DESCRI PTI ON LI QUI D CRYSTAL DI SPLAY AND | TS PRODUCTI ON METHOD 5 TECHNI CAL
FI ELD The present invention relates to a liquid crystal
nore particularly, to a liquid crystal display device suitably used for

di spl ay devi ce,

and

portabl e informati on equi pnent, notebook PCs, desktop nonitors, television

sets 10 and the |Iike, which require noving i mage displ ay
BACKGROUND ART Conventionally, |i @BSCREDBIAGN di spl ay devices 15 using a

nematic liquid crystal material have been widely used as digit segnent

di spl ays for watches, calculators and the like. In recent years, making

characteristics.

full use of advantages of saving the space and consum ng | ow power, liquid
di spl ay devices have cone into wi de use as 20 di splays for notebook
PCs and desktop_nonitors. In_1 particular, _in the market of desktop

crystal

moni tors, it ishBUIRXGBYSTAL BRSPLAY ANR TRS: PRORVEFLONMETERP nonitors

have been increasingly replaced with LCD nonitors. This trend has al so

spread to the market of TV nonitors in which CRTs
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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
and the like, which require moving image display

characteristics.

BACKGROUND ART

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

displays for notebook PCs and desktop monitors. In
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5 have | ong been a nonopoly. Many manufacturers now actively nmake research
and developnent with the aimof replacing CRT-TVs with LCD TVs. The hardest
chal l enges to the spread of LCD-TVs are said to be the high-speed response
characteristic 10 capable of responding to noving i mages and the w de

view ng angle characteristic independent of the angle at which an inmage is

vi ened. pHiaSEc@T £reSSAD! kRle HMAPLBRE of eldttdy WM HEET 0GR 1 §5 no

characteristics of liquid crystal materials, and various proposal s have
been made so 15 far to tackle these challenges. As of today, however, no
deci si vexsgjgératiohavs yetaheert Hotindonvedaridriel e CRT moomkt erceshaea
optically conpensated birefringence (OCB) node has recently attracted
attention as a node capable of providing both the high-speed response 20
char act &€eqt i tngreasHa A ierordaced anjth &CE Jreriterse. 2Thhe dapm®de
however has a very troublesome problemthat initial transition from splay

apl ay- DAY AHTRERE et { B MBS o P Ersy y BOAThPS dut arhieh (i sast |
but the nmechani smthereof has not yet
5 have 1long been a monopoly. Many manufacturers now
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 said 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 is 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 vyet been found. Under these
circumstances, an optically compensated Dbirefringence

(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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been clarified. The splay alignnment and the bend (twist) alignnment are
topologically different in phase fromeach other. Therefore, change from
splay alignment to bend 10 alignnent is possible only by shift of a
disclination line separating these regions that are discontinuous from each
other. In other words, a certain energy barrier exists to develop a
bend- al i gned regi Dhei n LB pIydeal i lgowdveeyi tras Tdi svengr gy rombyliesome

consi dered conparatively lowin 15 places near spacers in the cell, flaws on
alignment filnms probably produced during rubbing, places in which the

al i gnme@refilemqinater idtidiiad| daansit 508 sttPBeEPAY afLigRmens, &Ad t he

like. A bend-aligned region is said to develop and grow in the nei ghborhood

of such.a | pw_ener 0 barrier place acting as.a trigger (nhucleus) when a
Vol t age BRAfARLAGRRENT ohar NSRERAEY: HebdTe o iRy tpYare e wiiavet he

G bbs free energy of the splay alignment is equal to that of the bend

al i gnefind SspRRk-&hndOWaYnmdde tirahs it nt fdendeahl WHEDyzLBeNth 5
transition) brought by spacérs, flaws, alignment disturbance and the |ike

as descri bed above largely
5 detail in the past, but the mechanism thereof has not yet

been clarified.

The = splay alignment and the Dbend (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. In other words, a certain energy barrier exists to
develop a bend-aligned region in a splay-aligned region.
This energy barrier 1is considered comparatively 1low in

15 places near spacers in the cell, flaws on alignment films
probably produced during rubbing, places in which the
alignment Qf liquid crystal molecules is disturbed for any
reason, and the like. A bend-aligned region is said to
develop and grow in the neighborhood of such a low energy-

20 Dbarrier place acting as a trigger (nucleus) when a voltage
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depends on the probability, and therefore lacks in reliability and is poor
in reproducibility. To ensure high-speed, reliable bend transition in al

pi xel s of the 10 entire panel, it is a requisite to formin advance at

| east one portion acting as the nucleus for the bend transition in each

pi xel . For exanple, Japanese Laid-Open Patent Publication No. 11-7018

di scl osespwIretbodr rhidheb Hhgin 4 5ciiiftti-carlgl eol egigens(Eee) partt lwhixtovi ded
in pixels to formregions bend-aligned in the initial stage or formregi ons
t hat easily make the bend transition, and such regions are used as bend
transi t ity naéPes. fxRRvenergy dPEcJé’s%dspﬂiaﬁ’h@hb%’@eﬁﬁblﬁ%aﬁﬁb‘ﬁl 280 No.
11-7018, to formhigh-tilt regions partly in pixels, 4 it is necessary to
formvertical aljgnrment filns_ part after mati on of horizont al
aIignneéﬁq'I%é}£ﬂ?n§3HﬂN4ﬁl%§E§%£séﬁaﬁﬂﬂ%ﬁl%slng a special m xed
alignment film material to formregions highin tilt angle and regions 5
low in tilt angl egodBierconghderepiysitions £he vdid @fidimadhe lhdnaent

filmmterial. Also, if the nethod limts the usable [iquid crystal
material and al i gnnment
5 transition) brought by spacers, flaws, alignment

disturbance and the 1l1like as described above largely
depends on the probability, and therefore lacks in
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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filmmterial for formation of bend transition nuclei, it 1is not
recomendabl e to adopt such a nethod fromthe 10 standpoint of the
fabrication process. Japanese Lai d-Open Patent Publication No. 9- 96790, for
exanpl e, discloses a nmethod in which 7Ctw st alignment is given as the
initial alignnment state by using a chiral agent-added |iquid crystal

mat eri alit | st MecdSsaeghntguEornevértdial alliignmedt aEitlns | padtly

al i gnnment continuously changes to pseudo-bend alignnent only wth
application of a voltage, and thus the problemrelating to the splay-bend
transi t iafifeganfesmagdioedof Thenizankal adligpment Fymso ¥t pguform

consi dered as uni axial bend 20 alignnment as long as the voltage is high in

t he ran of the drive voltage for a |liquid crystal, display device., The
ot Shate, atetTaty UelRe Tk reaidy o akea, faieRend | i ol f age
to a low voltage, as in pure bend alignnent, and thus, the high-speed

[ eSPONS it LA ACY | BbE HegYREAINIBECIA NRL1ES gigsSlatt HaYi ol ai ned

in the OCB node can be obtal ned. However, in the nethod descri bed above, a
| arge amount of a chiral agent nust be added to attain the It-
5 low in tilt angle. This considerably limits the kind of

usable alignment film material. Also, if the method
limits the usable 1liquid crystal material and alignment
film 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 7-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 7T-twist
.alignment may be virtually considered as uniaxial bend

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

5



tw st 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 nargins where d is
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
anount of a chiral agent significantly degrades |ow 15 voltage opti cal

char act ethest idaSi,ve N vedrtagell afort e ltigarisin chystea X hatiang ey Stdeviatean
azimuth angle of 45 under crossed-N cols. This naturally degrades not only
the optical characteristics of the liquid crystal panel observed fromthe

front, Bhe aeffate &fi fdiowoedhpalcierl ¥t (warkpseiRedha JedfxafieRtions,
that is, the 6 viewing angle characteristic. DI SCLOSURE OF THE | NVENTI ON To

"o provi ah SR a L T BAREC ey (BB e Fon RS ar B T e YRR T

and can attain splay-bend transition of the liquid crystal layer reliably
at hi gh speatheatd a mafepd f opnhabri cakineg SUQ{‘idgl@-éPGléltdﬂ cryddposlsapl ay
| o the '

device. 10 A liquid crystal display device according
5 bcharacteristic of several msecs that is as fast as that
obtained in the OCB mode can be obtained.
However,bin the'method described above, a large
amount of a chiral agent must be added to attain the 7-
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 is 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 1liquid crystal panel

observed from the front, but also the optical

20 characteristics observed in slant directions, that is, the
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present invention includes a pair of substrates, a liquid crystal |ayer

pl aced between the pair of substrates and an alignnent filmplaced on the
side of at least one of the pair of substrates facing the liquid crystal

| ayer, 15 wherein the liquid crystal layer has a first region in which the
pretilt direction of liquid crystal nolecules of which the alignnent is
regul at gd.emiry aangheecharegtetisygictorce of a surface of the alignnent
filmis a first direction and a second region in which the pretilt 20
direction is a second direction different fromthe first 7 direction, and

di splay is perfornmed using bend alignnment of the first region of the liquid
crystal layer. In such a liquid crystal display device, the second region

of the !fd@ﬂdkﬁﬁﬁséflTh%yqf PIOR the nucl eus for splay-bend 5 transition

of the Plrst regl on when a voltage equal to or higher than a splay-bend
critical voltage (Vcr) is applied across the liquid crystal layer, and this

enabl es hi gh- spepd, sbakiealtltfe bgRgblleaidsidd fdriBetihabdves! tREI Bbject
Typically, the first region of the liquid crystal 10 |ayer exhibits splay

al i gnment during non-voltage application and bend alignment during voltage
app|ﬁcapﬁbnthe present invention is providing a 1liquid crystal

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 ligquid 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



It is preferable that the second region of the |liquid crystal |ayer
exhibits twist alignnent. 15 It is preferable that TN alignnent continuously
connectable with bend alignnent during application of a voltage equal to or
hi gher than Vcr is trapped in the entire second region of the liquid
crystal layer. Wth the trapping of TN alignnent continuously connectabl e

Wi th 2038ed 3 dONTeia dgi 5paadPPisCydforhed UM iRge R ald giméh i gher
than Vcr in the entire second region of the liquid <crystal |ayer, the
entire second region of the liquid crystal layer acts as the transition
nucl eusoffortispl fiyrstientegiemsofi drhe Thiguédahirsstayhdaysgeed, Inomaiclel i abl e
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

pi xel s, dadd-dhkd | FEYsEal ydisplayaiavice eathersereng fiegdiey 8f FiB&Is has
the first 10 region and the second region. Wth the liquid crystal |ayer

o b0, S Shr g Ao TG 0h00g 148 R Rlcilfs PR Yo uite <

5 transition of the first region when a voltage equal to or
higher than a splay-bend critical voltage (Vcr) is applied
across the 1liquid crystal layer, and this enables high-

speed, reliable bend transition in the first region.
.Typically, the first 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 is 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



in the first region of each pixel. Preferably, an angle 'Y fornmed between
the first 15 direction and the second direction satisfies 30 <t < 150. By
this setting, the second region can act as a very effective spl ay-bend
transition nucleus. Preferably, an angle iY fornmed between the first
direction and the second direction satisfies 70t 5 20 110. By this

setti ng,highéft8@hamnwis¢r alingrthent e tdeeel oprogd Wreyiorhi gh thld abbgquagpl i ed
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 - Segstakork2Yeri abtBepefB tixgnsSEcand 5 XefikeRerehg &R nkkgudd
formation of an alignment filmfor controlling the alignnment of the liquid

2 Lorp ool B A Pt cpsl; B, r SR ERERR, FRETRY" S8ro i dRry

the liquid crystal layer contains a chiral agent. Wth the chiral agent,
the spl aehendrankiandn! tTAAS b Led Reghldridipded N hbeef irstiaggbon of

the liquid crystal |ayer at higher speed.
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 plurality of pixels has the first

10 region and the second region. With the 1liquid 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° < V¥V <

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, 7T (180°) twist alignment
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attained nore reliably at higher speed. In addition, the

ttance can be suppressed fraom decreasi ng when the |iquid crystal
SHOWRG (R coOMplafialy i Rerdr@diion theviEddst wegiPReuld Shiben 0 <

.15 is satisfied, it is possible to provide a high-quality liquid

Shothl” B ERT PRI ERAPREIT0R e LERETEE THEEold sl

and no degradation-in op

! dwith aliquid crystal display device having no chiral agent added.
It is prefay abh&bl8at hiikhdr-Bpéedl yabale I/ Biabrenband trdiieieienm ned

agent selected so that the

Considering easiness of formation of an alignment
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.

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 1liquid crystal layer
contains a chiral agent, it is preferable that the amount
of the chiral agent is controlled so that 0 < d/p < 0.50
is satisfied where d is 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

transition occurring when a voltage equal to or higher

10



second region of the liquid crystal |ayer exhibits twist 15 alignnent free
fromsplay distortion (i.e., uniformtilt state). Wth such a chiral agent,
TN al i gnnent conti nuously connectable with bend alignnment during
application of a voltage equal to or higher than Vcr can be trapped in the
entire second region of the liquid 20 crystal |layer. Therefore, the entire

second tganontwd bhea¥l ddrmi dreiidaal Yeyeagactas)t he ta{;gmiéﬂo@aﬂﬂd eus
for splay-bend transition of the first region of the Iiqui crystal |ayer.
Thi s enabl es hi gher-speed, nore reliable bend transition in the first

regi on be tatetaigedd myest zklimblgyeat Aighémwdspeed.abrilont addigllomui d
crystal display device according to the present invention includes the
steps of; providing. a pair of substrates each_havin n 10 el ectrode on its
or i hei phep| SFRASRYERARS SnCaR; e AIBRTSHERA | A cBEFEERTNGt "ASist one
of the pair of substrates, the alignnment film having a first alignnent film

lrfgiuf’g PAY 19 fl{ ANEEPL tanC WU L9 AAd L Wh et BS Y8l | in dhbeEdon Of
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 transmittance is
hardly observed and no degradation in optical

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

It is preferable that the 1liquid crystal layer
contains a predetermined chiral agent selected so that the
second region of the 1liquid crystal layer exhibits twist

15 alignment free 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



15 crystal nolecules to be a first direction and a second alignment film
regi on having alignnment regulating force forcing the pretilt direction of
liquid crystal nmolecules to be a second direction different fromthe first
direction; and 20 placing a liquid crystal |ayer between the pair 12 of
substrates, the liquid crystal layer having a first region in which the
pretilt ldigueid i erystdl qliayear yatdls avl eche etramasiit tont macleganeidri s
regul ated with the alignment regulating force of the alignnment filmis the

5 first direction_and a second éﬁglon in which the pretilt direction_ of
liqui d SRIa%EIPeREANIRSBELRRI If t Hdre afllﬁﬁrﬁan{fegéopegﬂfatté'be wildidHd

alignment regulating force of the alignnent filmis the second direction,

I I d
n the Saue e S oaayaLes Eey BRI & “Hndra g i PR A PO

nucl eus for splay-bend transition of the first region of the liquid crystal

layer gRmdetfanBREiich tHie ehel i seeore giedi off Othehel 1d@idd creistsd Bl
| ayer. Therefore, a liquid crystal display device 15 permtting high-speed,

reliable bend transiti on can be
5 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

10 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

15 crystal molecules to be a first direction and a second
alignment film region having alignment regulating force
forcing the pretilt direction of 1liquid crystal molecules

to be a second direction different from the first
direction; and

20 placing a liquid crystal layer between the pair

12



fabricated. The step of placing a liquid crystal layer includes a step of
providing a liquid crystal material containing a predeterm ned chiral
agent, and the second 20 region of the liquid crystal |ayer may exhi bit
twi st 13 alignment free fromsplay distortion during non-voltage
application. The step of placing a liquid crystal layer may 5 include a

step of oFer fabEtihitdd gnry nafqesd gad et lidyehi davonghly tferentire
first region of the liquid crystal layer is bend-aligned, and then the bend
alignment is changed to splay alignnent via n-twi st alignment. 10 The step
of perf aegion ailngrweihchr efhespreatiht nehitré st tqecwed iguwishl gnoygtalol t age
twce or nore as high as a splay-bend critical voltage across the liquid

Chat anmETRCETaR 1 G FeThode 1 A IESI b gty FoT it the KEbandhe
direction satisfies 70 <_ W5 1100 . BRI EF DESCRI PTI ON OF THE DRAW NGS
alignment regulating force of the alignment film is the
5 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
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 1liquid
crystal layer. Therefore, a liquid crystal display device
15 permitting high-speed, reliable bend transition can be
fabricated.
The step of placing a 1liquid c¢rystal 1layer
includes a step of providing a liquid crystal material

containing a predetermined chiral agent, and the second

20 region of the 1liquid crystal layer may exhibit twist

13



20 FIG 1 diagranmmatically shows a construction of a 14 liquid crystal

el emégnt in an enbodi ment of the present invention, where (a) is a plan view
of an alignment film wused in the liquid crystal elenent, (b) and (c) are
cross- sectional views of the liquid crystal elenent observed 5 during
non-vol tage application and during voltage application, respectively, and

(d) is aMipmehewived F&hi Idprayecdioforbiion Pafkihly afshevditage(a) is
a cross-sectional view of a liquid crystal display device of an enbodi nent
of the present 10 invention, (b) is a plan view of an alignment film (c)
and (d) applliczasienecti onal views of the alignment filmof (b), and (e) is
a view diagranmatically show ng the relationship between the |ight
irradiation direction and polyner chains of the alignment film 15 FIG 3
is a view diagranmmtically showi ng the observation results of a liquid
crystal layer of a liquid crystal elenent in Exanple 1 viewed in the

direction nornal tgf u r I = 4 4 -\uie g' aqﬂgé' ah+
showi ng the 20 o%égrva.?gnqﬁis %gﬁﬂéifﬂi%%gglérj%% %Eggyer %Ea. %%uid
5 include 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

is changed to splay alignment via 7 -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 satisfies 70°

< V¥ <1100,

BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 diagrammatically shows a construction of a

14



15 crystal elenment in a conparative exanple viewed in the direction normnal
to the substrate. FIGS. 5(a) and (b) are cross-sectional views of a liquid
crystal elenment in Exanple 1 for denonstrating the 5 nechanism of bend
transition in the liquid crystal elenent. FIG 6 is a cross-sectional view
of aliquid crystal element in the conparative exanple. FIGS. 7(A) to 7(F)

are vi elqulildustigisitad tlemdronman &nl nembpAlimeait e oo kheui gpresysital
elenents In Exanple 1. FIGS. 8(A), (B). (D) and (E) are views

di agrammatical |y showi ng the observation results of liquid crystal |ayers
of |iquiiavenydiaat, evhamet s(a h Beandl plan Teiewdofl G adignmeq ¥) fdda vi ews
dlagrannatlcally shomﬁng the observation results of a liquid crystal |ayer

Vi ew of MBRA A i L FP Doy Faf ) ot ol (51 oheft (90 ERERPPEo2920 Fi
10 is a dlagrannatlc vi ew of one pixel of a 16
sectional views of the 1liquid crystal element observed

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) is 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 film of
(b), and (e) is a view diagrammatically showing the
relationship between the 1light irradiation direction and
polymer chains of the alignment film.

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

FIG. 4 is a view diagrammatically showing the

20 observation results of a liquid crystal layer of a liquid

15



liquid crystal elenent in an enbodi nent of the present invention, viewed in
the direction nornmal to the substrate. FIG 11(a) is a view

di agrammatically showing the 5 liquid crystal alignnent state of a liquid
crystal elenment 1in an enbodi ment of the present invention, observed after
injection of a liquid crystal material but before voltage application, (b)
is a vi eyrgéeglareméméent! yisha rpnigerativei dexanpliel aliegedeninstehe of
the el ement observed 10 imedi ately after application of a high voltage, (c)
is a viewdi agrammatically showing the final liquid crystal alignnment
state(ﬁdiE@CEEGEEﬁpnmﬁ%ﬁw@dthetéﬂhﬂﬁ?&ﬁ@h vol t age application, and (d)
is a partial enlarged view of an area 11A surrounded by the broken line in

FIG 11(a). 15 FI ( is a_vi di agranmati cal |y, showing.the |iquid
crystal alignnentlggf;é[z‘ea%“afh@n}ﬁi 3\3% §sPEPSSalS HOP%it ée@'rﬁ)o%#r@nt of
the present invention, observed imediately after halt of the high voltage

PP kB Dy Yt S S0 4oty Ceneta
5 mechanism of bend transition in the 1liquid crystal
element.

FIG. 6 1is a cross-sectional view of a liquid
crystal element in 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(A), (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 1liquid crystal layer of a
liquid crystal element in a comparative example.

FIG. 9vis a plan view of an alignment film of a

liquid crystal element in Example 2.

20 FIG. 10 is a diagrammatic view of one pixel of a

16



after a lapse of a certain time fromthe shutoff of the voltage, and (c)
a view diagranmatically showng the final liquid crystal alignnment state of
the el ement observed after the halt of the voltage application. FIG 13(a)

is a view diagrammatically showing the 1liquid crystal alignment state of a
liquid crystal elenment in an enbodi nent of the present invention, observed
before jvQiiiafe ARt LAl IAdd € [ET T8 "eRBIBiMasH JeattiRt pYlesent
tenporarily applying a high voltage, (b) is a view 10 diagrammatically
showi ng the liquid crystal alignnment state of the el enment observed

| medi atimverdfien, applewedi onimf &He gh didddaigsonandidimals at@i evkhe
diagrammatically showing the final liquid crystal alignnent state of the

el enent observed after the 15 application of a high voltage. FIGS. 14(a)

and (b) SAst AR amatic views of one pixel of liquid crystal elenents in
an enbodi ment of the present invention, viewed in the direction nornmal

the " substrate. 20:E1 Giy (15(Q)s APk dfla Pl itha?ibal /s RN B 5

5

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 maferial but before voltage
application, (b) is'aa view diagrammatically showing the
liquid crystal alignment state of the element observed
immediately after application of a high wvoltage, (c) is a
view diagrammatically showing the final liquid 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. 11(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 immediately after halt of the high voltage
application, (b) is a view diagrammatically showing the

liquid crystal alignment state of the element observed

17
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exanpl es of the technique of form ng second liquid crystal regions on an
alignnment filmon a | ower substrate of a liquid crystal elenent in an
enbodi nent of the present invention. FIGS. 16(a), (b), (c) and (d) are
views showi ng an exanple of the technique of form ng second liquid crystal
regi ons on an aIignnent filmon a lower substrate of a liquid crystal

el enent | Nh£07a { BE 1RG5 SRy nbMVERb ORnel OsfihEor}’ b2 Znd oW
show ng an exanpl t Fec nique o Porn1ng second” Iqui d crysta

regi ons on an allgnnent f|In1on a |l ower substrate of a liquid crystal

el ement vofl taiyeembagdidreNt ) ofig ha preeantdiayeanmantiddiQy 18hidwinyi ale
denonstrating the nolecular 15 structure of polyvinyl cinnamate (PVG ) as
an optical alignment filmand a photodi nerization process. FIGS. 19(a),
(b), (c¥fiasd (digwédvi onystehonalignmeptt hesbatgnmedt dfhéi geillementst al
nol ecules wth an optical alignment filn1 20 FIG 20 is a view show ng an

exa Ie f t he echnl ue of for ing a cond i qu crystal region on an
P serve ter halt tge tage aébigcat¥ on. g
5 FIG. 13(a) is a view diagrammatically 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 crystal alignment
state of the element observed immediately after
application of a high voltage, and (c) 1is a view
diagrammatically showing the final liquid crystal
alignment state of the element 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 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



alignnent filmon a | ower substrate of a liquid crystal element in an
enbodi nent of the present invention. FIG 21 is a diagrammtic view of a
liquid 5 crystal elenent in an enbodi ment of the present invention, viewed
in the direction normal to the substrate. FIG 22 shows views denonstrating
the alignnment state of a liquid crystal elenent in an enbodi nent of the

presentéﬂaﬁﬂiéQUo?b%ﬁ@“¥hfﬂﬁf&ubh%f@¥6fﬁﬂn§r%@dBHH-lﬂ&uEthﬁ§%§39“5
views denonstrating the relationship in the fagnitude of "G bbs free energy
anong various liquid crystal alignnment states devel oping after the refresh
t r eat nemegiores | ioqui dncrykighmehenefil lmn am aenbodexrensubstidatepr efena
invention. 15 FIG 24 is a view denonstrating the alignnent state of a
liquid crystal elenment_in an enbodjnent of the  present invention, observed
i medi atldlgpigd t sl calorends iny@an agihhgdignent riaf e s Pregent
denonstrating the relationship 20 in the magnitude of G bbs free energy
anong Vﬁykgys Jiquid 20 crystal alignnment states devel oping i mediately
after t @'zﬁﬁﬂ?%ation of 3 Vinaliquid crystal elenent in an

5 FIGS. 16(a), (b), (c) and (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 exampie of the
technique of forming second liquid crystal fegions 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 (d) are views
demonstrating the alignment of liquid crystal molecules
with an optical alignment film.

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

19



enbodi nent of the present invention. FIG 26 is a diagrammtic view of a
liquid 5 crystal elenment in Exanple 5, viewed in the direction nornmal to
the substrate. FIG 27 is a view diagrammatically showi ng the observation
results of a liquid crystal layer of the Iliquid crystal elenent in Exanple
5, viewed in the 10 direction normal to the substrate. FIG 28 is a view

di agr ammidtied diye sbewiftgriieg ebsssyehdon ilgesid terpétall r@ygibnr pat an | ayer
of aliquid crystal elenment in a conparative exanple, viewed in the
direction normal to the substrate. 15 FIGS. 29(a), (b), (c), (d) and (e) are
views @ldgmmenti ddly oRow ndawer osydstmaton eésuat diguid qeryst@y st al

| ayers of liquid crystal elenents in Exanple 5, viewed in the direction

| tq the supstrate. FIGS. 30 d (b i ] tically 20
Chowt ng THRAGHSoF S o RoRnRacner by oF | They RsRss HEYRREASE O 11 qui a

crystal elenments in Exanple 4, and (c) is a view diagramatically show ng

the observation rpsgltsoaf agliguiggpyahilatidyervdwa dEauhd §HvRiAd
element ina -

5 crystal element 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 1liquid crystal alignment states developing after
the refresh treatment in a 1liquid crystal element in aﬁ
embodiment of the present invention.

