has the cutout portions 9b iﬁ the regions overlapping
with the pixel electrode 6 and the gate line 12 has the cutout
-portions 12b, the increase in the potential difference in the

thickness direction of the liquid crystal display panel causes




insul ating |ayer 7 covers the source lines 11. The gate lines 12 and the
storage capacitor electrodes 9 are forned on the insulating |zyrilyZoend
the alignnment |ayer 5 covers the gate lines 12 and thé storage capacitor
el ectrodes 9. Simlarly to the first enbodi nent, the storage capacitor
electrode 9 is placed between the gate |lines 12 and the pixel electrode 6
Is provided in the pixel region defined by the gate |ines 12 and the
source lines 11. Therefore, the storage capacitor electrode 9 has the
‘regi on overlapping with the pixel electrode 6 with the insulating |ayers
7, 19 interposed therebetween. A plurality of cutout portions 9b are
formed in R regl rts,of osite_en ortions of the

pi xel elec%@%ﬁgxgﬁgre t?gg5%%%?@%?@33%8F$ﬂ5g§%FSﬂﬁ?ﬁoT E%%??%%%bnding gat e
lines 12 skortdont@boubl apisw résilte thatsprhy nesnd Praddieigakmodtinigs 12 are

provi ded 1,5 h |uralit f cutout portions_ 12b in the regions
over | appi n%ﬂléevsm' &gﬁ%gn%r?o#gjdse%c 8HY iWﬁQngﬁsﬁéa}Si%P%F ot &FES. The width
of these cid ebtapesd.i ons 9b, 12b is 4 /tmor less, simlarly to the first

enmbodi nent.. Singe the other _elenents are identical to those of the first
enbodi ment, t hgﬁl&z{'ﬁe ft 92bT Fgg?fbr]laiaﬁ& the $101398 FORGLER BletHodesane

ref er ence nuaes ake, catshtaposStiGhsonly RAttHREré@idd B@G‘rl%'b@ﬁ.ﬂ widhen the
transitioq‘vol.ag$ of the first enbodinent is applied in the liquid
crystal di |%{7‘e elHEodfifodthfe At RETIdORE Itabe PERBLRS Enitha

di f f er enceeigiohd ovéfipparg vi€h 86 iso@PcO®Litd1€1] | Bbsbvd, WiHeadutduePl ay panel
is increased,, Since the storage capacitor electrode 9 has the cutout

_pgrtions FBTHHONS, Ba¥ BT JiRPlaGed 1Y APRELURRSth the pixel el ectrode 6 and the
gate |ine ($2vémn Enboditient). portions 12b, the increase in the potentia

difference in the _thickness direction of the liquid crystal display panel
causes 22 July 1?0615@ %i—,rst through sixth embodiments, the apertures or
cutout portions are provided in the electrodes formed on the inner
surfg.ce of the array substrate. On the other hand, a seventh
embodiment 'of the present invention illusfrates a liguid crystal
_display capable of reliably performing spray Z bend transition
by providing apertures in an ~aux;-i.l:l.ary electrode formed on the
inner surface of an opposing substrate (colorrfilter substrate).
Fig. 23 1s a cross-sectional view schématically showing main
elements of a liquid crystal display panel included in a liquid
crystal display according to this embodiment. .Referring to Fig.

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

-

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

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




the strong electric field concentration to occur around the cutout

portions 9b, 12b. Asa result, the spray- bend transition snmoot} yuly bedses

pl ace and a satisfactory inmage display w thout dot defect is obtalned
While the gate lines 12 and the storage capacitor electrode 9 have the
cutout portions only in the regions overlapping with the pixel electrode
6, the cutout portions may be providé® in the regions overlapping with the
source line 11. Mreover, the cutout portions may be replaced by
apertures. (Seventh Enbodlnent) In the first through sixth enbodi nents, the
apertures or cutout portions are provided in the el ectrodes forned on the

i nner  suréame sbépd B8 &ld pYxSLRILEARIes @ fBQﬁe@toﬁe{heb 3Rfer BuSEY,

enbodi ment of the present invention illustrates a liquid crysta dlsplay
capabl e of °F &h¢ &BF% Y 5uPFiatienty Ssyrhgre e@@haow%m tbe pikel pewidndi ng

apertures ddEiaBaBy lthleaéafteehﬁ?&ésf QQeaJ‘PEHE%onQEEhflrbefni‘Pr sipiiaeg of an

opposi ng substrate (color filter substrat I's” aCr 0SS "-'secti ona
vi ew schentft ?l}%i{xylgﬂg%we{m nThesdldigapest ddyer 3 conars theyskaliabyspl ay panel

i ncl uded 'éle%t!rb&’éﬂ &1 GhY St 1 g.to this embodiment.
Referring to Fig. 23, the mu%‘gﬂcry %Pe::rgeilsﬁ 101 conprises the color

filter substrat®s deeorihed @Wearafi;;cestmsaum:ela:hQ%thbdw s1appvesed to each
ot her W tdupkhgn r h t en. since t he
D R OnerR e BRI RIS SRREPS B 8,

array substrate 103 i's constit S|m
enbodi nentProvihéed wivbh @rrmtranespmdpagtlp&r 5 5a anen deaetoedidys ihanhesane

ref erence yiUB{ &l S8 1k 4|1 not be described herei AUX|I|ary
ehectrodes 51 gﬁt forne P%ge ove?ﬂ%%ﬁ FAES o%ac?ﬂg Q%ﬁﬁf éVectrode 2
FOrmed on SdABERIccPLserdrions oFi thhehe Glamtef | dleert roabst,  ahe HedZewi t h an

Ihg.\sl gl 2LL2?§%?¥§%E!§%§&?J§%&%@Q igggg5:38%&"@%@1@9&5‘%%11 J:haeré/ou%ltggt rodes 51
electrode 2. The shape of the aperture 5la is not limited to a
rectangle but may adopt shapes shown in Figs. 12 through 15, as
described in the first embodiment. '

Since the other elements are identical to those of the first
embod:unent the same or corresponding parts are denoted by the
same reference numerals and as such will not be described herein.

When the transition voltage of the first embodiment is applied
in the liquid crystal display of this embodiment so constituted,
the potential difference in the thickness direétioﬁ of the liquid
crystal display panel is increased. Since the auxiliary electrode
51 has the aperture 5la in the region overlapping with the counter

 electrode 2 with the insulator interposed therebetween, the
potential difference in the thickness direction of the liquid
crysta_l display panel is increased. In addition, by applying a
Vbltage different from that applied to the counter electrode 2
'Eo the auxiliary electrodes 51, the strong electric field
concentration te occiur around each of the apertures 5la. As a

result, the liquidcrystalmolecules around the apertures 51abecome

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




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

el ectrode 6. The alignnent |ayer 3 covers the auxiliary electrodes 51 and
the insulating | ayer 52. As described above, since the auxiliary el ectrodes
51 have substantially the same shape%s the pixel electrodes 6 and are
provided with a rectangul ar aperture 51a 49mwide or less in the vicinity
of the center thereof. The entire surface of the auxiliary electrode 51
overlaps with the counter electrode 2, and hence, the aperture 5la is
formed in phecd.egion overlapping with the counter electrode 2. The shape
of the aperture 51a is not linmted to a rectangle but nmay adopt shapes
shown in Figs. P2neeibaghxidiaggelaetrqdentl dsrpndydded rigt eastbpdkeknt . Since
the ofher ohHBN frakhdtllidighibp O Ohddifeht! the SIRATLIG. (he
sane or corresponding parts are denote y the sane reference nunerals and
as such wiPeclits be pgesent bedanbmdinel . WhEnnsémentinnsi satoisfactomge of the
first emboghigngd PRJsL ' | jquid. cr |, display.,of this

" enbodi rren?ﬂgo coirlés%if?uﬁégﬁ%% %sfp&ch%énstp?%F %f’f%%ﬁig)ﬁggilgﬁst &3 Ekness
direction of thButrthpay.dy gengedingitbpltapnpatiin msclieuses ancthe Sidice t he
auxiliary ; ; i.n e regi,on o | appi ng with
the count e‘%lﬁg:‘lt%%%%%agJs‘igg\n&tatﬁgﬁﬁggﬁ%g%{%{rg%sﬁf%{re Jset t%@?g%g%en, t he
pot enti al Mcdlepsenceanibe demeratedk nesssedivently Othotel tupilliguiod tisy yst al

di splay pangl.. s i il I t1on a ying a voltage different
f?om t hat a"@’gjﬁ‘ﬁ’i edll"ét}lo(\ﬂr ?ﬁ%?%ot&ﬁ e%dcegué:gg?% e OQF%' the auxiliary el ectrodes
51, the st{Edahth|Rmtodivedt)el d concentration to occur around each of the
apertures 51la. |iquid crystal nolecul.es around the
apertures 5la bleﬁigngh{lf%}é{{)ﬁ%ﬁ?rs&?t?%%%ﬁu%]fee%gésmgﬁﬂtgﬁ? a‘fﬁlmf)%% % ransition
snoot hl y takéguid 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 switchj.ng device (TFT} portion of a
liguid crystal display panel included in a liquid orystal display
of this embodiment. Referring to Fig. 24, the liguid crystal cell
101 comprises ‘the color filter 102 and the array substrate 103
including the semiconductor switéhing devicell TFT 13, which are
opposed to each other with the spacer (not shown)interposed
therebetween.
The array suhstrate 103 has the glass éubstrate 10. The gate
line _12 1s formed on the upper surface of the glass‘ substrate 10
and an insulating layer 65 covers the gate line 12. The TFT 13
and the pixel electrode 6 are formed on the upper surface of the
. insulating layer 65. .
The TFT 13 is provided at a position corresponding to the
~gate line 12. The TFT 13 is structured such that a N* a-Si layer

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



22 July 2005 39 place. Since the auxiliary electrode 51 is provided in
each pixel in the liquid crystal display of this enbodi nent, Qmﬁﬂyzoos
transition nucleus is present in each pixel. Consequently, a satisfactory
i mage di splay w thout residual spray-aligned pixels is obtained. Further,
by generating the transition nucleuses on the side of the opposing
substrate (colorf ilter substrate),. Mfe transition nucleuses can be
generated. Consequently, the reliability of the spray - bend transition is
further inproved. (Eighth Enbodinent) An eighth enbodi ment of the present
invention illustrates a liquid crystal display capable of reliably

per forni ngsshicay (abemd )t r anss tN*oa-dy 1856¥ 1 ¢l BErPdLlbUs] MATieR1APPOSI te
portions of the array substrate and the opposing substrate. Fig. 24 is a
cross- sect ?W%ﬁ“\ﬁ%é&l’f@ [FeRieendurteR JRVAY Shniand acs@insst lsictgode

sem conduciDr anwi & Cd¥NA EMEGRAETES) PR lde@8n0d rekih Uil GLYSLA! display
panel included in a liquid crystal display of this enbodi nent. Referring

to Fig. 24°lqdtgofle ddidrefieyaital anelpotndie eomeciteddot the gohire 1ing er 102 and
the array suhsbhahs ch0a silgggiq;gﬂgﬁghfs %Ebfﬁéf‘éﬁg%t Os.vm,f,cehg,ﬁg V\%ew ce TFT

13, which are opposed, to each other w't spacer (no 0 | nt er posed
t her ebet welch PTPEecad By awnrstegtiont F31mas2¢ he gl ass substrate 10. The gate

line 12 is for nad 0516He: YOACuBUELARE10F 10 Ol-333. 7 URBL @LE 0. and an

insul ating | ayer 65 covers the gate line _ ( e pi xel
el ect r ode WagFesybstwaeoh tthe oy fddtémdavet he thentudmdrangnt ayer 65.

