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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 polarize ,are per.pendj cul
eIectricgphﬁﬂﬁyBé@“E@W”Nﬁ?dg naingach YPES PIXEY qui d crystal nol ecul es are
aligned vertically by 11 OC T 2004 -2-

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




being restricted by the vertical alignnent films. Thus, linearly polarized

transmission light that has been transnitted through one polariZed Q8T 2004
transmtted through the liquid crystal intact, and is then shielded by the
ot her polarizer. On the other hand, when there is an electric field

between the two el ectrodes, the liquid._erystal nolecul es between the glass

substrates are 5 aligned horizontally by being inclined perpendicularly to

the el ecgig Li inear| i zed t i ssion, |ight that h
poen 1 aneney P e Y IHEverkbdl ienes DRI AL i BV wRlrBRs oiiignerc e | 1
is t i through the liquid crystal, and. is thereby formed int

ei 11 pt 1 oA DR R il Roazef s emiakibone sk U yswbingcher

pol ari zer. To further inprove the view angle of such a VA-type |iquid
crystal andisithsn digldedby the@thdipolariaes Kiethe pthep baretl vdien khéte {sranl dléctioffeli n
vertically aligned) structure, in which a plurality of domains are forned

Wit hin ebetivesn rig ewpicleetrobes, fior fiqud @y shlesiolcbks mﬂvﬁh%ﬁ%ssiéﬂbéﬁatesp‘ﬂe ,
exanple of this structure is disclosed in Japanese Patent . 2947350. Fig.

16 shews aﬁf&?d MHorRbntally @9%&% Blifled ggxy&mi&ﬁml td\%-éléldﬁgc IR %q%&,gf{}c?%hy

di spl ay ice. A pair of ass su rates I's arranged paralle

face-to- j ixel r ) 5 10 anning lines 101,  signal

| Tnes. Tonafed bRl i Rl BV Windmtred S0P P anlifien Brsubiorddie,
comon egg%%rodes, and projections 105 fOfﬂEd on the other. Here, the color
filters 3N lPﬁ“é“’Eo%’én‘Seth’é}é’EﬂitEFd‘e ayah thet iawd @ystal @gd ia thergbwfprmedointo
scanning lines 101 and a plurality of signal lines 102 are laid in a

mat ri x- | ¢llieticaliy pelgtizedtlight vavichtin they tmsm‘mg ¢hrouglethe wititen polatieerTFTs 103
arranged at their intersections and the pixel electrodes 100 arranged in

the areas 20 Thdyrtimurimprove. thdviewl Bilgle iI3ublaw VA hpe 1iglad @rka Gl vice,
connected to the scanning |lines 101, have their source el ectrodes connected

to the sihgrahas baaspréfdsed HAAMVAN Quiukldbmamal &i&l Cﬁlf@gﬁfs el G ?30 the
pixel’ e £

pi xel electrodes 100. Slits 104 are formed in th ect rodes 0* and
i roct | gh ol B, e B ot RBIBI iR 8 1 B B s o Bt ween
the proj a6t i %Sex]az%%le (%Qﬁjis gtg'&cna%rigﬁgclloseld inc?a-ll_aa%c%g%atent No. 2947350.

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




-3- substantially parallel to the projections 105 adjacent to them Liquid
crystal nmolecules are inclined at 90 to the projections 105 and % HeQETi20§4
104, and are thus inclined in opposite directions with the projections 105
and the slits 104 serving as boundaries. On the outsides of the two gl ass
substrates, there is arranged a pair of jpolarizers for cross polarization
in such 5 a way that the transm ssion axes of the polarizers are at 45 to

t he proj i , . Se frromthe direction perpendjcular to
the hoi iy Harefll fo e orflBeriohS 105 sl hits obiatil BTubl @lopuler e
transm ssi ﬁn%c?xez of the polarizers. Wen the inclined liquid crystal

mol ecul e&CHPES gt 295 tq the pwiectians ADS end theaglits 198, and apeothas ilnedined in opposite
transmission light is transmtted through the polarizers nost efficiently.
10 Howev dirgctions avithathe pndjeaivat 108/Aad yeeslits 104 sbreihy ab 8burdiafipd. QYOS Sifsiddshe
actual inclinations of liquid crystal nolecules are not ideal, and this
makes it of foawdighise siifuathl @ue i9BhBIMatah Rl RO B3N br obbbaldration jn such
schematically shows how liquid crystal nolecules are 1nc ned Pt {the
convent i ' -ure . Broken .l ines dr .1 n the pixel electrodes
100 naf oy effe 1AM Beos F oS pEI TPk 1 ol Brrogt 40380 i qui o
crystal nolecules; that is, 15 within each area surrounded by broken |ines
and a pr Se8dFom Ahe dicechion pemendiculan to thequalarizersy sheainclined| lapid eysat endlevnles ned
substantially in the sane direction. In each of those areas, an arrow

i ndi cat esret #e4%fi toethe transnmissidm @Red bfjwhed polayiséral W GHE G6clHeE lidﬂl?d icPFs@'al and
the angle noted near the arrowis the angle, as seen fromthe direction

nor mal "t ofddfled! 26 SaSHPSLS ahe, el ined Liquid crystal .
nol ecul es and t he projectéon 1.%§ﬁ%ﬁ§ﬂs%g§ R%E@3gPﬁgﬁﬂ&d 8“%?m¥ﬂ%qﬁ¥§éF 20
el ectrodg, 100. re, . the arrow points.in the direction in which, when
iquid c e gl ass substrate having the
i qui d %‘EP%‘GJ Eﬁbﬁ“@éﬁﬁ%%‘ﬁ%@&% St Reisiontlye g b havi h
projﬁgtions 105 are inclined, those ends of the liquid crystal nolecules
whi ch¥poi nt  aABYeYeromt taneopyeational (MMA-titps Baidt crystalydisglayr geticd, thel el es
that are restricted by the slits 104 or the projections 105 are inclined
not at SWcknations ofibiguit! coystal ondlbmias! dré aotliddalptind thés REIRIsEEIRRSILILAS doBiede
central portion , 7 S .
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




11 OCT 2004 -4- of the pixel electrode 100, and they are inclin fding 004
directions further deviated from90, for exanple 80 or 100, to t tg
104 or the projections 105 in a peripheral portion of the pixel electrode
100, where the inclination state of liquid crystal nolecules varies from
place to place. To use transmission light with maxi numefficiency, liquid
crystal nolecules should 5 ideally be inclined at 45 to the transm ssion

axes of t pol ari.z IS c rresponds to the, state in which liquid
crystal ﬂﬁﬁ’&lﬁﬁ‘@ rde r@& ey asgnginedria desliestiishe dostet fromed] fors

104. In Fig. 17, the areas marked "E" are areas in which liquid crystal

mol ecul eexaanme 80hei 1088doithe slits £ bioths padjeutiond 1 0in aap@iiuhfsfa*l)ﬁbﬁil?sﬁ of ﬁ%lxel
inclination directions, the areas marked "F" are areas in whi c | quid

crystal eediesde B, aiRrd Bl indRshtion ﬂétﬁ%ﬁ'tliq%m gﬁﬂtﬂ gilqcl) R BRd gl b Og}ﬁt)hﬁ

ideal inclination directions, and the are are areas

liquid gryst r [ dln ectl bout - 45 devi ated from
the i dea ?’ncf’i:‘ong%%: tgérillld %élrogl(}f%h%%!h % c?@ﬁ’f 51“"@8‘%?%?1’0&"“{55@}‘?}} I el
elect O is gccypi ed by the areas A, the peripheral portion is
occup %ﬁ‘éf b%y’cgﬁ“é{ gfi9ado ﬂleéF?d'S’elSS% agesef ihp @alasiperse, Thistcorrespends to the
conventional shapes of the slits 104 and the projections 15 105, nost of

the |iquitatean yetic liqmd ecystat snaléculdsearpiivtine® 2 00T R0Re JAJe@idhs 108 dr riﬁ‘é'slth
directions deviated fromthe ideal inclination dlrectlons and this nmakes

it i npospi4bl gntmgelf i Geetdsymdagd a%%"%réa? f}pv\hﬁc%h 1?1_.\.11 &ef MO\I,ﬁcPﬁs are

presence of a pIurallty of areas, 1k ar eas

o el ol S 0 Fhhl B 13%%%%%&8&%3%&5%%?:2&?& .

another, resulting in uneven 20 display result. A study conducted in
search o tare acas & whigh kavidh coetal atdlendesi ave ifutinedad HinedtioMabogi 1ECidvaRedf
liquid crystal nolecules has revealed the following facts. In the central

por t 1®n frarh thirédeal kedlingherc i @dnd Ofhd( theeuraiseAnriked “a 8 £B8 hNGhicRalhan 1S
about 95 to the projections

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,
with different degrees of deviation from the ideal inclination directions wi£hin the pixel
eiectrode 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 fdllowing 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




105 or the slits 104), the cause of the about 5 deviation fron1th3 hgeéﬁw
inclinations is I | OCT 2004 -5- considered to be the slight i nfl JeBlCé& 4
the electric fields produced at the adjacent pixel electrodes 100. On the
ot her hand, in the peripheral portion of the pixel electrode 100, the sane
i nfluence acts nore markedly, tending [g_nake liquid crystal nolecul es
inclined at 90 to the edges of the pixél electrode 100. This causes the
-inclination.sta f liquid crystal 5 nolecules to vary fromplace to pl ace
dependi nﬁO%&ﬁ‘f{e?‘?‘ %F &E%gﬁ%‘ﬁ infiuepce\qf the slprtandiplds produded atctligedjaentt pisel

pi xel electro 100, of the slits, and of the projections 105 are | ocated
near by, &&etrodes 188di Pndhe ethes bendyrie the prwiphetal pogiohrafithe pizel eleatoderiobi that i on
di rections. Mreover, nowadays, to maxim ze the aperture ratio of pixels,

pi xel el emhe odfinsnar fts Mbteemafkedietnlimghs _n’iaﬂte'lﬁlﬁﬁﬁcr?&d RoR¥EES BRIz ONge
lines. In such cases, the edges of the pixel '10 electrode have a nore
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of the present “invention is to provide a Tiqui

of ferg optinu i spl result. .15 To agchi eve the apove qbject, according to
t he prgesféhr?!eclu{#@g%’ﬁ%nf Hﬁﬁe fq pftiefeppyding pn therdgeaiipongelptivastor whichgver pf dei ded
wth a first bstrate having pi xel electrodes fornmed thereon in a
matrix-|f SP%F X iglectp; 109, ﬁ’gﬂlﬁéhtsi #nd ofcthp iprajectisine 05 evdocated aeciondnd
substrate having a transparent el ectrode formed thereon, strip-like

pr oj ect i Bregldition ceuses reahdevitioanftomutbs idestinglinatidr dirsrephs. fil ms | aid on the
first and second substrates individually and subjected to vertical 20

al i gnment  t r elfor@ver, reRadeys| 6l wastikizy thbpdraie rratﬁﬁﬁflpix%ﬂ?giﬂ%%&&dés%
first and second substrates and having negative dielectric constant
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electric field is applied’to the Cryst: .
when ;gn 8&{?%%\%}111'8\6%4 ﬁlﬁge ée%o&s":%hh&%e%ﬁ d}sgﬁylrésﬂﬂ! d crystal layer, in the

~direction

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
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liquid crystal nolecules are restricted by the slits and the p50h3ﬂ2f3m34
the slits are forned 11 OCT 2004 -6- substantially parallel to't
directions in which the projections extend, and the parts of the contours
of the slits-facing the projections are forneg in directions deviated by a
correction angle fromthe directions ingtich the slits thensel ves extend.
According to the present invention, the slits are forned substantially

par al | el i i i § ich the projectians extend, and the parts
of the co%ll%bostalrﬂ]éqa%f béﬁgglp{ragﬁi &¢ iegﬂogl% ‘Pé’@?‘ﬁ@ tl3‘Jt H@-‘?f‘?‘i‘sse’ﬁ?%fﬁ&ﬂmpﬂﬁs of the
directionsg ievi att.g% 3?’{ 2 correction angle fromthe directions in which the
slits theH¥EPYEL 8 fachyg, the gppigctions @re, fyrmed tin Gireetings aleviated: byea shireaionr
_projections_is set at. about 30 to about 15-, According to the present

i nvent i onangltremdbe diseetions in which ble sitsihemesélees expehds, there is provi ded
alleviating neans for alleviating the influence of the electric field that

acts on the |Aquirdingriyshelpreventciaidrtion] ek trecfGed 96 siaﬁlﬂﬁl[!y-'ﬁﬁr 11BFto the
alleviating neans, a plurality of pin holes are forned.rn the egge '

portions difectib®s R Waich ; ' e itscare formed n the edge
portions of t he pi xel ﬁlg?t&éjg%g@.s ¢ fn%‘%ﬂf;ﬂ'f%?ﬁw&“tf’wgs tg?ﬂ’ﬁ%'?ﬁ!‘&‘é
it is posgh: : eyl .the i.nfluence of the electric fields from the
adj acent S%P)% ﬁ]éé. gﬁg L’%cn Y hlgréu‘? Ph%lﬁ%cgo%&?%eﬁl g@ﬁ & Qrieryen anglefpmcthe diregtionmin he
edge port.i of ., ttlgjle Qi xel el ectrodes. This hel ps nake uniformthe

di fferend lgémﬁe%‘ﬁ fselpes pxfendq n Advisglaly) the correction angle for the slits or projections

© 18 set 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.




(45 to the transm ssion axi's) inclination directions of the quqta 6E¥SZ@¥
nol ecules within a pixel, and thus hel ps alleviate uneven di spliay.

2004 5-10 In a liquid crystal display device that is provided with a first
substrate having pixel electrodes forned tQ;reon ina mtrix-Ilike
formati on, a second substrate having a transparent el ectrode forned
"thereon, strip-like projections forned on the second substrate so as to 15
obl i quely cross, as observed fromthe direction normal to the second
substrate, edge portions of the pixel electrodes, slits fornmed in the

pi xel electro g as to be.parallel to.the roj ections adjacent thereto,
B onrent 11 Y00t &R e i B obuifla 13 SUoiae dhhibancecct the eatria fiskdsyrom
subj ected to vertical alignment treatnment, and a liquid crystal |ayer
sandwi cheteBdiagrit prielcand;the influctices e thediquidowystalt eeleaules framithgedpegaitions of
dielectric constant 20 ani sotropy, and in which the liquid crystal

mol ecul estharpéxedlelegtrodes. Wihis dpeimke uniforfn Sleddifferend® bkivn the hdi6al lahdYildh]
crystal layer, vertically and, when an electric field is applied to the

l'i quid %S t@thel issi ' 4o ' he. | guid c tal ...
nol ecul eg(qar er esﬁ?{éltisesﬁzldﬁbélﬁtgh@ugfaﬁ)}s‘ %gﬁﬁ"ﬁwryeﬁ%? tcl)'jr;ielélt ?rgﬁgl?mgiziﬁlgs withiv e
portions Qf ,t i xel, electrodes are formed in a sawmtooth shape. This

hel ps al ﬂﬁ%‘?la{@ tﬁ“%ﬁqlgﬁql@m%uﬁve{lﬂgp Yectric field that acts on the Iiquid
crystal 1 1 OCT 2094 -9- nol ecules fromthe edge portions. The

saw oot h- shaped portions are | ocated, anong other places, between the
projections and the slits, at places where the slits approach the edge
portions at an angle of 90 or less. This permts the sawt oot h-shaped
portions to be located at the places where the liquid crystal nolecul es
are greatly influenced fromthe edge portion. 5 This hel ps effectively
alleviate the influence of the edge portions and thereby obtain



satisfactory display result. Moreover, auxiliary projections are f?rﬁg?dﬁm
the second substrate in positions facing the saw oot h- shaped poﬂtio 4
the pi xel electrodes. This helps further alleviate the influence of the
edge portions on the liquid crystal nolecules. Mreover, this hel ps nmake 10
uni form the difference between the actual an8 ideal (45 to the transm ssion
axis) inclination directions of the ligdfid crystal nolecules within a

pi xel as observed fromthe direction nornmal to the substrate. Thus, it is
possible to efficiently use transm ssion |light and all evi ate uneven

di splay. 15 Brief description of drawings Fig. | is a plan view of a pixel
portion of a first enbodinent 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
showi ng the positional relationship between the pixel electrode and the
projections in a second enbodi nent of the invention. 20 Fig. 4 is a plan
view schematically show ng the positional relationship between the pixel

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 plan view schematically showi ng the positional rel ationship between
the 5 pixel electrode and the projections in a seventh enbodi ment -of the

i nventi on.