15 FIG. 24 1is 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



conparative exanple. 5 FIG 31 is a view diagramnmatically show ng the
observation results of a liquid crystal layer of a liquid crystal elenent
In Example 4. FIG 32 is a view showi ng.a neasurenent system for neasuring
the voltage- transmttance characteristic in 10 Exanple 4 and the
conparative exanple. FIG 33 is a graph showi ng the neasurenent results of

the volt EéfnimﬂﬁﬁﬁéﬁtCQ%&ﬂé@r&é%éiopinéyfﬂﬁbﬁi%ﬁﬁl&FH?t@@ﬂ%ﬁéliVe
exanple. FIG 34 Is™a view show ng the values of 15 transmttance of the

liquid crystal elenents in Exanple 4 and the conparative exanple with
respect dpplieatioansofttince dn aanodiguirdl cxygpt@l duwslergenppl inatamn of
a white display voltage.. FIGS. 35(a) and (b) are diagrammtic views of a
20 liquid crystal element in Exanple 5 and a liquid crystal 22 elenent in
the confiiR@dimenkanfl dhe fEReeNvelpveRtd@y- in the direction normal to
the substrate. FIG 36(a) is a view denonstrating a uniformtilt alignnment

state, and (b) ispggyieygdenonstiatipgodaphlddic view of a liquid

5 crystal element in Example 5, viewed in the direction
normal to the substrate.

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

10 direction normal to the substrate.

FIG. 28 1is 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



5tilt alignnent state. FIG 37(a) is a diagrammatic view of the liquid
crystal alignnment state of the liquid crystal elenment in exanple 5 observed
after injection of a liquid crystal material but before voltage
application, (b) is a 10 diagrammatic view of the liquid crystal alignnment
state of the liquid crystal elenent in exanple 5 observed imrediately

after tkeF vOidaoe apRsited! idlembfiks S EXhm@landat ighd/i ey of st e vidwi d
crystal alignnment state of the liquid crystal elenent in the conparative
exanpl e 15 observed after injection of a liquid crystal material but before
vol t age Giggrammabhcaddy ( dhawinmgdi bheanmobisieerva teivwn of rekelitisquiak crgst a
alignnent state of the liquid crystal elenent in the conparative exanple

observed , i nmedi ately after the voltage ,application. 20 FIGS. 38(a), (b),
(0) and U o G amotarens of v SN GRATRlweleeRE cihi

liquid crystal alignment state of the liquid crystal elenment in Exanple 5

observe %mﬁﬂi o] i.s turned OFF after the liquid crystal elenent is
subjectgﬁ) 0 %EEY%f%ggﬁ&?faatnent, and 5 FIGS. .38(e) to (h) are

di agrammati c vi ews showi ng changes
5 . FIG. 31 is a view diagrammatically showing the

observation results of a liquid crystal iayer of a liquid
crystal element in Example 4.

FIG. 32 is 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



with time of the liquid crystal alignnent state of the Iliquid crystal

el ement in the conparative exanpl e observed when the voltage is turned OFF
after the liquid crystal elenment is subjected to the refresh treatnent. 10
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Her ei nafter, Enbodiments | and 2 of
the present invention will be described with reference to the rel evant

dr awi g% ehRrd €Ma9di FREt ddmpALakid deghxphal, dkeRpRIARMEGE, Ofrildifedr esent

invention is an OCB node liquid crystal display device that uses bend
alignment of liquid crystal nolecules for display and can preferably attain
bot h t hdnhitdie spirdcfone mywomsel char aheesiudisterabe .t he wi de vi ewi ng angl e 24
characteristic. As shown in FIG 2(a), a liquid crystal display device 40

of an enbodi nent of the present invention includes a pair of polarjzing
plates (polarizeFE§- 23e§r((9)3 ig pj ydiey GmepstEpdddg 30uBLERTEY skl
between the pol arizing plates, an optical phase elenent 4 interposed

bet“eenéfxﬁﬂ%gﬁ%ié%%%évaégdz(HP is a view demonstrating a splay

5 tilt alignment state.

FIG. 37(a) is a diagrammatic view of the 1liquid
crystal alignment state of the liquid crystal element in
example 5 observed after injection of a 1liquid crystal
material but Dbefore voltage application, (b) is a

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

23



the liquid crystal elenent 30, and a drive circuit 16 for driving the
liquid crystal elenent 30. The liquid crystal elenent 30 includes a pair of
el ectrode substrates 5 and 6 10 bonded together with seal resin 14 and a
liquid crystal layer 27 forned in the space surrounded by the pair of

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

5 inclu SUhsd ar su rat 2 a bk rgﬁﬁ, trode
22 15 S@%ﬂgﬁ on f&gﬁgurééégagg tﬁgngbgﬁbgtegél #ggin%igﬁgkﬁiqU|éﬁ%$§stal
| ayer 27, and an alignment film 23 formed on the surface of the transparent

el ectr odd izzghnieact ngtate df gthd thiysiial d¢Byetal7ellenetidt skn ERampllects ode
substrate 6 includes a substrate 24, a transparent 20 el ectrode 25 fornmed on

the surface of the substrate 24 25 facing the liquid crystal layer 27, and
an al i g@Rsarved niwvheq fshaevdifage dJor faeened t&@taﬁﬁgﬁarw diigii¥dde 25
facing the liquid crystal |ayer 27. The transparent electrodes 22 and 25

i opl ay CaH 15 o LB T BB PRE T iR dURPy SEAE I cF TS ERPBh - N ve
circuit 16 via the transparent el ectrodes 22 and 25. The
5 FIGS. . 38(e) to (h) are diagrammatic views showing changes
with time of the 1liquid crystal alignment state of the
liquid crystal element in the comparative example observed
when thé 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 usés bend alignmeﬁt of liquid crystal molecules for

display and can preferably attain both the high-speed

20 response <characteristic and the wide viewing angle

24



substrates 21 and 24 are nade of glass, for exanple, and the transparent

el ectrodes 22 and 25 are nmade of ITO 10 (indlumtin 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
entire surfaces of the substrates. Actually, however, the 15 transparent v
el ectroddmPRctadidhiar.e r Aspeshowrel MrcoRPGsed (@f , aaplliqhidy cafysstatt r ode
strips each having a predeterm ned width, fornmed to cross (at right angles
in this_enbodi ment) each other as viewed in_the direction normal to the

subst r at®L SRkA¥%ce AeVAGR of 4Phe A 0s8RngSMICGHIRRE t Cfnspbitent PH&sR bdes 22
and 25 corresponds to a 26 pixel working for display, and such pixels are

arranged. | Lmatrix_qwv e entir jquid_crys ' deyi.C
Her ei na?jtr{e??nﬁﬁggl [ q)é‘lné:lgg%és al ele n%igo oP%t hetpac}%%f%l%%yst iﬂlagiq"l%%l ay
device 40 will be described with 5 reference to FIG 1. Note that

her ei naftgd1afieg6FkNt | O Wahll bey madg fari Aned Pi ¥elysdfalt heelefend crystal
elenment 30 for sinplification. FIG 1 diagranmatically shows a
construction of the liquid crystal elenent 30. FIG | (a)

5 interposed between the polarizing plates, an optical phase

element 4 interposed between the polarizing plate 2 and

the liquid crystal element 30, and a drive circuit 16 for

driving the liquid crystal elemeht 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 pair of
electrode substrates 5 and 6 and the seal resin 14.

The electrode substrate 5 includes 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 1layer 27. Likewise, the electrode

substrate 6 includes a substrate 24, a transparent

20 electrode 25 formed on the surface of the substrate 24

25



is a plan view of the alignment f ilm26 of the liquid 10 crystal el enent,

and FIGS. 1(b) and (c) are cross 15 secti onal

el enent

views of the liquid crystal

taken along line RRR of FIG |(a), observed during non-voltage

application in FIG |(b) and during voltage application in FIG 1(c).

the liq

uid crystal elenment 30 in this enbodinent, the liquid crystal

In
| ayer

27 i nt ershtigheheceniqibe elyeveEnt 1&ykrs 28, aafdd2@rhasl ighimesit | £ fjlnd

crystal

region 27F and a second liquid crystal region 27S. The first

liquid crystal region 27F exhibits splay alignment 20 as shown in FIG

during

formege eppltheatsenfase Of bthe diranaparead seboAtreds @5

during appllcatlon of a predetermned voltage. This bend allgnnent of

anie e A SRyt ctewsh endn “SoThel akernhrTesh Spi ay

first
di spl ay
al i gnme

to enallfdispaay. henelrs

crystal

5

10

15

20

nt to bend alignment is made in the first liquid crystal regio
region 27F nust satis

16, so that a voltage corresponding to display data is
applied across the liquid crystal la&er 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
(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
entire surfaces of the substrates. Actually, however, the
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

the transparent electrodes 22 and 25 corresponds to a

26

| (b)
1(c)
t he

n 27

5 td% Pephiddc i@l @ P thel Neridd " Hitdattd
y 0 _< B _< 45



during non-voltage application. The pretilt angle as used 10 herein refers
to the angle B fornmed between the major axes of liquid crystal nolecules 32
(liquid crystal nolecules existing near the interface between an alignment
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 subgiised workaaeg fom @DsPldyZ cnd dsvehe pixketilam deé i aedangadiein
principal 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
nust be &pralChXi gHed, thel enkive iHH§IQFﬁ¥Xﬁ%§1I@l§E oy slaNs¢esatisfy 0
< 0 ( 45 . The 28 reason is as follows. In general, when the pretilt angle
8 of liquid cryst

! 1L L B S, Lokl i Mo TR il

pretilt angle L9 5 exceeds 45* bend alignnent is nore stable. The liquid

crystal sl et ,éﬂhihbﬁéﬂﬂ&?'@@Vlc@aiﬁi&ﬁﬁimﬁth%%deb@&mW1ﬂh o
direction (first direction) of liquid crystal nolecules in the first liquid

crystal region 27F is different fromthe pretilt direction (second
reference to FIG. 1. Note that hereinafter, description

will be 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. 1(a)
is a plan view of the alignment film 26 of the liquid

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. 1(a), observed during non-voltage
application in FIG. 1(b) and during voltage application in
FiG. 1(c).

15 In the 1liguid 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 liquid crystal region 27S. The
first liquid crystal region 27F exhibits splay alignment

20 as shown in FIG. 1(b) during non-voltage application and

27



10 direction) of liquid crystal nolecules in the second |iquid crystal
27S in the area near the alignnment film26. The pretilt direction as
rein refers to the azinmuth direction (azinmuth angle 1Y) indicated by

regi on
used he

the major axes of the liquid crystal

IS regu

allgnneq;

ol ane ofovhd SLibRriet 5y dnawh® e pRe®, YR REEG okl dodt il "GEER, |

directi

regul at
by the
angl e

f or med

pretilt
r ubbi ng
al i gnme

5

10

15

20

on of the liquid crystal nolecules is 20 defined by the alignnment
regul at iangpfedee edniintrl afoDbggLL. 2THid Nbehlie adiilfimie 9t 6f the o igstent

nol ecul es 32 of which the 15 alignnent
|l ated with the alignnent regulating force of the surface of the

ing force of the alignnment filmitself is also sonetines expressed
wording "pretilt direction". The pretilt direction and the pretilt

Sligetdi bedyabete zegigef i RIF byis hatsgd gfieant dispkay3 eafd the

in contact with the liquid crystal layer 27. In this enbodinent,

DreEfe Unfabnaiehlay elisels0 et orhar IS DB AL L he

nt filns 23
element 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
herein refers to the angle & formed. between the major
axes of 1liquid crystal molecules 32 (ligquid crystal
molecules egisting near the interface between an alignment
film and the liquid cryétal layer) of which the alignment
is regulated with the alignment regulating force of the
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

this, the pretilt angle 6 must satisfy 0 < 6 < 45°. The

28
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and 26 will be described with reference to FIG |(a). The surface of the
alignnment film26 on the |ower substrate 24 includes a first alignnment film
region 26F rubbed in a first direction (direction of arrow 17 in FIG 15

| (a)) and a second alignment filmregion 26S rubbed in a second direction
(direction of arrow 19) different from the first direction. The second

directi %ééoﬁetlsataé heo1aRWs ' YIh' g‘?r{éleai' rhedl Maed | BBe%ilﬁ:hOXYﬂ‘glé FI G

| (a), and, as w || be described in anpl e | ater, the angle T 20
preferably set to satlsfy 30 :~ T :~ 150* . The second 30 al i gnnent f|Im

regi on 28S bf i nigiiedshepgsebla mblepaled eidi nYeks ttradi r£8t | onsiayubbi ng
of the second alignment filmregion 26S (second direction 19). Adoption of

t he strlpe shape extending in the 5 rubbing direction for the second
al i gnnerlignmenégi 48 2baWepr ol ddailbseckEeRf SRETHVt ARy PadsSermore
formation of a mask used In formation of the second alignnment film regions

g?lsgﬁﬂe%]&? %g;%ggéngéf&?n 0 ngﬁggief n%‘he%g’&oaaeé:l T]%ﬁ AR dI R regi on
26Sis not limted to this, but, as will be described |ater mnth
5 exceeds 45°, bend alignment is more stable.
The ligquid crystal element 30 in this embodiment
has a feature that the pretilt direction (first direction)
.of liquid crystal molecules in the first 1liquid crystal
region 27F is different from the pretilt direction (second
10 direction) of 1liquid crystal molecules in the second
liquid crystal region 27S in 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 ef the liguid crystal molecuiles 32 of which the
15 alignment is regulated with the alignment regulating force
of the surface of the alignment £film, in the x-y-z
coordinate system defined in the principal plane of the
substrate as shown in FIG. 1(d). 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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reference to FIG 7, various shapes can be adopted. Wen one second
alignment filmregion 26Sis forned for one pixel, the second alignnent
filmregion 26S 15 is preferably forned to cross the opposite najor sides
of the pixel and also be |ocated roughly in the center of the pixel, so
that two parts of the first alignnment film region 26F separated by the

second &igoeRhefl id{F68440R c?f)StB%Veaii?FJﬁﬂleYltt hge §AMR tATRA. £B¥cEOrFENG i N
this way, 20 the tine required for the splay-bend transition in the 31
liquid crystal |ayer can be nmade shorter. Mreover, in consideration of

ef f ecti whd oalmgnomentof £ §pmayi-teatft densalson snoeétimasd expreasiedn oy
decrease in display area, the wwdth w of the second alignnment filmb5 region
26S in one pixel (for exanple, 80 pmx 240 pm) is preferably in the range
of 5 pmth® SPHINTFhePEedd I0f dHeectd&eBnd ali gnment filmregion 26S is
preferably about 1/48 to 1/4 with respect to the area of one pixel as 1. As

descri bed above, first, align il 1 eqgi 2 .t he | nt
film26 on the | o'\i;vﬁég s?brzettri;[% giggv?k%lléﬁ [ SQ?Erll cgﬁ’[%ac&f]\:/\ng%ﬁi?heaéfr#ﬁ
liquid crystal region 27F, is rubbed in the first direction, to regulate

5 described above are defined by the alignment f£ilms 23 and
26 formed in contact with the liquid crystal layer 27. In
this embodiment, the pretilt direction of tﬁe vliquid
crystal molecules 32 is defined by the rubbing of the
alignment f£ilms 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 f£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 £ilm 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. 1(a),
‘and, as will be described in Example 1 later, the angle ¥

20 is preferably set to satisfy 30° < ¥ <150°. The second
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the pretilt direction of liquid crystal nolecules near the first alignnment
filmregion 26F to the first direction. 15 Al so, the second alignnent film
region 26S of the alignnent film26 on the | ower substrate 24, which is in
contact with the second liquid crystal region 27S, is rubbed in the second
direction, to regulate the pretilt direction of liquid crystal nolecules

near the 15ehticht 2G Al hIVERioh! 1784 diPNiA6Stha tBRapECOSE di M edldghle 32
The alignnment film23 on the upper substrate 21 is roughly entirely rubbed
in the first direction (direction of arrow 18), so that the pretilt

di recti extendingui fincr yhieal ditesctiesn nedr twubmingnnefit them z@dond

regul ated to the first direction. Since the rubbing direction of the
alignment. film23 and the rubbing direction of the first alignment film
regi on 2dAgmemt £ilpgmedion 268 26sgceonidy direet &pnwilfn -each ot her, the
pretilt direction in the first liquid crystal region 27F 10 is the first
direction both in parti 3 and, 26, _.and thus

. ot h Ahe on Earte..alirﬁment feilr(ras , (
the first liquid ‘é??&’-&n rgglsoﬁ §7FSE§"F;P&'[% ?&eay 21k d’h . ]Eg/ I‘tl}'b%l ng
the alignnment filns 23 and 26 as
5 rubbing direction for the second alignment film region 26S
provides effects of facilitating pattern formation of a
mask used in formation of the second alignment £ilm
regions 26S on the alignment £film and giving wuniform
rubbing of the second alignment film regions 26S. The
10 shape of the second alignment f£film region 26S 1is not
limited to this, but, as will be described later with
reference to FIG. 7, various shapes can be adopted.
When one second alignment £film region 26S is
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
pixel, so that two parts of the first alignment f£film
region 26F separated by the second alignment f£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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descri bed above, the pretilt direction of liquid crystal 15 nol ecules can
be made di sconti nuous between the first liquid crystal region 27F and the
second liquid crystal region 27Sin the area of the liquid crystal |ayer 27
near the alignment film 26 on the substrate 24, and also the |liquid
crystal nolecules in the first liquid crystal 20 region 27F can be

spl ay- allgcg@ﬂa degsRaINaAMO- t 388 B3 aRidd HbPbeds shown in FIG [(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, the secondMbiregverc,r yinakconsdidarfoacos = fatechiveaudiosmsa { bemd
transition nucleus) for allowng the |liquid crystal nDIecuIes in the first

liquid stal re |on 27F to nmake transjtion fromthe s ¥ %ﬁ nment to
bend mlﬁ%n%ﬂ%aYeP B dF AR GhtipBe UGGt aBRE BREHRY St n t he
first I|qU|d crystal region 27F, as 10 shown in FIG 1(c). Next, a

formati % %ig&of r{c—f@ a‘ahQ”%’Htl{. &rm%f Z@héim e%%nt‘q] l?énﬂgﬁ(iriitbfﬂn

First, a po for  exanple forme nsparen
electrode 22 on the upper substrate 21 and the transparent el ectrode 25 on

the 5 region 265 in one pixel (for example, 80 um x 240 pm) is
preferably in the range of 5 pm to 60 pm. The area of the
second alignment film region 26S is preferably about 1/48

tp 1/4 with respect to the area of one pixel as 1.
As described above, the first alignment £ilm
10 region 2§F of the alignment film 26 on the lower substrate
24, which is 1in contact with the first liquid c¢rystal
region 27F, 1is rubbed in the first direction, to regulate
the pretilt direction of liquid crystal molecules near the
first alignment film region 26F to the first direction.
15 Also, the second alignment film region 26S of the
alighment film 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 1ligquid crystal molecules near the second

20 alignment f£ilm region 26S to the second direction.
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15 I ower substrate 26, and roughly the entire surfaces of the resultant
alignnment filnms 23 and 26 are rubbed in the first direction (direction of
arrows 17 and 18). Thereafter, as for the alignment film26, the first
alignment filmregion 26F is masked, and the exposed 20 second al i gnment
filmregion 26S is rubbed in the second 34 direction (direction of arrow 19)

that is at the anghe Tai{ bhe f¢{iph ¥ e6hi Ghe |ﬁ%>b€&5 y@ystirhee 138t
alirgnnment filmregion 26F rubbed in the first directiron and the second

alignment filmregion 26S rubbed in the 5 second direction at the angle 41
fromthddirsbudivleet i entianed yf or matbbed t hiénal i gherentfimdtn 26idectios way,
the alignnment filnms 23 and 26 are formed. Alternatively, an optical
alignnment_filmmy be used for the alignnment filns 23 and 26 in this

enbodi ndiftiredbiepr SIhATEPY 48)an BQRafPRE B¢ oPEELIT ndiRegtion HE
optical alignment filmw !l be described. A polyvinyl cinnamate (PVC) film

is f .t h 2 . 21, and th
tr ansparattiLd| Sat SRS bl e o1 BR, BRE L L R8  LELRRER LS FELLT £3C T80 1T
surfaces of the resultant alignnment filns are rubbed in

5 regulated to the first direction. Since the rubbing
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 is the first direction both in the portions near the
alignment films 23 and 26, and thus the first liquid
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 discpntinuous between the first
ligquid crystal region 27F and the second liquid crystal
region 278 in the area of the liquid crystal layer 27 near
fhe 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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the first direction. As for the polyvinyl cinnamate (PVC) filmon the

| ower substrate 26, after the rubbing of the entire surface, only the
second region 26Sis irradiated with deep W light (wavel ength: 254 nm.
The 20 formation nethod for the second region 26S will be 35 described with
reference to FIGS. 2(b), (c), (d) and (e). FIG 2(b) is a plan view of the

al i gnnendp 1{;1i6h€5‘3‘69 ds | Bhowtb, iRn¢ 1d 651(860) afHehd)a 81 ¢EYES- gﬁ&lonal
vi ews of PVC film 26 taken along line 2c-2d of FIG 2(b). |G 2(e)

is a view diagrammatically showi ng the relationship between the | i ght

i rradi attonodi rebghen itharFl & s2(1dy dhenpolomieticadhi voltagat (Vag shbsn in
FIG 2(c), the second region 26Sin FIG 2(b) is irradiated wwth S-wave
deep W 10 polarized Ii in_a light amount of 1 J/cnR fromthe front. By
this irrRPhieEn IFEPSEh hs%méw pCtVstadi al pYed | 2Ghti? pbhene?PeYSI ns
extending in the dlrectlon of oscillation of the S-wave are cut off.

wth poiboBlent U Bady ity Pefhnd FAaRTE P s o AT Rhe"
oblique direction (for exanple, at an incident
5 as the nucleus (bend transition nucleus) for allowing the
liquid crystal molecules in the first 1liquid crystal
region 27F to make transition from the splay alignment to
bend alignment, enabling high-speed, reliable splay-bend
transition in the first 1liquid c¢rystal region 27F, as
10 shown in FIG. 1(c).
Next, a formation method for the alignment f£ilms
23 and 26 will be described. First, a polyimide f£ilm, for
example, is formed on the 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 f£film 26, the first

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

20 second alignment film region 26S is rubbed in the second
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angle of 80 ). By this irradiation wwth the P-wave deep UV polarized |ight,
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 polyner chains B
(FIG 36 2(e)) extending vertical to the direction of oscillation 10 of the
P-wave are lef t uncut. As a result, the pretilt direction of the liquid

crystal il ' t di i i L ch ohyy mer
chai ns Iﬁ(ﬁ%&ﬁ@%&eﬁzﬁﬁﬁn‘ggﬁf@ gggro%rlgt g'lgy E{a}:djy\l'.ljfslt‘gi r?témfeﬁekw
direction of the incident polarized light and the I|ike, the pretilt

directi diramh theesedfdst egdbneotiome aliimnethifs | wé@p, i sthent faltsed, and
in this way, the alignnent filnms 23 and 26 are forned. The |iquid crystal

| ayer 27 of the liquid crystal elenent 30 in this enbodi nent was observed

with a potikannenl FElBsaf@Eion Abdckrukbed i FAndhe sfdmstor digechiqemi d

crystal layer 27. The observation was made by arranging the rubbing

g:r Li%éh- 4o BY REeloh, AT bR €T rath Poabdo yePh FpPB R Shear o
ac

5 second direction at the angle ¥ from the first direction
are formed on the alignment film 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 is 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 light (wavelength: 254 nm). The

20 formation method for the second region 26S will be
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in the extinction position. Fromthis, it was confirmed that in the f
liquid crystal region 27F, the direction of liquid crystal nolecul es
with the direction of 20 the polarizer and the liquid crystal nolecule
in 37 splay alignment. On the contrary, in the second liquid crystal
27S, it was observed that no extinction position existed and the inci

pol ari zegbddBibe dasw it at€ferendeontd hFrscg.t m? corfid y megda § haind n(d e

second liquid crystal region 27S, liquid crysta

nol ecul es were tw st

I rst
agr eed
S were
region
dent

ed.

In this enbodinment, the first liquid crystal region 27F exhibited spl ay
al i gnmerfIGnd2{he decendplaguivdewcrofSttier adigmnzrs: ekbilbi ((@F Qinifilm)
alignnment. The 10 alignnent states of the liquid crystal elenent int

present jnvention are not

directi

|imted tq.th . As | . th tilt
of Pfle FI6St 144l d XKy s(H) 1@EFoFTIRSURPPEAORAY [ BAPFRAIOE

second liquid crystal region in the area near the surface of at |east

ol nengdSelidiM <4, SSEONUakEAL 164! Alnkedyg R SEaTERE! b fe

transition nucleéus, and

hus, subst an e sane ect can

obt ai ned.

5

10

15

20

FI1G. 2(e) is a view diagrammatically showing the
relationship between the 1light irradiation direction in
FIG. 2(d) and polymer chains.

