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BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a liquid crystal display device, and nore particularly, to a
liquid crystal display device suitably tised for portable information
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e 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.
2. Description of the Related Art
Conventionally, liquid crystal display devices using a
nematic liquid crystal material have been widely used as
digit segment displays for watches, calculators and the 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 particular, in the market of
desktop monitors, it is no exaggeration to state that conven-
tional CRT monitors have been increasingly replaced with
LCD monitors. This trend has also spread to the market of
TV monitors in which CRTs have long been a monopoly.
Many manufacturers now actively make research and devel-
opment with the aim of replacing CRT-TVs with LCD-TVs.
The hardest challenges to the spread of LCD-T Vs are said
to be the high-speed response characteristic 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 elec-
trooptic characteristics of liquid crystal materials, and vari-




ous proposals have been made so far to tackle these chal- |enges. As of

t oday, however, no decisive solutions have yet been found. Under these

ci rcunst ances, an optically com pensated birefringence (OCB) node has
recently attracted attention as a node capable of providing both the

hi gh-speed response characteristic and the w de view ng angl e charac-
teristic. The OCB node however has a very troubl esonme problem that initial
transition fromsplay alignment to bend ™ alignnment is necessary before the
device is driven. The splay-bend alignnment transition has been analyzed in

detail in theupgsto odals havee hedimmade tsoe faoto ackietthese dlealn clarified.
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enly 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 is
considered comparatively low in places near spacers in the
cell, flaws on alighment films probably produced during
rubbing, places in which the alignment of 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-barrier place acting as a
trigger (nucleus) when a voltage equal to or higher than a
critical voltage (Vcr) at which the Gibbs free energy of the
splay alignment is equal to that of the bend alignment is
applied.

However, the transition to bend alignment (bend transi-
tion) brought by spacers, flaws, alignment disturbance and

the like as described above largely depends on the probabil-
ity, and therefore lacks in reliability and is poor in repro-
ducibility. To ensure high-speed, reliable bend transition in
all pixels of the 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.



bend transition in each pixel. 3 For exanple, Japanese Laid-Open Patent
Publ i cation No. 11-7018 discloses a nethod in which high tilt-angle regions
are partly provided in pixels to formregions bend-aligned in the initial
stage or formregions that easily nake the bend transition, and such
regions are used as bend transition nuclei. However, as discussed in the
above publication No. -11-7018, to formhigh-tilt regions partly in pixels,
it is necessary to formvertical alignment filnms partly after for- nmation
of horizontal alignnment filns, or perform phase separation using a special
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material and alignment film material for formation of bend

transition nuclei, it is not recommendable to adopt such a

method from the standpoint of the fabrication process.

Japanese Laid-Open Patent Publication No. 9-96790, for

example, discloses a method in which n-twist alignment is

given as the initial alignment state by using a chiral agent-

added liquid crystal material. In this technique, the m-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 m-twist alignment may be virtually

considered as uniaxial bend alignment as long as the voltage

is high in the range of the drive voltage for a liquid crystal

display device. The effect of flow effectively works in the

relaxation time from a high voltage to a low voltage, as in

pure bend alignment, and thus, the high-speed response

characteristic of several msecs that is as fast as that obtained

in the OCB mode can be obtained.

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



alignment as the initial alignnent. It is necessary to add a chiral agent
so that the ratio d/p is about 0.50 considering mnargins where d is the

t hi ckness of the liquid crystal cell and 4 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 voltage opti cal
characteristics, in particular, the trq@snlttance characteristic at an
azimuth angle of 45 under crossed-Nicol&. This naturally degrades not only
the optical characteristics of the liquid crystal panel observed fromthe
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transition of the liquid crystal layer reliably at high speed,

and a method for fabricating such a liquid crystal display

device.

A liquid crystal display device according to the present

invention includes a pair of substrates, a liquid crystal layer

placed between the pair of substrates and an alignment film

placed on the side of at least one of the pair of substrates

facing the liquid crystal layer, wherein the liquid 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
direction is a second direction different from the first direc-
tion, and display is performed using bend alignment of the
first region of the liquid crystal layer. In such a liquid crystal
display device, the second region of the liquid crystal layer
acts as the nucleus for splay-bend transition of the first
region when a voltage equal to or higher than a splay-bend
critical voltage (Vcr) is applied across the liquid crystal
layer, and this enables high-speed, reliable bend transition in
the first region.



| ayer, and this enabl es high-speed, reliable bend transition in the first
region. 5 Typically, the first region of the liquid crystal |ayer exhibits
splay alignment during non-voltage application and bend alignnment during
vol tage application. It is preferable that the second region of the liquid
crystal layer exhibits twist alignnent. It is preferable that TN alignnent
conti nuously connect- able with bend ali?nnent during application of a
voltage equal to or higher than Vcr is trapped in the entire second region
of the liquid crystal layer. Wth the todpplng of TN alzﬂnnent conti nuously
p
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transition. transition nucleus or splaygbend transition ena
higher-speed, more reliable 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 region and the second region.
With the liquid crystal layer having the first and second
regions for each of the plurality of pixels, the bend transition
is more ensured in the first region of each pixel.
Preferably, an angle ¢ formed between the first direction
and the second direction satisfies 30°=y=150°. By this
setting, the second region can act as a very effective splay-
bend transition nucleus.

Preferably, an angle 1y formed between the first direction
and the second direction satisfies 70°=y=110°. By this
setting, 7 (180°) twist alignment developing when a high
voltage, applied before actual driving to completely bend-
align the first region, is shut off can be reliably trapped in the
entire second region. This enables higher-speed, more reli-
able bend transition.

Considering easiness of formation of an alighment 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.



Consi dering easiness of formation of an alignment film for controlling the
alignnment 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. 6 Preferably, the liquid crystal |ayer contains a chiral agent.
Wth the chiral agent, the splay-bend alignnent transition can be attained
in the first region of the liquid crystal |ayer at higher speed.
Furthernore, when the liquid crystal |ayer contains a chiral agent, it is
preferable that the anount of the chiral agent is controlled so t hat
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In particular, when 0<d/p=0.15 is satisfied, it is p0551b1e
to provide a thh-quahty liquid crystal display device in
which decrease in transmittance is hardly observed and no

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

It is preferable that the liquid crystal layer contains a
predetermined chiral agent selected so that the second region
of the liquid crystal layer exhibits twist 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
liquid crystal layer. Therefore, the entire second region of
the liquid crystal layer acts as the transition nucleus for
splay-bend transition of the first region of the liquid crystal
-layer. This enables higher-speed, more reliable bend transi-
tion in the first region of the liquid crystal layer.

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

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




| ayer. This enabl es hi gher-speed, nore reliable bend transi- tion in the
first region of the liquid crystal layer. A nethod for fabricating a liquid
crystal display device according to the present invention includes the
steps of: providing a pair of substrates each having an el ectrode on its
principal plane; 7 forming an alignnment filmon the el ectrode of at |east
one of the pair of substrates, the alig nt filmhaving a first alignnent
filmregion having alignnment regulating force forcing the pretilt direction
of liquid crystal nolecules to be a first direction and a second alignnent
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lating force of the alignment film is the second direction, TN
alignment continuously connectable with bend alignment
being trapped in the entire second region. With this method,
a more effective transition nucleus for splay-bend transition
of the first region of the liquid crystal layer can be formed
in the entire second region of the liquid crystal layer.
Therefore, a liquid crystal display device permitting high-
speed, reliable bend transition can be fabricated.

The step of placing a liquid crystal layer includes a step
of providing a liquid crystal material containing a predeter-
mined chiral agent, and the second region of the liquid
crystal layer may exhibit twist alignment free from splay
distortion during non-voltage application.

The step of placing a liquid crystal layer may include 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 m-twist alignment.

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.



step of performng alignnent refresh treatnment in which roughly the entire
first region of the liquid crystal |layer is bend-aligned, and then the bend
alignnment is changed to splay alignnent via vt-tw st alignment. The step of
perform ng alignnent refresh treatnment is executed by applying a voltage
twice or nore as high as a splay-bend critical voltage across the liquid
crystal layer for a predetermned tine,qfor exanple. 8 It is preferable
that an angle qV fornmed between the first direction and the second direction
satisfies 70 <V < 110. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1
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cross-sectional views of the liquid crystal elenent observed during
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(d) is a view showng a prefilt direction and a p angle. FIG 2(a) is
a cross-sectional view of a liquid crystal display device of an enbodi nent
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FIGS. 5(a) akd)ddp Xi@vcs_r}&w]’%g@l PLR ft o agd@c]ﬂfp 1 #4§-al el enent in
Exanple 1 for ¢HEPNY(Ltisa thessmBebfional view of a liquid crystal
display device of an embodiment of the present 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 light irradiation direction and polymer chains of the
alignment film.
FIG. 3 is a view diagrammatically showing the observa-
tion 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 observa-
tion results of a liquid crystal layer of a liquid crystal
element in a comparative example viewed in the direction
normal to the substrate.

FIGS. 5(a) and (b) are cross-sectional views of a liquid
crystal element in Example 1 for demonstrating the mecha-
nism of bend transition in the liquid crystal element.

FIG. 6 is a cross-sectional view of a liquid crystal element
in the comparative example.

FIGS. 7(A) to 7(F) are views illustrating alignment films
applicable to liquid crystal elements in Example 1.



nismof bend transition in the liquid crystal elenent. FIG 6 is a
cross-sectional viewof a liquid crystal elenent 1in the conparative
exanple. FIGS. 7(A) to 7(F) are views illustrating alignnent filns
applicable to liquid crystal elenents in Exanple 1. 9 FIGS. 8(A), (B), (D
and (E) are views diagrammatically show ng the observation results of liquid
crystal layers of Iliquid crystal elenmerys in Exanple 2, and FIGS. (C) and
(F) are views diagrammatically show ng-the observation results of a liquid
crystal layer of a liquid crystal elenment in a conparative exanple. FIG 9
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surrounded b¥Ty rEXa -11(a). FIG 12(a) is a view

di t |1 h f, the liquid
crystal el éﬁi‘ntme neﬁﬁ'?p“ twhé*‘ﬁ%% P BIREL ofi Sfnbidk er vea

i medi atel 'y l?él ﬁngbpdanﬁ é’fﬂ presantninventios, a vi ew

di agr anmat i caﬂléwahmntvm di]@dﬂ(ﬂpmrmaglst@lthglglgjm state of the el enent
observed after @&J}aﬁigq)c;f a certain tine fro t e shutoff of the voltage,
and (c) is a vi\MJd HaveY diagrammatic owing the ltqmldyst al
alignment st grgstfl abignment state of a liquid crystal element in an

embodiment of the present invention, observed after injec-

tion of a liquid crystal material but before voltage applica-

tion, (b) is a view diagrammatically showing the liquid

crystal alignment state of the element observed immediately

after application of a high voltage, (c) is a view diagram-

matically 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 liquid 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 after a lapse of a certain time from
the shutoff of the voltage, and (c) is a view diagrammatically
showing the final liquid crystal alignment state of the
element observed after the halt of the voltage application.

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 volt-
age application after performing refresh treatment of tem-
porarily applying a high voltage, (b) is a view diagrammati-
cally showing the liquid crystal alignment state of the



el ement observed after the halt of the voltage application. FIG 13(a) is a
view di agranmatically showng the liquid crystal alignnment state of a
liquid crystal elenent in an enbodi ment of the present invention, observed
before volt- age application after performng refresh treatnent of tem
porarily applying a high voltage, (b) is a view diagrammati- cally show ng
the liquid crystal alignnment state of t 10 elenent observed i medi ately
after application of a high voltage, and (c) is a view diagrammtically

showing the final [liquid crystal aI | gnrrent state of the el ement observed
after the apgbhfdit pﬁsefv@d affek ¢ Iiééﬁbnaoif L
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substrate of examp forming second liquid crystal

regions on an allgnment ﬁlm on a lower substrate of a liquid

crystal element in an embodiment of the present invention.

FIG. 17 1s a view showing an example of the technique of

forming second liquid crystal regions on an alignment film

on a lower substrate of a liquid crystal element of an

embodiment of the present invention.

FIG. 18 is a view demonstrating the molecular 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 align-
ment film.

FIG. 20 is a view showing an example of the technique of
forming a second liquid crystal region on an alignment film
on a lower substrate of a liquid crystal element in an
embodiment of the present invention.

FIG. 21 is a diagrammatic view of a liquid crystal element
in an embodiment of the present invention, viewed in the
direction normal to the substrate.

F1G. 22 shows views demonstrating the alignment state of
a liquid crystal element in an embodiment of the present
invention observed after the refresh treatment.




enbodi nent of the present invention. FIG 21 is a diagrammtic view of a
liquid crystal elenent in an enbodi nent 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
present invention observed after the refresh treatnent. 11 FIG 23 shows
views denpbnstrating the relationship in the magni t ude of G bbs free energy
anong various liquid crystal alignment étates devel oping after the refresh
t r eat ment |n a I|qU|d crystal elenment in an enbodi nent_ of ,the present

i nventi on. 2§Sﬁow5eweiﬁ§ﬂemommngnhwelghm hipiatheof a 1iquid

rored at ol 5%@1@3@9%0%% e Sl aﬁgg %@WQPW%gﬁeQVS?eW
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applica- ti o el ement in an enbodi nent of the
present i nvelmnVBnthBl G 26 is a diagranmatic view of a liquid crystal

element in Exa ‘i viewed iin the direction Borrral to the sub- strate.
FIG 27 is a vFeI d24 gs anvae Wedemonstoain th@ea gosent, skate 0 @sults of a
liquid cryst§ IiIQYnyﬁfalté}édléﬂt“ﬂ Wférﬁbommnbf' thé viewed in

the direction th ubstr F Vi armatlcall
show ng the Upeen bap%é r&%@ H@eﬁﬁ‘éély Q}&fd%ﬁpﬁﬁﬁpﬁ @rd‘l’ "a liquid y
crystal ele eto 3 ¥.conparative exanple, viewed in the direction nornal
to the substra F 9 n di agrammati -
cally show ng mgogssirs\/ét&?rw é%@%uég#dgmgpa%mﬁe of gI iquid
crystal el enBmagnitn bbs fres energy among various liquid crystal

ahgnment states developing immediately after the applica-

tion of 3 V in a liquid crystal element in an embodiment of

the present invention.

FIG. 26 is a diagrammatic view of a liquid crystal element
in Example 5, viewed in the direction normal to the sub-
strate.

FIG. 27 1s a view diagrammatically showing the obser-
vation results of a liquid crystal layer of the liquid crystal
element in Example 5, viewed in the direction normal to the
substrate.

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

FIGS. 29(a), (b), (¢), (d) and (e) are views diagrammati-
cally 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 showing
the observation results of liquid crystal layers of liquid
crystal elements in Example 4, and (¢) is a view diagram-
matically showing the observation results of a liquid crystal
layer of a liquid crystal element in a comparative example.



direction normal to the substrate. FIGS. 30(a) and (b) are views
diagrammatically showing the observation results of liquid crystal |ayers
of liquid crystal elenments in Exanple 4, and (c) is a view di agram
matically show ng the observation results of a liquid crystal |ayer of a
liquid crystal elenent in a conparative exanple. 12 FIG 31 is a view

di agrammatically show ng the obser vati?g results of a liquid crystal |ayer
of aliquid crystal elenent in Exanple 4. FIG 32 is a view showing a
measur enent system for neasuring the voltage- transnlttance characteristic

in Exarrpl;a 4 @Iﬁtggffs[)%p@i@ﬁl ‘ké ICE![T% qhgr@]ggep.hovm ngxt heI
nmeasurenent results o e V anc C erls c i n Exanpl e
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FIGS. 35(a) and (b) are diagrammatic views of a liquid
crystal element in Example 5 and a liquid crystal element in
the comparative example, respectively, viewed in the direc-
tion normal to the substrate.