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




Fig. 9 is a plan view schematically showi ng the positional relati onsHLﬁ
between the pixel electrode and the projections in an eighth embodl reACTo#l04
the invention. Fig, 10 is a plan view schematically showi ng the positional

rel ati onship between the pixel electrode and the projections in a ninth
enbodi nent of the invention. 10 Fig. I1l4s a plan view of the first

substrate with the pixel electrode of a tenth enbodinent of the invention.

Fig. 12 is,a sectional view taken_along line B-B shown in Fig. 11. Fig. 13
is adi aig"r‘%‘i%“'zeé ﬁ%%t?%cﬁc}/%eypoﬂm nJﬁF ﬁ@‘g’f“)@ﬂ%ﬁe}?aﬁﬁgﬂf”ﬁ‘oﬁ% Ratethearpng @B ons
and the sigits formed in the pixel electrodes in the tenth enbodi nent. 15
Fig. 14 Pécey, betyespdbe nypiections andpthe it phases ivdiere theaslite dgpropdr theoedge
where sawt oot h- shaped portions are forned in the tenth enbodinment. Fig. 15
i s an enpertigeslatvireangdd of9(Sromedspalhisgrerinis tishawitaghheed Poitid@Rdbe located

rel ati onship between an edge portion, where sawt oot h-shaped portions are

formed, ante PrRELehbRNEe lifuiliRgystdl %1&&&@&9?@%@@%6}5&@3%&8& %%?ey}gcirg [am

showi ng the pixel structure of” a convention

di spl gy [ Eiedl,.,: [ . i agr amg schenat j, cal shaw n ow ljquid.
crystal ?}Dﬁ?ﬁegegi)sesehg?té‘;ﬁ?%caﬁieﬁlg% ﬁl%n’ uc?Bﬁ?/gﬁt %hSn%‘iQépP?Jg‘Pn%?’flgcﬁ\‘,ﬁWby abtain ocT
2004 -11 e%; m)gie for carrying out the invention Hereinafter, a first
enbodi nmefSBeter, dsRRtesiE. | nvention will be described with reference to
the drawings. Fig. 1 is_a plan view of the pixel portion of a first
embodi nment  of Marepyer, ausitiaiygrrojeatiehsiirg forhed onahes sebhd ndistraiedwpbsikiens fatiang
line A-A" shown in Fig. 1.5 Reference nuneral 1 represents a first
substratthe sdwtodthishagedt partisparofnthe Spikel eRt&odds, fTOfs helps further alleviate the
influence of the edge portions on the liquid crystal molecules. Moreover, this helps make
10 uniform 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




exanple, glass. On this first substrate 1, there are laid scanning |ines 2

and signal lines 3 in a matrix-like formation. The areas surrounded PgTt20§4
scanning lines 2 and the signal lines 3 each correspond to one pixel, and
within these areas are laid pixel electrodes 4. At the intersections
between the scanning lines 2 and the siggpal lines 3, there are forned TFTs

5, 10 which are switching devices that connect to the pixel electrodes 4.

Parts of i C | ap the scanning Lines 2 adjacent
thereto, pvh\%% 11'.3 ﬂggﬁeﬁgﬁlt%tér%g&%séﬁlgﬁ%@@ﬂ@@@“ﬁ?@ﬂ%%ﬁ%, and these

overl aps act gs s}oragg ca aciﬁors, }n each pixel electrode 4, there are
formed a pl urafgtySct Papiew gehegpaticallyishowing the pesitional relatienshipRedteeem te
nuneral 7, represents an alignment filmthat covers the pixel electrodes 4
and t hat Pixgl eemyode eadtheprojeetions an a sigthadntpdineat of theatveation. I n Fig. 2, the
insulating filmlaid below the pixel electrodes 4 is omtted. Reference

nureral 8 repFiséniss: plasedandclsansictidy ehowihj Ghe bssiforial @él&ﬂi&{sﬁi?t bt fat e
of, for exanple, glass. On the second substrate 8, there is fornmed a bl ack

matri 3 9piel déctiode aBERRRBIIAS irl £ ivhE YD 8&3&% éﬂh@meﬂi ‘e are laid color
filters 10 so as to correspond one-to-one 3 to the pixel's. The col or

filters 10 ar g;Of e e G nd bl ue .col.ors dependi ng'
on the |ocati olﬁ’pgfQghlggég;eﬁggé@lncﬁﬁﬁéﬁp&f&%g %p?Wéor‘@&%%mfniS#‘ detvees the her e
is laid a_transpare el ectrode 11 of, for exanple, ITO (indiumtin

oxi de), BHE el?fﬁoﬁﬁgncpﬁ’ﬁﬂ?gcﬁﬁq'é’ﬁf mf’é’l%%‘ttP&@EO%Fntthéh%ma@r&mor med proj ections
12 in a predeterm ned pattern. The transparent electrode 11 and the

proj ections 1¥igal@ i@ planedeviischeraatically ghowsng the positichal helatidnship Wetweeseatie t 0 |
| OCT 2004 -12 vertical alignnment treatnent. Between the two substrates |

and 8, tpiweleldctroinsmel the padeatiohs mpt tintrepstiodimdnayihe Ifveh@oH Ng  negati ve
dielectric constant anisotropy. In each pixel, when no electric field is

presemt bet viigh 11hg Pipkel vRWweel iRdird ameriBevil 30 PRLE HecBb8E Lro Certt

liquid crystal nolecules 14 are :
embodiment 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,




5 al i gned vertlcally by being restricted by the alignment filns 7

Wien an electric field is present between the pixel electrode 49 ahcﬁ]&ThQUM
transparent electrode 11, liquid crystal nolecules 14 are inclined in the
horizontal direction. At this tinme, the liquid crystal nolecules 14 are
inclined in predeterm ned directions by, peing.restricted by the silts 6 and
the projections 12 so as to forma plurality of domains within a single

pi xel &92 schenatlcalt .Sshows the state in which an electric filed
is pr esehg“ﬂ@? foR AR QW theinvanfighe 4 and the transparent el ectrode 11.
A first polarizer 15 is laid on the outside of the first substrate 1, and a
second pol ari Hereinafieg  Sfirsiaiethbodiment ofuthe i preseot invention cwilld bs udestriladew@th The
first and second polarizers 15 and 16 are so arranged that their

transm ssif@enaxeshadrewiiggspeBil. ¢ub aplano/ieaehthetpies poltdnftae stlémbddimend oFSi on
axes of the polarizers 15 and 16 are at about 450 to the di rection in which

the i qwecimféhﬁéﬁ ahd Y. @Guh §e°ct1$ﬂal%§e%v 1aREd azaﬁgiln?éAOAQSs%%ﬁ% t he

di rectl on nornal to the second substrate 8,-transmni ssion is

trans itted t r t. efficiently.

quw cr ysta*i&’%l’jﬁglecu&E ﬁ?‘%’gfég%gr‘?%lftlrﬁe bgt?at%%%lu?h @.trz{ngpqrﬁé Sbl?sgﬁ%ecch ﬁs 12
and slits 6, pol.arj.z and. 16 are sp_arranged that the

t r ansni s?faﬂ??l%)&l%ss of Pﬁié‘ %@éﬁ s et gg,arq]%mz@apgmg inghéged signallines Rén
direction in which the slits 6 and the projections 12 extend within the

pi xel . | amapislispfomatent  Theweasrsurronndedibyrthe g¢agning linee 2fand she pighad dinged 15
coincides with the direction in which the scanning |ines 2 extend, and the
t r ansni sedchncomvesmondf tot bres pizelprnald wishiartheserardss eilbid piesl deéthodeber. diAtegé i on
in which the signal lines 3 extend, When no electric field is present

bet ween fnh@seRiid@ b@WesH ﬂﬁd&aﬂni%“ﬁnéﬁﬁ ahfl RS B ﬁmine;% Qere frefoPfhied IT?%S s

el ectrode 11, the liquid cryst mol ecul es 14 are aligned vertica

the bnealok a ShiichiedabliaRSe St 10 e H&% JasofECR, | BRI L S il o

through the first polarrzer transm Sugh "t he®H
n
layer 14316&}0%%3 4 oveﬁaﬁ th%ssclnlmqgg fmé/s foéjgéeln% t ereto gw1tf1 ar‘fil 11(1jsulat1ng film interposed

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



t hen shielded by the second polarizes 16, resulting in black display. On

the other hand, when 5 a predetermined voltage is applied to the brﬁ@ET.ﬂm4

el ectrode 4 and an electric field appears between the pixel electrode 4

and the transparent electrode 11, the liquid crystal nolecules are

inclined in the horizontal direction. Thys, the linearly polarized

transm ssion light that has been transmtted through the first polarizer

15 is co .into elliptically polarized |ight by the liquid crystal

| ayer 14?¥§%%ﬁ$%$€ﬁgﬂr??@ﬁgnitted t hrough the second pol ari zer 16,

resulting in 0 white display. By making the cell gap (the interva

bet ween the al%§W e fyp sgbstratgn 4 and 8) there ip interpesed aliquidibystahlager 14 bavihgs)

narrower, it is possible to reduce the | eakage of |ight when black is

di spl ayeacgaiiyet dickectsy emistnt enisdteopyonin aath picklwivtiem noheiestiie Wiadi gk @resent

Through experinments, it was found that, by making the cell gap equal to

3.5 p. m betweenshe pikelectidds Jiaall ehd @an@Piranttldttrbde \ !l,%u‘i"d‘%@taplfnof%gﬁl‘ég 188re0"

nore. Making the cell gap narrower results in lowering the transmssivity

when whi i | ; ol ] t~ Lovent i however .. the
taﬁ%ﬁea V@i‘%tl?)ﬁ?qﬁlr@%ﬁﬁ%@ g%%l% ag%gm%&@igﬁ% 70%1'[1& le..’ﬁ F%} asn ?cgr]% geld

shapes of tThe slits”6 andthe proj er'fa

wor ked o iLncrease .the transnmissivity, and this permts the cell
gap to bzkt Rgeri?r}&abéééw g‘%rh?%apﬁelglﬂe I{’c’(pei/\llmt fpd n%?‘l?@?rém 8fﬁ° qef-‘eﬂulat Bayig eerystal

t hi cknesseg o tng el ectrodes and the alignment filns, the height of 20 the
proj ect i Gifdecuifialb Rt tndBsai 0 beshorpnighiditegtiome Atithis Jime, edaaliquid capsalt
3.0 mto 3.5 m it is possible to obtain an optim zed liquid crystal

di spl ay &wkcsles Ihexe inclined istpapietermined lgrestions dybempdesttictep bojtiacsi kof snd @ei n
the first enmbodinment will be described. The slits 6 are formed by renoving

parts of ptdjetiphxel2 gbest todform4a Pludliey OECSEmaindGhitas Phe Ilﬁl%g%g%@ lyy The

projections 12 are forned, for exanple, by formng a resist 004

-14- 10f  sdHewlatiCallyeshoWrsithd Qai@ iR WAL AT RAGH RA ik ?fe@e %e%«%ﬁqgfﬁé&ﬁf%i%gp%s

phot ol i t hography.” Through experinments, it was found t Fhe

proj ecti Qgﬁdﬁ%’trﬁgﬁr&t%%%{roap?l.t ransmssivity.

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




Specifically, by nmaking the projections 1.5 mhigh or nore, it i,s,possible
to obtain high transmssivity. In particular, naking the proj eJt'_i"oﬁET]ZﬂM
Jimhigh results in about 10 %5 higher transm ssivity than making them 1.3
4m high (transmissivity with the projections 1.6 mhigh / transm ssivity
with the projections 1.3 mhigh >1.10) _{¥Wth consideration given also to
the cell gap and other factors, by naking the projections about 1.6 mto

about 1. 1gh, 4t ¢S possiple.to obtain transmssjivity optinmumfor a
di spl ay le"'\%r 8% qrni/orteeoxl/‘&”,d "%ﬁaﬁi'?f&“ﬂ%f‘é :5? di'e 186?#;] verpiclly. iy Bhysodhe lipearly
material r s.ul(fs in higher transmssivity than 10 formng themwith a
negati ve PPr@Fé? éﬁnsﬁifﬁﬁlgﬂiléglﬁe aludas hep dramsmiiteduthepughl thyi fet molooehdss is
surface on the projections 12, and thus permts the liquid crystal

mol ecul e&ransmitted arongls tirei lequidi cryistal tlieer i dcintace d.edi as dinkardy polatiBediigite kndRWET .
Through experinments, it was found that formng the projections 12 with a

posi ti vetireatshielded byaheikdoond polafaub, Adulinbioheek SikARs M OF ind ({;cMerth when

formng themwith a negative material (transmissivity wth the projections

formed of @meddelndd | Y / J S Vi | h [ Oj-ections
formed of Ig negat i veb%l%gg?’:’sgﬁ[ﬂpg%q f%;@@%%gé%ljog%#%ﬁn@arif?eﬁf%c %ﬁS P

zi gzags . | ural jty of pixels nd their, |linear portions
ext end ihggé?%]g‘[&%%és{%&géo&o f‘?\ée%hgi}éﬁ’ﬁﬂ?a??q)% ﬁL¢§ﬁ %‘?eaghé@gfﬂufdr ‘Eﬁﬁfﬁt@ﬁ@o wlegdreon
normal to.t h(g.s%g nd sub]ts?éé;at_e 8..In a substanti al Ig/ m ddl e portion of a
pi xel , amsHBshi themonzentaldirestian.ngThuso the krearlyjpelasined ranestisson Ggkt thitdes
bends at_ 90' and then extends back to that 20 adjacent pixel, and, in comer
por t i onsb&m transmftedethrough pheofiest polerizar 215 iexcoevetied gntb relliptichity peldiiaseiht pi xel
on the other side runs parallel to the |inear portions of the projection

12a, whi the liqusl drgstal lager 9. andAt tHe@rapbAResy th&ﬁFl@tHeE@cdﬁH%ﬁﬂzlan@ rés%ltﬁ-;%‘?ﬁs
the pixel electrode 4, there are formed auxiliary projections 17a that

brangb odhité BigpiRy 0] ections 12 and extend al ong edge portions of the pixel
el ectrode 4. ese auxiliary projections 17a hel p reduce the influence 1 1

%Tf 5221 é 3:]-3;3 %g rn{iz{kglrggtlhggélg hgp Ltlhg %az}qgrvglctgét\r;\]r erOfhe taﬁgenr}leimg 'f’lih(ljls g‘7r¢:-3{13t1%llenirf?)gnetﬁéj es
two substrates 1 and 8) narrower, it is 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




el ectrode 4 and fromthe adjacent pixels, The slits 6 are forned so as to
run along the mddl e between the projections 12, and, in this eﬁbd)cﬂ[ﬁﬁerﬁng;t
three slits 6 are forned in each pixel electrode 4. Between the 5
projections 12a and 12a are formed slits 6a, and between the projection 12a
and an edge portion of the pixel el ectrfge 4 is fornmed a slit 6b. The
center Iines (indi cated by dash- and dot lines in the figure) of the slits
6a are pa F to .t he adjacent eciions 12, and run in directions 45
to the s.S ?feﬁ‘@én‘@aﬂrﬁ@ CLEr P Pf’} SRy BPTacss s§Fl psplgolithegrapion T hrenghhe
directions in which the slits 6a extend. The parts of the contours of the
slits GaCKREMRRLs: Hewaniqynd;thet ithsnkigher, the peojedtiogs AR, but higherdbe ofansrhissisity.t s
6a, extend in directions deviated by about 50 fromthe center lines of the

slits 6aSpaafietlyy by nsakingheie pldfectibnsd 5.5@@1161{1%1 G ES GQ'pMssYBI@'%o LBMR gl f
m ddl e portion of the pixel electrode 4. Li evmse the slit 6b extends