First, as shown in FIG. 2(c), the second region
26S in FIG. 2(b) is irradiated with S-wave deep UV
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 is irradiated
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

polarized light are cut off, while polymer chains B (FIG.
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In this enbodi nent, the second alignnent film region 26S as a region

di scontinuous in pretilt direction 20 was provided inside each pixel for
the alignnment film26 38 on the | ower substrate 24. The position of the
second alignnent filmregion 26Sis not limted to this. For exanple, the
second alignnent filmregion may be provided for the alignnment film 23 on

the upper(supsektletrding Okrexr titdabe tf O¥hde@ i1 8cPPbA tde alsicanmRididhl m 23
on the upper substrate 21 and the alignnment film 26 on the | ower substrate

24. O herwi se, the second alignnent filmregion nmay be provided outside
each pixd . the thiwvaeebadiereheftt hmaiit gnnehs fa | resfltandtlké pieetarkt
respectively formed on the upper and | ower substrates 21 and 24.
Substantjally the sane effect as that obtained according tqQ the present

i nvent i SHEEHELPR 006 iRt o} HeWidy cryshati meglarudisisgnheni st Aetedmigted east
one of the substrates, and thus the other alignnment filmmy be 15 omtted

o5 ST ORL LS g OB, AT RO SRl b il ver 2
5 As described above, by appropriately adjusting
the direction of the incident polarized 1light and the
like, the pretilt direction of the second region of the
alignment film 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 regioh 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 1liquid crystal molecules were in
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to enab
27 to a
as wll
added a
the liq

| e the second liquid crystal region 27S of the Iliquid crystal |ayer
ct as the bend transition 20 nucleus nore effectively. In particular,

be 39 described later in detail in Exanple 2, by determ ning the

nmount of a chiral agent so that the ratio d/p of the thickness d of

uid crystal layer to the natural <chiral pitch p of the chira

agent - aggachy it gnisepgt.al S layer satisfies 0 < d/p < 0.50, it is possible

to make
27 act

white d
nore p
transm
sanpl e
devi ce
and 2 o

5

10

15

20

the second liquid crystal region 27S of the liquid crystal |ayer

as a highly effective bend transition nucleus, and al so suppress

decrease in transomttdmee avwrbrariye | igui ther yseabndi spliguidevicryspadvi des

isplay 10 in actual driving. The added anount of the chiral agent

referably_set to satisfy O < d/p . 0.15. By this setting, decrease in
27 Shsix Ps

fegoL c4iSpe HFmy@s B d thafhpaPe e ft thct LonyuPasditiqmy)

15 containing no chiral agent, when the liquid crystal display

g&?%ét%‘%f Wi e.ﬂiép'fﬁciﬁeﬁﬁt gg'o&%&ii";é[}ga_lfﬁﬁ?i nghber rob%aly s 1

e present I nventiron w escr

From this, it was confirmed that in the second liquid
crystal region 27S, liquid crystal molecules were twisted.

In this embodiment, the first 1liquid crystal
reQion Z?F exhibited splay alignment and the second liquid
crystal region 278 exhibited twist alignment. The
alignment states of the 1liquid c¢rystal element in the
present invention are not limited to these. As long as
the pretilt direction of the first liquid crystal region
is different from that of the second liquid crystal region
in the area near the surface of at least one alignment
film, 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 f£ilm
region 26S as a region discontinuous in pretilt direction

was provided inside each pixel for the alignment f£film 26
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20 (Exanmple 1) Liquid crystal display devices of Exanple 1 have 40
substantially the sane structure as the liquid crystal display device 40 of
t he enbodi ment descri bed above with reference to FIGS. 1 and 2(a) and are
prepared in substantially the same manner as that in the enbodinent. 5 In
Exanple 1, the rubbing direction of the second alignnent region 26S (region

di scont bAuGHfe | Nowddi Babstirsdd | 1), of THe pddnesr df mche 08ekbad owver
substrate 24 was changed variously to prepare a plurality of liquid
crystal display devices. 10 Specifically, five liquid crystal display

devi cesalignmeinds £llmt oreigbpnshded iirs Tablte libiked weee thipar edFby
varying the angle 'R fornmed between the first rubbing direction (direction
of arrows 17 _and 18 in FIG_|( t he second rubbing direction

(direct?ﬁﬂmB#eamﬁﬁP1§?°8PQH?f%én§g%§mﬁ&ﬁmfFFHFQ@iWP¥hQQ%£ﬁRW$ﬁe§O* to
150* inclusive. The second alignnent filmregion 26S is in the shape of a
stripe féi‘e'{%anhEg‘i’lﬂf‘er{ﬁ’b%ﬂg\ dﬁﬁe%td. O@hgf upper substrate 21, or
5 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 seéond 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 £film 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 1liquid crystal region 27S of the

liquid crystal 1layer 27 to act as the bend transition

20 nucleus more effectively. In particular, as will be
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t he second alignnment filmregion 26S as shown in FIG [ (a). The rubbing
direction (direction of arrow 17) of 20 the first alignnent filmregion 26F
of the alignnent film41l 26 on the | ower substrate 24 and the rubbing
direction (direction of arrow 18) of the alignnent film 23 on the wupper
substrate 21 are in parallel with each other. For conparison, three liquid

crystal qdissptidyed S1dewircan (GerRies iH2Elxdmp#203), WH €drh DR i 8g0thd
descri bed above falls outside the range 30 If < 150 and a liquid crystal

di spl ay device (sanple #204) that has not such a region as the second
al i gnnemdded nameyhdn ebSaneeirals@agerbased thatn tthe padjar ad/pnaf the
sanples of 10 Exanple 1. Note that I n sanpl e #201, the rubbing direction

(direction of arrom117) of t rst nre ilmre o 26F and the
r ubbi ng & & FnedFr SeQfort ? éﬂP :é%Y%#E%hiaXFFg ?|P9F2§Q}tthe
upper substrate 21 are opposite to each other. 15 Table 1

Sanpl e# L1l 314070 1R 0440 38R 0240 ) 208RRULANRPOIIRAN E2Fsth1

5 1layer satisfies 0 < d/p < 0.50, it is possible to make the
second 1liquid crystal region 27S of the liquid crystal
layer 27 act as a highly effective bend transition
nucleus, and also suppress decrease in transmittance when
the 1liquid 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 liquid crystal sample

15 containing no chiral agent, when the 1liquid 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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A vol tage 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 during the
42 voltage application are shown in Table 2. The observation results of the
liquid crystal |ayers of sanple #14 of this exanple and sanple #204 of the
conparative exanple during the voltage application are diagrammatically

shown i guddtEhtfa By 4ehéeespanéi Vet yuctaklee dsSatBeepsgiMd | edyas ts of
bend transition #11Bend transition nuclei develop frompart of the second

liquid crystal region, and a bend-aligned regi on expands. #12Bend transition
nucl ei déwpl®y f demiiceughly afhetheat iembeditnadt! idpsdribgdt aboegi eritland a
bend- aligned region expands. #13Bend transition nuclei develop fromroughly

the entire second liquid _crystal region, and a bend- aligned region expands.
#14Bend TEESTERTDN ancl &l ia ?’9111 r?o(anm yabfe &R& rePE%EBngi i gt d

crystal region, and a bend-
substantially the same manner as that in the embodiment.

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. 1(a)) and
the second rubbing direction (direction of arrow 19) of

15 the alignment film 26 in 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 film 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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al i gned region expands. #15Bend transition nuclei develop frompart of the
second liquid crystal region, and a bend-aligned regi on expands. #201No
change with no devel opnment of bend transition nuclei. #202Al t hough bend
transition nuclei develop froma very limted part of the second |iquid
crystal region, there is no expansion of a bend-aligned region. #203Al t hough

bend traesi bhontReclbwdeved Whstratea ¥£rlarld Mehed pabbi®lg t Aerekaash | i quid
crystal region, ithe e is no expansion of a bend-aligned regi on. #204No
change with no devel opnent of bend transition inuclei. From Table 2 and FIG
3, it i ddimeutiont oforasaopl ek8#10f othes alighnensxafplie, 23heoseddmmal
liquid 43 crystal region acts as the nucleus for effectively triggering the
first liquid crystal region to npke spl ay- bend transhtion wi th application

of a vol¥ FURPLEALE Ar AR +ur PRER BERR aPRGRe@tEF on that has

developed 5 in the first liquid crystal region expands. In _
For comparison, three 1liquid crystal display

5 devices (samples #201 to #203) of which the angle V¥
described above falls outside the range 30° < ¥ £ 150° and
a liguid 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 region 26F and the rubbing direction (difection of
arrow 18) of the alignment film 23 on the upper substrate

21 are opposite 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
42



particular, in sanples #12 to #14, nuclei for the bend alignment devel op
fromroughly the entire second liquid crystal region as shown in FIG 3,
indicating that the second liquid crystal region acts nore effectively 10
conpared with that in sanples #11 and #15. On the contrary, as shown in
Table 2 and FIG 4, for conparative sanples #201 and #204, no bend
transitigh)tagel appdadl ot agkl sHein CPAP@LBYIV & Sanphes oHaa-Adeli off 203,
al t hough bend transition nuclei develop froma very 15 limted part of the
second liquid crystal region, there is no expansion of a bend-aligned
regi on. ®esoltlsnglfy then RDgquhy cirystrghr hayveess afpl sampPO1#ild #04thike
second liquid crystal region is not considered acting as the bend
transition nucleus. FIG 5 diagrammtically shows the nmechani sm of 44 the
action o#XaReleconsy sampie A4 opfr dhioncamPaketisifl exalRdet i IREI eus,
in which (a) shows the state during non-voltage application and (b) shows
t he stat urj | t ppl 4 e} As 0 ' L ), | ng; hon 5
£nd .bB?tgﬁ% ll%g)gallgcpétfﬁél dre lﬂi}%hﬁ%ghg‘aﬁ&a stBifd "9

vol t age appli cati Crys

5 FIGS. 3 and 4, respectively.

Table 2

Sample | Observation results of bend transition

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

#15 Bend transition nuclei 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 is no expansion of a bend-aligned region.
#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 1liquid
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second liquid crystal region 27S are aligned in the rubbing direction
(second direction) of the second alignnent filmregion 26S in the portion
near the alignnment 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 Idﬁﬁ@qlcrﬁbﬁﬂoﬁ eghers27aeXxhichid s Auksbusl | FBENT o £\WRIL BryDyt age
equal to or higher than the splay- 15 bend critical voltage (Vcr) is applied
tothe liquid crystal layer 27 in the state descri bed above, distortion is
nost cortosiggerxtnugorthe ghidstr sitquidokeysites Seeghonhdo ppakeorsmikay he
first liquid crystal region 27F near the second alignnment filmregion 26S.
To be relieved from20 this distortion, the liquid crystal nolecul es 52

rotate t(REE FRADSLIGLIN ¢ We th i JpRbhEadirdctPbn a0Vl a8 G stRPUtobecul es

54 in the portion of the second liquid crystal region 27S near the second

al i gnne fi E%?; 6 ' thj ol he, Li.gu d_cr I ggkecules
52, 5 Iirvq’ui J(?rys e{:lq{bn]iz)l g%&l \egéérlp% ?%ggblgfis;ﬁ?é)%%éd%grafg%?s rdéglitegho are
urged to rotate in the direction toward the

.5 in the first 1liquid c¢rystal region expands. In
particular, in samples #12 to #14, nuclei for the bend
alignment develop from roughly the entire second 1liquid
crystal region as shown in FIG. 3, indicating that the
second 1liquid c¢rystal region acts more effectively

10 compared with that in samples #11 and #15.

Oon 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 nuclei develop from a very

15 limited 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 liqﬁid
crystal region is not considered acting as the bend
transition nucleus.

20 FIG. 5 diagrammatically shows the mechanism of
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alignment film23 fromthe alignment film26. The angle of this rotation
depends on the angle T (300 ~~ T :~ 1500 ) forned between the rubbing
direction of the second 10 alignnent filmregion 26S and the rubbing
direction of the first alignment filmregion 26F. At this time, since the
applied voltage is equal to or higher than the critical voltage Vcr, it is

nore st ale dOFibReoki atdl s8yohal 1iRIIRTWEPstalt R didiPtasi @Hied yeanibt al
region 27F to make 15 transition to bend alignnent than to resume the splay
alignment fromthe standpoint of energy. Accordingly, as shown in FIG
5(b), atransidigmequcigws, 44 ref vbdtch/elq) delewspsthand sdgtzand€uming a
splay aligned region 44. On the contrary, in conparative sanples #201 and

20 #204 in which no' second |iquid crystal region exists at 46 all, the
liquid SRpstaltaggnmprlssationengnde (Pdui ghowsysthe | gfate sdigdng n

splay alignnent, with no bend transition nucleus forned. In conparative

T A Tt DTS B R i

al i gnne and the secon I gnment region are
close to each other, the pretilt directions in the first liquid crystal

regi gn Toitayk t hgppeeeation, 1liquid crystal molecules of the
second 1liquid crystal region 27S are aligned in the
rubbing direction (second direction) of the second
alignment film region 26S 1in the portion near the
alignment film 26. The second direction is different from
10 the rubbing direction (first direction) of the first
alignment film region 26F. The first 1liquid crystal
region 27F exhibits splay alignment, and the second liquid
crystal region 27S exhibits twist alignment.
When a voltage equal to or higher than the splay-
15 bend critical voltage (Vcr) is applied to the 1liguid
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

20 this distortion, the 1liquid crystal molecules 52 rotate to
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liquid crystal region 27S are close to each other. This fails to rotate the
liquid crystal nolecules in the 10 portion in which the distortion of the
splay alignment is concentrated by a sufficient angle, and thus its action
as the bend transition nucleus is weakened. In this exanple, described were
the liquid crystal display devices having the stripe-shaped second 15

al i gnmeplatidH mwegh ontRES anliyrndnt heqarearion fdf M PHgeddt heryewil
substrate 24. The position of the second alignnent filmregion I's not
limted to this, but the second alignnent filmregion nay be provided for
bot h t hmolgauwkeenb4film 2Beorpontiappaf sthet rseeond ddduid czgsfialgnnent
film26 on the |ower substrate 26. 47 Hereinafter, exanples of positions of
the second, ali nt film,egion for_both the alignnent filns 23 26
w1 hoZAER bad By PEA! Al SaTPI AL GRRERL e B aFPYRAN: 248 m
region of the alignment film23 is denoted 5 by 23S. FIGS. 7(A) to (F) show

LenSPenth DAY ety 85 OHRCATIAR SR L) TR o2 ond

5 1liquid crystal molecules in the first 1liquid crystal
region 27F are urged to rotate in the direction toward the
alignment film 23 from the alignment film 26. The angle
of this rotation depends on the angle ¥ (30° < ¥ < 150°)
formed between the rubbing direction of the second

10 alignment film region 26S and the rubbing direction of the
first alignment film region 26F. At this time, since the
applied voltage is equal to or higher than the critical
voltage Vecr, 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 samples #201 and

20 #204 in which no second liquid crystal region exists at
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filmregion of the alignnent film 23 on the upper 10 substrate 21, and arrow
17 indicates the rubbing direction of the first alignnent filmregion of
the alignment film 26 on the | ower substrate 24. These rubbing directions
are parallel to each other. Arrow 48 indicates the rubbing direction of the
second alignnment filmregion 23S 15 of the alignnent film 23 on the upper

substrairl 21.thand Ligpyialv 4fydh L aladsi gieeivtbbdng tthe e@ntoirsf tipusgcond

alignnment filmregion 26S of the alignnent film26 on the |ower substrate
24. In the alignnent films shown in FIGS. 7(A), (B) 20 and (C), the second
al i gnmemystain rlayeons i28Skept 268 asplag ialigemenipe With snei feenrdossing
the pixel. Inthe alignnment filns shown in FIGS. 7(D) and (E), the second

alignment filmregions. 23S apd 26S are jn the shape, of a_ plurali f
ot r P poctianatil o8 R LERRe, LoTHSAhase 18 aPPOWRRAC IS meatiRtesi 120 %s. 7(n)
to (E), the rubbing directions of the second alignnent filns regions 23S

20, e RaPREPSEH RIS BhLclofnthe Bictiamnstore RO SE 1N

5 alignment film.region 26F and the second alignment f£ilm

region 26S are qlose 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 sufficient angle, and thus its action as
the bend transition nucleus is 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 £ilm 26

on the lower substrate 24. The position of the second

alignment £ilm region is not 1limited 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 film 26 on the lower substrate 26.
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10 23S and 26S have a shape of a given curvature. In the case of FIG 7(F),

t he angl

e tY forned between the tilt of the tangent at a given point

second alignnent film region and the rubbing direction of the second
alignment filmregion preferably satisfies 30 < t <_150. Although 1
shapes all owabl e for the second alignnment filmregions 23S and 26S we

et ot SELBIRRAIE, bl BV SRS GRS o

determined approprrately so th

| Tgnnment” can

attained in the shortest tinme, depending on the size and shape of 20
pi xel s ailidremeh splfadnderégEondFoAs is6oWN the FALHBgnmef)t tHilks, 2Bheas@cond
alignnment filmregions 23S and 26S preferably do not overlap each oth
are displaced fromeach other in the x-y plane (see the xyz coordi nat
system i4p Mfidl7be desenihed whthharefigren¢entaofiid. tD- t hEheulssiaands 21

and 24.

The second liquid crystal region 27S can be fornmed to act as

han prip: ATGR Rt ARG BlinGity, L A SAMER Rt Lo bt 1 AETAOn

t han spl

alignment 10 filmregions 23S and 26S from each other described above

5

10

15

20

by 23S.

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
£ilm region of the alignment film 23 on the upper
substrate 21, and arrow 17 indicates the rubbing direction
of the first alignment film 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 region 23S
of the alignment film 23 on the upper substrate 21, and
arrow 47 indicates the rubbing direction of the second
alignment f£ilm region 26S of the alignment film 26 on the
lowver substrate 24.

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

and (C), the second alignment film regions 23S and 26S are

48
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I's preferred because with this displacenent, the second |iquid crystal
region 27S can be twi sted. The optinmum val ue of the displacenent should
preferably be determ ned- appropriately depending on the size of pixels of
the 15 liquid crystal panel, the aperture ratio and the like. (Exanple 2)
In Exanple 2, the anbunt of the chiral agent added to the liquid crystal
| ayer wegn Chdgedhédd ObH Ya 4&erPpePacfobikamigd €hest plixdilspl ayrdevikes
simlar to the 20 liquid crystal display device 40 of the enbodi nent 50
descri bed above in nmuch the same manner as that in the above enbodi nent.
Speci f i cal ignmenépdictnseshdvwour ini gIAS.cri6R hl adidpl &y ,detheesgaampl es
#31 to #34) having values of the ratio of the thickness d of the liquid
crystal 5 Jayer of the liquid crystal elenent 30 to,the natuyral 10 chiral
pitch p DFL9MReRf; SHimgERTLILBGR 3P qaPE £93t AFe | I ethencitePe P12 3
bel ow. The values of d/p of the sanples of Exanple 2 are set to fall within

Lhe rangeubei 169" Qangebepss Nilnketd of) Wit | el Yt A g 0

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 ¥ 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 film 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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second alignnment filmregion 26S is provided only for the

on the | ower substrate 24. Also, the angle T fornmed between the rubbing

direction 19 of the second alignnment filmregion 26S and the rubbing
direction 15 17 of the first alignnent filmregion 26F is set at 120*

second alignnent filmregion 26S is in the shape of a

the rubbing direcAsonshdwand fias ricw.dt fy @) 50tpm (Fhe, sigreof sldtond

substrates 21 and 24 and

range descri bed above were also prepared as in the preparation of the
sanpl es of anpl e 2. Tabl e 3.Sanpl e#31#32#33#34#401# 4 2 .

i p00. 160 HIAIbE3680 GERATy 1o BT qHAFR LARFLD! L6 OWanBAThK BWRET ail i ed to
sanpl es #31 to #34 and conparative sanples #401 10 and #402, and the
resul ts (iRl e 0SeVh W 5Be? til 32! bordinate system in FIG. 7),

5

10

15

20

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 more effectively when
it exhibits = twist alignment than splay alignment.
Accordingly, the displacement between the second alignment
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
liquid crystal panel, the aperture ratio and the 1like.
(Example 2)
In Example 2, the amount of the chiral agent
added to the 1liquid crystal layer was changed variously,
to prepare liquid crystal display devices similar to the

ligquid crystal display device 40 of the embodiment

50

alignment film 26

The

stripe extending in

the alignnment filns 23 and 26 is 20 mmvertically
X 10 mm 20 horizontally. 51 For conparison, two liquid crystal display
devi ces aldgmpment #401lmndregdenpshaid®y aidie2ed dpefeznpbilyy ¢iat singet t he



m croscope. The observation was nmade under operation in the normally white
node with the polarizer arranged under crossed-Ni cols. The observation
results are shown in Table 4. The application of the voltage of square wave
of 15 6 Vand 1 kHz was halted (voltage 0) after the entire 1liquid crystal

| ayer made bend transition. The observation results at this tinme are shown

in Tabl gencripddr dbwvdolimofueh { PRePEsSENE! IntHHBEE: 43t RRRANePHSIphe (1N
several tens of nsecs) changes to 180-twi st 52 alignnent. The observation:

results during the application of the voltage and after the halt of the

vol t age applre cambodimere: al sSpdcddriaainly captrgpamedn werd-l fou. limuEd. 8, 5
sanpl es #31 and #33 and sanple #401 are shown representing Exanple 2 and the
conparati ve exampl e, respectively. FIGS 8 A%, (B) and (C) show the states

obser ve#THEFR} hdispdiavagievicagudsamphas of 38 Yoadd4) Krevhae y@diuesl, and

FIGS. 8(D), (E) and (F) show the states observed when the 10 applied voltage

5“’%? ShoSatpie $3E15r Sfhi Eie.arnl eRhRRes o) INF (LFLHR S35 of
ISS layer of the 1liquid crystal element 30 to the natural
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 alignment film region 26S is provided only for the
alignment film 26 on the lower substrate 24. Also, the
angle V¥ 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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exanpl e,

liquid crystal |ayer to nake

for sanples #31 to #34 and conparati

and FIGS. 8(C) and (F) show conparative sanple #401. 15 Table 6
shows the tine required for the entire
transition to bend alignnent
wave of 6V and 1kHz was appli ed,

fromthe nonment at which the voltage of square

ve

sanpl es #401 and #402. The voltage of square 20 wave of 6V and 1kHz was shut

off after the entppe '!S&hﬂ?éis%%MStakwhﬂyeiigg

7 shows the
the splay alignnent fromthe nonment at which the

& the
crystal
vol t age was shut off.

1 T aRSidy

time required for the entire liq

Tabl e

ayer to~ resune

5

Tabl e 4 @Geanteébsesamaples r #1401t s apids plicg02-) bemalvingnswailae g¢#3blkhe digpansi on
rate ofthe bend-aligned regionis slow #32The expansion rate ofthe
bend-al i gned regionis slow #33The expansi on rate ofthe bend-aligned

regi oni $aldskng

5

10

15

outside the range described above were also

prepared as in the preparation of the samples of Example

2.

Table 3

Sample #31 #32 #33 #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 kHz was
applied to samples #31 to #34 and.comparative samples #401

and #402, 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

6 V and 1 kHz was halted (voltage 0) after the entire

liquid 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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#34The expansion rate ofthe bend-aligned regionis very fast. #401The entire
| ayer isalready 180-tw sted inthe non-applied state andconti nuously changes
to bend alignment upon application. #402The entire | ayer isalready

180-twi sted i nthe non-applied state andconti nuously changes to bend

al i gnment upon application. Table 5 Sanpl eCbservation resul tsof bend(180
twist) -alsiymyehtansition #31The shrinkagerateofthel80-tw sted regionis
fast. #32The shri nkagerat eofthel80-tw sted regionis fast. #33The
shrinkager at eof t hel80-tw sted regi onis sl ow. #34The _

shri nkager at eof t hEhe0obsienteat tegi vessi Mesr yderbng #4h@ Bppkhcatéon of
180-twi stedstate isnmai ntai ned. #402The entire 180-tw stedstate isnaintained.

54
the voltage and after the halt of the voltage application

are also diagrammatically shown in FIG. 8. In FIG. 8,

5 samples #31 and #33 and sample #401 are shown representing
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 1lkHz was shut off after the entire liquid
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Tabl e 6 SanpleSplay -' bend transition tine (sec) #3125 #3217 #336 #343 F
#4010 #4020 Table 7 Sanpl eBend (180 twist) -' splay transition tinme (sec)
#3155 #3298 #33210 #34450 #401lco #402CO 5 From Tables 4 and 6, the foll ow ng
are found. In sanples #31 to #34 of this exanple, with application of a
vol tage of about 6 V, the bend alignnent transition effectively proceeds in

the firsérysegldiekst dad€ItRB bend transition. Table 7 shows the
time required for the entire 1liquid crystal layer to
resume the splay alignment from the moment at which the
voltage was shut off.

5 Table 4

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

slow.

