; e3e LD001: <XK6(LT|L WLIQUJ D CRYSTAL DI SPLAY DEVI CE AND METHOD FOR
FABRI CATI NG THE SAME 5 TECHNI CAL FI ELD The present invention relates to a
liquid crystal display device, and nore particularly, to a quuid crystal
di spl ay device suitably used for portable information eq ook
PCs, desktop nonitors, television sets 10 and the |ike, mﬂﬂ‘ m mmm
nnving | mge di spl ay characteristics. BACKGROUND ART Conven ona i qui d
crystal display devices 15 usi ng BESERIPTION qui d crystal mat éH?Pat" have
been wi dely used as digit segnent displays for watches, calcul ators and the

and consHHORGD SWRBGBF. HsKHAY c AR (B HEARGR. ?&Fﬁa*ééggé?;'ﬁ “wi de

use as 20 displays for notebook PCs and desktop nonitors. parti cul ar,
in the mpgkels desktop nonitors, it is no exaggeration to state t hat
conventi onal moni tors have been i ncreasingly replaced wwth LCD

nmonitors. This trend has al so spread to the market of TV nonitors |n whi ch
CRTs 5 have | ong been a nonopoly. Many manufacturers now

5 TECHNICAL FIELD
The present invention relates to a liquid crystal
display device, and more particularly, to a liquid crystal
display device suitably used for portable information
equipment, notebook PCs, desktop monitors, television sets
10 and the 1like, which require moving image display

characteristics.

BACKGROUND ART
Conventionally, 1liquid crystal display devices
15 using a nematic liquid crystal material have been widely
used as digit segment displays for watches, calculators
and the 1like. In recent vyears, making full use of
advantages of savtng the space and consuming low power,
liquid crystal display devices have come into wide use as

20 displays for notebook PCs and desktop monitors. In

T

*G00002*



actively make research and devel opnent with the aimof replacing CRT-TVs
wth LCD-TVs. The hardest challenges to the spread of LCD-TVs are said to
be the hi gh-speed response characteristic 10 capable of responding to
novi ng i mages and the wi de view ng angle characteristic independent of the
angle at which an inmage is viewed. These are essential problens related to
the el ectrooptic characteristics of liquid crystal materials, and various
pr oposal pardhdesudiean, mdde the 1market ooffackésktopsmartitdremgedt Asomna oday,
however, no decisive solutions have yet been found. Under these

ci rcunstances, an optically conpepsated birefri ngenc OCB) , pode has
ccont |y SHOGURAA G { £0t iTHACA " EBRSIE YT LOBAL (O (TobLEOER dve
hi gh- speed response 20 characteristic and the w de view ng angl e

char act gt ¢ ndreadiRgPyB FEitallodeRTiiasCH MBAYLbEAUD CPRTB. RaUHEM

that initial transition play alignment to bend alignnent is necessary
before the device is driven. The splay-bend alignnent transition has been
anal yzedhas alkd aspreadt e pdst mdmwket hefmE¥haorsint dieer Enf whashn @RBeet
been clarified . The splay alignnment and the bend (twi st) alignnment are
topologically different in phase fromeach other. Therefore, change from
spl aydal hg¥ifentleRd peRE8eR0 & | JRORPROLE - possMANY ormgnulaghprerss  pow
di sclination line
actively make research and development with the aim of
replacing CRT-TVs with LCD-TVs.
The hardest challenges to the spread of LCD-TVs
are sald to be the high-speed response characteristic
10 capable of responding to moving images and the wide
viewing angle characteristic independent of the angle at
which an image 1is viewed. These are essential problems
related to the electrooptic characteristics of 1liquid
crystal materials, and various proposals have been made so
15 far to tackle these challenges. As of today, however, no
decisive solutions have yet been found. Under these
circumstances, an optically compensated birefringence
(OCB) mode has recently attracted attention as a mode

capable of providing both the high-speed response

20 characteristic and the wide viewing angle characteristic.
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separating these regions that are discontinuous fromeach other. In other
wor.ds, a certain energy barrier exists to develop a bend-aligned region in
a splay-aligned region. This energy barrier is considered conparatively | ow
in 15 places near spacers in the cell , f laws on alignment f filns
probably produced during rubbing, places in which the alignment of liquid
crystal nolecules is disturbed for any reason, and the |Iike. A bend-aligned
region is said to Be¢el @BanBogeowhavevasr ndigdborhoveryf drcombddsomener gy
20 barrier place acting as a trigger (nucleus) when a voltage 3 equal to

hi gher__t i_tical I V t ich the. G bb f
the spl PSRl ety ShAERaro FRARSSE 18R BEA FPLRFeriLIEapRr: o
However, the transition to bend alignnment (bend transition) brought by

spacers, yeisaldghMemant14i pledeanGgs, 2apdrbhe | ike a%ﬂ%%rige%@%&?

| argel y depends on the probability, and therefore lacks in reliability and
IS poor in reproducibility. To ensure high-speed, reliable bend transition
in all piThel ssplayhbebd ealignmpateltransisianr dips sbeent oahatyeed advance
at | east one portion acting as the nucleus for the bend transition in each

i scl SscdetTiEt hbh ERCARTAE hi GHELENG IRSShEp LoMegatoch chBar B ki ded
in pixels to form
been clarified.

The splay alignment and the bend (twist)
alignment are topologically different in phase from each
other. Therefore, change from splay alignment to bend

10 alignment is possible only by shift of a disclination line
separating these regions that are discontinuous from each
other. 1In other words, a certain energy barrier exists to
develop a bend-aligned region in a splay-aligned region.
This energy barrier is considered comparatively low in

15 places near spacers in the cell, flaws on alignment films
probably produced during rubbing, places in which the
alignment Qf ligquid crystal molecules is disturbed for any
reason, and the 1like. A bend-aligned region is said to

develop and grow in the neighborhood of such a low energy-

20 barrier place acting as a trigger (nucleus) when a voltage
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regions bend-aligned in the initial stage or formregions that easily nake
the bend transition, and such regions are used as bend transition nuclei.
However, as discussed in the above publication 20 No. 11-7018, to form
high-tilt regions partly in pixels, 4 it is necessary to formverti cal
alignment filns partly after formation of horizontal alignment filns, or
perform phase separation using a special mxed alignnent filmmterial to
form regieanmhi tb omr thighemgtbaana replbheal vodtage i (Vecuhglag winigh
considerably limts the kind of usable alignment filmmaterial. Al so, if

the method Iini t he usabl e Iiqui stal. material and aJignnment fjilm
mat eri al ?‘Ht’ﬁﬁt TP BERgY r%ﬂsfp:{" orP B RY eP?‘igp“\eg‘q:noJrsrgg&ﬂr}en%%bl e
to adopt such a nmethod fromthe 10 standpoint of the fabrication process.

Japanese1&&#?8ﬁpe9hgabgﬂh gﬂ#ﬁdﬁgﬂfw&gpapglg@ago, for exanple, discloses a

met hod in Tc-tw st alignment 1s given as the initial alignnent state
by using a chiral agent-added liquid crystal material. In this 15

t echni que, the n -Howeveal,i gthenttrmengieioni tial behidgrabignwenti nilwersdy
changes to pseudo-bend alignnment only with application of a voltage, and
thus the problemrelating to the splay-bend transition can be avoi ded. The
7t -t wiost tHangkEhenay BEQHIRYal | BY conSPRSSFP as uhta¥Pal bédyynent

alignnment as long as the voltage is high in the range of
disturbance and the 1like as described above largely

depends on the probability, and therefore 1lacks 1in
reliability and is poor in reproducibility. To ensure
high-speed, reliable bend transition in all pixels of the
10 entire panel, it is a requisite to form in advance at
least one portion acting as the nucleus for the bend
transition in each pixel.
For example, Japanese Laid-Open Patent
Publication No. 11-7018 discloses a method in which high
15 tilt-angle regions are partly provided in pixels to form
regions bend-aligned in the initial stage or form regions
that easily make the bend transition, and such regions are
used as bend transition nuclei.
However, as discussed in the above publication

20 No. 11-7018, to form high-tilt regions partly in pixels,
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5 the drive voltage for a liquid crystal display device. The effect of
flow effectively works in the relaxation tine froma high voltage to a | ow
voltage, as in pure bend alignnent, and thus, the high-speed response 5
characteristic of several nsecs that is as fast as that obtained in the OCB
node can be obtained. However, in the nethod described above, a | arge
anount of a chiral agent nust be added to attain the n tw st alignnment as
the initidal bsi grevedsarly ito nfoemsargridcad alignméentalfibest paxrttlwmt t he
ratio d/p is about 0.50 considering margins where d is the thickness of the
liquid crystal cell and p is the natural chiral pitch of a chiral

agent - ad@&dean feEmatienaofheheriaentede abbyprneRtofilng. 1a5yPeTFHo

chiral agent significantly degrades |ow 1S voltage optical characteristics,
in partigul t ﬁ¥§ L tt char hsticC n i gl 45
under crg)gls?ef- le%giéslr (l%s n“g%]tffr?%l I% Z"C'é%gé%ég nlg?kg?l ygta' ?ﬁ%ﬁ;alﬁﬂ
characteristics of the liquid crystal panel observed fromthe front, but

al so t hemepidraial 2@ochevnift eldctiiorms Rhgdy ved il aahgder esdoregiidd i S,
the 6 viewing angle characteristic. DI SCLOSURE OF THE | NVENTI ON To sol ve

t he probl ens descri bed above, the object 5 of the present invention is
provi 8 ndo¥ | iyuitd1dr yangle. This considerably limits the kind of

usable alignment £film material. Also, 1f the method
limits the usable liquld crystal material and alignment
£ilm material for formation of bend transition nuclei, it
is not recommendable to adopt such a method from the

10 standpoint of the fabrication process.
Japanese Laid-Open Patent Publication No. 9-
96790, for example, discloses a method in which 7T-twist
alignment is given as the initial alignment state by using
a chiral agent-added liquid crystal material. In this
15 technique, the T -twist alignment as the initial alignment
continuously changes to pseudo-bend alignment only with
application of a voltage, and thus the problem relating to
the splay-bend transition can be avoided. The T-twist
alignment may be virtually considered as wunlaxial bend

20 alignment as long as the voltage is high in the range of

5



di spl ay device that can be fabricated easily and can attain splay-bend
transition of the liquid crystal layer reliably at high speed, and a net hod
for fabricating such a liquid crystal display device. 10 A liquid crystal

di spl ay device according to the present invention includes a pair of
substrates, a liquid crystal |ayer placed between the pair of substrates
and an alignnent filmplaced on the side of at |east one of the pair of
subst r at &hef adriyet heollitqged foystal liapeid Irydtaki ditdpldy qdiedicre/st al

| ayer has a first region in which the pretilt direction of liquid crystal
nol ecul es_of which the _alignnment_is regulated W th aliqﬁggnt regul ating

force of TRe&uPELEE of Ofhel BPVqIREiRCFLVALYs WOFKSstIRi e i &f A cond

region in which the pretilt 20 direction is a second direction different

fromthe first [ [ 'ﬁﬂ% L SpLay . r d_ysing d | gnment
of the fitris esrfe%?néngokgphe%lqw gtrés%ay'ohzy%?iéﬁggu%% %HI Pg‘%:éd l%rlji/cgt al
di spl ay device, the second region of the liquid crystal |ayer acts as the

nucl eus faridimeryt pend anér ansichiug) of tiiee fir shigRgbpBedhen aespdrge
equal to or higher than a splay-bend critical voltage (Vcr) is applied
across the liquid crystal |layer, and this enables high speed, reliable bend
transPti GhanpatRristie Qfyi avergdi dBfegs it s asvgif@stof ashdhatui d

crystal 10 | ayer exhibits splay alignnment during non-voltage application

and bend O%éﬁr}{c?&ltwgu;:hggo&%l (R anEpA itggt i)BEaihtedi.s preferable that the

second region

However,.in the.method described above, a large
amount of a chiral agent must be added to attaln the -
twist alignment as the initial alignment. It is necessary

10 to add a chiral agent so that the ratio d/p is about 0.50
considering margins where d 1s the thickness of the liquid
crystal cell and p is the natural chiral pitch of a chiral
agent-added liquid crystal material. The addition of this
amount of a chiral agent significantly degrades low-

15 voltage optical characteristics, in particular, the
transmittance characteristic at 'an azimuth angle of 45°
under crossed-Nicols. This naturally degrades not only
the optical characteristics of the liquid crystal panel
observed from the front, but also the optical

20 characteristics observed in slant directions, that is, the
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liquid crystal layer exhibits twist alignment. 15 It is preferable that TN
al i.gnment continuously connectable wth bend alignnment during application
of a voltage equal to or higher than Vcr is trapped in the entire second
region of the liquid crystal layer. Wth the trapping of TN alignnent
continuously connectable with 20 bend alignnent during application of a
vol tage equal to or 8 hi gher than Vcr in the entire second region of the
liquid cmiemding areglet tbavaciteaisddahd region of the liquid crystal |ayer
acts as the transition nucleus for splay bend transition. This enabl es

hi gher-speed, nore reliable 5 bend transition in the first region of the
liquid crystal layer. It is preferable that the liquid crystal display
device has a plurality of pixels, and the liquid crystal layer in each of

the pl ur phidot.gdumt X6F STRRS INVENTTON 10 region and the second region. Wth
the liquid crystal layer having the first and second regions for each of

the plurality of pixels, the bend transition is nore ensured in the first
regi on of each pi Xpb. sBlekertdid \praeimlemgl des¥rfilredtdahevecethehebiject 15
direction and the second direction satisfies 30 ~ 150. By this setting, the

Pr of epabiF,  BhearBr 85entor HEeBbLABon B TeYLAing o Tiguld “Gyedt's
| dispiay device that can be fabricated easily and can
attain splay-bend transition of the liquid crystal layer
reliably at high speed, and a method for fabricating such
a liquid crystal display device.

10 A liquid crystal display device according to the
present invention includes a pair of substrates, a liquid
crystal layer placed between the pair of substrates and an
alignment film placed on the side of at least one of the
pair of substrates facing the 1liquid crystal layer,

15 wherein the 1liquid crystal layer has a first region in
which the pretilt direction of liquid crystal molecules of
which the alignment is regulated with alignment regulating
force of a surface of the alignment film is a first
direction and a second region in which the pretilt

20 direction is a second direction different from the first

7



direction and the second direction satisfies 70 ~ 20 110 . By this setting,
n (. 180.) twst alignnent 9 devel opi ng when a high voltage, applied
before actual driving to conpletely bend-align the first region, is shut
off can be reliably trapped in the entire second region. This enables

hi gher-speed, nore reliable bend transition. 5 Considering easiness of
formation of an alignment filmfor controlling the alignnent of the liquid
crystal lddymgtian; sapdef@isplayt i perfoemed usdngn bendn alldgmderpe of a
stripe extending in parallel with the second direction. 10 Preferably, the
l'iquid crystal cont ai ns chiral_ age] Wth the chiral agent, the
spl ay- beﬂfaﬂh%nﬁéﬁ?ttF qqcﬁﬁcghebékﬁh%én@HYPﬁathQY?§t r i A the
liquid crystal |ayer at higher speed Furt hernore, when the liquid crystal

S L e e T e T b L S A S

the thickness of the liquid crystal layer and p is the natural chiral pitch
of the |ildquuddrgsialtalaytayeBy ddits =it the, nbeléasd i gspdaly -Hend
transition occurring when a voltage equal to or higher 10
5 transition of the first region when a voltage equal to or
higher than a splay-bend critical voltage (Vcr) is applied
across the liquid crystal layer, and this enables high-
speed, reliable bend transition in the first region.
Typically, the filrst region of the liquid crystal
10 layer exhibits splay alignment during non-voltage
application and bend alignment during voltage application.

It is preferable that the second region of the

liquid crystal layer exhibits twist alignment.

15 It is preferable that TN alignment continuously
connectable with bend alignment during application of a
voltage equal to or higher than Vcr 1s trapped in the
entire second region of the liquid crystal_layer. With
the trapping of TN alignment continuously connectable with

20 bend alignment during application of a voltage equal to or

8



than the splay-bend critical voltage (Vcr) is applied can be attained nore
reliably at higher speed. In addition, the transmttance can be suppressed
from decreasing when the liquid crystal device provides white display in
actual 5 driving. In particular, when 0 < d/p ~ 0.15 is satisfied, it is
possible to provide a high-quality liquid crystal display device in which
decrease in transmttance is hardly observed and no degradation in opti cal
10 char abfLghiest i tdsan sVobsdmy ethe cenpdred sg¢cond regdot @fsthe dilepid
device having no chiral agent added. It is preferable that the liquid

crystal |ayer contains a predetermined chir agent sel ect so.t.hat, t he
second r85¥’§r¥a§f R85 qui ebr;?é‘ttg:rq af@r°°é‘!a<4‘|i H‘I%%i?% sc{efclg%ﬁ i d‘r?‘r?euﬁ-'t& free
fromsplay distortion (i.e., uniformtilt state). Wth such a chiral agent,

TN al i gn nt i I nnRgct e W al FNGplav-
appl i cat ?%ﬁ’lsc‘)%q'a %gllﬁ,tggzeé(c(:a{é]ﬁapiestcoegl;3 h%%{g?hteﬁgr? V%?eggﬁgbﬁfaggedlq n the
entire second region of the liquid 20 crystal |ayer. Therefore, the entire
second rpgndn tfardetidn. | Mpiigd exigislas hdgherncmeed, therer aediitabie
nucl eus for splay-bend transition of the first region of the liquid crystal
| ayer. This enabl es hi gher-speed, nore reliable bend transition in tﬁg

firstSrebeds grameltiqhi drcriRe af1xsitaig9gion nefnhdde o]-iﬁ‘é%ﬂi CRYSHP
liquid crystal display

layer.

It is preferable that the liquid crystal display
device has a plurality of pixels, and the liquid crystal
layer in each of the plurality of pixels has the first

10 region and the second region. With the liquid crystal
layer having the first and second regions for each of the
plurality of pixels, the bend transition is more ensured
in the first region of each pixel.

Preferably, an angle V¥ formed between the first

15 direction and the second direction satisfies 30° < ¥ <
150° . By this setting, the second region can act as a
very effective splay-bend transition nucleus.

Preferably, an angle V¥ formed between the first
direction and the second direction satisfies 70° < V¥ <

20 110°. By this setting, T (180°) twist alignment



devi ce according to the present invention includes the steps of providing a
pair of ,substrates each having an 10 el ectrode on its principal plane;
forming an alignment filmon the electrode of at |east one of the pair of
substrates, the alignment filmhaving a first alignment filmregion having
alignment regulating force forcing the pretilt direction of liquid 15
crystal nolecules to be a first direction and a second alignnment film

regi on haevejopinmmnevhien ecul diigly fwokeager ci appilhedpr beiflaredi medtuak of
liquid crystal nmolecules to be a second direction different fromthe first

direction; and 20 IaC|n aliquid yer_bet ween pair 12 of
subst r at SC1VIRG | FQFamP §F&Wlﬁﬁﬂﬁ:%§igﬂg g |ﬁ%£SFé5?S%°Pn aﬂ<§$qme
pretilt direction of liquid crystal nolecules of which the alignnent is

regylateﬁf@téhﬁh%éiféﬁmggixd i é@giﬁmgﬁ%ogﬂggeemgé§@§3tr@dﬂgﬂs t he

5 first rection and a seco I'on in wh e preti I rect’l on of
liquid crystal nolecules of which the alignnment is regulated with the

al i gnmentrhrieg Wredbhes f higheot spleeds| ingrrente 1i Abilies biendl seramst tiorcti on
TN al i gnnent continuously connectable w th bend alignment 10 being trapped
in the entire second region. Wth this nmethod, a nore effective transition
nucl eds for spl ay-GRRaidesAng: eReigiesseof formatdian oFf 2Re 3Lignment yst al
| ayer

film for controlling the alignment of the liquid crystal
layer, it is preferable that the second region is in the
shape of a stripe extending in parallel with the second
direction.

10 | Preferably, the liquid crystal layer contains a
chiral agent. With the chiral agent, the splay-bend
alignment transition can be attained in the first region
of the liquid crystal layer at higher speed.

Furthermore, when the liquid c¢rystal layer

15 contains a chiral agent, it is preferable that the amount
of the chiral agent i1is controlled so that 0 < d4/p < 0.50
is satisfied where d 1s the thickness of the 1liquid
crystal layer and p is the natural chiral pitch of the
liquid crystal layer. By this setting, the bend alignment

20 transition occurring when a voltage equal to or higher

10



can be fornmed in the entire second region of the liquid crystal |ayer.
Therefore, a liquid crystal display device 15 permtting high-speed,
reliable bend transition can be fabricated. The step of placing a |iquid
crystal layer includes a step of providing a liquid crystal materi al
containing a predeterm ned chiral agent, and the second 20 region of the
liquid crystal |ayer nmay exhibit tw st 13 alignnment free from splay
di storti shagurthey aphayobeage eppticali seltage S?Eprdf i aappgledl iagn d
crystal layer may 5 include a step of perform ng alignnent refresh

treatmenf in which roughly the eptire first.region of the liqui.d.grystal
| yer T obgont G fRefs kel +AT1SRNY faf chionatotesd. cnameadad ity
alignnent via 7t-twi st alignment. 10 The step of perform ng alignnent

refresh Eh%atf?gﬁshit%éﬁ%@ €&aRYy &Opkﬁgﬁﬂeﬁs?éﬁ t £86m! ‘ﬁé‘éa‘ﬁ s{R§e wrer 9N

as a splay-bend critical voltage across"the liquid cryst ayer for a
predeterm ned tine, for exanple. 15 It is preferable that an angle ~Y
formed beheedniduiad f ¢rgstdilr detviiare spriovhdescwtvitedidisplay iat mefiuesl 70 1Y
< 110 . BRIEF DESCRI PTION OF THE DRAW NGS 20 FIG 1 diagrammatically shows

a construction of a
driving.

In particular, when 0 < d/p £ 0.15 is satisfied,
it 1is possible to provide a high-quality liquid crystal
display device in which decrease in transmittance is
hardly observed and no degradation in optical

10 characteristics 1is observed, compared with a 1liquid
crystal display device having no chiral agent added.

It is preferable tﬁat the liquid crystal layer
contains a predetermined chiral agent selected so that the
second region of the liquid crystal layer exhibits twist

15 alignment free f£from splay distortion (i.e., uniform tilt
state). With such a chiral agent, TN alignment
continuously connectable with bend alignment during
application of a voltage equal to or higher than Vcr can
be trapped in the entire second region of the 1liquid

20 crystal layer. Therefore, the entire second region of the

11



14 liquid crystal elenment in an enbodi nent of the present invention,
where (a) is a plan view of an alignnent filmused in the liquid cryst

el enent ,
el enent

(b) and (c) are cross sectional views of the liquid crystal
observed 5 during non-voltage application and during voltage

application, respectively, and (d) is a view showing a pretilt directi
and a pretilt angle. FIG 2(a) is a cross-sectional viewof a liquid

crystal

a plan view of an alignnent film (c) and (d) are cross-sectional

dilspiiad devisdalof lageanbadtaerds othehetpansittion0 nuetetusonfox

the alignnent filmof (b), and (e) is a view diagramatical|y show n
rel ati onSRIPHRSREN ttnr?élsrji“@h?ni rcifadFHFi #W%&%@P%&%&%ﬁﬁ%ﬁfﬁ
the alignment film 15 FIG 3 is a view diagrammatically show ng the

obser val iy il uayalr 2 | igiaid 6huBIRL |BYShell sBebidu!lofsY sy A pHEN!

i n Exanple™1 viewe

in the direction nor 0

vi ew di agranmatically show ng the 20 observation results of a liquid

crystal
viewed i

5

10

15

20

el dfaaslitdond itb ther fitralt aetegrtoh of al®npigatdversxsingl
n the direction normal to the substrate.
layer.

A method for fabricating a liquid crystal display
device according to the present invention includes the
steps of:

providing a pair of substrates each having an
electrode on its principal plane;

forming an alignment film on the electrode of at
least one of the pair of substrates, the alignment f£film
having a first alignment film region having alignment
regulating force forcing the pretilt direction of 1liquid
crystal molecules to be a first direction and a second
alignment film region having alignment regulating force
forcing the pretilt direction of liquid crystal molecules
to be a second direction different £from the first

direction; and

placing a liquid crystal layer between the pair

12

a

on

b) is

vi ews of

t he
s of

substrate. FIG 4 1s a
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FIGS. 5(a) and (b) are cross-sectional views of a liquid crystal elenent in
Exanpl e .1 for denonstrating the 5 nmechanismof bend transition in the
liquid crystal elenent. FIG 6 is a cross-sectional view of a liquid
crystal elenment in the conparative exanple. FIGS. 7(A) to 7(F) are views
illustrating 10 alignnent filns applicable to liquid crystal elenents in
Exanple 1. FIGS. 8(A), (B), (D and (E) are views diagrammatically show ng
t he obsepfat suhstradless othei quiduidystrystajerkayéer! ihavingryat fimtenent s
in Exanmple 2, 15 and FIGS. (C) and (F) are views diagranmatically show ng

t he observation results of liquid crystal layer of _a_liqujid crystal

el enent FRIFTondBr a’(fl?jv/%hefg&?pl gFeFF-%ty&iEeStéPé‘n Q/f-ev?ficﬁ%jég &% t
filmof a liquid crystal elenment in Exanple 2. 20 FIG 10 is a diagrammtic
view of aAag JRls Ob 2 Jvﬁi_ch' 'ﬂHéd a?ii’?ﬁﬁlén%' ei@”trédhﬁé;téﬁb%ﬁ?mtrfg the

present 1 nvention, viewed in the direction normal to t substrate. Fl G
11(a) is a view diagrammatically showng the 5 liquid crystal alignnment
state of adillgnment cregdlatdlreyefiorice aof erthxli eddignoferithefpdesehs the

i nvention, observed after injection of a liquid crystal material but before

voltage application, gb) Is a view diagrammatically shomﬁnghthe
first direction and a second region in” which e pretilt

direction of 1liquid crystal molecules of which the

alignment is regulated with the alignment regulating force

of the alignment film 1s the second direction, TN

alignment continuously connectable with bend alignment

10 being trapped in the entire second region. With this

method, a more effective transition nucleus for splay-bend

transition of the first region of the liquid crystal layer

can be formed in the entire second region of the liquid

crystal layer. Therefore, a liquid crystal display device

15 permitting high-speed, reliable bend transition can be
fabricated.

The step of placing a liquid crystal layer

includes a step of providing a 1liquid crystal material

containing a predetermined chiral agent, and the second

20 region of the 1liquid crystal 1layer may exhibit twist

13



liquid crystal alignnment state of the el enment observed 10 i nmedi ately after
application of a high voltage , ( ¢ ) is a view diagrammtically show ng
the f#nal liquid crystal alignment state of the el enent observed after the
hi gh vol tage application, and (d) is a partial enlarged view of an area 11A
surrounded by the broken line in FIG 11(a). 15 FIG 12(a) is a view
diagrammatically showing the liquid crystal alignnment state of the liquid
crystal alldgmnentn flreecnfimomresplaly tdksporsdon i dusdnigonnonbseltaye
imedi ately after halt of the high voltage application, (b) is a view

di agrammatically showng the 20 liquid crystal alignnent state of the

el enent 8PPddwafion. after a | apse of a certain tine fromthe shutoff of
the voltage, and (c) is a view diagrammatically showing the final liquid
crystal alignnent state of the el enent observed after the halt of the

vol tage application. 5 FIG 13(a) is a view diagrammtically show ng the
liquid crystal alignnment state of a liquid crystal elenent in an enbodi nent
of the present inveHdi grepobser \WXhdEAGr & VRliada agpybeali dlapétemay
perform ng refresh treatment of tenporarily applying a high voltage, (b) is

a view 10 di agrammatically showing the liquid crystal alignment state of
t he efeminclatsser gestiomeafatreyfermingaligrnedh gefreshyhtvsataant and
(c) is a view diagranmatically showing the final liquid crysta

in which roughly the entire first region of the 1liquid
crystal layer is bend-aligned, and then the bend alignment

is changed to splay alignment via 7T-twist alignment.

10 The step of performing alignment refresh
treatment is executed by applying a voltage twice or more
as high as a splay-bend critical voltage across the liquid

crystal layer for a predetermined time, for example.

15 It is preferable that an angle ¥ formed between

the first direction and the second direction satisfles 70°

< V¥ <110°.

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 diagrammatically shows a construction of a

14



alignment state of the el enent observed after the 15 application of a high
voltage.. FIGS. 14(a) and (b) are diagrammatic views of one pixel of liquid
crystal elements in an enbodi nent of the present invention, viewed in the
direction normal to the substrate. 20 FIGS. 15(a), (b), (c) and (d) are

vi ews show ng 18 exanpl es of the technique of formng second liquid
crystal regions on an alignnent filmon a |l ower substrate of a liquid
crystal @HiemEd cryatadnbediement ofint han premssodimenentodHn.the FpBBselA( a) ,
(b), (c) and (d) are views show ng an exanple of the technique of formng
second liquid crystal regions on an aljignment filmon a | ower substrate of
a |iqui diamentdion) ewhsre flah &6bddipdaR ylawheohr agepligRBeRtofllD Fl G
17 is a view showi ng an exanple of the technique of form ng second liquid

crystal BESE oPh & ekIATRR e 44T RRefeb i B P OprR B

vi ew denonstrating the nol ecul ar 15 structure of polyvinyl cinnamate (PVG)

as an opgleetlicHd UNREEwS | loF atthed RHGLAW NBEYEREIONeDEfRETS. obseTvekP(a),
(b), (c) and (d) are views denonstrating the alignnment of |iquid crystal
nol ecules with an optical alignment film

5 during non-voltage application and during voltage

application, respectively, and (d) is a view showing a
pretilt direction and a pretilt angle.

FIG. 2(a) 1s a cross-sectional view of a liquid
crystal display device of an embodiment of the present

10 invention, (b) is a plan view of an alignment film, (c)
and (d) are cross-sectional views of the alignment £ilm of
(b)), and (e) 1s a view diagrammatically showing the
relationship between the light irradiation direction and
polymer chains of the alignment film.

15 FIG. 3 1is a view diagrammatically showing the
6bservation results of a liquid crystal layer of a liquid
crystal element in Example 1 viewed in the direction
normal to the substrate.

FIG. 4 1is a view diagrammatically showing the

20 observatlion results of a liquid crystal layer of a liquid

15



20 FIG 20 is a view show ng an exanple of the 19 technique of formng a
second l,iquid crystal region on an alignnment filmon a | ower substrate of a
liquid crystal elenent in an enbodi nent of the present invention. FIG 21
is a diagranmatic view of a liquid 5 crystal elenent in an enbodi nent of

t he present invention, viewed in the direction normal to the substrate.

FIG 22 shows views denonstrating the alignnment state of a liquid crystal

el ement trystadnbedemenit ofint ha proearathventéxampbeervikeweadt ein t e
refresh treatnment. 10 FIG 23 shows views denonstrating the relationship in
t he magni_tude of G bbs free energy anong various liquid crystal alignnent

n
st at es d§¢§ﬁﬁ&¥ﬂ?EHQ¥W3¥hE°rEPPe§NQﬁ§£%H%nt inaliquid crystal el enment

in an enbodi ment of the present invention. 15 FIG 24 is a view

denonstrating the @aldign S A r .
enbodi rent of the Egir%%égﬁ?%még‘ttd?o@) 0 %ée?éggs%ﬁr% | ajica?fg?ti%{fgag’%l icati on

of a voltage of 3 V. FIG 25 is a view denonstrating the relationship 20 in
t he magnitgad dfckydbalfl edensiet gin aExamplas | Dusoli glembr?dtratingt ahe
al i gnnment states devel oping inmmediately after the
5 mechanism of bend transition in the 1liquid crystal
element.

FIG. 6 1s a cross-sectional view of a 1liquid
crystal element 1n the comparative example.

FIGS. 7(A) to 7(F) are views illustrating

10 alignment films applicable to liquid crystal elements in
Example 1.

FIGS. 8(AaA), (B), (D) and (E) are views
diagrammatically showing the observation results of liquid
crystal layers of 1liquid crystal elements in Example 2,

15 and FIGS. (C) and (F) are views diagrammatically showing
the observation results of a liquid crystal layer of a
liquid crystal element in a comparative example.

FIG. 9!is a plan view of an alignment film of a

liquid crystal element in Example 2.

20 FIG. 10 1s a diagrammatic view of one pixel of a

16



application of 3 Vin a liquid crystal elenment in an enbodi nent of the

present
el enent

invention. FIG 26 is a diagranmatic view of a liquid 5 crystal

in Exanple 5, viewed in the direction normal to the substrate.