Crart i ng FRONEFL AR AL S e SRec R | B RRR gl iy o 16 27

extens iﬂ- gl recti ons deviated by about S fromthe directions in 15 which
the sPit HEBeT FansmssEity dhars makig themtl. %bmallngb (trensgssiGtyhwith ke projdotions 1.6
increasingly wide toward a mddle portion of the pixel electrode 4. Since

the proj pothigh/ t2amdjigenih te proRctidrstl 3 G Henes . 7). aWﬂlQéHnsﬁ@x%lSn éivteﬁ" n

the pixel, the slit 6b bends |ikew se. Reference numeral 17b represénts an

auxi | i ar ng, an_edge n of the pixel
el ect rodglsﬁfd)dlhggéﬂ g%’ %r[}llaﬁth%rsfta &gf)sngg %jﬂ% ?P%’R? B?%%ﬂ:’% gﬁmﬁcbabol“f E@ Hhe
20 auxi | Fy pr oj ec ons 7a, hel ps reduce the influence of the electric
fields @E n§ BnPeH Etﬁ-‘mﬂ B rRSESSHEY eefinewm 1001 f ¢ sheplayg deyion. t i Mnseowtr, t he
pi xel electrode 4 and fromthe adjacent pixels. In particular, the area
sur r ounde@gming theeprojectiosh 12rwith hepeitje moteriabmesafts uhdngnexetkaneinmitvﬁ@dﬁhalﬂ i's
narrow, and tends to be influenced greatly by the slit 6b and the edge

por t 0n. fofinmgatham|wigh ¥ negatDjectbteasl. 1Taisak besduky Q'éibsﬁﬂvla SNdtEH A S8 §4BBther
di splay ascribable to this area. | | OCT 2004 -16-

surface on the projections 12, and thus permits the liquid crystal molecules 14 to be restricted
in the inclined direction with higher power. Through eipéfiments, it was found that fonﬁing
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




When an electric field appears between the pixel electrode 4 and {
transparent electrode 11 and thus the liquid crystal nolecules 14 ar OCT 2004
inclined in the horizontal direction, even if the liquid crystal nolecul es
14 are inclined in directions, for exanple, 95 to the slits 6 wunder the

i nfluence of the electric fields fromtje adjacent pixels, since the
contours of the 5 slits 6 are not parallel to the direction (45 to the

transm ssj S) in which t t hensel ves extend but are slightly

devi at ed%t ﬁ{e%rei$°?‘6%1ﬁe@ﬁ é"tl‘ffgq%ﬂ ﬁ‘eﬁﬁqygdt cystalgnalepyles 14 fropy adge periangaf yhe pixel
inclined jn directjons about 45 to the transm ssion axes. This nmakes it
possi bl eefFBtm ‘W‘Ei é‘?ﬂll'@e yHecentpixely. ansni ssion light that is transnitted
through the liquid crystal layer. Mreover, the auxiliary projections 17a
and 17b hel p Thelslte & dre fomfddusensao om hloag hhd}ﬂﬂdﬂlé@e%&ﬁt}@lpra}abmlgsa% in
edge portions of the pixel electrode 4. This hel ps make uniformthe

di f f er enine thietenstexdih &R, leee alitsaBdare I@Ahed 48 éa@htﬁlﬁelt 18 &58 eS3! O%e%%ﬁ)
inclination directions of the liquid crysta nol ecul es 14 with e plxel,

and tbus t i nbodi s of the
contours I}giéc?ﬁ%sagﬁﬁ%@égggg@\f &egt%@ gﬁ/ ntc)i %twgg% 8n1i’r°{eﬁ Olblllggé"f‘ dsedeas ¢ o
the tran by i,ch.the sl hensel es extend. This 15
correcti g&@g@gfﬂ;ﬁg@ %ﬁ@hﬁﬁsgfoémieﬁ atsh'bgl? -anye® §5km Ia%ﬁﬂdlsatﬁ%bﬁﬂéﬂta@S I'n
parti cul as wll, be understood fromthe analysis results shown in Fig.
17, the @‘&Ji“&ﬁ ipthe Bgurehef thecslitnga prsrparallel ée theoadiasennprsjectionsui 2] adysihah

nol ecul es 14 are in the range fromabout 5 to about 10, setting the

correct i direciond @57 ro tthe signaigéinés 8m Fhewenter timcad uhe Litshe] RSrrEdposl oL t er
result. Furthernore, it is also possible to set different correction

angl es fdifectibfs Bl Whith@hd 9its %htexﬁeiﬂﬁ Zghé Eﬁl‘iiseﬂfﬁﬁeg:fop o & QN (iat f‘a8wg the gl es

inclination direction, for exanple, etting rent cor

wi t hi tt i fferent. correction angles for
ditfole rﬁjgp&%rﬁ %J #‘m?“r%e"g %B{Fﬁcﬁ ‘Qﬁg ﬂgf ga.xiend 8 diretiong i Juhdhong Son
their lo atlon Since the slits 6 do not restrict the inclination

~direct i dFomBfihe geater liges of the slis &2 thepiselves sosthatathe glite Gagretinereadingls widetovardyer
correction angle or making the slits 6 larger by making them wi der nmay | ead
~to unevenmjddle QOTLGI04f 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.




-17- display at the corresponding places, For this reason, it is preferable
that the Slits 6 be nade so large as not to cause uneven display] NELT, 2604
second enbodi nent of the invention will be described with reference to Fig.
3. The structure of this enbodinent is the sane as that of the first
enbodi ment except in the 5 shapes of tRhg _projections and the slits.
Accordingly, in the foll ow ng description, such elenents as are found al so
in the first odi meerélt ar e. Lpgentifi Ed with the fama reference numerals,
and their expl 4Aat PBASCWT Ieib EPRsaTs Befager dhe ppxgl elecirede 4opnd, the gwnsparent
schemat i c?l IHy ahowi g the positional relationship between the pixel
el ect r od&'esH@de AL apd g}"ééb‘? Beid icrystal enoleadesnttt antindined it theHmrerontal iirsctibf, ar e
formed in the pixel electrode 18, and projections 21 10 are formed on the
second sepet ifabeli@rd brystahmokesiend4 ardiaclinednh dirt@Rnb ot Sxhplb B° @&ﬂfe%\l}ﬁ% of
the slits facing the projections are parallel to the directions In ich
t he slit sndd&eie . tours , of the
AT e L R leiC thloR T 1R RinleiE pPa BB S ErtitFs e irom

projections facing the slits are forne :
t he digregtjons i ' he,. projections thensel ves extend, 15 Al though
only 3 ne%%tls)((%garre ng%arvﬁ\%lﬁi ?cf ﬁ‘egﬂg‘?ﬂiﬂ, &%nt‘i drapFmisHPHaRes) mwhich thewtheigedves
enbodi nent, the projections are formed in zigzags to extend over a
pl ural i t §xt6pd Sk ares slightly devinggd therefeom, therliquahsryssal andledulesdil 4 @géd eofiguAdls’ t O
t he tran_srri:ssi on axes of the polarizers 15 and 16, In a substantially
m ddl e perclined inf difecfibielabolt P50k ahé Qfand@asiBlt BRI Nahfs QLG i‘ﬂbﬁtﬁg%
pi xel on one side bends at 90' and then extends back to that adjacen
pi xel , apficidnfly CQ¥e(he 2ParRRiioANSedl hhD' % Rhahl: LOLEGEL Q1,200 ext ending
from the adj acent pi fie?anon S{s‘r?g %% etrhEQ?Sde rﬁ%gefﬁlirpgkfgfle ?18‘1 Bryﬁtﬁt)ﬁaé’élf-i on
20a, whi ' eat at.a right angle. The contours of the projections 20
are forme ré\fﬂg{eg {zia&%aaél\}ﬂlm Bﬂojﬁﬁtlo&gc}ﬁf’ %}Ia }%OH?IPHQE'&?% thet infuendenonhec hiquithey
them;1 | ves Ext nd s? that the projections 20 are increasingly narrow from
edge gor?ﬁyétﬂ mgtechilgs 14 in edze pardensrfdhe pixehelpstentledt. pdhis leips mekeuidiform the
Specifically, the projection 20a is increasingly narrow

difference between the actual and ideal (45° to the transmission axes) inclination directions of

the liquid crystal molecules 14 within the pixél, and thﬁs heIps alleviate uneven diéplay.
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




| I OCT 2004 -18- from an edge portion of the pixel electrode toward the
perpendi cul arly bent portion, and is increasingly wide froma 4 4 0CT 2004
substantially mddle portion of the pixel electrode 18 to the

per pendi cul arly bent portion. On the other hand, the projection 20b, in
each of two different portions thereofqy;crosses the pixel electrode 18 in
two edge portions thereof, and is 5 increasingly narrow from one edge

portion e h and s then jncreasingl i de rom hal fway on the
pi xel el té‘%prmo’g‘étﬂ%s“g}ne\%g ngm 8°¢§ha§8’sjfh65r TepyOn, Hﬁ%%&%ﬁ%‘ﬁ@%ﬂ]%ﬂ@ 68 mads
basis of ap analysis of the incljnation directions of |iquid crystal

mol ecul e8§° FEEHHINA (REAUSF BReven fispl¥nvent i onal proj ection shapes, so desi gned
that the liquid crystal nolecules are eventually inclined in directions
45' to the tr Aieshrsedond embedimént ofithefoventiva sild ba Sesnitied Grith 1ofeAincé ReFipl ACces
where the projections 20 cross the pixel electrode 18, there are forned

auxi | i ar Thpstjente ahthis2mbddimbntbis aRe bardé bis e oPHR BRE ie@B8diZRnA Bﬂ:eg% held
al ong edge portions of the pixel electrode 18, and, al ong an edge portion

of thg pihedks @FARE HAIEtibRS Cinﬁsﬁxets‘?itst.h%c%l)}cﬁn% ,gi& tﬁehFor@TJgEga‘;qgsrcﬁ orﬁgquﬁh

auxiliary projection™21b. These auxiliary pr I ons

reduce t Lnflue he.electric fields acti .on.the liquid crystal
nol ecul egﬁTgﬁgs ragrr%;l % %lg'{d élgo r%ttﬁff e e&boﬁﬁﬁe%iaﬁ%?&gpgﬁq Padeths rame s
adj acent ixgks. tween the projections 20a and 20b are forned slits 19a,
and bet \/\AB'E‘H‘*’r eaﬁfﬁ]egcﬁt"ip&ﬁ‘i‘a“%wﬁh Botahe wpstehorkigoh ive plaevipivxshemitimally ode
18 is formed a slit 19b. The slits 20a extend in the same directions in
whi ch t h#hoxdng Eenpositiasiab selitienshipObesweenthe pixel. electroddi arelcthie qr8jedtionstia thée
transparent axes of the polarizers 15 and 16. The parts of the contours of

t hese sl sacend Gmba@iimbaici FHpré, it DR AbiBSinA0e Eudal bRctkbiR BRARY gwj&%h@ﬁ'ﬁ in
which the slits 19a thensel ves extend, and thus the slits 19a are eac

par ahb el agremEidnGhé secohdRMsirhieleW se, the slit 19b extends parallel to
the adj acent projection 20a, and the parts of the contour of the slit 19b

‘;ggi ??sfalhf eg{ng[-lﬁg g%cjoﬁﬁ' %m%gﬂinpe%,aihé Sflirtst 8 tﬁ]Q %or%%ﬁr%cotfitﬁ)ensslitis Pac}’r@i tﬁg p}‘o?g:tigllsi !
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




When an electric field appears between the pixel electrode 4 and the
transparent | | OCT 2004 -19- electrode | | and thus the liquid cqut@tt-r 2(904
nol ecul es 14 are inclined in the horizontal direction, even if the [
crystal nolecules 14 are inclined in directions, for exarrpl e, 950 to the
projections 20 under the influence of the_el ectri c fields fromthe adjacent
pi xel s, si nce t he contours of the projections are not parallel to the

directio to t tr m ss on _ax n whi ch they thensel ves extend
but are S %?Ie edg gqﬁ‘ﬁgt"@ F@Fﬁro‘fan‘gwiaf‘hateopeé"?‘iﬂét%} arlyphest preion, aud & e
event ual I | ncI ned,i irections about 45 to the transm ssion axes. This
nmakes it int ]ét @’I%M%isebﬁtwa%émdﬁb Perins noks sheopixel glectrodatl8i ® the
transm tted thro h the liquid crystal |ayer. Mreover, the auxiliary

proj ecti @ﬁ@emwia‘gﬁdbmmon@np iGydlihe etiteh band) theumoipetion20t) én bichlofdwe rdyfFdrant

nol ecul es 14 in edge portions of the pixel electrode 4. This hel ps make 10

uni f or m pluiods fiheeefcolres wherpikélecleeisil 18N8 kW6 addge4Bortib ttiﬂfreof and i
transm ssion axes) inclination directions of the liquid crystal nol ecu

14 Wi hi fuckdAGinBly*@lrrov@ Bdnt gﬁ;é gggé Bé?lah'tﬁ%hx%t fhe Ee‘fee{ﬁdztg tﬁnﬁnﬁé@e\gilnﬁgltggwgﬁ

enbodi rrent parts of the ¢ t he pr 01 e I ons

about rect t sm ssjon axes) in which the
proj ect | frek }%M"’& ?98{5 f%tr%éslg &1‘5: osgﬁg?,st(?tjéﬁe BQICHORRS) 378, @mthe
angle in the ange from bout, 3" tog about 15'. In particular, as wll be
under st oBRF1¥ ‘1’ ot Et”ﬁg’sé‘r%f tﬁ% inclination disecsinpypl lilqw*ltlcgfstaimoltdukcsctembmmmtbf

the inclination direction of nost liquid crystal nolecules 14 are in the
range frt¥h epventidial tpgojeatiorutshdiies, sandesigned efbhat ahs diuid@rysnel goldcaketi 49
angle in the range fromabout 5 to about 10" helps obtain better result.