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

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

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

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

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

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

#402 |The entire 180° -twisted state is maintained.
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fromthe second liquid crystal region acting as the 10 nucl eus. The rate of
expansi on of the bend-aligned region is however different anong the
sanples. Specifically, it 1is found that with increase of the added anpunt
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 |layer, the rate of
expansi dralefet 8e bend-aligned region is faster. However, when the chiral
agent is added by an 5 anount as |arge as those in conparative exanpl es
#401 andsam@dde, tb91b5qu»dbgﬂﬂﬂﬁﬂaﬂgyeiohs 180-twisted even in the initial

state qgf non- véltage appld; | Oflach N which the nmajor axes of liquid crystal
nol ecule \ rd the alignnent film26 from
t he allgnﬂ§A+ 10 film23— VA a—voltage is applied across the |liquid

crystal| 1 #3@r fhat is alreadd?80-twisted inlthe initial state, the |iquid
crystal I#Qér ¢onti nuously chénges to bend alignment fromthe 180-tw st

al i gnmgnt #auat hout the necessgty of the bend|transition. Wien the resultant
15 |iQLIC¥&6ys al alsplay aevbce S acrually driven, a problemarises
during vvu#462m3p1 ay that Lllcollqwu

Table 7
Sample Bend (180° twist) — splay
transition time (sec)
#31 55
#32 98
#33 210
#34 _ 450
#401 00
#402 00
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
55



crystal layer shifts frombend alignnment to twist alignnent in a short tine
of several to several tens of nsecs, and this significantly decreases the
transmttance, 20 although no problem arises during black display. It is 56
t herefore concl uded that although the added anpbunt of the «chiral agent
(value of d/p) is preferably large fromthe standpoint of facilitating the
bend treautse t cell ithicknessf e abdy thealchiraln tgict i apdpd nthef ltikpuid
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 exdfgyetatsddyamne §peayratei ¢fnetxranstion nefathe baadspldameds the
vol tage, 10 conparative sanples #401 and #402 do not resune the splay

al i gnnent nﬁéntaiging the 1800-twi st alignnment, after the shutoff of the
voItagquql? tRet8P5"& found that the added anount of the chiral agent
(value of d/p) is preferably large to |lengthen the tinme required for the 15

liquid crystal |apgieler eswfnt henap! apidkilonggeht! r 991 488e8engyaldpgnment .
As descri bed above, by conparing the results
5 amount as large as those in comparative examp.les #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 f£ilm 23. When a voltage is applied across the 1liquid
crystal layer that is already 180° ~-twisted in the initial
state, the liquid crystal layer continuously chanées to
bend alignment from the 180° -twist alignment without the
necessity of the bend transition. When the resultant
15 1liquid crystal display device is actually driven, a
problem arises during white display that the liquid
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 is
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obt ai ned during voltage application (Tables 4 and 6) with the results
obt ai ned during shutoff of the voltage (Tables 20 5 and 7), it is concl uded
that the preferred range of the 57 added anmount of the chiral agent is 0 <

d/p < 0.50.

(Embodinment 2) In a liquid crystal display device of Embodi ment

2 of the present invention, TN alignnent that is 5 continuously connectable
w t h bentheaxte fornenicawliudedpphiatatabbhotigh ild agédedquamdunr olfi gitee t han

Ver i s

trapped in the whole area of the second liquid crystal region.

The

TN al i gnnent as used herein refers tqQ a type of tw st _alignnment in which

the tw &h

70 to

whol e area o

iRyl eagent, {¥alue fhgd/er 365t refEnaR) vsilfe geot EoPr dis abl v

110 inclusive. In the follow ng description, assune that the tw st

angle i 5,80l hbe bEoukdesmustal g SHRY dsulGe PLanEThadent 2. fhe

€ second S as the transi

quiad cry ggion - ac

nucleus for allowing the first liquid crystal region to make the splay-bend
transitigrefdP@heyolsmalNef b end thhapiln ©onodf te tthhshiltitdidce

crystal

5

10

15

20

region can be attained nore reliably

(luminance of the panel) during white display in actual

‘driving.

From Tables 5 and 7, it is found that while
samples #31 to #34 of this example resume the splay
alignment with time after the shutoff of the wvoltage,
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
liquid 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

5 and 7), it is concluded that the preferred range of the
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at higher speed than in the liquid crystal display device 20 of Enbodi nent
1. 58 To formthe second liquid crystal region, an alignnent refresh
process, for exanple, nmay be adopted in which after roughly the entire area
of the first liquid crystal region is bend-aligned, it is splay-aligned
from5 the bend alignnment via n-twist alignnent. This alignnent refresh

pr ocess ddaderaneurd be anid Yemgralvaease @ oleastpti 0e5es high as Ver
across the liquid crystal layer for a predetermned time, for exanple.

Alternatively, the second liquid crystal region 10 described above may be
forned HyERRRHBeAtpRddet ermined ampunt of a chiral agent to the |iquid
crystal material. Hereinafter, the liquid crystal display device of

Enbodi ment 2 wi |l _be dgfcrib d specifically wth.referenc to the rel evant
r i ngs. 16 [ A | BmntCF G FBs PRkt he bt aeFdfra 6 EbPoi it one
liquid crystal region in the alignnment refresh process wll be described.
The stryctupg oftHdie pr@dehtc’ YehderdiBHaY TN alignment that is
S continuously connectable with bend alignment 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 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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device 40 and that of the liquid crystal elenent 30 20 thereof are the sane
as those shown in FIG 2(a), and thus 59 the description thereof is omtted
here. Note that hereinafter, description will be made for one pixel of the
liquid crystal elenment 30 for sinplification. FIG 10 is a plan view of one
pi xel of the liquid 5 crystal elenment 30 of the liquid crystal display
device 40 of Enb@b neidrn?, tdse viseedndn lhgudidr ectnyontabr nmedgiont hean
substrate. As shown in FIG 10, the liquid crystal layer 27 of the liquid
crystal elenment 30 has the first liquid 10 crystal region 27F and_the
secondI?ﬁhgﬂméﬂﬁﬁ€ﬁf¥%ﬁhoP?EQ§Sﬁhef9@uﬁ%PmPhﬂvdWﬁ&s?%la@&ﬁ%ﬁﬁz#B i s
conposed of a portion along the periphery of the pixel and a stripe

Phe. 1ir<fhPo, M R0 R Ol Ponk BEeP, &R by tHite Lheaka TG

crystal region 27S in one pixel. The second liquid crystal region 27S may

be fornmegrysthsi dedienpide! behlde Ali ghe@nt iaf ihe épp@ydamiﬁab@l FapRr 27

is regulated with the regulating force of the surfaces of t

5 the bend alignment via 7T -twist alignment. This alignment
refresh process is performed by applying a voltage at
least twice as high as Vcr 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 reference
to the relevant drawings.

15 [Alignment refresh treatment]

First, formation of the second 1liquid 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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20 alignnment filnms 23 and 26 forned in contact with the 60 5 liquid crystal
|l ayer 27. In the case of FIG 10, for exanple, the alignnent filnms 23 and
26 are rubbed to regulate the pretilt directions and pretilt angles of the
liquid crystal nolecules. The rubbing direction (first direction) 17 of the
first alignment filmregion 26F of the alignnment film26 on the |ower

substratihe?4 des@Riptlieh t aHd¥edEet ikl ofliftd@dd Omdfe! e PREEEON tat he
first liquid crystal region 27F near the alignnent film 26. The rubbing 10
direction (second direction) 19 of the second alignment filmregion 26S of
the ali gremvindfter26desqmEiptien wdlli fee mmadel fodi roact i pixel blife o ti on
of the second liquid crystal region 27S near the alignnent film 26. As
shown in FIG 10, in_the liquid crystal elenment 30, the pretilt 15

di recti diBiid erystad ﬁLﬁﬂQﬂ%r%@téprr§$m94¥ﬁ¢9¢§loﬁerpendicular to the

pretilt direction of the second Iliquid crystal region 27S in the area near

the alignment Tihm:26;,The ali gURNG1di BA3RE Pl PRSE $HRSL 13 S
5 crystal element 30 of the liquid crystal display device 40
of Embodiment 2, as viewed in the direction normal to the
substrate.
As shown in FIG. 10, the liquid crystal layer 27
of the 1liquid crystal element 30 has the first liquid
10 crystal region 27F and the second liquid crystal region
27S. The second liquid crystal region 27S 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 cfystal 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 roughly entirely rubbed in parallel with the rubbing 61 direction (first
direction) 17 of the first alignnent filmb5 region 26F of the alignnment film
26 on the |l ower substrate. This rubbing direction of the alignnent film 23
on the upper substrate is denoted by 18 in FIG 10. During non-voltage
application, the first liquid crystal region 27F exhibits splay alignnment
whi | e t e queiet ordeyg topd. d 1yt ak 7r.egi oIn 2 theeXbiakie SoEN BIGGnned] fH&O-t wi st
alignnent). Once a voltage equal to or higher than the splay-bend critica
voltage (Vcr), the first 10 liquid crystal region 27F exhibits bend

al i gnmegXamgke | | jthed aligrmengi sfidinsdedidceand pRévi d&¢ dirskgdusiang the
bend-aligned first liquid crystal region 27F. As described in Enbodi nent 1,

th d liguid tal. ' 27S act th f th | ay- bend
15 1 T and Tt hE st Fataer At Bl stk lnaheltal PRod e la o
or higher than the splay-bend critical voltage (Vcr) is applied.

Her ei nafitiqfuid eé#y5tAT We1eddeiedl, 12 and 13, the alignnent refresh
process will be described in detail.

5 The rubbing direction (first direction) 17 of the
first alignment film region 26F of the alignment film 26
on the lower substrate 24 is parallel to the pretilt
direction of the portion of the first liquid crystal
region 27F near the alignment £film 26. | The rubbing

10 direction (second direction)‘19 of the Second alignment
film region 268.of the alignment film 26 is parallel to
the pretilt direction of the portion of the second liquid
crystal region 27S near the alignment film 26. As shown
in FIG. 10, in the liquid crystal element 30, the pretilt

15 direction of the first liquid crystal region 27F is
perpendicular to the pretilt direction of the second
ligquid crystal region 27S in the area near the alignment
£film 26.

The alignment film 23 on the upper substrate is

20 roughly entirely rubbed in parallel with the rubbing
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20 FIGS. 11, 12 and 13 are views showi ng the alignnent states 62 of the
liquid crystal layer 27. FIGS. 11 and 12 show the alignnent states of the
liquid crystal layer during the alignnment refresh process performnmed before
actual driving of the liquid crystal display device, and FIG 13 shows 5
the alignnment states during actual driving after the alignnment refresh

process dilfedtiien {£irkt anid-dStiod)sal7 st i PHe! FARE tArLl SGeMBnRY il bol d
lines. Note that the outline of the pixel is also shown by the bold Iine.
In the illustrated exanple, no chiral agent is added to 10 the liquid

cryst al ne@i@mn al 26Fowefer , the widlligmwmenibscfidad |26 er ont hetliél alliogresent in
any region surrounded by a disclination |ine can be stabilized by adjusting

the kind (rotating direction) and added amount of the chiral agent. 15 The
al i gnrreﬁtqué:ﬁae%%' pr ocets RS EREsciion oRE 1@“?3%’5?%9 F1i%ast

once before actual driving of the liquid crystal display device. Wen a

i qui 0 geyshalcqElepbal Khudl e edibnabiBeeasp PR IRePIENe 1Y et rode
5 During non-voltage application, the first liquid
crystal region 27F exhibits splay alignment while the
second 1liquid 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
1S transition of the first 1liquid 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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20 resultant liquid crystal layer 27 is splay-aligned in the 63 first liquid
crystal region 27F and 900-twi sted (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 liquid crystal region 27S. 5 A
hi gh voltage is applied across the liquid crystal layer 27 in the state

shown i il €he lifguidlNerysballi adwat tage | Figef e1ablandt s easiod WKRE as
high as Vcr. The "actual l'y nmeasuréd value of Vcr for the liquid crystal
material is 2.3 V. In this enbodinent, therefore, 10 8 V was applied, for
exanpl e.aldgenemt \«tatge iof &pplikilquiie dyatadgnebayeyi chsringr otimeled by
the disclination lines in the second |iquid crystal region 27S act as
transitiaqn nuclej, triggeringﬁthe portiaons of the first |iquid crystal

regi on FARFBRNE hEefraih t PORCSSS drerborpechhgEors serdiali findshtngas

shown in FIG 11(b). Wth this change to bend alignment, the disclination
reforri O tore cailoe el WMGITA! Al Poand, IR I3 ifone | qui o
crystal layer in 20 FIGS. 11(a) and (b) will be described in detail. FIG
5 the alignment states during actual driving after 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 1line.
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 liquid 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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64 11(d) is a partial enlarged view of an area 11A surrounded by the broken
line in FIG 11(a). As shown in FIG 11(a), during non-voltage application,
the second liquid crystal region 27S, which 5 is entirely in TN alignnent,
has two different types of alignment states. One is the alignnent state in
the regions surrounded by the disclination Ilines as showm by (1) in FIGS.
11(a) arglifsl), hbduiille eidywtal thegabngnzam aaidit e90n-thésted ongrshown by
(9) located adjacent to the 10 regions (1) via the disclination lines. In
the TN-aligned_second liquid crystal region 27S, the alignment directions
of |.qu.@he9%%| igpltdral eecoeg stigyide srastal woesdes rhlesagr shown
respectively regulated wth the rubblng direction 18 (of the alignnent 15

[ 25 0, W RS 0S8 epERYaTaLy 1oy VARLR A oyigp (e e

Therefore, the allgnnent state of the I|qU|d crystal nolecules in the
second |dgihél CINStRk MROIDN Fiedl BelwdRs 1GHM & EL-9ekWiIS& i W02y st and

cl ockwi se 90* twi st., From polarizing 65

5 A high voltage is applied across the 1liquid
crystal layer 27 in the state shown in FIG. 1ll(a). The
applied voltage is preferably at least twice as high as
Vc:. The actually measured value of Vcr for the 1liquid
crystal material is 2.3 V. In this embodiment, therefore,

‘10 8 V was applied, for example. Once the voltage 1is
applied, the TN-aligned regions 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 nuclei

15 to change to bend alignment, as shown in FIG. 11(b). With
this change to bend alignment, the disclination 1lines
extend into the first liquid cfystal region 27F.

Hereinafter, referring to FIGS. 11(d), 36(a) and
(b), the alignment states of the liquid crystal layer in

20 FIGS. 1ll(a) and (b) will be described in detail. FIG.
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m croscopi ¢ observation, it was found that the regions T are 900-tw sted
count ercl ockwi se while the regions (2) are 90* -twisted clockwise. In FIG
11(d), a liquid crystal nolecule 68a existing near the alignnment film 26 on
the 5 | ower substrate and a liquid crystal nolecule 68b existing near the
alignment film 23 on the upper substrate are diagrammatically shown in each
of the rep(@psiéDaaphrdt)al enlbhggdeordew (dE, an Gireh cLYAt surid aodéds are
90*-twi sted counterclockwi se toward the |ower substrate fromthe upper 10
substrate. In the region (2), liquid crystal nolecules are 900-tw sted

cl ockwi Yt bh@r Broken didre sibsFigte 1fl{@h t he upper substrate. In addition
to the difference in the direction of the tw st between the regions T and

(2) described aboye, 5 thereg is ual | ifference in tilt | e

bet ween t hese reg%&ns.s i A angié'wi I]1yl @%Fdes Y wi Pﬁ’nr'é'?cg]rn'g?ﬁ% to
FIGS. 36(a) and (b). FIGS. 36(a) and (b) are views diagrammatically show ng
the ali icé%ibﬁ%(ihé'%@d%n&ri§dﬁi&m5§9§w§%'Eeb %d‘@?@?sgﬁfﬁﬂ (2),

respectively. 20 Note that in these figures, “th iquird crystal ecul es 66
are shown in the two-di nensional plane in their untw sted
5 1is entirely in TN alignment, has two different types of

alignment states. One 1is the alignment state in the
regions surrounded by the disclination lines as shown by
® in FIGS. 1l1l(a) and (d), and the other is the alignment
state in the regions shown by @ 1located adjacent to the

10 regions @ via the disclination lines.
In the TN-aligned second 1liquid crystal region
278, 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(d). Therefore, the
alignment state of the liquid crystal molecules in the

second liquid crystal region 27S includes counterclockwise

20 90° twist and clockwise 90° twist. From polarizing
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state to focus attention only on the tilt state. As shown in FIG 36(a), the
liquid crystal nolecules inthe region T are in atilt state (uniform 5
tilt state) in which the tilt direction is uniformfromthe upper substrate
21 to the | ower substrate 24. The wuniformtilt state refers to the
alignment state in which when the head 53a of the liquid crystal nolecule

68b  exinfild Atk BE6BL co%s?é@s?&fﬁbﬁ (fir g¥8MPcind h%hHQpeEhéoréﬁki%ﬂ@t@ﬂ)
points to the center of the cell, the head 54a of the [iquid crystal

nol ecul e 68a existing near the other substrate (for exanple, the | ower
subst r atexre2490° et s tied ocounttextc Madhwibe mﬂﬁﬂeathesmégimmsa§DSMmm1in
FIG 36(a). 15 As shown in FIG 36(b), the liquid crystal nolecules in the
regi on t state (splay tilt in which spl di stortion

i s concgﬁz rgi'[‘gﬂé?ﬁg E‘F’eio%ﬂi'-é? -of e FFﬁm dﬁ:??gt al?d| dyguit Stt ay

tilt state refers to the alignment state in which when the head 20 53b of
the uppl S ERLF Je gt SRYST O, BELY, Pl TH GifRE R B SAHEE o
the liquid crystal
5 lower substrate and a liquid crystal molecule 68b existing
near the alignment film 23 on the upper substrate are
diagrammatically shown in each of the regions @® ana @.
In the region C), liquid crystal molecules are 90° -twisted
4counterclockwise toward the lower substrate from the upper
10 substrate. In the région @, liquid crystal molecules are
90° -twisted clockwise toward the lower substrate from the
upper substrate.
In addition to the difference 1n the direction of
the twist between the regions @® 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 @, respectively.

20 Note that in these figures, the 1liquid crystal molecules
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nol ecul e 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 liquid crystal nolecules in the splay tilt state
10 are rote aShownd irp bheortavd dihénsliohalegshawéhen byhednt umtarisd ted
changi ng the alignment (bend, twi st, splay). Therefore, the regions and are
partitioned with distinctive di sclination. Wen liquid crystal nmolecules in
the 7r-tsate 1g Spcysn@titenbieoneopdid ant igrerehilsr et@dserved in their
untwi sted state to focus attention only on the tilt state, they are in the

uniformtilt statg as |n t he regl Gé HQ |be% abov. se alignnents
are topol ogically AR oD mn gfﬂé dfﬁ% t Y nT 20
can continuously (snDotth) change to 7r-tw st or bend 68 allgnnent and t hus

The: spt & T rfTe (3 thE e adERR WD, &Fg) o o8 LY AR g SN R ey

5 tilt state) in which the tilt direction is 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 liquid crystal molecule 68D
existing near one substrate (for example, the upper

10 substrate 21) points to the center of the cell, the head
54a of the 1liquid crystal molecule 68a existing near the
other substrate (for example, the 1lower substrate 24)
comes into contact with the substrate surface, as shown in
FIG. 36(a).

15 As shown 1in 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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process of form ng an alignnent discontinuous point such 5 as disclinatlon
IS necessary. Therefore, the region falls to act as the bend transition
nucl eus. As described above, in FIG 11(a), the regions existing in the
second liquid crystal region 27S act as the bend transition nuclei. Once a
hi gh voltage is 10 applied, therefore, the regions (1) in the second |iquid
crystal sebsbnaléS (@dr aextmplie,anshéi apperc| subs timaitgge21 hgpioimtfs r sb
liquid crystal region 27F to change to bend.alignment as shown in FIG
11(b). In a predetermned tine _after the start of_ 15 aEpquation of the

hi gh” vol Ehgecenken iafstthe gGrdlor yhe headgbdh o taapléanig suewsEalbend

alignnment as shown in FIG 11(c). The application of the voltage is halted

ol T onmerioL668Ys (BRA E¥ERE LSS e it SRR o VR, (el

after the halt of the high voltage application, roughly the entire first
liquid caysimpheledhd) Phlefhatsetrdt® MmiM 8l sRldHHES! £8S thoWen ekl G

12(a). As the tinme further passes, splay-aligned regions
5 of the cell. That is, in this state, splay distortion is
concentrated on a liquid crystal molecule 68c in the
éenter portion of the ligquid crystal iayer.
Liquid 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 @D and @ are partitioned with
distinctive disclination.
When liquid crystal molecules 1in the T7T-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 @

20 can continuously (smoothly) change to TmT-twist or bend
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5 develop fromportions of the X-twisted first liquid crystal region 27F
as showmn in FIG 12(b). The splay- aligned regions, together with their
disclination |lines, expand in the 7r-twisted first liquid crystal region
27F, while the 7t-twisted regions gradually shrink in the first 10 liquid
crystal region 27F. In a sufficient time after the halt of the high voltage
appl i catdloignnémt slarfd shusheaditscl asattilmn bleinges t riamstifei dn r stadliems d
crystal region 27 toward the second liquid crystal region 27F stops at the
boundary between 15 the first liquid stal region 27F and the second
liquid QfF y&Ehe cpa§irarya7 Shehregion C@qtﬁ dirr $8ealsplay ohiztF stateow
roughly entirely in splay alignnment, and the 7t- tw sted regi ons have

di sappegred from.the. first |iqui crystal. region 27F.. At .t.his time, the
70t S| oI EL i Yo The e o S BRE | ghid AR 4 egion
27S 70 as TN alignnent (90-tw st alignnent) continuously connectable with

bend al igryesEs def Ngovmhhadca@PRIliHmaMt dikdwhitifubak, PFOLhHI such

application of a voltage equal to or higher than Vcr). The entire second

liquid crystal 5 region 27S is 90-tw sted countercl ockwi se as the region
5 as disclination is necessary. Therefore, the region

fails to act as the bend transition nucleus.

As described ébove, in FIG. 11(a), the regions C)
existing in fhe second liquid crystal region 27S act as
the bend transition nuclei. Once a high voltage is

10 applied, therefore, the regions @ in the second liquid
crystal region 278 act as the transition nuclei,
triggering the first liquid crystal region 27F to change
to bepd.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. 1l1(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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(r) 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 eus. The wording "trapped” in the above description 10 refers to being
"confined and held". To "trap the ic- twist alignment in the entire second
liquid crystal region 27S as TN alignnment (90-tw st alignnment) continuously

connect adecav tdFtend #lé grHEDt dif i nthe/olHiBgle appl t &gkl oAppl ik aardn cul ar,
during application of a voltage equal to 15 or higher than Vcr)" neans to
confine the twist alignnent sequentially (snoothly) connectable with 7r
-twi st regughmkenthenentd rent fies tNldigugederegtean @eion RVEuichangest al
region 27S) as 90-twi st alignnment and hold the confined alignnment in the
pl ace. ‘The word%%gzzo "continuously connectable in the above description 71

i ndi cat &9 tFatwifet Ml hongeeE Asyihr®aNiBeFIf cdh@l-with the 7r -twi sted

region wi thout any alignnment discontinuous point such as a discllnation

[ine {hor obotuechs $nés ehfnehiched ofds . | Biliy ol igHeaCERgtidt  the

splay alignnment is nore stable I n ener

5 develop from portions of the m-twisted first 1liquid
crystal region 27F as shown in FIG. 12(b). The splay-
aligned regions, together with their disclination 1lines,
expand in the 7T-twisted first liquid crystal region 27F,
while the mw-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 1iquid'
crystal region 27S; The first 1liquid crystal region 27F
is now roughly entirely in splay alignment, and the 7T-
twisted regions have disappeared from the first 1liquid
crystal region 27F. At this time, the T-twist alignment

20 is trapped in the entire second liquid crystal region 27S
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twist alignment in the first liquid crystal region 27F (parallel rubbing
region in which the rubbing direction of the alignnent film 23 on the upper
substrate 21 is 10 parallel with the rubbing direction of the alignnent film
26 on the | ower substrate 24). The 7r-twisted regions .therefore shrink with
expansion of the splay-allgned regions. If no TN region exists in the

i quid asyst @N | alergnnidiet 7C (904 stwied onal(imnment)ed cegitdnmolfsly
continuously connectable therewith) will shrink with expansion of the

spl ay-al i gned regi ons and finalli_ di sappear. By providing the TN-aligned

&

regi on CSWRtableuidtéy pand addoaments)duringe ialfhiage cappddcatdt as

in this enbodinent, the 7r-twi st alignnment (or tw st 20 alignnment

conti nugus! y._connectabl e therewi th) is absorbed.72 into,the TN-aligned
Fegi on. R RERRIERIAR GUEIRY | BriicARPTIRE A Pbhicett TaRnt Eoes
not finally disappear but is confined in the TN-aligned region 27S as

90-twi sioral hgpeRH €ARK NWEPS.Y cameckaltlia-av Lhddia nli%[di"& Skrdldtnrent
and held in the place. Wen a voltage equal to or higher than Vcr is
applied for display after the conpletion of the alignnent

5 region 27S is 90° -twisted counterclockwise as the region

® in 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 7mw-
twist alignment in the entire second liquid crystal region
27S 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 Vecr)" means to confine the twist alignment
sequentially (smoothly) connectable with TT-twist
alignment in the entire TN-aligned region (second 1liquid
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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refresh treatnent described above, the second liquid crystal region 27S
acts as the transition nucleus nore 10 effectively, triggering the

spl ay-bend transition of the first liquid crystal region 27F nore reliably
at higher speed, conpared with the case that the alignment refresh ‘
treatment is not performed before the application of a voltage equal to or
hi gher tiradidé@tesHetleahaftles , TNveallbgnaddngeegiohhecahi drarenin sicairetadt t he
liquid crystal |ayer 27 observed after the application of a voltage equal
to or higher than Vcr for display will be described. Wen a voltage equa
to or hivgHer theRe Vver Thstwhpbefled redgiled | i quittheuyst aanyayeplipnugiiect ed
to the 20 alignnment refresh treatnent described above (FIG 13(a)), 73 the

first |igul regi F t he _spl ay- bepd Ltion with the
entire'ﬁ&%ﬁ#éﬁ%ﬁﬁgggondqg¥ﬁ¥6 q%$§§talgﬁegi%% 2 %ﬁi#ﬁ§%%§ m;i%é#wition
nucleus as shown in FIG 13(b). Since the entire second liquid 5 crystal
regi on Aherspstwsehhe transition nucleus, the splay-bend transition occurs

reliably at high speed conpared with the case that the alignnment refresh

5 As shown in FIG. 12(b), in the voltage-OFF state,
the splay alignment is more stable in energy than the 7T-
twist alignment in the first liquid crystal region 27F
(parallel rubbing region in which the rubbing direction of
the alignment f£film 23 on the upper substrate 21 is

10 parallel with the rubbing direction of the alignment f£ilm
26 on the lower substrate 24). The 7T-twisted regions
therefore shrink with expansion of +the splay-aligned
regions. If no TN region exists in the 1liquid crystal
layer, the n—twist regions (or 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) in the ;iquid crystal layer as
in this embodiment, the 7T-twist alignment (or twist

