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mode in the following) liquid crystal display.

Background Art

15 A liquid crystal display is a thin, light-weight, low power display
(image display) apparatus as compared with a Braun tube. Therefore, the
liquid crystal display has been used in wide ranging applications including
image display apparatuses such as televisions and videos, office automation

(OA) equipment such as monitors, word processors and personal computers,
20 and the display portions of cellular phones and portable terminals.

As a liquid crystal display, e.g., a twisted nematic (TN) mode liquid
crystal display has been put into practical use. However, it has the
disadvantages of slow response and a narrow viewing angle. Ferroelectric
liquid crystals (FLC) or antiferroelectric liquid crystals (AFLC), which can

25 provide quick response and a wide viewing angle, also have been proposed.
However, there are serious disadvantages in shock resistance and
temperature characteristics, and so far they have not been used widely. A
display mode using polymer-dispersed liquid crystals that utilizes light
scattering does not require a polarizing plate and can provide high

30 brightness. However, it cannot control the viewing angle inherently with a
phase difference plate and also has a problem of response characteristics at
the moment. Thus, the polymer-dispersed liquid crystals are less superior
to the TN mode liquid crystals.

In recent years, particularly with a rapid increase in information

35 processing speed in the application field of cellular phones and portable
displays, there have been demands for a motion display function in the




phase difference plate and al so has a probl em of response characteristics
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20 The application of a vo tage 1nduces a bend orientation 4b or a bend
orientation including a twisted orientation in the liquid crystal layer, and
display is performed in this bend orientation state.
However, it takes a long time for a transition from the splay
orientation to the bend orientation in a conventional OCB mode liquid
25  crystal display, which has been a major obstacle to its practical use. The
transition is performed generally by applying a high voltage across the
opposed electrodes. Though the transition time becomes shorter with
increasing voltage, a higher voltage cannot be applied readily because of the
withstand voltage of an IC driving voltage. Therefore, the transition
30 should be performed while applying a voltage of about several to 30 V.
With the application of several volts, however, a period of time in minutes is
required to complete the transition.
FIG. 23 is a cross-sectional view showing the configuration of a
R-OCB mode liquid crystal display. This liquid crystal display includes a
35 substrate 501 provided with a transparent electrode 502, a substrate 508
provided with a transparent electrode 507, and a liquid crystal layer 504
sandwiched between the substrates 501, 508. Alignment films 503, 506 are
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transition at the two substrates should differ in a conventional R-OCB mode liquid

crystal display. Therefore, different types of alignment films are used for

the respective substrates: the horizontal alignment film as the alignment

film 3 and the vertical alignment film as the alignment film 6.

25 Consequently, electrical asymmetry occurs between the substrates. This
leads to nonuniform display density and a residual image caused when the
same image is displayed for a long time even under the normal operating
conditions. Thus, the display quality is degraded considerably.

It is an object of the present invention to achieve a quick transition

30 from the splay orientation to the bend orientation by applying a relatively
low voltage in an OCB mode liquid crystal display.

It is another object of the present invention to reduce electrical
asymmetry between the substrates and improve the display quality of a
liquid crystal display in which the pretilt angle at one substrate differs from

35 that at the other substrate, such as a R-OCB mode liquid crystal display.



30 fromthe splay orientation to the bend orientation by applying a
relatively |ow voltage in an OCB node |iquid crystal display. It is

anot her object of the present invention jo reduce electrical asymmetry

bet ween the substrates and i nprove the display quality of a liquid crystal
display in which the pretilt angle at one substrate differs from 35 that at
the other substrate, such as a R-OCB node liquid crystal display. 4
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To achieve the first object, a second liquid crystal display of the
present invention includes two opposed substrates and a liquid crystal layer
25 sandwiched between the substrates. The liquid crystal layer includes
liquid crystal molecules whose orientation is changed from a splay

orientation to a bend orientation for display by applying a voltage of not less
than a threshold voltage to the liquid crystal layer. A difference in absolute
value between a pretilt angle of the liquid crystal molecules in the vicinity of

30 one substrate and a pretilt angle of the liquid crystal molecules in the
vicinity of the other substrate is not more than 0.7 degrees.

In the second liquid crystal display, it is preferable that both
absolute values of the pretilt angles of the liquid crystal molecules in the
vicinity of one substrate and in the vicinity of the other substrate are not

35 more than 4 degrees.

To achieve the first object, a third liquid crystal display of the

present invention includes two opposed substrates and a liquid crystal layer



vicinity of the other substrate is not nore than 0.7 degrees. In the second
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is prefdrabl e thato 2¢uey rst object, a first manufacturing method of the
present invention is a method for manufacturing a liquid crystal display
that includes two opposed substrates and a liquid crystal layer sandwiched
between the substrates, the liquid crystal layer including liquid crystal
molecules whose orientation is changed from a splay orientation to a bend
25  orientation for display by applying a voltage of not less than a threshold
voltage to the liquid crystal layer. The method includes rubbing the
surfaces of the substrates to be in contact with the liquid crystal layer. A
rubbing density of the rubbing process is not less than 20000 mm?2.
In the first manufacturing method, it is preferable that the amount
30 ofindentation in the rubbing process is not less than 0.3 mm.

To achieve the first object, a second manufacturing method of the
present invention is a method for manufacturing a liquid crystal display
that includes two opposed substrates and a liquid crystal layer sandwiched
between the substrates, the liquid crystal layer including liquid crystal

35 molecules whose orientation is changed from a splay orientation to a bend
orientation for display by applying a voltage of not less than a threshold
voltage to the liquid crystal layer. The method includes forming an



30 of indentation in the rubbing process is not less than 0.3 mm To
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In the third manufacturing method, a liquid crystal display having a
substantially equal area ratio can be recognized as an acceptable product in
the inspection process.

25 In the first to third manufacturing methods, it is preferable that
each of the liquid crystal displays is an OCB-type liquid crystal display.

To achieve the first object, a fourth liquid crystal display of the
present invention includes a first substrate, a second substrate, and a liquid
crystal layer sandwiched between the first substrate and the second

30 substrate. The first substrate and the second substrate are opposed to each
other, and the liquid crystal layer includes liquid crystal molecules whose
orientation is changed from a splay orientation to a bend orientation for
display by applying a voltage of not less than a threshold voltage to the
liquid crystal layer. The absolute value of a pretilt angle of the liquid

35 crystal molecules in the vicinity of the first substrate differs from the
absolute value of a pretilt angle of the liquid crystal molecules in the
vicinity of the second substrate, and at least one of the first substrate and



crystal |ayer sandw ched between the first substrate and the second 30
substrate. The first substrate and the second substrate are opposed to each
other, and the liquid crystal |ayer |nclydes |l iquid crystal nolecul es whose
orlentatlon is changed froma splay orientation to a bend orientation for
display by applying a voltage of not less than a threshold voltage to the
liquid crystal |ayer. The absolute value of a pretilt angle of the liquid
35 crystal nolecules in the vicinity of the first substrate differs from

the absol whe seebii¢ s@bstraps B prdvidetwveth Pehd trafisitibnCivdeas imdh@tod es in
the vicinity of the second substrate, and at | east one of the first

substrate dRd®#%the second substrate is provided with a bend transition
nucl eus i nducti onn theafosrth hquitcfystak displapitdsprgfarabledibsati the, alisolite

preferabl e $h@ off ll?ﬁ'e %Pﬁmt%d%le \SP“:H@ 18{1 d bxeygll?élextnloiécu ﬁ]etlfg Vl,tcﬂ‘ﬁt)L bf]mr t han

crystal _nol ecu rate 1's

the absél ut%r% gtr@f;e ihemgtler Fh%n éh@ pbsglrutg velyg Qfﬂi}tﬁ prepdt apglﬁwfefém es in
t he vi ci ni tlyqwid drstad Qﬁ@l@dul%ﬁ bﬁtth@tvecmwyct)ﬂth@ decorzd substpatd, alndl il @fszw ded

h the b h |
e P b AR ORI SHEH B PR BRI Rl MGk S
crystal nol ecul eslnhthei fogrth highit atystaladisplayaitais| pefarebleghat Horegibs that es i s
| ocated prg %ﬁmq@’ﬂﬂe dtc‘i‘ﬁ'?tf 51§61e§&l@§th %? xﬂ@le\@‘u al} dxss Bﬁﬁéllél‘lﬁach%ent ral

portion of ayer | ess

t hr eshdfd vwhsab%eﬁés ¥Q<{EHTQ®HGW@DMYqQR @ fiysh wbataayt@rm@ Withgesnegt ¢ h
l'iquid crystoad céhtﬁ'él portior of ﬁmolli@ﬁﬁlr @%ealtmyér whdhfd es1ea€Lof leds dhapltHb e

val ue betvven pretilt. an UIdC stal nol ecules in 15 the
vicinity of %trﬁ é’?aﬁt}gﬁpﬁlgdzﬂ&}’f’ﬁ é’f}'sf’t? }[; $% of the liquid crystal
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25 substrate SO can be use I on nucl eus | nducti on
means. 20To nedewyinduydion meangdpeher includetanconvex ireetyise spchias @ ay of the

present i nggherical sti@tufesnd af dol @i ndtisiidtte, Acir@0edtaudiares ae, and a
liquid cr yStle<|:trlc field application means for applying a transverse electric field to the
liquid crystal layer, and an alignment film containing asymmetric carbon
atoms. A nonlinear element for driving pixels that is formed on the
25  substrate also can be used as the bend transition nucleus induction means.
To achieve the first object, a fifth liquid crystal display of the present
invention includes a first substrate, a second substrate, and a liquid crystal
layer sandwiched between the first substrate and the second substrate.
The first substrate and the second substrate are opposed to each other, and
30 the liquid crystal layer includes liquid crystal molecules whose orientation
is changed from a splay orientation to a bend orientation for display by
applying a voltage to the liquid crystal layer. The absolute value of a
pretilt angle of the liquid crystal molecules in the vicinity of the first
substrate differs from the absolute value of a pretilt angle of the liquid
35 crystal molecules in the vicinity of the second substrate. A twist elastic
constant kg2 of a liquid crystal material for the liquid crystal layer is not
more than 10 pN.



| ayer sandw ched between the first substrate and the second substrate. The
first substrate and the second substrate are opposed to each other, and 30
the liquid crystal |ayer includes |Iiquidgcrystal nolecul es whose
orientation is changed froma splay orientation to a bend orientation for
display by applying a voltage to the liquid crystal |ayer. The absolute
value of a pretilt angle of the liquid crystal nolecules in the vicinity
of the first substrate differs fromthe absolute value of a pretilt angle
of the liquid 35 Rriypreferablecthalt @ach of the foiirth mrdyfifth liqedsegsvad substrate.
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absolute value of a pretilt angle of liquid crystal molecules in the vicinity of
the first substrate differs from the absolute value of a pretilt angle of liquid
crystal molecules in the vicinity of the second substrate. The method
includes forming a first alignment film on the surface of the first substrate

25  to be in contact with the liquid crystal layer and a second alignment film
made of the same material as that of the first alignment film on the surface
of the second substrate to be in contact with the liquid crystal layer, and
performing an alignment process on at least one of the first alignment film
and the second alignment film so as to make a difference in pretilt angle

30 control characteristics between the first alignment film and the second
alignment film.

Here, “a difference in pretilt angle control characteristics” indicates
the state in which the pretilt angle of the liquid crystal molecules in the
vicinity of the first alignment film differs from the pretilt angle of the liquid

35  crystal molecules in the vicinity of the second alignment film.

In the fourth manufacturing method, a rubbing process may be

performed as the alignment process. In this case, only one of the first



of the second substrate to be in contact with the liquid crystal |ayer, and
perform ng an alignnent process on at |east one of the first alignnment film
and the second alignment filmso as to ke a difference in pretilt angle
30 control characteristics between the first alignnment filmand the second
alignment film Here, "a difference in pretilt angle control
characteristics" indicates the state in which the pretilt angle of the
liquid crystal nolecules in the vicinity of the first alignment film
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ncLae 2, RIS o i Shd i bR D
20 rondfol St éﬂlgéﬁ?%gfin&lﬁngﬁ&’@rﬁec??mlg&m%l ely evaporated film or
the like may be Insgk ﬁartl’nma‘mffaét\ﬂingmhbdfﬂHdﬁl@g&ﬂn&hﬁpﬁ@&@@ﬁ@ i gnment
present | nvB§CIdE: FEbEAEIesEY 854 miftarielt CrPREALDR 40 Taihed: ol ay
t hat i ncl udeocesspposed first and second substrates and a liquid crystal
'Tﬁger 25 sandw chediRefoWef nddtuthttiting HREhba! £ pBlAndiHe afightivht SRS at e.
20 monomolecular optical alignment film, an obliquely evaporated film, or the
like may be used as the first alignment film and the second alignment film.
To achieve the second object, a fifth manufacturing method of the
present invention is a method for manufacturing a liquid crystal display
that includes opposed first and second substrates and a liquid crystal layer
25 sandwiched between the first substrate and the second substrate. The
absolute value of a pretilt angle of liquid crystal molecules in the vicinity of
the first substrate differs from the absolute value of a pretilt angle of liquid
crystal molecules in the vicinity of the second substrate. The method
includes forming a first alignment film by forming a polyimide alignment
30 film precursor on the surface of the first substrate to be in contact with the
liquid crystal layer and firing the polyimide alignment film precursor, and
forming a second alignment film by forming a precursor made of the same
material as that of the polyimide alignment film precursor on the surface of
the second substrate to be in contact with the liquid crystal layer and firing
35 the precursor. A firing temperature for the first alignment film differs from
a firing temperature for the second alignment film.
In the fourth and fifth manufacturing methods, it is preferable that



absol ute value of a pretilt angle of liquid crystal nolecules in the
vicinity of the first substrate differs fromthe absolute value of a
pretilt angle of liquid crystal nDIecuI?F in the vicinity of the second
substrate. The nethod includes form ng &'flrst alignment filmby formng a
pol yimide alignment 30 film precursor on the surface of the first
substrate to be in contact wwth the I|iquid crystal |ayer and firing the
polyim de alignment filmprecursor, and formng a second alignnment film by
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alignment film are formed with different materials. An insulating film is
provided below at least one of the first alignment film and the second
alignment film.

25 In the seventh and eighth liquid crystal displays, it is preferable
that the amount of polarization of the liquid crystal molecules on the first
substrate is equal to the amount of polarization of the liquid crystal
molecules on the second substrate,

Here, “the amount of polarization” includes a charge caused by the

30 ionsin liquid crystals that are absorbed on the alignment films and a
surface charge caused by the arrangement of dielectric polarization in the
alignment films. A DC bias is applied to the liquid crystals because of this
amount of polarization, causing asymmetry in the response characteristics
of the liquid crystals. To quantify the amount of polarization, a DC bias

35 voltage of the opposite polarity is applied to the liquid crystals, thereby
achieving symmetry in the characteristics. This DC bias voltage can be
used to evaluate the amount of polarization. An electric charge Q per unit



25 In the seventh and eighth liquid crystal displays, it is preferable
that the anmount of polarization of the liquid crystal nolecules on the
first substrate is equal to the anount ,qf polarization of the |iquid
crystal nol ecules on the second substrate. Here, "the anount of

pol ari zation" includes a charge caused by the 30 ions in liquid crystals
that are absorbed on the alignnment filns and a surface charge caused by
the arrangement of dielectric polarization in the alignment filns. A DC
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11 area?di s dsplaysdea B QréBytYW lguid cpystphdispley.i s a capaC| tance of liquid
crystals per unit area and Vis a DC voltage required to achieve the

symmetry aspdeseyi bedt.abo It. is preferable that each of the seventh and
eighth 1i qﬁ%@i@;ﬁwﬁﬁ%@wi s a RROCB-type liquid crystal display.
Bri ef Descri pti orFlf. Dissavicrags-sekctional vievaskhowim seekampdé ofadigulowi ng an

exanpl e of &y faqlih lagr&f‘sﬁxﬁbo&lﬂxﬁ 2y- lof Enbodi ment 1-1. 10 FIG 2 shows the
rel atlonshl p angles at two ?ubstrates and a
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1-1. FIG Zatstieysubdteated| Bid 2valvape reguwied foR erasisittol il adiquidtpysial process

on an ali gn&gfayﬁégm%nﬂgnggéi i1t angle in a liquid crystal display of 15

Enbodi nment s sectional view show ng an exanple of a
liquid crystal difEplaghowsEheodiatiomship Betwiden tle styength ofruditang
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di spl ay _of a pla V|ews oW n attern
used i A% remhedimgpt tbrning a convex structure in a liquid crystal

di spl ay of EnbodiPER!4 is 2 crodstdectiénhl Viest sRéwing 48 efthfrgné ooa IRfuiubbi ng
process on an ali bstrate in exanples of the present
i nvention. ‘Ep'(sf léﬁ?'}réﬁ% O(fl%gbné]é%ﬁ r vi ew showi ng anot her exanple of a
l'i quid FIG. 5 is a flow chart 111ustrating a method for forming a convex
structure in a liquid crystal display of Embodiment 1-2.
20 FIG. 6 is a plan view showing a mask pattern used in a method for
forming a convex structure in a liquid crystal display of Embodiment 1-2.
FIG. 7 illustrates the direction of rubbing process on an alignment
film or a substrate in examples of the present invention.
FIG. 8 is a cross-sectional view showing another example of a liquid
25  crystal display of Embodiment 1-2.
FIG. 9 is a cross-sectional view showing an example of a liquid
crystal display of Embodiment 1-3.
FIG. 10 is a plan view showing the arrangement of a pixel electrode
and various wirings on a first substrate of a liquid crystal display of
30 Embodiment 1-3.
FIG. 11 shows an example of a transition waveform to be applied to
a liquid crystal display of Embodiment 1-3.
FIG. 12 is a cross-sectional view showing another example of a liquid
crystal display of Embodiment 1-3.
35 FIG. 13 shows another example of a transition waveform to be
applied to a liquid crystal display of Embodiment 1-3.
FIG. 14 is a cross-sectional view showing an example of a liquid



25 crystal display of Enbodinent 1-2. FIG 9 is a cross-sectional view
showi ng an exanple of a liquid crystal display of Enbodinent 1-3. FIG 10
is a plan view showi ng the arrangenent 3 a pixel electrode and various
wirings on a first substrate of a liquid crystal display of 30 Enbodi nent
1-3. FIG 11 shows an exanple of a transition waveformto be applied to a
liquid crystal display of Enbodinent 1-3. FIG 12 is a cross-sectional view
showi ng anot her exanple of a liquid crystal display of Enmbodi nent 1-3. 35
FIG 13 shawgsiadissiayeofEmbedinierst I-4ansiti on waveformto be applied to a
li-quid crystal di f 0 4 onal view
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vol t age.
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dependence oriéntatipmi.d crystal director distribution when a I | qui d crystal
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of liquid crystal director distribution when a liquid crystal layer has a bend

orientation.