FIG. 36(a) is a view demonstrating a uniform tilt align-
ment state, and (b) is a view demonstrating a splay tilt
alignment state.

FIG. 37(a) is a diagrammatic view of the liquid crystal
alignment state of the liquid crystal element in example 5
observed after injection of a liquid crystal material but
before voltage application, (b) is a diagrammatic view of the
liquid crystal alignment state of the liquid crystal element in
example 5 observed immediately after the voltage applica-
tion, (¢) is a diagrammatic view of the liquid crystal align-
ment state of the liquid crystal element in the comparative
example observed after injection of a liquid crystal material
but before voltage application, and (d) is a diagrammatic
view of the liquid crystal alignment state of the liquid crystal
element in the comparative example observed immediately
after the voltage application.

FIGS. 38(a), (b), (¢) and (d) are diagrammatic views
showing changes with time of the liquid crystal alignment
state of the liquid crystal element in Example 5 observed
when the voltage is turned OFF after the liquid crystal
element is subjected to the refresh treatment, and FIGS.




but before voltage application, and (d) is a diagranmatic view of the
liquid crystal alignnment state of the liquid crystal elenent in the
conparati ve exanpl e observed imediately after the voltage application.
FIGS. 38(a), (b), (c) and (d) are diagrammatic views show ng changes wth
time of the liquid crystal alignment state of the liquid crystal elenment in
Exanpl e 5 observed when the voltage isliurned OFF after the liquid crysta
element is subjected to the refresh treatment, and FIGS. 13 38(e) to (h)
are diagranmatic views showi ng changes with tinge of the liquid crystal

al i gnment st38ge)ofo (h)aalreqilagmmmabllc vigwswshowing ichangesawdth ve exanpl e
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liquid cryst ent |nvent|on Is an OCB node
liquid cryst J%C@%#ié‘@%%h%@eﬁhﬁ@@ﬁ@@éﬁ )end alignment of liquid crysta
nol ecul es for display and can preferably attain both the high-speed

response charact eDETAIL EIDADESCRIFTONWE PREEERRERt eristic. As shown
in FIG 2(a), aliquid crystggmﬂggﬁb %pgfrt e 40 of an enbodi nent of the
present invention includes a ' E fng plates (polarizers) 2 and
3, aliquid crystal elenment 30 interposed between the polarizing plates, an
optical phase Flepmifidr, ERioaRaeAtbal waan UL ROiEsanr anbbaL e 2 and the
liquid cryst ﬁngat >3 rlﬁg C|rc&pt ﬁ%ﬁ ri the liquid
crystal ele HPWG éiq’slctﬂ}? VL& IgICEeRGe tj@r@ %e‘i‘aa pair of

el ectrode suhq;yales 5 and 6 bonded together with seal resin 14 and a
liquid crystal layer 27 forned in the space surrounded by the pair of

| d .
el ectrode Embodiment 1

The liquid crystal display device of the present invention
is an OCB mode liquid crystal display device that uses bend
alignment of liquid crystal molecules for display and can
preferably attain both the high-speed response characteristic
and the wide viewing angle characteristic. As shown in FIG.
2(a), a liquid crystal display device 40 of an embodiment of
the present invention includes a pair of polarizing plates
(polarizers) 2 and 3, a liquid crystal element 30 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 element 30. The liquid crystal element 30
includes a pair of electrode substrates 5 and 6 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 formed on the
surface of the substrate 21 facing the liquid crystal layer 27,
and an alignment film 23 formed on the surface of the
transparent electrode 22 facing the liquid crystal layer 27.



substrates 5 and 6 and the seal resin 14. The el ectrode substrate 5 incl udes
a substrate (transparent substrate) 21, a transparent el ectrode 22 forned
on the surface of the substrate 21 facing the liquid crystal |ayer 27, and
an alignment film23 formed on the surface of the transparent el ectrode 22
facing the liquid crystal layer 27. 14 Likew se, the electrode substrate 6
I ncl udes a substrate 24, a transparent glectrode 25 formed on the surface
of the substrate 24 facing the |liquid crystal | ayer 27, and an alignment
film26 formed on the surface of the transparent electrode 25 facing the

connect Séyfiﬁ% a”ﬁeviﬁe.?@ﬁ.“‘d@@%“bgﬁra%?&ﬁ% ; ‘?‘2325@%%‘?%‘@35 g to
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circuit 16 vnsaleltraiet %sﬁaamgt tMehqlmdles ahnlam Measlabsauat es 21 and
24 are made ? %&; Q@% ges 22 and 25
are nade of ﬁﬂ?l n oxi (f g crys 0 shown in
FIG 2(a) corer ég o]ﬂiqﬁi saystalclayerr tfliﬁs WaRsnt el ect r odes
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the entire |ig] ecﬁ’(niqssﬁﬂlamﬂ 28 aye madlecef |09 |1ndi111m fint bKldie)]w d crystal
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di agr ammat i calZnndﬁmetherdbrecshownas aoveringthe entiresswatfaeegnent  30.
FIG 1(a) Ts g pha"sub§iratds. 'AenIty iBWever, the transparent elec-

trodes 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 pixel working for display, and such pixels

are arranged in a matrix over the entire liquid crystal display

device.

-

Hereinafter, the liquid crystal element 30 of the liquid
crystal display device 40 will be described with 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 alighment
film 26 of the liquid 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).



film26 of the liquid crystal elenent, and FIGS. 1(b) and (c) are
cross-sectional views of the liquid crystal elenent taken along line RR
of FIG 1(a), observed during non-voltage application in FIG 1(b) and
during voltage application in FIG 1(c). 15 In the liquid crystal el enent
30 in this enbodinment, the liquid crystal |ayer 27 interposed between the
alignment filnms 23 and 26 has a first {4quid crystal region 27F and a
second liquid crystal region 27S. The first liquid crystal region 27F
exhibits splay alignment as shown in FIG 1(b) during non-voltage
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major axes of liquid crystal molecules 32 (liquid crystal
molecules existing near the interface between an alignment
film and the liquid crystal 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=0<45°. The reason is as follows. In general, when
the pretilt angle 8 of liquid crystal molecules is less than 45°,
splay alignment is lower in Gibbs free energy and thus more
stable than bend alignment. When the pretilt angle 8 exceeds
45°, bend alignment is more stable.

The liquid crystal element 30 in this embodiment has a
feature that the pretilt direction (first direction) of liquid
crystal molecules in the first liquid crystal region 27F is
different from the pretilt direction (second direction) of
liquid 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 1) indicated by the major axes of the liquid



feature that the pretilt direction (first direction) of liquid crystal
nol ecules in the first liquid crystal region 27F is different fromthe
pretilt direction (second direction) of liquid crystal nolecules in the
second liquid crystal region 27Sin the area near the alignnent film 26.
The pretilt direction as used herein refers to the azinuth direction
(azimuth angle ') indicated by the maj ofcaxes of the liquid 16 crystal
nol ecul es 32 of which the alignnent is regulated wth the alignnent
regul ating force of the surface of the allgnnent f|In1 in the x-y-z
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bbi
FHRRng be described with reference to FIG. 1(a).

The surface of the alignment film 26 on the lower sub-
strate 24 includes a first alignment film region 26F rubbed in
a first direction (direction of arrow 17 in FIG. 1(a)) and a
second alignment film region 26S rubbed in a second
direction (direction of arrow 19) different from the first
direction. The second direction is set at the angle 1\ from the
first direction as shown in FIG. 1(a) and, as will be described
in Example 1 later, the angle 1 is preferably set to satisfy
30°=y9=150°. The second alignment film region 268 is in
the shape of a stripe extending in the direction of rubbing of
the second alignment film region 26S (second direction 19).

Adoption of the stripe shape extending in the 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 film regions 26S on the
alignment film and giving uniform rubbing of the second
alignment film regions 26S. The shape of the second align-
ment film region 26S is not limited to this, but, as will be
described later with reference to FIG. 7, various shapes can
be adopted.




direction for the second alignment filmregion 26S provides effects of
facilitating pattern formation of a mask used in formation of the second
alignnment filmregions 26S on the alignment filmand giving uniformrubbing
of the second alignnent filmregions 26S. The shape of the second align-
ment filmregion 26Sis not |limted to this, but, as wll be described
|later with reference to FIG 7, varlousrfhapes can be adopted. 17 \Wen one
second alignnent filmregion 26S is forned for one pixel, the second
alignment filmregion 26S is preferably formed to cross the opposite nmajor

d f th f th i xel,
so that two paWGenie SeEBnddf %‘?‘%ﬁﬁ A Q@@?Q Ea}) Fated by the
second al i gnonetpixel thesggeon GQM@I 1D ﬁ%prﬁf%r@ By forming in
this way, thfofméﬁtb%srsﬁef tﬁéﬁ% nigjorsidesoftthepikel andialsohe | i quid

For mti on_of DedpRalebBNgRIY AL} ?8&@%&5@&%9&*%@@#%’% Screase in

di spl ay ar eaoftthe Vﬁtﬂthahgmnen‘é ofiegHon odeEnseparate €26S i n one
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pm The ar ea econ ﬁ%é e@ g@ef rably about' s
to '/a wt haf%%p %ﬂXv ﬁﬂ?e €& ¥ e d above, the
first alignmgplayiHend ﬁmnsmtléﬁFinOﬂle hquldlorgstaalrhayierlqambemadbe | ower
substrate 24 (i‘h is in contact Wlththefll‘st liquid crystal region 27F,
i's rubbed inS first d|rect|oa g he pgetilt direction of
liquid crystalMoseever.ednn&onst @r&tﬁ?’%t e 11armatigiodber to  the

first di reCté& 2y Meird tiAesisiosrnticdél an re%mmneqf@iecréﬁ&qh the

Second 11 qui ISP 2 hegﬂh%n%f@ﬂb%# St eaGC%EH@%&*Sﬁ@EE on, o
regul ate therp EmIIGSomnem pixel (forgexanples ddM)elf t he second
align- ment fﬂrﬁf&faﬂ]yoﬁl the r‘aﬁg@“éf B pendol60epin. oThe area of the
second alignment film region 268 is preferably about Y4s to
14 with respect to the area of one pixel as 1.
As described above, the first alignment film region 26F of
the alignment film 26 on the lower substrate 24, which is in
contact with the first liquid crystal region 27F, is 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. Also, the second alignment film region
26S of the alignment film 26 on the lower substrate 24,
which is in contact with the second liquid crystal region 278,
is rubbed in the second direction, to regulate the pretilt
direction of liquid crystal molecules near the second align-
ment film region 26S to the second direction.

The alignment film 23 on the upper substrate 21 is roughly
entirely rubbed in the first direction (direction of arrow 18),
so that the pretilt direction of liquid ‘crystal molecules near
the alignment film 23 is 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 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.




The alignment film 23 on the upper substrate 21 is roughly entirely rubbed
in the first direction (direction of arrow 18), so that the pretilt
direction of liquid crystal nolecules near the alignment film23 is

regul ated to the first direction. Since the rubbing direction of the
alignment film23 and the rubbing direction of the first alignnent film
regi on 26F of the alignnent film 26 arf in parallel with each other, the
pretilt direction in the first liquid crystal region 27F is the first
direction both in the portlons near the allgnnent filmse 23 and 26, and thus
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t liquid crysta reglon 27F, as shown in FIG. 1(c).

Next, a formation method for the alignment films 23 and
26 will be described. First, a polyimide film, for example, is
formed on the transparent electrode 22 on the upper sub-
strate 21 and the transparent electrode 25 on the 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
aligntent film 26, the first alignment film region 26F is
masked, and the exposed second alignment film region 26S
is rubbed in the second direction (direction of arrow 19) that
is at the angle 1 from the first direction. In this way, the first
alignment film region 26F rubbed in the first direction and
the second alignment film region 26S rubbed in the second
direction at the angle { from the first direction are formed
on the alignment film 26. In this way, the alighment films 23
and 26 are formed.

Alternatively, an optical alignment film may be used for
the alignment films 23 and 26 in this embodiment. Herein-
after, as an example, a formation method for an optical
alignment film will be described. A polyvinyl cinnamate



masked, and the exposed second alignnment filmregion 26S is rubbed in the
second direction (direction of arrow 19) that 1is at the angle 1 fromthe
first direction. In this way, the first alignnent filmregion 26F rubbed in
the first direction and the second alignnent filmregion 26S rubbed in the
second direction at the angle ' fromthe first direction are forned on the
alignment film26. In this way, the allgnnent films 23 and 26 are forned.

Al ternatively, an optical alignment f|In1nay be used for the alignnent
films 23 and 26 |n this enbodinment. Herein- after, as an exanple, a
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First, as shown in FIG. 2(c), the second region 268 in FIG.
2(d) is irradiated with S-wave deep UV polarized light in a
light 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.
2(e)) extending vertical to the direction of oscillation of the
P-wave are left uncut. As a result, the pretilt direction of the
liquid crystal molecules 32 is determined as the direction in
which the polymer chains B extend.

As described above, by appropriately adjusting the direc-
tion of the incident polarized light 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.




i ncident angle of 80). By this irradiation wwth the P-wave deep W

pol arized |ight, polynmer chains A (FIG 2(e)) extending in the direction of
oscillation of the P-wave deep UV polarized |ight are cut off, while

pol ymer chains B (FIG 2(e)) extending vertical to the direction of
oscillation of the P-wave are left uncut. As a result, the pretilt
direction of the 1liquid crystal nolecuhgs 32 is determ ned as the direction
in which the polyner chains B extend. descri bed above, by appropriately
adjusting the direc- tion of the incident polarized light and the like, the

Cont ol | ed riﬁf{m‘ Ajuidrerysiap ém%tﬁ“%f‘%mlﬁ‘@é@ I or med. 20
The Iiquid crifs ﬁé% k W30 i’g t3I1P RE BUCIOn this

enbodi ment wesc m checli the alignhrentzstate oif the- llﬁﬂbé Staﬂﬁj?&rt he

al i gnnent staz'; 3 d rﬁbé | rHPt w&gq@ bgyﬁx a ?ﬁéfﬂﬁﬁf’* Oé‘lt was nmade by

arranging th |ng

pol ari zer ungﬁru HeBskr eczimm oﬁﬂ&mcrlanzemmdenryst al
region 27F anmsedaN%@lskAma&éthﬂj@ﬁ}sﬂ@E% g Fy 9l régftiﬁg"m It was
1

i o cryst APRGERCPIACIS in s GRiNENRL Bs A8 o

Bﬁnbihltshé MA%ri zer and
the |iquid creenfirmed that an tee first lls]plhdyc stghrmyonOﬁW;eﬂwnt rary, in

t he second | Imgétli%ﬁﬁﬂqﬂﬁ% t§l7ﬁ1?l c ﬁgﬁgrm m?;ﬂ'@ extinction

position existe L NCI Was 1o Fromthis,

it was confill P@kﬂﬁﬁr %‘%@(Ehg(ilq MIW%WWDI i qui d
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el ement in tle Wassﬂmervedeﬁhatqm zmﬂmmonlpomtﬂm existedsandAthd ong as the
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confirmed that in the second liquid crystal region 278, liquid
crystal molecules were twisted.

In this embodiment, the first liquid crystal region 27F
exhibited splay alignment and the second liquid crystal
region 278 exhibited twist alignment. The alignment states
of the liquid crystal 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 film region 26S
as a region discontinuous in pretilt direction was provided
inside each pixel for the alignment film 26 on the lower
substrate 24. The position of the second alignment film
region 26S is not limited to this. For example, the second
alignment film region may be provided for the alignment
film 23 on the upper substrate 21, or may be provided for
both the alignment film 23 on the upper substrate 21 and the
alignment film 26 on the lower substrate 24. Otherwise, the
second alignment film region may be provided outside each
pixel.



liquid crystal region in the area near the surface of at |east one
alignnment film the second liquid crystal region 27S can act as the bend
transition nucleus, and thus, substantially the sanme effect can be
obtained. In this enbodi nent, the second alignnment filmregion 26S as a
regi on discontinuous in pretilt direction was provided inside each pixel
for the alignnment film 26 on the | ower fubstrate 24. The position of the
second alignnent film region 26Sis no% limted to this. For exanple, the
second alignnment filmregion my be provided for the alignnment film 23 on
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driving. crystal Jayer to the na al ' chiral pitch p of the chira
agent-added liquid crystal layer satisfies 0<d/p<0.50, it is
possible to make the second liquid crystal region 27S of the
liquid crystal layer 27 act as a highly effective bend transi-
tion nucleus, and also suppress decrease in transmittance
when the liquid crystal display device provides white dis-
play 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 containing no chiral agent, when the
liquid crystal display device provides white display in actual
driving.
Hereinafter, Examples 1 and 2 of the present invention
will be described.

