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The present invention relates to a |liquid crystal display device, and nore
particularly, to a liquid crystal display device using bend alignnent of
liquid crystal npo- lecules for effecting display. [0002] In recent years,
active matrix liquid crystal dis- play devices have dramatically inproved in

Characteri stic, fo a1 everodio, ety mESBARTBRRRS 1) " (el (orrs).

liquid crystal display node currently wused widely is a twisted nematic (TN)
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node having a re sponse tinme in the order of tens of mlliseconds.

this |l evel of response speed, which is |low conpared with that of CRTs,
blurring occurs when a noving inage with vigorous notion such as that
sports is displayed. The
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display device, and more particularly, to a liquid crystal
display device using bend alignment of liquid crystal mo-

lecules for effecting display.

[0002] In recent years, active matrix liquid crystal dis-
play devices have dramatically improved in display perfor-
mance such as contrast, brightness and viewing angle
characteristic, to a level as high as that of cathode ray
tubes (CRTs). The liquid crystal display mode currently
used widely is a twisted nematic (TN) mode having a re-
sponse time in the order of tens éf milliseconds. With
this level of response speed, which is low compared with
that of CRTs, blurring occurs when a moving image with
vigorous motion such as that in sports is displayed. The
causes of this blurring of a moving image were studied in
depth by Ishiguro, Kurita and others (Shuichi Ishiguro,
Taiichiro Kurita, "Study on moving image quality of hold
emission type display with 8X CRT", ITE Technical Report,

IDY96-93, BCS96-23, BF096-50).
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deterioration of the noving image quality of a liquid crystal di QWK 2006
device is caused by delay of the response tine of a liquid crystal materi al
with respect to the frane rate and by adopting hold type display as the
di s- play schene. The hold type display can be changed to im pul se type
display by letting a backlight bl i nk or inserting screen erase intervals
for the ﬂkﬁgiay W th - uid crystal for the delay of the response
time, ma y tARC e %ﬁgest%s Y | dvict ?ﬁ%ﬁuﬁ%er@?ﬁ%b ed. T%ﬁﬁ]' chReis a

surface stabilized ferroelectric liquid crystal (SSFLC) node using
f err oel edertec lomptiibrer st althepr owosioug byintige k el Lhgerodl [ai nlil@80d Thi s
node is however disadvantageous in that the way of gray scale dis- play is

conpl i categsdnd (dRlpidy abldEntsstaliddd Yo fdei%&f thauit Systal 1S

i nferior. eto ot her disa vanta rcia |zat| this
node, once started hy Cannon Inc.,_is presently di sconti nued. [0005] The
ot her | stamgi-@E| |2 agdhBHeh GHFREREndRFEeFigL UrytRr yseaPerhvehPedthy J. P
Bos and others in 1983. In this approach, a voltage is applied across a
spl ay- al fgame dtpi dnar st ahdbptand ohblantypen dhepiplayasl tgemadisto 2 2
JUNE 2006 bend alignment, and a change in retardation with the in- tensity
of the vghtgogApmd catiRl My 1dechpAd AHNEY can be changea to im-
pulse type display by letting a backlight blink or
inserting screen erase intervals for the display with 1lig-

uid crystal. As for the delay of the response time, main-

ly two measures as follows have been proposed.

[0004] One is a surface stabilized ferroelectric liquid
crystal (SSFLC) mode using ferroelectric liquid crystal
proposed by Clark and Lagerwall in 1980. This mode is
however disadvantageous in that the way of gray scale dis-
play is complicated and that the alignment stability of
smectic 1liquid crystal 1is inferior. Due to these and
other disadvantages, commercialization of this mode, once

started by Cannon Inc., is presently discontinued.

[0005] The other is a pi-cell approach using nematic liqg-
uid crystal invented by J. P. Bos and others in 1983. In
this approach, a voltage is applied across a splay-aligned

liquid crystal layer to transform the splay alignment to



state is used for display. In this display node, only |liquid crystaNg 2006
nol ecul es in the surface portion of the Iliquid crystal |ayer nove with
application of an external field, and a backfl ow generated in the process
of relaxa- tion of the alignnment serves to accelerate the response. Due to
t hese features, high-speed response of several ml- |iseconds is reportedly
possi bl e. $00061 In the pi-cell approach, described above, spla al i gnnment

i s ener REPL aPly- FeR st aBPE thafiRBEFE al R gARdATAdthiehe WidR vEREadd appl i ed

state. For this reason, sonme nethods for transform ng splay alignnent to
bend al igenenty hafe tiseen vorloppged.appPDOZatEon exanpthe Ubeha@dadtginesy Pat ent
No. 6, 069,620, discloses a nethod in which an intense voltage is applied

t th f. i | i qui I - | t
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Lai d- Open Patent Publication No. 11-7018 discloses a nethod in which a high
pretilt ¥equgdorcTgstal mplrcalear fhee Wie asunfage omowifien piok| the
el ectrode and a counter electrode. Using the high pretilt 3 2 JUNE 2006

regi on asi @ui@CkedstAL SldPeramdvalli Wi ehy Sp1ilcy€iohs oft ranséaEBre 10 bend
alignment, wth expansion of disclina- tion, during voltage application.
field, and a backflow generated in the process of relaxa-
tion of the alignment serves to accelerate the response.

Due to these features, high-speed response of several mil-

liseconds is reportedly possible.

[0006] In the pi-cell approach described above, splay
alignment is energetically more stable than bend alignment
in the non-voltage applied state. For this reason, some
methods for transforming splay alignment to bend alignment

have been proposed.

[0007] For example, United States Patent No. 6,069,620,
discloses a method in which an intense voltage is applied
at the start of operation to allow ligquid crystal molecu-
les to overpass the energy barrier and thus be transformed
to bend alignment. Japanese Laid-Open Patent Publication
No. 11-7018 discloses a method in which a high prefilt re-
gion is formed on a surface of at least one of a pixel

electrode and a counter electrode. Using the high pretilt



[ 0008] Japanese Lai d-Open Patent Publication No. 9-96790 di scl ose9 jyiMk 2006
following. By adding a chiral dopant to a nematic liquid crystal material
so that d/p > 0.25 is sat- isfied (where d is the thickness of a liquid
crystal cell and pis a pitch of a spontaneous helical structure of the
liquid crystal material with the chiral dopant m xed therein), the liquid
crystal |ayer exhibits 180-degree tw sted aljgnnent in the non-voltage

appl i ed B¥&tR" Wend aNVELEAGE s AppFi-ed@t ot BRLdt GFIEEEAT i GhAPET yist al

| ayer, the twisted alignnment is snoothly transformed to bend alignnent

Wi t hout wemesfbirnadoftditsend naligAmen@0094i Theekpaae it hoflsddesaridked above
have been nainly proposed in relation with the transformation of the liquid

crystal,%ﬁggr §p§%¥#%%h$ %E?ilégﬁgg%g alignment. These conventiona

met hods howebver ai'ning sufficiently swft
transformation from splay alignnent to bend ali gnrrent and also reliable

excam nod OB of JaBEEpar op8at; e nBFhsR {BRvoatTepn el SOnde e o

site. However, it was found difficult to forma 180 degree tw sted region
st abl y Wlﬂ%?ébl'ﬁ%e | folhevingart By taiidingi en ghuirteld depsnt 1BO- degree
tw sted, but splay-aligned.

nematic liquid crystal material so that d/p > 0.25 is sat-

isfied (where d is the thickness of a liquid crystal cell
and p is a pitch of a spontaneous helical structﬁre of the
liquid crystal material with the chiral dopant mixed
therein), the 1liquid crystal 1layer exhibits 180-degree
twisted alignment in the non-voltage applied state. When
a voltage is applied to this twisted liquid crystal layer,
the twisted alignment is smoothly transformed to bend

alignment without generation of disclination.

[0009] The three methods described above have been mainly
proposed in relation with the transformation of the liquid
crystal layer from splay alignment to bend alignment.
These conventional methods however find difficulty in at-
taining sufficiently swift transformation from splay
alignment to bend alignment and also reliable transforma-

tion over the entire display plane.

[0010] The present inventors examined use of a 180-degree



[0011] An object of the present invention is providing a |iquid ofjm@Eboos
di spl ay device capable of attaining swift and reliable transformation from
splay alignnment to bend alignnent or frombend alignnment to splay

al i gnment. SUMVARY OF THE | NVENTI ON [0012] The liquid crystal display device
of the present invention includes a first substrate, a second substrate

pl aced to face the first substrate, and a liquid crystal |ayer_ interposed

bet ween FRESEPAst TEHGOZecBRd JuBMTLERELIONWNEIEEN t hdIATHRB: crikt A2F ayer

includes: a splay-aligned region in which a transformation from spl ay
al i gnmenfotind ldarfd iadu gnneat fornf reom derndegregnrents ted spégyoal isgrately
occurs according to a voltage applied; and a nucleation region serving as a

nucl eati gp4si eﬁié)élryﬂ't'fﬂ'%%ctthe. LERNYIOT PRLI QO Pox?c%}éril' thg be.
spl ay-al 1gned regiom, the nucl edt i D region includes a plurality of First
nucl eation regions, each of the plurality of first nucleation regions 5 2
JUNE 200k88xdedaiegy twisted r shulli ppdevoligned- plurality of second
nucl eati on regions, each of the plurality of second nu- cleation regions
extending in a second direction different fromthe first direction, the
spl ay- al i%Qth r &g1 opbiactclafdethe mugenty iofvem tken sjisaypedv§A&89r eyi ons
having a first width in the second direction and a plurality of

liquid crystal display device capable of attaining swift

and reliable transformation from splay alignment to bend

alignment or from bend alignment to splay alignment.

SUMMARY OF THE INVENTION

[0012] The liquid crystal display device of the present
invention includes a first substrate, a second substrate
placed to face the first substrate, and a liquid crystal
layer interposed between the first and second substrates,
wherein the liquid crystal layer includes: a splay-aligned
region in which a transformation from splay alignment to
bend alignment or from bend alignment to splay alignment
occurs according to a voltage applied; and a nucleation
region serving as a nucleation site for initiating the
transformation to occur in the splay-aligned region, the
nucleation region includes a plurality of first nucleation

regions, each of the plurality of first nucleation regions



second spl ay-aligned regions having a second wdth smaller than thgNg ide
width in the second direction, and the plu- rality of first splay-aligned
regions include two first splay-aligned regions connected to each other via
one of the plurality of second splay-aligned regions. [0013] The liquid
crystal layer may contain a chiral dopant, the nucleation region may be a
twst-aligned re- gion exhibiting 180-degree tw sted alignnent_ during _non-
vol t age EFHERHTRDNINt Re TtTF I ALyest ion staptcRe R I WA+ ELY gPENS 9 0Be a
plurality of first twist-aligned regions exhibiting 180-degree tw sted

al i gnmrenhudddaty cronreglittage, eapphi cafi athe apdutdsd ptyr alfi t yeobndecond

nucl eation re- gions nay be a plurality of second tw st-aligned regions

[o014]  PPaperdsts EarpHsT BRESTAANTEY, & Rl v Rk g 9n BRAERART. o)

than d2/p of the splay-aligned region where pis a_pitch of the liquid
crystal Faesy|ihew fhratchdigpcddpant , thgl Fplantilkored gregien in-
twi st-aligned region of the lig- uid crystal layer, and d2 is a thickness of

the spl agiuvdleisgredp1eg400t9f dfher it st §pthyshali drave@rre§9848] nAnafey agl y, dl
is greater than d2. [0016] Preferably, the first substrate includes a

plural - first width in the second direction and a plurality of

second splay-aligned regions having a second width smaller
than the first width in the second direction, and the plu-
rality of first splay-aligned regions include two first
splay-aligned regions connected to each other via one of

the plurality of second splay-aligned regions.

[0013] The liquid crystal 1layer may contain a chiral
dopant, the nucleation region may be a twist-aligned re-
gion exhibiting 180-degree twisted alignment during non-
voltage application, the plurality of first nucleation re-
gions may be a plurality of first twist-aligned regions
exhibiting 180-degree twisted alignment during non-voltage
application, and the plurality of second nucleation re-
gions may be a plurality of second twist-aligned regions
exhibiting 180-degree twisted alignment during non-voltage

application.

[0014] Preferably, dl/p of the twist-aligned region 1is



ity of gate lines extending in the first direction, a plu- rality,0funNgoroge
| ines extending in the second direction crossing the first direction, a
plurality of switching elenents placed in the vicinity of the crossings of
the plurality of gate lines and the plurality of source lines, and a
plurality of pixel electrodes electrically connected wth the plurality of
gate lines and the plurality of source lines via the plurality of swtching
el enent sgragtereddanod2 op ofethleurspiay-alignest negisen avhghedregbods s
formed above at | east one of the plurality of gate |ines, at |east one of

the plurglitty off SerONDigWiat crilgtdIetnae808s Wa thoraeehabave @pdeast one
of the plu- rality of source lines, and at | east one of the plurality of

first spkay-aligned. regions i ormed .ahove at | east .one o e plurality
of o xel 981 33 e RsS e e IR S anedap it TF  thes bt at o
further includes a plurality of common |ines each forned between the

adj acentuidnesrydtahe lgvenl | apdof dgatis | ianethigkdests | efisttiome sgflay he
plurality of first twist-aligned regions is forned above at |east one of

the plurﬁii%ﬂeafr% 3 NESe iggﬁgh %}?§f@@lya¥§£_least one of the

plurality of secon tw st-aligned regions 1s fornmed continuously from at
| east one of the plurality of first tw st-aligned regions.

[0015] Preferably, dl is greater than d2.

[0016] Preferably, the first substrate includes a plural-
jty of gate lines extending in the first direction, a plu-
rality of source 1lines extending in the second direction
crossing the first direction, a plurality of switching
elements placed in the vicinity of the crossings of the
plurality of gate lines and the plurality of source lines,
and a plurality of pixel electrodes electrically connected
with the plurality of gate 1lines and the plurality of
source lines via the plurality of switching elements, at
least one of the plurality of first twist-aligned regions
is formed above at least one of the plurality of gate
lines, at 1least one of the plurality of second twist-
aligned regions is formed above at least one of the plu-
rality of source lines, and at least one of the plurality
of first splay-aligned regions is formed above at least

one of the plurality of pixel electrodes.



[0019] The spaci ng between two second twi st-aligned re- gions adj 3GNE 1006
the first direction anong the plurality of second twst-aligned regions iIs
preferably 1 mmor less. [0020] A least one of the first substrate and the
second substrate may have a plurality of steps each having an up- per face,
a lower face, and a side face connecting the up- per face and the | ower
face, and the splay-aligned region my be fornmed above the upper faces of
the plurd90KY ofPrefepebland the Ewrnst asvgatdategifoirtheroimsd udrweat he

| ower faces of the plurality of steps. [0021] Preferably, the plurality of

steps i ngliudelai €y rof commnandimeseeant Fotmed Neestivdenf ate afdjheehir st
step has an angle exceedi ng 900 mﬁth respect to the lower face, and the

si de fac%)of tg con g | e l.ess 8 ZDé N§%2 06 %han 90 ith
respect 0 Fhe l’a 2 %ra{‘)b 321° Th%‘—"1 PP of"Phé i 188 té)ﬁ’epr8 erably
extends in the f| rst direction. [0023] The side face of the second step

pr ef er ablheexpdpnadaliitt hefsefoms tdi tedistoraligoed] reeipnetils diommedon of
liquid crystal nolecules of the liquid crystal |ayer may be parallel to the

first digigrid dt 109€P] oAbt 8ENGH/ hMurhietli 8¢ donmeit al 1 Jbspl ay device of

[0018] Preferably, at least one of the plurality of second
twist-aligned regions is formed continuously from at least

one of the plurality of first twist-aligned regions.

[0019] The spacing between two second twist-aligned re-
gions adjacent in the first direction among the plurality

of second twist-aligned regions is preferably 1 mm or less.

[0020] A least one of the first substrate and the second
substrate may have a plurality of steps each having an up-
per face, a lower face, and a side face copnecting the up-
per face and the lower face, and the splay-aligned region
may be formed above the upper faces of the plurality of
steps, and the twist-aligned region is formed above the

lower faces of the plurality of steps.

[0021] Preferably, the plurality of steps include a first
step and a second step, the side face of the first step
has an angle exceeding 90° with respect to the lower face,

and the side face of the second step has an angle less



the present invention includes a first substrate, a second subst naiyanideged
to face the first substrate, and a liquid crystal |ayer interposed between
the first and second sub- strates, the liquid crystal |ayer containing a
chiral dopant, wherein the liquid crystal |ayer includes: a tw st-aligned
region exhibiting 180-degree tw sted align- nent during non-voltage
application; and a splay-aligned region exhibiting splay alignnment during
non- vol tafd'éalhp‘m"pl‘i"éghi sasEeS hdml Hhe ghrwat d@deng vol tage application, to
be used for display, at |east one of the first sub- strate and the second
substrate has a plurality of steps each having an upper face, a |ower face,
and a si d80%2ce TRensdEE rgpeheodppdre f BiEsins el PEREeTRIdy opxthadsur 9 2
JUNE 2006 face facing the liquid crystal |ayer, the splay-aligned regionis

formed aklgvecHderipperdiaeesionh the plurality of steps, and the
twist-aligned region is forned above the |ower faces of the plurality of
steps, and the plurality of steps include a first step and a second step,

the side[odBge ofhéhgibier Hacd epr heheaRcttlE® SXELEPBEIADN Y hekBengRECt tO
the | ower face, and the side face of the second step has an angle | ess than

90 with reSRed éébéﬁg ﬁf%gEti% ce. [ 0026] According to another aspect of
the i nvention, a

[0024] The pretilt direction of liquid crystal molecules
of the liquid crystal layer may be parallel to the first

direction.

[0025] Alternatively, the liquid crystal display device of
the present invention includes a first substrate, a second
substrate placed to face the first substrate, and a liquid
crystal layer interposed between the first and second sub-
strates, the 1liquid crystal layer containing a chiral
dopant, wherein the 1liquid crystal 1layer includes: a
twist-aligned region exhibiting 180-degree twisted align-
ment during non-voltage application; and a splay-aligned
region exhibiting splay alignment during non-voltage ap-
plication and bend alignment during voltage application,
to be used for display, at least one of the first sub-
strate and the second substrate has a plurality of steps
each having an upper face, a lower face, and a side face

connecting the upper face and the lower face on the sur-

9



met hod for formng inverted steps and normal steps sinul- taneoushyung 2006
provi ded. Each of the steps has an upper face, a |lower face, and a side
face connecting the upper face and the |ower face. The face of the inverted
step has an angle less than 90 with respect to the lower face, and the
side face of the normal step has an angle exceed- ing 90 with respect to the
| ower face. The nmethod in- cludes the steps of: preparing a substrate having
a hi gh- férPectaméddr cehodn lduit sovidiphl lavate, the hFphayrellicanedce
regi on being higher in reflectance than the surrounding regions; formng a

phot osengielyiive riesifolmy@r abeketl Reprupséepakapeanaf artde eyPashng tyher £

phot osensitive resin layer to light via a mask having a light-shading to 2
JUNE 2006, portion and.a light-transmttin ortiqQn ip a predeter- mi.ned

pat ter n, SEBBPor HEhe ik e P ts POt e  RedigPhar® FepuBicievas iR oo
light fromthe high-reflectance re- gion. [0027] The high-reflectance region
is prefelaey £apes ofi nde apdomadd Uy neforstepmmend itlee f plmealdty he
princi- pal plane of the substrate. [0028] The photosensitive resin |ayer

may be aoregaldpee idyPeaehal asieNst tE¥8p! @fd 4 aY¥BEonld & EISK FRY k& fOS -
tioned so that "'the |i1ght-shading portion is placed above
face of the first step has an angle exceeding 90° with re-
spect to the lower face, and the side face of the second

step has an angle less than 90° with respect to the lower

face.

