; e3ell d&FT*' -1 SPECI FI CATI ON LI QUI D CRYSTAL DI SPLAY DEVI CE 5 Techni cal
field The present invention relates to a wwde view angle liquid crystal
di spl ay device having a plurality of domains provided within each single
pi xel . Background art 10 In general, liquid crystal display devices have

t he advantages of being slimand |ightwdi-ght and consum ng '
power, and are widely used in appliances ranging from porta@@ﬁ‘ﬂ@*@%\“ﬂ%s to
| ar ge-screen tel evision nonitors. gpaeYrpcAgsoNuch liquid cr Splay
devices are TN-type liquid crystal display devices, which, as di'¥®pfay ~

devices, offer high performance and quality. 15 However, T [ her
liquid crystal display devices suffer from marked dependen%mmﬂﬂmmgmlmﬁ;
angl e an r_di \/ i s reason, there have been proposed VA
(verti ca&rl&&gﬁ SWA@S’E’S&?}%M E%’F@E} al display devices, whi cﬁcoﬁ’ﬁz\?e wi der
view angles than TN-type liquid crystal display devices. In a VA-type
liquid crystal display device, liquid crystal having negative dielectric
constant anisotropy is sandw ched between a 20 pair of glass substrates,

wi t h a5 piTeehnichefidld ode arranged on one gl ass substrate and a conmon
el ectrode on the other. Vertical alignnent filnms are laid on the two gl ass

substrates, angedr@eht inPdntdArdhtes & £ wide BEW ANGRTiqRI ér?ﬁal%ﬁ;?&;?&ﬁez/ic%é&lg%ﬂ% two

gl ass substrates'in such a way that the transm ssion axes 0
pol ari zers rpendi cul her . en there is no electric field
bet ween talyé&%l%%gFgﬁ?@%gg’s\@efiﬁﬁﬁ?@&g?3§F§Iplxr$ow]ecuI es are aligned vertically
by -2 being restricted by the vertical alignnent filnms. Thus, linearly
pol ari zed transm ssion |light that has been transmitted through one
polarizer is transmtted through the liquid crystal intact, and is then
shi el ded Bagkgraundtaxtr pol arizer. On the other hand, when there is an
electric field between the two el ectrodes, the liquid crystal nol ecul es
bet wedh t he gllasgenerahsliquad esysedl edisplayt idgviees have tenhdstaniagby obdieing slial dnded
perpendicularly to the electric field. Thus, linearly
lightweight and consuming low electric power, and are widely used in appliances ranging
from portable terminals to large-screen television monitors. Popular as such liquid crystal
display devices are TN-type liquid crystal display devices, which, as display devices, offer
high performance and quality.

15 However, TN-type and other liquid crystal display devices suffer from marked
dependence on viewing angle and other disadvantages. For this reason, there have been
proposed VA (vertically aligned)-type liquid crystal display devices, which have wider view
angles than TN-type liquid crystal display devices. In a VA-type liquid crystal display
device, liquid crystal having negative dielectric constant anisotropy is sandwiched between a

20 pair of glass substrates, with a pixel electrode arranged on one glass substrate and a common
electrode on the other. Vertical alignment films are laid on the two glass substrates, and a
pair of polarizers is arranged on the outsides of the two glass substrates in such a way that the

transmission axes of the two polarizers are perpendicular to each other. When there is no

electric field between the two electrodes, liquid crystal molecules are aligned vertically by



pol ari zed transm ssion |light that has been transmtted through one

pol arizer is subjected to birefringence as it is transmtted through the
liquid crystal, and is thereby formed into elliptically polarized |ight,
which is then transmtted through the other polarizer. To further inprove
the view angle of such a VA-type liquid2erystal display device, 10 there
has been proposed an MWA (nmulti-domain vertically aligned) structure, in

whi ch a g abitfisted by ARTRerASal Ali n&eﬁmsw tmlgl lﬁ@ﬁ!}{ pbhgked &hffs%sémh fightm ng
proj ections and grooves in it. An exanple of this ructure is disclosed in

Japanese Eat erie N 29413 gu bk p iR W Barb tﬁl%hgﬁ IR ¥ Brac,

conventi on type I qul evi ce

substrates.is arra nd face- ofac pi xel electro

100, scaAfd Hghen ﬂ’é@g%g%P ey O&Pfélpo arigels {y eé’ﬁlf‘%ﬁﬂfg B Thest fread clsphi 5§| ass
substrate and color filters, common el ect rodes and pr 01 ections 105 forned
on the obblayeen e dwo tdestredesorthd Jinuigr erystalimolrsules rhebrees) et glasgewbstratesnare
illustrated. A plurality of scanning lines 101 and a plurality of signal

| i nes 5102liged haizdnially dynteing inclinéd perpafidiqulady totheoeledthie fpldis STimgbbdeatly e,
with the TFTs 103 arranged at their intersections and the pixel electrodes

100 arr a@@ﬁﬁzé&trﬁﬁk@mé’s’i&ﬁﬁ% OthhtBas l§ééhrt%@ﬂxtteﬁhﬁroﬁﬁﬁ%n@%li?&%ﬁ1st fiBjectedabe
el ectrodes connected to the scanning |lines 101, have their source

el ectrod peGt t r

el ectr odggreggl:%nlgc%t gsg ltt% {%ﬁnﬁét%?ﬂmpé}g? Eeoégaldlg‘ggmg :ﬁt%s lﬁlﬁkb? 1% rg?drrén ®n

t he pi xel tro | uralit pr ect ons. 105 are fornmed in
zi gzags gglpg gﬂﬁ?‘h‘é‘t di%?‘glt’cslt Wﬁﬁ%ﬂsﬂ‘&}ledttgmtuﬂglt ?%’4&5@?‘}* ate. The slits
104 are | ocat ed bet ween the projections 105, and are f or med -3

subst anti al | y Tgafughereimpreve the yiewjangle; @ﬁwwchcasVécﬁya@: diguid: erystaledispley deviee,
crystal nolecules are inclined at 90 to the projections 105 and the slits
104, HNnd tlasre hakbser podposezidan MYApasultiedothaire avbitoaldy wligled) serupueg, éntwiiels a105
and the slits 104 serving as boundaries. On the outsides of the two gl ass

subst r at @huralit) T Aoindindak ARG REd ithih bachf simkdé 9f>delZ@§ forfiig FrofBioRCArRY gréddels ON
in such a way that the transm ssion axes of the polarizers are at 45 to

e B ol 571! OB KRB Rr e RRERIGEOR it PAGRD a7 pRNd cul ar to

t he pol ari zers, I'nc Ccrys cules are at 45 to the

o o e ol S L i oA Dok SV A 5T iy

transmssion light is transm tted t hrough the pol arizers npst efficiently.
10 Howevélevicen A paisrof elass sbatrator/in arjanaed pajallel aad fagedp-fages piithypixpd gleggodeshe
actual inclinations of liquid crystal nolecules are not ideal, and this
makesld t l0Apsmsnibg dineo 1QL signak liogs 108, andiTFdIsalp3 rfesndd on Bing glakd substrate and
schematically shows how liquid crystal nolecules are inclined in the

convent i @R fieke kominow Cldtkrddesdank @ &édmw 105 @het Tont the offiex €| Hedee thercdfies
100 indicate the boundaries between different inclination states of Iiquid

;[}ésga:or @gﬁf#{gﬁﬁel 8‘% bn 'el%c r&&s‘%%ﬂét']lll e E&dg: %Zglﬁﬁdhﬁ%f’”k@%&g’ lifdsAHS And hNES
plurality of signal lines 102 are laid in a matrix-like configuration on the glass substrate, with
the TFTs 103 arranged at their intersections and the pixel electrodes 100 arranged in the areas
20 they surround. The TFTs 103 have their gate electrodes connected to the scanning lines 101,
have theif source electrodes connected to the signal lines 102, and have their drain electrodes
connected to the pixel electrodes 100. Slits 104 are formed in the pixel electrodes 100, and a

plurality of projections 105 are formed in zigzags as seen from the direction normal to the

glass substrate. The slits 104 are located between the projections 105, and are formed



nol ecul es are inclined substantially in the sanme direction. In each of
those areas, an arrow indicates the direction in which liquid crystal

nol ecul es are inclined, and the angle noted near the arrow is the angle, as
seen fromthe direction nornmal to the glass substrate, between the inclined
liquid crystal nolecules and the projeeBi-on 105, the slit 104, or an edge
of the pixel 20 electrode 100. Here, the arrow points in the direction in

whi ch,  Whggktdnkighyy ?aﬁﬂéﬂsttoatlhe RbiEGdhe 305 Qﬁf%ﬁfi t58Rdm t l’ﬁ}gﬁi{dﬁé?sltﬂ%féfefﬁfe@are

havi ng the projections 105 areée inclined,” those ends o e"lrquid crystal
nol ecul es i¢ch d nt away.fr.om S Su rat oj,nt .. Liqui.d crystal
ol scul e ded b PR P, o PibicliBf, 105 2% RS o o, A A Pt incting i€ e
inclined not at 90 but at about 95 to the slits 104 or the projections 105
in a centdirastions mithothe projactipms (A& apd sl slisg B4 sesdag 2o boundaties hedn theeoutsiddsi ned
in directions further deviated from90, for exanple 80 or 100, to the slits
104 or t lof thertojoegtdss culsstrh@es, ihereas paranged ar @lir gfqraldrozmersdbr thdoes polarétatioh & suchde
100, where the inclination state of liquid crystal nolecules varies from

pl ace 4 0 ;pLACHat the tﬂdﬁﬁnﬁsﬁ@ﬂﬁ%%tﬁ@g&lhﬁf@rs Weldl 438X RPr&iEEldnk 805 Yo thdt Clisi d
crystal nol ecules should 5 ideally be inclined at 45 to the transm ssion

axes of the polarizers, This corre nds ,to the state in which liguid
crystal neeRonabe Aeion et uler 30 WS PotkBecky 3pe it fantd ofybea riblecues
104. In Fig. 17, the areas marked "E' are areas in which |iquid crystal
mol ecul edragk 45hd0 ithe dransmighipa xed 9f the dolargeey Wheadther ipphinedeliquid srystal
inclination directions, the areas marked "F' are areas in which liquid

crystal nmliesuldsesreahi 45nGbi tRdtrhfdnBdsiAC bk&n oflRe tpolddizeRY itainedisdiBnf ighn {she
ideal inclination directions, and the areas marked "G' are areas in which

i quid cryst.a i | 1. di rections about 45 deviated from
t he idealtya%@llttle&r:g{r:&g%“@?lpg%ﬁiz%rgngos{}ﬁﬁ?éﬂphe central portion of the pixel
el ectrode 100 s nostly occupi ed he areas. A, th eri pheral portion is
ocoupl G rror o B Re. oy & cconbuipal A y6s AR st B dRviche e acttd

conventional shapes of the slits 104 and the projections 1 S 105, nost of
t he |i quileclinatjensaf ligyideenystabmoteculge agsi nos lideal, cad rtéia@laicgs)ltameossmiq: tnachigve
directions deviated fromthe ideal inclination directions, and this nakes
it i npossiptinant displalyi eswnt | figud@ schemstidalgi showlsi lgdw .lighlel enystal ,mdlbauley eigence
of a plurality of areas, like the areas E, F, and G wth different degrees

of devi atih@ihed iWfhet ddBvérdRabl piRell striafurdN Blbk&CknedMawh iihe Pl eRictrBles 100
el ectrode 100 causes transmissivity to vary fromone area to anot her,

Lt = T o , i 1 h
B S R S

1on direct cr
nol ecyl es .has revealed th | lowi ng facts. In t.he ntral. Jon of the
o xel o1 Qs g 567 Rirpenare B el nesitd i piofketipRAs okl B aoeyshif he
projections 105 or .the slits 104), the cause of the about 5 deviation from
t he i dealMmelpeulgspse inghiged substantially in the same direction. In each of those areas, an arrow

indicates the direction in which liquid crystal molecules are inclined, and the angle noted near
the arrow is the angle, as seen from the direction normal to the glass substrate, between the
inclined liquid crystal molecules and the projection 105, the slit 104, or an edge of the pixel
20 electrode 100. Here, the arrow points in the direction in which, when liquid crystal
molecules located near the glass substrate having the projections 105 are inclined, those ends

of the liquid crystal molecules which point away from the glass substrate point.
Liquid crystal molecules that are restricted by the slits 104 or the projections 105 are

inclined not at 90° but at about 95° to the slits 104 or the projections 105 in a central portion



-5 considered to be the slight influence of the electric fields produced at
t he adj acent pixel electrodes 100. On the other hand, in the peripheral
portion of the pixel electrode 100, the sane influence acts nore markedly,
tending to make liquid crystal nolecules inclined at 90 to the edges of the
pi xel el ectrode 100. This causes the ingl.ination state of liquid crystal 5
nol ecul es to vary fromplace to place depending on their |ocation relative

to which f it of t pixel..electro 100, .0f the.slits d.of
the proj Z’gﬁeoﬁgell%gc@ggqﬁg’céﬂde@g%85% fpglined, ig ‘{W?Cé?ﬂﬁ @lf%ﬁr dey %‘8@ %@P’eg(? for
deviations fromthe ideal inclination directions. Mreover, nowadays, to
maxi nm ze k&rBplaBEr out Q0 txthe sliss 194 eethe prejestisins 402 in 2 peripheral @osioned thepinedd t o
be so large as to overlap signal lines. In such cases, the edges of the

pi xel 10 ekkaode 0@ where the ielifatiar statesofl lijuidiengeal anoldtuled MitidseBothtplace to

Di scl osure of the invention An object of the present invention is to

provi de ldcbautrd usé WiksMissirs RERYwilE WasBnid *E 99T BqR@ hyBN RbIsRIAYshb@au! t -

| S To achi eve the above object, according to thée present 1nvention, In a

l'iquid cr al_di spl V| hat .is provided with a first substrate
navi g ISy e dhFReBEL P MO olor Y o7 it o TR SARIRINEE LS e
formed in the pixel electrodes, a second substrate having a transparent
el ect r odstateoimwhich Hignisoerystgl mpjschiliek erepinoliredt 4t 98 té thenprdjeotionshk05serctha dlits
substrate, alignnent filnms laid on the first and second substrates

i ndi vi dugbhy Bnwigsuly] ekd aftat AnarRéd FERlare Qreak ii8NNEIGh HguRRCARM  malBchias hdequi d
crystal |ayer sandw ched between the first and second substrates and having

negati ve.dj 1Ly t o Al 4 Whi ch. | gui t gl
ol acul od et B St EuGRDEANS. SRIREL FoMne R iR dirklfons, (aef iR
crystal layer, vertically and, when an electric field is applied to the
li quid cr¥st@es aneas iy which lignid erystakmplagules agghinglinadnia difegtipr) aboytshos|deviated
nol ecul es are restricted by the slits and the projections, the slits are
formeld frofn shd&leaninchhdtionpdireatibes, ahd thérareds mearked1'G” iane \abdas lin twitich liquid
proj ections extend, and the parts of the contours of the slits facing the
proj ecti r ¥ |ddeGt HiPRSioHE Yb & ef5h, 1.0 n rom
he i e o i e R o e e Bt ol
present ipnventiong..the slits are.formed substantially.parallel to the
b iRy

5
di rect i of¥eFHPni SHEHES SPHFa POMiRsOlRE Ste! elaOth O i oSy opgwpied it teir s
of the projections facing the slits are formed in_directions deviated by a
correct i @Ffagdythe rerphsralporidon is oceupied meredpyitatharesseB and €5 t hensel ves ext end.
Advi sably, the correction angle for the slits or projections is set at
about 3 to abd\sdes&ribedaboveliwith the coheenpioral sshapes f ¢ing $livs 104 apdithe wbjections
polarizers is laid on the outsides of the
15 105, most of the liquid crystal molecules of the pixel electrode 100 are inclined in directions
deviated from the ideal inclination directions, and this makes it impossible to efficiently use
transmission light. Moreover, the presence of a plurality of areas, like the areas E, F, and G,
with different degrees of deviation from the ideal inclination directions within the pixel
electrode 100 causes transmissivity to vary from one area to another, resulting in uneven
20 display result.
A study conducted in search of the cause for such deviations in the inclination
direction of liquid crystal molecules has revealed the following facts. In the central portion

of the pixel electrode 100 (the areas in which the inclination is about 95° to the projections

105 or the slits 104), the cause of the about 5° deviation from the ideal inclinations is



10 two substrates, and the polarizers are so arranged that their

transm ssion axes are perpendi cular to each other and that the transm ssion
axis of one of themis at about 45 to the directions in which the slits
extend. Mreover, the directions in which the projections extend are at
about 45 to the transm ssion axis of ong.of the polarizers. Wth these
structures, even when the liquid crystal nolecules are influenced by the 15
el ectric fj - ad pl S e I i i at
about 45 PHER 14 B8 bR AAGRcRRE SloqdiE ol BRI R, Y stbtde dake1)
use the trapsm ssi.onlight that s transmtted thro the |iquid crystal
aver | ACEBaR 0P ORTE piel Aend. i Ui Pathesef Petign 3k piifbelsitadea OB e

el ectrodes, there is provided alleviating neans for alleviating the

i nf 1 uenceane influened acts more matkedlyt teatlinggo gnake liguéd oystal maledules instingd at 90°

nol ecul es fromthe edge portions. As the alleviating neans, saw oot h-shaped

porti ons tatige EdpesE thepixBEclclglePTON | hts Sfuséshtheihyfatich Sfatd 6FB§uid Vrystal
plurality of pin holes are formed in the edge portions of the pixel

el ect @d%]edalesss%ea?choﬁh inlate # aé@&éﬁ%ﬂdi%l% oh @&iﬁﬁgai&qgraggé@h\%ma% gf el

el ectrodes. Mreover, auxiliary project are fornme e secon

substrate so to L | 0 t edge rti,ons .of .th i xe | ectrpdes.
weh t need it Brel e, KE RIS PO Ok I RFpiB o O o logBRE B4V o
electric . fie|lds fromthe adjacent pixels and the jnf]luence on the liquid
crystal nbpdbtgncauses shsat Hevighings the ideal igelinaian diretion| ect r odes. Thi's
hel ps nake uniformthe difference between the actual and ideal (45 to the
transm ssi on Moéredvernedwadays,do rdaximezei the saperftunerratid iof ipixels; sl sllectrolescarees
within a 5 pixel, and thus helps alleviate uneven display. According to the
present ioféRMbrinRd toibe sa lhrgd Wk do evatipasigrdl Hptsay IAGWdICeastd) dle édpep bOMHedRgRIW t h
a first substrate having a plurality of scanning |lines and a plurality of
si gnajo | ienREodChavRd rhdtes&Mhs ifth@ndBdd didpldy fegulf O Mati on, switching devices
formed at the intersections between the scanning |lines and the signal
|l ines, pixel electrodes fornmed in the areas surrounded by the 10 scanni ng
| ines and the signal |ines and connected to the switching devices, a second
substrate _arranged face-to-face to the first substrate and havi ng col or
filters fRysclesyre pbthedpventions o correspond to the pixel electrodes, and
liquid crystal seal ed between the first and second substrates, at |east the
parts of edge AsoehjpesmS thé présentpinyesition| iedo poeiade adisjutdycryitel displawldevicadhatar e
formed in zigzags, and the parts of the contours of the signal |ines facing
t he pi xeloffelsasptinmaedisplay &sgit.so formed as to run along the edge portions of
the pixel electrodes. By form ng at |east parts of edge portions of the
pi xel 12l ect r odRSadhivé it ABSve %wl fSccifding td tHeS%riééb‘iﬁ liRfetibe) ifld Iﬁqmaltc%ygti]e