FIGS. 21A to 21D are conceptual diagrams illustrating the

movement of a liquid crystal director from a splay orientation to a bend
20 orientation in an OCB-type liquid crystal display.

FIGS. 22A to 22G are conceptual diagrams illustrating the
movement of a liquid crystal director from a splay orientation to a bend
orientation in an OCB-type liquid crystal display.

FIG. 23 is a cross-sectional view showing an example of the

25 configuration of a R-OCB-type liquid crystal display.

FIG. 24 is a conceptual diagram illustrating the operation of an

ionization blower.

Best Mode for Carrying Out the Invention
30 First Embodiment
A liquid crystal display according to an embodiment of the present

invention includes a liquid crystal layer sandwiched between two substrates.
By applying a voltage to the liquid crystal layer, its orientation is changed
from a splay orientation to a bend orientation, thus performing display.
35 Examples of such a liquid crystal display include an OCB-type liquid crystal
display.
The present inventors conducted detailed studies on the splay-bend



FIG 23 is a cross-sectional view show ng an exanple of the 25

configuration of a ROCB-type liquid crystal display. FIG 24 is a

conceptual diagramillustrating the opersat ion of an ionization blower.

Best Mbde for Carrying Qut the Invention 30 First Enbodinent A liquid

crystal display according to an enbodi nent of the present invention

i ncludes a liquid crystal |ayer sandw ched between two substrates. By

applying a voltage to the liquid crystal layer, its orientation is changed
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crystal nol ggubaeratyw N9 a tilt angle of zero, shifts to one of the
20 FIG. 19 shows an example of a change in the director distribution
with time immediately after the application of a voltage. As shown in FIG.
19, the position of the liquid crystal molecules parallel to the substrates, i.e.,
the liquid crystal molecules having a tilt angle of zero, shifts to one of the
substrate sides with time by applying a voltage.
25 FIG. 20 shows the liquid crystal director distribution when a voltage
of not less than a threshold voltage (e.g., 3.0 V or more) is applied, together
with an image of liquid crystal alignment. The liquid crystal director
distribution corresponds to the bend orientation.
The following is an explanation of the splay-bend transition
30 mechanism based on the above results.
FIGS. 21A to 21D are schematic diagrams illustrating a process of
forming the bend orientation by applying an initialization voltage to the
liquid crystal display that shows the splay orientation. When the liquid
crystal layer is in the initial state (i.e., no voltage is applied), it has the
35 splay orientation (FIG. 21A). In the splay orientation, the inclination of a
molecular axis of the individual liquid crystal molecules with respect to the
substrate plane, i.e., a tilt angle, is small throughout the liquid crystal layer.



substrate sides with tine by applying a voltage. 25 FIG 20 shows the
liquid crystal director distribution when a voltage of not |less than a
threshold voltage (e.g., 3.0 V or nore) 4, applied, together wth an inmage
of liquid crystal alignment. The liquid™crystal director distribution
corresponds to the bend orientation. The following is an explanation of the
spl ay-bend transition 30 nechani sm based on the above results. FIGS 21A
to 21D are schematic diagrans illustrating a process of formng the bend
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shifts to op@tivh inthudinbhediduidictpstal mdFeuldd Bubsthntidly parallel to the
substrate planes shifts to one of the substrate sides (FIGS. 21B and 21C).
This phenomenon occurs in both of the substrate sides. That is, as shown
in the drawings, the shift of the portion including the liquid crystal
25 molecules substantially parallel to the substrate planes produces two
different states, which are referred to as an up-splay state (FIG. 21B) and a
down-splay state (FIG. 21C) in the following.
In the transition process from the splay orientation to the bend
orientation through the up-splay or down-splay state, the liquid crystal
30 director distribution of a liquid crystal display gradually varies in state.
FIGS. 22A to 22G are schematic diagrams illustrating the movement
of a liquid crystal director in the liquid crystal layer when the applied
voltage changes0 - V1 - V2 —-V3 -V4 ->V5(0<V1<V2<V3<V4
<V5). In FIGS. 22A to 22G, a black triangle indicates the position of a
35 portion that includes the liquid crystal molecules having the molecular axis
parallel to the substrate planes.
FIG. 22A schematically shows the orientation of the liquid crystal



Thi s phenonenon occurs in both of the substrate sides. That is, as shown
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different states, which are referred to’as an up-splay state (FIG 21B) and
a down-splay state (FIG 21C) in the following. In the transition process
fromthe splay orientation to the bend orientation through the up-splay or
down-splay state, the liquid crystal 30 director distribution of a liquid
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I edi at el wrahsiton &ed iFEIGid 22F shows the orientation immediately after the bend
transition. The liquid crystal molecules parallel to the substrates are
present in FIG. 22E, and not in FIG. 22F. Such a transition from the state
of energy concentration (FIG. 22E) to the bend orientation (FIG. 22F) is

25 caused by twisted rotation (slip out) of the liquid crystal molecules in the
vicinity of the substrate. After the transition to the bend orientation, the
liquid crystal display quickly changes its orientation (FIG. 22F) to the
orientation (a normal state) shown in FIG. 22G.

As described above, the splay-bend transition does not occur

30 simultaneously in the entire liquid crystal layer. The bend transition
nucleus generated in a specific region of the liquid crystal layer grows
gradually while eroding other regions in the up-splay or down-splay state,
and finally the entire liquid crystal layer has the bend orientation.

The present inventors also found out that the liquid crystal

35 orientation is relatively unstable before reaching the up-splay or down-splay
state, and the bend transition nucleus generated in this state allows the
bend orientation to grow rapidly.



transition. The liquid crystal nolecules parallel to the substrates are
present in FIG 22E, and not in FIG 22F. Such a transition fromthe state
of energy concentration (FIG 22E) to trl% bend orientation (FIG 22F) is 25
caused by twisted rotation (slip out) of the liquid crystal nolecules in
the wvicinity of the substrate. After the transition to the bend
orientation, the 1liquid crystal display quickly changes its orientation
(FIG 22F) to the orientation (a normal state) shown in FIG 22G As
descri bed above, Thwes,thegyrebartdinveatiohttialtes dweapprbacitesitio indfrove a
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Layer 950 ' " the 'fa hlle iqgfdaérgst(a{l'd?éﬁlagoof\’églist glggoélismg?tp,)lvslll?e(y f:hé fiqﬂﬁls a splay
crystal layer is in the initial state (i.e., no voltage is applied), it has a splay
orientation. The orientation of the liquid crystal layer can be changed into
a bend orientation by applying a voltage of not less than a threshold voltage
to the liquid crystal layer. FIG. 1 schematically shows the orientation of
25  liquid crystal molecules when the liquid crystal layer has the bend
orientation.
The liquid crystal display of this embodiment is adjusted so that a
region in the up-splay state and a region in the down-splay state are present
in substantially equal proportions when a voltage of less than the threshold
30 voltage is applied to the liquid crystal layer. Specifically, the area ratio (U :
D) of the up-splay region (U) to the down-splay region (D) s, e.g., 40 : 60 to
60 : 40, and preferably 45 : 55 to 55 : 45 when a voltage of less than the
threshold voltage is applied to the liquid crystal layer.
The area ratio can be measured in the following manner. The
35 up-splay region and the down-splay region are generated by applying a
voltage of about 1 V without causing the bend transition. When observed
from the direction that is inclined particularly toward the rubbing direction



orientation. The orientation of the liquid crystal |ayer can be changed
into a bend orientation by applying a voltage of not |ess than a threshold
voltage to the liquid crystal layer. FI 1 schematically shows the
orientation of 25 liquid crystal nolecul’es when the liquid crystal |ayer
has the bend orientation. The liquid crystal display of this enbodinment is
adjusted so that a region in the up-splay state and a region in the
down-splay state are present in substantially equal proportions when a

vol tage of fremsthefront,thetthvoerdgddnks Rok\diffepgst inscodpphné Brighthoss, Isbqhiad

L AT i T o ol e
preferably aar5d th&gowo- Siﬂay ragiontare caludrtedyto détermine thaareaeatiohr eshol d
voltage is applied i zréﬁ?aﬂ)l'e%'a‘é eﬁEH?ﬁf’él 1h@Nﬁres tﬂ@%ﬁ%ﬁﬂ%xrﬁd &’oﬁﬁ%p‘?ﬁy

nmeasured in the fol ng, manne B a j

down- spPay ¥&h a eBéﬂEﬁ"&?"@Bl‘b?bS&Eiﬁ?‘}Pﬂé aWs\ TtSﬁBEaEPn Merprqtq,d t hout
CaU|SI ngdt heinbg pcketl raarthetsamb apiesd obﬁsgevad dekéribed BBowH rth@tpn@él Kdwboths
inclined partic

|rec10n front, the
e ooy oncb AR abRIRaY UGtk AP ikl A o L. 1%,
di sti ngui shratit oftdre wpreplayTregion so the downt$may pegionadp gashi pinel ﬁﬂhﬁ 1tnhe
down-spl ay 1RO edaRge?! cuI at ed to determne the area ratio.

Bhen 'rﬁsi?,;‘fc"*ﬁbg'@ae,a@ B1F SRR Cse i Rl gﬁﬂé’“ﬁms"%oigtéﬂ nca o
pi xel at thealaasef thwpreilt\walglaoet Bso debeiratadarebail atshﬁuphmlpdséﬁ)lé)ot h
oo of ¢ e U BRI Anl G SR SRR i s BRI ER AL BB s
in the aboaxmebodingent. 1Vith abimprovement thsymuotedry of thespratilt ianglesiar abl e
that the a O'cldta@d YedHie b@fldtti‘&nﬁh%h' daln H@?Eﬁ%vé& b\%ﬁp‘lm%ﬁ%ﬁa%eequa'

as nmuch _as pre es are tr|C|nt e

li qui d 16r ysPRga 9%1& &Al&ﬁir%ﬁesm %bﬂ?@m%ﬂpe hetwgen the pret g of theymet ry
of ht he gr gtludlmda&wbﬁﬂ ,malecﬂwsqh thedriéiaktyadtl @ebﬁﬂfktidt@re&idd ¥}]§mpfeaﬂt begle

achnl eve )/ a dl erence 1 n

absol ute va(ff&@%t}gql’%gecﬁy ?tﬁ@/ @8?‘?1%? 1%%8? é’?%futtyhog%hﬁoah?’ds%l?s}g?tﬁl Snol ecul es
in the vicipiefgrably oot mreghant(7 slegredse apdenite prafgrably ofot mherel thgoi d
crystal mol @gipsedd) tmeﬁ'tﬁbrﬂl?ﬂ{r etmw%ﬂ%e ﬁ'lfﬁﬁ%eb?s c}gh%%ﬂ y not

he.di #ler GHOEeh Btk s elablc bencHEmBitio capiae Sehises b0 APRIGRE 2. qui ck
and reliabl ﬁl@ﬁﬁélytlbwnﬁdltdgv‘(e@mbev aehess)edThy lawet Yini® ofl the difference
in absolute value between the pretilt angles is not less than 0 degrees.

Here, the pretilt angle () is expressed by - 90° =0 = 90°, using the

molecular axis of a liquid crystal molecule parallel to the substrate planes (6
25 =0°) as reference. This is applied to the following embodiments.

In the liquid crystal display of this embodiment, it is preferable that
a variation in pretilt angle within the same substrate is small for each of the
two substrates. A smaller variation in pretilt angle makes it easy to
improve the symmetry of the pretilt angles at both substrates. For

30 example, the variation in pretilt angle within the same substrate is 0 to 0.7
degrees, and preferably 0 to 0.5 degrees.

In the liquid crystal display of this embodiment, the absolute value
of the pretilt angle of the liquid crystal molecules in the vicinity of each
substrate is set to be relatively small. A smaller absolute value of the

35 pretilt angle can reduce the variation in pretilt angle, which in turn makes
it easy to improve the symmetry of the pretilt angles at both substrates.
The absolute value of the pretilt angle is, e.g., not more than 4 degrees,



relatively low voltage (e.g., 2.5 Vor less). The lower limt of the
difference in absolute value between the pretilt angles is not |less than O
degrees. Here, the pretilt angle (0) islﬁgpressed by - 90 = 0 = 90, using
the nolecular axis of a liquid crystal | ecul e parallel to the substrate
planes (0 25 = 0) as reference. This is applied to the foll ow ng

enbodi nents. In the liquid crystal display of this enbodinent, it is
preferable that a variation in pretilt angle within the sanme substrate is
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adj ust ed pref er abkyen of thetdifferendeianablsolute value between the pretilt angles is
not more than 2 degrees, a favorable transition also can be achieved in such
a manner that the pretilt angle at a predetermined substrate is made
asymmetrical intentionally and a transition nucleus is generated on the
25 predetermined substrate side.
To improve the symmetry of the pretilt angles in the liquid crystal
display of this embodiment, the following methods can be used.
A first method selects the type of alignment films that are formed on
the surfaces of the substrates to be in contact with the liquid crystal layer,
30 thereby reducing a variation in pretilt angle. As described above, the
variation can be reduced with decreasing pretilt angle. Therefore, it is
preferable to use a material for the alignment film that can reduce the
absolute value of the pretilt angle of the liquid crystal molecules at the
interface with the alignment film as much as possible. The preferred range
35 of this pretilt angle is as described above.
When a polyimide alignment film is used, the pretilt angle can be
reduced, e.g., by decreasing the length of a side chain that extends from a



20 degree, and nore preferably to not nore than 0.8 degree. Even if the
difference in absolute value between the pretilt angles is not nore than 2
degrees, a favorable transition al so ca@é)be achieved in such a manner that
the pretilt angle at a predeterm ned subStrate is nmade asymretri cal
intentionally and a transition nucleus is generated on the 25 predeterm ned
substrate side. To inprove the symetry of the pretilt angles in the liquid
crystal display of this enbodinment, the foll owi ng nethods can be used. A
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20 “JALé) 1030 1” manufactured by Japan Synthetic Rubber Co., Ltd.

A second method adjusts the conditions of formation of alignment
films that are formed on the surfaces of the substrates to be in contact with
the liquid crystal layer, thereby reducing a variation in pretilt angle. When
a polyimide alignment film is used, the variation can be reduced with

25  increasing temperature at which the polyimide alignment film precursor is
fired. Similarly, the variation can be reduced with increasing firing time.

A third method performs a rubbing process on the surfaces of the
substrates to be in contact with the liquid crystal layer or on the surfaces of
alignment films if they are formed and adjusts the rubbing conditions,

30 thereby reducing a variation in pretilt angle. The pretilt angle can be
reduced with increasing strength of the rubbing process, which leads to a
reduced variation in pretilt angle.

The rubbing process is performed generally as follows: a roller
wound with a rubbing cloth is rotated close to the substrate that moves in a

35 fixed direction, thereby rubbing the surface of the substrate (or alignment
film) in the fixed direction with the pile of the rubbing cloth. In this case,
the strength of the rubbing process can be evaluated, e.g., with a rubbing



I ncl ude "SE7992" manufactured by Ni ssan Chem cal Industries, Ltd. and 20
"JALS1051" manufactured by Japan Synthetic Rubber Co., Ltd. A second nethod
adj usts the conditions of formation of ignment filnms that are formed on
the surfaces of the substrates to be in“Contact with the liquid crystal

| ayer, thereby reducing a variation in pretilt angle. Wien a polyimde
alignnment filmis used, the variation can be reduced with 25 increasing
tenperature at which the polyinmde alignnment filmprecursor is fired.