[0026] According to another aspect of the invention, a
method for forming inverted steps and normal steps simul-
taneously 1is provided. Each of the steps has an upper
face, a lower face, and a side face connecting the upper
face and the lower face. The face of the inverted step
has an angle less than 90° with respect to the lower face,
and the side face of the normal step has an angle exceed-
ing 90° with respect to the lower face. The method in-
cludes the steps of: preparing a substrate having a high-
reflectance region on the principal plane, the high-
reflectance region being higher in reflectance than the
surrounding regions; forming a photosensitive resin layer
on the principal plane; and exposing the photosensitive

resin layer to light via a mask having a 1light-shading

10



the high-reflectance region with edges of the |light- shadi ng porthQUNEEi00g
i nside the high-reflectance region, and the inverted steps nmay be forned
using the reflected Ilight. [0029] The photosensitive resin |ayer nmay be a
positive type photosensitive resin |ayer, the nmask may be posi- tioned so
that the light-transmtting portion is placed above the high-reflectance
region with edges of the light- transmtting portion being inside the

hi gh-r ef PeEtipee aRd ¢ oA lghitd ttan gl hhingt dperiapnbelnoraredresiatenhe re-
flected light. 11 2 JUNE 2006 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0030] FI G

1 is a dhageanpdt €erh W tdeNPBEHhN a@ﬁ@glh%r@li&pls@é i Bgl plige Ofndrhal i quid
crystal display device of the present i nventi on. 031] FIG 2Ais a

tial [ f ' d di dev t of th
resent FHOBR: LA hntef HPACeSE YEORE ool Bt E&g%e- T T GRBRCE! G 1 i ne
2b-2b' of FIG 2A [0032] FIGS. 3A and 3B are diagranmatic views

denonstraiening transformati on of the alignnment of a liquid crystal |ayer.
[ 0033] FIGS. 4A and 4B are diagranmatic vi ews denonstrat -

[0027] The high-reflectance region 1is preferably a gate

line, a source line or a common line formed on the princi-

pal plane of the substrate.

[0028] The photosensitive resin layer may be a negative
type photosensitive resin layer, the mask may be posi-
tioned so that the light-shading portion is placed above
the high-reflectance region with edges of the 1light-
shading portion being inside the high-reflectance region,
and the inverted steps may be formed using the reflected

light.

[0029] The photosensitive resin layer may be a positive
type photosensitive resin layer, the mask may be posi-
tioned so that the light-transmitting portion is placed
above the high-reflectance region with edges of the light-
transmitting portion being inside the high-reflectance re-
gion, and the normal steps may be formed using the re-

flected light.
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ing splay-bend alignment according to the present inven- tion. [0Q3¢Nrogs 5
is a diagrammatic view denonstrating splay bend alignment of a conparative
exanple. [0035] FIG 6 is a partial cross-sectional viewof alig- uid
crystal display device in another aspect of the pre- sent invention. [0036]
FIG 7 is a cross-sectional view of a step portion of the liquid crystal

di splay device of FIG 6. 1.2 2 JUNE 2006 [0037] FIG 8 is a cross-sectional
vi ew of another step FERIEDHNPBECRAETLONIQF (RHEtRBRAWIYGISay device of FIG 6
[0038] FIGS. 9A to 9C are partial cross-sectional views of a liquid crystal
di spl ay devi ce having normal steps and inverted steps, diagrammtically
showi ng {0030h| | gne@- stlat és oft adipguammartyist avileayedemorG3giatlliyy Ittheés a
plan view of a liquid crystal display device of an exanple of the present

i nventi ofi spA@4PIpFiftiplel DA €hOSIigRG Wy s¥hewdiapl BGilddne s
11A- 11A 8be 10 %41] FIG. 12 |§%gh enIa?ged pJén vf%M/oflthree pi xe

re gions f the Ii Uld crgﬁt di spl ay device of the exanple. [0042] FIGS.
13A to 13B%aP&SH 19Pews denpnstrat ing the aligned state of a
liquid crystal |ayer.

[0031] FIG. 2A is a partial plan view of a liquid crystal
display device in one aspect of the present invention, and
FIG. 2B is a cross-sectional view taken along line 2b-2b'

of FIG. 2A.

[0032] FIGS. 3A and 3B are diagrammatic views demonstrat-
ing transformation of the alignment of a liquid crystal

layer.

[0033] FIGS. 4A and 4B are diagrammatic views demonstrat-

ing splay-bend alignment according to the present inven-

tion.

[0034] FIG. 5 is a diagrammatic view demonstrating splay-

bend alignment of a comparative example.

[0035] FIG. 6 is a partial cross-sectional view of a liqg-

uid crystal display device in another aspect of the pre-

sent invention.

[0036] FIG. 7 is a cross-sectional view of a step portion

of the liquid crystal display device of FIG. 6.
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[0043] FIG 14 is a plan viewof a liquid crystal display device afyudNE 2006
alteration to the exanple. [0044] FIG 15 is a plan view of a liquid crystal
di spl ay device of another alteration to the exanple. [0045] FIG 16 is a
plan view of a liquid crystal display device of yet another alteration to
the exanple. [0046] FIG 17 is a plan view of a liquid crystal display 13 2
JUNE 2006 device of yet another alteration to the exanple. [0047] FIG 18 is
a plan vi&7bf &FI1G quidd tsyst aFrassplsgctdeiak ofigret ofnametrhakt estaebon to
the exanple. [0048] FIG 19 is a plan view of a liquid crystal display

devi ce Ofao!‘ﬁtio@n@tﬂafh@Iﬂtﬁﬁiﬁoﬁrg/@ﬂdle ExapPhe. dbY94}] Jd @1@0 s a plan
view of a liquid crystal display device of yet another alteration to the
exanple. [0050] FIGS. 21A to 21D are views denonstrating a step formation
nmet hod umiong) a negst i veat ¥pe gehalsepsttiue crRyddayeionh Widds RBES. 21A
and 21B 1l lustrate forma- tion of inverted steps and FIGS. 21C and 21D

illustrate . formation of normal .steps.  [.0051] FILGS. 22A tq 22D are Vi ews
denomﬂr%tﬁﬁf%;€fgﬁyékﬁga ﬁﬁ?%ﬁ%hggqﬁﬁ%mkgvﬁ&ﬁt?95m mf FBEoERSi ti ve
resin layer, in which FIGS. 22A and 22B illustrate forma- tion of norma

st eps andnFeGsed22C eprl, 2a¢bagremmatitea¥ by - showing the aligned state

of a liquid crystal layer.

[0039] FIG. 10 is a plan view of a liquid crystal display

device of an example of the present invention.

[0040] FIG. 11 is a cross-sectional view taken along line

11A-11A' of FIG. 10.

[0041] FIG. 12 is an enlarged plan view of three pixel re-

gions of the liquid crystal display device of the example.

[0042] FIGS. 13A to 13D are diagrammatic views demonstrat-

ing the aligned state of a liquid crystal layer.

[0043] FIG. 14 is a plan view of a liquid crystal display

device of an alteration to the example.

[0044] FIG. 15 is a plan view of a liquid crystal display

device of another alteration to the example.

[0045] FIG. 16 is a plan view of a liquid crystal display

device of yet another alteration to the example.

[0046] FIG. 17 is a plan view of a liquid crystal display

13



mati on of inverted steps. DETAILED DESCRI PTI ON OF THE | NVENTI ON [ QQ%9Rlk 200€
liquid crystal display device of the present invention is an optically
conpensat ed bend (OCB) node liq 14 2 JUNE 2006 uid crystal display device,
whi ch uses bend alignment of [liquid crystal nolecules for effecting display
and, pref- erably, can provide both the high-speed response charac- teristic
and the wide view ng angle characteristic. First, the display principle of
the |iquPgvdepstol ¥Rspirgtiheyi ad tedratinn preskhe PH@EWL®N will be
described with reference to FIG 1. [0053] A liquid crystal |ayer 8,

i nterposed between first and second substrates 4 and 6 facing each other,

i ncl udes(0047hendii®- | LBuild® & yRiaN Ydweat iaf 2Ngisddd) iGryshaldi 8 Speayti ve
dielectric anisotropy and a chiral dopant. The directions Rl and R2 of

al i gnnentiervaege atfi ore orandehsdr alftaaes idn the shbskkamgled and 6 facing the
liquid crystal |layer 8 are parallel to each other. Wth the alignnent

regul ating force on the substrate surfaces, which is typi- cally provided by

al i gnmenfooi8] ns KT®! $HoWR) ,a tphEanl ivgred ofli aettiquid pceyétaldidiegion) of
liquid crystal nolecules 12 is regulated. The angle B of the liquid crystal

mo- | ecubgs; ot e §AALCnS Pnd AT HRSLIALG, S T ARES el Snld od a

[0049] FIG. 20 is a plan view of a liquid crystal display

device of yet another alteration to the example.

[0050] FIGS. 21A to 21D are views demonstrating a step
formation method wusing a negative type photosensitive
resin layer, in which FIGS. 21A and 21B illustrate forma-
tion of inverted steps and FIGS. 21C and 21D illustrate

formation of normal steps.

[0051] FIGS. 22A to 22D are views demonstrating a step
formation method using a positive type photosensitive
resin layer, in which FIGS. 22A and 22B illustrate forma-
tion of normal steps and FIGS. 22C and 22D illustrate for-

mation of inverted steps.

DETAILED DESCRIPTION OF THE INVENTION

[0052] The 1liquid crystal display device of the present

invention is an optically compensated bend (OCB) mode lig-

14



pretilt angle. The liquid crystal |ayer 8 subjected to the alignaggNE 2006
regul ati on descri bed above exhibits splay alignnent (see (a) in FIG 1)
when the pretilt angle is 45 or less. The liquid crystal display device of
the 15 2 JUNE 2006 present invention uses bend alignnent (see (d) in FIG 1)
of the liquid crystal layer for effecting display. There- fore, to attain
the bend alignment, the splay alignnment is transformed to the bend

al i gnnenBidHG $iedt edisHiay deydsteor ndbhiieh S¢S bbeadscrl bgamentosaf Wien
a voltage is applied to the liquid crystal |ayer exhibiting splay

al i gnnentLiquie adtwswrEnt melddunesl rerysdffed®igguldaspaaNggsd , Misee f -
specifically, after ap- plication of a voltage, the alignnent changes to two

types of defornmed splay align . e is formed by clock- w se
rot at i one5fa%ﬁ?qui%a%r ?é‘{oéflcifgl g%ﬁﬁ%es%ﬁbt%j:@f PRGN TSP BAITC pANATHC T he
liquid crystal layer 8 closer to the first substrate 4 fromthe center
(this typerdstilci gmeernthe i gidel vae¢wdny stroglée ychearactieriistiki G HEirsThe
other type is formed by counterclockw se rotation of |iquid crystal

mol ecul eghd2qi@p1%ly NeriRc@phal oPafie 0f 106 d i@k £1 Y81 sphy! asFi1&e Cl Oser
to the second substrate 6 fromthe cen- tér (this type of alignnment is

cal |l ed Hggwr%hshortl . see (0).in FIG, 1)

e present 1nvention will ‘be described with reference

to FIG. 1.

[0053] A liquid crystal layer 8, interposed between first
and second substrates 4 and 6 facing each other, includes
a nematic liquid crystal material (Np material) having
. positive dielectric anisotropy and a chiral dopant. The
directions R1 and R2 of alignment regulation on the sur-
faces of the substrates 4 and 6 facing the liquid crystal
layer 8 are parallel to each‘other. With the alignment
regulating force on the substrate surfaces, which is typi-
cally provided by alignment films (not shown), the aligned
direction (pretilt direction) of liquid crystal molecules
12 is regulated. The angle 6 of the liquid crystal mo-
lecules with respect to the substrate surfaces is called a
pretilt angle. The liquid crystal layer 8 subjected to
the alignment regulation described above exhibits splay
alignment (see (a) in FIG. 1) when the pretilt angle is

45° or less. The liquid crystal display device of the

15



[ 0055] Thereafter, with further influence of the electric field, ijgnNEd®os
region of Hup alignnment (b) of the liquid crystal layer 8, liquid crystal
nol ecul es existing in the 16 2 JUNE 2006 hal f part closer to the second
substrate 6 are rotated counterclockwi se, so that the region is transforned
to the bend alignnment (d). Likewse, in the region of Hdlowmn alignment (c)
of the liquid crystal layer 8, liquid crys- tal nolecules existing in the
hal f par tPRGSHEr iBVERE1Pry -uses shpadr @tleignmentr dsgeed( @) 0&RWIFSE - sd)t hat
the region is transforned to the bend alignnment (d). In the process of the

transf or reft i tie f I Dgui Be cliyis teil Hioyerafbgnred®ing haibpndyal i gm@pe- a 1/ 2
strength disclination is gener- ated between the Hup or Hdown alignnment and

the bend . alig nt,. . As _this disclination shift t he. bend-al i gned region
expands. G000 COREREARE 00 d <A ELBheR s (Do | B AT ARLP SR bRt o
the bend alignment, the liquid crystal nolecules do not directly return to

t he spl ajrzansfiommed bie ke bikendgoatiegnmentwi st eezleiigwafdrar as thosn by
(e) in FIG 1. This transformation fromthe bend alignnent to 180-degree

tw sted #HAHYELLONOA NWOUS! BT SrihdHout generating disclination. On
the contrary, transformation fromthe 180-degree tw sted alignnent to the

spl ay alignnent pro-
[0054] When a voltage is applied to the 1liquid crystal
layer exhibiting splay alignment, the alignment of liquid
crystal molecules changes. More specifically, after ap-
plication of a voltage, the alignment changes to two types
of deformed splay alignment. One type is formed by clock-
wise rotation of liquid crystal molecules 12b existing in
a half part of the liquid crystal layer 8 closer to the
first substrate 4 from the center (this type of alignment
is called Hup shortly; see (b) in FIG. 1). The other type
is formed by counterclockwise rotation of 1liquid crystal
molecules 12c¢ existing in a half part of the liquid crys-
tal layer 8 closer to the second substrate 6 from the cen-

ter (this type of alignment is called Hdown shortly:; see

(c) in FIG. 1).

[0055] Thereafter, with further influence of the electric
field, in the region of Hup alignment (b) of the liquid

crystal layer 8, liquid crystal molecules existing in the

16



ceeds gradually with generation of disclination. [0057] Referringatyong fe06 1,
considering the novenent of 17 2 JUNE 2006 the liquid crystal nol ecul es
during the transformation fromthe Hup alignnent (b) or Hdown alignnment (c)
to the bend alignnment (d), it is understood geonetrically that nolecules
near the interfaces having accunul ated distor- tion are transforned to the
bend alignnent by rotation. The 180-degree twi sted alignnent (e) is also
transf or f tBapEndchPFgAMER? ddq dperonid appbiséadton gf Fe el ted
field. However, this transformation fromthe 180-degree tw sted alignnent

to the bedirdmedkwisedi oereidt ffiee relaa oxpliay - beafsabirgedE o the
transformati on shown by (a) to (c) in the point that the fornmer i

S
acconpanie y_tw st- ing. J,0058]. For the transfpormation.fromth up
alignnenpe%§$ ag%gﬂgﬁﬁﬂ:aﬁﬁaﬁnentL g?wﬁge'helﬁengﬁgliﬁ%ﬁéﬂ?, ?%eqpﬂaﬂ?d
crystal nolecules nust rotate around an axis vertical to the plane of the

figure, addoamentye(ehepdy tile riggiidd ciystahi dayerat8 onli@uitheostrary
the transformation fromthe 180-degree tw sted alignnment (e) to the bend

al i gnment ;0C Y 1% MIBSs t 881 kikqWigd iG] Yokl nARrepHas 81888r &bl Hd seiverti cal
to the substrates 4 and 6 whilé twist- ing around an axis vertical to the

substrates 4 and 6.
S sé%strate 4 are rotated clockwise, so that the region

is transformed to the bend alignment (d). In the process
of the transformation from the Hup or Hdown alignment to
the bend alignment, a 1/2 strength disclination is gener-
ated between the Hup or Hdown alignment and the bend
alignment. As this disclination shifts, the bend-aligned

region expands.

[0056] When the voltage is removed after the transforma-
tion to the bend alignment, the liquid crystal molecules
do not directly return to the splay alignment, but exhibit
180-degree twisted alignment as shown by (e) in FIG. 1.
This transformation from the bend alignment to 180-degree
twisted alignment continuously occurs without generating
disclination. On the contrary, transformation from the
180-degree twisted alignment to the splay alignment pro-

ceeds gradually with generation of disclination.

[0057] Referring to FIG. 1, considering the movement of

17



Thus, the transformation fromthe 180-degree twi sted alignnment ta jiyRg hgpd
allgnnent is smooth. 18 2 JUNE 2006 [0059] In general, when a splay-aligned
region is in con- tact with a bend-aligned region, t he splay alignnment is
transforned to bend alignment in a nmanner that the contact portion expands
with application of a voltage. Therefore, the existence of the bend-aligned
region itself is consid- ered a factor for snooth occurrence of the
transf or FB€i ohiquigr €R¥Stadsomel@estkepedwibing, thej stpresfesmatiaant he
transformation occurs snoothly by using 180-degree twi sted alignnent as a

nucl eat i epofi tthd ORupr ansigimEit 0b )| WE0ladhe RiES§RhehBY Y Pr sof aliyd cat ed

aliquid crystal «cell including a liquid crystal |ayer having an uneven

t hi ckness. _An .liquid c tal. material -with a chiral pa m d thereln
wns 1y ooee L iotEhE TRy cerrat s bl HeBres tHAE SHat Chc a
result, it was observed that the thick portion of the liquid crystal | ayer

exhi bi t edole0udegr ereani sthel dhitgmfanesyhhby itnge  aciksumulertte dn dtilsdrogof
exhibited splay alignnent. It was also observed that a 1/2 strength

di sclinatign vas g%&%s@ﬁ&b@e%eeehéheoém ay1aldonest r e OEo%ECEM?P
180-degree tw st-aligned region. [0061] Wien a voltage is gradually applied

to the I|qU|d
he 180-degree twisted alignment (e) is also transformed

to bend alignment as (d) with application of an electric
field. However, this transformation from the 180-degree
twisted alignment to the bend alignment is different £from
the splay-bend alignment transformation shown by (a) to
(¢) in the point that the former is accompanied by twist-

ing.