Fur t her mevestuaily inchinedlis GirBafnk Bbetolthe &BhsnHiddre@ b &Rk bﬁﬁt&ﬁﬁs %H@'ﬁ@s 20 for
the projections 20 to suit the tendency of deviati ong e inclination

S gl proj ekt 3‘%@%% Syl B ghbieBfor] o1 e PR ke FE e et e
differ entuxﬂradz Sgogéc 100s g?a Jt(ha{ gl%nch 0& Wnenpr%]e%tlgr%l 20 ae{dxtsxlten?il a?tg:l}gr &%ﬁ portions of
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 edge
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




18 depending on their location. Since the projections 20, as opposed to the
slits, restrict the inclination direction of the liquid crystal rofl gl €804
14, making the projections 20 wider does 1 | OCT 2904 -20- not seriously
aggravat e uneven display at the correspondi ng places. Through experinents,
it was found that, assum ng the same coaditions for the widths of the
slits and the projections, inclining the contours of the projections as in

t he secopd.eg804i ug : ' o% . hi.-gher .transm ssivity than
i nclining The cont oﬂ?}}sﬁsggﬂlﬁgggbﬁ%ag%gésiéﬁu%‘%t 1n49e3‘r i"?cglpe%%ﬁ'ﬁiﬁf?éﬁf’n | difection,
(transm ssi Vi bserved in the second enfodj nent / transm ssivity observed
in the firrgt lft%’ﬁaﬁﬁ?%ﬂiﬁq.Hﬁ?@l%eﬁf?reamrgaﬁdldmeﬁmoﬁ%rﬁw skample, 9AY émtlieon
will be described with reference to Fig. 4. 1In this enbodinent, the slits

of the f Proiections38iunder theriafluened dfrihe efesirivafi¢lds froint thet diacepr ﬁix@ﬁ} kiaes tHaf
t he second enbodi nent. In other respects, the structure of this enbodi nent

i s 10 t heoren® ofshé Pasiectibng e ok patalleriaoi raﬁ@&iom@@r[@ kH&Qﬂr&sR{ei ]ioltn:‘%es) in

foll owi ng description, such elenents as are found also in't

enbodisme Qi @lifed Lt L. it E.; reference. n .al.g, and their
expl anat i oh‘% t\i/-)[v? 3{ fﬁgﬂ%%ﬂ/ sg&rt%{geﬂ;tted%. Sll%ﬁt?di‘“ figd ﬁwﬁﬁﬂﬁnaﬂéhﬂ%‘ ﬁ@hgéﬁi“é‘g?quiﬁs
show ng e positional relationship between the pixel electrode and the
proj ect i 5)%é‘r‘?pﬁvetnﬁﬁl?lﬁ"HP?IH’edéﬂtS’é)"GFtt‘ﬁEﬁta.boPkF%, tosthe ttEangigissipe afxos. nethis makbeit
pi xel electrode 22 and projections 24 are 15 fornmed on the second
subst r at posgiblertrecfficiondy tsoths t2smissivhdighhihad iserdnemhitethrdi@y ehé Bguid @Rt hape
as the projections 21 of the second enbodi nent. Specifically, the

proj ect i lapér. 2Merevdrotieelixiliury ipdda@ont 2 18%4n8NEN b, RUE redudR! HE G '@éﬁ[cé?fo Ppyel s.
and their substantially linear portions extend in directions 5 The

i gnt ol R B B S Porton 8P o L BeBe P 2R6 ueTER 8kt on
oi'cct o B b girhdeiel Sofreeh 8t g el (458 sy e misaipnaages) inclination
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




facing the slits 23 are forned with a deviation of about 5 fromthe
directions in which the projections 24 thensel ves extend. Thus, f§h¢ JCT 2004
projections 24 are increasingly narrow from edge portions of the pixel

el ectrode 22 to a mddle portion thereof. 1 1 OCT 2004 -21- Reference
nuneral 25a represents auxiliary projeg&'gns that branch off the
projections 24 and extend al ong edge portions of the pixel electrode 22,
and reference n%neral 25b represents an auxiljary projection formed al ong
an edge. POt STIGHSTY PEERAIB npien displani s dbe aqsrespening placashe Thidugh 23periminte
auxiliary projections 25a and 25b hel p reduce the influence of the 5

el ect ri cWRs épung that psryming thessamieconditiony Sirsthe midtbs uf the slifs 4ridosie ekgjections,
portions of the pixel electrode 22 and fromthe adjacent pixels. The slits

23 of t hiaclihingdhe chudinefithehaviections BaTehefRBR agbédiMmest kit iRfabblierofd,r St
enbodi ment. Specifically, the slits 23 are so forned as to ran along the

i dd & DiigheenahtissintohRG Ifing HeBSNRRD oiFe RIAY BOY 90S sPASANAAR o e

formed slits 23a, and between thé 10 projection an edge  por of
t he pkxe LS : Sl i 23h. e slits. 23 are formed so as
to ext5 engtrag;g@gs}s{vg?e?%@?»h% léﬁpgeﬂé ?‘%‘rﬁis&l&lhoc\ﬁ%%%mﬁgsﬁﬁfl%%rﬂbS?WB‘f é%ttgqe)ﬁéstm '

ext end, .he pa of the contours of the slits 23 facing the
proj ecti %ﬁgo‘{é%erétfe{':la med with a deviation of about 5° fromthe directions

in which the gslits 23 thensel ves extend. Wen the liquid crystal nolecul es

14 are inclinb&<t A third embediment of theiinesntivn will deatesiribed Wtht heferbiogub dig ray st al
nol ecul es 14 are inclined in directions, for exanple, 95 to the -

proj ect i lenthis 2mbadihenheths| slits 0P 3hes fidler ehb@liinghd meneRdoh EhgbiBAREL #ith i ! ds
fromthe adjacent pixels, the liquid crystal nolecules 14 are eventually

i ncl i nedprofectibisasfithoRgondasbodtmeh? TRtk ?&Eé@it;s:; gﬁfﬁ?ﬁgﬁ Pg@!‘éﬁbdﬂ@ﬁ?@ aét

possible to efficiently use the transm ssio nat ransm i

and op orame g LS comeimel®) AR Rainell i Pl Rerbbtiaua

edge pordilang. %]; a}eh?ovvr[r)lidxa?slo 1enI ﬁl%t ttlrcs)1(:j Cm gdim-lt;?l’it gre identified with the same reference
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.




hel ps make uniformthe difference between the actual and ideal (45 to the
transm ssion axes) inclination directions of the liquid crystal role@QT )04
14 within the pixel, and thus hel ps alleviate uneven display. The
correction angle for parts of the contours of the slits 23 and the
projections 24 1 | OCT 2004 -22- may bgzﬁgy angle in the range from about
30 to about 15". In particular, setting the correction angle in the range
from about 5 -Rﬁ%o about 1%' 5he|IFS obt%ﬂ_ better result. Mreover, by

adj usting t he W AEHE W48 Tepresents apxliary, projcsipat thab heanooffithe projestioss bl e
to alleviagte uneven display. Through experinments, it was found that,

assuni ng 2 hdseriend. alaag edem Porteamst ofeths pikelt dlectoidet2% antlireferamnd duheral 25b
projections, the third enbodi nent offered about 9 % higher transmissivity

than t he réiressntsenigosiliagrirofettiom farined along in @HgEPorE6n obtHeHixdl @ieﬁﬁo@é‘ﬁ%ﬁ%‘? nt
transm ssivity observed in the first enmbodinment = 1.09). Next, a fourt

)
enbodi memnd tief slit/B3bi NTREe QRiMiry lpréiectiRs o ot - L9 ¢ B
The structure of this enbodi mntprgscthe%gbﬁd@gangt%ééq% c?ﬁfe}gﬁffrﬁggéeq()f the
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slits forned therein. "Accordin

el enent s fo al,so in the first enbodinment are identified with the

sane refggéﬁ%%ﬁ%ﬁﬁgggpgbﬁﬂﬂfcTﬁﬂﬁé%xplanations will not be repeated. Fig.
51is a plan_ yview schematically show ng the positional relationship

bet ween t he pifﬁ%ﬁhfél%c@%aéhlém péimayt bpex thecamei shaphes treuslith 6 esfiibel ifirgent .

Here, slits 27 are fornmed in the pixel electrode 26, 15 and projections 28

are for nebedimenie Spedficallyyibist stiat 23 8re sbHormpsdoisao trin® Aong SheARIdIOb IR e Me
zigzags over a plurality of pixels, and their linear portions extend In

di rect i opmjetfions B4t IBetiv@NGRIp36jebid 028 a8l 2B Srd Rkl S seen
fromthe direction nornal tol?hjg second substrate 8. ?ﬁ{szz%’u%@p%r#%éﬁ §’/

Iror} )o(lg Feoﬁp;gojr]égag? gfiea %gndgiseaglte pg%ﬁ.oﬁg)gjctﬁefé]ﬂéﬁ UeehBas ¥ RIALNG { sk herpdiacsnt
are formed so as to extend parallel to the directions in which the adjacent projections 24 |
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




20 extends back to that adjacent pixel, and, in conmer portions of {)ﬁ

pi xel , a projection 28b extending fromthe adjacent pixel on the bt 8CT 2004
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

pi xel electrode 26, there are formed aygxiliary projections 29a that branch
of f the prol ections 28 and extend al ong edge portions of I 1 OCT 2004 -23-
t he pi xel ctrode al o edge portion of the pixel electrode
26 cl ose ni‘aé’ Eﬁém& ‘f“tg ﬂ’)%e tr?fégeegg@ Q’?ﬂ‘-ﬁ‘rgﬁ %n i 13°ar ¥n pegjcaler seitizoishe
These auxiliary projections 29a and 29b help reduce the influence of the
el ectri c cpiredtivn anglei in ghomnghfomi ahuinds ao wbdad 1 0Tdklps bR Bettef Feafik € I8 reover,
portions of the pixel electrode 26 and fromthe adjacent pixels. 5 Between

the proj egtipEsngR xﬁaﬂls%%%eaﬂﬁs i?ﬁﬂﬁeme?kdg%ﬂ?:t il@%g;%o? gmgguwsﬁe wneven

projection 28a and an edge portion of pl xe

slit 27b S 7 i a di rections .
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axes Qf ol.arizers 1 nd 16.. The part{s of the contours of these slits
f aci né ‘gthg ga}éﬁts’?@ngn;é & BFPISGHOPR ethe Shird eralndiment soffgreduabert P bighers

t hensel ves extend and thus the 10 slits are each parallelogrammatic in
shape. LiTRespisavity tandhe first mmbedinesnd Straxsubsiety olsetved in ald trdndmiprdijnemt/i on
28a, and the parts of the contour of the slit 27b facing the projections 28
run, par thhsiissotytdbeersed mathé firss emboditienth= 1109) sl it 27b itself extends. In
this enbodi nent, a peripheral portion of the pixel electrode 26 is forned

ina saw oot Ne%@ﬂ@uﬁl@eﬁb@dlm%ﬁﬁoﬂtﬁé iﬂﬁ%ﬁﬁ& fo]l ﬁgg&cﬂ%dt \'v{?llq'?efgrfe I:J't%blpéxf |

el ectrode 26 on the liquid 15 crystal nolecul es i's alleviatéd bei ng

corves tanaPTaNaTY e HAmERIE LIRS el BF ﬂﬁeﬁﬁsﬁ ks i{e@ﬁ%éicﬁgbfﬁ' fe
o1 et oqttist St e Mk inchaimboh uit oot dneiae Serasumebony e sphesing:
bl aces V‘Qe%[:r?pt&o@f shgg lellégaggt% afsra%n fcsu?lg also in the first embodiment are identified with the
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




adj acent pixels and from edge portions of the pixel electrode 26.is gre @]
preferably in edge 20 portions | ocated between the projections 2t'hﬂ&Tt§ 4
'slits 27 and in edge portions along the |onger sides of the pixel

el ectrode 26. When the liquid crystal nolecules 14 are inclined in the
horizontal direction, the influence of,the electric fields acting on the
liquid crystal nolecules 14 fromthe adjacent pixels and from edge

portions pof the.pixel .el egtrode 26.is al.leviated by the saw oot h- shaped | |
OCT 2004 tgezﬂlf‘l‘glp%&tﬁi"gﬁ Zg’f OB Lpdsg 1@6‘6%@@%{’(6{2@6@% 201rdoseite)theclit 27ps t al
mol ecul es, 14 within the pixel electrode 26 are inclined in directions
about 45'therg is fumed saspailient pepiection39bs  Rhressauxiliary peajédsioes 26a ehd i26b duty y
use the transmssion light that is transmtted through the liquid crystal

| ayer. Moedyioeehs inflnencaofithd elestrip fie]dscictingion 2dliquidiciystal Meldeufeyntirim egguce
the influence on 5 the liquid crystal nolecules 14 in edge portions of the

pi xel el poitiondef &f2. pixkhtlecthle2® 4idiRom ty dapichittppeydi f f erence between the
actual and ideal (45" to the transm ssion axes) inclination directions of

the lisquid cr : W oY I . d_t hel ps alleviate
uneven i spl ga;%%@élgﬁgﬁ %Eﬁ%ﬁé?%?ga\#cﬁdﬁ gci))natrg? O%Q%%fsx%g’ % ‘%WBE‘E CIFEGi ven
any ot he hape than a. 10.sawtooth sh so,.long as it can cancel out the
i nf I_uencgg?s)ﬁn#)ﬁ%e%er?%%rf 8fﬁlﬁd)rl’fq 51f tfP§$36 Bdormeda slithe/by e rhhsrlits? Taxstendon
may be given a wave-|ike shape with a pattern consisting of a series of
smal | ar 8sthesame diredipas newhicﬁrﬁhmibapeekprejdcﬁmm@, extandyies, ihaliredtidnsads? to the
assuming the sane conditions for the widths of the slits and the

proj ect i trasspatene ate3Wwrtthe pothoLireehtandiiber Fde palbost the c%t'&h&ﬂ?frth&{easrl‘i%”ﬁ%ﬁgw ty
than the first enmbodi nent (transm ssivity observed in the 15 fourt
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Next, a fifth enbodi ment of the invention w escri
to Filg. Qits allged éégg%%fé%%%&%ﬁg'&iiﬁ FAROATRAYisd S Wi A Binal hatnd 1o’ S
adjacent projection 28a, and the parts of the contour of the slit 27b facing the projections 28
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




shape of the pixel electrode including the slits forned therein.
Accordingly, in the follow ng description, such elenents as are 1 oL 04 Ta LRI
in the first enbodiment are identified with the 20 sane reference nunerals,
and their explanations will not be repeated. Fig. 6 is a plan view
schematically showi ng the positional r_eb?gi onshi p between the pi xel

el ectrode and the projections in the fitfth enbodinent. Here, slits 31 are

formed i ixel .el.ectrode 30, anpd rojections 32 are forned on the
second s g B’tst{&(ﬁa&eélﬁ pixg] ee(f?ﬁr &% SR §H"§2thg rl‘éll‘-"fdtc) Flﬁfé‘&f F‘F&%‘i"é‘%ab"s withiy the pixel
plurality of pixels, and their linear 1 1 OCT 2004 -25- portions extend in
di r ect | oRkctorle 36 taFe incliged; i shiieetionsxaboub#5t e tho kanspmems ak8s. arTthisl Gakss geen
fromthe direction normal to the second substrate 8. In a substantially

mi ddl e ppodsitdertcéffiaiently xed theardnsMisehi [kt B8 iCHARAFHEDHESIR thh J'c?fs‘? t
pi xel on one side bends at 90 and then%extends back to tlflgg]t aﬁjq'ggen i

pi xel, anger | MO@L! HRAKIRRTpRAectibi: Rhls 2B PR A 32he X on gl N9

fromthe adjacent piXxel on the o e runs p

porti @nsaf: j QN 32a, wWhich is nt.a right angle. At the

D1 nces Wit ey BREIBIE 8] 1438 ca¥ChEMonSor ik elictrpliies 30ft elpe make

formed auxiliary projections 33a that branch off the projections 32 and
ext end a‘r“Bﬁﬁ“’e‘gﬁ élt&?ﬁqe&ﬁg“’%ﬁn the petugiand|ideal &% rto dlee BOysmassthn axledrigelantienge

- portion of the pixel electrode 30 close to the slit 31b, 10 there is forned
an auxi | disecyiops of thetliqoid GPhal Mblewealk iwithar the Piel, egidi tﬁ@sshe?ﬁsaamﬁtémv@ﬁ' p
reduce the influence of the electric fields acting on the liquid crystal

mol ecul egisgidy. f rom edge portions .of the pixel electrode 30 and fromthe

adj acent pixels. Between the projections 32a and 32b are formed slits 3 |a,

and between tdg, | .on: . 3 n n,e portion.of the pixel electrode
30 is fornmed a SP%r,%Hh%l%% .pgﬁlhoél éﬁ@sﬁ §%ael%£%§ﬁdnaylée IS EHEYsYhE g]*‘?"eélﬁnoans in
whi ch t hseﬁ\?ggéﬁcggt Rr ﬁ ections 32 extend, i B"% , in directions 45 to the
transpar & QRS 5Q NE BT & £3tk cances oy gher ilugnce phtlhes periphersé nosinoups of
these slits facing , ) )
example, the peripheral portion may be given a wave-like shape with a pattern consisting of a
series of small arcs joined together. 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 (transmissivity 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 structure of this embodiment is the same as that of the first embodiment except in the
shape of the pixel electrode including the slits formed therein. Accordingly, in the following
description, such elements as are found also in the first embodiment are identified with the
20 same reference numerals, and their explanations will not be repeated. Fig. 6 is a plan view
schematically showing the positional relationship between the pixel electrode and the
projections in the fifth embodiment. Here, slits 31 are formed in the pixel electrode 30, and

projections 32 are formed on the second substrate 8.

