| I OCT 2004 -1 SPECI FI CATI ON LI QUI D CRYSTAL DI SPLAY DEVI CE 5 Techni cal
field The present invention relates to a wide view angle |iqfi# 032084

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 [|ightweight and consum ng |ow electric
power, and are widely used in appliances ranging fromportable term nals
to |l arge-screen television nonito such liquid crystal

di spl ay devices are TN-type quui§§§F§£ﬁ§bﬁﬁ9§§Iay devi ces, which, as

di spl ay devices, offer high performance and quality. 15 However, TN-type
and other liquid crystal display devices suffer from marked dependence on
vi ewi ng angl e and ot her di sadvantages. For this reason, there have been

pr oposed DIRUIDLRYSAAL DASPHLAYIEWEE | i quid crystal display devices, which
have wi der view angles than TN-type liquid crystal display devices. In a
VA-type liquid crystal display device, liquid crystal having negative

di el ectric constant anisotropy is sandw ched between a 20 pair of gl ass
subst sat qechmtdlFies pi xel el ectrode arranged on one gl ass substrate and a
common el ectrode on the other. Vertical alignnent filns are laid on the

Lwo, ol ass subghe gl At 1AL 0l wiAG\BNY 2608 S {gNGRd N L e soul ot des.

trates In such a
r .to each other. When there is no

the two polarizers ,are perpendjcul

eIectricgphﬁﬂﬁyBé@“E@W”Nﬁ?dg naingach YPES PIXEY qui d crystal nol ecul es are
aligned vertically by 11 OC T 2004 -2- being restricted by the vertical
alignnment films. Thus, linearly polarized transm ssion |ight

of the two glass's

| Background art

10 In general, liquid crystal display devices have the advantages of being slim and
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 aﬁd 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 sandﬁiched between a

20  pair of glass substrates, with a pixel electrpde 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 verticélly by




that has been transmitted through one polarizer is transmtted through the
liquid crystal intact, and is then shielded by the other polariZer.00Oh 200é
ot her hand, when there is an electric field between the two el ectrodes,
the liquid crystal nolecul es between the glass substrates are 5 aligned
hori zontal |y by being inclined perpendi.gul arly to the electric field. Thus,
linearly polarized transmssion |ight that has been transmtted through

one pol agi:zer. .| i . bi ngen as.it is transmtted through
the |1 qurdrersefep SyTes Sdobd adbRpl EREE" e Trishrty olscdt fopumaion ban

l'i ght, i is then transmtted through the other polarizer. To further

i mpr ovewp'ﬁgﬁ?ﬁ @W&WQ%‘@“&Q trgugh ane polarizes iy tragsmeted; thepugh thy igplidgrydielintast, 10
t here has been proposed an MVA (nulti-domain vertically aligned) structure,
i n whi chagd isghen gislded by thg etier polasizer. f mibe ostier hamd, edeh tisire il an adéckéd fiEly
form ng projections and grooves init. An exanple of this structure is

di scl osebetiweed dpanes eldeabdes) tid liqRid4d3Eial mbleguled beblanStht N2 W1 sBltrasds st Ur e
of a conventional MVA-type liquid crystal display device. A pair of glass

subst pat giseried iTz8MERE b el I%lcliﬁ‘&:ljgé@&'ﬁﬁ&ﬁﬂrﬁ?ﬁf}@f\é@%&g@?@ﬁi ?hﬁgtﬁn%gﬁ% ai §

100, scanning lines 101, signal lines 102, a rmed on on

substr at b1t , el.ectrod an rojections 105 forned
on the. ofazed Blissleel B & WRLR G RER Ialif R g Biirotaubiried ot
illustrated.. A plurality of scanning lines 101 and a plurality of signal
lines 10 T%T‘Bg?‘ﬁt?dasi Bs ‘FPd’tSF’i“@ ﬂ’i@ugz*bﬂffq Bﬁlﬂlét%ﬂaloﬂntiwé i§prgby Toumed: into e,
with the TFTs 103 arranged at their intersections and the pixel electrodes
100 ar r apfbRiraly, peladzedlight whichtin hengtanswitied thrvhgh the ehet Palatiasre t heir gat e

el ectrodes connected to the scanning lines 101, have their source

el ectrodes cofindutied impraveeths ivipvalangle ndsudiD 2, VAaaghdRyiad th@id] dphiyNdevice,
el ectrodes connected to the pixel electrodes 100. Slits 104 are’forned in

the poxethes) Rt b@desropoRd ANNVA (Rluiti-Bbinkd KriPAR) a@&ggﬁﬂ%cg@;g[ng“&%e@d in

zi gzags as seen fromthe direction nornmal to the” glas
oo B, LRSS HEARD 5L S E S el R et
Liquid GRSt az‘in g{%ln%?eucl» is Stricture is disclosed in Japanese Patent No. 29047350.
Fig. 16 shows the pixel structure of a conventional MV A-type liquid crystal display
device. A pair of glass substrates is arranged parallel and face-to-face, with pixel electrodes
15 100, scanning lines 101, signal lines 102, and TFTs 103 formed on one glass substrate and
color ﬁl’_cers, common electrodes, and projections 105 formed on the other. Here, the color
filters and the common electrodes are not illustrated. - A plurality of scanning lines 101 and a
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 their source electrodes comected to the signal lines 102, énd have their drain electrodes
connected to the pixel electrodes 100.  Slits 104 are formed in the pixel ei_ectrrodés 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




inclined at 90 to the projections 105 and the slits 104, and are thus
inclined in opposite directions with the projections 105 and thdg 410€% 2004
serving as boundaries. On the outsides of the two glass substrates, there
is arranged a pair of polarizers for cross polarization in such 5 a way
that the transm ssion axes of the polarijzers are at 45 to the projections
105 so that, as seen fromthe direction perpendicular to the polarizers,

the incli L G tal | ecul re at to the, transm ssion axes
of the. perarrafiE beaEE B eieine 0 elifefp tvhy Lisbidbinesmaicenas ars o
t he transm.ssjon Sges of the polarizers, transmssion light is transmtted
t hr ough {1 nﬁ%rﬂh? 2 & theyprjectippy 402 and yhe sliys Hodeved ard Hus indimed it iappasite
MA-type liquid crystal display device, the actual inclinations of liquid
crystal distaions esthahe pnaectiodedds aadchet dlits10vRdepsing tas boREREED! OF theasihiige
optimumdisplay result. Fig. 17 schematically shows how |iquid crystal

ol ecul esf the@wol ghizk kiititrated, bR iS ORMRRE aGRH offloke zel%tfgf‘]%ysr I?cgae@vz\lﬁe{éﬁ %h kdcges

drawn in the pixel electrodes 100 i'ndicate the boundaries

di fferent .| i i f ol quid.crystal | ecul es;, that is, 15

Wi thi egc ag'gir‘éetgﬁés t@&@%@@giﬁ o s pslaizerdar e&‘ﬁéggt"p%jp&wwﬁs 1% 5@ thag, a5 | ¢
104, liquid crystal. npolecules are inclined substantially in the sanme

di rect i obFem PR A digsetion psependisular taytheanalasigers; i ialined liduéd diystat triabseules
which liquid crystal nolecules are inclined, and the angle noted near the

arrow i saeh@g 4¥fgicetheatrasseinsién ared be thl pektiz@s NWhHRl thé Qnélﬂﬁdghﬁﬁé crystal
substrate, between the inclined liquid crystal nolecules and the

project aictaRs dieushit 30 BoABI9RAT of I Biiel. 20 ehectrods, 100,

Here, the arrow points int ctronin |
nol ecul eg_| ocat near, th | ass suhstrate having the projections 105 are
incli ned&aqs%tz tﬁ%‘@ﬁﬂ&qp‘ﬁﬂgzeﬁlaﬁ?t& ¥al ol ecul es which point away from
t he iL)ass substrate point. Liquid crystal nolecules that are restricted by
the sPits 104HBVeYsse ihrdojcantantipral 18/ Artwpe ligwili erpstahdisply 96vidaytthatacahbut
95 to the slits 104 or the projections 105 in a central portion 1 1 OCT
2004 - 4-ingkinatioes pf hglid erystal mealecul@Gire acididedleyndathés infiedsiinBEhdsHbRY the@hiePS
further deviated from 90, for , 7 . )
optimum display result. Fig. 17 schematically shows how liquid crystal molecules are
inclined in the conventional pixel structure. Broken lines drawn in the pixel electrodes 100
indicate the boundaries between different inclination states of liquid crystal molecules; that is,

15  within each area surrounded by broken lines and a projection 105 or a slit 104, liquid crystal
molecules are inclined substantially in the same direction. In each of those areas, an arrow
indicates the direction in which liquid crystal molecules are inclined, and the angl.e 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 inr 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




exanple 80 or 100, to the slits 104 or the projections 105 in a p riwi@‘%
portion of the pixel electrode 100, where the inclination state

crystal nolecules varies fromplace to place. To use transm ssion |ight

wi th maxi mumefficiency, liquid crystal nolecules should 5 ideally be
inclined at 45 to the transm ssion axes,of the polarizers. This corresponds
to the state in which liquid crystal nol ecul es are inclined at 90 to the

projectiq 105 o] S 4. In Fig. the areas nmarked "E' are
areas in° x¢l; egfiﬁ&&gﬁib@ apd ¢ Flt@f é@dpé’éﬂegrlé difegiiqns fatthermdeyiated fioon¥°afmut 5
devi at ed from t he ideal inclination directions, the areas nmarked "F' are

areas i nexempa 80T oul W°coyhe dits b4 ecthk psojedtiont 003 Innepleri éﬁleﬁll b8fioh QR t1RAKY 10
deviated 10 fromthe ideal inclination directions, the  ar eas mar ked "G'

are ar eagledtfodehi®@h wHeed k1 1n€ﬁ1¥a$?oﬁ| stiRl 29 uﬁis c@{%ﬁl 'rﬂb%du[%%dvz\li\{%s i eciacs g?lt  al

about 45 deviated fromthe ideal inclinat Irections

portion ﬂgcg hepcphgge&anﬁn?s%%o%q%t 198 L mﬁfu%;[e le%. cgeégfzj i(ﬁl?ﬂjb staRgno&Fégfe? |Sb%dt he

peri pheral portlon I's occupi nmor e

above n gnal. shapes of the slits 104 and the projections
15 108, Wﬁai] E‘T mf’ﬁ’ee 45 de theyiengmissionaxey efthepolarigersi xEhisebmespoodetobe ar e

inclined in directions deviated fromthe ideal inclination directions, and

this nmaksseiin vilighobgiibloeystad neflédubdsedit ixcliuse at DOBRSIEL $56iORidnk 9'03 orMPer @Rier
the presence of a plurality of areas, like the areas E; F, and

di  fer enfosdeqs s, of, GeVirald ABKeRO: b ARy WhEH ngﬁ ggrg%{,fo Soldcafs A thin

the pixel electfrode 100 causes transm ssi Vi y to va

anot her, l.ti bn un re A stud conducted in
search df Elf'ﬁéd gﬂg(ethnara d&?@@ﬂt‘%‘@h%lﬁﬁi ingfégn 415%0?/19% thfi areastiaskedof
liquid crystal nolecul es has revealed the following facts. In the central
porti on “Fofare heeap)lllxe{hlféll leptid otstal @fo!¢dutes ae dadined inbiredtich ol edd datdi@n i s
about 95 to the projections 105 or the slits 104), the cause of the about

5 del0 atfran the ddeal helinged diré®lohadddome dréas! mhrkOEFGRO4 485 ﬁ%ﬁﬂ ggfﬂi to

be the slight influence of the electric fields produced at t

Pixel  crystal molecules are inclined in directions about 45° deviated from the ideal inclination

directions. While the central portion of the pixel electrode 100 is mostly occupied by the
areas A, the peripheral portion is occﬁpied more by the areas B and C.
As described above, with the conventional shapes of the slits 104 and the projections
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,
witl:t different degrees of deviation from the ideal inclination directions within the pixel
electrode 100 causes transmissivity to vary from one area to another, resuiting 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 fellowing 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




el ectrodes 100. On the other hand, in the peripheral portion of tqe Eiﬁﬁ
el ectrode 100, the sane influence acts nore markedly, tending th n@kE 2004
liquid crystal nolecules inclined at 90 to the edges of the pixel

el ectrode 100. This causes the inclination state of liquid crystal 5

nol ecules to vary fromplace to place q%gending on their location relative
to whi chever of the edges of the pixel "electro 100, of the slits, and of

~the projections, 105 are J.ocated nearby, and, in addition causes great

devi at i oﬁgﬂsﬁ(fea?ﬁ %%Beith%éllgfi“n@ PEEE Qf%@iql%cém dields mroduesdeat, the ovgadentspixtlo
maxi m ze the aperture ratio of pixels, pixel electrodes are often forned
to be soc¢legiredesd0t oOavbe pthst Sprghan the pesipherah penioh ofabepixel dectasige00pfhet he
pi xel 10 el ectrode have a nore serious influence on display result.

Di scl osusemeinflubsce avvembicomakRdgbicading@b mdke HURS &Y ktal RYRBLLS glciiﬁ d & o0°
provide a liquid crystal display device that offefs optinum |sﬁfay

resul t. i . neCtry.: . according t.o t.he esent .invention,
inali q?}iﬁah-ggi gh?gfmdllg lg% (gg&ye\?io@g' t hat' ?ag?egrt'geg%wamq HI%EF ﬁ‘“iSe E@H‘ds"%& rate
havi ng pi.xel. glectrodes forned . thereon.in matri x-like formation, slits
for med | FOLRues TSty BonpplResiiesplace dspening onBsin asasionavianes @ Whicbaveef Gt

el ectrode, forned thereon, strip-like projections fornmed on the second

subst r at 892es 8f thsrirel elaohrkO0; af the shitst #nd of the projentione d 6f dresluteed ataslsy, and
individually and subjected to vertical 20 alignnent treatnent, and a liquid
crystal inagdditiongaehes glretiddyittioesefromithe fdesldhcliandorsdiestions, Subst r at es and
havi ng negative dielectric constant anisotropy, and in which the liquid

crystal  nol eslok@seRmewablighes mamitie e 8hRALE irstid be P?{giss ngﬁfeg ble€fodd dde

liquid crystal |ayer, vertically and, when an el ect f I's applred to
the i qubBkerCloysitd ' ' ] 0 yhj the ..liquid sta

mol ecul es are restor il)%tmg{f(%%/g% i(])g@v seﬂlhlg g@g%lgﬂ[e e #%@gccta?eghgl? eﬂﬁ‘cég giftﬁaggngi e
| for mgg eldctrddehact®? rAr'lof‘ees_eﬁous influence on display result. -

Disclosure of the invention
An object of the present invention is to provide a liquid crystal display device that
offers optimum display result.
15 To achieve the above object, according to the present invention, in a liquid crystal
display device that is provided with 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,
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




substantially parallel to the directions in which the projecti?nigﬁgtgmﬁ4
and the parts of the contours:of the slits-facing the projecti'o

formed in directions deviated by a correction angle fromthe directions in
which the slits thensel ves extend. According §0 the present invention, the
slits are fornmed substantially parallel _igo the directions in which the
projections extend, and the parts of the contours of the projections

facing -t b j. irecti,o eviated by a correction angle
fromthe di rs%%ﬁﬂ n?ﬁzﬁﬁfe%{@% 4llﬁgt?°§18ilflswaﬁli #geel”{?éegug‘)& end, aadithe pays Ofa‘é’
correction an | e fﬁ)r ths slits or, projections s set at about 30 to about
15-, - AccofHt ?1'85 b the,ghits, facing. the; projestiqns are formed o diseetions eviated: biyea pbredtion
_electrodes, there is  provided alleviating nmeans for alleviating the

i nf | uenceangle fpm the diregtions inf whigh theadlitoibemselmes dxend| i qui d crystal nol ecul es
fromthe edge portions. As the alleviating neans, a plurality of pin holes

are formed i nAtteedingge the prdsertSin®dntioNethei siied af ﬁﬁhé@%tan%ll%ﬁ%&l}l%@h{ﬁk? .

are formed in the edge portions of the pixel electrodes.