[0058] For the transformation from the Hup alignment (b)
or Hdown alignment (¢) to the bend alignment, the liquid
crystal molecules must rotate around an axis vertical to
the plane of the figure, and a large energy is required
for this rotation. On the contrary, the transformation
from the 180-degree twisted alignment (e) to the bend
alignment occurs when the liquid crystal molecules gradu-
ally rise vertical to the substrates 4 and 6 while twist-
ing around an axis vertical to the substrates 4 and 6.
Thus, the transformation from the 180-degree twisted

alignment to the bend alignment is smooth.

18



crystal

twst-aligned region of the liquid crystal layer is trans- forned to bend

cell described above, first, the thick 180-degree 19 2 JUNGURGCHo6

al i gnment. Subsequently, the thin splay- aligned region of the liquid

crystal

Thereafter, the disclination between the 180-degree tw st-aligned region
and the Hup or Hdown spl ay-aligned region starts to shift to the side of
the spl alf0aPl gneld gepeonl.t mdrest or mskd avh@ Hgned Hegwensplayial iqgred

to bend alignment. In this way, the bend-aligned region expands

into thetapkaywathgredbefagi-anidnB3lels odescthbedpbay e altithdSrdegy ee

region serves as a nucleation site for transformation of

regi on

tw st-aligned

| ayer is transformed to Hup or Hdown splay alignnment. [0062]

t he

I I d b h h | ay: d ali i
the Tt quF BERSEEEY 8 OFEE EuBRRY e B8 doeobils, SRE FREIFe R el

di splay de- vice of the present

regi on asoathodl expandsiwvethoppptldicatgfon hef ear yedftergemt i ofhevelfons:,
al i gnnent, and uses the bend align- nent for effecting display. [0064] Next,

the configuratdian Lfcd her !l LAY @e%@asehaigr?é& p&gxoﬁew&%ﬁ i becBhesent

invention will be described. [0065] FiTrst,

2 in the

ered a factor for smooth occurrence of the transformation.
For the reasons described above, it is presumed that the
transformation occurs smoothly by using 180-degree twisted

alignment as a nucleation site for transformation.

[0060] The present inventors fabricated a 1liquid crystal
cell including a liquid crystal layer having an uneven
thickness. An Np 1liquid crystal material with a chiral
dopant mixed therein was injected in the 1liquid crystal
cell, to examine the aligned state. As a result, it was
observed that the +thick portion of the 1liquid crystal
layer exhibited 180-degree twisted alignment while the
thin portion thereof exhibited splay alignment. It was
also observed that a 1/2 strength disclination was gJgener-
ated between the splay-aligned region and the 180-degree

twist-aligned region.

[0061] When a voltage is gradually applied to the 1liquid

crystal cell described above, first, the thick 180-degree

19

i nvention uses the 180-degree tw st- aligned

iquid crystal display device



20 2 JUNE 2006 first aspect of the present invention will be deschijpag 2006t h
reference to FIGS. 2A and 2B. FIG 2A is a partial plan viewof the liquid
crystal display device 2, and FIG 2B is a cross-sectional view taken al ong
line 2b-2b' of FIG 2A In FIG 2A illustration of a second substrate 6

is omtted for sinplification. [0066] As shown in FIG 2B, the liquid
crystal display de- vice 2 includes a first substrate 4, the second

subst r at §wistpleddexhed fagéonheff ity tiugwidaceystahdlayehi isl tmmpant
contained liquid crystal |ayer 8 interposed between the first and second

substrat esrhe@ntt§. vERR | 4BUGAMBRYS- t Bhblsa¥Rlerft KRS anRl UERLAL sPfay £9i ONs

different in thick- ness, such as a region having a thickness of "dl (region

T) and a.region having a _thickness of d2 (< dl) . (region S), faor exanple.
[0067] TR&L RShT S PR e Ohi 1 oFEAd rﬁ’;(}é%t‘?L &gmegwors FAOSHOTRRLr i al
is set so that the pitch p of the sponta- neous helical structure of the Np
mat er i al twi Hpa oohiHddwn dephay adddgnmertthi ckness d2 of the liquid crysta

| ayer in the region S satisfy the relationship d2/p < 0.25 and that the
pitch p of the Np material and the thickness dl of the |Iliquid crystal |ayer
in the rH@§o2h T Bedrsdafteéhe tdleatdimcPination between the 180-degree

twist-aligned region and the Hup or Hdown splay-aligned
region starts to shift to the side of the splay-aligned
region, transforming the Hup or Hdown splay-aligned region
to bend alignment. In this way, the bend-aligned region

expands into the splay-aligned region.

[0063] As described above, the 180-degree twist-aligned
region serves as a nucleation site for transformation of
the splay-aligned region to bend alignment, so that the
splay-bend alignment in the 1liquid c¢rystal layer |is
smoothly attained. Thus, the liquid crystal display de-
vice of the present invention uses the 180-degree twist-
aligned region as a nucleation site for start of the
transformation to bend alignment, and uses the bend align-

ment for effecting display.

[0064] Next, the configuration of the liquid crystal dis-

play device of the present invention will be described.

[0065] First, a liquid crystal display device 2 in the
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2 JUNE 2
180- degr
during n
exhibits
di spl ay

nore pre

regi on SEiFEduCRFBACEN Phe thisr | BRERESS ofnYRABTAPEpI B lar kP | deFcavidrdd.

006 ship 0.25 s dl/p s 0.75. By this setting, the region 7 jughiobst s
ee twisted alignnent, while the region S exhibits splay alignnment,

on-vol tage application. Wen a voltage is applied, the region S

bend alignnent, which is used for display in the liquid crystal

device 2. The d2/p of the region Sis preferably 0.125 or |ess,

ferably 0.1 or less. Wth use of . a material small in d2/p for the

[0068] As shown in FIG 2A the region T (hereinafter, called the

twi st - al windd reefpoende hevirmGs he2mhiakdesB.dl Fiecl ndesis al paaltian of

first twst-aligned regions Ti ex- tending in a first direction and a

pluralit
directio
havi ng t

spl ay- al

b %Tsvei%%dof a@q&egﬁggtgfsglgpﬁéy%&én a gg&O%G

he reglon erelna cal ay-al1gn r égi on

S)

he thi ckness d2 |ncludes a plurality of first splay-aligned regions
S1 and a2Bl vkl Pt yCHPSSeeoft iopiady - VaPWgieatkergiadienB21imke 2prap' of

igned regions SI have a first wwdth W in the second direction,

and

the secend.sphaay- ain gped.r edi oSl 192 N €i8nSeFord ydebha VBubsialalter ¢ han

the firs
splay al
conne

t width W in the second direction. The plurality of first

i.gned.r e at . Ieast two first splay-aligned regions
oS B os siRE1ET ol io

[0066] As shown in FIG. 2B, the liquid crystal display de-
vice 2 includes a first substrate 4, the second substrate
6 placed to face the first substrate 4, and a chiral
dopant contained liquid crystal layer 8 interposed between
the first and second substrates 4 and 6. The liquid crys-
tal layer 8 has a plurality of regions different in thick-
ness, such as a region having a thickness of dl (region T)
and a region having a thickness of d2 (< dl) (region S),

for example.

[0067] The amount of the chiral dopant mixed in a liquid
crystal material is set so that the pitch p of the sponta-
neous helical structure of the Np material with a chiral
dopant and the thickness d2 of the liquid crystal layer in
the region S satisfy the relationship d2/p < 0.25 and that
the pitch p of the Np material and the thickness dl of the

liquid crystal layer in the region T satisfy the relation-
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2 JUNE 2006 other via the second splay-aligned region S2. [0069] huNE2006
liquid crystal display device 2 in the first aspect of the present
invention, the twist-aligned region T and the splay-aligned region S of the
liquid crystal layer 8 are forned by adjusting the thickness of the lig-
uid crystal layer 8 The twist-aligned region T is first transfornmed to
bend al i gnnment during voltage application. Wth the transfornmed region T
serving sbip Mucd®eati gl /Q te, 0.t7e. splBy-bhignexetegngn Shes tegishorfed to
bend align- ment. The existence of the nucleation site facilitates the

transf or ggrhii6a tef ié@—&@bﬂ&eawvﬁﬂ'@@bde@[l.(ignﬁtérf’@,m whelesply abigaReng to
bend alignment. Herein, the twist- aligned region T is also called the

Above.  t ABERAEE. o1 §REq TN as CERG LGP BR M S “PRUAGAS o

second twi st-aligned regions T2 extendlng in the second direction, in
addi ti onWhent he fiaolktaged sis apmimesd r editons rBgicn eridli eghibite  foersd
direction. This enables further swift and reliable transformati on of the

spl ay-al hg0gAERY ORI dif O g c8Pleay: ki GPTRY! 110 d1RACY s ghi dnERYlor Jhe

reason w | be descri as follows wth rence to FI 3B. 23 2

JUNE 2006 . .
display device 2. The d2/p of the region S is preferably

0.125 or less, more preferably 0.1 or less. With use of a
material small in d2/p for the region S, reduction in the

brightness of the display area is prevented.

[0068] As shown in FIG. 2A, the region T (hereinafter,
called the twist-aligned region T) having the thickness dl
includes a plurality of first twist-aligned regions Tl ex-
tending in a first direction and a plurality of second
twist-aligned regions T2 extending in a second direction.
The region S (hereinafter, called the splay-aligned region
S) having the thickness d2 includes a plurality of first
splay-aligned regions S1 and a plurality of second splay-
aligned regions S2. The first splay-aligned regions S1
have a first width W1 in the second direction, and the
second splay-aligned regions S2 have a second width W2
smaller than the first width W1l in the second direction.
The plurality of first splay-aligned regions S1 include at

least two first splay-aligned regions S1 connected to each
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[0071] FIGS. 3A and 38 are diagranmatic views denonstrat- ing trapgtQskEsbé on
of the alignnent of the liquid crystal layer. The liquid crystal |ayer
shown in FIG 3A includes the splay-aligned region S, the first
twist-aligned region Ti and the second tw st-aligned region T2. For
conparison, FIG 38 shows a liquid crystal l|ayer including only the
splay-aligned region S and the first twist-aligned region Ti. [0072] In the
case of PitBer3Aid ntlwhi stcohd bsipduintakignad regjen iS¥l udes the first and
second twi st-aligned regions Ti and T2, a region subjected to splay-bend
alignment transformati on expands in the first and second directions using
the firs{00Al setwnthewldgudld gads tali daspliavarsteviixe ag ihe tingelfiatson
sites. On the contrary, in the case of FIG 3B, in which the liquid crystal

layer i nels%@e& ¥ Y theh@ddder t t Wnsterdl i GiNedthe it st - aBi §REHO g ECt ed
to splay-bend alignment transformation only expands |n the first

di rect In t th bj ect “hend
L1 ans or Rt POA P oXBARY ADIRTE SpTE00 i REd TRe) o B ibr SR 14}y and

nore reliably when the liquid crystal Iayer |ncludes the second

tw st -al lgyed & egrenfdZmed dolli addmsttdndetlier shitknsssalofneter dgipn Ti .

24 2 JUNE 2006 [0073] In the liquid crystal display device 2 shown in FIG
uid crystal layer 8. The twist-aligned region T is first
transformed to bend alignment during voltage application.
With the transformed region T serving as a nucleation site,
the splay-aligned region S is transformed to bend align-
ment. The existence of the nucleation site facilitates
the transformation of the splay-aligned region S from the

splay alignment to bend alignment. Herein, the twist-

aligned region T is also called the nucleation site.

[0070] In the 1liquid crystal display device 2 described
above, the twist-aligned region T as the nucleation site
includes the second twist-aligned regions T2 extending in
the second direction, in addition to the first twist-
aligned regions Tl extending in the first direction. This
enables further swift and reliable transformation of the
splay-aligned region S from the splay alignment to bend
alignment. The reason will be described as follows with

reference to FIGS. 3A and 3B.
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2A, the two adjacent first splay-aligned regions SI are connected JUNEER0H
other via the second splay-aligned re- gion S2. In other words, the first
splay-aligned regions S are not isolated fromeach other with the second
twist- aligned regions T2, but a space is forned between the two adjacent
second twi st-aligned regions T2 in the second di- rection. This ensures
occurrence of the splay-bend align- nent transformation in the splay-aligned
regi on S.[00H¢ rEBAEEn WA |labd dBs@Téediagriapitaguisc wikwsefdeamoretratFl GS.
4A, 4B and 5. [0074] The liquid crystal layer showmn in FIG 4A includes a

pluralityiryf frassréphayidhnl Wedthedinsgrhedtd oF Pl Nahutiv trgeegnd
spl ay-al i gned regions S2. The adjacent first splay-aligned regions Sl are

continuo s to eac her .via the c ondl secon pl al i gped reglon
S T dee vor the “LAudH Sty S Ly LR MY G S3Ctonh neeLuth
adj acent first splay al igned regions S1 to each other. On the contrary, a

liquid criyst adplayealignEiGreyyicas @, cbhparfdirste ewasplelilgoladasegibonecond
splay-aligned regions S2, but includes the first splay-aligned regions Sl

i ndependeiit £fq eged Qéésﬁd tRaginen Wi ds rbiscseaond pa sbombhgngdy eoi ons
T2 separate the first splay-a |gned 2 JUNE 2006 regions SI Trom each

ot her.
FIG. 3B shows a liquid crystal layer including only the

splay-aligned region S and the first twist-aligned region

T1.

[0072] In the case of FIG. 3A, in which the liquid crystal
layer includes the first and second twist-aligned regions
Tl and T2, a region subjected to splay-bend alignment
transformation expands in the first and second directions
using the first and second twist-aligned regions T1 and T2
as the nucleation sites. On the contrary, in the case of
FIG. 3B, in which the 1liquid crystal layer includes only
the first twiét—aligned region T1, a region subjected to
splay-bend alignment transformation only expands in the
first direction. In this way, the region subjected to
splay-bend alignment transformation can expand into the
splay-aligned region S more swiftly and more reliably when
the liquid crystal layer includes the second twist-aligned

region T2 in addition to the first twist-aligned region TI1.



[0075] Sanples of liquid crystal layers having the struc- tures 3 yunNE2006
diagrammatically shown in FIGS. 4A and 5 were pro- duced, and a voltage was
applied across the liquid crystal |layer, to observe splay-bend alignnent
transformation. [0076] In the liquid crystal |ayer shown in FIG 4A the
foll owi ng was observed. As shown in FIG 4B, even if some first

spl ay-aligned region SI failed in splay-bend align- nent transformation for
sorme reaflfi3] a rlayi bheekhabidi eFysiend &lspharnieyiatud |shexpaidged IG.om
another first splay-aligned region Si already subjected to the splay- bend

al i gnmentat,r afisé OrtES | A jabkhd’ filapsesPiap-aehibaled teHBonihesentdfe
liquid crystal |ayer was transforned to bend alignnent. [0077] On the
contraryb in the iﬁuid cryst | ayer shgmm in F G.i% if ione first

spl ay- al PGRBESTES oh®sPHAT | REPPR Eiit af e AP P gn B T3hEYBRTatTDR, the
failed first splay-aligned region Si was not finally transforned to bend
al i gnnengions S r eslint otihen hwerdisquitdiecrfsrar Isplary-alignad nmgipwssi bl e
to transformthe entire display area to bend alignnment. [0078] As descri bed

above, it wee find;EBab ke SRiRYedBh? oG- 2006nbend ald 9o ttwist -
transformation occurred in the splay- aligned region S nore reliably by

connectin%_the t wWo aQ&a- .
aligned regions T2, but a space is formed between the two

adjacent second twist-aligned regions T2 in the second di-
rection. This ensures occurrence of the splay-bend align-
ment transformation in the splay-aligned region S. The
reason will be described as follows with reference to FIGS.

4A, 4B and 5.

[0074] The liquid crystal layer shown in FIG. 4A includes
a plurality of first splay-aligned regions S1 and a plu-
rality of second splay-aligned regions S2. The adjacent
first splay-aligned regions S1 are continuous to each
other via the corresponding second splay-aligned region S2.
In other words, the second splay-aligned region S2 con-
nects the adjacent first splay-aligned regions S1 to each
other. On the contrary, a liquid crystal layer in FIG. 5
as a comparative example includes no second splay-aligned
regions S2, but includes the first splay-aligned regions
S1 independent of each other. In other words, the second

twist-aligned regions T2 separate the first splay-aligned

[\S)
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cent first splay-aligned regions Sl via the second splay- aligned2geyE@0062.
[0079] The pretilt direction of the liquid crystal nolecu- les in the liquid
crystal display device 2 (Rl and R in FIG 1) is preferably parallel to
the first direction when the first direction is the horizontal direction
(as is viewed fromthe observer viewing the display plane). In a TFT type
liquid crystal display device, the horizontal di- rection is typically the
di recti oh®BAORAI S SR 193ER @kheFend. By setting the pretilt in this way,
the twisted alignment can be maintained nore stably, and thus the

spl ay-bend_al i gnment_ transformation occurs nore reljably. The pretilt
di recti o0& t heaMRARY efydtiduifh| eEVFEdlc AR YRS cBAVASI ddh Qv BhTlse
rubbing of alignment filns formed on the surfaces of the substrates facing

the |iqutdresyst dgatathmyei caloy extesgh ein] GOBOS . Ndat ,amd | Bquwarer psioal
di splay device 3 in the sec- ond aspect of the present invention will be

descri be Lh f F . 7 and I S; r{ial. . Ccross-
sectiona %éw (E)#]%t ﬁ‘;eqﬂ?%ﬁgec%%t aal%pd%ls‘%ﬁla?lgﬁce)glg?gh%, an(ﬂntz)(? ékgﬁlﬁ% 006
FIGS. 7 and 8 are cross-sectional_ views of step portions of the I|iquid
crystal Hr¥prayt@epbserye [Tobay-raed| pddigpmanisttragsEpragtden ce 3

i ncl udes a pl u-

[0076] In the 1liquid crystal layer shown in FIG. 4A, the
following was observed. As shown in FIG. 4B, even if some
first splay-aligned region S1 failed in splay-bend align-
ment transformation for some reason, a region exhibiting
bend alignment gradually expanded from another first
splay—aligned. region S1 already subjected to the splay-
bend alignment transformation. After a lapse of a certain
time, the entire liquid crystal layer was transformed to

bend alignment.

[0077] On the contrary, in the liquid crystal layer shown
in FIG. 5, if some first splay-aligned region S1 failed in
splay-bend alignment transformation, the failed first
splay-aligned region S1 was not finally transformed to
bend alignment. As a result, in this liquid crystal layer,
it was not possible to transform the entire display area

to bend alignment.