Simlarly, ddisitalmhm].oMmkapubkingedbites) Rﬂ[iﬂlnii]ri@fe%?ﬁés”&dfbfy” ng tine. A
third nethod perforns a rubbing process on the surfaces of the substrates
to be in contact with the liquid crystal |ayer or on the surfaces of
alignment filns iR=theyate forned and adjusts the rubbing conditions, 30
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to the substyrate fhat noves.in a 35 fixed.direction her .rubbi ng the
sur f ace. of VHEFCLAseE porttact disthnf B, ¥AF Fjndar Selattty LBRVER 88 on i th
t he pil e ofprokessingbime [l otisthé anmtdunt of dndentativm Ehmdymisa oblleheadiubbi ng

PUbbi g denErr) 68 bRt the fhmbat bfkedolutpohor cft SR thml Bk 5 185 o
2(z x ff1i Argveling speeof thy sukgteate (mmésle Thercantadtidistarice ip defined hiys a
!igea[ ;/el of ldngthrofitht end p’»cﬁtﬁn diTtah_GQﬁIﬂ ﬂmtiisrmcbﬁiaqt&wiitﬁ_theﬁubmﬁ% of f
i ndent ati o oL r.oll er radius G i | ne nunber o
rovoluti onatsf bkt piuely if defipeadiyd Sope B wich Inepdirefeaeaora
substrate [omild subidteateontRhe antiosndof indentdtibnriedelineddy 2 différentcet he end
e ¢ L t e o b
Vel e ty i Sy the 0fgth 5 ik GIELAR R diTaplE R THE R of MRML BENT |
substré%’e. thecssub#btate: of indentation is defined by a difference between
the Iength of thenpfHie nddtthollhi idiprbferablef fHaHtheGubBig aénéibgi;sohbtelefs@ 15
ubi

R YA TR SR o N e
angl es. THI'kisrramge caanprovide geodbend beendsitiomichataderisties.acTke uppecs. The
ﬁg'?e{mr Li Mm@ of {He fdﬁ?}thQeﬂgﬂ§ i8 Yot ﬁapﬁéulﬁf‘ff T R Aﬂd,l één, a9
20 than 40000 mm2 The preferred range of the rubbing density is 20000 to
35000 mm?2.
It is preferable that the rubbing density is adjusted by adjusting the
amount of indentation in the rubbing process. For example, when the
number of revolutions of the roller is 600 rpm, the traveling speed of the
25 substrate is 20 mm/s, and the roller radius is 75 mm, the amount of
indentation is preferably not less than 0.3 mm, and more preferably not less
than 0.5 mm. The upper limit of the amount of indentation is not
particularly limited and, e.g., may be not more than 0.9 mm. When the
indentation amount is more than this value, other flaws may be caused
30 easily. FIG. 3 is a graph showing an example of the relationship between
the amount of indentation and the pretilt angle when the rubbing process is
performed under the above conditions.
There is a factor that causes a variation in pretilt angle during the
manufacturing process. The manufacturing process of a liquid crystal
35 panel that uses an active matrix substrate generally includes an ionization
blower (antistatic gun) to prevent the electrostatic discharge damage of a

TFT element due to electrification. The ionization blower eliminates the



20 than 40000 nmR. The preferred range of the rubbing density is 20000 to
35000 mR. It is preferable that the rubbing density is adjusted by

adj usting the anount of |ndentat|on||1§rmarubb|ng process. For exanpl e,
when the nunber of revolutions of the roller is 600 rpm the traveling
speed of the 25 substrate is 20 nm's, and the roller radius is 75 nmm the
anount of indentation is preferably not less than 0.3 nm and nore
preferably not less than 0.5 mm The upper limt of the anmount of
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20 us, in t e process of transition from the splay orientation to the bend
orientation by applying a voltage of not less than the threshold voltage, this
liquid crystal display can have a relatively longer time of transition from the
voltage application to the up-splay or down-splay state, e.g., about 0.5
second. When the transition time to the up-splay or down-splay state is
25 long, the liquid crystal orientation is unstable for a long time before
reaching the up-splay or down-splay state. The bend transition nucleus
generated in this state allows the bend orientation to grow rapidly, so that a
quick and reliable transition to the bend orientation can be performed.
To provide the liquid crystal display as described above, the

30 following inspection may be carried out in the manufacturing process.
After a liquid crystal display is produced, a voltage of less than the
threshold voltage is applied to the liquid crystal layer, and then an area
ratio of the up-splay region to the down-splay region in the liquid crystal
layer is evaluated. When the resultant area ratio is equal substantially, i.e.,
35 preferably 40 : 60 to 60 : 40, and more preferably 45 : 55 to 55 : 45, the liquid
crystal display is recognized as an acceptable product. This inspection
process can be performed by applying, e.g., about 1 V to the liquid crystal



| ess than the threshold voltage is applied to the liquid crystal display.
20 Thus, in the process of transition fromthe splay orientation to the
bend orientation by applying a voltage not | ess than the threshold
voltage, this [liquid crystal display can have a relatively |onger tinme of
transition fromthe voltage application to the up-splay or down-spl ay
state, e.g., about 0.5 second. Wwen the transition tinme to the up-splay or
down-splay state is 25 long, the liquid crystal orientation is unstable for
a | ong ti nelalyef and obsepdhirits displaspsifhey from dosviireptiay thhfieinclimedbend
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this enbodi %ﬂgﬁmehﬂﬁ‘lﬂﬂ' 20d AR S8 e rélpeetidl surfdee’ of tid ARdt ¢ 208 and

i aui d 15y xerond spbeirases S TH bhGucomEchaGrh bhe Lignih PRavRSaYeT 28par ent
el ectrodes Pélariz20 phates (st slbvom) 4Md phaes pedipereation piates (abt léllilﬁwfl) r2 SZ aRd
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respect i ve sihsteates 208, 20k opposite bmthd Hquet orpstalulager 804s 208, 201 to be in
contact with the Wihgni thedigadadryb@ $ayerCd04 10 e #ifid] Madb eSe.( gt Shown)
and phase conpensati on, pl a(i;;a%g% ot . shown) re, ar,éanged appropriately on
the r e?@ectY g\ﬁ}tsfaé{pglse%g,ft chpgqr a¥]§ ogégg uid crystal molecules orients
substantially parallel to the substrate planes, though it slightly tilts. In
other words, the liquid crystal layer 204 has a splay orientation. This
orientation is the same as that shown in FIG. 16, represented by 4a. To
achieve the splay orientation, the pretilt angle of the liquid crystal
25 molecules in the vicinity of each substrate is controlled, e.g., in the range of
1° to 20°, preferably in the range of 8° to 15°, and more preferably in the
range of 10° to 12°. In particular, a relatively large pretilt angle has the
merit of reducing a drive voltage.
In the liquid crystal display of the present invention, the absolute
30 value of the pretilt angle of the liquid crystal molecules in the vicinity of the
first substrate 208 differs from the absolute value of the pretilt angle of the
liquid crystal molecules in the vicinity of the second substrate 201. A
difference in absolute value between the pretilt angles is, e.g., 0.5° to 3°,
preferably 0.5° to 2.5° and more preferably 0.5° to 2°. This embodiment
35 gives an example when the absolute value of the pretilt angle of the liquid
crystal molecules in the vicinity of the first substrate 208 is smaller than
that of the liquid crystal molecules in the vicinity of the second substrate



substrates 208, 201 opposite to the liquid crystal |ayer 204. Wen the
liquid crystal layer 204 is in the initial state (i.e., no 20 voltage is
applied), the nolecular axis of theli(nﬂ crystal nol ecules orients
substantially parallel to the substrate "pl anes, though it slightly tilts.
In other words, the liquid crystal |ayer 204 has a splay orientation. This
orientation is the sane as that shown in FIG 16, represented by 4a. To
achieve the splay orientation, the pretilt angle of the liquid crystal 25
nol ecul es i20%.he vicinity of each substrate is controlled, e.g., in the
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pretilt angrgle camthesreducadowith sncreasingsfringdeswperatumteeri al s for the first
and second 15 al 'Eﬁé‘?ﬁfrdfrhhfﬁoqz,gﬁe 198aAd ste@&?t?aligaﬂé?ltfﬂlﬁﬁt 208! re 0"
exanpl when the, golhyl m de a |gnirent ,ffl Imis uséd, it _Is forred_ generally
by firiddy rmed with the same material or different materials, and the type and
conditions of an alignment process on the first alignment film 206 differ
from those of the second alignment film 203. This method also can use the
same materials for the first and second alignment films 206, 203 as those in
the first method. Examples of the alignment process include rubbing and
25 ultraviolet irradiation. When the polyimide alignment film is rubbed, the
pretilt angle can be reduced with increasing rubbing strength. When the
polyimide alignment film is irradiated with ultraviolet rays, the pretilt
angle can be reduced with increasing intensity and time of the irradiation.
It should be noted that the pretilt angles can be made different by
30 performing the alignment process on either the first alignment film 206 or
the second alignment film 203.
When oblique evaporation is used, the pretilt angles can be made
different by changing the inclination of the evaporation direction with
respect to the substrate plane.
35 In the liquid crystal display of this embodiment, at least one of the
first substrate 208 and the second substrate 201 is provided with a convex
structure 210. It is preferable that the convex structure 210 is formed on



alignment filmmaterial on the substrate. The absolute value of the pretilt
angl e can be reduced with increasing firing tenperature. In a third nethod,
the first and second alignnent filns 20 203 are 20 formed with the sane
material or different materials, and the4iype and conditions of an
alignment process on the first alignment film206 differ fromthose of the
second alignnent film203. This nethod al so can use the sane materials for
the first and second alignnent filns 206, 203 as those in the first
met hod. Exathe ssbstfatierat \ahicgmmrprepﬂoaﬂg}b oftthleUitfuid Wehstal nedldcdes is

bretiit °Lﬁ5ﬁ‘25§%“€§ PR AL R Bl bl et etne.
pol yi mi de aliheghrstsubs tnamerzg& rradiated with ultraviolet rays, the pretilt

angl e can be red t 4] adlatlon
Itgshoul d be not @Egﬁgﬂgsﬁ\ﬂéwﬁgta?é Hquid%lg;%%la%og&méédlged dﬁ%ﬁeﬂ}gﬁ y 30

per f or mPng 1880, Fiog A he ﬁ?’b\ﬁ%‘s%trk}ﬁ We fromethatigthe, athertianid erystzbe or

the second ngn(gnnE’Dherfelfbm ﬁﬂéhfqW&Irysbhl Iuy@r hugpRosl ht@ﬁtwlﬁstblé ?@hen‘tﬁ?o?h
retilt ang ren n cli LQn,o e

gvaplor ati on ir ec?l&?d%gg%o tfriiéeg&gc %t(gu%( mﬁ rgFJPE Fﬁﬂ@ ?g‘gl c%ﬁdt he

i quid cryseraentation makes it mﬁtﬁlldnﬁo(‘ﬁrtmula,teatqlhlehssplmbend tretrmtlbnrbsyt

substrate wﬁcg 4 Reltage and @ﬁ&ﬁﬁg% B@ﬂd b Gih el lst {g dtaByY ex

struct refera vex, structure orned on

2
24 the Qubs‘["?%ﬂsett]a? caﬁY%sﬁrﬁe type Prlptwaﬁaﬁ@ nd Hechenaan@uem%ma%ﬁoecm es
is small erlnﬂluamgtia{gel‘iemhenldfq;hed)e@ﬂy&hﬁbltimi gaele@s. at the ot her

i?ggt ;?t erI ie;:ul es | S C}TSTI#O eé #’Q&H ﬁhlgt%%%&}r@he gﬁ%ﬁ%gfﬂ{%)%@q@gtﬁ?g&éﬁgu' |
structure 2%)-f riton examplen attodummagstiucure sucly esa cylimtgrpelliptivecydinater, t he
liquid crysiriinghdif priias ﬁ(ﬁﬁhﬁ@l‘édg]_lﬂﬂ ﬁh‘%ﬁl ghl gétﬁite'-ﬁfhpegnsﬂrﬂ&urgghgﬂ

cl ose tl?) t he convex structureé Zlé‘ I on orientation
makes i pdssE S}rgufa(; Wheptmapgu rcﬂyréﬂngp?‘& oyadgaRgwagipyramiggandisn| yi ng a
vol t age andls;dmasahbwglmbﬂh.dl.t r Arsphetienl straktie. canbetibed, akshuownlgn the
convex str functions as a bend nucl eus i nduction neans for inducing

the generat’i‘on of the bend transition nucleus. There is no particul ar
limtation to thélkgrgge nefpanticutmnlimitationita theposition dfdhe epnwe e, a

col umar  stdtpgdture 230CHs ?(ﬁlé‘él@ﬂllé 8&fhce BF tH éjgl!l Pa‘(l],e' ﬁd&r in ch{th@f‘

01t ouh 2" R ARIREN ot sra cenvsdvgu wgc.?xafaé%ﬁéﬁhéﬁawt@iisa
formed on the substrate, the convex structure is located below this
alignment film. The convex structure 210 may be formed, e.g., between the
substrate 208 and the electrode 207 and also between the electrode 207 and
the alignment film 206.

25 There is no particular limitation to the size of the convex structure
210. For example, the size can be adjusted so that the ratio (b/T) of a
height (h) of the convex structure 210 to a thickness (T) of the liquid crystal
layer 204 is 0.3 to 1.0, and preferably 0.8 to 1.0. Specifically, h is, e.g., 2.5
to 5 pm, and preferably 4 to 5 um.

30 The number of the convex structure 210 is not particularly limited,
and preferably is at least one per pixel, more preferably 1 to 100 per pixel.

The material for the convex structure 210 is not particularly limited,
and various insulating materials can be used. - Examples of the insulating
materials include an acrylic photoresist. The photoresist has the merit of

35 simplifying an etching process.

There is no particular limitation to a method for forming the convex
structure 210. For example, when a photoresist is used to form the convex



used, as shown in FIG 1. A spherical structure can be used, as shown in
FIG 8. There is no particular limtation to the position of the convex
structure 210, as long as the surface ofys he substrate to be in contact
with 20 the liquid | ayer can have a con\? Xity. However, when the alignnent
filmis formed on the substrate, the convex structure is |ocated bel ow
this alignnent film The convex structure 210 nay be forned, e.g., between
the substrate 208 and the el ectrode 207 and al so between the el ectrode 207
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and a cone ape concav
20 he position, number and material for forming the concave structure are

the same as those of the convex structure.
The concave structure may be formed, e.g., by a method using
photolithography, as is described in the concave structure.
In the liquid crystal display of this embodiment, the pretilt angle of
25  the liquid crystal molecules at the first substrate differs from that of the
liquid crystal molecules at the second substrate. Therefore, the shift of a
portion that includes the liquid crystal molecules having the molecular axis
parallel to the substrates is restricted in one direction, specifically in the
direction of the substrate at which the pretilt angle is smaller (i.e., the first
30 substrate). Thus, one of the up-splay state and the down-splay state can be
generated selectively. Consequently, it is estimated that a transition time
from the splay orientation to the up-splay or down-splay state can be
reduced, which in turn reduces the bend transition time.
The liquid crystal display of this embodiment is provided with the
35 bend transition nucleus induction means, which can assist slip out. Thus,
it is estimated that a transition time from the up-splay or down-splay state
to the bend orientation can be reduced, which in turn reduces the bend



15 such as a circular cone, triangular pyramd, and quadrangul ar pyram d
can be used. There is no particular l[imtation to the size of the concave
structure. For exanple, the depth of trfbconcavity of the concave
structure may be set in the same manner  as the height of the convexity of
t he convex structure. 20 The position, nunber, and material for formng the
concave structure are the same as those of the convex structure. The
concave structure may be forned, e.g., by a nethod using photolithography,
as i s descrtramdition tinee.concave structure. In the liquid crystal display of
this enbodinent, the pretilt angle of 25 the liquid crystal nolecul es at
the first substrate differs fromthat of the Iliquid crystal nolecules at

t he second BEmbadimeat Iierefore, the shift of a portion that includes the
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the initial l, €., no voltage is applied), it has a splay
orientati on?lﬁkgzrlg%‘\g/%tr', t he absol ute value of the pretilt angle of the

liquid crystal nisl ddslessbadimens, eneofthe/fivgt and secondsubstradee 2088201 f f er s
fromthe ahegbrably YRé B2sOsubdtPate’ R4, lik AR Lafhint IRive MUt Hx SubSidke.
ol eCU|2%S ! §pécri]texcally, a pixel electrode 214 and a nonlinear element 212 that is
connected electrically to the pixel electrode 214 are formed on the first
substrate. As the nonlinear element 212, e.g., a thin film transistor (TFT)
can be used. Moreover, a gate line (not shown) for operating the nonlinear
element 212 and a source line 213 for supplying an electric signal to the
25 pixel electrode are formed on the first substrate. FIG. 10 is a plan view
showing an example of the arrangement of the pixel electrode 214, the
nonlinear element 212, the gate line 215, and the source line 213 in the
active matrix substrate.
In this embodiment, a convexity is formed on the surface of the first
30 substrate 208 due to the presence of the nonlinear element 212. This
convexity functions as a bend transition nucleus induction means, like the
convex structure in Embodiment 1-2. The height (h) of the convexity
formed on the surface of the active matrix substrate can be adjusted so that
the ratio (h/T) of the height (h) to a thickness (T) of the liquid crystal layer
35 204is,e.g., 0.02 to 0.2, and preferably 0.1 to 0.2. Specifically, h is, e.g., 0.1
to 1 pm, and preferably 0.5 to 1 pm.
By applying a voltage to the pixel electrode 214 and the source line



15 vicinity of a second substrate 201. The absol ute val ue, difference, and
adj usting nethod of the pretilt angles can be the sane as those in the
first enbodinment. In this enbodi nent, of the first and second
substrates 208, 201, preferably the first substrate 208, is formed as an
active matri x substrate. 20 Specifically, a pixel electrode 214 and a
nonl i near el enment 212 that is connected electrically to the pixel electrode
214 are fornmed on the first substrate. As the nonlinear elenent 212, e.g.,
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frequerdy ‘t‘ﬂ)i”éq electeedreatd is formud 9 theipsulating filar 28howias tamyerléd t o t he
sour ce | i newith the capacitance electrode 216. The pixel electrode 214 has a slit 218

in the overlap portion. In this liquid crystal display, like FIGS. 9 and 10, a
nonlinear element that is connected to the pixel electrode 214, a gate line,
and a source line are formed on the substrate 208. When the above

25  configuration is employed, a transverse electric field is generated in a
portion of the slit 218 to cause a plurality of twisted orientations, thus
forming a bend transition nucleus.

A voltage having a waveform, e.g., shown in FIG. 13 is applied to a

liquid crystal display with the configuration in FIG. 12, thereby causing the

30 bend transition. This transition waveform is described briefly in the
following. A DC waveform having a voltage of - 25 V is applied to an
electrode 202 (counter electrode) formed on a second substrate 201 for one
second. An AC rectangular waveform having a voltage of £ 7V, a frequency
(field frequency) of 30 Hz, and a duty of 50% is applied to the source line.