The TFT 136ty idetnalr 2o fRSrbhO]2 S Unla®ERO M Unke WaGer 951G 1 NE 12
The TFT 13 is structured such that a N a-Si layer -
A disposed in this order. The color filter layer 21 is composed
of red, Qreen, blue color filters and black matrixes at boundaries
of these color filters. .
A convex portion 66 protrudegi towa_rd the array substrate
103 is formed on the 1owér -surfade of the counter électrode 2 as
opposed o the TFT 13. The convex portion 66 is made_s of epoxy-bhased
photosensitive resin so as to have a suitable size. A cell gap
4b between the color filter substrate 102 with the convex portion
66 and the array substrate 103 with the TFT 13 is smaller than
a cell gap 4a between the color filter substrate 102 without the
TFT 13 and the array substrate 103 without the convex portion 66.
| When the transition volté.ge of the first embodiment is applied
_)* in the liquid crystal diéplay of this embodiment so constituted,
the electric field concentration occurs around the cell gap 4b.
Thereby, the 1iguid crystal molecules around the cell gap 4b become
' transition nucleus and the spray - bend transition reliably takes
place. Consequently, a high-quality liquid crystal display
capéble of providing a satisfactory image without dot defect is
obtained.
While a narrow cell gap is formed by using the convex portioné66

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




63 is forned on an active sem conductor |ayer 64 made of anorphous 22 July
2005 40 silicon (a - Si). The N a-Si layer 63 serves to el ecijubgatdos
connect the active sem conductor |ayer 64, and a source electrode 111 and
a drain electrode 14. As defined herein, the source electrode 111 refers
to an el ectrode connected to the source line through which a signal
voltage is supplied thereto. The TFT413 is 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 electrode (counter
el ectrode)2, and the alignnent layer 3 are disposed in this order. The

color filtms3,| eyeprddent 1606MOARAI1s Hot” Phitdh &) subh WoneRh fltilbhl. t ers and
bl ack matrj xes at boundaries of these color filters. A convex portion 66

prot r uded 1A Pd  ETRAEMPaythe R RONt 211197 Fay berfrsmedrby hrovisies surface of
the count ef ekl poRAGA EiterRBATRMN el i 1761 dhib adiify CORNEALROTLI ON 66

I s made of epoxy-based photosensitrve resin so as to have a sultable size.
A cell gap93sandepqkhar eervexopertion ewthe dedor #idted Sukistatdidogonvex

portion 66 apfoddie ta LY SHPSE il i Tl of Iler than a
cell gap 4a bglt?ov\een t he col oré#iq%t gg'&lgﬁbg'\gtf%g?g]%agﬁvﬁf%g'ﬁ ?T{g TFT 13 and
the array (¥ipth (Eabedimentidi t hout the convex portion 66. \Wien the transition

vol tage of the xf Lisin SRS NERL of 1 i i.quid. crystal display
of this enbodi nent so const | t&t%%%hg%ésg Ecjtnsrie%pf?ljleligﬂggﬁ%aeﬁfr%t i on occurs
around t héigeld cyegiadisiispTar cebyblea dEreliplily reryetaingtspegut ®endr ound t he
cell gap 4B heGARR bd LS4 e the spray - _hend transition
reliably taﬁes_ pl ac];e!b chnéggﬁg%ﬁf Hﬁr‘ﬁﬁggﬁ-%“ugﬁg Syé/q ieagil%fr@?‘%? al display
capabl e offAMecarhPixed mliestaedes Formamyonvitlichdnbexiahrdaéects tise obt ai ned.

array substrate.

Fig. 25 is a plan view schematically showing a constitution

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

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

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

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

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

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



VWi-le a narrow cell gap is formed by using the convex portion66 of the
color filter substrate 102 and the TFT 13 of the array substraendy2008 y
2005 41 103, the present invention is not limted to such constit.ution.

As an alternative, the narrow cell gap may be fornmed by providing a convex
portion different fromthe TFT 13 on the array substrate 103 and anot her
convex portion on the color filter sdRstrate 102 as opposed to.the convex
portion different fromthe TFT 13. (N nth Enbodi nent) -A ninth enbodi nent
~of the present invention illustrates a |iquid crystal display capable of
'reliably performng spray - bend transition by providing cutout portions

i N 0pposederybdimPRf | 1t1BRSsaftl oRILAGE! ? ﬁﬁl traod f.or.ned .on the inner
surface of the array su%str,gte. Fi 3?0’3 |spgl:g'i?agr{:%v?%%t§g$e¥ratt?ﬁecal_I y :
showi ng a THesTefiarengn nusbrats Andlagrmivhswilfl not beuiedceilyst héradinspl ay panel
included in a g L SR S odi.ment . Hereinbel ow, for
the sake of conveni e‘%c%%%&gli&ﬂﬁgﬁgé? rgfggégéﬂsg'%@?o gmﬁ?éé?a%‘f rode 6B
adj acent ti@ the ligedd cgivetal ddeplk of thite drthaglilei s6aioneBinitedt he source

line 11 arg dlSGWussgd- %@Lgrri n ? F'%é 25 %J;%e i xel _electrode 6A
. di ) i
overl aps wi tﬁﬁ 1 K'e gate T nee'“'scelg1 %’1 egh s ec&,ﬁ%’i‘ &L i ®ifty of
protrusi of¥yséel ditphafeganel Lhdnbesgied. disiarki the pfotrieismiesanki ne 11 are
formed. Epd I%i af Fe i xel . el ectrode 6B which are opposed to the
. [ S d .
end portions %er eg{gﬁe 56 (r’%sgﬁegnésd BECLHI®P B BVitheFatret ol tudB8 ¢ oward
p _ .

the gate lelpetdix fdead ¢amceuerdtdpnbidurtshebgniernl prerrhdion RRCaRges 6d
correspothQgcd&% g uralit?\: of, protrusions 6¢c_are fornmed in the region
of; the protrude s rgf'fP'J(L)n SEOPRE 98 x1° 81 Betitue the Bl e nCFF ALaps with t he
of, the p d"p | C! . P
gat e | i nem¢ReciSies irathe/répidntmetiikss the pRodiwEins ddhdineteclsg86s r 0de 6
6d become the transition nucleus and the spray - bend transifion
reliably takesplace. Consequently, ahigh-qualityliquidcrystal
display capable of providinga _satisfactozy image without dot defect
is obtained.

In the ninth embodiment, if the voltages applied to the
adjacent pixel electrodes 6A, 6B are reversed in poiarity, for
example, a plus polarity voltage is applied to the bixel electrode
6A and a minus polarity veltage is applied to the pixel electrode
6B, two-direction transversal electric fields seen in a plan view
are generated between the adjacent pixe]_. electrodes 6A, 6B, as
indicated by arrows 110, 120. - In this state, similarly to the

S

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

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

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




overlaps with the gate lines 12 with the insulating | ayer interposed

t her ebetween. Since the other elenents are identical to those of pilhepds r st
22 July 2005 42 enbodinment, the sane or corresponding parts are denoted by
-.the same reference nunerals and as such will not be described herein.

When the transition voltage of the first enbodinent is applied in the
liquid crystal display of this enbodifent so constituted, the potenti al
difference in the thickness direction of the liquid crystal display panel
is increased. Since the protrusions 6c and the corresponding recesses 6d
overlap with the gate line 12, the electric field concentration occurs

bet ween prix mediotidic ointhe tdiet&nsd Gspopstidige’ BE AT afskards gerHsul t, the

~liquid crystal . nolecules in the region between the protrusions 6c and the
recesses %d%uﬁggcjfﬁv?"?ﬁ%s 1 FRATEA Y BHIGh R dekieen Fhe BigedieLectredbst r ansi t i on

reliably tékessgicagecaligns eqUed ipr e Patlied Rngt! A Het ﬁiéé:ﬂ?edsgri’é_t al display
capabl e of providing a satisfactory image wthout dot defect is obtained.
In the ni MEPTERHRYisHINE, - i%“®he voltages applied to the adjacent pixe

el ectrodes 6A, @ﬁ-@ﬁ,@r[e&@rgggﬂé}lmglﬂl}&ym%}q;e EXMHMIL 1 PLYS POl arity
voltage is applied to the pixel -el eCtrode A ang a mnus polarrty vol tage
is appli ed®tda FREHOEIPOSEBRR Y BRfb the Bolexi Hierckaveamayr empvavisial el ectric
fields sconthe sAaBlodtnkieiy 8hSs GERELIhEMRNGINNS] baGENL P! Xel

el ectrodes 6A, 6B, as indi%ated by grroms ?ﬁ , f%&%ﬁﬁg§ﬁ€§&?Féte,
sinilarly (P8 Hh&EMbeddsentdti on with reference to Fig. 11, the elastic strain

energy of the i ientl chby@intnt"OF G0Y! £SasedRd mgmﬁ %guglgx%%tjeve energy of

the liquid crystal nolecules in the reé?on bet ween Sef'ect r odes
6A, 6B, artTMiftrerEied UispAsEganablyof rhdialgivaerfobetny sphdyAbend snoot hly

takes pl agfansition by providing an intermediate portion between a maiﬂ

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

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

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

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

the storage capacitor electrodes 9 at end portlons where aplurality

Em,",‘-rr .