[0078] As described above, it was found that the splay-



rality of steps 20 on the surface of at least one of first and seGgeRg 2006
substrates 4 and 6 facing a liquid crystal |ayer. Each of the steps 20

i ncl udes an upper face 15, a |lower face 14 and a side face 21F or 21S
connecting the wupper and |lower faces. The step 20 is fornmed so that the

t hi ckness of the region of the liquid crystal |ayer |ocat- ed above the

| ower face 14 is dl and the thickness of the region of the Iiquid crystal

| ayer | o®&éd abbl@nmeBtuppaansieenatien deccpigied s, iRhetdpg aysRldyned
region Sis forned above the upper faces 15 of the steps 20, while the

twi st -al iagnethd®gtefidni s eredabiyelyheyl eminddensg léheoftwdeaagigps 20.
[ 0082] The steps 20 include first steps 20F showmn in FIG 7 and second
steps 205 shown. in FI G, 8 ich are di.ffer-_ent .i.n shape from each other.
That i s, 2o At ¢ agpats S gled Fegtond s fnvire HE PierPRB T e Re T over
face 14 and the side face 21F, is an obtuse angle exceeding 90 . The step
of this ¢Adgmeid madiend S2normal step. The angle a of the second step shown
in FIG 8, defined by the Iower 28 2 JUNE 2006 face 14 and the side face
218, is an acute angle less than 90 The step of this shape is called an

i nvert ed[®78p. [TE83prasidioditectdeh Ffothg ldiquihd avystelt ageleppti -
cation, the regions above the |lower face 14 and the upper

les in the 1liquid crystal display device 2 (R1 and R2 in
FIG. 1) is preferably parallel to the first direction when
the first direction is the horizontal direction (as is
viewed from the observer viewing the display plane). 1In a
TFT type liquid crystal display device, the horizontal di-
rection is typically the direction in which gate lines ex-
tend. By setting the pretilt in this way, the twisted
alignment can be maintained more stably, and thus the
splay-bend alignment transformation occurs more reliably.
The pretilt direction of the liquid crystal molecules can
be controlled with the rubbing of alignment films formed

on the surfaces of the substrates facing the liquid crys-

tal layer, for example.

[0080] Next, a liquid crystal display device 3 in the sec-
ond aspect of the present invention will be described with
reference to FIGS. 6, 7 and 8. FIG. 6 is a partial cross-

sectional view of the liquid crystal display device 3, and
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face 15 of the step 20 are the twist-aligned region T and the spbgynglldopoed
region S, respectively. A boundary 9 exists between the splay-aligned
region S and the twist- aligned region T. In the normal step 20F shown in
FIG 7, the boundary 9 is roughly at the m ddle of the height of the side
face 21F, for exanple. In the inverted step 20S shown in FIG 8, the
boundary 9 is at the top edge of the side face 215, for exanple. Note that
t he posi FIGH.of7 téved Boumdar grosarsestivwnhlvatiens obénditépnpogudiores t he
tem perature, the height of the step, and the thickness of the |iquid
crystal bayehe WihidPRI:FStAPNA9EPa a¥Oldeitifze tHe twist-aligned region T of
the liquid crystal” layer is transformed to bend alignment and turned to the
bend- aligned region. Wth this transformation, the boundary 9 becones a

di scl i nafoogly | i Age lieicgﬁﬂaf Ee »sttarlerc?is%faytﬁ€v1%ur§j3{ﬂcﬁuﬂésa|§%%l@ I ed

t he di sc nat| on I|ne 008 In the case of the normal step shown in
FIG 7, mh n_a v p to the liquid crystal |ayer, t 29 2 JUNE
2006 di sE??ﬁEﬁ’l %(?1 g %g‘ﬁ’ ?%C?%oﬁ%sﬁ'&ﬂ?tbyo Felf r’ﬁﬁ‘i n FIG

7, clinmbing up al ong the si de face 21F of the normal step 20F. That is, the
tw st - al agdedseeyndn substrauest | § tamtsféor fed itng bendlakuddrentcy sared t he
region exhibiting bend alignnment expands into the splay-aligned
layer. Each of the steps 20 includes an upper face 15, a
lower face 14 and a side face 21F or 21S connecting the
upper and lower faces. The step 20 is formed so that the
thickness of the region of the liquid crystal layer locat-
ed above the lower face 14 is dl and the thickness of the
region of the liquid crystal layer located above the upper
face 15 is d2. That is, the splay-aligned region S is
formed above the upper faces 15 of the steps 20, while the

twist-aligned region T is formed above the lower faces 14

of the steps 20.

[0082] The steps 20 include first steps 20F shown in FIG.

7 and second steps 20S shown in FIG. 8, which are differ-

ent in shape from each other. That is, the angle aof the

first step shown in FIG. 7, defined by the lower face 14
and the side face 21F, is an obtuse angle exceeding 90 °.
The step of this shape is called a normal step. The angle

a of the second step shown in FIG. 8, defined by the lower
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region S. [0085] On the contrary, in the case of the inverted step ;PR Hown
in FIG 8, when a voltage is applied to the lig- uid crystal |ayer, the
disclination line 9 stays at the edge of the inverted step 205, keeping the
aligned state of the twist-aligned region T and the splay-aligned region S
on both sides of the disclination |ine 9 unchanged. That is, the

spl ay-aligned region S maintains the splay alignnent irrespective of the

t r ansf or f@ceod dofantheth@i sidealfiaprekBgi 68 TNt @il angyambeiss [W08H]

FIGS. 9A to 9C are partial plan views of a liquid crystal display device in

whi ch a sbep .20 Thayidepobh BRis Whlapd des f@gEBedlhnanavieivald eghspde faces
21S is fornmed on one substrate, and diagrammatically shows the aligned
state of a liquid crystal layer. As shown in FIG 9A, when no voltage is

appl i ed fopsshe lAgiusdoghySdlFrti@yen, ort he, r 8@r9RgoIndsvdiaayd appital |ayer
having a smaller 30 2 JUNE 2006 thickness (region above the upper face of

crystal PAYEPRay SEPEPRE: R unble GoNont attud M Bher BREor the
step 20) is the twist-aligned region T. The twist-aligned region T and the
spl ay- al Egred ISegpfontiSse Bade® e havehdhen twiatdaddbnest imggiémeT9 and
t her ebet ween,
the splay-aligned region S, respectively. A boundary 9
exists between the splay-aligned region S and the twist-
aligned region T. In the normal step 20F shown in FIG. 7,
the boundary 9 is roughly at the middle of the height of
the side face 21F, for example. In the inverted step 208
shown in FIG. 8, the boundary 9 is at the top edge of the
side face 21S, for example. Note that the position of the
boundary 9 varies with various conditions such as the tem-
perature, the height of the step, and the thickness of the
liquid crystal layer. With application of a voltage, the
twist-aligned region T of the 1liquid crystal layer is
transformed to bend alignment and turned to the bend-
aligned region. With this transformation, the boundary 9

becomes a disclination line. Hereinafter, therefore, the

boundary 9 is also called the disclination line 9.

[0084] In the case of the normal step 20F shown in FIG. 7,

when a voltage is applied to the liquid crystal layer, the
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and the aligned states of these regions are kept in equi- |ibrium juNngides
9A, for sinplification, the side faces 21F and 21S of the step 20 are
represented by a nmere line although they actually have an area, and the
disclination |ine 9 is assumed matching with this line. [0087] Wen a
voltage is applied to the liquid crystal display device described above,
first, the twst-aligned region T is swiftly transforned fromthe tw sted
al i gnmen@iscd Beien | dmentd ghdfittte iRgitée ekhrorting WErRWRI Pyn-thent
expands into the splay-aligned region S, as shown in FIG 9B. The

di scl i natiratow | DRSFAGhHIi 1 cames iy Vvelpy £Pongi lthdealideheaws mehrsige faces
21F, allowi ng swift expan- sion of the region exhibiting bend alignnent. On

the contrar a e i ted.side faces 219, .the disclina- ti.on Ijnes 9
shift | etst%leeéis? y‘?I k%g‘BPng@{)t%'e bgﬁaf%allisg’neghergg‘j"il nhc"aa(r?dlgflﬁ% spFEy-al itned
regi on unchanged on both sides of the disclination lines 9 as the
boundari és. $&i8lly Junmsiipgnede tid neepdssdsignemt he angl t bhe amgdieat i on,
t he bend- aligned region expands into the splay-aligned region ex- cept for

an area gedfiviieddveehad £1f§nhanesS &lFaRdsShowo ithd! §p18¢- 0GR As

descri bed above, by controlling the shape of the step, it IS possible to
control the.easkpess of the expan-
region S.

[0085] On the contrary, in the case of the inverted step
20S shown in FIG. 8, when a voltage is applied to the 1lig-
uid crystal layer, the disclination line 9 stays at the
edge of the inverted step 20S, keeping the aligned state
of the twist-aligned region T and the splay-aligned region
S on both sides of the disclination 1line 9 unchanged.
That is, the splay-aligned region S maintains the splay
alignment irrespective of the transformation of the twist-

aligned region T to bend alignment.

[0086] FIGS. 9A to 9C are partial plan views of a liquid
crystal display device in which a step 20 having both nor-
mal side faces 21F and inverted side faces 21S is formed
on one substrate, and diagrammatically shows the aligned
state of a 1liquid crystal layer. As shown in FIG. 9A,
when no voltage is applied to the 1liquid crystal layer,

the region of the 1liquid crystal layer having a smaller
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sion of the bend-aligned region, transformed fromthe tw st-ali gRg¢NED N
T |l ocated above the |lower face 14 as the nucleation site, into the
splay-aligned region S |o- cated above the upper face 15 beyond the step 20.
In oth- er words, it is possible to control whether to swiftly cause

spl ay-bend al i gnnment transformation in the splay- aligned region S, or to
mai ntain the splay-aligned region. [0089] In the Ii%uid crystal display

devi ces Zhdgdfness, (xagippr sposiad theoH®PeIpekacge oPft Hhepretent 20vehsi on
de- scribed above, the 180-degree twist-aligned region T was used as the

nucl eati ehesidpldp+al hgnepl yedesnd &l,i gim@nichel rodgionnaif ophef tipuid
splay-aligned region S. The liquid crystal display device of the present
invention_is.nat . linmted t.o this, For e |l e, as di_scl.osed_jn Japanese

Pat ot GRIETAING-2H1E3R9Y 108 (gt BROGE 2 hTGRIBF oL ICSI P BONEy RS f or e
partly in the liquid crystal layer to 32 2 JUNE 2006 use this region as the
nucl eat i doveirt £4ag ofie thel Btdrendoadl iignneme twdsdf-eligred. rpded] Tn t he
liquid crystal display devices 2 and 3 in the first and second aspects of

the presenk itRMeNtl PN §8edSTeldiesh aboyaqg et Eb@%?e%qigné@erébqwnd grystal
| ayer 8 was varied partly so that the regions of the liquid crys- tal |ayer

8 having _a | arger. thi ckness. serve t twi st -
gface ach other with a gsscggnation line 9 therebetween,

and the aligned states of these regions are kept in equi-
librium. In FIG. 9A, for simplification, the side faces
21F and 21S of the step 20 are represented by a mere line
although they actually have an area, and the disclination

line 9 is assumed matching with this line.

[0087] When a voltage is applied to the 1liquid crystal
display device described above, first, the twist-aligned
region T is swiftly transformed from the twisted alignment
to bend alignment, and the region exhibiting bend align-
ment expands into the splay-aligned region S, as shown in
FIG. 9B. The disclination lines 9 shift comparatively ea-
sily near the normal side faces 21F, allowing swift expan-
sion of the region exhibiting bend alignment. On the
contrary, near the inverted side faces 21S, the disclina-
tion lines 9 shift less easily, keeping the bend-aligned
region and the splay-aligned region unchanged on both

sides of the disclination lines 9 as the boundaries. As
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aligned region T. The liquid crystal display device of the presestyung 2006
invention is not limted to this. Instead, the pitch p of the liquid
crystal layer 8 nmay be varied wth positions. For exanple, as disclosed in
EP 1124153 A2, the pitch p can be nade snmaller in a predeterm ned re- gion
by m xing a chiral prepolymer in a liquid crystal |ayer and pol ynerizing
the chiral prepolynmer existing in the predeterm ned region by a selective
i rradi at itdye ptome ezasses tiramebyblorwplkagew apriicgtddmr.egtbs Then@o91]
Hereinafter, the present invention will be de- scribed in detail by way of

exanpl e. afhigydddiuird galoyst 8kpaHasP| Byt dlethes §g36a%i-Bad gnedletaylionn éke
follow ng exam ple uses a nematic |iquid crystal material having positive

dielectric gnigsotropy as the liquid crystal layer. Lt shquld be noted that
the pres&RBY vt BnaFEandean e niss toONE SthstR6eEnALS R FROMMso
applicable to a surface-node (SBD node) nematic liquid crystal display
device usimglGned@dt - ic liquid crystal material having negative dielectric
an- isotropy as the liquid crystal layer, as disclosed in.U S. Patent No.
4566758. However, in consideration of the re- sponse speed, the
practicalp@088iy ahsl flhscmabed abdwshnby- cogyraiskirnf théi ghiaghecrofsthe
mat eri al having positive dielectric anisotropy is preferred.
step, it is possible to control the easiness of the expan-
sion of the bend-aligned region, transformed from the
twist-aligned region T located above the lower face 14 as
the nucleation site, into the splay-aligned region S lo-
cated above the upper face 15 beyond the step 20. In oth-
er words, it 1is possible to control whether to swiftly

cause splay-bend alignment transformation in the splay-

aligned region S, or to maintain the splay-aligned region.

[0089] In the liquid crystal display devices 2 and 3 in
the first and second aspects of the present invention de-
scribed above, the 180-degree twist-aligned region T was
used as the nucleation site for the splay-bend alignment
transformation of the splay-aligned region S. The liquid
crystal display device of the present invention is not
limited to this. For example, as disclosed in Japanese
Patent Gazette No. 3183633, a region of a high pretilt an-

gle may be formed partly in the 1liquid crystal layer to



(Exanple) [0092) FIGS. 10, 11 and 12 are views illustrating a |iqyisnGg k2l
di spl ay device 100 of an exanple of the present invention. FIG 10 is a
plan view of the liquid crystal display device 100, FIG 11 is a
cross-sectional viewof the liquid crystal display device 100 taken al ong
line 11A-11A of FIG 10, and FIG 12 is an enlarged plan view of three

pi xels of the liquid crystal display device 100. In FIG 10, a second
substrat 85§ dihiheTPPdord ag yshal nugilestdoniesite fori shenismlay -kemdi n
FIG 12, the second substrate 6 and a liquid crystal layer 8 of the liquid

crystal dilgpinmertdevtcendPOrmaeiom.tted, for sinplification. [0093) As shown
in FIG 11, the liquid crystal display de 34 2 JUNE 2006 vice 100 includes a
first substrate 4, the second sub- strate 6 and the liquid crystal |ayer 8

i nt er pose@IOEt WeEn thise Buksiaat@sydrand G.spiey | Gewiited Yot adndagerif is
made of an Np liquid crystal material with a chiral dopant m xed therein.
[ 0094] in Fl t urface of the irst substrate 4

Facing ¢ NES et oPYS: SetRlfor o Repra. ol TS BF Coatst | TREE™33 0 X or mea

to extend in the row direction and a plurality of source lines 26 are

f or med t §crakeshdbiove hetiel timi akiness i of, ther dilapid neryskadhdpyers 8
was varied partly so that the regions of the liquid crys-
tal layer 8 having a larger thickness serve as the twist-
aligned region T. The liquid crystal display device of
the present invention is not limited to this. Instead,
the pitch p of the liquid crystal layer 8 may be wvaried
with positions. For example, as disclosed in EP 1124153
A2, the pitch p can be made smaller in a predetermined re-
gion by mixing a chiral prepolymer in a 1liquid crystal
layer and polymerizing the chiral prepolymer existing in

the predetermined region by a selective irradiation proc-

ess, to thereby form the twist-aligned region T.

[0091] Hereinafter, the present invention will be de-
scribed in detail by way of example. The liquid crystal
display device described in detail in the following exam-
ple uses a nematic liquid crystal material having positive
dielectric anisotropy as the 1liquid crystal layer. It

should be noted that the present invention is not limited
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a whole. Switching elenents (for exanple, thin filmtran- sistors2(GUNESobhe 25
are fornmed at the respective crossings of the gate |ines 22 and the source
lines 26. The switch- ing elenents 25 are connected to correspondi ng pi xel
el ec- trodes 16 nmade of a transparent conductive material. A plurality of
common lines 24 for formation of storage ca- pacitances are also fornmed on
the first substrate 4. The comon lines 24 extend in parallel wth the gate
| i nes 22toi ntheiposittitonilbet dben tdpphifabiat tat @ | snefaze -rfad95])( SBD shown
in FIG 11, a counter electrode 18 is forned over the entire surface of the

second syBabhah@nftifdCl NGuifechky@Ha dyspphy! akehicelNBs1d§uhdnehyst al

| ayer 35 2 JUNE 2006 8 is ' driven'with a voltage applied between the pixel

el ec trodes 16 and the counter eIechode,18. On the secon substrate 6, a
|i ght - shadi AdIuhbrC¥BPhak Matssd2hoPpying Medrtiveorte ket pbft iddis
corresponding to the switch- ing elenents 25, the gate lines 22 and the
source | isesrdpy aEBhaHea ghigsbddcngshtajerladfen s sdhodbschoke@S.inl(Uand. 12 for
sinplification of description although it is actually placed on the second

bstrat 0Q96 1 qui t al; di i 1 lyral- it
3? :tepsﬁageg&e dln%§6%2§?ﬁgqgﬁ$¥§%%§6flphg |$%?QE§E%§PTSS% gh?ag%ﬂb tlhey

liquid crystal |ayer_as shown in_ .
sponse speed, the practicability and the material technol-

ogy, use of a liquid crystal material having positive

dielectric anisotropy is preferred.

(Example)

[0092] FIGS. 10, 11 and 12 are views illustrating a liquid
crystal display device 100 of an example of the present
invention. FIG. 10 is a plan view of the liquid crystal
display device 100, FIG. 11 is a cross-sectional view of
the liquid crystal display device 100 taken along 1line
11A-11A' of FIG. 10, and FIG. 12 is an enlarged plan view
of three pixels of the liquid crystal display device 100.
In FIG. 10, a second substrate 6 of the liquid crystal
display device 100 is omitted, and in FIG. 12, the second
substrate 6 and a liquid crystal layer 8 of the 1liquid

crystal display device 100 are omitted, for simplification.