e

i nfluence of the electric fie that acts on t liquid crystal nol ecul es

fromthe i , 1 : i

om0 0 RO RS RN B, REFIO Rt EpROT LR AR,
of the pixel, electrodes, it. 20 is possible to alleviate upeven display in
the edge HOPTTTHE BRTBRL: ik foruRach, Buabeeh HRsropfb 3 HMEPHL AL AR T
signal lines. According to the present invention, a substantially constant

i nterval tragspasent elsstroge formed thereon, strip-like projections formed on the second” substrate,

alignment films laid on the first and second substrates individually and subjected to vertical
20 alignment treatment, and a liquid crystal layer sandwiched between the first and second
substrates and having negative dielectric constant anisotropy, and in which the liquid crystal
molecules are aligned, when no electric field is applied to the liquid crystal layer, vertically
and, when an electric field is applied to the liquid crystal layer, in the direction to which the

liquid crystal molecules are restricted by the slits and the projections, the slits are formed



the edge portions of the pixel electrodes and the contours of the signal
lines all along the I onger sides of the pixel electrodes. Mreover, as seen
fromthe direction normal to the first _g_ substrate, the edge portions
of the pixel electrodes overlap the signal |ines. Mreover, the parts of
the pixel electrodes fornmed in zigzags .gfe sawt oot h-shaped. Furthernore, in
a liquid crystal display device in which a plurality of strip-shaped

or o S S, AR EL R0 PRSI L 368 Gl B e
prol eot | Qto, B L0 0 e L S 8, STt ol ver NG, eogl LYe Cheleet

as seen fromthe direction normal to the first substrate, the parts of the
pi xel el abgledwasthegingetipns in whigh shesslity themerlvaseutendt ween t he proj ections and
the slits. Wth these structures, even when the signal lines overlap the
pi xel el ect rodgsorditg tcstheOprpseas invkentidn the slitsiaze faried aubsthtpatly phhdlkl e ks
reduce variation in the voltage on the pixel electrodes and thereby obtain

sat i sfactieyridhsSRIvilch Ublojettibis Do, il GhE PESS of 1R @ntd Ay bl tHe! gx%{e%{ions
di splay device that is provided with a first substrate having piXxe

el ectrodes..: I i | X< [ i , [ : at e
v o R S e R S R
fornmed on the.second substrate,so,as to 15 obliquely cross, .as observed
oo o e e S Thenires eatentoAdRathly. b trrectles adeis T30 se Aupaectis

pi xel electrodes, slits formed in the pixel electrodes so as to be parallel

to the projetet dbont3atyaboshtSt hereto, alignnent films laid on the first and
second substrates individually and subjected to vertical alignnent

treatment, and\coldisg!tcithe presedd inké@ntdn, §PARVIIGIORLIZBRLINERA onliBe bufsiles d3Nthe
second substrates and having negative dielectric constant 20 ani sotropy,

and i Lah L qui y : | ecu | . gneyd.: I ri
el o sprsafalel Tpd il Bt dtD B8 aBed bt iy WiEHnRAOR. BE bt
electric field is appljed to the liquid crystal lLayer, in.the direction to
wht ch t nerneagicuies i ieh Pihep fad e SanSmESHF e ob S % hem s fiabour £ n e

projections, parts of edge portions of the pixel electrodes are formed in a
sawt oot h ditegipens Mhivbichethgsslwg lextendit eMomevienfthe alineetiafs inhwhishethier projettiaisd

that acts on the liquid crystal -9 nol ecules fromthe edge portions. The

sawt oot h-exttap ek AAbLWOIFS t@tHR thMEMIsSiOn aAFBNENPSMRE polhdse®s, between the
projections and the slits, at places where the slits approach the edge

L
L RIS ==y ) R AT TR S S R
transmission axes. This makes it possible to efficiently use the transmission light that is
transmitted through the liquid crystal layer.
According to the present invention, in edge portions of the pixel electrodes, there is
provided alleviating means for alleviating the influence of the electric field that acts on the
20 liquid crystal molecules from the edge portions. As the alleviating means, sawtooth-shaped
portions are formed in the edge portions of the pixel electrodes, or a plurality of pin holes are
formed in the edge portions of the pixel electrodes, or second slits are formed in the edge
portions of the pixel electrodes. Moreover, auxiliary projections are formed on the second

substrate so as to lie along the edge portions of the pixel electrodes.



satisfactory display result. Moreover, auxiliary projections are fornmed on
the second substrate in positions facing the sawt oot h-shaped portions of
the pi xel electrodes. This helps further alleviate the influence of the
edge portions on the liquid crystal nolecules. Mreover, this hel ps make 10
uniformthe difference between the actua@l- and ideal (45 to the transm ssion
axis) inclination directions of the liquid crystal nolecules within a pixel

as observed f mfhlaf'e {i‘hfcﬁﬁ& s %IB% toté?leﬂlﬁﬁ'ehﬁla‘l?rﬁyeﬁ eFof r]iglélsectdctﬁélcfs from

possible to ef Iciently use tra sm ssion eviate uneve

di spl ay. 15 descr of draw w

portion afBafce?tsqlxe d{?‘ﬁéﬁuegfe f’ﬂg'e lﬁg'éqﬁ %ﬁl m%#eﬁmeﬁgf’gﬂg &ﬁﬁ%ﬁ%ﬂs (\fx

t aken alon line A-A" shown in Fl 1, Fi 3. 1is a plan wewschenatlcally
showi ng fhfeplgselsql%qt 8% rEnsbelen o 5%@9%3@? M@remcszépt\@eeém aefualand idepd
projections in a second enbodi ment of the invention. 20 Fig. 4 is a plan
Vi ew schedfiit tocthe krgnshissiom gxishcfinationi diregtionsedfathe digaid prybtat wetsuleh evithix el

el ectrode and the projections in a third enbodi nent of the invention. Fig.

5is & plrpgggl %h@Hus REBIRIdvRERA haeveR @idhing the positional relationship between
t he pixe eI ectrode and the projections in a fourth enbodl ment of the

I nventi on. c?rdin HJ: 3&5 qx\{renﬁhﬁ t' Cal A% P‘c’i‘s y € Ittl Orrg)% e
{sR2 5PKic8 &t 47, 8% Hi 4

relatlonshlp plxe Y0ue™a

fifth enbqdi f t he inven . 7 is a Ian Vi ew che tic

showi ng t“Hgl agﬁ@t %‘i%éfr’i%tF%P\élP&talpiM%]PﬁYﬁ’ fg nﬂg@rllrteﬁémbamralér/@?ﬁlsagﬁmaﬁ rmqé
projections in a sixth enbodi ment of the invention. Fig. 8 is a plan view
schemat i gkeiréan istomktrig-likedfopaation; ewichingdexti¢esfatnqd ddhevntersaciensbesivre the

el ectrode and the projections in a seventh enbodi nent of the invention.
Fig. 9 iscanjigalinesiand the bigaalt liws| bixek Hevtrdilys tftvenedoiai the gl sugbaided shihp
bet ween the pixel electrode and the projections in an eighth enbodi nent of

the iyaveRtdrhg ified and thel sfgrdl Rh&indi B ELAABTRA GitdhingS BRIt §éasn&)a?ds&atenal
rel ati onshi p between the pixel electrode and the projections in a nint

embodi me Qhagée}%it @ﬁ {onfé‘é‘@ Ed ik s 0@ 1ajndI lﬁ\vﬁ‘ﬁpéoﬁ(%oﬁft&w ht[%ﬁlfeoﬁ 35 as to

subst r at er ectr a ten | rren | nvent| on
Fig. 12is t|o ewt ng.line B-B .shown in Fj .
<2 d aGPERPRRRANAES eitf 9‘6&%&% 4 e lfie‘frééftti’lo?‘i’élﬁfjpb%%@%eﬂﬁ e apt spcaetl] one
and the slits formed in the gl xel eI. ectrodes in the tenth enbodinent. 15
Fig. 14 isabsiratesatdeagethe padnobedgs portiansiof she pineltelastrodés faping dlgesigral linemare
where sawt ooth shaped portions are fornmed in the tenth enbodi nent.
formed in zigzags, and the parts of the contours of the signal lines facing the pixel electrodes
15 are so formed as to run along the edge portions of the pixel electrodes.
By forming at least parts of edge portions of the pixel electrodes in zigzags in this way,
it is possible to alleviate the influence of the electric field that acts on the liquid crystal
molecules from the edge portions. Moreover, by forming the contours of the signal lines
adjacent to the pixel electrodes so as to run along the edge portions of the pixel electrodes, it
20 is possible to alleviate uneven display in the edge portions of the pixel electrodes under the
influence from the signal lines.
According to the present invention, a substantially constant interval is kept between

the edge portions of the pixel electrodes and the contours of the signal lines all along the

longer sides of the pixel electrodes. Moreover, as seen from the direction normal to the first



Fig. 15 is an enlarged view of a principal portion show ng the positional
rel ati onshi p between an edge portion, where sawt oot h-shaped portions are
formed, and projections in the tenth enbodinent. 20 Fig. 16 is a diagram
showi ng the pixel structure of a conventional MVA-type liquid crystal
di splay device. Fig. 17 is a diagram scgematically show ng how |iquid

crystal nolecules are inclined in a conventional pixel structure. -11
Best nod carr Jf -t ' r r t t of
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Fig. 11is n_vi th ortion of first enbodi nent of the

i nvent i oﬁa&%ﬁﬁﬁﬁpgeﬂé\g&?dﬁs E’é‘g’ﬁ%g’nﬂg 2283 &y S SRS line A-A shown in
Fig. 1. 5 Reference nuneral 1 represents a first substrate, which is a
transparent sdBEheraaEe,on a figwidsrustie) @splay dewice an whighs a fplurelitysel stripzshaped,
there are laid scanning lines 2 and signal lines 3 in a matrix-1like

f or mat i oprojddtensaredermsed orothadewnt putisatesamarshitsnge Formed iR thepixdl blecabdms as
lines 3 each correspond to one pixel, and within these areas are laid pixel

el ect rpdes vé-lodited Bisbstantigllys pafalloNto Bt %&%ﬁ&tnéﬂe aB@ an"Wkieh lai B Igrﬁﬁd?c rgdsl e

signal lines 3, there are Torned TFTs whi ch are swit ng devrces
t hat P t
over | ap The"e ekl B lié%‘ggeéf%é{*ﬁ%ﬁ%%%rre?re%ﬁdv%h%dhﬁgﬁ’eﬁ& rré9%§?°nﬁ

i nterpose hnrebetmee hese over s.act as.storage c 0 In
each bt x SIS P S gtrom BF SHkEon Pia) B P tirst So5irae, the peeot 10 ket 1
be described | ater. Reference nuneral 7 represents an alignnment filmthat
covers t lgctipdesiformeddn igaras ane logeted hetvepr the spieetiong anrbtrwesgtsl cal 15
alignment treatnment. In Fig. 2, the insulating filmlaid below the pixel

el ectrodes 4 Witlothese eductﬁms,ee\enaehermmersiagnaa% lihep vecrtapt the Ppisst Gdsvtrodes) st isat e,
which is a transparent substrate of, for exanple, glass. On the second

subst 1t @ossiblé Re finintizé eHeBrigpd! qfhks R&bS redude SRiARNtIA tAERBRAECor IR pixel
i ndi vi dual pixels, and there are laid color filters 10 so as 1o correspond

one-to- OQEC&Q%&S%P{IJ E}?e(ﬁ#?%ltzﬁn sa-[ilgyl g;L %E%léy HsElt %vrtil(?u rtﬁg‘ﬂ neg e Of red (R,

green (G ors on the on o

correspondi ng.pi r ters 10 e i r anspar,ent
ol ectrode 110 < fagfa swsrr&?spﬁrw%w ﬁ%ﬂtdrnprrvadeéxrﬁé) i g @rret*wamg i
t ransparent eI ectrode 11, there are fqormed projections 12 in a
pr edet er fieqEad eﬁafprfmtherpﬁa i amr;avahbﬁforgrage@,r%@f@oqdw&matp havipg @j tEanspaseis 12
are covered with an alignnent film13 that is subjected to -12

electrode formed thereon, strip-like projections formed on the second substrate so as to

15  obliquely cross, as observed from the direction normal to the second substrate, edge portions
of the pixel electrodes, slits formed-in the pixel electrodes so as to be parallel to the
projections adjacent thereto, alignment films laid on the first and second substrates
individually and subjected to vertical alignment treatment, and a liquid crystal layer
sandwiched between the first and second substrates and having negative dielectric constant

20 anisotropy, and in which the liquid crystal molecules are aligned, when no electric field is
applied to the liquid crystal layer, vertically and, when an electric field is applied to the liquid
crystal layer, in the direction to which the liquid crystal molecules are restricted by the slits
and the projections, parts of edge portions of the pixel electrodes are formed in a sawtooth

shape. This helps alleviate the influence of the electric field that acts on the liquid crystal



vertical alignnment treatnent. Between the two substrates 1 and 8, there is
interposed a liquid crystal |ayer 14 having negative dielectric constant
ani sotropy. In each pixel, when no electric field is present between the
pi xel electrode 4 and the transparent electrode 11, liquid crystal

nol ecul es 14 are 5 aligned vertically hybeing restricted by the alignnent
films 7 and 13. When an electric field is present between the pixel

el ectrod p e t b QU] rys I 14
ar e nol misderne o oS BBORTEMs 18 B REufhappd Bolfon wloBiee bl ffer
nmol ecul es, 14 gre inclined. in predeternined directions by.being restricted
by the. SHEes eiien e Tpisp el BHthe sy SPaass et eois 2PPRyCb Iyt ns
within a single pixel. Fig. 2 10 schematically shows the state in which an
el ectri c poitiond af an prgle ehP0her legse n Thisepgsimite thesandeothshaped podtiansdo te desstedr ent
electrode 11. A first polarizes 15 is laid on the outside of the first

substrat @t the pavds avheaCcHS tigpid! @ydtdlaiolkbules ateqir€htlginflinced! fidindthe @figd pertisecond
substrate 8. The first and second polarizers 15 and 16 are so arranged t hat

their 4r i S& O, d i a 0 n 15
tr ansrrsit S?Ei{}"h%@ég&g%ﬁ?ﬁza%%@aﬁf ggt?ghq'gélg%déﬁgﬁarga;geawg{%at gStl%eE% 4 hgbtam

di rection L$.mhich h&e I,quid crystal nolecules 14 are inclined as observed
from t he SEHSRELQTY SHPRITENIL t 0 t he second substrate 8, transnmission light is
transmtted through the_second polarizes 16 nmpst efficiently. Since the
liquid cryst aMessPessyauxiliary pegiectiong arefarmed oryths second substiafreingrogitions fasig 12
and slits 6, the polarizers 15 and 16 are so arranged that the transm ssion
axi s of tthe sswtotidshapediportams16f 2@ ipscehteledtrodes. 45Thip helps firthec talleviatenthehi ch
the slits 6 and the projections 12 extend within the pixel. In this

enmbodi menifludnbe of tieedgeSfortdhsaoti the dfquiderykial fiolqealesr | Kkeoler, ahis helpdafaksl t h
the direction in which the scanning lines 2 extend, and the transm ssion

axi s | ari cal.nel | 10 ' LARn :eh: the
o anaf® 1 (RS R fREEE baGRer theBhRF P el 43 10"t sl MlibtchC
el ectrode_ 4 and the transparent -13 electrode 11, the liquid crystal

mol ecul edireationseof she hgyudicaysfal melecples Wﬂ%use Pixgkas Qhseryed 50 ﬂamrsfé@n normal
transm ssion |light that has been transmitted through the first polarizer 15
i s transr thesuibstrateo ughhushié 19 pagsible te effsaientlyl usp énansiaission ght and alleviatggmeven

| inearly polarized light, and is then shielded by the second pol ari zer 16,
resul tinglisgplaybl ack di splay. On the other hand, when 5 a predeterm ned
voltage is applied to the pixel electrode 4 and an electric field appears
bet ween the pixel electrode 4 and the transparent electrode 11, the liquid
crystal nolecules are inclined in the horizontal direction. Thus, the
lineafdy I . L3sion |ight that has been transmtted through the
first i%ol%ﬁ%@&?ﬁ&'éé%ﬁ%d into elliptically polarized Iight by the
liquid crystal_.layer 14, .and.is. then.trapnspitted through t.he second

ol ar zer 16, FibaReinly Vi 068 AR i i St ebodr g ednPtgap (¢ he
interval between the alignment filns 7 and 13 laid on the two substrates 1
and 8) narrowdg. 3 is ajsectipgalsvieyy takep alogg lise AcAeshowaiingig. & |i ght when bl ack

i s displayed and thereby enhance the contrast and w den the view angl e.

Thr ough exper iFign3 ss a plan view schematically showing the positional relationship between the

pixel electrode and the projections in a second embodiment of the invention.
20 Fig. 4 is a plan view schematically showing the positional relationship between the
pixel electrode and the projections in a third embodiment of the invention.
Fig. 5 is a plan view schematically showing the positional relationship between the
pixel electrode and the projections in a fourth embodiment of the invention.