20 alignment continuously connectable therewith) is absorbed
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treatnment is not perfornmed before the application of a voltage for actual
driving. Wth the splay-bend 10 transition, the disclination |ines existing
al ong 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

appl i catimg  theglfy-4bighedentégiohi,r ds | istudiwth CLuSIELG I eddre )2.7F aonpl et es
the transition to bend alignnment. It was described that the second liquid

crystal region 27S exhibited bend alignnent in FIG 11(b) and n- tw st
al i gnnedthiish Frey.12(Bhe ThE anbshl i gﬁ%lmnmanﬁ t 099 nnagi st £dmiadddent

basically refer to the sane alignnment 74 state, but are herein used

the apri PR agt &% OPnEiPad BT Bhel M RLLREALEEAE, 208 45"

alignment state is called the 7Ctwi st alignnment, 5 while when the applied

vol t age gips AGpAdt t 819grMdIeEr cb'??c’lm}/&ﬁislgh%cﬁ{ﬂm% eShAlth | gnedl red the
bend al i gnnent. Accordlngly, the TN Il ment trapped in the second liquid
crystal region 27S is expressed as being "continuously

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 region 27S acts as the transition nucleus more

10 effectively, triggering the splay-bend transition of the
firsf 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 Ver. 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 Vecr is
applied to the 1liquid crystal layer 27 subjected to the

20 alignment refresh treatment described above (FIG. 13(a)),
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connectable with 7r-twi st alignnent" when no voltage is 10 applied (when the
voltage is OFF), while it is expressed as being "continuously connectable
with bend alignnent” when a voltage equal to or higher than Vcr is applied.
Herei nafter, rubbing of the alignnent films 23 and 26 will be descri bed
with reference to FIG 10. 15 The alignnment film 26 on the | ower substrate
24 has the first alignidntcriysbhalegrami@bF 2r7Fbedkes ttiee biplsy-bhemdti on
(direction of arrow 17 in FIG 10) and the second alignment filmregion 26S
‘rubbed in the,second direction (direction of arrow 19) different fromthe

first 20t%CRRBLELBR. THtRechh® disREirsn iWwzlignedyogeoonds r dhdbidhe

first direction. The second alignnment filmregion 26S is preferably forned

e second al i | mregio i |
Shown | R o 4o TeqkSy’ AR MR Tas B BEAM folon By Al S0 70 1,

define two separate parts of the first alignnment filmregion 26F having

roughl y dii@wisanen areG| N o3eb pi xel gifceur tREndenthese bwdnd t 9 ifuide
first alignment filmregion 26F. The shape of the second alignnent film

regi on 26S shown in
5 crystal region 27S acts as the transition nucleus, 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 disdlination lines existing along the

boundaries between the first liquid crystal region 27F and

the second 1liquid c¢rystal region 27S shift toward the

centers of the first 1liquid crystal region 27F. In a

predetermined time after the voltage application, roughly

15 the entire first liquid érystal 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 7T-

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

20 mw-twist alignment basically refer to the same alignment
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10 FIG 10 can further shorten the tinme required for bend- aligning the
first liquid crystal region 27F conpared with the shape of the second
alignnment filmregion 26S shown in FIG 1. If it is difficult to formthe
second alignnent 15 filmregion 26S so as to surround the first alignnment
filmregion 26F for sonme reason in the process, the second alignment film
regi on Z28Stay batf oared hévednoneseddadffetrbantiyr siepéndingntofhi |tthe egi on
26F. For exanple, as shown in FIG 14(a), the second alignnment filmregion
26S 20 may be in the _shape of three stripes extending near the 76 two m nor
si des aﬁ'&g/fl‘h’et‘c‘,@ﬁt e?foftﬁﬁe PR edy valiads el y, Tthh’& sdcond "1&YynigH® film

region 26S nmay be fornmed in the shape of points. For exanple, as shown in

FIG 14 | j gngent, f il [ S {n of
t hree sc(f—ﬁ) rlelfé‘gl o?g’glg:%%ega%gt e tcl{eént’grhﬁgfq* t e&‘g‘?%{g Hg)r?dbaﬁle%rl%gg center of
the two mnor sides of the pixel. The shapes of the alignnment film regions

shown i yd# G tAd @an gHnidn€NgkheR te EhlRed @G M RA dpisPeAd1gnH g the
first liquid crystal Tegion 10 27F. The shape of the second alignment film

regi on 26S
5 while when the applied voltage is equal to or higher than

Vecr, the alignment state is called the bend alignment.
Accordingly, the TN alignment trapped in the second liquid
qrystal region 27S is expressed as being "continuously
connectable with m-twist alignment" when no voltage is

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 Vcr is applied.

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

15 The alignment film 26 on the lower substrate 24
has the first alignment film region 26F rubbed 1in the
first direction (direction of arrow 17 in FIG. 10) and the
second alignment £film 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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and the like are not limted to those descri bed above, but nay be
appropriately determ ned depending on the design of the panel. As described
i n Enbodi nent 1, the width w of the 15 second alignment filmregion 26S in
one pixel (for exanple, 80 pmx 240 pn) is preferably in the range of 5 pm
to 60 pm The area of the second alignnent filmregion 26Sis preferably
about 1/#fe tRids¥d dirkotdsgect to the area of one pixel as 1. Wien the
second alignnment film 20 region 26S has a size falling within the above
ranges, 77 1800-tw st alignnent can be effectively trapped in the entire

second |iquid crytpgl regrerd7saddgueenti stfidm gnkediowy t HP 2l i ghfrent

refresh treatnent, and this nakes the second alignnent filmregion 26S act

fim 2R, 1SRG, 33, HEHEURpa ThAR Sl elra i L AL BARHED ot

only for the alignnment filmhaving the first alignment filmregion 26F and

the secqidingl ragiem 26FM 262" @SN d0 % sBAVAN Nkl 81c6l0, 1oyt tneo for
alignnment films having alignnment filmregions in various shapes. Note that

t he
5 second alignment film region 26S is formed so as to define

two separate parts of the first alignment film region 26F
having roughly the same area in one pixel and surround
these two parts of thé first alignment film region 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 film
region 26F for some reason in the process, the second
alignment film region 26S may be formed along one side of
the first alignment £film region 26F. For example, as
shown in FIG. l4(a), the second alignment film region 26S

20 may be in the shape of three stripes extending near the
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alignment filnms in Enbodinment 2 can also be forned by the
I n Enbodinent 1, and the alignnent filns

by the

net hods descri bed
in Enbodi nrent 1 can al so be forned

nmet hods 15 described in Enbodinent 2. First, the alignnent film 23

is formed on the transparent electrode 22 on the upper substrate 21,

the ali
upper s

gnment film26 is formed on the transparent electrode 25 on th
Whed i fo24sifel0landn eige f EbHEe20 JOrt X apPkB1 .1 S used as the

and
e

alignment films 23 and 26. 78 Roughly the entire surfaces of the alignnent
films 23 and 26 are rubbed in the first direction (direction of arrows

and 17)

. The al i gAkternfdtinebyi s thet sercandbed igiimgnt f£lmskegion

Hereinafter, the rubbing of the alignment film26 wll| be described with

referen
of each
pi xel ,

pl astic

film 26. e

5

10

15

20

ce to FIGS. 15(a) to.(c). Note that in FIGS. 15(a) to (¢),
Sat iy i £ hi FhgaRape (o BRLAtRy moRoPReTRIR |
or a plurality of openings may correspond to one 10 pixel. The
may be in 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 film
regions shown in FIG. 14 can also shorten the time
required for bend-aligning the first liquid crystal region
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
second alignment film region 26S in one pixel (for
example, 80 upm x 240 um) is preferably in the range of 5
pm to 60 pm. 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. When the second alignment f£ilm

region 26S has a size falling within the above ranges,

77
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physical mask is not necessarily made of plastic, but may be nade of netal
or glass. The shape and the like of the 15 slits nmay be appropriately

determ ned depending on the desired shape and the |like of the second
alignment film 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

poi nts a@Naedisd alPAmEndS §8AWbEN &F fec?@vialP) triippdd t g share of
squares arranged in a matrix as 79 shown in FIG 15(c), depending on the

desired shape and the |Iike of the second alignnment filmregion 26S. Msks
havi ng feimd s | tsecondar Laguishapesystadr regrhonhe 2731 uasr af et -ames tray
al so be used. The thickness of the 5 nmask is about 50 pm for exanple. Wth

the plastic nmask 24 aced on and fixed to the allgnnent film26 and
r egi ons 3 9NREnE | gmgeﬁ:thQ| Iar%WfH??%EpoTﬁ%ﬁﬁ@SPo treatment of apkk e

exposed, rubbing is perforned in the second direction (dlrection of arrow

élgl) gﬁ(r)re‘r‘lr{%q#el% fn : g%e&{cﬂ{eﬁh rsiéﬁlﬁléaglmrag lnon %ﬁeg} (r)n 6F rc]tﬁbegl nq} ho L1

first direction and the
5 effective transition nucleus.

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

10 as shown in FIG. 10, but also for alignment films having
alignment film regions in vafious 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 f£film 23 is formed on the
transparent electrode 22 on the upper substrate 21, and
the alignment film 26 is 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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second alignnent filmregion 26S rubbed in the second direction that is at
90 fromthe first direction. The alignnment filns 23 and 26 are fornmed in the
manner descri bed above. The alignnent film 26 nay al so be fornmed by the

foll owi ng nethod. Note that the alignment film26 showmm in FIG 15(d) may
correspond to one pixel or a plurality 20 of pixels. 80 After the rubbing of

roughl y rbagRIyi mhSushetee @urfwcasi oFBiHe f Al igamdrt t he1fnst 13 dangcti on
(direction of arrow 17), predeterm ned regions of the alignnent film 26
are selectively rubbed in the direction of arrow 19 5 (second direction)

usi ng a 26 apfeesbhrdeins3hevfhgshi thiregipnoj(ddtieskion bifneaprowsds.
The roller is not necessarily made of stainless steel, but my be nade of
pl astic fé otaer terials. The stainless roller 55 shown in FIG 15(d) has
a plural BE 13 )% ne pits and projections formed by machi ni ng. For
exanple, the width w of the projections is 10 pm the interval d between

Eget ﬁreoifﬁteirons ' g0 PThnARA L NP1 1feI M 18 FuttifeR’ Pufifbd @R d4 Lespect

5 mask. Hereinafter, the rubbing of the alignment film 26
will be described With reference to FIGS. 15(a) to (c).
Note that in FIGS. 15(a) to (c), openings of each mask 65
are shown only partly. One opening may correspond to one
pixel, or a plurality of openings may correspond to one

10 pixel.
The ©plastic mask 65 having physical slits
(openings) 1is placed on the alignment film 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 secoﬁd alignment £film
region 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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portions is 300 pm The width w, the interval d and the 15 height h of the
projections are not limted to the above values, but may be appropriately
determ ned depending on the pixel design of the actually fabricated |iquid
crystal display device, the desired shape of the second alignment film
region 26S, the rate of conform ng products or the 20 yield in the

fabri catshswipr agesprand 15ec) | kalefdndifigr ¥t itheal dexiged $hepeoldred 55 is
fixed at the position at which the projections of the stainless roller 55
are pressed into the alignnment film26 by about 50 pmfromthe surface on
whi ch t Hher diket iathsthee sesend jad ignment Witlm thegibngridfisht f iMasks. The
roller 55 is then rotated at a rotational speed of 500 revol utions per

m nute (r and.the aljgnment film?26 is al|owed to pass der the
rotatim?%%gﬁ%r g%“&t SIbYF ngl8ped@IsioUs o SBAPES &P{hﬁg oggﬁ%icﬁbe
regions of the alignnent film26 10 into which the stainless roller 55 is

pressed sy i C r4bed f kng t S L gnpent Il m
regi ons 1%3%%?%5&5\62@@[ hgggl(i gnn‘gn%)efi g:Fn 6 th'#}g%gﬁﬁ\?\?n%gﬁééghgﬁ the
i nter-projection spaces of the stainless roller 55

5 mask is about 50 pm, for example.

With the plastic mask 24 placed on and fixéd 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 region 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 film 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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15 pass are not in contact with the roller because the pressed-in anmount of
the projections into the alignment filmis 50 pmwhile the height h of the
projections is 300 12m | and thus the previously formed rubbing in the
direction of arrow 17 is kept unchanged. These portions 20 therefore serve
as the first alignnment filmregions 26F 82 used for inmage display. The
alignment film 26Aftefrortkd irubthEngamter rodghdy beHealmyveirdl tsermdceel v,
the alignnment film26 in this 5 enbodi nent may be forned by adopting a
phot ol i t hographi c . process_used in the sem _conductor process. Hereinafter,

an exanfe bhrendddgnmsdithgt Limng 6t He pHe of Lrsdgrdireetippodddgragiione
described with reference to FIG 16. Note that in FIG 16, openings of a

Dol otE SrhPl Yy BFelebbafiriad rEaiot hho R SELORRRRE A Qe "

roughly the entire surface of the alignment film26 is rubbed in the first
di recti ofe ( dideeCkiB ctfively OWubbeds ithO¥Ael NafHECti®nA) ofa £LPBOYI VED

phot or esi st
5 (second direction) using a stainless roller 55 having pits
and projections at fine periods.

The roller is not necessarily made of stainless
steel, but may be made of plastic or other materials. The
stainless roller 55 shown in FIG. 15(d) has a plurality of

10 fine pits and projections formed by machining. For
example, the width w of the projections is 10 pm, the
interval 4 between the projections is 100 pm, and the
height h of the projections with respect to the other
portions is 300 pm. The width w, the interval 4 and 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 1like.
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15 29 is applied to the alignnent film26 as shown in FIG 16(b). As shown
in FIG 16(c), after prebaking, the alignnent film26 is irradiated with UV
via the photomask 60 and then inmersed in a devel oper. Postbaking is then
performed to allow resists 61 to be fixed to the alignment 20 film 83 By
t he process described above, a predeternmined region that is finally to be

the second alignnepé fidtAtiSPaPNakGS | &£ SehectiyEl ¥rexposisl asxs@owt i n
FIG 16(d). The alignnent filmis then rubbed in the second direction 5

(direction of arrow 19) that is at an angle of 900 from the first

di recti dine Thosrdsian s adl whdchhettheenpredecAs ores r el thef ostrad ndestshe

alignnment film26 are the first alignnment filmregi on 26F rubbed in the
and the second alignnment filmregion 26S rubbed in the 10

first direction . . .
second ﬁéi%ﬁqoﬁstﬁﬁgi%F%fsﬁﬁ dffie Bheodl gt hefiilisi26 PYe@BME In

this way, the alignnent film26 is formed. The alignnment filns 23 and 26

b tical «alj t L ' . h
for i ng 0, 168 F2ohII(RE. surdfee BO7IRCR  cnd SEETRLEAONS JELINGSET |
FIGS. 17 to 20. Note that in FIG 17,

5 in contact with the alignment f£ilm 26. The roller 55 is
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 film 26

10 into which the stainless roller 55 is pressed are
selectively cut (rubbed), forming the second alignment
film regions 26S.

Regions of the alignment film 26 through which
the inter-projection spaces of the stainiess roller 55

15 pass are not in contact with the roller because the
pressed-in amount of the projections into the alignment
film is 50 ym while the height h of the projections is 300
pm, and thus the previouslf 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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openi ngs of a photomask 62 are shown only partly. One opening nmay
correspond to one pixel, or a plurality of openings may correspond to one
pi xel . The alignnent filnms 23 and 26 made of polyvinyl 20 cinnamate (PVG)
are formed on the transparent el ectrodes 84 22 and 25 on the upper substrate
21 and the | ower substrate 24, respectively. The entire surface of the
alignment film23.is then irradiated with non-polarized UV, while the
aIignneM§Q4Ié%%GlyggFrgéﬁQhQXfvwth non 5 pol arized W via the photomask 62
to allowregions that are finally to be the first alignnent filmregions to

be irradiated aspaBowm i gnfibt 1£i14S 55€ PHOLAIERES 62 ORGd A NdHh e
plurality of square openings arranged in a matrix as showmn in FIG 17 10

was used. However, the shape and the |i ke of the openings 15 nay be

appr opr icksstryiwked eabowed dependi ng on the desired shape and the like of the
second alignnent filmregion 26S. The UV irradiation amount was set at 60
j/Cv for the wavel ength of 254 nm for _exanple. After the |ight

i rradi ati on descrhbtarapdiyekhe the alignment £ilm 26 in this

5 embodiment may be formed by adopting a photolithographic
process used in thé semiconductor process. Hereinafter,
an example of mask rubbing using the photolithographic
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 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. 1l6(a), a positive photoresist

15 29 is applied to the alignment £ilm 26 as shown in FIG.
16(b). As shown 1in FIG. 16(c), after prebaking, the
alignment film 26 is irrédiated 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 film.
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entire surfaces of the alignment filns 23 and 26 are rubbed. In a liquid
crystal display device fabricated using the resultant alignment filnms 23
and 26, the first 20 liquid crystal region 27F is uniaxially aligned al ong
the 85 rubbing direction, and the second liquid crystal region 27Sis
TN-aligned (90-twi sted). Also, the pretilt direction of the portion of the

first liquid crysggl +h&gigtbdddsneRisditoalli Hwewé , fid Mp2Bdetdrnahied 90

from5 the pretilt direction of the portion of the second liquid crystal
region 27S near the alignnent film26. Hereinafter, the reason why the

i quid aregten thati ods ZfEnadd.yZ7Soarbealﬁlgele($ezmmtéseﬂiitgadneﬂnbvefmmI be
described with reference to FIGS. 18 to 20. FIG 19(a) 10 diagrammatically
shows the nDIecuIar structure of the alignnent filnms 23 and 26 forped on

the subi§AW . 26Re 19 efelpgitisvelof ﬁ‘@se;@g(%‘; ghawnoe)inyi BEFamb(Xht | y
show the nol ecular structures of the alignnent film23 and the first

o R AR EEL AP R B by Bl L
5 (direction of arrow 19) that is at an angle of 90° frqm
the first direction. The resists 61 are then removed. As
a result, formed on the alignment film 26 are the first
alignment film region 26F rubbed in the first direction
and the second alighment 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 films 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 films 23 and 26 made of polyvinyl

20 cinnamate (PVCi) are formed on the transparent electrodes
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second alignnment filmregion 26S of the alignment film26. FIG 19(d)

di agrammatically shows the alignnment state of liquid crystal nolecules 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 main chain and a
side chain perpendicular to the main chain. It is known that when the film

is irraglpatgddaw b penariass LM?pQBOt edbERItaed | 0915 aaldecitnee! yiogeHrs if
the direction of the extension o the side chain matches with the
pol ari zing direction, as shown in FIG 18 (lower part). As a result of the
phot odi nsubgtrate, 24e |Tespedctiysilyt. nol Bhel esntire asughiadei nofhethe
direction perpendicular to the direction of 10 the polarizing direction,
that is, i£ the direction _parallel to, the _main chains. Wen the aJignnment

filmis #13aPeRed SR roh- 1501 dhePeditvadiidiesti Waithy aPPBT DA S26D al |
directions as shown in the left half of FIG 19(b). Wen such a 15

OnoL o0 ) Al SOREN dALRER ! UBERR, 0168 R ed WP 06

5 polarized UV via the photomask 62 to allow regions that

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 1like 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 light irradiation described above, the
entire surfaces of the alignment films 23 and 26 are
rubbed.

In a liquid crystal display device fabricated

using the resultant alignment films 23 and 26, the first

20 liquid crystal region 27F is uniaxially aligned along the
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the left half of FIG 19(c), and as a result, liquid crystal nolecules are
aligned in the rubbing direction as shown in the left half of FIG 19(d).
20 On the contrary, when the alignment filmis 87 rubbed w thout the W
irradiation as shown in the right half of FIG 19(b), the main chains of
PVC are aligned in the rubbing direction but the side chains do not foIIow

t he- rubl}]ld%ﬂlléeql £$o ho an the rddddn d&'allf ﬁ id! GryatleX Che

result, l1quid cryst mol écul es are al | gne e dir t|on perpendlcular
to the rubbing dlrectlon as shown in the right half of FIG 19(d). In

consi dertg oniof TiNe adkiayreedt h¢ 9abP i-gpwiedted ) L m 2@ liso ) rredeat paretiilt | i ght
by the nethod descri bed above 10 with reference to FIG 17, to obtain the
alignment film 26 having the first alignnent filmregion 26F and the second
al i gnmedtingctiongi 8 26BeasPOFdHPN n Ff Gt fihrshi sliguyjd t FEYSHRakal
alignment filns 23 and 26 are fornmed. As described above, the allgnnent

added & TR 47 o e Ene el len By <l o f5 e Srafeman tnis
embodi nent ,
5 the pretiltfdirection of the portion of the second liquid
crystal region 27S near the alignment film 26.

Hereinafter, the reason why the liguid crystal
regions 27F and 27S are aligned as described above will be
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 film 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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to enable the second liquid crystal region 27S to act as the bend
transition nucleus nore effectively. 20 The added anount of the chiral agent
is 88 preferably set so that the ratio d/p of the thickness d of the liquid
crystal layer to the natural chiral pitch p of the chiral agent-added
liquid crystal l|layer satisfies O :~ d/p < 0.50, for exanple, as described

amount GoxTRSR;  BE" EnPs BENARRY CE Tt EoRBYEA D PERIN R e

range described above, decrease in transmttance and asymmetry in view ng
angl e chagmsd£8aSbIEC LCHae sHARKESIRT 4 r 91840 cheaW rpespahai cuhar il d
crystal display device provides white display In actual driving. The added
anount of the chiral agent is nore preferably set to satisfy 0 < d/p 0.15.
By this theet main ddvatnase i nItrabsnkhawne thasubwhem i &lhley 15 Jom evisnt ed
fromoccurring when the liquid crystal display device provides white
display in actual drivin conpared with a liquid crystal ,sanple using no

chiral  dderdighgd | s?’li%;'i‘ thi Pekdodreent, Wis pleBHPeimerdzatskqn t wo
5 selectively occurs if the direction of the extension of
the side chain matches with the polarizing direction, as
shown in FIG. 18 (lower part). As a result of the
photodimerization, the 1liquid c¢rystal molecules are
aligned in the direction perpendicular to the direction of
10 the polarizing direction, that is, 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 left 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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mutual Iy contradi ctory conditions of ensuring the bend 20 transition and

mai ntai ning the optical characteristics, 89 which has been unattai nabl e by
t he conventional techniques. In the above description, the angle forned
between the pretilt direction 19 of the second liquid 5 crystal region 27S
and the pretilt direction 17 of the first liquid crystal region 27F was

about 9QyupHde aRdHout " the OV |1:%488at 90800 LVisRs 08RG a@héherﬂ%}%e v
satisfies 700 T :~ 1100 it is possible to effectively trap 7r-tw

alignment in the entire second liquid 10 crystal region as TN alignnent
conti nudueslfy eHnREGL.alll%( by t bheendhial i cinakns offr IPUCiapabe caligneai #n

vol tage equal to or higher than Vcr, by performng the alignnment refresh
treat ment before actual driving. Fbrelnafter t he reason why the bend
transititde Fsbh§WQm¢FFﬁﬂﬁkPmyb&§fbhﬁlﬁ}Q%ecﬁﬁkﬂﬁeﬁprQ@Fe§W1¥¢@atnem

as in this enbodinment will be described using G bbs free energy. First, the
change ind ey BLARA™ ke Bba b TLhY ST T SRR i 5. e
5 19(c). As a result, liquid crystal molecules are aligned
in the direcfion perpendicular to the rubbing‘direction as
shown in the right half of FIG. 19(d).
In consideration of the above, the alignment f£ilm
26 is irradiated with light by the method described above
10 with reference to FIG. 17, to obtain the alignment film 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 is
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20 be described. 90 Cell paraneters used for calculation are as foll ows.
The cell thickness d is 6 pm and the chiral pitch p of the liquid crystal
material is 40 pm As shown in FIG 21, assune that the first liquid
crystal region 5 27F and the second liquid crystal region 27S are forned in
one pixel and that the pretilt direction (first direction 17) of the first
i quid cpyefakrabdy wet?7$doabtathely etdtio di/pecifi obhésehdrtknéigscdi 68 19)
of the second liquid crystal region 27S are orthogonal to each other in the
10 area near the alignnent film 26. Assune al so that chol esteryl nonanoate
(CN) as Bheodrandd ekyptalcHiaxgr hgerthe snabdsalt shiweal | piitehcry sedl
| ayer. The liquid crystal alignnment states that nay occur in the first and
' 15 the followi hg three st

second ljquid ¢grystal regio re . 15, tes:
R KGhdzat, agenfsrdded, didiid CEaNEdal cHRRPEe SRLABRAE St 0aRi gnment

counterc
and splay alignment. Theoretical calculation of the G bbs free energy

during nefipVvel t §960aPPELEAld LAMYRE s dAE58a N eRxehiRs: 1angnghe
results are as shown in Table 8 20 bel ow.
5 will be described later in Example 3.