[0093] As shown in FIG. 11, the liquid crystal display de-

34



FIG 11. The steps 20 are constructed of a resin layer 120 havi ng J@NE 2006
thickness in the order of 1 to 10 mcrons and grooves fornmed on the resin

| ayer 120, for exanple. Due to the existence of the resin layer 120, liquid
crystal regions having a thickness of d2 are forned right above the
portions of the resin layer 120 (upper faces of the steps 20), which are to
be the splay-aligned region S. Also, liquid crystal regions having a

t hi cknesgige di0¢>imgudes feor fiddsdbosebshzaltet t 4ns Wiet meepomdvesitnf t he
resin layer 120 (Il ower faces of the steps 20), which are to be the

twi st - al 5gpgder @JiAM Tehd Neifagan d@/ﬁaﬁ@ag@f ghaln hersesrkCheltvd&ioved
at the grooves, but recesses may 36 2 JUNE 2006 be fornmed on the resin | ayer

120 and e bottons of the recesses be used_as the |ower faces of the
st eps 20{:R?0§9‘7‘15W%T1€§ Vol #8fe qss ap@?ei’éﬁ%ﬁ%scﬁéqq]quiléyﬁryﬁalls | ayer
8, the twist-aligned region T is transforned to bend alignnment fromthe
tw st ed mhdgnoEntan Jybskigent| prywittdl ndeetwnadt wdlthlgreedchegadnddpant
transforned to bend alignment serving as the nucleation site, the region
exhi bi tipg. bgndy alijgnment swiftly expands into the splay-aligned region S
In this way, the splay-aligned region Sis transforned to bend alignnent.
The twist-aligned region T as the nuclea- tion site for the splay-aligned

region §D§QQU|dM@%gﬁ%@ﬁ”¥n FIGS. 10 and 12, on the surface of the
first substrate 4 facing the liquid c¢rystal layer, a plu-
rality of gate lines 22 are formed to extend in the row
direction and a plurality of source lines 26 are formed to
extend in the column direction, forming a matrix shape as
a whole. Switching elements (for example, thin film tran-
sistors (TFTs)) 25 are formed at the respective crossings
of the gate lines 22 and the source lines 26. The switch-
ing elements 25 are connected to corresponding pixel elec-
trodes 16 made of a transparent conductive material. A
plurality of common lines 24 for formation of storage ca-
pacitances are also formed on the first substrate 4. The
common lines 24 extend in parallel with the gate lines 22

in a position between the adjacent gate lines 22.

[0095] As shown in FIG. 11, a counter electrode 18 is
formed over the entire surface of the second substrate 6

facing the liquid crystal layer. The liquid crystal layer
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be placed to be outside the display area. The reason is that theQpNECR06
response to voltage application is dif- ferent between the bend alignnent of
the splay-aligned re- gion S and the bend alignnment of the tw st-aligned
region T.

portion,

to FIG 10,

lines 2

454

b

By

placing the twist-aligned region in the |ight- shading

therefore, the uniformty of display im proves. [0098] Referring

inthe liquid crystal display device 100, the tw st-aligned
regi on T8i dsl Wddsren prithl a vol tefgd i appliadsbediwepredthegbdns 142 lawt 44
extending in
JUNE 2008 rbaeisonse 54nd6thad 888ntlrexd e88tP8akN iHe CObHMEK I @Gcdd®n. The
first twst-aligned regions 42 are forned al ong above the gate |lines 22,

and the fi

2t

the row direction and a plurality of second tw st-aligned 37 2

twi st-aligned - Qions 44 are forped al ong. above the common
T G0, 4 hd LORre BRI rdaeT 43 Blask MALFig) Afe 19 n-

dicates that the gate line 22 underlies the first twist- aligned region 42.
[ 0099] Thermedonw twwseraltigneporegboss axtessipendingu-tooushy swirhaach of
the first twist-aligned regions 42 and 44 upward and downward in the col umm
direction,

ex-

tend u

S'VQ

wa

gned | nard a ; 4 and 56
FL%ma%% s Gd| c,?\%%}y?att@e 1&%%‘33'”;%‘"&&&_ @hbggﬁ%éc%g'ﬁﬁeé 28"

downwa espectively, continuous rom

The light-shading layer 40 is shown in FIGS. 10 and 12 for

simplification of description although it 1is actually

placed on the second substrate 6.

[0096]

In the liquid crystal display device 100, a plural-

ity of steps 20 are formed on the surface of the first

‘substrate 4 facing the liquid crystal layer as shown in

FIG.

11. The steps 20 are constructed of a resin layer

120 having a thickness in the order of 1 to 10 microns and

grooves formed on the resin layer 120, for example. Due

to the existence of the resin layer 120, 1liquid crystal

regions having a thickness of d2 are formed right above

the portions of the resin layer 120 (upper faces of the

steps 20), which are to be the splay-aligned region S.

Also,

daz

)

liquid crystal regions having a thickness of dl (>

are formed above the bottoms of the grooves of the

resin layer 120 (lower faces of the steps 20), which are

to be the twist-aligned region T. The resin layer 120 may

not be completely removed at the grooves, but recesses may
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each of the first tw st-aligned regions 42. The second tw st-ali @RNNE 2006
regions 54 and 56 are fornmed al ong above the source lines 26 for each

pi xel, with the spacing (pitch P2) equal to the pixel pitch in the row
direction. Each of the second tw st-aligned regions 54 extendi ng upward
continuously fromthe first twist-aligned region 42 in- cludes a portion 50
| ocat ed above the source line 26 and a portion 52 | ocated above the

swi t chi n§eelfermmed VNt hthéi sesdupahd¥erpok20 oansy thet o ttigms - alfi grieel

regi on 54 above the switching elenent, which is covered by the |ight-

shadi ng IRyRissed WMaerbd WasEdahkgned NegOR Fac88CYrednB 2 JhMNEg006
W t hout decreasing the display area. Also, the second tw st-aligned regions

58 and 60 extend upward and downward, respectively, continuously from each

of the fig@Yy] t Wigten 34i g88¢a Ilcmsaﬁﬂlheaara%%@b@valéhh&ﬁﬁﬁo%ﬂyg&sl 24, at
t he sane pltch P2 Wth the ITB.tIOI’l of the flrst and second tw st - allgned

regi ons s des q§ﬂ apoye lxel rou surr undedqi?é_l h the
twi st-ali 8?(85 egi ‘6]155]' aﬁ/e ?Bngd lrseg1f ?‘P oL ntire
liquid crystal region other than the first and second tw st-aligned regions
descri bedlagowrentAst strowtthien FristedO altilgnmguh iy - alSuprezluent by, Swindt udes
first splay- aligned regions 36 having a first wwdth WL in the colum

the twist-aligned region T transformed to bend alignment

serving as the nucleation site, the region exhibiting bend

alignment swiftly expands into the splay-aligned region S.

In this way, the splay-aligned region S is transformed to

bend alignment. The twist-aligned region T as the nuclea-

tion site for the splay-aligned region S should preferably

be placed to be outside the display area. The reason is

that the optical response to voltage application is dif-

ferent between the bend alignment of the splay-aligned re-

gion S and the bend alignment of the twist-aligned region

T. By placing the twist-aligned region in the 1light-

shading portion, therefore, the uniformity of display im-

proves.

[0098] Referring to FIG. 10, in the liquid crystal display
device 100, the twist-aligned region T includes a plural-
ity of first twist-aligned regions 42 and 44 extending in

the row direction and a plurality of second twist-aligned
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direction and second splay-aligned regions 37 having a second W gt yyng?2005
WL) in the colum direction. Any two first splay-aligned regions 36

adj acent in the colum di- rection with the first twi st-aligned region 44

t her ebe- tween constitute one pixel. Any two first splay-aligned regions 36
adjacent in the row direction are connected to each other via the second
spl ay-aligned region 37. [0101] The rubbing direction of alignnment filns
(not shawgiosis tdk. | BQui P&r§pdal6Qi epkapddand cen 10be scokwher digiear i n
parallel with the direction in which the gate 39 2 JUNE 2006 |ines 22 extend

(row diregbinQn) meneiRss €ivhedliadn drfed NBe§OBNEONEAl a6l I 864088 GADHSP
viewed fromthe observer view ing the display plane). By this arrangenent,
since the pretilt of the liquid_grysta |l ecules . is in parallel . with the
row di reé‘PBXﬁ, e 9%&& dd- ‘T’gﬁ%enta’&cinr{g‘& k’gb Stdd sl -t H93RE8 HSus t he
spl ay-bend alignment transforma- tion occurs nore reliably. [0102] As in the
i |l ustragednexadpl arei tformept ehtonhl eabdwe pkhee ddmnémnr 3tinesl 34 al | gmed
regions 36 in the display area, and place the second splay-aligned regions

37 out- gide Wee diiblaYedreAckoothfiflali 2t R92hW Stect | GRERpIE, Gt T BY
form ng the second splay-aligned regions 37
dicates that the gate line 22 underlies the first twist-

aligned region 42.

[0099] The second twist-aligned regions extend continu-
ously from each of the first twist-aligned regions 42 and
44 upward and downward in the column direction. More spe-
cifically, the second twist-aligned regions 54 and 56 ex-
tend upward and downward, respectively, continuously from
each of the first twist-aligned regions 42. The second
twist-aligned regions 54 and 56 are formed along above the
source lines 26 for each pixel, with the spacing (pitch
P2) equal to the pixel pitch in the row direction. Each
of the second twist-aligned regions 54 extending upward
continuously from the first twist-aligned region 42 in-
cludes a portion 50 located above the source line 26 and a
portion 52 located above the switching element. With this
expanded portion 52 of the twist-aligned region 54 above
the switching element, which 1is covered by the 1light-

shading layer, a wider twist-aligned region is secured
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across the twist-aligned region T, to connect the adjacent firstJUNE 2006
spl ay-aligned regions 36 to each other, the first splay-aligned regions 36
can be transformed to bend align- nent nore reliably. If the width W2 of the
second splay- aligned regions 37 is excessively large, the effect of

provi ding the second twi st-aligned regions will not be ob- tained. If the
width W2 is excessively small, the effect of providing the second

spl ay- al "MgidPUtegdesFessinhaithes, dispd asr f ageaof cokheeti nghe hesggord
splay-aligned regions 36 will not be obtained. In view of these, the width

V2  of theisacedi gid@yraienad seegirmnse @ e208nihapwadid aMd odowRwdrdUNE
2006 the first splay-aligned regions 36 preferably satisfy the relationship

0.2WM < W < 0.8W. [0103]. The jacent first splay;aligned regions 36 are
connect sE EBeBIH Sher CPPL AR ALEbnTam apeah: o thE TSRt s W of ore.
as di scussed above with reference to FIGS. 4A, 4B and 5, even if sone first
spl ay- al pdngdede-rggbanss 44i Lechamesplalyovendhal | gommon tlianss$ oRdat ian f or

sonme reason, the transforned region gradually expands into the failed first

spl ay- al igReds 4k g»'lt%@; fpom angi PRT tHd " 8braRka%rAl bFNgdhd egi pR+36,/ r eady
transforned to ben alignment via the second splay-aligned region 37. In

ad- dition, in the Iiqujd cr%stal_diiflag device 100 shown in
second twist-aligned regions as described above, each half

pixel is roughly surrounded with the twist-aligned region.

{0100} The splay-aligned region S occupies the entire
liquid crystal region other than the first and second
twist-aligned regions described above. As shown in FIG.
10, the splay-aligned region S includes first splay-
aligned regions 36 having a first width W1 in fhe column
direction and second splay-aligned regions 37 having a
second width W2 (< W1l) in the column direction. Any two
first splay-aligned regions 36 adjacent in the column di-
rection with the first twist-aligned region 44 therebe-
tween constitute one pixel. Any two first splay-aligned
regions 36 adjacent in the row direction are connected to

each other via the second splay-aligned region 37.

[0101] The rubbing direction of alignment films (not
shown) of the liquid crystal display device 100 is prefer-

ably in parallel with the direction in which the gate
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FIG 10, the second splay-aligned regions 37 are fornmed at posithgoNgldo9€d
inthe rowdirection, indicating that the spacing between the adjacent
second splay-aligned regions 37 in the rowdirection is snmall. Therefore,
t he bend- aligned region can efficiently expand into the first

spl ay-aligned regions 36 via the second splay-aligned re- gions 37. [0104]
The second tw st-aligned regions 54, 56, 58 and 60 are formed to be

cont i nuodsin@s 22 h%xgﬁf@t (mawstdizgcEhed) r wheon s iragtivReriss oklee t he
first twst 41 2 JUNE 2006 aligned regions 42 and 44 and the second

twi st - al ihgieddretali @DBeb4ionb,( il BndvbBwean rsonveclad Obs8rkeld apl &yhucl ea-
tion sites, conpared with the case that the first and second tw st-aligned
regi ons are sgpar ed.fron1 ach Pther Tge reason_wil | ?e deicribe.t as

fol | ows With rafertm b PRAES) 134 % 13D° [D1DBTITHE Fesi it EFer t120
constituting the steps on the substrate 4 is fornmed of an inorganic or
organi ¢ idehiltaviodig thehi kkaesd ierysicadr devletuleso 19 nier @arallhel
energy di fference between the 180-degree tw sted alignnent and the splay

al i gnment;ity, NHe SPok@i@SecS ! OkRe itdwiddieat Bhi;@ﬁﬁ%%t@fcéﬂeb"eeﬁiéb{ ayer
varies, or the cell gap varies, the 180-degree twst-aligned region T may

not be
more stable and thus the splay-bend alignment transforma-

tion occurs more reliably.

[0102] As in the illustrated example, it is preferable
to place the first splay—aligﬁed regions 36 in the display
area, and place the second splay-aligned regions 37 out-
side the display area together with the twist-aligned re-
gion T. By forming the second splay-aligned regions 37
across the twist-aligned region T, to connect the adjacent
first splay-aligned regions 36 to each other, the first
splay-aligned regions 36 can be transformed to bend align-
ment more reliably. If the width W2 of the second splay-
aligned regions 37 is excessively large, the effect of
providing the second twist-aligned regions will not be ob-
tained. If the width W2 is excessively small, the effect
of providing the second splay-aligned regions 37, that is,
the effect of connecting the first splay-aligned regions
36 will not be obtained. In view of these, the width W2

of the second splay-aligned regions 37 and the width W1l of
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obtained as originally designed depending on the position in the2juNgI2006
crystal layer. [0106] For exanple, suppose a stripe region having a
thickness of dl is formed in a liquid crystal layer having a thickness of
d2 (dl > d2), to obtain the splay-aligned region S and the tw st-aligned
region T, respectively. If the aspect ratio of the twist-aligned region T
is high, both ends of the twist-aligned region T may return (be

t r ansf or Fe@) firsh t felayi sddgrald gimehenso AheEpfayabiy? sAINES Ppodhe
alignment as shown in FIG 13A even in an energy state in which the tw sted

al i gnmente 8a€i bR nSp ay. Byl gangpt <cgngwgoexi st. The twist-aligned region T
showmn in FIG 13Ais about 20t LMin wdth and about 1600 4Min | ength.

[0107] Once the region exhibiting the splay alignment is fornmed in the

twist-alfogesgd regivhReT.ad-aiearrafrsithespragianigukidi téggohke jov gtred
alignment gradually de- creases in the twist-aligned region T as shown in
FIG 13B nd, fi.n

|1y, the entire_t. 's%-ali ned region T exhibits_ the
Spl ay 2l TYRAEAE ST *pathy sfthet ook SHRE eEnd SPpdva TAdH Tr5 T he
nucl eation site for transformation fails. The above condition that "the
aspect r@i¢n 3f .t heThenpforel.i greddisghssed iabavghwiith gipdfgrerae| Fo hat
the aspect ratio of the twist-aligned region T exceeds 80: 1.
FIGS. 4A, 4B and 5, even if some first splay-aligned re-
gion 36 fails in splay-bend alignment transformation for
some reason, the transformed region gradually expands into
the failed first splay-aligned region 36 from another
first splay-aligned region 36 already transformed to bend
alignment via the second splay-aligned region 37. In ad-
dition, in the liquid crystal display device 100 shown in
FIG. 10, the second splay-aligned regions 37 are formed at
positions lined in the row direction, indicating that the
spacing between the adjacent second splay-aligned regions
37 in the row direction is small. Therefore, the bend-
aligned region can efficiently expand into the first

splay-aligned regions 36 via the second splay-aligned re-

gions 37.

[0104] The second twist-aligned regions 54, 56, 58 and
60 are formed to be continuous with the first twist-

aligned regions 42 and 44. Therefore, the first twist-
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It has been confirmed fromobservation results that when the aspeginE2bbe
exceeds 80:1, coexistence of the twsted alignnent and the splay alignnent
is difficult. It has also been confirned from observation results that
coexis- tence of the twisted alignnent and the splay alignment is difficult
when the width of the twist-aligned region T is about 10 4Mor |ess,
irrespective of the aspect ratio. [0108] To solve the problem described

above, tR&lEREAUTDININE 2B08N8erfd iavénthes skeomet tWisksalabngdedreegion T
as shown in FIG 13C, which is essentially conposed of a stripe-shaped

first twgsbnal isgnede eBOnand @O edi Ngeiedaki nrdlif&Tiabien nad second
tw st-aligned regions T2 extending con- tinuously fromthe first

(pref orabiyn SEOFPonicabress Hach baf care RShodides tiar and” "

transfornatlon fron1the twisted alignnment to the splay alignnment, starting
at bot h eadendf tWist-alkigned sregabngnad e eagpardteds faioowedah FPChet3C, i f
any, stopped at the crossings of the first twist-aligned region Ti and the

second tihat y@ldsgeds I i 8RS Jds @81888Wad Nedd fowd 31 1A% Aspekdifgly, in
the liquid crystal display de- vice 100, in which the second tw st-aligned

regi ons 54 56 58 and 60 extend continuously fromthe first tw st-aligned
IGS. 13A to .

[0105] The resin layer 120 constituting the steps on
the substrate 4 is formed of an inorganic or organic film
having a thickness in the order of 1 to 10 microns. The
energy difference between the 180-degree twisted alignment
and the splay alignment is not so large. Therefore, if
the thickness of the resin layer varies, or the cell gap
varies, the 180-degree twist-aligned region T may not be
obtained as originally designed depending on the position

in the liquid crystal layer.

[0106] For example, suppose a stripe region having a
thickness of dl1 is formed in a liquid crystal layer having
a thickness of d2 (di1 > d2), to obtain the splay-aligned
region S and the twist-aligned region T, respectively. If
the aspect ratio of the twist-aligned region T is high,
both ends of the twist-aligned fegion T may return (be

transformed) from the twisted alignment to the splay
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regions 42 and 44 and also cross the first tw st-aligned

r egi ons 24Nathod 4

at right angles, these twst-aligned re- gions can serve as nore reliable
nucl eation sites for transformation. [0110] A preferred spacing between the

adj acent second

tw st-aligned regions T2 was al so exam ned. The spaci ng

bet ween the adj acent second twi st-aligned regions T2 (P2 44 2 JUNE 2006 in
FIG 13C) was varied, to observe the coexisting state of the tw sted
al i gnmen@aldghmeret spsaghamingnienFIGn tIdA ¢VeRt iandkeedAdgywisstats i §hed

regions Tl and T2. The ob-

servation results are shown in Table 1 bel ow

Tabl e 1 Rintich P2hef S81002084QD8091REAE6Qhd 2 thiem spoay si1DNgRRBAMX-shat e
[0111] As shown in Table 1, it was found that when the pitch P2 of the

second tmnst aI gneﬁ‘8 ons T2, was O@a eSS t he ste aH
sharm, Houhbten

and the §
pitch

P2 of t he second tmnst aligned regions T2 was in the range

141 tane aE es?lcr‘l Q%h Fou

|gn

1000 U Maboutwe® | #$8 daswitdrikempdt aboaterieHO LM in length.

[0107] Once the region exhibiting the splay alignment
is formed in the twist-aligned region T, the area of the
region exhibiting the twisted alignment gradually de-
creases in the twist-aligned region T as shown in FIG. 13B,
and finally, the entire twist-aligned region T exhibits
the splay alignment. That is, formation of the twist-
aligned region T as the nucleation site for transformation
fails. The above condition that "the aspect ratio of the
twist-aligned region T is high" is specifically that the
aspect ratio of the twist-aligned region T exceeds 80:1.
It has been confirmed from observation results that when
the aspect ratio exceeds 80:1, coexistence of the twisted
alignment and the splay alignment is difficult. It has
also been confirmed from observation results that coexis-
tence of the twisted alignment and the splay alignment is

difficult when the width of the twist-aligned region T is

about 10 umM or less, irrespective of the aspect ratio.