Wth t hesdirahbRC it iBion fhb dseqrssibleat o Akl eviate the influence of the
electric fields from tﬂr}g a f%@%temgﬁ%e%s@gﬂﬁ?g{ﬁe&}dﬁ?l s P RECILSHARS o

crystal ¥ . dge portions the pixel electrodes. This '
hel ps ma@hﬁ% :f#fgghr%g %ﬁere%h?% &%ﬁ%@oﬁ%fl%gﬁgs’ﬁé@&?%q anglgfromgthg direatipnsdn t he
transm ssi n&ﬁi(' ?}ﬂ%ncl ination directions of the liquid crystal nolecules
within a W@F ¢ shts thempgleesfafend. oAduispbly cthgserredtiogiangledyr the HliHOGT pasjedions 10
In a liquid crystal display device that is provided with a first substrate
havi ng pilk&dt at about 3° to about 15°, :

According to the present inventioﬁ, in edge portions of the pixel electrodes, there is
~ provided alleviating means for alleviating the inﬂuence of the electric field that acts on the
© liquid crystal molecules from the edge portions.  As the alleviating means,

a plﬁrality of pin holes are
formed in the edge portions of the pixel electrodes, or second slits are fonﬁed in the edge

. portions of the pixel electrodes.




el ectrodes fornmed thereon i'n a matrix-like formation, a second-Qﬁqsbhzifh
having a transparent electrode forned thereon, strip-Iike projelkth 04
formed -on the second substrate so as to 15 obliquely cross, as observed
fromthe direction normal to the second subsérate, edge portions of the

pi xel electrodes, slits forned in the pLyel el ectrodes so as to be parallel
‘to the projections adjacent thereto, alignnent filns laid on-the first and
second substrates individually and subjected to vertical alignnent
treatnent, and a liquid crystal |layer sandw ched between the first and
second substr gi.as;and havi ng.negati.ve diglectrjc, constant 20 ani sotropy,
and in whi-ch t%ﬁ ﬁ*ﬁeﬁﬁtﬁ‘%F it Hostible o @ e‘%ﬂ@%!ﬂ@#&@ﬁe ofithe eleetrig fiskdsrirem
field is  appglied to the |liquid crystal l|ayer, vertically and, when an

el ectri c ¥ieafgosns paishy andhe influcace pnjthediquish grystall molayeles from theedgdipoetidis@f t 0
which the liquid crystal nolecules are restricted by the slits and the

proj ect i oths pixedetestrodesed Thisplelps make ahifoe thai ditferente bERAR thei@ud QhaBGaI N 2
sawm ooth shape. This helps alleviate the influence of the electric field

that act sagn s Btk dich! i) Fnolinatiol el ot%he gﬁ*&hgﬁfgﬁ%ﬁh@&;&*&e- dge

portions. The sawt oot h-shaped portions are

bet ween t, pr.oj.ections .and the slits at places where the slits approach
t he edge ﬁ%%l‘r{q%lotﬁ slée?psaﬂ%m WeYen 8PV | ess. This permits the '

sawt oot h- shaped portions to be located at the places where the liquid
crystal nolecules are greatly influenced fromthe edge portion. 5 This
hel ps effectively alleviate the influence of the .edge portions and thereby
obtain satisfactory display result. Mreover, auxiliary projections are
formed on the second substrate in positions facing the sawt oot h-shaped
portions of the pixel electrodes. This helps further alleviate the

i nfl uence of the edge portions on the liquid crystal nolecules. Mreover,
this hel ps make 10 uniformthe difference between the actual and ideal (45
to the transm ssion axis) inclination directions of the liquid crystal

nol ecul es wthin a pixel as observed fromthe direction normal to the
substrate. Thus, it is possible to efficiently use transm ssion |ight and
al | evi at e uneven



display. 15 Brief description of drawings Fig. | is a plan view f a E%éﬁ@
portion of a first enbodinent of the invention. Fig. 2 is a secth n@ b
taken along line A-A° shown in Fig. 1. Fig. 3 is a plan view schematically
showi ng the positional relationship between the pi xel el ectrode and the
projections in a second enbodi nent of the onfention. 20 Fig. 4 is a plan

vi ew scherdtical |y showi ng the positional® el ationship between the pi xel

el ectrode and the projections in a third enbodi nent of the invention. Fig.
5is a plan view schematically showi ng the positional relationship between
the pixel electrode and the projections in a fourth enbodi nent of the
invention. Fig. 6 is a plan view schematically show ng the positional

rel ati onship between the 1 1 OCT 2004 -10- pixel electrode and the
projections in a fifth enbodinent of the invention. Fig. 7 is a plan view
schematically showi ng the positional relationship between the pixel

el ectrode and the projections in a sixth enbodi nent of the invention. Fig.
8 is a pl an view schematically showi ng the positional relationship between
t he 5plxel el ectrode and the projections in a seventh enbodi nent of the
inventiton. Fig. 9 is a plan view schematically show ng the positional '
rel ati onship between the pixel electrode and the projections in an eighth
enbodi ment of the invention. Fig, 10 is a plan view schenmatically show ng
the positional relationship between the pixel electrode and the
projections in a ninth enbodi nent of the invention. 10 Fig. I1 is a plan
view of the first substrate wth the pixel electrode of a tenth enbodi nent
of the invention. Fig. 12 is a sectional view taken along |ine B-B' shown
in Fig. 11. Fig. 13 is a diagramschematically show ng the relationship

bet ween the projections

10

In a liquid crystal display device that is provided with 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 the second substrate so as to

15 obhquely 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 sccond 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 fiquid 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




and the slits formed in the pixel electrodes in the tenth enbodi nent. 6%

Fig. 14 is an enlarged view of a principal portion of an edge porti‘bﬂ, T 2004

where sawt oot h- shaped portions are forned in the tenth enbodinent. Fig. 15

is an enlarged view of a principal portion show ng the positional

rel ationship between an edge portion, \where sawt oot h-shaped portions are

formed, and projections in the tenth enbodinent. 20 Fig. 16 is a diagram
type liguid_ crystal

ai'opl ay ERGreBlet Syard el e Sorfined R & iaosd Pyrcbhb ergeedy st her

crystal | ecyles are inclined in a conventional pixel structure. 1 1 OCT
2004 - 11PBe%H nrihe nEgjeetiangs pnguthetshis, iatlaves ovherethei sius tapproach ther edge
enbodi ment of the present invention will be described with reference to

the drawpertions & an arplé of 20°pdrdessvi Ehisqferiite th se@ltodiishdped pattichsftb bs located
enbodi nent of the invention, and Fig. 2 is a sectional view taken al ong

line A-Agt tﬁ\?ﬁil/&?ei WhéreGhe fquid RALAMFEIE&G NI Rlart) filzi)t‘rﬁféﬁgéfﬂ&?l tfle ]:ga{i%ezéorti%

substrat e, his a transparent substrate o exanpl e

this tirsg..s r . there are Laid scanning |lines .2 and,signhal |ines 3
in a]fs rraﬁulsxt-ﬂﬁﬁiéeﬁeotr“;ﬂ iagigyﬁtfehéheaf’rgk?n% rql}o%‘ﬁd% CpPOifRs s’&%‘h&?@y | 90ER 2
and the signal lines 3 each correspond to one pixel, and within these

ar eas ar%at‘géf’td’%ihﬁglfly’éqs'é%trodes 4. At the intersections between the
scanning lines 2 and the signal lines 3, there are formed TFTs 5, 10 which

are sw t chi ngMgesavesquxitiary ojsadens are farmed pinthé sebed tubstier® id poRdoissfacifig t he
pi xel electrodes 4 overlap the scanning lines 2 adjacent thereto, with an

i nsul at i thy $avtoothrhgredopediond RET tbepinele Blecatodbst hahes avips | MRBerGllevdde ShoT age
capacitors. In each pixel electrode 4, there are forned a plurality of

slits 6,infksld o tht eBEe H65i6hé BRI BLGH. crReiShS! u i an
al i gnment filmthat c%f\:/grs t he pi xe{1 elcﬁr%egeﬂegnéﬁéﬁg}&i gﬁsﬁﬁ%ﬁ%%{l&% to
vertigal iform the difference between the actual and ideal (45° to the transmission axis) inclination

directions of the liquid crystal molecules within a pixel as observed from the direction normal
to the substrate. Thus, it is possible to efficiently use transmission light and alleviate uneven

display.

15 Brief description of drawings
Fig. 1 is a plan view of a pixel portién of a first embodiment of the invention.
Fig. 2 is a sectional view taken along line A-A’ shown in Fig. 1.
Fig 3 is 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




15 alignment treatnment. In Fig. 2, the insulating filmlaid below the pixel
electrodes 4 is omtted. Reference numeral 8 represents a second4q 4 (QCT 2004
substrate, which is a transparent substrate of, for exanple, glass. On the
second substrate 8, there is forned a black matrix 9 so as to separate the
i ndi vidual pixels, and there are laid cghor 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 .S, . ding.,on the | ocation of the
correspo?ﬁ)gﬁeﬁgg%fgx&éﬁlsl.& %9§k§5§ng|f€§ Iefr@gglmfa%ofth%?”é(e?%or‘l- aid a transparent
el ectrode 11 gf. 7for ef<ar{p| e, ]TO (iﬂdi umtin oxide), and, on the
transparent ef%ch PotBlan Viey sehematically shonsias she peutipnahselationshipabetween the
predeterm ned pattern. The transparent electrode 11 and the projections 12
are covePigl epqtrpdgandthegrejeetionsiin asixth enthmdiment sfitfjeénteationo | | OCT 2004 - 12
vertical alignnment treatnent. Between the two substrates | and 8, there is

i nterposed a Figydi i aplystvidw |selyenmatibdlh avdwitg tﬁ@?@éitiiéiﬁj dbigti ship! GerOOSTHant
ani sotropy. In each pixel, when no electric field is present "between the .

pi xel 5el pigbr déirode aﬁtﬂﬂfe@?(g' SLRAS BPY lﬁfeil%ntﬁleﬁﬁﬁ)ﬂﬁ%ﬁt e bedvBtiigl crystal

nmol ecul es 14 are 5 aligned vertically by being restricted by the alignnent

films 7 and 13 I ield.is present.be en the pixel

el ectrode 4 aﬁl(% ﬂ%%@gﬁggyéﬁe ealftlé:%l!yr Sheant gthel P%fﬂﬁ%at\fgﬂ%sgpm% e 14
are incljined.in the rizantal direction. At this tipne, the liquid crystal
nol ecul eglx‘?eLlfl%ﬁtré’d? H%J]&‘ﬁgﬁol?‘ﬁ‘oﬁ?gb"é’t%g}ﬁﬁ srhodimericatithpiaventiasei ng restri ct ed
by the silts 6 and the projections 12 so as to forma plurality of domains
within a singF@ pPtes plani gewschematicaiyahowiag [the pbsitienat hddatidnahip Hetwsdhi thd an
electric filed is present between the pixel electrode 4 and the

t r anspar pin¢l eldctrote atkthd projéetibhs i a mnthamibodimehbof the iviedtign t he out si de of
the first substrate 1, and a second polarizer ,16 is laid on the outside

of the secondFiguhstial @lah viERe of iths tirdndive@Re Wil M Lk Pechdd@NF a Qeryi! ©
so arranged that their transm ssion axes are perpendicular to each onﬁer

When t heembodiment of the invention.

Fig. 12 is a sectional view taken along line B-B’ shown in Fig. 11.

Fig. 13 is a diagram schematically showing the relationship between fhe projections
and the slits formed in the pixel electrodes in the tenth embodiment.

15 Fig. 14 is an enlarged view of a principal portion of an edge portion, where sawtooth-
shaped portiops are forméd in the tenth embodiment.

Fig. 15 is an enlarged view of a principal portion showing the positional relationship
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 MVA-type liquid
crystal display device.

Fig. 17 is a diagram schematically showing how liquid crystal molecules are inclined

in a conventional pixel structure,




15 transm ssion axes of the polarizers 15 and 16 are at about 450 to
direction in which the liquid crystal nolecules 14 are inclined] ab UCT 2904
observed fromthe direction normal to the second substrate 8, transm ssion
light is transmitted through the second pol arizer 16 nost efficiently.
Since the liquid crystal nolecules 14 afe inclined at about 90' to the
projections 12 and slits 6, the polariZers 15 and 16 are so arranged that
the transm ssion_ axis of the second pol arizer 16 20 is at about 45" to the
di rect i off¢ft rf“#ﬁ’f?ﬁcf'ﬂ@mﬁ oyithg inyeatione projections 12 extend within the
pixel. In this enbodiment, the transm ssion axis of the first polarizer 15
coi nci des wi t Hereinafter)i a forst embpdinwint o thhepressanrinveption nelll e edesenitsbd aittl t he
transm ssion axis of the second polarizer 16 coincides with the direction

i n whi chrdférencitgnkd dlaviigs. 3Fipxtdnd planhesy apthelpeed potidni ol adfirkSe b RE@ Bt of
bet ween the pixel electrode 4 and the transparent 11 O C T 2004 - 13

el ectr odﬁlelavenﬁ&e ahi 1 9 i€4 Xé&lﬁhalWﬁHErﬁﬁo%h&rﬁ Rl d %ﬁ% KR | ically. Thus,

the linearly polarized transm ssion [i ght at has een transmtted

thr Ough the fR{ei%I‘enQQ l’ll?ﬁ]blzaF #?eSe}'lt?: a él‘F 2 IESZrHé éé %&1‘11%1 {S%L{ﬁaglséaggnttswgsxrag%qf; O(Ij e d

| ayer 14 int ’Ilg

by the second pol ari uIt| in black displ On the other hand,
when 5 a® ’ﬁ’l“@’g%gi?sﬁn n Htk%%r%{ %tgatf‘aggh?fe&rftg4}?@“&?@9%2@@1Flaael me&ﬁdnan
electric field appears between the pixel electrode 4 and the transparent
el ect r ode medrix-tikefarmgtieni cFhesareds sypoeedaddy the ecanningllineed and thersighed dingodt al
direction. Thus, the linearly polarized transm ssion |ight that has been

transnit ezl domresprgid tohend pixel, adl eithia ahestSaress @eriyir piel élogteodel 4. ptatcab | y
polarized light by the liquid crystal layer 14, and is then transmtted

through inh@sse868BktReLATcZRbnniRy 11185 ahll I8k §iBnal hfhe%' ttl?eréj gj%gfo?%‘mﬁi King

the cell gap (the interval between the alignnent fil h t he
1o TSk i) 2 b B LS R
L1 1R ¢ RS sl b i T il o'
therebetween, and these overlaps act as storage capacitors. In each pixel electrode 4, there
are formed a plorality of slits 6, which will be described later. Reference numeral 7
represents an alignment film that covers the pixel electrodes 4 and that is subjected to vertical
15 alignment treatment. In Flg 2, the insulating film laid below the pixel electrodes 4 is
omitted.
Reference numeral 8 represents a second substrate, which is a transparent substrate of,
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 fiiters 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
eiectrode 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



15 view angl e of about 56 or nore. Making the cell gap narrower results in
lowering the transmissivity when white is displayed. According tp ¥ BET 2004
present invention, however, the shapes of the slits 6 and the projections
12 and ot her factors are so worked out as to increase the transm ssivity,
and this permts the cell gap to be narjewed. In particular, wth
consideration given to the thicknesses of the el ectrodes and the alignnent
films, t 0.the projections, and other conditions, by making

t he cellaéﬁnS%%QQFQW”fﬁﬁ% i 3.0 mto 3.5 m it is possible to obtain an
optim zed Ilqi{d crigtal dlsglay deV|ce Next, the shapes of the slits 6
and the proje o twp, sybsiates | and Snihers iniierpapad a linnid dosial lapend]l 4 Having
slits 6 are formed by renoving parts of the pixel electrodes 4 by a process
such as phgatori ditlsgiriepbonstaih enisotoppect Torach Pl ,ewhon medeledtrit RAATD|pResehy
formng aresist 1 1 OCT 2004 -14- of acrylic resin into a predeterm ned

pattern bytweeptincgisel detidvdad aah eickidspaekiodhtyrodd 1 Ok cﬁéﬁ%bﬁ%ﬂl%m bie Was
found that, the higher the projections 12, the highet thé transmssivity.

Speci fg ¢ %h% bd x)%)‘hdlﬁ?'b ehl%ereﬁﬁ&le@ 6 b Lﬁglnﬂ%n{%l%sgﬁarfﬁr 1 3th)1 éﬁ%%?%%‘?‘ftﬁﬁ gsllfb |6€

to obtain high trans SSI Vi ty n par maki ng

Ji m hi gh. ut 10 er t ansm ssivity than_making them 1.3
4m hi gh { {ﬁ%gér}rhsgést}v \9%} &W?‘ﬁl egjge strqnsgareqy ﬁ?‘g firoge Hna]d%‘h‘gs‘é{ﬁﬁlt y
with the ?f m_hi h >1 10). Wth consideration &oven also to
the cell “g’é‘ﬁ! taﬁ"erm‘f %@dﬁlstheblﬁpﬂ’“ﬁék‘iahgiﬂteﬁtéorpr ofve ¢hib ditse, athouliquid Gorystalo

about 1.7 m hi gh it is possible to obtain transmssivity optinmumfor a
di spl ay WC@@S IWteretpling infposdetemginte einpetigns dlyibeing ré@rivied by shedilid & kivEthe
material results in higher transmssivity than 10 forming themwth a

negat i vepradctiohdl 12 Fbi & its A6 aMSHuALIBOSFt dotBainB vt 2 %%@é rp%E‘EQOt gt 2
surface on the projections 12, and thus permts the |iquid crystal

ol eqel egchbhatialResho®gtihd ﬁ&t%q'n vdh'ﬂ:htal?xeelé G¢ ENgds gf{ﬁgﬁtﬂeﬁgee\q‘tﬁ@ﬂ&' QSW@OV\er

Through experinents, it was found that formng rojectio

posi tive Rl gl t?zJﬁn ]%a?érﬂleﬁet%ﬂo!i@lf‘bom 10 % hi gher transm ssivity than

form ng themvmt rve naterial (transmissivity with the projections

forned of a :
A first polarizer 15 is laid on the outside of the first substrate 1, and a second polarizer

‘16 is laid on the outside of the second substrate 8. The first and second polarizers 15 and 16
are so arranged tha’; their transmission axes are perpendicular to each other. When the

15  transmission axes of the polarizers 15 and 16 are at about 45° to the direction in which the
liquid crystal molecules 14 are inclined as observed from the direction normal to the second
substrate 8, transmission light s 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 aﬁis 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 wflich the signal lines 3 extend.