FI G

27 is a view diagramatically show ng the observation results of a liquid

| ayer of the liquid crystal elenent in Exanple 5, viewed in the 10

direction nornmal to the substrate. FIG 28 is a view diagrammtically

showi ng tHerudldsecrisital r edementof ia | anuiehivodimaht| ayfr te a priepent

element in a conparative exanple, viewed in the direction normal to

the substrate. 15 FIGS. 29(a), (b), gg), éd) and (e) are views
on

crystal

crystal

di agr anmdfiveRtionhonividgwat obfer vh

of liquid crystal elenents in Exanple 5, viewed in the direction nornal
t he substy teﬁ¥£%é§i 30(a) and (b) are views diagrammatically 20 show ng
n

t he obsePy F

results of liquid crystal layers 21 of liquid crystal

elements in Exanple 4, and (c) is a view diagrammatically show ng the
observation resul ter@f 21l(aguiis G yeiekw Bangranimaticaulyd shystialg edresrent

in a conparative exanpl e.

observation results of a liquid crystal layer of a liquid

10

15

20

liquid crystal alignment state of a liquid crystal element
in an embodiment of the present invention, observed after
injection of a liquid crystal material but before voltage
application, (b) ié a view diagrammatically showing the
liquid crystal alignment state of the element observed
immediately after application of a high voltage, (c) i1s a
view diagrammatically showing the final 1iquid crystal
alignment state of the element observed after the high
voltage application, and (d) is a partial enlarged view of
an area 11A surrounded by the broken line in FIG. 11l(a).
FIG. 12(a) is a view diagrammatically showing the
liquid crystal alignment state of the 1liquid crystal
element in the embodiment of the present invention,
observed 1immediately after halt of the high voltage
application, (b) is a view diagrammatically showing the

liquid crystal alignment state of the element observed

17

tzgrctdopr | petmalcr y&Pal thgers

to

5 FIG 31 is a view diagrammatically show ng the



crystal elenment in Exanple 4. FIG 32 is a view show ng a neasurenent
system f.or neasuring the voltage-transmttance characteristic in 10 Exanpl e
4 and the conparative exanple. FIG 33 is a graph show ng the neasurenent
results of the voltage-transmttance characteristic in Exanple 4 and the
conparative exanple. FIG 34 is a view show ng the val ues of 15
transmttance of the liquid crystal elenents in Exanple 4 and the

conpar at iafdeax aapllapsie hofespecertainhet imansxiont abbe achutolih- olfi ridie
sanpl e during application of a white display voltage. FIGS. 35(a) and (b)

are diagranmmatic vie f.a 20 liqujd crystal elepent_in anple 5 gnd a

T qui o CPFEATS, and chEhr 18 Phavitip ALRSVABSERERLLY: RORLRgel He
viewed in the direction normal to the substrate. FIG 36(a) is a view
denonst r g a LEormMm i g e, Akdb)oEs e
dermnstrgildr%gl'a %%?%'3&5 FHYES%]T g%g%né%g{te. FI Gé 37?fa) ??éa |lae§%nrr$ratic
view of the liquid crystal alignnent state of the liquid crystal elenent in
exanpl e bhEmereddafféer the) daltoroditiee | valtdger wppdlicatosnal but before
vol tage application, (b) is a 10 diagrammtic view of the liquid crystal

alignnent state of_the Iiguid crystal elenent in exanple 5 observed
i medPately after ¥THe-véBlade I i ¥heWoflaq@nanmatically showing the

liquid crystal alignment state of a liquid crystal element
in an embodiment of the present invention, observed before
voltage application after performing refresh treatment of
temporarily applying a high voltage, (b) 1is a view
10 diagrammatically showing the 1liquid c¢rystal alignment
state of the element observed immediately after
application of a high voltage, and (c) is a view
diagrammatically showing the final ligquid crystal
alignment state of the element observed after the
15 application of a high voltage.

FIGS. l1l4(a) and (b) are diagrammatic views of one
pixel_of liquid crystal elements in an embodiment of the
present invention, viewed in the direction normal to the
substrate.

20 FIGS. 15(a), (b), (c) and (d) are views showing

18



di agrammatic view of the liquid crystal alignnent state of the |liquid
crystal .elenent in the conparative exanple 15 observed after injection of a
liquid crystal material but before voltage application, and (d) is a

di agrammatic view of the liquid crystal alignnent state of the |iquid
crystal elenment in the conparative exanple observed i medi ately after the
vol tage application. 20 FIGS. 38(a), (b), (c) and (d) are diagrammatic 23
Vi ews shesampbésngEs thvet techrelgiet 0 [fioquiithg rgesteand aliguidhtcrsy st &1 of
the liquid crystal elenent in Exanple 5 observed when the voltage is turned

. OFF after the liquid crystal elenent_is subjected to the refresh treatnent,
and 5 FI &9m&) oy aR) BAEORMERE arfiek® c O s LAWY n§FUosdipte weth &ine

of the quuid crystal alignment state of the Iliquid crystal el enent in the

conparativ r | t ne f

liquid cr ys é?asfs\égl%bﬂgﬁe f}% gﬁhe&?%?r es%ﬂgtr egF 8 %ﬁfeséﬁtm
FOR CARRYING CUT THE INVENTICN Herei nafter, Enbodi nents 1 and 2 of the
present iinMasitdenWlll be described with reference to the rel evant

drawi ngs. 15 (Embodi nment 1) The liquid crystal display device of the
present invention is an OCB node |iquid crystal display device that uses
bend & i gnnent of FIGHi-d k&é¢atal (Ml.ecFbsamgy (d) are views showing

an example of the technique of forming second 1liquid
crystal regions on an alignment film on a lower substrate
of a 1liquid crystal element in an embodiment of the
present invention.

10 FIG. 17 is a view showing an example of the
technique of forming second liquid crystal regions on an
alignment film on a lower substrate of a liquid crystal
element of an embodiment of the present invention.

FIG. 18 1is a view demonstrating the molecular

15 structure of polyvinyl cinnamate (PVCi) as an optical
alignment film and a photodimerization process.

FIGS. 19(a), (b), (c) and (4) are views
demonstrating the alignment of 1liquid crystal molecules
with an optical alignment film.

20 FIG. 20 is a view showlng an example of the

19



di splay and can preferably attain both the high-speed 20 response
characteristic and the wi de view ng angle 24 characteristic. As shown in
FIG 2(a), aliquid crystal display device 40 of an enbodi ment of the
present invention includes a pair of polarizing plates (polarizers) 2 and
3, aliquid crystal elenent 30 5 i nterposed between the pol arizing plates,
an optical phase elenent 4 interposed between the polarizing plate 2 and
the |iquitéchndsiud efefeamillyy andezotd \ElquiductrysGaflorrelgionngnt fen
liquid crystal elenent 30. The liquid crystal elenment 30 includes a pair of
el ectrode _substrates 5 and 6 10 _bonded together with seal resin 14 and a .
liquid cRjdemmeny efilm feRndy 1AveRe SRZErater Afhded yAvid pEvstHl

el ectrode substrates 5 and 6 and the seal resin 14. The el ectrode substrate
5 includ%i

22' 15 {oPne it THA 4 phbBRIRRE o s PEEReRT, AR CUl (e ystal

| ayer 27, and an alignnment film 23 fornmed on the surface of the transparent

el ectrode 22 faci ngr¢he biquiig chysi@ladrm@ia®ic Likew sef the aliefivdde
substrate 6 includes a substrate 24, a transparent 20 el ectrode 25 forned

on the surface of the substrate 24 25 facing the liquid crystal |ayer 27,
and af alcoyighak élement in an embodiment of the present invention,

viewed in the direction normal to the substrate.

FIG. 22 shows views demonstrating the alignment
state of a liquid crystal element in an embodiment of the
present invention observed after the refresh treatment.

10 FIG. 23 shows views demonstrating the
relationship in the magnitude of Gibbs free energy among
various liquid crystal alignment states developing after
the refresh treatment in a liquid crystal element in an
embodiment of the present invention.

15 FIG. 24 is a view demonstrating the alignment
state of a liquid crystal element in an embodiment of the
present invention, observed immediately after application
of a voltage of 3 V.

FIG. 25 is a view demonstrating the relationship

20 in the magnitude of Gibbs free energy among various liquid

20



26 fornmed on the surface of the transparent el ectrode 25 facing the liquid
crystal layer 27. The transparent el ectrodes 22 and 25 are connected to the
drive circuit 5 16, so that a voltage corresponding to display data is
applied across the liquid crystal |layer 27 fromthe drive circuit 16 via
the transparent el ectrodes 22 and 25. The substrates 21 and 24 are nmade of
gl ass, for exanple, and the transparent el ectrodes 22 and 25 are made of

| TO 10 (icigigtal i alegnfeht Tdeateguiddve@lspihig climmediateshoaiter AiKe 2(a)
corresponds to a region of one pixel. The transparent el ectrodes 22 and 25
are therefore shown as covering the entire surfaces of the substrates.

Act ual | y apRddaatlon heofi5 3 r ¥nshBr et ki@eidodeayobanebemant rEgpanti vel y
conposed of a plurality of electrode strips each having a predeterm ned

i ewer 1 PR igfeit (58 b, RiRRest MuNlontibhl o Sitace Ecnof the

crossings of 20 the transparent el ectrodes 22 and 25 corresponds to a 26
pi xel working for gigpl age amg s&ch Qiagtammaeiar renaqd oF aamtirigunyer
the entire liquid crystal display device. Hereinafter, the liquid crystal
el ement 30 of the liquid crystal display device 40 will be described with 5
ref eréncenystalc element timt Bxanplef ther , Wawed ption thie | digenideon or

one pixel of the liquid crystal el enent

normal to the substrate.

FIG. 27 is a view diagrammatically showing the
observation results of a liquid crystal 1layer of the
liquid crystal element in Example 5, viewed in the

10 direction normal to the substrate.

FIG. 28 is a view diagrammatically showing the
observation results of a liquid crystal layer of a liquid
crystal element in a comparative example, viewed in the
direction normal to the substrate.

15 FIGS. 29(a), (b), (c), (d) and (e) are views
diagrammatically showing the observation results of liquid
crystal layers of liquid crystal elements in Example 5,
viewed in the direction normal to the substrate.

FIGS. 30(a) and (b) are views diagrammatically

20 showing the observation results of liquid crystal layers

21



30 for sinmplification. FIG 1 diagranmatically shows a construction of the
liquid crystal elenent 30. FIG 1(a) is a plan view of the alignnent film
26 of the liquid 10 crystal elenent, and FIGS. 1(b) and (c) are cross
sectional views of the liquid crystal elenent taken along line RR of FIG
1(a), observed during non-voltage application in FIG 1(b) and during

vol tage application in FIG 1(c). 15 In the liquid crystal elenent 30 in

t hi s enbodi Meyld herystjaild edrepsret s | iy eExampilet e paaed bed wden a helew
alignment filnms 23 and 26 has a first quuid crystal region 27F and a

second liquid c ion 27S. The first uid crystal region 27F
exhi bi tsdgﬁ “thﬁ% igzosagwéﬂ’&/m the Fl‘t?S‘iJ(” gtigni nFesdd-tiol tfge @

application and 27 bend alignment as shown in FIG 1(c) during

appl i cat ihql og.ryesq._%gr .agf'e%v l&t age. ¢ 7, be n gthe,fi
liquid cr yg regi‘on FT| use%%E org dlingi‘} o) ﬁ{:hgl 3% émgbystgﬁl délspl ay
device 40. In the liquid crystal 5 elenent 30, transition from spl ay

al i gnnentcompdeattive | grampllei.s nmade in the first liquid crystal region 27
to enabl e display. Therefore, the pretilt angle Bin the first Iiquid
crystal region 27F nust satisfy O < 8 <_ 45 during non-vol tage application.
The p|5et| |t angl e BEGusell 18SheReiilewf dagranmat bealdyB shewtadbdihen

the major axes of liquid crystal nolecules 32 (liquid crystal nolecul es

eXiStingdﬁ?@f&éﬁiéﬂtEégﬂfiémgyeganadﬂdE%@?QEal iayer of a liquid
crystal element in Example 4.

FIG. 32 1is a view showing a measurement system

for measuring the voltage-transmittance characteristic in
10 Example 4 and the comparative example.

FIG. 33 is a graph showing the measurement
results of the voltage-transmittance characteristic in
Example 4 and the comparative example.

FIG. 34 is a view showing the values of

15 transmittance of the liquid crystal elements in Example 4
and the comparative example with respect to the
transmittance of a non-chiral sample during application of
a white display voltage.

FIGS. 35(a) and (b) are diagrammatic views of a

20 liquid crystal element in Example 5 and a liquid crystal

22



filmand the liquid crystal layer) of which the alignment is regulated with
the alignnent regulating force of the 15 surface of the alignnent film and
the substrate surface, in an X-Y-Z coordinate systemdefined in the

princi pal plane of the substrate as shown in FIG ‘1(d). In the liquid
crystal elenment 30 of this enbodinent, the first liquid crystal region 27F
must be splay-aligned, and for 20 this, the pretilt angle 8 nust satisfy O
< 8 ~ 4BlemErt 28n thesoonparmt fve| example, grespeatinhely i herimwsd | t
angle 8 of liquid crystal nolecules is | ess than 45, splay alignnent is

|l ower in G bbs free energy and thus re stable than bend alignnent. Wen
the pret i Qﬂﬁﬂ@??@@ﬁ%?geBBEMQi qﬁJE%%ﬂ?Eﬁﬂ%ﬁPtPs nmore stable. The liquid

crystal element 30 in this enbodi nent has a feature that the pretilt
direction (first dhfecti of; J 1 qud r {?*H Sal ; i ist14 1 qui d
crystal region 27&?%' d???ér)er%té fé]ge’mg?‘ﬁe&%bghs]l@ i re%t?o{rlln ?g’éﬁéﬂndts'l'ljf)é
direction) of liquid crystal nolecules in the second liquid crystal region
27S i n t A igmeemeastalte ,alagdngbt) fig na26ridiedpmenisitiratiimgt aosplsaysed
herein refers to the azinuth direction (azinmuth angle ~Y) indicated by the
mayor axes of the liquid crystal nolecules 32 of which the 15 alignnent is
regul at edidit rkignmengnaEateregul ating force of the surface of the

alignnment film in the x-y-z coordi nate systemdefined in the principal

plane of the substgate a5 &lIPWgi i Fhfaghbinatil 183 ¥ Nefe! N quia

crystal alignment state of the liquid crystal element in
example 5 observed after injection of a 1liquid crystal
material but before voltage application, (b) is a

10 diagrammatic view of the liquid crystal alignment state of
the liquid crystal element in example 5 observed
immediately after the voltage application, (c) 1is a
diagrammatic view of the liquid crystal alignment state of
the 1liquid crystal element in the comparative example

15 observed after injection of a liquid crystal material but
before voltage application, and (d) 1s a diagrammatic view
of the 1liquid crystal alignment state of the 1liquid
crystal element 1in the comparative example observed
immediately after the voltage application.

20 FIGS. 38(a), (b), (¢c) and (d) are diagrammatic

23



pretilt direction of the liquid crystal nolecules is 20 defined by the
alignment regulating force of the alignnent 29 film the direction of the
alignnment regulating force of the alignment filmitself is also sonetines
expressed by the wording "pretilt direction". The pretilt direction and the
pretilt angle 5 descri bed above are defined by the alignnment filns 23 and
26 formed in contact with the liquid crystal layer 27. In this enbodi nent,

t he pret viiews r ebiowdmaf chiendesjuiwd th y dtime noifecdhes 32guddetmystdly t he
rubbi ng of the alignnent filns 23 and 26. 10 Hereinafter, rubbing of the
alignment filnms 23 and 26 will be described wth reference to FIG. 1(a).

The surf ¢d9mete sFagRneht tth mhigutd cr¥stadeclampnt oiR BFappdeudes a

first alignment filmregion 26F rubbed in a first direction (direction of

arr ow 17 G Lindhaldndingote8geone akiongpnioft 363 1uhed i
? F Q@ QQE? g?ron1?ﬁ% fir

a second |rect|on Irection o row 19) erent

direction. The second direction is set at the angle 1Y fromthe first

di recti oerystaibovelemert Gisl(salh jeaied asowithle he filesgh | bedatmetgnami 1
later, the angle 20 is preferably set to satisfy 30 <_ ~Y <_ 150 . The

secong 30 allgnnent f|In1reg|on 26S is in the shape of a stri
8(e) to (h) are dlagrammatic views showing c anges

with time of the liquid crystal alignment state of the
liquid crystal element in the comparative example observed
when the voltage is turned OFF after the liquid crystal
"element is subjected to the refresh treatment.

10
BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, Embodiments 1 and 2 of the present
invention will be described with reference to the relevant
drawings.

15 (Embodiment 1)

The liquid crystal display device of the present
invention is an OCB mode 1liquid crystal display device
that uses bend alignment of liquid crystal molecules for
display and can preferably attain both the high-speed

20 response characteristic and the wide viewing angle
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extending in the direction of rubbing of the second alignnent filmregion

26S (second direction 19). Adoption of the stripe shape extending in the 5
rubbing direction for the second alignnment filmregion 26S provides effects
of facilitating pattern formation of a mask used in formation of the second
alignment filmregions 26S on the alignnent filmand giving uniform rubbing
of the second alignnment filmregions 26S. The 10 shape of the second .
al i gnnmenchiadanteagi ol @6S iAs nehownm iedFIG.t 2 6a) bua, Ebquid| cysdmsicri bed
|later with reference to FIG 7, various shapes can be adopted. Wen one

second aljignment filmregion 26S is forned for one pixel, the second
al i gnmenf@iFRIAY egflBK106S 19 i SOFr ey atPPAEMRB Lt 0 A osEhehe PESSSAL €
mayor sides of the pixel and also be |ocated roughly in the center of the

pi xel, s ' pa he fjrst [.gn fi | 26F senaat ed
by the sggon 1:a Cly%nrreir'\{’ag'?lﬁr%tsr egiaon %@%avﬁ%ugééﬁéﬁgﬁgg 'gﬁea. y
formng in this way, 20 the tinme required for the splay-bend transition in

the 31 (polurizsys) al 2| ayaid cas, be aradei ghodt ecrydiigioveslemdnt 30
consideration of effective formati on of splay-bend transition nuclei and
prevention of decrease in display area, the Wdth w of the second alignnent
film8 r dgiterpeed nbefwepnx dihe fRplanbapng, pdates X amoophicard Phase abl y
in the range of 5 pmto 60 pm The area of the
element 4 interposed between the polarizing plate 2 and
the liquid crystal element 30, and a drive clrcuit 16 for
driving the liquid crystal element 30. The liquid crystal
element 30 includes a pair of electrode substrates 5 and 6
" 10 bonded together with seal resin 14 and a liquid crystal
layer 27 formed in the space surrounded by the palr of
electrode substrates 5 and 6 and the seal resin 14.
The electrode substrate 5 1includes a substrate
(transparent substrate) 21, a transparent electrode 22
15 formed on the surface of the substrate 21 facing the
liquid crystal layer 27, and an alignment film 23 formed
on the surface of the transparent electrode 22 facing the
liquid crystal layer 27. Likewise, the electrode

substrate 6 1includes a substrate 24, a transparent

20 electrode 25 formed on the surface of the substrate 24
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second alignnent filmregion 26S is preferably about 1/48 to 1/4 with
respect to the area of one pixel as 1. As described above, the first
alignnment film 10 region 26F of the alignnent film 26 on the | ower
substrate 24, which is in contact with the first liquid crystal region 27F,
I's rubbed in the first direction, to regulate the pretilt direction of
liquid crystal nolecules near the first alignnent filmregion 26F to the
first di factdmn.tié Aigmid hergetahd lalyegnn®h &ankdmaregabigifi&ndafl fillem
alignment film26 on the |ower substrate 24, which is in contact with the
second |i%UId crystal region 27S, is rubbed in the second direction, to
regul at e 26hef @FBed| onyi F]éét sy Estce  gfi the yEFQPSPEP-”@é'{P eelaghrodge 2%cond
20 alignnment filmregion 26S to the second dlrectlon The al i gnment

i oot of S0 ectiton T Fourpe AL CHERRE © ‘ﬁ'erﬁ'%?ﬁ#?bﬁ.rec#%ﬁe% !

| iquid crystal nolecules near the alignnent film23 is 5 regulated to the
first di edeidtaroddés nea tagdr @%i agedicanieetedl tdethki giwbwé foilrewite and

t he rubbing direction of the first alignment filmregion 26F of the
alignnent film26 are in parallel with each other, the pretilt direction in
the fPrstl8.i qaPd thgtt & WVeditege7eoryesporkiing r o displayn Gata i¥st he
portions near the alignment filns 23 and 26, and thus the first liquid

applied across the liquid crystal layer 27 from the drive

circuit 16 via the transparent electrodes 22 and 25. The

substrates 21 and 24 are made of glass, for example, and

the transparent electrodes 22 and 25 are made of ITO
10 (indium tin oxide).

The liquid crystal element 30 shown in FIG. 2(a)
corresponds to a region of one pixel. The transparent
electrodes 22 and 25 are therefore shown as covering the
entlre surfaces of the substrates. Actually, however, the

15 transparent electrodes 22 and 25 are respectively composed
of a plurality of electrode strips each having a
predetermined width, formed to cross (at right angles in
this embodiment) each other as viewed in the direction
normal to the substrate surface. Each of the crossings of

20 the transparent electrodes 22 and 25 corresponds to a
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crystal region 27F exhibits splay alignnent. By rubbing the alignment filns
23 and 26 as described above, the pretilt direction of liquid crystal 15
nol ecul es can be made di scontinuous between the first liquid crystal region
27F and the second liquid crystal region 27S in the area of the liquid
crystal layer 27 near the alignment film 26 on the substrate 24, and al so
the liquid crystal nolecules in the first liquid crystal 20 region 27F can
be spl ay palsiednegorkingngomodisplage 83d saeh ipkktelbs asesaawanged|ih

1(b). When a voltage equal to or higher than a splay-bent critical voltage
(Vcr) is applied across the liquid crystal layer 27 in the above alignnent

. state, tIfe Mgt PYeLi §her @8y rQ%%ﬁQH#@7€¢H§F§154%?Rlﬂ¥rﬁﬂy%ﬁg (bend

transition nucleus) for allowing the liquid .crystal nolecules in the first

liquid crystal region 2/F ma r .} is0 t h I| to
bend al i gnnment, eﬁ%%??%éaﬁk§ﬁbs§§£%,f?@F;QbE%5§§¥%5-§E§@Lﬁ¥a S|qﬂ%ﬁﬂ$n t he
first liquid crystal region 27F, as 10 shown in FIG 1(c). Next, a

formati on ipifwdchgistidie aipnerntaéiiee 280 ard 126 wvel |adeceeseai hetkn

First, a polyimde film for exanple, is formed on the transparent
electrode 22 on the upper substrate 21 and the transparent el ectrode 25 on
the 15 | evefferemee r &0e BEG. add rolighiey thetehenainafietes desamioten| t ant
alignnment filnms 23 and 26 are rubbed in the first direction (direction of

arrows I@fﬂE’%é)made for one pixel of the liquid crystal element

30 for simplification. FIG. 1 diagrammatically shows a
construction of the liquid crystal element 30. FIG. 1l(a)
is a plan view of the alignment film 26 of the 1liquid

10 crystal element, and FIGS. 1(b) and (c) are cross-
sectional views of the liquid crystal element taken along
line R-R' of FIG. 1l(a), observed during non-voltage
application in FIG. 1(b) and during voltage application in
FiG. 1(c). |

15 In the liquid c¢rystal element 30 in this
embodiment, the liquid crystal layer 27 interposed between
the alignment films 23 and 26 has a first liquid crystal
region 27F and a second 1liquid crystal region 27S. The
first liquid crystal region 27F exhibits splay alignment

20 as shown in FIG. 1(b) during non-voltage application and
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Thereafter, as for the alignnment film26, the first alignnent filmregion
26F i s masked, and the exposed 20 second alignnment filmregion 26Sis
rubbed in the second 34 direction (direction of arrow 19) that is at the
angle fromthe first direction. In this way, the first alignnent film

regi on 26F rubbed in the first direction and the second alignment film

regi on 26S rubbed in the 5 second direction at the angle ~Y fromthe first
di recti oearde dbtgmient &lse stiowmnEmt FIGL m13&) Iduting applicheidn gnfrent
films 23 and 26 are fornmed. Alternatively, an optical alignnent filmmy be

used for the alignrrent films 23 and 26 in this enbodiment. 10 Hereinafter,
as an exa@mhredeterninedoyoddiaaty f of N4l bend ALlignmentnets the Minshe

descri bed. A polyvinyl cinnamate (PVC) filmis formed on the transparent

The. | ower S, St SRE, SATRAATETY ; 87 e BT YR TRE iR

alignnment filns are rubbed in the first direction. As for the polyvinyl

ci nnanmat @ i(iMd ) ckivsadn displayeraesihsd rabe 26inakthey 1ihguigbkirygswdlt he
entire surface, only the second region 26S is irradiated with deep WIight

(wavel ength: 254 nm). The 20 formation nethod for the second region 26S
will Be ®ement 30, transition from splay alignment to bend

alignment is made in the first liqﬁid crystal region 27 to
enable display. Therefore, the pretilt angle 6 in the
first liquid crystal region 27F must satisfy 0 < 8 < 45°
during non-voltage application. The pretilt angle as used
10 herein refers to the angle 6 formed between the major
axes of liquid crystal molecules 32 (liguid crystal
molegules egisting near the interface between an alignment
film and the liquid crystal layer) of which the alignment
1ls regulated with the alignment regulating force of the
15 surface of the alignment film and the substrate surface,
in an X-Y-Z coordinate system defined in the principal
plane of the substrate as shown in FIG. 1(d). In the
liquid crystal element 30 of this embodiment, the first
liquid crystal region 27F must be splay-aligned, and for

20 this, the pretilt angle 6 must satisfy 0 < 8 < 45°. The
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described with referenceto FIGS. 2 (b), (c), (d) and ( a) . FIG
2(b) is.a plan view of the alignnment film(PVG film 26, and FIGS. 2(c)
and (d) are cross-sectional views of the PVC film 26 taken along line
2c-2d of FIG 2(b). 5 FIG 2(e) is a view diagrammatically show ng the

rel ati onship between the light irradiation direction in FIG 2(d) and

pol ymer chains. First, as shown in FIG 2(c), the second region 26S in FIG
2(b) is imJagbrattd wist FcXlows. dedn dérérad| awhead thighpreniatl iagiglenount
of 1 J/cn2 fromthe front. By this irradiation wth the S-wave deep W

pol ari zed l'ight, polyner chains extending in the direction of oscillation
of the S-Gwavef addquid ofcrysitimlk emol@cules sidwnlessr thap(#5° « hERabnd
region 26Sis irradiated 15 with P-wave deep UV polarized light in a |ight

angl o of oyt AT BNl Byl GEBRe ket o RERRD Cop Ml THOET

pol ymer chains A (FIG 2(e)) extending in the direction of oscillation of

the P-vaygieep Wt PBAd 2881 bhfehtar e Guienf fthe Wpirk®10a! yaRg1€&haigns B (
FIG. 36 2(e)) extending vertical to the direction of oscillation of the

P-wave are left uncut. As a result, the pretilt direction of the liquid
cryst @ meeardesiS?, | bend: aldignment isemarecéta®den which the pol yner
chai ns B extend.

The liquid crystal element 30 in this embodiment
has a feature that the pretilt direction (first direction)
of liquid crystal molecules in the first liquid crystal
region 27F is different from the pretilt direction (second

10 direction) of 1liquid crystal molecules in the second
liquid crystal region 27S 1in the area near the alignment
film 26. The pretilt direction as used herein refers to
the azimuth direction (azimuth angle V) indicated by the
major axes §f the liquid crystal molecules 32 of which the

15 alignment is regulated with the alignment regulating force
of the sgrface of the alignment film, in the x-y-z
coordinate system defined in the principal plane of the
substrate as shown in FIG. 1(d4). Note that since the
pretilt direction of the 1liquid crystal molecules is

20 defined by the alignment regulating force of the alignment
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5 As descri bed above, by appropriately adjusting the direction of the

I nci dent, polarized Iight and the like, the pretilt direction of the second
region of the alignnment film26 is controlled, and in this way, the
alignment filnms 23 and 26 are formed. 10 The liquid crystal |ayer 27 of the
liquid crystal elenent 30 in this enbodi nent was observed with a polari zing
m croscope to check the alignnment state of the liquid crystal |ayer 27. The
obser vat ifdlmyasthaddinectiomgoty tie allilgnngent r eegudattimgofeecei df t he
15 direction of the polarizer under crossed-Nicols. As a result, the first
liquid crystal_region 27F appeared bl ack iin the extinction position. From
this, itﬁkﬁsﬁkﬁgnmﬁﬁﬁtﬂk&miﬁtﬁm;ﬂi$§tﬂhﬁﬂn§°@9§§m§ﬁrQ§P6ﬁ3§¢ﬂ,QYm
direction of liquid crystal nolecules agreed with the direction of 20 the

pol ari ze ng. t | Ol t al cules were in 37 splay alignnment. On
t he cont &5‘?‘ qmlllr%ﬁtl#é géggﬁgxl%i g&ir%@cﬁyoﬁ al region 27S, it was observed that
no extinction position existed and the incident polarized |ight was

rotated. 5 Fromthise i|preagieonfirr@stisnt ahad ha:rﬁéeco%_fletmw d aygasd al
region 27S, liquid crystal nolecules were twisted. In this enbodi nent, the
first liquid crystal region 27F exhibited splay alignnment and the second
liqui 8 cgpﬁmib@@i@howsmu!ﬂfmedwbyt the gakdgnmente £ilms 23 and

26 formed in contact with the liquid crystal layer 27. 1In
this embodiment, the pretilt direction of tﬁe liquid
crystal molecules 32 1s defined by the rubbiné of the
alignment films 23 and 26.

10 Hereinafter, rubbing of the alignment f£films 23
and 26 will be described with reference to FIG. 1(a).

The surface of the alignment film 26 on the lower
substrate 24 includes a first alignment film region 26F
rubbed in a first direction (direction of arrow 17 in FIG.

15 1(a)) and a second alignment film region 26S rubbed in a
second direction (direction of arrow 19) different from
the first direction. The second direction is set at the
angle ¥V from the first direction as shown in FIG. 1l(a),
and, as will be described in Example 1 later, the angle V¥

20 1is preferably set to satisfy 30° < V¥V < 150°. The second
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10 alignment states of the liquid crystal elenent in the present invention
are not limted to these. As long as the pretilt direction of the first
liquid crystal region is different fromthat of the second liquid crystal
region in the area near the surface of at |east one alignment 15 film the
second liquid crystal region 27S can act as the bend transition nucl eus,
and thus, substantially the sane effect can be obtained. In this

enbodi nealligmerstecidnel region Resm iegiln ZHS ashapecgoen 4l sxafpeuous
in pretilt direction 20 was provided inside each pixel for the alignnent
film26 38 on the | ower substrate 24. The position of the second

al i gnmenextiengdingi okn 26thes fdrecitdioned afp trukbiwgr efanfhe ©ecantond

alignnment filmregion may be provided for the alignnment film 23 on the

he- uppor idghiferty £ Slm p BB el 2RO P88 R B et substrate 24

O herwi se, the second alignnment filmregion may be provi ded outside each

pixel. In this endbpeobn (He AndNBiipé | Bhase akéndfng’ ein the
respectively forned on the upper and | ower substrates 21 and 24.
Substantially the sane effect as that obtained according to the present

i nvenbi orrubdring shibecbboni et hersecdindgadd gumeptefii lni regdemnt26Rast
one of the substrates, and thus the other alignnent filmmy be 15 omtted

as appro%rrio%tiedes effects of facllitating pattern formation of a
mask used 1n formation of the second alignment £film
regilons 26S on the alignment £film and giving uniform
rubbing of the second alignment film regiﬁns 26S. The

10 shape of the second alignment £ilm region 26S is not
limited to this, but, as will be described later with
reference to FIG. 7, varlous shapes can be adopted.