Since the added amount of the chiral agent is
limited to a small amount to fall within the range
described above, decrease in transmittance and asymmetry
in wviewing 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 c¢hiral agent is more
preferably set to satisfy 0 < d/p £ 0.15. By this
setting, decrease 1in transmittance 1is 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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91 Table 8 Alignnent stateG bbs free energy (pj/ M) Countercl ockw se

7r-tw st2.9210 countercl ockw se 7C/ 2- 0.2496 tw st Splay0.5609 FIG 22

di agrammatically shows the alignnent states developing in the liquid
crystal layer 27 by the 5 refresh treatnent. Tine T = t] represents the tine
af ter | apse of a certain tine fromthe halt of application of hi gh

vol t age he resh treat i T,z,t2 pre |
after a Ig{)%% of flg%ot h?re%lgrt%&f-lt%eaga?)}%tib% T Hrlg at %%%%ﬁ{:ﬁ%ﬁége
di'sclination lines 10 separating the splay alignnment fromthe X-tw st

al i gnmrerdectvdigueeached the boundaries between the first liquid crystal
region 27F and the second liquid crystal region 27S. FIG 23

di agrammatically shows the relationship 15 in the magnitude of energy anong
the alignment stafles &#he above description, the angle VY formed

between the pretilt direction 19 of the second 1liquid

5 crystﬁal region 27S and the pretilt direction 17 of the

first liquid crystal region 27F was aboqt 90° . The angle

¥V is not 1limited to 90°, but as long as the angle V¥

satiéfies 70° < ¥ <110°, it is possible to effectively

trap 7W-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 4is 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

ligquid crystal molecules occurring during the alignment

refresh treatment (corresponding to FIGS. 11 and 12) will

20 be described.

90



times T =tj and t2 obtained using the G bbs free energy calcul ated val ues
in Table 8. The axis of ordinates of 92 FIG 23 represents the G bbs free
energy cal cul ated values, and the axis of abscissas represents the distance
(unit: arbitrary) fromthe boundary between the first |Iliquid crystal region
and the second liquid crystal region 5 when the x-axis extends in the liquid

crystal layer 27 (?esllsr‘ﬁggahiaégé&g% 285e§t tg e Tcéicuialt‘l%{'egfﬁgyas

splay-aligned region t el oped fromthé periphery of e pixe
exists in the first liquid crystal region 27F (x > 0). As 10 shown in FIG

23, W thothewexpangimn ekltlhetBpbRYredld ggedisr €0i @, ard ghtele eSRAGM1
counterclockwi se rt-twisted region shrinks. In other words, the

spl ay-al i gned region erodes the higher-energy counterclockw se it-tw sted
regi on. p¥heh gxmfesthenliguid cregtoh mataridl ghaedl at e XR) showns
eroded" is sonetinmes used when a region in an alignment state (B) is fornmed

L R g T W It R R R X 4
state (B). Since continuous connection is not allowed
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 is 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 Tm-twist
alignment, counterclockwise 7T /2-twist alignment and splay
alignment. Theoretical calculation of the Gibbs free
energy during non-voltage applidation was made for these

three states, and the results are as shown in Table 8

20 below.
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20 between the splay alignment and the countercl ockwise it 93 tw sted
alignnent, 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 alignnent
fron1the countercl ockwi se 71-tw st alignnment shifts toward the boundary (x
0) bet Yot Be first and second liquid crystal regions, and stops
shlftlng at the boundary bet ween the first and second I|qU|d crystal

regl onsj at TI eigﬁlﬁeng”é!tsaﬂes DEC&U:@lle% 10" é]él[ er%?%g?@mw 7r/ 2-tw st

al i gnmgnt of t econd l'itquid crys ﬁghgn pre stable with
cnl a3y ali gRe as shown in

respect anarav (1 nwar | n anarn ?
FIG 23 &wmmgcip@m@ tﬁetgpi%ﬂ;/ Al anrent 2f'r9@r¥10 enteringl the second

l'iquid [crysbainteatt XockaysB0 7t pyper L5 energyo.2d49descri bed pbove, fromthe
ener gy calculatlon,tgk§g it was proyed that the countercl ockw se 7r/2-tw st

al i gnnmgnt—conti+nuou iﬁ ofrrectabl-e ﬂt%h—%he——ﬂegz%ﬁre+eekmfse 7r-tw st
al i gnmept—could be-¢ vnﬂ y20-trapped-in-the vétendfliqul crystal region

(x :~ 0) by the I

FIG. 22 diagrammatically shows the alignment

states developing in the liquidvcrystal 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 @isclination lines

10 separating the splay alignment from the 7T-twist alignment

have reached the boundaries between the first 1liquid

crystal region 27F and the second liquid crystal region
27S.

FIG. 23 diagrammatically shows the relationship

15 in the magnitude of energy among the alignment states at

times T = t; and t, obtained using the Gibbs free energy

calculated wvalues in Table 8. The axis of ordinates of
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94 alignnent refresh treatnment. After the conplete change of the first
liquid crystal region 27F to bend alignnent by the alignnent refresh
treatment, bend alignnent grows in the first 5 1liquid crystal region from
the TN alignnment trapped in the second liquid crystal region once a voltage
equal to or higher than the splay-bend critical voltage (Vcr) is applied.

This gro of .hend alignnent w,ll be.djscussed. The actually neasured Vcr
of the IFhAra CyosaPHERERES  THi%ocalPBr & ARG S5 pePRRERY wE LGl gted
Therefore, the energy state observed during application of 3V, for

exanpl € va bl DARPSERLDEE1TNEE! il Syet 2ortld UNRA! LhbA P L AabemaY
occur in the first and second liquid crystal regions are 15 the follow ng
three states: bend alignnment, counterclockw se )t/2-tw st alignnent and

spl ay al (gnieat. arbher@mbps fsemeneligy Moandaynabaetwaed hettiet i €atst
calculation for these three states, and the results are as shown in Table 9

bel ow. The applied voltage was 3 V. 95 Table 9
liquid crystal region and the second liquid crystal region

5 when the x-axis extends in the liquid crystal 1ayer 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 7 -twisted region
shrinks. In other words, the splay-aligned region erodes
the higher-energy counterclockwise T -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) is formed in the region in the alignment state
(A), and the region in the alignment state (A) gradually
shrinks with expansion of the region in the alignment

state (B). Since continuous connection is not allowed

20 between the splay alignment and the counterclockwise 7 -
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Al'igned stateG bbs free energy (pJ/ n2) Bend-40.585 countercl ockwi se 7t/ 2-

-41.010 twi st Splay-24.603 FIG 24 diagrammtically shows the alignnent

states of the liquid crystal |ayer 27 observed after a 5 | apse of a

predetermned tine fromthe application of a voltage of 3 V. FIG 25 shows

the relationship in the magnitude of energy anong the alignnment states at

this tige“ Igggax's of ordinates of FIG 25 represents the G bbs free.
Fedit&Ced

energy ¢ 2y LPNEe Nty qaRhLRKFIY 093D R adSIHRe t hwo

di stance (unit: arbitrary) from the boundary between the first liquid

crystal Is I/ h d liqui r al ' 2 1%@5 t X-axi s
ext ends %ﬁg?%gslzidgsui %ﬂgyifstq'éfefg?ér 22”(; agsimgh}(ljé\?lvrt‘i5 i?\éﬁgggyzi).% %e@ﬁe
countercl ockwi se 7C/ 2-twi st alignnment and the bend alignnment can

cont i nuotigby regieens 4 tdisathgoliftied asnat b@stilrisiatieni Uiaeystal region
(x > 0), the bend
The disclination 1line separating the splay
5 alignment from the counterclockwise TmT-twist alignment
.shifts toward the boundary (x = 06) 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 7 /2-twist alignment of the second liquid
crystal region (x £ 0) 1is more stabieA 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 1liquid 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 7mw-twist alignment could be completely

20 trapped in the second liquid crystal region (x £ 0) by the
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96 al i gnnment continuously connecting fromthe counterclockw se 7t/2-tw st

al i gnnent erodes the splay alignnent having higher energy in the first
liquid crystal region during application of 3 V. Since the bend and the 5
splay do not continuously connect with each other, they have an energy gap
t her ebetween and are separated from each other by a disclination line. As

descri begh agamMen tf F@Prdeh epped¥medtcUl ation, 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 snoothly in the splay-

al i gned regi on i nAtfiterf i tdre | cgpipl ety stehaneggi of f rdre t FELrsSN aligubént
trapped in the second quuid crystal region. Hereinafter, Exanples 3 to 5 of
the present 15 invention be descrlbed (Exanmpl e 3) .In the above

descri ptfo¥Stadi nF§ILiPRe aﬂgletﬂl beBdne 8 IEONMSIT t BY pitds | @ldignmenbn 19
of the second liquid crystal region 26S and the pretilt direction 17 of 20

the firstebiguhd Ssldled €9 WeddF WIATUMEY 85090 98 the first

5 1liquid crystal region from the TN alignment trapped in the
second liquid crystal region énce a voltage equal to or
higher than the splay-bend c¢ritical voltage (Vecr) is
applied. This growth of bend alignment will be discussed.
The actually measured Vcr of the ligquid 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 ligquid crystal alignment states that may
occur in the first and second liquid crystal regions are

15 the following three states: bend alignment,
counterclockwise 7 /2-twist alignment and splay alignment.
The Gibbs free energy was estimated by theoretical

calculation for these three states, and the results are as

shown in Table 9 below. The applied voltage was 3 V.
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The angle is not necessarily this value.. In Exanple 3, to examne the
correlation between the angle 'V and the way of the splay-bend transition,
the rubbing direction of the second alignnment filmregion 26S of the
alignment film26 5 on the | ower substrate 24 was changed variously to
prepare a plurality of liquid crystal display devices. Specifically, five
liquid gﬁ%algdisplay devi ces (sanples #11 to #15) shown in Table 10 bel ow
wer e prg%a- d by varying the angle 'V forned between the pretilt 10
di rectipniS—of 4t condiquird—crystat—regron 27Sand-they pretilt
di rectijon of th%i#g}:’? Isit L1I:ied crysta a?'§§|sg %?—ei n ?ﬁ&éefrgéﬁge of 30 to 150
inclusiie— As_shown in_ FIG 26 the £Bd liguid crystal region 27Sis in
the shape of a striBgn&xtending in the rubbitd ¢b88ction of| 15 the second
liqui d [crygban teag Docké Sse Tme/ pubbi ng  di rect4bnoldi recti onf of arrow 17) of
the first alignment filmregion 26F of the alignnent film 26 on the | ower
subst r ate24—and—th ghbing—directipn—(direct] ng;dl row—{8) of the

P 'éu paral-+e- to each ot her.

al | gn nt. film 292 n munnar. cithetvrat a 21 4y
| 2 I b LR =34 LAY I VW T s Gu pap v ) S vy L AT

A8 I e T i O EPCT

98 For conparison, three liquid crystal display

FIG. 24 diagrammatically shows the alignmént
states of the liquid crystal layer 27 observed after a
5 1lapse of a predetermined time from the application of a
voltage of 3 V. FIG. 25 shows the relationship in the
magnitude of energy among the alignment states at this
time. The axis of ordinates of FIG. 25 represents the
Gibbs free energy calculated values, and the axis of
10 abscissas 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 1liquid crystal layer 27 as shown in FIG.

24.
15 The counterclockwise 7T /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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devi ces (sanples #201 to #203) having the angle IV falling outside the
above-described range 30 < 'Y 5 150 and a liquid crystal display device
(sanpl e #204) that has not 5 such a region as the second alignnent film
region 26S were also prepared as in the preparation of the sanples of
Exanple 3. Note that in sanple #201, the rubbing direction (direction of
arrow 191bgnhértfirst cdnghneousliyi | m r egdbonedtingnd t hefrombi ng diliection
of the second 10 alignnent filmregion 26S are opposite to each other.
Tabl e 10 Sanpl e#11#12#13#14#15#201#202#203#204 | F (0 ) 307090110150015165No
regi on Lowntagelotksyuse e Wahe-tfistV ahdghmert wesrodesl i thef orsplampl es
#11 to #15 and conparative sanples 15 #201 to #204, and the observation

obser vart et F; bayRng s SRR, HerBal L5 of BPe For RanpHeu 10 #H3 0} o
exanpl e and sanpl e #204 of the conparative exanple during the voltage
appl i catddyi & a8 i HPUFPTREREALLY SA0¥NY.N FdfRce2 N befd hREPAGHd Vel Y-
5 splay do not continuously connect 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 vbltage (Vcr) is
applied, bend alignment can grow smoothly in the splay-
éligned 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

liquid crystal region 26S and the pretilt direction 17 of

20 the first liquid crystal region 27F was assumed as 90°.
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Tabl e 11 Sanpl eCbservation results of bend transition #11Bend transition
nucl ei devel op fronpart of the second liquid crystal region and
abend-al i gned regi on expands. #12Bend transition nuclei devel op fronroughly
the entire second liquid crystal regionand a bend- aligned regi on expands.
#13Bend transition nuclei develop fronroughly the entire second |iquid

crystal sael YL A dedt Ablaaathi £0y OBnEXNAISIe #14BANG eI 13 onchuc e

devel op fronroughly the entire seco liquid crystal regionand a bend-

al i gned region expands. #15Bend transition nuclei develop fronmpart of the
second | egamdner yishal coagiedn tthon albatvedn gnbed raggde e¥paawmd. thz0lMaychange
I's observed with no devel opnent of bend transition nuclei at all. #202Bend
transition nuclei develop fromavery limted part, of the second liquid

crystal PEgiths, QRkaYRP%Bﬁdt§EQﬁ%§FQ%g|BHee%ﬁﬁhﬁpg direction of the

second alignment film region 26S of the alignment film 26

5 on the lower substrate 24 was changed variously to prepare
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¥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 region 26F of the alignment film 26 on the lower

substrate 24 and the rubbing direction (direction of arrow

18) of the alignment film 23 on the upper substrate 21 are

20 parallel to each other.
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#203Bend transition nuclei develop fromavery |limted part of the second
liquid crystal region, but no bend-aligned regi on expands. #204No bend
transition nuclei develop at all, and thus no change is observed. From Tabl e
11 and FIG 27, it is found that for 5 sanples #11 to #15 of this exanple,
the second liquid crystal region 27S acts as the nucleus for effectively
triggering the first liquid crystal region 27F to nake the splay-bend
transition duringFaspl icempanispna vothnge oflidadichit erystadd fdksmbayt he
bend- al i gned region that has 100 developed in the first liquid crystal
regi on expands. t he con%rary, for sapples #201 and #2Q4 the .

conpar at$SBLEREmSISEMR IS | agﬂdt&yé%%@)apﬁéfﬁ-r%tt}w argleenti f2dl Hadd

crystal |ayer renmai ns unchanged naintaining 5 the splay alignnment with no

devel d ition i | o | anpl
Co05 Coraitsphed PRRC AbbIRRhEsUl sid "itulte S M LW R 188: 1 BgR2R) B0

of the first and second alignnent filmregions 26F and 26S are close to
each ot hetquifle qrydtal Hisbiert devdcef (bambilest#20d)sertond haguitbtrystal
regi ons
5 such a region as the second alignment film region 26S were
also prepared as in the preparation of the samples of
Example 3. Note that in 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 film 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 \J.and 1 kHz was

applied for samples #11 to #15 and comparative samples

15 #201 to #204, and the observatiqn results during the
voltage application are shown in Table 11. 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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27F and 27S are close to each other, and this fails to rotate liquid
crystal nolecules 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 performng the -alignment refresh treatment for sanples #11 to #15 and

conpar atjve sa # #204, W As des ﬁ%above I n
EnbodlmgﬁagfaﬁﬁagéPF§%¥méh9¥ﬂr%ghkéﬁ gg; $ ?ﬁclﬁ&é?e a high
voltage for a 101 predetermined time after injection of a I|qU|d crystal

materi al pqhpet g space between the substrates of each sanple and before
actual driving. The results of visual observation after halt of 5 the high

gﬁt&ggﬁS%Mﬁlé Db 3/ £ SHIMBELAGE sl bfl B d 1€ranslieiory dl agrammatica gy
S A U al’ d EUE er. 1

tinme frjo mfﬁe é@h&o &: lgl‘nu vgﬁéf&ad |ca pfFR%ZE% % the

Sanpl eQbser vat | §f° ‘gerfbr}f‘?"g%gl tf%ﬂ behala igned

region expands ‘

#12 Bend transition nuclei develop from roughly the

entire second 1liquid crystal region and a bend-

aligned region expands.

#13 Bend transition nuclei develop from roughly the

entire second 1liquid 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 nuclei develop from part of the

second liquid crystal region and a bend-aligned

region exggnds.

#201 No change is observed with no development of bend
transition nuclei at all.
#202 Bend transition nuclei 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.

From Table 11 and FIG. 27, it is foqnd that for

5 samples #11 to #15 of this example, the second liquid
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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#11Spl ay al i gnnent devel ops fromthe boundary portion of the second region.

Therefore, TN alignnment continuously connectable with bend alignnment during
vol tage application is not trapped in the second region. #12The n-tw st

al i gnment developing in the first region is absorbed into the second region
whi | e being eroded by the splay alignment fromthe periphery. Finally, TN

al i gnnment _continuous| y ,conpectable wi.th bend _alignnent during.voltage

appl i cat e ePE adﬂ’e(ltl'f% fﬁﬁsgnhﬂ'ﬂél c%lF?ﬁngéJi gﬁ.g%ﬁfép?lggﬁli'st al i gnnent
developing in the first region is absorbed into the second region while

bei ng eroded by thg Spl&ycaht@amNt £4P"LARPIRE HP Yanbl #2904/ .of Nche

al i gnnent continuously connectable wth bend alignnent during voltage
application is trapped in the entire second region. #14The n-tw st alignnent
devel opi comparahdvid regkampdieqgn tlealisiapid icxtystdle addamheryi @f wbhee
bei ng eroded by the splay alignnent fromthe periphery. Finally, TN

al i gnnment cpntinupusjg connectable with bend alignment durin%_voltage
entire liquid crystal layer remains unchanged maintaining

5 the splay alignment with no development of a bend
transition nucleus as shown in FIG. 28. In samples #202
and #203 of the coﬁparative 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 #1l1 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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application is trapped in the entire second region. #15The n-tw st alignnent
developing in the first region is absorbed into the second region while
bei ng eroded by the splay alignnent fromthe periphery. However, TN

al i gnment continuously connectable with bend alignnment during voltage
application, once absorbed into the second liquid crystal region, is

i nevi t abl roded by another type of TN aljgnnent_and final]y di sappears.
#201No TP ERRBATIECD N EiiE0U ST eon ARCISA EO0 {9F béhd LT GHire TV Rhg

vol tage application is trapped in the second region at all. #202No TN

al i gnme 1t LAUO e 1 d 'gqgﬁg AN Te| | t

appl i ca'?{1 %ﬁé)?%htﬂr a%%é% ?@?h?%%%n%%%?gﬁ a?lllgl | %Bgﬁk%b%N é?i g%grrélr%t
continuously connectable with bend alignnment during voltage application is
trapped samphe anaomEictk oicttadl Arifatdy¥th no second regi on provided, no
TN al i gnnent conti nuously connectable with bend alignnment during voltage

application is trapped. 103
The results of wvisual observation after halt of

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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From Table 12 and FIG 29,
this exanple in which the

t he
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9 described
T -twist alignment developing in 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

#13

application is trapped in the entire second region.
The mTW-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 wvoltage
application is trapped in the entire second region.

#14

The T7TW-twist alignment developing 1in the first
region 1is absorbed into the second region while
being eroded by the splay alignment from the
periphery. Finally, TN alignment continuously
connectable with bend alignment
application is trapped in the entire second region.

during wvoltage _

#15

The T7-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 inevitably eroded by another
type of TN alignment and finally disagpears.

#201

No TN alignment continuously connectable with 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 1is trapped in
the second region at all.

#203

No TN alignment continuously connectable with bend
alignment during voltage application is trapped in
the second region at all.

#204

With no second region provided, no TN alignment
continuously connectable with bend alignment during

voltage application is trapped.
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above in much the sane manner as that in Enbodinent 2. Specifically,
prepared were eight liquid crystal display devices (sanples #21 to #28)
havi ng val ues of the ratio 5 d/p of the thickness d of the liquid crystal

| ayer of the liquid crystal elenment 30 to the natural chiral pitch p of
the chiral agent-added liquid crystal | ayer shown in Table 13 below. The
val ues of d/p of the sanples of Exanple 4 are set to fall within the range

between 0 and | es§RAmnTakdep B, a@%ﬂ@Jﬁs 29, it is found that for
Sanple#21#22#23#24#25#26#27#28#301#302 P(pm Co2091378864402013128

Bcanpl o o; neh) 880 Cf2 Ko FLEP Job KRR Tl “3KE dhaBheHbe 1

prOV|ded for the alignnment film26 on the | ower substrate 24 as shown in

FIG 10.a04$8. The @mghéat 6é>fﬁ8€nbekl°{%e“gr@t€ilrﬁlbbiiﬁﬂe&tiSﬁ&' 088 Oéhéhe
first and Second alignnment filmregions 26F and 26S of the alignment film

26 is set at 120 . The second alignnment filmregion 26Sis in the 105 shape
of a strfpestxaaddisecondt kd irgrienty didsctresicens 26F and 26S falls

5 within the range 70° < V¥ < 110°, the developing 7T -twist
alignment can be trapped in the entire second region as TN
alignment and held therein by performing the alignment
refresh treatment. Accordingly, it 1is found that the
range of the angle ¥ is more optimally 70° < ¥ < 110°, and

10 »that by setting the angle within this range, bend
alignment smoothly grows from the TN alignment trapped in
advance in the éecond liquid crystal region only with
application of a voltage equal to or higher than the
splay-bend critical voltage (Ver), 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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t hereof and has a mndth of 50 pm The size of the substrates 21 and 24 and
t he allgnnent films 23 and 26 is 20 mmvertically x 10 mm hori zontally. 5
For conparison, two liquid crystal display devices (sanples #301 and #302)
havi ng values of d/p falling outside the range descri bed above were al so
prepared as in the manner adopted for the preparation of the sanples of
Exanpl e 4, The cell thickness d of the 10 Ii UId crystal elenents of both
the sanptidubf exyFhal Aligplavhdeydmmrd®i @ %smmg edeficpibed A
vol tage of square wave of 6 V and 1 kHz was applled for sanples #21 to #28
and COTRASALLYSFORRES A0S AY e hd NepaisuLS MRS PREREVCS Wi (h
15 pol arizing ricroscope serva iDh W h PRe POl art I g Crostope
was nade for operation in the nornally whi t e node mnth the pol ari zer
arrangeospeefflcamgsed% pared Therebseiyrti adiesdl irPsaBhspIay Tabl e
14 bel ow. 106 Tabl e 14 Sanpl eCbservation resultsofsplay ~ bend tran5|¥|on
#21The expansi on rateofthe bend-aligned regionis

devices (samples #21 to #28) having values of the ratio

5 d/p of the thickness d of the liquid crystal layer of the

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 o0.50.

Table 13

Sample | #21 | #22 | #23 | #24 | #25 | #26 #27. #28 | #301 | #302
P(pm) 0 209 | 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 liquid crystal elements of Example 4, the

first and second alignment film regions 26F and 26S are

15 provided for the}alignment film 26 on the lower substrate
24 as shown in FIG. 10. Also, the angle V¥V formed between
the rubbing directions of the first and second alignment
film regions 26F and 26S of the alignment film 26 is set

at 120°. The second alignment film region 26S is in the
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sl ow. #22The expansi on rateofthe bend-aligned regionis slow #23The
expansi on rateofthe bend-aligned regionis slow #24The expansi on rateofthe
bend- al i gned regionis slow #25The expansion rateofthe bend-aligned regionis
f ast. #26The expansion rateofthe bend-aligned regionis f ast. #27The
expansi on rateofthe bend-aligned regionis very fast. #28The expansion

rat eof t he bend- ned regionis, ve fast . 01The nt|re re ni sal y gady
7C i s CRABES o Fol T HELIRp BT SR RE A b o kDN EORP YN En SHESE S T8l 8
alignment. #302The entire regionisalready 7r-tw sted before voltage

appl | catﬁwé\faefcoahanureagl Yachgpgest oopengoal hgnmentypJald £,d5 shovenéhe
time required for th

substrates 21 and 24 and the alignment films 23 and 26 is
20 mm vertically x 10.mm horizontally.

5 For comparison, two Iiquid crystal display
devices (samples #301 and #302) having wvalues of d4/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 1liquid crystal elements of both the samples of Exémple 4
and the comparative samples was set at 6 pm.

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 observation results are shown in

Table 14 below.
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transition to bend alignnent of the entire liquid crystal 5 layer fromthe
nonment at which the voltage of square wave of 6V and | kHz is applied, for
sanpl es #21 to #28 and conparative sanples #301 and #302. 107 Table 15
Sanpl eSplay -' bend transition tinme (sec) #2125 #2220 #2317 #2414 #259 #266
#273 #283 #3010 #3020 From Tables 14 and 15, the following are found. In
sanpl es #%é%to #28 of this exanple, with application of 5 a voltage of about

6 V, the 15| &ﬁignnent transition effectively proceeds in the first liquid
crystal Egg#fn - —
ple | Observation results of splay — bend transition

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

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

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

#301 The entire region 1is already 7T-twisted before
voltage application and continuously changes to
bend alignment.

#302 The entire region is already 7T-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 layer from the moment at which the voltage of square wave
of 6V and 1kHz is applied, for samples #21 to #28 and

comparative samples #301 and #302.

107



27F fromthe second liquid crystal region 27S acting as the nucleus. The
rate of expansion of the bend-aligned region is however different anong the
sanples. 10 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 the
cell thickness d to the chiral pitch p of the liquid crystal |ayer, the
expanS|qF f f the bend- aligned region is faster. 15 On the contrary,
when t he %R agent is added 108 by an anDunt as large as those in

conpar )\cIIIJI es— #3060t and #3602 —the—+ id cryst al layer is already n-

t wi st ed W?ﬁ i nPRLAY sTabet 11"1’6?\“§6F9-8§‘e gpplication, in which the major
axes of{ |liquidjcrystal ndiideeil ésegde 5 twi stdd by 1800 as a whole toward the
alignmen#21il mi26 fromthe a2sgnnment film23. Wien a voltage is applied

acr oss t#@allQle crystal laygg that 1s alregdy n-twisted in the initial
state, #fériqt Icrystat taygg — contimnuousty changes to bend alignment from
the 180~ - rotit—t-he—reeessity of the bend transition.
wWhen t i esultlant|iguid cr \/'*L‘lnl display device is actually driven, a
probl em®h#8 ses |during white didsplay

#26 6
#27 3
#28 3
#301 0
#302 0

From Tables 14 and 15, the following are found.