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




15 positive material / transmssivity with the projections forngd 06 a
negative material >1.10). The projections 12 are fornmed in zig aés Co 2004
extend over a plurality of pixels, and their linear portions extend in
directions 45 to the signal lines 3 as seen fromthe direction normal to
the second substrate 8. In a substantiakky middle portion of a pixel, a
projection 12a extending fromthe adjacent pixel on one side bends at 90

and t hen b to that 20 adjace i xel, and, in coner portions of
the pi xele,f‘eé't'argg‘?gjlegﬁ‘ii( ‘ﬂ“‘i‘zﬁfyé%%fé‘?fg‘f‘{‘@esf 14 #fe tefien vertisally. pi Ths, sbe dinearbst her
si de runs Para lel to the. linear portions of the projection 12a, which is
bent at §8'rzed tfangmispion ighintbate has, begr Jrasemittedsthroughr thes firshepolinieer 15 is
el ectrode 4, there are forned auxiliary projections 17a that branch off
t he proj &@nsrapied through thextiqnd caista Jayed dd inpot, tiiegns lokadh golaiixed lighteshd pde
4. These auxiliary projections 17a help reduce the influence 1 1 OCT 29h
-15- of ties shiekdetitiyahé seebald pelatizerd 60fst g i Blabiddigpypt %nfﬂ@&ﬁéi]lﬁﬁﬁi %ei?f om
edge portions of the pixel electrode 4 and fromthe adjacent pixel’s, The
slitss56 @gr t; I 3 } e he. pr.oj £ctions
fred QErRfed QoBe! R Jpﬁ{iﬁ@ tQ '19? R g]éiﬂ'loﬁ? DeLpeSD eﬁegg%ﬁ ﬁs'f@?pears

.12, and, in this enbodinent, ree slits are forned in

el ectrod 5. propjections 12a an re.forned slits 6a,
and bet Wgeétﬁvef %g{e rgejﬂéa%e? ﬁgﬁ‘l‘e i%ﬂoglﬁgmﬁwaéﬁéggﬁg? Q%ﬁ?}ﬁall@‘ﬁirc‘ﬁ?t%@m@lc‘ééi #8de 4
is forned %#it GQ?,Thelggpter i nes éﬂndicated by dash-and- dot lines in
the fi gu}né"ﬁn iny the horizerdaledirecpian. n 4 Fhys, the linparlyiwoladized: transnpssipe tightothat 162,
and run in directions 45 to the signal lines 3. The center |lines of the

slits 6abesdrtraspéind theoughshe fiist pelaiiasl 5 is cofwverted tifite eHipticsllBpoleniaikht Fhe
parts of the contours of the slits 6a facing the 10 projections 12,

st art i ngthetlighit drysialdsyeafl 4] 41! is kliehSrdsmitedtdedh ﬂle@.kécﬁlﬁtﬂo%&end?(yiréﬁiﬁglﬁl?ﬂ
about 50 fromthe center lines of the slits %a t hensel'ves so that tfie
sl i t so6awnkedispiay.easi ngly wide toward a nmiddle portion of the pixel

el ectrode 4. Likewi se, the slit 6b extends parallel to the adjacent

P S 0 E8 i S B S oA P A i,
by abOUttW% strét?a(Ti:]eg eangi %%E%Qf iti 12 possible to reduce the leakage of light when black is
displayed and thereby enhance the contrast and widen the view angle. Through experiments,
it was found that, by making the cell gap equal to 3.5 pm or less, it was possible to obtain a
15  wview angle of about 56° or more. Making the cell gap namrower results in lowering the
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. Tn 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 um,
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




15 which the slit 6b itself extends. The slit 6b also is so forned as to be
increasingly wide toward a mddle portion of the pixel electroda-igﬂﬁqdm§4
the projection 12a adjacent to the slit 6b bends at a right angle within
the pixel, the slit 6b bends |ikew se. Reference nunmeral 17b represents an
auxiliary projection that is formed al opg an edge portion of the pixel
el ectrode 4 close to the slit 6b. The auxiliary projection 17b, |ike the

20 auxili ?r pro' ections iJi,7a, .hé{gqs reduce the influence of the electric
fields ad F‘ﬁ& TITSHHE § G deIped Battery P bragesssuch apphatelifBography. o fdraight he

pi xel electrode 4 and fromthe adjacent pixels. In particular, the area
sur r ound E¥PHYMeDEe iisWag fawd fhat, theehighieethp prajeaionsfl2 e highe! theltmasmisgeitd i s
narrow, and tends to be influenced greatly by the slit 6b and the edge

porti on. Spéeficullyj by amakingdtlej pofdctionsl 78 1oh e b @hote 2t e ybRIAS & BREMED igh
di splay ascribable to this area. I | OCT 2004 -16- Wen an electric tield

appears Aife rpi e e nd the transparent el ectrode 11 and
Chus t e Tranraar AR it niaRtgie PIRAOR, LEORhRER dondi oo 10%
direc ioH, even if the liquid crystal nolecules 14 are inclined in

di r ecPi oftigher Ganspyssiviy sham makingi themdl.3 um lggh (wensmissinetyi with dlsnprejesfionshb6
electric fields fromthe adjacent pixels, since the contours of the 5 slits

6 are nopmpaglal treisntisivityewith Hecsrojestidrdd 3 gmitigh bnangmi %{lpébn%@ﬁ}if)ﬁ Eidé@i ch
I qul

they thensel ves extend but are slightly deviated therefrom the

crystal I Lnclined.in directigns abqut 45 to the
ransm soror veal b AEAatR b mekff ah{ BRissRorL R 1 e B e 17 o
transm sg.i n.light Ibgq?t ig transmtted through the liquid crystal |ayer.

Mor eover HEEhE KuRPSSIONT o BCHISAISSIVAY eptanumbioned glispdayudeviehe Mofdowemce
on the liquid 10 crystal nolecules 14 in edge portions of the pixel

el ect r od@rmingTHiesprazsciiensmhk ewitiniaf positivehmatedinf fesuknde Hgheraemsimbeivagtmad and
ideal (45 to the transm ssion axes) inclination directions of the [iquid

crystal foohinguhes vith winkpativel igtefiilx € Thisd Bedduus a kRS e Mdt&¥dl Ajves URRYERr
display. In this enbodi nent, parts of the contours of the slits 6 are

L s e B ShGERd He:H08 ARSEAR hRR
in the inclined direction with higher power. Through eipéfiments, it was found that forming
the projections 12 with a positive material resulted in about 10 % higher transmisstvity than
forming them with a negative material (transmissivity with the projections formed of a

15 positive material / transmissivity with the projections formed of a negative material > 1.10).
The projections 12 are formed in zigzags to extend over a plurality of pixels, and their
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 comer 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 alohg edge

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




15 correction angl e may be any angle in the range fromabout 3 to %Ut 15.
In particular, as will. be understood fromthe analysis results 511 CiTn2004
Fig. 17, the deviations of the inclination direction of nost | iquid

crystal nolecules 14 are in the range fromabout 5 to about 10, setting
the correction angle in the range from ppout 5 to about 10 hel ps obtain
better result. Furthernore, it is also possible to set different

correcti n r, the sli uit the 20 tendency of devi ati ons of
the incl 895“1% %%0‘3&% Bgléf PETE 91 eésﬂa'rﬁip‘rf&smt}vogeflﬁt Htrams edge pttians of sl pisel
angl es w { hi n a S|£§I e slit 6, or by setting different correction angles
for diff&eefedest prdsirem thepdiacenipixels.n a si ngl e pi xel electrode 4 depending
on their location. Since the slits 6 do not restrict the inclination

direction of tThe slitsguird fomyesit sal asrtolree aloag tﬂémlailyba@eéxhﬂlequbfeﬁn&lsa]j @ﬁ(ger
correction angle or making the slits 6 |larger by nmaking them w der may | ead

to unevein dhit &XBbdAdnt; tfree GlikPbayre aforhBe 1ﬁ°éacﬁ 9€ldé1@ rde@46S gehfle tﬁl' S
reason, it is preferable that the Slits 6 be ma arge as not {o""Cause

uneven d h nvent| on wl

descri be%@wvﬁcﬁﬁmr &Mﬁ?’é‘%??%@@“ﬁww 5_‘%2&1 gfée&@ gn Leo?mteﬁ?‘%n ﬁ%&ﬂar?é‘n?dgﬁs

t he same of. t,h irs . odiL nepnt .except in e 55ha es of the
proj ect i &ﬁo}éﬁgh} HJI 45 ?ecgro %cﬁ) t“ﬁﬂ;wp Loy ﬁge ?eﬁFqi‘ﬁF%@n‘Héﬂﬁé ppdpghandsuch
el enent s are foupd also in the first enbodinent are identified with the
sanme ref @t zﬁ@é 1n Fhﬁng%fP of theclithea arecpasaliohae thmadiadent projrctibes 12 pewdted.in Fi g.

3is a plan view schematl cally showi ng the positional relationship between

t he pi xedirastions 46U do ahel signel finey 8ct Therehtar tlines of aBO RHtseFD erERRLd thiehe:
slits 19 are fornmed in the pixel electrode 18, and projections 21 10 are

formed odirdelBnSROQRRA IHO Stk Bk @xfond! nTﬁ@@aﬁ?SPﬂtg SHRAN (AL sp{g %{ntﬁZthOf

the contours of the slits faci ng t he pr j ections "are paral

cont dr okl dukilfe & ol ead RS HES ) wdend;in Wisrhads devoa a%%@inﬁﬁts. on
of about_ 5 fromthe directions in which the projections thenselves
~ext end. from the center lines of the slits 6a themselves so that the slits 62 are increasingly w1de toward
a middle portion of the pixel electrode 4 Likewise, the slit 6b extends parallel to the-
adjacent projections 12a, and the contour of the slit 6a, starting from the ends of the slit 6b
parallel to the signal lines 3, extend in directions deviated by about 5° from the directions in
15  which the slit 6b itself extends. The slit 6b also is so formed as to be increasingly wide
toward a middle portion of the pixel electrode 4. Since the projection 12a adjacent to the slit
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.




15 Al'though only one pixel is shown in Fig. 3, in this enbodinment, as in
the first enbodinment, the projections are forned in zigzags to ekteQdTo9f
a plurality of pixels, and their |linear portions extend in directions 45
to the transm ssion axes of the polarizers 15 and 16, In a substantially

m ddl e portion of a pixel, a projection;g0a extending fromthe adjacent

pi xel on one side bends at 90' and then extends back to that adjacent

pi xel , and, i omer 20 portjipns of the pixel, . a projection 20b extending
fromthe adj a::"gﬁ?n ﬁpxei?mg% ﬁH‘iﬁ PRAEY E’%ti""(?@n rtﬁﬁé’lxeb&képpé? 4 and fiee peegpaceti on
20a, which is b?nt @t a riﬁht angle. The contours of the projections 20
are for nEFeHiPi 14 2ad thusithe Rawd captalimaleculesold aednalined du ilensonzontahdicéctioney

t hensel ves extend so that the projections 20 are increasingly narrow from
edge por evenif the liqhé cpystabinoleelies U 4 afteintitned iddedtRInE A6 BRI RRS the siits 6
Specifically, the projection 20a is increasingly narrow | |1 OCT 2004 - 18-

froman ed8s MeAMMAOLS iHCelRiE ?gﬁffse(%rﬁ Qe aﬁ%{@% gixtaerbre 5 nﬁ{e ngci) (laj}lfr? ﬁhﬁlebe”t

portion, and is increasingly w roma su I of
t he pixel el ectrode o,t erpendi cul arly bent portion. On the other
and. 5 heiS G aPt BBty e eali G5 fo beamniissat axipom 1bivh thrchemalvs
crosses the pixel electrode 18 in two edge portions thereof, and is 5

i ncreasi ﬁ&]e??r%# rERnslightin daveated thereformi te liquvhcrystahenaedides andiré svéneally
increasingly wide fromhalfway on the pixel electrode 18 onward. The

shapes oinclihed fin ofiecctioenabaR 45% to Ahe tthRsmAddhSab. AThHaNA¥sl i %Essﬁ]ﬁls f
inclination directions of liquid crystal nol ecul es as observe it tfe

convent i ' ' T eS| : the liguid crysta

ol coul corarenBy S e ArSHARGR: 2R AEFLOREIIBAL drtiep ot and 3Rl o
axes of ka{i zers. 15 and t:L6. 1 0 At iﬂfh&l aces where the projections 20
cross the prxer of e Bhe Praisctiony 1da gnd B requss theginflupnes) e theoliquid1a

t hat 1Branch gff t he proj e(ggti ons 20 and extend al ong edge portions of the
pi xel'Vel S¥Ftabmgleputes 1d i edgepqstions of dhe pisst eleerodst4. t Hhiphelpd mekeutifoethd 8
close to the slit 19b, there is fornmed an auxiliary projection 21b. These
auxi | i ar §iffsresice betwens tig batimhehilbal (45 Dto the thamsenitsieh axek) MERERIoA dieBons of
electric fields acting on the liquid crystal nolecules 14 from edge

the liquid crystal molecules 14 within the pixel, and thus heIps alleviate uneven display.

In this embodiment, parts of the contours of the slits 6 are deviated by about 5° from

the 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 ;'fxre 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 diﬁ;erent 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




15 portions of the pixel electrode and fromthe adjacent pixels. -Between
the projections 20a and 20b are formed slits 19a, and between thg 4 0CT 2004
projection 20a and an edge portion of the pixel electrode 18 is forned a
slit 19b. The slits 20a extend in the sane directions in which the

adj acent projections 20 extend, i.e., ifjydirections 45 to the transparent
axes of the polarizers 15 and 16. The parts of the contours of these slits

19a 20 f gl Lections, 20 run jn the sane directions in which the
sitts 100°pE b O RrReiTii Padety" FRuieh feaSoy fUS pingtroble b domslis's be made
paralleloghgnnatic in shagg; ;@kfmﬁse, the slit 19b extends parallel to
the adj aéRF8H3J100L1 fayse veryendivtlane parts of the contour of the slit 19b
facing the projections ran parallel to the directions in which the slit
19b itsel f ex{NeKds seannd embodihent of ihe ifvenkidn aplh baxdsschbbdvedith réfarnpé kg, 3.

el ectrode 4 and the transparent | | OCT 2004 -19- electrode | | and thus

the |i quilte stryshml ofthiscamboelimdd: i8ftke k4164 b Gt bP thedBrsh Qbd Ginteat cﬁﬂe@?ﬁ# {hen
even if the liquid crystal nolecules 14 are inclined in directions, for

exanpke, sipls o thd)Proj8dtRins HnldOfs f¥s. UO&’c%hrediﬁ@%in[hgkﬁéeﬂﬁ@vv?xﬁ%tdgsrecgjl%ﬁﬁrﬁit%liﬁﬁ are

fields fromthe adjacent pixels, since t urs o
t I t I I 450 to.t t Af| I i 5 which
hey T noreaeubasllf SRS IF Ahhrsi Uit S TTGro PO PBel TlfeRnde

crystal nolecules, .14 are eventuaglly inclined in directions about 45 to

the tranBHPeaisopnd thelr explanationywdl pet bejispeated.c Kig 2f§ k plasnviey scbemathelly
transmission light that is transmtted through the liquid crystal |[ayer.
Mor eover Showreg diexpesitiongl pelafienshipobetwedm thenpixell ettedde areldiheeprojeetidnafihusace
on the liquid crystal nolecules 14 in edge portions of the pixel electrode

4. Thi's sebpbembddimei) Hré,alim 1heredbirhal @nbe phel wWearodd 1, akd Pﬁﬁecﬁﬂﬂs hpeal
(45" to the transm ssion axes) inclination directions of the [iquid crystal

mol e¢al egre FémwWdtdnithe tdaBndPiutRlratedNd thus hel ps alleviate uneven display. In
this enbodi nent, parts of the contours of the projections 20 are devi ated

?%eag?g} oot Ol:?gtﬂ%&{&ﬁ% %&p@ﬁ@%@&?ﬂh& Barts 40t Wbl AR RS RS iR pratecnians
are parallell to the directions in which the slits themselves extend, and the parts of fhe contours
of the projections facing the slits are formed with a deviation of about 5° from the directions
in which the projections themselves extend.