[0108] To solve the problem described above, the pre-
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tence of the twisted alignment and the splay alignment, but the 3 3j3uNE2006
transformation to the splay alignnment was sup- pressed to sone extent due to
t he existence of the second tw st-aligned regions T2. |If the pitch P2
exceeded 1000 U m, no coexi stence was possi ble between the tw sted
alignment and the splay alignnent. The entire of the first tw st-aligned
region Ti and the second tw st-aligned 45 2 JUNE 2006 regions T2 were

t r ansf or fEBtt ¢ nvier O syf armgdmenttwigh12l ignedprediqn tEhasf shiean jui d
crystal display device 100 of this exanple is about 100 /L M. Therefore,

in consi gegat 1@t ofwhieh r esUklssetovan iy dampBstd idf i& steupd-preipgable to
arrange the second twi st-aligned re- gions T2 at a pitch twice or less as

| arge as_.the pixel itch. Ln_the ligyid cryst di spl ay device 100, the
i ton potbPeth Bt farsel dghen Hegeatrendind: 1B ¥ AR T a0 ha
is equal to the pixel pitch, and thus, it is possible to effectively stop
t he trantfionmandn ssgfcortdhe thiirstt - ahtgsedomk giwns- 2 gest amstinoms dant he
splay alignnent. Thus, the first twist-aligned regions 42 and 44 and the

second twiahndlsigNedrbrgdi @R Sf4rd% %@i@%daqq:l%r?@@ SEEYLoRS TPr € 4 eld abl e
nucl eation sites for transfor- mation. [0113] e configuration of the
liquid crgstal di.s I%X ) ) ) )

second direction crossing the first direction (preferably,

at right angles). As a result, it was observed that the
transformation from the twisted alignment to the splay
alignment, starting at both ends of the first twist-
aligned region T1 as shown in FIG. 13C, if any, stopped at
the crossings of the first twist-aligned region Tl and the

second twist-aligned regions T2 as shown in FIG. 13D.

[0109] Accordingly, in the 1liquid crystal display de-
vice 100, in which the second twist-aligned regions 54, 56,
58 and 60 extend continuously from the first twist-aligned
regions 42 and 44 and also cross the first twist-aligned
regions 42 and 44 at right angles, these twist-aligned re-

gions can serve as more reliable nucleation sites for

transformation.
[0110] A preferred spacing between the adjacent second
twist-aligned regions T2 was also examined. The spacing

between the adjacent second twist-aligned regions T2 (P2
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device 100 of this exanple is not limted to that de- scribed aboggunE1hos
reference to FIGS. 10 and 11. For ex- anple, substantially the sane effect
can be obtained by liquid crystal display devices shown in FIGS. 14 to 19.
[0114] In the liquid crystal display device shown in FIG 14, the second
tw st-aligned regions 54 and 56 extend 46 2 JUNE 2006 continuously fromthe
first twst-aligned regions 42 once every three pixels. The second
twist-al 1gnddGegldhd 3PS aviaréedextendobsrae ahiedonmekrstings sdatievel v,
fromthe first twist-aligned region 42, along above the sane source I|ine
26. Li kevicserhd hewseeen avighmahitoneddr agionspidy aavigAmextentdn the
continuously fromthe first tmﬁst aligned regions 44, which extend along

above the.canmon |nes 24, ve hr ee. |xeA | ay-:

Fog on St ST ARG Fotd tpPaS et i AEEF AL A L. AR L TR R § ged
regi ons 37. Each of the first splay-aligned re- gions 36 is substantlally
surroundedryptijon friestltzhcasecshowa tim stakale ghedelewi.ons 42, 44, 54, 56,
58 and 60, and is a region corresponding to three pixels in the row di-

rection and a half pixel in the colum direction. Each of the second
spl ay-aligned regions 37 is fornmed Babheed the second twist-aligned regions

| ocat ed above the sanme source |line and facing each other in the colum
directi PAitch P2 of |50 100 200 400 800 1000 1600

T2

(um)

Coexisting O O O AN AN AN X

state

[0111] As shown in Table 1, it was found that when the

pitch P2 of the second twist-aligned regions T2 was 200 U
In or less, the twisted alignment and the splay alignment
coexisted stably. It was also found that when the pitch
P2 of the second twist-aligned regions T2 was in the range
of 400 to 1000 4 m, it was less easy to keep the coexis-
tence of the twisted alignment and the splay alignment,
but the transformation to the splay alignment was sup-

pressed to some extent due to the existence of the second

twist-aligned regions T2. If the pitch P2 exceeded 1000
4 m , no coexistence was possible between the twisted
alignment and the splay alignment. The entire of the

first twist-aligned region T1 and the second twist-aligned
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[0115] The configuration of the twist-aligned regions shown in FhGunkdoesan
be used for a color liquid crystal display device, for exanple. In a color
liquid crystal display device, the width in the row direction of the

| i ght-shading | ayer can be larger in the portion |ocated between adjacent
sets of RGB pixels than in the portion 47 2 JUNE 2006 | ocated between

adj acent pixels within the set. Therefore, by allocating R Gand B to the
three pi ¥894don% L ere strarpfaymgd giedhegPBhaz6 add@nmenrt ng t he second
twi st- aligned regions 54, 56, 58 and 60 between the adjacent R and B

pi xels, a larger wdth can be secured for the _second tw st-aligned regions.
[0116] | KRR | i quThecrpixal dekprhy fevithe sAd@itih corygtak, dus®lssaci ng
in the row direction between the ad- jacent second tw st-aligned regions

ext endi nge¢aklel MUEUSbY thiemdbemblest ot iséutl 1@eduregl onTh2 s stid f er ent
be- tween the upward and downward regi ons. Mre specifically, second

tw st-al !i.gnecgyx{§ﬂi8i3§t§§na%% 68nex e, ypuarg, Gan- st ”ngﬁiley fromehe first
tw st-aligned regions alter-""nately every pixel, "and I ncl ude regions

| ocat ed above TFTs unusable for display. On the contrary, second tw st-

al i gned fegnrensPratexabhe downadrandsnt thaosdgordomwiat -aligped re-

tw st-aligned region 42 every two pixels. The sec-

gions T2 at a pitch twice or less as large as the pixel
pitch. In the liquid crystal display device 100, the
pitch P2 of the second twist-aligned regions 1is set at
about 100 /£ In that is equal to the pixel pitch, and thus,
it is possible to effectively stop the transformation of
the first and second twist-aligned regions to the splay
alignment. Thus, the first twist-aligned regions 42 and
44 and the second twist-aligned regions 54, 56, 58 and 60
can serve as more reliable nucleation sites for transfor-

mation.

[0113] The configuration of the liquid crystal display
device 100 of this example is not 1limited to that de-
scribed above with reference to FIGS. 10 and 11. For ex-
ample, substantially the same effect can be obtained by

liquid crystal display devices shown in FIGS. 14 to 19.

[0114] In the 1liquid crystal display device shown 1in

FIG. 14, the second twist-aligned regions 54 and 56 extend
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ond tw st-aligned regions 62 and 68 adjacent in the row directiopJgNg 2006
different in the length in the direction of the source lines 26. Also,
second twi st-aligned regions 76 and 78 are alternately formed upward and
downward, re- spectively, fromthe first tw st-aligned regions 44 ex-
tendi ng al ong above the comon |ines 24. The | engths of 48 2 JUNE 2006 the
second twi st-aligned regions 76 and 78 are set so that the wdth W2 of the
secondsﬁﬁ%ﬁlaPpﬁﬁéﬂlﬁﬁﬁ%n§h§7ﬁ¥¥s¥oﬁyﬁﬁ§ P Fiife. TROLETE 142 t RBOR qui d
crystal display device shown in FIG 16, second tw st-aligned regions 62
and 68, energ0 thark Spikedpecti Taky sxdemd coildtimlisdyeflr aadgibend i st

tw st-aligned regions 42 alternately every pixel, and sec- ond tw st-aligned

POL0"S Fha 288, Lee AN 88404 Hhd *aBGAYATAS Yo SXLERGLRIY] AR pfr O (e

first tws i gne grons terna 5 y ‘every prxel. (011

liquid crystal display devices shomn in FIGS 14 to 16, the second

twi st - al FgRel Fegpénaldangd-reaied éBov@lﬂﬂngPPEﬁlm@Qﬂﬁﬁmmtgouﬁcaddltlon
to above the source lines, as in the liquid crystal display device shown

in FIG ifhe They ef Orlﬁxké»hﬁséec%t%%bﬁ|ﬁﬂ§§tr—%'11(]_:]r£§l§ Rayiktha wgder
area can be forned in the region of the light-shading layer. In the liquid

erystal é%gpgylextend continuously from the first twist-aligned

regions 44, which extend along above the common lines 24,
once every three pixels. The splay-aligned region S in-
cludes first splay-aligned regions 36 and second splay-
aligned regions 37. Each of the first splay-aligned re-
gions 36 is substantially surrounded by the first and sec-
ond twist-aligned regions 42, 44, 54, 56, 58 and 60, and
is a region corresponding to three pixels in the row di-
rection and a half pixel in the column direction. Each of
the second splay-aligned regions 37 is formed between the
second twist-aligned regions located above the same source

line and facing each other in the column direction.

[0115] The configuration of the twist-aligned regions
shown in FIG. 14 can be used for a color liquid crystal
display device, for example. In a color liquid crystal
display device, the width in the row direction of the
light-shading layer can be larger in the portion located

between adjacent sets of RGB pixels than in the portion
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devices shown in FIGS. 14 to 16, the second tw st-aligned regionngﬁkgmg6
continuously fromthe first twist-aligned regions. Alternatively, the first
tw st-aligned regions nay be separate fromthe second tw st-aligned regions
as in liquid crystal display devices shown in FIGS. 17 to 19. 49 2 JUNE
2006 [0119] In the liquid crystal display device showmm in FIG 17, first

twi st-aligned regions 42 are forned inde- pendently for each pixel along
above t h&ogated i een aqq?g?ntmpéﬁﬁﬁﬁgﬂkﬁp¥%gFéﬁsS@$-an?Qﬂ@@fPE?med

i ndepen- dently for each pixel along above the common |ines 24. Each of
second twysShiabicgitdthg €yj 0Bsafl exteNdshél PRgeaberixea ¢ hbn sedese diihes 26
for a length equal to the pixel pitch in the colum direction. [0120] In
the liquid,crystal display .devi sho i FIG 18, while first .

i st - ol TEREE. PEGUBRE A2 2HET orffed ShhddPeAEngl y RS BSER™ x & Tong
above the gate lines 22, first twst-aligned regions 44 extend conti nuously
al ong adbvenefe uagimyrs | bes F6.. B8clarml 66chervadnt tilei gnddacesdi dhs 90
extends in the colum direction between the two common |ines adjacent in

the col usRadir patdeds, [H1Pdtgdbewliigt t4d yskakedusRlpyrseviag sbawhd N FI G
19 is different fromthat in FIG 18 in that second tw st- aligned regions

o4 are Torred Lodependenily cyery hal

[0116] In the 1liquid crystal display device shown in
FIG. 15, the spacing in the row direction between the ad-
jacent second twist-aligned regions extending continuously
from the first twist-aligned region 42 is different be-
tween the upward and downward regions. More specifically,
second twist-aligned regions 62 and 68 extend upward con-
tinuously from the first twist-aligned regions 42 alter-
nately every pixel, and include regions located above TFTs
unusable for display. On the contrary, second twist-
aligned regions 74 extend downward continuously from the
first twist-aligned region 42 every two pixels. The sec-
ond twist-aligned regions 62 and 68 adjacent in the row
direction are different in the length in the direction of
the source lines 26. Also, second twist-aligned regions
76 and 78 are alternately formed upward and downward, re-
spectively, from the first twist-aligned regions 44 ex-

tending along above the common lines 24. The lengths of
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pi xel pitch. [0122] In the liquid crystal display devices shown in JuNEGS0610
and 14 to 19, all of the first splay-aligned re- gions are connected to
other first splay-aligned regions 50 2 JUNE 2006 adjacent in the row or
columm direction via the second splay-aligned regions. Having this
structure, it is pos- sible to prevent the problemthat part of the splay-
aligned region S may fail to be transfornmed to bend align- nent but be |eft
in the sph&yS&regeditiahoat hgsehe Hesh-onsit 28 AREM/Bha It heet papt thrat he
splay-aligned region Sin the liquid crystal region, as discussed with

ref er enceheo wikd€35. WRA, o4B tihd Ssed®i@3]splldyodlibrelii rségsphay-3i gred
regi ons may not necessarily be connected to the adjacent first splay-

al i gned j ) r gﬁﬁpple, as shown in FIG 20, alig- uid crysta
di spl ay %§§?§2§n§§ ave a plurality of clus- ters 114, in which first

splay-aligned regions S1 in one cluster are not connected to first

spl ay-al d regions ..Si in another_cluster.. This liguid crystal di.splay
dovi oo, AR ed b@glotf}éwi%‘f‘ble&de"sré’r%%aed idr%scéhlt%%’ | GV FTT | SROVT ofz"Z] As
shown in FIG 20, each of the plurality of clusters 114 of the liquid
crystal BIgpl dp .defpcentp7tvhstcpdden ssbcondiopisay6al iagibd6Begiand 89 two
or nore first

and 81 respectively extend continuously from the first

twist-aligned regions 42 alternately every pixel, and sec-
ond twist-aligned regions 82 and 84, and 86 and 88 respec-
tively extend continuously from the first twist-aligned

regions 44 alternately every pixel.

[0118] In the liquid crystal display devices shown in
FIGS. 14 to 16, the second twist-aligned regions are lo-
cated above the switching elements in addition to above
the source lines, as in the liquid crystal display device
shown in FIG. 10. Therefore, the second twist-aligned re-
gions having a wider area can be formed in the region of
the light-shading layer. In the 1liquid crystal display
devices shown in FIGS. 14 to 16, the second twist-aligned
regions extend continuously from the first twist-aligned
regions. Alternatively, the first twist-aligned regions
may be separate from the second twist-aligned regions as

in liquid crystal display devices shown in FIGS. 17 to 19.
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spl ay-aligned regions Si connected to each other via the second 2JUNE 2006
spl ay-aligned regions S2, and first and second tw st-aligned regions Ti and
T2 surrounding the first and S1 2 JUNE 2006 second spl ay-aligned regions Sl
and S2. The first splay- aligned regions Si in one cluster are not connected
to, but isolated fromthe first splay-aligned regions Si in another
cluster 125] As shown in FI G 20, by connecting the plurality of first
splay-alﬂgﬂgh regi 8fs S&etoléﬁﬁhdot%EYSﬁPﬂhl%lﬁﬁéaYCI@%Yé?ellﬂhOWﬁenlany of
the first splay-aligned regions Sl in the cluster 114 is transfornmed from

t he spl ay1al.i gh7, n€dirstto bendtakilgmyresd , rebeonegi 02 exte bf brmgdt hiendend

al i gnnment expands into the splay aligned regions within the cluster 114.

Ther ef or u cr a Vi 7 GaD p t e

pr obl em ﬁg?ggb fFﬁé} éééﬁ- ’ﬁ?%né&°%§b|%§°%% glﬁghtigxg heigplay
alignment and isol ated. [0126] In FIG 20, one cluster i ncludes four first
spl ay- al Fémnéd rEYislisadignated regians r dd daFectabso Termehagadspeme

cluster and the nunber of the first splay- aligned regions Si in one cluster
are not Qemithgd tort acrbPisie ] 0BAddndNedbovdde thleePSoRonn 1hgeki aply d

crystal display
Each of second twist-aligned regions 90 extends along abo-

ve the source lines 26 for a length equal to the pixel

pitch in the column direction.

[0120] In the liquid crystal display device shown in
FIG. 18, while first twist-aligned regions 42 are formed
independently for each pixel along above the gate lines 22,
first twist-aligned regions 44 extend continuously along
above the common lines 24. Each of second twist-aligned
regions 90 extends in the column direction between the two

common lines adjacent in the column direction.

[0121] The liquid crystal display device shown in FIG.
19 is different from that in FIG. 18 in that second twist-
aligned regions 94 are formed independently every half

pixel pitch.

[0122] In the liquid crystal display devices shown in
FIGS. 10 and 14 to 19, all of the first splay-aligned re-

gions are connected to other first splay-aligned regions
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device 100 of this exanple will be described. The shape of the stgpNEXdos
formed on the substrate may be changed 52 2 JUNE 2006 with the position at
which the steps 20 are forned. This will be described with reference to
FIGS. 7, 8, 10 and 12. [0128] In general, during driving of the liquid
crystal display device, the voltage applied to the gate lines 22 is higher
than that applied to the source lines 26. For exanple, a voltage in the
range ofadjacenfo inp thgyr ropp Qr terlymny dkregpipad ¥t fdhrggafeqantks 22
while a voltage of about 5 Vis applied to the source lines 26. This in-

di cates gpasytheigned regiowsd appvedgt entike strettuty, stital i gnedg-£gi ons
42 formed above the gate lines 22 is higher than that applied to the second

tw st-ali d re- gions 54, 58 _and 60 rned_abqove the, source.lines 26.
The firs?gﬁgfstg%lﬂ%ﬁ%ﬁe?ggigﬁg 49rgpgephe&§9%3epﬁﬁ}e 83- Eﬁ?y EPARSF or med
fromthe twist alignment to bend align- nent, and thus can be used

ef f ecti val ygnedt megrwael éatmayl faiided o dre t tmasbdommeidort.o et add gequal to
that applied to the source lines 26 is applied to the common |ines 24

extendi ngehf Batalde! 18rkh iferaat &gidAESaZégnhealte! 28, thlfde bér iko-
twi st-aligned regions 44 are also easily trans- formed fromthe tw st

alignnment to_bend ali nneq&. In consideration of the above, the geqond
t Wi st - al %E% %EQm the other part of the splay-aligned region in

the liquid crystal region, as discussed with reference to

FIGS. 4A, 4B and 5.

[0123] All of the first splay-aligned regions may not
necessarily be connected to the adjacent first splay-
aligned regions. For example, as shown in FIG. 20, a liqg-
uid crystal display device may have a plurality of clus-
ters 114, in which first splay-aligned regions S1 in one
cluster are not connected to first splay-aligned regions
S1 in another cluster. This liquid cfystal display device,

denoted by 107, will be described in detail as follows.