When one second alignment f£film region 26S 1is
formed for one pixel, the second alignment film region 26S

15 is preferably formed to cross the opposite major sides of
the pixel and also be 1qcated.roughly in the center of the
plxel, so that two parts of the first alignment £1lm
reglon 26F separated by the second alignment film region

26S have roughly the same ‘area. By forming in this way,

20 the time required for the splay-bend transition in the
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A chiral agent may be added to the liquid crystal |ayer 27 of the liquid
crystal .elenent in this enbodinent, to enable the second liquid crystal
region 27S of the liquid crystal |ayer 27 to act as the bend transition 20
nucl eus nore effectively. In particular, as will be 39 described later in
detail in Exanple 2, by determ ning the added anbunt of a chiral agent so
that the ratio d/p of the thickness d of the liquid crystal |layer to the
natural qQliquald petgétalolaybe clan de agedé - andedelri.qui d crystal 5 | ayer
satisfies 0 < d/p <0.50, it is possible to make the second liquid crystal
region 27S of the liquid crystal layer 27 act as a highly effective bend
transition nucl eusMoB@EvVarso Iupmnstderatdgne afy efEeghiveadeamaickPrn he
liquid crystal display device provides white display 10 in actual driving.

alp 0. By rhehdr Eay A A R Fa T AR U ol P Astfiadnd ©

suppressed, conpared with a liquid crystal sanple 15 containing no chiral
agent, when dieplaguiagtedl,ystlidé wWiaehaw deFi €RePlsddsind #MigAmenTP!AYIm N
actual driving. Hereinafter, Exanples 1 and 2 of the present invention wll
be described. (Exanple 1) 20 Liquid crystal display devices of Exanple 1
have 40 regis aR6Ballny one paxelst(fier uexanmplehe 80 quimd xry40apm) is

preferably in the range of 5 nmm to 60 ym. The area of the
second alignment film region 26S is preferably about 1/48

to 1/4 with respect to the area of one pixel as 1.
As described above, the first alignment £film
10 region 26F of the alignment £ilm 26 on the lower substrate
24, which is 1in contact with the first 1liquid crystal
region 27F, 1s rubbed in the first direction, to regulate
the pretilt direction of liquid crystal molecules near the
first alignment film reglon 26F to the first direction.
15 Also, the second alignment £ilm reglion 26S of the
alignment f£ilm 26 on the lower substrate 24, which is in
contact with the second 1liquid crystal region 27S, is
rubbed in the second direction, to regulate the pretilt
direction of 1liquid crystal molecules near the second

20 alignment film region 26S to the second direction.
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di spl ay device 40 of the enbodi nent descri bed above Wth reference to FIGS.
1 and 2(a) and are prepared in substantially the sane manner as that in the
enbodiment. 5 In Exanple 1, the rubbing direction of the second alignnent
regi on 26S (region discontinuous in rubbing direction) of the alignnent
film26 on the | ower substrate 24 was changed variously to prepare a
plurality of liquid crystal display devices. 10 Specifically, five liquid
crystal display déetheealfigamentesfilm t28 #6h )tlshoupper Tsubsttabel @ Were
prepared by varying the angle ~ formed between the first rubbing direction

(direction of arrows 17 and 18 in FI.G 1(a)) and the second rUbbi%iP
di recti ofS(diFRRINLK ofenkiBRlyo) wbhed hdny i Hheentimatn 281irection ange

of 30 to 150 inclusive. The second alignment filmregion 26Sis in the

a1 gnont AR RF IRk Y BAN0 B dife HAS B N | OERSRERER, of,

(direction of arrow 17) of 20 the first alignnment fil mregion 26F of the

al i gnmentLilguid 4érystalonmblecdey neastrehe 2418gAmbAe rEDbnNQR3li igct i on
(direction of arrow 18) of the alignnent film 23 on the upper substrate 21

are in parallel wth each other. For conparison, three liquid crystal
di spl &y segidiated (skmpltde #2irst sdbeecsionhi ch ShBcgngthedetibbiddg above
falls outside the range 30 S 1Y <_ 150 and

direction of the alignment film 23 and the rubbing

direction of the first alignment film region 26F of the

alignment film 26 are in parallel with each other, the

pretilt direction in the first liquid crystal region 27F

10 1s the first direction both 1in the portions near the

alignment films 23 and 26, and thus the first 1liquid
crystal region 27F exhibits splay alignment.

By rubbing the alignment films 23 and 26 as

described above, the pretilt direction of liquid crystal

15 molecules can be made discontinuous between the first

liquid crystal region 27F and the second liquid crystal

region 27S in the area of the liquid crystal layer 27 near

the alignment film 26 on the substrate 24, and also the

liquid crystal molecules in the first 1liquid crystal

20 region 27F can be splay-aligned, during non-voltage
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a liquid crystal display device (sanple #204) that has not such a region as
the secand alignment filmregion 26S were also prepared as in the .
preparation of the sanples of 10 Exanple 1. Note that in sanple #202, the
rubbing direction (direction of arrow 17) of the first alignnent film
regi on 26F and the rubbing direction (direction of arrow 18 ) of the
alignnment film 23 on the upper substrate 21 are opposite to each other. 15
Tabl e 1 SppllicsEi¥aR#as# st 2Qh# FUG2034B04" ~) Whén) JD606DE 2665 @FEI65No
region A voltage of square wave of 6 V and 1 kHz was applied for sanples
#11 to #15 and conparative sanples #201 to #204, and the observation
results && iR hH@ thant ageSRbaYBabtorrEk el eabwivoltags| Ver) THe
observation results of the liquid crystal |ayers of sanple #14 of this
exanpl e I o} h ratl xXa dugd ng .t ollﬁg%

appl i cat %g’g)l}?%@d?g%%%rm I|1%al iﬂ?@m%ﬁ%%%gbgg ?n?:l g'n :lgbs%eél vely

Tabl e 2 Sanpl eCbservation results of bend transition#llBend transition

nucl ei deMalfindri®nzpate, ofthiehasasond Liguid oristdl reggeon a27$ acts
bend- al i gnedr egi on expands. #12Bend transition nuclei develop fromroughly

t heentire second Iigyid crystal region, and a bend-aligned region
expands. AE3BdrR nugdeus oibernd| sranseldlign frealesgdhiEox hadhewiads ddvnd

liquid crystal region, and a bend-aligned regi on expands. #14Bend transiti on
nucl ei devel ap. from roughl heentire ,secaond liguid, crystal. reaion d a
bend: al | Gl boi v ERtincliossiler ¢ ifeithen MiePs Kulnd, Mt o
thesecond liquid crystal region, and a bend-alignedregi on expands. #201No
change wirldyith dgye! epmeiikef tBandittiamsi £+OmNehkeispiZd? Abl harumdnitentb
transition nuclei develop froma verylimted part of the second liquid
crystal region,there is no expansion of a bend-aligned region. #03Al t hough
bend tr afend oaligamentievengbliingn higbdpesd ed neddakife t splaycdandi qui d
crystal region,there is no expansi on of a bend-aligned region.#204No change

<" found ST ST anth oty 1 g 8115 TREHT S ondiAL, ReelfeliGF Ui o' 43

10 shown in FIG. 1(c).

Next, a formation method for the alignment films

23 and 26 will be described. First, a polyimide film, for

example, is formed on tﬁe transparent electrode 22 on the

upper substrate 21 and the transparent electrode 25 on the

15 lower substrate 26, and roughly the entire surfaces of the

resultant alignment films 23 and 26 are rubbed in the

first direction (direction of arrows 17 and 18).

Thereafter, as for the alignment film 26, the first

alignment f£film region 26F 1is masked, and the exposed

20 second alignment film region 26S is rubbed 1in the second
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crystal region acts as the nucleus for effectively triggering the first
liguid crystal region to make splay bend transition with application of a
vol tage of about 6 V, and further the bend-aligned region that has
developed 5 in the first liquid crystal region expands. In particular, in
sanples #12 to #14, nuclei for the bend alignnment devel op fromroughly the
entire second liquid crystal region as showmn in FIG 3, indicating that the

second | dqwettdrotst piliregitdonnds apreweflfectthaty 180 aorpheedngldr Yhat in
sanpl es #11 and #15. On the contrary, as shown in Table 2 and FIG 4, for

conparatlve sanmpl es #201 and #204, no bend_transition nucl ei deva%ﬁ$
al | . For E&Sfpardis vet 3B/ e SLEEPLIRR. #203INa| (kiyh Wa¥d t £BRsi Giddthuc ei

develop froma very 1S |linmted part of the second liquid crystal reglon

Egﬁggrgflveggéﬁgpgsggéﬁg ?e8§§g4aiéﬁgq§g%§%%oﬁlqu 82?&5 a reglon fg{not

considered acting as the bend transition nucleus. 20 FIG 5

di agr ammaniaccathg sdewsndheaXibghnensmHflM4 redion agiisonrabbede srcatk
liquid crystal region as the bend transition nucleus, in which (a) shows
the state during non-voltage application and (b) shoms the state during
vol t afe sgsonshtdinechdoph@ih theFaBgls af, fmemngheorf brebl digection
application, liquid crystal nolecules of the second liquid crystal region

27S are gl Ongd 34 6 the alignment £ilm 26. In this way, the

alignment films 23 and 26 are formed.
Alternatively, an optical alignment £film may be
used for the alignment films 23 and 26 in this embodiment.
10 Hereinafter, as an example, a formation method for an
optical alignment film will be described. A polyvinyl
cinnamate (PVCi) film 1is formed on the transparent
electrode 22 on the upper substrate 21 and the transparent
electrode 25 on the lower substrate 24, and the entire
15 surfaces of the resultant alignment films are rubbed in
the first direction. As for the polyvinyl cinnamate
(PVCi) film on the lower substrate 26, after the rubbing
of the entire surface, only the second region 26S is
irradiated with deep UV 1light (wavelength: 254 nm). The

20 formation method for the second region 26S will be
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rubbi ng direction (second direction) of the second alignnent filmregion
26S in the portion near the alignment film 26. The second direction is
different from 10 the rubbing direction (first direction) of the first
alignment filmregion 26F. The first liquid crystal region 27F exhibits
splay alignnent, and the second liquid crystal region 27S exhibits tw st
al i gnnent. \Wen a voltage equal to or higher than the splay 15 bend
critical desktrddped ietthi refigplenete t bot FEGS.qUR by y€eadl, |E/kerand i(e)t.he
state descri bed above, distortion is nost concentrated on |iquid crystal

nmol ecul es _52 in the portign of the first liquid cryst region. 27F near the
second aFt&§nned®) i ?e@i@ﬁ ?@9“'ﬂ¢tﬁp?eP&iﬁgwqﬁﬁnéikmtEPXC&i§F&Fliom
the liquid crystal nolecules 52 rotate to 45 match with the alignnent

di rectioggof 1 gui ys ul 54..Ln 0L L] t hey o]

l'iquid cragét a+ﬁ@e5ﬁc§f1§'27g%hgg?éﬁe (?éco%ﬁéaléf&gsrr%n%é??g%ﬂrgég!\gﬁé‘%sﬁwt h
this torque of the liquid crystal nolecules 52, 5 |iquid crystal nolecul es
in the fithet PVQuili dELImst2d magkiern Albnay eliinged2te2dotef e RIGI ha(d).ection
toward the alignment film23 fromthe alignnent film 26. The angle of this
rotation_depends on the angle ~Y ( 30 _<_ ~Y <_ 150 formed between _the
rubbi Aig Blfecti dhedf the secon¥ieWy al ﬂéﬁﬁﬁﬂmﬁﬂrﬁ@@on shewing t Hbe

rubbing direction of the first alignment filmregion 26F. At this tine,
since th%elationship between the light irradlation direction in

FIG. 2(d) and polymer chains.
First, as shown 1n FIG. 2(c), the second region
26S in FIG. 2(b) 1is irradiated with S-wave deep UV
10 polarized 1light in a 1light amount of 1 J/cm® from the
front. By this irradiation with the S-wave deep UV
polarized light, polymer chains extending in the direction
of oscillation of the S-wave are cut off. Thereafter, as
shown in FIG. 2(d), the second region 26S 1s irradiated
15 with P-wave deep UV polarized light in a light amount of 1
J/cm®* in an oblique direction (for example, at an incident
angle of 80°). By this irradiation with the P-wave deep
UV polarized light, polymer chains A (FIG. 2(e)) extending
in the direction of oscillation of the P-wave deep UV

20 polarized light are cut off, while polymer chains B (FIG.
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applied voltage is equal to or higher than the critical voltage Vcr, it is
nore stable for the liquid crystal nolecules in the first liquid crystal
region 27F to make 15 transition to bend alignnent than to resume the splay
alignnment fromthe standpoint of energy. Accordingly, as shown in FIG

5(b), a bend-aligned region 42 effectively devel ops and expands into a
splay aligned region 44. On the contrary, in conparative sanples #201 and
20 #204 Rrie))i céxhenddéngndvérgiicdlcryst dher ativectiont ofat odéillatlorn he
liquid crystal alignnent of the entire liquid crystal layer is kept in

spl ay ali%nnent, wi th no bend transition nucleus forned. In conparative
sanpl es 2X0th@dPr¥gye | Argnil&ft nEnEUbbi ngP8i rfeckPEHd tor the Preddlf
alignnment filmregion 26F and the second alignnment filmregion 26S are

Cegr o SHERPHE o0 Wit SEarhTRgIB nd L2 Bl stnle

~other. This fails to rotate the liquid crystal nolecules in the 10 portion
i n whi chashah# sdixréddionf ihh@hdphmytis i polenéri shadnse® reattsshdy a
sufficient angle, and thus its action as the bend transition nucleus is
weakened. In this exanple, described were the liquid crystal display

devi c8s havi ng t héhst rdeRCEhapdd akevRd 1BYal APREERTiAtedYr egldnstdDdhn| y
for the alignment film26 on the |ower substrate 24. The position of the

second the direction of the 1incident polarized light and the
like, the pretilt direction of the second region of the
alignment f£ilm 26 is controlled, and in this way, the
alignment films 23 and 26 are formed.

10  The liquid crystal layer 27 of the liquid crystal
element 30 in this embodiment was observed with a
polarizing microscope to check the alignment state of the
liquid crystal layer 27. The observation was made by
arranging the rubbing direction to agree with the

15 direction of the polarizer under crossed-Nicols. As a
result, the first liquid crystal region 27F appeared black
in the extinction position. From this, it was confirmed
that in the first liquid crystal region 27F, the direction
of liquid crystal molecules agreed with the direction of

20 the polarizer and the liquid crystal molecules were in
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alignment filmregionis not limted to this, but the second alignnment film
region may be provided for both the alignment film 23 on the upper
substrate 21 and the 20 alignment film 26 on the | ower substrate 26. 47
Herei nafter, exanples of positions of the second alignnment filmregion for
both the alignnent filnms 23 and 26 will be described with reference to FIG
7. The second alignnent filmregion of the alignnment film23 is denoted 5
by 23S. Bp&8Y AIAgnen¥) show transparent plan views of various exanples
of the alignnment filns 23 and 26. Arrow 18 indicates the rubbing direction

of the first alig nt_.filmreqgion of ,the alignment fi 23 pn the upper 10
Substrate 21, and OB r 97 SARTHARES. AR Db, AGCaRh LGS P S He,
alignnment filmregion of the alignnent film26 on the | ower substrate 24.

are parakgfidr® 898N Oﬁ‘ehas'rhéﬁﬁleﬁr%@ NEhat §fd | 8B N tAW 8pbaditadres the

rubbing direction of the second alignment filmregion 235 15 of the
alignnment film23 on the upper substrate 21, and arrow 47 indicates the
rubbi ng emriesdteidn amd t Hthesedoraii@@nynneetlarikedr eight268asf tlodadleidynnent
film26 on the | ower substrate 24. In the alignment filnms shown in FIGS.
7(A‘)’S(B)E‘rom this, it was confirmed that in the second 1liquid
crystal region 27S, liquld crystal molecules were twisted.
In this embodiment, the first 1liquid crystal
region 27F exhibited splay alignment and the second liquid
crystal region 27S exhibited twist alignment. The
10 alignment states of the 1liquid crystal element in the
present invention are not limited to these. As long as
the pretilt direction of the first 1liquid crystal region
1s different from that of the second liquid crystal region
in the area near the surface of at least one alignment
15 £ilm, the second liquid crystal region 27S can act as the
bend transition nucleus, and thus, substantially the same
effect can be obtained.
In this embodiment, the second alignment £ilm

region 26S as a region discontinuous in pretilt direction

20 was provided inside each pixel for the alignment film 26
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20 and (C), the second alignnment filmregions 23S and 26S are 48 in the
shape of a stripe crossing the pixel. In the alignnent filnm shown in FIGS.
7(D) and (E), the second alignnment filmregions 23S and 26S are in the
shape of a plurality of stripes |linked to each other. In these 5 alignnent
films showmn in FIGS. 7(A) to (E), the rubbing directions of the second
alignnment filns regions 23S and 26S are respectively parallel to the
directi ops cthextlowswnnsubstirate r 2des. Mher| posithpn taf sdhwnsegionghnent
filmregions 10 23S and 26S have a shape of a given curvature. In the case

poi nt | n o EAE LAy HRRLOR 1705 ogiordha 1M FEBbi Ry BRLECL i of G the

second alignnent filmregion preferably satisfies 30 ~ ~ ~ 150 . Al though
15 the spaRap1d | ovRE! gelcdind mﬁgﬁﬂeﬁtalfﬂmWégibhmﬂ@gl@@sp%%s-im 26S
were exenplified with reference to FIG 7, an opfinum shape may be

I ndi vidual |y determ ned appropriately so that the transition to bend
al i gnnenttocantive atltigmesht nftifle s2dr oastthe muppkapesdbsgrate h2lsi 2a and
shape of 20 pixels of the display device. 49 As shown in FIGS. 7(A) to

F), the second
(F) % may be provided for both the alignment £film 23 on the

upper substrate 21 and the alignment film 26 on the lower
substrate 24. Otherwise, the second alignment film region
may be provided outside each pixel.
In this embodiment, the alignment films 23 and 26
10 are respectively formed on the upper and lower substrates
21 and 24. Substantially the same effect as that obtained
according to the present invention can also be obtained by
providing an alignment £ilm on at least one of the
substrates, and thus the other alignment £film may be
15 omitted as appropriate.
A chiral agent may be added to the liquid crystal
layer 27 of the liquid crystal element in this embodiment,
'
to enable the second liquld crystal region 27S of the

liquid crystal layer 27 to act as the bend transition

20 nucleus more effectively. In particular, as will be
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alignment filmregions 23S and 26S preferably do not overlap each other and
are displaced fromeach other in the x-y plane (see the xyz coordi nate
systemin FIG 7), 5 that is, in the direction normal to the substrates 21
and 24. The second liquid crystal region 27S can be formed to act as the
bend transition nucleus nore effectively when it exhibits tw st alignnent
than splay alignnment. Accordingly, the displacenent between the second

al i gnmentles@rfided rbatens1838ehad 1265 f Exampaeh 2ot ey determbadngbdhe | s
preferred because with this displacenent, the second liquid crystal region
27S can be tw sted. The optinym val ue of the displacenment oul referably
be det er ROSES FHBPUREI £l § dnﬁ’é'e‘?ﬁ ng96R Y h%osﬂ:i’@tof&ﬁ?xaa}qtﬂ aﬁg ﬁte
liquid crystal panel, the aperture ratio and the like. (Exanple 2) In
Exanpl e gyl R, LsOh bl (il 1Al qafantrydidad Uhyd toqvhd ety ! aver
was changeg variously, to prepare ?QUId cfysta I'spl ay devices simlar to
the 20 liquid crystal display device 40 of the enbodi nent 50 descri bed
above i nogmidal hpitete prwterthe tdlirad tdyembeoaddedbddiqeid. crystal
Specifically, prepared were four liquid crystal display devices (sanples

#31 to #34) having values of the ratio_of the thickness. d gf th?ﬁ%iqﬁéd
cryst 8l 3avarrsatishitesi Quid BB st aP - 8Pendit 150 RBIHRLIGAL G HEkSh
pitch p of the chiral agent-added liquid crystal

second 1liquid crystal region 27S of the 1liquid crystal

layer 27 act as a highly effective bend transition

nucleus, and also suppress decrease in transmittance when

the liquid crystal display device provides white display
10 in actual driving.

The added amount of the chiral agent is more

preferably set to satisfy 0 < d/p £ 0.15. By this
setting, decrease in transmittance can be almost
suppressed, - compared with a 1liquid crystal sample

15 containing no chiral agent, when the liquid crystal

display device provides white display in actual driving.

Hereinafter, Examples 1 and 2 of the present

invention will be described.

(Example 1)

20 Liquid crystal display devices of Example 1 have
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| ayer shown in Table 3 below. The values of d/p of the sanples of Exanple 2
are set .to fall within the range between 0 and |l ess than 0.50. 10 In the
liquid crystal elenents in Exanple 2, the second alignnment filmregion 26S
is provided only for the alignment film26 on the |ower substrate 24. Al so,
the angle ~ forned between the rubbing direction 19 of the second alignnent
filmregion 26S and the rubbing direction 15 17 of the first alignnent film
regi on 268bistasdtiatly2Ghe Tisameecstdudtiupere@s f ithe r édawidesrystial t he
shape of a stripe extending in the rubbing direction 19 and has a wi dth of

50 um The si.ze of the supstrat 21 apd .24 and the alignment fil 3 and
26 is 209 ¥ i davigex 49 %8‘%0?‘“?’893‘5\%"& é Scrl’—‘bgraco?r}b%Y?sg’ﬁ:t%}m
liquid crystal display devices (sanples #401 and #402) having val ues of d/p

falling i e £ang scrijbe ov reaalgo p gn t
preparat?%%%ggﬁ¥%£ §%§p|§§§§f Egéngpg?S gg&iabﬁedg §§ﬁ§|2ﬁﬁgﬁa§§9 #ggp#34
#401 #402 d/p 0 0.15 0.30 0.45 ~ 0.50 ~ 0.75 A voltage of square wave of 6

V and 1 kdbstwantipillgdthe ssameematihker oag34hmtd tnnpdreat embosidmeles, #401
10 and #402, and the results were observed with a pol arizing m croscope.

The observation was made under operation in, .
5 In Example 1, the rubbing direction of the second

alignment region 26S (region discontinuous in rubbing
direction) of the alignment film 26 on the lower substrate
24 was changed variously to prepare a plurality of liquid
crystal display devices.

10 Specifically, five liquid crystal display devices
(samples #11 to #15) shown in Table 1 below were prepared
by varying the angle V¥ formed between the first rubbing
direction (direction of arrows 17 and 18 in FIG. 1l(a)) and
the second rubbing direction (direction of arrow 19) of

15 the alignment £film 26 1in the range of 30° to 150°
inclusive. The second alignment film region 26S is in the
shape of a stripe extending in the rubbing direction of
the second alignment f£ilm region 26S as shown in FIG.
1(a). The rubbing direction (direction of arrow 17) of

20 the first alignment film region 26F of the alignment film
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the normally white node with the pol arizes arranged under crossed-Ni cols.
The observation results are shown in Table 4. The application of the

vol tage of square wave of 15 6 V and 1 kHz was halted (voltage 0) after the
entire liquid crystal |ayer nmade bend transition. The observation results
at this tinme are shown in Table 5. Under the voltage 0, the bend alignnent

I nstant aneously (in several tens of nsecs) changes to 180-tw st 52

al i gnmene TR otlser Vaiwean sebstratir 2dg ahd app | cablkdmof dimeatdiamge
and after the halt of the voltage application are also diagrammatically
shown in FIG 8. In FIG 8, 5 sanples #31 and . #33 and I 401 ar,e shown
r epr esent(idgasdaion e of AETPYe ]tﬁ)’rrpaﬁatq%*f‘e @i&ﬁﬁf“@,n eggg@ti | g aitt% . 8
(A) , ( B) and ( C) show the states observed when the voltage of square
wave of S »applie qsgf , show t he
states og?ére\?ggs%%ﬁg?ﬁg fg %ﬁl& @er%j 0 %%Elmgg%hgga% %étl?r the entire

| ayer nmade bend transition. FIGS. 8(A) and (D) show sanple #31 of this

exanpl e, FIGS. 8(Brogandcompaatiosanpthrdd3 dfiguiid exayptal amdsplEy 8( 0
and (F) show conparative sanple #401. 15 Table 6 shows the tinme required
for the entire liquid crystal layer to nake transition to bend aligannt

f r om tShe deorieres at  sdmpheshe#0Lt age o¥283darefwewliegh cthe angle

described above falls outside the range 30° < ¥ < 150° and
a liquid crystal display device (sample #204) that has not
such a region as the second alignment film region 26S were
also prepared as in the preparation of the samples of
10 Example 1. Note that in sample #201, the rubbing
direction (direction of arrow 17) of the first alignment
film reglon 26F and the rubbing direction (direction of
arrow 18) of the alignment film 23 on the upper substrate

21 are opposlte to each other.

15 Table 1
Sample | #11 | #12 | #13 | #14 | #15 | #201 | #202 | #203 #204
V() 30 | 60 | 90 | 120 | 150 0 15 165 No
: region

A voltage of square wave of 6 V and 1 kHz was
applied for samples #11 to #15 and comparative samples

#201 to #204, and the observation results during the
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and | kHz was applied, for sanples #31 to #34 and conparative sanples #401
and #402. The voltage of square 20 wave of 6V and | kHz was shut off after
the entire liquid 53 crystal |ayer nade the bend transition. Table 7
shows the tine required for the entire liquid crystal |ayer to resune the
splay alignnent fromthe nonent at which the voltage was shut off. 5 Table
4 Sanpl eCbservation results ofsplay -~ bend transition#31The expansion rate
of t he bergialdgmesppeybanion are’Fdwn expalabde rat e Thehebsem-atiigmed
regi oni ssl ow. #33The expansi on rate ofthe bend-aligned regionisfast .#34The
expansion rate ofthe bend-aligned regionisvery fast.#401The entire | ayer
isalreadweﬂuitﬂwQfeﬂhenﬂ@ﬂﬂiﬂfﬂﬁﬂ$g@1s@éﬂ@rémﬁﬁnﬁﬁmmﬁﬁsﬁ}4cRﬁuﬁﬁ?¥o

bendal i gnnent upon application. #02The entire | ayer isalready 180-tw sted

appl | cat oo 808 SaHEOOkAPI ot T IR B R AT ok FIPT) difih
spl aytransi ti on#31The shri nkager at eof t hel80-tw st edr egi oni sfast .#32The

shri nkaggiid eqfd 1ed§8- t dppleeatdion drast d¥@gidematically shown in
shri nkager at eof t hel80-t w st edr egi oni ssl ow. #34The

shri nkager at eof t hel80-tw st edr egi oni svery slow. 01 #4The entire

180- t \ii StRIGS at?® asduidnt Hespectimiihe entire 180-tw stedstate

i smai ntained. 54 Table 6 SanpleSplay -~ bend transition tine
(sec)#3125%%617§336#343#4010#4020 Tabl e 7 Sanpl eBend (180 twi st) ~ splay
transiti orfR+%e (sec) #3155#3298#33210#34450#401#402 5 From Tabl es 4 and 6,

oA a-f Aariad Ly oo ] T Y Y 1A " r . L
bl | call SATEES | DRI gh SRaRetEs OF FEAEAlng LToR P Z O
appl i cat v b Ol —SBBUT—6 VLRS- WeRt o gttt _traRstE-of

#11 Bend transition nuclei develop from part of e

second liquid crystal region, and a bend-aligned
region expands.

#12 Bend transition nuclei develop from roughly the
entire second liquid crystal region, and a bend-
aligned region expands.

#13 Bend transition nuclei develop from roughly the
entire second liquid crystal region, and a bend-
aligned region expands.

#14 Bend transition nuclei develop from roughly the
entire second liquid crystal region, and a bend-
aligned region expands.

#15 Bend transition nuclel develop from part of the
second 1liquid crystal region, and a bend-aligned
region expands.

#201 No change with no development of bend transition
nuclei.

#202 Although bend transition nuclei develop from a very
limited part of the second liquid crystal region,
there is no expansion of a bend-aligned region.

| #203 Although bend transition nuclei develop from a very
limited part of the second liquid crystal region,
there 1s no expansion of a bend-aligned regilon.
#204 No change with no development of bend transition
nuclei.

From Table 2 and FIG. 3, it is found that for

samples #11 to #15 of this example, the second liquid
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effectively proceeds in the first liquid crystal region fromthe second
liquid crystal region acting as the 10 nucl eus. The rate of expansion of

t he bend-aligned region is however different anong the sanpl es.
Specifically, it is found that with increase of the added anmount of the
chiral agent, that is, with increase of the ratio d/p of 55 the cel
thickness d to the chiral pitch p of the liquid crystal |ayer, the rate of
expansi OBrgEthh.e beagiehi grertd egagn ithed ashecletiswe\for waffechd veldiy al
agent is added by an 5 anount as large as those in conparative exanples
#401 and #402, the liquid crystal layer is 180-twi sted even in the initial
state of tmdggealing ethepfilaat ohlauhdwerye e FagdPnatss mekei §RIAYCT yst al

nol ecul es are twisted by 180 as a whole toward the alignnment film26 from

crystal ‘PARe thanstEaR, o ApbTBST BFR S MoPFARE An CabbRY' [ o 4

crystal |ayer continuously changes to bend alignnment fromthe 180-tw st

a"ghnehg)Méﬂﬁn$ufﬁﬁeEGQQ§§'bénﬁ?a&@@d&ﬁ“&é@ﬂ@ﬁlWMHt ¥sn debe Uogmad t ant
15 liquid crystal display device is actually driven, a problem arises
during white display that the liquid crystal |ayer shifts from bend

al i gnffentint 0 thest fdrgonediidquid sicamistdale sRIIOPer apXPanddver al tldhs of
nsecs, and this significantly decreases the transmttance, 20 although no

probl em %gr%:ej.scu uar]!:'ng i%' aglém%llse%l a¥12I L dS #14, nucleli for the bend

alignment develop from roughly the entire second liquid

crystal region as shown in FIG. 3, indicating that the

second liqulid crystal region acts more effectively
10 compared with that in samples #11 and #15.

On the contrary, as shown in Table 2 and FIG. 4,
for comparative samples #201 and #204, no bend transition
nuclei develop at all. For comparative samples #202 and
#203, although bend transition nuclel develop from a very

15 1limited part of the second liquiq crystal region, there is
no expansion of a bend-aligned region. Accordingly, in
any of comparative samples #201 to #204, the second liqhid
crystal region is not considered acting as the bend
transition nucleus.

20 FIG. 5 diagrammatically shows the mechanism of
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56 t herefore concluded that although the added anmount of the chiral

(val ue of d/p)

bend transition, it is preferably small fromthe standpoint of the
transmttance 5 (lum nance of the panel) during white display in actual

driving. From Tables 5 and 7, it is found that while sanples #31 to #34 of
this exanple resune the splay alignnent with tine after the shutoff of the
vol t age, the eotmamios ethampbesntdAigunid #ddgstdalnategiemunes t hhes pleayl
alignment, maintaining the 180-tw st alignment, after the shutoff of the
voltage. It is therefore found that the added ampbunt of the chiral agent

(val ue otrangitionrspetsmisy | dRgdhirh ed@hefheNe tthe SRks edurdn

liquid crystal

As descrbed ve b ' t esylys %BEPAI” dugi VO

appl i cat ngl (’%g'&aae 4%5%3' g; 1%Nl [Eﬁg&rglsﬂ I té?' obtai %21(? d%tt:aﬁ:ge sh&?%
the voltage (Tables 20 5 and 7 ) , it is concluded that the preferred
g; the 5%o1tad@edappoushtabnt.he Bbi rstlowgenh IFI®. ~5¢&) ,< dubing( Boiodi ment

5

10

15

20

voltage application, 1liquid crystal molecules of the
second 1liquid crystal region 27S are aligned in the
rubbing direction (second direction) of the second
alignment f£ilm region 26S 1in the portion near the
alignment f£ilm 26. The second direction is different from
the rubbing di:ection (first direction) of the first
alignment film region 26F. The first liquid crystal
reglion 27F exhibits splay alignment, and the second liquid
crystal region 27S exhibits twist alignment.

When a voltage equal to or higher than the splay-
bend critical voltage (Ver) is applied to the liquid
crystal layer 27 in the state described above, distortion
is most concentrated on liquid crystal molecules 52 in the
portion of the first liquid crystal region 27F near the
second alignment film region 26S. To be relieved from

this distortion, the liquid crystal molecules 52 rotate to

45

agent

Is preferably large fromthe standpoint of facilitating the

he 15

| ayer to resune the splay alignnent fromthe bend alignnent.

of
range



In a liquid crystal display device of Enbodinent 2 of the present

I nventign, TN alignnment that is 5 continuously connectable with bend

al i gnnent during application of a voltage equal to or higher than Vcr is
trapped in the whole area of the second liquid crystal region. The TN
alignment as used herein refers to a type of twist alignnent in which the
twst angle is in the 10 range of 30 to 150 inclusive, nore preferably 70
to 110 i malteh veritn ttiee f cdlbghmendesddinsdtuion assfineliguldt herywitatl angl e
is 90. In the liquid crystal display device of Enbodinent 2, the whole area

of the second liquid crystal 15 region acts _as the transjtion nucl eus for
al | owi ngMeHegyles FﬁqﬁﬁjEP?SB&r§¥2ﬂoﬁft5nﬁm%eFHBds&%8P¥£n&rﬂ ition.