15 Although only one pixel is _shown in Fig. 3, in this embodiment, as in the first
embodiment, the projections are formed in zigzags to extend over a plurality of pixels, and
their linear portions extend in directions 45° to the transmission axes of the polarizers 15 and
16. Ina 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 fofrned 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




15 extend. This correction angle nmay be any angle in the range from about

3" to about 15'. In particular, as will be understood fromthe ana,l gsgg-r 2004
results shown in Fig. 12, the deviations of the inclination direction of
nost liquid crystal nolecules 14 are in the range fromabout 5 to about
10", and therefore setting the correctipgp_angle in the range from about 5
to about 10" helps obtain better result. Furthernore, it is also possible

[
to set different corr.ecti angles 20 for t projections 20 to suit the
tendencylﬁ{%m é‘g\%i%et pYRgT &fq[}ﬁgl’ﬁ%Lﬁﬁ% trods @Waffr ﬁ“@c&‘i"ﬁ?ﬂdwﬁl&ﬂ)’ sph pprtien, pyd is
setting different correction angles within a single projection 20, or by

setting MFF§E0BEnMide frame 18 swbstangrlly migdledportioncoft ther pixet elestred®d 8f ar thed
wi thin a single pixel electrode 18 depending on their |ocation. Since the
proj ect i peperbicularly b eogibnt o Qrhthe ottier dand, et profectibm2Ob, iim 64chnet-ive Wifferent
direction of the liquid crystal nolecules 14, making the projections 20

wi der doepesrtibnd thigof2 Adsse? Ghe NsikelS Blebistil Y8 MIERY Ade UPGYERs hetBd¥angdt ist he
correspondi ng pl aces. Through ‘experinments, it was found that, assumng the

sane 6ongickdaginstyf | ' ) e Rroj.ections,. inclining
the contours o ytlﬂin&ﬁgﬁog%tg ihéc:%cslgéag&{ﬁﬁntsc hg@e@gg)éﬁ%n%@d‘?rtrg% ncteabingly Widg
about 12,9 I r.transmssi,vity  than inclining the contours of the slits
as in tho %’%@l@@%&éﬁ’%ﬁe%“‘(‘tqtﬁa‘ﬁs‘m“@é‘?-vﬂfiﬁ 8 %grqr}-é%f? PioiscHenssELyRdon the
enbodi nmept ./ transmissivity observed in the first enbodinent 1.12). Next,
a third B¥#HoR yats fithe inpliaionodirestipps ofeliqid ervstab aalgculesrag fobsermeewith
Fig. 4. In this enbodinent, the slits of the first enbodi nent are used in

conbi nat thencauventianab projecfiectshepes, ob désigned cthatl thertagidrenystall olichRE are
respects, the structure of this enbodinent is 10 the sane as that of the

first enbedivalincliddnaReainy 459 @ thh RahilM 53s SLHELD 'E&E‘ag%hkﬁ'ﬂs, el ement s
as are found also in the first enbodinent are identified wth the sane

f I ' : [ AN d. Fig. 4 i
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the pixel electrode 18, and, along an edge portion of the pixel electrode 18 close to the slit 19b,

there is formed an auxiliary projection 21b. These auxiliary projections 21a and 21b help

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

Between the projections 20a and 20b are formed slits 19a, and between the 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 parailel to the directions in which the slit 19b itself extends.

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




15 formed on the second substrate 8. The projections 24 of the third

embodi nent have the same shape as the projections 21 of the secofd] JCT 2004
enbodi ment. Specifically, the projections 24 are fornmed in zigzags to
extend over a plurality of pixels, and their substantially |inear portions
extend in directions 45 to the transngsgion axes of the polarizers 15 and
16. A projection 24a bends at a right angle in a 20 mddle portion of the

pi xel el j;ecki l.lel to th rojection 24a
" Cor ner couoqy on 2RERIACHARL R AR, BPLRdineh o bisthdRrghEEeitios of

t he proj'ecti%n% 4 . acigﬂ tqeujéfit‘ﬁ 23. a{_e formed with a deviation of
about 5 FrEhtRE HYWEEPEhLQePulgs thateniclingdomedirecsians, Aor enamplel 96% tetteend.
Thus, the projections 24 are increasingly narrow from edge portions of the
pi xel el BEYeH@es 29 undenthei infivencp mfttherlactrer Bdils fbml tHOGH;RRAA pixdl; sined eleence
nuneral 25a represents auxiliary projections that branch off the

br of ect | ool oTt pxf@NIdhakeN bt HAAACPR tht MSciftn (B€ PiNKaRhERIdCIEPR .

and reference nuneral 25b represents an auxiliary projection Torne

an edge [ f Pl th: .close 10 the.slit 23h. These
i | Par st oy RerklFeRutdl 154 B L8RSy HRGeR rer S ikt orsinlimolgte

el ectri CI%i el ds acti ng ,on the. liquid cr%/stoal mol ecul es 14 from edge

por ti ons ‘6% Reenfially mchined dn digetions abaut £3%0tn thadraasnission taxps. x €Tles nibkes #1 i t s
23 of the third enbodi ment have the same shape as the slits 6 of the first
enbodi mepessibBptcefficieatly yse thedrambinissiod Jight thas & s agtedahrdugh B lighiangysdie

m ddl e between the projections 24. Between the projections 24a and 24b are

formed slayérs Méreoddrd theciunatiy g edifbnlr Qb el 21 l?éﬁ r@(ﬂﬁggtﬂe gg%'??“%‘? "l R0 0;

the pixel electrode 22 is forned a slit 23b. The slits ormed so as
to ext enfgRd’ Q! mbRcERS 191 £,884d00S+;] Leh 1 he adl acent 0j gctions 24
ext end, g?\d tcﬁ% palrntscoP the&cgér%eo rslbrggf \%’F'ﬁlge {)ﬁefglaefgo&agi ngﬁjléh@‘ﬁps make
projegtions 24.are.formed wWth a deviation of about 5 fromthe directions
iy ¢ i FosmahE fiTessice berpiten fhS actyal g idaph 43" e the trapsmipsionyaxes) inplislation| es
14 are inclined in the horizontal direction, even if

- directions of the liquid crystal molecules 14 within the pixel, and thus helps alleviate uneven

display.
In this embodiment, parts of the contours of the projections 20 are deviated by about
5° from the directions (45° to the transmi.ssion axes) in which the projections 20 themselves
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
d_ifferent 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




15 the liquid crystal nolecules 14 are inclined in directions, for exanple,
95' to the projections 24 and the slits 23 under the influence off {IG{T 2004
electric fields fromthe adjacent pixels, the liquid crystal nolecules 14
are eventually inclined in directions about 45 to the transm ssion axes,
This nmakes it possible to efficiently yiﬁ_the transm ssion light that is
transmtted through the |liquid crystal “Tayer. Mreover, the auxiliary

proj ectigns 25a 1and 25b help r dfce the 20 influence on the liquid crystal
mol ecul e8OUSTIOHSIE dgEayYe PP%‘E@ dg‘lp e t& cresppnsiing plaees2 2 Thipmigh experimentsyitk e
uniformthe difference between the actual and ideal (45 to the

transmi s¥edioundetbyt, assuing thei semedionditions fa thé widths bf thei stitcandsthalprafedseyl| es
14 within the pixel, and thus helps alleviate uneven display. The :
correct i melininglthe Eortoywaof sheofrofeborantinwhcseebnd Babsdiikft R3uldatntBsut 12 %
projections 24 1 | OCT 2004 -22- may be any angle in the range from about
30 to abpigherl fransmhiBsiiey thahUm@liningethk gt | it he range
from abou}tg 5-to aboﬁsltF 10 hel?lgg %Etgtiglﬁl&igito{gﬁé rsggu%st?nl ?’ge?gg%e‘l’r}?b(’% et

adj usgin : \Ad i 3 .the projecti.ons 24, it .is pgssible
to al Igev?fatat&lg[‘l?l Eﬁfgggnh&sgl{vg%ﬁg;}ﬁéf ?%égﬁﬁggdp@ﬂ%grﬁ’i%?mﬁsfw%s"%%ﬁ% 17 fihg %‘St '
assum ng t@e.sar{eN ﬁ?é’lﬂl tions for the 5 wwdths of the slits and the

proj ecti GlL OUEL T hi enbodi ment of fered about 9 % higher transmssivity
than the first enbodi ment (transm ssivity observed in the third enbodi nent
transni ssi vi t Ye¥b3dhiydampedimeat of thetinvamtioniwikive describe® withNeddrence tb T tah
enbodi nent of the invention will be described with reference to Fig. 5.

The st r ulet thie evbodimest,etib oditirefitthé firsthembadimemts ateNdded Gh Ed¥sbihidticst with the
enbodi nent except in the 10 shape of the pixel electrode including the

slits fopropdtibisasfahdiseched erBbdifleds. 1R ohie résgédtQ%@Qru@ﬁﬁ‘g é’g 1?]{1% %ﬁ%oﬁ#@ﬁs t he

el ements as are found also in the first enbodi nent are |

SSE10 88206 LRSIy EMISNE U GlEhE ERRRSRe >
DRt e dlieh 58 o R e R PO St b emaiod ith Hhe S Togd TNt -
nﬁmerals, and their explanations will not be repeated. Fig. 4 is a plan view schematicaily
showing the positional relationship between the pixel electrode and the projections in the third
embodiment. Here, slits 23 are formed in the pixel electrode 22 and projéctions 24 are
15 formed on the second éubstrate 8.
The projections 24 of the third embodiment have the same shape as the projections 21
of the second embodiment, Speciﬁcélly, the projections 24 are formed in 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.




15 and projections 28 are fornmed on the second substrate 8. The projections
28 are formed in zigzags over a plurality of pixels, and their |irfedrQCT 2004
portions extend in directions 45 to the transm ssion axes of the

pol ari zers 15 and 16 as seen fromthe direction nornmal to the second
substrate 8. In a substantially mddle_pertion of a pixel, a projection
28a extending fromthe adjacent pixel on one side bends at 90' and then 20
ext ends back t fthat a%kgﬁ%gtﬁgixel and, in conmer portions of the pixel, a
proj ection 285 SHEMELA P8 tFrrsentyauxtiany Prisesiony pha hraneh pBithe progectioms
parallel to the linear portions of the projection 28a, which is bent at a
ri ght andfrerndagxtendealgnig cdge osiianst ¢fethe rpikel ctleasrosde 222, and seferdiee pivksdral 25b

el ectrode 26, there are fornmed auxiliary projections 29a that branch off
the proj eqresents 2B@uzitidryepropotonfongd elbgg apedid pasion bf the pifertiedR9d 18daset he
pi xel el ectrode 26, and, along an edge portion of the pixel electrode 26

cl ose totd de 8ltid3b27Wheset Rk i g b 9b. . These
t ese gar%g)rifg@étliﬂ?ng 2?2 UHXZ5|b l?erl? ﬁ?«fu% i llrg";ﬁeﬁ%eeof L

auxiliary projections 29a an b "hel p ce the uence

el ect i Cgfeb@lcOfelAC ik - L Eaul r I ules 14 fromedge |
portions of the pixe elggct%‘ggﬁighggbgﬁ% 4@%%%%2* ;tfﬂnéc%ﬁ? pﬁ%ss‘?fd%eséﬁ‘%en
t he proj | 28 nd..28h.are formed slits 27a, and between the

proj ecti gfr%gﬂr%zzza%gfg%“g&fgﬂﬁﬁmtﬂl -of the pixel electrode 26 is formed a
slit 27b. The Elits 27a extend in the sanme directions in which the

adj acent proj &8¢ slga320f e thisd embodiment hav thecrinershags as thet diits 6tafahes st ent
axes of the (gol arizers 15 and 16. The parts of the contours of these slits

facing ¢meogimeftectSpesi§cdly, thenslitn23 he sodbEnadi 4566 trind Boni PhaVRidal bddGes] thh S
t hensel ves extend, and thus the 10 slits are each parallelogrammtic in

shape. _Lpiojstions 24 hBesivbin Bitproptesi 24pahablard Rrinbe siiddsaCH N 0LiegL ! o

28a, and the parts of the contour of the slit 27b tfacing the projec s 28

run, 101 pldie@lioh 044 13 A8 bbARS et kMG S by Bhked 4 $8 150 STEDGR A N

this enbodi ment, a perip porti prxel _ :

o ent r oo gl RRBE @ Sl patatfer 10" ble GRS e SFet e achatent projesions 34
extend, and the parts of the contours of the slits 23 facing the projections 24 are formed with a
deviation of about 5° from the directions in which the slits 23 themselves extend.

When the liquid crystal molecules 14 are inclined in the horizontal direction, even if
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 }:Inixels, 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 transmitteci 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




15 crystal nolecules 14 is alleviated by being cancel ed out anong fli{fer ent
edge portions. The peripheral portion also serves to alleviate thel" 0CT 2004
i nfluence of the electric fields acting fromthe adjacent pixels on the
liquid crystal nolecules 14 within the pixel electrode 26. The

saw oot h- shaped portion is nost effecti_g?l_y formed at places where the
influence fromthe adjacent pixels and Trom edge portions of the pixel

el ectrode_ 26,1 s greag:l| .Erﬁferabl in e%ge 20 portions |ocated between the
proj ecti SHY B8 AR AEE i the Jangp Ham AbPWelhabeutohy. almmgrtichlar, pesting the
sides of the pixel electrode 26. Wien the liquid crystal nolecules 14 are

i ncl i ned cpredtivn anglei in ot mhgelfromabooins® thhabout 0P helps oBtatif batfRereahigCt Kofedvie! ds
acting on the liquid crystal nolecules 14 fromthe adjacent pixels and’

from edgey pefkiifgthealidiROrPhe@hs £ S hePe0i8Gidns 28! & RVIRL !
saw oot h-Ss(haJ{oedﬁ%‘| Ie OlCT 2004 -284- porti %nojg ldt ga’plllt%eq&%ﬁ%é?%g%‘g%f&neg%l

t hat thegld,pui d les_14.within the pixe el ectrqde 26, are

i nclined dkhﬁgi rggﬁﬁghzéxgg}gﬁg f ’5ﬁ %S fond, Zhsia I@’Hg tgiégmeﬁﬁnglt‘ﬁﬂﬁggr the
possikle to, efficientl se the transmssign light that is transmtted

t hr ou§h Pty i"&Jf“a S@Hé’f‘@lﬂ‘e‘? PLRjgstion 'ihéo‘ilgfi, embpdimenti pifered abpw 8cY6 bigher29a
and 29b help further reduce the influence on 5 the liquid crystal nolecules
14 in ed§enyypeiyishthagfthe fisst smbsrinegns (ransausibty disesvetioh plse thiddeembuiihontm t he
di fference between the actual and ideal (45 to the transm ssion axes)

i ncl i nat tremsmiskivigyatbisenved mfthe fiest bimbodimeatry $108). nol ecul es 14 within the
pi xel , and thus hel ps alleviate uneven display. The peripheral portion of

the pixel el eNexQdFondd cRBodlinégNofaRY ifehesn %ﬂ?@ﬁdéslaﬂﬁbdgﬁiﬂ}Pﬁfgr%%e?%tﬂg.s{'g?e

so long as it can cancel out the influence of the peripheral "portion;
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same reference numerals, and théir explanationg will not be répéated. Fig. 5 is a plan view
schematically showing the positional relationship between the pixel electrode and the
projections in the fourth embodiment. Here, slits 27 are formed in the pixel electrode 26,
15 and projections 28 are formed on the second substrate 8.
The projections 28 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 é
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




15 fourth enbodinment / transm ssivity observed in the first enbodi pent. -
1.08), Next, a fifth enbodinent of the invention wll be descri beb 06Tt 004
reference to Fig. 6. The structure of this enbodinent is the sane as that
of the first enbodi nent except in the shape of the pixel el ectrode
including the slits formed therein. Accggdingly, in the follow ng
description, such elenents as are found also in the first enbodi nent are

identifi with.the .20 sane reference nunerals,, and their explanations wll
ot be. r SibtEcrIHRgE 2 R o8k & e e Pl egrodRa aigetn e st 270
position rel ationship between the pixel electrode and the projections in
the fift f‘éﬁ%%ﬁﬁ*@ﬁtaﬂ ugtiary grajecion 129%r e Thesermdtiliany praegione|29elaed 29bdelp30,
and projections 32 are forned on the second substrate 8. The projections
32 are f aedued theinflugragd tiwvalectric ffieldsaictiny oo theigutd Srysahsholdeaies 14iMgREdge 1
OCT 2004 -25- portions extend in directions 45 to the transm ssion axes of

the pol apbiing of theqpinet] dbctasdeBedhd fFor@ MetdapictlitpB&ld on normal to the second
substrate 8. In a substantially mddle portion of a pixel, a projection