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

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

Similarly to the first embodiment, the pixel electrode 6



To make the electric field generated between the protrusion 6c and the
correspondi ng recess 6d stronger, a distance 6e between the prohiysoe 6C
and the recess 6d may be set as small as possible. Nevertheless, 1t should
be renenbered that there is some limtation . 22 July 2005 43 in reduction
of the distance 6e, because if the distance 6e is reduced to excess,
shorting mght occur between the pi xé4 electrodes 6. Specifically, it is
preferable that the distance 6e is approximtely 4 - 89m Moreover, the
flattening | ayer may be provided simlarly to the second enbodi nent and
the color filter layer may be provided on the side of the array substrate
simlarly beetlapstdiith dheghotagesipacitde sl 8ctiogoadiignine thdu@atingnbodi nent
of the present invention jllustrates a- liquid crystal display capable of
reliably pi?¥?ﬁ'ﬁPﬁiFQﬂﬁngthe?ﬁﬂﬁﬁwe??ansition by providing an internediate

portion betweenrhe FAKAL QRctirole 3NdsdorPRdsEP 0 2Madh bberRinXeéne€! ect rode,
which differs fromthe constitution of the ninth enbodi nent. Fkg. 26 is a
f

pl an vi ew RYHSREE a0 iRttt ate RoEbirns: 691 6Ack OF wiah &5 @veridedf a |iquid

crystal disdthdgnPanemalifGhdtd8dni Bna BachdbE drer ¥84 Bordishk ay 1Rl i S
enbodi nent. Hereinbelow, for the sake of conveni ence, a pixel electrode 6A
and a pi xd@tixslehacsyede 6B W wEdH 605 of Hdepindermefizte portiensi ¢0% he | engt h

directi on Qf set Nihal2F Ghah! Bfe Iia2hCoithe YaS80poRaloa bh@GneOwldg: 26, the
pi xel el ectrode 6A overlaps with the storage capacitor electrodes 9 at end

portions wieitBezensl peatiens apfl. pserqifitaliy Getite tiveih enytlesdirection of
the source |inegihbe @HeCoftirEbndnid at}‘érhfdeﬂ@igél t02nBLE ¥ Alfid@de 6B which

i S opposed to the end portion where the protrusions 6¢ are provided are
_ prot r uded 9MgRAIEPRh e the A OE MRIEIeFBPNAINGCPAVIHE age denatedt by dwber | ap

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

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

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

electrode 6 varies depending on the width and length on the

“intermediate portion 601. So, by adjusting the width and 1ength

. of the intermediate portion 601 depending on the amount of' the
sforage capacitande formed in each pixel, the storage- capacitance

generated between the protrusion 6c and the recess 6d and the storage

capacitance generated by the other elements can be well-balanced.

Whe'n the transitionvoltage of the first embodiment isapplied

in the liquid crystal display of this embodiment so constituted,

e

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

{Eleventh Embodiment)

An eleventh embodiment of the present invention illustrates




with the storage capacitor electrode 9. Recesses 6d corresponding to the
plurality of protrusions 6c are forned in the region of the pg irlug(f;
portion of the pixel electrode 6B which overlap with the stor g“ g citor
electrode 9. Sinmlarly to the first enbodi ment, the pixel electrode 6 22
July 2005 44 .overlaps with the storage. capaC|tor el ectrode 9 with the
insulating |layer interposed therebe en. The pixel electrode 6 is
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. 'In the pixel electrode 6, the width 60f of the internediate
portions 6@].liqmdsce1ys$anldiaplhfamphb£e Wfdféumblyqeeﬁmmi@@rstpbgp and the
wi dth of £$ Q'EYZ and speC|f|caIIy set to 10jumor |ess. Since
the ot her REPEAHE,ARHRISESBILA Fie (RONPRET GHSGEFodnT , ¢ ho

same or commpoaﬁiltﬂga PARES sHreabe i e DopPdieng S taEEr eNce numeral' s and
as such will not, be_described herein. The storage capacitance forned

bet ween t he prof'jrflrs?Z)rjrSG‘?:Pl%éfiﬁﬂé"cee?‘?fé’s"p“éﬂrﬂﬁﬁ'@“’i“éﬁ:és%owif%?#@d at end

portion ofot hRipi e@imenek &t laoﬂﬁ{ﬁd/a 9&%@@5@ Hgltim%l%anand | engt h
of ‘the internediate portion 60 Y ad ustlynngathe w dth and [ ength of

the int er fedigPis SBstah Heplagpehdiig ?H‘P enfpufiigof2& He ast or age
capaci t anc@-olsat s@ek iiofa ey PARE] in Eﬂ@dﬁ%@%f&?ofﬁ%é%@%mgfgﬁgat ed

bet ween the protrusion 6¢c and the recess 6d and the storage aci tance
gener at ed VYR EHRE IR %ﬁ@%ﬁiﬂbé”\/\eﬂgbm ghees thybenitimalr ansiti on

vol tage ofrelii@idddhap vA¥hesh: MR b1hSk ﬂaQQH:?E'z ah8 thb %o'uf.g&t d1&Lysfaal di splay

ofi this enbodinent so constituted, the electric fie oncentration occurs
bet ween t He3pfoihe OtBer edemants tare ewitteshondi ng recess 6d, sinilarly to

the ninth embodigBeking A% #158SWr, . 25 Nrlel Qi F¥gEAl TRhECH LS around the

regi on between
comprises the color filter 102 and the array substrate 103 which

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

:“mw/‘

conductive black matrixes 23 are formed at bounda.i:‘ies of these .
color filters. ‘ |

The counter electrode 2 and the alignment layer 3 are formed
on the lower surface of the color filter layer 21. - The counter
electrode 2 is divided for every pixel line to apply the.voltage
for every pixel line and the conductive bl‘;_lck matrix 23 is placed
so as tooverlapwith the gap between the adjacent counter electrodes .
2. Hereinafter, for the sake of convenience, a counter electrode

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




the protrusion 6¢ and the recess 6d becone the transition nucleus and the

spray - bend transition reliably takes place. Consequently, az?hgﬁgﬁﬂglity
liquid crystal display capable of providing a .satisfactory insEge out
dot defect is obtained. (Eleventh Enbodi nent) An el eventh enbodi ment of the
present invention illustrates 22 July 2005 45 a liquid crystal display
capabl e of reliably perforning spray4f bend transition by providing
apertures in the counter electrode fornmed on the inner surface of the
.opposi ng substrate. Fig. 27 is a plan view schematically show ng a
constitution -of main elenents of a liquid crystal display panel included
in a l|liqueaictysialgthdapbayicof tHegat8liade TROE shéwil) ard@BikSudsedil 0SS
-sectional view taken in the direction of arrows substantially along line

XXVI - XxXvi 11 BRCES. thy cognger rleghpode 2helpRiatiryAed . towardtthenshi p
bet ween t hepdutagke T@tirode 23 28¢ émgcgngr?nal &td pRderuded poctilae ot her
o Figs.

elements are omtted. Referring t ,, 28, the liquid crystal cel
101 conpriased shape gYridarito that ofgthestdl Rortigp oftheutzel glectm@denhi ch  are

opposed t G5 @2C ROt AilitnWekibodidnt PafiGEe (dho1 EDOMNY LR rb%%ﬁu%é&wrebet ween.

Since the array substrate 103 is constituted sinmilarly to that of the
first enbdfrrdar haspelypaditorofmratayptond Inexirnded tavardithlanyitby t he sane

reference 4@BEALS orafith 3ats4GHe M bhrt R +DE LBRELL gggcﬁ%%i fp jLhe color

filter substrate 102 has the glass substrate 1. A or filter layer 21 is
formed on PERETI@REOwmNdthecoghteheleftaode 23 forevarepixelSyeenHosed! | y, the

red col or gyl Ih&hrdtRaaddGot £5Nwh he filad yARE q.t I col or
fislter 21B are fornmed ango condﬁc%icgvg Bléa(?}(t%n%trl xggn%f gfoe dé(rar'red at
boundar i eThef p¥otayded RYttdenf ¢f tthescounter electrode 2B has recesses

2d corresponding fo the protrusions 2c¢. These protruded portions
and themains portions of the counter electrodes 2A , 2Bare connedted
by means of the intermediate portions 201.
_ In this embodiment, the colof filter layer 21 functions as.
the insulator between the counter electrode 2 and the bléck matrix
- 23. o
‘When the transitidn voltage of the first embodiment is applied
in the liguid crystal display of this embodiment so constituted,
and simultaneously, the transition voltage different from that
applied to the counter electrode 2 is applied to the black matrix

23, the electric field concentration occurs between the protrusion

l\’q./”

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

porresponding recess 2d become transition nmucleus and the spray

- bend transition reliably takes place. Consequently, a .

high-gquality liguid crystal display capatile of providing a

satisfactory image without dot defect is obtained.

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

nucleuses are generated as compared to the case where the transition




The counter electrode 2 and the alignnent |layer 3 are forned on the |ower
surface of the color filter layer 21. The counter el ectrode 2%%? |¥¢ded
for every pixel line to apply the. voltage for every pixel urd
conductive black matrix 23 is placed. so as to overlap with the gap between
the adj acent counter electrodes 2. Hereinafter, for the sake of

conveni ence, a counter electrode 2A%nd a counter el ectrode 2B adjacent to
the counter electrode 22 July 2005 46 2A:in the length direction of the
gate line (not shown) are discussed. Part of the counter electrode 2A is
protruded toward the counter electrode 28 for every pixel and the

pr ot r uded lpmltemﬂs drasgme&taape osilyidrakhé GilbadE ehe lHi@agndbROFdienn of the
,. the

pi xel ele € Ih enpodi ment. Mre specifically

pr ot r uded é‘{ogs% ent Qlﬁi’g 11 9%ty seray r?&q%tﬁa“?&te%éﬂﬁwlte&merd t he

| engt h dlimbwem of the gate line. Part. of the counter electrode 28 is
protruded unter el ectrode 2A for every pixel as opposed to

t he protru@g’ﬁ Bglf’tgl"g’r? &Y the protrusions 20 are provided. The protruded

portion of the eouEFthebmsddiRest 2B ARASPFESARSEventdof A1NESAUILNY tO the
protrusions_2c.. These grotruded portions and the mains portions of the

counter el’ettMBHLETFRtab Migplay dinubieh they shanmetfoend W@rtmr@r wEdi at e

portions Afd.pikelthbstastoh &Efﬁerehb%r@ﬁ'tﬁ&tBE'th%rteln%M% dhgct ons as
t he i nsul ator between the counter electrode 2 and the b matri x

Wien.t he transi £it8n 2901 35 vieyschepaticapby ghasing asmappiﬁl@donl n the

| i quid CI’b&tﬁilrdleiﬁh@lyt@ﬁ)ftglﬁq%m%'aﬁ afhfig S#éﬁé{[ §fe1uddidds

sirmul t aneous] the transition voltage differen rom t hat appPledtothe
counter ePelt CHYFRL FAEPRRY ©F this smbefivant.i xds 2Bown Hen Elgetric fiel d

concent r akb O eHE By B8t ¥R oh i e%%i:h@i@”th@%i@gg 1R854 §SpENdi ng

recess 2d. Therehy, the l'iquid crystal
comprisedof amain portion, endportions, and intermediate portions

6.01_ 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 6A and the pixel electrode 6B adjacent to the
pixel electrode 6A in the length direction of the source line 11
_are discussed.