Therefore, the splay-bend transition of the first liquid crystal region can
be attai el iahly a I g e I} t ld qui stys.

di spl ay %%&iic%g{ 2&72% E%o%di trtré%t %se@lae %%ti o?nrﬁ%e@éédon?eﬁi%ﬂyd crystal
region, an alignnment refresh process, for exanple, nmay be adopted in which
after rowahly tthasenticwqes eaodf the fliiguidi qurdgstalst mbleegiles i $2,
bend-aligned, it is splay-aligned from5 the bend alignnment via n-tw st

alignnment. This alignnment refresh process is perforned by applying a
vol t afe ddqudsht gxyekahs mpgrcudedcr dder ddhe t Hel¥shui 41anje acnyRial

region 27F are urged to rotate in the direction toward the

alignment f£ilm 23 from the alignment f£film 26. The angle

of this rotation depends on the angle ¥ (30° < V¥ £ 150°)

formed between the rubbing direction of the second

10 alignment film region 26S and the rubbing direction of the

first alignment f£ilm region 26F. At this time, since the

applied voltage is equal to or higher than the critical

voltage Vcr, it is more stable for the 1liquid crystal

molecules in the first liquid crystal region 27F to make

15 transition to bend alignment thah to resume the splay

alignment from the standpoint of energy. Accordingly, as

shown in.FIG. 5(b), a bend-aligned region 42 effectively
develops and expands into a splay aligned region 44.

On the contrary, in comparative samplés #201 and

20 #204 in which no second 1liquid crystal reglon exists at
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for a predetermned tine, for exanple. Alternatively, the second liquid
crystal .region 10 descri bed above nmay be forned by adding a predeterm ned
anount of a chiral agent to the liquid crystal naterial. Hereinafter, the
liquid crystal display device of Enbodinent 2 will be described
specifically with reference to the relevant draw ngs. 15 (Alignnment refresh
treatnent] First, formation of the second liquid crystal region in the

al i gnmentalngfr ehle prbgaid wetysbaldeatighmentThefstthet end iofe t RAdquigli d
crystal display device 40 and that of the liquid crystal elenment 30 20

t hereof are the same as those shown in EFIG 2 ,_and thu 9 the

descri pt CEW 4Rk cdaYier ohPt t@Pheldd RBLEY: hﬁiiéBF‘@Pﬁaf tgi,tgde%%r i35 %n
W1l be nade for one pixel of the liquid crystal elenent 30 for

sinmplifi 1. Qe i Vi ew o] ' t b Pl d yst al
el enent %%tg&cgyﬁ{g,ﬁ &tj?%&eé%%s?gﬁ%(ﬁdspl agf%e\r}’floc %Eﬁ%nb%ﬁ%% i@da:ats
viewed in the direction normal to the substrate. As shown in FIG 10, the
liquid cragsd alk203yer 127 wiiiéhe thequirdboiyst adiekerduns30ofasthée Flirst
liquid 10 crystal region 27F and the second liquid crystal region 27S. The

second liquid crystal region 27S is conposed of a portion_along t he
peri pler plgfgnmenhi fdlmnygegion,  p6F and the second alignment film

region 26S are close to each other, the pretilt directions

in the first 1liquid crystal region 27F and the second

liquid crystal region 27S are close to each other. This

fails to rotate the 1liquid crystal molecules in the

10 portion in which the distortion of the splay alignment is

concentrated by a sufficilent angle, and thus its action as
the bend transition nucleus 1s weakened.

In this example, described were the 1liquid

crystal display devices having the stripe-shaped second

15 alignment film region 26S only for the alignment f£film 26

on the lower substrate 24. The position of the second

alignment £ilm region is not limited to this, but the

second alignment film region may be provided for both the

alignment film 23 on the upper substrate 21 and the

20 alignment £ilm 26 on the lower substrate 26.
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portion crossing about the center of the pixel. This defines two parts of
the first liquid crystal region 27F 15 surrounded by the second liquid
crystal region 27S in one pixel. The second liquid crystal region 27S may
be fornmed outside the pixel. The alignment of the liquid crystal |ayer 27
Is regulated Wth the regulating force of the surfaces of the 20 alignnent
films 23 and 26 formed in contact Wth the 60 liquid crystal layer 27. In

the case of FIG IbhréDiafxen) exdirlesi ofmpusitions2dfanthe6saceondibbed
to regulate the pretilt directions and pretilt angles of the liquid crystal
nol ecul es. 5 The rubbing direction (first direction) 17 of the first

al i gnmenaliignmendyi Shlmsregilametari §otbnithe | alenpenthE 1 UnR, 233G at e
24 is parallel to the pretilt direction of the portion of the first liquid

crystal region 27F near _t | i n | .+ bbj ng di | HN
(second dr é@tqi]orﬁe 183891'?‘%’8%53%% %?%%%%ebég ftﬁ %'fréle'gib%'n Zégeoget eric?
alignnment film26 is parallel to the pretilt direction of the portion of
the second jlgriitl CEY$halrd PHPNoR7 EhReal idemeht giiam 13 | is2dentstezhown
in FIG. 107 1nthe liquid crystal element 30 , the pretilt 15 direction
of the first liquid crystal region 27F is perpendicular to the pretilt

di r ectSi obbyof23%he second liquid crystal region 27S in the area near the

al i gnnent

FIGS. 7(A) to (F) show transparent plan views of

various examples of the alignment films 23 and 26. Arrow

18 indicates the rubbing direction of the first alignment

film region of the aligﬁment f£film 23 on the wupper

10 substrate 21, and arrow 17 indicates the rubbing direction

of the first alignment f£ilm region of the alignment film

26 on the lower substrate 24. These rubbing directions

are parallel to each other. Arrow 48 indicates the

rubbing direction of the second alignment film reglon 23S

15 of the alignment f£ilm 23 on the upper substrate 21, and

arrow 47 indicates the rubbing direction of the second

alignment film region 26S of the alignment film 26 on the
lower substrate 24.

In the alignment films shown in FIGS. 7(A), (B)

20 and (C), the second alignment film regions 23S and 265 are
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film26. The alignnent film 23 on the upper substrate is 20 roughly
entirely rubbed in parallel with the rubbing 61 direction (first
direction) 17 of the first alignnent filmregion 26F of the alignnent film
26 on the | ower substrate. This rubbing direction of the alignnment film 23
on the upper substrate is denoted by 18 in FIG 10. 5 During non-vol tage
application, the first liquid crystal region 27F exhibits splay alignnent
whi | e t hdnsethad shapéed af yst abtrdgieonczoSsdiig bithe TNixeilgnnmenkn (ghe wi st
alignment). Once a voltage equal to or higher than the splay-bend critica

vol tage (Vecr), the first 10 I|qU|d c tal region 27F exhibjits bend
al i gnmenglighmenty fdlms, sshewai di % i c?aags/ i &g dlfslb?a A the
bend-al i gned first I|qU|d crystal reglon 27F. As described in Enbodi nent 1,

the seconq il fh CeyShalrd fUOD 338 Idd 28s! MrdlughCithd Undbe ol - bend

15 trans quid cry regi on 27F when t age equal
to or higher than the splay- bend critical voltage (Ver) is applied.

Her ei naf Tp@.ﬁ:)rdle.ﬁigirldm terfigds WinKédanko 1Badlhe athgnnent Tef ridsdse
process wil |l escribed in detall 20 FIGS. 11, 12 and 13 are views

showi ng the alignnment states 62
5" alignment £films shown in FIGS. 7(A) to (E), the rubbing

directions of the second alignment films regions 23S and

26S are respectivgly parallel to the directions of
‘extension of the stripes.

In FIG. 7(F), the second alignment film regions

10 23S and 26S have a shape of a given curvature. In the

case of FIG. 7(F), the angle V¥ formed between the tilt of

the tangent at a given point in the second alignment film

region and the rubbing direction of the second alignment

film region preferably satisfies 30° < ¥ <150°. Although

15 the shapes allowable for the second alignment f£ilm regions

23S and 26S were exemplified with reference to FIG. 7, an

optimum shape may be individually determined appropriately

so that the transition to bend alignment can be attained

in the shortest time, depending on the size and shape of

20 pixels of the display device.
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of the liquid crystal layer 27. FIGS. 11 and 12 show the alignnent states
of the liquid crystal layer during the alignnent refresh process perforned
before actual driving of the liquid crystal display device, and FIG 13
shows 5 the alignnment states during actual driving after the alignnent
refresh process. In FIGS. 11, 12 and 13, disclination lines are shown by
the bold lines. Note that the outline of the pixel is also shown by the
bold line. In the Ad| ushowhed lexarBlIGS . no7¢RAi)r altcage(®) i s &Hded steword t he
liquid crystal material. However, as will be described later, the TN

alignnment .in any region surrounded by a disclipation |ine can be stabhilized
by adj us@ii§ "P%”ki ol ¥R ot 89 HO 8 r%ggi oﬂ?‘siana6 ddBEegﬁE@rﬂ%—%f q%he NG r al

agent. 15 The alignnent refresh process shown in FIGS. 11 and 12 is

per forne | eas ce r t | Vi t#fb I guigl C al i splay
devi ce. &W@%ﬂgﬁ?iéﬁg 5?€§§§|%ﬁﬁfe??%|q?%y¢£?%§§e |&ﬁt%§C§ba%gﬁ etﬁ%en t he
el ectrode substrates 5 and 6, the 20 resultant liquid crystal |layer 27 is

spl ay- al itgreedx iy pPhan3 (séer ¥hd iy dcoorslialategsgstams andF2G-t wiks} ed
(TN aligned) in the second liquid crystal region 27S as shown in FIG

11(a). A plurality of disclination |lines are fornmed in the TN-aligned
second | ithatd E9ysin theyj@hregtion normal to the substrates 21 and

24. The second liquid crystal region 27S can be formed to
act as the bend transition nucleus more effectively when
it exhibits twist alignment than splay alignment.
Accordingly, the displacement between the second alignment
10 film regions 23S and 26S from each other described above
is preferred because with this displacement, the second
liquid crystal region 27S can be twisted. The optimum
value of the displacement should preferably be determined
appropriately depending on the size of pixels of the
15 1liquid crystal panel, the aperture ratio and the 1like.
(Example 2)
In Example 2, the amount of the chiral agent
added to the liguid crystal layer was changed variously,
to prepare liquid crystal display devices similar to the

20 liquld crystal display device 40 of the embodiment

50



5 A high voltage is applied across the liquid crystal layer 27 in the state
shown in FIG 11(a). The applied voltage is preferably at |east tw ce as
hi gh as Vcr. The actually neasured value of Vcr for the liquid crystal
material is 2.3 V. In this enbodinent, therefore, 10 8 V was applied, for
exanple. Once the voltage is applied, the TN-aligned regions surrounded by
the disclination lines in the second liquid crystal region 27S act as
transiti degutelsdad abog@er ing rmeh pahid opamef mémenétrr s | kthaitd tnydthe
region 27F near the transition nuclei 15 to change to bend alignment, as
shown in FIG 11(b). Wth this change to bend alignment, the disclination
lines exedeye erbo@tmentst |SRARGHEECHELEL PEgPRTeywexe  EPHET ddiquid
referring to FIGS. 11(d), 36(a) and (b), the alignnment states of the liquid

crystal |ayer, i 0 FIGS J11(a) .an Ll | ke desgcr ) bed_ | et a4l | G
64  11( isstaafp‘i}?PgFYeﬁlie 5 v(j%éﬁ%}ygn#gaeat%llﬁﬁs rﬂ%ﬁ%&gd%?qu%{
broken line in FIG 11(a). As shown in FIG 11(a), during non-voltage
appl i cat iggn, thie $8€98d &f quinb CihilcWnd£gi @n SFS tNdi Al duis eiygtdy in

TN al i gnnent, has two different types of alignnent states. One is the
alignnent state in the regions surrounded by the disclination Iines as
shown Sby liayet GOf 1the) hhdudd), cuvetefe elpmenits 8fe i giheenhahiufalin
t he regi ons shown by O | ocated adjacent to the
chiral pitch p of the chiral agent-added liquid crystal
layer shown in Table 3 below. The values of d/p of the
samples of Example 2 are set to fall within the range
between 0 and less than 0.50.

10 In the liquid crystal elements in Example 2, the
second alignﬁent film region 26S is provided only for the
alignment film 26 on the lower substrate 24. Also, the
angle ¥ formed between the rubbing direction 19 of the
second alignment film region 26S and the rubbing direction

15 17 of the first alignment film region 26F is set at 120°,
The second alignment film region 26S is in the shape of a
stripe extending in the rubbing direction 19 and has a
width of 50 um. The size of the substrates 21 and 24 and

‘the alignment films 23 and 26 is 20 mm vertically x 10 mm

20 horizontally.
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10 regions ~ via the disclination lines. In the TN-aligned second Iiquid
crystal .region 27S, the alignnent directions of liquid crystal nolecules
exi sting near the two substrates are respectively regulated with the
rubbing direction 18 (of the alignnment 15 film 23 on the upper substrate
21) and the rubbing direction 19 (of the alignnment film 26 on the | ower
substrate 24) shown in FIG 11(d). Therefore, the alignnent state of the
i quid crystal nolestl exconpahissacondtwo quildiquidt alcregiah 2d@lsplAwdes
countercl ockwi se 20 90 tw st and cl ockwi se 90 twi st. From pol ari zing 65

m croscopi ¢ observation, it was found that the regions are 90-t 'sgfgg

f
count er cldsvdfes visamples #4Pinsandyr $488) Whavdrd| yadSR. 9

11(d), a liquid crystal nolecule 68a existing near the alignment film 26 on
the 5 | oyer tr a JhyJ qui st al e Xi Sl t he
al i gnrren\tﬁlilrs##QS %%Fﬁggup;#&eqsu]gas@éét eagrse &%ar arr?r%?ygal %fyﬁlo%% each
of the regions ~ and In the region ~, liquid crystal nolecules are 90

-twi st ed gripdREd! askisethewyrbpdeat ovar ofubshéatsaniplus t 6€ ExENp IO
substrate. I'n the region ~, liquid crystal nolecules are 90-tw sted

cl ockwi se toward the | ower substrate fromthe upper substrate. In addition
to thé diZference in the direction of the tw st between the regions ~ and ~
descri bed above, 15 there is actually a difference in tilt angle between

t hese

Table 3
Sample #31 #32 #33 #34 #401 #402
da/p 0 0.15 0.30 0.45 0.50 0.75

A voltage of square wave of 6 V and 1 KkHz was

applied to samples #31 to #34 and comparative samples #401

10 and #4022, and the results were observed with a polarizing
microscope. The observation was made under operation in
the normally white mode with the polarizer arranged under
crossed-Nicols. The observation results are shown in
Table 4. The application of the voltage of square wave of

15 6 V and 1 kHz was halted (voltage 0) after the entire
1iquid crystal layer made bend transition. The
observation results at this time are shown in Table 5.
Under the voltage 0, the bend alignment instantaneously

(in several tens of msecs) changes to 180°-twist
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regions . The tilt angle will be described with reference to FIGS. 36(a)
and (b).. FIGS. 36(a) and (b) are views diagrammatically show ng the
alignnent states of liquid crystal nolecules in the regions ~ and ~,
respectively. 20 Note that in these figures, the liquid crystal nolecul es
66 are shown in the two-dinensional plane in their untwi sted state to
focus attention only on the tilt state. As shown in FIG 36(a), the liquid
crystal gpliegideastin the region ~ are in atilt state (uniform5 tilt
state) in which the tilt direction is uniformfromthe upper substrate 21
to the |l ower substrate 24. The uniformtilt state refers to the alignment

state in whi ch whéfhe hebgeayatd@noiresieltsqdugring he appiicpreies, of

exi sting near one substrate (for exanple, the upper 10 substrate 21) points

to the center lq h f Ehed i qu S ; 68a
exi sti ng%ﬁl arvﬁiééggh ds uabés{]ére%t gﬁgf %ﬁeﬁaﬁ%l g,het %%ﬁ% Esiggg'ltgﬂreJ aaf%%z'ﬁ)
cones into contact with the substrate surface, as shown in FIG 36(a). 15

As shown airie FhEso36i Pagraffaticuldycr ¥abwh DheFli@s 80 thdw epign 8are in
atilt state (splay ti?t state) in which splay distortion is concentrated
in the center of the liquid crystal layer 27. The splay tilt state refers
to thé alsappies #3&t endn #d cinduheamphe HdAd Fre3phevWnt KeprefantNgst al
nol ecul e 68b exi sting near one

Example 2 and the comparative example, respectively.
FIGS. 8(A), (B) and (C) show the states observed when the
voltage of square wave of 6 V and 1 kHz was applied, and
FIGS. 8(D), (E) and (F) show the states observed when the

10 applied voltage was shut off after the entire layer made
bend transition. FIGS. 8(A) and (D) show sample #31 of
this example, FIGS. 8(B) and (E) show sample #33 of this
example, and FIGS. 8(C) and (F) show comparative sample
#401.

15 Table 6 shows the time required for the entire
ligquid crystal layer to make transition to bend alignment
from the moment at which the voltage of square wave of 6V
and 1kHz was applied, for samples #31 to #34 and
comparative samples #401 and #402. The voltage of square

20 wave of 6V and 1kHz was shut off after the entire liquid
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67 substrate (for exanple, the upper substrate 21) points to the center

of the cell, the head 54b of the liquid crystal nolecule 68a existing near
the other substrate (for exanple, the | ower substrate 24) also points to
the center 5 of the cell. That is, in this state, splay distortion is

‘concentrated on a liquid crystal nolecule 68c in the center portion of the
liquid crystal layer. Liquid crystal nolecules in the uniformtilt state
and |i quicghygrtsdt al ayer epades the Bendptrgnsitioatat @alfler? showsl ltheed to
becone identical to each other by continuously changing the alignnent
(bend, twist, splay). Therefore, the regions ~ and ~ are partitioned with
di sti nct timedi geiquimadn.fomherthe qentt¥gst bldupblecgr¥stiad t HaveR witd 15
alignnent and the bend alignnent are observed in their untwi sted state to

focus attention ly on the tilt state. they e t i f il tate
asir1th§eﬁ&$%mgg§saélﬁ% Sg&ﬁgmeﬁlsgrgmgﬁﬁ%n g%ﬁift%%dé%ﬁ%%l&?é
honogeneous with each other. Accordingly, the region 20 can continuously

(smoot hl ¥} 1GhR08d® sntW §kfor bend 68 .. r , alignment and thus acts
as the bend transition nucleus.

5 Table 4

Sample | Observation results of splay — bend transition
#31 The expansion rate of the bend-aligned region 1is

slow.

#32 The expansion rate of the bend-aligned region is
slow. _

#33 The expansion rate of the bend-aligned region 1is
fast.

#34 The expansion rate of the bend-aligned region is
very fast.

#401 |The entire layer is already 180°-twisted in the
non-applied state and continuously changes to bend
alignment upon application.

#402 |The entire layer 1s already 180° -twisted in the
non-applied state and continuously changes to bend
alignment upon application.

Table 5

Sample | Observation results of bend (180° twist) — splay
transition

#31 The shrinkage rate of the 180° -twisted region 1is
fast.

#32 The shrinkage rate of the 180° -twisted region is
fast.

#33 |[The shrinkage rate of the 180° -twisted region 1s
slow.

#34 The shrinkage rate of the 180°-twisted region is
very slow.

#401 |The entire 180° -twisted state i1s maintained.

#402 |The entire 180° -twisted state is maintained.
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On the contrary, the region ~is in the splay tilt state. To change this
state to n-twi st or bend alignnent, a process of form ng an alignnent

di sconti nuous point such 5 as disclination is necessary. Therefore, the
region fails to act as the bend transition nucleus. As described above, in
FIG 11(a), the regions 0 existing in the second liquid crystal region 27S
act as the bend transition nuclei. Once a high voltage is 10 appli ed,

t her ef orgablllee 6r egi ons ~ in the second liquid crystal region 27S act as the
transition nuclei, triggering the first liquid crystal region 27F to change
to bend| ghingneEnt gi$ $H0w Hehd €xradd{Blon! n|a predeternmined tinme after the
start of 15 application afjhbechi @ vol tage, |the first liquid crysta

regi on 2¥EE§ A > i as shown in FIG 11(c). The
appl i cat--gdh=—bft-he-voltage—is-haltedonece—the first liquid crystal region
27F has (‘(%%)291‘ el y changed t olBend ali ghnent | 20 In several tens to a
hundr ed| ar#B83evieral tens of 6% nsecs aften the halt of the high voltage
applicatiof3d4roughly the entirde first liquid|crystal region 27F changes to
n-tmﬁst'ﬁﬁﬁ@ﬁﬁﬁﬁf as shown 1ng1G 12(a). As|the tine further passes,

spl ay-a i%25& rEegions 5—devefqp—frnnrporrf0ﬂs of the n-twisted first liquid

Table 7
Sample Bend (180° twist) — splay
transition time (sec)
#31 55
#32 98
#33 210
#34 _ 450
#401 0o
#402 oo
5 From Tables 4 and 6, the following are found. In

samples #31 to #34 of this example, with application of a
voltage of about 6 V, the bend alignment transition
effectively proceeds in the first liquid crystal region
from the second 1liquid crystal region acting as the
10 nucleus. The rate of expansion of the bend-aligned region
is however different among the samples. Specifically, it
is found that with increase of the added amount of the

chiral agent, that is, with increase of the ratio d/p of
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crystal region 27F as shown in FIG 12(b). The splay aligned regions,
together with their disclination lines, expand in the n-twi sted first
liquid crystal region 27F, while the n-twi sted regions gradually shrink in
the first 10 liquid crystal region 27F. In a sufficient tinme after the halt
of the high voltage application, the shift of the disclination lines in the
first liquid crystal region 27 toward the second liquid crystal region 27F
st ops at thke delndahyckaewserd 15ot ithe | esirhilggidch ypt a@f rye ohiguddand
the second liquid crystal region 27S. The first liquid crystal region 27F
I's now roughly entirely in splay alignnment, and the n_tw sted regi ons, have
di sappeaf&y¥sitedm lﬂeﬂré'{‘hQiﬁér}éG @fysegpangdioth ofFthe benpd-aligned,e
n-twi st alignnent 20 is trapped in the entire second liquid crystal region
27S 70 ag IN.align (90-twi st alignment) continuously connectable

W th benﬁegﬁﬂ@ﬂ#§né%éﬁ$%g vol tage application (in particular, during
application of a voltage equal to or higher than Vcr). The entire second
liquid crystal 5 nasi@reRr/S wiser0-the sthd redunagenitocksi sed@sdt ey ragi on in
FIG 11(d) and in the uniformtilt state (FIG 36(a)). Therefore, the

entire second liquid crystal region 27S acts as_the bend transition
nucl efis. ameainforal njargea@sedthoset Ao Aanraretivepexanples #401 and

#402, the liquid crystal layer is 180° -twisted even in the
initial state of non-voltage application, in which the
major axes of liquid crystal molecules are twisted by 180°
as a whole toward the alignment film 26 from the alignment
10 £ilm 23. When a voltage is applied across the liquid
crystal layer that 1is already 180° -twisted in the initial
state, the 1liquid crystal layer continuously changes to
bend alignment from the 180° -twist alignment without the
necessity of the bend transition. When the resultant
15 1liquid crystal display device 1s actually driven, a
problem arises during white display that the 1liquid
crystal layer shifts from bend alignment to twist
alignment in a short time of several to several tens of
msecs, and this significantly decreases the transmittance,

20 although no problem arises during black display. It 1is
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10 refers to being "confined and held". To "trap the rCtw st alignnment in
the entire second liquid crystal region 27S as TN alignnent (90-tw st

al i gnnent) continuously connectable with bend alignnment during voltage
application (in particular, during application of a voltage equal to 15 or
hi gher than Vcr)" neans to confine the twi st alignment sequentially

(srmoot hly) connectable with Tc-twist alignnment in the entire TN-aligned
regi on (gheeeddrglutsnelvaeca et calRRSugas 1k t addedalangrurent ofindheol d
the confined alignment in the place. The wording 20 "continuously
connectable " in the above description 71 i ndi cates _that the TN-aligned
regi on cehisali mgentadvadiue ofe d/Ri sedrafpabyt AdRgeanframi Fheent

di sconti nuous point such as a disclination |line therebetween. 5 As shomm in

FIG 12(b),. _in the voltage- t t sp al | J nory& St le in
energy t ﬁ%ﬁ‘ntq%@ T sqé a%'e%%tjnfaﬁ%gghegﬁﬁ st’g?{‘fiqu?:ggg%%ttlﬁ T egﬁ:on F
(parallel rubbing region in which the rubbing direction of the alignnent

film23 Pﬁ}efffé@: ABABET shHDSt e din 2¢8heS skaseine! o tthd heratbhitrdadideect i on
of the alignnment film26 on the |ower substrate 24). The n-tw sted regions
therefore shrink with expansion of the splay-aligned regions. If no TN

regi ofi eXilswgnanaeeoffi quhd @anell Capdng t whike: vitsplagi ok @etuad st ed
regions 15 continuously connectable therewith) will shrink with expansion
of the sga%%_allgned regions and finally disappear. By providing the

TN-al i gn Qﬁ\(second liquid crystal region 27S ) in the liquid crystal
| ayer as in this enbodinent, the n-twi st alignment (or tw st 20 alignnent

continuously connegt&g! er4BEEEW § Nahd apsoriped 12 £duld tdhatINwixned
region, as shown in FIG 12(c). In this way, the n-tw st alignnment does not

finally di sappear but is confined in the TN-aligned region 27S as
samples #31 to #34 of this example resume the splay

alignment with time after the shutoff of the voltage,

10 comparative samples #401 and #402 do not resume the splay

alignment, maintaining the 180° -twist alignment, after the

shutoff of the voltage. It is therefore found that the

added amount of the chiral agent (value of d/p) is

preferably large to lengthen the time required for the

15 1liquid crystal layer to resume the splay alignment from
the bend alignment.

As described above, by <comparing the results

obtained during voltage application (Tables 4 and 6) with

the results oﬁtained during shutoff of the voltage (Tables

20 5 and 7), it is concluded that the preferred range of the
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90-tw st alignnent continuously connectable with the TC 5 tw st alignnent
and held in the place. Wen a voltage equal to or higher than Vcr is
applied for display after the conpletion of the alignnment refresh treatnent
descri bed above, the second liquid crystal region 27S acts as the
transition nucleus nore 10 effectively, triggering the splay-bend
transition of the first liquid crystal region 27F nore reliably at higher
speed, cgagade@mddrt tde €hReechhghlt et ohgrent<r@fpeshot 6eat nent is not
performed before the application of a voltage equal to or higher than Vcr.
Hereinafter, the 15 change of the alignnment state of the liquid crystal

| ayer 27 (EmbOAiMendt 12} the application of a voltage equal to or higher
than Vcr for display will be described. Wen a voltage equal to or higher

oot rerresh o ARG BRAT. By Blypl i Shubb i

liquid crystal region 27F nmakes the splay-bend transition with the entire

TN-al i gngd segonghlei qupresenst alimagioioR7S an i nglagninentt r atlati ors
nucl eus as shown in FIG 13(b). Since the entire second liquid 5 crystal
region 27S acts as the transition nucl eus, therzglay-bend transition occurs

reliafl ycentdingiouspied connacaR eh Wtk asdentht aAd dmeHiendurdM®sh

treatment is not performed before the application of a
application of a voltage equal to or higher than Vecr is

trapped in the whole area of the second 1liquid crystal

region. The TN alignment as used herein refers to a type

of twist alignment in which the twist angle is in the

10 range of 30° to 150° inclusive, more preferably 70° to

110° inclusive. In the following description, assume that
the twist angle is 90°.

In the liquid crystal display device of

Embodiment 2, the whole area of the second liquid crystal

15 region acts as the transition nucleus for allowing the

first 1liquid crystal region to make the splay-bend

transition. Therefore, the splay-bend transition of the

first liquid crystal region can be attained more reliably

at higher speed than in the liquid crystal display device

20 of Embodiment 1.
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voltage for actual driving. Wth the splay-bend 10 transition, the

di sclination lines existing along the boundaries between the first liquid
crystal region 27F and the second liquid crystal region 27S shift toward
the centers of the first liquid crystal region 27F. In a predetermned tine
after the voltage application, roughly 15 the entire first liquid crystal
region 27F conpletes the transition to bend alignnment. |t was described
that the second | imui Ecamysttiie r epen@7slbanidi teuysEad aFpga®dnt PR FI G
11(b) and n twist alignnent in FIG 12(b). The bend alignnment and the 20

n-twi st alignnment basically refer to {he sane alignnent .74 , Jhut are
her ei n ugddgamend; crefreabpPIAGRF D %HE r?ﬂ‘gfr‘l‘}Ra][Fde BeY; b a?)%ﬁggéavo%t age.
That is, when the applied voltage is in the range between 0 V and | ess than

Ver, the_alidn t ' alhed al W aljggnpgat , i he qofien t he
applied yBie gggfée%q?aﬁlé%l%r thhl%ghéﬁe%ggn%%? tdr% tgtlﬁiegrf'rr:l'g:rlét/\@st aféﬂli S

call ed the bend alignnent. Accordingly, the TN alignnent trapped in the
second | iceyied 2 Y881 ohegi®n b2 -al eyps@ssad abs bepigy-coht gmedudnom
connectable with n-twi st alignment” when no voltage is 10 applied (when the
voltage is OFF), while it is expressed as being "continuousl onnect abl e
wi th Benthal inpminalighweni vola afe wiiat adlighmendgher ThAS %& gnied) i ed.
Herei nafter, rubbing of the alignnent filnms 23 and 26 will be described

Wth ref et Opidded?d is performed by applying a voltage at

least twice as high as Vecr across the liquid crystal layer
for a predetermined time, for example.
Alternatively, the second liquid crystal region
10 described above may be formed by adding a predetermined
amount of a chiral agent to the liquid crystal material.
Hereinafter, the liquid crystal display device of
Embodiment 2 will be described specifically with ;eference
to the relevant drawings.
15 [Alignment refresh treatment]
First, formation of the second liquid crystal
region in the alignment refresh process will be described.
The structure of the 1liquid crystal display
device 40 and that of the 1liquid crystal element 30

20 thereof are the same as those shown in FIG. 2(a), and thus
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15 The alignnment film 26 on the lower substrate 24 has the first alignment
filmregion 26F rubbed in the first direction (direction of arrow 17 in
FIG 10) and the second alignnent filmregion 26S rubbed in the second
direction (direction of arrow 19) different fromthe first 20 direction.
The second direction is set at about 90 from75 the first direction. The
second alignnment filmregion 26S is preferably fornmed to surround the
entire fithet @despriptién| nthegeof 2655 el tekedplkeras shoMoten Eh3t 10,
the 5 second alignment filmregion 26Sis forned so as to define two
separate parts of the first alignnment filn1region 26F having rou%hl t he
same ar ehereinaf takel dagariptdiomihkske B8dgafor Are Ri¥eLsPratiffhnent

filmregion 26F. The shape of the second alignnment filmregion 26S shown in

First 11 qqoid oot oBgehahe’ 30 oo SOMLLEhEiors s 2 1 sotond”
alignment filmregion 26S shown in FIG 1. If it is difficult to formthe

second alignnent IBrdil noreel @ pieh SPiew bE due @ikl heff thet ldlgugrirent
filmregion 26F for sonme reason in the process, the second alignnment film
region 26S may be formed al ong one side of the first_alignnment filmregion

26F. Bor cavatsle ebementwd O ofi-ithe 1higpid ppréf%@elo@%pfgxnéﬁviﬂq $% egi on
26S

of Embodiment 2, as viewed in the direction normal to the
substrate.
As shown in FIG. 10, the liquid crystal layer 27
of the liquid crystal element 30 has the first 1liquid
10 crystal region 27F and the second liquild crystal region
27S. The second liquid crystal region 275 is composed of
a portion along the periphery of the pixel and a stripe
portion crossing about the center of the pixel. This
defines two parts of the first liquid crystal region 27F
15 surrounded by the second liquid crystal region 27S in one
pixel. The second liquid crystal region 27S may be formed
outside the pixel.
The alignment of the liquid crystal layer 27 is
regulated with the regulating force of the surfaces of the

20 alignment f£films 23 and 26 formed in contact with the
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20 may be in the shape of three stripes extending near the 76 two m nor
sides and the center of the pixel. Alternatively, the second alignnent film
region 26S nay be fornmed in the shape of points. For exanple, as shown in
FIG 14(b), the second alignnent filmregion 26S 5 may be in the shape of
three squares | ocated near the center of the pixel and near the center of
the two mnor sides of the pixel. The shapes of the alignnment filmregions
shown i nlEg@idl4crgstallsolapert 217t he Ihnethequasssl bdr BEGd- al0 gnifog t he
first liquid crystal region 10 27F. The shape of the second alignnent film
region 26S and the like are not |limted to those described ab but ma

be approﬁ?‘?ﬁ'@é-ley déher nedd@rmeithdiflgled 19t ARG gt %r atife B edAé: g

descri bed |n Enbodlnent 1, the width w of the 15 second alignnment film

region 2 I u | r abel t he
range of 6%llémbr%ftg'l§reea o%gtﬁggsse?oﬁr%lzé?ee%lmgntsdrﬁﬁgrggl %ﬁrl#é;GS S
preferably about 1/48 to 1/4 with respect to the area of one pixel as 1.