320 2L end! no HebOBnRe pRIAGRNSe IO Wihed R PATGR: 60,20, ARG IO,

extends back to t cent pixel, and, in corner

a projectLon 32b ext endi fromthe adjacent pjxe]. on the other side runs
paral | el 5? %a?tﬁgn F?%ee%q:g%erFﬁlﬁrPéx%Fieﬁf@ge %gbﬁ g&‘f‘?‘iﬁl SQ"Z%(’,'b- whiherslitss2 Treastendt a
right angle. At the places where the projections 32 cross the pixel

el ect r od& the sampdirectipng irf whieh dhe adiadent projectionsj Botiandsi 83m difeationr4nedthef f
the projections 32 and extend al ong edge portions of the pixel electrode

30, and, trahpagpnaaxadgehdpolaiiens 05 ahda6pi TaE F;ﬂ’rtﬁ@it 1he 8ni3frsCoioBEsel itd fA8ing! 1 ¢
31b, 10 there is formed an auxiliary projection 33b. These auxiliary

proj ecti gRSréReicR28 3w i ek Bamé @ﬁi&ﬁﬁgg hﬁﬂh@ﬁ ltﬁéeslﬁ‘gsethg&setl{)& e%&%é%.r'uf trl}fgsl» glleS

acting on the liquid crystal nolecu rom edge portions . xel
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ext end & the projections
run parallel to the directions in which the slit 27b itself extends.
In this embodiment, a peripheral portion of the pixel electrode 26 is formed in a
sawtooth shape so that the influence of edge portions of the pixel electrode 26 on the liquid
15  crystal molecules 14 is alleviated by being canceled out among different edge portions. The
peripheral portion also serves to alleviate the influence of the electric fields acting -fr-om the
adjacent pixels on the liquid crystal molecules 14 within the pixel electrode 26. The
savvtooth?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




15 in the sane directions in which the adjacent projections 32 extend,

i.e., in directions 45 to the transparent axes of the polarizers 151 &4 2604
The parts of the contours of these slits facing the projections 32 run in
the sanme directions in which the slits thensel ves extend, and thus the
slits are each parallelogranmatic in shape. Likewi se, the slit 31b extends
parallel to the adjacent projection 32a, and the parts of the contour of

the slit in h rogiections 32 .20 .run parallel to the directions
in whi chpgﬁiggséfia‘t%e ég’l‘% eiofh 2o ot .t%P gt eveishanlerdias, 14 withinthei pinelr al
portion of the pixel electrode 30, there are forned pin holes 34 in order
to reducélegtredy 26 ke cdined i dligectionst sbont 469 to ke piansparelt exes odthis3 thakes fthe
liquid crystal nolecules 14. The pin holes are each square in shape, and

are for npdssitite poéffisiently utehelineR@RichR:hS tiat 5 Bdnsafiled ﬁﬁ"m%hq}lfﬁgﬁiﬁ 'bgys%@
al ong a peripheral portion of the pixel I 1 0 CT 2004 -26- el ectrode 30.

These pi pvbol I efaQ%; : gggeﬂ]i its 31.are forned
in the plyxel qvg?%gﬁ,o@g ég%l?'ﬁgrn@loﬁctels?%r me Td%kﬁeen?ﬁler{ Hséﬁ‘?sdél c%%e 15@“3“8?78% ng
part ssof i I r .30 by a_ .process such as lithography. The pin
hol es” 34%@[“8‘% é%tﬁle%ﬁr%‘té%? ﬁgd’é epe QRS ph hemr 8L%°tf8ﬂ%|5§-h32hl€: helpemabat
and therehy alleviate the influence of edge portions of the 5 pixel

el ect r od@MEIMLthg diffcaenceibetwegnahe etaal andudeal (457 do she trarisedssiemsaxes) iaclination
~inclined in the horizontal direction, the influence of the electric fields
acting odir¢chiend oy diquidyaysthl moleewled 4 vithirf the PitdlanddhaCRps alltivieed Sndbs
fromedge portions of the pixel electrode 30 is alleviated by the pin holes
34 of thdisplpy.xel electrode 30, so that the liquid crystal nolecules 14
within the pixel electrode 30 are 10 inclined in directions about 45 to the

tranam sei on T TgRe ey TRARR of oRORRY Ml Bedi Fe Eepany Shortipe gt
't - nc@ e B o, B 2 B CRERLEU 46 TAURRcoh dpBrIReIH Rortaradopt el
el ectrode 30, This hel ps make uniformthe difference between the actual
and i dea¥ample, th Refigherabpartps gayrbesiean)a wansHikeathiape withraqutennsnaifting of a
series of small arcs joined togetﬁer. Through experiments, it was found that, assuming the
same conditions for the widths of the slits and the projections, the fourth embodiment offered
about 8 % higher transmissivity than the first embodiment (transmiséivity observed 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 stfucture 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



15 the liquid crystal nolecules 14 within the pixel, and thus hel ps
al l evi ate uneven display. The pin holes 34 may be forned in any oﬂhérUGLégw4
than a square shape so long as they can cancel out the influence of the
peri pheral portion of the pixel electrode; that is, the nunber of pin

hol es and their shape nay be nodified a? necessary. Through experinents, it
was found that, assuming the same condi ?bns for the wwdths of the slits

and the projections, 20 the fifth enbodi ment offered about 7 % hi gher
transmi s®Piiony exient 1t disections #5 cietbe tiansmission pxessofi the pokatizerhs and 46 ais sednhe
fifth enbodiment / transm ssivity observed in the first enbodi nent =

1.07). Névoin the difectibn ecteditoeid seebnd Bebstraeft ilar WivklanblydRsdnd pediow dch
reference to Fig. 7. The structure of this enbodinent is the sane as that

of the fi i i . 2004 - 27 hape f the slits
and the Bror SCPRREHEFoa SHGRELe tont IR, dickebl e o3 425 BHRRGR L gb o
el enents _as_ar oungd also in the first enbodinent are identified with the
same ref 8’% %%egackutﬁet?‘% §§a%?ﬂg PPieL; qnde i caimst ip8ﬁ§m§viq?ltﬁ“h£fxebea PENRCACB B2bF g.
71is % pl an view schematically showi ng the positional relationship between
the piPxefxiending frogethspdiacert pikeljoacthe ether sidetries parelilel tto thenlirpdi pemibns b the,
slits 36 are formed in the pixel electrode 35, and projections 37 are

f or med oprojéetion 82arwhicubbentatt @ right dpde. pr oj ecti ons 37 are forned in zigzags
over a plurality of pixels, and their linear portions extend in directions

- 450 to the trApsiv slateswitre SheOprofedorlR0IBEMZELMS pheel 2trdfe 86 REE hre g;fr%ht he
direction normal to the second substrate 8. In a substantially mddle

Ci | . . . i g © oi xel
o one. s it Ryfbding 33a REERE OR o B EAC T d PRE ApEiRisitio it
d, i t .t i xel proj.ecti. 7b t endi fromth
2 acent TR CBHAER, At AGeth Pt Sl 3 i clongods Hbpoconies IROT!
- the _projectjo 37da, vv_hi_ﬁh is bent at a right angle. Reference nuneral 39
reprelgenh@res’é Sreed it aratiayarreleetien 3. These evetanynerniectienspilaj andt 33bnkel 37

and that extend in the sane direction in :
reduce the influence of the electric fields acting on the liquid crystal molecules 14 from edge

portions of the pixel electrode 30 and from the adjacént pixels.
Between the projections 32a and 32b are formed slits 3 lé, and between the projection
32a and an edge portion of the pixel electrode 30 is formed a slit 31b.  The slits 31a extend
15 in the same directions in which the adjacent projections 32 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 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 3 1b 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 poﬁions 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 which the adjacent projections 37 extend. The second projections 39 are
formed near edge portions of the pixel electrode 35. At the plaéb§ a6&r 2004
the projections 37 cross the pixel electrode 35, there are forned ) :
auxiliary projections 38a that branch off the projections 37 and extend

al ong edge portions of the pixel electhgde 35 and, along an edge portion
of the pixel electrode 35 close to the slit 36b, 20 there is fornmed an

auxi | i ar ' [ b, These,auxilia roj ect.ions 38a and 38b _hel p.
Feduce t REETRIFEL, CEnfRin MIES S BibormLit B ShEY hipedfer Rt Guioee Brpedin
nDIecuIe§ 14. f or1ed&£ pg&Lion of the pixel electrode 35 and fromthe

adj acent Iﬂﬁ REES clesipde &, affy et Bke they slitsntl, Pypresrayirfe pangsl of Ithe pixdba,
and between the projection 37a and an edge portion of the pixel electrode
35 is forleedode §8 iby B @mcesshaich |astlish@Baphyxt dhe fin holBEB42di0drb A% ditdttibReosanme
directions in which the adjacent projections 37 extend, i.e., in directions
45" to t klectricrsidpane thusaasel @t hitPiheabaral1EEER the irfRkndSbor d ép%ﬁi&ré otind he
contours of these slits facing the projections 3 7 run in the sane

di r ectsi opfel dlecthideotdng 18 filles t hensel ves extend, and thus the slits are
each parallelogrammatic 1 n shape. Likew se, the slit 36b extends parallel

to the 5 adja r O ion,.37a,, and e parts of, the contour of the slit
36b facing thgﬁ%%oﬁlgg!t“ﬁ%%sc i ’PB'[*?C‘QS% QFI% ipenef dn the horizepial disectione fhet he
slit 36b.itself ﬁﬁ%ﬁ ds., eLgrence nuneral 40 represents second slits that
are narr Nihgh tengedpf deldseacking amike liguid £osighanofecoles ddigGompihet adpaventof

the pixel electrode 35 toward a middle portion thereof The second slits 40
are f or REglspad dtame pdgecpartiensanfthe pinel Jextmdd 3prioplevidtahtsy 89.pid heles 84 onthe
projections 39 and the 10 second slits 40 are forned in pairs, and are

formed bpixekeacttdie 30, goahiti thadiqdid apsial Meleslict 34 3GithiR gk P&EN‘@!@&H%]J&E%O are
projections 37 and coner portions of the pixel electrode 35 wth the

second ik ﬁ%ﬂeeﬁéﬁ@étogﬁwﬁ% Rpd H&sﬁé&éﬁﬁgkg ”@H@ Yna%”sgpi g’r&gﬁﬂﬁg © ggicmy

proj ections 39. The secon projectio e se
| ocat ed dge .porti.ons,of. the pixel. electrode. 35 so as to reduce the
i nf | uencaedre g *:"'E%?? lightthe lst’“ﬁasrﬁiﬂs?a thropgl thediguierysial laer. | Adoteneari e

auxiliary projections 33a and 33b help further reduce the influence on the liquid crystal

molecules 14 in edge portions of the pixel electrode 30. This helps make uniform the
difference between the actual and ideal {45° to the transmission axes) inclination directions of
15 the liquid crystal molecules 14 within the pixel, and thus helps alleviate uneven display.

The pin holes 34 may be formed in any other shape than a square shape so long as
they can cancel out the influence of the peripheral portion of the pixel electrode; that is, the
number of pin holes and their shape may be modified as necessary. Through experiments, it
was found that, assuming the same conditions for the widths of the slits and the projections,

20 the fifth embodiment offered about 7 % higher transmissivity than the first embodiment
(transmissivity observed in the fifth embodiment / transmissivity observed in the first
embodiment =~ 1,07). |

Next, a sixth embodiment of the invention will be described with reference to Fig. 7.

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



15 directions of the liquid crystal nolecules 14. Accordingly, the second
projections 39 and the second slits 40 do not extend up to a m Lpggl 2004
portion of the pixel electrode 35, Wen the liquid crystal nolecul es are
inclined in the horizontal direction, the influence of the electric fields
acting on the liquid crystal nolecules_34_fromthe adjacent pixels and
fromedge portions of the pixel electrode 30 is alleviated by the second

proj ecti 0] e slits,40, .so that the liquid crystal

nol ecul egﬂipf% w ffﬁlle?lﬂg%tgngitﬁeel%ptglgcé&n?'od‘é"%dmﬁlrye 1 the &ﬂ%"‘iﬂﬁ ‘gqs?f&‘}tqno f4ch
about 45' . to the trapsparent. axes, This nmakes it possible to efficiently
use the te}eé'h“é’f‘ﬁ 33 P@nPOPF‘g ﬁfsotlﬁ ¢ itirst erabadipenterre tifemiiigl witl the samel referpsdeal

| ayer. Moreover, the auxiliary projections 38a and 38b help further reduce
t he infl GumeRlyrandHbeir pxplenations yill abot helrepeateds Figg. i7ris edgian pivvi setematitallyhe
pi xel electrode 35. This helps make 1 1 C C T 2004 -29- uniformthe

di f f er enckovwimgvibe potitiena atelasibnshiysl bethazh thd pikeD eldd@olld aRE Mhes pEALLIBAER the

inclination directions of the liquid crystal nolecules 14 wthin the

pi xel 5 agktth BuBodipkRS Hd&\iiRLS HORHERA MR q%ﬁ&aééi%id%gﬁ?cﬁﬁﬁg?%%ih

the second projections and the second slits an e posrtio

they aregf i figed as necessary so |long as they can cancel out
the infl uerﬁ{‘:eg%glftﬁ?%eg&gdeg@gﬂrﬁ%’gl portion of the pixel electrode. For

exanpl e, the cond roj.ectigns and the second slits may be formed in
different sized® WF‘HE’&H 32)&5‘% PRSIt 18, ZIgFags WYY ¥ plweity iedtpixeds sandithejr {inearsame
conditions for the widths of the slits and the projections, the sixth
enbodi meRertions exteed wbditactignd i tghibe transanssivrs steg iof Yhd puliridehe 15 bid 16 as seen
enbodi ment 10 (transm ssivity observed in the sixth enbodi nent /

transm sfioi the diReRs R6tnial td bR debbid sutBirRed® Mt S%lbgta[gz;lhé’ N&le Opca’lugr? ngt h

enbodi ment of the invention will be described with referénce t
e L8 S SRl S S e Bt e
Accor di ng)!tXﬁdsi l?aclg htg th?tl tll jggerrlltgpigcgf Cagaldpgnl ggﬁlersggrrt]ions of the pixel, a projection 37b
extending from the adjacent pixel on the other side runs parailel to the linear portions of the
projection 37a, which is bent at a right angle. Reference numeral 39 represents seéond
projections that are narrower than the projections 37 and that extend in the same direction in
15 which the adjacent projections 37 extend. The second projections 39 are formed near edge
portions of the pixel electrode 35.

At the places where the projections 37 cross the pixel electrode 35, there are formed
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




15 elenments as are found also in the first enbodinent are identified wth
the sane reference numerals, and their explanations will not be{rb@ddt &
Fig. 8 is a plan view schematically showi ng the positional relationship
bet ween the pixel electrode and the projections in the seventh enbodi nent.
Here, slits 42 are formed in the pixel _gkectrode 41, and projections 43
are fornmed on the second substrate 8. 20 The projections 43 are fornmed in

zi gzags raplurality of.pixels, and their |inear _portions extend in
directi oglgﬁlfssa g djrg ‘Wi’h?}?{@&ﬁ%ﬁ%a%@é PEyeclines Hosxiends & e imdiregtigns65°4g theeen
fromthe direction normal to the second substrate 8. In a substantially

m ddl e p&RPIRFFFHRxes ofthg gplarizerprl6j andt iton The pasx é e cugtduroof theee Aty feampt

pi xel on one side bends at 90 and then extends back to that adjacent

pi xel , amht projentiamsi}Tenn potheisans dirbetidne Pk, thésIRS HeRGtiveNeddR), ind HEH2004
-30- extending fromthe adjacent pixel on the other side runs parallel to

t he |i neglitspRé tehéth par@fielbf8@mnii Rl ﬁ%ﬂaﬁg BRewith! £ i 306 Uxtddls ﬁ)agaillgi\;'\éor ﬂ{égl €.