Fig. 6 is a plan view schematically showing the positional relationship between the



it was found that, by making the cell gap equal to 3.5 umor less, it was
possible to obtain a 1 S view angle of about 56 or nore. Making the cel
gap narrower results in lowering the transm ssivity when white is

di spl ayed. According to the present invention, however, the shapes of the
slits 6 and the projections 12 and othegofactors are so worked out as to
increase the transmssivity, and this permts the cell gap to be narrowed.

el oot r oudt A ik baf PREMORERsTR a Bt pmeRPof e SRERRACT, O/ oot ons, and

ot her conditi cell ga ual to .abouyt
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the shapes of the slits 6 and the projections 12 in the first enbodi nent
will be destelegeqse apd thesprpiestionsdn a sy erabpdiyent oftheiinenpiant s of the pi xel

el ectrodes 4 by a process such as photolithography. The projections 12 are
formed, for eXagnd &, a planfuewisabervatrcaly showing ithe pbsiticnay Irelatioreshipnbétween the
predeterm ned pattern by a process such as photolithography. Through

exper iTempigl elettrotndl e ojebidns ik Beveni@ibddlifen® bPiRGAVeafiSN. 12, the hi gher
the transmssivity. Specifically, by making the projections 1.5 um high or

more, it is pq&g@ks h} ah \9'sEh%ﬂﬁafl%%ﬂ@mugst&%bEMhoﬂ & (T)rlsﬁ | BiwedR |ng

t he proj ectlons 1. results i I gher ran m SSI Vi

t han maki n transm ssi vi.t ro ections 1.6 um
hi gh / trpé egté‘?céuaf‘ﬁ}%ﬁfﬂgf% Sﬁ%ﬁ‘&‘&ﬁﬁ?‘o"ﬁ’é"’ ““‘f“tﬂf ﬁt’? cgtion 0) W't h
consi derati on |ven also to the cell lgap and ot her factors, maki ng t he
proj ections ale®itl%isg Rlan viewasrbgmatical YlﬁerWi‘%the|pPSIF1§n3gid§1§'F1MSé1H betWB%thﬁ
transm ssivity optinmum for a display device. Mreover, formng the

pr oj ect i gl glectyadetand thpgwbjectiansimb amtlabmbaimbentofithe ihiffglltien. transmssivity
than 10 formng themwith a negative material. This is because a positive

mat erital gi veFignpotdar planrfiés eofothet fit RuBNtRALS WdRSthd Zpixaneletifole HEhNefih t he
liquid crystal nolecules 14 to be restricted in the inclined direction with

hi gher p%%%dxm@ﬂf@ﬂﬂ@uﬁ;éﬂﬁfrﬂ ments, it was found that form ng the
projections 12 wth a positive materlal resulted in about 10 % hi gher

t t oyt th t.h t t t
wiih the proj ubiat PPhER Vi AL bGRE R WEuT TR P s seivi Ly w th

t he prolectlori:sforrred of an atlv materlal > 1.10). The projections 12
are formed in3%gal§s diaeramy lys megat]hptr_lagqmsbm(@tg/eerhm Rrplgptions
| inear portions extend in di rectlons 45 to the signal lines 3 as seen from

t he di r eend the shitsrforhed io thepixe elestrddesiin hertanth ebodimeat. subst anti al |y ni ddl e
portion of a pixel, a projection 12a extending fromthe adjacent pixel on

one sixde bend§igt1499amaﬁlatgeéwimbﬁm@ﬁn&iﬁﬂlpotﬁbriditaatn edge pditRmewhergiskwtoottAnd,
in corner portions of the pixel, a projection 12b extending fromthe

adj acent sﬁéﬁéﬂ'poﬁibn%ﬁ@i@hﬁ&fm&héi@nﬂlué?x%daﬁﬁéllt| el to the linear portions of
the projection 12a, which is bent at 90. At the places where the

proj ections 1%1§ Sl§ a[‘;@ﬁlap éﬁexlqu\?lcﬁ%tﬁrﬂgﬁafl oftiBR"s rﬁ g &f]gfg{ﬂgﬁ dﬁijféﬂtlo%rlﬁg

proj ections 17a t ranc e prolec I ONS ong e

between an edge portion, where sawtooth-shaped portions are formed, and projections in the
tenth embodiment.
20 Fig. 16 is a diagram showing the pixel structure of a conventional MV A-type liquid
crystal display device.
Fig. 17 is a diagram schematically showing how liquid crystal molecules are inclined

in a conventional pixel structure.



portions of the pixel electrode 4. These auxiliary projections 17a help
reduce the influence -15 of the electric fields acting on the liquid
crystal nolecules 14 from edge portions of the pixel electrode 4 and from

t he adj acent pixels. The slits 6 are formed so as to run along the mddle
between the projections 12, and, in thislenbodinent, three slits 6 are
formed in each pixel electrode 4. Between the 5 projections 12a and 12a are

f or med Sl]ie%tsm e f qul‘gg htehﬁvalrt@becti on 12a and_ an ed_ge _porti on of the

pi xel el ec The center lines (|nd|cated by

dash-and dot n t its 6a are par t he .
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The center I|nes of the slits 6a correspond to the directiogns in which the
slits 6arefRteasito thadravengss &g tlnis agdan vew ©f dhe nikel portiansofgnfipshembedimgat ofp
projections 12, starting at both ends of the slits 6a, extend in directions
devi at ed thryinad:minn, @dfhigr? is hasecmnblonew takes alohg lihe AsAl slmv@ainﬂgrfsel Ves so
that the slits 6a are increasingly wide toward a m ddle portion of the

pi xel &l ectr ogefdendeink@ith4lQ, represents 4 firsBbubstriteNdlbicR & Sirh@baremt substradphgant
projections 12a, and the contour of the slit 6a, starting fromthe ends of

the slit &l iat.ed
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formed al ong an edge portion of the pixel electrode 4 close to the slit 6b.
The auxi lintarsgctpms jbetracorthd Btanninigklenes Rear@lOthasignial lings By thprecare dormetd 7B Tl ps
reduce the influence of the electric fields acting on the liquid crystal

ol ecud eswhiéh fared BwReldifg R ice®nBat odonhb® oI thel pirtleelestestizs 4. arfhrfsr sfimhehgixel
adj acent pixels. In particular, the area surrounded by the slit 6b and the

edge por tdQftofls 4 BeerphXl S@Jnﬁﬁltgngfée Y a%eﬁlatﬁél‘aﬁﬁe il G88APRE hBpbuanced

greatly by the e po tion auxilrary ojection 17a
effectiv IIeV|at uneve di spl a crlba t he 6 en
cticelvalyalion g %ng Sfitniaifct fgﬁx@fwag e - Sty il it éntsh?%em
el ectrode 11 and th S the |i cuI 4 are inclined in

hori zont &r¢ gff’ aj—:"i)’eﬁfl s ge ‘Z’u?”&l” g’r%yg?sﬁp aéEruI forgnce, gumeral | ned
in directions, for exanple 95 to the slits 6 under the influence of the

el ectri c represeats o adignmieat ﬁl@} thateaveps the pixel eleetcasies Hand dhat dusubjesteditpaenical] i t s
6 are not parallel to the direction (45 to the transm ssion axes) in which
they thergighimes: aedtment. blh Fige2sthegintlytinieviimtlad belewefheopixelt electradgsiddis
crystal nolecules 14 are eventually inclined in directions about 45 to the
transm ssigRe@xes. This makes it possible to efficiently use the

transm ssion light that is transmtted through the liquid crystal |ayer.

Moreover, the gupdih LAf ¥ LG REHARS o 1dn@BbsAR, MAldR i§ SRS aHAe siiifrhidepee

on the liquid

for example, glass. On the second substrate 8, there is formed a black matrix 9 so as to
separate the individual pixels, and there are laid color filters 10 so as to correspond one-to-one
20 to the pixels. The color filters 10 are of one of red (R), green (G), and blue (B) colors
depending on the location of the corresponding pixels. On the color filters 10, there is laid a
transparent electrode 11 of, for example, ITO (indium tin oxide), and, on the transparent
electrode 11, there are formed projections 12 in a predetermined pattern. The transparent

electrode 11 and the projections 12 are covered with an alignment film 13 that is subjected to



10 crystal nolecules 14 in edge portions of the pixel electrode 4. This
hel ps nake uniformthe difference between the actual and ideal (45 to the
transm ssion axes) inclination directions of the liquid crystal nolecul es
14 within the pixel, and thus hel ps alleviate uneven display. In this
enbodi nment, parts of the contours of th®2slits 6 are deviated by about 5
fromthe directions (45 to the transm ssion axes) in which the slits 6

t hensel v t correction angle my be any angle in the range
fron1aboﬁﬁngﬁzmggngQh%U$§ﬁn particular, as will be understood fron1the

anal ysis resu of.. t h |nat
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set different correction angles for the slits 6 to suit the 20 tendency of
devi at i ofestvesen theepikelsli¢atiatle drandithecteansparentfebactrode il liguiberystak mplegulgs 14 eeent
correction angles within a single slit 6, or by setting different

corredd i atigragletiicallp by befnigaegritted by tie Bighmenefilowi T dridnl3a SWhe an ¢lectsit field

el ectrode 4 depending on their location. Since the slits 6 do not restrict
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same as that of the first enbodi ment except in the 5 shapes of the

proj ect i pngjectivgis t He sol ps do emor dplugliy afndemaing ovitkini agsingle cpikelt i dfig. Such
elenents as are found also in the first enbodinent are identified with the
sanme 16ef atkonticallyrshosdssthe atatk ihveiich axgkeariatfilahi paéseht bedivednethe ppehtleckrodel g.
3 is a plan view schematically showi ng the positional relationship between

the pixely ﬁﬂd‘%ﬁé{rﬂlﬁgaﬁﬂﬂdééﬂﬁdgﬁ@l ections in the second enbodi nent. Here,
slits 19 are forned in the pixel electrode 18, and projections 21 10 are

formed on the SAEPRGRAMRSIE IR B ARG GAROHM SHRGHITEUhy o SRR B FoA"

t he contours faci ng roj ections are para
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about 5 fromthe directions in which the projections thenselves extend. 15
Al t hough as%Isg asiaagest st thejr $raasipission pKes aP perpendiguaretpeashnether,  J¥hemthene
first enbodinment, the projections are forned in zigzags to extend over a
pluraljt ytra@ﬁmi&i;ibﬁlaﬁes afithetpoddrizetsi Iteard poatel areboaxd ¥nd the didestdatin ovisicll thet 0
the transm ssion axes of the polarizers 15 and 16. In a substantially

m ddl e pqj hicpgklyﬁﬁl 81%5%1%& 11436é3{n91d&% dsWbsaVed ?Shﬁfh@'d“&ctflé HRrhi3E 1 e EdHd

pi xel on o nds at hen exten ack to t at adj acent pi xel,

and, in Sobdirate 8, transmission light is transmitted through the second polarizer 16 most efficiently.

Since the liquid crystal molecules 14 are inclined at about 90° to the projections 12 and slits 6,
the polarizers 15 and 16 are so arranged that the transmission axis of the second polarizer 16

20 is at about 45° to the direction in which the slits 6 and the projections 12 extend within the
pixel. In this embodiment, the transmission axis of the first polarizer 15 coincides with the
direction in which the scanning lines 2 extend, and the transmission axis of the second
polarizer 16 coincides with the direction in which the signal lines 3 extend.

When no electric field is present between the pixel electrode 4 and the transparent



20 portions of the pixel, a projection 20h extending fromthe adjacent

pi xel on the other side runs parallel to the projection 20a, which is bent
at a right angle. The contours of the projections 20 are forned with a
deviation of about 5 fromthe directions in which they thensel ves extend so
that the projections 20 are increasingty3narrow fromedge portions of the
pi xel electrode to a mddle portion thereof. Specifically, the projection

20a is ingaadal nal Xhé‘ﬁﬁﬁn‘&% stall&d‘léc%'iesam ea‘flgedh?{'?édt w-,m fy. t PRl X! linearly
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portion toward the other and is then increasingly wde fromhalfway on the
pi xel el dbenrshirddetiythesecand polerisdrdderesulting reblpelodieptay.on@n 2@ cther, haod, wike
basis of an analysis of the inclination directions of liquid crystal

nol ecull ea predetbseined doltagehist dpplied rw ethé i pive| elgutiodect amh as edatdc el dgsagned
that the liquid crystal nolecules are eventually inclined in directions 45

to the tnRRsEhIR ﬂsaem@c&oeé4%@&{&%&@%@&%&%3@@1 e l1ci|t9(i!]€lfysfahﬁlom Afe€ ore
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reduce the influence of the electric fields acting on the liquid crystal
mol ecul eshelliquid eryseatipyer B, pud isithenstrarfsmitted thiough tld secondophdariged 16, resnltiigsin
adj acent pixels. Between the projections 20a and 20b are fornmed slits 19a,
and bBl wesitetdisplayr o) ecti on 20a and an edge portion of the pixel electrode
18 is forned a slit 19b. The slits 20a extend in the sanme directions in
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transparent axes of The po arizers 15 and . € parts of the contours of
t hese sli f rQj C in
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facing the projections run parallel to the directions in which the slit 19b

i tsel f extwasifoundkeat, ynmekingithé celf gapl efuabirehf sinbet leew it Whepqrsibid tosdbeain rode
4 and the transparent -19 electrode 11 and thus the liquid crystal
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crystal nolecules 14 are inclined in directions, for exanple,

transmissivity when white is displayed. According to the present invention, however, the

shapes of the slits 6 and the projections 12 and other factors are so worked out as to increase

the transmissivity, and this permits the cell gap to be narrowed. In particular, with

consideration given to the thicknesses of the electrodes and the alignment films, the height of

20 the projections, and other conditions, by making the cell gap equal to about 3.0 um to 3.5 pum,
it is possible to obtain an optimized liquid crystal display device.

Next, the shapes of the slits 6 and the projections 12 in the first embodiment will be

described. The slits 6 are formed by removing parts of the pixel electrodes 4 by a process

such as photolithography. The projections 12 are formed, for example, by forming a resist



projections 20 under the influence of the electric fields fromthe adjacent
pi xel s, since the contours of the projections are not parallel to the
direction (45 to the transm ssion axes) in 5 which they thensel ves extend
but are slightly deviated therefrom the liquid crystal nolecules 14 are
eventually inclined in directions about145 to the transm ssion axes. This
makes it possible to efficiently use the transmssion light that is

i ci el | i
or of act | ongog1e S Ial Do chRUnfinE HRIeR by EHRlcprolBERRY BlooBGA | Richa,

I I 14. | d ti f th L xel .electrade 4.. This hel ps. make 10
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axes) inclination directions of the liquid crystal nolecules 14 within the
pi xel , arfweeificalyndypuaking ¢he arciectiney &3 insipglnpr more; iiis pessildelitenohtain pight s
of the contours of the projections 20 are deviated by about 5 fromthe
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t hensel ves 15 extend. This correction angle may be any angle in the range
fromabout .3 to about. 15. |In . parficular, as.wll be.understpod framt
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direction of nost liquid crystal nolecules 14 are in the range from about 5
t o about Hr®highrdransmissivity withahe progectines b3 nunehighenl . 40)y1 dVitimcortsislerating givenom
about 5 to about 10 hel ps obtain better result. Furthernore, it is also
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suit the tendency of deviations of 'the inclination direction, for exanple,

by setti di ff.er ent.,.correctio les,. W thin acssingke.projection 20. or by
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within a single pixel electrode 18 depending . on thejr ] ocation. $Since the
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of the liquid crystal nolecules 14, naking the projections 20 wi'der does
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Thr ough experinents, it was found that, assum ng the sanme conditions for

t he w dt harfade dothe ptdjédionnd2 t4id thiisopepmits eHediquidiedyktal mglecliles o Baifestriefedt he
projections as in the second enbodi nment resuﬁ ted in about 12 higher
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this eanﬁinent the.slits of the first enbadinent e used. i n combi nation
Wi th the IBPBREANeBANIR  prgatlye EgrielBEaHISRYILY [ty P Proedigat farmadngf »
structure of this enbodinent is 10 the sane as that of the first

enbodl hrerpositing matedirlgrapsmispivity with dhe prajeadonsdemmadmiiagregativeonateria rdnt®. as are
found also in the first enbodinent are identified with the sane reference
nuneral s, and THe@réjeQidk aADaAkd Wimedin Zighugh tdexteRPeRdr Alurkii§- of pisiels, andihadn
view schematically

linear portions extend in directions 45° to the signal lines 3 as seen from the direction normal
to the second substrate 8. In a substantially middle portion of a pixel, a projection 12a
extending from the adjacent pixel on one side bends at 90° and then extends back to that
20 adjacent pixel, and, in corner portions of the pixel, a projection 12b extending from the
adjacent pixel on the other side runs parallel to the linear portions of the projection 12a, which
is bent at 90°. At the places where the projections 12 cross the pixel electrode 4, there are
formed auxiliary projections 17a that branch off the projections 12 and extend along edge

portions of the pixel electrode 4. These auxiliary projections 17a help reduce the influence



showi ng the positional relationship between the pixel electrode and the
projections in the third enbodinent. Here, slits 23 are fornmed in the pixel
el ectrode 22 and projections 24 are 15 formed on the second substrate 8.
The projections 24 of the third enbodi nent have the sane shape as the
projections 21 of the second enbodi nent15 Specifically, the projections 24
are formed in zigzags to extend over a plurality of pixels, and their
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22. The parts of the contours of the projections 24 facing the slits 23 are
formed with aThevlistg e fermedoioas tg mn glong he middle betwigen the mpieetionshk?, and,
projections 24 thensel ves extend. Thus, the projections 24 are increasingly
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t her eof . -21 Reference nuneral 25a represents auxiliary projections that
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m ddl e between the projections 24. Between the projections 24a and 24b are
formed sldirtatiodSdn whikh thetstisesn &tendl O Tihe giaets tof ale SatBowrsn df eie 9 6a Pavind tha of
the pixel electrode 22 is forned a slit 23b. The slits 23 are forned so as
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extend, and the parts o e contours o Its
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14 are inclined in the horizontal direction, even if -15 the liquid crystal
mol ecul ed middlg goftien] ohthe pineldeleeteadeohs , Likewisex thepslis, 6bosxtendst paralielofoethei ons
24 and the slits 23 under the influence of the electric fields fromthe

adj acent apjageit projedtionk i1qai ahdathy so@tbumnal the ulieSa, Isfarting frexethe wals yf thecdlit ®bd i n
directions about 45 to the transm ssion axes. This nakes it possible to
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liquid crystal l|ayer. Mreover, the auxiliary pr 01 ectl ons 25a and 25b help
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6b bends at a right angle within the pixel, the slit 6b bends likewise.

Reference numeral 17b represents an auxiliary projection that is formed along an edge

portion of the pixel electrode 4 close to the slit 6b. The auxiliary projection 17b, like the

20 auxiliary projections 17a, helps reduce the influence of the electric fields acting on the liquid

crystal molecules 14 from edge portions of the pixel electrode 4 and from the adjacent pixels.

In particular, the area surrounded by the slit 6b and the edge portion of the pixel electrode 4 is

narrow, and tends to be influenced greatly by the slit 6b and the edge portion. The auxiliary

projection 17a effectively alleviates uneven display ascribable to this area.



al I evi ate uneven display. The correction angle for parts of the contours of
the slits 23 and the projections 24 -22 may be any angle in the range
fromabout 3 to about 15. In particular, setting the correction angle in
the range fromabout 5 to about 10 hel ps obtain better result. Mreover, by
adjusting the widths of the slits 23 anqdgthe projections 24, it is possible
to alleviate uneven display. Through experinents, it was found that,
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enbodi ment of the invention will be described with reference to Fig. 5. The
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el ectrode and the prgjections in the fourth enbodi ment re, slits 27 are
formed irf¥ *mtxaé? skl fenaies ébefigmanﬁwp[fa}}lgbm%ﬁgmg@mgg% 1f reseienshalvhe
second substrate 8. The projections 28 are fornmed in zigzags over a

pl ur al i t yinclinedi jneldizectimnsl dbbei MS? itnethe pansniisim exd¢sendlliin mlakescit i possibkStat 0
the transm ssion axes of the polarizers 15 and 16 as seen fromthe
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portion of a pixel, a projection 28a extending fromthe adj acent” pi x
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in corner portions o a projectron

adj acent pixel gn the other side ru parallel to,the l|inear portions of
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projections 28 cross the pixel electrode 26, there are fornmed auxiliary
proj ect i ghifferzgee betweenttha aethalainfl idéad (45° ¢p dhet tramsmiszion anes) exdlimatiom ivergionsiofe
portions of - 23 the pixel electrode 26, and, along an edge portion of

the pi xeltheliguil cBgal Rbleehles B4 twithinfiRe ikl ardifius hddsy Alevigtchev@digiaauxi | i ary
projection 29b. These auxiliary projections 29a and 29b hel p reduce the
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5 Between the projections 28a and 28b are fornmed slits 27a, and between the
proj ect i ghe directions (45° to the transmission axes) in which the slits 6 themselves extend. ~This

15 correction angle may be any angle in the range from about 3° to about 15°. In particular, as
will be understood from the analysis results shown in Fig. 17, the deviations of the inclination
direction of most liquid crystal molecules 14 are in the range from about 5° to about 10°,
setting the correction angle in the range from about 5° to about 10° helps obtain better result.
Furthermore, it is also possible to set different correction angles for the slits 6 to suit the

20 tendency of deviations of the inclination direction, for example, by setting different correction
angles within a single slit 6, or by setting different correction angles for different slits 6
formed within a single pixel electrode 4 depending on their location.  Since the slits 6 do not
restrict the inclination direction of the liquid crystal molecules 14, giving the slits 6 a larger

correction angle or making the slits 6 larger by making them wider may lead to uneven



28a and an edge portion of the pixel electrode 26 is fornmed a slit 27b. The
slits 27a extend in the sane directions in which the adjacent projections
28 extend, i.e., in directions 45 to the transparent axes of the polarizers
15 and 16. The parts of the contours of these slits facing the projections
28 run in the sane directions in which-1he slits thensel ves extend, and
thus the 10 slits are each parallelogrammatic in shape. Likewi se, the slit