35 At this time, a voltage of 7 V is applied to the pixel electrode, and + 15 V to
the gate line. Moreover, the same voltage as that of the counter electrode is
applied to the capacitance electrode. The capacitance electrode and the




At this tinme, a voltage of 7 Vis applied to the pixel electrode, and + 15
Vto 15 the gate line. The substrate provided with the transverse electric
field application neans also can have g&g configuration as shown in FIG
12. In this exanple, a capacitance electrode 216 is forned on a first
substrate 208, and an insulating film217 is forned so as to cover the
capaci tance el ectrode 216. 20 A pixel electrode 214 is forned on the
insulating film217 so as to overlap wth the capacitance el ectrode 216.
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not appl i edEltn‘?)lo‘ﬁeht ‘.Wi d crystal layer, i.e., between the pixel electrode
and the counter el ectrode, i mredi atelg before applying the transition
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transition to theinbgHig egiicditindhit dike the first embodiment, when a liquid crystal

layer is in the initial state (i.e., no voltage is applied), it has a splay
orientation. Moreover, the absolute value of the pretilt angle of the liquid
crystal molecules in the vicinity of a first substrate 208 differs from the
25 absolute value of the pretilt angle of the liquid crystal molecules in the
vicinity of a second substrate 201. The absolute value, difference, and
adjusting method of the pretilt angles can be the same as those in the first
embodiment.
In this embodiment, at least one of the first and second substrates
30 208, 201 is provided with an alignment film containing asymmetric carbon
atoms. It is preferable that the alignment film is formed on the substrate
at which the pretilt angle of the liquid crystal molecules is smaller than that
of the liquid crystal molecules at the other substrate, i.e., the first substrate
208. In other words, a first alignment film 206 preferably is the alignment
35 film containing asymmetric carbon atoms.
The use of the alignment film containing asymmetric carbon atoms
imparts a twist effect to the liquid crystal molecules that are present in the



Enbodi ment 1-4 15 FIG 14 is a cross-sectional view show ng an exanpl e of
the configuration of a liquid crystal display of this enbodinent. In FIG
14, the identical elenents to those ingg G 4 are denoted by the sane
reference nunerals, and the detail ed explanation will be omtted. Though a
pol ari zi ng pl ate, a phase conpensation plate, and the |ike are not
illustrated 20 in FIG 14, this enbodinent is not limted thereto. In this
enbodi ment, |ike the first enbodi ment, when a liquid crystal layer is in
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Formula 2
_Co CO_ R
=GO RIE
30 \co co”

In the formulas 1 and 2, R denotes C,Hon +1 (n is integers of not less
than 1) or the product of substitution with halogen, e.g., CHs, CHF2, and
35 CFs. X denotes the product of substitution with halogen or hydrogen,
represented by - COO-,- O-,- C=C-,- CHz-,0or- C=C-.
Here, the compound needs to contain the asymmetric carbon, which



The alignnment filmis preferably a high nol ecul ar wei ght conpound that
contains asymetric carbon atons in its main chain, and nore 15 preferably
a pol yi m de-based conpound that contai n§ asynmetric carbon atonms in its
mai n chai n. The pol yi m de- based conpound can be expressed, e.g., by the
following formula 1 or 2. Fornmula 1 20 25 Fornula 2 30 CONv' N Cox R C'H
COCONR COCOIn the formulas 1 and 2, R denotes CH2n + 1 (n is integers
of not less than 1) or the product of substitution with hal ogen, e.g.,
CH3, CHF2, cansksdthe(ehdedcyl¢ngbasrdtba fwisthioriohttidys bf thy hqmdfmtybtaﬂal ogen
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films. CF3 1* 2
10 q’he following compounds are suitable for the alignment films.
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There is no particular limitation to a method for forming the
alignment film. For example, when the polyimide-based compound is used,
a solution that includes the compound or its precursor may be applied to the
35 substrate and then fired. The conditions of formation are not particularly
limited and can be selected, e.g., to achieve a desired pretilt angle. The
thickness of the alignment film is not particularly limited as well. For



25 30/ COCON, -NONNCOCO'', I--, coco'~-N -NI I NCO." -~CO--~-N
N-NCOCO--' COCONCH3 * CH2-(0 )-C-~0)-CH2 H There is no particular
limtation to a method for formng the lignment film For exanple, when

t he pol yi m de-based conpound is used, solution that includes the
conpound or its precursor may be applied to the 35 substrate and then
fired. The conditions of formation are not particularly limted and can be
selected, e.g., to achieve a desired pretilt angle. The thickness of the
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pretilt angle’ In the liquid crysta ay o s enbodi nent, e the
first Omborfihieys a deshedmrebcan®let ween the pretilt angles makes it

aﬁssi ble to shifln ﬁlepﬁqﬁidﬁtfryfsmtdié @buﬂ‘ghid Mbbﬂméﬂtﬁqm@fﬂ@l firsel fec ;thes
ose orientation is p el tq the ,substrates quic Q 0ong .0 e
subotrat o oibediteent alfiRteice heluieds HATeI AReBA SRk helP e | ¢
carbon at orﬁlifhmpbrtcbmls that meh;deseﬂm lﬁq@dsdrwstai moﬂ@belses winchecsniemtatimans and
assi sts s g Piibilel Yo AGDLAYA quiciElyitSonte’ BEhb'uBltrale blifosDMrther,
orlenteitlon. E owrenh 1-4 . . .

0 the alignment film containing asymmetric carbon atoms functions as the
bend transition nucleus induction means and assists slip out, thus achieving

a quick transition to the bend orientation.

Embodiment 1-4

15 Aliquid crystal display of this embodiment can improve the bend
transition characteristics by making a difference in absolute value between
pretilt angles and using a specific material for a liquid crystal layer. Such
a liquid crystal display is described below. Since the liquid crystal display
has substantially the same configuration as that shown in FIG. 14, the

20 detailed explanation will be omitted. Though a polarizing plate, a phase
compensation plate, and the like are not illustrated in FIG. 14, this
embodiment is not limited thereto.

In this embodiment, like the first embodiment, when the liquid
crystal layer is in the initial state (i.e., no voltage is applied), it has a splay

25  orientation. Moreover, the absolute value of the pretilt angle of the liquid
crystal molecules in the vicinity of a first substrate 208 differs from the
absolute value of the pretilt angle of the liquid crystal molecules in the
vicinity of a second substrate 201. The absolute value, difference, and
adjusting method of the pretilt angles can be the same as those in the first

30 embodiment.

In this embodiment, a material having a twist elastic constant koo of
not more than 10 pN is used as a liquid crystal material for the liquid
crystal layer 204. When the twist elastic constant ko2 is more than 10 pN,
it is difficult to achieve a sufficiently high-speed splay-bend transition. The

35 lower limit of the twist elastic constant ko is not particularly limited, and
generally is not less than 1 pN. The twist elastic constant ka2 is preferably
in the range of 3 to 10 pN, and more preferably in the range of 5 to 10 pN.



15 Aliquid crystal display of this enbodi nent can inprove the bend
transition characteristics by making a difference in absolute val ue between
pretilt angles-and using a specific mateygjal for a liquid crystal |ayer.
Such a liquid crystal display is described below. Since the liquid crystal
di'splay has substantially the sanme configuration as that shown in FIG 14,
the 20 detailed explanation will be omtted. Though a polarizing plate, a
phase conpensation plate, and the like are not illustrated in FIG 14,
this embodi ment Thereds rd patéshlahHntitation Bo the syuobglielegtid éryktalt he fir st

o vol t age TiHB Tt 48 1ohé b S bES YRE Bics MSkl PoialenRen B {islendys e ©
absol ut e vaferexgmples vprious|liquid grystal materials canl berusstasuctohecul es }nt Lhe
icinity ofydifh t ' : e :He o e
\;glr etil tyang‘l)};(;l'ufc[)l:‘1 aﬁﬁelwgu{rgg%rli’ggg?éérépg&(f Eé@,g;t%ﬂf ﬁgat?’\?/ﬁ%%&rll tlgfﬁ%l a second
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The 35_lower Timt of the tw st astfc constant k I's not particularly
i m tec]r,o and generally is not less than 1 pN. The tw st el astic constant
k22 is pref@smhdyEmbobdithent ange of 3 to 10 pN, and nore preferably in tpe
range of 5 . 2 There is no particular limtation to the type o
the liquid %]r?l)})éggﬁ%%éfleri al, as long as it has the twi st elastic constant
k22 in the aboveArliguid cryptal displaylof thimembodimentintludgsa dirstratbstrates can
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_ Examples of such a liquid crystal display include a R-OCB-type liquid
20 crystal display.

FIG. 15 is a cross-sectional view showing an example of the
configuration of a liquid crystal display of the second embodiment of the
present invention. In this liquid crystal display, a first substrate 301 and a
second substrate 308 are opposed to each other via a spacer, and a liquid

25  crystal layer 304 is sandwiched between the substrates. Transparent
electrodes 302, 307 are formed on the respective surfaces of the first and
second substrates 301, 308 on the side of the liquid crystal layer. A first
alignment film 303 and a second alignment film 306 are formed on the
respective surfaces of the first and second substrates 301, 308 to be in

30  contact with the liquid crystal layer. Polarizing plates 315, 316 and phase
compensation plates 313, 314 are arranged appropriately on the respective
surfaces of the first and second substrates 301, 308 opposite to the liquid
crystal layer.

In this liquid crystal display, when the liquid crystal layer is in the

35 initial state (i.e., no voltage is applied), the molecular axis of the liquid
crystal molecules in the vicinity of the first substrate 301 orients
substantially parallel to the substrate plane, though it slightly tilts, while



a second substrate, and a liquid crystal |ayer sandw ched between the 15
substrates. The first and second substrates are opposed to each other. The
absol ute value of a pretilt angle of th iquid crystal nolecules in the
vicinity of the first substrate differs Tromthe absolute value of a
pretilt angle of the liquid crystal nolecules in the vicinity of the
second substrate. Exanples of such a liquid crystal display include a
R-OCB-type liquid 20 crystal display. FIG 15 is a cross-sectional view
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t he range dthedalignment filmis wfthe panfecmakbémral, the lﬁdlcmhganethcﬁds arlbe 10. On
the other hand, the liquid crystal nolecules in the vicinity of the second
substrate 308 are controlled so as to perpendicular or substantially

perpenc?l cular to the substrate plane. For exanple, the pretilt angle of
First method

The transparent electrodes 302, 307 are formed on the first and
second substrate 301, 308, respectively. As an electrode material, e.g., a
transparent conductive material such as an indium tin oxide can be used.

25 The transparent electrodes can be formed in such a manner that, e.g., the
electrode material is deposited with chemical vapor deposition (CVD), which
then is patterned by photolithography and etching.

The first and second alignment films 303, 306 are formed on the first
and second substrates 301, 308 so as to cover the transparent electrodes,

30 respectively. In this case, the first and second alignment films 303, 306 are
formed with the same material.

There is no particular limitation to the material for the alignment
films. For example, a polyimide alignment film material, a monomolecular
optical alignment film, and an obliquely evaporated film can be used. As

35 the monomolecular optical alignment film, e.g., hydrolyzed or dehydrated
fluoroalkylsiloxane can be used, which is expressed by the following
formula.



these liquid crystal nolecules is, e.g., in the range of 30 to 80,
preferably in the range of 40 to 80, and nore preferably in the range of
60 to 80. 15 In this enbodi nent, the fi% t and second alignment films 303,
306 are fornmed with the sane material. "To make a difference between the
pretilt angle at the first substrate and that at the second substrate by
using the alignnent filnms of the sanme material, the follow ng nmethods can
be wused. 20 First nmethod The transparent el ectrodes 302, 307 are forned on
the first and second substrate 301, 308, respectively. As an el ectrode
material, e.g., a transparent conductive material such as an indiumtin
oxi de can be used. 25 The transparerg _el ectrodes can be fornmed in such a
manner that, e.g., the electrode majerial is deposited with chem cal vapor

déposition (CVD), whichacthen, i tderned | i t hography and et ching.
The first and second al PB%@E%P@HE%@O@? S%bgggt?orrred on the first and
second 2ubstrates 301, 308 so as to gaver the transparent el ectrodes, 30
respectively. In this case, the first and second alignment films 303, 306
are formed with the sane material. There is no particular limtation to
the material for the alignment filns. For exanple, a polyimde alignnent
filmmaterial, a nononol ecular optical alignment film and an obliquely

evaporated film I r ' l.gnment
film e,.g., hydr mﬂ&g%&g&%&ﬁgggtﬁrgﬁad ud(r%g%f_ ngggloﬁgﬁggglgﬁq{)sggbsed,
whi ch 19" exiheevapiralionangle it Bar Rartiewariy lmited andis,em, 4¢edp 7 (o2) 2 S
1- 0 - Subdogpéss. | O As the obliquely evaporated film e.g., silicon oxide
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15 The conditions of the alignment process are set in accordance with a desired

pretilt angle while considering controllability of the pretilt angle of the
alignment film.
When rubbing is emplayed, the absolute value of the pretilt angle
can be reduced with increasing rubbing strength and rubbing density. The
20 rubbing strength can be expressed, e.g., by the rubbing density. The
definition of the rubbing density has been described in the first embodiment.
For a polyimide alignment film, the pretilt is controlled generally by
side chains of the alignment film. The pretilt is reduced by aligning the
side chains in one direction. Therefore, a vertical orientation can be
25 achieved when the side chains have no directivity and a horizontal
orientation can be achieved when they have high directivity after rubbing.
For example, a polyimide-based compound is used for the first and
second alignment films 303, 307 to produce a liquid crystal display with the
hybrid orientation. In such a case, the rubbing density may be set in the
30 range of 5000 to 30000 mm?2, preferably in the range of 10000 to 25000 mm?2,
and more preferably in the range of 10000 to 20000 mm2.
When ultraviolet irradiation is employed, the absolute value of the
pretilt angle can be reduced with increasing intensity of the irradiation.
For example, a polyimide-based compound is used for the first and second
35 alignment films 303, 307 to produce a liquid crystal display with the hybrid
orientation. In such'a case, the irradiation intensity may be set in the
range of 10 to 1000 W, preferably in the range of 100 to 1000 W, and more



15 The conditions of the alignment process are set in accordance with a
desired pretilt angle while considering controllability of the pretilt
angle of the alignnment film Wen ruqug;is enpl oyed, the absolute val ue
of the pretilt angle can be reduced w th increasing rubbing strength and
rubbi ng density. The 20 rubbing strength can be expressed, e.g., by the
rubbing density. The definition of the rubbing density has been descri bed
in the first enbodinment. For a polyimde alignment film the pretilt is
control | ed pefierably yn bke range of 00 be 1000tWie al i gnnent film The pretilt is

reduced by aligni ' had ' | r lon.. Tharefore, a
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range %fO 10g0re%gerzgtgecr{ﬂz{1§ongén be obtained only by exposing the alignment film in an
atmosphere containing a silane coupling agent.

Generally, when the water-repellent treatment is employed, the
vertical orientation is achieved with high repellency and the horizontal
orientation is achieved with high hydrophilicity. Therefore, one of the

25  pretilts can be increased by the water-repellent treatment on the alignment
film surface. In this case, the pretilt angle is substantially the same as a
contact angle of the water-repellent surface-active agent. When this value
is more than about 40°, the liquid crystal orientation is degraded, making it
difficult to achieve a uniform orientation. Thus, this is not effective.

30 The alignment process may be performed on both first and second
alignment films 303, 307, and the processing conditions of the first
alignment film 303 may differ from those of the second alignment film 307.
The difference in conditions is the same as that described above.

When the monomolecular optical alignment film or the obliquely

35 evaporated film is used, it is possible to apply substantially the same
conditions as those of the polyimide alignment film. The oblique
evaporation can provide the vertical and horizontal orientations while



In the water-repellent treatnent, e.g., a water-repellent 15
surface-active agent may be applied to the alignnment filmsurface.

Exanpl es of the surface-active agent in éjde a fluorine-coating conpound,
such as fluoroal kyl siloxane represented by CF3(CF2)7 - (CH)2 - SiCl13. It
Is particularly preferable to use a conpound that contains a small anount
of fluorine because the display characteristics can be inproved further. A
20 greater effect also can be obtained only by exposing the alignnment film
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%0 precursor. The absolute value of the pretilt angle can be reduced with
increasing firing temperature. For example, when a liquid crystal display
with the hybrid orientation is produced, a difference in firing temperature
between the first and second alignment film precursors is preferably 60 to
80°C, and more preferably 80 to 100°C.
25 Instead of the firing temperature, the firing time may be changed.
The absolute value of the pretilt angle can be reduced with increasing firing
time. For example, when a liquid crystal display with the hybrid
orientation is produced, a difference in firing time between the first and
second alignment film precursors is preferably 5 to 20 minutes, and more
30  preferably 5 to 10 minutes. Even if the firing temperature is the same, the
thermal hysteresis should be changed, e.g., the alignment film precursors
are cooled slowly or rapidly. Alternatively, the first and second alignment
films may be fired with a different temperature and time.
In a liquid crystal display with the hybrid orientation of this
35 embodiment, the same alignment film is used for two substrates.
Therefore, the asymmetry in electric characteristics of the substrates does
not occur easily, so that a favorable display can be achieved while decreasing



formng a first alignnment film precursor and a second alignnent film 15
precursor. Here, the sanme polyimde alignnment filmmaterial is used for
the first and second substrates 301, 30%,7 Next, the first and second
alignment filmprecursors are fired. At "this tine, the firing conditions
such as the firing tenperature of the first alignnment film precursor
differ fromthose of the second alignnent film 20 precursor. The absol ute
value of the pretilt angle can be reduced with increasing firing

t enper at ur eunderireekdizplay. when a liquid crystal display wth the hybrid
orientation is produced, a difference in firing tenperature between the
first and second alignnment filmprecursors is preferably 60 to 80C, and
mor e pr ef erBbpd80enb24H0C. 25 Instead of the firing tenperature, the