Ref erence nuneral 44 represents secoh proj ections ‘that are narro han
the pkoj ggit.k hat: &x kn.the sane.directjaon.in,  which the

adj acent pr 0?12 @ﬁ%@ﬂ%&,ﬁd&ﬁa 53&% gk Q’ COREYS ggfh&sth?ghé %ﬂnga?h& HOPEHS ddar
edge 5 portio of ,th i.xel. el ectrode 41. Between the projections 43a and
43b are R@&{@ o the é‘&t@“‘aﬁdmb‘é’ﬁwi%eﬁet% 36b disele tepitmdswgefamsa numeigh 40
portion of the pixel electrode 41 is formed a slit 42b. The slits 42a
extend TaPresgess sapandoslite dhat sne namowki thantthe stisj 3cend tpt aire dorinadsirdd @stend,

i.e., indirections 45 to the transparent axes of the polarizers 15 and

16. The pertioss of thelpixed efectruds 36 fowhdsemiddid porfiogiligedi0 THE stloRi Ahts 4N5e 43
run in the sane directions in which the slits thensel ves extend, and thus

the slitforfie pandiel ffhetaRicea saboRBhAlLERIBEMTREL Qeéoﬂﬁ?é}gaiog%i3§ga‘ﬂ\%§$§ Jthe

slit 42b extends parallel to the adjacent projection a,” and t of

i ot oo Uik P8 aR iRkmAFR I 90 &l Ren B B Wpraalo Hmdebs s’
represent l§e%§r8er1]1dth§ lp;'cgjesctitogsa 57 and comer ;C))(\),r\%[mst Qfatﬂe tplr)]{%I gllei‘,ttrgde4325, %;i]t% the second
slits 40 located between the projections 37 and the second projections 39. The second
projections 39 and the second slits 40 are located near edge portions of the pixel electrode 35
so as to reduce the influence of edge portions of the pixel electrode 3.5 on the inclination
15  directions of the liqt_lid crystal molecules 14.  Accordingly, the second projections 39 and the
second slits 40 do not extend up to a middle portion of the pfxel electrode 35. |
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 30 is alleviated by the second projections
20 39 and the second slits 40, so that the liquid crystal mbleculeé 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 erystal molecules 14 in edge portions of the pixel electrode 35. This helps make



15 that are fornmed from edge portions of the pixel electrode 41 toward a

m ddl e portion thereof. The second slits 45 are forned parallel1t1>&0ﬁaZWM
adj acent second projections 44. The second projections 44 and the second
slits 45 are fornmed in pairs, and are forned between the projections 44
and the slits 45 and between the projectdons 43 and corner portions of the
pi xel electrode 41, with the second slits 45 | ocated between the

proj ecti econd 20 0j ect.i,o 44, e of the second, .

proj ect i gﬁ%%ﬁggﬁgﬁ? %rgg%%&egwae%ﬁ‘ﬁa%%‘ ?’@rlfjr?aq?%a@ﬁ%ériwsmléﬁ?fé%) msligatigng

m ddl e portion of the pixel electrode 41, and which of them does so

al t er nat ggﬁfﬁ%ﬁﬁ%ﬂ?@ ligaid crystal melasules 14)vathin sheppirelp et thus pelps albeviae unéxen

pi xel electrode 41. Mdreover, the ends of the second projections 44 and
the secoddplsy.its 45 are not parallel to edge portions of the pixel

el ectrode 41, but are perpendicular to the directions in which they I I OC

T 2004 -31- eYhesides shdshsRaQTthd¥e0bRLs é{éﬁﬁorﬂ;‘hnﬁfiﬁ’e SddBnBQRONY Rb irpéﬂtié‘;?s igre

| ocat ed near edge portions of the piXx el ectrode 41 so as to uce the
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directions of the l1qui ta ecul es 0

proj ecti 44 a the second slits .45 da not. extend up to a mddle portion
of the pﬁ@g‘F"ce5°§ﬂB%tF}e88§ef& PO, Oifhfg‘e| ?Iﬁ%}i 8138?9‘2‘1-a| #%P%aé’ﬂﬂl%s the segoad
inclined in the horizontal direction, the influence of the electric fields
acting oRrOIgGHORS #nd; the spgandasiitsian el fesmedying disferenh sizesij Aheoneh giprementaid
fromedge portions of the pixel electrode 41 is alleviated by the second
proj ect i A fouad theigassimeingetbe sams (conditidrs, fos thet witlthst dfethb iskifsiadld €hiey pilofdctions,

nol ecules 14 within the pixel electrode 41 10 are inclined in directions

about 45thecsitthenibodinEar @iredsBsut T1% %ﬂk&%&ﬁis@ﬁﬁ?itﬁélﬁtﬁeoﬁ:s?fefﬂgﬁhﬁ%{ y
use the transmssion light that is transmtted through the liquid crystal

l ayeno ThRnshiSSitahsahaPes ok § j j ..an second.s|its
and the g%gitiongﬁins whi ch t%e%ggrgﬁﬁgyﬁgﬁrﬁéy %ﬁﬁgﬂﬁfﬁg gg‘%e@%s@ﬁ%y o)
| ong as &ﬂﬁﬁhﬁﬁﬁz el out the influence of the peripheral portion of the
pi xel el ectrode. For ‘exanple, the second

Next, a seventh embodiment of the invention will be described with reference to Fig. 8.
The structure of this embodiment is; the same as that of the first embodiment except in the
shapes of the slits and the projections. Accordingly, in the following description, such

15  elements as are found also in the first embodiment are identified with the same reference
numerals, and their explanations will not be repeated. Fig. 8 is a plan view schematically
showing the positional relationship between the pixel electrode and the projections in the
seventh embodiment.  Here, slits 42 are formed in the pixel electrode 41, and projections 43
are formed 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 substantiaily 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 comer portions of the pixel, a projection 43b



15 projections and the second slits may be forned in the sane size, or the
ends of the second projections and the second slits may be nade par gCirepio4
to edge portions of the pixel electrode. Next, an eighth enbodi ment of the
invention will be described with reference to Fig. 9. In this enbodi nent,
the shapes of the slits and the projecggggs of the third enbodi nent are
used in conbination with the second projeéctions and the second slits of the

si xt h emhodi nent | n other respects, the structure of this enbodi nent
is the s&?‘é’geng‘g‘gt%’i‘%gefa‘ﬂﬁén? pixel onths theresidle runs parelielrigithe lingar hoetidnsldf ol ng
description, such elenments as are found also in the first enbodinent are
i dent i fi @GR fie gk iy bewtr ¥ne cightianglal sRefermice maimera il sopatdennSsesbid
not be repeated. Fig. 9 is a plan view schematically show ng the

posi t i onarojeatioas tluomshd partvstenelean the prj@itioat 481266 thDdeteadth IHRQaReUiREtibPRS i N
the ei ghth enbodi nent. Here, slits 47 and second 1 1 OCT 2004 -32- . slits 51

are f or madidhntht hdjapbmeiropb@sikBdstdf. ante Qéﬁn@ﬁig{)jg%n§$4%g SRR ar gdgpg

projections 50 are formed on the second subst he proj ection

are far npgriols &F @39 Ligetfddeqd over a plurality of pixels, and their
substantially l[1near portions extend in directions 45 to the transm ssion

axes of the pglarizers 5 15 and 1 prqj ectign 48a bends at a right
angle in am g&ﬁ‘éeeﬁif’et P{?ﬁecﬁfmst#é‘ aﬁ’ﬁ%@ a¢ g&'f’}eéé ts484, aMcbeswennothe projesiionsh
runs pargllel to the projection 48a in corner portions of the pixel

el ect r od@u#nd athedgsaparion et theeixebplesuede 4F istfoemet opkicdZbonThé 8lifsatdangtdntie
slits 47 are formed wth a deviation of about 5 fromthe directions

i n. whi chintthe spmejtieettionnin Which kiermiploemspropt edid.43 ckhuag, i.d e d%&i&ﬁ@s%lﬁh?
are increasingly narrow fromedge portions of the pixel electrode 4 0Oto
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projections that branch off the projections
B aur e PSS AE il RN SHg PR RN Brmh e raicprban tneiber ode
46 close . to the slit 47b.  These auxiliary projections 49a and 49b help the
i nfl uen C%lt%.'ﬂl'% fach” substantially para?lelogrammanc in shape. Likewise, the slit 42b extends
parallel to the adjacent projection 43a, and the parts of the contour of the slit 42b facing 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
eiectrode 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 middie 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




15 electric fields acting on the liquid crystal nol ecules 14 from edge
portions of the pixel electrode 46 and fromthe adjacent pixels.4Thgst 208
47 are so fornmed as to run along the m ddl e between the projections 48. -
Bet ween the projections 48a and 48b are formed slits 47a, and between the
projection 48a and an edge portion of _52@ pi xel electrode 46 is forned a
slit 47b. The slits 47 are fornmed so as™20 to extend parallel to the

directions,i jch the adjacent projections 48 extend, and the parts of
the cont cﬁ’ﬁ?célgombﬁéec?fl prigehops i ﬁ@gﬁh?eseﬁﬁﬂ%ﬁ gty o aese logated sedroadge gomtionhof

deviation of about 5 fromthe directions in which the slits 47 thensel ves
extend. e pixehelectradaehl 0 %5 do resfuce Seninfueee ofiddgr mjrtiots ofhetphal eRtRode 41
narrower than the projections 48 and that extend in the sane direction in

whi ch t henatip acdiatipn directionons 48 liquid ettal @iecultd- 12Xt L4 rdiRRY SR NGEond
nuneral 51 represents second slits that "are narrower than the slits 47%and

t hat lga4t 1 i i . d .
at runppsedidngl4at d e REGRCERL SL§OME: Bk cgg 48NS i ddle B?)%@nﬁg?@}eep%lr ed

projections 50 and the second slits 51 are I n palrs,
near edgeg.pRLid #Ns of the pixel electrode 46, nore specifically between
the projections 48 and the slits 47 and between the projections 5 48 and

edge coner portion f the pixel electrode 46. Wen the liquid crystal
mol ecul es 14 Y RED, ﬁi‘%‘g CDF?"% HBOlﬁ‘E}ﬁFszéﬂtaé‘F ipglingd tin ghe borisontahflirentione thef
the electric fields acting on the liquid crystal nolecules 14 fromthe
adj acent Infjyenesn of theqeleqtdentiellgeactiog tanoths lihid trystpl welecelescta Adm 6 ddfacent
all eviated by the second projections 50 and the second slits 5 1 -

Mor eover pixelsemdiffom edgbegortitres dfthd pigslcdeafodt H0SEalRvaREd by tHel BL&IRS prbfa&richQ
liquid crystal nolecules 14 are inclined in directions other than 90" to

the proj 8¢hidihe sé&nandtstdse sitiat thedifuid %ﬁ%{;ﬁéﬂe&ﬂ&i ¥8{Rhin TR E&%i ggcgnfggig NI

eventually inclined in directions about to the transm Ssion

makegqi t . R0SSi; -1Qq: i cient dse the transm ssion l.ight that is

v anao + PeGElet i Bt Bl AoV 3F A< T BRRE e, Pt dnhen o aasstle doy
pr oj ectigf@s. 49a anﬁl 49b a| l eviate the influence of edge portions of the
pi xel el BEFEBGRURdhGHansHussiandightithat ipdtagsmitied 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 can.cel 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 other 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 refefence 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



15 nol ecul es 14. This hel ps make uniformthe difference between the a[ﬁg]uazl
and ideal (45" to the transm ssion axes) inclination directions de ¢ 004
liquid crystal nolecules 14 within the pixel, and thus helps alleviate
uneven di splay. The correction angle for parts of the contours of the slits
47 and the projections 48 nmay be any gggl_e in the range fromabout 3' to
about 15'. In particular, setting the correction angle in the range
from abou}. 5 _to agbout 10" hel ps obtain better result. Mreover, by ‘

adj ust i n§'tSrd akf Sored i therixall Glecarode 48,4ad Prdeqsions 48 mnd second prajectioss pdssi bl e
to alleviate uneven display. Next, a ninth enbodi nent of the invention

will be dersedionghe sicond subktraterfce to Fig. 10. The structure of this

enbodi ment is the sanme as that of the first enbodi ment except in the 1 1
OCT 2004 - 34- Thhapsjsctohs 4R arstorhsd aﬂﬂgia@@wéﬂbﬁ%wrﬁﬂumwfﬁyiﬂ@é ¥nd iHirt he
foll owi ng description, such elenments as are found al'so in the frrst

ol | o i ption, such _ n the frrst
ot anat roosaieelf i bpfatcklind RFapafEnd £ 0% BpashGRUTH R ot Biery

showi ng e itional relationship hetween the pixel electrode and the
oo o0t onanf §5+ 18 BSkstiom s HaruEhtABES in § middlesmrsareoiibs mixe Aectiade

pi xel electrode 52, and projections 54 are formed on the second substrate
8. The pf®j &3 BrYedsion A% mups pethilehtozihg rugisctived8aimptamal pdrfioms opikegligsl and
their linear portions extend in directions 45 to the transm ssion axes of

the pol aeleciesds 45 dihe phéts af tieeohtodrs oftHeh@ofbti@Gl 4R cHGARLII A7tRE fhk@nd
substrate 8. In a substantially mddle portion of a 10 pixel, a projection
54a ext epsthndicha88h bR BRI the BirelticR iPRRichL ek then

ext ends back to that adj acent pti ggff@étgﬁgl R ﬁlcggﬁ%r%g%?r{slaigntgg%%hmé’x%@el ,

paral | o1 B RSRRAATR Agce isREtomt S Rl arm of s incelscroge ‘ot a

paral | el

ri ght angl e. Reference nuneral 55 represents auxiliary projections that

br anf;lﬁ o) aﬂ?@?ﬁ%}@bﬁ?&% 54 and that extend al ong a peripheral portion of
t he

Reference numeral 49a represents auxiliary projections that branch off the projections
48 and extend along edge portions of the pixel electrode 46, and reference numeraf ‘4.9b.
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




15 pi xel electrode 52. The auxiliary projections 55 help reduce the

i nfluence of the electric fields acting on the liquid crystal nmolequher ZBf4
from edge portions of the pixel electrode 52 and fromthe adjacent pixels.
Bet ween the projections 54a and 54b are formed slits 53a, and between the
projection 54a and an edge portion of_%@g pi xel electrode 52 is forned a
slit 53b. The slits 53a extend 20 in the sane directions in which the

adj acent %tro' ec%ifons 54 extéﬁgfj, i.e., in iE,ec%i ons 45 to the transparent
axes of n%ol FFFars Beanyl 1PreseRs speone Slipy thatare damewer tBanthetshitsst andi t s
facing the projections 54 extend in the sane directions in which the slits
t hensel vt &% paglleldqdhe pdigcent recasd; prejegtiense3b h Thersebonsl projeations 5@ afidh the
shape. Likew se, the slit 53b extends parallel to the adjacent projection

54a, and stdoed phtstd ot fotmeedciantatsr andf art fiernsdi feab 3dpef REling dfftBe i@l eRkhgRs 54
Il 1 OCT 2004 -35 run parallel to the directions in which the slit 53b

itself exs . bt ' Wagh | Rt
itsel f extene spWifiballybetivisiiting proj¥dioak 4?&%%\4 8is 47 add ﬁTtgg&g E}{%ﬁﬁgjeg%&{;ﬁe

hori zontal direction, the influence of the electric fie

liquid cpy ﬁ@'dégy : j acgnt pixels and from edge
portions o? th pfggFbéﬁ%%??éggq%%yggag%ﬁgg?ated by the auxiliary 5
projections 5 Thus,..the liguid crystal nolecules 14 wthin the pixel

el ectrode 52 J1K" tﬁ@e‘?ﬂ“ﬂfglcwwﬁﬁ?lf’?’%ﬁ? ??1 e relined ig the hotizoptal; direckien, the
transm ssion axes. This makes it possible to efficiently use the

t ransni s¥yRNGe efhthe qlerdric ifiglds ragtingriontthel lighidocryktat meldcilgsild Tomsthaladjaagter .
Moreover, it is possible to make uniformthe difference between the actual

and i deabix¢l4@nd Gronhedgermmsorissifitlnpiastadyctiode Hb ivdllevintdl Byehk isemdProfeltfons
liquid crystal nmolecules 14 within the pixel, 10 and thereby alleviate

uneven db®mdghe sdddad 3litsidli aMorBéRk,&5kh BNSnde? KB ARGE Of ﬁﬁgef elb@sik ?il%ﬂisotfhe all
around a peripheral portion of the pixel electrode 52, only at places

sher 10 e ARG 05 D 0 Bl MEben SHEE SRS o 60
per i pher t%le 8 It%rdrt'ii, (t)hrc]a l?c];ui}l rclsl(?ysglil )r(n%l}ecﬁ{egcltlira?g gveSn%lially 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
49b 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 cotrection angle in the range from about 5° fo 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 Next, a tenth enbodi nent of the invention will be descried wt
reference to the drawi ngs. The structure of this enbodi nent rese |é50@]:,agﬂﬂ4
of the fourth enbodi ment, and therefore, in the follow ng description,

such el enents as are found also in the fourth enbodinent are identified
with the sane reference nunerals. In thh% enbodi nent, the sawt oot h-shaped
portion of the pixel electrode 4 is fornmed in discrete edge portions

t hereof 20 Moreover, the insulating filmbetween the signal lines 3 and the
pi xel el dbanesdd thej sitygndithe preipationsindAecqsdinglyhén ahe folfaviog dekcriptionpisud s

el ectrode 4 overlaps the signal lines 3. Fig. 1|1 is a plan view of the
first sulkmeatseassarehfouhé apsbxiel the lfiesit embleliméntt dre idamiflad a0 the Bithe rdfbr@ncel 2

is a sectional viewtaken along line B-B' shown in Fig. 11, and Fig. 13 is

4 | ew ong . 4 m o
a di agr ammehdyahd et ¥xplahavh@ill A6t tsee}e@%dégrmg forgg Rgifg\@é?% LSy BaRESREAQNS

and the slits of the pixel electrode. 11 _ _ rence nuneral 60
ane 1 e ¢ SO ERECI ARG, B53Rh RS pblel SRuyr i okt HrCr e B thed

t he uxi) j-ary, capacitgnce. electrode lines 60 are |aid parallel to each

ot her %anh} n?&%ﬁ%%&'ﬁﬁ{ri j?‘ﬁr Sﬁg ATC formsfyn f WP?FE‘@“P‘?? » a8¢h pEYpchioas 34 are
Referenc? nuneral 61 represents a gate insulation 5 filmlaid on top of the
scanni ngirPsd ondnesegondhaubsisiate Bi ary capaci t ance el ectrode lines 60. On the
gate insulation film®61 are formed the signal [ines 3, which are fornmed of

al um num  chifberipoojectons tSHeré ifdrened Tinesdgzags ghal a blundlBy Df Pixkeld, aind their linear
perpendicularly to the scanning lines 2. The areas surrounded by the

scanni ngpbrtipaS esdeRth difRtish IR tolthdBSnshiGAGN &0 %?Wﬁiztepsf P50 P ﬁ?%ebegﬁ

each pixel, there is formed a pixel electrode 4, I's formed o

120 10 (kpgi ine oxi ¢ the | L bet t hy ing |i
2 and t nEOR APl o fls OGd MhBREE H1S wPudREll mRaRGoaor dea. i n

thislsandinentb,gach g%xel i.s provided wth two signal lines 3, and each
pi xelOe| BiXEh gquoigction s adending irom the apfaventpixefionsone;sidet brnds 26809 emd then
process, even if one TFT happens to be defective, the pixel electrode 4 can
be oper ettenishhackety thit ddpent pixel, BAd, b cdmbiSpatisn 65 tRNpikED ROy @fcHbesTh
extending from the adjacent piﬁél on the other éide rﬁnS'pafallel to th'e'li'near por‘tibﬁs‘ 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 periﬁheral 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