27b ext eruﬂsmwtaté @drrefsgoﬁdlﬂf‘g pdtacemby Hidieasdn aNs g&%raeeqh&thﬁe RRS beQhadene

contour of the slit 27b facing the projections 28 run parallel to the
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saw oot h- shaped -24 portion of the pixel electrode 26, so that the liquid
crystal resand ambodimengi t Hese, slits 1Biaxeformed in thequxel@lestrede A8, andeojestions 21
directions about 45 to the transparent axes. This nmakes it possible to

ef f i cl@®ntdry/fommed dinthetsecomdrsubsgrave8| i ght that is transmitted through the
liquid crystal layer. Mreover, the auxiliary projections 29a and 29b help
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it can cancel out the influence of the perlpheral portion; for exanple, the
per i pher ah whishttheprojestionsahemselves axteadie- | i ke shape with a pattern consisting
of a series of small arcs joined together. Through experinents, it was
foundls hat, assithsugly dnhe ofi@pixet decshbivana Figr 3t ke this ddosodirherdthas $h ithé figd
the projections, the fourth enbodinent offered about 8 % hi gher
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1.08). their linear portions extend in directions 45° to the transmission axes of the polarizers 15 and

16. In a substantially middle portion of a pixel, a projection 20a extending from the adjacent
pixel on one side bends at 90° and then extends back to that adjacent pixel, and, in corner
20  portions of the pixel, a projection 20b extending from the adjacent pixel on the other side runs
paraliel to the projection 20a, which is bent at a right angle. The contours of the projections
20 are formed with a deviation of about 5° from the directions in which they themselves
extend so that the projections 20 are increasingly narrow from edge portions of the pixel

electrode to a middle portion thereof. Specifically, the projection 20a is increasingly narrow




Next, a fifth enbodi nent of the invention will be described with reference
to Fig. 6. The structure of this enbodinent is the sane as that of the
first enmbodi nent except in the shape of the pixel electrode including the
slits formed therein. Accordingly, in the follow ng description, such

el ements as are found also in the firstigenbodi nent are identified with the
20 sane reference nunerals, and their explanations will not be repeated.
Fig. 6 i Vi i ' i I 1.onshy
betneon (1o B eage hyilioR P FHP Pk UraledaRl ieCpenillcl A behP pAioy el B
Here, slits 31 are.forned in . the .pixel. el ectr.ode an Qj ecti.gns 32 are
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over a plurality of pixels, and their |inear - 25 ortions extend in
direct i orﬁEfP&BdI?‘Haf?hEthrPSH&ﬁ- s&itothe gtheg hand, t?*P‘FePer?Fﬁ?‘} 2% dn gaghof qwe giffegent e e
fromthe direction normal to the second substrate 8. In a substantially

m ddl e popttions théreaf, piresdes the ppiv¢leclertoode328 wmxtwadédgg portoms hhereaf] andnis

pi xel on one side bends at 90 and then extends back to that adjacent pixel,
and, in ¢ereRingBonirrengron ohbedpe yeitionaoward thetdther andbis shaxinerwdbsinaglyf wide t he
adj acent pixel on the other side runs parallel to the |linear portions of

the proj gl RAIfwion B pHER] ERcHEIY 1898nviard | Ifike ﬁﬁgéseof tht pﬁ%&ti@l&?ﬁ?&e"\@ﬁ% the
ﬁ there are forne

proj ections 32 cross the pixel electrode 30, auxilrary

i i hat . b h_qff..the. i i d d al
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el ectrode 30 close to the slit 31b, 10 there is fornmed an auxiliar
proj ect | Of¢ FRVentipRal cDTAJBEHPN A$12Pes jOe designed Hwh thpdligmd qrstyl m&%iwt pe

i nfluence of the electric fields acting on the liquid crystal nolecules 14
f r om edgevgoudlly inclinedin diteetignsédsP tethectansissi@0axm of theqroldrizersddjanddift  pi xel s.
Bet ween the projections 32a and 32b are forned slits 3la, and between the

proj egd i on 32a13R¢l pRBesCHB&e RRE 5'(@&&;19& dheroed ¥R! pivdletdcirede 180thi® droforafda
slit 31b. The slits 31la extend 15 in the sane directions in which the

adj acent 0] I b - (oo I% } r ent
axesof (Ranefir/ D% 215 thoanch off the ool 2) BRF end obe'edd RUABRIGET, |
facing th rgjections,32.ryn in the sanme directions. i ich the slit
thenmel vt BisTrelrodi ie. didcalPne M odeE pORHD o st Piselidicriofe JF aeda e i Shape.
Li kewi se, the slit 31b extends parallel to the adjacent projection 32a, and
t he part shese iy fsmed anquxiligry pregection 2181 bTheseiangiliene pisiestiens 2 bhand321tpbelpun
parallel to the directions in which the slit 31b itself extends. In this
enbodi memeduck theainfleericp o itlad elpairit fiells attinghen theXejuidtrysthl mdiecdes 14 freneedgee
formed pin holes 34 in order to reduce the influence of edge portions of

the pisxelpogtions of gdpi@Deleitrédecantlifipm the@dpsénmbpixeR! ecul es 14. The pin hol es
are each square in shape, and are fornmed in pairs of two between the slits

31 and the pr@eReldnQRS prfedioRE 0AaeI0bRRE EstneBQits' 193, Hd BeGed € projection
20a and an edge portion of the pixel electrode 18 is formed a slit 19b. The slits 20a extend
in the same directions in which the adjacent projections 20 extend, i.e., in directions 45° to the
transparent axes of the polarizers 15 and 16. The parts of the contours of these slits 19a

20 facing the projections 20 run in the same directions in which the slits 19a themselves extend,
and thus the slits 19a are each parallelogrammatic in shape. Likewise, the slit 19b extends
parallel to the adjacent projection 20a, and the parts of the contour of the slit 19b facing the
projections run parallel to the directions in which the slit 19b itself extends.

When an electric field appears between the pixel electrode 4 and the transparent



-26 electrode 30. These pin holes 34 are fornmed at the sane tinme that the
slits 31 are fornmed in the pixel electrode 30, and are forned, |like the
slits 31, by renoving parts of the pixel electrode 30 by a process such as
|'i t hography. The pin holes 34 disturb the directions of electric fields,
and thus cancel out and thereby alleviat®-the influence of edge portions of
the 5 pixel electrode 30 and the |ike. Wen the liquid crystal nolecules 14

are incl gRegodd 11 B 15 kiOfudd cHisfal flolles 13€aré McliHEM FEthethotiBentel @Fdctibie
fields acting on the liquid crystal nolecules 14 fromthe adjacent pixels

and from i {.xef ectrode. 30 | levi by<d he,pi n
hol es 34 e@e?xgﬁ' h@gdf@gﬁ??‘fé‘kwg%ﬁ%o{“ gllg @%lérfeqt ‘r%‘eé)‘f‘%%ﬂﬁgd t@?’gg%‘gﬁe’rr% eg)u}hgs 14
within the pixel electrode 30 are 10 inclined. in directjons about 45 to the
t r anspar rjeciions 20 uyder thekiaduence nidhe slestricofields fromethe) adiagent pixels, since the
transm ssion light that is transmtted through the liquid crystal |ayer.
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i nfluence on the liquid crystal nolecules 14 in edge portions of the pixel
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shape so long as they can cancel out the influence of the peripheral
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shape nmay be nodified as necessary. Through experinents, it was found that,
assum ngldyee Sdoroverndhd humikary qprojebidonsi 2lkahandof 14 helpsiedie thedinflbence on the
projections, 20 the fifth enbodi mnent offered about 7 % hi gher
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fifth enbodiment / transmssivity observed in'the first enbodi nent ~ 1.07).

Next , sixth enbodi nent, of the inventi illo be, descri.bed with. reference
to i Shifhetn BERARETR b ecr e BBDAA Rt ¢t Bne BTG Mo FhGR
first enbodi ment except in the -27 shapes of the slits and the

proj ect i d#rections obths kg crystal melecplss |1AwiHun Hhespixelpandothus belph aleaste ynevegs
are found also in the first enbodinent are identified with the sane

ref erencdisplayer al s, and their explanations will not be repeated. Fig. 7 is
a plan view schematically showi ng the positional relationship between the

pi xel el ectr odg tkin dmbbdinengjpaat oot dontdubeoHths ipxdjbctil adiane Béviate b abslti t S
36 are forned in the pixel electrode 35, and projections 37 are forned on

36 | trode 35, and ns 3
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the transm sgi on axes of the polarizers 15 and 16 as seen
15 extend. This correction angle may be any angle in the range from about 3° to about 15°. In

particular, as will be understood from the analysis results shown in Fig. 12, the deviations of
the inclination direction of most liquid crystal molecules 14 are in the range from about 5° to
about 10°, and therefore setting the correction angle in the range from about 5° to about 10°
helps obtain better result. Furthermore, it is also possible to set different correction angles
20 for the projections 20 to suit the tendency of deviations of the inclination direction, for
example, by setting different correction angles within a single projection 20, or by setting
different correction angles for different projections 20 formed within a single pixel electrode
18 depending on their location. Since the projections 20, as opposed to the slits, restrict the

inclination direction of the liquid crystal molecules 14, making the projections 20 wider does



fromthe direction normal to the second substrate 8. In a substantially

m ddl e portion of a 10 pixel, a projection 37a extending fromthe adjacent
pi xel on one side bends at 90 and then extends back to that adjacent pixel,
and, in corner portions of the pixel, a projection 37b extending fromthe
adj acent pixel on the other side runs paggallel to the |linear portions of
the projection 37a, which is bent at a right angle. Reference nuneral 39

hi ch is be , ference nu |
ot aRerironR BB B HheRE b, & e OB o IR BRI o7
o el o S D 98t S 1 s LRGBS R PUYBE b1 IRl e erasREOpt

el ectrode 35, there are forned auxiliary projections 38a that branch off

t he proj dwlingigsthg poniaursok thenproiecbons asdgdhgescend pmbedimenteregiliad| inabeust 12dde
35, and, along an edge portion of the pixel electrode 35 close to the slit
36b, 20 thighee transthssinityl than éckiningathe gomoguas tof ahe 38ts. asThve ke dwsti érmlsydyment
proj ections 38a and 38b hel p reduce the influence of the electric fields
acting oqridthidsivityl Bbseryatial thBe86nd embadinien M tBMGIRisRNLy | SHRSrved ik NRe Wirste!
el ectrode 35 and fromthe adjacent pixels. Between the projections 37a and
37b are f L 6a, and between the projection 37a and an edge
portion 8?1'55?1&1%{' xgl812 | ectrode 35 is fornmed a slit 36b. The slits 36a
extend -28 i he.sane . directiqns .in which the adjacent projectians 37
extend, i.e., IlT"‘Ff*d‘i Ehggtem!?ﬁémlﬁ“ Pgﬂleﬁé"?’}t‘é’ﬂs"ﬁlalrt@n‘ies With ?f%‘JeB‘Eﬂ @%}&e‘}-s 15
and 16. The parts of the contours of these slits facing the projections 37
run in t#he thianembndinaenti dhes slitp afhihe Hinshembpdiment laearpeady i cembiaaton andh theus
the slits are each parallelogrammatic in shape. Likew se, the slit 36b

ext ends pasjedtionb of thetsheond eathodomert. phogtheartrespects,rfthe stnduterd tinaembodinehhie
contour of the slit 36b facing the projections 37 run parallel to the

di rectg Omige sdindMid EHAt bheheSidst eBBdiidene! fAQKIRRE . inRBE THBNGR e & iion A fich
represents second slits that are narrower than the slits 3% and ‘that are

formed fr ré | f. t X L r d 1 dd ortion
t her eof . © ee%gsg%o%[g %P?{glsﬁdnétﬁg f]?%r%el%?%lﬁ)@gﬁélqqgﬁd%glﬁ%%\éﬁghdf%c r[ﬂ% }segeégﬂ%a
projections 39. The, second projectio 39 and the 1Q second. slits 40 are
formed i R“B'ﬁﬁ?%,angﬁhe"éF’@q?fHﬁ%%W@LPﬁgéﬁ f‘fpﬁétegr 0 lgcg’ i‘%ﬁsp(i%"iv§Wd“§‘ﬁ’é‘a%‘faﬁV s 36
and between the projections 37 and corner portions of the pixel electrode
35, wi t h showingdhqprsitignak rglagignship: hetaigem thenixsh elepsods anddhe proiestians inthe third
second projections 39. The second projections 39 and the second slits 40

ar e | ocatadodmeant.e dderepdlits i28nare dorméxk ipithee pixel eleturadbe23and prajsctions rXddaree
the influence of edge portions of the pixel electrode 35 on the inclination

15 dirsectiommied oafthé bezohd siibsttate8yst al nol ecul es 14. Accordingly, the second
projections 39 and the second slits 40 do not extend up to a mddle portion

o ke B ! aiepisdengy e Eabomc RS RUGRLSHB 2L
acting one Elpeeselci)xﬂluérgb& i%gﬁt{il Sggéiﬁgalllfy?&ellﬁojfegt?onﬂst Caré %r%lce?lr};[l zigzags to extend
over a plurality of pixels, and their substantially linear portions extend in directions 45° to the
transmission axes of the polarizers 15 and 16. A projection 24a bends at a right angle in a
20 middle portion of the pixel electrode, and a projection 24b runs parallel to the projection 24a
in corner portions of the pixel electrode 22. The parts of the contours of the projections 24
facing the slits 23 are formed with a deviation of about 5° from the directions in which the

projections 24 themselves extend. Thus, the projections 24 are increasingly narrow from

edge portions of the pixel electrode 22 to a middle portion thereof.




pi xel s and from edge portions of the pixel electrode 30 is alleviated by
the second projections 20 39 and the second slits 40, so that the liquid
crystal nolecules 14 within the pixel electrode 35 are inclined in
directions about 45 to the transparent axes. This makes it possible to
efficiently use the transmssion light.ghat is transmtted through the
liquid crystal Iayer Mor eover, the auxiliary projections 3 8a and 3 8b

hel p further t fal C umd [0 [ es l14.in
edge portions R%?elil gglfeqri 23?&@??%?8@ ﬁl 81%8%5;/5‘@(@%&“@‘ tggheﬁ{ol‘%??ﬂst he
di fference between the actual and i 5 to the transnjssion axes)

i ncl i nat i?dn20di $Xdend alaae sose I?@”Fqn(ﬁLﬁfdt?‘E rR}’é‘ﬁaﬂ lectiode A% @ad fg}eyﬁnﬁﬁlnﬁnlel‘?é Bbxel ,
and thus hel ps alleviate uneven display. The sizes and shapes of the second
proj ect i gepresents anlawuxidiacyoprdjestion formad along ap edge pastien ofithe pitell electrodey] Saalese
formed may be nodified as necessary so |long as they can cancel out the

i nf 1 uenceo alie tlite23ber Mhbwr alxilpey tprojectihstdse 4adxaxsb kdipetdurdahe hfluedaaoPiie,

t he second projections and the second slits may be forned in different

si zes.s5 Tm&HﬁhﬁﬁﬁP%ﬁilﬁ?%hsthe'ﬂqu‘{\@%ryfs%)d{'rlﬂolte&ﬁés 18P dige LRHGARNE fenslidli ons
for the w dths of the Slits and the projections, the sixth enbodi nent

of fered %P%HB? JH%@ “ﬁlﬁmé’%l%“ ty than the first enbodiment 10

(transm ssivi serve h enbodi ment / transm ssi vi ty observed
in the first Next seventhe odi ment of

1.07) t he
i nvention wil Fﬁ['géﬂﬁf cPf H@dhw#tqmméfra% ¥e thy samp shape pp dhes plits 6 ofythe dirsty i s
enbodi ment is the sane as that of the first enbodi nent except in the shapes
of the slembodiment.t hepegifispldn tthe plits 2A@cosafonged as forrunialonigghe oiddig between the
description, such 15 elenents as are found also in the first enbodi nent are
i dent i fi guojettidns 2he Between eiecpoiuctomu2a Alds24badne forridrslies2Baaand bengemihel
not be repeated. Fig. 8 is a plan view schematically show ng the positional

rel atjnshb; Qcthﬁtm%ﬂd hi&d g ﬁeﬁho@bﬁﬁ& bRdEelddtfbden? iPFRMeE hisRNSY. N Thi eht%%ent h
enbodi nent.” Here, slits are formed in the pixel electrode 41, and

Proj ecti gps eithed’s Jsogonsgen%npiljﬁﬁerliﬁctgg%l HRR"; ﬁt\shl &l%e ﬁJ n? rp?cég&ongai 43

are fornmed i n Zzi gzags over a p1 Xe rtions

extend in |rect| ns 45 the tra Si axes of the p arl ers 15 and
T6 2o sedH AT FPATISLLER SHRHST b SE ﬂga ¢ B prabiond o dresorie win &
substantially mddle portion of a pixel, a projection 43a extending from
t he adj aclkmiatign sfeboy °dfrem gherdirdstionisin athichGhesidls 2h dhemsglvemeiserdack t o t hat
adj acent pixel, and, in corner portions of the pixel, a projection 43b

-30 ext endi Ng Wheniht higuRidirggeNinoRiciel 191rd Melifddniarthe Ihdﬂzdﬂﬂﬂsmﬁéaﬁ@}l le@én {f0
the linear portions of the
15  the liquid crystal molecules 14 are inclined in directions, for example, 95° to the projections
24 and the slits 23 under the influence of the electric fields from the adjacent pixels, the liquid
crystal molecules 14 are eventually inclined in directions about 45° to the transmission axes.
This makes it possible to efficiently use the transmission light that is transmitted through the
liquid crystal layer. Moreover, the auxiliary projections 25a and 25b help reduce the
20 influence on the liquid crystal molecules 14 in edge portions of the pixel electrode 22. This
helps make uniform the difference between the actual and ideal (45° to the transmission axes)
inclination directions of the liquid crystal molecules 14 within the pixel, and thus helps

alleviate uneven display.