Wien t helseedidd cdytiEholebunde.regi on 26S has a size falling within the
above ranges, 77 180-twi st alignment can be effectively trapped in the
5 The rubbing direction (first direction) 17 of the
first alignment film region 26F of the alignment f£film 26
on the lower substrate 24 is parallel to the pretilt
direction of the portion of the first 1liquid crystal
region 27F near the alignment £ilm 26. The rubbing
10 direction (second direction) 19 of the second alignment
£film region 26S of the alignment film 26 1s parallel to
the pretilt direction of the portion of the second liquid
crystal reglon 27S near the alignment film 26. As shown
in FIG. 10, in the liquid crystal element 30, the pretilt
15 direction of the first 1liquid crystal region 27F is
perpendicular to the pretilt direction of the second
liquid crystal region 27S in the area near the alignment
film 26.

The alignment £ilm 23 on the upper substrate 1is

20 roughly entirely rubbed in parallel with the rubbing
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entire second liquid crystal region 27S as 90-tw st alignnment by the
alignment refresh treatnent, and this nmakes the second alignment film
region 26S act as an 5 effective transition nucleus. Mthods for form ng
the alignment filns 23 and 26 will be described. Formation nethods will be
described not only for the alignment filmhaving the first alignnent film
regi on 26F and the second alignnent film 26S arranged 10 as shown in FIG
10, but aisedtdroral { fiwebt diiredt itm) nb7 ab£ gtimentf f1rs tn akhgomenitn fddm ous
shapes. Note that the alignnent films in Enbodinent 2 can also be fornmed by

t he met hods described in Enbodlnent 1, and the.  alignnent fil [
Enbodi mekegladan 2880 BE f dfed B3i gRBeR: okl s géscrqrbedtﬁg Eﬂ‘@d‘lﬂ’?rent

2. First, the alignment film23 is forned on the transparent electrode 22

on the u I r at A fi [ n

transpar gﬁ?’%ﬁe@frode ]Eonépg %paéi‘gg %gt A%L%ﬁg Sa.'{iﬁr‘i‘iﬁ%n?

for exanple, is used as the alignnent fllns 23 and 26. 78 Roughly the
entire spnf rescHd upsed! bapERHatld |15 denebdd2byans rublrus ) mohe first
direction (direction of arrows 18 and 17). The alignnment film26 is further
rubbed using a 5 mask. Hereinafter, the rubbing of the alignnment film 26
will Be described BREhngemanokeltage| epplisaion, (dhe first liquid

crystal region 27F exhibits splay alignment while the
second liquid crystal region 27S exhibits TN alignment
(90° -twist alignment). Once a voltage equal to or higher
than the splay-bend critical voltage (Vcr), the first
10 liquid crystal region 27F exhibits bend alignment. The
liquid crystal display device 17 provides display using
the bend-aligned first liquid crystal region 27F.
As described in Embodiment 1, the second liquid
crystal region 27S acts as the nucleus for the splay-bend
15 +transition of the first liquid crystal region 27F when a
voltage equal to or higher than the splay-bend critical
voltage (Vcr) is applied.
Hereinafter, referring to FIGS. 11, 12 and 13,
the.alignment refresh process will be described in detail.

20 FIGS. 11, 12 and 13 are views showing the alignment states
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Note that in FIGS. 15 ( a ) to ( ¢ ) , openings of each mask 6 5 are shown
only partly. One opening nay correspond to one pixel, or a plurality of
openi ngs may correspond to one 10 pixel . The plastic nask 65 having
physical slits (openings) is placed on the alignnment film 26. The physi cal
mask i s not necessarily nade of plastic, but may be nmade of netal or gl ass
. The shape and the like of the 15 slits nmay be appropriately determ ned
dependi ngfortHdel tgai aeedryanel ahdyébe 2i7i.ke PIGSheldecmdl B2 i ghoenttHe | m
region 26S. For exanple, the slits may be in the shape of a plurality of

parallel stripes as shown in FIG 15(a), in the shape of pointi arﬁiﬂ?ed I n
a matri x addonment | gtates cof1gthe pliquig crygkalspipeest dWhiRes anged

ina mtrix as 79 shown in FIG 15(c), depending on the desired shape and

the Iike _qf, the secaon |k g L m_eqi 6 Kk L A1g & its
i nvar i oft ARRAE CPREF SO P REorp) Belrttodtpd BerlES el cr iy

t hi ckness of the 5 mask is about 50 um for exanple. Wth the plastic nmask
24 pl acegsontpad ffigera t eriyidtaal | @nBpnay | d6v26eantan@gFTGs 013t lshows
alignment filmcorresponding to the slits of the nmask exposed, rubbing is
performed in the second direction (direction of arrow 19) 10 that is at 90
f r om the the staldignmmentn. shetesr edMning oraguadh t AB1HLnGnnaditen | §® are
the first alignnment filmregion 26F rubbed in the first direction and the

alignment refresh process. In FIGS. 11, 12 and 13,
disclination lines are shown by the bold lines. Note that
the outline of the pixel is also shown by the bold line.
In the illustrated example, no chiral agent is added to

10 the 1liquid crystal material. However, as will be
described later, the TN alignment in any region surrounded
by a disclination line can be stabilized by adjusting the
kind (rotating direction) and added amount of the chiral
agent.

15 The alignment refresh process shown in FIGS. 11
and 12 is performed at least once before actual driving of
the iiquid crystal display device.

When a liquid crystal material is injected in the
space between the electrode substrates 5 and 6, the

20 resultant liquid crystal layer 27 is splay-aligned in the
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second alignnent filmregion 26S rubbed in the second direction that is at
90 from.ithe first direction. 15 The alignnent filns 23 and 26 are fornmed in
t he manner descri bed above. The alignnent film 26 nay al so be fornmed by the
foll owi ng nethod. Note that the alignnent film26 shown in FIG 15(d) nmay
correspond to one pixel or a plurality 20 of pixels . 80 After the '
rubbi ng of roughly the entire surface of the alignnment film26 in the first
directi ofib@t eqtiui@f @f%ﬁ’ﬁ/aﬂ) regriedet @7H neahd egd Ohstwi stled al(Thwrent
film26 are selectively rubbed in the direction of arrow 19 5 (second

direction) using a stainless roller 55 having pits and pro%ections at fine
peri ods. aldgnesi) einj £heotsererdsdiauidreeystalt zRILANs L{2ePs ROy be

made of plastic or other materials. The stainless roller 55 shown in FIG

15(d) hag_a rali f 10 fin | d 0j | LI ng.
For exanpie, Bk#’e mﬁwﬁ?w of hgﬁb%égjéfyondgfi S 19%’?4:%1??%%3%?%9@
between the projections is 100 um and the height h of the projections with

respect tgQ, of RetheOorii-ang gred Ko soha Thequi dt krystdle reybonak78.and
the 15 height h of the projections are not Iimted to the above val ues, but
may be appropriately determ ned depending on the pixel design of the,
actualsly fabricated |highd vojdiege is applied across the liquid

crystal layer 27 in the state shown in FIG. 11(a). The
appiied voltage is preferably at least twice as high as
Ver. The actually measured value of Vecr for the liquid
crystal material is 2.3 V. In this embodiment, therefore,
10 8 V was applied, for example. Once the voltage is
applied, the TN-aligned reglons surrounded by the
disclination lines in the second liquid crystal region 27S
act as transition nuclei, triggering the portions of the
first liquid crystal region 27F near the transition nuclel
15 to change to bend alignment, as shown in FIG. 11(b). With
this change to bend alignment, the disclination lines
extend into the first liquid crystal reglion 27F.
Hereinafter, referring to FIGS. 11(d), 36(a) and
(b), the alignment states of the liquid crystal layer in

20 FIGS. 1l1(a) and (b) will be described in detail. FIG.
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di spl ay device, the desired shape of the second alignnment filmregion 26S,
the rate of conform ng products or the 20 yield in the fabrication process
and the like. 81 The rotational axis of the roller 55 is fixed at the
position at which the projections of the stainless roller 55 are pressed
into the alignnent film 26 by about 50 umfromthe surface on which the
projections are just 5 in contact with the alignnment film26. The roller 55
is then taf(d)ed sata apantiailoeallamgstl wiew00fr enolaneéanklhesunirounded pn ,
and the alignnment film26 is allowed to pass under the rotating roller 55

at a noving speed of 1.0 cm's. Eé this operation, regions of the alignnent
film26 Py itheo bHRken t hbnet 4PnFdSs 1di(3) - 55 i s pressed are selectively

cut {rubbed), form ng the second alignnent filmregions 26S. Regi ons of the

alignment film 26 rOHHBwWhi9ﬂ1th?1bqterlf(9??Cti %] ceﬁPﬁtvthage
e

stainless roller 15 pass are not in contact with the ro r because the
pressed-in amount of the projections into the alignnment filmis 50 pmwhile
the hei gapplidfatiien pr ehect seo6nds 1fupdn caydtadlusrebgtopr e27Sswhifar ned
rubbing in the direction of arrow 17 is kept unchanged. These portions 20

therefore serve as the first alignment filmregions 26F 82
is entirely in TN alignment, has two different types of

alignment states. One 1s the alignment state in the

regions surrounded by the disclination 1lines as shown by

® in FIGS. 11(a) and (d), and the other is the alignment
state in the regions shown by ® 1located adjacent to the
10 regions @D wvia the disclination lines.

In the TN-aligned second 1liquid crystal region
27S, the alignment directions of liquid crystal molecules
existing near the two substrates are respectively
regulated with the rubbing direction 18 (of the alignment

15 film 23 on the upper substrate 21) and the rubbing
direction 19 (of the alignment £film 26 on the lower
substrate 24) shown in FIG. 11(4). Therefore, the
alignment state of the 1liquid crystal molecules in the
second liquid crystal region 27S includes counterclockwise

20 90° twist and clockwlse 90° twist. From polarizing
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used for image display. The alignment film26 is fornmed in the manner
descri bed above. Alternatively, the alignnent film26 in this 5 enbodi nent
may be formed by adopting a photolithographic process used in the

sem conductor process. Hereinafter, an exanple of mask rubbing using the
phot ol i t hographi c process will be described with reference to FIG 16. Note
that in FIG 16, openings of a photomask 60 are shown only 10 partly. One
openi ng Ay resdasi®ndbservat ipnel 1towas ptoundi thatf tipenivegiomy @
correspond to one pixel. After roughly the entire surface of the alignnent
film26 is rubbed in the first direction (direction of arrow 17)_.as shown
in FIG @8ea)90°% bwiptede qaunteralerkvdses vhilepthed ¥eginesa@gmkeht
film26 as shown in FIG 16(b). As shown in FIG 16(c), after prebaking,

the alig n 6 ate Vv e ot #?y% hen
|rrrrersedgpfl ;twf evfg%pe}%dgﬁf%%kl ngll;{mstﬁtihen %gr( grrrg 19_ oW r ési sails 61

to be fixed to the alignment 20 film 83 By the process descri bed above,
a predet molettrle egsan éxbétingl imedr ythe baligrmeatontibhi @éneon ftiHen
region 26S is selectively exposed as shown in FIG 16(d). The alignnent

filmis then rubbed in the second direction
5 lower substrate and a liqulid crystal molecule 68b existing

near the alignment £film 23 on the upper substrate are

diagrammatically shown in each of the regions @ anda @.

In the region C), liquid crystal molecules are 90° -twisted

'counterclockwise toward the lower substrate from the upper

10 substrate. In the region @, liquid crystal molecules are

90° ~twisted clockwise toward the lower substrate from the
upper substrate.

In addition to the difference in the direction of

the twlst between the regilons @® and ® described above,

15 there is actually a difference in tilt angle between these

regions. The tilt angle will be described with reference

to FIGS. 36(a) and (b). FIGS. 36(a) and (b) are views

diagrammatically‘ showing the alignment states of 1liquid

crystal molecules in the regions @ and C), respectively.

20 Note that in these figures, the liquid crystal molecules

66



—_— T

5 (direction of arrow 19) that is at an angle of 90 fromthe first
direction. The resists 61 are then renoved. As a result, fornmed on the
alignnment film26 are the first alignnment filmregion 26F rubbed in the
first direction and the second alignment filmregion 26S rubbed in the 10
second direction that is at an angle of 90 fromthe first direction. In
this way, the alignnment film26 is forned. The alignnent filnms 23 and 26
may be oprecahoin ghnethef itwe-dieenshonadr planexinplthekr quptwisdetor
formng an optical alignnent filmw |l be described with 15 reference to

FIGS. 17 to 20. Note that in FIG 17, openugﬂg ol E Bho omask 62 are shown
only par8tateot® FRaHhRFRGNELPReOFdYI Qb biXE Btates plurality of

openi ngs may correspond to one pixel. The alignnent filnms 23 and 26 nmade of

pol yvi nyl 20 ci nngjte | ) ;are med, he thahsPp sRigel eshisadas 84
22 and 25 on the gﬁgerséﬁﬁgiré e f?gghd tﬁga?émer substr%?e 24,9&r
respectively. The entire surface of the alignnent film23 is then

i rradi at g 1wicddl d¥N1iA0t3Hd Zedgwén W) | areheirl agnbEbt f9tame6 (uniifomadi at ed
with non 5 polarized UV via the photonmask 62 to allow regions that are

finally to be the first alignnent filmregions to be irradi ated as shown in
FIG $7. tAdt netahed o kwhbichonthaatilddt addrechliqn, 4f uniform from

the upper substrate 21 to the lower substrate 24. The
uniform tilt state refers to the alignment state in which
when the head 53a of the 1liquid crystal molecule 68b
existing near one substrate (for example, the upper

10 substrate 21) points to the center of the cell, the head
54a of the liquid crystal molecule 68a existing near the
other substrate (for example, the lower substrate 24)
comes into contact with the substrate surface, as shown in
FIG. 36(a).

15 As shown in FIG. 36(b), the 1liquid crystal
molecules in the region ® are in a tilt state (splay tilt
state) in which splay distortion is concentrated in the
center of the liquid crystal layer 27. The splay tilt
state refers to the alignment state in which when the head

20 53b of the liquid crystal molecule 68b existing near one
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square openings arranged in a matrix as shown in FIG 17 10 was used.
However , the shape and the |ike of the openings may be appropriately

det erm ned depending on the desired shape and the |ike of the second
alignment filmregion 26S. The UV irradiation amount was set at 6Q J/cnR
for the wavel ength of 254 nm for exanple. 15 After the light irradiation
descri bed above, the entire surfaces of the alignnent filnms 23 and 26 are
rubbed. bnbatdahe d(£oysexlampilsn athdeuppe) apubstrateud g podnkgsta ant
alignment filns 23 and 26, the ffirst 20 liquid crystal region 27F is

unlaX|aII aI| ned al t he r.ubbi ng_directio secon | qui d
crystal %§ﬁ§|%€T 8 © (gﬂFtV?gﬁeéf% I?h%rih |FFXﬁ tion
of the portlon of the first liquid crystal region 27F near the alignnment

f11m 26 hd1leQifil Y ofal' Q1B iy PiRldL! fheeChidiemol JibsPrakeon (Foxl he

second I|qU| ryst regl on near the alignnment film26. Hereinafter,
the reason why the liquid crystal regions 27F and 27S are aligned as

descri bedxapise Wi the btodescsubtratd 249 endsoe podrigsSto18heo c2hted G
19(a) 10 diagrammatically shows the nol ecul ar structure of the alignnent

films 23 and 26 forned on the substrates. The |left hal ves, of FIES& 19(b)
nreh

and (&) @fadimameeidal | Fhdowlene 90| EEF af tatPucSRHAY A18heTh
film23 and the

concentrated on a liquid crystal molecule 68c 1in the
denter portion of the liquid crystal layer.

Ligquid crystal molecules in the uniform tilt

state and liquid crystal molecules in the splay tilt state

10 are not allowed to become identical to each other by

continuously changing the alignment (bend, twist, splay).

Therefore, the regions @® and @ are partitioned with

distinctive disclination.

When 1ligquid crystal molecules in the 7W-twist

15 alignment and the bend alignment are observed in their

untwisted state to focus attention only on the tilt state,

they are in the uniform tilt state as in the region ®

described above. These alignments are topologically

- homogeneous with each other. Accordingly, the region Q)

20 can continuously (smoothly) change to mT-twist or bend
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fiTst alignment filmregion 26F of the alignment film26, 15 and the right
hal,ves of FIGS. 19(b) and (c) diagrammatically show the nol ecul ar
structures of the second alignnent filmregion 26S of the alignnent film
26. FIG 19(d) diagrammatically shows the alignnent state of liquid crystal
nol ecules in FIG 19(c). 20 As shown in FIGS. 18 (upper part) and 19(a),
each 86 nol ecul e of the polyvinyl cinnamate (PVC) filmis conposed of a
mai n chaedigmhemntsi dadchhas pagisdasul thet bearde wransdidion hucileushown
that when the filmis irradiated with polarized UV, photodinerization 5
selectively occurs if the direction of .the extension of the side chain

mat ches @t FhencCORFBRTY i ndh@ madiom, Chsi8ndhnthe MR avstitswdtasst). As

a result of the photodinerization, the liquid crystal nolecules are aligned
in the direct] er i C t 0.1 he,di | on,.of h [,z NQ
directio?? t%ggﬂgg, ?ﬁgghegggﬁgctF%n gaﬁéﬁ%% ?Eptﬁégﬁ%iﬁlgggﬁﬁgféV%é% t he
alignnment filmis irradiated with non pol arized UV, photodi nerization
occurs i pratkgd reft ifvrmirsg slamwnal bighinentefdidedhitbhubu8 HO{bY. st¥dn such
a 15 photodinerized alignnent filmis rubbed, the main chains of PVC are
aligned in the rubbing direction as shown in the left half of FIG 19(c),
and ad aases@isclingii@rcr §st Nee¢@ssatVes afbenafpwesl i rtheherﬁ%@nng@
direction as shown in the left half of FIG 19(d).

fails to act as the bend transition nucleus.

As described above, in FIG. 1ll(a), the regions @
existing in the second liquid crystal region 27S act as
the bend transition nuclei. Once a high voltage 1is

10 applied, therefore, the regions ® in the second liquid
crystal region 27S act as the transition nuclei,
triggering the first liquid crystal region 27F to change
to bend alignment as shown in FIG. 11(b).

In a predetermined time after the start of

15 application of the high voltage, the first liquid crystal
region 27F completely becomes bend alignment as shown in
FIG. 11(c). The application of the voltage is halted once
the first liquid crystal region 27F has completely changed
to bend alignment.

20 In several tens to a hundred and several tens of
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20 On the contrary, when the alignnment filmis 87 rubbed wi t hout the W
I rr,adi ation as shown in the right half of FIG 19(b), the main chains of
PVCi are aligned in the rubbing direction but the side chains do not follow
the rubbing direction as shown in the right half of FIG 5 19(c). As a
result, liquid crystal nolecules are aligned in the direction perpendicul ar
to the rubbing direction as shown in the right half of FIG 19(d). In

consi dermseos oaftker abhee, haht abfgnoirat Hign 26oltager aappl bdatidomn,l i ght
by the nethod descri bed above 10 with reference to FIG 17, to obtain the
alignment film 26 having the first alignpent filmregion 26F and the second
al i gnmentoRphdyr ddierenbiras fdrsin JiAH & cogstad FHQ¥Q&WZ7Fh€hBB€F@m

alignment films 23 and 26 are formed. As described above, the alignnent
films 23,_ang_ 2 5.can,be formed by variqQus h chiral agent may be
added totPh E % @iﬁgﬂﬂqunﬂﬁ R ?HeFﬁ?%uﬁgf%?ggtal element in this
enbodi nent, to enable the second liquid crystal region 27S to act as the

bend transition nyd etise reimectfiatiier! yasd8sThepaddetbigned ebgtibaschiral
agent is 88 preferably set so that the ratio d/p of the thickness d of

5 develop from portions of the n-twisted first 1liquid
crystal region 27F as shown in FIG. 12(b). The splay-
aligned regions, together with their disclination 1lines,
expand in the m-twisted first liquid crystal region 27F,
while the 7T -twisted regions gradually shrink in the first

10 1liquid crystal region 27F.

In a sufficient time after the halt of the high
voltage application, the shift of the disclination lines
in the first 1liquid crystal region 27 toward the second
liquid crystal region 27F stops at the boundary between

15 the first liquid crystal region 27F and the second liquid
crystal region 27S; The first liquid crystal region 27F
is now roughly entirely in splay alignment, and the 7 -
twisted regions have disappeared from the first liquid
crystal region 27F. At this time, the 7T-twist alignment

20 1s trapped in the entire second liquid crystal region 27S
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the liquid crystal layer to the natural chiral pitch p of the chiral

agent -added liquid crystal |ayer satisfies O d/p < 0.50, for exanple, as
described in Exanple 1 and 5 will be described |ater in Exanple 3. Since

t he added anmount of the chiral agent is limted to a snall amount to fal

wi thin the range descri bed above, decrease in transmttance and asymetry
In view ng angle characteristic can be suppressed from 10 occurring when
the |iqui8 cr 8t al adiigpmeptdevi(@d°priwdsies vwlignwénp)ay canidnuausdiyi vi ng.
The added anmount of the chiral agent is nore preferably set to satisfy 0 <

dp <_ 0.15. B IS S [ decrease i ransmttance is substantially 15
prevent e§°R rwﬁtﬁmﬁghdtAi#QQNFHPCEV§R&9(ﬁ W%@edéppgéﬁﬁﬁiﬂ%MS
white display in actual driving, conpared with a liquid crystal sanple
using no ir Th ' i 1SRl BBty Lhal 0SS/

satisfy t(\%g rr%ﬂgl glggﬁt ?%ulg?%rep?gr%tlons 0 eanst’hlﬁg%#heéggég ;tg)
transition and mai ntaining the optical characteristics, 89 whi ch has been
unat t ai nalnl ehbghéhe tivamweMdmnal tBhénieniebre | mddendbadendes cergisteal, t he
angle tY forned between the pretilt direction 19 of the second liquid 5

crystal region 27S and the pretilt direction 17 of the first liquid crystal
regio abonat :
- g oFe 569t 1d 20TREVEsHed counterclockwise as the region

@® 1in FIG. 11(d) and in the uniform tilt state (FIG.

36(a)). Therefore, the entire second 1liquid crystal
region 27S acts as the bend transition nucleus.

. The wording "trapped" in the above description

10 refers to being "confined and held". To "trap the mw-

twlist alignment in the entire second liquid crystal region

275 as TN alignment (90°-twist alignment) continuously

connectable with bend alignment during voltage application

(in particular, during application of a voltage equal to

_15 or higher fhan Ver)" means to confine the twist alignment

sequentially (smoothly) connectable with T-twist

alignment in the entire TN-aligned region (second liquid

‘crystal region 27S) as 90°-twist alignment and hold the

confined alignment in the place. The wording

20 "continuously connectable " in the above description
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~Yis not limted to 90 , but as long as the angle ~Y satisfies 70 ~ ~ ~
11Q , it is possible to effectively trap n-twist alignnent in the entire
second liquid 10 crystal region as TN alignnent continuously connectabl e

wi th bend alignnent during application of a voltage equal to or higher than
Vcr, by performng the alignnent refresh treatnent before actual driving.
Hereinafter) the reason why the bend transition 15 is facilitated by
per f or mi hpdiibatals ghlatt thér B¥-ralignedntregion t¢rR &AfhodnedPDRALCE be
described using G bbs free energy. First, the change of the alignnent of

l'iquid crystal nolecul es occurrjing during the,alignnent refreih t r eat ment
(correspehdhng therl GXF -twigkedi o) rggiono HEltheyt| pe@n¥go alégpment

paranmeters used for calculation are as follows. The cell thickness d is 6

um and i |t ch t hegl,ifiui d ystal ' k8500 P @S
shown in&tll]—'?&%plfrf?{uacgis%rre %g{lttheSPF?lst Iai%(r:]ui fcr%ﬁlﬁgrgg 5 27F and the
second liquid crystal region 27S are forned in one pixel and that the
pretilt dhegeebetwddnsst direction 17) of the first liquid crystal region
27F and the pretilt direction (second direction 19) of the second liquid
crystal region 27S are orthogonal to e&gh ot her

in the 10 a near,_ the

al i gnfrent film 26.AnssheEnaido FilGy +hoPLst dRytheoEbiaget 5?%*6'
count ercl ockwi se chiral

the splay alignment is more stable in energy than the 7-

twist alignment in the first liquid crystal region 27F

(parallel rubbing region in which the rubbing direction of

the alignment film 23 on the upper substrate 21 is

10 parallel with the rubbing direction of the alignment £ilm

26 on the lower substrate 24). The 7w-twisted regions

therefore shrink with expansion of the splay-aligned

regions. If no TN region exists in the liquid crystal

layer, the T-twist regions (oxr twisted regions

15 continuously connectable therewith) will shrink with

expansion of the splay-aligned regions and finally

disappear. By providing the TN-aligned region (second

liquid crystal region 27S) 1in the 1iquid crystal layer as

in this embodiment, the T-twist alignment (or twist

20 alignment continuously connectable therewith) is absorbed
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agent is added to the liquid crystal layer. The liquid crystal alignnment
states that may occur in the first and second |iquid crystal regions are 15
the following three states: counterclockwi se n-tw st alignnent,

countercl ockwi se n/2-twi st alignnent and splay alignnment. Theoretical

cal culation of the G bbs free energy during non-vol tage application was
made for these three states, and the results are as shown in Table 8 20

bel ow. 9into( fled| &N aAllignednregianaG &8ss shayn ehsr JIG. 12(c). In

(uJd/ mR) Count er cl ockwi se n-tw st2.9210count ercl ockwi se n/ 2-

tw st 0.2496Spl ay0. 5609 FIG 22 diagrannaticallﬁ sgfms t he aliggnen states
devel opi hBien tWRYri qdike cr Jer EWiskyerabionpepte 10€%, c090% r LLRE Ti me

T - tl represents the tine after a |lapse of a certain tinme fromthe halt of

appl i cat | ghe Ve ' 36 dhen’ &SNt 4825HBA! retfibr | 975 Tas t 2
represen?ggt ?eﬁﬁetgg?te% a afpis}{eeof gnottLer certalbn time Tromtime T - tl,
at which the disclination lines 10 separating the splay alignnent fromthe

n -tw st opbi-@WIRyY A2Y¥gnmeathegoh benliousdsyr i @snhetvablet eith r shel i ui d
crystal region 27F and the second |iquid crystal region 27S.
5 twist alignment and held in the place.

When a voltage equal to or higher than Vecr is
applied for display after the completion of the alignment
refresh treatment described above, the second liquid
crystal reglon 27S acts as the transition nucleus more

10 effectively, triggering the splay-bend transition of the
first liquid crystal region 27F more reliably at higher
speed, compared with the case that the alignment refresh
tréatment is not performed before the application of a
voltage equal to or higher than Vcr. Hereinafter, the

15 change of the alignment state of the liquid crystal layer
27 obsefved after the application of a voltage equal to or
higher than Vcr for display will be described.

When a voltage equal to or higher than Ver is

applied to the liquid crystal layer 27 subjected to the

20 alignment refresh treatment described above (FIG. 13(a)),
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FIG 23 diagrammatically shows the relationship 15 in the magni tude of
energy anong the alignnent states at tines T - tl and t2 obtai ned using the
G bbs free energy cal culated values in Table 8. The axis of ordinates of 92
r FIG 23 represents the G bbs free energy cal cul ated val ues, and the axis
of abscissas represents the distance (unit: arbitrary) fromthe boundary
between the first liquid crystal region and the second |iquid crystal

regi on Sthieerfitet xldgue dxtepdtaln régionq@i7F cngkesl theg esplayadbesisbown in
FIG 22. At time T - tl, a |lower-energy splay-aligned region that has

-devel oped from the periphery of the pixel S in.the first ILqui

crystal FE@P@%?EHn(xW;Eb).§Qﬁlﬂe§ﬁ irﬁﬁ1%§i§§?qmtq???ﬁﬁexbgﬁgﬁéh of

t he spl ay-aligned region, a higher-energy counterclockw se n-tw sted region
Shri nks. b MCT (aBidyy bh8 SRbeYngl | #8CdiSIRrOes { udl dlgr =aner gy
count er cP5&RW Se fi-tw St e regiron. The expression that "a region in an
alignnent state (A) is 15 eroded” is sonetines used when a region in an

al i gnnenghoiwi € 10pB) FiIs,f onggd )i.n t hgineg othien eh¢iale gseeondt dtdeuild , and
the region in the alignment state (A) gradually shrinks wth expansion of
the region in the alignment state (B). Since continuous connection is not

al | owdd zoysdhadeeFetOBpRAF aRCEAned® MNP t A EOR | JUGHRRs. the

splay-bend transition occurs reliably at high speed

compared with the <case that the alignment refresh

treatment is not performed before the application of a

voltage for actual driving. With the splay-bend

10 transition, the disclination 1lines existing along the

boundaries between the first liquid crystal region 27F and

the second liquid crystal region 27S shift toward the

centers of the first liquid crystal region 27F. In a

predetermined time after the voltage application, roughly

15 the entire first liquid crystal region 27F completes the
transition to bend aiignment.

It was described.that the second liquid crystal

region 27S exhibited bend alignment in FIG. 11(b) and 7 -

twist alignment in FIG. 12(b). The bend alignment and the

20 m-twist alignment basically refer to the same alignment
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93 tw sted alignnment, an energy gap exists between the two regions as
shown in FIG 23, and the boundary between the two regions is distinguished
as a disclination line. The disclination |ine separating the splay 5
alignment fromthe counterclockwise rCtw st alignnent shifts toward the
boundary (x - 0 ) between the first and second liquid crystal regions, and
stops shifting at the boundary between the first and second liquid crystal
regi ons statieye But t@re Thiexdin busedsedififetentdynt @ependingseolTC/the wi st
alignment of the second liquid crystal region (x ~ 0) is nore stable with
respect to enelgﬁb (lower in energy). than the spla gnnment as shq I n

r

FI G 23 magndd; &fentthe haPRILgA a ViYridr frory'ﬂl'@ﬁ erifyy MRELe

liquid crystal reglon haV|ng Iomer 15 energy . As described above, fromthe

ener 0y cabgulyald Qo £l StRE O YRl e LIS ROYNLET £ 4 kB SE dhiads LW St

al i gnnen |nuous y connec e Counter cl ockwi se n-twi st
alignment could be conpletely 20 trapped in the second liquid crystal

region (ycw,0)tHy am fhentdldtH¥ENi o" ebnasdd teat rentwidtt aniighmeranpl et e
change of the first |qU|d crystal region 27F to bend alignnent by the

al i gnnent
while when the applied voltage 1s equal to or higher than

Vcr, the alignment state is called the bend alignment.
Accordingly, the TN alignment trapped in the second liquid
crystal region 27S 1s expressed as being "continuously
connectable with 7-twist alignment" when no voltage 1is

10 applied (when the voltage is OFF), while it is expressed
as being "continuously connectable with bend alignment"
when a voltage equal to or higher than Vecr is applied.

Hereinafter, rubbing of the alignment films 23
and 26 will be described with reference to FIG. 10.