In samples #21 to #28 of this example, with application of

5 a voltage qf 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.

101 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 the cell thickness d to the chiral pitch p of

the liquid crystal layer, the expansion rate of the bend-
aligned region is faster.

15 On the contrary, when the chiral agent is added
| 108



that the alignment of the liquid crystal Iayer'shifts from bend alignnment
to twst alignnent in a short tine of 15 several to several tens of nsecs,
and this significantly decreases the transmttance,

ari ses

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

Smal - 1087 1ty BHE S dfoi hETIP 1 RE ARG {1k CE TR hiKGe SFTRESShane

smal |

0

al t hough no probl em

during black display. It is therefore concluded that although the

s prefer

f 1 taﬂ‘é“g}tana‘ﬁoi BrgF + A

during white display in actual driving. Next, the results obtai ned by

f ' h i t d t b il b
NS L M LA R s D il i S L

treatment includes applying a high voltage for a predetermned tine after

i nj ecti ohwbsted |limuitthecr yinilaliadntetatk ioff onbine vaypbicagdeappdn ¢dtion,

substrates of each sanple and before actual
alignnent states of the first and second liquid crystal regions after a

| apse of 1B &lighi Ehe tmador et Gfe kbaudd feBWstRd Hhohegulesgeare
application were observed with a polarizing mcroscope. The results of

5

10

15

20

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

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 1iquid 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, 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

facilitating the bend transition, it is preferably small

109

driving. The 10 liquid crystal
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vi sual observation of the liquid crystal alignnent states 15 are shown
Table 16. FIG 30 shows representative views show ng the observation

results.
the exti

crossed-

crystal

The observation with the polarizing mcroscope was perforned
nction position in which the polarizer was arranged under

in

in

Ni col s and the 20 parallel rubbing direction of the liquid crystal

ion 110 27F d with the axj the nalarizer \Wether th i St
i Teoti ohBR Gy T eRgRPAP tna o thies CFAVGH Hn fagH SIMGBAARS Cobohfe i qui d

region 27S is clockw se or counterclockw se was determ ned by

tati a5 | Gk & ] | t ghg ise while fi
rotating gggﬂggﬁﬁﬁ?dﬁ’ white' d‘isfi?lt%%sfnoécf 4Rt GG se white TiXx

t he anal

polarizing mc cope an exam ni ng the col or cha

this time. Table 16 Sanpl ed/pLiquid crystal alignnment state First liqu
crystal Second | i quektc) ysthe reeisultagi wbtRinedpl byCopardatmik SehéN
nostly #220. 03Spl ayCount ercl ockwi se TN :

10

15

20

alignment refresh treatment for the above samples will be
described. As described ‘above in 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
liquid 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 1liquid crystal alignment states
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

parallel rubbing direction of the 1liquid crystal region

110

I ng
nge at
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entirely #230.04Spl ayCount ercl ockwi se TN entirely

#240. 07Spl ayCount ercl ockwi se TN entirely #250. 09Spl ayCount er cl ockw se TN
entirely #260. 15Spl ayCount ercl ockwi se TN entirely

#270. 30Spl ayCount ercl ockwi se TN entirely #280. 45Spl ayCount ercl ockwi se TN
entirely #3010.50n-tw st entirel yCountercl ockwi se TN entirely

#3020. 75 W Co # kwise € d.from
Tabl e 1693?16 %%I(‘E\&géoR'ﬁbtxi'1 I’Eﬁreper %gm%nf; EQ ?l%ﬁé% Prref rglhh% ?eLeigt ﬁént
count er cl ockwi se TN_allgnnent conti nuously connectable wth bend allgnnent
during vewtiage dRplictdldron ofan 13&uid crystal molecules in the TN
region as the second 1liquid crystal region 27S is
clockwise or counterclockwise was determined by rotating
5 only the polarizer clockwise or counterclockwise while

fixing the analyzer of the polarizing microscope and

examining the color change at this time.

Table 16
Sample | d/p Liquid crystal alignment state
First liquid crystal Second liquid crystal
region region
#21 00 Splay Counterclockwise TN
mostly
#22 0.03 Splay Counterclockwise TN
entirely
#23 0.04 Splay Counterclockwise TN
entirely
#24 0.07 Splay Counterclockwise TN
entirely
#25 0.09 Splay Counterclockwise TN
entirely
#26 0.15 Splay Counterclockwise TN
' entirely
#27 0.30 Splay Counterclockwise TN
entirely
#28 0.45 Splay Counterclockwise TN
' entirely
#301 | 0.50 T -twist entirely Counterclockwise TN
entirely
#302 0.75 T -twist entirely Counterclockwise TN
: ' entirely
10 As is found from Table 16 and FIG. 30, by
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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 higher than the

spl ay-bend critical voltage (Vcr) is applied, the counterclockw se TN
alignment trapped in the second liquid crystal region 27S 10 erodes the
splay-aligned regions in the first liquid crystal re%ion 27F snmoothly with
shift of PERECHMAET nati el i nesaldgndiedith in” Frefr8sh t o atiZgAtRePk-speed,
reliable bend transition. On the contrary, it is found that when the chiral

5301 ancSREEEER PRSIV AN,  FL ARG o n eI e PR

al i gnnent and does not resune the splay alignnment after the alignment

refresh witratpein. WiQQYrntht | Qubei gy stel thgxer apPiitdeibhe dhn20pkW st
alignment, the liquid crystal |ayer continuously 112 changes to bend
alignnment fromthe 7r-twl st alignnent once a voltage is applied, and
t her ef ortrappeldendnt r hei t segonsl  ddgrdes sany stahken tegiorsu27ant ovewi d
crystal display 'device is actually driven, a problemarises during white
5 roughly the entire region for sample #21 of Example 4 or
over the entire region for samples #22 to #28 of Example
4. Once a voltage equal to or higher than the splay-bend
critical voltage (Vcr) is applied, the counterclockwise TN
alignment trapped in the second ligquid crystal region 27S
10 erodes the splay-aligned regions in the first 1liquid
crystal region 27F smoothly with shift of the disclination
lines, as shown in FIG. 31, to attain high-speed, reliable
bend transition.
On the contrary, it is found that when the chiral
15 agent 1is added by an amount as large as those in
comparative samples #301 and #302, the first liquid

crystal region 27F keeps the 7T-~-twist alignment and does

not resume the splay alignment after the alignment refresh

treatment. When the liquid crystal layer exhibits the 7T-

20 twist alignment, the 1liquid crystal layer continuously
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5 display that the alignnment of the liquid crystal layer shifts from bend
alignnment to twist alignnent in a short tine of several to several tens of
nmsecs, and this significantly decreases the transmttance, although no
probl em arises during black display. Accordingly, 10 although the added
anount of the chiral agent (value of 15 d/p) is preferably | arge fromthe
st andpoi facili tatlng the bend transition, greferabl snal

t
fromtrmgg?%ﬂﬁﬁoﬁﬁ Rindaligpmeht (Shew @hﬂnﬁaﬁﬂ?%ﬁ héan YORERI ng

white display in actual driving. It is therefore concluded that the ratio

d/p of $¢beﬁhbetﬁéﬂﬁﬁﬁflgdtodﬂﬁif@éféﬂbr@mﬁﬁg A&t PadW tbn is

preferably satisfy 0 :~ 50 in consideration of the effectiveness of
the second liquid crystal reglon as the alignnment transition nucleus for

t he spl aynwecdsaaryr.ansivhen, the aedultawmt tlhepsedordystal d digpslay 113
region of trapping TN alignnent continuously connectable with bend alignnment
after the refresh treatnent, and the requirenment that the first liquid
crystal deyies m?staﬁéuad-ﬂYaydﬁﬂ-VQFied anproblien t axi sesat @UESNGr Wlakhte
degradati on

5 display that the alignment of the liquid 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, although no
problem arises during black display. Accordingly,

10 although the added amount of the chiral agent (wvalue of
a/p) is preferably large from the standpoint of
facilitating the bend transition, it 1is 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 1liquid crystal region as the
alignment transition nucleus for . the splay-bend

20 transition, the ability of the second 1liquid crystal
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5in transmttance. As described above, as long as only the easiness
bend transition is pursued, the added anmount of the chiral agent is
desirably as large as possi ble. However, addition of the chiral agent
excessive anount 10 worsens the optical characteristics, that is, decr
the transmttance when the voltage is |ow during white display, degra
the view ng angl e characteristic and causes asymetry of the view n
char act eFEELPR. Oy tT@RRING t ANs al hgnpsntageoptdmauisnccxmactabiestic
was 15 neasured for sanples #21 to #28 of Exanple 4 and conparative s

m croscopbtiabind FHABAREGICEeR SOf TR, e ot s AR,

device was placed in 20 the polarizing mcroscope so that the rubbing
di recti oreghitémebite fhadt tHAUELrahysi fulifdic¥yd £aDbirg b eaidsan Bé Of
the alignment film 26 and the rubbing difection 18 of the alignnent f
22) is 45 with respect to the transm ssion axes of the polarizes and
anal yzerspTag-aédgmed i twi dts cirybtaalr eiaore wiie ghasfeenthi degradatkomatri x.

First,
5

10

15

20

a

in transmittance.

As described above, as long as only the‘easiness
of the bend transition is pursued, the added amount of the
chiral agent is desirably as large as possible. However,
additien of the chiral agent 1in an excessive amount
worsens the optical characteristics, that is, 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
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

the polarizing microscope so that the rubbing direction of
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vol tage equal to or higher than Vcr was applied to nmake the first liquid
crystal region used for inage display conpletely bend-aligned. In this
nmeasurenent, the transmttance of the first liquid crystal region during 10
application of a voltage of 6 V, for exanple, was determ ned as bl ack

di splay. To conpensate residual retardation in the first liquid crystal

phase i b8 war e oatel” fay ST ohelibh d i ERR (BRSO i eB o 1o

the slow axis of the liquid crystal |ayer, to thereby make the total

retardattd aehignndint OPiann 2¥ agkadithidl avubblfy 33 eWMBoR IBARJE Othkhe
vol tage- transmttance characteristic obtained when the voltage is 20

| onered fromthe black display voltage of 6 V, detected 115 with a

phot ormul al pgnmentFfdmnFl 22 ) 33s 45°i swithndespaict nto shhpl éxafi¥nios#88, in
particul ar, anmong sanples #21 to #28 of Exanple 4 having different d/p

val ues obtai ned b changi ng the added anmount of the chiral agent, decrease

in 5 tr%aFt PAndeS PHAREFCELSRY hananaky z63t i calRec AL erikaREd are

mai nt ai ned, conpared with sanple #21
5 crystal region was shaded with a black matrix. First, a

voltage equal to or higher than Vcr was applied to make
the first 1liquid crystal region used for image display
completely bend-aligned. In this measurement, the
transmittance of the first 1liquid crystal region during
10 application 'of a voltage of 6 V, for example, was
determined as Dblack 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 1liquid 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 from the black display voltage of 6 V, detected
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having no chiral agent added. Since the splay-bend «critical voltage Vcr of
the liquid crystal nmaterial in this. exanple was 2.3 V, the voltage range
in actual 10 driving was set to be from2.5 Vto 6.0 Vwith 6.0 V for black
display and 2.5 V for white display. FIG 34 is a graph for conparing the
transm ttance anong the sanples of Exanple 4 and the conparative exanple.

The conparison of the t sm,ttance, 15 perfornmed b etti the .
transm t‘f’%‘{!ﬁ eaoprkoam%{ﬁgRTlﬁ§vi n?ﬂ%‘“?ﬁiﬁal 3yentt aﬂée Oé]tm{]%'éh?ﬁi {8
di splay voltage of 2.5 V as 100 and standardi zing the transm ttance val ues

of the obbap18ammies Wd hybesPes idtdodiaRsididiGe finp BAEPYR 1240 AS i

found from , In sanples #22to 20 #26, in parTicular, anong sanpl es
#21 to #28 of Exanple 4, 116 the decrease in transmttance is suppressed to
within #28ercfl Prampileagbshavting edpeferentt hd/poralhiesl obaryred #B8%, and
thus the optical characteristics are maintained. Fromthe above, it is
concluded that the range of 5 d/p is nore ogéjnally 0 < d;i;:- 0. 15 and
that as fbapgdag tthe Rddadaamemntofof hkhehic r%beﬁgeﬂélt qrepse® &Ryst al
material |Is set to satisfy the above range, degradation in
5 transmittance is hardly observed and the optical
characteristics are maintained, compared with sample #21
having no chiral agent added. Since the splay-bend
critical voltage Vcr of the liquid 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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the optical characteristics of the liquid crystal elenent due to the
addition of the chiral agent is too small to 10 cause a problemin
practice. In the above description, 900-tw st alignnent continuously ‘
connectable with bend alignnment during application of a voltage equal to or
hi gher than Vcr was trapped in the entire second liquid crystal region by

the 15 L gn fresh treatne h a cond_liqui rystal__. on can
al so bea%% ain%éréﬁﬁ ou?npe% SVHQﬁ%tfgﬁcearignnSﬂPPFé F%%ﬁ t?%af%%ﬁﬁgby
adjusting the kind (rotation direction) and added anount of the chiral

agent. 4&kyerAdf tRircen fBHB8d Width f PEBDRE t NEoSem@Nthbh d8hd rdd Cédrﬁdf)ﬂa
region by addition of the chiral agent wll be 117 described. [Addition of

chiral agent] In the liquid crystal elenment 30 shown in FIG 10, liquid
crystal #dlecahdsthus Hthendopticadcaihtacuedisficsy strd maimbaiféd.can be
put in the uniformtilt state (twist alignment free fromsplay distortion)

as shown in FIG _36(a) by adding a predeterm_ned anpunt of a
count er cl ockwi se EROM| thgedbPoverhdit por FORFlNFathethat the range of

5 bd/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
mqterial 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 toé 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 secbnd liquid crystal region by the

15 alignment refresh treatment. Such a second liquid crystal
region c¢an 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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alignment refresh treatnment. To attain this uniformtilt 10 state by
addition of a chiral agent to the liquid crystal material wthout the
alignnent refresh treatnent, the added anmount 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 with increase of the added 15 anount of the

chiral qﬂﬁﬂ% . refore, if inportance is placed on the optical
characteris ?%%?the added amount of the chiral agent is preferably set so

that d/p is less than 0.5, nore preferably equal to or less than 0.15. As

descri bed above, brgaddiinth o£héhakadgeent?f having a predeterm ned
rotation direction to the liquid 118 crystal naterial, it is possible to

formthe liquid crystal layer in which 900 -twi st alignnment continuously
connectabl e wi th Bendtlkei drirpnkd deryst abplelcmdnh &0 ashowhnt ayjp &Gl to or
hi gher than Vcr is trapped in the 5 entire second liquid crystal region 27S

as shown in FILG . 1%ég%, wi.t hout the necessity of the alignnment refresh
treat mert® s HAHARG S nerBatAte RRESAHIPSqUIR tREsteRtiEgi cifcond ddidwbdas the

transition nucleus, the first liquid crystal region can make the splay-bend
trang tig, PLP region 27S can be put in the uniform tilt state

(twist alignment free from splay distortioﬁ) as shown in
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, if importance is
placed on the optical characteristics, the added amount of
the»chiral agent 1is preferably set so that d/p is 1less
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 1liquid
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10 reliably at higher speed. The above liquid crystal layer may f urther be
subjected to the alignnment refresh treatnent. (Exanple 5) In Exanple 5,
prepared was a liquid crystal 15 display device having a |iquid crystal

| ayer in which 90* - twi st alignnment continuously connectable wth bend

al i gnment during application of a voltage equal to or higher than Vcr was

trapped d ent i ond {4 qui : eglon by di ira
agent hé&ﬁﬁanﬁlZQh%Fgaégﬁhhiﬁ%% r%%at?é%géiﬁé%tggﬁ t%gfme F?%higgéﬁ§£$al 119
| ayer. A liquid crystal display device (sanple #31) of Exanple 5 was

prepar egrygtaini dayes showwhHich| @0°35¢wist tdEighfidhd Cephtdnucyery27 has
two separate parts of the 5 first liquid crystal region 27F and the second
liquid crystal region 27S surrounding the two parts of the first [liquid
cryst al acagiestahke wikthi hend| iaddranment| rdurtggormpslicatipa apfgnent
film26 on the |ower substrate is rubbed in the first direction 17, and the
second 10 A4S0 udl ! TS CE SR P LR | FctUPPET {hSp8GC Y the
5 entire second liquid crystal region 27S as shown in FIG.
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 alignment refresh
treatment.
(Example 5)
In Example 5, prepared was a 1liquid 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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direction 19a roughly perpendicular to the first direction 17. The
alignnment film23 on the upper substrate is roughly entirely rubbed in the
direction 18 parallel to the first direction 17. The alignnment states of
the first 15 and second liquid crystal regions 27F and 27S are defined by
the rubbing directions of the alignnment filns 23 and 26. The size of one
pi xel is opm X 240 pm and the width w of the second liquid crystal

regi on 2% S°10 pm  Chol esteryl nonanoate (CN) as a counterclockw se
chiral 20 agent is added to the liquid crystal |ayer 27. The added 120

amount of the chi pallagentl icryéiast el dp1apvaiey Dbé C sampie | #aui)d eryst al
nol ecul es of 40 pm In sanple #31, the pretilt direction of the second
liquid crystal region 27S is fromleft toright 5 (direction of arrow 19a
in FIG Bsamplei § twas pprepareatear inhwhdldlgnnaat shidwn 26n EA6 -t HES Galdled
chiral agent is counterclockw se (direction of arrow 64a). Therefore, the

Cui ot ed P8 FAGHHE (T TEFRM VSt atd B8S T09GnOmRaR? 19 PaBBact APFqu
. qui d
crystal display device for conparison
5 first 1liquid crystal region 27F and the second 1liquid
crystal region 27S surrounding the two parts of the first}
liquid crystal region 27F. The first alignment £film
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 aligﬁment film 23 on the upper substrate is
roughly entirely rubped‘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 pm, 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 ligquid crystal layer 27. The added
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was al so prepared. The liquid crystal display device as the conparative
exanpl e (sanple #401) is different from sanple #31 in that a rubbing
direction 19b of the second 15 alignnent filmregion 26S of the alignnent
film26 is the opposite to the rubbing direction 19a of the second liquid
crystal region 26S of sanple #31. In conparative sanple #401, the pretilt
direction of the second |liquid crystal region 27Sis fromright to |eft
(direct i 8Mo8Rtareowtheh clyiral pgeni3sis) )a%ZHl%%dp&ot iRAVeed R:eCR| Pgnnent
film26, 121 5 and the added chiral agent is counterclockw se (direction of

arrow 64a). r-ef o N.al | Ni o Of; At second liquid crystal region
27S i s c§%n9§E§P§£Q%§%%£$§A§P%'cgggﬂgiéfiaotgg'splay tilt state as shown in
FIG 36(b). Table 17 shows the particulars of the respective alignnment

states of the liquil csymbae | ggar, Wi psrétsukar Jivechalbe 1dfi nehdde the
region of the liquid crystal layer in which each alignnent state devel ops

(the first liquid crystal region or the second liquid crystal 10 region),
the tw sseanplde 1lbguidi chrgsyade rbgibnquk@dS cigstfatomplledfili esocar righitst ed),
the twist direction
5 (direction of arrow 19a in FIG. 35(a)) in the portion near
the alignment film 26, and the added chiral agent is
counterclockwise (direction of arrow 64a). Therefore, the
TN alignment of the second 1liquid crystal region 278 is
counterclockwise 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) is 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
opposiﬁe to the rubbing direction 19a of the second liquid
crystal region 26S of sample #31. In comparative sample
#401, the pretilt direction of the secohd liquid crystal

region 27S is from right to left (direction of arrow 19b

20 .in FIG. 35(b)) in the portion near the alignment film 26,
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(tw sted clockw se or counterclockwi se toward the | ower substrate fromthe
upper substrate) and the tilt state (the uniformtilt or the splay tilt).
122 Table 17 Alignnent statePlace of Twi st TwistTilt Devel opment angl edi rection
Count er cl ockwi seSecond90Count er - Uni f orm Uni f orm TNr egi oncl ockwi setilt

Count er cl ockwi seSecond90Count er - Spl ay Spl ay TNregi oncl ockwi setilt

G ockwi sgSRCQO00GHAGSELRN T B {01 moTheok obbkly1ReNTFAL S50 on
tmﬁstUni?orn1regiont?lt un er%ﬁ%&kwﬁng?¥g 1g%%‘ounter- ni f orm
it-tw stregionclockw setilt SplayFirstONo twi stSplay regiontilt In sanples
#31 and 8#0hrridwe 6440i.d criysiéforest afiel TNRRliRjraedRtl b dhe Seécopidc
phase. The 5 alignnment state of the liquid crystal |ayer after room
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
alignment states of the 1liquid crystal layer. The
particulars in Table 17 include the region of the liquid
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).

122



tenperature was resuned was observed with a polarizing mcroscope under
crossed-Nicols. 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 sanple #31 of Exanple 5,
and FIGS. 37(c) and (d) show the observation results of conparative sanple
#401. In Fé%. %Z disclination lines are shown by the bold lines. Note that
the outli SF e pixel is al so shomm by the bold Iine. 123 In sanple #31

of Exanpt ) crystat at—is—i
counter%l%%ﬁ%?@éhﬁhF% grﬁéﬁp? &ﬁ, JS??OiF].I|tE§Fg§§£COHtI1Udﬁ§+§
connect | >_Lﬁ%pped I n
the ent | COWEERHFI IKHASP ¢rysPAFOPEgi op 2% ThisG eF cryst ¥nifOFHN in
t he count er Inddemms &N uni for n¥eFEENTN al i gnmenf i sC wédepby LU-BBltTh
first iCpuindt egrgistckwissilon 8@&8omdtir el y9becopes $oluamteatH gned Spdagiyons S.
10 When|a volSpdgey @ual t @ orréggbar than the spl aylosewtlserit|catiyvel tipge
Ver is applietoarwese thelliggedonarystalobayel, tdeoskwebenall gnilforas| D

formed al ongrdi¥®rm TN region tilt
Bend First 0° No twist Uniform

region tilt
Counterclockwise First 180° Counter- Uniform

T -twist region clockwise tilt

Splay First 0° No twist Splay

region tilt

in samples #31 and #401, the liquid 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 pixel is also shown by the bold line.
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boundari es between the first liquid crystal region 27F and the second
liquid crystal region 27S shift snoothly toward 15 the centers of the first
liquid crystal region 27F as shown in FIG 37(b). Wth this shift,
bend-aligned regions B expand in the first liquid crystal region 27F,
while the splay-aligned regions S of the first liquid crystal region 27F

shrink. In this way %@@t@enﬂszobeanﬁkh}nwé S 55Oy atH&l Neflghigt he

first liquid 124 crystal region 27F. On the contrary, in conparative sanple

#401, once the liquid crystal material is injected, the second |iquid
crystal ¢rgstal27Smexttemiak coist er dngelatiesk, TN abughercilcsckwisdae sPNay
tilt state. This liquid crystal region in the counterclockw se splay-tilt
TN al i gnnent is denoted by . LS-90. The reason why the second |iquid crystal
regi on EIRRENG t s ithe &t e BeRTPse Ehplhy-t FEEEG TNCORGIGHIRWELYS t hat

t he rubbing direction of the region of 10 the alignment filmon the | ower

SUDS I 81 6oARELESBIATI A Onchle EEOAL IS Gl 8L chR AbcATS Lo bhe

direction o arrow Shown i n : iTectiron of
liquid crystal nolecul es existing near the | ower

5 1is trapped in the entire second liquid crystal region 27S.
This 1liquid crystal 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 is applied across the 1liquid
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 is smoothly attained in the first liquid
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Substrate is forced to follow this rubbing direction. 15 This
count ercl ockwi se splay-tilted TN alignnent is topol ogically honbgeneous
with the splay alignment. Therefore, no definite disclination |ines are
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

the spl ay-aligned regio in the 125 first liquid crystal region 27F. The
FolRhiae el T

counterc TN al i gnnent is not continuously connectable
wi th bend alignnent during voltage application. Wen a voltage equal to or

hi gher than the sgaythé 88A¢raihi,| Cl ¥8hpadAtMGFe | SampRbi §dACr OSRcEhe
liquid crystal layer in the above alignnent states, clockw se

uniformtilted TN-aligned regions RU-90 each surrounded by a disclination
i ne D dekel dpquid herpetahdmateiicalcriist ahjecdgmdn BHE. sviciond hesguid

cl ockwi se uniformtilted TN 10 aligned regions RU-90 acting as transition
nucl ei, bend- aligned regions B expand in the first liquid crystal region

27F accorbufted RPEHeRt 296 teEhibiEsi maurterchosckwisey TN @digmmenksi on,
the splay-aligned regions Sin the first liquid crystal regions 27F are

erOdQQ':ul 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 ligquid crystal region
278  exhibits the counterclockwise splay-tilted TN
alignment is that the rubbing direction of the region of

10 the alignment f£ilm 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 is forced to follow this rubbing direction.