EXAMPLE 1

Liquid crystal display devices of Example 1 have sub-
stantially the same structure as the liquid crystal display
device 40 of the embodiment described above with reference
to FIGS. 1 and 2(a) and are prepared in substantially the
same manner as that in the embodiment. In Example 1, the
rubbing direction of the second alignment region 26S (re-



The added amount of the chiral agent is nore preferably set to satisfy
0<d/p:0.15. By this setting, decrease in transmttance can be al nost
suppressed, conpared with a liquid crystal sanple containing no chiral
agent, when the liquid crystal display device provides white display in
actual driving. Hereinafter, Exanples 1 and 2 of the present invention
w Il be described. EXAMPLE 1 Liquid cryfial di spl ay devices of Exanple 1
have sub- stantially the same structureas the liquid crystal display
device 40 of the enbodlnent descrlbed above with reference to FIGS. 1 and

2(a) and are RfisBEn lgbﬁ?}jﬁecﬁ@ﬁz gmhﬁ? in the
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3?0 to 150 |dmec$lo§e dﬁeetlonanfmrowvs @ﬂrandlﬂMI@gﬂ ¢a) mdrthe: n the shape
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filmregi gn Ig‘g S ﬂB?{ 391 (gg 2&} g}q‘re'le%fl(@(ih?dl quct i on of
arrow 17) ofalgaments eramge AL RS pghﬁent film 26

OP me Ifwersmdradi xﬁrﬁllmhe lonbzmﬁsgscinr&m s]@avpédjfra?em el Ff | arr?\r/]v 18)
gach eo?hle?nm?Z "%&%ép@ @8%‘%‘*3‘5&; @‘B%al ese (\émarrpl es
#201 to #ZOBﬁMIQmMQGSaSaﬁlmWnlmH (aédThG ng| Onl de the range
30" =4- - Vi - 5| f@iredtionfof aftdw 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 in parallel with each

other.

For comparison, three liquid crystal display devices

(samples #201 to #203) of which the angle 1y described

above falls outside the range 30°=y=150° and a liquid

crystal display device (sample #204) that has not such a

region as the second alignment film region 26S were also

prepared as in the preparation of the samples of 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 (direction of arrow 18) of the alignment

film 23 on the upper substrate 21 are opposite to each other.

TABLE 1

Sam-
ple #11  #12 #13  #14  #15 #201 #202 #203 #204

v (®) 30 60 90 120 150 0 15 165 No
region




crystal display device (sanple #204) that has not such a region as the
second alignnment filmregion 26S were also prepared as in the preparation
of the sanples of Exanple 1. Note that in sanple #201, the rubbing
direction (direction of arrow 17) of the first alignnment filmregion 26F
and the rubbing direction (direction of arrow 18) of the alignment film 23
on the upper substrate 21 are opp03|te:ig each other. TABLE 1 Sam ple #11
#12 #13 #14 #15 #201 #202 #203 #204 0 60 90 120 150 O 15 165 No region
23 A voltage of square wave of 6 V and 1 kHz was applied for sanples #11 to

#15 d tth | t
during the vol (A E%P wive ) ?ﬁ’drlbﬁf@%%ﬁi’gi S vati on
resul ts of tHOr $ﬂllm GS(#%t ayand ‘Eﬂ%ﬂé’e#iaﬂlﬂleﬁ bxtapl e and
sanpl e #204 @204 candmins @bsé?vﬂ%@ﬁﬁ*&u‘l'wdﬁﬁlﬂg]théqml %J cation are
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from part of 1qm s:a'gfs raamaper Iarxghed regi on

expands. #12 s%ﬁ'?@ @éﬁa Ie%@lf, tire second
liquid crystal ée? g%maﬁgme ben ﬁbr@?‘yé h | onh%‘g%eva%gaﬁend
transition mﬁﬂRlll 0B ¥ qlgﬂbﬁp‘fﬁqﬁ)ﬁeg uid crystal
region, and aesp edtivally gned regi on expands. #14 Bend transition nucl ei

devel op from roughly t entire second liquid crystal region, and a bend-
al i gned regi on expands. #15 Bend transition nuclei develop frompart of the
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 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 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.




second liquid crystal region, and a bend-aligned region expands. #201 No
change with no devel opnent of bend transition nuclei. #202 Al though bend
transition nuclei develop froma very limted part of the second liquid
crystal region, there is no expansion of a bend-aligned region. #203

Al t hough bend transition nuclei develop froma very limted part of the
second liquid crystal region, there izéno expansi on of a bend-aligned
regi on. #204 No change with no devel opfrent of bend transition nuclei. 24
From Table 2 and FIG 3, it is found that for sanples #11 to #15 of this
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n#204 no bend
transition pameu atpvin o$am1ple$|#1 otocHidarauclel darpthe bend and #203,

al t hough bengh éh '(%Vél ﬂf;\fghg]yrﬂfe 2ntiey sebbAlt g@;ﬁlﬁart of the

second | i qui ta al i gned

er nsi
regi on. Accof®¥ §egﬁﬂﬂ andSﬁBL PG@ gﬂﬂg eggcgg 4, the second
i quid cryst hqul a‘agmoncmm neored effectivelys coepared withnsi ti on

nucl eus. %gﬁﬁ QQQE%B t he mechani smof the action of the
second | i qui rysta on as end nsi_ti on nucl eus, .in which (a)
shows the stat & authengon E1.1';3:)/ as ‘shown n 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

limited part of the second liquid crystal region, there is no

expansion of a bend-aligned region. Accordingly, in any of

comparative samples #201 to #204, the second liquid crystal

region is not considered acting as the bend transition

nucleus.

FIG. 5 diagrammatically shows the mechanism of the
action of the second liquid crystal region as the bend
transition nucleus, in which (a) shows the state during
non-voltage application and (b) shows the state during
voltage application. As shown in FIG. 5(a), during non-
voltage application, liquid crystal molecules of the second
liquid crystal region 27S are aligned in the rubbing direction
(second direction) of the second alignment film region 26S
in the portion near the alignment film 26. The second
direction is different from the rubbing direction (first direc-
tion) of the first alignment film region 26F. The first liquid
crystal region 27F exhibits splay alignment, and the second
liquid crystal region 27S exhibits twist alignment.



non-vol tage application and (b) shows the state during voltage application.
As shown in FIG 5(a), during non- voltage application, |iquid crystal

nol ecul es of the second liquid crystal region 27S are aligned in the
rubbing direction (second direction) of the second alignnment filmregion
26S in the portion near the alignnment film26. The second direction is
different fromthe rubbing direction (fhest direc- tion) of the first
alignment filmregion 26F. The first liquid crystal region 27F exhibits
splay alignnment, and the second I|qU|d crystal reglon 27S exhibits tw st
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On the contrghymdd vedRAL e’ PubBiRY ec’f’u@@ﬁ&naSF'tﬁ %bcond align-
ment 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 Ver, it
is more stable for the liquid crystal molecules in the first
liquid crystal region 27F to make transition to bend align-
ment than to resume the splay alignment from the standpoint
of energy. Accordingly, as shown in FIG. 5(4), a bend-
aligned region 42 effectively develops and expands into a
splay aligned region 44.

On the contrary, in comparative samples #201 and #204
in which no second liquid crystal region exists at all, the
liquid crystal alignment of the entire liquid crystal layer is
kept in splay alignment, with no bend transition nucleus
formed. In comparative samples #202 and #203, in which
the rubbing directions of the first alignment film region 26F
and the second alignment film region 268 are close to each
other, the pretilt directions in the first liquid crystal region
27F and the second liquid crystal region 27S are close to
each other. This fails to rotate the liquid crystal molecules in
the 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.
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i n which no second liquid crystal region exists at all, the Iliquid crystal
alignnment of the entire liquid crystal layer is kept in splay alignnent,
with no bend transition nucleus fornmed. In conparative sanples #202 and
#203, in which the rubbing directions of the first alignnent filmregion
26F and the second alignnent filmregion 26S are close to each other, the
pretilt directions in the first liquid Qéystal region 27F and the second
liquid crystal region 27S are close to ach other. This fails to rotate the
liquid crystal nmolecules in the portion in which the distortion of the
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filmregion 23FI€¥S: TEA tioofteshon tmnspamntt?hn vipws cfibatiosse 21, and
arr ow 4;6'8“3'9 1ds"of thB' AfignthEAf filts °23! Bhd FEN AALW ¥Rt film
regton indicates the rubbing direction of the first alignment film
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 film region 26S of the
alignment film 26 on the lower substrate 24.
In the alignment films shown 1n FIGS. 7(A), (B) and (C),
the second alignment film regions 23S and 26S are in the
shape of a stripe crossing the pixel. In the alignment films
shown in FIGS. 7(D) and (E), the second alignment film
regions 238 and 268 are in the shape of a plurality of stripes
linked to each other. In these alignment films shown in FIG.
7(A) to (E), the rubbing directions of the second alignment
films regions 23S and 26S are respectively parallel to the
directions of extension of the stripes.
In FIG. 7(F), the second alignment film regions 23S and
26S have a shape of a given curvature. In the case of FIG.
7(F), the angle 1 formed between the tilt of the tangent at a
given point in the second alignment film region and the




alignment film26 on the |ower substrate 24. In the alignnment filns shown in
FIGS. 7(A), (B) and (C, the second alignnent filmregions 23S and 26S are

in the shape of a stripe crossing the pixel. In the alignment filns shown
in FIGS. 7(D) and (E), the second alignnment film regions 23S and 26S are in
t he shape of a plurality of stripes Ilnked to each other. In these
alignnment filnms shown in FIG 7(A) to t he rubbing directions of the

second alignnent filns regions 23S an 268 are respectively parallel to the
directions of extenS| on of the stripes. In FIG 7(F), the second al i gnment
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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 like.

EXAMPLE 2

In Example 2, the amount of the chiral agent added to the
liquid crystal layer was changed variously, to prepare liquid
crystal display devices similar to the liquid crystal display
device 40 of the embodiment described above in much the
same manner as that in the above embodiment. Specifically,
prepared were four liquid crystal display devices (samples
#31 to #34) having values of the ratio 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 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.



size of pixels of the liquid crystal panel, the aperture ratio and the

| i ke. EXAMPLE 2 In Exanple 2, the anount of the chiral agent added to the
liquid crystal |ayer was changed variously, to prepare liquid crystal

di splay devices simlar to the liquid crystal display device 40 of the
enbodi nent descri bed above in nmuch the same manner as that in the above
enbodi nent. Specifically, prepared meﬁﬁ%four liquid crystal display devices
(sanples #31 to #34) having val ues of e ratio of the thickness d of the
liquid crystal layer of the liquid crystal element 30 to the natural chiral
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resul ts wer e (sBExplesd# a0 anch H#402) 1 hgvmg values o llng
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 alignment.



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 6 Vand 1 kHz was halted (voltage 0) after the entire liquid crystal

| ayer made bend transition. The observation results at this tinme are shown
in Table 5. Under the voltage 0, the b%¥p al i gnnment instantaneously (in
several tens of nsecs) changes to 180-tw st alignnment. 29 The observation
results during the application of the voltage and after the halt of the
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transiti on §Bow comparatsvesampte #4(0lhe bend-aligned region is slow.
Table 6 shows the time required for the entire liquid
crystal layer to make transition to bend alignment from the
moment at which the voltage of square wave of 6V and 1
kHz was applied, for samples #31 to #34 and comparative

samples #401 and #402. The voltage of square wave of 6V
and 1 kHz was shut off after the entire liquid crystal layer
made the bend transition. Table 7 shows the time required
for the entire liquid crystal layer to resume the splay
alignment from the moment at which the voltage was shut

off.
TABLE 4
Sample  Observation results of splay — bend transition
#31 The expansion rate of the bend-aligned region is
#32 'SFIEZV .expansion rate of the bend-aligned region is
#33 PSII{I): .expansion rate of the bend-aligned region is
#34 %it: 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.




#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 |ayer is already
180-twisted in the non-applied state and continuously changes to bend

al i gnment upon application. #402 The entire layer is already 180-twi sted in
the non-applied state and continuousl yzghanges to bend alignnment upon
application. 30 TABLE 5 Sanpl e Cbserva%lon results of bend (180 twi st) -'
splay transition #31 The shrinkage rate of the 180-twi sted region is fast.
#32 The shrinkage rate of the 180-,fmd region is fast. #33 The shri nkage
rate of the 180-tw sted region is g %34 The shrinkage rate of the
180-twi sted rEgron 15 Very slow, #3401 The entire 180-1wW sted state is

mai nt ai ned. S#APR TheOlsarviation 1ed0lts of bandd 189 awast) s> spliayitransiidn  TABLE 6 Spl ay
-> bend transrtromr—Srmre-trtmetsTr S22t ""34 3 #401 O
#402 0 TABLE#31Bend (Ti®Ghtinkage)rate>ofdht 4§0°-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.
TABLE 6
Splay — bend transition
Sample time (sec)
#31 25
#32 17
#33 6
#34 3
#401 0
#402 0
TABLE 7
Bend (180° twist) — splay
Sample transition time (sec)
#31 55
#32 98
#33 210
#34 450
#401 o

#402 ©




Sanple transition tinme (sec) #31 55 #32 98 #33 210 #34 450 #401 co

#402 00 31 From Tables 4 and 6, the followng are found. In sanples #31 to
#34 of this exanple, with application of a voltage of about 6 V, the bend
alignment transition effectively proceeds in the first liquid crystal
region fromthe second liquid crystal region acting as the nucleus. The
rate of expansion of the bend-aligned g?glon I s however different anong the
sanples. Specifically, it is found that™with increase of the added anount
of the chiral agent, that is, with increase of the ratio d/p of the cel
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during bl ack regamhag fasten s therefore concluded that although the added
amount of the chiral

However, when the chiral agent is added by an amount as
large as those in comparative examples #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 film 23. When a
voltage is applied across the liquid crystal layer that is
already 180°-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 liquid 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, although
no problem arises during black display. It 1s therefore
concluded that although the added amount of the chiral
agent (value of d/p) is preferably large from the standpoint
of facilitating the bend transition, it is preferably small from
the standpoint of the transmittance (luminance of the panel)
during white display in actual driving.

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



agent (value of d/p) is preferably large fromthe standpoint of
facilitating the bend transition, it is preferably small from the
standpoi nt of the transmittance (lum nance of the panel) during white
display in actual driving. From Tables 5 and 7, it is found that while
sanples #31 to #34 of this exanple resune the splay alignment with tine
after the shutoff of the voltage, conp%ﬁ?tlve sanpl es #401 and #402 do not
resune the splay alignnent, naintaining 180-twi st alignnent, after the
shutof f of the voltage It is therefore found that the added anmount of the
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equal to or higher than Vecr 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 range of 30° to 150° inclusive, more prefer-

ably 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 region acts as the
transition nucleus for allowing the first liquid 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 of Embodiment 1.

To form the second liquid crystal region, an alignment
refresh process, for example, may be adopted in which after
roughly the entire area of the first liquid crystal region is
bend-aligned, it is splay-aligned from the bend alignment
via m-twist alignment. This alignment refresh process is
performed by applying a voltage at least twice as high as Ver
across the liquid crystal layer for a predetermined time, for
example.