15 Reference nuneral 62 represents a first protective filmthat c v?rﬁ }Qﬁ
signal lines 3 and the TFTs 5, and reference nuneral 63 representls ac 04
second protective filmlaid on top of the first protective film®62. The

pi xel electrodes 4 are fornmed on top of the second protective film63. For
exanpl e, the second protective filn163;gsy be given a flat surface so as
to act as a flattening film alternatively, the first protective film®62

may be formed as an 2Q inorgani ¢ insulating filmand the second protective
film63 JYREAT ﬂdﬁﬂmagﬁﬁgﬁﬁdﬁﬂﬁﬁmﬂhFﬁﬁ53ﬁﬁ$@ﬁ@ﬁﬂﬁhe two protective filns 62
and 63, there are formed contact holes 64 in portions thereof

correspondi ng Wéen ke Hquid rerpstalcmobegeles o4 ereeindlifkd @, thanishrizohtab dgrbetidhe sie:
contact holes 64, the pixel electrodes 4 and the drain electrodes are

el ectri canflyencerfehd¢ ectriogfdldebctingnon bR Bali@ chyisllmmdlb@iles 14 BoRd the 5hg£c%n@r e
formed i nsular el ectrodes (not shown) in portions thereof I I OCT 2004 -37-
facing t A alnH | agd i -5 9d L es i ar. ..

el ect rodggx ar)e& ?o?én%idé\% ﬁ% ﬁgﬁ%g’ﬁghﬁgﬁr{%@i gfagdﬁg ?’?q% ﬁ?eiggigﬁeg Qf#ﬂée é‘lusmthﬁré'
signale |'i The | | Ar tr s_are, electrjcally .cqonnected, through
the cont c@gﬁgqngsﬁ& T&%?rr@ﬁ @#ﬁ%ﬁg%gﬁh@‘){eﬁﬂe%ﬂgt@Et‘@v@eI%R?ér ge"tfﬁleaf??d aw3,
to the pixel ectrodes 4 so that the insulating el ectrodes and the

auxi | i ar fV%ntEglb’a@F{l%é daregliansgpeut #clo tho trapwaissien axnsodlibis makes it posyible
capacitance in each pixel. Edge portions of the pixel electrodes 4, as
obser ved t6 reini¢rily whertbe tiansmissiomdight chat hie trbhsnsitted uhea%}vat& Hquid RAYstal byl
overlap the scanning lines 2 and the signal lines 3. Wthin each pi xé€l

el ect rodaqdreovdNREpEBII @ FRE iRl b citFertoe Holhn N0 bHlairld idB (457 1o
I I'ch™a

described later. Fig. 12 schematically shows the state I'n

e o i e R S BB e A0 o B 2 i

projections 67 . in_the tenth enbodinent will be described. In Fig. 13, the

pr oj i 8 ﬂ@’?ebé{r"‘ge‘flﬁﬂilﬁ%éélsbkﬁy-br oken fines. Wthin each pixel, there are

formed a plurality of strip-shaped projections 67, which extend, as

observed fr omIhp euxilisryqrpjections Sirahayt be fonmed dnse ofidistrowtdea Berihtial poitibe

prxet, rc])f the pixel electrode 52, only at places where the influence of édge portions of tﬁe pixel
electrode 52 is great, so long as the auxiliary projections 55 help reduc-:e 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 lines3. Fig 1lisa
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.



15 directions at about. 45 to the signal lines 3. In this enbodinent, at a
substantially niddle portion of a pixel, a projection 67a extendifnd BEHn2004
t he adj acent pixel on one side bends at 90 and then extends back to that
adj acent pixel, and, in conmer portions of the pixel, projections 67b
extending fromthe adjacent pixel on the other side run parallel to the

| i near portions of the projection 67a; @Rich is bent at a right angle. In
this enbodi ment, the projections 67 are 20 fornmed in zigzags to extend over
a plurality ofReferengesnumeral §0 reprasonss auxilisty wepasithtce tlectfateniindshavhich are
proj ections 67 independently wthin each pixel. Wthin the pixel, as

obser ved fémuach at ltiee shinrectine ¢imt s sahning linbe2 S6cHMties UDThE fanide ki Dond 6) are
formed al ong the m ddl e between every two nutual |y adjacent projections 67,
and the agili abitiic® dledtrb@ 1ihés b i patalien | f ;

Thus, the S|F?;&%8 and the | 1 C%% g%gﬁ?@%g?ﬁgg%ﬁgg%ﬁgﬁgégﬁﬂiﬂhﬁﬁﬁgﬁﬁuy
directio t r 11S& QN ax t he po izers 19 and .20, and
accor di ng%ﬁg@? i‘r;]fﬂ;[s ‘F}Faﬁuel %@?: ?ﬁ;/sz?r' gfé Hol lg‘(’:%ﬁ'l%é%e F o r@’{ ?Eich?rﬁﬁe&%Si % pigdnshation

i,n directions 45 to the transm ssion

i nclination di.;rectio speci f.i cal |

axes. I3I nﬁ?'ﬁil%'dé’ﬁ'&%f)ﬁé{r‘?ts,cmf%%g LF?S?% a%‘hthﬁﬁHXIllﬁWecﬁRf*@f@é? elspods7lings §0ar Panged
substantially synmetrically with respect to the axis that is 5 parallel to
the scanfienggte iksukation flen 6hare fanmedithe siggal inesubswhichi st Ifgromiddal aumdmnim,on
of the pixel electrode (in this enbodinent, the axis coincides with the
auxi | i ar yhroapar;j erzthe bkel eThesodiznbl liwesGDire dibiparpeadigulatly o e RaQHRg WhédD.
different inclination directions of the liquid crystar nol ecul es 14 to be

ar r anged Ty arday sivcdundsd 6@ahe Bé2nfing lidks e dPRE bl TifesPEE rgiga of
t he pi xel el ectrode 4 whgre t he inr%fl ugnce of e éle 110S p([ﬂiéoﬁh%{nn%g%@(attheo gi xel

el ectrodgjd | I QUYi [ t] rrel,atibve tq. the sli 6 nd
the  prop gt acReRdt pit Herd B Fpll o (IS8 A EBOHE Lo LAKE B 3pimh & 16 on 0T he
i nfl ygnec edge .parti,ons is capcelled out and thereby alleviated anong
di ffgfgen P@l{l{nnzg% %%geﬂed g‘%ﬁ%fﬁ‘?ﬁ%&f’?‘”é 66‘@%&3&@#&&1 thegvgrgblinestie
periphergl portjon so shaped al so hel ps reduce the influence of the

el ectri ca?feg?fa ommed T hed a8jswitehing slexises  dn dhis sebedimens,deack pisted is priokvidedic e

on ‘
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; alternatiVer, 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



15 the liquid crystal nolecules 14 within the pixel electrode 4. Fi&i%éfﬁﬁﬁ
an enl arged view of a principal portion of an edge portion where da 4
shaped portions 65 are fornmed, and Fig. 15 is an enlarged view of a

principal portion showing the positional relationship between the edge
portion, where the sawt ooth-shaped portiheons 65 are formed, and the
projections 67. Figs. 14 and 15 are enlarged views of the sanme portion, 20

with the projections 67 omtted.in Fig. 14 to ke it easy to grasp the
poSi t i onﬁ(’l?éﬁ?ﬂ”&ﬂ?ﬁy ﬁap%g?’%@eﬂe%eg’&@%é%or Iﬁ%ﬁ ipfularipdedyiodey arel fotmecboles 4
and the sjgnal line 3, and with the projections 67 shown in Fig. 15 to
make it é%?sﬁmﬂfb mgtegigh ang aat b same time asthet siged Hines Bet Iherinsuldrecledgelepard i on
of the pixel electrodes 4 and the projections 67. In an edge portion, where

the angl elebticaly nommecedgeraightthe cpntae hods 6at forified thraipth thé Bwél pforsdive Taylefy
which the slit 68 1 | OC T 2004 -39- approaching it extends is about” 45,

the edgeépodrd 6% & 6Rt pikel RfcbHEMEES shN@al Ui f?i[i)i%te‘?éctroﬁ{?in YIS ARk are
I HI S e 8N

inclined by being restricted by the slit 68. T auses I ncl i na
directsi o L.guL g; t I | es 14.to deviate .greatl ramtheir
Cdeal 3 ne |a%g?r%cgﬁelé"l&‘%ru%g’t“%§§.tgéerﬁﬁ%??g&l“ec%b%‘a‘ﬁ@htC?PaS’fta%el‘gteﬁg}' Qﬁijie 8 ons
| ocated between.the.slits 6 nd the 5 projectjons 67, those |ocated where
(areas CP ?rt]toﬁﬁoghﬁ ng‘el)glf’%%‘%s gna%‘&’d%""ﬁq PrPFi’e’:?‘B dirgstiondiogmplite e firsbswdbstrate 1,
direction in which the slit 68 approaching it extends is about 45 are
formed i AUG2LRRYSHPHhS seanatngplineasi2ownd B8 siganklindscs e Wibiateadh pheet eleétasdag C2)
the angle between an edge of the pixel electrode 4 and the direction in
whi ch t hthesd pite ®8mepprjamalityngf blits, wiichndill bes dedoribéd 1a3&r. aFgs. fior fRenhidady

| i near portions. Through experinents, it was found 10 that form ng only the

por t i onssidwietharseas i which e eRclrideridldfid YRRER &Ew@é?ﬂ%eﬁﬁ%éslie?&ﬁohé 49§38k N O

a sawt oot h shape resulted in | ess uneven display an nore satisfactory

di spliay {r%hten{g@d@?fdgrlqi ng all the edge portions of the pixel electrode 4
along its longer sides into a sawmtooth shape. The sawt oot h-shaped portions

Chi o embodi meNE Peh@R Pt it PERE LB aratuiens o e s icapodimsst will be |

described. 1In 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 substanﬁally middie

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 corner 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 plufality of pixels. It is, however, also possible to form

" the projections 67 iﬁdependently 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




15 along the shorter sides of the pixel electrode 4, where no TFT 5 is

formed. To maximze the aperture ratio of the pixel, the edge port§ dn§Cdr 2004

the pixel electrode 4 overlap the signal lines 3, with the protective

filmse 62 and 63 interposed therebetween. Even when the pixel electrode 4

is insulated fromthe signal lines 3 with the protective filnms 62 and 63,

if the distance between the pixel electfode 4 and the signal lines 3 is

smal |, the.vql ta% s 20 applied to the signal lines 3 conduct to the pixel

el ect r od @ YCCLLong ? Hen va‘w%lﬁgs et Wetbp tapdmisgpy axgs ofithe polarizers 10 mad B0y ald

el ectrode 4 act as capacitors. This causes variation of the voltage on the

pi xel el @esardidgly/permitdiquidismystalinelcenledits bt dyclindd iy ided UsdlidafisR AHBRIRECES,

the protective filns 62 and 63 are nmade thick to secure as great a

di st ance sp&ifal§iiRldge n kil r shan i nes 3.

However , l?ér?er e gr e de%%nﬁaigi ;[r(ir’ P% ttraé)llsiﬁgsgmtﬂ ha%% ‘nggggfsé eﬁﬂﬁe %é’o‘!(‘j‘g Sf}llfoég t he
ossj ble to prevent the

protecti i 63, and i S. akes it .i i

over | aps ﬁfer %{r?je%g%‘?slz%gqges a%%@isfl%ﬁq@ila By gt el e‘%{’éfb RESPestife 1H9 caisathat is

bet weegn t he si n%I lines 3 and the pixel electrode 4 are indispensable.
This Ps B%fé‘%@s'g,f £ sSoarugelingse? gagh dhap sungethroughea subgtratially middle poaiah ofithe

pi xel electrode 4 as seen fromthe direction normal to the second substrate
8, 5 i ghixel skietrodéerr(oudhis tendweligens thd eaidi ngintided ovithr tiRoatkitisty ansheRiMer
probl enms. Accordingly, no gap should be |left between the signal lines 3

and the gleateddedireci)0dhid pemaits four bhas Wit ifferehi MEBnadiod WhebihsUARS Tiquid
el ectrode 4, when forned, are patterned in deviated positions rel atlge to

each ot hgistaFQblebNeS14 RARMMrant&l LRLR vAMES -ake indi spensabl e as margins.
Accor di ng@to t he present ir?\l}%ntéon?vg g%@ﬁ’é’?ez'he | onger sides of the

pi xel el ectroge erlaps bet we 10 th i xel electrode 4 and the
signal |ines gletgggagtgggﬁg%rfp@g%z?%rﬁ?n\ﬁ? g}{eﬂﬂéf&] eg?g?ge?ﬁ T the iptenceofsdea ps
and ggereb. al(lﬁexi at e ulneve di splay. .As shown in Fi ? 14, the parts of the
cont our sPOTgPns 9fdhe prrel elestrodedt 1 sivat pringiorheir lnsatinndslative ke thersbitietXammr the kept
at a constant distance from edge portions of the pixel electrode 4. Thus,
at pl aceRroyteRs hethstryerepformed rigwinosh-shaped qomtionshep et (hdrénfhrenas ofl dge t he
signal lines 3 have a saw oot h-shaped contour 3a, and, where the

portions is cancelled out and thereby alleviated among differently inclined edges within each

—

sawtooth-shaped portion 65. The peripheral portion so shaped also helps reduce the
influence of the electric fields from the adjacent pixels and thereby reduce the influence on

15 the liquid crystal molecules 14 within the pixel electrode 4. |
Fig. 14 is an enlarged view of a principal portion 6f an edge portion where sawtooth-
shaped portions 65 are formed, and Fig. 15 is an enlarged view of a principal portion showing
the positional relationship between the edge portion, where the sawtooth-shaped portions 65
are formed, and the projections 67. Figs. 14 and 15 are enlarged views of lthe same portion,
20  with the projections 67 omitted in Fig. 14 to make it easy to grasp the positional relationship
between the edge portion of the pixel electrodes 4 and the signal line 3, and with the
projections 67 shown in Fig. 15 to make it easy to grasp the positional relationship between
the edge portion of the pixel electrodes 4 and the projections 67. In an edge portion, where

the angle between an edge of the pixel electrode 4 and the direction in which the slit 68




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] 41 BCT r2804
4 |arger 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 fornmed auxiliary projectiogg_ 66 in positions corresponding to
t he sawt oot h- shaped port| ons 65 of the pixel electrode 4. The auxiliary 20

proj ections G%are %{{% a@ﬁ g terlal and at the sanme tine as the
proj ect i GREFOBFING e Ot &P s tg‘gﬁ FRITeB rareatlyomdiuperes dhe liguid crystal
sawt oot h- shaped ortions 65 a wdth equal to or larger than the signal

li nes 3 awlestdasr etdafﬁrlotrhmeaé)ydbmegu'emmctad)bymhe shit 6fe Tkis @adses Uhs incihfiod-
In this enbodi ment, the sawt oot h-shaped portions 65 of nutually adjacent

pi xel el dirtetine of dhe dgeidf @varidmeticare Ny bades Céfrﬁaﬂgrﬁoﬁ'%ﬂeﬁ Iftfe%ﬁfn@l’iﬁat}oﬂe
auxiliary projections 66 correspondlng to 11 - glve

sawt 00t NRBARAM PR thisUitbolnéi: Coff Af HRLabOPEk Eﬁﬁnapeg 6l pEAT A élggkga?%@g .