The correction angle for parts of the contours of the slits 23 and the projections 24



projection 43a, which is bent at a right angle. Reference nuneral 44
represents second projections that are narrower than the projections 43 and
that extend in the sane direction in which the adjacent projections 43
extend. The second projections 44 are formed near edge 5 portions of the

pi xel el ectrode 41. Between the projeci2pns 43a and 43b are forned slits
42a, and between the proj ection 43a and an edge portion of the pixel

el ectrode 41 0 T, ot ten

i ot o B¢ Y SRR P oy ol o SHBuF 0B ASRISLICH RN SRe e o
45 to the transparent axes of the polarizers 15 and 16. The parts of the
cont our s ceireqtipp aagle|in the magy figm abouts to pbeus dO7 Belps gain hstterresle Jpgeover,
directions in which the slits thensel ves extend, and thus the slits are
each subsyadjustigd the padels|of kieoslies2Bearidcthe Pprajbaijons 24,i ikBwWosgblettb allaliate uAdian
extends parallel to the adjacent projection 43a, and the parts of the
contour Q@fsplae Thfdugﬂzé(pgﬁﬁlbﬁlg ithﬁasof(ﬁinﬁ%hprh%sﬁﬁ Fé YRe @%@lcloﬁhltﬁ)ﬁ? tﬁ})"lethe

directions inh which the slit 42b itself extends f erence nunera

repre n C r h 2 d t are
formea rPormEatate it Bnd B e SR TPt Fihmio, ofted 2B 9P ﬁ 8B%1 i on
thereof The second sl for d par al, I eI to the adjacent second
proj ecti 6’&&5"4‘&5“’%3‘ e%srsﬁ’la pﬁfﬂa odispens A Eans st phsesiee oh dhesfidceapdimgnt /
fornmed in pairs, and are fornmed between the projections 44 and the slits 45
and betmé@mﬁmH%WbM6F@@FdGdbeﬁsﬁamboﬁﬁﬁhbw16@§t|ons of the pixel electrode
41, with the second slits 45 | ocated between the projections 43 and the
second 20 pr oNext,iadosrtd 4mbaitienenf of the iseatiod will b dedcribed With acfdrenbetcsEigofhd
slit 45 form ng each pair extends toward a m ddle portion of the pixel

el ectr odgnd ktruaiiek ¥hifedbodimen HARS szﬁﬁe ab ttl%lrt rf])?ttl‘i‘e'S fifst Qﬁi‘be&‘ﬁmdﬂf’"eﬁcebp i 7R
next along a peripheral portion of the pixel el ectro e . I\/breover t he

ends of Ui eSEeRnd eﬁéc‘?x‘f)s:lle e AR RGNS s A el 5o PR PRk ©

to edge po 5 One I'Xe are perpe

directions in which t -31 e cond oj ectiqQns 44 t he
second slIfICEIPHEN, UG | “é%a%%rﬁrfx‘@'@ggs%b‘? fe}l oﬁ"s?t S‘T’b&h@ebﬁ g dent é@fi r"b‘gbth&l so
as to reduce the influence of edge portions of the pixel electrode 41 on

t he i ncl israe ireferense pemeiglss angd theiseexplagatians ovillgtoabe weneated! eEig1 4 is Aqbay dewigl v,
t he second projections 44 and the second slits 45 do not extend up to a

m ddl e poechenmtically tshewpigx éie postienal rrelieodship \Weeweenhehel pixel dlectrpdé adnd the
nol ecules 14 are inclined in the horizontal direction, the influence of the

el ectri ¢ prdjgdtibns ¥ the oudh dniddirhéhd] dHerfey SK3|278e Q‘Sﬁﬂéﬂsmjtﬂe bheMefebgodddpgicent
pi xel s and from edge portlons of the pixel electrode 41 is alleviated by

t he sgcoqg?gfog c‘?i%ﬁé e:k?n n \ tﬂ@se%%ﬁ@E\.Fosﬁ el 45, so that the liquid

cryst es 1 e pl xe rode 41 10 are inclined in
directions ab t 45 t0 t qpﬁg rent. axes. Thl? ﬁg I t $ g Ie to
efficiently usdCtMYIeErU %'Si 819G Grt'eaga Vs 2 i tPEXP JGFIT Lipgar
liquid crystal |ayer.
portions extend in directions 45° to the transmission axes of the polarizers 15 and 16 as seen
from the direction normal to the second substrate 8. In a substantially middle portion of a
pixel, a projection 28a extending from the adjacent pixel on one side bends at 90° and then
20 extends back to that adjacent pixel, and, in corner portions of the pixel, a projection 28b
extending from the adjacent pixel on the other side runs parallel to the linear portions of the
projection 28a, which is bent at a right angle.

At the places where the projections 28 cross the pixel electrode 26, there are formed

auxiliary projections 29a that branch off the projections 28 and extend along edge portions of



The sizes and shapes of the second projections and the second slits and the
positions in which they are forned may be nodified as necessary so | ong as
t hey can cancel out the influence of the peripheral portion of the pixel

el ectrode. For exanple, the second 1 S projections and the second slits may
be fornmed in the sane size, or the ends2»f the second projections and the
second slits nmay be nade parallel to edge portions of the pixel electrode.

Next. an.ei . . . - . : _
et er enciliy AREHEREIE PR, fing gifed ol ERRIIUT o kel WFocBEE Dl B W 8 270,
projectigns of .the,third. enbodinent e ed in.conbination.with e.second
Do ect 1 e dniriRd sBebBHEROPIETE Bhe IRGE RNBONPRRTOTDA% A eRihdp
respects, the structure of this enbodinent is the same as that of the first
enbodi nefeducashsingpensepf theelegide figlds sahingonthsdiquist srystal malegules dfdionsedge ar e
found also in the first enbodinent are identified with the sane reference
numer al s poetivos Phdierpiesk pleetredei 26rand irdnh theaidjaloent piystsat ed. Fig. 9 is a plan

vi ew schematically showi ng the positional relationship between the pixel

el ectrinde and Bepwednlthé Bfjéctibhs 28h drdde28d Hodmrakei 278Nind tétiveen theiprgedibnand
second -32 slits 51 are forned in the pixel electrode 46 and projections

48 and segg 'élgcé% ?g&f@)&ﬁ&? o?ﬁlegﬂifelfei)erc%ﬂe 96 is ﬂ%né&&%ﬂpzﬁq?bsl‘}{ s $7a eKind

proj ections a rmed 1n Zigzags to extend over a plurality of pixels,
and their,_substantially.linear portions extend in directions 45 tqg th

t ransni s3f BIf SARELIgeLqns en ngcgrﬂi"fz)@bgceﬁt RESIEGHANSI4S, expendy b el ‘E?ﬁ“ﬁ@a“bé?lg? at
aright angle in a mddle portion of the pixel electrode 46, and a

proj ect i ¢ransigient @kes ¢fthepplefizers 16 mad pitoj dbeiperis aBthej qontourmef theser dlitofasingf
the pi xel electrode 46. The parts of the contours of the projections 48
faci ng t hie projeiction28an iif then®le dirtdtions dewhixhitheslng thameelve Sextémiraiidthus the
directions in which the projections 48 thensel ves extend. Thus, the

proj end | QR 48 AL phANEIBgAMMHIY RAIHapY fIIREWREIMe ABE bi76Nkitddlis kel ¥the
el ectrode 46 10 to a mddl e portion thereof. Reference nuneral 49a

et end aBRGU s Bertred 67 R MR 0P eBRER of st 878 TR e P GetoRate.
49b represents_an auxjliary. projection _for al gng an edge portion of the
pi xel el &B8 pasatel 3o theicirepians i w@cgmqﬁlﬁﬁb ltsrgffd odeii | ary projections 49a
and 49b help the influence of the 15 electric fields acting on the |liquid
crystal nol gcdnébismntfqdbmrédga)eﬁchqmbn@rti@fl afhibe mised| elestrode ?Z’édé ﬂnsmechétg fir om
t he adj acent pixels. The slits 47 are so formed as to run along the mddle

bet ween tshetqotlojlapt iso it 4l inBatvveasf ddge pprtope of thensixel &lecaode 28 wnathe liwid med
slits 47a, and between the projection 48a and an edge portion of the pixel

el ect rpderykfal infoléd¥Ed i8 aBdvidted BYP beihBRasdelddSout dmdhe difRIéR EdgO pasiony Ihe
extend parallel to the directions in"which the adjacent projections 48

crLenc | RohR, P60 A FPIIGHE? R igh O LY Al ks hom e
adjacent pixels on the liquid crystal molecules 14 within the pixel electrode 26. The
sawtoéth-shaped portion is most effectively formed at places where the influence from the
adjacent pixels and from edge portions of the pixel electrode 26 is great, preferably in edge

20 portions located between the projections 28 and the slits 27 and in edge portions along the
longer sides of the pixel electrode 26.
When the liquid crystal molecules 14 are inclined in the horizontal direction, the

influence of the electric fields acting on the liquid crystal molecules 14 from the adjacent

pixels and from edge portions of the pixel electrode 26 is alleviated by the sawtooth-shaped



5 fromthe directions in which the slits 47 thensel ves extend. Reference
nunmeral 50 represents second projections that are narrower than the
projections 48 and that extend in the sane direction in which the adjacent
proj ections 48 - 33 extend. Reference nuneral 51 represents second slits
that are narrower than the slits 47 and4-hat run parallel to the adjacent
second projections 50. The second projections 50 and the second slits 51
are for i L Sy fy@r edae ' hg: i X .
ol cct r odBorfh HE Dixch Mool 28! BE AARE EACCRAR! Ry SRR ginel s 47
and betwegen the, projectiops 5.48.and, ed orner portions of e pixel.

ol et r odEeREOIAR ATd HIRE FErY R AOHOTSC O A HATPRIET AFY ndd Mool

hori zontal direction, the influence of the electric fields acting on the
liquid cpyssitd¢ toreffieicotly usel theftramsmissiondightthahis fpansalittecathdorighche Bagid cpestali ons
of the pixel electrode 46 is alleviated by the second projections 50 and
the secofdyets| iNI6redier, tHeraagiiary p@yetions 29alahdeaobt efp tirtHer eatiuee the ihflgsiee on
electric fields, the 10 liquid crystal nolecules 14 are inclined in

di rects O M ErysARoRRuled 141R dEOPAINO BE1ADiRLIdcRBISE! ST helpltndk aui d

crystal nolecules 14 are eventuallTy inclined in directions about 45 to the
transm ssign axes....Thi s kes 1t possihl. fficiently use the .. .

tr anem S SPORE IERLGE Vet APERCA el L4 piste sl S gD incinggiop
Furthernore, the auxiliary projections 49a and 49b alleviate the influence
of edge gueetionnof gre ligwed priystal melesules ddavithén the pixed, andgthng helpy slleyiate umeven

nol ecul es 14. This hel ps make uniformthe difference between the actual and

i deal (44isplayt he transm ssion axes) inclination directions of the liquid
crystal nolecules 14 within the pixel, and thus hel ps alleviate uneven

di splay. The quenRapheAl b& of Qhe PRkl SleBroddBaf VRt AYES tRE skdpe!tfarftd and
the projections fg ir)ray blgd}gny oang?g in teheoranag fr%m ag%fjto 3 tso IJngoalljt 15

In pardi r ing r i in.t 0 . .5 to
about 1o SHefisth bt A°lshisnt, G dafich \R (BEShRucsDe ik HHECrpRALE or o,
the slits 47 and the ,projections 48,. it is possible tg alleviate.uneven

i St ay. SKETRIE S AroRR A ROt ERY DEERa e ORE PupeaEh & peteih SuRiRE o0 1
reference to Fig. 10. The structure of this enbodinment is the sanme_as that
of the fiseréas gl aremioinedctegethern (Theough ezperynenindt vas doundsthaty assuming the
projections. Accordingly, in the follow ng description, such elenments as

ar e foundamk sonditiortsHer fhievatthe i dod shitndndahe progestibnd, itkel fomirth rentblodinsemteffered
ref erence nunerals, and their explanations will not be repeated. Fig. 10 is

a pl an ViaByutSg be hitphe€ eahdmiSdivity Btint he fRaSérhbcanaknt! @lanéhiesisiy BbRevedeRNthE he
pi xel el ectrode and the projections in the
15 fourth embodiment / transmissivity observed in the first embodiment = 1.08).
Next, a fifth embodiment of the invention will be described with reference to Fig. 6.
The structure of this embodiment is the same as that of the first embodiment except in the
shape of the pixel electrode including the slits formed therein. Accordingly, in the following
description, such elements as are found also in the first embodiment are identified with the
20 same reference numerals, and their explanations will not be repeated. Fig. 6 is a plan view
schematically showing the positional relationship between the pixel electrode and the
projections in the fifth embodiment. Here, slits 31 are formed in the pixel electrode 30, and

projections 32 are formed on the second substrate 8.

The projections 32 are formed in zigzags over a plurality of pixels, and their linear



5 ninth enbodinent. Here, slits 53 are formed in the pixel electrode 52,
and projections 54 are forned on the second substrate 8. The projections 54
are formed in zigzags over a plurality of pixels, and their |inear portions
extend in directions 45 to the transm ssion axes of the polarizers 15 and
16 as seen fromthe direction normal top§he second substrate 8. In a
substantially niddle portion of a 10 pixel, a projection 54a extending from
t he adj ac i X on,.0 at .90 an

ad) acent P aﬂsag? e g FPTaRh A5 BPe Frafimigod Ages st PoTTD} LAt b 35 g
extendin romthe adjacent pixel on the other side runs parallel to the

| i near gtom thediertiompospadjte dhe sasomdisubsitatech ils barbstaptially midgi pertigh of 2
Reference nuneral SS represents auxiliary projections that branch off the
proj ect i @bl MprajedtibaRa exterdidg #onh thedadirentopiréladn pay SidlOBerfs 4t [90° hhd fthexel

el ectrode 52. The auxiliary projections 55 hel p reduce the influence of the
electric i u r

por t1 ons “orh Ao i ?@3%%*25“6%2*‘% #OR pRRIGEE R Pl WEPLEHED 28
the projec ns .54a .and,. 54b ar g slits 5 ween the

broj e SHRSRE SRR R e B E e B thef odsTrugy Punlilito ARIESF pbrtBas pEtres
slit 53b The slits 53a ext end 20 in the sane directions in which the

adj acent PEoiestionsRaiehi ighisdbep#i@ night angle.i n directions 45 to the t ranspar ent
axes of the polarizers 15 and 16. The parts of the contours of these slits
faci ng the pr djtabe plapss BHeretheprjactionhsd? swose thti pinetdlestrode 30yhershare fiegnedi t s
themsel ves extend, and thus the slits are each parallelogramatic in shape.
Li kew se,aukltterysﬂrbjecﬁcata 3%t dsaneBIoff the lprdjectione 32dhdeLeihd ploAg eddd wuttiddkaf and
the parts of the contour of the slit 53b facing the projections 54 -35

run par a'th@fnxél%léc’fl‘%déjw k! 285 AdediRipohidnUE 1R | 15(el5e3&tﬂoﬁ§ 8b Elo Hg§ht Mgen
Rt

the liquid crystal nol ecuPes 114 ar |ncI|ne orlzonta I rection,

11 B 158 S in B F D) Brnit oo SRR @ﬁiy b S R

52 is alleviated by t he aUX|I|ary 5 projections 55. Thus, the liquid
crystal refuse theasflencgiof Hherelegteic Sields lacingen thedrugberyptal molegelani 4 Jrophedgened
in directions about 45 to the transm ssion axes. This makes it possible to
ef fi ci entploytians of theeixet elestnddesiCoand|fiaginthetadmcentpitetsansni tt ed t hr ough t he
liquid crystal |ayer. Moreover, it is possible to make uniformthe

di fference betBypetentthe pasjédtidhs 32dland¥2bl aré 46rnted slibyes3 ltal anibbetweérothe dxsjSdtion
inclination directions of the liquid crystal nolecules 14 within the pixel,

10 and t honqRy aﬁ%!éé‘é’ff)&}h@n R eneepixélichtraie 30 Neformsd hishf Yltpr Ollh%c‘s‘htsoﬂ% extend®Y
be forned, instea around a per| pher al port| on of the pi xel

o1 ol |51 qn el efiors ESHondh raismEariioto S piend By i BlsblighasEie e p
reduce the influence of the peri heral portion of the pixel electrode 52.
transparent axes of the polarlzers 15 and 16. The parts of the contours of these slits facing
the projections 32 run in the same directions in which the slits themselves extend, and thus the
slits are each parallelogrammatic in shape. Likewise, the slit 31b extends parallel to the
adjacent projection 32a, and the parts of the contour of the slit 31b facing the projections 32
20  run parallel to the directions in which the slit 31b itself extends.
In this embodiment, in a peripheral portion of the pixel electrode 30, there are formed
pin holes 34 in order to reduce the influence of edge portions of the pixel electrode 30 on the

liquid crystal molecules 14. The pin holes are each square in shape, and are formed in pairs

of two between the slits 31 and the projections 32 along a peripheral portion of the pixel



15 Next, a tenth enbodi nent of the invention will be descried with
reference to the drawi ngs. The structure of this enbodi nent resenbl es that
of the fourth enbodi ment, and therefore, in the follow ng description, such
el ements as are found also in the fourth enbodinent are identified with the
sanme reference nunerals. In this enbodipgnt, the sawt ooth-shaped portion of
the pixel electrode 4 is fornmed in discrete edge portions thereof. 20

Mor eover, | psul &t g fi ' W ' :

ol cotr oasiGgpdt 381, PhispGinl IEE SPRASIALR (B} AR, gk R E31 IR, Rked in

el ectrode, 4 over| aps .t signal .lines.3. Fig. LS a plan view of the

i ret unts PREClstlRs AT Brdlare mrbed, ik ts in gty ¥, ArBiilupsrine e geh
is a sectional view taken along |ine B-B' shown in Fig. 11, and Fig. 13 is
a di agr arlestRderdPityad pyocssfosmich @s tlitkogranhyt i dmemin heles \iﬁge‘hsﬁlﬂ?ethﬂdjff@é@?so@%
and the slits of the pixel electrode. -36 Reference nuneral 60 represents
auxi | i ar ylectipafi¢ldgand thusemncad dat hndthsrebyhileviatzrtbe influenct aft edgh postams of ithee
that the scanning lines 2 are formed. The scanning lines 2 and the

auxi | isar pixehplagttddrBOaandltkekkeode | ines 60 are laid parallel to each other
and at substantially equal intervals on the first substrate 1. Reference

nuer o ©1 1 CRURSPHIE IS UGAnSHEBYLE T SeL e 80 PRl HhexsgeR e
o L ol R DR ST TRl

perpendicularly to the scanning lines 2. The areas surrounded by the

scanni ng Pieheaidxrem gdge pokipanaf the pivekelgcteaders Odp pladgen by the mﬂéwés Ré|of theor
each pixel, there is fornmed a pixel electrode 4, which is formed of |1TO or

| ZO 10 (ipwetl whectrode 30xsadthpt thatliquivk ciystab medesulesrigl wWithinghe pixet electiode B atel nes
2 and the signal lines 3, there are formed TFTs 5 as switching devices. In

this pabagdlimeatin difestidndabcit 455 tdihe a§firemk biest WIhisi HlRk it pdigiBledo effideRBCh
pi xel electrode 4 is connected to two TFTs 5. Thus, in the fabrication

process, I ne: TR . tive, . Lxel el rode 4 can
be oper atugé ﬁ‘géytlr%/\r}ggl?sg%o-ﬁt 1@?%2&#&1@% %‘g@ﬁedﬁ% ﬁguelé ngns qu )r%'re(r)'ve ogﬁoé/ ?rd .th315
Ref erence nyneral .62 represents a first protective filmthat, cgovers the

si gnal | i3H&d1asy grojeqtiqas Perang Sibnbelp dPEheEeduss, e ’éﬂue@er@bﬁl&gﬂ‘t“é‘ gvgelcond
protective filmlaid on top of the first protective film®62. The pixel

el ect r odasolacudese 14 dn radge qportians off thehpixeleeloettbdsr 3. e CEliis delips | mal@3unifam the
exanpl e, the second protective film63 my be given a flat surface so as to

act as a diffathc@ebgedn thehcthltaad iddal (B8P Yo tHelifankinlsSion k&Y @edlin¥Gor dikétxidRs Y
be formed as an 20 inorganic insulating filmand the second protective film

63 as1an (AL GAR Erys@APMbRENIBI 1S it QM Ofhd by dilgidyp 62 and
63, there ar (lflg?’kn@d %%%l![l g%t h'g{ﬁelé[ %@Qianﬂlg(}rn?? lt(l)éri;ﬁs)s a?‘l%g%%g#lb‘\é%rérlé gg}?)ndi ng to
the drain el ectrodes of the TETs. 5. and, through these contagt holes 64,
the pixel el egﬁquag}oﬁesgﬁdn@%gegﬁ)rﬂeﬂ lgldélgt&hﬂe@a%? AR aP?/S%g(?ﬂge%St ed
together. On the gate insulation filme6l, there are fornmed insular .