Alternatively, the second liquid crystal region described
above may be formed by adding a predetermined amount of
a chiral agent to the liquid crystal material.




To formthe second liquid crystal region, an alignnent refresh process, for
exanpl e, may be adopted in which after roughly the entire area of the first
liquid crystal region is bend-aligned, it is splay-aligned fromthe bend
alignment via n-twist alignment. This alignment refresh process is
performed by applying a voltage at | east twice as high as Vcr across the
liquid crystal |ayer for a predeternineg time, for exanple. Alternatively,
the second liquid crystal region descri é above may be forned by adding a
pr edet er mi ned anount of a chiral agent to the I|qU|d crystal material. 33
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FIG. 10 is a plan view of one pixel of the liquid 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
liquid crystal element 30 has the first liquid 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 surrounded by the second liquid crystal
region 278 in one pixel. The second liquid crystal region 273
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 alignment
films 23 and 26 formed in contact with the liquid crystal
layer 27. In the case of FIG. 10, for example, the alignment
films 23 and 26 are rubbed to regulate the pretilt directions
and pretilt angles of the liquid crystal molecules.

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 align-



may be formed outside the pixel. The alignnent of the liquid crystal |ayer
27 is regulated wth the regulating force of the surfaces of the alignnent
films 23 and 26 forned in contact with the liquid crystal |ayer 27. In the
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During non-voltage application, the first liquid crystal
region 27F exhibits splay alignment while the second liquid
crystal region 27S exhibits TN alignment (90°-twist align-
ment). Once a voltage equal to or higher than the splay-bend
critical voltage (Vcr), the first 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 278 acts as the nucleus for the splay-bend transition
of the first liquid crystal region 27F when a voltage equal to
or higher than the splay-bend critical voltage (Vcr) is
applied.

Hereinafter, referring to FIGS. 11, 12 and 13, the align-
ment refresh process will be described in detail. FIGS. 11, 12
and 13 are views showing the alignment states of the liquid
crystal layer 27. FIGS. 11 and 12 show the alignment states
of the liquid crystal layer during the alignment refresh
process performed before actual driving of the liquid crystal
display device, and FIG. 13 shows 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 line. In the illustrated example, no chiral agent is added




of the first liquid crystal region 27F when a voltage equal to or higher
than the splay-bend critical voltage (Vcr) is applied. Hereinafter,
referring to FIGS. 11, 12 and 13, the align- nment refresh process will be
described in detail. FIGS. 11,12 and 13 are views show ng the alignnment
states of the liquid crystal layer 27. FIGS. 11 and 12 show the alignnent
states of the liquid crystal |ayer dur% g the alignnent refresh process
performed before actual driving of the Tiquid crystal display device, and
FIG 13 shows the allgnnent states during actual driving after the
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A high voltage is applied across the liquid crystal layer 27
in the state shown in FIG. 11(a). The applied voltage is
preferably at least twice as high as Vcr. The actually
measured value of Vcr for the liquid crystal material is 2.3
V. In this embodiment, therefore, 8 V was applied, for
example. Once the voltage is 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 to change to bend alignment, as shown in
FIG. 11(4). With this change to bend alignment, the discli-
nation lines extend into the first liquid crystal region 27F.

Hereinafter, referring to FIGS. 11(d), 36(e) and (b), the
alignment states of the liquid crystal layer in FIG. 11(e) and
(b) will be described in detail. FIG. 11(d) is a partial enlarged
view of an area 11 A 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 is entirely in TN
alignment, has two different types of alignment states. One
is the alignment state in the regions surrounded by the
disclination lines as shown by (@) in FIG. 11(a) and (d), and
the other is the alignment state in the regions shown by 2)
located adjacent to the regions (I) via the disclination lines.




liquid crystal region 27S act as transition nuclei, triggering the portions
of the first liquid crystal region 27F near the transition nuclei to change
to bend alignnent, as showmn in FIG 11(b). Wth this change to bend
alignnment, the discli- nation lines extend into the first |liquid crystal
region 27F. Hereinafter, referring to FIGS. 11(d), 36(a) and (b), the
alignnent states of the liquid crystal sl.ayer in FIG 11(a) and (b) wll be
described in detail. FIG 11(d) is a p:}rﬁtial enlarged view of an area 11A
surrounded by the broken line in FIG 11(a). As shown in FIG 11(a), during
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near the 1gmnent film 23 on the upper substrate are

diagrammatically shown in each of the regions (I) and (2).

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

counterclockwise toward the lower substrate from the upper

substrate. In the region (@), liquid crystal molecules are

90°-twisted clockwise toward the lower substrate from the

upper substrate.

In addition to the difference in the direction of the twist

between the regions (1) and () described above, there is

actually a difference in tilt angle between these regions. The

tilt angle will be described with reference to F1IGS. 36(a) and

(b). FIGS. 36(a) and (b) are views diagrammatically show-

ing the alignment states of liquid crystal molecules in the

regions (1) and (2), respectively. Note that in these figures,

the liquid crystal molecules are shown in the two-dimen-

sional plane in their untwisted state to focus attention only

on the tilt state.

As shown in FIG. 36(a), the liquid crystal molecules in
the region (i) are in a tilt state (uniform 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 68b existing near one substrate (for




substrate. In the region (D, liquid crystal nolecules are 90-tw sted

cl ockwi se toward the | ower substrate fromthe upper substrate. In addition
to the difference in the direction of the twist between the regions 01 and
~2 descri bed above, there is actually a difference in tilt angle between
these regions. The tilt angle wll be described with reference to FIGS.
36(a) and (b). FIGS. 36(a) and (b) ar; views diagrammatically show ing the
alignment states of liquid crystal nol ules in the regions (1 and (1,
respectively. Note that in these figures, the liquid crystal nolecules are
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the center Pthe ce tlS in this state, splay distortion is concentrated

on a liquid crystal molecule 68c in the center portion of the

liquid crystal layer.

Liquid crystal molecules in the uniform tilt state and
liquid crystal molecules in the splay tilt state are not allowed
to become identical to each other by continuously changing

the alignment (bend, twist, splay). Therefore, the regions (1)
and (2) are partitioned with distinctive disclination.

When liquid crystal molecules in the m-twist 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 (1) described above. These
alignments are topologically homogeneous with each other.
Accordingly, the region () can continuously (smoothly)
change to m-twist or bend alignment and thus acts as the
bend transition nucleus. On the contrary, the region (2) is in
the splay tilt state. To change this state to m-twist or bend
alignment, a process of forming an alignment discontinuous
point such as disclination is necessary. Therefore, the region
Q) fails to act as the bend transition nucleus.

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




liquid crystal layer. Liquid crystal nolecules in the uniformtilt state and
liquid crystal nolecules in the splay tilt state are not allowed to pecone
identical to each other by continuously changing the alignnent (bend,

tw st, splay). Therefore, the regions O and O are partitioned with
distinctive disclination. When liquid crystal nolecules in the rc-tw st
alignnent and the bend alignnent are erved in their untw sted state to
focus attention only on the tilt state,"they are in the wuniformtilt state
as in the region (1 described above. These allgnnents are topologlcally
honbgeneous h each he |on contlnuously
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predet erm ne ge er the start o n of the hi vol t age, the
first liquid al region 27F conpletely becones bend al i gnment as shown
in FIG 11(c). Imrseveara t&nSaloa husrdredsand sevegralitens ot tm:seosna erhe first
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27F changes @8 Shcbmmzﬂlﬁ;.n ). as shown in FI G 12(a). As the time
further passes, spl ay-al i %aled regl ons devel (;j)
the time further passes, splay-aligned regions deveIOp

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

In a sufficient time after the halt of the high voltage
application, the shift of the disclination lines in the first
liquid crystal region 27 toward the second liquid crystal
region 27F stops at the boundary between the first liquid
crystal region 27F and the second liquid crystal region 278S.
The first liquid crystal region 27F is now roughly entirely in
splay alignment, and the r-twisted regions have disappeared
from the first liquid crystal region 27F. At this time, the
n-twist alignment is trapped in the entire second liquid
crystal region 27S as TN alignment (90°-twist alignment)
continuously connectable with bend alignment during volt-
age application (in particular, during application of a voltage
equal to or higher than Vcr). The entire second liquid crystal
region 278 is 90°-twisted counterclockwise as the region (T)
in FIG. 11(d) and in the uniform tilt state (FIG. 36(a)).
Therefore, the entire second liquid crystal region 278 acts as
the bend transition nucleus.



fromportions of the n-twisted first liquid crystal region 27F as shown in
FIG 12(b). The splay-aligned regions, together wth their disclination
lines, expand in the x-twisted first [liquid crystal region 27F, while the
ac-twisted regions gradu- ally shrink in the first liquid crystal region
27F. In a sufficient tinme after the halt of the high voltage application,
the shift of the disclination |ines inéﬁpe first liquid crystal region 27
toward the second |iquid crystal regi 27F stops at the boundary between
the first liquid crystal regi on 27F and the second |iquid crystal region
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As shown in FIG. 12(5), in the voltage-OFF state, the
splay alignment is more stable in energy than the m-twist
alignment in the first liquid crystal region 27F (parallel
rubbing region in which the rubbing direction of the align-
ment film 23 on the upper substrate 21 is parallel with the
rubbing direction of the alignment film 26 on the lower
substrate 24). The m-twisted regions therefore shrink with
expansion of the splay-aligned regions. If no TN region
exists in the liquid crystal layer, the m-twist regions (or
twisted regions continuously connectable therewith) will
shrink with expansion of the splay-aligned regions and
finally disappear. By providing the TN-aligned region (sec-
ond liquid crystal region 27S) in the liquid crystal layer as
in this embodiment, the m-twist alignment (or twist align-
ment continuously connectable therewith) is absorbed into
the TN-aligned region, as shown in FIG. 12(c¢). In this way,
the m-twist alignment does not finally disappear but is
confined in the TN-aligned region 27S as 90°-twist align-
ment continuously connectable with the m-twist alignment
and held in the place,



ous point such as a disclination |line therebetween. As shown in FIG 12(b),
in the voltage-OFF state, the splay alignment is nore stable in energy than
the n-twist alignment in the first liquid crystal region 27F (parallel
rubbing region in which the rubbing direction of the align- nment film 23 on
the upper substrate 21 is parallel with the rubbing direction of the
alignnment film26 on the |ower substra & 24). The n-tw sted regions
therefore shrink with expansion of the @play-aligned regions. |If no TN
region exists. in the liquid crystal |ayer, the n-tw st regions (or
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described abgdthiddt dedceibed td‘tﬁ)%r(SFIGI qm(u)), the first liquid

crystal region 27F makes the splay-bend transition with the

entire TN-aligned second liquid crystal region 278 acting as

the transition nucleus as shown in FIG. 13(b). Since the

entire second liquid crystal region 278 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 transition,

the disclination lines existing along the boundaries between

the first liquid crystal region 27F and the second liquid

crystal region 278 shift toward the centers of the first liquid

crystal region 27F. In a predetermined time after the voltage

application, roughly the entire first liquid crystal region 27F

completes the transition to bend alignment.

It was described that the second liquid crystal region 275
exhibited bend alignment in FIG. 11(b) and n-twist align-
ment in FIG. 12(b). The bend alignment and the s-twist
alignment basically refer to the same alignment state, but are
herein used differently depending on the magnitude of the
applied voltage. That is, when the applied voltage is in the
range between 0 V and less than Vcr, the alignment state is
called the mt-twist alignment, while when the applied voltage
is equal to or higher than Vecr, the alignment state is called




crystal region 27F makes the splay-bend transition with the entire
TN-al i gned second liquid crystal region 27S acting as the transition

nucl eus as shown in FIG 13(b). Since the entire second |iquid crystal
region 27S acts as the transition nucleus, the splay-bend transition occurs
reliably at high speed conpared with the case that the alignnment refresh
treatnent is not perforned before the qullcatlon of a voltage for actual
driving. Wth the splay-bend transition,” the disclination |lines existing

al ong the boundaries between the first liquid crystal region 27F and the
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direction is set at about 90° from the first direction.

The second alignment film region 26S is preferably

formed to surround the entire first alignment film region 26F.

For example, as shown in FIG. 10, the second alignment film

region 268 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 the first

alignment film region 26F. The shape of the second align-

ment film region 268 shown in 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 film region

268 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. 14(a), the second

alignment film region 26S may be in the shape of three

stripes extending near the two minor sides and the center of

the pixel.

-




filmregion 26S rubbed in the second direction (direction of arrow 19)
different fromthe first direction. The second direction is set at about 90
fromthe first direction. The second alignment filmregion 26S is preferably
formed to surround the entire first alignnent filmregion 26F. For exanpl e,
as shown in FIG 10, the second alignnent film region 26S is fornmed so as
to define two separate parts of the fi st alignnment filmregion 26F havi ng
roughly the sanme area in one pixel and Surround these two parts of the
first alignment filmregion 26F. The shape of the second align- nment film
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alignment filpmb@d@AnZPi prefershly itfthd faigeyfmim tF80 um. The

area of the second alignment film region 268S is preferably

about Yas to ¥4 with respect to the area of one pixel as 1.

When the second alignment film region 26S has a size

falling within the above ranges, 180°-twist alignment can be

effectively trapped in the entire second liquid crystal region

27S as 90°-twist alignment by the alignment refresh treat-

ment, and this makes the second alignment film region 26S

act as an effective transition nucleus.

Methods for forming the alignment films 23 and 26 will

be described. Formation methods will be described not only

for the alignment film having the first alignment film region

26F and the second alignment film 26S arranged as shown

in FIG. 10, but also for alignment films having alignment

film regions in various shapes. Note that the alignment films

in Embodiment 2 can also be formed by the methods

described in Embodiment 1, and the alignment films in

Embodiment 1 can also be formed by the methods described

in Embodiment 2.

First, the alignment 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, for example, 1s used as

the alignment films 23 and 26. Roughly the entire surfaces

of the alignment films 23 and 26 are rubbed in the first

direction (direction of arrows 18 and 17).

Q



pmx240 m) is preferably in the range of 5 pmto 60 m The area of the
second alignnment filmregion 26S is preferably about "As to 1/a with
respect to the area of one pixel as 1. Wen the second alignnment film
region 26S has a size falling within the above ranges, 180-tw st alignnent
can be effectively trapped in the entire second liquid crystal region 27S
as 90-tw st alignnent by the alignnent‘%ffresh treat- nment, and this nmakes
the second alignment filmregion 26S act as an effective transition

nucl eus. Methods for formng the alignment filnms 23 and 26 will be
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and the ali ghkeili. ¥3(aydoi(¢), epeatngeef cachanask £5 are showatonyt he net hods
descri bed ipaﬁmiipf(bﬁénbg%g%@gia tétﬁré%%@ﬁdel‘é 6hbri7§¥)8eli,80f0aﬂed on the

t ranspar ent | €6i.rodg 2 er substyate 21 the alignment film
26 ispforrredpﬁ#aﬁﬁg ?f&&eﬁﬁpgﬁtméygg?%@%{ﬁﬁ%p er subst?ate 24. A
pol yi mi de fi| nlHeoplasticnhaski 65 usavims physical shitssopehings) 18 and 26.
Roughl y the ﬁfﬁée{tfoﬁ‘ %@gmﬁ%n&;m:&'zan ; Hgk 12£ RAiCogre rubbed in
the first dI‘ECIO,tII‘ I on_of ,"arj ows Bnmﬁ e alignment film
26 is furtheReg yumafgeaofgp!;a@tm;eﬁut Faay cbe er obungtalopri he al i gnnent
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shown in"F1G. '15(a), in"thie shape of poifts arranged in a
matrix as shown in FIG. 15(5), or in the shape of squares
arranged in a matrix as shown in FIG. 15(¢), depending on
the desired shape and the like of the second alignment film
region 26S. Masks having fine slits in various shapes other
than the illustrated ones may also be used. The thickness of
the mask is about 50 um, for example.