' The pixel electrode 6A overlaps with the storage capacitor
electrode 9 at end portion where a plurality of protrusions 6c¢
extended in the length direction of‘the source line 11 are formed.
The protrusions 6c are saw-tooth shaped and long sides 6g and short
sides 6h of the b_rotrusions 6c respectively make predetermined
angles with respect to the 1eng1;h direction of t:he gate line 12,

End portion of the pixel electrode 6B wliich is opposed to
the end portion of the pixel electrode 6A where the protrusions
6c are provided is protruded toward the storage capacitorelectrode
9 so0 as to overlap with the storage capacitor electrode 9. The

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



nol ecul es "around the regi on between the protrusion 2c and the

correspondi ng recess 2d becone.  transition nucleus and the spra bend
transition reliably takes place. Consequently, a high-quality 2?&&?8005
crystal display capable of providing a satisfactory inage wthout dot
defect is obtained. By thus generating the transition nucl euses on the side
of the opposing -substrate (color fiffer substrate), nore transition

nucl euses are generated as conpared to the case where the transition 22
July 2005 47 nucl euses are generated only on the side of the array
substrate. Consequently, reliability of the spray - bend transition is

further ifiopmeded thé Feglidd b EnbpdotRutdel pdritveh bt Bhe phesi BRadtRfaet he present
i nvention ] | itrates a Iiguid crystal display in which the shape of end

portions &F YRH& SveElan wdth, the §t0rage reaparitey eleek®Rde? t he tent h

enbodi nent . Fi Gimd9aiBy aoPtid) #i:@W SARRITRbACAlthY SO RYearfeski tution of
main elenments_of a liquid crystal display panel included in a liquid

crystal dP¥BFLPthiibe a8 Fenacier alisshroded Fith thednselatithgr |y to t he

tenth enbodi8Enintetpssdd ¥Bbr&aGldegde 6 is conprised of a main portion,
end portions, and internediate portions 601 each of which is provided

bet ween the naifAs8rHeatheREleqents oretidentinglper theovrsof The nintbh of the
| nt er nedi skodxiish b0t 1R0Iand ©u5 ebrS0Eldrdling AL e dialhBeof dfiEngmi N portion

and the width of the end portions. Hereinbel ow, for the saKe
conveni eng@e referefcediumerats spdcassaueh il haopibeefesinibeddueedn. adj acent to

the Ppixel el ecihofndfuifckitn Sehikilch€ Gbhhitl E0SS0M GRaline 11 are
diiscussed. The pixel electrode 6A overlaps wTh the Storage capacitor
€l ect r odeStPnfh efdthsopretamsiperes exfindsatdingidés pith thei dnecbion

of alignment treatment performed on the alignment layer, the
strongest electric £field is generated in the liquid crystal 1ayér.
It is therefore desirable that the direction in which the long
side 6g or the short side 6h extends conforms te the direction
of th_é alignment treatment. Thereby, stronger electric field can
be genei‘atéd and consequently the spray - bend transition more
re;iab‘ly takes place. | '
In some cases, by varying the viewing angle characteristic
depending on the position in a display sereen, satisfactory image
Qisplay as a whole is achieved. In such cases, the viewing angle
characteristic is often. varied by changing the direction of the
alignment treatment depending onthepositioninthe display screen.
_'i‘herefore, the direction in which the long side 6g or the short
s5ide 6h of the protrrusion 6c extends may be varied for every pixel
to be adapted to the change in the direction of alignment treatment.
'( ;I'hirteenth embodiment) _
Athirteenthembodiment 1llustratesaliquidorystal display
inwhich the shape of end portions of the pixel electrode is different
£rom that of the tenth embodiment. |

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




extended in the length direction of the source. line 1.1 are fornmed. Th
protrusions 6¢c are sawtooth shaped and | ong sides 6g and shoré\% lﬁ 5@

of the protrusions 6c respectively nmake predeterm ned angles ¥ @?)e
to the length direction of the gate |ine 12. End portion of the pixel

el ectrode 6B which is opposed to the end portion of the pixel electrode 6A
where the protrusions 6c¢c are providdé& is protruded toward the storage
capacitor electroder 9 so as to overlap with the storage capacitor

el ectrode 9. The recesses 6d corresponding to the plurality of protrusions
6c are 22 July 2005 48 forned in the regi on of the protruded portion of

t he pi xel @f%tihogfemegg v@(&hlg WMdh g4 r el ectrode
9. Simlarly to the fi rsst errbo '?Y %1 leﬁg ?qﬁéé%\%'erl aps with
the storagd ad| s tel edisrdaw @f\mhtih erhitpdlmsutat mﬂgshdwmyen fay.er posed

t her ebet weg. sPhER1LNEo Hle eg&g; entrc (9 d.hase of the ninth
enbodi nment trsre sarre&grocorr{eesrggn |nd':?'f)“§ir.1 are enofaeﬁcﬁ? h% *%ane

ref erence Wﬁa@%oén@ampmnmhﬁpmtidm apddnitbatediatepbrtign t he
direction gy Wh t 0 or._the short |de 6h _of the protrusion
6c extends coi n‘J(J:Ir?E’(z,?s\Dl\?vr:u!hhEgh‘a"sll gﬁ‘rig(gtbegﬁee % m%jrﬂ‘ré’ﬁf Jf‘?regf’ﬁeefﬁchperformed
on the al iafhtentenBaymrtionhe The mgﬂstofetmuhtérrﬂecﬁladeI;sbxgeaﬂr@tled in the
“liquid crysgt I th ore.desirable that the direction in

whi ch t he Io%‘l‘éjt S%lgie% tlhtan 'fslh gé@?t sFe "BAR RIS ABhEBP LAY ¢ he

di recti on ofpothe haedanmg:rinaat Heeeimbw,ﬁhﬁrehgr sa¥del 6N @RAvehEGidei C fiel d can

be genera ntly t a ransiti on nore relrably
‘takes pl aztgg [ﬁn 3 oe??%%%gé%es%h %ﬁ??%’égj{ e "eC(ﬂten@B agrePhE? &Bferi sti c
dependi ngpdxel ledeptsedd 6A :lmntbe desptimylisectioh of lHeSEAGdRS Yindrage di spl ay
.as a whol eresaﬁ%&isgé{gd- In such cases, the view ng angle

e'
ct

The pixel electrode 64 has portion protruded toward the
storage capac:r.tor electrode 9 such that the protruded portion
overlaps with the storage capacitor electrode 9. A plurality of
pbrotrusions 60a are formed in the region overlapping with the
storage capacitorelectrode 9 soas toextendin the length direction
of the storage capacitor electrode 9.

End portion of the pixel elecirode 6B which is opposed to
the end portion of the pixel electrode 6A where the protrusions
60a are provided is protruded toward the storage capacitorelectrode

y " 9 so as to overlap with the storage capacitor electrode 9. Recesses
60b corresponding to the pPlurality of protrusions 60a are formed
in the region of the protruded portion of the plxel electrode 6B
which overlap with the storage capacitor electrode 9.

Similarly to the first embodiment, the pixel electrode 6
overlaps with the storage capacitor electrode 9 with the insﬁlating
layer interposed therebetween.

Since the other elements are identical to those of the ninth

-embodiment, the same or corresponding parts are denoted by the

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




characteristic is often. varied by changi'ng the direction of the alignnent
treat nent depending on the position in the display screen. Therefore, the
direction in which the long side 6g or the short side 6h of t%%hHYQPQ%sion 
6Cc extends may be varied for every pixel to be adapted to the change in
the direction of alignnent treatnment. (Thirteenth enbodinent) A thirteenth
enbodi nent illustrates aliquidcrystal30di splay in which the shape of end
portions of the pixel electrode is different fromthat of the tenth
enbodiment. Fig. 30 is a plan view schenatically shawing a constitution. 22
July 2005 49 of main elenents of a liquid crystal display panel included
in aliquid cryabakneismsatioh vbisyeHOdisTRat embSa A slapprica 30,
simlarly to the tenth enbodinent, the pixel 'electrode 6 iS™ conprised of
amai n por t P dheehifyd e ¢t al et ay of nduisaenboimens ge cooitisutedof which is

provi ded behaRARctAf: Flefld MYrdeRBrAIInCa5 hrs0 £ I The width
of the internedi ate portion 601 fs sgt s‘marlsl {é?{:t ziln[&gﬁ?yv?ﬁkgtgﬁf%l} the main

porti on anf®d P@dntie [Forgeseondiagdrerassi 60k. sdevidanbe|towthé grinthe sake of
conveni encémpodifend! Xgk £186hiLI¢ t i | adj acent to
the = pi xel elc_’ectr%de 6A in the'l eﬁgéhi ,fdt(rileé(:}tq!'isgfa\io ? c@ié%ﬁa%?g@&iane 11 are
di scu.ssed.reﬁﬁé’npp%éfeeel Eke b refidras0pomd bhe praotesgentiingnaecedshe st orage
capaci { or eieChéis hestidheiiRbn hiS1AUCIAAEL BOLE | na QUERLAPSN th Lhe
storage capacitor electrode 9. A plurality o prot rusrons a are forned
in the redreddableriakesi plped t Cansequentivage deigheirvatityl 2equistle 9 so as to
extend in dhethery | | to apacitor el ectrode 9. End
'p%rt i on of I?%e pi x%*;"iéejilL gc %ﬂol e fGQL%%%ﬁaiasé%%%gég o%g‘m’?%eewgﬁif ortion of
the pixel 4te@efeste i6 ohkmimed:he protrusions

{ Fourteenth Embodiment)

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

Fig. 31 is a cross-sectional view schematicaily showing a
constitution of a liquid crystal display according to .this
embodiment. Referring to Fig. 31, the liquid crystal display of

this embodiment comprises a liguid crystal display panel 100,which
is one of the liquid crystal display panels described in the first -
through thirteenth embodiments, and a backlight 70 placed below

' 1

the liquid crystal display panel 100.