el ect r odeley ?ﬂiltcaé‘ﬁfng} the,infuence s dhe perinhsral portipp gf4he pixel electsqde; thah sy the
capaci tance electrode lines 60. These insular electrodes are fornmed of the
sane mat gwimbler afpindrolastand sheweshaperman de mnalifi¢dyasaiecessarys  Throligh ekpeiments, it

el ectrodes are electrically connected, through the contact holes 64 forned
t hrough twes found fagtasaimivg thegadieScdnditivhsl fér3the twidthk of fliexstits #ldeti rppsieciohs,so
that the insulating electrodes and the auxiliary 5 capacitance el ectrode
lines>0 the G EbeIIRRHE B8t dbodf ¥ %ARBRdrt ARGiésViG2han Rhe Flrst &H8&diment
portions of the pixel electrodes 4, as observed fromthe direction nornal
i gnal, 11 (aasrsTh BbSerked R bt Bt BeBishSe R BARNIG bt iR T AR AT
of slits, ich wll he described |ater. Fig. 12 schematically shows the
state in odfmeth~di%Wtric field is present between the pixel electrode 4
and the 10 transparent electrode 11. Next, the shapes of the slits 68 and
t he projecti of¥ext7a pipth ¢rabadiment of thoomvartinn will be gescrbadcowith seferenge 1 Big. 1.3,
the projections 67 are indicated by broken |lines. Wthin each pixel, there
ar e f or metheastpicturaof this embedimept shthp semprasjtbattdfahe fiesT ,emboidmient except in the




extend, as observed fromthe direction normal to the second substrate 8
within the pixel, in 15 directions at about 45 to the signal lines 3. In
this enbodiment, at a substantially mddle portion of a pixel, a projection
67a extending fromthe adjacent pixel on one side bends at 90 and then
extends back to that adjacent pixel, an2ll-in corner portions of the pixel,
projections 67b extending fromthe adjacent pixel on the other side run

paral | el shapek hsF fhee sy aPlihd PRfectiond. NEARIORIIBEY] AN tIR7 FollodiheE NMebdtiphish! sdh 2
right angle. In this enbodinment, the projections 67 are 20 fornmed in

zi gzags V, | o) carh Gl var, S 0ssi bl e
Fo T or m CRETHERE AR Blnd aBbith 3t By Lrn bl art. iachBre WY Ble " ReftRRR

pi xel , as observe rom the direction normal .to_the .secqnd substrate 8,

D T Es 63 e Ad AnCir SHSEHEM Pl Pet Boreaeaid cvBity Tig Tt MW 3FhadEacH
projections 67, and the slits 68 run parallel to the projections 67

adj acent shewsingttbe pppitionaltrglationghips betgvegndhe ipixel eleggogy apdethe projecggny imthien
directions 45 to the transm ssion axes of the polarizers 19 and 20, and
accor di ngixyh pbodimeht. g Hedle, Glitst6adre farived uh &= tixel blecirodd 3 5)add iprojédtiens 8ie ade
inclination directions, specifically in directions 45 to the transm ssion

axes. | n fohed RO sUcoRMtubsiriie 8slits 68 and the projections 67 are arranged
substantially symetrically with respect to the axis that is 5 parallel to

t he scanning I . t Hﬁh@ hy. i . i.gdl.e.. j.on
of the pixel g;hg?t?cr)%gg&?ﬁ? hzﬁhlfé e %cr))d% l%l%? ,OQF'?I%%%(@QS’C%! dﬁ%?lgeaglqv&ﬁflﬁ% %dé
auxi liary capacitance el e,ctrogbe It'bne 60).. .Thi s E(&rg;ts four areas with

di f f er entPOTtRISiextend dhdigections fonto the tiapwnission peesGfyhs Belarigaredeipad 16 2s senpe
arranged evenly within each pixel. In the parts of a peripheral portion of
t he pi xelfroan ¢het dicwtiont npimaal do tthesdcnid sahrstreted¥.  dd gesubStaptiallyi midkiloportibe ofaxel
electrode 4 is great owng to their location relative to the slits 68 and

the prooj eitel 0N profettioh ¢4 exdfiding FHoNE theSANERAT Pix8NAPEE 8¢ beiisat 90° hhdthehhe
i nfluence of edge portions is cancelled out and thereby alleviated anong

di fferent ' wWhed Lt Ry - rtion 65.. T
peri pher 5%966%?? !‘léown%sgﬁg%%%%egk é’lmseg %ngil’c IS% %S}é}%gﬁég{oﬁg%?ﬁg? Efgﬁ%ea SFolgghgn hﬁb
electricfiel.dsi%Pro t he adjacent pixels d there reducethejnfly&gce
on 1 S tfXtending; “&?%Fs? cepppixe! Angthe paheg;siag;tng paralisl te thetingar parions;of fheq.
14 is an enlarged view of a principal portion of an edge portion where
sawt oot h pstiegian Py twhiels isbentra 4 oightdnglendRefergncd Buinerah 3 Serdpegsgutsl so¢aads of
a principal portion showing the positional rel ationship between the edge
portion, pnfjections hieat acarhaomiver shiwaphe ppgedtionn 37 @hd eae ettefidrittitheansie tirection in
projections 67. Figs. 14 and 15 are enlarged views of the sane portion, 20
Wi th the viHich getddpiesntSrofeblidnsed dxferfdl 9 Thd 4edodd PrBctidns B9SFe ¥ nidHaRRr &
positional relationship between the edge portion of the pixel electrodes 4
and the .ogtﬂﬂso'fit}{%%b?el Rif,d¥4sh the projections 67 shown in Fig. 15 to nmake
it easy to grasp e positional relationship between the edge portion of
t he pixel electrodes 4 and the proj.ectjons 67. l.n.an edge _portion, .where
the Angl e bet vaIaRe BireEfBergths pEIGGHREs 52 Piet fischiiel etions aScietscas dhime
which the slit 68

auxiliary projections 38a that branch off the projections 37 and extend along edge portions of

the pixel electrode 35, and, along an edge portion of the pixel electrode 35 close to the slit 36b,

20 there is formed an auxiliary projection 38b. These auxiliary projections 38a and 38b help

reduce the influence of the electric fields acting on the liquid crystal molecules 14 from edge
portions of the pixel electrode 35 and from the adjacent pixels.

Between the projections 37a and 37b are formed slits 36a, and between the projection

37a and an edge portion of the pixel electrode 35 is formed a slit 36b. The slits 36a extend



-39 approaching it extends is about 45, the edge portion greatly influences
the liquid crystal nolecules that are inclined by being restricted by the
slit 68. This causes the inclination directions of the liquid crystal
nol ecules 14 to deviate greatly fromtheir ideal inclination directions. In
this enbodi ment, of all the edge portioze-|ocated between the slits 68 and
the 5 projections 67, those | ocated where (areas C 1 ) the angle between an
edge of t Lxels - . ' 21 ] '  ch. t [ t4<6
appr oaghit"ﬁgleﬁ?fgﬁrtgﬁﬁég GG %ﬂgﬁ%ﬁ%ﬁfk?ﬁé%f?n%’%engg&?b@tﬂﬁﬁggéﬂﬁé f 3%;2 fi ons
, an ose | ocate ere .(areas angl e_het ween an_ edge .0 e
pi xel el S@PRIERET A% t@?aolafléf‘éﬁ?@ﬁ%ﬁ; wiFe maghef i qon@sl%fpﬁ%%cwm@cmg
extends is about 135 are forned into |inear portions. Through experinents,
it was féamprofotienssk/ rowimihe game direetions prowhichitke fliththemselses axtondnas thus te
|nfluenc¢.of edge portions is great into a sgmﬁooth shape resulted in |ess
uneven disksl &y eactd paraliclogramenasiat instapé.orlyikewisp)| the slie36btextdnds phailsl fgthel |
t he edge portions of the pixel electrode 4 along its longer sides into a
lsan 06t h 23388 projBRion 3R ORIdthe PARE BF BR donfid$ of theddlie 366 HESL RIpRb¥ciRingng the
onger sides of the pixel electrode 4. In this enbodinent,”there I's forned
) e . . ol
ol cct r ocdth PogEr B B ekl Pokcn B S sl TsBlt Hodids” R Eoreloe WO Y 16y
the pixel, the edge portions of the pixel electrode 4 overlap the sigpal
lines 3, rWrF%?“ESrﬁ?g $lt thaf care inepreweh than thg 3 lan?éraBM% %rﬁéP‘%EFéit &/é’é‘n‘? EEven
when the pixel electrode 4 is insulated fromthe signal lines 3 with the
pr ot ect i wertians of tieopiselelertrode B5tthwand & middle ppatonghereete Thiese¢ond| st 4bare 4
and the signal lines 3 is small, the voltages 20 applied to the signal
lines 3 domeddcparalizl tdehepadisdent beond guisjectionar3d. t Mae Geenndasjebidnse3nardthe
signal lines 3 and the pixel electrode 4 act as capacitors. This causes

vari atg ORe@indtsh 40%ré AR pAIR, BhdK Bl fEINREBBWEndhe BRIecHBHS S5 andMBY Sfiks 36
di splay. To avoid such inconveniences, the protective filnms 62 and 63 are

made t hi " J . [: he.nixel
of cot r oadid ERTEE HicBRedr R BatoRAddERicRS PRSI IARLESE WP uliskng
t hi cknessegs -40 of the protective filns 62 and 63, and thi es it
oss btk 40 @dnberrel Bk roigsions o Bt e checend, BERIoBt 95 FAbe desidn
reasons, the overlaps between the siqnal | ines 3 and the Eéxel el ectrode 4
are indi Ppeipetions 9 amhihe segonsedisn 4@ arejlpcateronaar adge prapensfithepiret ¢lecteidgal
lines 3 and the pixel electrode 4 as seen fromthe direction normal to the
second subsisrtatred®e the linflylehcd ofiledgd hortiogh of Hespixejagisctrddeadi ong theoinkhnation
contrast and ot her problens. Accordingly, no gap should be |left between the

si gnajs | igiestichsdf thellR@iddérysthl MbREGIEO UL 4AE0Rdingll, theSecond Dadjedtione39 andiind t he
pi xel el ectrode 4, when forned, are patterned in deviated positions

relative (t0,{9af 49d3or ekighd hflca IEREOPorii6H bE APy QELARR 337 € | ndi spensabl e
the present | a

as margins. According to vention, "a ong the | onger sides
of the pixel %Eé:l{[ {hoedl?qué}d ch?alor\ﬁgfeLI?lgss lQegrgqgcqined in the horizontal direction, the

influence of the electric fields acting on the liquid crystal molecules 14 from the adjacent
pixels and from edge portions of the pixel electrode 30 is alleviated by the second projections
20 39 and the second slits 40, so that the liquid crystal molecules 14 within the pixel electrode 35
are inclined in directions about 45° to the transparent axes. This makes it possible to
efficiently use the transmission light that is transmitted through the liquid crystal layer.
Moreover, the auxiliary projections 38a and 38b help further reduce the influence on the

liquid crystal molecules 14 in edge portions of the pixel electrode 35. This helps make



10 the pixel electrode 4 and the signal lines 3 are given a constant w dth
so as to mnimze the overlaps and thereby alleviate uneven display. As
shown in Fig. 14, the parts of the contours of the signal lines 3

overl apping the pixels electrode 4 are kept at a constant distance from
edge portions of the pixel electrode 4.290hus, at places where the edge
portions are saw ooth shaped (the areas Cl), the signal lines 3 have a

saw oot h- C { (the
arcas C2) %“?ﬁtﬁw St tiduedlfhe ST frd BEA3ST nt*%e ?%ﬂ‘"?ﬂf?t D lshftop ] 3
possi bl e { the pi.xel el ectrode r.ger an reb ncyease the
aperture drrattrqslsraﬁtheeh%lql exyistad rrwéecu%é\}éﬁw ig Hrea@txr §6|rp§ aliewdatg uneyen

pi xel electrode 4. On the second substrate 8, there are formed auxiliary
proj ecti elimplag6 i n positions corresponding to the sawt oot h-shaped portions
65 of the pixel electrode 4. The auxiliary 20 projections 66 are formed of
the sane mat erihakizanghdashapércofahesecondpropstibmeandrtae eeohd Blits Grd thepdsifiaiein i n
their portions corresponding to the saw oot h-shaped portions 65, a width

equal 40 yificH teyire hidkd! MGy %egﬂ%htfbﬁ r&@%e@es@éryoé?ﬁﬁ{ geﬂ theP Thi REncd] GEE tHeON

normal to the second substrate : hi s enbodi nen the samtooth shaped
portions I C | 4 a to
bach ot nettoette Wy P phiBtCrdlof) at 5 B BiiRRaE SRS, sRhURE, T AEAM

-41 given saw oot h-shaped portions 65 are fornmed together with the

auxi | i ar Projpgjons apd Hhe wEond shispaynbs t%mf«'% n Hefesentes7sth- SHapet cxRsFiments ites
adj acent thereto. As observed in the section shown in Fig. 12, the

i ncl i nat iveas fdundethat, @ssinofig theesameoeanditiony argthe modtbs of the slits anglsthe ipeajeadiobs; t he
edge portions of the pixel electrode 4 are opposite to the inclination 5
di recti onge @it BRbbdithent offeiedt fout Tl BChigher frdnshisdivitycthad thy firkteerpbodimendr y
projections 66. Mreover, the inclination directions of the liquid crystal
mol ecyd eg tralésnﬂmng bBse @ Mthd ISl AUk O Frafinistifit) BBSerdi@ inliRd ’ﬁr§than
those owng to thé edge portions, fromthe inclination directions of the

l'iquid cr%g 8 es 14 restricted by the slits 68 close to the edge
portions ﬁ%egPhEQQEX|I|ary projections 66 are forned to face the

saw oot h- shaped portlo by restrictin th, the | iar

oroj octi ons 68 RECYRED: Had Bt rledpreﬁenarlﬁibﬁgerqraaﬁ ér@r@%fepe it es
14 | ocated on the second substrate 8 side, it is possible to further reduce
t he i nf | Uehecrugturedfythipembodimenbis thpsape aelthaslofdhe o embodimene ex¢egtinithe
crystal nolecules 14. Wien the liquid crystal nolecules 14 are inclined in
the hori zShm;teanfdiheentitsi and thé@rojadtionenchcoidiaglge ipakd felisving debe@ippion.ebuch
electrode 4 on the liquid crystal nolecules 14 is 15 alleviated by the

sawt 094 h-eidpadied aP arel foBN@ afkd A the MRsPénieddimb@Cire Qdéntidica it AR e tefé@bite
proj ections 66. Thus, the liquid crystal nol ecul es 14 within the pixel

el ectrodg, 4,.an¢ aﬂM%%P@HM At156 MR ok B eﬂ Lieafeli © . 3bQut r? vie, %]Jﬂl%matlcally

transm ssi on axes es It ossr to effIcient use

transm ssion.light that .is,transm,tted t u he i cryst al a

Vo oover oping e nosdiBhe' RidicREp &ﬁr‘rtsprrF DT el eipte, At g‘tﬁ b BomL o o
and i deal (45 to 20 the transm ssion axes) inclination directions of the

li qui d crspsendh embedimgntes Here.lityAZnare rf@“"tﬁd%é the pixel elemdrodp ¢ 1 aandanrpigetionsddven

display. It is to be understood that the present invention nmay be carried
out i n araye firmed on the second substrate 8.

20 The projections 43 are formed in zigzags over a plurality of pixels, and their linear
portions extend in directions 45° to the transmission axes of the polarizers 15 and 16 as seen
from the direction normal to the second substrate 8. In a substantially middle portion of a
pixel, a projection 43a extending from the adjacent pixel on one side bends at 90° and then

extends back to that adjacent pixel, and, in corner portions of the pixel, a projection 43b



manner, within the scope of the invention, than specifically described
above as the tenth enbodi nent. For exanple, the edge portions of the pixel
el ectrodes and the contours of the -42 signal lines may be formed into
any non-linear shape, for exanple a wave-|ike shape, instead of into a
sawm oot h shape as specifically describeghin the above enbodi nent. The edge
portions of the pixel electrodes may be forned into a sawt ooth shape al

along th re. S ¢es_ 1. e e r e Si I
e ar S ABEfg 85 sdiREhERkel ok Wler S und BANL U ot bBRISOPIR ¢ e
edge portians. The present . invention is effective also in cases where the
o1 e "ol CEDPGIREe* fho LN Gy BPTESR  HEM AOBIS) | RElsisgce PHTGTRLiH: HBESETE,Sekap ng
a constant interval between the pixel electrodes and the signal lines, it

i s possi Preedtiong thas wrepasravpps tharmftﬁm erriections 4 and that exterd isthejsampalireridon iar
those fromthe signal lines. By alleviating the influence on the pixel

el ect r odeshidiDtheradiaceiteprajeguicals 43i exeend. | The Seqdgirbjeetidng 4dbdra fornuedt near sdge
display result with | ess uneven display. Industrial applicability Liquid

crysta  Qofiindvf Rkt eledesr4li ng to the present invention can be used in
15 vari ous apparatuses provided with a display, such as portable term nals

and | 2 9E_ o SERuL SUOMORAIPEIL e e iR by LS G811

di spl ay devi ce conpris iTs avi ng pl xe or med

thereon in a matrix-1ike farmatiqgn, copd subst.rate havi

tr anspar de iaf B epERoR Sp oEte Rk alssirods 3F 5 RrBt Bolf 2 o' P Baeusidone
of the first and second substrates; slits forned in the other of the first
and seconathesamedineetionsdn whichdhe adjacenpprejections 43eextend; et inahiesctions 4pire the
films laid on the first and second substrates individually and subjected to

10 verti Gansparéng ARENGS fhe PolafiRes ;15and 18. | Mheipdrts 6F SHeddontoayLsf thesdits MRhg
between the first and second substrates and having negative dielectric

const gt t?{%{?&%{i@%ﬁ% Gl Osﬁlihﬁ?‘f?%tgdé?Lif??}“yc?lsth?ﬁlté‘ﬁleﬂs&g@se%%%?{1}1 glgla:che when

el ectric ppl'tedt stal Tayer, ver
oD o e e OB P oI ISR, "R B S
glr (r)jegf ;[ i)o,pgfﬁllﬁ%g hgla}%%ﬁ p?'(l)jiecttlsona4r3%, Iu? trlrllt?:dpaitlsJ %ﬂl?enécin?olulr ¥)f Ft)ﬁaer sellilt |4%L fgcgng the
projections 43 run parallel to the directions in which the slit 42b itself extends.
Reference numeral 45 represents second slits that are narrower than the slits 42 and
15 that are formed from edge portions of the pixel electrode 41 toward a middle portion thereof.
The second slits 45 are formed parallel to the adjacent second projections 44. The second
projections 44 and the second slits 45 are formed in pairs, and are formed between the
projections 44 and the slits 45 and between the projections 43 and corner portions of the pixel
electrode 41, with the second slits 45 located between the projections 43 and the second
20 projections 44. One of the second projection 44 and the second slit 45 forming each pair
extends toward a middle portion of the pixel electrode 41, and which of them does so
alternates from one pair to the next along a peripheral portion of the pixel electrode 41.