With the plastic mask 24 placed on and fixed to the
alignment film 26 and regions of the alignment film corre-
sponding to the slits of the mask exposed, rubbing is
performed in the second direction (direction of arrow 19)
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.

The alignment films 23 and 26 are formed in the manner
described above.

The alignment film 26 may also be formed by the fol-
lowing method. Note that the alignment film 26 shown in
FIG. 15(d) may correspond to one pixel or a plurality of
pixels.




gl ass. The shape and the |ike of the slits nmay be appropri- ately determ ned
dependi ng on the desired shape and the like of the second alignnent 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 points arranged in
a mtrix as shown in FIG 15(b), or in the shape of squares arranged in a

matrix as shown in FIG 15(c), dependi on the desired shape and the |ike
of the second alignnent film region 26S. Masks having fine slits in various
shapes ot her than the illustrated ones rray al so be used. The thickness of
the mask is ab X pl aced on and
fixed to the rrg Bfé‘rg am ons h?n g@@%{ Il mcorre-
spondi ng to ? %ﬁm &%{f gﬂmd in the

second di rec@7Ap frédetetrnanedf regiony @ﬁ)thd dignraent ﬁllnf Réndree first
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descri bed above., The aI| t fllng(3 Palpﬁorrre mﬁe fol- I ow ng
net hod. Note t trﬂgeﬁl ﬂecﬁﬁﬁw IBE fﬁ €55 5y By correspond
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material s. TPEORGIoN®ds 100 wm, &Ei svheiglitth ot the qrajestiansi urality of
fine pits angyith respect to the other portions is 300 um. The width w,

the interval Aand the 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 yield in the fabrication process and the like.

The rotational axis of the roller 55 is fixed at the position

at which the projections of the stainless roller 55 are pressed

mto the alignment film 26 by about 50 um from the surface

on which the projections are just in contact with the align-

ment film 26. The roller 55 is then rotated at a rotational

speed of 500 revolutions per minute (rpm), and the align-

ment film 26 is allowed to pass under the rotating roller 55

at a moving speed of 1.0 cn/s. By this operation, regions of

the alignment film 26 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 stainless roller 55 pass are not

in contact with the roller because the pressed-in amount of

the projections into the alignment film is 50 um while the




projections formed by machi ning. For exanple, the wdth w of the
projections is 10 m the interval d between the projections is 100 pm and
the height h of the projections wth respect to the other portions is 300
pm The wdth w, the interval land the height h of the projections are not
limted to the above val ues, but nmay be appropriately determ ned dependi ng
on the pixel design of the actually fq@ lcated liquid crystal display
device, the desired shape of the second’ alignnment filmregion 26S, the rate
of conform ng products or the yield in the fabrication process and the
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process. Herepelimlgs may eamgspendto rﬁmkpﬂ}ﬂeh ng using the
phot ol i t hogr apiy feprBe@tdy'fHe efifire surface of the alignment film 26

is rubbed in the first direction (direction of arrow 17) as
shown in FIG. 16(a), a positive photoresist 29 is applied to
the alignment film 26 as shown in FIG. 16(b). As shown in
FIG. 16(c), after prebaking, the alignment film 26 is irradi-
ated 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 film.

By the process described above, a predetermined region
that is finally to be the second alignment film region 26S is
selectively exposed as shown in FIG. 16(d). The alignment
film is then rubbed in the second direction (direction of
arrow 19) that is at an angle of 90° from the first direction.
The resists 61 are then removed. As a result, formed on the
alignment film 26 are the first alighment film region 26F
rubbed in the first direction and the second alignment film
region 26S rubbed in the 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 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



described wth reference to FIG 16. Note that in FIG 16, openings of a
phot omask 60 are shown only partly. One opening nay correspond to one

pi xel, or a plurality of openings may correspond to one pixel. After
roughly the entire surface of the alignment film=26 1is rubbed in the first
direction (direction of arrow 17) as shown in FIG 16(a), a positive
photoresist 29 is applied to the alig nt filmz26 as shown in FIG 16(b).
As shown in FIG 16(c), after prebaking, the alignnment film26 is irradi-
ated with UV via the photomask 60 and then inmmersed in a devel oper.

Post baki ng | %? qr{d)rdﬁgi Eﬁ’e ITow resists 61 to be fixed to the
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and 25 on theu ?Li str % l ower respectively.
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non- pol ar i zegn@MheMikiecof itheaé.ebmrahgnment film region 26S. The
UV irradiation amount was set at 60 J/cm? for the wave-
length of 254 nm, for example.

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 liquid crystal
region 27F is uniaxially aligned along the rubbing direction,
and the second liquid crystal region 27S is TN-aligned
(90°-twisted). Also, the pretilt direction of the portion of the
first liquid crystal region 27F near the alignment film 26 is
roughty 90° from the pretilt direction of the portion of the
second liquid crystal region 27S near the alignment film 26.

Hereinafter, the reason why the liquid crystal regions 27F
and 278 are aligned as described above will be described
with reference to FIGS. 18 to 20. FIG. 19(a) diagrammati-
cally shows the molecular structure of the alignment films
23 and 26 formed on the substrates. The left halves of FIGS.
19(b) and (¢) diagrammatically show the molecular struc-
tures of the alignment film 23 and the first alignment film
region 26F of the alignment film 26, 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).



film26 is irradiated with non-polarized UV via the photo- mask 62 to all ow
regions that are finally to be the first alignnment filmregions to be
irradiated as shown in FIG 17. As the photonask 62, one having a plurality
of square openings arranged in a matrix as shown in FIG 17 was used.
However, the shape and the |ike of the openings nmay be appropriately

det erm ned dependi ng on the desired sh and the |ike of the second
alignnment filmregion 265. The UV irratbl ation amount was set at 60 J/cnR
for the wave- length of 254 nn1 for exanple. After the light irradiation

descri bed above, Ad (ﬁghl aqes @lfpgtéi‘ gg_lrt wtlg@r?ns?%ghand 26 are
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aligned in the rubbing dlrectlon 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).

On the contrary, when the alignment film is rubbed
without the UV irradiation as shown in the right half of FIG.
19(b), the main chains of PVCi are aligned in the rubbing
direction but the side chains do not follow the rubbing
direction as shown in the right half of FIG. 19(c). As a result,
liquid crystal molecules are aligned in the direction perpen-
dicular to the rubbing direction as shown in the right half of
FIG. 19(d).

In consideration of the above, the alignment film 26 is
irradiated with light by the method described above 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 can be
formed by various methods.




main chain. It is knowm that when the filmis irradiated with polarized UV,
phot odi neri zation 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 photodinerization, the liquid crystal

nol ecules are aligned in the direction perpendicular to the direction of
the polarizing direction, that is, in ge direction parallel to the main
chains. Wien the alignment filmis irradiated with non-polarized UV,

phot odi neri zati on occurs in all dlrectlons as shown in the left half of

FIG 19(b). Whe uc hotod| d ment,film rub the main
chai ns (()f)PVCl r“jnfgl{ %&3 (ﬁ%t &3%%&4853’%@3%%& n the left
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i n the rubbi ng THergwkiedantount O thedshiedlba én’d@s éfémlbll et iy® r ubbi ng
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bend liquid crystal display device provides white display in actual

driving.

The added amount of the chiral agent is more preferably

set to satisfy O<d/p=0.15. By this setting, decrease in

transmittance is substantially prevented from occurring

when the liguid crystal display device provides white dis-

play 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 transition and maintaining the optical
characteristics, which has been unattainable by the conven-
tional techniques.

In the above description, the angle 1\ formed between the
pretilt direction 19 of the second liquid crystal region 27S
and the pretilt direction 17 of the first liquid crystal region
27F was about 90°. The angle { is not limited to 90°, but as
long as the angle 1 satisfies 70°2¢ =110°, it is possible to
effectively trap m-twist alignment in the entire second liquid
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.




transition nucleus nore effectively. The added anmount of the chiral agent is
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 layer satisfies 0:d/p<0.50, for exanple, as described in
Exanple 1 and will be described later in Exanple 3. Since the added anount

of the chiral agent is limted to a s | anpbunt to fall wthin the range
descri bed above, decrease in transmttance and asynmetry in view ng angle
characteristic can be suppressed fromoccurring when the |iquid crystal
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in the area near the alignment film 26. Assume also that

cholesteryl nonanoate (CN) as a counterclockwise chiral

agent 1s added to the liquid crystal layer.

The liquid crystal alignment states that may occur in the

first and second liquid crystal regions are the following three

states: counterclockwise m-twist alignment, counterclock-

wise n/2-twist alignment and splay alignment. Theoretical

calculation of the Gibbs free energy during non-voltage

application was made for these three states, and the results

are as shown in Table 8 below.

TABLE 8
Alignment state Gibbs free energy (1/m?)
Counterclockwise m-twist 2.9210
counterclockwise n/2- 0.2496

twist
Splay 0.5609




First, the change of the alignnment of liquid crystal nolecules occurring
during the alignnent refresh treatnent (corre- sponding to FIGS. 11 and 12)
will be described. Cell paraneters used for calculation are as follows. The
cell thickness dis 6 m and the chiral pitch p of the liquid crystal
material is 40 m As shown in FIG 21, assunme that the first liquid crystal
region 27F and the second liquid cryst region 27S are forned in one pixel
and that the pretilt direction (first rection 17) of the first liquid
crystal region 27F and the pretilt directlon (second dlrectlon 19) of the

second liquid g N the area
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appl i cati on &FELO voltage for the refresh treatnent, and time T=t2
represents the Fi@e 2% diagramnaatieallyy showisethe eelationshipeifirdre time T=t 1,

at which the ﬂtﬁﬂ‘ifg £, Ri QI nﬂﬁ{g fromthe
at-twist all @#l an: tnggéﬁﬁuﬁg t% %g} ree %nféréﬁ%ca %ulatecsi

values in Table 8. The axis of ordinates of FIG. 23 represents
the Gibbs free energy calculated values, and the axis of
abscissas represents the distance (unit: arbitrary) from the
boundary between the first liquid crystal region and the
second liquid crystal region when the x-axis extends in the
liquid crystal layer 27 as shown in FIG. 22.

Attime T=t,, a lower-energy splay-aligned region that has
developed from the periphery of the pixel exists in the first

liquid crystal region 27F (x>0). As shown in FIG. 23, with
the expansion of the splay-aligned region, a higher-energy
counterclockwise m-twisted region shrinks. In other words,
the splay-aligned region erodes the higher-energy counter-
clockwise n-twisted region. The expression that “a region in
an alignment state (A) is 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 align-
ment state (B). Since continuous connection is not allowed
between the splay alignment and the counterclockwise
n-twisted alignment, 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.




first liquid crystal region 27F and the second liquid crystal region 275.
FIG 23 diagrammatically shows the relationship in the magnitude of energy
anong the alignnment states at tines T=t1l and t2 obtained using the G bbs
free energy calculated values in Table 8. The axis of ordinates of FIG 23
represents the G bbs free energy cal cul ated val ues, and the axis of

absci ssas represents the distance (unitg, arbitrary) fromthe boundary
between the first liquid crystal regiornand the second liquid crystal
regi on when the x-axis extends in the I|qU|d crystal layer 27 as shown in
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crystal region (x=0) by the alignment refresh treatment.

After the complete change of the first liquid crystal region

27F to bend alignment by the alignment refresh treatment,

bend alignment grows in the first liquid crystal region from

the TN alignment trapped in the second liquid crystal region

once a voltage equal to or higher than the splay-bend critical

voltage (Vcr) is applied. This growth of bend alignment will

be discussed. The actually measured Vcr of the liquid crystal

material used for the experiment was 2.3 V. Therefore, the

energy state observed during application of 3 V, for example,

will be described.

The liquid crystal alignment states that may occur in the

first and second liquid crystal regions are the following three

states: bend alignment, counterclockwise m/2-twist align-

ment 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.




as shown in FIG 23 and this prevents the splay alignnent fromentering the
second liquid crystal region having |l ower energy. As described above, from
the energy calculation, also, it was proved that the counterclockw se

n/ 2-tw st alignment continuously connectable with the countercl ockw se
at-twist alignnment could be conpletely trapped in the second liquid

crystal region (x5_0) by the alignnentf%ﬁfresh treatnent. After the conplete
change of the first liquid crystal regi 27F to bend alignnment by the
alignment refresh treatnent, bend alignnment grows in the first liquid
crystal region from the TN aligan [ Bped in the second liquid crystal
region once a voltage equal to or than the splay-bend critical
vol t age (Vcr y=rs—apptred—Thrs—gromir—o—termd—at-rgrmemt—wr+—be di scussed.

The actual |y neaswdigged/stateof the |iqui d Gibpstfiek enemgy €nl/mPf) used for the
experi ment Waswpe=S=—y—-thetetoter—t-e—eRefgy—ot-tit-e—ebseryethtti+d Ng

application of 3 Benflor exanple, wll be desct4d85. The liquid crystal

al i gnment states thaterdRekReU/2-i n the first apdogecond liquid crystal
regions are the feklspW ng three states: bend alignnment, counterclockw se
n/ 2-tw st align- iy, and splay alignnent. The_£¥&2§ free energy was
estimated by theoretrcal calculation for these three states, and the
results are as shown in 1able 9 bel ow. The appllea voltage was 3 V. 52

TABLE 9 Ali i bbs f / Bend -40. 5
countercloggaf tkg %@Eéﬁﬁﬂﬁ y%%ﬁﬁﬂ 4ah§gn“ﬁﬂt§a§@5‘lf

di agr anmat i cahbyl stadl ﬂ ri27sob5msveoi dfber Iaqla ecrqfstgal | ayer 27
observed aft ig? ﬁftﬁé ?ﬁﬂxﬁﬁﬁPoT tion of a

vol tage of 3 n| e of ener
? IG 25 shows the re atlons ip in | the magmtu e o genergy &

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 abscissas represents the distance
(unit: arbitrary) from the boundary between the first liquid
crystal region 27F and the second liquid crystal region 278
when the x-axis extends in the liquid crystal layer 27 as
shown in FIG. 24.

The counterclockwise m/2-twist alignment and the bend
alignment can continuously connect with each other. In the
first liquid crystal region (x>0), the bend alignment continu-
ously connecting from the counterclockwise m/2-twist align-
ment erodes the splay alignment having higher energy in the
first liquid crystal region during application of 3 V. Since the
bend and the splay do not continuously connect with each
other, they have an energy gap therebetween and are sepa-
rated 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 or higher
than the splay-bend critical voltage (Vcr) is applied, bend
alignment can grow smoothly in the splay-aligned region in
the first liquid crystal region from the TN alighment trapped
in the second liquid crystal region.

Hereinafter, Examples 3 to 5 of the present invention will
be described.




anong the alignnment states at this tinme. The axis of ordinates of FIG 25
represents the G bbs free energy cal cul ated values, and the axis of

absci ssas represents the distance (unit: arbitrary) fromthe boundary
between the first liquid crystal region 27F and the second |iquid crystal
region 27S when the x-axis extends in the liquid crystal |layer 27 as shown
in FIG 24. The countercl ockwi se 3t/ 2- vjvl st alignnent and the bend

al i gnnent can continuously connect with-each other. In the first liquid
crystal region (x>0, the bend alignnent continu- ously connecting fromthe

countercl ockw se irJ2-tw st ali qlﬂ)ém{p des the splay alignnment having
hi gher energy in the first |iqui crys%g gr egion during application of 3 V.

Since the bend and the splay do not continuously connect with each other,

they have an elgr e GBove UeRa égsﬂ, aidinfly? ﬁf&?aanﬁét ‘%fdxpﬁwatch other by

a disclinatign.line. descr §- . , m cal cukation, also,

NG g e

spl ay- bend cregiom 265 and,dhevpretiltsduestion 1'heddthe fixginbiquidan gr ow

fsrmot[ﬂhy ITrI\II éﬂ@staplxﬁgi@himdwa%ghmnmd tab§90?.r§._thé amigld 1 nettal region
romthe . i iq . i on.