15 The alignment f£ilm 26 on the lower substrate 24
has the first alignment £ilm region 26F rubbed in the
first direction (direction of arrow 17 in FIG. 10) and the
second alignment £ilm region 26S rubbed in the second
direction (direction of arrow 19) different from the first

20 direction. The second direction is set at about 90° from
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refresh treatnent, bend alignnment grows in the first 5 |liquid crystal
region fromthe TN alignnent trapped in the second |liquid crystal region
once a voltage equal to or higher than the splay-bend critical voltage
(Ver) is applied. This growth of bend alignment will be discussed. The
actually measured Vcr of the liquid crystal material 10 . used f or the
experinment was 2 . 3 V. Therefore , the energy state observed during
appl i cat ittve dfirst/,diveceienpl e, wlll be described. The liquid crysta
alignnment states that may occur in the first and second |iquid crystal
regions are 15 the follow ng three_states: bend_alignnent, couqagrclockmdse

n/2-tw st ali gnmerth@nd $9Fe99al | higRMenthe & f FEIIHer g2 8RS

estimated by theoretical calculation for these three states, and the

results ar i le.9 h pl+ (ﬂ%£§§* 13
Table 9 iF%QE?\le S téfggg%?f?%e sgﬁle%m%uy%g)%%ﬁgaréo. co\tlj\%tié%gl oec W se
n/2- tw st-4l.010Spl ay-24.603 FIG 24 diagrammatically shows the alignnment

states ofeifiie tégibd @em! al Howyeexampaleseraedsiidwer &n5 HIpsel0f, ahe
predetermned tine fromthe application of a voltage of 3 V. FIG 25 shows

the relationship in the magnitude of energy anong the alignnent states at
this 6i msecond 51 kgpmentdifddme ragien 635 isefaiged ssehas to define

two separate parts of the first alignment £ilm region 26F
having roughly the same area in one pixel and surround
these two parts of the first alignment film reglon 26F.
The shape of the second alignment film region 26S shown in
10 FIG. 10 can further shorten the time required for bend-
aligning the first liquid crystal region 27F compared with
the shape of the second alignment film region 26S shown in
FIG. 1.
If it is difficult to form the second alignment
15 film region 26S so as to surround the first alignment f£ilm
region 26F for some reason in the process, the second
alignment f£ilm region 26S may be formed along one silde of
the first alignment f£film region 26F. For example, as
shown in FIG. 14(a), the second alignment film region 26S

20 may be in the shape of three stripes extending near the

76



G bbs free energy cal cul ated values, and the axis of 10 absci ssas
represents the distance (unit: arbitrary) fromthe boundary between the
first liquid crystal region 27F and the second liquid crystal region 27S
when the x-axis extends in the liquid crystal |layer 27 as shown in FIG 24.
15 The countercl ockwi se n/2-tw st alignnment and the bend alignnment can
continuously connect with each other. In the first liquid crystal region (x
> 0), theweendS®r sidésgamdntheomtenteniséf tbhenpdxedg fromt he

countercl ockwi se n/2-tw st alignnment erodes the splay alignnment having

hi gher energy in the first liquid crystal region during appljcation of 3 V.
Si nce the bend andAl-ﬁ%rBa§&IV§aYdo EBE 3REPRLo %B%‘Bﬁﬁﬁcté)jvd'r?hr bt her ,

t hey have an energy gap therebetween and are separated from each other by a
di scli natyi | ri 0 £ 8@ oA fner 9Yr6Al eihaph1@n. 4 so,

It was f?Sﬁﬂ'%#ﬁsggf§°?ﬁ§? dﬁﬁﬁﬂg?v%ﬁ? ge equal to 10 or highe?lthan t he
spl ay-bend critical voltage (Vcr) is applied, bend alignnent can grow

snoot hl y showrhelnpFag.alligte), r epeorsecorideal igamenitqufiddlmr yegdbnr efi$Hn
fromthe TN alignnent trapped in the second liquid crystal region

Herei nafter, Exanples 3 to 5 of the Eresent 15 invention wlll be descri bed.
(Exanpl em@y be 1n the shape of three squares located near the

center of the pixel and near the center of the two minor

sides of the pixel. The shapes of the alignment f£ilm

regions shown 1in FIG. 14 can also shorten the time

required for bend-aligning the first liquid crystal region

10 27F. The shape of the second alignment film region 26S

and the like are not limited to those described above, but

may be appropriately determined depending on the design of
the panel.

‘As described in Embodiment 1, the width w of the

15 second alignment film region 26S in one pixel (for

example, 80 pm x 240 pm) 1s preferably in the range of 5

pm to 60 pum. The area of the second alignment film region

26S 1s preferably about 1/48 to 1/4 with respect to the

area of one pixel as 1. When the second alignment f£ilm

20 region 26S has a size falling within the above ranges,
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In the above description, mainly, the angle formed between the pretilt
direction 19 of the second liquid crystal region 26S and the pretilt
direction 17 of 20 the first liquid crystal region 27F was assunmed as 90.
97 The angle is not necessarily this value. In Exanple 3, to exam ne the
correlation between the angle tY and the way of the splay-bend transition,
the rubbing direction of the second alignnent filmregion 26S of the

al i gnment 8b? Lewd®tS al iigmmemercarubder aeé £2¢ biae lghartgrapped i dus| £heo
prepare a plurality of liquid crystal display devices. Specifically, five
liquid crystal display devices_(sanples #11 to #15)_ shown in ggble 1Q bel ow
were prephtddeby seqandg iauddgl eTyFtadr nd® Hlheeh’ P hedBr PPl £ HES
direction 19 of the second liquid crystal region 27S and the pretilt

direction.of the first Ligui . regi [Fiddied@nded 3Ritd 150
i ncl usi vg;g@%%%in ﬂ.‘g g%?%ﬁ‘?ﬁéﬁecg% I |S§1’ui gkjcérayst a 1Ejl'r eg on 27S7is in
the shape of a stripe extending in the rubbing direction of 15 the second

liquid Chykled he@ OBeddnd Thd ighMimy diilkst irsyichrex6s oract asownl?) of
the first alignnent filmregion 26F of the alignnent film 26 on the | ower
substrate 24 and the rubbing direction (direction of arrow 18) of the

al i gnfenefifidahid®e chransitipeer nygdesat e 21 are 20 parallel to each other
98

Methods for forming the alignment films 23 and 26
will be described. Formation methods will be described
not only for the alignment film having the first alignment
film region 26F and the second alignment £ilm 26S arranged

10 as shown in FIG. 10, but also for alignment films having
alignment film regions in various shapes. Note that the
alignment films in Embodiment 2 can also be formed by the
methods described in Embodiment 1, and the alignment films
in Embodiment 1 can also be formed by the methods

15 described in Embodiment 2.

First, the alignment film 23 is formed on the
transparent electrode 22 on the upper substrate 21, and
the alignment f£film 26 1is formed on the transparent
electrode 25 on the upper substrate 24. A polyimide film,

20 for example, is used as the alignment films 23 and 26.
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For conmparison, three liquid crystal display devices (sanples #201 to #203)
havi ng the angle '~Y falling outside the above-described range 30 < ~Y <_
150 and a liquid crystal display device (sanple #204) that has not 5 such a
region as the second alignment filmregion 26S were al so prepared as in the
preparation of the sanples of Exanple 3. Note that in sanple #201, the
rubbing direction (direction of arrow 19) of the first alignnent film
regi on 2fbughdyt hithe ushitagediswecfacas obft thes eabhgnmenal ifHinimest 28i lamd egi on
26S are opposite to each other. Table 10

Sanpl e#11#12#13#14#15#201#202#203#204307090110150015165No regi on A vol t age
of squar 86ware orubbedadn 1theyfigstaghirestion {ddnection ¢§ Aryowgy
conparative sanples 15 #201 to #204, and the observation results during the
vol t age i pli%pti are shown in Table 11. The observation results of the
liquid c 95 I%%i;s of sanple #14 of this exanple and sanple #204 of the
conparative exanple during the voltage application are 99

di agranmmatical |y sjiipanaill ghnfent 2£1amd 28, isesnecthae! yubbdd euding a

Sanpl eCbservation results of bend transition#l1Bend transition nucl ei
devel op frompart of thesecond liquid crystal region and abend-al i gnedregi on
expanfls. mazBond Hezedinafremucktbe dawkrbpgf odfmroughpy lgnament r E1d8cAfd
liquid crystal regionand a bend-aligned regi on expands. #13Bend transiti on
nucl ei devel.op, fr oughl y.th tire.second | |qui ystal _r.eglgon a
bend- al i &'rjrgt} r 89i gf?j }1?1 .ﬁ%}%}enﬁef'?ﬁﬁﬁqel 0 8mfgﬁ y dgse(lac}p #goﬁ(rrbgu'ghl y
theentire second |iquid crystal regionand a bend-aligned region

expands. #baRBenchd £ anai Wiy nuch eh) devel @) frepeaihgel dfhesesrNfalskdu sl
crystal region and abend-al i gnedregi on expands. #201No change i s observed

wi th no devel opnent of bendtransition nuclei at all.#202Bend transition
nucl ei dere cghéwnnoalar PaFtdY edpne @pembngedgld ¢REeSPeRYstEtR QNLYyi on,
but nobend-al i gned regi on expands. #203Bend transition nucl ei develop from

avery lim,¢tedpart of the se d liquid crystal region, but nopepd-aligned
region e . #9541 BEHEaﬁﬁ'}%i P?or??ﬁfb%é?sd offCAEESPC dgghabs eg
change is observed. From Table 11 and FIG 27, it is found that for 5
sampligs #Hhkdio #15 of this exanple, the second |iquid

The plastic mask 65 having physical slits

(openings) is placed on the alignment £ilm 26. The
physical mask is not necessarily made of plastic, but may

be made of metal or glass. The shape and the like of the

15 slits may be appropriately determined depending on the
desired shape and the like of the second alignment £ilm
reglon 26S. For example, the slits may be in the shape of

a plurality of parallel stripes as shown_in FIG. 15(a), in
the shape of points arranged in a matrix as shown in FIG.

20 15(b), or in the shape of squares arranged in a matrix as
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crystal region 27S acts as the nucleus for effectively triggering the first
liquid crystal region 27F to make the splay-bend transition during
application of a voltage of about 6 V, and further the bend-aligned region
that has 100 developed in the first liquid crystal region expands. On the
contrary, for sanples #201 and #204 of the conparative exanple, the liquid
crystal alignnent of the entire liquid crystal |ayer remains unchanged

mai nt ai nghewh the FIGY abi(gnrendepbhliing dmveltheredeshied beimaper amsl tion
nucl eus as shown in FIG 28. In sanples #202 and #203 of the conparative

exanple, in which the rubbing directions of the first and second_al i gnnent
filmregithies bre and 28® asecendsaligrmentodidim raglppet3§3. 10MAsktti ons
of the first and second liquid crystal regions 27F and 27S are close to

each other,  .and thjs fai to rotate liquid t |l e i Sty in
t he port ing 'iﬁ@thﬁigfftoﬁf}oﬁﬁ%Figﬁg s%bé?égigﬁﬁéﬁ# ighgéhcg% rated
by a sufficient angle, and thus its action as 15 the bend transition

nucl eus 53 pakeesda davk Mdy atsel tise Olbaidned biepalfivKiewst bE algnment
refresh treatment for sanples #11 to #15 and conparative sanples #201 to
#204 w11l be described. As described above in Enbodi ment 2, the alignnent

refresh a@ask c= nboutnblutms £ @xaoRleéi gh voltage for a 101
With the plastic mask 24 placed on and fixed to
the alignment film 26 and regions of the alignment film
corresponding to the slits of the mask exposed, rubbing is
performed in the second direction (direction of arrow 19)
10 that is at 90° from the first direction. As a result,
formed on the alignment film 26 are the first alignment
film region 26F rubbed in the first direction and the
second alignment film reglon 26S rubbed in the second
direction that is at 90° from the first direction.
15 The alignment films 23 and 26 are formed in the
manner described above.
The alignment f£ilm 26 may also be formed by the
following method. Note that the alignment film 26 shown
in FIG. 15(d) may correspond to one pixel or a plurality

20 of pixels.
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predetermned tine after infection of a liquid crystal material into the
space between the substrates of each sanple and before actual driving. The
results of visual observation after halt of 5 the high voltage application
are sunmarized in Table 12. FIG 29 diagrammtically shows the observation
results obtained after a |l apse of a predetermned tine fromthe halt of the
hi gh vol tage application. 102 Tabl e 12 Sanpl eCbservation results of bend
transiti on#11Spl aaftegnrohet xhebblings df omoughlyuhler yerpoiré osufr fidae
second region. Therefore, TN alignnentcontinuously connectable w th bend
al i gnment duri ngvol t age appl.i.cation is not trapped in the .
secondr e&ﬁoﬁ.ﬂ@lﬁqﬂ%gwg?ﬂfstflém Ffreth EE?elf&ﬁi% qder?‘Ff%"‘PPr §glzrgesian
absorbed into the second regi on whil ebeing eroded by the splay alignnment
from t heper IANELY. 117 "alveqd e Ah) HBEP MediUlld NULUTHE HNEGHABRE Wy Dend
al i gnment "duri'ng vol tdgeapplication s trapped in the entiTe secon
regi on. #13The n-tw st ali gnnent developing in the firstregion is absorbed
into thezgsecend reglieootrelgbertigbedodal hhe hdizpcay.cal i gimentréworm9

t heperi phery. Finally, TN alignnment continuouslyconnectable with bend

al i gnnent durzgg voltageapplication s tragped in the entire second

regi of. #1seeond tdlsechirglntielng 2| SpRABLESS FO¥19%t PeghavNing Rddt bed
into the second region whil ebeing eroded by the splay alignnment from

t heperi phery._..El N_al i i nuousl yconnectable with bend

al i gnnent%%é%rqllr?gy%%#¥%ﬁgaggl }Eg'g‘[%:s%e%é apped in the entire second
regi on. #15The n-tw st ali gnnent developing in the firstregion is absorbed
. into the second reghen nehilebelsy msvdaddesddie Bpl ardal | ghNettaiisss

t heperi phery. However, TN alignnment conti nuouslyconnectable with bend

al i gnment during vol tageapplication, once absorbed into the second

| i qui dcr pdtesl r dotbnmays benaade 0 plagsdchprarihey tpptesialn -al iRrent

and finally disappears.#201No TN al i gnnent conti nuously connectable with
bendal i gn t durin lta i | OR-}S Lif, ed i nthe ion at
all.#202§¥%%9é%§%n%8¥?e%b%§iﬁﬁ%ﬁ#;iéoﬁ%gbtgﬁﬁ@&éﬁéﬁbgn ;ﬁ?%ﬁﬁgﬁfqggring
vol tage application is trapped inthe second region at all.#203No TN

al i grugente iGNt igiress! éin_donﬁeﬁtjébit@.dﬂd h fermedi gpgeninadhinigg/ol t aglor
application is trapped inthe second region at all.#204Wth no second regi on
provi ded, no TN alignnment conti nuously connectable with bend alignnent

duri ngvolexampkepl i i BAGth t wappld th3prodegiiont e i afd WRG e jt
is found that for the sanples (#12 to #14) of this exanple in which the

le ~Y f d h it di ' f,the fi
Al D gnent Y e Lo Ancbebegy oae ae LSt PR e nd-0d:nbl. o4nd”EHE,

t he devel oping TC-tw st alignnent can be trapped in the entire second

regi on anel\ylet i ghmeEt @nRe herdjebedens bywigdr f pespegtt heoal tiganmmthexf resh
treatment. Accordingly, it is found that the range of the angle ~ is nore
optimally 70 <_ ~Y <_ 110, and 10 that by setting the angle wthin this
range, bamrtiomsnést oy Fhenswidthn whe the alntenval t4agvst the

15 height h of the projections are not limited to the above
values, but may be appropriately determined depending on
the pixel design of the actually fabricated liquid crystal
display device, the desired shape of the second alignment
film region 26S, the rate of conforming products or the

20 vyield in the fabrication process and the like.
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advance in the second liquid crystal region only with application of a

vol t age .equal to or higher than the splay-bend critical voltage (Vcr), and
in this way, 15 higher-speed and nore reliable bend transition can be
attained. (Exanple 4) In Exanple 4, the anmobunt of the chiral agent added to
the liquid crystal |ayer was changed variously, 20 to prepare liquid
crystal display devices simlar to the 104 liquid crystal display device
40 of Embodi nent 2Zriiesgothedonzdyeaxis No€h tihee sabkeradserissfikat iat
Enbodi ment 2. Specifically, prepared were eight liquid crystal display

devi ces (sanples #21 to #28) having values of the ratio 5 d/p of the

t hi cknesth@ oposhsionqua Whiehl thgePrFladielonguiQf cthe aFtaildhe®s 30 to
the natural chiral pitch p of the chiral agent-added liquid crystal |ayer

hown i n_Tahl e bel . _Th I f I | e .4
sot o {EPLNAG v BRe PEe el KEER o, PLabiERE BT £ BB o e
Sanpl e#21#22#23#24#25#26#27#28#301#302PI um 002091378864402013128d/ p00. 030. 0
40. 070. 08@. 43R 898m? Xh&08ufEade tée Wwhawhd €1y Shabjelctiviis atebdgaist e 4,

the first and second alignnent filmregions 26F and 26S are 15 provided for
the alignment film26 on the |ower substrate 24 as shown in FIG 10. Al so,
t he afigl én~ denbedtbativdenthaecaldignmentdi £84mi @fs of Thee 19kXeT a8 detond
al i gnnent

then rotated at a rotational speed of 500 revolutions per

minute (rpm), and the alignment film 26 is allowed to pass

under the rotating roller 55 at a moving speed of 1.0

cm/s. By this operation, regions of the alignment f£ilm 26

10. into which the stainless roller 55 1is pressed are

selectively cut (rubbed), forming the second alignment
film regions 26S.

Regions of the alignment f£film 26 through which

the inter-projection spaces of the stainless roller 55

15 pass are not 1in contact with the roller because the

pressed-in amount of the projections into the alignment

film is 50 pm while the height h of the projections is 300

pm, and thus the previously formed rubbing in the

direction of arrow 17 is kept unchanged. These portions

20 therefore serve as the first alignment £film regions 26F
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filmregions 26F and 26S of the alignnment film26 is set at |120. The second
alignment filmregion 26Sis in the 105 shape of a stripe extending in
the rubbing direction 19 thereof and has a width of 50 ~ m The size of the
substrates 21 and 24 and the alignnent filnms 23 and 26 is 20 mmvertically
X 10 mm hori zontally. 5 For conparison, two liquid crystal display devices
(sanmpl es #301 and #302) having values of d/p falling outside the range
descri bedsaldoformecmmge sdippdpgred as in the nanner adopted for the
preparation of the sanples of Exanple 4. The cell thickness d of the 10
liquid crystal elements _of both the sanples,of anpl.e 4 and the

conpar ative sanpl dD§adldgnugny Film 28 ¢ d§e E‘Fr@gGarje“W}&ke off@ENELnd 1
kHz was applied for sanples #21 to #28 and conparative sanpl es #301 and
#302, anﬁe%@%'ﬁ?ﬁ“éﬁb re observed with a 15 pol arizing m croscope. The
observat 1 on mﬂt he polari zing microscope was made for operation in the
normal ly white node with the polarizer arranged under crossed-N cols. The
observation resul tltéenabowelyn Tablee Biiwiment106ilmTallee 14 this
Sanmpl eCbservation resultsof splay -~ bend transition#21The expansi on rat eof
t he bend-al i gnedr egi oni ssl ow. #22The expansi on rateof the ]

bend- & | gRb@HE@ant sBRYw e 3fremed k¥ AleRERY @nhgphotolithographic
bend- al i gnedr egi oni ssl ow. #24The expansi on rateof the

bend- al i | onLSS! # he, i r

bend- al i E@%%%%%oﬁ?%ﬁagﬁﬁ_ﬁg%&ﬁﬁsﬁﬁggﬁéﬁgﬁ°?gﬁ§%?&?ﬁ8- Hereinafter,
bend- al i gnedr egi oni sfast .#27The expansi on rateof the

bend- al i gRpedegam@liesVeEy mask. #28Bbengxpasingn theeophdbelithographic
bend- al i gnedr egi oni svery fast.#301The entire regionis already 7Gtw sted
bef orevol t age appli cati onand conti nuousl ychangest obend al i gnnent. #302The
entire rogiosess wibhdbendegorikedarbthysrfegengs te K IGnakg. Note

cont i nuousl ychangest obend al i gnnent .
that in FIG. 16, openings of a photomask 60 are shown only

10 partly. One opening may correspond to one pixel, or a
plurality of openings may correspond to one pixel.

After roughly the entire surface of the alignment
film 26 is rubbed in the first direction (direction of
arrow 17) as shown in FIG. 16(a), a positive photoresist

15 29 is applied to the alignment film 26 as shown in FIG.
16(b). As shown in FIG. 1l6(c), after prebaking, the
alignment £ilm 26 is irradiated with UV via the photomask
60 and then immersed in a developer. Postbaking is then
performed to allow resists 61 to be fixed to the alignment

20 £ilm.
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Tabl e 15 shows the tine required for the transition to band alignment of
the entire liquid crystal 5 layer fromthe nonent at which the vol tage of
square wave of 6V and | kHz is applied, for sanples #21 to #28 and
conparative sanpl es #301 and #302. 107 Table 15 Sanpl eSplay --~ bend
transition tinme (sec)#2125#2220#2317#2414#259#266#273#283#3010#3020 r From
Tables 14 and 15, the following are found. In sanples #21 to #28 of this
exanpl e, w th applgy¥athen pfoSeasvalésgeibédal@have, Va tpredetermingshent
ELanleog leffepéll vely plroceeds inthe first liquid crystal region 27F from
e second liquid crystal region 27S acting as the nucleus. The r of
expansi onegfionhethakd-bfi FiaRIyi &P i ?eho&%ers%’ql?‘gr gé"rﬂﬁfbtt%teﬁm

sanples. 10 Specifically, it is found that with increase of the added

anount of the _chjzral .agent IS | I acr of ati of
the cel | TBRHOM gsgdl?o%t%&ee%ﬁ%}i’pff‘é’\#stﬁ%oﬁ%hgﬁ?%’uild{ Eﬁgt allgl(g/)g'r, t he
expansion rate of the bend aligned region is faster. 15 On the contrary,

when t hemglai 11 iRdhti £1adrets 188en Mubive@Muntthas secordadirese om
conpar ati ve exanpl es
5 (direction of arrow 19) that is at an angle of 90° frgm
the first direction. The resists 61 are then removed. As
a result, formed on the alignment f£ilm 26 are the first
alignment film region 26F rubbed in the first direction
and the second alignment film region 26S rubbed in the
10 second direction that is at an angle of 90° from the first
direction. In this way, the alignment film 26 is formed.
The alignment £ilms 23 and 26 may be optical
alignment films. Hereinafter, an example of a method for
forming an optical alignment £film will be described with
15 reference to FIGS. 17 to 20. Note that in FIG. 17,
openings of a photomask 62 are shown only partly. One
opening may correspond to one pixel, or a plurality of
openings may correspond to one pixel.

The alignment f£ilms 23 and 26 made of polyvinyl

20 cinnamate (PVCi) are formed on the transparent electrodes
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- #301 and #302, the liquid crystal layer is already n twisted in the initial
state of. non-voltage application, in which the major axes of liquid crystal
nol ecul es are 5 twisted by 180 as a whole toward the alignment film 26 from
the alignment film23. Wen a voltage is applied across the liquid cryst al

| ayer that is already n-twisted in the initial state, the liquid crystal

| ayer continuously changes to bend alignment fromthe 180-tw st 10

al i gnnenpawi @@t I5he grecesiét yuppelrhe slwdvact trateensi 21 onan@hethiehe Loswax t ant
liquid crystal display device is actually driven, a problem arises during
white display that the alignnent of the |iquid chstaI | ayer shifts from
bend al i gibshrate t Aidst GPPgRMdvel¥a shEPe (PRElEP 13UTEFERI o N&er al
tens of nsecs, and this signifi cantly decreases the transm ttance, although

no probl rlsesd r:in r chuded 4t

alt hougha[i]&@ th '{‘cﬁ | r a rgégrzlltsa%év}gl 8’2&0 H b:‘I)s%pr e%gar abI y
| arge fromthe standp0|nt of 20faC|I|tat|ngthe bendtran5|t|on

pr ef er ablgyy srighh140%he f BQ! it agdpei n26 ofigt herradnanied awteh Imm-nance

of the panel) during white isplay in actual driving. Next, the results
obtai ned by performng the alignnent refresh treatnent for the above
sanpl 6s whblatizéd d¥¥crvhad thes obotemask abdvda nakkoydi Fe@ions thhat
alignnment refresh treatnent includes applying a high

are finally to be the first alignment film regions to be
irradiated as shown in FIG. 17.

As the photomask 62, one having a plurality of
square openings arranged in a matrix as shown in FIG. 17

10 was used. However, the shape and the like of the openings
may be appropriately determined depending on the desired
shape and the like of the second alignment film region
26S. The UV irradiation amount was set at 60 J/cm® for
the wavelength of 254 nm, for example.

15 After the 1light irradiation described above, the
entire surfaces of the alignment £ilms 23 and 26 are
rubbed.

In a 1liquid crystal display device fabricated
using the resultant alignment films 23 and 26, the first

20 1liquid crystal region 27F is uniaxially aligned along the
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‘voltage for a predeternmined tinme after infection of a liquid crystal
material. into the space between the substrates of each sanple and before
actual driving. The 10 liquid crystal alignnent states of the first and
second liquid crystal regions after a | apse of a sufficient tinme (about one
nonth) fromthe high voltage application were observed with a pol arizing

m croscope. The results of visual observation of the liquid crystal

al i gnmengubbdings dbrect isownand Tohée décord Glizmishowsysdiales segdon e

vi ews showi ng the observation results. The observation with the polarizing
m croscope was perforned in the extinction_positign in which the gglarizer

was arrardéd dilerTNrasighel cdI20 areWiskedd - par aPtido r ubbifig BFeddditon of

the liquid crystal region 110 27F agreed with the axis of the polarizes.

Wet her the tw.st direct] LOyid CEYS Wl esihaihe cEY gtel on as
t he secoﬁgrlelc%ilod‘ cro;t’set aql%?e %JI'F\{% iéfcI%@éwinggfgr c%a Per cl gc W se was
determ ned by rotating 5 only the polarizes cl ockwi se or counterclockw se

whil e fiyeddrhezamahgaer tafe t 4Bigamanitzifiglom 26 o3eopwgtilexaot nifapn he
color change at this tinme. Table 16 Sanpl ed/ pLiquid crystal alignnment
stateFirst liquid crystal Second |i quid .

cryst &l r éhieorpret bhtr2 ddassithamupf ethieopaFston of the second liquid

TNmost | y#220. 03Spl ayCount er cl ockwi se TNent i rel y#230. 04Spl ayCount er cl ockw se
TNentirel y#240.07Spl ayCo ercl ockw se

TNentire #%&%9%%?%%&032 epaa%c%\%esealignment £ilm 26.

TNent i rel y#260. 15Spl ayCount er cl ockw se

TNentirel y#270. 30Sph p¥ CAHBLRRC! OkW SPeason why the liquid crystal
TNentirel y#280. 45Spl ayCount er cl ockwi se TNentirel y#3010. 50n-tw st

entirel yCountercl ockwi se TNentirel y#3020. 75n-tw st entirel y~ ]
Count er clregdorse IREeand: 278 yane atigpeflogsd dassnived cabevenwidilc b0, by

described with reference to FIGS. 18 to 20. FIG. 19(a)

10 diagrammatically shows the molecular structure of the
alignment films 23 and 26 formed on the substrates. The
left halves of FIGS. 19(b) and (c) diagrammatically show
the molecular structures of the alignment film 23 and the
first alignment film region 26F of the alignment film 26,

15 and the right halves of FIGS. 19(b) and (c)
diagrammatically show the molecular structures of the
second alignment £ilm region 26S of the alignment film 26.
FIG. 19(d) diagrammatically shows the alignment state of
liquid crystal molecules in FIG. 19(c).

20 As shown in FIGS. 18 (upper part) and 19(a), each
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111 perform ng the alignnent refresh treatnent, counterclockw se TN
al i gnnment continuously connectable with bend alignnent during voltage
application can be trapped in the second liquid crystal region 27S, over 5
roughly the entire region for sanple #21 of Exanple 4 or over the entire
region for sanples #22 to #28 of Exanple 4. Once a voltage equal to or
hi gher than the splay-bend critical voltage (Vcr) is applied, the
count er cimeledgsiee TNogl | gientpolgppagli n ¢henamabed |[(RMCH) cr fdim risgi on
27S 10 erodes the splay-aligned regions in the first liquid crystal region
27F smoothly with shift of the disclination |ines, as shown_in FIG 31, to
attain hicgmpased of cpi meia whln rand; g §4deorhain BRTPERFLIGUL AT §Qund
that when the chiral 15 agent is added by an anmobunt as large as those in
conpar atiye s l.es and 25t he firnst Jd qui st I ey Y/
‘keeps thé& en-?dvga'ﬁ a%%%}njnrrbnt 2&}8 ostesﬁrrllcét“ﬁ?eée&irf%t ﬂverfésﬁ/pl a@%l %\%ﬁenfiifter
the alignnment refresh treatnment. Wen the liquid crystal |ayer exhibits the
n 20 tw Strrddopeeat . thethi qui podardizdd | ayasv gcont i photsedimbid zatchamges
to bend alignment fromthe n-tw st alignnment once a voltage is applied, and
therefore the bend transition is

5 selectively occurs if the direction of the extension of

the side chain matches with the polarizing direction, as
shown 1in FIG. 18 (lower part). As a result of the
photodimerization, the liquid crystal molecules are
aligned in the direction perpendicular to the direction of
10 the polarizing direction, that 1s, in the direction
parallel to the main chains.
When the alignment film is irradiated with non-
polarized UV, photodimerization occurs in all directions
as shown in the 1left half of FIG. 19(b). When such a
15 photodimerized alignment film is rubbed, the main chains
of PVCi are aligned in the rubbing direction as shown in
the left half of FIG. 19(c), and as a result, liquid
crystal molecules are aligned in the rubbing direction as
shown in the left half of FIG. 19(d).

20 On the contrary, when the alignment film is
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unnecessary. \Wien the resultant liquid crystal display device is actually
driven, .a problemarises during white 5 display that the alignnent of the
liquid crystal layer shifts frombend alignment to twist alignment in a
short tinme of several to several tens of nsecs, and this significantly
decreases the transmttance, although no problem arises during black

di splay. Accordingly, 10 although the added anount of the chiral agent

(val ue okuBbed i wipheher atthe IUAr gerfadtatienst asdmliown oflnf athé i tdtghiy t he
bend transition, it is preferably small fromthe standpoint of the

transm ttance (|l um nance of the panel) during white display in actual
dri vi ng. had fl toff FIGer bP6Pa .cdheg uerin t ghainge ofatBVCH, aref agfgned |in
thickness d to the natural chiral pitch p should preferably satisfy 0 ~ d/p

< 0.50 in,consideration, of e _effectiyene f cand 1iguid 1Gryst a
region a§hfhéégggﬁﬂﬁgn i%?%ﬁ???i&ﬂfgugpghsgf%g fﬁgﬁg%$a§gbé%ggg€%llaﬁs
transition, the ability of the second liquid crystal 113 regi on of

trappi ng+hl¥ ahighiBgt AFEETLONShY Howet abl echvé t Bibhrd lalfnoENFEG L er
the refresh treatnent, and the requirenment that the first liquid crystal
region nust be splay-aligned in its initial state to prevent degradation 5
in transdi%titcnce. Ass adasesubbd ddardd seryshgladadagules aasi At he
bend transition is pursued, the added anmount of the chiral agent is

desirably s i §Pr88 0055 irped@YSYPhr to the rubbing direction as

shown in the right half of FIG. 19(d4).

In consideration of the above, the alignment £ilm

26 is irradiated with light by the method described above

10 with reference to FIG. 17, to obtain the alignment f£ilm 26
having the first alignment film region 26F and the second
alignment film region 26S as shown in FIG. 20. In this
way, the optical alignment films 23 and 26 are formed.

As described above, the alignment films 23 and 26

15 can be formed by various methods.

A chiral agent may be added to the liquid crystal
layer 27 of the liquid crystal element in this embodiment,
to enable the second liquid crystal region 27S to act as
the bend transition nucleus more effectively.