Moreover, the ends of the second projections 44 and the second slits 45 are not parallel to

edge portions of the pixel electrode 41, but are perpendicular to the directions in which they



proj ections extend, and parts of contours of the slits facing the
projections are forned in directions deviated by a correction angle from
directions in which the slits thenselves extend. 20 2. A liquid crystal

di splay. device conprising: a first substrate having pixel electrodes
formed thereon in a matrix-like fornmati®n, a second substrate having a
transparent el ectrode fornmed thereon; strip-like projections fornmed on one

of the fi an 3 - | & ' . he
first and<andonihe SEORF pRIGRDRLLESnd the dbthril ke BreTREunbdlBagt itfofl of
alignment, fil | ai n the first and second.substrates individuall d
Subf ect edhs BEEeedtsde 4 b df o ridibs B RARTRS SR EcmsTorTototbE ol dRords
sandwi ched between the first and second substrates and having negative

di el ect r 98 @gria¢lation dirsgiions pf  the jligyidy crysiak meleciiss dd| dicopedingly.afhe geeend
when no electric field is applied to the liquid crystal |ayer, vertically
and, whermprejactinecdr and fheededonds slitpEiSi éal not exthied bip doi dl middie tpmirtidmmpfthe pinela
direction to which the liquid crystal nolecules are restricted by the slits
and t e pleeiredé 4bns, 10 wherein the slits are formed substantially parall el
to directions in which the projections extend, and parts of contours of the

proj ections f%ﬁhé}?tﬁehﬁ%ﬂg ic(ﬁfstzﬁrrﬂofe%lg?qﬂ th&l{?ﬁaiiﬂqﬁe dRYi8hGH dﬁé(cti%n the

correction angl e 1rom rections In e projections t ensel ves

extend. 15:3. A Liguid cry | _di splay device copprising: firgt substrate
avi g piRLfense af b HERF ¥iEI e Pa el Tathe FryBBl Biatceol L ot Bl SpoBHE ong
substrate, having a transparent el ectrode forned thereon; strip-like .

proj ect i @Hse?& YidnkEem ssoprrtigns efife pixel elegtrdedd ds ablevdated by thessecord projectiensned
in the other of the first and second substrates so as to correspond to the
20 pr oj eddiandghe seconghsisd S, fso Itheg thediqghidorystabmblecles dhwithiciba pixel blectradteed

i ndividually and subjected to vertical alignnment treatnment; and a |liquid
cryste) lagy eficlinad i difkedoreibueenst e fhe rtﬁa{nsﬁd?%s%@ndTﬁidbﬁhkét RSpRsidlen@vi ng

negative dielectric constant ani sotropy, -
efficiently use the transmission light that is transmitted through the liquid crystal layer.

The sizes and shapes of the second projections and the second slits and the positions in
which they are formed may be modified as necessary so long as they can cancel out the
influence of the peripheral portion of the pixel electrode. For example, the second

15 projections and the second slits may be formed in the same size, or the ends of the second
projections and the second slits may be made parallel to edge portions of the pixel electrode.

Next, an eighth embodiment of the invention will be described with reference to Fig. 9.

In this embodiment, the shapes of the slits and the projections of the third embodiment are

used in combination with the second projections and the second slits of the sixth embodiment.

20 In 6ther respects, the structure of this embodiment is the same as that of the first embodiment.

Accordingly, in the following description, such elements as are found also in the first

embodiment are identified with the same reference numerals, and their explanations will not

be repeated. Fig. 9 is a plan view schematically showing the positional relationship between

the pixel electrode and the projections in the eighth embodiment. Here, slits 47 and second



liquid crystal nol ecul es being aligned, when no electric field is applied
to the liquid crystal layer, vertically and, when an electric field is
applied to the liquid crystal layer, in a direction to which the liquid
crystal nolecules are restricted by the slit and the projection, wherein
the slits are forned substantially paradel to directions in which the 5
projections extend, parts of contours of the slits facing the projections

are for [ j j ' | Lo ' g

i rect ] ont ok FEfed MU EHoRY 16 ald pechhd SEORBABICHIR 20 are

t he projectians &acin& t he sI%ts are formed in directions deviated by a
second cdoPFEEORS e%ﬁ‘f& %Sufbrc’%?ﬁet he directions in which the projections

t hensel ves extend. 10, 4. A liguid crystal display device as clainmed in
clai m 3, wher dihg Piqiestions 48 argfgrmed invagzags Feextenshoven gindusality of piyglss andstheig
liquid crystal display device conprising: 15 a first substrate having pixel
el ect r odasbstantiakyllihdae penions extendrixt directibnk45°ftothatramsmissiorsaxes vfiths pokirizatk e
having a transparent el ectrode formed thereon; strip-like projections

formeds onsong 187 WhRofekdisH 4@%@@wﬁgtﬁ%@feriata%idd&' o X tHE Pixeelbdtfndat er

of the first and second substrates so as To correspond to the projections;
20 alignnent fil l.aid,on the fifr nd _second,substrates i.ndi vi dual.l y and
sub; ectodtr 4 b et Rnne erdibEle ARRORERIC 43 TR TPt o Gy
sandw ched be n fhe first and second substrates and havi ng negative

di el ectr iefeceeﬁarsmﬁémltm%t%b? CONtPYFg;0 (tj*&erBf§ieﬁTlo‘F?o‘i§s?Q§P’@stﬁ5é§“ﬁg‘7aﬂrF drrawd
when no electric field is applied to the Iiquid - 46 crystal |ayer,

verti cal withendgviatioe of abous |58 fitomi the fdiredtibns $n wpishithelptogectibes 48 theainseleesyextent!.
| ayer, in a direction to which the liquid crystal nolecules are restricted

by the slfhisané pidRtiBALIS el iBEteasiMPy BhPow iffdnE 8GR ﬁ&ﬁéds%ﬁh@%ixélh&ed?}d&@%
el ectrodes, there is provided alleviating neans for alleviating an

i nfl u?cqogfnaaagggllr@ﬁttﬁérgotﬂ eld that acts on the liquid crystal nolecul es

fromb5 the edge ons. 6. Aliquid crystal display device as clained in
claim5, wheregjn, as the alleviating nmeans, sawt.ooth-shaped rtions.are
formed | n t he REHIEACRAPMEEH $o8 FeRTpRenBiaREN 1A Bl tasthaiianch off feqiplicanyst al
di splay device as clained in claim5, wherein, as the alleviating neans, at
| east edd® Hrextendsalong edge mogqgnseqfetb@ Piepd leptiedg 46, and reference numeral 49b

represents an auxiliary projection formed along an edge portion of the pixel electrode 46 close
to the slit 47b. These auxiliary projections 49a and 49b help the influence of the
15 electric fields acting on the liquid crystal molecules 14 from edge portions of the pixel
electrode 46 and from the adjacent pixels.
The slits 47 are so formed as to run along the middle between the projections 48.
Between the projections 48a and 48b are formed slits 47a, and between the projection 48a and
an edge portion of the pixel electrode 46 is formed a slit 47b. The slits 47 are formed so as
20 to extend parallel to the directions in which the adjacent projections 48 extend, and the parts
of the contours of the slits 47 facing the projections 48 are formed with a deviation of about
5° from the directions in which the slits 47 themselves extend.
Reference numeral 50 represents second projections that are narrower than the

projections 48 and that extend in the same direction in which the adjacent projections 48



| onger sides thereof are forned in a sawmtooth shape. 1 S 8. Aliquid
crystal display device as clained in claim5, wherein, as the alleviating
nmeans, a plurality of pin holes are formed in the edge portions of the

pi xel electrodes. 9. Aliquid crystal display device as clained in claimb5,
20 wherein, as the alleviating neans, s¥eond slits are forned in the edge
portions of the pixel electrodes. 10. A liquid crystal display device as

clai med igfiefid 2 RaferenddIfiRbRI 5 PRepdientdlsb@nt alitsHat B Rsrow& GRAFHE slifs4 72dng
formed in the edge portions of the -47 pixel electrodes, and second

proj ecti he .s d t rr o] t he
Cecond srip4th BaaTeIBng s PO OERUEI PR BediR BBIEBRRAEY abef tieo
t he second sabftr te, Hbei g. substar&ti al | ar al IS:I to.the second slits

adj acent SE4P8F SIS Unfede nRRYFeANd AL fO neapedgsRartiensofdhe pixe! plegiapde

el ectrodes. 5 11. Aliquid crystal display device as clainmed in claimb§,
wher ei n, 4smorsespetificallyabetveert the projaetions 48tanditheslge déand betwsen theeprojentgons
alleviating neans is |ocated between the projections and the slits. 10 12.
A i quf d48rayd edde cbrnqgrpaytichs\of o paeel eleetrodedd.n cl aim 5, wherein the slits
are formed substantially parallel to directions in which the projections

extend, and paphch Me QARG UWYstal GholeBfles 1k ate liRQINRE ihNbe MoALGRA! RSctBHE the

formed in directions deviated by a correction angle fromdirections in

which th i e V2 ten 5 |1 aui [ |, di.splay. deyice
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to directions i.n which the projectjons extend,, apnd.paris of contours of the
proj ecti @H?P%@S&F@nﬁﬁ%e B‘PTPPEg %flrtge PEF 8°tf9ﬁ’%<fi%rléé FVdts fibémeéﬁé‘?i‘d'difolfeﬁ%{ls .
correction angle fromthe directions in which the projections thenselves
extend. P8 andthe sgeond Bty St alMdfegperagvenaf; underdbe mifluenasdfithose plecisic fidlds, the 1,
2, 3, and 5, wherein the slits are fornmed in the pixel electrodes, and the
proj epd i diqgidedrestdlanseechled14 b if€led dn ditb&iond lother than®®° to the projections 48 and

the slits 47, the liquid crystal molecules 14 are eventually inclined in directions about 45° to
the transmission axes. This makes it possible to efficiently use the transmission light that is
transmitted through the liquid crystal layer. Furthermore, the auxiliary projections 49a and
49 alleviate the influence of edge portions of the pixel electrode 46 on the liquid crystal
15 molecules 14. This helps make uniform the difference between the actual and ideal (45° to
the transmission axes) inclination directions of the liquid crystal molecules 14 within the pixel,
and thus helps alleviate uneven display.
The correction angle for parts of the contours of the slits 47 and the projections 48
may be any angle in the range from about 3° to about 15°. In particular, setting the
20 correction angle in the range from about 5° to about 10° helps obtain better result. Moreover,
by adjusting the widths of the slits 47 and the projections 48, it is possible to alleviate uneven
display.
Next, a ninth embodiment of the invention will be described with reference to Fig. 10.

The structure of this embodiment is the same as that of the first embodiment except in the



15. A liquid crystal display device as clainmed in one of clains 1, 2, 3,
and 5, wherein the correction angle is set at about 3 to about 15. 5 16. A
liquid crystal display device as clained in one of clains 1, 2, 3, and 5,
wherein the slits are so forned as to be narrower in portions thereof near
edges of the pixel electrodes than in pggtions thereof near centers of the
pi xel electrodes. 17. Aliquid crystal display device as clained in one of
cl ai ns Ln
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conprising: 15 a first polarizes laid on an outside of the first substrate;
and a sedBRgraly|and itheisexplangtions will et by repeated. + Hag.slcis foplam migwy sghematigadlyei n
the first and second polarizers are so arranged that transm ssion axes

t her eof ahewingrtpepdsitiohalrretationshith between thegixehatectrbde andtleEnpmgéctionsii theof
one of the polarizers is at about 45 to the directions in which the slits

extend 2htA 8mbAdiment!/i dH&re yghited3 st $eriny il €hw figel fectrbdé S And Préje@iods S¢hi Ns
1, 2, 3, and 5, further conprising: a first polarizes laid on an outside of

the fi rs?%ﬁﬁég%nrtﬁégécpﬁg%vﬁtr%%qnd polarizes laid on an outside of the

second substrate, erein the first and second polarizers are so

arranged that .transm ssi ax t her eaf are perpendicular. to each other and
That the t1andteqpBHIONs S BF TBHUCCH PEeEs GNEE F BBREIY SRS AT e 1BSe
directions in which the projections extend. 5 20. Aliquid crystal display
devi ce coepidangienignd an flirecsions dbStorthe erahsmissign pkosaif the pelarizadeds fand Abds séear eon
inamtrix-like formation; slits formed in the pixel electrodes; a second
subst r at drdmaiendirettibh anafdrtenhe sdcond aiskerateos. meld 4 fibsrantillySiniddde pbiien of a
projections fornmed on the second substrate so as to correspond to the
slitsjg 1Q:akhi o fi jis i Dsi.r.at

i vl Ty ARTenEr ce cuteptle dorh B, Adifhe 96, GG Hag WHR R R and then
crystal |ayer sandw ghed between the first and second, substrates and havi ng
negat i ve CAIeaNs Badk £ £h3hEtiaRant BiFeLotide iy COMEF POLONS S Ahe Rl apiieon b
outside of the first substrate; and 15.a second pol arizes laid on an

- out si de ektendiagdearn ke adidsent pixel emheroahar sifearuny pareligl 4g itlmlinear portions of the

projection 54a, which is bent at a right angle. Reference numeral 55 represents auxiliary
projections that branch off the projections 54 and that extend along a peripheral portion of the
15 pixel electrode 52. The auxiliary projections 55 help reduce the influence of the electric
fields acting on the liquid crystal molecules 14 from edge portions of the pixel electrode 52

and from the adjacent pixels.
Between the projections 54a and 54b are formed slits 53a, and between the projection
54a and an edge portion of the pixel electrode 52 is formed a slit 53b. The slits 53a extend
20 in the same directions in which the adjacent projections 54 extend, i.e., in directions 45° to the
transparent axes of the polarizers 15 and 16. The parts of the contours of these slits facing
the projections 54 extend in the same directions in which the slits themselves extend, and thus
the slits are each parallelogrammatic in shape. Likewise, the slit 53b extends parallel to the

adjacent projection 54a, and the parts of the contour of the slit 53b facing the projections 54



axi s perpendicular to a transm ssion axis of the first polarizes, liquid
crystal nol ecul es being aligned, when no electric field is applied to the
liquid crystal layer, vertically and, when an electric field is applied to
the liquid crystal layer, in a direction to which the liquid crystal

nol ecul es are restricted by the slits aggl-the projections, 20 wherein parts
of contours of the slits facing the projections are forned in directions

devi at ed ;4,015 BeldrRiheS Fhich O & 598 kicsudyaat are at 45 to the
1.

transparent axis of one of the polarizers. iquid crystal display
devi ce conpri §{,nQa: =50.a finst substrate having .pixel electraodes. fofnmed
thereon in a ﬁg{;% the, liqd #&F%PAHPB‘%?‘B%% iltilsar? d’?%@&gilﬁ tﬁﬁé’oﬁiz%'fﬂ gllr%cilpp’o s; a
second substrate _having a transparent el ectrode forned thereon; strip-1ike
proj ect i oHinenge pf dheopletrie figldscarting (assthe diquids rysial molecyleselkd am the adjpsent
slits; 5 alignment filns laid on the first and second substrates

i ndi vi duaite)s andl fearhj eslge epbrtionsy of tthe pixed | dleprodatS2 icatienaated ty Itheqgaixdliary
crystal |ayer sandw ched between the first and second substrates and havi ng

negat isve pédjedtimb risc abostthstliquid spistdnyoletulés 14 twitlih ahé ugell déddrods 52Nare
outside of the first substrate; and 10 a second polarizes laid on an

tsid : : ' . ARSITL SSI ' . .
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nol ecul es bejn | i gned, when no electric field js applied.to , the |iquid
crystal |t%f§59wgrv§rle%%ct§? |t5¢n%{wa§lomght-&wt & wensmied fhepheh thelipid gaystab lavke
liquid crystal layer, in a direction to which the liquid crystal nolecul es
are rest Mareeverbif it pessibld tosmalredurtifoempthe jdeftdrenme betvidenvthe netual pdritieal ¢45° to
contours of the projections facing the slits are formed in directions

devi at ed thytransafésidiCaxe®Nneingli6n Bir&dtiof 5%91@&8 driRdl nid16cudds HPwiifin thSpixel,
transparent axis of one of the polarizers. 22. Aliquid crystal display

devi cg, ag‘g%@%@%{}%@&'@%‘%@%&?qz1’ 20 wherein the correction angle is set

at about "3 uid crystal display device as clainmed in

one of o131 e e Gt isaions Dot FIS6. BrbaraPPhSGH SRS ks JOrRe '
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electrode 52 is great, so long as the auxiliary projections 55 help reduce the influence of the
peripheral portion of the pixel electrode 52.

15 Next, a tenth embodiment of the invention will be descried with reference to the
drawings. The structure of this embodiment resembles that of the fourth embodiment, and
therefore, in the following description, such elements as are found also in the fourth
embodiment are identified with the same reference numerals. In this embodiment, the
sawtooth-shaped portion of the pixel electrode 4 is formed in discrete edge portions thereof.

20 Moreover, the insulating film between the signal lines 3 and the pixel electrode 4 is doubly
laid, and a peripheral portion of the pixels electrode 4 overlaps the signal lines 3. Fig. 11isa
plan view of the first substrate with the pixel electrode of the tenth embodiment, Fig. 12 is a

sectional view taken along line B-B’ shown in Fig. 11, and Fig. 13 is a diagram schematically

showing the relationship between the projections and the slits of the pixel electrode.



21, wherein auxiliary projections are formed on the second substrate so as
to lie along 5 edge portions of the pixel electrodes. 25. Aliquid crystal
di splay device as clainmed in one of clainms 1, 2, 3, 5, 20, and 21, wherein
auxiliary projections are fornmed on the second substrate so as to lie along
10 edge portions of the pixel electrodess.and the auxiliary projections
extend along 2 / 3 or nore of edge portions of the pixel electrode al ong

| onger sides of . 26, iquid crystal displ devi ce as.cl ai in one
of clains 1, ;{,é?e%;gmg,n E,’ral:ﬁé %Rfesei S\ﬁﬂéﬁig n® H%Sﬁ%}c(?j ﬁﬁéf%ﬁsh%ﬁs’e “g’g‘iq‘rré’& of
a positive mgterjial. 27. i quid crystal display_ device conprising: a
first sutggrt"‘?r@iaéﬂi‘f'a megtinge Hha thy maymas?@e%m rmpdh e sThghteannipg dipeg 2 agd the
signal lines fornmed thereon in a matrix-like formation; 20 sw tching

devi ces fapxiary eapa¢itines skectrpde dingsebQarmlaichparetielntoi eagphl dthersamdnat substastiadiyal
lines; pixel electrodes fornmed in areas surrounded by the scanning |lines

and the siqgaidhtetvatiesn drdfispsutsahard] t RéfBrenserhiaériah g1 depreseats a gatddf®ilddion
substrate arranged face-to-face to the first substrate and havi ng col or

filterss flm3gidfroper iHaetsting AnédS2 b %Vaﬁﬁﬁiﬁﬁn& b&tdnl€ efdbFSde HleS & 0BRS:
and liquid crystal seal ed between the first and second substrates, wherein

at | east . Okt of .the pixel. el ectyodes facing signal |ines
are fornégﬁaé{riltgzllﬁ%?g%g%lglnéi 63???% t@%ﬁf%’ﬁfgn%sf ?’tWélcgiadﬁ ?"?ﬁran%éalggl&%ht he
pi xel electrades are so S_forned to, run glong the edge portions of the
pi xel el & WH’@S?r%‘S.ﬁ‘ﬁc T ‘Eﬁecflgf’iaf}g{“éﬁ Eﬁegﬁ‘ad’g‘?rﬁé@icﬁ’éﬂ&goéhea$%n$ Hnes Zi m
27, wherein a substantially constant interval is kept between the edge
porti ons Tde ar¢ns spirqunded byche sernningnlinesifeansbthe signal binest headi epredspdridiesonal 1
al ong |l onger sides of the pixel electrodes. 10 29. Aliquid crystal display

devi ce apixel.aiFarceacin pidehitherg 1s fovhedei pixeladecrde 4 rdhielpisdofed bOITORF 1BO t O
the first substrate, the edge portions of the pixel electrodes overlap the
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27, wherein the parts of the pixel electrodes forned in zigzags are
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with two signal lines 3, and each pixel electrode 4 is connected to two TFTs 5. Thus, in the
fabrication process, even if one TFT happens to be defective, the pixel electrode 4 can be
operated by way of the other TFT 5. This ensures an improved yield.