Herei nafter ﬁ@%ﬁlwﬁﬁg@% %E‘W%g’ithv%’ .rﬁéﬁé%ﬁkféoﬁggdescri bed. 53

EXAMPLE 3 | nlafsen erdbei gglenp madthe wag ehghe splayderd bet ween the

pretilt diretransitiof, the risbinr diréctionof the seteohd alfgiuoentdinand t he

gget 'T'ht di refégi%'h »6°brihe él'igﬁfne%%tqﬁlﬁ gﬁrdﬁttﬁ'eg(o%éfgu Sfrat@s assumed as
: e angl S not, necessar: i § value. In € 3,. t0,exam ne the

corre- |lati 024b@f%€hapg§%z?‘f§p@‘{sé)’aﬁ% Prepaied (Pflufg\@g’s& aligpadd

transition, chestalidisplayidesecésin of the second alignnent film region 26S

of the alignnment film26 on the Il.ower subsjraje 24 was changed variously to

prepare a pl ur Specifically, ivel I@HﬁGWStai)éBEiﬂ)ﬂéfﬂVd@@S (samples
#11 to #15) shown in Table 10 below were prepared by
varying the angle ¢y formed between the pretilt direction 19
of the second liquid crystal region 27S and the pretilt
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 278 is in the shape of a stripe extending
in the rubbing direction of the second liquid 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 parallel to each other.

For comparison, three liquid crystal display devices

(samples #201 to #203) having the angle ¢ falling outside
the above-described range 30° =y =150° and a liquid crystal
display device (sample #204) that has not such a region as
the second alignment film region 26S were also prepared as
in the preparation of the samples of 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 alignment film region 26S are
opposite to each other.




Specifically, five liquid crystal display devices (sanples #11 to #15)
shown in Table 10 bel ow were prepared by varying the angle i forned between
the pretilt direction 19 of the second liquid crystal region 27S and the
pretilt direction of the first liquid crystal region 27F in the range of
300 to 1500 inclusive. As shown in FIG54£6, the second liquid crysta

region 27S is in the shape of a stripe extending in the rubbing direction
of the second liquid crystal region 278 The rubbing direction (direction
of arrow 17) of the first alignng pg% g[yegion 26F of the alignnent film
26 on the |ouwer _substirate 24 and. rubbipg direction (direction of arrow
18) of the aljgnnment film 23 on the upper substrate 21 are parallel to each
other. For coWparison, th ee liqui cr a di sp devi ces sanpl es #201
to #203) havi ile t h&lhngFe2i #L31 ﬁg“ d@‘zoi hélzﬁgm#@o@iesé?@%ed range
30"="V!I 5 150""ﬂ_a TTquiad c staT ay Jevl Ce (sanple #204) that has
not such a ré@ gh tﬁg)seé%hd AFanﬁgﬁt 91 m ﬂéglo rE268 Nﬁre al so
prepared as in the preparation of the sanples of Exanpl e ®BgiONote that in
sanpl e #2011, =it=fre=t-rrirgr—thirettton=—{-tht-ttttomr——_ef—trtt-omtSy——at—t he first
alignment filmregion 26F and the rubbing direction of the second alignnent

H13 ¥4 415 ZS%Q@%@%%W@?%%WWE@%m@m No region A
vol tage of s MRAra{Lve @s #11 to #15

and conpar at ethembsemtmmesuktacdumagoﬂ@m&agm appditl t s during
:Eg Vﬂ t;';‘?g éﬁﬁb‘n afSshoWwR i Edmwl ”TEéQﬂS’steratiHifré&iﬂ% bg‘tthég rfzu!#tz 3402 f
t he corrgar at i@ﬁgxﬁﬁtéfoﬁ’rﬁxa 6@@8&%@4 §£W§a‘§%&£ﬁ§ §g?§1mmt ically
shown in FI csang the comparative éxample durmg the voltage

application are diagrammatically shown in FIGS. 27 and 28,

respectively.

TABLE 11

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 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 expands.

#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.




respectively. TABLE 11 Sanple Qbservation results of bend transition #11
Bend transition nuclei develop frompart of the second liquid crystal
region and a bend-aligned region expands. #12 Bend transition nucl ei
devel op fromroughly the entire second liquid crystal region and a bend-

al i gned region expands. #13 Bend transition nuclei develop fromroughly the
entire second liquid crystal region an bend- aligned regi on expands. #14
Bend transition nuclei develop fromro ly the entire second |iquid
crystal region and a bend- aligned region expands. #15 Bend transition
nucl ei devel op from art of the _second |iquid crystal region and a

bend- al i gned r&j)m ableaddsand BIGNR T drigefounditthat for sampleso devel opnent

222?3%%?%‘2%@3 *’?“""ﬁm e’**%f crm%ﬁﬂté Wﬁé%ﬁ’eve' °p from
et ggetIng they

bend- al i gned from a very
limted partligqiid bey smqe 1d>mdlfl7E toryetke the spday-berd trandition: al i gned

regi on expanMé%wC@fj@ %ggélggt%@tc?eveé@a ﬁm%é ind thus no
SQﬁB?is' Zlibﬁze 1gnednr§g%m?§1|zg ﬁ&@w&l@@@ md&b@ ﬁmtst S?Enf °h7s

acts as the rmﬁdﬁm]sré joneékpahdgel y triggering the first Iliquid crystal
region 27F to th e splay-bend transition during application of a
vol tage of abodtns the gemtramy nor sasnpiem #2901 gas #é’gf%ro Hke has

devel oped in d¢difiphrative! egahiples the! Hquiddcpystekpdigament of the
entire liquid crystal layer remains unchanged maintaining
the splay alignment with no development of a bend transi-
tion nucleus as shown in FIG. 28. In samples #202 and #203
of the comparative example, in which the rubbing directions
of the first and second alignment film regions 26F and 26S
are close to each other, the pretilt directions of the first and
second liquid crystal regions 27F and 278 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
the bend transition nucleus is weakened.

Next, the resuits obtained by performing the alignment
refresh treatment for samples #11 to #15 and comparative
samples #201 to #204 will be described. As described above
in Embodiment 2, the alignment refresh 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 results of visual observation after halt of the high
voltage application are summarized in Table 12. F1G. 29
diagrammatically shows the observation results obtained
after a lapse of a predetermined time from the halt of the
high voltage application.



On the contrary, for sanples #201 and #204 of the conparative exanple, the
liquid crystal alignnment of the entire liquid crystal |ayer renains
unchanged maintaining the splay alignnent with no devel opnent of a bend
transi- tion nucleus as shown in FIG 28. In sanples #202 and #203 of the
conparative exanple, in which the rubbing directions of the first and
second alignnent filmregions 26F and are close to each other, the
pretilt directions of the first and second liquid crystal regions 27F and
27S are close to each other, and this fails to rotate liquid crystal

nmol ecul es existing in the porti [ t&h the distortion of the splay
alignment is_concentrated by a M&Lg angle, and thus its action as
the bend transition nucleus IS weakened. XU, e results obtai ned by

per formi ng t¥ASORIE | gnnefPbservatipn sesklts pEbendetmnsition sanpl es #11 to #15 and
conparative TSanpres #201 TO 7204 W DT uestrT e ~s descrrbed above in
Enbodi ment 211t he al i g¥pleshalignstent develapsftome the bovatangortiempef yvi ng a hi gh

vol tage for a predet erthé sembnd iregomfEhereforenTNotlignmentt a | i qui d crystal
material into the spacentigicwelrconhbratieRihriehesligimeaciuiagnpl e and before

actual driving. The r esmMags asfliciticiR!nod aah iR sabh@r halt of the high
vol tage application argggymuarized in Table 12. FIG 29 diagrammtically

shows the observation results obtained after a |apse of a predeterm ned
time fromthe halt of the high voltage application. 56 TABLE 12 Sanple
Observation results of bend transition #11 Splay alignnment develops fromthe
boundary portion of the second region. Therefore, TN alignnment

continuously connectable wt f ring voltage application is
A = con

not trapped in the second region: inued Sanple Qbservation
results of bend transition #12 The n-tw st alignnent developing in the first

regi on Sample Observation results of bend transition

#12 The m-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 application is trapped in
the entire second region.

#13 The n-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 application is trapped in
the entire second region.

#14 The n-twist alignment developing in the first region
is absorbed into the second region while being eroded
by the splay alignment from the periphery. Finally,



I s absorbed into the second region while being eroded by the splay
alignnment fromthe periphery. Finally, TN alignnment continuously
connectable with bend alignment during voltage application is trapped in
the entire second region. #13 The at-tw st alignment developing in the first
region is absorbed into the second region while being eroded by the splay
alignnment fromthe periphery. Finally, 7TN al i gnnment conti nuously
connectable with bend alignnent durina vol tage application is trapped in
the entire second region. #14 The n-twi st alignment developing in the first

region is absorbed into the gi on,whi |.e being eroded by the splay
al i gnment from the peri pher_yfmwf'oﬁﬂUME 12-continued Sanpl e

Qbservat i on rEsTHCS—otEmi~rransT U oT TRar T gTTeETtTTont=eesshy connect abl e
w th bend aBagpieent dObsereationreadie ofipphd taisitton i s trapped in the entire
second r egi Ofr——fbmE—gi—iteS it et @it gui=tio L i [ St region is
absorbed into the secofN 4ligament sdutiheoushi cugmedtalsie avithyentihe spl ay al i gnnent

fromthe periphery. Hoxkpherent dilithga\dleigeRpplicatot iimgjp'gayn connectable with
bend alignment duri ngguQlfin0& aPlegfonl | On, once absorbed into the second

liquid cryst regi on, | i 1. er qde anot her. type of TN al i gnnent
ang finalry Qg?sagpeargﬁggfg%¥ﬁ%g&1I%fgva%%%%%%gﬁgﬁﬂﬂgg?ngconnectabIegmﬁth
bend alignment during AP ?‘%‘D&?)eri %&?‘?‘QW&%‘W ! %%%Fﬁ’d?‘he second regi on
at all. #202 No TN al i BhienplayorignmestBey thoperirhean Fowdveh bend al i gnnent
during vol t age appl i caiNoalignment ecompieviotisty ¢dnaecteliovwdthr isgidon at all . #203 No
TN al i gnnent cont i nuoUglighnfe@f B@ERPPIRgdiabplidAEBAl ondk laBsbybd during vol tage
application is trappedijdithe second liquid crystal region, is inevitably
eroded by another type of TN alignment and finally
disappears.
#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 is 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.

From Table 12 and F1G. 29, it is found that for the samples
(#12 to #14) of this example in which the angle v formed
between the pretilt directions of the first and second align-
ment film regions 26F and 26S falls within the range
70°=¢9=110° the developing m-twist alignment can be
trapped in the entire second region as TN alignment and held
therein by performing the alignment refresh treatment.
Accordingly, it is found that the range of the angle y is more
optimally 70°=1 =110°, and that by setting the angle within
this range, bend alignment smoothly grows from the TN
alignment trapped in advance in the second liquid crystal
region only with application of a voltage equal to or higher
than the splay-bend critical voltage (Vcr), and in this way,



t he second region at all. #204 Wth no second region provided, no TN

al i gnnent conti nuously connectable with bend alignnment during voltage
application is trapped. From Table 12 and FIG 29, it is found that for the
sanples (#12 to #14) of this exanple in which the angle i formed between
the pretilt directions of the first and second align- nment filmregions 26F
and 26S falls within the range 701<V g 110, the developing :t-tw st
alignnent can be trapped in the entire second region as TN alignnent and
held therein by perforrri ng the alignnment refresh treatnment. Accordi ngl y,
it is found that th t e ti <

and that by setti ng e a Bﬁédw%?'h(?n%c’?ﬁl 5@%&8‘% b gﬁd tg%élﬁr?e}gté%ﬁmg

grows fromthe TN t trapped in advance in the second liquid crystal
region only with appllcatlon of a voltaém_ o, or higher than the

spl ay-bend critical voltage (Vcr), and . » 58 higher-speed and
nore reliable bend transition can be attained. EXAMPLE 4 In Exanple 4, the

anount of the chiral agent added to the |[liquid crystal layer was changed
variously, to prepare_liquid r di spl ay_.devi ces S|mlar o.the liquid
crystal display devidB r%oélwumdéﬁ ¢ B kotthe sane

oy % e oy TR RN o rgatg u&@ﬁpﬁ{% s
o:‘ t he thi cknes?] d 61ys lﬂyalememum to cthetghquu |
30 i
grggfglt Ia;ce)rtsﬁown P?\E%ﬂ)q llJ%Bi:ﬁml‘?m%tCe)2va+~%es o(? (}?%phtﬁﬂ?&i ﬂgls of
Exanpl e 4 are set t&ame |mannﬂrras ibat angEmbedument o2 aspecificallys rpre-50.

TABLE 13 Saml ¢ %21 5201 7 PR q iRPcfial s P a9 Res RkBeE e 1o
to #28) having values of the ratio 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 0.50.

TABLE 13

Sample #21 #22 #23 #24 #25 #26  #27  #28 #3001 #302

P(um) <« 209 137 88 64 40 20 13 12 8
dp 0 0.03 004 007 009 015 030 045 0.50 0.75

In the liquid crystal elements of Example 4, the first and
second alignment film regions 26F and 26S are provided for
the alignment film 26 on the lower substrate 24 as shown in
FIG. 10. Also, the angle ¢ formed between the rubbing
directions of the first and second alignment film regions 26F
and 268 of the alignment film 26 1s set at 120°. The second
alignment film region 26S is in the shape of a stripe
extending in the rubbing direction 19 thereof 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 verticallyx10 mm
horizontally.



d/p 00.030.04 0.07 0.09 0.15 0.30 0.45 0.50 0.75 In the liquid crystal

el enents of Exanple 4, the first and second alignnent filmregions 26F and
26S are provided for the alignnment film 26 on the | ower substrate 24 as
shown in FIG 10. Also, the angle -1i formed between the rubbing
directions of the first and second alignnment filmregions 26F and 26S of
the alignment film26 is set at 120. Thgysecond alignnment filmregion 26S
is in the shape of a stripe extending 1 n the rubbing direction 19 thereof
and has a wwdth of 50 m The size of the substrates 21 and 24 and the

i t fil 3 45 2 | [ ly. 59 F
2olrrggmegon, | t\?\gq%i qﬁé}gl&g}%@%’al | sgﬁ@lﬂgg#l}%%ép( 1582"%@5%5% #302) o
havi ng val ueésampilies) #3001, I&Jﬂd o382 ehawmg a“@thSe riddpd falhng were al so

d ' : t4 : I f
Bxanpl 6 f‘STth%‘?Ffﬂﬁ. e Mewidited pbcves WRIERASS] pébated 28 180T “Both the
sanpl es of esradepted @b the: preparation &f the samaples @Igm A vol t age
of square vaBxahple 4.aThelcklizthiekness!d &sf tﬁ@rlic?%b?gsﬁalelél #28 and

conparati ve sanpl ese#3Q1..and _#302, d thg resul obsgrved with a
pol ari zing M @&%ﬁ@&%%ﬁ@%&ﬁgﬁmﬂlﬁﬁf d&ﬁP&H@Pﬁgaﬁ\V& oscope was
made for opesampjesiwasl'satrmréqhny white node with the polarizer arranged
under crossed-gicol S. TB&. observation _r Vlt ir@shown in TaQl e 14 bel ow.
TABLE 14 Sanpl é uedtage (ﬁqligﬂ'ﬁmaé/eof)_fg agmfi ddwasaappiedn #21 The
expansi on raﬁ?l_‘ @hnic}ﬂ%smf't@ #ﬂs%d‘iﬂirﬁﬁarﬂivé@a\m?fé’sz#jm gndansion rate
of the bend-%l ed reqgion i s ,slow. #23" The gxpanston r'cite. Qf the
bend- al i gned ﬁgg:oﬁnﬂs%gl 6?[5“1@4%@ éﬁﬁgﬁgﬁ‘gn%\‘_’gﬁe%ﬂ?q AEIZBEJ- al i gned
region is  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.