firing time may th&hﬁRﬁﬁﬂﬁ_is BeesaNaRAHbA o‘f%h‘df’?éﬁ e;éé%ﬁgﬁr(ﬁte{ 1iéugpg| e can be
reduced with ingreasing firjng thrre. For exanpl e, eh a lrquid crystal
di spl ay 2wi tHY# dr’l%@?iy d"cc%‘iléﬁttatt g fesand,erahadmaentolthyer ReSABRINVENtIaN. ng
ti me betweeSinichehé ili(“quﬂid angbtab apialy hgis gﬁgmhtﬁaglﬁtw SHIHb %@ﬁﬁguﬁa%@?zﬁbs ][ abl'y
5to 20 m nyt nd. refer to m.aut es.. Even i e firing
t enper at ur erw]iag%thﬁgmslélﬁiét ﬁ%’ t‘Ii’teh e&ﬁﬁﬁé%ﬁla&a&ﬁ%wﬁﬁﬁlodnﬁge‘ﬁhanged, e.g.,
the alignment fillskerEmboediment 2rle the diguid stysthl/layer ofiphitl embeédineentat i vel y,
the first ok sec A YHERAtioh] g ' ' '
t enper gt.ure n%%,?ﬁﬁlgy%g 1 %EIIIOIC}’ iﬁ?@ tlgﬂf%%?‘gégew%ﬁ&t‘ﬁeéjh@%rﬁ:& %‘ﬁ%le
orientatlio [ ' r two
3o oroBiaui v stes mclaeuitramthe Vs Al aafirsyriwbstrate difiers fremdtheo
subst r at es.absbheteefalue ,ofhflfre&iiwlﬂﬁglbrdf 1i idk@ﬁ%ﬂhl mtﬂglé\.{léﬁ?iﬁltllaébidiﬁitﬁoft he
substrates r [ o that a favarabl e di ay..can he
Soht eved i ‘r’eﬁc%&é%ﬁfebgﬁf#é- ST bl f s fug BRREE o R sRuRTREES
fol | owi ng iaredihecssaprenathose iof thensecond eaxlaodimendf a |iquid 5 crystal
di spl ay accordi ngnti; b?ﬁ[?.ﬁ | | tion. Since
the liquid (ir st gln %uggﬁla a%ﬁg’u s?,ﬂ” ?ﬁ%’f“?&;‘% Dﬁ"z’?‘s&%ﬁ@gn él‘ég}éirigt ion as
that shown FliETmept gim ii(}%akfe@amgw flifsentomateriplsand have differente
Enbodi ment thidkndskes.! i Thiéig thid{ﬁie@b%d @?eeﬁdjﬁktelidﬂs&twlﬂﬁ?mtandhﬁf)ﬁdgib af
hybrid orie tion, - InC e_abso val ue o reti n o]
liquid cr ys"ﬂgﬂ’ﬁ%‘%‘é‘!ﬁé?@?n99@5‘3\)’?&%8#33&53% ‘farp?tc%g‘ﬁgt rii’@gbq?f“felé% from
t he absol utthewdilesti¢ congtast iof thefigstealigninieqtfiimc398 isalarget thar tsati of t he
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Pr t20 g1s smal?er than thatrg% t}elle second alignment film 306. '
Favorable characteristics can be obtained when a difference in
capacitance between the first and second alignment films is not more t_han
10% of the capacitance of one alignment film smaller than that of the other,
preferably not more than 5%, and more preferably not more than 3%.
25 However, the display characteristics are affected by the correlation between
a liquid crystal material and an alignment film material and the specific
resistance of the liquid crystal layer. Therefore, the difference in
capacitance is not necessarily within the above range.
In this embodiment, the first and second alignment films 303, 306
30 may be formed with different materials, and an insulating film may be
deposited below at least one of the first and second alignment films. In this
case, favorable characteristics also can be obtained when a difference in
resultant capacitance between the first and second substrates is not more
than 10% of the resultant capacitance of one substrate smaller than that of
35 the other, preferably not more than 5%, and more preferably not more than
3%. Here, the resultant capacitance is considered to be equivalent to a

capacitor formed by connecting the alignment film and its underlying layer



In this enbodinent, a first alignnent film 303 and a second 15 al i gnnent
film 306 are formed with different materials and have different

t hi cknesses. Their thicknesses are adj usfee d so that the first and second
alignment filns 303, 306 have about the same capacitance. That is, when
the dielectric constant of the first alignment film303 is |arger than that
of the second alignnent film 306, the thickness of the first alignnent
film303 20 is smaller than that of the second alignnent film 306.
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In a liquid crystal display with the hybrid orientation of this
embodiment, the thicknesses of alignment films are adjusted and an
insulating film is formed further. Therefore, even if different alignment

25 films are used for two substrates, the asymmetry in electric characteristics
of the substrates is reduced, so that a favorable display can be achieved
while decreasing undesired display.

The liquid crystal display of this embodiment is not particularly
limited by a display mode, as long as the there is a difference in pretilt angle

30 between the upper and lower substrates. Thus, it can be applied to liquid
crystal displays with various modes, regardless of a reflection or
transmission type.

The methods of this embodiment can be applied to not only the
alignment films but also any additional films for generating electrical

35 asymmetry in the liquid crystal layer. When the electrical asymmetry is
generated in the liquid crystal layer during operation of the liquid crystal
display, it is effective that an opposite electrical asymmetry is formed



and preferably 100 to 4000 nm The film deposited bel ow the alignnent film
is not limted to an 15 insulating film and an organic polyner filmfor CF
flattening may be used instead. The matgyial and thickness of the first
and second alignment films are not particularly limted, as long as they
satisfy the conditions described above. The materials described in

Enbodi nent 2-1 can be used for the 20 alignnment filns. The thickness of the
alignment films is, e.g., 20 to 200 nm and preferably 50 to 120 nm In a
l'iqui d crysinséntiosallpyo wisttb caheeltherdpbrationnl asymmetty ihtbe uppbpdndent, the

t hi cknesse ' filnms are adjusted and an insulating filmis
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oxi de (reflndustries, latdl.) wa®apiphiedte thelsubsiragds by lspinesatiie® e aked covercach
of the glasg, 10 electrodes, followed by curing in a thermostatic chamber at 180°C
for one hour, thus forming alignment films.
The alignment films on the substrates were rubbed with a rubbing
20  cloth made of rayon. The rubbing process was performed as follows: a
roller wound with the rubbing cloth was rotated close to the substrate that
moved in a fixed direction, thereby rubbing the surface of the alignment film
in the fixed direction with the pile of the rubbing cloth. As the rubbing
conditions, the number of revolutions of the roller was 600 rpm, the
25  traveling speed of the substrate was 20 mm/s, the roller radius was 75 mm,
and the amount of indentation was 0.5 mm. That is, the rubbing density
was 35000 mm?2, '
The two substrates were opposed to each other via a spacer
(manufactured by Fine Chemicals Division, Sekisui Chemical Co., Ltd.), and
30 the edges were sealed with a sealing resin (“STRUCTBOND 352A”
manufactured by Mitsui Chemicals, Inc.), thus producing a cell. In the cell,
a space between the substrates was 6.5 pm.
Next, liquid crystals (“MJ96435” manufactured by Merck Ltd.,
refractive index anisotropy An = 0.138) were injected into the cell by vacuum
35 injection. Thus, a liquid crystal cell 1A was obtained.
In the liquid crystal cell 1A, the pretilt angle of liquid crystal
molecules at the interface with each alignment film was measured by a



substrates to a thickness of 200 nm The ITOfilnms were patterned by
phot ol i t hography and etching to formITO el ectrodes. Then, a polyimde 15
alignment filmmterial ("RN7492" manuf ured by Ni ssan Cheni cal

I ndustries, Ltd.) was applied to the substrates by spin coating so as to
cover the I TO electrodes, followed by curing in a thernostatic chanber at
180C for one hour, thus formng alignnent filnms. The alignnment filnms on
the substrates were rubbed with a rubbing 20 cloth nade of rayon. The
rubbi ng pr oargstalwasatpen toethed (tsisméthodswas usedlih ¢he Fellowling dxan plesr ubbi ng

cloth was r ubsd r : \Y) | i I i on,
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In the |iquihe dirgctiais efdlbe rkdpedtive polarizationrades cvbsdeiduti fight saghls.
nol ecul es at the 4 r ] ' I r by a 40
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and conpar diqwid eysadicel)LA. THEhem cthiel natimefl theanegioreins the upaplayatats too 3. 2
degrees anctHeh@gpiPid the 80@heshy bhisteQh ASEy SuREEd. AL R WES conffrrhOd $hat
degreesl.5 At&%' ari zi ngngl ate was haqnde 0 b%ig SUH aces of the |iquid
crystall® 5 t& §Woregians yore pre dPér‘l?’\Rg%tl egppt PERPOREPBEs The
el ectr odes efaltfition lwapuperfornied bly absklrvihg thaniydilerystahsell fiwm them a spl ay
orientationy: b tq ved. .. The result showed that the
entire el e@l&%%golpﬁg% vg%g %@i%ﬁa%gﬁ%‘g%sfﬂh_ee ’S‘bqbég}gélﬁeé:ﬁ]to&tégw the bend
ori ent at i orfremt and capparingtheavasmeatiqpdemning i two different welors.ar r anged so
that an angle 10 kehwWasipdragive¥xammal A Wy dd icPyRaHcdIN R WA bRGdGhedsin! | ON
was 45 %egr es, and the di (lieCtJ oas of the respective pol ar]zation .axes
crossedVat HHEGIAME MANRET as escribed above except that the amount of indentation
was 0.2 mm and the traveling speed of the substrate was 60 mm/s when the
alignment films were rubbed. That is, the rubbing density was 4700 mm?2
in the comparative example.
In the liquid crystal cell 1R, the pretilt angle of liquid crystal
25 molecules at the interface with each alignment film was measured. The
pretilt angle at one substrate was 4 to 5 degrees and the pretilt angle at the
other substrate was 5 to 6 degrees.
Like the working example, a polarizing plate was bonded to both
surfaces of the liquid crystal cell 1R, a 20 V rectangular wave was applied
30  across the electrodes, and the transition from a splay orientation to a bend
orientation was observed. However, the entire electrode region was not
changed from the splay orientation to the bend orientation even after about
10 seconds.

35 Example 2-1
Aliquid crystal cell having the same configuration as that shown in
FIG. 4 was produced in the following manner.



Further, a voltage of 1V was applied across the electrodes of the liquid
crystal cell 1A Then, the ratio of the region in the up-splay state to
the region in the down-splay state was eypluated. It was confirmed that 15
the two regions were present in substantially equal proportions. The

eval uati on was performed by observing the liquid crystal cell fromthe
direction that was inclined by 30 toward the rubbing direction fromthe
front and conparing the area ratio of domains in two different colors. As a
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20 Another glass substrate (referred to as “a second substrate” in the
following) was prepared, and an ITO electrode was formed on the surface of
the second substrate. Then, a polyimide alignment film material
(“SE-7492” manufactured by Nissan Chemical Industries, Ltd.) was applied
to the second substrate by spin coating so as to cover the ITO electrode,
25 followed by curing in a thermostatic chamber at 180°C for one hour, thus
forming an alignment film.
The alignment films on the first and second substrates were rubbed
with a rubbing cloth made of rayon. At this time, the rubbing direction on
the first substrate was equal to that on the second substrate, as shown in
30 FIG.7. The rubbing conditions were the same as those in Example 1
except that the amount of indentation was 0.3 mm. In this case, the
rubbing density was 21000 mm?2.
The two substrates were opposed to each other via a spacer
(manufactured by Fine Chemicals Division, Sekisui Chemical Co., Ltd.), and
35 the edges were sealed with a sealing resin (“STRUCTBOND 352A”
manufactured by Mitsui Chemicals, Inc.), thus producing a cell. In the cell,
a space between the substrates was 6.5 pm.



Next, an indiumtin oxide (referred to as "ITO in the following) film was
deposited on the first substrate to a thickness of 200 nmso as to cover
the convex structure. The ITO filmwas pafterned by photolithography and 15
etching to forman |1 TO el ectrode. Then, pol yi m de alignnment film

material ("SE-7992" manufactured by Ni ssan Chemical Industries, Ltd.) was
applied to the first substrate by spin coating so as to cover the I TO

el ectrode, followed by curing in a thernostatic chanber at 180C for one
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20 electrode.
According to this example, the application of a voltage causes the
position of the liquid crystal molecules orienting parallel to the substrate
planes to shift quickly to the surface of the substrate (first substrate) at
which the pretilt angle is low. Moreover, it is estimated that the splay out
25  is assisted by the effect of the convex structure, and thus a quick and
reliable bend transition can be achieved.

Example 2-2
A liquid crystal cell having the same configuration as that shown in
30 FIG. 8 was produced in the following manner.

An ITO electrode was formed on a glass substrate (referred to as “a
first substrate” in the following). Then, a polyimide alignment film
material (“SE-7992” manufactured by Nissan Chemical Industries, Ltd.)
containing 3 wt% of alumina powder having a diameter of 0.3 pym was

35 applied to the first substrate by spin coating so as to cover the ITO electrode
followed by curing in a thermostatic chamber at 180°C for one hour, thus
forming an alignment film.

I



orientation was observed. The result showed that the entire el ectrode
regi on was changed fromthe splay orientation to the bend orientation after
about three seconds. The polarizing plat were arranged so that an angle
bet ween the pol arization axis and the rubbing direction was 45 degrees, and
15 the directions of the respective polarization axes crossed at right
angles. In this exanple, the 1TO el ectrode was forned after the convex
structure was formed on the substrate. However, the transition tinme from
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20 According to this example, the application of a voltage causes the
position of the liquid crystal molecules orienting parallel to the substrate
planes to shift quickly to the surface of the substrate (first substrate) at
which the pretilt angle is low. Moreover, it is estimated that the splay out
is assisted by the effect of the surface of alumina powder that is rubbed in a

25  three-dimensional manner, and thus a quick and reliable bend transition
can be achieved.

Example 2-3
Aliquid crystal cell having the same configuration as that shown in
30 FIG. 9 was produced in the following manner.

A pixel electrode, a nonlinear element, a source line, and a gate line
were formed on a glass substrate (referred to as “a first substrate” in the
following). A thin film transistor having a thickness of about 200 nm was
used as the nonlinear element. An ITO electrode was used as the pixel

35 electrode. Then, a polyimide alignment film material (“AL-1052”
manufactured by JSR Corporation) was applied to the first substrate by
spin coating, followed by curing in a thermostatic chamber at 180°C for one



nol ecul es at the interface with each alignnent filmwas neasured. The
pretilt angle at the first substrate was 3.0 degrees and the pretilt angle
at the second substrate was 3.5 degrees,, Li ke Exanple 2-1, a polarizing
pl ate was bonded to both surfaces of 544t he liquid crystal cell 2B, a 7V
rectangul ar wave was applied across the electrodes, and the transition
froma splay orientation to a bend orientation was observed. The result
showed that the entire el ectrode region was changed fromthe splay
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because of the presence of the nonlinear element Therefore the friction
coefficient in the rubbing process was large, and the effective rubbing
20 strength was increased. Thus, the pretilt angle was considered to be
smaller.

Like Example 2-1, a polarizing plate was bonded to both surfaces of
the liquid crystal cell 2C, a 7 V rectangular wave was applied across the
electrodes, and the transition from a splay orientation to a bend orientation

25 was observed. The result showed that the entire electrode region was
changed from the splay orientation to the bend orientation after about three
seconds.

In this example, it is estimated that the splay-bend transition is
accelerated by the effects of unevenness on the substrate surface and a

30 transverse electric field generated between the gate line and the pixel
electrode.

Example 2-4
A liquid crystal cell having the same configuration as that shown in
35 FIG. 14 was produced in the following manner.
An ITO electrode was formed on a glass substrate (referred to as “a
first substrate” in the following). Then, a polyimide alignment film



In the liquid crystal cell 2C, the pretilt angle of liquid crystal

nol ecul es at the interface with each alignnent filmwas neasured. The
pretilt angle at the first substrate wa .0 degrees and the pretilt angle
at the second substrate was 4.5 degrees. 15 In this exanple, the alignnent
firlms formed respectively on the first and second substrates were nmade of
the sanme material. However, there was a convex portion of about 200 nm on
the surface of the first substrate because of the presence of the

nonl i near eheat@iil (“JAEIS6D2’tm anifadtiured berI SR Qorporitivi) wis appliedibdtihe

s “the. ritRBeuit o biR o8 ha BIfWRY DcddnZin thalmRea CERTRRSE,
pol ari zi ng & B8QCufex opertua, thupfrmingraaalignsent filws. | iThe frstryubistrateel |
2C, a7 Vr APl :

transiti_on ‘?ﬁg?nﬁgb%&hn%gﬂw\ﬁ?gti ﬁ (?gdgﬁgﬂsz%hgpﬁlerﬁtsgf%%&gm@o 1§s}gereved.
The resdit TONeRatAY ﬁ@@ YpRe th traveltigaRecd i tgé@l AtrRse Wa@h%ﬁgﬁfsﬁ‘ﬁ fn t he
spl ay ori entodllerdadius whae 63aneh,andthahmdnnd of tideitationt wae 0.5 AREONThHat | N
thi s exanpl, t{ mat.ed thg@gme spl ay-bend transition is

R I S =)
accel er at eal?’b‘g/h'? Hébsbéfl?e etngltgfw% B%%n the substrate surface and a 30
transverse el ect rAnotheziglagendrsirate (pefemeashta e “ayae@nid substrate? e the xel

el ectrode. ENBNRAE) Fad phobdibal I M1 YPAIeqEhle AN ek BESATRIARERIYT al | on

as that, sho [ 3 G 14 s produced I1n the f¢ nner. An I TO
el ectr dde végmpgr%&‘eoﬁe%“él %’ﬁt'@ﬁﬁi’ﬂr Same pReFatipnsApidiosy for the;first
?u?'sb\}_ g ag iz E’;lfbsti"lifﬂ'.ef olhevéeingnd sﬁbeﬂrateawm!mbbbdmxﬁieir@hmginé édﬁdiﬂiB?H&Tseri al

" _ n : . to | rst
Subotrate. HREReBEILEE dnbVe BrRoRERRELAL kTRl sBBBM e Pab O Bifrber  a
180C for one hourThe nubbingrproessawasipegionmmed withm rabling deth madstofate  was
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oper at i ons meatemialschdving idiffefantdwist elastic constants kee were injected into the
respective cells by vacuum injection. Thus, five liquid crystal cells 2D to
20 2H were obtained.

In each of the liquid crystal cells, the pretilt angle of liquid crystal
molecules at the interface with each alignment film was measured. The
measurement showed that all the liquid crystal cells had substantially the
same value. For example, the pretilt angles in the liquid crystal cell 2D

25 were 4.5 degrees at the first substrate and 5.3 degrees at the second
substrate.

Like Example 2-1, a polarizing plate was bonded to both surfaces of
each of the liquid crystal cells 2D to 2H, a 7V rectangular wave was applied
across the electrodes, and the transition from a splay orientation to a bend

30 orientation was observed. Table 1 shows the results.