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

_ The 1ight source 71 is aLED array in which LEDs ( light emitting
diodes) for emltting light of threev primary colors -~ red, green,



60a are provided is protruded toward the storage capacitor electrode 9 so
as to overlap with the storage capacitor electrode 9. Recesses__ 60b
corresponding to the plurality of protrusions 60a are forned ?%h#ﬁgom%gion
of the protruded -portion of the pixel electrode 6B which overlap with the
storage capacitor electrode 9. Simlarly to the first enbodi nent, the pixe
el ectrode 6 overlaps with the stora§é& capacitor electrode 9 with the
insulating |ayer interposed therebetween. Since the other elenents are

i dentical to those of the ninth .enbodinent, the same or corresponding
parts are denoted by the sane reference nunerals and as such will not be

descri bed L& ¢hle Qa?rgJ gé&ueggqgllg%ngy]%rg?/gs'%%dtlg?g%ﬁgga vol tage of the first

embodiment Is applied 1n the 11 play of this enbodi nent so
constituted, the thkhdmokilight d0dsconeehitutefotheckiuhd dywitthedntdme

t [ A ' . Sim h inth
Erbodi ment Pk ek e FRRARRRENE AR EEERR AbiaGpTbOT: tnhébat’S 1 T
bet ween t heheperat farsi B2n .6 OEheainbitdeat ddghe spavditiple ecaster&Dbndiglzone t he

transition | eus., and .t he spr - bend transition, reliably takes place.
nsequentcfé;!,eﬁ%t lﬁlglﬁ-gdlﬁgf‘?? §ﬁ F?éu—’izdan%reﬁlg‘ AYeHrERT & AN AB P R pr ovi di ng a
sati sf act crarfepaghentdNouln tdis defecthée Slightalewkdng (domwhednidtomEnbodi nent )

2 U oSl SR IERle P e A SRET LD 4 Tah! ESIERESTs Tl 0 ©
capabl e ofrefebteddl yypatd oeflagosprRyand betubnellr enhbi Disidei gf the is a
Crystal argray LB e To. cel doarasts S5 bhe g e%ade 51 the
Ii qui d cr pihak 7dis gl efuseid by the 1ight diffusing sheet 74 and the resulting

diffused light is incident omn the liguid crystal display panel

100. Thereby, the liguid crystal d:iéplay panel 100 is entix;*ely

and uniformly irradiated with red, greem, or blue light.

In the liquid cry'st-al display panel of this embodiment so

constituted, a control circuit (not shown) output's acontrol signal

to the backlight 70 to cause the LEDS as the light source of the

backlight 70 to sequentially emit light of red, green, é.nd blue

in a predetermined cycle. To perform display in synchronization

‘With thé emission of light, the contrcl c:i.rcuit outputs a control

‘signal to a gate driver (not shown) and a source driver (not shown},

in accordance with the image signal externally input. Asaresult,

S

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

- a viewer who is observing the liquid crystal display.




this enbodi nent conprises a liquid crystal display panel 100, which 1is one
of the liquid crystal display panels described in the first thro?gh '
thirteenth enbodi nents, and a backlight 70 placed below the I?Qq{ﬁﬁz(},qsystal
di spl ay panel 100. The backlight 70 conprises a |ight guiding plate 72
conprised of transparent rectangul ar synthetic resin plate, a |light source
71 placed in the vicinity of an end fS@&ce 72a of the light guiding plate 72
as opposed to the end face 72a, a reflector 73 placed below the |ight
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 a LED array
in which LEDs (lsi gbécamelt idre, dirREES; r MRy i hree primary
colors , red, green, 22 July 2005 gj?[l)qél%g %ﬁjge‘{alaggsﬂslﬁéﬁﬂhg]tsl y and

repeat edl y® 9‘33%%'6 emphoyh sopseldedyielrh seguenirisdi cokmumetinsl.l iGht emitted
from the &dghbs r 2L LSoda61 t |4 | di pl.ate 72 through
‘the end face 72a.StQ‘l‘IEIEhféfqlu§?i %%%#algi ‘g‘ﬁ{blf‘g%rﬁ?‘?? pﬁig?éc%%thg?g%% ﬁ(g#%f:e of the

| i ght gui dfefrofl asEnce ops df vangnreriod demilivisledninte aupperalityr bace t her eof .

In this casg-fi-bfe bhy i L ram _the |light guiding plate 72
and i nci dent on t?ulg rgqéegﬁlg}gg%%p'\gg\g?ﬁf%% &d¥oy atgﬁe‘%rsgflgg&so’?c%S and
returned te¥tgipeddd tiee glesphmse [ofghite guaadidgrpbtik didpldheaheyhls emanat i ng
fromthe Idgat i di 725 | ffused by the light diffusing sheet
74 and the resulti%&&ﬁ%‘%ﬁ% }I{gjetg}%if%%i%d%’\f/ﬁs%g ‘ijﬁg’gayi"(fu*frg‘scr yst al
 display p&epdingd. cFnprisep thé@dB-godel ldgusd atryditapl @ysppagepankd0 i s

entirely 339 Lhar. . Lrradi with red, .green, or blue light. In the
lijquid cryst g‘féﬂ&l spldagyﬂlp%l{nesggggtﬁ%%f) gnséeﬂbf)ld‘glaﬁ%%%acé%wycmei &%ﬁ ¥ a control
circuit (wen bhcwhieved fayt $he £imiidr skaqwimgral. cébd hetheckl i ght 70 to cause
the LEDs as thg igh ur. f the, backlight 7 o ,sequentially emt
light of red, gr een,éaf%% gjg%cézoibed, the ?L(iqulg crysgai diqu.ay paqels
illustrated in the first to thirteenth embodiments are capable
of reliably perfoming spray - bend transdition. Therefore, in

the liquid crystal displays of these embodiments, a satisfactory

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

A fifteenth en_nbod:i_ment of the present invention illustrates
a liquid crystal display capable of reliably performing spray -
bend transition by providing the source electrode so as toloverlap
with the gate line. Since the constitution of the ligquid crystal-
‘display of this embodiment is identical to that of the first
embodiment except the structuré of the pixel described with
reference to Fig 32, description thereof is omitted.

Fig. 32 is a plan view schemafically showing a constitution
of a structuré of a pixel in the liquid crystal display of this
embodiment. As shown in Fig. 32, the pixel is connected to the
source line 11 provided with a source electrode 111 to which a
signal voltage is to be supplied through the source 1irie 11. The
source electrode 111 extends in the length direction of the gate ‘

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



in a predeterm ned cycle. To performdisplay in synchronization wth the
em ssion of light, the control circuit outputs a control signal to a gate
dri-ver (not shown) and a source driver (not shown), in accor d&Znty HWh t he
i mage signal externally input. As a result, the gate driver applies a
.scanni ng signal voltage to the gate |lines, thereby causing the TFTs of the
respective pixels to be sequentiallys3turned on, and according to this
timng, the source driver sequentially applies an imge signal voltage to
the pixel electrodes of the respective pixels through the source |ines.

. Thereby, the liquid crystal nolecules are nodul ated and |i ght

e ! Ao plntd: gOko £ el LI | DAk ﬁalgoglga%ecgang%pl a8 @ result,

an i mage accor di ng e | mage sl gnal esen
obser vi ng toHee sapricd edegtrode blllspmayhelieﬁo J:hb)piﬂ@!)@leEﬁrd&e desawhbed above,

the Iiqui stal ay, qf. |nen | oys so-called field
sequent i a% & orﬁecg}{%&% Aq 8%;‘1 CIYSft qye(fu rﬁ’%%jlisd‘fussﬁ"&ﬁ by the
field seq@nw dhecoiwe JIBtehad smmeisnetm‘er soRrebiOstdodiediz ded into a
plurality y rlods a satisfactor e dlsplay IS
not obt ai ﬁ‘é%rpsq‘s%fi hbee%r g ﬁ‘?eg%tfe ﬁ) ?{ath@rjy’sqx% W?ﬁlaiylaﬁ&% is slow
‘On the other hahdsoarcﬁﬁuédﬁrohquldaeawahﬂbof&iaﬂiﬂhﬁ%gi&ﬂﬁher@&bodlnent
conpri ses . uid .crystal_ display panel 100 capabl e of

hi gh- speed res%%s% ‘%% ?s‘i’aa'iﬁ éi’)}ei%ge}ﬁ’cﬂnsﬁl tgpngitdopvoldapeved by t he
field seqdesﬂm@ledcrdteu: iﬁ?hbﬁﬂied“x&ntﬁhésl{@ﬁdd@ﬁiﬁ’ﬂab.e@isﬁlla§ 4 @uig crystal

di spl ay p Ods o {;)I ustra # I n rst. to thirteenth enbodi nents are
capabl e ' Fabf§ PRy jot'ruﬁ'f’ﬁlg t§5Fé{?ctrit?eﬁﬂ’WF&H???YW“‘FI‘?&’PEF%re in the

Ii qui d crystvaienohlmpbmpmftﬂdiﬁe@etﬁérbGdtdmaiéct:%déaltll1S:§:§£Eﬂé pixbimge display
Wit hOUt a ﬂectroSe %Ct Alssa ggstl.%!tnelq.qu g Icfrjt(set?ar}.tnt]olEeré?lggls g?:gttu)xdareglon
between the bent portion and the pixel electrode 6 become transit::.on
- nucleus and the spray - bend transition reliably takes place.
. Subsequently, waveforms of the ti‘ansition voltage in the
iiqu‘id crystal display of this embodiment and a method for applying
the transition voltage will ‘be explained.