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



the projections 32 run in the sane directions in which the slits th?n&&iggm
extend, and thus the slits are each parallelogramatic in shape.1Lik ,4
the slit 31b extends parallel to the adjacent projection 32a, and the

parts of the contour of the slit 3 Ib facing the projections 32 20 run
parallel to the directions in which the %Iit 3 lbitself extends. In this
enbodi nent, in a peripheral portion of"% e pixel electrode 30, there are
formed pin holes 34 in order to reduce the influence of edge portions of

t he pi xelPoE{oas exigad imdirestionndS® 1o thetiansmipsioapxesodfabe peleridets 15hed pbns lsednes
are each square in shape, and are fornmed in pairs of two between the slits
31 and t frenpthej dirttiansosil ab dngseop sitphered. Mard hBtadfiallynidilBbribnbrg C T
2004 -26- electrode 30. These pin holes 34 are fornmed at "the sane tinme that

the slitg; : i - I : re, forned, ,like
the ol i ¢ D31 FHIeraoe bendill iy e RARER] 595, o ond B s % g0 Bing i
such as L|jithography.,.,The,.pin holes 34.disturb the directions of electric
fields, S ngRbAER S, hat adjRtens piel et} CQINER PPHioRs (hhe RPIelicherigstion g
portigns of the 5 pixel electrode 30 and the |ike. Wien the liquid crystal
nol ecdl e§Xiending éforfh@ﬁaﬁwemtrmcﬂ@nﬁm: othenside rany paelledo thenlgneai poittiossn oBthef
the electric fields acting on the liquid crystal nolecules 14 fromthe
adj acent propcien 2@ rwhifh is bestdd e right arighns of the pixel electrode 30 is
alleviated by the pin holes 34 of the pixel electrode 30, so that the
- liquid crystalt b glesdsasheld thdl projeBtidfe3 Pirssd thel Bedl 'eRGodD 36 HerbQrd Afihdeqed
in directions about 45 to the transparent axes. This makes it possible to
efficien ; : L RS i : ' jited through th
1 qui o oryayy ejsdfont GRRE BAhOR ol i broltibnd £ b BSA SR o c
further JC he | uence on the liguid.crystal nolecules 14 in edge
porti ons{hgg%ﬁeﬁgte&r%‘iee{gdeFlééc]tafodlg 1558° R nﬁéﬁﬁsﬁ”ﬁ%l@@%ﬂ%%ﬂﬂ?’ieﬁé thfd$1ftf3é€:ence
‘ bet\/\xj(ﬁn ﬁ’ge acft ual, and ideal (45 to_the transm ssion axes) inclination
di r edPi ofheregss formed pb apxibigny prejegiem B3| Ehess euxiliarywrofscionstiSapindei3b bl
thus hel ps all evi ate uneven displ ay. _

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



The pin holes 34 may be formed in any other shape than a square shape so

| ong as they can cancel out the influence of the peripheral porfidnﬂﬁﬂ 2004
pi xel electrode; that is, the nunber of pin holes and their shape may be
nodi fied as necessary. Through experinents, it was found that, assum ng
the same conditions for the wwdths of thg_slits and the projections, 20 the
fifth enbodi ment offered about 7 % higher transm ssivity than the first

enbodi nme sm-ssivity .observed in the fifth enpodjment / )
T anan ealestrpll 30° TBRE bt KoIRD 34 haedbrndt a6 e tmeThey he Sikg . arefosmed in
enbodinené of th i n egh%on W || be described with reference to Fig. 7.
The st rudfuPECHECHPLe dRnard Fesiormed; Hke sherslitss3 b tt resfovinge paiity of the pixel
enbodi ment except in the 1 1 OCT 2004 -27- shapes of the slits and the
proj ecti Gl@f?tm‘ktg@rbdi ngrogessi suchtae lithddraptiyn g The spin ihpies 3, distuet theediedPaBAS oS
are found also in the first enbodinent are identified with the sane

r ef er encelectrienfisidd, and aingt dahed] foue s GRAbY ANSvinie the HBfuehS 6%&%@?%@0@0‘31@7 is
a plan view schematically showing the positional relationshi et ween t he

pi xel sel kel Qel@rcARG LA t eeCtions in the 5 sixth enbodinent. Here, slits
36 are forned in the pixel electrode 35, and projections 37 are fornmed on

t he second su -The projecti.ong, 37 are.fqor.ned in zigzags over a
plurality of g?lﬁ(eéllaéh% g%uda-[&ﬁ%s’?arl ljf’?ﬁ‘é'ng ﬁﬁoarr?il ﬁglegx‘f’et % hoRzef P_’eg’cf‘i’%’r%ls 480 to
the transm ssi onfa)b(><9es1 of, ggghpol_ari zers 15 and 16 as seen fromthe

di rect i off'WEPFfafPt ths ERENE Retins <y e digwid prysigl maleoultestidafibm thiecafljazent
portion of a 10 pixel, a projection 37a extending fromthe adjacent pixel
on one sP#élstad domedgroportions aftbmpixelxtlestusle Badkallavidtivhby thejphe Rolles Bi %€ the
and, in coner portions of the pixel, a projection 37b extending fromthe

adj acent pigkkelectootiet 3 sottheirthsilidgidr epstalPMbRIchiRh 14 GyitHiE thd PIRAr eIBAFSdeONF flr‘%f
the projection 37a, which is bent at a right angle. Reference nuneral 39

r epr age ?ﬁ}glggﬁigr}ifirﬁc?%g @g&t@%ﬁpggﬁgﬁsﬁggﬂﬁé{&mm Afed B3 0B 85 LRSS |
use the transmission light that is transmitted through the liquid crystal layer. Moreover, the
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 which the adjacent projections 37 extend. The second projections 39 are
formed near edge portions of the pixel electrode 35. At the pIaqu “@qrgm4
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 electhopde 35, and, along an edge portion
of the pixel electrode 35 close to the slit 36b, 20 there is fornmed an

Feduce AL FoeC R R O BRAeRIN + Redoringhy i R oleang: dsriaptiony such
nol ecul es, 14 fron1ed portio f th i xel electrode 35 and fromthe
adj acent SfRENS as B g&'—:’% Sﬁe‘nprBJ w8t $18 19?%? HAddgtitied rwith shersanes réferen@sa,

and between the proLectlon 37a and an edge portion of the pixel electrode
35 is fomHEgras, ginflthgebxplatasions wild n@6he esgeeted. 1FiE. OGF 22164 viedB schiethatibglys ame
directions in which the adjacent projections 37 extend, i.e., in directions

45" to tkkowingathe patidohal asksionsdhif betvieh ahé ples eﬂe’étr@ﬂ@ and: theTPﬁ)]&ﬁBﬁss iPfnet h€
contours of these slits facing the projections 3 7 run in same

di r ectsi ogixth Bnbbdifient he1epd st FNEIBRG LA Sh ﬁfét ele@ﬂ?d%%%%gé E?Oﬁ%czljob% ?{egl

each parallel ogrammatic in shape. Likew se, e sl

to the 53&&{{ ﬁ%%%e?écB f&fb‘st?%?ya and the parts of the contour of the slit

36b faci e prolec I ons run parallel to the directions in which the
slit 36b itse ext.ends. Reference nuneral 40. represents second slits that
are narrower tHERTYUREIODF 3¢ aredormed inygzags @Veic ﬁﬁ@alﬂyd}ﬁm@@ andcgheii Ginear of
the pixel electrode 35 toward a m ddle portion thereof The second slits 40
are for pediopaedindin dicectipes 44 tacbotrassdssich @resjofchid polarizds 15 b&d $€aO5n
projections 39 and the 10 second slits 40 are fornmed in pairs, and are

formed bebuete diketid SHracl k@ e BdomNshtkfe i s a%@bstaxﬁglﬁ%}éﬁ?é‘ﬁ{h?% of a

prolectlons 37 and coner portions of the pixel electro

SeCO10 Bt 3 SRR R ML B 0y e, b B

| ocated oo dsel()ja% th[ ztttl z? ascercl)tf p}xgle a%ldx?nl cc?rlngrcécr)rgggs g? 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




so as to reduce the influence of edge portions of the pixel electrode 35 on
the inclination 15 directions of the liquid crystal nolecules 141 1 OCT 2004
Accordi ngly, the second projections 39 and the second slits 40 do not
extend up to a mddle portion of the pixel electrode 35 Wen the liquid
crystal nolecules 14 are inclined in theghorizontal direction, the

i nfluence of the electric fields acting on the liquid crystal nolecules 14

fromthe.adjacent,. pixel.s an rom edge portions of the pixel electrode 30
is all eving SRS dit ‘%&%ngg‘r%? @@P?%‘ggf%t@@s Shexiensb 1.8 sbdigectipng 45°40 theso

that the liquid crystal nmolecules 14 within the pixel electrode 35 are

i ncl i ned tRASRATGNE @xgsopfsthe pelarizars ' 15tandt e  tThapepapéiite conasirs Fhitgsangie fack
possible to efficiently use the transmssion light that is transmtte

t hr ough theeprojeqiions 39rmys trathe lsayie directhdns @9 walch thddlitatheid sbREY exRERL 864 iHAD He382

. 2

and 38b help further reduce the influence on the liquid crystal nolecul es
14 in edgkspes tehenparfielbBAmMatR! incHapt F AdRew | Git RGHR ! T
2004 -29- uniform ?he di ferencembet gveen t eég’ct;ﬂga lt-tagﬁh %&@F%E%ge%g’ &ﬁe
transgi sgjs; j L, N1 Lrections of .t.he liquid. crystal nolecules
1 i o g bR oR 37 e B8 pafth OF ) Ruf o et b dicet 5 rosmiaes s
and shapes of e _second projections and the second slits and the positions
T RN bRl ;B RBierRRron i, “BEInoa i 385 dSelhenisodar yReforenon gl Hoy
can cancel out the influence of the peripheral portion of the pixel

el ect r odEEPTE6RLs geand| dits that ase camdwepthepdbe isbiss3@and the sedomebdsirbnsedgsy be

formed in different sizes. Through experinents, it was found that,

assuni ngpettiens afrthe quxadietdctrnde 8Howird aninilidis p&itioh ieersdfi t ThaBebohllits 40 are
projections, the sixth enbodi nent offered about 7 % higher transm ssivity

than t hefdrines tpaiieDel AR MdjakOnt( $dcBRE Biai&kibht ¥o OPPR \éée‘cggg Ellr(ﬁgﬁ%&l% ’%ﬁfhw) the

enbodi nent / transm ssivity observed in the first

rNgl)‘(te rlg ﬁcsz&iﬁgd‘ IEZIIHE Q@g@%ﬁﬁéﬁ inq;aixrs,hﬁxdi 43Y B e Betihdeh tl?eeprgﬁagﬁcr)rils%efdan\githg slits 36

~and between the projections 37 and corner portions of the pixel electrode 35, with 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



The structure of this enbodinent is the same as that of the first

enbodi ment except in the shapes of the slits and the projection$.1 0CT 2004
Accordingly, in the follow ng description, such 15 elenents as are found
also in the first embodiment are identified with the same reference
nuneral s, and their explanations will nepd_be repeated. Fig. 8 is a plan

Vi ew schemati cally shovm' ng the positional rel ati onshi p between the pi xel

el ect rod | ons j.n d| nment,. .Here, s, .42
are forme {hEedlﬂ%rg(}e R %'ﬁéwg’f] é "Br(%? 'BFF@n%SS‘%R' %X% t9A t he
second s bstrate . .20 The projections 43 are fornmed in zigzags over a

pl ural i t §reAtiops REthe Liguitcryial molqchlear4 within iherpixelx ershthus helds nbotiatonsevtd t o
the transm ssion axes of the polarizers 15 and 16 as seen fromthe

directi odisplay.mal to the second substrate 8. In a substantially niddle
portion of a pixel, a projection 43a extending fromthe adjacent pixel on

one si de bendgh@ﬁlz&&namﬁaﬁdaemheegéww R@ﬁdfnsta%dttﬂ%ec@ﬁ’d é}ﬁ@éﬁd ﬂBE}SS%Igo@srlg’

"in corner portions of the pixel, a projection 43b

ext engi ngpfdhomes hee ﬁﬂhﬁﬁ%ﬂ @b&ﬁ&dlﬁg’%t&?% mﬁés&ﬁ{z S lgg%tagqﬁef %ala%{e l aﬂ‘& ’i‘he

| i near portions of the ectl on

Ref erenc uner a 4 re nts secan roj ectio at are narrower than
the projé %ﬂ%} Ofvs © lﬂzé tﬂ?h@ glja clgp e'ect Yn eXanPlovn then seapad

adj acent |,r01F ections 43 extend The second gr oj ections 44 are formed near
edge jechemssansk the pecondysdits glag berformaedsin diffisront sires. h T hpougheoipeomentd 3ia and
43b are formed slits 42a, and between the projection 43a and an edge

porti on whs favad shatedssehingt tho demd bonditiéror foe theawilthst ofkBb slifEhaed $hd p®jedidans,
extend in the sanme directions in which the adjacent projections 43 extend,

i . e., inihdishahtdniodiréntt Sfdrb® abbitaNSPanEHRF tANGRiseHvit) NBarP Alecafilf Shbodinaand
16. The parts of the contours of these slits facing 10 the prol ections 43

run ijp t{tﬁné"fﬁﬁﬁmg% r®Giived Sin| ﬁev‘é}kﬁxhe P(?'de Oféti Z t}ﬁ?ﬁ?ﬁv\@s %Xltvgﬁ' tg\ﬁnd p us

the slits are each substantially para el sh ape. t he

slit 42b ﬁ@gdﬁﬂgﬁﬁ*l 07).

Next, a seventh embodiment of the invention will be described with reference to Fig. 8.
The structure of this embodiment ie 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



parallel to the adjacent projection 43a, and the parts of the contour of
the slit 42b facing the projections 43 run parallel to the directifoQ§Ti 2004
which the slit 42b itself extends. Reference nuneral 45 represents second
slits that are narrower than the slits 42 and 15 that are fornmed from edge
portions of the pixel electrode 41 to\/\@§ﬁ_a m ddl e portion thereof. The
second slits 45 are forned parallel to e adj acent second projections 44.
The second rojections .44 and the second slits 45 are formed in pairs, and
are for m?ﬁteB@lPﬁetﬁ%n tﬂ%eadji')‘?caf el ghthe pihes e ias gpiallel tnghe heedsgonians of i
projections 43 and corner portions of the pixel electrode 41, with the
second sPrUectvy fig avligh pebortedt 2 mighproglect Refesends ramral et sepeesesits2@cond
projections 44. One of the second projection 44 and the second slit 45
form ng esgéctioas that ard eavctever thvartile arojecdidhe 4p and ilom eofend REtHRI iRk ElcEGs] o€
41, and which of them does so alternates fromone pair to the next along a

per i pher alhiqhothtiadcedt grbeciiniels &ta@t ' e sddond ; Snedf eddle
second projections 44 I{‘anjg t he second sli tsS 45%l %%ﬁg%ﬁgggr%??%&tgom eﬁ%gé:

por ti @ns»efich 8t k%R c e 41, but are perpendicular to the directions
i n whi chpt hgy [ é(%l%‘%%j;?qﬂm extend. The second projections 44 and the

second slits 45 are ] ocated ne edge. portions of the pixel electrode 41
so as to redub&8WEHE PHPIY 8%5%{“@39@1’66? rgyed Sﬁﬁs 428 cang bebwess) e prejeaion 1

on the ingclination directions of the liquid crystal nolecules 14.