35



substrate. The second substrate was rubbed under the sane conditions as

t hose descri bed above except that the ampbunt of indentation was 0.3 nm The
rubbi ng process was perfornmed with a rubhing cloth nade of rayon so that

t he rubbing direction on the first substrate was equal to that 15 on the
second substrate, as shown in FIG 5. By using the first and second
substrates, five cells were produced in the sane manner as Exanple 2-1. As
shown in Table 1, liquid crystal nmaterials having different twist elastic
constants k22 were injected into the TABd¥edti ve cells by vacuun1injection
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Li ke Exanp|e 2-1,2@ pol arizing piCate was |bondedl®.® both |surfacda® of each
of the liquid cry2@al cells 2D yg@-8H a TV rectngul ar Wave wasqappl i ed
across the electrodes, and the transition froma splay orfentarTiom to
bend 30 orientation was observed. Table 1 shows the results. 35 46 TABLE 1
Li qui d crystal celablequpepvesybatthaliquid erytal celBeofdhis examplomake a

mat eri al congipilépdedZhdn d\q,taln@gmi;ﬁ 64siBl-C 16. 35 2ELC-28. 77 2FLC- 39. 29
2CGLC-41Q. 310 2HLC-512.517 Table proves that the liquid crystal cells of
this ex | e make a high-speed bend transition possible. 5 Exanple 2-6 A
| i qui d crysEghmpdé R-avi ng the same configuration as that shown in

A liquid crystal cell having the same configuration as that shown in
FIG. 14 was produced in the following manner.
A mixture of a compound and a solvent (N-methyl-2-pyrrolidone)

10 was applied to a glass substrate (referred to as “a first substrate in the
following) by spin coating, followed by curing in a thermostatic chamber at
180°C for one hour, thus forming an alignment film. The compound is
expressed by the following fon;mla.

15
H
ch—(l)—CH3
0o 9 -
_C G ?Hz '
20 —N N—<:>—O—<:>_c_@_o_@_
N v |
C C
I It CHs
0 0
25

Another glass substrate (referred to as “a second substrate” in the
following) was prepared, and an ITO electrode was formed on the second
substrate. Then, a polyimide alignment film material (“SE-7492”
manufactured by Nissan Chemical Industries, Ltd.) was applied to the

30 second substrate by spin coating, followed by curing in a thermostatic
chamber at 180°C for one hour, thus forming an alignment film.



FIG 14 was produced in the follow ng manner. A m xture of a conmpound and a
sol vent (N-methyl-2-pyrrolidone) 10 was applied to a glass substrate
(referred to as "a first substrate int foll owi ng) by spin coating,
followed by curing in a thernostatic chanber at 180C for one hour, thus
formng an alignment film The conpound is expressed by the follow ng
fornula. 15 20 - NCN NNCB- NIf Il 0250 H H3C C-CH3 CH3 Anot her
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changed from the splay orientation to the bend orientation after about six
seconds. '
According to this example, the alignment film on the first substrate
15 includes asymmetric carbon atoms, which can impart a twist effect to the
adjacent liquid crystal molecules. Thus, it is considered to stimulate the
splay out.

Comparative example 2-1

20 Two glass substrates were prepared, and an ITO electrode was
formed on each of the glass substrates. Then, a polyimide alignment film
material (“SE-7492” manufactured by Nissan Chemical Industries, Ltd.)
was applied to the substrates by spin coating, followed by curing in a
thermostatic chamber at 180°C for one hour, thus forming alignment films.

25 The two substrates were rubbed in the same manner as Example 1.
By using these substrates, a liquid crystal cell R was produced.

In the liquid crystal cell R, the pretilt angle of liquid crystal
molecules at the interface with each alignment film was measured. The
pretilt angle at one substrate was substantially equal to the pretilt angle at

30 the other substrate, i.e., about 7 degrees.

Like Example 2-1, a polarizing plate was bonded to both surfaces of
the liquid crystal cell 2R, a 7 V rectangular wave was applied across the
electrodes, and the transition from a splay orientation to a bend orientation
was observed. The result showed that the entire electrode region was

35 changed from the splay orientation to the bend orientation after about 10
seconds.



seconds. According to this exanple, the alignnent filmon the first
substrate 15 includes asymetric carbon atons, which can inpart a tw st
effect to the adjacent liquid crystal ecules. Thus, it is considered to
stinmulate the splay out. Conparative exanple 2-1 20 Two gl ass substrates
were prepared, and an I TO el ectrode was forned on each of the gl ass
substrates. Then, a polyimde alignnent film material ("SE-7492"
manuf actured by Ni ssan Chemi cal Industries, Ltd.) was applied to the
substrat es Byampia3ebating, followed by curing in a thernostatic chanber
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for one _hour, thus formng alignment filns. _The th]ckness of _the polyinde
10 alidfment fil nEsiRgs § r(mufﬁftl@qﬂgﬁwwmn k ubaisee-aléd.) @ndidr r ed

to as "a fdealingstedin (s“tmma‘ﬁls'(?Nlm) KiNs 21 81 mgzhnﬁctw_a@d Eyllbﬁg%ﬂ\(}hb?ﬁcélupbi ng
evol ut | onalrr VB B aiPREts Ek e iRty s (Al sep el R thRe
substrat e vebsttatasiveas 6.5 nm and the matrix of the upper substrate was orthogonal
to that of the lower substrate, thus producing a cell.
20 Next, a liquid crystal material (“MJ96435” manufactured by Merck
Ltd.) was injected into the cell by vacuum injection, which then was sealed
with a sealing resin (“352A” manufactured by Henkel Japan Ltd., Loctite
Division, ultraviolet curable resin).
A polarizing plate was bonded to the front side substrate so that the
25 angle between the polarization axis and the rubbing direction of the
alignment film was 45 degrees, and then a film phase difference plate was
bonded to the polarizing plate at a desired angle. Only a reflecting plate
was bonded to the other substrate (referred to as “a rear side substrate” in
the following). Thus, a test cell 3A was produced.
30 A test cell 3B was produced in the same manner as the test cell 3A
except that a vertical alignment film (“RN-768” manufactured by Nissan
Chemical Industries, Ltd., containing 6% solid component) having a
thickness of about 50 nm was used as the alignment film on the rear side
substrate.
35 As a comparative example, a test cell 3R-1 was produced in the same
manner as the test cell 3B except that the thickness of the vertical
alignment film on the rear side substrate was about 100 nm.



the roller radius was 65 mm and the anount of indentation was 0.3 mm 15
Usi ng a spacer (manufactured by N ppon Shokubai Co., Ltd.) and a sealing
resin ("STRUCTBOND XN-21-S" manufacture 9by Mtsui Chemcals, 1Inc.), the
substrates were bonded together so that ‘a space between the substrates was
6.5 pmand the matrix of the upper substrate was orthogonal to that of the
| ower substrate, thus producing a cell. 20 Next, a liquid crystal nmateri al
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8 no display anomaly | faint residual image | clear residual image
9 no display anomaly | faint residual image | clear residual image

10 no display anomaly | faint residual image | clear residual image

—

10
As can be seen from Table 2, the test cell 3R-1 caused a strong
residual image only after 1 cycle. The test cell 3A did not cause a residual
image even after 10 cycles. The test cell 3B caused no residual image until
6 cycles.

15 It was considered that the occurrence of a residual image in the test
cell 3R-1 was due to electrical asymmetry resulting from the use of different
alignment films. In the test cell 3B, however, the thickness of the
alignment film on the rear side substrate was adjusted to about 60% of the
thickness of the alignment film on the front side substrate, so that the

20 capacitance was balanced between the two alignment films. Thus, the
length of time before the occurrence of a residual image was increased as
compared with the test cell 3R-1. This confirmed that an improvement in
electrical symmetry enabled a significant improvement in reliability.

25 Example 3-2
Aliquid crystal display having the same configuration as that shown
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(referred to as “a rear side substrate” in the following).

20 The display characteristics of the test cell 3C were observed and
evaluated in the same manner as Example 3-1. Table 3 shows the results.

TABLE 3
Number of Test cell
cycles 3C

no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly

o
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25 As can be seen from Table 3, no residual image was caused in this
example even after 10 cycles, like the test cell 3A in Example 3-1.



was 20 mi's, the roller radius was 65 nm and the anount of indentation

was 0.3 mm 15 By using these substrates, a test cell 3C was produced in
the sane nmanner as Exanple 3-1. In the st cell 3C, it was confirned that
the pretilt angle at the front side subStrate, which was irradiated with
ul'traviolet rays, was smaller than the pretilt angle at the other substrate
(referred to as "a rear side substrate” in the followng). 20 The displ ay
characteristics of the test cell 3C were observed and evaluated in the
sanme nmanner as Exanple 3-1. Table 3 shows the results. TABLE 3 Number

of Test cellg % ﬁ&’ §§;Ono di spl ayanomal y 1no di spl ayanomaly 2no

di spl ayanonal'y 3no di spl ayanomaly 4no di spl ayanonmal y 5no di spl ayanonaly 6no
di spl ayanonal y 7n'BWd|g§@$Sa§Ldrﬁtbmatle§V®m repptad; aachmif witiob haidsp neataixomal y
10n0_di Spl cyon RfiEHoN A sy RRASERR 4 HOM:DARLE %ﬁct%dé espfluf! 5 moe vas

caused i thls e eve ter test
Exanpl e 1P°1W£%glg¥%m§n %mo zﬁ%lgn%ti pBeashaf the glagswhsteates @aéhe of
vv|h| ch hgd asdrat hh xnn€Ond Egufnaple c3|n1 ang vV‘@&rﬂ‘é &ldﬁﬁ?wf&& -ActivengeRY fent )
el ectrode. & » a t or on_eac t he
gl ass substﬁm i %ﬁ@u%ggwgﬂlﬁg}n@ ‘Epal?f’ﬁ?‘é’ag vas aPBB@&It%nt
surf ace- actﬁhﬂeala@@ment filmreh o¢ ofrbime) sulostuates (bgrfeﬂ'ﬁdqtcfasta fkemsidal Co. ,
Ltd.) vas agstestet on tho SR BATRD las'to ef er r ed
to as "@a rear ﬁ ege%ts ijﬁ@&\gt e"int ﬁetbf}{%v%ghvmﬂﬁgg(ﬁé%é ggz(ﬂi%é&/@tcgscth%%ckness
of 20 r@ﬁ Wi PE 1Tt s dried at 120C. By using the two substrates, a
test cell 3D was Byadigethé twd Rabstaates, a test cell 3D was produced in the same
manner as Example 3-1. The display characteristics of the test cell 3D
were observed and evaluated in the same manner as Example 3-1. Table 4
shows the results.

15
TABLE 4
Number of Test cell
cycles 3D

no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
no display anomaly
faint residual image
faint residual image
faint residual image

Slojmiajo|onicoidim]o

As can be seen from Table 4, the test cell 3D maintained good

display quality until 7 cycles, though a faint residual image was caused
20 from 8 cycles.

Example 3-4
A liquid crystal display having the same configuration as that shown
in FIG. 15 was produced in the following manner.
25 A silicon nitride film having a thickness of about 100 nm was formed
on a glass substrate that had a matrix configuration and was provided with



manner as Exanple 3-1. The display characteristics of the test cell 3D
wer e observed and evaluated in the sane manner as Exanple 3-1. Table 4
shows the results. 15 TABLE 4 Nunber of t cell cycles3D Ono display
anomaly 1no di splay anomaly 2no di splay anomaly 3no display anomaly 4no
di'splay anomaly 5no di splay anomaly 6no di splay anomaly 7no di splay anonaly
8faint residual inmge 9faint residual imge 10faint residual inage As can
be seen from Table 4, the test cell 3D maintained good display quality

lé)r(lt il | 7 gyza eﬁanstph@emi'lel@cfmﬂét(tH1§|Sthlﬁ'b.té iﬁiﬁeﬁm& t@adss‘%dz%eag‘(hdé om 8 Cyclhes
anp e b p avi e same.fonfi tion as that
shown Fﬁl@sltﬁ%é ‘iin%ﬁé(% uceg’gﬁ &yPé’ ﬁg\ﬂl}ﬁjl%ﬂ%ﬁfm ilicon

nitri de f| | (W BaT9% Iaanhfaﬂtuee;lsbﬁNlamﬂlmMcaMmhstmsnbtd )Wrasaa;gﬂmds

substrate tfpatheNdlcén HPtE{dé(ﬁﬁﬁ B ﬂiéﬁ%'a!r%ﬂi@?&bé‘ﬁ%teo ?&de@'é‘&ibwé:hﬁx%%&xaa

transparent el ectrode te1s fo as
subst r ate" ﬁh?m?é{%w 5; at %Bﬁ yorPRR hanr.ghwsformingprealimment f

ghSE- 7|792 mBamtpTy?nMe ﬂi@xﬁﬁ@nﬂﬁhﬁlmaterﬁﬂdxvéé Vappﬁed ltb(inbthﬁSgl@@@' I ed to
e silico | | e, rear side,subs we ring in
a 5 ther nors]ﬁu}t atg I@O%EWP agHe tﬂggﬁroa? %@b?"@ﬂrhynﬂ“%ﬂgiﬂ“%gﬁ rre%t
film The fsl’@mmqgmb]«t qhambar ab RABHE for ome hewsrthak fowsimpah iadignimertrftinher
glass  Subskha! durktbded mrféu A4 & PR e SUBRFARAG tbglfbﬁéﬂ@&a@y curing

in the_ thernost or one
alignméflt film Yn“§1% SFrs'*t?%ftéﬁfr@fﬂ s Werabrodicedsin the @M bt r at e

in the fol Imwnng) as Ekaﬂslple&% g Weestpwnihs Tablees, fole $éstc@llsy3Refoe3 Y oduced
in the samgg.., produced under the conditions that the thickness of the alignment film
on the front side substrate was fixed to about 100 nm, while varying the
thickness of the alignment film on the rear side substrate, such as 10 nm, 30
15 nm, 60 nm and 90 nm. The display characteristics of the test cells 3E to
3H were observed and evaluated in the same manner as Example 3-1.
Table 5 shows the results.

20
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35



manner as Exanple 3-1. As shown in Table 5, four test cells (3Eto 3H
were produced under the conditions that the thickness of the alignment film
on the front side substrate was fixed t bout 100 nm while varying the

t hi ckness of the alignment filmon the rear side substrate, such as 10 nm
30 15 nm 60 nmand 90 nm The display characteristics of the test cells 3E
to 3H were observed and evaluated in the sane nmanner as Exanple 3-1.

Table 5 shows the results. 53 TABLE 5 Number of Test cell cycles3E (10
nm 3F (30 nm Ono display anomal yno dTABLE 5anomaly 1no di splay anomal yno

dirspl ay anomal y Zngudibepi@y anomnal y_ no dﬁ&l M anomal y 3M0 a: splay
anonal yno di Sp| ay arwa@éy 410 u[ d]g)y Ici:)unm ) LY u?'EEB nm L:ui"l"c’:‘u Vi 5no. di Sp| ay
anonal yno di spl ay—anefaly—6ne 4P erelyro-—dbs y opaly 7f ai nt
resi dual i mageno dispPay ~loRa disHay Anomaly; 1m0 di geapomalpl [ay anonal y
of ai nt residual i maqel no_di ggdé@plam@mmalyOf anntispdsy dnaemalydgeno di spl ay
anomal y Nunber of/Test 2cel | cyio ldéspi &y (ednnaty 3H AOQispldy @Aem@l$pl ay anomal yno
di splay anomaly 1no dgsplay ap@ 149 ArfdhsAla) ROl ¥y éﬂ@m%'l?pl ay anomal yno
di spl ay anomal y 3no djSpray” gRoRHIYYY ShrRy Y £5aipidy antity oS! dual
| magef aint resi dyat— 57 | no display anomaly | no display anomaly
6 no display anomaly | no display anomaly
7 faint residual image | no display anomaly
8 faint residual image | no display anomaly
9 faint residual image | no display anomaly
10 faint residual image | no display anomaly
Number of Test cell
cycles 3G (60 nm) 3H (90 nm)
0 no display anomaly | no display anomaly
1 no display anomaly | no display anomaly
2 no display anomaly | no display anomaly
3 no display anomaly | no display anomaly
4 faint residual image | faint residual image
5 faint residual image | faint residual image
6 faint residual image | faint residual image
7 faint residual image | faint residual image
8 faint residual image | faint residual image
9 faint residual image | faint residual image
10 faint residual image | faint residual image
As can be seen from Table 5, the test cell 3F exhibited the most
favorable display characteristics, followed by the test cell 3E. The reason
5 for this was considered that the test cell 3F had the smallest electrical
asymmetry because the capacitance of the alignment film on the front side
substrate was equal to that of the insulating film and the alignment film on
the rear side substrate. The test cell 3E was considered to have the
smallest electrical asymmetry after the test cell 3F.
10
Industrial Applicability
An embodiment of a liquid crystal display of the present invention
allows a liquid crystal display, in which the orientation of liquid crystal
molecules in a liquid crystal layer is changed from a splay orientation to a
15 bend orientation for display by application of a voltage to the liquid crystal