TABLE 14

Sample 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,



sl ow. #25 The expansion rate of the bend-aligned region is fast. 60 TABLE
14-continued Sanple Qbservation results of splay -* bend transition #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 is already

a-twi sted before voltage application %pd conti nuously changes to bend

al i gnnment. #302 The entire region is already a-tw sted before voltage
application and continuously changes to bend alignnment. Table 15 shows the
time required for the transitj bend .aligpnent of the entire liquid
crystal layer fromthe nnnenﬁhﬁglkaﬂi ot tage of square wave of 6V and
1 kHz is apptred,—TOor sanpres #Zl 10 728 ana conpararrve samptres  #301 and

#302. TABLE 15 Smhpl -' b®hstreatmnséiltsrof sflapphdend trengiser) #21 25 #22 20
#23 17 #24

#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 is already m-twisted before
voltage application and continuously changes to
bend alignment. '

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

TABLE 15
Splay — bend transition
Sample time (sec)
#21 25
#22 20
#23 17
#24 14
#25 9
#26 6
#27 3
#28 3
#301 0
#302 0




61 From Tables 14 and 15, the follow ng are found. |In sanples #21 to #28 of
this exanple, with application of a voltage of about 6 V, the bend
alignnment transition effec- tively proceeds in the first liquid crystal
region 27F fromthe second |iquid crystal region 27S acting as the nucleus.
The rate of expansion of the bend-aligned region is however different
anong the sanples. Specifically, it is éfund that wth increase of the
added amount of the chiral agent, that with increase of the ratio d/p
of the cell thickness d to the <chiral pitch p of the liquid crystal | ayer,

t he expansi on n | hgne he contrary
when t he chlralrﬂ'l(ﬁn qE*%Qg P& a lgﬂ gﬁ%ﬁﬂyﬁggl %rggéggnpﬁﬁs

conparative & eés 2ot 3Tc1ms fﬁ@npﬂ@:um r@mlacamanemflas al r eady

it-twsted "‘le dﬂhb@htsﬁafethéb@f&‘@i ent AP éd‘Wh'Chthe
maj or axes | UI d cr uI es,ar Wmn st d ﬁ as a whole
toward the aI 9 %FFFEX tregiq’ I%etﬁea vol tage is

appl i efl acr osecbid 1|1 uwid: lstaitw ibay27S adkngi a5 ﬂhé‘h@ﬂ%lehﬁ tgd 'dn the
i gnment 1 oS AT e'}%%ﬂ%ﬁé@%&h@ﬁ? i oBaNevass Che bend
transition. \d‘lﬁmren'e amen sapnples. BpecHicallypitajs deundethst actual Iy
L e VR R S s SO,
short tine oflS,s mcnease therratieskpat ee 11 thacknesssdi i cantly
i splay 1t g}‘iﬁﬁ‘r‘h cortd ﬁ&‘ﬁa”ﬁ‘?*ﬂ R i f%%uﬁ't % the
chiral ag_ent -ahgpe r%glé)lnelsa eF'-ar ge fromthe standpoint of
fs?glnljlpt)?;!t ngf t {q %#Mw 6(4 Mn%}ﬁ@éfl;&e l i/spéﬂe)d jﬂyom : h&/m te
display in acamauntm& osmcommlmmel exanmlasﬂﬂbmrfor m ng the
alignment %302, the 11qu1d crystal layer is already n-twisted 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 film

23. When a voltage is applied across the liquid crystal layer

that is already mt-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 liquid crystal display device is

actually driven, a problem arises during white display that

the alignment of the liquid crystal layer shifts from bend

alignment to twist alignment in a short time of 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 (value of d/p) is preferably large

from the standpoint of facilitating the bend transition, it is

preferably small from the standpoint of the transmittance
(luminance of the panel) during white display in actual
driving.




refresh treatnent for the above sanples will be described. As described
above in Enbodi nent 2, the alignnent refresh treatnent includes applying a
hi gh voltage for a predeter- mned tine after injection of a liquid crystal
material into the space between the substrates of each sanple and before
actual driving. The liquid crystal alignment states of the first and second
liquid crystal regions after a | apse of sufficient tine (about one nonth)
fromthe high voltage application eﬁngserved with a polarizing

m croscope. The results of visual observatlon of the liquid crystal
alignnment states are, sho in_. Table ,16. F 3Q shaqws represent ative views
showi ng t he ob%@%tﬁb@rﬁ’%ﬁ&s@ amedglqumgomng« tgmeé:h zing

m croscope w@éfre@l@ftféﬁtmhufortthemireea esweﬂlberdesmﬂsmhmshe pol ari zer

1 quid ?P?S?Q%sgebﬁﬁng’é%% adh Eﬁefns?@nm%nﬁ f;i‘ﬁli' 'aﬁfeﬁ-ﬁ)&%&o B et her

the tw st di n@annantomc udes capp Imglrvaltage orhzepmdem}l—on as the
second |qu| ﬂeaﬁ%ﬂ@j E bTachﬂﬁ ﬁalﬁﬂéﬁﬂrﬁﬂ@‘i @ se was
deter- m ned tin oI ar i e er- cl ockw se
whi l e fixingSP Gea 65 OF i E’c ;?f‘&noé'ﬁam ning the

col or changeaetudlfdving®eThédi ﬁ'ﬁBc sltﬁlggmentswtes oﬁth@"ﬁmt’t state First

| d t #21 Spl
count er ¢l Xik%bgwaﬁﬂ%if 84@8&%@&%@% entirely #23
0.04 Splay CHIA B ke anpmthy rony e h@l(y{d gpwa:gpl Br cl ockwi se TN
entirely #ZW&eO@bé‘ﬁ*v%d e polaging enidroscope. The results of
visual observation of the liquid 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 liquid crystal region 27F agreed with the axis
of the polarizer. Whether the twist direction of liquid crystal
molecules in the TN region as the second liquid crystal
region 27S is clockwise or counterclockwise was deter-
mined by rotating only the polarizer clockwise or counter-
clockwise while fixing the analyzer of the polarizing micro-
scope and examining the color change at this time.



entirely #26 0.15 Splay Counterclockwise TN entirely #27 0.30 Splay
Counterclockwi se TN entirely #28 0.45 Splay Counterclockwise TN entirely
#301 0.50 n-twi st entirely Counterclockwise TN entirely #302 0.75 n-tw st
entirely Counterclockwi se TN entirely As is found from Table 16 and FI G
30, by performing the alignment refresh treatment, counterclockw se TN
align- nment continuously connectable w,.th bend allgnnent during voltage
application can be trapped in the secor@ liquid crystal region 27S, over
roughly the entire region for sanple #21 of Exanple 4 or over the entire
region for sanples #22 to #28 of m& 4. Once a voltage equal to or

hi gher than the spl ay-bend criti & e (Ver) is applied, the coun-
tercl ockw semmmmm regi on 27S
erodes the splay-aligned regions_i id_drivstalt aliginonei L region 27F
snmoothly with shift of the disclination lines, as shown in FIG 31, to
attain high-speed, reliable befigtligaidsdrystsln. Sécondliquitbcgomtrary, it is
found that whenghhigiehi raljjpagent |sreg@ﬂed by an andwipioas | arge as those in
conpar ati ve —satplosatdl30land 4302 be firot Liguid coystal region 27F
keeps the n-tw gbjal i gnment and doegl resun@oﬁﬁgmmk@)gelth gnment after

the alignment refresh treat ment V\hen he liquid cpysigl |ayer exhibits the
x-tw st alignne t he I| crys | ayer c nges to bend
alignment from %?%e a-tw s aI [ gnrre%@kl%nce a vg t&g%:ésl %’égp ed and t here-
fore the bend tr sition unneces . Wen the r l'iquid crystal
di spl ay device i act ual | 8‘lﬂri ven, galﬁg'/obl em P‘r‘%t% 08 fsﬁ ite display

that the allgnnent of the liquid

#24 0.07 Splay Counterclockw13e N
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 n-twist entirely Counterclockwise TN
entirely

#302 0.75 n-twist entirely Counterclockwise TN
entirely

As is found from Table 16 and FIG. 30, by performing the
alignment refresh treatment, counterclockwise TN align-
ment continuously connectable with bend alignment during
voltage application can be trapped in the second liquid
crystal region 27S, over 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 coun-
terclockwise TN alignment trapped in the second liquid
crystal region 278 erodes the splay-aligned regions in the
first liquid crystal region 27F smoothly with shift of the
disclination lines, as shown in FIG. 31, to attain high-speed,
reliable bend transition.



crystal layer shifts frombend alignnent to twist alignnment in a short tine
of several to several tens of nsecs, and this significantly decreases the
transm ttance, although no prob- lemarises during black display.

Accordi ngly, although the added anount of the chiral agent (value of d/p)
Is preferably large fromthe standpoint of facilitating the bend
transition, it is preferably small fraﬁ}the standpoint of the transmt-
tance (Il um nance of the panel) during te display in actual driving. It
is therefore concluded that the ratio d/p of the ceII thlckness d to the

| chiral h |d sf 0.50. |
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optical cha C e when the
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characteri st |ferarthedaméstmqmtm iy uimeaessarse Ee siltantct eri stic. To
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ubbi ng di r e SAZRHT aw@ mittance, a Ough 10 prob-

lem arlses during black dlsplay Accordmgly, although the

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

large from the standpoint of facilitating the bend transition,

it is preferably small from the standpoint of the transmit-

tance (luminance of the panel) during white display in actual

driving.

It is therefore concluded that the ratio d/p of the cell
thickness d to the natural chiral pitch p should preferably
satisfy 0=d/p<0.50 in consideration of the effectiveness of
the second liquid crystal region as the alignment transition
nucleus for the splay-bend transition, the ability of the
second liquid crystal region of trapping TN alignment con-
tinuously connectable with bend alignment after the refresh
treatment, and the requirement that the first liquid crystal
region must be splay-aligned in its initial state to prevent
degradation 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, addition of
the chiral agent in an excessive amount worsens the optical
characteristics, that is, decreases the transmittance when the
voltage is low during white display, degrades the viewing



22) is 45 wth respect to the transm ssion axes of the polarizer and the
anal yzer. The second liquid crystal region was shaded with a black matrix.
First, a voltage equal to or higher than Vcr was applied to make the first
liquid crystal region used for inage display conpletely bend-aligned. In
this nmeasurenent, the transmttance of the first liquid crystal region
during appllcatlon of a voltage of 6V, gor exanpl e, was determ ned as

bl ack display. To conpensate residual ?etardatlon inthe first liquid
crystal region of the liquid crystal el enment during the application of 6 V,
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transmit-  regionu for image display completely bend-aligned. In
this measurement the transmittance of the first liquid crystal
region during application of a voltage of 6 V, for example,
was determined as black display. To compensate residual
retardation in the first liquid 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 perpendicular
to the slow axis of the liquid crystal layer, to thereby make
the total retardation zero, or obtain black display.

FIG. 33 shows a graph of the voltage-transmittance char-
acteristic obtained when the voltage is lowered from the
black display voltage of 6 V, detected with a photomultiplier.
From FIG. 33, it is found that in samples #22 to #26, in
particular, among samples #21 to #28 of Example 4 having
different d/p values obtained by changing the added amount
of the chiral agent, decrease in 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 driving was set to be from 2.5 Vto 6.0 V with 6.0 V
for black display and 2.5 V for white display.



tance is suppressed to within several percentages with respect to the
non-chiral sanple #21, and thus the optical characteristics are naintained.
From the above, it is concluded that the range of d/p is nore optimally
0<d/ p<0. 15 and that as long as the added anount of the chiral agent to the
liquid crystal material is set to satisfy the above range, degradation in
the optical char- acteristics of the liquid crystal elenent due to the
addition of the chiral agent is too small to cause a problemin practice.

In the above description, 90-tw st allgnnent continu- ously connectable with
bend al i gnnent Fd(@. ﬁlaagrap ercampamng)t a@mxsqmattamce amdsm.her than Vcr
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8e25so thatdppte op%l%%ajlya6<%/8<mr5€ andl’ At 58 1311 45'thiCadlleq®ss than
amount of the chiral agent to the liquid crystal material is set
to satisfy the above range, degradation in the optical char-
acteristics of the liquid crystal element due to the addition of
the chiral agent is too small to cause a problem in practice.

In the above description, 90°-twist alignment continu-
ously connectable with bend alignment during application of
a voltage equal to or higher than Vcr was trapped in the
entire second liquid crystal region by the alignment refresh
treatment. Such a second liquid crystal region can also be
obtained without performing the alignment refresh treatment
by adjusting the kind (rotation direction) and added amount
of the chiral agent. Hereinafter, a method for forming the

second liquid crystal region by addition of the chiral agent
will be described.

Addition of Chiral Agent

In the liquid crystal element 30 shown in FIG. 19, liquid
crystal molecules in the entire second liquid crystal region
27S can be put in the uniform tilt state (twist alignment free
from splay distortion) 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 state by addition of a chiral agent to

S--w




As descri bed above, by adding a chiral agent having a predeterm ned
rotation direction to the liquid crystal mate- rial, it is possible to form
the liquid crystal layer in which 90-tw st alignnment continuously
connectable with bend alignnment during application of a voltage equal to or
hi gher than Vcr is trapped in the entire second liquid crystal region 27S
as showmn in FIG 12(c), wthout the ne sity of the alignnment refresh

treatment. Having the entire second liquid crystal region 27S acting as the
transition nucleus, the first liquid crystal region can nake the spl ay-bend
transition T, stal [|ayer
may further ﬁéehﬂﬁg %b}’sg@t r‘ﬂé@ﬁ%mlﬁt ﬁfe gﬁfgﬁ%}ﬁrﬂeh?fr% MPLE 5 In
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as shown in FIG. 12(c), without the necessity of the
al1gnment refresh treatment. Having the entire second liquid
crystal region 278 acting as the transition nucleus, the first
liquid crystal region can make the splay-bend transition
more 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 liquid crystal display device
having a liquid crystal layer in which 90°-twist alignment
continuously connectable with bend alignment during appli-
cation 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 predetermined rotation direction to the
liquid crystal layer.

A liquid crystal display device (sample #31) of Example
5 was prepared, in which, as shown in FIG. 35(a), the liquid
crystal layer 27 has two separate parts of the first liquid
crystal region 27F and the second liquid crystal region 27S
surrounding the two parts of the first liquid crystal region



width w of the second liquid crystal region 27S is 10 m Chol esteryl
nonanoate (CN) as a counterclockw se chiral agent is added to the liquid
crystal layer 27. The added anount of the chiral agent is adjusted to have
a pitch p of liquid crystal nolecules of 40 pm In sanple #31, the pretilt
direction of the second liquid crystal region 27Sis fromleft to right
(direction of arrow 19a in FIG 35(a)) 8|n the portion near the alignment
film26, and the added chiral agent i s count ercl ockwi se (direction of

arrow 64a). Therefore, the TN alignment of the second liquid crystal region
27S is count S shown in
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liquid crystal molecules of 40 pm.

In sample #31, the pretilt direction of the second liquid
crystal region 27S is from left to right (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
liquid crystal region 278 is counterclockwise twisted and in
the uniform tilt state as shown in FIG. 36(a).

A liquid crystal display device for comparison was also
prepared. The liquid crystal display device as the compara-
tive example (sample #401) 1s different from sample #31 in
that a rubbing direction 196 of the second alignment film
region 26S of the alignment film 26 is the opposite to the
rubbing direction 194 of the second liquid crystal region 26S
of sample #31. In comparative sample #401, the pretilt
direction of the second liquid crystal region 278 is from right
to left (direction of arrow 196 in FIG. 35(b)) 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 liquid crystal region 27S is
counterclockwise twisted and is in the splay tilt state as
shown in FIG. 36(b).