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

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

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




A fifteenth enbodi nent of the present invention illustrates a liquid
crystal display capable of reliably performng spray - bend transition by
_providing the source electrode so as to-overlap wth the gatezqﬁﬂé20@§nce
the constitution of the liquid crystal display of this enbodinment is
identical to that of the first enbodi nent except the structure of the
pi xel described with reference to Fbg 32, description thereof is omtted.
..Fig. 32 is a plan view schematically showing a constitution of .a structure
of a pixel in the liquid crystal display of this enbodinent. As shown in
Fig. 32, the pixel is connected to the source line 11 provided with a

source el eﬁgqqugdlﬂ,;?ggamlp'h a signal voltage is to be supplied through
the source line 11. The source electrode 111 extends in the length -

direction of th&sgheaesplhettheagppidretieamef whettnaneigberevbltayel2 with an
i nsul at or {a0kpegy Julyng ns§§i&p%\gﬁ)u{{ﬂ°§{“&§s 2 ggéﬁebelt ween. The signal
ctrode 111 an en

voltage is supplied to the source ele 0 the pixel
el ect r ode qompaugtivedydiange -sliced riddgeid Actvstail ddimpleyal Thayets (dwet shown) is

di sposed ' 11. That_is,.the source electrode 111 is
i nt er posed betee\;\géeér:ce%%cetu%rgéteaé&*'{hﬁ:éagffpgg it "PF’Q&F&“@F%?%* TRPES. The
sour ce el amistabike 1dilstivabascdienthereby irenui irg refiproved enepdrmigyer | appi ng
with the | i ransifion valta descrihed later is
applied | %%tgﬁfei"l"??ﬁi%é“%‘?{%g?%?h% it%‘f}?_‘*’é’yti@f“ Yohtadd deuich fﬁé’fﬁqeg&"gﬁnst i tut ed,
t he el ect Accofibiglte shoan byatriventors visthebbiveent tilseddsamabporthiagn of t he

source el %ﬁgrgg%%g%%g?sg%m%e& %:ﬁst el ectrode 6. Asa result, liquid crystal

nol ecul es aroun he bent portion and the pixel electrode
6 becone transi Asom ahtetmstdvandraheisimyoltdfnds wavaEsihs Ghowal | abl y

ks PLoSE R DSE YL e BYEL I ! et Ry S

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

by Keeping the source line 11 at potential 6f 0V and -25V voltage

is applied to the counter electrode 2 for one second. Since the

potential of the source line 11 is kept at 0V and is not fluctuated,

" application of the transition voltage is easi]_.y carried out without
de.pending on the source driver. Also in that case, the spray -

bend transition reliably takes place similarly to the case using

the transition voltage of the waveforms of Fig. 33. In actuality,

however, slight nonuniformity of spray - bend transitionis obsexrved

in the plane and the voltage reguired for generating the spray

\“»m-/_'

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




the transition voltage will be explained. Fig. 33 is a view show ng
waveforns of the transition voltage in the liquid crystal di Sf?;@){ 1g‘_ﬁﬂ,@this
enbodinment. In the liquid crystal display of this enbodi nent, % in
Fig. 33, + 15V'voltage as a gate-on potential is applied to respective
gate lines 12a, 12b, 12c... for one second. Likew se, + 25V voltage is
applied to the counter electrode 2 fs& one second. During this

~application, an AC rectangular wave voltage is applied to the source |ines

11 at - 7V and 30Hz (field frequency), and in a duty ratio of 0.5 1. Mre

‘specifically, simlarly to the first enbodinent; the voltage is applied to

the sourcegéddi@teahkihd tBHGR12 I the AC rectangul ar. wave vol tage
appl i ed {o the p?xe_l e ectrodeag%%g,gtgéc%?.potigfﬁ{r ﬁ%ﬁtcg%‘g?efe{}ﬁrhes 11A,
11C_ on odthaosemaratad@singdhaGaldeten @il it feaeet poldmigdeappd etk t o t he

pi xel el ecggodes bgr!%b,trgpgitio}lt ng%q:f%gﬁﬁs%%gggé& nes 11B, 11D_ on even

colums are - ---- - ------- 54 reversed in polarity.

As the result oksthduapper cdtteonaifvet, hehd riaassitoh vohtage or the spray -
in_a conparatively |arge-sized

bend transjt.,) n.uni forml y. take pl ac
liquid cr %%"g?ggﬁ%g@gp ““?Elig' |3§ T§ge™® ?’%Patoﬁgdf actIPHACLY Fe e Astet age
appl i ed t & Regl Pqui U5Cypitage aausesgatenshaltent dhsibrdeanestidngr eby
resulting jn.kmproved uniformty. The field frequency of the transition
vol t age D Ampibies fheedr%%‘i’%"."m"ﬁé@&ﬁai] St Hast 1Ry BYCi-mvBHYS 3 28V the i ke,
it is desivodbhge {fapplitedeoftheqoantyr éFecbitbde 2ok 888 sedsndnN Bidiggnati ve,

in Fig. 34 may be e yed. In that

transiti OQ:h\in% § ogiwavef o] shown _ | o
case, differen Ff%a PRoMTthE" %@éﬁ%?ﬂﬁfﬁr ¥ave e lvave ai‘@eapgi%ﬁp[tloed to the
pi xel el echeoterbe lyekaapatigh tAveasPEUbEL (ki bt %éeﬁien%t)% #h gk OV and
- 25V V.Ol tﬁgwe.y ratioc of 0.5 : 1. In that case, éince' the gate lines 12 are
driven in the same manner that an image is normally displajed,
the gate driver provided in the general liquid crystal dispi_ay
{e.g., TN-type 1iquid crystal display) can be used. Therefore,
inexpensive constitution is realized. |
Similarly to the first embodiment, it is desirable that no
voltage is applied across the pixel electrode 6 and the counter
electrode 2 just before the transition voltage is applied, in thisl
‘ emﬁodiment. . ' |
The liquid crystal displays comprising the OCB-mode 1iquid
crystal display panels have been thus far described. The present
invention is not limited to thése and may be employed in liquid
crystal displays comprising 1iquid.crysté1 display panels which
have a display alignment state and a non-display alignment state
Which_ differ from each other and require fhe initialization for
changing the non-display alignment state to the display alignment
- state before an image is displayed.
' - As should be appreciated from the forgoing description, the
liguid crystal displays of the present invention are capable of
obtaining a preferable image display without dot defect. These




is applied to the counter electrode 2 for one second. Since the potential
of the source line 11 is kept at OV and is not fluctuated, application of
the transition voltage is easily carried out w thout dependi

source driver. Also in that case, the spray - bend transition reliably
takes place simlarly to the case using the transition voltage of the
waveforms of Fig. 33. In actuality, %fowever, slight nonuniformty of spray
bend transition i s observed in the plane and t he vol tage required for
generating the spray bend transition is approximately 2 to 3 V higher as
conpared to the case of Fig. 33. By the way, the inventors or the |ike

f ound t hat 1ichﬂ$ﬂmta1b@ﬁdpldﬂ’l&h:bl &piitabdsidd bateshypdahbes potential
applied to B gounter el ectrode 2 and the gate-on potenti al ‘have the sane

polarity a&® Peti I 9 ey iadetelsvig1ons + dgEuidiorgstad manitops) ariti es
(e.g., -25Migld a@pstil ARBHIHAE b8 po&aBINNGKIneS!, e6tg0de 2 and + 15V is
applied to the gate line 12 as the gate-on potential). This might be due
to the fact thatNymeErops dediEieaiiions and akternative pmhedimerds>E 58 gener at ed
usi ng the ¥e}dnag6s w11l BE HPRRP! @ ith¥sd Ss:étlﬁeé!gﬁ{ thlalee Lihal, gener at ed
using the voltages of different polarities and the 'spray - bend transition
i s t her eby*d dbe| feragaedng Mdeserigtioier A¢eandiaglye, thehdesemindivnots vol t age of
the wavef @y bBcsii@Mel Bs T s 32 tF0Y o8y & r e case

Fig. 9, + 15V c\:/ol tagg ag heS gatte oﬁ pot%%?%ﬁ‘q?‘%ﬁsg]fhgﬁb QHQ'@&&appl i ed to
t he respecf Feaghing. thaes Si.filélqubl th@cart theibhés: mo@8\0f wektwmyge i s applied
to the coyyetnehfeiiads .2 ohQr ?Lrg € _ tion, an AC
rectangul ar wave voltage i sh% ; I eé’g @Qﬂﬁe%%h?lgree %H!%Z%ﬁ%hbfﬁ’ﬁv and 30Hz
(field fr@¥ehe yRried SPhStwiaélwwlrthwb depapt g fhom thetdpdiritag®e, since
the gate lihpesndemtdug. driven in the same nanner that an inmage is normally
di spl ayed,

Q—



the gate driver provided in the general liquid crystal display (e.g.,
TN-type liquid crystal display) can be:used. Therefore, inexpensiv
constitution is realized. Simlarly tot first embodinent, i42{wy2005
desirable that no voltage is applied across the pixel electrode 6 and the
counter- electrode 2 just before the transition voltage is applied, in this
enbodi nent. The liquid crystal displays conprising the OCB-node |iquid
crystal display panels have been thus G&&IMRscri bed. The present invention
is not limted to these and may be enployed in liquid crystal displays
~conprising liquid crystal display panels which have a display alignnent

state and a bon-daspigyial tgpseant SigbEay Womgbr tifdes from each other and
require the initialization for changing the non-display alignnent state to
the display alignfePRirsphtePPRI SEEt ARSI s di spl ayed. As should be

appr eci atged fromg he;fqegoi CRLPLILON; . 1O y. | . displ.ays of
~ the present inven%i%ﬁ&g?g gg gg?g %Fgggbggi |%§Kg1%$% é%gbﬁégi%%%g é?splay
wi t hout dot shebstratdhesehiz? Jugyid00xrySHl i Quivercrystihg disspHagplage

applicable to,various products,. includin iquid crystal televisjons,
i qui d cryst%}l%EWﬁT%rgFa FidﬁVﬁ%r?gPéglgPiﬁﬁafg' M5E aBFEDhBRESD et c.
Numer ous nodif f €& | oforRNdeadh erdadye SnRodbaRALS efiniBecehinventi ognwil |

be apparent to those skilled in the art in view ~of the foregoing
descri pti on. Ikt bl FRfI 0N teCeRSTr $Pt #8ntios bt shmmasshsiraedtke non-

L VS ey SRRSOt RSy GRSt ese
detai |l s of thefeta uot Unencgnd/sordifspictyiectz mnay be varied substantially
wi t hout departin%if%ggg%h%fggggéaéﬁpré$faégvﬁﬂfiggé of the pair of
substrates; a second electrode provided sc as to overlap
with the first electrode with an insulator interposed
15 there between and disposed between the first electrode
and the liquid crystal layer. the second electrode having
a lack portion in a region overlapping with the first
electrode;
a counter electrode provided on the other substrate
20 on which the first electrode is not provided; and
drive means for generating potential difference
between the first electrode and the second electrode and
between the counter electrode and the second electrode
and applying equipotential to the first electrode and the
25 counter electrode to thereby perform the initialization
process. "
2, The 1liquid crystal display according to Claim 1,
wherein the lack portion is an aperture provided in the
second electrode.
30 3. The liquid crystal display according to Claim 2,
wherein the aperture is V-shaped.