Accor di nﬂ;f ang gfpedgecinstion pf e ditel elestrade 4ht formedeslitlbs | Ths sk 4Da oxednd
extend up to a mddle portion of the pixel 5 electrode 41. Wen the liquid
crystal mohesahedirdotioas in which khieedjacent gr6jebesrs 8 ¥xadnd i &, 86 WireBiods8° 1o the
i nfluence of the electric fields acting on the liquid crystal nol ecucfes 14

from t heygtbaeNixes RICIR Foldfibrd 19T LIEE ?ﬁ%bér?sn(?f tﬁg c&ﬂ%g%c?)%g‘-?sg lssﬁﬁg agigg 4l

is alleviated by the second projections and the se
t hat 15h iL.quL d: . cules 14 withi.n the pixel electrode 41 10 are
el #acte et 3 Bt Rt Efestprmtin i it el Hhfead s he

possi bl &

hltso are each substantially parallelogrammatic 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




efficiently use the transmssion light that is transmtted through the
liquid crystal layer. The sizes and shapes of the second projecti¢np (M 2004
the second slits and the positions in which they are forned nay be -
nodi fied as necessary so long as they can cancel out the influence of the
peri pheral portion of the pixel el ectrc_)gl?_ For exanple, the second 15
projections and the second slits may be“forned in the sanme size, or the
ends of the secapd projections and the second slits may be nmade parall el
to edge ﬁmﬁoniﬂ"ofecpﬁgpﬁ?l%é‘lonéf@éﬂﬁl hgesecondestits 43 aredpgated nearirdde pertionodf t he
invention wi]l be described with reference to Fig. 9. In this enbodi nent,

t he shapdhe pixel dlectenderdd sarrg to estuge tiesiofliens ofbdgehgortiths of hetpintl BRBtody &
used in conmbination with the second projections and the second slits of the
si xth enpodhesndlinatiad directidnbest the p@id Srystah odéculst 1 € Aﬁco}dlh%ﬁ efﬂaoﬁ@kmnt

is the sane as that of the first enbodi nent. Accordingly, in K’e follow ng
descri pt ipfsjections M4CARIBRI BediRl AE 45048 YoPbiBnd Up B hliddik pofBP S TRNL:A' €
identified with the sanme reference nunerals, antl thei't exdl2ARat PHAE BFF

not ke Efe@ﬁ@z]‘leeﬂl- Fig. 9 is a plan view schematically show ng the

positional relationship between the pixel electrode and the projections in
t he eighth enwfg nt.. I.—%re, ajlits 7 and second 1 1 OCT 2004 -32- slits 51
are formed in é’nﬁﬁexléqu‘ [cevstal gueleadendd 958 dpdmed dndhe diosimantak disention, the
projections 50 are formed on the second substrate 8. The projections 48
are f or miluence pldiegdeatac dietdsrastiogem the diquidatiystyl ofolquisles| Bt frandthe heljacent
substantially linear portions extend in directions 45 to the transm ssion
axes of pirelspatldrdnz edge pditidrts afnhe fifte] dedrod @¢ tid Alevidal B RESednPprbiedtns
angle in a mddle portion of the pixel electrode 46, and a projection 48b
runs par a4 hed theQeddrd sBsQf566d t ' PrelatiN el l1X

el ectrode 46. The parts of tr@ﬂg%gﬁgt{g&%?qﬁﬂgagéi}ﬁ'FF%ﬁgéH@‘efg?:(ﬁ}noget%e
slitgpd7,.are.f - W vi,at i,on, of _about 5 from,the directions

in. wﬁ?chatt%h%lc%?%ljnggﬂré\%é&ﬁ%bsﬁteF‘ﬁg;uelt‘elgge SRPRRRIPNt 2¥R%, s, Thip dngles; ik possifle tas

are incr etgs.i nt%lra/ nﬁ\r row from _ed[ge P_orti ons of the pixel electrode 46
ethciently use the transmission light that is transmitted through the liquid crystal layer,

The sizes and shapes of the second projections and the second slits and the positions in
which they are formed may be modified as necessary so long as they can 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



10 to a mddle portion thereof. Reference nuneral 49a represents auxhhyﬁzmu4
projections that branch off the projections 48 and extend al ong db

portions of the pixel electrode 46, and reference nuneral 49b represents
an auxiliary projection formed al ong an edge portion of the pixel electrode
46 close to the slit 47b. These auxil[?%y proj ections 49a and 49b help the
i nfluence of the 15 electric fields actinhg on the liquid crystal nol ecul es
14 frome ge porg&onﬁ_of t he pixel electrode 46 and fromthe adjacent

pi xel s. 34| gre formpd dp thegyxel fleriigda 46 rad praieciionn 48 and serodd pmjtntions 56 atche
projections 48. Between the projections 48a and 48b are forned slits 47a,
and bet wéarmedioa the sgcond substrd4i@8. and an edge portion of the pixel electrode
46 is formed a slit 47b. The slits 47 are formed so as 20 to extend

paral | el to tMaegidjetiohons atdforlibdth £iBRgath aaeR oRi I REGRHONT phBISXhERR and
the parts of the contours of the slifs 47 facing the projection$ 48 are

formed w : {: @l : . rections in whi.ch the. slits
47 Uhems e SR gy s B 3R in Brod BN o the Bl Non Biio e reliziis
that are garé r . than the rojectigns 48 and that extend in the sane
di recti o’ PRI Wi cft PEPIECURH ‘%ﬁ?&ﬁp%m dehtiaggls mg middlegortionogishe pael egatende.
Ref erence nuneral 51 represents second slits that are narrower than the
slits 474 nend 2 peajeqtion ‘%&r@mﬁ parailel tohthegquipiactéon 48 tooatngr pyrtiots oftheSfixel The

second projections 50 and the second slits 51 are forned in pairs, and are

f or med nelactradbods. pditicipans offthd bent@irs of tigl ;ﬁ@f&@&% 48 RcinB IR SIHP AT akd fthed
between the projections 48 and the slits 47 and between the projections 5

48 and eqan JCRRlioR ar LS bl e apbatiths il Ghih ME AR hASsdi Ut

crystal nolecules 14 are inclined int orizo ITec
o heTal SRR PR et ek e lhasatel oo de. 46
's alhevial el e, §e5od projections
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




50 and the second slits 5 1 - Mreover, even if, under the influence of
those electric fields, the 10 liquid crystal nolecules 14 are inchinegicT 004
directions other than 90' to the projections 48 and the slits 47, the
liquid crystal nolecules 14 are eventually inclined in directions about 45"
to the transm ssion axes. This nekes i{spossible to efficiently use the
transm ssion light that is transmtted %hrough the liquid crystal |ayer. -

Furthernore, .t uxiliar jections 49 nd. 49b alleviate the influence
o edge Bt onKeiBietin bl ChibieseRa erond D tbweare nap et thy thel sty and

mol ecul es 14. Thi s hel ps nake uniformthe difference between the actual and
i deal (4thatggn P@qaﬁelttpatﬁg rigsens reeptdsprojepidonsnit. i rhediceat projestiofs hand itgui d
crystal nolecules 14 within the pixel, and thus helps alleviate uneven

di spl ay. s&ived sbisridcare dormsatginepairer andaart $orafedt tear e@um@sqffth@gix%l blestrdié and
the projections 48 may be any angle in the range from about 3' to about

15'. In péribeWpadificaBt bétierd e prajBotiomt 48 Ghii he RO i Aol
about 5 to aboﬁ 10 Ikﬂ'?tel- ps %bt aiprrl%better result. I\/brgitl)‘?/]é%t%glgl adj Oetcﬁérygs t he

w dt hg ofjg Eafgcﬁeicbﬁlef‘goﬁmlsB?ﬁxe@%%ﬁ&t}&{&l&& it is possible to alleviate

uneven disp Next, a nin I'ment of the invention will be

described wth,reference,to Fig. ,10. he stryctyre of this enbodinment is
the same as tﬂ?ﬂeno eflﬁguq ic;ygfal gﬁ?}ﬁﬂil?ﬁek aé‘?(é@’g’l“eéjﬁn tth herizontgdTdipeption.. the-
shapes of the slits and the projections. Accordingly, in the follow ng
descri pt iﬂ@#ﬁn@u%ﬁwtheeﬁlmmﬁgldgsacan@ ondhediqaidserystal miokechies St fromatic radjaenr e
identified with the same reference nunerals, and their explanations wll
not be rpielaned froRi glgel@riionsafphapixedi dovtiodbdeng alteaidtad bysthewea@digrSjections
positional relationship between the pixel electrode and the projections in

the 5 ni 50 bndoib etion@RIits SHer Rlorsbiek eveBifhifick M B | ieliRfdsr ade
52, and projections 541 Sare f%rr rreed gn %he second %udggﬁ)?gltogé élg&tﬁlﬁg%ﬁfs fié

Iplr (r)Ije grgt | RARA A sB SaIXERA 4 fle Tl BAAPE: PV RTioRs Bkl Bhl b %fthg ip%'(cgtlecstiongqg agxcri] el .r
the slits 47, the liquid crystal molecules 14 are eventually inclined in directions about 45° to
the transmission axes. This makes it possible to efficiently use the transmission light that is
transmitted through the liquid crystal layer. Furthermore, the auxiliary projections 49a and
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




portions extend in directions 45 to the transm ssion axes of the pol a@tfez{]ﬁ‘t _
15 and 16 as seen fromthe direction normal to the second substr té v

a substantially mddle portion of a 10 pixel, a projection 54a extending
fromthe adjacent pixel on one side bends at 90 and then extends back to

t hat adj acent pixel, and, in corner p‘oréhons of the pixel, a projection 54b
extending fromthe adjacent pixel on theé'other side runs parallel to the

| i near portions of the rojection 54a, which is bent at a right angle.

Ref er enc &hdngiedfathe ssity epd dbe prajeciions.| | Aesordipglyj éctthofellawiag desaiptionpfsficht he
projections 54 and that extend along a peripheral portion of the 15 pixel

el ect r odeleb@entsTaeamufouhd alsy iprtbe drsti @nlsodimeftedrp idadifiee wikte thafdnve RFerede t Ne
electric fields acting on the liquid crystal nolecules 14 from edge

por ti ons nenefall apd Xiddir E4pdsatioewiPnoBrehERR. t 8 2l RSEALN Ri%E Lﬂ]gnﬁﬁwﬁe”

the projections 54a and 54b are forned slits 53a; and between t

proj ecti gkbhwin @ : ' f j lectrode 52.is forned a
51 't “Sab T 3p PR BOn AR RN BetRen (0 pBlel SeoFh BT ME TR, projgefions i
adj acent Lecti.ons, 54.ext i.e., in directions 45 to the transparent
oo or PRUPHERAHDE: o HEXTH St Sistne e ' Fe) ehitrodin i and Pocatigs it o «
facing ihe Eroj ections 54 extend in the sane directions in which the slits
t hensel v 8/tbe sesped subsigatehe slits are each paral |l el ogrammatic in
shape. Likew se, the slit 53b extends parallel to the adjacent projection

54a, and the {bhe psojedtionhé4cuefoumedah Zigmgslovér HBlurilagiofpitdhe MAGhEEiheRs 54
Il 1. OCT 2004 -35 run parallel to the directions in which the slit 53b

| tsel f eptaasextheh diR@bioa clodhe BhilniTRYEEI OF ik il N LPTs LOAC

horizontal direction, the influence of the electri Ing o
por't 1 onst5p Ok STHGEH héihat fo MRS WRRER e Sfeenls mielebepian of o
projections 55. Thuys, the liquid crystal nolecules 14 within the pixel
el ectPodB*8l araiecrefta aatending Epmihg adipcentmixd joormneatidsubends at 0% hml then
transm ssion axes. This nakes it possible
extends back to that adjacent pixel, and, in corner portions of the pixel, a projection 54b
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




to efficiently use the transmssion light- that is transmtted thro%gﬁ &Qﬁ
liquid crystal |ayer. Moreover, it is possible to nake uniforn1tﬂe C 04
di fference between the actual and ideal (45 to the transm ssion axes)
inclination directions of the liquid crystal nolecules 14 within the pixel,
10 and thereby alleviate uneven display.,.The auxiliary projections 55 may
be fornmed, instead of all around a perrsﬁéral portion of the pixel

el ectrode 52, |y at .pl aces where the influence of edge portions of the

pi xel eFBEP@@gatBﬂ“ﬂ?“ﬁP@&ﬂ?“@Hmﬂbﬁéﬁégbﬂm@f@ﬁ%ﬁkiary proj ections 55 hel p
reduce the influence of the peripheral portion of the pixel electrode 52.
15 Next, a tenWherrolipwdraryssal moteciles it areninvlindd inethdelsaizoar] Wiredtion, the
reference to the drawi ngs. The structure of this enbodi nent resenbl es that

of the fdnflténcentfaik wietric fulds adthr 6 eHeSliquid chatal rRbIbAMEN B4 BRBE HicPid;Rant
such el enents as are found also in the fourth enbodinent are identified

wi th t he g2l ahef SANEReNHITRR or the dillisqeaRad! sl ’allgagtegswtﬁé)taﬁii haped

portion of the pixel el'ectrode 4 is forne i screte edg i ons

t here : vey , ' ing. film bet n the signal lines 3 and the
pi xel qsfeI i)g?J%'/‘g[B)gl%ﬁs Ttélggb#h;glsﬁj‘iug‘ill & fygséﬂdmgfeﬁlg?%,\ﬁﬁe\yﬁﬁnp A5 electiode 1A 2 s
el ectrode 4 over|aps the signal lines 3. Fig. 11 is a plan view of the
first suS¥entusly fckped inditsctions abpat 43 cieghe trapsmeissiemaxese nibbisi makes it Risgible12
is a sectional viewtaken along line B-B shown in Fig. 11, and Fig. 13 is
a di agr afte stiaerly wel thy trassmissiog lighe thee liatramnsihed thoagear hdid RERIEHyepnS
and the slits of the pixel electrode. 11 OCT 2004 -36 Reference nuneral 60

repr esenigordbdr! it 3 YoSRRAR hARCEIRIRCHE I n% _%%jﬁl]e | 6 2 61 Jnl(ar 1&g (%!go attﬂge

same tinme that the scanning l'ines 2 are tor scanni ng Tines

ot ner _and s PmiBRE R 4IRSt ar TR DR s26H et b oritin dhopic,

Ref er.ence nmeral 61 represents a gate insulation 5 filmlaid on top of the

scanrh ng@é]ﬁ@%ebi alleaate Mpevsldisplasy y capaci t ance el ectrode |ines 60. On

| The auxiliary projections 55 may be formed, instead of all around a peripheral portion

of 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.



the gate insulation film®61 are fornmed the signal lines 3, which are forned
of aluminum chromum or the like. These signal lines 3 are-laid {1 QCT 2004
perpendicularly to the scanning lines 2. The areas surrounded by the
scanning lines 2 and the signal |lines 3 each correspond to one pixel. For
each pixel, there is fornmed a pixel elegérode 4, which is formed of 1TO or

| ZO 10 (indiumzinc oxide). At the intérséctions between the scanning |ines
2 and the signal lines 3, there are forned TFTs 5 as switching devices. In
t hi s enbodi rreﬁ%e,fer@&@hmﬁll%é] 6D sreprasonts eiiliait isapasBasiegelattrodenbses3 whickl agach
pi xel electrode 4 is connected to two TFTs 5. Thus, in the fabrication
process, fermsd atfthosmeneTile hizgp ploscahninpdindel @ed formed t MEhdicsBhinglIRES D QHE b can
be operated by way of the other TFT 5. This ensures an inproved yield. 15