[0124] As shown in FIG. 20, each of the plurality of
clusters 114 of the liquid crystal display device 107 in-
cludes second splay-aligned regions S$2, two or more first
splay-aligned regions S1 connected to each other wvia the
second splay-aligned regions S2, and first and second

twist-aligned regions Tl and T2 surrounding the first and
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gions T2 are preferably formed above the source lines 26. HereinafjyRi2006
descri bed are shapes of the steps effective 53 2 JUNE 2006 for attaining the
pur poses descri bed above, that is, for effectively using the first

tw st-aligned regions as the nucleation sites for transformati on and using
the second twi st-aligned regions to inprove the stability of the twsted
alignment of the first twi st-aligned regions (sup- press transformation to

t he spl age§Prgnfentay -abignpdasefienssed m&%thv@ eftREE SPl™AGS. 7
and 8, in the normal step as shown in FIG 7, the disclination line 9

swiftly ahighsdupregdoakorg t hey sole faass 2df, arsheneby ddené€géan to,

exhi biting the bend alignnent expands into the splay-aligned region S. On
the contyrary,.in the. invert st as sho in,ElG 8, the disclination
ine s BRLy e thalRg o RS ot Lr He Rl Ay ha o e PR SRS S g T and
the splay-aligned region S on both sides of the disclination [ine 9. [0130]
I n vi ew afhotheralgdwstathe first twist-aligned regions 42 and 44 should be
formed so that the side faces of normal steps extend along the gate |ines
22 and the comon lines 24. Wth this shape, the first tw st-aligned

regi ons BHASkerve as siwoerefimcFi¢Ge Ml dayi opngietdsinar ther pAsfrarliedty on and
t hus the bend-aligned region can be

of first splay-aligned regions S1 to each other within one
cluster 114, when any of the first splay-aligned regions
S1 in the cluster 114 is transformed from the splay align-
ment to Dbend alignment, the region exhibiting the bend
alignment expands into the splay-aligned regions within
the cluster 114. Therefore, the liquid crystal display
device 107 can also prevent the problem that some first
splay-aligned region S1 may be kept in the splay alignment

and isolated.

[0126] In FIG. 20, one cluster includes four first
splay-aligned regions S1 lined in the row direction. The
shape of the cluster and the number of the first splay-

aligned regions S1 in one cluster are not limited to the

above.
[0127] Next, the steps 20 in the liquid crystal display
device 100 of this example will be described. The shape

of the steps 20 formed on the substrate may be changed



swiftly expanded into the splay-aligned regions. In addi 54 2 JUNEJBRE&006
tion, the second tw st-aligned regions 54, 56, 58 and 60 should be forned
so that the side faces of inverted steps extend along the source |lines 26.
Wth this shape, the first twist-aligned regions can be suppressed from
being transfornmed fromthe tw sted alignnment to the splay align- nent
during non-vol tage application for the reason de- scribed before wth

ref erenc&}td Filss. PeSAtieM AL Vbigh) the gekePpbe@ svefobpedsi ngThdenal
steps or in- verted steps as the steps 20 appropriately depending on the
posi ti onwidll We cdesdeibeapwiahe defidishcé heobends .al7 greed 1@gapas 1ean be
expanded swiftly and the twi st- aligned regions as the nucleation sites for
bend alignment can be stabilized. Thus, the liquid crystal display de- vice

100 can f0128]n st alid igem@falhedaldignedisi/ifig OF tHOVENgtid ey sPhay
quality and the Iike. [0132] Next, preferred nethods for form ng nornmal

steps angidMed edepieRs Wild B819GRAL 1 RAM 1B {OT FRE A oL 13hes: obn
general , TiFmTormation ‘procésses usling resist " or a ot osensitiverresin
equivalent to the resist, netal, an insulator and the |ike are enpl oyed.
Nor mal stigphigkert Ehiagal thatopped igd (19 Aheetsedrasi dgormt 26 eathert, (2)
a nethod using etching, and (3) a nethod using a photol
example, a voltage in the range of -12 V to +12 V or -20 V
to +20 V is applied to the gate lines 22 while a voltage
of about 5 V is applied to the source lines 26. This in-
dicates that the electric field applied to the first
twist-aligned regions 42 formed above the gate lines 22 is
higher than that applied to the second twist-aligned re-
gions 54, 56, 58 and 60 formed above the source lines 26.
The first twist-aligned regions 42 are therefore more ea-
sily transformed from the twist alignment to bend align-
ment, and thus can be used effectively as the nucleation
sites for transformation. A voltage equal to that applied
to the source lines 26 is applied to the common lines 24
extending in parallel with the gate lines 26. Therefore,
the first twist-aligned regions 44 are also easily trans-
formed from the twist alignment to bend alignment. In
consideration of the above, the second twist-aligned re-

gions T2 are preferably formed above the source lines 26.

Hereinafter, described are shapes of the steps effective
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55 2 JUNE 2006 thographic process. Reverse steps are however genesaUNE 2006
difficult in formation. [0133] Referring to FIGS. 21A to 21D and 22A to 22D
nmet hods usi ng a photolithographic process will be de- scribed, in which
normal steps and inverted steps can be easily formed sinultaneously. FIGS.
21A to 21D denon- strate formation nmethods using a negative type photosensi -
tive resin layer, in which FIGS. 21A and 21B illustrate process steps of

f or mat i ofiosf dthaintdsitdes PREPPEES. dassrihad2 above ustthaxte pBoceBsr st eps
of formation of normal steps. FIGS. 22A to 22D denonstrate fornmation

net hods ggfethgvel3osSubivg tome Eheiasepwikitvalriefidd | a¥giohd?, akn tidi ch
FI GS. 22A and 22B illustrate process steps of forma- tion of nornal st eps

and FI GS. 2 gnd 22E%£IIU ratg %{ﬁﬁ)ss steﬁs of ., formatio i nverted
st eps. I\B‘f“@ Rat-°Thof hafSst'éps RGNS 42 e fO % aHS BB oF d SEGRAT ane-
ously al though, in the follow ng discussion, the formation of normal steps

and the twisttiddgofed numdicehst eps areprdescrthed stpbdidtidly foff the
sinplification. [0134] First, a nethod for formng inverted steps from a

negati ve h VEEl €% o] r t erence
togFI - t%%%%gﬁdc%ll?ﬂ%ﬂt E£" &len élaa/see Wik 508 19@mexf ribgdomist f i €

shown in

press transformation to the splay alignment).

[0129] As discussed above with reference to FIGS. 7 and
8, in the normal step as shown in FIG. 7, the disclination
line 9 swiftly shifts upward along the side face 21F,
whereby the region exhibiting the bend alignment expands
into the splay-aligned region S. On the contrary, in the
inverted step as shown in FIG. 8, the disclination line 9
stays keeping the aligned states of the twist-aligned re-
gion T and the splay-aligned region S on both sides of the

disclination line 9.

[0130] In view of the above, the first twist-aligned
regions 42 and 44 should be formed so that the side faces
of normal steps extend along the gate 1lines 22 and the
common lines 24. With this shape, the first twist-aligned
regions can serve as more effective nucleation sites for
transformation and thus the bend-aligned region can be

swiftly expanded into the splay-aligned regions. In addi-
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2 JUNE 2006 FIG 21A,

the substrate 4 having a high-reflectance reguNe 2084

on the principal plane is prepared. The high- reflectance region 121, which

is higher in reflectance than the surrounding regions, is preferably the

gate line 22, the source line 26 or the common line 24, nmade of a netal
. As described above, the side faces of in- verted steps should
preferably extend along the source |ine 26. Therefore, the high-reflectance
regi on 1pionsg thefseghnd thwisbuatiéghpde Tdi¢03 3518 A MegabiBveangpd0
phot osensitive resin layer 122 is then fornmed on the principal plane of the

mat eri al

substrat

€hduldThe phEnsensot ittt e6h8 lsal fAZdes SoEOVGHAG- b & h st RS

k

125

having a |ight-shading portion 123 and a light- transmtting portion 124 in

a predet

i ned pat t d then.rradigted with light 126 via th k
125 The TSRS DSBS (TOREESSd IIRR Phe |1 JEDS o fig SRS on ThE3 i s

| ocat ed

| i ght - shfdrsg poristoral@nedi mpdivnse dame bearsgpmfe $dedhifgtonm ebledatgance

above the high-reflectance region 121 with edges 123E of the

region 121. The light 126 passing through the mask 125 into the

121 as
2006

phot 0Sengi-Lh¥EoERB £ Sind 28i SEERCTALI Gk e LB Gl QI B0 aReg gl on

reflected Iight 126R Using the retlected light 1

ment during non-voltage application for the reason de-

scribed before with reference to FIGS. 13A to 13D.

[0131] As described above, by using normal steps or in-
verted steps as the steps 20 appropriately depending on
the positions at which the steps are formed, the bend-
aligned regions can be expanded swiftly and the twist-
aligned regions as the nucleation sites for bend alignment
can be stabilized. Thus, the liquid crystal display de-
vice 100 can attain stability of the aligned state, im-

provement in display quality and the like.

[0132] Next, preferred methods for forming normal steps
and inverted steps will be described. For formation of
steps, in general, film formation processes using a resist
or a photosensitive resin equivalent to the resist, metal,
an insulator and the like are employed. Normal steps are
typically formed by (1) a method using heat treatment, (2)

a method using etching, and (3) a method using a photoli-
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verted steps 20S (a < 90) are fornmed as shown in FIG 21B. [0136]2ushtoos
output froma normal optical aligner has a parallelismof about 3 or |ess.
However, the light 126 wused for exposure of the photosensitive resin |ayer
122 should preferably have a parallelismin the range of about 5 to 10.
Wth this low parallelism the light incident at the edges of the

| i ght-shading portion 123 is reflected fromthe high-reflectance region
121, andthRerehlisctpdockisght (Reiviearse r etepst calr¢i diavevwah gemeriadute to

| ight exposure of the portion of the photosensitive resin |ayer 122

| ocat ed ghder cuhe mMaskeofRd8ibnNext, a nmethod for form ng normal steps from
a negative type photosensitive resin |layer will be described wth

reference to FIGS. 21C and 21D. [0138] Unlike the formation of the inverted

steps 20fpagescri brdraboueg stBCeEs! efdigct ed 12 0Bt driy F 844 red BWp, i ng
| i ght exposure for the formation of normal steps 20F, it is not necessary

to forn1th% hhgh-retlectance r io.qic 121 og.the substratgﬂé: Fdeve , the

si de facB§BP heusﬁﬁﬁhap'sﬁ&é?ﬁﬁ%a%ﬁ%ﬁ?@ &%t eRGC&FCGTy Tyat® | 9% 22 or

the common |ine 24 as described above. In the follow ng description,

t her ef or egribedcasien hwhilcdy thherhagh Beps JahE 2006 re¢decttace cegi de 121

such as the gate line 22 and the
easily formed simultaneously. FIGS. 21A to 21D demon-
strate formation methods using a negative type photosensi-
tive resin layer, in which FIGS. 21A and 21B illustrate
process steps of formation of inverted steps and FIGS. 21C
and 21D illustrate process steps of formation of normal
steps. FIGS. 22A to 22D demonstrate formation methods us-
ing a positive type photosensitive resin layer 132, in
which FIGS. 22A and 22B ijllustrate process steps of forma-
tion of normal steps and FIGS. 22C and 22D illustrate
process steps of formation of inverted steps. Note that
normal steps and inverted steps can be formed simultane-
ously although, in the following discussion, the formation

of normal steps and the formation of inverted steps are

described separately for simplification.

[0134] First, a method for forming inverted steps from
a negative type photosensitive resin layer will be de-

scribed with reference to FIGS. 21A and 21B. As shown in
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common line 24 on the principal plane of the substrate 4 w | be2desgriobgd.
[0139] The substrate 4 as described above is first pre pared. The negative
type photosensitive resin layer 122 is then forned on the principal plane
of the substrate 4. The photosensitive resin |ayer 122 is covered with a
mask 125 having a |ight-shading portion 123 and a light- transmtting
portion (opening) 124 in a predeterm ned pat- tern, and then irradiated with
| i ght 12BIGia2flde rduk d@Bstralfe MadkavuPagi 8 pdsih-imekbesbanpet negsion

| i ght-shadi ng por- tion 123 is |ocated above the high-reflectance region 121

with edgesi123k Ofthbheﬂﬂlg{liiggﬁdi GaB@r ti;gn %;z%[p&fé‘g out ghde theggre ea of
the high-reflectance region 1 e light 1 passi ng through the nask 125

into the en- sitive reS| | aye 2 is not reflected frogmthe hig
reflectaﬁggg?g POFe121 4R tﬁ 'uglhd'ghlﬁsthglﬂ dléPedreﬁﬁGHFgBﬂ? t he

normal steps 20F (a> 90) are fornmed as shown in FIG 21D. [0140] In the
for mat i ohhah tthe noumedusliepy AHgiahso, isl ippefaaubiy ahpargakel ilsime n t he
range of about 5 to 10 is preferably used for exposure of the

hot osengjt E I r he,f or, o] of t he
p senghti ¢ 9% gy ERE 3 ﬁ) HgsSid ?héﬁﬁéo S 1iihd N8af OnmRid Ee

inverted sfeps 205 described above. ow parall élism t Ilght

metal material. As described above, the side faces of in-
verted steps should preferably extend along the source
line 26. Therefore, the high-reflectance region 121 is

preferably the source line 26.

[0135] A negative type photosensitive resin layer 122
is then formed on the principal plane of the substrate 4.
The photosensitive resin layer 122 is covered with a mask
125 having a 1light-shading portion 123 and a 1light-
transmitting portion 124 in a predetermined pattern, and
then irradiated with light 126 via the mask 125. The mask
125 is positioned so that the light-shading portion 123 is
located above the high-reflectance region 121 with edges
123E of the 1light-shading portion 123 being 1inside the
range of the high-reflectance region 121. The light 126
passing through the mask 125 into the photosensitive resin
layer 122 reflects from the high-reflectance region 121 as

reflected light 126R. Using the reflected light 126R, in-
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I ncident at the edges of the light-shading portion 123 can contrphuNe 2006

| i ght exposure of the portion of the photo- sensitive resin |ayer 122

| ocat ed under the mask, as shown in FIG 22C [0141] Next, nethods for
formng normal steps and in- verted steps froma positive type
photosensitive resin layer 132 will be described. Contrary to the case of
us- ing the negative type photosensitive resin layer 122, in the case of
usi ng t h¥epsedt iS\t@ptS]p%Oth& oseld’t) vare eEpmmefapsr shewn tire REGARR1Bt-eps
20F are formed by use of the reflected |ight 126R fromthe high-refl ectance
region 121. First, a method for formng the normal steps 20F fromthe

posi ti velllgpke phot bighsi CuiPytesfROMapemorggaly pptheadealkicgnerdhasom2] As
shown in FIG 22A, the substrate 4 having a high-reflectance region 121 on

the pringhpahilplasm iSf paboupar®d. othe dégh- r efdwstance thegi pngil 12% hi gher
in re- flectance than the surroundi ng regions. As described above in

relation_to.t met hod far faorm naor.mal steps, .by use of negati.ve type
bhot osenBPBi EPEsFrTeaihe | Bhe Bie > DHREP SR RLTR. et T bkt AT edha 101
is preferably the gate line 22 or the common |ine 24. The positive type
phot osensheild predierdblerhage bsparmlIokhsd dn the pange paf pbawvd of

5 to 10°. With this low parallelism, the light incident
at the edges of the light-shading portion 123 is reflected
from the high-reflectance region 121, and the reflected
light (primary reflected 1light) can contribute to 1light
exposure of the portion of the photosensitive resin layer

122 located under the mask.

[0137] Next, a method for forming normal steps from a
negative type photosensitive resin layer will be described

with reference to FIGS. 21C and 21D.

[0138] Unlike the formation of the inverted steps 20S
described above, since no reflected light is required dur-
ing light exposure for the formation of normal steps 20F,
it is not necessary to form the high-reflectance region
121 on the substrate 4. However, the side faces of the
normal steps preferably extend along the gate line 22 or
the common line 24 as described above. In the following

description, therefore, the case having the high-
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the substrate 4. The photosensitive resin layer 132 is covered w JuNE 2086k
125 having a light-shading portion 123 and a light-transmtting portion 124
in a predetermned pattern, and then irradiated with light 126 via the mask
125. The mask 125 is positioned so that the light- transmtting portion 124
is |l ocated above the high- reflectance region 121 wth edges 124E of the
light- transmtting portion 124 being inside the high-reflectance region
121. TheTrrifdictErgepasspiagnt hkdlgisu AEskthesgaite oline Fdt avdnstheve
resin layer 122 is reflected from the high-reflectance region 121 as

refl ect edohingtl 126K 24Usdmgthbe grefnecpad lgigiHe 18R tHdesiBsRate eps 20F
(a> 900) are fornmed as shown in FIG 22B. [01431 Next, a nethod for form ng

the invert te 20S fromthe positive type photosensitive resin |ayer
132 mﬁ|F1§3 gﬁégﬁ?ﬁ%ﬂfh?%’this case, since no reflected light is required
during light exposure for the formation of the inverted steps 20S, it is

not nece to farmth igh- reflectance reqgion. 121 on the substrate 4.
However,ﬁﬁﬁéy side%¥§c§§ﬁ§$”%HEei vEFt & %?Ebggsrégﬁ?ﬁ%lﬁse &R éﬂﬁﬁ@ 61 2
JUNE 2006 the source line 26 as descri bed above. In the foll ow ng

descri pt bemedt-her &her enegaiel vasd yife f pheitieg el thigyh- nesfilneclanes rkyzon 121
such as the source line 26 on the

is then formed on the principal plane of the substrate 4.
The photosensitive resin layer 122 is covered with a mask
125 having a 1light-shading portion 123 and a 1light-
transmitting portion (opening) 124 in a predetermined pat-
tern, and then irradiated with light 126 via the mask 125.
The mask 125 is positioned so that the light-shading por-
tion 123 is located above the high-reflectance region 121
with edges 123E of the light-shading portion 123 being
outside the area of the high-~reflectance region 121. The
light 126 passing through the mask 125 into the photosen-
sitive resin layer 122 is not reflected from the high-
reflectance region 121, and thus using only the irradiated
light 126, the normal steps 20F (a> 90°) are formed as

shown in FIG. 21D.