TABLE 17 Place of Twist Twi st Alignnent state Devel opnent angle direction
Tilt Counterclockwi se Second 900 Counter- Uniform Uniform TN region
clockwise tilt Counterclockwi se Second 90 Counter- Splay Splay TN region
clockwise tilt O ockw se Second 90 Cl ockwi se Uniform Uniform TN region
tilt Bend First 00 No twist Uniformregion tilt TABLE 17-conti nued Pl ace
of Twi st Twi st Alignnent state Devel opr@nt angle direction Tilt
Count ercl ockwi se First 180 Counter- Uniform it-twi st region clockwise tilt
Splay First O No twist splay region tilt In sanples #31 and #401, the liquid
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TABLE 17
Place of Twist Twist

Alignment state Development  angle direction Tilt
Counterclockwise Second 90° Counter- Uniform
Uniform TN region clockwise tilt
Counterclockwise Second 90° Counter- Splay
Splay TN region clockwise tilt
Clockwise Second 90° Clockwise Uniform
Uniform TN region tilt
Bend First 0° No twist Uniform

region tilt

TABLE 17-continued

Place of Twist Twist
Alignment state Development  angle direction Tilt
Counterclockwise First 180° Counter- Uniform
J-twist region clockwise tilt
Splay First 0° No twist Splay
region tilt

In samples #31 and #401, the liquid crystal material was
injected in an isotropic phase. The alignment state of the
liquid crystal layer after room temperature was resumed was
observed with a polarizing microscope under crossed-
Nicols. The observation results after the injection of the
liquid crystal material and before voltage application are



denoted by LU-90. The first liquid crystal region 27F entirely becones

spl ay-aligned regions S. Wien a voltage equal to or higher than the
splay-vend critical voltage Vcr is applied across the liquid crystal |ayer,
the disclination lines D forned al ong the boundaries between the first
liquid crystal region 27F and the second |liquid crystal region 27S shift
snoothly toward the centers of the fir 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 allgned regions S of the first
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critical voltage Vcr is applied across the liquid crystal layer,
the disclination lines D formed along the boundaries
between the first liquid crystal region 27F and the second
liquid crystal region 27S shift smoothly toward the centers
of the first liquid crystal region 27F as shown in 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 liquid crystal region 27F shrink. In this way,
splay-bend transition is smoothly attained in the first liquid
crystal region 27F.

On the contrary, in comparative sample #401, once the
liquid crystal matenial is injected, the second liquid crystal
region 278 exhibits counterclockwise TN alignment in the
splay tilt state. This liquid crystal region in the counter-
clockwise splay-tilt TN alignment is denoted by LS-90. The
reason why the second liquid crystal region 278 exhibits the
counterclockwise splay-tilted TN alignment is that the rub-
bing direction of the region of the alignment film on the
lower substrate corresponding to the second liquid crystal
region 278 is the direction of arrow 195 shown in FIG.
35(b), and the pretilt direction of liquid crystal molecules
existing near the lower substrate is forced to follow this
rubbing direction. This counterclockwise splay-tilted TN




critical voltage Vcr is applied across the liquid crystal layer in the
above alignnent states, clockwi se uniformtilted TN-aligned regions RU 90
each surrounded by a disclina- tion line D develop in the second |iquid
crystal region 27S. Wth these clockwi se uniformtilted TN-aligned regi ons
RU-90 acting as transition nuclei, bend-aligned regions B expand in the
first liquid crystal region 27F acconpanied by shift of the disclination
lines D Wth this expansion, the spldy-aligned regions Sin the first
liquid crystal reglons 27F are eroded. Therefore, two processes are
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RU-90 acting as transition nuclei, bend-ahgned regions B

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

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-aligned regions B
expand in the first liquid crystal regions 27F. The process of
development of transition nuclei in the second liquid crystal
region 27S is neither reliable nor reproducible, like the
conventional processes of developing transition nuclei from
spacers, protrusions, 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 liquid crystal display device of
Example 5, the kind (rotation direction) of the chiral agent
added to the liquid crystal material and the rubbing direction
are set so that the liquid crystal molecules in the second
liquid crystal region 27S are twisted in the uniform tilt state




crystal region 27F. By performng the alignnent refresh treatnent for the
liquid crystal display device of Exanple 5, further reliable, high-speed
splay-bend transition is attained in the first liquid crystal regions 27F.
Hereinafter, referring to FIG 38, the change in the alignnent state of the
liquid crystal |ayer observed when the alignnment refresh treatnent is
performed for the liquid crystal displ device of Exanple 5 will be
described, in conparison with the change"in the alignnment state of the
liquid crystal |ayer observed when the alignnent refresh treatnment is
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count er cl ockebserved whcmthéa@gmnem maﬁeshltaemtrmnt iepetfoaniedt of the

vol tage appl f(ﬁaihé’rhéﬁiﬂ %?V@fael'dlsplay device of Example 5 will be
described, in comparison with the change in the alignment
state of the liquid crystal layer observed when the alignment
refresh treatment is performed for the liquid crystal display
device of the comparative example. The liquid crystal align-
ment states during the alignment refresh process were
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 (k) show the change with time in the liquid
crystal alignment state of comparative sample #401. In FIG.
38, disclination lines are shown by the bold lines. Note that
the outline of the pixel is also shown by the bold line.
First, a voltage equal to or higher than 2 Vcr is applied to
both samples. With the voltage application, in sample #31,
the first liquid crystal region 27F becomes the bend-aligned
regions B, while the second liquid crystal region 278
becomes the counterclockwise uniform-tilted TN-aligned
region LU-90, as shown in FIG. 38(a). In comparative
sample #401, the first liquid crystal region 27F becomes the
bend-aligned regions B, while the second liquid crystal
region 278 becomes the clockwise uniform-tilted
TN-aligned region RU-90, as shown in FIG. 38(e).




tens of cosecs), and as a result, the entire first liquid crystal region
27F becones counterclockwi se it-twisted regions L-it. The reason why the
bend al i gnment changes to the counterclockwi se it-twi st alignnent is that
both sanples use the liquid crystal materials containing the

countercl ockwi se chiral agent, chol esteryl nonanoate (CN). Thereafter, the
counterclockwi se it-twi sted regions L- 75 as the first liquid crystal region
27F make transition to nore stable splay alignnent. In this transition
process, the way of expansion of the splay-aligned regions S (way of
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the entire S%eg ?c?f:?glarc ockwise m-twisted regions L-r) in the first
- iquid crystal region 27F is largely different between
samples #31 and #401.

In sample #31 of Example 5, as shown in FIG. 38(¢), the
splay-aligned regions S develop from the surroundings of
spacers and the like in the centers of the first liquid crystal
region 27F, for example. The splay-aligned regions S gradu-
ally erode the counterclockwise m-twisted regions L-rt in the
first liquid crystal region 27F. With this, the counterclock-
wise m-twisted regions L-n shrink and retract toward the
second liquid crystal region 27S.

After a lapse of a predetermined time from the halt of the
voltage application, as shown in FIG. 38(d), the disclination
lines D reach the boundaries between the first liquid crystal
region 27F and the second liquid crystal region 27S and stop
shifting. The entire first liquid crystal region 27F is now the
splay-aligned regions S. At this time, the entire second liquid
crystal region 27S traps therein the counterclockwise TN
alignment continuously connectable with bend alignment
during voltage application.




crystal region 27Sis maintained. As a result, with the entire second

| iquid crystal region 27S acting as the bend transition nucleus, once a

vol tage equal to or higher than Vcr is applied, bend-aligned regions expand
in the splay-aligned regions of the first liquid crystal region 27F. Wth
this expansion, the splay-aligned regions shrink in the first-liquid
crystal region 27F. Finally, the entirg first liquid crystal region 27F
becones the bend-aligned regions B. As %escribed above, in sanple #31 of
Exanpl e 5, bend alignnent easily expands fromthe TN alignnent trapped in
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the 75 count eAd aboxe, agesample H#3 Ezxamplexfgdrend t he
allgnment 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 a result, high-speed,
reliable bend transition is attained in the first liquid crystal
region 27F.

On the contrary, in sample #401, as shown in FIG. 38(g),
more stable splay-aligned regions S develop from near the
four corners of each part of the first liquid crystal region 27F.
The splay-aligned regions S gradually erode the counter-
clockwise st-twisted regions L-m toward the centers of the
first liquid crystal region 27F. At this time, the counterclock-
wise m-twisted regions L-x are simply eroded without trap-
ping of TN alignment in the second liquid crystal region
278S.

The second liquid crystal region 278 exhibits the clock-
wise TN alignment as shown in FIG. 38(g) when a high
voltage is applied although the chiral agent added to the
liquid crystal material is counterclockwise. The reason is
that splay distortion increases and the alignment becomes
unstable with application of a high voltage, and thus the
second liquid crystal region 27S takes the clockwise TN
alignment free from splay distortion. Therefore, the second
liquid crystal region 27S, which exhibits the clockwise
uniform-tilted TN alignment immediately after shutoff of the
high voltage, is gradually influenced by the effect of the



nore stable countercl ockw se splay-tilted TN alignment. Accordingly, there
wll be no trapping of TN alignnment continuously connectable with bend
alignnment during volt- age application in the second liquid crystal region.
According to the present invention, the spontaneous tw st direction
(countercl ockwi se or clockw se) of the chiral agent in the liquid crystal

| ayer and the pretilt direction of Ilng crystal nolecules in the second
liquid crystal region at its interface”are set to agree with each other, to
allow the second Iliquid crystal region to accept the TN alignnent in the
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crystal region once the liquid crystal material is injected.

Moreover, by performing the alignment refresh treatment,

TN alignment continuously connectable with bend align-

ment during voltage application can be trapped in the entire

second liquid crystal region more reliably.

By trapping TN alignment in the second liquid crystal

region as described above, the bend-aligned regions expand

smoothly in the first liquid crystal regions only with appli-

cation of a voltage equal to or higher than the splay-vend

critical voltage Vcr, and high-speed, reliable bend transition

is attained.

As described above, in the liquid crystal display 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

critical voltage (Vcr) is applied across the liquid crystal

layer, the second region of the liquid crystal layer acts as the

splay-bend transition nucleus for the first region, to permit

high-speed, reliable bend transition in the first regions.




critical voltage (Vcr) is applied across the liquid crystal layer, the
second region of the liquid crystal |ayer acts as the splay-bend transition
nucl eus for the first region, to permt high-speed, reliable bend
transition in the first regions. 76 By trapping n-tw st alignnent
developing in the first liquid crystal region in the second liquid crystal
region as TN alignnent, further high-spged, reliable bend transition is
attained. In the liquid crystal display device of the present inven- tion,
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ment during application of a voltage equal to or higher than Vcr is trapped
in the entire second region of the Iliquid crystal layer. 2. The liquid
crystal display device of claiml, wherein the first region of the liquid
crystal l|ayer exhibits splay alignnment during non-voltage application and
bend align- nment during voltage application. 3. The liquid crystal display
device of claiml1l, wherein the liquid ystal display device has a
plurality of pixels, and the liquid cr@;tal | ayer in each of the plurality
of pixels has the first region and the second region. 4. The liquid crystal
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layer; wherein

the liquid crystal layer contains a chiral agent with a
predetermined spontaneous twist direction and the sec-
ond region of the liquid crystal layer exhibits twist
alignment in which the liquid crystal molecules are

twisted in the predetermined spontaneous twist direc-
tion of the chiral agent; and

TN alignment continuously connectable with bend align-

ment during application of a voltage equal to or higher
than Ver is trapped in the entire second region of the
liquid crystal layer.

2. The liquid crystal display device of claim 1, wherein
the first region of the liquid crystal layer exhibits splay
alignment during non-voltage application and bend align-
ment during voltage application.

3. The liquid crystal display device of claim 1, wherein
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 region and the second region.

4. The liquid crystal display device of claim 1, wherein an
angle ¢ formed between the first direction and the second
direction satisfies 30° S =150°.

5. The liquid crystal display device of claim 1, wherein an
angle 1y formed between the first direction and the second
direction satisfies 70° Sy =110°.



11. A method for fabricating a liquid crystal display device, conprising
the steps of: providing a pair of substrates each having an el ectrode on

its principal plane; formng an alignnment filmon the el ectrode of at | east
one of the pair of substrates, the alignnent filmhaving a first alignnent
filmregion having alignnent regulating force forcing the pretilt direction
of liquid crystal nolecules to be a fhgst direction and a second al i gnnent
filmregion having alignnment regulating force forcing the pretilt direction
of liquid crystal nolecules to be a second direction different fromthe

fitrs: di rteﬁtiorﬁ. ‘Fhe hqm:drur?rstdli displayrdevide bfyvelailtelyewheteia Eait[] of sub-
strates, e : V, s [ . i C e
pretilt di re(ﬂ#W %&E@nﬁyﬁ ;ﬁgn%(%lcg@%#h{ﬁ%egﬁehﬁpg nment is
regul at ed wi paralel avithnthesecenduldizectigni orce of the alignment filmis the
first directi ' ' ' iyl t ' tion of
e eh b fordh oRos Sl 1
alignnent re Y- di rection,
TN ali gnrrentcrystalilaw;rsdxudqmrisethbanhmltcbhhah?iwh@fthmrliqllviei ng trapped
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chiral agent +the qu&éwstaiealgsqﬁayt %mﬂ;ptyfv@lamh@lsév eredh, and tﬁe_
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tw st directi
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liquid crystal layer exhibits twist alignment free from splay
distortion.

10. The liquid 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.

11. 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 liquid crystal
molecules to be a first direction and a second alignment
film region having alignment regulating force forcing
the pretilt direction of liquid crystal molecules to be a
second direction different from the first direction; and
placing a liquid crystal layer between the pair of sub-
strates, the liquid crystal layer having a first 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 first
direction and a second region in which the pretilt
direction of liquid crystal molecules of which the



claim11l, wherein the step of placing a liquid crystal layer includes a
step of performng alignnent refresh treatnent in which roughly the entire
first region of the liquid crystal I|ayer is bend-aligned, and then the bend
alignnment is changed to splay alignnent via n-twi st alignnent. 14. The

met hod for fabricating a liquid crystal display of claim13, wherein the
step of performng alignnent refresh tggeatnent is executed by applying a
voltage twice or nore as high as a spl'‘ay-bend critical voltage across the

liquid crystal layer for a predetern1ned time. 15. The nethod for
fabricating a lgf eﬁltyi%t?é aawlﬂj I gh}ﬁ angl eip
formed between f @fﬁ t&rﬁeal cond,.di rgﬁgl atisfies 70 <t
< 110. 16. The H&%F E?EOJE ensﬁﬁzli claim 11,
wherein the se@bignmey; tdﬁﬂminﬂou cxnuuuﬁa bl twi bend. atigss a regi on

defined by a pimeht béingerdpped th the ehtire sécobldegion; $herein
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 direc-
tion, and the second region of the liquid crystal layer
exhibits twist ahgnment in which the liquid crystal
molecules are twisted in the predetermined spontane-
ous twist direction of the chiral agent.

12. The method for fabricating a liquid crystal display of
claim 11, wherein the second region of the liquid crystal
layer exhibits twist alignment free from splay distortion
during non-voltage application.

13. The method for fabricating a liquid crystal display of
claim 11, 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 m-twist alighment.

14. The method for fabricating a liquid crystal display of
claim 13, wherein the step of performing alignment refresh

treatment 1s 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.

15. The method for fabricating a liquid crystal display of
claim 13, wherein an angle 1\ formed between the first
direction and the second direction satisfies 70°=y=110°.

16. The method for fabricating a liquid crystal display of
claim 11, wherein the second region is formed to at least
extend across a region defined by a pixel of the liquid crystal
display device.