Ref er encusiiBr edpa&RnteRIBEMS Sinds £O 8¢ 170 BhEALT e edd '%tg&h%ki &Oéﬁ%gtgmgﬁl"y

signal lines 3 and the TFTs 5, and reference nunera represen

5581, X o Bkl BT |

pi xel el ectrodes are forned ontop o e seco

exanplee,  he .secand otective . film63 may he given a flat surface so as
to act agﬁlgq?’ﬁﬂ]tqgﬂPﬁ&efsf?rfﬂm%llfwesrg]ﬁ?cm’él%?R@Wec@ﬁ?lgﬁncﬁﬁl%@%@q nes 60| @2
may be formed as an 20_inorganic insulati n€ filmand the second protective
filme3 HE sgie dhsylatis filmsh] are foymed) the signak boesh3,t whichvase formedicof sleminungs 62

and 63, there are forned contact holes 64 in portions thereof

cor r esporkiioniumoor the lite ai Fhesk signablies Diretldié pefpbadiuladnde thdicartahe lihese
contact holes 64, the pixel electrodes 4 and the drain el ectrodes are

el ectri cahé yreaooneninddd bearé B&inninoNidcd® SRl e lsPaWl BhdsON e:;c‘;h: ngrﬁé?fltd;igg)iear ©

formed i nsular el ectrodes (not shown) in portions thereo - 37-

0119 | BBcsto} it sapaid SPREnE SUION LIS, S NS SAS o

the a0 RFSRGin SabY S e PleF iR R tighprotmieiiges F apis ssml boes Jo3.

to the pixel electrodes 4 so that the insulating el ectrodes and the

auxil i arf}‘ere are formed TFTs 5 as switching devices. In this embodiment, each pixel is provided
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



5 capacitance el ectrode lines 60 together produce auxiliary capaci tﬁlgﬁf ;@
each pixel. Edge portions of the pixel electrodes 4, as obser ved If T 804
direction normal to the first substrate 1, partially overlap the scanning
lines 2 and the signal lines 3. Wthin each pixel electrode 4, there are
formed a plurality of slits, which willsbe described later. Fig. 12
schematically shows the state in which an electric field is present

bet ween the%é)i[xel xﬁél ectrode 4 aqd tOBe .10 transparent electrode 11. Next,
the shapd®ifly teruxliay capastiange ¢lertrode dingt 69.ondhese inswlarplectrodenarerfbredheft
wll be described. In Fig. 13, the projections 67 are indicated by broken
fines. Wikhsame materisl pad atthe sametiend ay thedsignab|lineal3i t Thefinsdlari decthalpedre

proj ections 67, which extend, as observed fromthe direction normal to the

second swisstricalle c@nnetcted] throuph the xedtactiiolet S4dbrined itAEhahe 80O plotddive Tayche
signal lines 3. In this enbodinent, at a substantially mddle portion of a

pi xel , a6praidess,i @nif7pixeK cROFHNG irsar@hamleaﬁisaﬁﬁ% e?%cf]rghes%&’@ﬁe $hif.Rends

at 90 and then extends back to that adjacent piXxe I n coner portyi ons
of the pi.xgki 1854 i fromthe adjacent pixel on the

ot her si da«;ﬁr h?\&%;grl al | g?q?'gs ?égog‘%ﬁﬁ%}r 0@3%‘%%‘%‘??%?31’%‘3 %mﬁr‘BjeEEf;ipW -6 748
which is _bent at,a right angle. In this_enbodiment, the projections 67 are
20 f or meHoFRE P @583‘&%8‘&?‘%2’ ﬁ/g’rse%(e%frﬁ%f?‘? diregongioxmapldfo the firssubkisateer |
al so possible to form the projections 67 independently w thin each pixel.
Wt hi n t Rertigily everlapsthe seanningglies Znandnibe gignaktiness. ndWithin daoh phel slecwedt 4,
substrate 8, slits 68 are forned along the m ddl e between every two

mut ual | ythed§ aweformed oj mutalipnef Sits, whidhtwi#l bes Hedesib&SB ldtetn Pay abl @heﬁl@tiéaﬁlg
proj ections 67 adjacent thereto. Thus, the slits 68 and the I 1 OCT 2004
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polarizers 19 and 20, and accordingly permt |1iqui ecules'to

be inel i eekphidnt H&tidgal inclination directions, specifically in
directions 45 to the transm ssion axes. In this embodi ment, the slits 68

and Next, the shapes of the slits 68 and the projections 67 in the tenth embodiment 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




the projections 67 are arranged substantially symetrically with respect to
the axis that is 5 parallel to the scanning lines 2 and that runs 4 Hr 8GJh204
substantially mddle portion of the pixel electrode (in this enbodi nent,
the axis coincides with the auxiliary capacitance electrode line 60). This
permts four areas with different incligggion directions of the liquid
crystal nolecules 14 to be arranged evenly within each pixel. In the parts
of a peripheral 9rti on_ of the pixel electrode 4 where the influence of
edge | 10 PRIFIOBHS7 GHn ihdirestions 48] iocthe GaBsaissien gresaaf thebolarizes IAaind 20pt | on
relative to the slits 68 and the projections 67, there are forned
sawt oot hasteagiaglyprermitdinid arystabtoldeales mb buéndinedfin ebddeal NREl{HaGOS dirsctions,
cancel l ed out and thereby alleviated anong differently inclined edges
within e ificaWiR et d t4] s B PO I i9n aped
8pde W iﬂiﬁ@]@@ 1@ e ti‘d?ﬁ@m@@ron 185 Pah t@?%@gd@%&ﬁ@ eSﬁ§ aiﬁ;%"@ nt

al so hel ps reduce the influence of the electric

pi xel s a r ce the.influence on 15 the |iquid crystal  nolecul es
14 Wi t hi ﬂ%t %‘E’feﬁﬁ%ﬁ @%ﬁec%?%dﬁ)wﬁ%aﬁw%nwaiww%gfeppwew the axispthiphisi pal
portin of ﬁq edge portion where sawtooth- shaped portions 65 are forned,
and FPg. Pamlielstothe spanmngnes; 2 and thay rpas theoysh 2 pehstantiallys rroddla gortidreof the
posi tional relationship between the edge portion, where the saw oot h-shaped
por ti onsPB8! elactrodorinedhis sembadireensy cheekisonsinéides Fiiths thel dusiligryl 2ajcRance

enl arged views of the sane portion, 20 with the projections 67 omtted in
Fig. 14 tlectnadeelivel 603as This et out Bap Osih! diffBidh fnbliiioR 2L ons ! HE il e
edge portion of the pixel electrodes 4 and the signal line 3, anc} W t he

proj ecti &Rﬁaﬁﬁoﬁqulgi_{bd:ei&an Mﬂ?‘%ﬁﬁ‘éﬁ gafcﬁg)%yd_t 0 grasp the positional
S

rel ati onship between the edgé portro pi'xel electrodes 4 and the

proj ections 6¢.. e. portion, re. the angl et ween an edge of the
pi xel el ect ro%‘ethé%%ﬁgof%gerﬁ’l%ﬁ ig?rgﬁn;gﬁ%ﬂ%ﬂ efer?gog? ?1“’ 1 the nflyepcerofxyigy
- 39- _appr oachi it.extends is about 45, the edge portion greatly
i nfl &an%%fat’?ﬁe&ﬂ?a Bf’i&’i( glegteqds 4 is gpab ewingstortheir logation selative saitheysliteedhand the
restricted by the slit 68. This causes the inclination

projections 67, there are formed sawtooth-shaped portions so that the influence of edge

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




directions of the liquid crystal nolecules 14 to deviate greatly fromtheir
ideal inclination directions. In this enbodinent, of all the eddelp@fTizif4
| ocat ed between the slits 68 and the 5 projections 67, those | ocated where
(areas C) the angle between an edge of the pixel electrode 4 and the
direction in which the slit 68 approachigg it extends is about 45 are
formed i nto sawt oot h-shaped portions 65, and those | ocated where (areas C2)
t he angl e bet}\lmeen an rglgge agf th?o pj xel el ectrode 4 and the direction in
whi ch t h@PRICRERE T BienssdhiaRgUut ¢ die efRfs Porsion seatly1 mblugress fthe higuidi erysial

| i near portions. Through experinments, it was found 10 that form ng only the
por t i ons Mad¢mlesribatsare ingling dryebeihg restfidted by ghotlicdge Pk tchades the ir@lifaion Nt O
a sawm oot h shape resulted in | ess uneven display and thus nore satisfactory

di spl ay diseticns tdfahe tiquidi argstall noldagles dgetonAiiat® gfeaﬂir i tRiiX ReaflriefihdiRle 4
along its longer sides into a sawtooth shape. The saw oot h- shaped portions

65 are fairBRHayRI R tﬁis@n%ﬂirﬁé]ﬁ, %ﬂg%@% Segg\fg(gﬁtlﬁgss {?Q&eg %ie@%?elten%eesg‘fté gg?ui:ﬁthgl M

this enbodi ment, there is forne aped portion | ong
t he skorter. si of, th i, xel .el ectrode.4,, where no TFT 5 is forned., To
maxi mBze %&"‘%gg?? u rﬂéos?g ?a ¥ queﬁee(i?ﬁeise 1) ithe 2nglgbebmpen aRsedge afhtbe prixal

el ectrode 4 verlap the signal Iines 3, with the protective filnms 62 and
63 i nt er pesEeds heand she desiiongpehichythe stih68 ppreackihg dtt exidmlsdisizboingifl ated
fromthe signal lines 3 with the protective filns 62 and 63, if the

di st ancefdrgiedeer tavetophshbpesl portiionsi @54 aad dhdseelositedavhdré 8% (2§ tBBhdle the
vol tages 20 applied to the signal lines 3 conduct to the pixel electrode 4,

and the baMeebRRS cBRLWRRE piBEele&tEARAY ald ﬂ@%ﬁgctﬁilﬁqnt\ﬂﬁc}p{cqﬁéﬁhit gh gﬁélrpg(gl? £1‘tt ?gé o

as capacitors. This causes variation of the voltage o ep
i1 eothaig M LR R Rined dpBUlichs B05ns, cFoSehPleRisslsng wonai o
bet n the. pixel electrode 4 and the signal |ines 3. However, there are
desiWSﬁ | %11@4 fogming qnlithe potions e areps Crwherghe inflgencsfofiedge perivacisigvat fritd ns
62 and 63, and this nakes it inpossible to prevent the overlaps from

a sawtooth shape resulted in less uneven display and thus more satisfactory display result than

forming all the edge 'pcl)rti-ons' of the i)ixel electrode 4 aibng its longér 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 elect;ode 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 insuiated 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 betv..veen 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




acting as capacitors. For design reasons, the overlaps between the ihﬂyﬁl
lines 3 and the pixel electrode 4 are indispensable. This is becjutd) fmm4
there are gaps between the signal lines 3 and the pixel electrode 4 as

seen fromthe direction normal to the second substrate 8, 5 |ight |eaks

t hrough those gaps, leading to | ower copgrast and ot her probl ens.
Accordingly, no gap should be left between the signal lines 3 and the

pi xel el ectyode 4 .ev if_the signal . lines 3 and_the pixel electrode 4,
when for r?gd{‘e BrotecHug SB'P?] a¢ ap 638%&%"‘%@ i irgpssiblg tex prowent ghe exeslapofiney |

For this reason, certain overlaps are indispensable as margins. According
to the [PeeRRA canpelensi oHor dedigmressenst He deemigps betvabes thé sighal Iniesed and the

el ectrode 4, the overl aps between 10 the pixel electrode 4 and the signal
lines 3 il glecanda 4considisgensibiis h Fids fsbécaust] if fHereCareups ¥BVdeARBe 1pdal

t hereby alleviate uneven display. As shown in Fig. 14, tﬁe parts of the

cont our s fined 3 tah@ tifd SR elddtrHAS 43:sAMEH FBRPHE @h%&ﬁanpﬁdfﬂaﬁfoeﬂgﬁ%éo% uﬁlﬁﬁéﬁiﬁgpt

at a constant distance from edge portions of the pixe ectrode

at pl aces; partiqns e, sawm oot h- shaped e areas C t he
i gnar | TEEORA 8RR 8t RREIEIRN-BRY a5 G plaiet Af sy
portions are | inear, (.t areas, C2), the signal |lines 3 have a |]near,
contour 3B.8%P ﬁh?‘ﬁaé’e lﬁgg’Ft"YetenitEe 533§%li Ifeg 3¢ %lgﬁﬁk@l’?ehéleﬁ'if%@ 4 gycH thry gignal

| arger and thereby increase the aperture ratio while alleviating uneven

di spl ay #Aeedgad gisrnixdelecopde Hewhen &irmed,ease pettienel inGleviatel mesitond rdatbetivat e
8, there are fornmed auxiliary projections 66 in positions corresponding to
t he sawt eatthethtxapdor plds réasos, Etanf otdippareinddpenablods MargtRe Avxdrhingry 20
projections 66 are formed of the same material and at the sane tinme as the

proj ect i @sprésent RREntAY &l aio@lgttﬂ@jdhga%aés%ﬁh&ﬂk&ee? gi: QY%hb %vél{ﬂﬁs between

sawt oot h- shaped portions 65, "a wdih equal to or arger’ than e signal
i negg3 r t L. L&eti.an |- t he second subst.rate. S.
I thCe SRR WU P S Thlcs 3ort B e (el pRER G0 B Poitacihy
pi xel el ectrodes 15 gre f arned adj %ﬁnt t o each .ot her, %nd t herefore the
auxi | i ar Qvf{iaé’f; anq thsts Yége‘é‘?)ﬁﬁr”é‘&}ﬁ%{fﬁﬁ Y-t rsishevads Figyd4, thy 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



gi ven sawt oot h-shaped portions 65 are fornmed together with the auxiliary
projections 66 corresponding to the saw oot h-shaped portions 651aﬂﬂﬁd§ﬂ4
thereto. As observed in the section shown in Fig. 12, the inclination
directions of the liquid crystal nolecules 14 restricted by the edge
portions of the pixel electrode 4 are opposite to the inclination 5
directions of the liquid crystal nolecules 14 restricted by the auxiliary

proj ections 66. reover, the ipclinatiaon directions of the liquid crystal
nol ecul e$VFR %Wﬁ‘ggﬁgaﬂeﬁep%%ﬁ paraye r}%‘F’EﬁdeYP@gP@ﬁE “6% thecayxiiagy psQieetiang, & han

those owing to the edge portions, fromthe inclination directions of the
liquid crygemendipg deihessapdoqtb-shaned t pastions 6headicentsthe®ta| ode observdie ire dge
portions. Since the auxiliary projections 66 are fornmed to face the

sawt oot hsedtimpeshopar i &g 18 fifs, inolinatiemt dir@ttiong ,of bt Nidui® orvetdll indletules 14
projections 66, the inclination directions of the liquid crystal nolecul es