[0140] In the formation of the normal steps 20F, also,
light having a parallelism in the range of about 5 to 10°

is preferably used for exposure of the photosensitive
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princi pal plane of the substrate 4 will be described. [0144] The 3sybsERhe 4
as described above is first pre pared. The positive type photosensitive
resin layer 132 is then formed on the principal plane of the substrate 4.
The photosensitive resin layer 132 is covered with a mask 125 having a

| i ght-shading portion 123 and a light- transmtting portion 124 in a
predeterm ned pattern, and then irradiated with light 126 via the nmask 125.
The mask rdgbn i kapesi li2@nedsoin hthet fornaghion rafisthet iimyeored ostep@4 i s

| ocat ed above the high-reflectance region 121 with edges 124E of the

l'i ght - traypan §& 50891 Bk la¥d A4 bRieA tﬁﬂkﬁhﬂﬁn;@5;3&@@1&%&LGQQﬂchi fgi on
121. The light 126 passing through the mask 1 into the photosensitive
resin layer, 132 is not reflected fromthe high-reflectance re-_ gion 121,

and t hus S hi §te h8e &t 28 Fhghtl 1%, ~Shaginfy errdd 4t ehd3 20380(a <
90) are forned as shown in FIG 22D. [0145] In the case of using the

posi tive doperpbhoteseon diighve egposurayersf 18Reapahioivni ofFtER RRAtbe 22D,
as in 62 2 JUNE 2006 the case of using the negative type photosensitive

in 62 2 JUNE 2006 the o osensi tive
| ayer 1330S iRl JERART IR 120, ERPRTAA M GERETHERRT: 4 L B

in FIG. 22C.

[0141] Next, methods for forming normal steps and in-
verted steps from a positive type photosensitive resin
layer 132 will be described. Contrary to the case of us-
ing the negative type photosensitive resin layer 122, in
the case of using the positive type photosensitive resin
layer 132, the normal steps 20F are formed by use of the
reflected light 126R from the high-reflectance region 121.
First, a method for forming the normal steps 20F from the
positive type photosensitive resin layer 132 will be de-

scribed.

[0142] As shown in FIG. 22A, the substrate 4 having a
high-reflectance region 121 on the principal plane is pre-
pared. The high-reflectance region 121 is higher in re-
flectance fhan the surrounding regions. As described
above in relation to the method for forming normal steps

by use of a negative type photosensitive resin layer, the
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[0146] According to the step formation nethods de- scribed above, ;ijoxero66
steps, formation of which is gen- erally considered difficult, can be easily
formed sinultaneously with formation of normal steps. [0147] In the above
description, the twist-aligned re- gion T serving as the nucleation site for
transformation was fornmed in the light-shading region so as not to be in-
cluded in the display area. The present invention is not I|imted to this,
but bot hhilgh-mgifstecliangredregdoon IRTantds phefeplediwnl ilymedategildmes 2y be
included in the display area. For exanple, in a transm ssion/reflection

conbi na- ofl @thd Y8EmibaU 1K kd Y2lual dirsRl Yo SeVi 68, tiyife t Phdkodldndiad: & egi on
T of the liquid crystal layer having a l'arger thickness (dl) may be used as

the transm ssi and t spl ay-al.i ned region S thereof having a
srmi | or Eheap Trs?| 3322%5 ) thep Bdtndy' BT Votlacinnl r Bgr0R. T8 such
a liquid crystal display device, both the tmnst- aligned region T and the
spl ay- al thredsulzgtoats clan belttS philiids OBt irsed ﬁemlnﬂl ipalyagr 18248is As

descri bed above, according to the present in- vention, is possible to
provi de asl iy ﬂtﬁ?té' mgéﬁ 1RIsDh eV §€a egagﬂt%miﬁ Brtgloy aglf’.f
transformation from splay alignnment to ben 1 gnnent o ron1ben al i gn-

and a light-transmitting portion 124 in a predetermined
pattern, and then irradiated with light 126 wvia the mask
125. The mask 125 is positioned so that the 1l1light-
transmitting portion 124 1is 1located above the high-
reflectance region 121 with edges 124E of the 1light-
transmitting portion 124 being inside the high-reflectance
region 121. The light 126 passing through the mask 125
into the photosensitive resin layer 122 is reflected from
the high-reflectance region 121 as reflected light 126R.
Using the reflected light 126R, the normal steps 20F (a>

90° ) are formed as shown in FIG. 22B.

[0143] Next, a method for forming the inverted steps
20S from the positive type photosensitive resin layer 132
will be described. In this case, since no reflected light
is required during light exposure for the formation of the
inverted steps 20S, it is not necessary to form the high-
reflectance region 121 on the substrate 4. However, the

side faces of the inverted steps preferably extend along
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ment to splay alignnent. The present invention is suita- bly appl b8gNkEQ006
liquid crystal display devices used for nonitors for conputers and fl at
T.V. sets. [0149] While the present invention has been described in a
preferred enbodinent, it will be apparent to those skilled in the art that
the disclosed invention may be nodified in nunerous ways and nmay assune
many enbodi nents other than that specifically set out and descri bed above.
Accor di nghe¢, squrce | hierdedb bgst lde sppEreldd abloviers t dncdihe efodlllowing

nodi fications of the invention that fall within the true spirit and scope

of the iguepthighidf, 2 tHd¥e PO, Wiakei Scgkai nBe | Borhing | it d Hargtst al

di spl ay device conprising: a flrst substrate, a second substrate placed to

face the fliSt substrate, an Hld crystal |aye #nterp ed bet ween t he
first anBeSLEGhANSFHstTALRE, r%P t 7S | Hagi &06-‘%}3;%% 1pgy® i ARl Jd¥s: a
splay-aligned region in which a transformation fromsplay alignnment to bend
al i gnnenpronciipam pdrethaalofjnvieat stbstspitay alwihhebe desorsibestording to a
vol tage applied; and a nucleation region adjacent to the splay-aligned
region and serving as a nucleation site for initiating the transformation

t o occur[0iladlt he spThg- subgtathtregd oas tdesonichedt abbveedgionfinskugase a
plurality of first nucleation regions each of the plurality of first

nucl eatlggféagl ONgn EX LRI N0, 4 N ¢ d 1 ogbgé gl%v@nﬁeglgl U 2 LEY 102

second eation regions, each ura |ty of secon eati on

regi ons
g is then formed on the principal plane of the substrate 4.

The photosensitive resin layer 132 is covered with a mask
125 having a 1light-shading portion 123 and a 1light-
transmitting portion 124 in a predetermined pattern, and
then irradiated with light 126 via the mask 125. The mask
125 is positioned so that the light-transmitting portion
124 is located above the high-reflectance region 121 with
edges 124E of the 1light-transmitting portion 124 being
outside the high-reflectance region 121. The light 126
passing through the mask 125 into the photosensitive resin
layer 132 is not reflected from the high-reflectance re-
gion 121, and thus using only the irradiated light 126,
the inverted steps 20S (a < 90°) are formed as shown in

FIG. 22D.

[0145] In the case of using the positive type photosen-

sitive resin layer 132 as shown in FIGS. 22A to 22D, as in



extending in a second direction different fromthe first directios guNt&oos
spl ay-aligned region includes a plurality of first splay-aligned regions
having a first width in the second direction and a plurality of second

spl ay-aligned regions having a second width snmaller than the first width in
t he second direction, and the plurality of first splay-aligned regions
include two first splay-aligned regions connected to each other via one of
t he pl ur &Ret yCd$esOfonds$pPayhs | BRI tiveyi BBe AP iPReRFAtiNe fFesinwi dth
of the plurality of first splay-aligned regions and the second wi dth of the
pluralityagkerserand spleayt aghgnade egoeneypesdedi oed tiyet Pho e gal i-on
region. 2. The liquid crystal display device of claiml, wherein the liquid
crystal r ai a chiral__dopan he _nucl eation -regi on i.s a

tw st -al }tg)r%d l?%%lménle% i bi ???\gp -la‘%e%%%e%tavﬁ s%e aﬁalrlglne mt " ddil n@he
non-vol tage application, the plurality of first nucleation regions are a

pl ural i t fasgef iofstahanistSatPghéd -r egi ons exhi biting 180-degree twi sted

al i gnment during non-voltage application, and the plurality of second

nucl eation regions are a plurality of second tw st-aligned regions

exhi bi ti H46B0- dedceeondiing edtal | gheenstew | proat yont age thmsls cadéon. 3.
The liquid crystal display device of claim2, wherein dl/p of the

tw st -al sgreded egbe¥e| S igveattesd t BaBpel/ Ffmabeospody -wthighed o egépn where
pis apitch of the liquid crystal material, dl is a thickness of the

tw st-align region_of. the |iquid cr al layer, and d2 .is a thickness of
t he spla?ggﬁganechgaﬁ&$qﬁdtt1 Hi(ﬁﬁ%ﬁ%ryst%? Iafg?. £4 | ?%P%&ysta
di spl ay device of claim3, wherein dl is greater than d2. 5. The liquid
crystal dinplipng@usky ofithaformhatitoar o reormaissteps .of the first
substrate and the second substrate has a plurality of steps each having an

upper face, a |lower face, and a side face connecting the upper face and the
| oner fad47land 65In the above description, the twist-aligned re-

gion T serving as the nucleation site for transformation
was formed in the light-shading region so as not to be in-
cluded in the display area. The present invention is not
limited to this, but both the twist-aligned region T and
the splay-aligned region S may be included in the display
area. For example, in a transmission/reflection combina-
tion type liquid crystal display device, the twist-aligned
region T of the 1liquid crystal layer having a larger
thickness (dl) may be used as the transmission region and
the splay-aligned region S thereof having a smaller thick-
ness (d2 < dl) may be used as the reflection region. In
such a 1liquid crystal display device, both the twist-

aligned region T and the splay-aligned region S can be
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2 JUNE 2006 the splay-aligned region is fornmed above the upper faggenphoddre
plurality of steps, and the twist-aligned region is fornmed above the | ower
faces of the plurality of steps. 6. The liquid crystal display device of
claim5, wherein the plurality of steps include a first step and a second
step, the side face of the first step has an angle exceeding 90 with
respect to the |ower face, and the side face of the second step has an
angl e | e¥seth&RTO@MRIEY espect to the lower face. 7. The liquid crystal

di spl ay device of claim6, wherein the side face of the first step extends
inthe first direction. 8. The liquid crystal display device of claimb®,
wher ei n {H48kj de fAEedsisamidbedcabayest creox@hag ite tthe sRESRENd riget i on.
9. The liquid crystal display device of claim2, wherein the first substrate

i ncl udesvanphiohgl iiy 8k gpd€sibnes textphdiidel mat heqhliastctys€8li @hisa

plurality of source I|ines extending in the second direction crossing the
first directio a plurality of swtching,elenents. placed in the vicinity
of the cpggginéévéf thSHSF Qt)?%ﬁé%at ilﬁé&a%%%gth r%?ﬁ?ﬁFﬂﬁ}%ﬂnsource

lines, and a plurality of pixel electrodes electrically connected with the
pluralit$ronm gatlay iaesgrmentheéopband i ayighmeodr o |frems bendt Rdigrhurality
of switching elenents, at |east one of the plurality of first tw st-aligned

regi ons .inénftowedsﬁg €adli grlnfedst . ONehdf JASsPhr ahvihtdfoali 8 lsidias, - at
| east one of the plurality of second tw st-aligned regions is formed above

at least_one of _the plurality of source lines,. and at Jeast one_of_the
ol ural i t9181 FRRLICUp G- HiGHEY SHURL| JHPIRY Aet YRt SRR of
the plurality of pixel electrodes.

monitors for computers and flat T.V. sets.

[0149] While the present invention has been described
in a preferred embodiment, it will be apparent to those
skilled in the art that the disclosed 1invention may be
modified in numerous ways and may assume many embodiments
other than that specifically set out and described above.
Accordingly, it is intended by the appended claims to cov-
er all modifications of the invention that fall within the

true spirit and scope of the invention.
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10. The liquid crystal display device of claim9, wherein the first
substrate further includes a plurality of common |ines each forng [ﬁ@f%’tﬁ%n
t he adj acent ones of the plurality of gate lines, and at |east one
plurality of first twist-aligned regions is formed above at |east one of
the plurality of comon lines. 11. The liquid crystal display device of
claim 2, Wog4i8t Aagtedigast one of the plurality of second tw st-aligned
regions is formed continuously fromat |east one of the plurality of first

tw st-aligned %Hg&ﬁ%{ys@@d?sgﬂa%)'\d%v@%@mé%sln he liquid crystal display device

of claim 11, wher etwe $wo second tWI st-aligned regions
adj acent in the I rst direction among the r second, tw st-aligned
regions is. 1 m*?l Yypt g4 éggate PECCHHESUPS Eé pla ‘?‘ﬁ@% ‘Ieth?é tSybsiidis ard & clai m %
wher ei n t HEUY@Ysipldayar iietroatd Ratweqn e figst apq secand ﬁﬁqsere Pes of the Iiquid
crystal layer is parallel to the first direction, 14. A liquid crystal
di spl ay devi ce vdenpn ilei lngid erybtial kyersotlsdasas eplaﬁahgmdrrdgisublswhaﬁla pl aced to
face the ftransforrsathsifi@heplagatg@nedtitojbérd atigyisieal orl fayte bendhlégrnpnsmed bet ween t he
first and sproanghEeIsceat ascordig td i bltdbe applyet; ahd h aMeeatiPneg@ioni ng a chiral
dopant, wWh@r.gédi 16 R shiaGLhil@ned Ma%lcﬁh' anﬁ%}éﬁ/ﬁng e Mfé"atloﬁ‘sﬁté"fo?tlnlﬁﬁth%}ﬁg regi On
exhi biti ngranélf%gnﬂﬁﬂlrtS%c.’inﬁttl‘gedstp ﬁ/ &‘Fe I ng non-voltage a cation;

|

a splay-aligne reglon ex pl ay a I gnnment during non- voltage
application an nnent catian used for
di spl ay, t @%e[n E %8?9 gioh el ung %8@’#&%\9@& dﬁg‘f’élogé%%s i":ﬁ?s ?t e has a
plurality? g pit AL Ryriealign Feglensexiandinerina fir eaﬂ%ye@am L}ralgi each
havi ng an s rnuﬁ @téon gejogeegach of the plurality of second nucleation regions

extending in a second direction different from the first direction,

the splay-aligned region includes a plurality of first splay-aligned regions
having a first width in the second direction and a plurality of second splay-aligned
regions having a second width smaller than the first width in the second direction, and

the plurality of first splay-aligned regions include two first splay-aligned
regions connected to each other via one of the plurality of second splay-aligned
regions, and wherein the first width of the plurality of first splay-aligned regions and
the second width of the plurality of second splay-aligned regions are defined by the
nucleation region.

2. The liquid crystal display device of claim 1, wherein the liquid crystal layer
contains a chiral dopant, the nucleation region is a twist-aligned region exhibiting
180-degree twisted alignment during non-voltage application, the plurality of first
nucleation regions are a plurality of first twist-aligned regions exhibiting 180-degree
twisted alignment during non-voltage application, and the plurality of second
nucleation regions are a plurality of second twist-aligned regions exhibiting 180-
degree twisted alignment during non-voltage application.

3. The liquid crystal display device of claim 2, wherein d1/p of the twist-aligned
region is greater than d2/p of the splay-aligned region where p is a pitch of the liquid
crystal material, d1 is a thickness of the twist-aligned region of the liquid crystal
layer, and d2 is a thickness of the splay-aligned region of the liquid crystal layer.

4. The liquid crystal display device of claim 3, wherein d1 is greater than d2.

5. The liquid crystal display device of claim 4, wherein at least one of the first
substrate and the second substrate has a plurality of steps each having an upper face, a
lower face, and a side face connecting the upper face and the lower face, and

65



face, and a side face connecting the upper face and the | ower face, the
splay-aligned region is formed above the upper faces of the pluraljing Kos
steps, and the twist-aligned region is forned above the | ower faces of the
plurality of steps, and the plurality of steps include a first step and a
second step, the side face of the first step has an angle exceeding 90 with
respect to the th@éﬁay-alagaﬁd r8gien iNBrifédfovaar uppkr f& SPAOBRIrAlteBf has an

angl e | essydhahdd eMiE@alfgt?nﬁg?é'gtioﬁﬁ foiReed! BYRE the 36 Rer faCestdF eb@ltlfeautﬁbﬂe face of

t he second;sfep, but not Irst step, is characterize a top portion
t hereof overhanging a | ower portion thereof so that the side face of the
second step defines a recess which is located in an area where the upper

face of the secgnd. s over hangs .the | ower portion of the second step. 67
6. ﬁleqiqchF (F:)rystal (?islnay gevice of claim 5, w%erein the plurality of steps P
include a first step and a second step, the side face of the first step has an angle

exceeding 90° with respect to the lower face, and the side face of the second step has
an angle less than 90° with respect to the lower face.

7. The liquid crystal display device of claim 6, wherein the side face of the first
step extends in the first direction.

8. The liquid crystal display device of claim 6, wherein the side face of the
second step extends in the second direction.

9. The liquid crystal display device of claim 2, wherein the first substrate
includes a plurality of gate lines extending in the first direction, a plurality of source
lines extending in the second direction crossing the first direction, a plurality of
switching elements placed in the vicinity of the crossings of the plurality of gate lines
and the plurality of source lines, and a plurality of pixel electrodes electrically
connected with the plurality of gate lines and the plurality of source lines via the
plurality of switching elements,

at least one of the plurality of first twist-aligned regions is formed above at
least one of the plurality of gate lines,

at least one of the plurality of second twist-aligned regions is formed above at
least one of the plurality of source lines, and

at least one of the plurality of first splay-aligned regions is formed above at
least one of the plurality of pixel electrodes.

10.  The liquid crystal display device of claim 9, wherein the first substrate further
includes a plurality of common lines each formed between the adjacent ones of the
plurality of gate lines, and

at least one of the plurality of first twist-aligned regions is formed above at

least one of the plurality of common lines.

11. The liquid crystal display device of claim 2, wherein at least one of the
plurality of second twist-aligned regions is formed continuously from at least one of
the plurality of first twist-aligned regions.
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12. The liquid crystal display device of claim 11, wherein the spacing between
two second twist-aligned regions adjacent in the first direction among the plurality of
second twist-aligned regions is 1 mm or less.

13, The liquid crystal display device of claim 1, wherein the pretilt direction of
liquid crystal molecules of the liquid crystal layer is parallel to the first direction.

14. A liquid crystal display device comprising:

a first substrate, a second substrate placed to face the first substrate, and a
liquid crystal layer interposed between the first and second substrates, the liquid
crystal layer containing a chiral dopant,

wherein the liquid crystal layer includes: a twist-aligned region exhibiting
180-degree twisted alignment during non-voltage application; and a splay-aligned
region exhibiting splay alignment during non-voltage application and bend alignment
during voltage application, to be used for display,

at least one of the first substrate and the second substrate has a plurality of
steps on the surface facing the liquid crystal layer, each having an upper face, a lower
face, and a side face connecting the upper face and the lower face, the splay-aligned
region is formed above the upper faces of the plurality of steps, and the twist-aligned
region is formed above the lower faces of the plurality of steps, and

the plurality of steps include a first step and a second step, the side face of the
first step has an angle exceeding 90° with respect to the lower face, and the side face
of the second step has an angle less than 90° with respect to the lower face, so that the
side face of the second step, but not the first step, is characterized by a top portion
thereof overhanging a lower portion thereof so that the side face of the second step
defines a recess which is located in an area where the upper face of the second step
overhangs the lower portion of the second step.
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