5faint residual imgefaint residual imge 6faint residual imgefaint
residual imge 7faint residual imagefaint residual imge 8faint residual

i mgef ai nt residual imge 9faint residu i mgef ai nt residual imge 10faint
resi dual imgefaint residual imge As can be seen from Table 5, the test
cell 3F exhibited the nost favorable display characteristics, followed by
the test cell 3E. The reason 5 for this was considered that the test cell
3F had the snallest electrical asymetry because the capacitance of the

al i gnnent fliayer,do achéevier mquick ated relifslertzarsition tochel berd éHentaifor be

i nsul ating g?gqra I strat The
test cell 3@@@%5&? 5%’2% hita EE’t ws%refw s‘{lﬁ&ﬁ 3@% 5?%529111 ?ﬁ\ﬁ??)}s after
the test cedPplid, e, thanIEBAypadinuidanystal displapthedlisplay qafn laava qui d
crystal di sphiak féfspéﬁbé ﬁ@é%brté}\iﬁi‘t‘ial‘i’ihuéﬂ h%t@sﬂdrﬂﬁiﬁﬂ& YStRhs Ak SP! ay,
in V\,hlctétheomnt n1 cryst nB%uesma ‘cryst al

| ayer i ch?fﬁ’gé%luf?‘i ae ys]}Sll lémsats?%haf’(ﬁ § disp BX@G’BPF%H?&Q lb‘ﬁrfor

di spl ay by pipescaid purt:ableatemhhagsa to the I|qU| d crystal 54 layer, to

achieve a quick a Siet i h oriceptation.b

appl yi ng aqr el at |‘§g?trh%}r e"ﬁ%(? ! QR df‘ﬁhﬁ&“@g é’ F Fﬁ? fgﬁﬁ@é'ﬁ?el}tnzentl on is
appl i ed, e.igventigngl @(Bathmwed Icrlz‘.ﬁ.tiahdlﬁﬂ@t an lellsblthy athhhltdlvaiblheayf gan have
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cr ya}l al hdl sqnlcayrmfcetolﬁa ms&hmitlmage\mrﬂhedﬂ(eihhd\mhaevlel lﬁghdnmge%@il%ﬁ?l spl ay,
in which t u of “one
substrate d %%T(gef &@mﬂﬂé I%L‘o ut Ig‘;e\?lg Ant lsi%%lfed %pé ef" %FQ@Q‘%% P4 the
vicinity ofliqud displey thed ISPI@YSW]D ave quink respense and good imagesi dual
:O mage or L \%Alji% Ikpsmlsa&maelvse Bs&@m&a@q Ja)ﬁonsT lg%?gﬁ% r{(/!;ﬁgyt he

di spl a;l5 t RO °§’|§I°£ eﬁﬁ%ﬂé&@%&qﬁp @@Bl‘f‘n@%’n&ﬁé@ood image quality. Thus,

it can be used wdely in applications, such as the display 15 portions of
cel lul ar phones and portable term nals. 55 CLAIMS



1. Aliquid crystal display conprising: tw opposed substrates and 5 a
li-quid crystal |ayer sandwi ched between the substrates, the |iquid crystal

| ayer conprising liquid crystal nolecul whose orientation is changed
froma splay orientation to a bend orientation for display by applying a
voltage of not less than a threshold voltage to the liquid crystal |ayer

10 wherein application of a voltage of |ess than the threshold voltage to
the liquid crystal layer allows the liquid crystal |layer to have a region
where the liquid crystal nol ecul es h@LAIMS8 nol ecul ar axis parallel to the
substrates predomnantly lie on one substrate side with respect to a
central portion of the liquid crystal |ayer and a regi on where those
liquid crystal 15Adkisudd grestabdispday nemprising:e on the ot her substrate side

Wi th respect to t{Re opféedduberdte@angand the two regions are present in
subst anty al | y equal. ortions. 2. The liquid Crtﬁétsﬁl di spl ay according

0
to claiM1, where? q&ﬂ&&&@&a &y@gsagéw& ed lpytwgen uhstrates.y) where t he
| i gui d crystal rmofhechideid c}l_@staigayhewm%ﬁeiﬂga]iqﬁid! %‘yﬁﬂl&iﬁbl@hul& wheése ]
substrates pr t 0 [ . side; wi respect .to the
central por@ﬁgﬁ&ﬁ&fﬁeé%ngﬁlaﬁ @Py%?%ﬁay'loz‘;e@%taﬁ ntstﬁea b‘? éf’gﬁn?%mm%rre t hose
i qui d cryséigplajobrenpbangaccdtagesofingt lesethan attbreshiold voltagettodhe wi t h
respect to hfgidc@yktallapeytion is 40 : 60 to 60 : 40 when 25 a vol tage of

| ess than thé thréshol.d voltage is applied o the liquid crystal |ayer. 3.
The ligdid crysta‘i"ﬁﬂ}”e&ﬁla&ph&@g@%fﬁgvﬁ&agﬁ ‘éélﬁﬁip %&h@thregbcl@ggltta%é) of

t he subzt r_zli_ﬁlmliqmdptrnystaiddy?!i %lfhov&s bhéldiqhﬁdiﬂﬁjsithblhy@rﬂtb Slaye iaFBgEdn Wl}[e%@ bend
means. 4. | QLU a cording to .clai : erein the ben
transition t!r%lﬁecl}l ‘glsld &X%ﬁ%tﬁl glﬁc'ﬁ%%ﬁisa‘%{ggé %SEVE%rsﬂlﬁ&aﬁ%éf@r d on the at

| east one ofuhsteateapredeminantdy lis. ormore bubstiratecsige tvith despichto aceemtridlng t o
claim4, wigsioh GFI%eQPé\ﬁﬁ&ryﬁdl‘lﬁ%réF@ndﬁ &gﬁ)%ongrhg?@h[}lésterl id' &yBial2

col urma)ré structu | eas e substrates.. 6. The
r

e formed on'the a 6 )
yseglecgiespradomipgntly lie pp tgﬁath?wu‘m@f@i Sﬂ&? Matlz esrect tathect ure

liquid

i's a nonli nemtrall portioh, hadribd tar tdptord areprdsent én efibstaarttmludpidlat es.
proportions.
2. The liquid crystal display according to claim 1, wherein an area ratio

20 (U : D) of the region (U) where the liquid crystal molecules having the
molecular axis parallel to the substrates predominantly lie on one substrate
side with respect to the central portion of the liquid crystal layer to the
region (D) where those liquid crystal molecules predominantly lie on the
other substrate with respect to the central portion is 40 : 60 to 60 : 40 when

25 avoltage of less than the threshold voltage is applied to the liquid crystal
layer.

3. The liquid crystal display according to claim 1, wherein at least one
of the substrates is provided with a bend transition nucleus induction
30 means.

4, The liquid crystal display according to claim 3, wherein the bend
transition nucleus induction means is a convex structure formed on the at
least one of the substrates.

35
5. The liquid crystal display according to claim 4, wherein the convex
structure is a spherical structure or a columnar structure formed on the at



7. The liquid crystal display according to claim3, wherein the bend
tr-ansi tion nucl eus induction nmeans is a concave structure forned on the at
| east one of the substrates. 10 8. The ldgquid crystal display according to
claim3, wherein the bend transition nucleus induction neans is an
el'ectric field application nmeans for applying a transverse electric field
to the liquid crystal layer. 15 9. The liquid crystal display according to
claim 3, wherein the bend transition nucleus induction nmeans causes a

twi sted orileastboheof the sulpgratesn of the liquid crystal layer. 10. The
ltquid crystal di spl ay according to claim1, which is an 20 OCB-type
liquid crystal di Sﬁ 11. Aliquid crystal di splay conprising: two
opposed subBt r at éBhefiguid eryptiakbidisplas a¢cording toselatinid; vdbrpin tlee corives

substrat es, stégetu?8 ib 'a%lﬂnfera)f'%lé’ﬂnehﬁftﬁrmé@eﬁrthﬁ'a@geéétodﬂedo stal ol ecul es

whose qrientation is changed froma splay orientation to a bend
ori ent at’i orPWH 2 8Fspl ay by applying a voltage of not less than a threshold
voltage to the |liquid crystal |ayer, mhereln a difference in absolute

| bet d t | | th
v e e e o DO el 08 g s g A, U R o
mol ecul es itranpidion sheleuy inductien oidams is whenncave stmichare fovmed ditine at 7

degrees. 12ead6né bfithdsbatpatl. di spl ay according to claim 11, wherein both
35 absqlute values of the pretilt angles of the liquid crystal nolecules in

the vicinity of one substrate and in the vicinity of the other substrate
are not nuB.e thdhhelidait esstabdisphy déverdingiiotclainy 8, athedefiptldy/bagd or di ng

toclaim1l e_ of thesbstr S vided wi

bend transi rl‘r’l}éﬁﬁ{r@c {E}tgulL E%%‘%‘ft?%hme@élgﬁg an5e ﬂtncrﬁglﬁl QR}FC&%WQPSE?%M ay
accordi ng taPREyiga ieansyecsetlectmefipkhtd the hguaid ¢nystallayens i nducti on means
is a convex structure formed on the at | east one of the substrates. 10 15.

Thell yst | ay accordi gtocalml,,vvhereinjthe convex

str uct %‘%‘F llﬁglfg’fﬁs%lt‘iiﬁgpaé’ra‘é’o?i aign 3, pthereirs therbepdn the at
trans1t10n nucleus induction means causes a tW1sted orientation in a portion
of the liquid crystal layer.

10. The liquid crystal display according to claim 1, which is an
20 OCB-type liquid crystal display.

11. A liquid crystal display comprising:
two opposed substrates and
a liquid crystal layer sandwiched between the substrates,

25 the liquid crystal layer comprising liquid crystal molecules whose
orientation is changed from a splay orientation to a bend orientation for
display by applying a voltage of not less than a threshold voltage to the
liquid crystal layer,

wherein a difference in absolute value between a pretilt angle of the

30 liquid crystal molecules in the vicinity of one substrate and a pretilt angle of
the liquid crystal molecules in the vicinity of the other substrate is not more
than 0.7 degrees.

12. The liquid crystal display according to claim 11, wherein both

35 absolute values of the pretilt angles of the liquid crystal molecules in the
vicinity of one substrate and in the vicinity of the other substrate are not
more than 4 degrees.



| east one of the substrates. 16. The liquid crystal display according to
cl-aim 14, wherein the convex 15 structure is a nonlinear elenent fornmed on
the at | east one of the substrates. 17.-.The liquid crystal display
according to claim 13, wherein the bend “transition nucleus induction neans
is a concave structure formed on the at 20 |east one of the substrates.

18. The liquid crystal display according to claim 13, wherein the bend
transition nucleus induction nmeans is an electric field application nmeans
for applying a transverse electric field to the liquid crystal layer. 25

19. The ligud cr | - di spl rding to clai,m1 erein the pend
transition %Iél’jd eu%(ﬁ'iggi Hc# ?lg’r?%%legﬁﬁac‘g %cggalélgt% %}?lé‘ael&r?” v %%Pelaﬁp ne
portion ofofithe subgtiates iy pravide¢dydth adendotranbisidn guéldus iyduetiondi spl ay
accordi ng tgegha m 11, which is an OCB-type liquid crystal display. 21. A
l'iquid %rystal di splay conprising: two opposed substrates and 35 a liquid
crystal ¥l ayer sandwi ched between the substrates, the liquid crystal |ayer

colrrpr i si ng 14.qui dI'lEé Yigtaid cmtelpdﬁlspbﬁy/\ﬁm]?dir@g ﬂéﬁd&&ﬁﬁ:l@m vdh:‘er@hﬁllflﬂé_ﬂﬂerid om a
Vol tage of ransitbel BueRE o e G hR¥ngs lorvRs SRE Y RIPRREIYEBEeR) ayer

wher ei n botleaatenrt of the/suhstzates. pretilt angles of the liquid crystal
nol ecules in the vicinity of one substrate and in the vicinity of the other

5 substrate are t re.than 4 degrees. 22. The |iquid crystal display
accor dilfly t¥P-cl apﬁh%ll{?lu%ﬁyé?# isp @a%?coﬁﬁi‘élg QS‘fﬁﬁmq&uW@t‘b@q eonyesvi ded
W th a bendstruetuse tis aspheeicalistruatiuet drod coliensr strdchite fdhael ot £ yst al
di spl ay acggggé DS Bf-)t}geloﬁé};e’gﬁéquV\herel n the bend transition nucl eus

i nducti on ans’is a ucture forned on the at |east one of the
substrates. 15 24. The liquid crystal display according to claim 23,

wher ei n t hejgonveprhe HhhLUE brstal asﬁla?yp@@cbk&iﬁ,leg t%t%éﬂﬁﬁ Y14€ wHer&irCtHe e ex
structl,iref(%rmad on the :i\I | east onffe of Islus rat es.
5 structure is a nonlinear element formed on the at least one of the

substrates.

17. The liquid crystal display according to claim 13, wherein the bend
transition nucleus induction means is a concave structure formed on the at
20 least one of the substrates.

18. The liquid crystal display according to claim 13, wherein the bend
transition nucleus induction means is an electric field application means for
applying a transverse electric field to the liquid crystal layer.

25
19. The liquid crystal display according to claim 13, wherein the bend
transition nucleus induction means causes a twisted orientation in a portion
of the liquid crystal layer.

30 20. The liquid crystal display according to claim 11, which is an
OCB-type liquid crystal display.

21. Aliquid crystal display comprising:
two opposed substrates and
35 a liquid crystal layer sandwiched between the substrates,
the liquid crystal layer comprising liquid crystal molecules whose
orientation is changed from a splay orientation to a bend orientation for



25. The liquid crystal display according to claim 23, wherein the convex

20 structure is a nonlinear elenment fornmed on the at | east one of the
substrates. 26. The liquid crystal displ according to claim22, wherein
the bend transition nucleus induction ns is a concave structure forned
on the at 25 | east one of the substrates. 27. The liquid crystal display
according to claim?22, wherein the bend transition nucleus induction neans
is an electric field application neans for applying a transverse electric

field to thdisplayubyl applsshgla valygfe of3btA8ss Then hithvéchdld ¥oltake db $RE Y
accordi ng \tlﬁ%{l:i@gclr&nﬁﬁajﬁ?v\her ein the bend transition nucleus induction neans

causes at hon in a portion of the liquid crystal |ayer. 35
29. The liquid crwherdindiothlabgohite watinemyoft pretilthangles, of whe tiyuid caystaDCB- t ype

liquid cry i : 0 ] Lquid crystal
di spl ay, tﬁ%%reic%l %esﬁgflﬁg%’ 8‘3?@%@@%‘5??%?%w\f%ggg’g‘%@ga"?éhég’%g’i es and a
liquid érystuhstraigarediptdnpradhanddegsees. he substrates, the liquid crystal
| ayer conmprising liquid crystal nol ecul es whose orientation is changed from

5 a splay jentayion to,a b orientation for .djispl.ay.by appl]ying a

vol t age of 0é%ot f’ﬂggﬁgng}]cysgﬁf@gglﬁyda%rﬁg&tqgapn%y, X‘d’lﬁ){'@‘@g@iﬁaﬁ?opéyer,

t he nmet hod ofdinersudistiates ibprovided witic ebenid traasitidishudeas ihdudtéori N cont act

with the ”ﬂ%ﬂf. crystal l|ayer, 10 wherein a rubbing density of the rubbing
e

process i s not ss than 20000 nmmR2. 31. The nethod according to claim 30,
wher ei #¥an anmount of indentation in the rubbing process is not |ess than

G oo, 1> 2 TTERSHGURL coRear dispiny’ focokding téClaith 920 wherbih {hebsd Ory St
| a 1S, an - e l. | ,Crystal .dlI S ay. . (0] or
ot an ur e Rstan B s s ARGt HiRas i€ ot ex SRRt T Faras el o the ey

conpri si ng least oppofthk sulbdtratases and a |iquid crystal |ayer sandw ched

bet ween the substrates, the liquid crystal |ayer conprising |iquid crystal

mol ecul.es whose orientation is changed from a splay orientation to a bend
ori ent 0 oré4-or drBeligpidgrystpl disnlaysaccordingeto claim 23, wherein the convex

structure is a spherical structure or a columnar structure formed on the at
least one of the substrates.

25. The liquid crystal display according to claim 23, wherein the convex
20  structure is a nonlinear element formed on the at least one of the
substrates.

26. The liquid crystal display according to claim 22, wherein the bend
_ transition nucleus induction means is a concave structure formed on the at
25 least one of the substrates.

217. The liquid crystal display according to claim 22, wherein the bend
transition nucleus induction means is an electric field application means for
applying a transverse electric field to the liquid crystal layer.

30
28. The liquid crystal display according to claim 22, wherein the bend
transition nucleus induction means causes a twisted orientation in a portion
of the liquid crystal layer.

35 29. The liquid crystal display according to claim 21, which is an
OCB-type liquid crystal display.



of not less than a threshold voltage to the liquid crystal layer; 25 the
nmet hod conprising: formng an alignnment filmprecursor on surfaces of the
substrates to be in contact with the liguid crystal layer; and firing the
alignment filmprecursor to produce an alignnment film wherein the
alignment filmcan reduce a variation in pretilt angle of 30 the liquid
crystal nolecules in contact with the alignnent filmto not nore than 0.5
degrees when a firing tenperature is changed by 20% 34. The net hod
accordi ng t30.cl ai Amdethodtfer aiandfbetdrisg adi@iiddrastallidegplay, is an OCB-type

| iquid crystal display...3 . thod for. nuf act urin | i qui d,crystal
di gpl ay, %/he quutl lg(i/‘i}gtcip’ gtcsﬁlsfiﬁ?pggy §8Wﬂ%Pﬁ Wtov&?pé)ﬁf)%gg}]gtsrat)&?%q &s” and a
60 |iquid diggidadrystaldayemsaiviwichad betweem thesubstratesatbe liquid crysgal d
crystal - | 24ger eBHshAE Bolldlbhydeal Holdthl SPWROM BRABRISH A L 56y ©
changed from a splay ofientajion to a beng orjentatron fqr di ay

appl yi n§ a %@Mdgle%ﬁtwatq %@gng REiensatipn dahdisplap Y&@@lﬁﬁgt%@lFf}l&ﬂN%
crystal | aymst;lebs then aethireshaldvoltage it thatiguid Regstabnyerocess after
producing the liqgyid ¢ Qs}%al di.spl ay, wherein the inspection process is
performed by applqg)ler‘faegy f%g'é‘sﬁ’fg' | ess than the threshold voltage to the
liquid crystal | aypbbingdusfagésef thegsubstratesdo batinccontact withi the lidpeide t he

liquid crystakt | es having a nolecular 10 axis parallel to the
substreit S g?ec?g?n!ﬁ&u rate side with, respect to a

e antly lie on one subs ; )
central%ortion o‘f’ﬁ?lf?énlai E}Uﬁﬁn&dﬁ%’ﬂ q?éi)@rmbblftg PRAgEShispeirless Heae | i quid
crystal nolzg0emnp?.edom nantly lie on the other substrate side with
respect to the central portion. 15 36. The method according to clai m 35,
wherein a liquid crystal display having a substantially equal area ratio
i s recogni z8d as Hime axatbpd alsterding dolokeimi 30,twbereain pecamonnpobcess. 37. The
nmet hod acc \ : ' : b L) 7 b Gy display 20 is an
OCB—typ% I ﬁgﬁ%gﬁé%%ﬁ%‘gﬁ%&i é) é&,&%:}f\o&l}}?%%%@??ﬁ%}lspl ay conpri sing:
a first substrate; a second substrate; and 25 a liquid crystal |ayer
sandw ched 3t weeThd hrethbd siccarddeg t@tRiaNS0, I WRereif¢hB digli@ ety thEdisplay

is an OCB-type liquid crystal display.