14 | ocat eghtrivted m? @ecand paEshd dFahd ﬁ)‘iiél‘?eleétfodiestl RES TpPb&tet R Y f&&ﬁhaﬁ duce

the influence of edge portions of the pixel electrode” 4 on the [ qul
crystaj  iyhgn W-TVIN e : Lecules 14 are inclined in
the hori g{g%gg,ﬁg glﬁl’ é}%t 1|l%§krll8 %rk%ﬁ H??# 'ldfeérslcfe‘{lyg'%swé%g% b o#’[ei SRy Rrﬂgcﬂ?l}?egg'

el ectrode,4 on the.li.qui.d c¢rystal |l ecules 14 is 5 alleyiated by the
Sant oot hMAERER e indigRionedrfiorh e e idpickirutiel malsclen i onmng ke msiligry
projections 66, Thus, the liquid crystal nolecules 14 within the pixel

el ect r odBrecipBs 6@ aEnleshieyatedcthamgise avwing tecthe sdge absions, £Bom she elination
transm ssion axes. This makes it possible to efficiently use the

transmi sdirestions gifitthe Hapid srytstahmsotedutiesd14 hesttighd thyettei dfitd 88 Celyst &) tHeay@le.
Moreover, it is possible to make uniformthe difference between the actual

and i deaporfiéhs.3 SificeXBe bEilibfyAR6IELESHsHE R& Bsiinel 6 iR akd ﬁ%%thﬁﬁ&eﬂeﬁ ri@dnst M€
Vi

liquid crystal nolecules 14 within the pixel, and thereby a te uneven

di spli@y. 65 thy festrfRel , Wifehs! ?ﬁ?%ﬁ?ﬁ%}&ﬁ@nspé%?tﬁgtmdlﬁx&&{ ?Rgctﬁ%%/ ﬁgﬁhec ﬁ(rqlgiided

out in any t her nenner, W e’ scope h_e I nventt on,
cdge por PPORLIERE ke ThIRaREndRe put SHhtteiotork BapssiyF i Abehregie D904
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



-42- signal lines may be fornmed into any non-linear shape, for exanple a
wave-|i ke shape, instead of into a sawtooth shape as specifical le’i 0CT 2004
described in the above enbodi ment. The edge portions of the pixel

el ectrodes may be forned into a sawtooth shape all along the |onger sides
thereof. In that case, the contours of gge signal lines are also forned
into a sawtooth 5 shape so as to fit thé“shape of the edge portions. The

pr esent inveﬂ%i on is e{,fecﬁti]i,ve al so in cases where the pixel electrodes do
not overiehp’ kines magbmiormed o any nanrlinear sheps, fasexreplsi yave-lonsliaany instead
interval between the pixel electrodes and the signal lines, it is possible
to al | evichtietor mesawidotiughape asf spekcifcally aefdribedsin the abpee eimboli@tient hoTi: tdgm
the signal lines. By alleviating the influence on the pixel electrodes 10
from t he paitigmalofithe @iel elecirsddBans Bk Tornfedoitch RaRRIckiMuiBpd | APAIRY rt?é}e)'nger"“ th
| ess uneven display. Industrial applicability Liquid crystal di%p ay

devi ces SREPHUAR !t ALCRE GHE bl O BighANRE 5 5o KOl KBS ot

apparatuses provided wth a display, suc S por erm na

| ar ge-_sscgllﬁl?@Sotaggpe&&l%g@ag%?iﬂtée%r%?pé% OCT 2004 -43 CLAIMS 1. Aliquid

crystal plray- devi ce st substrate having pi xel
el ectrodes fo;rggd thereon in a matrix-like formation; 5 a second substrate

havi ng a transparBrent Yertiiyls sidechivg alweiteerses atherepthe; piselpelofteadtes alusnot
formed on one of the first and second substrates; slits fornmed in the other
of the fPyatapathg signabhides ulstsueh easesobyketming arcoastprinihtdrealt Beewedd Besikdl ONS;
~alignnment filnms laid on the first and second substrates individually and
subj ect eellettoodes 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.




10 vertical alignment treatnent; and a liquid crystal |ayer sandw ched
between the first and second substrates and having negative dielfck QC3 2004

constant anisotropy, liquid crystal nolecul es being aligned, when no
electric field is applied to the liquid crystal layer, vertically and,
when an electric field is applied to thg,liquid crystal layer, ina 15

direction to which the liquid crystal nolecules are restricted by the slits
and the projections, wherein the slit formed substantially parallel to
directions in which the projections(§%&@ﬁ§, and parts of contours of the
slits facing the projections are forned in directions deviated by a
correction angle fromdirections in which the slits thensel ves extend. 20
2. Aliquid crystal display. device conprising: a first substrate having

pi xel el ectrodes f drligedl drhealelspliydesicarbmpsihg:ke formation; a second -
substrate having a transparent electrode formed thereon; strip-like

proj ections f efifeduidfaRRvial phiteelbitfsdes Btthed BREh if USIHRNES forkln&ET 2004

-44- slits formed in the other of the first and second substrates so as to
corregpond to,the Lections-., ' %H% j | aj,d on the first and
second substrgtesn?%gggﬁﬁdgﬁﬁgaéﬁ%&%% Jeg%%éa%%ﬁmﬁﬁbFF?81 al i gnnent
treatnent; and.5 liguid crystal |ayer  sandwi ched hetween the first and
second subst r%?Bﬁﬁﬁ?%%’@%ﬁ*“ﬁ@aaﬁl%8%@@%@9&ﬁ%coe seisHAteS.ani sot r opy,
liquid crystal_ mol ecul es being aligned, when no electric field is applied
to the Iiquidslitssfermed in the other of the first and second substrates so as to correspond to the

projections;
alignment films laid on the first and second substrates individually and subjected to
10 vertical alignment treatment; and
a liquid crystal layer sandwiched between the first and second substrates and having
negative dielectric constant anisotropy,
liquid crystal molecules being aligned, when no electric field is applied to the liquid
crystal layer, vertically and, when an electric field is applied to the liquid crystal layer, in a
15  direction to which the liquid crystal molecules are restricted by the slits and the projections,
wherein the slits are forrhed substantiall_y 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,




crystal layer, vertically and, when an electric field is applied %o the
liquid crystal layer, in a direction to which the |iquid crystal b I0£du 28
are restricted by the slits and the projections, 10 wherein the slits are
formed substantially parallel to directions in which the projections
extend, and parts of contours of the prgjéections facing the slits are
formed in directions deviated by a corréettion angle fromthe directions in
whi ch the projections thenselves extend. ' 15 3. A liquid crystal display
devi ce conpri $itisdormeq insthe Hghestof dhefirshand geqons shibsstatastsoadds choespedd tdereeon
ina matrix-like formation; second substrate having a transparent

el ectr od@rdjentens] t hereon; strip-like projections forned on one of the first
and second substrates, slits forned in the other of the first and second

subst rates 5o alignhén @ik QAN HeTirkdhd Lok QRGO HiyAIBNIRN tfdel o 21

on the first and second substrates individually and subjec verti cal

al i gnrreng,eltﬁgﬁadjiglgﬂé 3t dpgui d crystal |ayer sandw ched between the
first and secon surgst rates and having negative dielectric constant

ani sotaropy, 11.0 C T 20 -45- |iquid crystal nol ecul es being aligned, when
no el tgct ric f?é’lqﬂﬁ @éﬁ@é‘?%rdsaflﬂwtcﬂ’sé Smﬁe@ the first and segpad subssiates qafl ibaviaad,
when an electric field is applied to the liquid crystal layer, in a '
di r ect i oRe8G Ve AicleRtricirenstarpAntsolrpYst al nol ecul es are restricted by the slit
and the projection, wherein the slits are formed substantially parallel to
di recti ons i nligiil chystienolBcyjesopeing nligredewhendo efafrid Seldfis eMiieaus shofiqlifie

-slits facing the projections are forned in directions deviated by a first
correcti oiys@anbilyer, veRithlly bR twikdiSan Sethit Fid Reupplitd fo IRAPE UGSt LHLENGh 22N
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,




parts of contours of the projections facing the slits are fornmed-in
directions deviated by a second correction angle fromthe direc i?qﬁCTrBMM
whi ch the projections thenselves extend. 10 4. A liquid crystal display
device as clainmed in claim3, wherein the first and second correction
angles are equal. 5. Aliquid crystal digplay device conprising: 15 a first
substrate having pixel electrodes formed>thereon in a matrix-1ike
formation; a second substrate having a transparent el ectrode forned
thereon; stri piguidkeryptabmelaciles beingraigued wheneancoéleditie fitldr istapphiel sethenijuid
substrates, slits forned in the other of the first and second substrates so

as to corrgphdar vertibly prippbei apRRctrROfieliigBpmRY th ihd Bqlidicsysef) 148 hid St
and second substrates individually and subjected to ver?i cal” al i gnment

t r eat mentdire@itsh 18 WhishHhe lighidrRtal hid¥hles Qﬁq}é@tﬁ%g bP BB Ihd G H}Ag%ctﬁfrogggd

second substrates and having "~ negative dielectric’constant a

liquid crysta -ecul es:bejng igne no electri.c field is, applied
to the |iqui dIWP%P é&%lﬂlfog%pcérrgs{ogﬁe?ai@rsﬁa\ﬁ\@@& ipgﬁﬁ?lf’c(%%n reciifis, 1B wWhichc thei ¢
fieldds_ a gljed to the liquid cystral layer, in a directionto which tje
l'i qui cPvg‘%PnﬁﬁﬁéE les are restricted by the slit and the projection, ~
wherein, in edge portions of the pixel electrodes, there is provided
al | evi ati ng mbamsof gagtouas plibe alits faging the projecsioos arsffotmel ieldirettions deiiated biyhat
acts on the liquid crystal nolecules from the edge portions. Aliquid
crystal difisglcasrectton amgleafsomn Wakatieds innwlitinihe sfits thidiRieRicextadd, biig~al | evi ati ng
means, a plurality of pin holes are fornmed in the edge portions of the
pi xel el ectro@&$s 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:
5 a first substrate having pixel electrodes formed thereon in a matrix-like formation;
a second substrate having a transparent electrode formed thereon: |
strip-like projections formed on one of the first and second substrates,
slits formed in the other of the first and second substrates so as to correspond to the
projections;
20 alignment films laid on the first and second substrates individually and subjected to
vertical alignment treatment; and
a liquid crystal layer sandwiched between the first and second substrates and having

negative dielectric constant anisotropy,

liquid crystal molecules being aligned, when no electric field is applied to the liquid



10 7. Aliquid crystal display device as clainmed in claim5, wherein, as
the alleviating neans, second slits are fornmed in the edge portiofs] FCT 2B04
" .pixel el ectrodes..-5.8....Aliquid crystal display device as clained.in claim
5, wherein, as the alleviating neans, second slits are formed in the edge
portions of he pixel electrodes, and second projections are fornmed on the
second *substrate, so as-to correspond to the second slits, the second

proj ections, as seen froma dlreCtion'nornal-to,the second substrate,
being substantial |y~ parallel to the second.slits adjacent t hereto. and being
20 | oaded near edge portions of the plxeﬁﬁe ectrodes. 11 OCT 2004  -47- 9.
A |IQUId crystal dlsplay device as-clainmed.claim5, 'whereinthe slits are

formed subsiantiiat Iaemu?dw,%a:%&%emwaﬁym%m quitl BiyQSI faG8Sin a

:extend'”ah parts ‘of contours of the slits faC|ng the prOJectlons are

whi ch the slits tﬁgﬁie ve _;ijn:. "Ir“ﬁ qui-d’ cr_sﬁégﬁghsp
cl-aimed in ¢clai wherliﬁﬁnj e, farmed. sL S
‘di rections in: ﬁﬂ%§W%fPLu<”PS'

}Nmem|0gimm%8th;j?éﬂmefowmdthd

correcti on%atg J»i,ngﬁﬁ%%ﬁﬁq




claim1l or 2, wherein the correction angle is set at about 3 to
15 12. A liquid crystal display device clained in claim1 or 3, %ﬁmﬁm
"the slits are so fornmed as to narrower in portions thereof near edges of
the pi xel electrodes than in portions thereof near centers of the pixel

el ectrodes. 20 11 OCT 2004 -48- 13. A liquid crystal display device as
claimed in claim2 or 3, wherein the projections are so fornes as to be

wi der in portions thereof near edges of the pixel electrodes than in
portions thereof near centers of the_ggxel electrodes. 5 14. A li qU| d
crystal display device conprisi ng; -a first substrate havi ng p| er

electrodesforrredth eqQn ..kn rlxllkeformatlon _
= f?ﬁ' gcrysta? ﬂmymj devweascimme&m&mmﬁ

a wh&rem the: Slits are fc:rmﬂci auﬁstannaﬂy paraﬂel to rilrecnﬁns it wiueh ﬁaa.

::_pm;;ectwns mﬁaﬂd, &nd e

P | : ﬁf cantmrs {!f thﬁ pmjemnns famng i

e -fermezi in dx:e;:tmns de

10 - carrecﬁnn a:zgia fmm ﬁm dlmﬂﬁﬂnsmwhmh ﬁtﬁ ?Kﬂj@ﬁ@ﬁﬁ thamselws ‘Eﬁeﬂﬁ

I A hquld cxysﬁai dlspiay écvwe ‘a5’ ﬂi&imﬁﬁ m ek

cfmm l zxrz,

whmm thamrrachﬂnauglmssa’t atabmrt?’m_ahu’ 15" S e S

Llaimian i

splay  device a5 climed i
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a- second substrate having a transparent el ectrode forned thereon;
_strip-like projections forme on the second substrate so as to obli qugl T 2004
cross, 10 observed froma direction normal to the second substrate, edge
portions of the pixel electrodes; slits forned in the pixel eIectrodes SO
as to be parallel to the projections adjacent thereto; alignnent filns

laid on the first and second substratgg._fondi vidual |y and subjected to
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wherein auxiliary projections are formed on the second substrate in

_ positions facing the sawt oot h- shaped portions of the pixel electrpdb@ET 2004
A liquid crystal display device as clained in claim 14, further conprising:
a first polarizer laid on an outside of the first substrate, and a send

pol ari zes laid on an outside of the second substrate, wherein the first and
second pol arizers are so arranged. that transm ssion axes thereof are

per pendi cul ar to each ot her and that, s<Dbserved fromdirection normal to
the second - substrate, ‘the transnlsS|o “aXis of one of.the polarizer is at .
abet 4 to the direction in- mhlch the slits extend. 17. A liquid crystal

di splay device 8% ci&iliged dristsl |dﬁp1@die$ﬂ;ea§ﬁ]’ahﬁ£d’m&a?xﬁprﬂ#3' nd: scanni ng

| ines funned on the first: substrate; signal |ines med so as to Cross
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electrode QQ%F Lk Der Dl l.ect.r qd aye ‘at | east edge portlons thereof' 
al'ong the’ 5 gha’ S%til ’%%Pﬁf&“ﬁ @egﬁéi ‘?th shaped portions, and parts- ..
of contours of the srgnal ‘lines located of a - side of the plxel el'ectrodes -

the 'scanni ng |Iﬁﬁﬁi

-are.so shaped as to_pqn ‘al ong .t he edge’ portions of the pi xel el ectrodes.
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An° WA liquid crystal display device capable of obtaining optinmal display
state by elimnating display irregularities so that l'iquid crysthll1 0CT 2004
nol ecul es maintain an ideal inclination direction. Transm ssion |ight
passing through a liquid crystal |ayerfti-s efficiently utilized by defining
~an angle of correction on a strip-like projection-(12) and a correspondi ng
slit (6) formed on a first or second substrate, changing the outline of

signal -line (3) and the shape of art of a pixel electrode (4),
ABTBACH

and optim zing the direction of ex the transm ssion axis of ‘a
pol ari zes and the slit. -

An MVA liquid crystal display device capable of obtaining optimal display state by
eliminating display irregularities so that liquid crystal molecules maintain an ideal inclination

5 direction. Transmission light passing through a liquid crystal layer is efﬁciently utilized by
defining an angle of cérrection on a strip-like projection (12) and a corresponding slit (6)
formed on a first or second substrate, changing the outline of signal-liné (3) and the shape of

an edge part of ;l'pixel electrode (4), and optimizing the direction of extension of the

transmission axis of a polarizer and the slit.