20 The added amount of the <chiral agent 1is
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addition of the chiral agent in an excessive anount 10 worsens the opti cal
characteristics, that is, decreases the transmttance when the voltage is

| ow during white display, degrades the view ng angle characteristic and
causes asymetry of the viewi ng angle characteristic. To exam ne this, the
vol tage-transmttance characteristic was 15 nmeasured for sanples #21 to #28
of Exanple 4 and conparative sanples #301 and #302 wth a neasurenent

syst em apreferably Féx 88. thaiolthe zraglai dvpsedpethmsthécknessr drafksed
Nicols, and a liquid crystal display device was placed in 20 the polarizing

m croscope so that the rubhing direction of 114 _the first |[guid crystal
regi on (tiSpilAwd ecEYEtady IAYE Rt i%e‘?ﬁ%‘FFPI]n f%‘jd?ﬂjl tlﬁﬁkgﬁbﬁ rfbé/
direction 18 of the alignnent film22) is 45 with respect -to the

transm ssion axes pf _the.paqlari ngd .t yz h igutd 5
crystal ibﬁ ocﬁ.‘:@%%f sﬁgﬁgﬁ'%lﬁeéegg%gdng? P’l% )I%ag lFi"rFsX?irag\?%ﬁt% gg%geqﬁaT to or
hi gher than Vcr was applied to make the first liquid crystal region used
for inmga/g spl ay. s®ppleeire! gxbnpdeyl | gaedlesaribed nrasExemplie Lheand
transm ttance of the first liquid crystal region during 10 application of a
voltage of 6 V, for exanple, was determ ned as bl ack display. To conpensate
resi d@al widtlarkmtdescribefle l1atest in FxREGsBal region of the Iiquid
crystal element during the application of 6 V, a phase plate was placed so

that the slow axi SS}.HSéeQéhgvasadded amount of the chiral agent is

limited to a small amount to fall within the range

described above, decrease in transmittance and asymmetry

in viewing angle characteristic can be suppressed from

10 occurring when the liquid crystal display device provides
white display in actual driving.

The added amount of the chiral agent 1is more
preferably set to satisfy 0 < d/p £ 0.15. By this
setting, decrease in transmittance 1s substantially

15 prevented from occurring when the liquid crystal display
device provides white display in actual driving, compared
with a liquid crystal sample using no chiral agent. That
is, in this embodiment, it is possible to satisfy two
mutually contradictory conditions of ensuring the bend

20 transition and maintaining the optical characteristics,
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15 perpendicular to the slow axis of the liquid crystal layer, to thereby
make the total retardation zero, or obtain black display. FIG 33 shows a
graph of the voltage transmittance characteristic obtained when the voltage
is 20 lowered fromthe black display voltage of 6 V, detected 115 wth a
photonultiplier. FromFIG 33, it is found that in sanples #22 to #26, in
particul ar, anong sanples #21 to #28 of Exanple 4 having different d/p

val ues olhdicked Mhasharigeeny t hanatdednaibdient diyt hetloéi r aconyentticdeck ease
in 5 transmttance is hardly observed and the optical characteristics are
mai nt ai ned, conpared wi th sanple #21 having no chiral agent added. Since
the spl aFesddauesical voltage Ver of the liquid crystal material in this
exanple was 2.3 V, the voltage range in actual 10 driving was set to be

f 2.5Vto 6.0 it.h 6.Q V f bl i spl d f '
dirgg} ay. Fl GO 34 i “\émfg‘?%prPQ‘f%‘Fe g{) ‘?fﬁ%gﬁg?)rlgﬁgm %?g%%(e g,rrm\#gt:"ﬁeed

sanpl es of Exanple 4 and the conparative exanple. The conparison of the

transm t pateeed Wife PprietiiEt @irsttiog the tofinthd t secomi dampiied #21
having no chiral agent added at the white display voltage of 2.5 V as 100
and standardi zing the transmttance val ues of the other san‘gl?es Wt h

0

respedt CFVStal r zeg#an aRdS okndarghe pretidd dirseidan oh’Fief $Ahein
sanpl es #22 to 20 #26, in particular, anong sanples #21 to #28 of Exanple

4, 116 first liquid crystal region 27F was about 90°. The angle
¥ 4is not limited to 90°, but as long as the angle V¥
satisfies 70° < V¥ < 110°, it is possible to effectively
trap T-twist alignment in the entire second 1liquid

10 crystal region as TN alignment continuously connectable
with bend alignment during application of a voltage equal
to or higher than Vcr, by performing the alignment refresh
treatment before actual driving.

Hereinafter, the reason why the bend transition

15 is facilitated by performing the alignment refresh
treatment as in this embodiment will be described using
Gibbs free energy. First, the change of the alignment of
liquid crystal molecules occurring during the alignment
refresh treatment (corresponding to FIGS. 11 and 12) will

20 be described.
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the decrease in transmttance is suppressed to within several percentages
Wth regpect to the non-chiral sanple #21, and thus the optical
characteristics are mai ntained. Fromthe above, it is concluded that the
range of 5 d/pis nore optinmally O < d/p S 0.15 and that as |ong as the
added amount of the chiral agent to the liquid crystal material is set to
sati sfy the above range, degradation in the optical characteristics of the
liquid crystal el azgnt dparamettearsaddised@n 6brt healdukdtibgent are t es smal |
to 10 cause a problemin practice. In the above description, 90-tw st

al i gnment  conti nuously connectable with bend alignnment during application
of a vol feddowsusal tTher ceildhethigknessr dads réppdy i Andhethgyt &deond

liquid crystal region by the 15 alignnent refresh treatnent. Such a second
liquid crystal regiop can,al be obtaj ned. W thqut, perform ng,ih | j. gnment
refresh Pﬁ%ﬁﬁnﬁng%yggﬁjE&ﬁq¥§t9ﬁ¥$ﬁ%% ﬁ?gFg an%ﬁnéét§@%) %%dgggﬁgg
anount of the chiral agent. Hereinafter, a nmethod for form ng the second

liquid 2Qncrysgal J1€9i gBshnmerdghatorHY Ehesthi1pdudgeirydtdl beeblion
described. [Addition of chiral agent] In the liquid crystal elenent 30
shown in FIG

5 27F and the second liquid crystal region 27S are formed in

one pixel and that the pretilt direction (first direction

17) of the first liquid crystal region 27F and the pretilt

direction (second direction 19) of the second 1liquid

crystal region 27S are orthogonal to each other in the

10 area near the alignment £film 26. Assume also that

cholesteryl nonanoate (CN) as a counterclockwise chiral
agent 1s added to the liquid crystal layer.

The 1liquid crystal alignment states that may

occur in the first and second liquid crystal regions are

15 the following three states: counterclockwise T -twist

alignment, counterclockwise 7 /2-twist alignment and splay

alignment. Theoretical calculation of the Gibbs free

energy during non-voltage application was made for these

three states, and the results are as shown in Table 8

20 below.
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10, liquid crystal nolecules in the entire second liquid 5 crystal region
27S cansbe put in the uniformtilt state (twi st alignnent free from spl ay
distortion) as shown in FIG 36(a) by adding a predeterm ned anount of a
countercl ockwi se chiral agent w thout perform ng the alignment refresh
treatment . To attain this uniformtilt 10 state by addition of a chira
agent to the liquid crystal material w thout the alignnment refresh

t r eat menTablllee 8added anount of the chiral agent is preferably set so that
d/p is 0.07 or nore. As described in Exanple 4, the optical characteristics
degrade{w th i Atdgamendf dtwtedded 1>Gabinsnt ofrede chheagyagent.

Therefofe, if inportance is placed oh(pggmdptical characterijstics, the

added aYDEBhng %éﬂ%- )reTeraﬁlg @quulig?F d/p is less than
0. 5, no pretretra G to—oF—ess—t han—6- 24% deseribed above, by
d“rota

adding<1(ﬂﬁ@%ﬂtéﬁéiPCBUiﬁ&vﬂﬁéza pr edet er ni n tion dirlection to the
liquid 118 crystaltwimterial, it is|possible to formthe lijguid crysta

| ayer in which 90-P®pxayuignnent copti nuousl p.6@09ect able with bend

al i gnment _during applicatron of a voltage equal to or higher than Vcr is
trapped in the 5 entire second liquid crystal region 27S as shown in FIG
12(c), without the necessity of the alignnment refresh treatnent. Having the

entire second |iquid crystal region 27S acting as the transitiqQn nucl eus,
the first liquid FIG. "22 diagrammatically  shows the alignment

u._1
33
R
o2
'
Lin—
;rtn

states developing in the 1liquid crystal layer 27 by the

5 refresh treatment. Time T = t; represents the time after

a lapse of a certain time from the halt of application of

a high voltage for the refresh treatment, and time T = t,;

represents the time after a lapse of another certain time

from time T = t;, at which the disclination 1lines

10 separating the splay alignment from the 7 -twist alignment

have reached the boundaries between the first 1liquid

crystal region 27F and the second liquid crystal region
278S.

FIG. 23 diagrammatically shows the relationship

15 1in the magnitude of energy among the alignment states at

times T = t; and t, obtalned using the Gibbs free energy

calculated wvalues in Table 8. The axlis of ordinates of
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crystal region can make the splay-bend transition nore 10 reliably at

hi gher speed. The above liquid crystal |ayer nay further be subjected to
the alignment refresh treatnment. (Exanple 5) In Exanple 5, prepared was a
liquid crystal 15 display device having a liquid crystal layer in which 90
tw st alignment continuously connectable with bend alignnment during
application of a voltage equal to or higher than Vcr was trapped in the
entire spiend I23uiveprygsealtsr editsn Fihbby addeey emdrgwl agdoullabdadg a
20 predeterm ned rotation direction to the liquid crystal 119 | ayer. A

| iquid crystal display device (sanple #31) of Exanple 5 was prepared, in
whi ch, a¥adi@fn ind| é’%?{’h‘)sﬁﬁéhﬁ%ﬁﬁﬁ%rngaPs% biye hdd siipnce

separate parts of the 5 first liquid crystal region 27F and the second

liquid cr . regi ur di t rt e fhrst dii.quid
crystal rde%l'lt"'?rf Z%b%%ﬁfstf%wgnﬁ%%t hl??‘l”rqr??g ioﬁe%'l‘—ate?)]f Ethlhee alﬁig%nﬂent
film26 on the | ower substrate is rubbed in the first direction 17, and the

second 1Qjiehiidrerfstal nregdodn aifis ther setond NUkpEIY | Sressator@égiigrect i on
19a roughly perpendicular to the first direction 17. The alignnent film 23

on the upper substrate is roughly entirely rubbed in the direction 18
paralﬁel n the x-axis extends in the liquid crystal layer 27 as

shown in FIG. 22.

At time T = t;, a lower-energy splay-aligned
region that has developed from the periphery of the pixel
exists in the first iiquid crystal region 27F (x > 0). As

10 shown in FIG. 23, with the expansion of the splay-aligned
region, a higher-energy counterclockwise 7T -twisted region
shrinks. In other words, the splay-aligned region erodes

the higher-energy counterclockwise 7T -twisted region. The

expression that "a region in an alignment state (A) is
15 eroded" is sometimes used when a region in an alignment
state (B) 1s formed in the region in the alignment state
(A), and the region in the allignment state (A) gradually
shrinks with expansion of the region in the alignment

state (B). Since continuous connection i1s not allowed

20 between the splay alignment and the counterclockwise 7T-
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the first direction 17. The alignnent states of the first 15 and second
liquid arystal regions 27F and 27S are defined by the rubbing directions of
the alignnment filns 23 and 26. The size of one pixel is 80 umx 240 um and
the width w of the second liquid crystal region 27S is 10 um Chol esteryl
nonanoate (CN) as a counterclockw se chiral 20 agent is added to the liquid
crystal layer 27. The added 120 anount of the chiral agent is adjusted to
have a pitwdstedfaligonméndtr,ysanl enedrgyl gamfexlspm betwaepl etl81 twde
pretilt direction of the second liquid crystal region 27Sis fromleft to
right 5 (direction of arrow 19a in FIG.%E%}%% in the ortlon near the

al i gnmenteglion® s aARo¥Re G chidal ?sbé’b’ﬁ‘r‘?( %I Bekviees th

(direction of arrow 64a). Therefore, the TN alignnent of the second liquid

thto as T8 SRsAoRs, 1F HIREIAGRTRHAE dd'd Elog iRkl e O T or

conpari son was al so prepared. The liquid crystal display device as the
conpar ati ve exanplehd samllsc Y ion difims entsdparatingl e tisd | mplwt a
rubbing direction 19b of the second 15 alignnent filmregion 26S of the
alignment film26 is the opposite to the rubbing direction 19a of the
secondl | addighmentst afremgi bhe26soun temgliackgiise| nTeobphs st | ad lgament #401,
the pretilt direction of the second liquid crystal

shifts toward the boundary (x = 0) between the first and
second liquid crystal regions, and stops shifting at the
boundary between the first and second 1liquid crystal
regions at time T = t;. This is because the
10 counterclockwise 7T /2-twist a;ignment of the second liquid
crystal region (x < 0) is more stable with respect to
energy (lower in energy) than the splay alignment as shown
in FIG. 23 and this prevents the splay alignment from
entering the second liquid crystal region having lower
15 energy.

As described above, from the energy calculation,
also, it was proved that the counterclockwise 7 /2-twist
alignment continuously connectable with the
counterclockwise 7 -twist alignment could be completely

20 trapped in the second liquid crystal region (x < 0) by the
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region 27S is fromright to left (direction of arrow 19b 20 .in FIG 35(b))
in the portion near the alignment film 26, 121 and the added chiral agent
is counterclockw se (direction of arrow 64a). Therefore, the TN alignnent
of the second liquid crystal region 27S is countercl ockwi se twisted and is
in the splay tilt state as shown in FIG 36(b). 5 Table 17 shows the
particulars of the respective alignnment states of the liquid crystal |ayer.
The part atdigament faftesh7treattmentt.ne region of the liquid crystal |ayer
in which each alignnent state develops (the first liquid crystal region or

the second liquid crystal 10 region), the tw st gle (by which_degr t he
liquid crystal rml%ﬁ:%’és the tqﬂ%éﬁz’e%'ﬁe, tqﬁba’%% stoa’ﬂi rtg’@ti %ﬁr(sttw ﬁ'@g’iede
cl ockwi se or counterclockwi se toward the | ower substrate fromthe upper

subst r at g).and 1t he.ddldn sltza,tFe thepenls’ OaMilghhder® Hhe tREAYallghinent??

Tabl e 17 i gnnment statePl ace -

of Twi st Twi st Ti | t Devel opnent angl edi r ecti onCount er cl ockwi seSecond90Count er - Un
i fornmuni refmesh treatment, bend alignment grows in the first

TNr egi oncl ockwi seti | t Count er cl ockwi seSecond90Count er - Spl aySpl ay

TNr egi_oncl ockwi setiltC ockwi seSecond90C ockw seUni f or mni form_
TNregﬁon@pgqgguﬁqygygkbregion from the TN alignment trapped in the

tw st Uni fornregiontiltCounterclockw seFirst180Counter-UnifornTGtw stregion
cl ockw sghi] 3P| i?(&h&%t Oé\p,(_l,%it %@c§ﬁg'o$@é 5 o eaﬁﬁﬁ%& aFrﬁ %éf)l’
the liquird crystal "materiat was injected In an isotroplc phase. e
alignnent state of the liquid crystal |ayer after roomtenperature was
resured hwagh¥isertiesh Wi thea ppllayi-bem@l critical voltage (Ver) is
applied. This growth of bend alignment will be discussed.
The actually measured Vcr of the liquid crystal material
10 . used for the experiment was 2.3 V. Therefore, the energy
state observed during application of 3 V, for example,
will be described.
The 1liquid crystal alignment states that may
occur in the first and second liquid crystal regions are
15 the following three states: bend alignment,
counterclockwise 7T /2-twist alignment and splay alignment.
The Gibbs free energy was estimated by theoretical

calculation for these three sfates, and the results are as

shown in Table 9 below. The applied voltage was 3 V.
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m croscope under crossed-Ni cols. The observation results after the
injection of the liquid crystal material and before voltage application are
shown in FIG 37. FIGS. 10 37(a) and (b) show the observation results of
sanpl e #31 of Exanple 5, and FIGS. 37(c) and (d) show t he observation
results of conparative sanple #401. In FIG 37, disclination lines are
shown by the bold Iines. Note that the outline of the pixel is also shown
by the bdablle ree. 123 In sanpl e #31 of Exanple 5, once the liquid crystal
material_is infected, counterclockw se TN alignnent in the uniformtilt
state conti nuougdligmeestabée Wt h hE&dibbed | gnnemeé dueneggyo| t age
applicaion 5 is trapped in the entifg¢pggesnd |iquid crystal| regi on 27S.
This liguid crystal ggggon 1 n the countercl ockyg Seggni formij It TN

al i gnneqt—rs depote 96 e rst—tTquighT tat—Tegipn 27F entirely
becones |spl G9¥4 Pﬁﬁi&"h}’ Séansﬂ:é5 Men a volfaggxgqual to lor higher than
the splay vend crititsistaltage Vcr is applied across the lijuid crystal

| ayer, the disclinatSpkayines D formgd al ong t2%.6088ndari es between the
first liquid crystal region 27F and the second liquid crystal region 27S
shift smoothly toward 15 the centers of the first liquid crystal region 27F
as showmn in FIG 37(b). Wth this shift, bend-aligned regions B expand in

the first Iiquid Cf‘i[ét al Zrtleg'ﬁnagzxzfmmatically shows the alignment

states of the liquid crystal layer 27 observed after a

5 lapse of a predetermined time from the application of a
voltage of 3 V. FIG. 25 shows the relationship 1n the
magnitude of energy among the alignment states at this
tiine. The axis of ordinates of FIG. 25 represents the
Gibbs free energy calculated values, and the axis of

10 absclssas represents the distance (unit: arbitrary) from
the boundary between the first liquid crystal region 27F
and the second liquid crystal region 27S when the x-axis
extends in the liquid crystal layer 27 as shown in FIG.
24.

15 The counterclockwise 7 /2-twist alignment and the
bend alignment can continuously connect with each other.

In the first 1liquid crystal region (x > 0), the bend
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while the splay-aligned regions S of the first liquid crystal region 27F
shrink. .In this way, splay-bend 20 transition is snoothly attained in the
first liquid 124 crystal region 27F. On the contrary, in conparative
sanpl e #401, once the liquid crystal material is infected, the second
liquid crystal region 27S exhibits countercl ockwi se TN alignnment 5 in the
splay tilt state. This liquid crystal region in the counterclockw se

spl ay-ti bl igNm@ntgnnent cortdamoisd by LS- 66nngkdingnson whyomhe seddved
liquid crystal region 27S exhibits the counterclockw se splay-tilted TN

alignment is that the rubbing direction of the region of 10 the alignnent
filmon coantergleckeisat e chH2rEYHERdi Adkanment sRFPAes gt cSRIaH
region 27S is the direction of arrow 19b shown in FIG 35(b), and the

Cubst 1ot SSAHE, BevA ) RAGRE, SndBaf  ShitiSl 2%, T8GRl eayehs

count ercl ockwi se splay-tilted TN alignnent is topologically honbgeneous

wi th t herepjidn adugingnapplieyef Ko, ofo 3defi ni Séndesdliedbhend hndesthss e
formed al ong the boundaries between the liquid crystal region LS-90 in the
countercl ockwi se TN alignnent in the second liquid 20 crystal region 27S
and tRe SPlAY aflpgmelt r €GNHNWYHLY heonmect with each’ other, ™ they

have an energy gap therebetween and are separated from
each other by a disclination line.
As described above, from the energy calculation,
also, it was found provable that when a voltage equal to
10 or higher than the splay-bend critical voltage (Vcr) is
applied, bend alignment can grow smoothly in the splay-
aligned region in the first liquid crystal region from the
TN alignment trapped in the_second liquid crystal region.
Hereinafter, Examples 3 to 5 of the present
15 invention will be described.
(Example 3)
In the above description, mainly, the angle V¥
formed between the pretilt direction 19 of the second
1iquid crystél region 26S and the pretilt direction 17 of

20 the first liquid crystal region 27F was assumed as 90°.
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t s first liquid crystal region 27F. The countercl ockwi se splay-tilt TN
alignnment is not continuously connectable with bend alignnment during

vol tage application. Wien-a voltage equal to or higher than the splay 5
bend critical voltage Vcr is applied across the liquid crystal layer in the
above alignnment states, clockw se uniformtilted TN-aligned regi ons RU-90
each surrounded by a disclination Iine D develop in the second liquid
crystal Mhgi eandlas. 19Vnott hecesdanldy sthiai vedmwet.i | tal Bxamplel iSgnd
regions RU-90 acting as transition nuclei, bend aligned regions B expand in
the first liquid crystal region 27F acconpanj ed by shift of the

di scl i nae¥@minenekhe ogxrelationybetivenn the gpglealy gidf rEBLo@Y in
the first liquid crystal regions 27F are eroded. 15 Therefore, two

br ocesses Al d eyl &F0nbAR CRMAALYS, SBE! Suttlihg | a1 #ObEIoA! ke i

vol tage appli1cation e unitormtilted TN-aligned Tegions RU-90 first
develop in the second liquid crystal region 27S, and with the regions RU 90
as transiseicondugl bgnmehé drian 20egiogned S enf obbheB alxdmmuent E€Rdnf 26t
liquid crystal 126 regi ons 27F. The process of devel opnent of transition
nuclei, in the second liquid crystal region 27S is nejther reliable nor

repr oducioB £he j keweResubsidatien Rt WRScERapges RRAPYBL Ky tOr BFERIH

nucl ei from spacers, protrusions,
a plurality of liquid crystal display devices.

Specifically, five liquid crystal display devices

(samples #11 to #15) shown in Table 10 below were prepared

by varying the angle V¥ formed between the pretilt

10 direction 19 of the second liquid crystal region 27S and
the pretiit direction of the first liquid crystal region
27F in the range of 30° to 150° inclusive. As shown in
FIG. 26, the second liquid crystal region 27S is in the
shape of a stripe extending in the rubbing direction of

15 the second 1liquid crystal region 27S. The rubbing
direction (direction of arrow 17) of the first alignment
film reglon 26F of the alignment film 26 on the lower
substrate 24 and the rubbing direction (direction of arrow

18) of the alignment £ilm 23 on the upper substrate 21 are

20 parallel to each other.

98



5 flaws on the surfaces of the alignnment filnms or the |like. In other words,
conpar ati ve sanple #401 is |l ess easy in attaining high-speed, reliable

spl ay-band transition. As described above, in the liquid crystal display
device of Exanple 5, the kind (rotation direction) of the 10 chiral agent
added to the liquid crystal material and the rubbing direction are set so
that the liquid crystal nolecules in the second liquid crystal region 27S
are twisted in thegwi f gomphiriisci,at ecHEee st ddquride fewvypetalay ddisplersi i on)
during non-voltage application. Therefore, TN 15 alignnent continuously
connectable with bend alignnent during application of a voltage equal to or
hi gher tdewides i samppesd#201t Ho ch208¢ bavdmy |thei anglesi¥l feddilmyg 27S.
As a result, during application of a voltage equal to or higher than Vcr,
nore reliable, hi%her-sgeed splay 20 bend transigiog ﬁp gtiaiped ig t he
first |iQut@ide sthe 12boverdessaribad Hangs 30y ng the=al PYnneMRdr & resh
treatnent for the liquid crystal display device of Exanple 5, further
reliabl ey 4l S I t Igasidd OQgi ol 968 i =hat hgakl mYdt
l'iquid crlf}'?t'%]ra rgg?g%&z?dg%?’éi nafteéré, ?gfhgl?rqi ng#to ?:I G 38, the change
in the alignnment state of the liquid crystal |ayer observed when the

al i gnfrensucH restegient asntthies gErdmd nedligomente filui vegignt 26 Sdiwgreny
device of Exanple 5 will be described, in

also prepared as in the preparation of the samples of
Example 3. Note that 1n sample #201, the rubbing
direction (direction of arrow 19) of the first alignment

film region 26F and the rubbing direction of the second

10 alignment £ilm region 26S are opposite to each other.

Table 10

Sample | #11 | #12 | #13 #14 #15 | #201 | #202 | #203 #204

V() 30 70 90 110 150 0 15 165 No
region

A voltage of square wave of 6 V and 1 kHz was

applied for samples #11 to #15 and comparative samples

15 #201 to #204, and the observation results during the

voltage application are shown in Table 1l. The

observation results of the liquid crystal layers of sample

#14 of this example and sample #204 of the comparative

example during the voltage application are
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10 conparison with the change in the alignnent state of the liquid crystal
| ayer ohserved when the alignnent refresh treatnent is perfornmed for the
liquid crystal display device of the conparative exanple. The |iquid
crystal alignnent states during the alignnment refresh process were 15
observed with a pol arizing m croscope under crossed Nicols. FIG 38 shows
the observation results, in which FIGS. 38(a) to (d) show the change with

time in Hﬁﬁdfd?thﬂéhféa{ﬁ? sAbANARNFIHSL 2 pfagampbe #3bpdfctixamye 5, and
FIGS. 38(e) to (h) showthe change with tine in the liquid 20 crystal

alignment state of conparative sanple #40l. In 128 FIG 38, disclination
| i nes areTsaldwen Iy the bold Iines. Note that the outline of the pixel is

al so shown by the bold line. First, a voltage equal to or higher than 2Vcr
is 5 apprm@k&)Qbsbryamﬂb@sreﬂultsrmivbendq§n@mﬁmtxnnon in_sanpl e #31,
the firs#1 qui dBehiisttranegtadn27hubtednedetrbopentirami gpartr anf orthed

while the secondgbberad tiysial be 59R127 PelaeN e @nid1€ ac Oaha-allAYHE®
uni formitilted TﬁgaibgnQQ éﬂﬁéﬂ] 90 as shomm in FIG. 38(a) 10 In

conpar afr sanpPLe 1§ Y TS T2 h
begg- al i Jn'?d re FSH fra ‘I?'g é‘ é‘téé‘ | i "Pre &H% % orrgs
the cl o¢kwi se uhPRs Fﬁl??gﬂnﬁll\ki?'ﬂﬂﬁ d FEY ggﬂ é oﬁs §ﬁ§vma A

38(e). 15_Once |adligpedagedian j@RRaRAS: s haltpdln hat h

#13 Bend transition nuclei develop from roughly the
entire second liquid crystal region and a bend-
aligned region expands.

#14 Bend transition nuclei develop from roughly the
entire second 1liquid crystal region and a bend-
aligned region expands.

#15 Bend transition nuclei develop from part of the
second liquid crystal region and a bend-aligned
region expands.

#201 No change is observed with no development of bend
transition nuclei at all.

#202 Bend transition nucleli develop from a very limited
part of the second liquid crystal region, but no
bend-aligned region expands.

#203 Bend transition nuclei develop from a very limited
part of the second liquid crystal region, but no
bend-aligned region expands.

#204 No bend transition nuclei develop at all, and thus
no change is observed.

D

(@]

From Table 11 and FIG. 27, it is foqnd that for

5 samples #11 to #15 of this example, the second 1liquid
crystal region 27S acts as the nucleus for effectively
triggering the first liquid crystal region 27F to make the
splay-bend transition during application of a voltage of

about 6 V, and further the bend-aligned region that has
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sanpl es #31 and #401, the bend alignnent in the first liquid crystal region
27F, changes to counterclockwi se TG twi st alignment i mediately after the
halt of the voltage application (in several tens of nsecs), and as a
result, 20 the entire first liquid crystal region 27F becones 129

countercl ockwi se n-twi sted regions L-n. The reason why the bend alignnent
changes to the counterclockwise n twist alignment is that both sanples use

the I'i quigdvesped mteneakirwtlenq]i_nrm dPgs EQUNFelEloRClesipmadi ral 5
agent, cholesteryl nonanoate hereafter, the counterclockw se

n-twi sted regions L-n as the flrst l'iquid crystal regi on 27F nmake
transition to noremttheecopitayaryt i givensampieshi#2y sardt #@A4podcddre the
way of expansion of the splay 10 aligned regions S (way of er05|on of the

countercl ockwi se n-tw sted regio the fir | S regi on
SF | o | SOFAY R TYer EReTBS ek beardel o PiAr S0 s L {EAmeRT | BELAHET
Exanple 5, as shown in FIG 38(c), the splay-aligned regions S develop from
the 15 sygr th@'fgau% 81274 J.Léﬂﬂﬁihg tdifcmrg@asma&ntﬁaqﬂmgst

liquid crys regron 2 or exafple. The splay aligned regions
gradual |y erode the counterclockmnse n twisted regions L-n in the flrst
liqui 8 creyset al speayon aldfgnmént tWwish t o codeveilopoenti seofi- t bi sthahd
regions 20 L-n shrink and retract toward the second liquid crystal 130
transition nucleus as shown in FIG. 28. In samples #202
and #203 of the comparative example, in which the rubbing
directions of the first and second alignment film regions
26F and 26S are close to each other, the pretilt
10 directions of the first and second liquid crystal regions
27F and 27S are close to each other, and this fails to
rotate liquid crystal molecules existing in the portion in
which the distortion of the splay alignment is
concentrated by a sufficient angle, and thus its action as

15 the bend transition nucleus is weakened.

Next, the results obtained by performing the
alignment refresh treatment for samples #11 to #15 and
comparative samples #201 to #204 will be described. As

described above in Embodiment 2, the alignment refresh

20 treatment includes applying a high voltage for a
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region 27S. After a | apse of a predetermned tine fromthe halt of the
vol t age .application, as shown in FIG 38(d), the disclination |lines D reach
t he boundaries between the 5 first liquid crystal region 27F and the second
liquid crystal region 27S and stop shifting. The entire first liquid
crystal region 27F is now the splay-aligned regions S. At this tine, the
entire second liquid crystal region 27S traps therein the countercl ockw se
TN al i gngeadetdrepiidduciuse GFHEECt ablfeotidn by @ i gaewiid detiyeaalol t age
application. The above state in which the disclination lines D stop at the
boundaries between the first liquid crystal region 27F and the second
liquid cmpsealialegiofo278hendspacendatweengrivhet sratrabes| yYEosaad abl e
wi th bend allgnnent durlng vol tage application is trapped in the entire
second |i ion %78 [ |nta|ned As a result, with the
entire s§ 9 |4V{Ld 3’%&9&?%" ?@"}Eztl ng as the bend transition
nucl eus, once a voltage 20 equal to or higher than Vcr is applied,
bend-al i gned 131 18&0LR%IRPage VLAl SR Ones bedernsnai el e fi v st
liquid crystal reglon Wth this expansion, the splay-aligned regions
shrink in the first liquid crystal

5 the high voltage application are summarized in Table 12.

FIG. 29 diagrammatically shows the observation results
obtained after a lapse of a predetermined time from the

halt of the high voltage application.
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region 27F. Finally,
t he. bend-al i gned regions B. As descri bed above,

the entire first liquid crystal

5 region 27F becones
I n sanpl e #31 of Exanple 5

bend alignment easily expands fromthe TN alignnment trapped in the second
liquid crystal

hi gher t

#401, as

fromnear t

region 27S only with application of a voltage equal
han Vcr.
attained in the first

iy FIG 38(9),
e four corners of each part of the first

to
reliable bend transition
region 27F. On the contrary, in s
nore stable splay-aligned regions S deve
liquid 15 crystal

As 10 a result, high-speed,

liquid crystal

or
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anpl e
| op
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periphe Y. a&i TN alignment continuously
connectable with bend alignment during voltage
application is trapped in the entire second region.

secon

et

tion

—

M Se

#13

The 7W-twist alignment developing 1in the £first
region is absorbed into the second region while
being eroded by the splay alignment from the
periphery. Finally, TN alignment continuously
connectable with bend alignment during voltage
application is trapped in the entire second region.

#14

The W-twist alignment developing in the first
reglion is absorbed into the second region while
being eroded by the splay alignment £from the
periphery. Finally, TN alignment continuously
connectable with bend alignment during voltage
application i1s trapped in the entire second region.

#15

The 7T-twist alignment developing in the first
region is absorbed into the second region while
being eroded by the splay alignment £from the
periphery. However, TN alignment continuously
connectable with bend alignment during voltage
application, once absorbed into the second 1liquid
crystal region, is 1nevitably eroded by another
type of TN alignment and finally disappears.

#201

No TN alignment continuously connectable wilth bend
alignment during voltage application is trapped in
the second region at all.

#202

No TN alignment continuously connectable with bend
alignment during voltage application is trapped in
the second region at all.

#203

No TN alignment continuously connectable with bend
alignment during voltage application 1s trapped in
the second region at all.