4. The 1liqguid crystal display according to Claim 2,

wherein the aperture is W-shaped.




22 July 2005 57 CLAIM5 1. Aliquid crystal display conprising; a pair of
opposed substrates: 5 a liquid crystal | ayer di sposed between the pair of
substrates, the liquid crystal layer hagsng a display ali gnne?ﬂj‘gx A and
a non-display alignnent state which differ fromeach other and being
subjected, to an initialization process so as to be changed fromthe non
10 display alignment state to the display alignment state before an |nage
i s displayed; a fPrst @F%cﬁ#éﬂ@fbr%@Yﬁ%ﬁyoﬁléﬁéaﬁT'%QRQHQﬂQg'OFO &b at es;
a second elestr : OVifed 0; QVEr Mth the first electrode with
an insulatorgfn?ggggggdtﬁg ?%gfgéﬁétﬁgéﬁ %ﬁ%?%#gposed bet ween the first

el ectrode and the-.|iqlhd digstial d¢ayeral t Héspiagndiceladinadetdavilagm a

| ack portion,in regi on over | ing. wwth the first electrode; a counter
el ectrode pr%ViHgar%%ntﬂ%eo?Wﬁf%ﬁkﬁm{§eﬁéhygﬂpiﬁP%RﬁQﬁlthe first electrode

is not provided; and drive neans for generating potential difference

. between the first electrode and the second el ectrode and between the

counter el ectrode and the second el ectrode and applying equipotential to
the first electrode. and the 25 counter electrodée to thereby performthe
initialization process. 2. The liquid crystal display according to Caim
1, wherein the lack portion is an aperture provided in the second

el ectrode. 30 3. The liquid crystal display according to Claim 2,




wherein the aperture is V-shaped. 4. The liquid crystal display according
to daim2, wherein the aperture is Wshaped. 57a 22 July 2005 _5. The
liquid crystal di splay according to Claim 2, wherein the aper%%#@yggps
X-shaped. 6. The liquid crystal display accordlng to Claim 2, wherein the
aperture i s polygon-shaped. 22 July 2005 58 7. The liquid crystal di spl ay
according to any one of clains-2. to 6, wherein the aperture includes a
plurality of straight-line portions extending toward a position at which
these portions cross each other. 8. The liquid crystal display according
to Claim1, wherein the |ack portiopgis a cutout portion provided in the
second el ectrode. 9. The liquid crystal display according to any, one of

e br ecedl.ng akal ha Wigkeld b ACk R §0 iy SHAREAS Qe e

application ‘of two ection ele stot crystal
10. A i qufFd %r YRessie diiep PRSE (8 ppimcdndng, 2 @%&Htﬂ’of?fo‘ifﬁééw -didsstrates; A
liquid crysemtiiohayertedibposesabet Mepssiichon pad I wigfchs Whséd ap@siond he |iquid

crystal | agﬁ,rssh@é/dhngtﬁagl splay alignnent state and a . non-display alignnent
state whichi differ :from éach-ot her- and, bei ng subj ect ed to -an

initializ&tion W&mﬂmﬁ@mw%}ﬂﬁ pn aI i gnnent
before an |mage |§wgﬁ glr%%@ a first

state to tfy noent state-
el ectrode a%ﬁ a secon(f %% EPPEHOTFLPM B GHeshin dhe adwnﬂaaxeat&-oaabst rates
so as to ¢verlmp eaglidotdgstay tdlsaihy mgﬁgﬁrg t'o”%ﬁ{;p&% gheg ebet ween;

_ precechng claims, wherein the lack port:ton is sghaped to enable ’
application of two-direction electric fields to the ligquid
crystal layer.,

10. A liguid crystal display comprising:
. a pair of opposed substrat_:as;_ -
&aliquidcrystal Layer diépusedﬁétwean the pair of substrates,

) the Liguid crygtal. J.a.yer having a displﬂy' aligmnent state and a |

‘ non—display alignment state which d:z.f:Eer from eagh othar and being

: sub;lec:tad to an initialization process so &8 to be changed from .

 the nan-display alignment state to thé dis:_:lay alignment etate
‘before an image is diaplayed: )

a first electrode and & second electrode formod on one. of

. the pair of substratés so as to overlap each other with an insulator
interposed therebetween; . | o

drive means for generatmg potentia:l. diffaranae batween the
fi:r.-st electrode and the second aelaeotrode to parform, the .
© dnitiedization process; and

' convex portions respectively formed at opposed pus:l.tions
in the pair of the substrates such that the convex portions are
protruded in the th:.alcness direction _af the liquid crystal layer.




drive neans for generating potential difference between the first

el ectrode and the second el ectrode' to performthe In|t|aI|za7%P? 26 €ess;

and convex portions respectively forned at opposed positions %h @g
~of the substrates such that the convex portions are protruded in the

t hi ckness direction of the liquid crystal layer. 22 July 2005 59 11. A

liquid crystal display having: a pair of opposed substrates; and a |liquid

crystal |ayer disposed between the pair of substrates, the liquid crystal

| ayer having a display alignnment state and a non-display alignnment state

whi ch differ from each other and beifg subjected to an initialization

process so as to be changed from the non-display. alignnent state to the

di spl ay al¥gnmeftl W@%ﬁ%ﬂésaﬁfhmgl*awfwsedenpﬂmm a first
| ectrod d.electrod
i Sposed. hatvean B0 BrpBeaLLay U aBabdedd bOHIBh Bicarr. fo SREP Rl Log

di sposed between the f and
drive nearfr Staykhsrastay Jgﬂif%h%iﬁﬁ-f»nmm‘ fbsmeye ab b fmeent: sj:b.be dua at

el ect r ode radai BF1LSL 5 LNGHRIACEE DS W £ rform .the initialization
process, wher ei ﬁﬂépposed and porti onsc%gffﬁegyf% %‘é‘h?"éﬁ&ﬁ B&Aad: 1 odes:
over | ap- wisihiegteqd tosgn ei-fﬂeﬁiraéééﬂm-@m pranesmsel akoto ibat ehqmmlfmm

t her ebet wael. ndr-aibpe sl 414 shefiits bkedi P LAY, dfsga‘i ‘rj'USI gama 'tgt i on.

wherei n ﬁne ‘of the opposet end portions has a gro
over | appi REFOFE P10 Aeeage; 18 1disnlayeds jeonnmd.sthg: ot her end portion has a

recess correspoa@,ggtt&édﬁ. He figh? Wth the
first electrode. 13. The Ii 3U| cryksitgglahgﬁs play a Q réé&ﬂf‘g‘ﬁ%?'m 12,

wher ei n _ di st anBe9tRANME &l ephEge dliaisen laﬁddfetehethecﬂe&-ﬁ ®ldcttrede Sl im
{ 14; The I&mjl-ujmcu_y_&m &ﬁgéylaﬁggpdﬁw to Claim12 or-13, wher ein

dr:l.ve means :Eor generat:l.ng potential difference batween
.the first electrode and the second electrode to thereby parfom
‘the init:.al;zat:.on prauess, wherem opposed end portitms of two
adjacent second electrodes overlap w:(.th the f:l.rst electrode with
; an msulator interposed the:r:ehetween.
o112, !l‘he diguid erystal ‘Aleplay accorﬁ:l.ng to Claim 11 wherem |
one of the opposed end portiuns has a protrusion in a reg:l.un
— Werlapplng with the firgt. electrode and the other end purt:l.un
has arecogss aorresponding to the protrusion ina ::egion overlapping
With the first. electrode. "
13, The liquid c::rstgl disi:.?.a;r according to Claim 12, whex;ei.n |
mtmce batween the_pmtrusi_.og_ gnd the recess ie 44m - ﬁuulz.

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

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

including a portion which is 4pm wide or less.




the protrusion is sawtooth shaped. 15. The liquid crystal display
according to any one of the preceding clains, wherein the secoggl %fctrode
has an aperture including a portion which is 4mw de or | ess.22ly 2005
60 16. The liquid crystal display according to any one of the preceding
clainms, wherein one of the pair of. substrates is an array substrate
having a plurality of pixel electrodes provided in matrix; a plurality of
gate lines and source lines arranged so as to cross each other; a
plurality of swi tching devices provided.as corresponding to the respective
pi xel electrodes, for swtching beéveen a conductive state and a
non-conductive state between the pixel- el ectrodes and the source lines in
accor danceltu t fha diqWé sryptal Sipparedertndinghte hensourcet |dhees, and the

ot her of th&cpaidg @ﬁaﬁ.\.sbStqﬁ&teeﬁ br§e ¥ Qﬁgoﬁéﬂg o%UlgﬁfaJt%Eges r’.*L%V'taﬂlg g CO:J”t er
liquid crystal display

el ectrode arra rate
accor di ng %%B%b%%asgzg%t At tHef % %S |°r§gpjslfe&r SyEFEafcPretidfect rodes
over | appi ng* WetHix7he pluallitielofc prtpddd peavirerieisputidee 1indes taredeetir ode i s the
storage capacst o £bLest Qe sangd-t he ﬁ%gppcyelo%ctswg&lh% 5@@1 C%I er\h

erein

el ectrode._.18. Th Ilgwd cryst al dIS | ay accordin arm

the firstt el 66tl PE RRGET e P ﬁ]é af pf"ﬁ'él‘?e@&ﬁ?}l eHIECEFSEE i s t he
pi xel el ec‘ior‘-’oaéltCIlgns TlhfetWquarqm oodysitize distd andaec absHdegatari€kai m 16,

further @amaéIsém@eﬁteﬁ@gsuseapae%aarod@ge%&méﬁé QY8LLARALOJ Yhih L he pixel
el ectrodeg,, \A%_nelntt]jeflrst electrode is the storage capacitor electrode
and the sécon Frigte®i Ei¥ee ?@B?%:esf‘???éeﬂo thTﬁ‘éghl e PGt al di spl ay