15 Reference numeral 62 represents a first protective film that covers the signal lines 3
and the TFTs 5, and reference numeral 63 represents a second protective film laid on top of
the first protective film 62. The pixel electrodes 4 are formed on top of the second
protective film 63. For example, the second protective film 63 may be given a flat surface so
as to act as a flattening film; alternatively, the first protective film 62 may be formed as an

20 inorganic insulating film and the second protective film 63 as an organic insulating film.
Through the two protective films 62 and 63, there are formed contact holes 64 in portions
thereof corresponding to the drain electrodes of the TFTs 5, and, through these contact holes

64, the pixel electrodes 4 and the drain electrodes are electrically connected together. On the

gate insulation film 61, there are formed insular electrodes (not shown) in portions thereof



wherein a plurality of strip-shaped projections are forned on the second
substrate, 20 slits are fornmed in the pixel electrodes so as to be | ocated
substantially parallel to the projections, a liquid crystal |ayer having
negative dielectric constant anisotropy is sandw ched between the first and
second substrates, and as seen froma d8Tection normal to the first
substrate, the parts of the pixel electrodes -53 forned in zigzags are
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device conprising: a first substrate having pixel electrodes forned thereon

in a matrj S.’:Hlé(g‘laft amha%@,t{,ésg}n?%&%”gs fdbs Cér{a?tlfﬁegﬁv' e mstu %S)Z 8§ﬁs are
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substrate, so a to obliquely. cross, rved e} |rect|on normal to
t he secoﬁéchtfﬁ canectedy é'é '{%‘ D['? smta%f OteR ﬁp%fff{ @r%@rtg%go prOfecfiye fayersed
in the pixel electrodes so as to be paraIIeI to the projections adjacent 10
t her et o; 63l inghfdnto the pixel glegtrodest hesof that theaingultiog redectrodes paxt ¢lke auxiliary

i ndi vidually and subjected to vertical alignnment treatnment; and a liquid
crystdal Icayamitamrmladtmdedideem/etegethdsreprbﬂucetauan‘dmeapm'darwehateraah pixebNdEdpavi ng
negative dielectric constant anisotropy, 15 liquid crystal nolecul es being

al i gned, pokieins BPtHRIpREd klebtrbidd! 4l ad Sbseiell rdth the dirB&idn Mivingl BiSHAt subdiae 1,
vertically and, when an el ectric fieldis applied to the liquid crystal’

| ayer, lquhaﬂgf g&gl@gﬁw sBarfihe lInds"P add Y ggn%rﬁ SRk &E&Uéag Plef olef04d £1 &

by the s o] ec ons erei £5h
pi xel eIe trodes ar of i hape, the sawt oot h- shaped
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where the slits approach the edge ortlons at an angle of 90 or less. 33. A
li quid crshewsthegstatg|inywhielyian elestric fieldrie présantchbetveeB the pikedradéctrodend hndathe
projections are forned on the second substrate in positions facing the
sawt obd h-tsinggaeaht plectrodenkl. of t he pi xel el ectrodes. -54 34. Aliquid
crystal display device as claimed in claim32, wherein directions in which
the slits ext et ¢hdstapad ofithe sI8 684AE tIRYrbjebiidns®7 ke RhtHEImMIRIIBREL HADe
described. In Fig. 13, the projections 67 are indicated by broken lines.
Within each pixel, there are formed a plurality of strip-shaped projections 67, which
extend, as observed from the direction normal to the second substrate 8 within the pixel, in
15 directions at about 45° to the signal lines 3. In this embodiment, at a substantially middle
portion of a pixel, a projection 67a extending from the adjacent pixel on one side bends at 90°
and then extends back to that adjacent pixel, and, in corer portions of the pixel, projections
67b extending from the adjacent pixel on the other side run parallel to the linear portions of
the projection 67a, which is bent at a right angle. In this embodiment, the projections 67 are
20 formed in zigzags to extend over a plurality of pixels. It is, however, also possible to form
the projections 67 independently within each pixel.
Within the pixel, as observed from the direction normal to the second substrate 8, slits

68 are formed along the middle between every two mutually adjacent projections 67, and the

slits 68 run parallel to the projections 67 adjacent thereto. Thus, the slits 68 and the



535 Aliquid crystal display device as clainmed in claim32, further
conprising: a first polarizes laid on an outside of the first substrate;
and a second polarizes laid on an outside of the second substrate, wherein
the first and second polarizers are so arranged that transm ssion axes
thereof 10 are perpendicular to each oid®f and that, as observed froma
direction normal to the second substrate, the transm ssion axis of one of

t he pol ar, ‘) 3 o WA=Yok & i i i end.
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part of the projections are bent at right angle w t.hin.pixels. 37. A
PR o ol oyl FrodShinofeuRyib Bp iR i telidralifihaySi girdasions,
21, 31, and 32, wherein the projections have a height of 1.5 ~, mor nore.
20 38. Aspéaifigatly dn yereetiondi4$p tathedeansmissiog axesi nindhis embodinagnt cthaishits 68 and, 3,
5, 20, 21, 27, and 32, wherein an interval between the first and second
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signal lines 3 and the pixel electrode 4 act as capacitors. This causes variation of the voltage
on the pixel electrode 4, and causes uneven display. To avoid such inconveniences, the

protective films 62 and 63 are made thick to secure as great a distance as possible between the

pixel electrode 4 and the signal lines 3. However, there are design limits to the thicknesses
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the present invention, all along the longer sides of the pixel electrode 4, the overlaps between

10 the pixel electrode 4 and the signal lines 3 are given a constant width so as to minimize the
overlaps and thereby alleviate uneven display. As shown in Fig. 14, the parts of the contours
of the signal lines 3 overlapping the pixels electrode 4 are kept at a constant distance from
edge portions of the pixel electrode 4. Thus, at places where the edge portions are sawtooth-
shaped (the areas C1), the signal lines 3 have a sawtooth-shaped contour 3a, and, where the

15 edge portions are linear (the areas C2), the signal lines 3 have a linear contour 3b. In this
way, it is possible to make the pixel electrode 4 larger and thereby increase the aperture ratio
while alleviating uneven display in edge portions of the pixel electrode 4.

On the second substrate 8, there are formed auxiliary projections 66 in positions
corresponding to the sawtooth-shaped portions 65 of the pixel electrode 4. The auxiliary

20 projections 66 are formed of the same material and at the same time as the projections 67, and
have, in their portions corresponding to the sawtooth-shaped portions 65, a width equal to or
larger than the signal lines 3 as observed from the direction normal to the second substrate 8.
In this embodiment, the sawtooth-shaped portions 65 of mutually adjacent pixel electrodes 4

are formed adjacent to each other, and therefore the auxiliary projections 66 corresponding to
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portions.  Since the auxiliary projections 66 are formed to face the sawtooth-shaped portions

10 65, by restricting, with the auxiliary projections 66, the inclination directions of the liquid
crystal molecules 14 located on the second substrate 8 side, it is possible to further reduce the
influence of edge portions of the pixel electrode 4 on the liquid crystal molecules 14.

When the liquid crystal molecules 14 are inclined in the horizontal direction, the
influence of edge portions of the pixel electrode 4 on the liquid crystal molecules 14 is

15 alleviated by the sawtooth-shaped portions 65 of the pixel electrode 4 and the auxiliary
projections 66. Thus, the liquid crystal molecules 14 within the pixel electrode 4 are
eventually inclined in directions about 45° to the transmission axes. This makes it possible
to efficiently use the transmission light that is transmitted through the liquid crystal layer.
Moreover, it is possible to make uniform the difference between the actual and ideal (45° to

20 the transmission axes) inclination directions of the liquid crystal molecules 14 within the pixel,
and thereby alleviate uneven display.

It is to be understood that the present invention may be carried out in any other
manner, within the scope of the invention, than specifically described above as the tenth

embodiment. For example, the edge portions of the pixel electrodes and the contours of the
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electrodes and the signal lines, it is possible to alleviate the influence of electric fields, in

particular those from the signal lines. By alleviating the influence on the pixel electrodes

10  from the signal lines, it is possible to obtain optimum display result with less uneven display.

Industrial applicability
Liquid crystal display devices according to the present invention can be used in
15 various apparatuses provided with a display, such as portable terminals and large-screen

television monitors.
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10%& ()- O Xyz{sﬂi‘ﬂ\@(e projections formed on one of the first and second substrates,
slits formed in the other of the first and second substrates so as to correspond to the
projections;
alignment films laid on the first and second substrates individually and subjected to
10  vertical alignment treatment; and
a liquid crystal layer sandwiched between the first and second substrates and having
negative dielectric constant anisotropy,
liquid crystal molecules being aligned, when no electric field is applied to the liquid
crystal layer, vertically and, when an electric field is applied to the liquid crystal layer, in a
15  direction to which the liquid crystal molecules are restricted by the slits and the projections,
wherein the slits are formed substantially parallel to directions in which the
projections extend, and
parts of contours of the slits facing the projections are formed in directions deviated by
a correction angle from directions in which the slits themselves extend.
20
2. A liquid crystal display device comprising:
a first substrate having pixel electrodes formed thereon in a matrix-like formation;

a second substrate having a transparent electrode formed thereon;

strip-like projections formed on one of the first and second substrates,
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10 5 a liquid crystal layer sandwiched between the first and second substrates and having
negative dielectric constant anisotropy,
liquid crystal molecules being aligned, when no electric field is applied to the liquid
crystal layer, vertically and, when an electric field is applied to the liquid crystal layer, in a
direction to which the liquid crystal molecules are restricted by the slits and the projections,
10 wherein the slits are formed substantially parallel to directions in which the
projections extend, and

parts of contours of the projections facing the slits are formed in directions deviated by

a correction angle from the directions in which the projections themselves extend.

15 3. A liquid crystal display device comprising:

a first substrate having pixel electrodes formed thereon in a matrix-like formation;

a second substrate having a transparent electrode formed thereon;

strip-like projections formed on one of the first and second substrates,

slits formed in the other of the first and second substrates so as to correspond to the
20 projections;

alignment films laid on the first and second substrates individually and subjected to

vertical alignment treatment; and
a liquid crystal layer sandwiched between the first and second substrates and having

negative dielectric constant anisotropy,
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parts of contours of the slits facing the projections are formed in directions deviated by
a first correction angle from directions in which the slits themselves extend, and
parts of contours of the projections facing the slits are formed in directions deviated by
a second correction angle from the directions in which the projections themselves extend.
10
4, A liquid crystal display device as claimed in claim 3,

wherein the first and second correction angles are equal.

5. A liquid crystal display device comprising:
15 a first substrate having pixel electrodes formed thereon in a matrix-like formation;
a second substrate having a transparent electrode formed thereon;
strip-like projections formed on one of the first and second substrates,
slits formed in the other of the first and second substrates so as to correspond to the
projections;
20 alignment films laid on the first and second substrates individually and subjected to
vertical alignment treatment; and
a liquid crystal layer sandwiched between the first and second substrates and having
negative dielectric constant anisotropy,

liquid crystal molecules being aligned, when no electric field is applied to the liquid
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6. A liquid crystal display device as claimed in claim 5,

wherein, as the alleviating means, sawtooth-shaped portions are formed in the edge
portions of the pixel electrodes.
10
7. A liquid crystal display device as claimed in claim 5,
wherein, as the alleviating means, at least edge portions of the pixel electrodes along

longer sides thereof are formed in a sawtooth shape.

15 8. A liquid crystal display device as claimed in claim 5,
wherein, as the alleviating means, a plurality of pin holes are formed in the edge

portions of the pixel electrodes.

9. A liquid crystal display device as claimed in claim §,
20 wherein, as the alleviating means, second slits are formed in the edge portions of the

pixel electrodes.

10. A liquid crystal display device as claimed in claim 5,

wherein, as the alleviating means, second slits are formed in the edge portions of the
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located near the edge portions of the pixel electrodes.

11.  Aliquid crystal display device as claimed in claim 5,
wherein, as seen from a direction normal to the second substrate, the alleviating means

is located between the projections and the slits.

10 12, Aliquid crystal display device as claimed in claim 5,
wherein the slits are formed substantially parallel to directions in which the
projections extend, and
parts of contours of the slits facing the projections are formed in directions deviated by
a correction angle from directions in which the slits themselves extend.
15
13.  Aliquid crystal display device as claimed in claim 5,
wherein the slits are formed substantially parallel to directions in which the
projections extend, and
parts of contours of the projections facing the slits are formed in directions deviated by

20  a correction angle from the directions in which the projections themselves extend.

14.  Aliquid crystal display device as claimed in one of claims 1, 2, 3, and 5,
wherein the slits are formed in the pixel electrodes, and the projections are formed on

the second substrate.
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17 Aliquid crystal display device as claimed in one of claims 1, 2, 3, and 5,
10 wherein the projections are so formed as to be wider in portions thereof near edges of

the pixel electrodes than in portions thereof near centers of the pixel electrodes.

18. A liquid crystal display device as claimed in one of claims 1, 2, 3, and 5,
further comprising:
15 a first polarizer laid on an outside of the first substrate; and
a second polarizer laid on an outside of the second substrate,
wherein the first and second polarizers are so arranged that transmission axes thereof
are perpendicular to each other and that the transmission axis of one of the polarizers is at
about 45° to the directions in which the slits extend.
20
19. A liquid crystal display device as claimed in one of claims 1, 2, 3, and 5,
further comprising: \
a first polarizer laid on an outside of the first substrate; and

a second polarizer laid on an outside of the second substrate,
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5 20.  Aliquid crystal display device comprising:
a first substrate having pixel electrodes formed thereon in a matrix-like formation;
slits formed in the pixel electrodes;
a second substrate having a transparent electrode formed thereon;
strip-like projections formed on the second substrate so as to correspond to the slits;
10 alignment films laid on the first and second substrates individually and subjected to
vertical alignment treatment;
a liquid crystal layer sandwiched between the first and second substrates and having
negative dielectric constant anisotropy;
a first polarizer laid on an outside of the first substrate; and
15 a second polarizer laid on an outside of the second substrate and having a transmission
axis perpendicular to a transmission axis of the first polarizer,
liquid crystal molecules being aligned, when no electric field is applied to the liquid
crystal layer, vertically and, when an electric field is applied to.the liquid crystal layer, in a
direction to which the liquid crystal molecules are restricted by the slits and the projections,
20 wherein parts of contours of the slits facing the projections are formed in directions
deviated by a correction angle from directions that are at 45° to the transparent axis of one of

the polarizers.

21.  Aliquid crystal display device comprising:
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10 a second polarizer laid on an outside of the second substrate and having a transmission
axis perpendicular to a transmission axis of the first polarizer,
liquid crystal molecules being aligned, when no electric field is applied to the liquid
crystal layer, vertically and, when an electric field is applied to the liquid crystal layer, in a
direction to which the liquid crystal molecules are restricted by the slits and the projections,
15 wherein parts of contours of the projections facing the slits are formed in directions
deviated by a correction angle from directions that are at 45° to the transparent axis of one of

the polarizers.

22, Aliquid crystal display device as claimed in claim 20 or 21,

20 wherein the correction angle is set at about 3° to about 15°.

23, A liquid crystal display device as claimed in one of claims 1, 2, 3, 5, 20, and
21

wherein the projections are formed in zigzags so as to extend over a plurality of pixels.
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25. A liquid crystal display device as claimed in one of claims 1, 2, 3, 5, 20, and
21
wherein auxiliary projections are formed on the second substrate so as to lie along

10 edge portions of the pixel electrodes, and the auxiliary projections extend along 2 / 3 or more

of edge portions of the pixel electrode along longer sides thereof.

26. A liquid crystal display device as claimed in one of claims 1, 2, 3, 5, 20, and

21

15 wherein the projections are formed of a positive material.

27.  Aliquid crystal display device comprising:
a first substrate having a plurality of scanning lines and a plurality of signal lines
formed thereon in a matrix-like formation;
20 switching devices formed at intersections between the scanning lines and the signal
lines;
pixel electrodes formed in areas surrounded by the scanning lines and the signal lines
and connected to the switching devices;

a second substrate arranged face-to-face to the first substrate and having color filters
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28.  Aliquid crystal display device as claimed in claim 27,
wherein a substantially constant interval is kept between the edge portions of the pixel
electrodes and the contours of the signal lines all along longer sides of the pixel electrodes.
10
29.  Aliquid crystal display device as claimed in claim 27,
wherein, as seen from a direction normal to the first substrate, the edge portions of the

pixel electrodes overlap the signal lines.

15 30.  Aliquid crystal display device as claimed in claim 27,

wherein the parts of the pixel electrodes formed in zigzags are sawtooth-shaped.

31.  Aliquid crystal display device as claimed in claim 27,
wherein a plurality of strip-shaped projections are formed on the second substrate,
20 slits are formed in the pixel electrodes so as to be located substantially parallel to the
projections,
a liquid crystal layer having negative dielectric constant anisotropy is sandwiched
between the first and second substrates, and

as seen from a direction normal to the first substrate, the parts of the pixel electrodes



10" 109& ()-f 109 ()-Lyz 109 ()- sL 109 ()- $109% ()-LGLOY% ()- 7y4dEbC 10%
VA0Y& ()-# 10%&' ()-! @10%& ()-"YS 10%& ()-, 10%& ()-3%0%& ()-P 7: dEbC 10l 7
109& ()- ,5S 109 ()- 0109%& ()- . 109%& ()-L*@O0% ()-(@10% ()-;1bC 10L g
109& ()-s 109 ()-Lg 109& ()-,, 109 ()- 10 10 10 9109 ()-IrdEbC

10s&10%& ()-3()/&00/&' ()- Lg 109%& ()-s3109@ {)-Lfg 10%& ()-L10%& ()-[ dEbC
10sY. 109& ()-L,, g 109& ()- L* 109& ()-9409%& ()-s#3109%& ()-L 'g 109%& () -

SSSBEQ-"Z?%M%&%%Wé’@%té@%é%fbt@%@é%‘% sl L 100 -

10%& ()- Ff10%& ()-, 10% ()-[ TdEYNC 10 L
10%& () - |10%&'() 10%&'() sl 109& () - LIg 109 ()- " @ 109%&' ()- TKAEYNC 10

| *0A0%: ()- 3. L10%& ( | 109&' ()- ' 109%&' ()-%.109%& ()-9! 109%& ()- ~xnbC
10, 10%& () - 13210 7ol mml@;pla BoROMPLSIAL 109 () - 2GLOY%& () - 2bNdEnbC

a first substrate having pixel electrodes formed thereon in a matrix-like formation;
5 a second substrate having a transparent electrode formed thereon;

strip-like projections formed on the second substrate so as to obliquely cross, as
observed from a direction normal to the second substrate, edge portions of the pixel
electrodes;

slits formed in the pixel electrodes so as to be parallel to the projections adjacent

10 thereto;

alignment films laid on the first and second substrates individually and subjected to
vertical alignment treatment; and

a liquid crystal layer sandwiched between the first and second substrates and having
negative dielectric constant anisotropy,

15 liquid crystal molecules being aligned, when no electric field is applied to the liquid
crystal layer, vertically and, when an electric field is applied to the liquid crystal layer, in a
direction to which the liquid crystal molecules are restricted by the slits and the projections,

wherein parts of edge portions of the pixel electrodes are formed in a sawtooth shape,

and the sawtooth-shaped portions are located between the projections and the slits, at places

20  where the slits approach the edge portions at an angle of 90° or less.

33.  Aliquid crystal display device as claimed in claim 32,
wherein auxiliary projections are formed on the second substrate in positions facing

the sawtooth-shaped portions of the pixel electrodes.
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wherein the first and second polarizers are so arranged that transmission axes thereof
10 are perpendicular to each other and that, as observed from a direction normal to the second
substrate, the transmission axis of one of the polarizer is at about 45° to the direction in which

the slits extend.

36.  Aliquid crystal display device as claimed in claim 32,

15 wherein part of the projections are bent at a right angle within pixels.

37.  Aliquid crystal display device as claimed in one of claims 1, 2, 3, 5, 20, 21, 31,
and 32,
wherein the projections have a height of 1.5 pm or more.
20
38. A liquid crystal display device as claimed in one of claims 1, 2, 3, 5, 20, 21, 27,
and 32,

wherein an interval between the first and second substrates is 3.0 um to 3.5 um.