#204

With no second reglon provided, no TN alignment
continuously connectable with bend alignment during
voltage application is trapped.
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Therefore, the second liquid crystal region 27S, which 10 exhibits the
clockwi se uniformtilted TN alignnment imrediately after shutoff of the high
voltage, is gradually influenced by the effect of the counterclockw se
chiral agent with tine, and changes to the nore stable countercl ockw se
splay-tilted TN alignment. Accordingly, 15 there will be no trapping of TN
al i gnnent continuously connectable with bend alignnent during voltage

application in thersagordbliequizl ahdstFEiG egogn.itd NDUSEJuNG APREL CARID | TY
20 According to the present invention, the 133 4 spontaneous tw st

direction (counterclockw se or clockw se) of the chiral agent in the liquid
crystal [thegersamplese p#dRi|todilklek)l i @f othisqueampyet aln nithikeh edhen the
second liquid crystal region at its interface are set 5 to agree with each

other, to allowthe_second Jiguid crystal regiqn tq.accept the TN alignnent
" the uRRGHEN (V1 \EGREBA  PEEWRRBm LBy PABLIGE: | G4 147 ChaRS 9kyu e
crystal nolecules are rotated in the spontaneous tw st direction of the

chiral agelst Byngekbiobtd milymmeay. fiNmlOréyiSREEREFCHd NYeYSIPalls
connectable wth bend alignnent during voltage application can be trapped

in the entire second liquid crystal region once the liquid crystal materi al
i s i nfectwathivbr eheerrarxye paorori g € Ha 68l j ghhentdewélephnyr eBt-rmritst TN
al i gnnment conti nuously
alignment can be trapped in the entire second region as TN
alignment and held therein by performing the alignment
refresh treatment. Accordingly, it 1s found that the
range of the angle V¥ is more optimally 70° < V¥ < 110°, and
10 that by setting the angle within this range, bend
alignment smoothly grows from the TN alignment trapped in
advance 1in the second liquid crystal region only with
application of a voltage equal to or higher than the
splay-bend critical voltage (Vecr), and in this way,
15 higher-speed and more reliable bend transition can be
attained.
(Example 4)
In Example 4, the amount of the chiral agent

added to the liquid crystal layer was changed variously,

20 to prepare liquid crystal display devices similar to the
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15 connectable with bend alignment during voltage application can be
trapped.in the entire second liquid crystal region nore reliably. By
trapping TN alignnent in the second liquid crystal region as descri bed
above, the bend-aligned 20 regions expand snoothly in the first liquid
crystal 134 regions only with application of a voltage equal to or higher
than the splay-vend critical voltage Vcr, and hi gh speed, reliable bend
transiti t dtéﬁij.l 0, oleN IcH I r itespl ay 5
devi ce o?aqﬁgdﬁré e%?gjl' n%ﬁ? gr ‘Taé)qﬁlgd gr gytﬁg)ld%n%/heérl %a&sl:éts?%éﬁeiﬂ?st
liquid crystal region in which the pretilt direction of liquid crystal

mol ecul eabotfe Whhcmudie Zhegnsamé inanmemn| asedthath ime Eaibadiment 2.

regul ating force of the surface of an alignnent film is the first 10
direction; and the second liquid crystal %IOH i n which the pretilt

di r ect i oSPESiFHcalkkBnd PFeRasiadnWaTe! e‘P%ﬂP frioivHe Crygtad r dspdy
Display is perforned using the bend alignnment of the first region of the
liquid c stal e oltag u an.f e 15
bend cr| §1°e\7c‘ol ¥§85‘p%%r) js‘f appl ggaﬁ%%gnghﬁlq% dbgrysl%};I rl%?f'g%/ t he
second reglon of the liquid crystal | ayer acts as the spl ay-bend transition

nucl egs @ep tde thésSthiedkindss (@ HEr ifhe hijfui@eetdystall dbapebeod the
transition in the first regions.

liquid crystal element 30 to the natural chiral pitch p of
the chiral agent-added liquid crystal layer shown in Table
13 below. The values of d/p of the samples of Example 4
are set to fall within the range between 0 and less than

10 0.50.

Table 13

Sample | #21 | #22 | #23 | #24 | #25 | #26 #27. #28 | #301 | #302
P(pm) oo | 209 | 137 88 64 40 20 13 12 8

d/p 0 [(0.03/0.04/0.07(0.09/0.15/0.30/0.45]0.50]0.75

In the ;1quid crystal elements of Example 4, the

first and second alignment film regions 26F and 265 are

15 provided for the alignment film 26 on the lower substrate
24 as shown in FIG. 10. Also, the angle V¥ formed between
the rubbing directions of the first and second alignment
film regions 26F and 26S of the alignment film 26 1s set

at 120°. The second alignment film region 26S i1s in the
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20 By trapping n-tw st alignnment developing in the 135 first liquid
crystal region in the second liquid crystal region as TN alignnent, further
hi gh-speed, reliable bend transition is attained. In the liquid crystal

di spl ay device of the 5 present invention, the added anount of the chiral
agent can be mnimzed. Therefore, it is possible to suppress degradation

I n optical characteristics, such as decrease in transmttance that my

occur dughbBeleyf! aPNBRE1BE QPELERALAG! Ald ORKEAUSEOL gl L xE L Bbnagnt .
136 CLAI 1. Aliquid crystal display device including a pair of
substrates ( a liquid crystal |ayer placed between the pair of substrates
and an akthgmesfi fndn plascea owldid 50fi dBOofumt | edthe orlzg tafe Jdie of
substrates facing the liquid crystal |layer, wherein the liquid crystal

| ayer has first regjon_in ich.the pretilt diyrection liquid_crysta
mol ecul eSUEBLHALGS tg\L Qflldgrﬁ%n?nﬁist &glﬂe"ajlt%‘lf“%f' h%étlllf“&n taﬂéggpatjﬁ'ng
force of a surface of the alignnment 10 filmis a first direction and a

second r gg i ' exPhet | | | {¢.a second direction
99 ffh V2SN 1PCxPIS! fud Wb B OAL.

different from Irst direction, and display is perfornmed using bend
alignment of the first region of the liquid crystal |ayer.
5 For comparison, two liquid crystal display

devices (samples #301 and #302) having values of d/p
falling outside the range described above were also
prepared as in the manner adopted for the preparation of
the samples of Example 4. The cell thickness d of the

10 1l1liquid crystal elements of both the samples of Exémple 4
and the comparative samples was set at 6 um.

A voltage of square wave of 6 V and 1 kHz was
applied for samples #21 to #28 .and comparative samples
#301 and #302, and the results wefe observed with a

15 polarizing microscope. The observation with the
polarizing microscope was made for operation in the
normally white mode with the polarizer arranged under
crossed-Nicols. The obéervation results are shown in

Table 14 below.
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15 2. The liquid crystal display device of claim1l, wherein the first
region of the liquid crystal |ayer exhibits splay alignnment during

non-vol tage application and bend alignnment during voltage application. 20
3. The liquid crystal display device of claim1l 137 or 2, wherein the
second region of the liquid crystal |ayer exhibits twist alignnment. 4. The
liquid crystal display device of any of 5 clains 1 to 3, wherein TN

al i gnmentpagqry iggousl y connectable with bend alignnment during application
of a voltage equal to or higher than Vcr is trapped in the entire second
reol on (5aiipad | SYLELCRYSOR JMiPTes 10 SepThy L bbACkeata ol ay dpvice
pl ur al it)#zéf pi kSRS, SHRARFLOD| RALP cPfst &he TATEICR%TTHECP UF | ity
of pixells_has th81PWrst region and the second region 15 6. The |iguid
crystal |d#i2®pl ay| Thei mxpanahgnofrate of 1the enfeabigned aFggion i ned
between|the firgssldwrecti on and the second direction satisfies 30 ~ 150 .

20 138 | #23 The expansion rate of the bend-aligned region 1is

slow.

#24 The expansion rate of the bend-aligned region is
slow.

#25 The expansion rate of the bend-aligned region is
fast.

#26 The expansion rate of the bend-aligned region is
fast. _

#27 The expansion rate of the bend-aligned region is
very fast. '

#28 The expansion rate of the bend-aligned regilon 1is

very fast.

#301 The entire region 1s already 7T-twisted before
voltage application and continuously changes to
bend alignment. '

#302 The entire region 1is already 7-twisted before
voltage application and continuously changes to
bend alignment.

Table 15 shows the time required for the

transition to bend alignment of the entire liquid crystal

5 1layer from the moment at which the voltage of square wave
of 6V and 1lkHz is applied, for samples #21 to #28 and

comparative samples #301 and #302.
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7. The liquid crystal display device of any of clains 1 to 6, wherein an
angle ~.forned between the first direction and the second direction
satisfies 70 110" . 5 8. The liquid crystal display device of any of clains
1 to 7, wherein the second region is in the shape of a stripe extending in
parallel with the second direction. 10 9. The liquid crystal display device
of any of clains | to 8 wherein the liquid crystal |ayer contains a chiral
agent. lipapQe T liquid crystal display device of claim9, wherein 0 < d/p
< 0.50 is satisfied where d is the thickness of the liquid crystal |ayer
and p i ssampleat urglhy £9i +2lpdhd Cbrahsibeoni qyid crystal layer. 20 11. The
liquid ¢rystal dLsp ay deyiﬁg Eeghaim9 139 or 10, wherein 0 < d/p ~

0. 15 i s tgattsted—y the liquid crystal |ayer and
pis theig;LuLa j rystal ﬂayer. % 12. Thg liquid
crystal | #22pl ayl device of any2Bf clains 1 tal11, wherein the liquid crystal
| ayer cO#ai ns 17
#24 14
#25 9
#26 6
#27 3
#28 3

0

0

#301
#302

»

From Tables 14 and 15, the following are found.

In samples #21 to #28 of this example, with application of

5 a voltage of about 6 V, the bend alignment transition

effectively proceeds in the first 1liquid crystal region

27F from the second liquid crystal region 27S acting as

thé nucleus. The rate of expansion of the bend-aligned

region is however different among the samples.

10 Specifically, it is found that with increase of the added

amount of the chiral agent, that 1s, with increase of the

ratio d/p of the cell thickness d to the chiral pitch p of

the liquid crystal layer, the expansion rate of the bend-
aligned reglion is faster.

15 On the contrary, when the chiral agent is added
108



a predeterm ned chiral agent selected so that the second region of the
liquid crystal |ayer exhibits twist alignnment free fromsplay distortion.
10 13. A nethod for fabricating a liquid crystal display device, conprising
the steps of: providing a pair of substrates each having an el ectrode on
its principal plane; 15 formng an alignnent filmon the el ectrode of at

| east one of the pair of substrates, the alignment filmhaving a first

al i gnmenbyf | 4 rAd @Rt had nglai*lglegnﬂﬁnttﬁ@ﬁé” atr ngoh@agatiiofei egkanday etilt
direction of liquid crystal nolecules to be a first direction and a second
20 alignnment filmregion having alignnent regulating force 140 forcing
the pret #301di andt i $802f |[thei digquid alconydEtecll daytex bdsa atreadydi flecti on
different fromthe first direction; and placing a quuid crystal | ayer

bet ween th ai of,_.subst r.at.e e, li d cryst | ayer a first
r'egi on i%ﬁ%ﬁ%ﬂéti@]ﬁ%&l %%i;n?gﬁtSf &%%ﬁ%g nﬁpg 8% whi ch
the alignment is regulated with the allgnnent regulatlng force of the

al i gnmenty of i y MY ER tﬂ}?efm&%zdl 4865l fo amdqﬁlaeceﬂystam Qhoidcihbsh de
pretilt 10 direction of Iiquid crystal nol'ecul es of which the alignnent is

regul ated with the alignnment regulating force
5 twisted by 180° as a whole toward the alignment £film 26

from the alignment £film 23. When a voltage is applied
across the liquid crystal layer that is already 7T-twisted

in the initial state, the liquid crystal layer
.continuously changes to bend alignment from the 180° -twist

10 alignment without the necessity of the bend transition.
When the resultant 1liquid crystal display device 1is
actually driven, a problem arises during white display
that the alignment of the liquid crystal layer shifts from
bend alignment to twist alignment in a short time of

15 several to several tens of msecs, and this significantly
decreases the transmittance, although no problem arises
during black display. It is therefore concluded that
although the added amount of the chiral agent (valﬁe of
d/p) is preferably large from the standpoint of

20 facilitating the bend transition, it 1is preferably small
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of the alignnent filmis the second direction, TN alignment continuously
connectable with bend alignnment being trapped in the entire second region.
15 14. The nethod for fabricating a liquid crystal |layer of claim13,
wherein the step of placing a liquid crystal l|layer includes a step of
providing a liquid crystal material containing a predeterm ned chiral
agent, 20 and the second region of the liquid crystal |ayer exhibits 141

twist al ieg@feRthd rPLahapBuaR BF dilsd OfthABmAtitan@e OfLplhaneeapsH ittad i on.
15. The method for fabricating a liquid crystal 5 |layer of claim13 or 14,

wherein the step of placing a liquid crystal |ayer includes a step of
per f or mi pgnali)grduring efhite displaghtin raokiah dsdydng.the entire first
region of the liquid crystal |layer is bend-aligned, and then the bend

alignment is changed to sp]ay ali nt 10 vja p-tw st_alignnent. . The
met hod for fabri cgﬁ’ﬁb'a ﬂ‘aui HGE%I qjthﬁpeirn%g Y oPeEing ng t]tg"e_LS,
wherein the step of performng alignnent refresh treatnent is executed by

ror Do SIARuGIE SPEELMRS Sodbibng: cbioIute SuEpedisios naaine
5 described. As described above 1in Embodiment 2, the
alignment refresh treatment includes applying a high
voltage for a predetermined time after injection of a
liquid crystal material into the space between the
substrates of each sample and before actual driving. The
10 1liquid crystal alignment states of the first and second
liquid crystal regions after a lapse of a sufficient time
(about one month) from the high voltage application were
observed with a polarizing microscope. The results of
visual observation of the liquid crystal alignment states
15 are shown in Table 16. FIG. 30 shows representative views
showing the observation results.
The observation with the polarizing microscope
was performed in the extinction position in which the

polarizer was arranged under crossed-Nicols and the

20 parallel rubbing direction of the liquid crystal region
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d/p) is preferably large from the standpoint of

facilitating the bend transition, it is preferably small
from the standpoint of the transmittance (luminance of the
panel) during white display in actual driving.

15 It is therefore concluded that the ratio d4/p of
the cell thickness d to the natural chiral pitch p should
preferably satisfy 0 < d/p < 0.50 in consideration of the
effectiveness of the second liquid crystal region as the
alignment transition nucleus for the splay-bend

20 transition, the ability of the second 1liquid crystal
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chiral agent 1s desirably as large as posslible. However,

addition of the chiral agent in an excessive amount

10 worsens the optical characteristics, that 1is, decreases

the transmittance when the voltage is low during white

display, degrades the viewing angle characteristic and

causes asymmetry of the viewing angle characteristic. To

examine this, the voltage-transmittance characteristic was

15 measured for samples #21 to #28 of Example 4 and

comparative samples #301 and #302 with a measurement
‘system as shown in FIG. 32.

A polarizing microscope was set under crossed-

Nicols, and a liquid crystal display device was placed in

20 the polarizing microscope so that the rubbing direction of
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the first 1liquid crystal region used for image display
completely bend-aligned. In this measurement, the
transmittance of the first liquid crystal region during
10 application of a voltage of 6 V, for example, was
determined as black display. To compensate residual
retardation in the first 1liquid crystal region of the
liquid crystal element during the application of 6 V, a
phase plate was placed so that the slow axis thereof was
15 perpendicular to the slow axis of the liquid crystal
layer, to thereby make the total retardation =zero, or
obtain black display.
FIG. 33 shows a graphv of the voltage-
transmittance characteristic obtained when the voltage is

20 lowered from the black display voltage of 6 V, detected

115



sf"10%& ()-:$10%&' () - &@LOY%& ()-s109%& ()-s"10%& ()-L10%& ()-

8[ 888829g9dEYNCs

&S10%& ()-9%"10%& ()-!"10%& ()-F$10%&' ()-s10%& ()-s"10%&' ()-9g9999:::=:>: aB7
C 10f; 10%&' () - Ys9$10%& ()-6mlO%& ()-!1: 109%& ()-.F" 109%& ()-Y, $10%& () -

> 2. @W " VoV Yyt 109& () - $109%&R () - " 109 () - sl " 109K () - " 109%& () -

| "10%& ()- 10 10;

5 <V<<<diith W' ¥H@miDlEplies!. "' H%m (PIES10%E (1)\7 e’ £O38a ( th&0%& () -
10%&' () - <<$=U====dEnN " y" 10%3410%& ()-11"109%& ()-."109%& ()-Y,, $10%&' () - s)l
09%&' ()-s& 109%& ()-=>H>K>L>M>N>>>bC y" 10% 109%&' ()- "10%& ()- 10 10 10S;
109& () - Fenpless’ $226E0o#26) - Hv| PRITIGHAY: 19swpmosanplesook2l ) 1oy 100
()-Mb10%& ()-sni109%& ()-s@0%: ()-??@E@ @AELC y"10%) F' 109%&' () - &" 109%&' () -

101 v 931898 (OF oR5HRLP AgDIVLPE SLEEREET. B RooBLPer <ARbRLRFAARK
BQB\ BBBgHC 10! : $109& ()- 9@L0%& ()- 109& ()- "109& ()- "109%& ()- 10

10BC?

Tors, T oFeRdEEg, the ac dfglsszg-ufst 9 hpe chiral agent, decreage in
EnEJEHC 10! 1Z" 10%&' ()-."10%&' ()-Y,, $10%& ()-)

109 §) - $&AHAUR HDande 109 ( ) -heFERFFFFobaabeed0! sandyg’ the 100pE itGel

10%&' () - Ys9$109%&' ()-6m 109%&' ()-34"10%&' () - RFFFF&GaGGIEMhC

Lo 1% il rerfa 1P irE (hintA i, Scondrkeld "wi iR dp FEH R HHIED

rlrgl & 109%&' ()-8$" 10%&' ()-!"10%& () - Y$10%& () - 3" 10%&' ()- s" 109! () H ) I[1111dE
C

\'4 chira ent dded nd
101 6109&PRY 399 012 ('SR boeP PSRt 189553 v, 1058 (S - £ TS 00dP Y B Ly 000
V7 18109 ()-smt 10%' ()- " 10%& () "109%& ()- 10 10
10! YL9S1leHi ti)call, oG- uUVerl &$108me () ki¥mid crystal material in

this example was 2.3 V, the voltage range in actual
10 driving was set to be from 2.5 V to 6.0 V with 6.0 V for
black display and 2.5 V for white display.

FIG. 34 is a graph for comparing the
transmittance among the samples of Example 4 and the
comparative example. The comparison of the transmittance

15 was performed by setting the transmittance of sample #21
having no chiral agent added at the white display voltage
of 2.5 V as 100 and standardizing the transmittance values
of the other samples with respect to the transmittance of
sample #21. As is found from FIG. 34, in samples #22 to

20 #26, in particular, among samples #21 to #28 of Example 4,
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5 d/p is more optimally 0 < d/p £ 0.15 and that as long as
the added amount of the chiral agent to the liquid crystal
material is set to satisfy the above range, degradation in
the optical characteristics of the liquid crystal element
due to the addition of the chiral agent is too small to
10 cause a problem in practice.

In the above description, 90°-twist alignment
continuously connectable with bend alignment during
application of a voltage equal to or higher than Vcr was
trapped in the entire second liquid crystal region by the

15 alignment refresh treatment. Such a second liquid crystal
region can also be obtained without performing the
alignment refresh treatment by adjusting the kind
(rotation direction) and added amount of the chiral agent.

Hereinafter, a method for forming the second 1liquid

20 crystal region by addition of the chiral agent will be
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FIG. 36(a) by adding a predetermined amount of a

counterclockwise chiral agent without performing the

alignment refresh treatment. To attain this uniform tilt

10 state by addition of a chiral agent to the liquid crystal

material without the alignment refresh treatment, the

added amount of the chiral agent is preferably set so that

d/p is 0.07 or more. As described in Example 4, the

optical characteristics degrade with increase of the added

15 amount of the chiral agent. Therefore, 1f importance is

placed on the optical characteristics, the added amount of

the chiral agent is preferably set so that d/p is less
than 0.5, more preferably equal to or less than 0.15.

As described above, by adding a chiral agent

20 having a predetermined rotation direction to the liquid
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4109 ()- 1" 100& (). 10%& () -1 S10% () -) 10% () - & 10% () - whmmmmmy ngnu
st 1098 () -.S"109&' ().~s "10%& ()5 10 1Q 1QL| $9310%& () - 6" 10%&' (-

0Eo{ OOOdEWQﬁ}-Sq'H]]Oﬁ lﬁﬁ)bﬁﬁ‘%if'?n%ef&/&atlfigg Ppldcleidn’ ok

frd 109%&' () -: $10%& () - &t 10%& () - o( p\ pppgEqdEUVT
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10f - 169k ehti/RsérofAl R }d crystal region 27S as shown in FIG.
ss"10%&' ()-Z"109%& ()-sni'10%& ()-sstMtttdESE7
12(c), without the necessity of the alignment refresh
treatment. Having the entire second liquid crystal region
27S acting as the transition nucleus, the first 1liquid
crystal region can make the splay-bend transition more
10 reliably at higher speed. The above liquid crystal layer
may further be subjected to the aiignment refresh
treatment.
(Example 5)
In Example 5, prepared was a liquid crystal
15 display device having a liquid crystal layer in which 90° -
twist alignment continuously connectable with bend
alignment during application of a voltage equal to or
higher than Vcr was trapped in the entire second liquid

crystal region 27S by adding a chiral agent having a

20 predetermined rotation direction to the 1liquid crystal
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5 first 1liquid crystal region 27F and the second liquid

crystal region 27S surrounding the two parts of the first
liquid crystal region 27F. The first alignment £ilm
region 26F of the alignment film 26 on the lower substrate
is rubbed in the first direction 17, and the second
10 alignment film region 26S thereof is rubbed in a second
direction 19a roughly perpendicular to the first direction
17. The alignment f£film 23 on the upper substrate 1s
roughly entirely rubbed in the direction 18 parallel to
the first direction 17. The alignment states of the first
15 and second liquid crystal regions 27F and 27S are defined
by the rubbing directions of the alignment films 23 and
26. The size of one pixel is 80 pm x 240 um, and the
width w of the second liquid crystal region 27S is 10 pm.
Cholesteryl nonanoate (CN) as a counterclockwise chiral

20 agent is added to the liquid crystal layer 27. The added
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second liquid crystal region 27S is from left to right
5 (direction of arrow 19a in FIG. 35(a)) in the portion near

the alignment £ilm 26, and the added chiral agent is

counterclockwise (direction of arrow 64a). Therefore, the

TN alignment of the second liquid crystal region 27S is

countgrclockwise twisted and in the uniform tilt state as
10 shown in F;G. 36(a).

A liquid crystal display device for comparison
was also prepared. The liquid crystal display device as
the comparative example (sample #401) 1s different from
sample #31 in that a rubbing direction 19b of the second

15 alignment film region 26S of the alignment film 26 is the
opposite to the rubbing direction 19a of the second liquid
crystal region 26S of sample #31. In comparative sample
#401, the pretilt direction of the second liquid crystal
region 27S 1s from right to left (direction of arrow 19b

20 .in FIG. 35(b)) in the portion near the alignment f£ilm 26,
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dEbC 10 3nd0¥eR$104del) <h1k¥ dyent 1s counterclockwise (direction
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10 1 of arrow 64a). Therefore, the TN alignment of the second

liquid crystal region 27S is counterclockwise twisted and
is in the splay tilt state as shown in FIG. 36(b).

5 Table 17 shows the particulars of the respective
alignmgnt states of the 1liquid crystal layer. The
particulars in Table 17 include the region of the ligquid
crystal layer in which each alignment state develops (the
first liquid crystal region or the second liquid crystal

10 region), the twist angle (by which degree the liquid
crystal molecules are twisted), the twist direction
(fwisted clockwise or counterclockwise toward the lower
substrate from the upper substrate) and the tilt state

(the uniform tilt or the splay tilt).
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110 Table 17

4" 1098 ()-11"109%& ()-."10%& ()-1,,$10%& ()-y) ' 109%& ()-& 10%& ()-i!bC 10 1

10- 109&/| (A1L89AMEKL( 5tatl |Place of Twist Twist Tilt
Development | angle direction

Counterclockwise Second 90° Counter- Uniform
Uniform TN region clockwise tilt
Counterclockwise Second 90° Counter- Splay
Splay TN region clockwise tilt

Clockwise Second 90° Clockwise Uniform
Uniform TN region tilt

Bend First 0° No twist Uniform
region tilt

Counterclockwise First 180° Counter- Uniform
T -twist regilon clockwise tilt
Splay First 0° No twist Splay
region tilt

In samples #31 and #401, the 1liquid crystal

material was injected 1in an isotropic phase. The

5 alignment state of the 1liquid crystal layer after room
temperature was resumed was observed with a polarizing
microscope under crossed-Nicols. The observation results
after the injection of the 1liquid crystal material and
before voltage application are shown in FIG. 37. FIGS.

10 37(a) and (b) show the observation results of sample #31
of Example 5, and FIGS. 37(c) and (d) show the observation
results of comparative sample #401. In FIG. 37,
disclination lines are shown by the bold lines. Note that

the outline of the plxel is also shown by the bold line.
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10" 10%&' Crystadyr ma erial s injected, counterclockwise TN

alignment in the uniform tilt state continﬁously
connectable with bend alignment during voltage application

5 1is trapped in the entire second liquid crystal region 27S.
This 1liquid c¢rystal region in the counterclockwise
uniform-tilt TN alignment is denoted by LU-90. The first
liquid crystal region 27F entirely becomes splay-aligned
regions S.

10 When a voltage equal to or higher than the splay-
vend critical voltage Vcr 1s applied across the liquid
crystal layer, the disclination lines D formed along the
boundaries between the first liquid crystal region 27F and
the second liquid crystal region 27S shift smoothly toward

15 the centers of the first 1liquid crystal region 27F as
shown 1in FIG. 37(b). With this shift, bend-aligned
regions B expand in the first liquid crystal region 27F,
while the splay-aligned regions S of the first 1liquid
crystal region 27F shrink. In this way, splay-bend

20 transition i1s smoothly attained in the first 1liquid
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the liquid crystal material is injected, the second liquid
crystal region 27S exhibits counterclockwise TN alignment

5 1in the splay tilt state. This liquid crystal region in
the counterclockwise splay-tilt TN alignment is denoted by
LS~-90. The reason why the second liquid crystal region
27S exhibits the counterclockwise splay-tilted TN
alignment is that the rubbing direction of the region of

10 the alignment film on the lower substrate corresponding to
the second liquid crystal region 27S is the direction of
arrow 19b shown in FIG. 35(b), and the pretilt direction
of 1liquid crystal molecules existing near the lower
substrate 1is forced to follow this rubbing direction.

15 This counterclockwise sgplay-tilted TN alignment is
topologically homogeneous with the splay alignment.
Therefore, no definite disclination lines are formed along
the boundaries between the lliquid crystal reglion LS-90 in

the counterclockwise TN alignment in the second liquid

20 crystal region 27S and the splay-aligned regions S in the
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In other words, comparative sample #401 is less easy in
attaining high-speed, reliable splay-bend transition.
As described above, in the liquid crystal display
device of Example 5, the kind (rotation direction) of the
10 chiral agent added to the liquid crystal material and the
rubbing direction are set so that the liquid crystal
molecules in the second 1liquid crystal region 27S are
twlisted in the uniform tilt state (twisted free from splay
distortion) during non-voltage application. Therefore, TN
15 alignment continuously connectable with bend alignment
during application of a voltage equal to or higher than
Vecr 1s trapped in the entire second liquid crystal regilon
27S. As a result, during application of a voltage equal

to or higher than Vcr, more reliable, higher-speed splay-

20 bend transition is attained in the first liquid crystal
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By performing the alignment refresh treatment for
the liquid crystal display device of Example 5, further
reliable, high-speed splay-bend transition is attained in

5 the first 1liquid crystal regions 27F. Hereinafter,
referfing to FIG. 38, the change in the alignment state of
the liquid crystal layer observed when the alignment
refresh treatment is performed for the 1liquid crystal
display device of Example 5 will be described, in

10 comparison with the change in the alignment state of the
liquid crystal layer observed when the alignment refresh
treatment 1is performed for the 1liquid crystal display
device of the comparative example. The liquid crystal
alignment states during the alignment refresh process were

15 observed with a polarlzing microscope under crossed-
Nicols. FIG. 38 shows the observation results, in which
FIGS. 38(a) to (d) show the change with time in the liquid
crystal alignment state of sample #31 of Example 5, and
FIGS. 38(e) to (h) show the change with time in the liquid

20 crystal alignment state of comparative sample #401. In
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Note that the outline of the pixel is also shown by the

bold line.
First, a voltage equal to or higher than 2Vcr is

5 applied to both samples. With the voltage application, in
sample #31, the first 1liquid crystal region 27F becomes
the bend-aligned regions B, while the second 1liquid
crystal region 27S becomes the counterclockwise uniform-
tilted TN-aligned region LU-90, as shown in FIG. 38(a).

10 In comparative samplg #401, the first 1liquid crystal
region 27F becomes the bend-aligned regions B, while the
second liquid crystal region 27S becomes the clockwise
uniform-tilted TN-aligned region RU-90, as shown in FIG.
38(e).

15 Once the voltage application 1is halted in both
samples #31 and #401, the bend alignment in the first
liquid crystal region 27F changes to counterclockwise T7t-
twist alignment_immediately after the halt of the voltage
application (in several tens of msecs), and as a result,

20 the entire first 1liquid crystal region 27F becomes
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counterclockwise 7T-twisted regions L-T. The reason why
the bend alignment changes to the counterclockwise 7 -
twist alignment 1s that both samples use the 1liquid
crystal materials containing the counterclockwise chiral

5 agent, cholesteryl nonanoate (CN).

Thereafter, the counterclockwise T -twisted

regions L-7T as the first liquid crystal region 27F make

transition to more stable splay alignment. Ih this
transition process, the way of expansion of the splay-
10 aligned regions S (way of erosion of the counterclockwise
T -twisted regions L-7) in the first liquid crystal region

27F is largely different between samples #31 and #401.
In sample #31 of Example 5, as shown in FIG.
38(c), the splay-aligned regions S develop from the
15 surroundings of spacers and the like in the centers of the
first liquid crystal region 27F, for example. The splay-
aligned regions S gradually erode the counterclockwise 7 -
twisted regions L-7 in the first liquid crystal region
27F. With this, the counterclockwise 7n-twisted regions

20 L-7T shrink and retract toward the second liquid crystal
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After a lapse of a predetermined time from the
halt of the voltage application, as shown in FIG. 38(4d),
the disclination lines D reach the boundaries between the
first 1liquid crystal region 27F and the second liquid
crystal region 27S and stop shifting. The entire first
liquid crystal region 27F is now the splay-aligned regions
S. At this time, the entire second liquid crystal region
278 traps therein the counterclockwise TN alignment
continuously connectable with bend alignment during
voltage application.

The above state in which the disclination lines D
stop at the boundaries between the first liquid crystal
region 27F and the second liquid crystal region 27S and
the TN alignment continuously connectable with bend
alignment during voltage application 1is trapped in the
entire second liquid crystal region 275 i1s maintained. As
a result, with the entire second liquid crystal region 27S
acting as the bend transition nucleus, once a voltage

equal to or higher than Vecr 1s applied, bend-aligned
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region of the 1liquid crystal 1layer exhibits twist
alignment free from splay distortion.

10

13. A method for fabricating a liquid crystal
display device, comprising the steps of:

providing a palr of substrates each having an
electrode on its principal plane;

15 forming an alignment film on the electrode of at
least one of the pair of substrates, the alignment f£film
having a first alignment film region having alignment
regulating force forcing the pretilt direction of 1liquid
crystal molecules to be a first direction and a second

20 alignment film region having alignment regulating force
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forcing the pretilt direction of liquid crystal molecules
to be a second direction different from the first
direction; and

placing a liquid crystal layer between the pair
of substrates, the liquid crystal layer having a first
region in which the pretilt direction of 1liquid crystal
molecules of which the alignment is regulated with the
alignment regulating force of the alignment film is the
first direction and a second region in which the pretilt
direction of 1liquid crystal molecules of which the
alignment is regulated with the alignment regulating force
of the alignment film is the second direction, TN
alignment continuously connectable with bend alignment

being trapped in the entire second region.

14. The method for fabricating a 1liquid crystal
layer of claim 13, whefein the step of placing a 1liquid
crystal layer i1ncludes a step of providing a liquid
crystal material containing a predetermined chiral agent,

and the second region of the liquid crystal layer exhibits

141



10

15

20

twist alignment free from splay distortion during non-

voltage application.

15. The method for fabricating a 1i§uid crystal
layer of claim 13 or 14, wherein the step of placing a
liguid c¢rystal layer 1includes a step of performing
alignment refresh treatment in which roughly the entire
first region of the 1liquid crystal layer is bend-aligned,
and then the bend alignment 1is changed to splay alignment

via m-twist alignment.

16. The method for fabricating a liquid crystal

layer of any of claims 13 to 15, wherein the step of

_performihg alignment refresh treatment 1is executed by

applying a voltage twice or more as high as a splay-bend
critical voltage across the liquid crystal layer for a

predetermined time.

17. The method for fabricating a liquid crystal

layer of claim 15 or 16, wherein an angle V¥ formed between
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the first direction and the second direction satisfies 70°

<V <110°.
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