15 This counterclockwise splay—tilfed TN alignment is
topologically homogeneous Qith the splay alignment.
Therefore, no definite disclination lines are formed along
the boundaries between the liquid crystal region LS-90 in
the counterclockwise TN alignment in the second 1liquid

20 crystal region 27S and the splay-aligned regions S in the
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15 Therefore, two processes are required for conparative sanple #401, in
which after the voltage application, the uniformtilted TN-aligned regions
RU-90 first develop in the second liquid crystal region 27S, and with the
regions RU-90 as transition nuclei, the bend 20 aligned regions B expand in
the first liquid crystal 126 regions 27F. The process of devel opnent of

transiti uc{ el k@ t nd_ 1. gul t al | 0 | |
reIiableﬁgg?ere%$g3%§ingygﬁgﬁé f%@ﬁggﬁvgﬁﬁfbnal&§%60§g§§§é€§1§%$£$%8ing
transition nuclei from spacers, protrusions, 5 flaws on the surfaces of the

al i gnmengpiayreian tR | akegnmentot ey wetdscoftindais e RWNMNEctdblei s

| ess easy in attaining high-speed, reliable splay-bend transition. As
descri bed above, in the liquid crystal display device of Exanple 5, the
ki nd (rowhthoheddr @dtigment dheing) whitageagpptlisddeidno the |iquid
crystal material and the rubbing direction are set so that the liquid
crystal nolecules_in the sicond liquid crystal Qﬁgion sted in

7S are tw
the uniformtilt ¥hamk ivpitage 2+ ohPsprayi 'Ps:FoFﬁPBn) bﬁur?%ay‘

non-vol tage application. Therefore, TN 15 alignment continuously connectable
wth pengaghi PPical voltage Ver is applied across the liquid

crystal layer in the above alignment states, clockwise
uniform-tilted TN-aligned regions RU-90 each surrounded by
a disclination line D develop in the second liquid crystal
region 278S. With these clockwise uniform-tilted TN-

10 aligned regions RU-90 acting as transition nuclei, behd—

"aligned regions B expand in the first 1liquid crystal
region 27F accompanied by shift of the disclination 1lines
D. With this expansion, the splay-aligned regions S in
the first liquid crystal regions 27F are eroded.

15 Therefore, two processes are required for
comparative sample_ #401, in which after the voltage
application, the uniform-tilted TN-aligned regions RU-90
first develop in the second liquid crystal region 27S, and
with the regions RU—90 as transition nuclei, the bend-

20 aligned regions B expand in the first 1liquid crystal
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during application of a voltage equal to or higher than Vcr is trapped in
the entire second liquid crystal region 27S. As a result, during
application of a voltage equal to or higher than Vcr, nore reliable,

hi gher - speed splay 20 bend transition is attained in the first liquid
crystal 127 region 27F. By performng the alignnent refresh treatnent for

the liquld_¢ ta I spl eyi.ce. o I r eld .
hi gh- spegggg%?(%y- gﬁd t rg%hseldt ?bg(r:loqes %ﬁ%gflrﬁ%\?enlﬁﬁg%f i?£st t:lla%)%lg t%??st al
regions 27F. Hereinafter, referring to FIG US, the change in the alignnent

state ofppuéheil iigHi €her yelcdind avequebs impsh iherrelfivomR! 298MaRE né£thagh
treatnent is perfornmed for the liquid crystal display device of Exanple 5

will be described, in 10 conparison with the change in the alignnent state
of the rejiabler ysiml répyeductidbdresedlirken thiee cingentnbnadf masdcesseat nent
Is perforned for the liquid crystal display device of the conparative

exanple. The liquid crystal  alignnent_states during the alignnent refresh

process Q&rgervs BT AP B T4 0P| RYF 28 h g EHOSY GARIPRT §nd BT XGTIIZLARS N col s.
FIG 38 shows the observation results, in which

5 flaws on the surfaces of the alignment films or the like.
In other words, comparative sample #401 is less easy in
attaining high-speed, reliable splay-bend transition.

As described above, in the liguid crystal display
device of Example 5, the kind (rotation direction) 6f the

10 chiral agent added to the liquid crystal material and the
rubbing direction are set so that the 1liquid crystal
molecules in the second 1liguid crystal region 27S are
twisted 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
Ver is trapped in the entire second liquid crystal region
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 1liquid crystal
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FIGS. 38(a) to (d) show the change with tine in the liquid crystal
alignnent state of sanple #31 of Exanple 5, and FIGS. 38(e) to (h) show the
change with tine in the liquid 20 crystal alignnent state of conparative
sanple #401. In 128 FIG 38, di-sclinati-on Iines are shown by the bold
lines. Note that the outline of the pixel is also showm by the bold |ine.
First, argghgﬁgg7gqual to or higher than 2Vcr is 5 applied to both sanples.
Wth the voltage application, in sanple #31, the first liquid crystal
regi on 27F beconmes the bend-aligned regions B, while the second liquid
crystal region 278yvepenfsrinhagedihd eatligakeinte reffeshn tioddtated N 8birgned
region LU-90, as shown in FIG 38(a) . 10 In conparative sanple #401, the
first liquid crystal region 27F becones the bend-aligned regions B, while

the secbhf ILifinbdcoistal egiipbay seooiee Ofc ExaBPAissed . unfeBEReLi | t ed
TN-al i -gned region RU-90, as shown in FIG 38(e). 15 Once the voltage

fﬁgl}ffé%gfiggl%@tﬁﬁbﬂpsggg §fT§§§%eﬁ%1 f%%gfg%bﬁw¥§b%%%éfﬂ gnggt In
5 the first 1liquid crystal regions 27F. Hereinafter,
referring to FIG. 38, 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 Example 5 will be described, in
10 comparison with the change in the alignment state of the
liquid crystal layer bbserved when the alignment refresh
treatment is 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 polarizing 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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liquid crystal region 27F changes to counterclockw se 7r- tw st alignnment

I mredi ately after the halt of the voltage application (in several tens of
nsecs), and as a result, 20 the entire f irst liquid crystal region 27F
becones 129 countercl ockwi se n-twi sted regions L-n. The reason why the bend
al i gnnment changes to the countercl ockwi se n- tw st alignnent I's that both

sanpl es t | s gqgﬁ! | C r W se
chiral Efgge% ﬁEngéltlg)r %nggggtéea%% er?eg ,et %érltde ﬂ_88§ )
count ercl ockw se Z- tmnsted regions L- 7C as the flrst liquid crystal region

27F makeNoteangidt oghko st Eifibakife $hldypBkeUINMRNt alkd tdhéwnt MRASEheon
process, the way of expansion of the splay 10 aligned regions S (way of
erosion of the counterclockwise n-twisted regions L-n) in the first liquid
crystal bpedfiodingZF is largely different between sanples #31 and #401. In
sanpl e #31 of Exanple 5, as shomn in FIG 38(c), the splay-aligned regions
S devel op fronlthe 15 surrou iﬁﬁg of spacers and the like in the centers

of the first |iqufd®dystdl V& 29fuady tQy gFpind abge ShPRy 2T gA&d

regions S gradually erode the counterclockw se n-
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 liquid crystal
region 27F becomes the bend-aligned regions B, while the
second 1liquid crystal region 27S becomes the clockwise
uniform-tilted TN-aligned region RU-90, as shown in FIG.
38(e).

15 Once the voltage application is halted in both
samples #31 and #401, the bend alignment in the first
ligquid crystal region 27F changes to counterclockwise T -
twist alignment_immediately after the halt of the voltage
application (in several tens of msecs), and as a result,

20 the entire first liquid crystal region 27F becomes
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twisted regions L-n in the first liquid crystal region 27F. Wth this, the
countercl ockwi se n-twi sted regions 20 L-7t shrink and retract toward the
second liquid crystal 130 region 27S. After a |lapse of a predeterm ned tine
fromthe halt of the voltage application, as showmn in FIG 38(d), the
di sclination lines D reach the boundaries between the 5 first liquid crystal

(01 on 20EuapdLARAFERY 9%l o Wy StabibRY o 775 oUhe! B8 g, The

entire firs I'qui d cryst region S now he spl ay-al i gn
At this tinme, the entire second liquid crystal region 27S traps therein the

count er cthekvhed TNadh gamaEnt Bhaijds Nua!s | the ormat 8&r81 vckivilkend -
alignnent during voltage application. The above state in which the
disclination lines D stop at the boundaries between the first Iiquid
crystal twégtonalignmenthelsecthatl i fath crsamplepeguse 2thendliguide TN
al i gnnment continuously connectable wi th bend alignnment during voltage

P! Cot sl 1t RRRER o MEanBA g SRR BRAMCLEIR R EEP LT Lo
5 agent, cholesteryl nonanoate (CN).

Thereafter, the counterclockwise T-twisted
regions L-7T as the first liquid crystal region 27F make
trqnsition to more stable splay alignment. In 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 ligquid 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 T-
twisted regions L-7 in the first 1liquid crystal region

27F. With this, the counterclockwise TT-twisted regions

20 L-m shrink and retract toward the second liquid crystal
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acting as the bend transition nucleus, once a voltage 20 equal to or higher
than Vcr is applied, bend-aligned 131 regions expand in the splay-aligned
regions of the first |liquid crystal region 27F. Wth this expansion, the
spl ay-aligned regions shrink in the first liquid crystal region 27F.
Finally, the entire first liquid crystal 5 region 27F becones the

bend- al i gagd one@i7as B. As described above, in sanple #31 of Exanple 5
bend al i gnirent easily expands fromthe TN alignnent trapped in the second
liquid crystal region 27S only with application of a voltage equal to or
hi gher than Vcr. Asftiéraa elapise hofh-spepeedetsdimbhedbeniné r fxsint | the S
attained in the first liquid crystal region 27F. On the contrary, in sanple
#401, as shown in FIG 38(g), nore stable splay-aligned regions S devel op
from neBRltheof otihecsraktagef apphigations tae shosn | Lpufd@s 2BYdval
region 27F. The splay-aligned regions S gradually erode the

T aui d e areeantadh L4tk B nadtn | ERE el rET e et btk
regions L-n are sinply eroded without trapping of TN alignment in the
5 first 1liquid crystal region 27F and the second 1liquid
crystal region 275 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
27S traps therein the counterclockwise TN alignment
10 continuously connectable with ©bend alignment during
voltage application.

The above state in which the disclination lines D
stop at the boundaries between the first 1liquid crystal
region 27F and the second liquid crystal region 27S and

15 the TN alignment continuously connectable with bend
alignment during voltage application is trapped in the
entire second liquid crystal region 27S is maintained. As
a result, with the entire second liquid crystal region 27S

acting as the bend transition nucleus, once a voltage

20 equal to or higher than Vcr is applied, bend-aligned
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20 second liquid crystal region 27S. 132 The second liquid crystal region
27S exhibits the clockwi se TN alignnment as shown in FIG 38(g) when a high
voltage is applied although the chiral agent added to the |iquid crystal
material is counterclockw se. The reason 5 is that splay distortion

I ncreases and the alignnent becones unstable with application of a high

vol't age. ragflonshisedditasaapnenkl B thgLY31BnPOLOR1 63 (@K RHNer 1 £heckw s

TN al i gnnent free from splay distortion. erefore, the second Iiqu
crystal region 27S, which 10 exhibits the clockwise uniformtilted TN

al i gnnenliquiddedcayesityalaf trexgsdmt o2 7Fof t hWwilkthghthdls agxpdrssignaduthky

I nfl uenced by the effect of the counterclockwi se chiral agent with tine,
and changes to the nore stable counterclockw se splay-tilted TN alignnent.
Accor di ngP¥ay t8ligaed wregisasoshriph ngnofthen flrginehiduddt ieavatpy
connectable wth bend alignnent during voltage application in the second

liquid crystal regkon. | NDUSTRLAL ARRLI GABLLITY 20 fecarding, t o Lhe, ghesent
5 region 27F becomés the bend-aligned regions B.

As described above, in sample #31 of Example 5,
bend alignment easily expands from the TN alignment
trapped in the second liquid crystal region 27S only with

_application of a voltage equal to or higher than Vcr. As
10 a result, high-speed, reliable bend transition is attained
in the first liquid crystal region 27F.

On the contrary, in sample #4011, as shown in FIG.
38(g), more stable splay-aligned regions S develop from
near the four corners of each part of the first 1liquid

15 crystal region 27F. The splay-aligned regions S gradually
erode the counterclockwise 7mw-twisted regions L-7 toward
the centers of the first liquid crystal region 27F. At
this time, the counterclockwise m-twisted regions L-7 are

simply eroded without trapping of TN alignment in the

20 second liquid crystal region 27S.
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spont aneous tw st direction (counterclockw se or clockw se) of the chiral
agent in the liquid crystal layer and the pretilt direction of liquid
crystal nolecules in the second liquid crystal region at its interface are
set 5 to agree with each other, to allow the second liquid crystal region
to accept the TN alignment in the uniform tilt state free from splay

di stortion in whichhbi geicbndryshaiadmelsft£6 A68ibat ales éﬁhiﬁ&t%pfﬁl{@neous
twist direction of the chiral agent. By setting in this way, TN

al i gnnment conti nuously connectable with bend alignnment during voltage

appl i cat icddodanide TNagleignmehhe asntshewnsenorRIGi qa8d gir yeheth mediiaggh once
the liquid crystal material is injected. Mreover, by performng the
alignment refresh treatnent, TN alignnment contlnuously 15 connectabl e with

bend aI|dﬁ%ﬁﬂgﬂu%ﬁn@RRﬂ%%@ea&§HQQQR|Ehec§@#£?¥r§5ﬁ§G|4¢Q¢Q Eptithe

second liquid crystal region nore reliably. By trapping TN alignnent in the

recond | adiha SEXSEa HRRR ISR S PR Spei T " E
5 1is that splay distortion increases and the alignment
becomes unstable with application of a high voltage, and
thus the second 1liquid crystal region 275 takes the
clockwise TN alignment free from splay distortion.
Therefore, the second 1liquid crystal region 275, which

10 exhibits the clockwise uniform-tilted TN alignment
immediately after shutoff of the high voltage, is
gradually influenced by the effect of the counterclockwise
chiral agent with time, and changes to the more stable
counterclockwise splay-tilted TN alignment. Accordingly,

15 there will be no trapping of TN alignment continuously

connectable with bend alignment during voltage application

in the second liquid crystal region.

INDUSTRIAL APPLICABILITY

20 According to the present invention, the
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regions only with application of a voltage equal to or higher than the

spl ay-vend critical voltage Vcr, and high- speed, reliable bend transition
is attained. As described above, in the liquid crystal display 5 device of
the present invention, the liquid crystal layer has: the first liquid
crystal region in which the pretilt direction of liquid crystal nolecules,

of Wi chsbBRtatldament 180Ul aaedeliching Ne AUd cigghaEdg fagce  of

t he surface of an i gnment I's the rst I rection, the second
l'iquid crystal reglon in which the pretilt dlrectlon is the second
di recti opldickierss) ofr ahet thirdbt agenectironth® Iphaid cipestal mayest ng
the bend alignment of the first region of the liquid crystal |layer. Once a
vol tage equal to or er than the splay 15 bend critical voltage (Vcr) is
appl i ed aefosthe h@ﬂeltq&fd diresitdion a9fr  limeide carwptali swlsgcukes| iigui d
crystal layer acts as the splay-bend transition nucleus for the first

i |l.e bend itio the first

regi ons. E88 Braand LG r et ol SRdheh daler g nbSERERS S AR, Pt

liquid crystal region in the second liquid crystal
5 to agree with each other, to allow the second liquid
crystal region to accept the TN alignment in the uniform
tilt state free from splay distortion in which liquid
crYstal molecules are rotated in the spontaneous twist
direction of the chiral agent. By setting in this way, TN
10 alignment continuously connectable with bend alignment
during voltage application can be trapped in the entire
second 1liguid c¢rystal region once the 1liquid crystal
material is injected. Moreover, by performing the
alignment refresh treatment, TN alignment continuously
15 connectable with bend alignment during voltage application
can be trapped in the entire second liquid crystal region

more reliably.

By trapping TN alignment in the second 1liquid

crystal region as described above, the bend-aligned

20 regions expand smoothly in the first 1liquid crystal
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region as TN alignnent, further high-speed, reliable bend transition is

attained. In the liquid crystal display device of the 5 present invention,

t he added anmount of the chiral agent can be mnimzed. Therefore, it is

possi ble to suppress degradation in optical characteristics, such as

decrease in transmttance that may occur due to devel opment of optica
rotati onreg%_ﬁ% bynike Ghthal aggeitatizhh Cb#l M@ LoTthgau

device inc

bet ween t he

| ayer;
5

10

15

20

i
uding a pair of substrates, a liquid crystal |ayer place

device of the present invention, the liquid crystal layer
has: the first liquid crystal region in which the pretilt
direction of liquid crystal molecules, of which the
alignment is regulated with the alignment regulating force
of the surface of an alignment film, is the first
direction; and the second liquid crystal region in which
the pretilt direction is the second direction different
from the first direction. Display is performed using the
bend alignment of the first region of the liquid crystal
layer. Once a voltage equal to or higher than the splay-
bend crit%cal voltage (Vcr) is applied across the liquid
crystal layer, the second region of the 1liquid crystal
layer acts as the splay-bend transition nucleus for the
first region, to permit high-speed, reliable bend

transition in the first regions.

By trapping 7 -twist alignment developing in the

135

pair of substrates and an alignnent film placed on the side
at | easthbgbheaf tthen pthe eplsaypstendesrfiddica] theltagei ¥cmr yandl higper
wherein the liquid crystal layer has a first region in which the pretilt
direction of liquid crystal nolecules of which the alignnent is regulated
with al PBRRENt Tedgiatengendr deagis htiQnf e aditainedt ignnent filmis a
first direction and a second region in which the

per formed usi ng bt SEFPEARER BroTRe 1R aid HHaRte TR Meblpn o

pretilt directionis a

SyGaYSt@d ?LSIO' ay

of



wherein the liquid crystal |ayer contains a chiral agent with a
predet er m ned spontaneous tw st direction and the second region of the
liquid crystal l|ayer exhibits twist alignment in which the liquid crystal
nol ecul es are twisted in the predeterm ned spontaneous tw st direction of
the chiral agent; and TN alignnent continuously connectable with bend

al i gnmery, i i i of t al j t IS
trappedq%ﬂ%#%eﬂgﬁﬁﬁgt égggﬁngéﬁgg%Béfqgfhg |q%%gogbyéﬁgfgféyégsﬂiégi2. The
liquid crystal display device of claim1, wherein the first region of the
liquid aegich hayan &xhgbidentsp! fMr&hedneighddpedd ,N0Re ¥PhHAGE bend
application and bend alignnment during voltage application. 3. The liquid
crystal display device of claiml, wherein the liquid crystal display
devi ce Hammsitionl ityatdfajmedls, and the liquid crystal |ayer in each of
the plurality of pixels has the first region and the second region. 4. The
liquid crystal di%gla¥hgevice of claim1l,

liquid crystal display device of the
5 present invention, the added amount of the chiral agent
can be minimized. ‘Therefore, it is possible to suppress
degradation in optical characteristics, such as dedrease
in transmittance that may occur due to development of

optical rotation caused by the chiral agent.
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wherein an angle Wformed between the first direction and the second
direction satisfies 30 5W< 150'. 5. The liquid crystal display device of
claim1l1l, wherein an angle P forned between the first direction and the
second direction satisfies 70 59" 5 110. 6. The liquid crystal display
device of claim1l, wherein the second region is in the shape of a stripe
extending in parallel with the second direction. 138 7. The liquid crystal
di splay device of claim1, wherein 6M8I8Pp < 0.50 is satisfied where d is
the thickness of the liquid crystal layer and p is the natural chiral
pitch of the liquid crystal layer. 8 The liquid crystal display device of
claim1, wherein O < d/p <0.15 is satisfied where d is the thickness of
the liquid crystal Payerdwiid prystahedhsplanl dewieal ingileehngf at pa i quid
crystal layer. 9. The liquid crystal display device of claim1, wherein the
chiral agemt ssbstrateted €0 i1hatid hergetahd lavegi anl afed hbekwgend tdeyst al
| ayer exhibits twist alignnment free fromsplay distortion. 10. A nethod for
fabricati noppir lofqusubsrnestesd atidspmayalignment film placed on the side

of at least one of the pair of substrates facing the liquid

crystal layer, wherein the liquid crystal layer has a first

region in which the pretilt direction of 1liquid 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 direction is a second direction different from the

first direction, and display is performed using bend

alignment of the first region of the liquid crystal layer;

wherein

the liquid crystal layer contains a chiral agent with

a predetermined spontaneous twist direction and the second

region of the liquid crystal layer exhibits twist alignment

in which the 1liquid crystal molecules are twisted in the

predetermined spontaneous twist direction of the chiral

agent; and

TN alignment continuously connectable with bend
alignment during application of a wvoltage equal to or
higher than Vcr is trapped in the entire second region of

the liquid crystal layer.
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device, conprising the steps of: providing a pair of substrates each having
an electrode on its principal plane; formng an alignnment filmon the
el ectrode of at |east one of the pair of substrates, the alignnent film
having a first alignnent filmregion having alignment regulating force
forcing the pretilt direction of liquid crystal nolecules to be a first
direction and a second alignnment filmregion having alignnment regul ating
force forcing the 139 pretilt direction of liquid crystal nolecules to be a
second direction different fromthe first direction; and placing a liquid
crystal layer betweel'® hélfdif ofrystilst AasRdavt HEeTicfui @lcr G52 4P Ilayer
having a first region in which the pretilt direction of liquid crystal
mol ecul es Wigrewi cHhehe fHlbsgnmaegicg redul hed W abid hecuysghhentayer
regulating force of the alignnent filmis the first direction and a second
region in ekhthithespratidliigunerctdwoningf nomuial tergestaip Indagcignesargf  whi ch
the alignnment is regulated with the alignnment regulating force of the
al i gnnent béhdndkidmersechnd ndi vedttiage, appll ataghoent conti nuously
connectable with bend alignnent being trapped
3. The 1liquid crystal display device of claim 1,

wherein the liquid crystal display device has a plurality

of pixels, and the 1liquid crystal layer 1in each of the

plurality of pixels has the first region and the second

region.

4, The 1liquid crystal display device of claim 1,
wherein an angle W formed between the first direction and

the second direction satisfies 30° <¥W < 150 .

5. The 1liquid crystal display device of claim 1,
wherein an angle W formed between the first direction and

the second direction satisfies 70° <¥ < 110°.
6. The 1liquid crystal display device of claim 1,

wherein the second region 1is in the shape of a stripe

extending in parallel with the second direction.
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in the entire second region; wherein the step of placing a liquid crystal

| ayer includes a step of providing a liquid crystal material containing a
chiral agent with a predeterm ned spontaneous twi st direction, and the
second region of the liquid crystal |layer exhibits twi st alignnment in which
the liquid crystal nolecules are twsted in the predeterm ned spontaneous
tw st direction of the chiral agent. 11. The_ nethod for fabricating a liquid
crystal disp|2§r of % M-8 dnner i it h818BLB¥d TG Th th almiguid
crystal layer exhibits tw st alignnent_free fram splay distortion during

non- vol t ag@ &bt cdti 6n. 9180 2. OTHE st héd tESE 1edbr Ve&FPng? a 15 qli¢ crystal

di splay of claim 10, wherein the step of placing a liquid crystal |ayer
i ncl udes atBi@pesss pek f oher hgaaidgarestal r bgyeshandent mentthen n@fivd® lr oughl y
the entire first region of the liquid crystal |ayer is bend-aligned, and
then the demkhalpigmentt ithecHdmgéed toysphaylayégnnment via Fi-tw st
alignnment. 13. The nethod for fabricating a liquid crystal display of claim
12, wherein the step of performng
8. The 1liquid crystal display device of claim 1,
wherein 0 < d/p £0.15 is satisfied where d is the thickness
of the liquid crystal layer and p 1is the natural chiral

pitch of the liquid crystal layer.

9. The 1liquid crystal display device of claim 1,
wherein the chiral agent is selected so that the second
region of the liquid crystal layer exhibits twist alignment

free from splay distortion.

10. A method for fabricating a liquid crystal display
device, comprising 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 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
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alignment refresh treatnent is executed by applying a voltage twice or nore

as high as a splay-bend critical voltage across the liquid
for a predetermned tinme. 14. The nethod for fabricating a
di splay of claim 12, wherein an angle T forned between the

and the second direction satisfies 70" :~T 1100. 15. The |

crystal |ayer
liquid crystal
first direction
quid crystal

di splay device of claim1l, wherein the second region at |east extends
across a rRkfitont defireedipy acpi xbldw¥d t KEVsitgdi dMeL§sraesdi sl &3f dévi ce.
141 16. The nmethod for fabricating a liquid crystal display of claim 10,
wher ei n t heeedrbiit naggiiom idg fiferapd foomathe ehststexderrRr Bi@sad r egi on

defined by a pixel of the liquid crystal display device. 142

placing a 1liquid crystal layer between the pair of
substrates, the liquid crystal layer having a first region
in which the pretilt direction of liquid crystal molecules
of which the alignment 1is regulated with the alignment
regulating force of the alignment film 1is the first
direction and a second region in which the pretilt
direction of liquid <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; wherein

the step of placing a liquid crystal layer includes a
step of providing a liquid crystal material containing a
chiral agent with a predetermined spontaneous twist
direction, and the second region of the 1liquid crystal
layer exhibits twist alignment in which the liquid crystal

molecules are twisted in the predetermined spontaneous

twist direction of the chiral agent.

11. The method for fabricating a 1liquid

crystal

display of claim 10, wherein the second region of the

liquid crystal layer exhibits twist alignment free from

splay distortion during non-voltage application.
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12. The method for fabricating a 1liquid crystal
display of claim 10, wherein the step of placing a liquid
crystal layer includes a step of performing alignment
refresh treatment in which roughly the entire first region
of the liquid crystal layer is bend-aligned, and then the
bend alignment is changed to splay alignment via n-twist

alignment.

13. The method for fabricating a liquid crystal
display of «c¢laim 12, wherein the step o0f 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 predeterminec

time.

14. The method for fabricating a 1liquid crystal
display of claim 12, wherein an angle ¥ formed between the

first direction and the second direction satisfies 70° ¥ <

110°.

15. The 1liquid crystal display device of claim 1,

wherein the second region at least extends across a region

defined by a pixel of the liquid crystal display device.
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16. The method for fabricating a liquid «crystal
display of claim 10, wherein the second region is formed to
at least extend across a region defined by a pixel of the

liquid crystal display device.
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