accor di ng 1¢8e® ardn 16, wherein the first el ectrode is the gate line .and
" the second el ectthedehes difihe pair of substrates is an apposing substrate

hav:mg a counter el.ectrude opposed to the arrey substrate

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

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

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

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

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

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




source line. - 21. The liquid crystal display according to O aim 16,
wherein the first electrode is the pixel electrode and, the sgc

el ectrode 7s the gate line. 22 July 2005 61 22. The |iqui.d éﬁ@gﬁ £005

di splay according to Caim16, further conprising storage capacitor

el ectrodes overlapping with the pixel electrodes, wherein the first

el ectrode is the pixel electrode and the second electrode IS the storage
capacitor electrode, .23. The liquid crystal display according to d aim
16, wherein the first electrode is the source line and the.second
electrode. is the gate line. 24. The&lliquid crystal. display according to
Gaiml6,.furt; her conprising'storage capaci tor el ectrodes overl appi ng

with the pixel des erein.the first electrode is the source |line
and the conlﬁh%l W%%hé’"’??ﬁ?ﬁ@’%&‘ﬁw tlesr f‘éﬁlé@tiﬁocﬁnrtﬁsrThe liquid

crystal dwwmmcsﬂo&ags chpacl o L ervhes Giik @?ygﬁg 4 t%&{egde i s

conpri sed f a C nductlve mask and the second e Count er

el ect r ode® & | YRR el Khe el %ﬁﬂ%éﬂdthﬁgmeanqlmm cl ai ms

16 to 25, amdeihal Berohd agrmtebad 14 th%nhtafé L:Hp&éu: g??t .vely
applied to adjacent pixel electrodes. e [T qui cryst Spl ay
according to any one of the preceding clalns wherei n .t he potenti al

di ff erenc®-i s iqusl crystpl q*ﬁPJIﬁYq%ﬂ’QPI@ﬁ-pgttalcmispieyharemdhag to any

. one of thﬁzgmrggﬁghﬂﬂuphglﬂﬁ@fé&&ﬂ@@FIJ de and a
fourth eﬁctrodedfrow ded on oene of the pai rﬂﬂ? $s%8épr ? .-_g;‘#&, fch the
first: s @RbA M Hi%ct rodes are not provi ded, so as to over]ap each ot her

inﬁth an |nsulator.rnterposed_therebetmeen mherein 22 Juty 2005.

' 24';. The ligquid orystel display according to Claim 16, . further
‘aomprisingstoragecapaelturelactrodasovarlappingwiththepaxml
electrodes, whereln the first eleatrode is the source line and

1the gecond electrode is the storage capacitor electzoﬂa.
25 I‘.‘he. ligudd cr_y-stal display aaaord:!.ng to Claim 16, wharein |
the £irst electrode 18 comprised of a conduotive mask and the secund
electrode is “the aounter electrode.

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

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

28. ‘The liquid crystal display according to any 6ne of the
- preceding claimg further comprising a third electrode and a fourth
‘electrode provided on one of -the pair of sibstrates - on wh:.ch the first
. and second electrodes are not provided, so as to overlap each

other with an insulator intexposed therebetween, wherein




62 the third electrode is disposed between the fourth electrode. and the

liquid crystal |ayer and has a lack portion in a region overlgf ing dgth
the fourth el ectrode, and wherein the drive nmeans is adapted t ﬁ%% 00 e
potential difference between the third electrode and the fourth el ectrode
to perform the initialisation process. 29. The liquid crystal display
according to any one of the preceding clains, wherein the non-display
alignnent state is ‘spray alignnent and the display alignnent state is bend
alignment. 30. The liquid crystal display according-to any one of the
precedi ng clains, wherein the insulager is a colour filter. 31. The liquid
crystal display according to-any one of the preceding clains, wherein the
insul ator i's a fwl ey, PC A o i GlU i_spl accordi ng
R R el 1o raphlBa Wb EhYHRr pTER BT ¢

to any one of the precedi cl ai s,

formed beffichenlimalt p3nlagen pot deso adladie portden ad at beyigad
portion of ol 5RAG 0w SLE Ol q.’%uﬁ'?h e idth smaller than a width
of the main porti onaand a vviegth 0 ???'eetcgn a%br%%m HELe3 The liquid crystal

di spl ay accor di n§b¢ §x&wg mepas & adsrtefiocmdiergte mmitentidil dl Absreg@spri Si Ng:
an illum ngdéRendenNs GeuiBave .0 r roemiti red |ight, green
light, and blue light; and Pﬁ%dﬁaﬁ%}% e%%&cgg??%foﬁgﬂspﬁf’rﬂ
cont rol | i ntpt HRLtLALIFAGLAN BFodessce so as to emit-the red light, the green
l'i ght and.ghetrlue_li_ht by tinme division within one frame period. 22 July
2005 63 Sﬁ_._' AT JEPH T rRPERt otisplay eopfimi Ny am pakr oof tapposed
substr at espreceding claims, whereéin the non-display -alignment state ig

' spray alignment and the display alignment state is bend

alignment.

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

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

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

preceding claims, wherein the insulator is a flattening layer.

'32. The liquid crystal display according to any one of the

preceding claims, wherein an intermediate portion is Fformed

between a main portion of the second electrode and the end
portion of the second electrode so as to have a width smaliér

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

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



a liquid crystal layer disposed between the pair of substrates, the liquid
crystal layer having a display alignnent state and a non-di spl ay al |(%nment
state which differ fromeach other and being subjected to an 22 July
initialization process so as to be changed from the non-display alignment
state to the display alignment state before an inmage is displayed, wherein
one of the pair of substrates is an array substrate having a plurality of
pi xel- el ectrodes provided in matrix; a plurality of gate |ines and source
lines arranged so as to cross each other; a plurality of sw tching devices
provided as corresponding to the . reggective pixel electrodes, for
swi tchi ng between a conductive state and a non-conductive stateée between
the pixel 34} ec®r dacuidmrystnd Ebeplay Kiompsigingzccordance with a drive
signal supplie g.and the other of the pair. of
substrates is gaﬁg%%gs?ngﬁ%st%glt%t |ng -a counter el ectrode opposed to
the array substaht@iwshMéﬂEﬁnd&Sme@@ iEdratest he
. swi tching V- t I the gate
i ne so agﬂtgoio ‘r?ﬁx Jfﬁ'%?ﬁ% ﬂ%ﬁ%&}‘{i%égﬁ IS 1 éa?llto%iéde%o \%egen t he
gat e | i nemenodispiay dl}tﬂﬂ@eytma Whighditfat ﬁﬂm%ﬁqhatmmmml for
causing ¢ e eis
QGS‘fE%t & dé&(‘t@eﬁ ‘&ngﬁtwﬁéﬁﬁ%h pEb&sld 80 dnG hE%é%&Han el BCrtdd

supplied to set € source el-ectrode e pl xel
el ect r odetl# %ﬂﬁi’éﬂ’l%ﬂigﬂmahﬁ pertentp athelidisplencel igngohertatd bet ween

the "Sour CGagtdie a@NImadd & DGk i t Qublgigby performthe initialization
process. 22 July 2005ér 64 35. r %%ll gﬁ% crystal display according to Claim

34 wher ei n popéﬁtq%ltheunaie? eﬁcmmssrgtﬁ@ri@ceu grmayeevbgiratecharingr - e3
a plural:l.ty of pixel electrodes provided in matrix: a pluraiity

_ of gate .'L;I.nes and sourae lines arrangead so as to orass each g‘_l:her;

aplurality of switching devices provided as corresponding to the
respective pixel electrodes, for switching between a conductive
-gtate snd a non-conductive state between the pixel electrodes and
the source lines in accordance with a drive s:l.gna.l suppliad th::‘ough'
the gate lﬂ.ne-s . and

the uther of the paix of substrates is an opposing suhstrate

having a counter electrode opposed to the array suhstra.te and .
wherein -
. azourge elacotrods cansts.tuting the sw:l.tching de.v:l.ca extends
_ “-} £rom the gource 1ine ixnparallel with the gate. line g0 as to overlap
o With the gate line and is interposed between the gate line and
the liquid oxystal layer, and wherein o |
& drive signal for causing ¢onduction between the pimel
electrode and the source line is supplied teo the gaté 1line to set
the source-e.lectrode and the pixel electrode at equ:l.puteﬁtial,
and potential difference is generated between the soum;?. ii.ne. and
_ the gate line to thereby perform the initialization process.



and the pixel electrode to thereby performthe initialization process. 36.
The liquid crystal display '"according to Claim34 or 35, mherf%f t?ﬁ
source el ectrode has a bent portion. ABSTRACT LI QUI D CRYSTAL ulprils
Disclosed is a liquid crystal display conprising: 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-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 @fsplay alignment state before an imge
is displayed; storage capacitor electrodes provided on one of the pair of

bstrat esgs Di : [ ' i.th the st
capact or ) berite TLEELE Mgl MRIty Shdbrat e B aln i sy °

di sposed MiapddpliHLismenggels gpnetated betvten dheacouithe: bleotibas yst al
| ayer, thesd %4l r | I portion in a reqiQn overl apping
Sl X8h SLEGE BBl DIl AR, Bl L)

with the storage capacitor ele T ve nEan REFA i ng
pot ent i al BHEEFence between the storage capacitor. ‘el ectrode and the pixe
el ectrode to thereby performthe initialization process. Figure 3

36. The 'liquid crystal display “accexding to Claim 34 or 35,
wherein the source electrode has a bent portion. ‘

i r
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ABSTRACT _
7 ‘IJI(iU.ID' CRYSTAL DISPLAY .

Disclosed is a liquid crystal display cbmprising: a pair
of opposed substrates; a liquid crystal layer disposed between
the pair of substrates, the liquid crystal layer having a display
alignment state and a non-display alignment state which differ
from each other and being subjected to an initialization process
s0 as to be changed from the non-display alignment state to the
display alignment state before an image is displayed; storage
capacitor eiectrodes_ provided on one of the pair of substrates;
pixei electrodes providedsoastooverlap withthe storage capacitor

electrodes with én insulator interposed therebetween and disposed

bei:Ween the storage capacitor electrode and the liguid crystal
layer, the pixel electrode having a lack portion in a region

overlapping with the 'storage capaclitor electrode; and drive ﬁeans
for génerating potentiél difference between the storage capacitor

electrode and the pixel electrode to thereby perform the

initialization process.

Figure 3