projections 66 corresponding to t e sa por 1 ons

t her et;0. rve ction sh n Fi the inclipatiagn

dir eczsl oh ocgllaﬁﬁeﬁi ?lao&fac}%%a&% ‘@1 ﬁ?&%ﬁﬂt %anglgst?qIWE?‘b&“lﬁF’gFﬁéc g grixel
portions of té} pi xel| electrode 4 are o‘pposme to the inclination 5

di r ect i ofigctEede ﬁé‘nﬂlt%ﬂﬂe@f%islﬁlawhwblté@@ 88 approgeting dtt extetnds is boatuss drar y
.projections 66. Moreover, the inclination directions of the liquid crystal

nmol ecul eforfnéd cimimgﬁvtrtoothknhap?a@(bbﬂti@hy 65pand @EdseOlsated viticte (R8s @Y itRd %ﬁiglet han
those ow ng to the edge portions, fromthe inclination irections of the

l'iquid chatsleah airedRCHBS Fﬂ(@l §18&tddect Sl MY dfrg@ho?ll 1htv§hl@}i33féts?1§ ?8 tagprtogcﬁungcgge

portions. Since the auxili ary projections 66 are fo
sawt oot hy JAREeL: by restricting, the auxiliary
pr O] ectl o’ﬁs Eég P?C: ilﬁclaf%g H lﬂ‘l)(l) lineaf ppdio- tﬂgovngrlneﬂgﬁsffawamu%u| es
14 I ﬁ the“iid ond substrate 8 side, it is possible to further reduce
t he nfﬁ 1ngro @19 PEBAnS Ethe aggas QiéWbimseéhe wiflsenceod@dge portivheisigratinb
crystal nolecules 14, Wien the liquid crystal nolecules 14 are inclined in
the hor i 2 sawtapthdhagsoesudied int fess uheveh disply antl tladgﬂorpeaﬁsfmsryoﬁs;ilefy&eﬁﬂtxtﬁhn
electrode 4 on the liquid crystal. nmolecules 14 is
forming all the edge portions of the pixel electrode 4 along its longer sides info a sawtooth
shape. The sawtooth-shaped portions 65 are formed mainly along the longer sides of the
pixel electrode 4. In this embodiment, there is formed one sawtooth-shaped portion also
15 along the shorter sides of the pixel electrode 4, where no TFT 5 is formed.
To maximize the aperture ratio of the pixel, the edge portions of the pixel electrode 4
overlap the signal lines 3, with the protective films 62 and 63 interposed therebetween. Even
when the pixel electrode 4 is insulated from the signal lines 3 with the protective films 62 and
63, if the distance between the pixel electrode 4 and the signal lines 3 is small, the voltages
20  applied to the signal lines 3 conduct to the pixel electrode 4, and the overlaps betWeen the
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




15 alleviated by the saw oot h-shaped portions 65 of the pixel electroq%rﬁ
and the auxiliary projections 66, Thus, the liquid crystal nol ecufled G 004
within the pixel electrode 4 are eventually inclined in directions about

45 to the transm ssion axes. This makes it possible to efficiently use the
transm ssion light that is transnitted_hggough the liquid crystal |ayer.
Moreover, it is possible to make uniformthe difference between the actual

and ideal (45,3 ta 2Q the_transm ssion axes) .inclination directions of the

l'i qui d crcsé'ﬁf‘aPmFﬁ?PE%ger%g%&n&ﬁ?hwﬁs thpemakesaf impessible tocprawsnt dhe evarlapefiomeven
display. It is to be understood that the present invention may be carried
out in amptieg A capagiprser Fonndedigm reabenss thepevestaps hetween ahe iignal lifears and the
specifically described above as the tenth enbodi nent. For exanple, the

edge por ppivehslamirodhd e imlispeheable. odfitis Anbecahie, GOMCAUES @ibs bBRvebA 1hCTioa04
-42- signal lines may be fornmed into any non-linear shape, for exanple a

wave- | i keinghaRgd thesikSladectRlde 14s%edn BNt @R oA S A5 RPAE isgéogllﬂl?lel?strate 8,

described in the above enbodi nent. The edge portions of the

el ect r;0d i oot h_shape_ al | on he | onger.. sides
Chor cor . TP Phsy BB e ARG Bl SR ZOR G Bnd ol Beled) HréFbindy
Into a sawt oot h so as to fit the _shape of the edge portions. The
present inﬂvgéﬁtsgglﬁdi%§alg§1b§'é’feie§}é{"%ls’§8ali Iﬁleéésaé’g '&ﬁ@?’@l elestrode d even ke sigeal do
not overlap the signal lines. In such cases, by keeping a constant

i nt er val lBes fuaeh thermixqlielastrode #ewhen fiemed rade phiteraédyinadeviatetemsitions irdatpessi bl e

to alleviate the influence of electric fields, in particular those from

the si gnakcH bthess. Foy tiab reasbmt ¢en@int beeriapé bteeindBpemablaasphxglnse! A@&dr@ﬂ?&o 10
fromthe signal lines, it is possible to obtain optinmumdisplay result with

| ess unemxaéeapinwntidnﬂﬁmtdn'gahe RRRe ﬁ&@i&fkﬁeyﬁk%%c@m éiktiﬂl@'fgélilla}? :b@%veen

devi ces according to the present invention ca e use ous

?g?gg@;g?&gﬂ%l&g%@?g }ﬁ"ozlﬁluﬁ r%}% gf?g?llsli%‘s 354 %1\%?1 PR GidiE 5008 $: A0 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 Iine; 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 eleétrode 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



11 OCT 2004 -43 CLAIM5S 1. Aliquid crystal display device conprjsing: a
first substrate having pixel electrodes fornmed thereon in a naﬂrﬂxﬂETH§ﬂ4
formation; 5 a second substrate having a transparent el ectrode forned

t hereon; strip-like projections fornmed 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; alignnment filnms laid on the first and
second substrates LngividuaLlé*ggd s#b'ected to 10 vertical alignment

t r eat men®VeIrHVAO G iREdPIrER &re foransdatasethet vy theetnxiliasy mreisetions oo
second substrates and having negative dielectric constant anisotropy,

li quid crygemendipg deithe ssapipail-shaned neattionsh6h adincentetherdie fAelobisdrsedapplticed
tothe liquid crystal layer, vertically and, when an electric field is
appl i ed sectioheshomquird Fig.y $2,athel aybnationndisectibhs cifr thet liquid topystdli slbldchies | i4qui d
crystal nolecules are restricted by the slits and the projections, wherein

the slit gesticted OF MG spafibhalor tho Fiall | @bctiodedi ra?;&toipBQs‘}te! B WY GRihA%n

proj ections extend, and parts of contours of the slits facing the

proj eagti P | | ey a correction angle from
G rect: onpor g OTHET bl GYART RRA M TR bydnd hidiany ihaRifods &

di spl ay. \devi ce .conpr.i si.ng,. a _first sybstrate havjng pixel el ectrodes
formed 1 METEOREFE HRfinRiqaintans o e tan SySalBelnded i oping © haswrs
transparent el ectrode formed thereon; strip-like projections formed on one
of the fPFUsCigRYOS arvless deriaed.dhan thosq owe othe edge portions, from the inclination

directions of the liquid crystal molecules 14 restricted by the slits 68 close to the edge
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 lLiquid crys_tal 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 eléctrode 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.
Moreofrer, it ié 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



-44- slits formed in the other of the first and second substrates so as to
correspond to the projections-, alignment filnms laid on the fi rdtTH0T 2004
second substrates individually and subjected to vertical alignnent
treatment; and 5 a liquid crystal |ayer sandw ched between the first and
second substrates and having negative_g'%\gl ectric constant anisotropy,
liquid crystal nolecul es being aligned, en no electric field is applied
tothe liguid, SIi crystal layer, vertically and, when an electric field

i s appl i @PROIRESNYY ‘Eﬁl ogmegd V40 any penrlpearishapg, fofi exemplecnwave-liké stape hiestbidqui d
crystal nolecules are restricted by the slits and the projections, 10

wher ei n ©hdntg| a tsgwigogh fshapeeas spebitcally idebdribep an athé albov® edibodiahidn®nSThe eliddl ch
the projections extend, and parts of contours of the projections facing

t he sl it portions fofrthe gixieh eldttiedds i RS bl Cvinaddeidt DY sa i 9N ke fonadp the
directions in whi chﬁt he proj ectr?%ﬁs t hensel ves eﬁ%%%sﬁ%fgl %lﬁﬂg\t% fc?tl}g

crystal digeptiRyeddeV i that IR ths | cBfours df tBE sRHASII RS E@%E@%@Liﬁﬁoé@%%@%éﬁOdes

formed thereon in a matri x-11ke formation; secon

transgar %?Fgéﬁgw ﬁpt%ef 3@%%2{ tege[ rggfl))g;gi strip-like projections fornmed on one

of the fir secon ®™s formed in the other of the first
and second suths_ltrat es so as to correspond to the 20 projections; alignnent

films . laid on PRPTPIEASINVERELTS Beeffertive pdtor By eases wdvetd theapikg! elactradedjdecsatd t o
vertical alignment treatment, and a liquid crystal |ayer sandw ched between
the firseveihe decignl dopst datsush gasdshby keepingeganbtant el ChietiveerC tHasigdt
~anisotropy, 11 OC T 2004

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.




-45- liquid crystal nol ecul es being aligned, when no electric field is
applied to the liquid crystal layer, vertically and, when an el ectrf §CT 2804
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 pargﬁ%gl to directions in which the 5
projections extend, par ts of contours of the slits facing the projections
are formed in directions deviated by(y§§ﬁ%rst correction angle from
directions in which the slits thensel §tend, and parts of contours of
the projections facing the slits are fornmed in directions deviated by a
second correction angle fromthe directions in which the projections
t hensel ves extend. 10 4. A liquid crystal display device as clainmed in
claim 3, wheldei n AHeuid ergstalatisplayateoivd comprigag i on angl es are equal . 5. A
liquid crystal display device conprising: 15 a first substrate having pixel
el ectrodes fonfied sibeaRdAvingE pielBbétkodtes fdifell MarBi iﬁ%?matﬁ:(-%ﬁéﬂi}ﬂxaﬁbips‘ rate

[

having a transparent el ectrode formed thereon; strip-like projectidns

formeg on oneg%%mhggﬂ%gggﬁgg?ga§ﬁﬁ8§%aﬁ%£%ﬁgggEﬁme%g%%§T£0{Egd in the other

of the first secon ates as to corres proj ections;
20 al i gnnment f

i | ai.d .on the first a econd substrates individually and
subj ected to ﬂgB&&FEEﬂ“ﬁ?P@%ﬁ@ﬁ%OPPQQP 75t 3R S%mpéﬁﬁﬁﬂa@ﬁystal | ayer
sandw ched between the first and second substrates and having negative
di el ectric cofi¥t &rmed in des pthpy of fhedfirsidansk sesond subsiratesibess wecargespdrdgoatie
when no electric field is applied to the liquid 11 OCT 2004 crystal |ayer,
verti cal pipieghdns, when an electric field is applied to the liquid cystra
| ayer, in a

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 tiquid 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,




direction to which tje liquid crystal nolecules are restricted by tﬂzgflit
and the projection,~ wherein, in edge portions of the pixel electto T 2004
there is provided alleviating neans for alleviating an influence of the
electric field that acts on the liquid crystal nolecules from the edge
portions. Aliquid crystal display devigf as claimed in claimb5, wherein,

as the~alleviating neans, a plurality of 'pin holes are forned in the edge
portions of the pixel electrodes. 10 7. Aliquid crystal display device as
claimed in cl dlthigtmeghisr the thesf theefiest ad iseond gubstrates, sosmdordirsipiond tatle
formed in the edge portions of the pixel electrodes. 5 8. A liquid crystal
di spl ay desjedengis clainmed in claim5, wherein, as the alleviating neans,
second slits are formed in the edge portions of he pixel electrodes, and

second proj echligffierd itk Q5idesh MR fbCakesent sHlahfatif viaﬁ?aigﬁ%ﬁdosubfe%wdet%pond

. _ _ i
to the second slits, the second projections, as seen from Irection

normal t Qekig aliSGHSH ¢ §ﬁ'lpe31 rate, being substantially~parallel to the second
slits adj tglclent lghereté3 an ’bazllhng 20 | oaded near edge portions of the pixel

etectrodes. 11.0CI 2004, .-47- 9. . A liquid crystal display device as c|ained
ol o . o+ wheP oY FENE) 1y sandviches betvsen i ot and yoBar Anberies gnd besiog ons
in which the projections extend, and parts of contours of the slits facing
the proj BeAayHdiclselEiciconstan anipoPPBCct i ons deviated by a correction angle

fromdirections in which the slits thensel ves extend. 10. A liquid crystal
di spl ay devi cBqwlarystdd moleailes beidg 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 parailel 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 liqud crystal layer sandwiched between the first and second substrates and having

negative dielectric constant anisotropy,




wherein the slits are farmed substantially parallel to directions in which
file projections extend, and parts of contours of the projectiong ﬂag:(;-pgmu;r
the slits are fornmed in directions deviated by 10 a correction angle Trom
the directions in which the projections thenselves extend. 11. A liquid
crystal display device as claimed in claim1l or 2, wherein the correction
angle is set at about 3 to about 15. 15422, A li quid crystal display device
claimed in claiml or 3, wherein the slits are so forned as to narrower in
portions t her dighicherstabthglesulss being abigne, veieaator demsic fiskinisiapphat td tediquid

t hereof near centers of the pixel electrodes. 20 11 OCT 2004 -48- 13. A

liquid croystallayrspiriyallyeands eshes as lefofRdfiéeld i€ blidd 2o e BaquidieFstilNayeiCin a
projections are so formes as to be wider in portions thereof near "edges of

the pixeldirgéiRfitowech tHRAGuidrReA hoRales AR RALREBY kit SFmlhrd;BGiR! Xe!

el ectrodes. 5

wherein the slits are formed substantially parallel to directions in which the
5 ﬁrojections extend, |
pari:s 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 éﬁrst 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



14. ‘A liquid crystal display device conprising; a first substrate having

pi xel electrodes formed thereon in a matrix-like formation; a secﬁnbUCT 2004
" .substrate- -havi-ng..a-transparent el ectrode forned. thereon; strip-Ilike .
projections forme on the second substrate so as.to obliquely cross, 10 .
‘observed froma direction normal to the second substrate, edge portions of
the pixel electrodes; slits fornmed in the pixel electrodes so as to be
paral I'el to the projections adjacent 'thereto;.alignnent films laid on the
first and second substrates individually and subjected to verti cal '
allgnnent treatment; and a liquid crysta#6tayer sandw ched between the flat
-and: second substrates and- havi ng. negative. di-el ectric .constant . anisotropy.

1 qui d° cr yeysall 1Rk orsi@siyhadnghat o BREkicE pb@ G4 HieSiguicbSstal RyaPRl ped

to the liquid Iayer 'vertlcally and, mhen'aﬁn§1ectr|c fleld is applled to:

‘the liqui : ;-.'~ A Gh e es are
restrict egiﬂg 415?%,%%3 1d th ﬁ%r%‘?%oﬁg% _r g#ﬂp[;%l%&&) rtions

of the pixel rodes‘
‘sawt 0ot h- shapea'v B
an ang”e-of 9(Y.‘

%sllts at . pla mhere ﬂh
or __l__am ____ ;{_..1§1&¢“236%“6 31193
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15. ‘A liquid crystal display device as clained in claim 14, 10 }5 \émﬁr%ﬁn
auxiliary projections are formed on the second substrate in p05|t|011 004
" facing the saw oot h-shaped portions of the pixel electrodes. 16. A liquid
crystal display device as clainmed in claim 14, further conprising: a first
pol ari zer laid on an outside of the first substrate, and a send pol ari zes

| aid on an outside of the second substrate, wherein the first and second
polarizers are so arranged. that transm gsion axes thereof are

perpendi cul ar to each other and that,4fs ©bserved fromdirection nornal to
the second substrate; the transm ssion axis of one of the polarizer is at
abet 4 to the directjgn.in:-which .the slits extend, 17. A Ilquld crystal
display device &s cl%? cmﬁéﬁﬁdiewﬁﬂ#ﬁﬂlﬂféﬂﬂiﬁmﬁm si-nd: secanni ng -
lines funned on the. first substrate; “si-gnal Ilnes formed so as to cross
the scanning | iviieein dhe site tarki ftg@dva@e&uﬁ i rafiel ifot dircoeiohd Qmswﬂ@ﬁv;gen '
the .scanning. lines and the si gnal” l'i nes and-. connect ed to the pixel

el ectrodeq;mmﬂnﬂtehd;%mﬁn xel el ectrode have__at | east edge portions ther eo_f".:'
al ong the si gnal Ilnes 20 f'_O'r'rred |nto sawt oth shaped portl ons and parts i
i:of _cont ours of. gc,géa s bitt o8, ct _gdes
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ABSTRACT An WA liquid crystal display device capable of obtaining optinal
_display state by elinminating display irregularities so that |iquid ﬁqn§f%mﬂ4
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signal -line (3) and the shape of an edge part of a pixel electrode (4),
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