33. A method for manufacturing a liquid crystal display,

20 the liquid crystal display comprising two opposed substrates and a
liquid crystal layer sandwiched between the substrates, the liquid crystal
layer comprising liquid crystal molecules whose orientation is changed from
a splay orientation to a bend orientation for display by applying a voltage
of not less than a threshold voltage to the liquid crystal layer;

25 the method comprising:

forming an alignment film precursor on surfaces of the substrates to
be in contact with the liquid crystal layer; and

firing the alignment film precursor to produce an alignment film,

wherein the alignment film can reduce a variation in pretilt angle of

30 the liquid crystal molecules in contact with the alignment film to not more
than 0.5 degrees when a firing temperature is changed by 20%.

34. The method according to claim 33, wherein the liquid crystal display
is an OCB-type liquid crystal display.
35
35. A method for manufacturing a liquid crystal display,
the liquid crystal display comprising two opposed substrates and a



the first substrate and the second substrate bei ng opposed to each ot her,
and the liquid crystal |layer conprising |iquid crystal nolecul es whose

orientation is changed froma splay ori ation to a bend orientation for
30 display by applying a voltage of not Tess than a threshold voltage to
the liquid crystal |layer, wherein an absolute value of a pretilt angle of

the liquid crystal nolecules in the vicinity of the first substrate
differs froman absolute value of a pretilt angle of the liquid crystal
mol ecul es iliqtidecrystdliayyr sdndwithedbetwedd thababsaiates, ahd liajuid eapdtabne of

the first r he. h i royided.wih nd
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I ft 4 1014JJ ' e Vicinity o secon
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nucl eus i regpectole theatentraloportien. | i quid crystal display according to claim
38, wherein the bend 20 transition nucleus induction neans is a convex

structyre forned Qn a urface of the fir substrate. 43. The Jiquid

cryst altddi st-ay a@&%mﬁtﬁadtaﬁc‘b‘ldé%l%tﬁil,al%éé»e‘i"ﬁe’ﬁ@ %B%V@(CW§§§LiJé§ is a

spheri cal shaviagur sulsstantiatlywyual aséa vativierégibadods dhacespthblest _

substrate. ﬁlr%du-gf'fn 'tflé:'i‘ﬂsq)e%ﬁ}ﬁﬁtp‘}locégsslol ay according to claim42, wherein
ure isTan )

t he convex " struc onlirnéar el ement forned on the first substrate.
30 45. The liquid crystal display according to claim 38, wherein the bend

tr apsi ti Op :mﬁ.cl eUPhé B&Etﬁb!ti %tcm@ﬂg tb €laAmC98 R Ereth tHE UHfa fcPySTRY afip1dy
Surtacgy? its an '(fﬁy;?e”ﬁﬁu{f cr%'stal display.

38. A liquid crystal display comprising:
a first substrate;
a second substrate; and
25 a liquid crystal layer sandwiched between the first substrate and the
second substrate,
the first substrate and the second substrate being opposed to each
other, and the liquid crystal layer comprising liquid crystal molecules whose
orientation is changed from a splay orientation to a bend orientation for
30 display by applying a voltage of not less than a threshold voltage to the
liquid crystal layer,
wherein an absolute value of a pretilt angle of the liquid crystal
molecules in the vicinity of the first substrate differs from an absolute value
of a pretilt angle of the liquid crystal molecules in the vicinity of the second
35 substrate, and at least one of the first substrate and the second substrate is
provided with a bend transition nucleus induction means.



46. The liquid crystal display according to claim 38, wherein the bend 35
transition nucleus induction neans is an electric field application neans
for applying a transverse electric field.to the liquid crystal |ayer. 62
47. The liquid crystal display accordingto claim38, wherein the bend
transition nucl eus induction neans causes a twisted orientation in a
portion of the liquid crystal layer. 5 48. The liquid crystal display
according to claim38, wherein an alignnent filmis formed on a surface of

the first SMS]E r dfke liquibd crystabdispldy avdorBirigh ¢laiinids, erbegbid alreyn, and
th i gnme | n ntai nin
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and the second substrate belng opposed to each 20 other, and the l'i quid
crystal la | ecul orient A, on i S
ch)a/mged fr)c/) sﬁé gl }'Eé?gﬁll gayaa%cgn% ﬁ?’e{{l Z)%n V‘fliﬁrelrﬂ? EPW
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tw st elastic constant k22 of a liquid crystal material for the Iliquid
crystal |ay [ S R The, | | crystal display
accor di ng t%i "cl ai'm bl%m?ﬁc{é%%gl &g’ﬁPay% c&%\r{g%)ec 3’8 esfgina %i spl ay. 52.
A liquid crahsokutesvalpeof theppetiktiangle o the Hguid Mabmleml@nnﬂnb
substr ate; éiéuﬁt bﬂm@ﬁﬁtysm;rataxsg ﬁ?%ﬁﬁ%ﬂ] ba%% a'talilﬁe bF ti2d ?ét‘ﬂ%t rate
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the fi Sﬂpélproz g :l icrysta mo ecules In the vicinity o the second substrate,

and the first substrate is provided with the bend transition nucleus

induction means.

42. The liquid crystal display according to claim 38, wherein the bend
20 transition nucleus induction means is a convex structure formed on a
surface of the first substrate.

43, The liquid crystal display according to claim 42, wherein the convex
structure is a spherical structure or a columnar structure formed on the
25 first substrate.

44, The liquid crystal display according to claim 42, wherein the convex
structure is a nonlinear element formed on the first substrate.

30 45. The liquid crystal display according to claim 38, wherein the bend
transition nucleus induction means is a concave structure formed on a
surface of the first substrate.

46. The liquid crystal display according to claim 38, wherein the bend
35 transition nucleus induction means is an electric field application means for
applying a transverse electric field to the liquid crystal layer.



63 in contact with the liquid crystal |ayer; and a second alignnment film
formed on a surface of the second substrate to be in contact with the
liquid crystal layer, the first substratg and the second substrate being
opposed to each 5 other, wherein the first alignnent filmand the second
al'ignment filmare fornmed with the same material, and an absol ute val ue of
a pretilt angle of 1liquid crystal nolecules in the vicinity of the first
substrate differs froman absolute value of a pretilt angle of liquid

crystal nol4%ul esThalighéd eryastal digphiy adddrding tvedaiig 38y bdidrairethédBend he

| tquid crystal display according to claimb52. which is R-QCB-type |iquid
crystal o by oEna AR ERINHI bhaiisdialiest p sitsALoRe diatipnan & pfiion

di spl ay, thef thediquderystedilaytirspl ay conprising opposed first and second
substrates and a liquid crystal |ayer sandw ched between the first

wher gj bsol ut | f tilt
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formng a ritheb il anystdl inbaln B3RP AR A Chn it AR OTERRK coltRbind no
in contact centainihg asyommetrie ¢arban dtayesramh furctieworstle bepdrtransitibm nade

25 of the sgi@ed®ifdi@lortmebin@t of the first alignnment filmon a surface of
t he secgnd substrate to be in contact with the liquid crystal |ayer; and

perforr% ng an alignnent process on at |east one of the first alignnent
filmand thg9 secdlife HyuitheBtall displssoa@drdidgnikdaiin @8, karieweeahn pretilt

angl e contr char act erd st etween the first alignnment filmand the 30
second al i g(ﬁggﬁ{]yaqeﬁﬁhudsgysﬁaﬂéﬁml?p{bd according to claim 54, wherein the
al i gnnment process is a rubbing process. 35 56. The nethod according to

cl ai m 55, rei } : i.gnnent filmand the second
al i gnnent Wm i ;Aﬁﬂlt%% ﬂesé:%f %{?p&?{lgﬁg{lﬁg{oé'accordi ng to claimb55, wherein
bot h tﬂg first ald §EFretbstFatem and the second alignment film are rubbed so

that there is a i §écohdsitbstidte; addi ng strength between the first alignnent
filmand the Secoanﬂquid crystal layer sandwiched between the first substrate and the
second substrate,
the first substrate and the second substrate being opposed to each
20 other, and the liquid crystal layer comprising liquid crystal molecules whose
orientation is changed from a splay orientation to a bend orientation for
display by applying a voltage to the liquid crystal layer,
wherein an absolute value of a pretilt angle of the liquid crystal
molecules in the vicinity of the first substrate differs from an absolute value
25  of a pretilt angle of the liquid crystal molecules in the vicinity of the second
substrate, and a twist elastic constant ko2 of a liquid crystal material for the
liquid crystal layer is not more than 10 pN.

51. The liquid crystal display according to claim 50, which is an
30 OCB-type liquid crystal display.

52. Aliquid crystal display comprising:
a first substrate;
a second substrate;
35 a liquid crystal layer sandwiched between the first substrate and the
second substrate;
a first alignment film formed on a surface of the first substrate to be



alignment film 5 58. The nethod according to claimb54, wherein the
al-ignnment process is a water-repellent treatnment. 59. The nethod according
to claimb58, wherein only one of the fir 10 alignment filmand the
second alignnent filmis water-repellent treated. 60. The nethod according
to claimb54, wherein the alignnent process is wultraviolet irradiation. 15
61. The nethod according to claim®60, wherein only one of the first
alignnment filmand the second alignnment filmis irradiated with ultraviol et
rays. 62. Timecorthbioditdctior Hgng ¢rgstdldbpeg@Gndiherein both the first

atignment 20 fil t he |4 gnnmant filmare.rradi ated w.th

ul traviol et rays ag](s)g(gﬁlgt Q?g}%rﬁéﬁ?@h% %?Pfe”groéhﬁguf cgtOfltéﬁg?cod’ris‘bl?StF#teensi ty
and tine oftabgin contadt witlothekgwiskerystal layest al i gnnent film and the
second al i gnment el st &3 ' A Lekp the

al i gnnment pr.ocess e25 scorrgrsﬁgzes%H%%b&%ggﬂ%?gggtgégea%ﬂg{ﬂtp}g’\??%gtegw

i rradi atXi on®@®her the rubbing process. 64. The nethod according to claim
54, vvhere: n eaghfwhefdiﬁ g'fgbrfﬁil‘st _aﬁgggfml filnt hhmt?_@?%etzdﬁﬂi aﬁgﬁﬁﬂnﬁlﬁllgmmt fi Ilm
is one seleg [ olyimde aljgnngnt. fi a_pononpl ecul.ar ,optica
ali gnment 1 F%edavﬁ]gﬁla@e S@HF? %&KM%&@M@F@%PQ%@%%lea?@cor di ng
to cl ai m 54iquidesrystaltrheleculpgiid theyd cinlitydofhleairst ismbatrRt Ot engfeomi api d
crystal disg) of i g U K

di spl aﬁp th SI%illut'tﬁggi‘a lgEgs?aﬁgiligng%r%o rlhgclg %Haé%gg@e? :ﬂrlgPEg%%hg@coofnd 65
subst r ddes H§SeLONd §UPHLIatS st al | ayer sandwi ched between the first
substrate and the second substrate, wherein an absolute value of a pretilt

i frors froifan SheBhOd SRFELARRIAY el it g, MR 4 Br oot
nol ecul es iR-QGB-tyipeiliuid aystad dispdagecond substrate, the nmethod
conprising: formng a first alignment filmby form ng a polyimde alignnent
film: pr_ecug‘f:or op a surface of the first substrate to be in contact wth
the 1id&id%ryst mth‘?érfoéﬁtﬁqqf?FW@&é liggndicryetal disdayent film
precursor; and the liquid crystal display comprising opposed first and second
substrates and a liquid crystal layer sandwiched between the first substrate
and the second substrate, wherein an absolute value of a pretilt angle of
liquid crystal molecules in the vicinity of the first substrate differs from an
20  absolute value of a pretilt angle of liquid crystal molecules in the vicinity of
the second substrate,
the method comprising:
forming a first alignment film on a surface of the first substrate to
be in contact with the liquid crystal layer and a second alignment film made
25  of the same material as that of the first alignment film on a surface of the
second substrate to be in contact with the liquid crystal layer; and
performing an alignment process on at least one of the first
alignment film and the second alignment film so as to make a difference in
pretilt angle control characteristics between the first alignment film and the
30 second alignment film.

55. The method according to claim 54, wherein the alignment process is
a rubbing process.

35 56. The method according to claim 55, wherein only one of the first
alignment film and the second alignment film is rubbed.



10 formng a second alignnment filmby form ng a precursor made of the sane
material as that of the polyimde alignnent film precursor on a surface of
the second substrate to be in contact w the liquid crystal |ayer and
firing the precursor, wherein a firing tenperature for the first alignnent
filmdiffers from 15 a firing tenperature for the second alignnment film
67. The nmethod according to claim66, wherein the liquid crystal display

is a RROCB-type liquid crystal display. 20 68. A liquid crystal display
corr;d)r i sih ng: 57.a fiThé hnset]ih_sﬂra&b@rfdti)ﬁgieemm gﬂ,Wh&%it&:b@h'thﬁ?ﬁt ﬁIigﬁhngélﬂ ayer
sandw che t | FSk. substrate an e, second substr , a
first ali gngn@;%?ﬁhr% %SPH%&thgﬁmée%tuﬁﬂ&ge SPBF?%% Sp ?ﬁ'ﬁ{]ﬂﬁfﬁs‘f’ Pa‘flgt%?%n‘ffe in
contact w tim rubbing gtresgth petween she firshallgamead dilth ahd ghewsacorfd | m f or med
on a surfacgigfmbhesp@cond substrate to be in contact with the Iiquid

crystal |ayer, the first substrate and the second substrate being opposed
to eachd30 other, wherein the first alignnment filmand the second alignnent

filmare f&8.med Thé mathbdercesnidingteclahs54 awleadiacheialiggansihBpiocess e
first ali gnmtter-;%;géﬂeirft t@iﬁﬁé@ han a dielectric constant of the second
a thi '

alignment fil'm an of the first alignment filmis smaller
than a thickness of the 35 second alignnment film 69. The liquid crystal

it 0 . ' an . Lati : ¢
i spl ay accgy di ngl‘ﬁ@nfétﬁbﬂ‘a@g%red‘{?g‘i:@'clhlﬂg58‘,rWH9felﬁQ)n‘c% gFthog'i:hgﬁtthn 0

l'iquid_crystal nol ecul es rst substrate is e n anpunt of
pol ari ﬂih i oﬂl&ﬂmﬁpaﬁrla %@&%ﬁe%ﬂeﬂwr&ge%ﬁlmés%@ﬁﬂepglmvaa@d-5 70.
The liquid crystal display according to claim68, which is a R OCB-type
liquid crystal di i A H.quid grys Igisl C rising: a first
substrat e; (tl a .Sﬁﬁ%ﬁﬁetgéé&cg%dé?g to Icfadé %&l’c‘i” g{éﬁp%ﬁgﬁi{é«%ﬂm%ﬁ Bet veen
the first sulbraviekesienadiatien. second substrate; a first alignnent film
formed on a surface of the first substrate to be
15 61. The method according to claim 60, wherein only one of the first
alignment film and the second alignment film is irradiated with ultraviolet
rays.

62. The method according to claim 60, wherein both the first alignment
20 film and the second alignment film are irradiated with ultraviolet rays so

that there is a difference in at least one of intensity and time of the

irradiation between the first alignment film and the second alignment film.

63. The method according to claim 54, wherein the alignment process
25 comprises a rubbing process and ultraviolet irradiation after the rubbing
process.

64. The method according to claim 54, wherein each of the first
alignment film and the second alignment film is one selected from a

30 polyimide alignment film, a monomolecular optical alignment film, and an
obliquely evaporated film.

65. The method according to claim 54, wherein the liquid crystal display
is a R-OCB-type liquid crystal display.
35
66. A method for manufacturing a liquid crystal display,
the liquid crystal display comprising opposed first and second



in contact with the liquid crystal |ayer; and 15 a second alignment film
formed on a. surface of the second substrate to be in contact with the
liquid crystal layer, the first subst ratg. and the second substrate being
opposed to each other, wherein the first alignnment filmand the second
alignment filmare 20 fornmed with different materials, and an insulating
filmis provided below at |east one of the first alignnment filmand the
second alignnent film 72. The liquid crystal display according to claim
71, wher ei nsubsteatesrsnd aliquid arystal layer shntivichedl batysdeal thieofi et wabstrane t he

ol acul o5 ot e SefEmutdyd, RheAUL ehholilh SalEEH EBafbily dnith gr o' @

accordi ng tlqeidsenystal moleiculesiin the vicioiy of the firsgsubstraye diffensifepaan 30
absolute value of a pretilt angle of liquid crystal molecules in the vicinity of
5  the second substrate,
the method comprising:
forming a first alignment film by forming a polyimide alignment film
precursor on a surface of the first substrate to be in contact with the liquid
crystal layer and firing the polyimide alignment film precursor; and
10 forming a second alignment film by forming a precursor made of the
same material as that of the polyimide alignment film precursor on a
surface of the second substrate to be in contact with the liquid crystal layer
and firing the precursor,
wherein a firing temperature for the first alignment film differs from
15  afiring temperature for the second alignment film.

67. The method according to claim 66, wherein the liquid crystal display
is a R-OCB-type liquid crystal display.

20 68. A liquid crystal display comprising:
a first substrate;
a second substrate;
a liquid crystal layer sandwiched between the first substrate and the
second substrate;
25 a first alignment film formed on a surface of the first substrate to be
in contact with the liquid crystal layer; and
a second alignment film formed on a surface of the second substrate
to be in contact with the liquid crystal layer,
the first substrate and the second substrate being opposed to each
30 other,
wherein the first alignment film and the second alignment film are
formed with different materials, a dielectric constant of the first alignment
film is larger than a dielectric constant of the second alignment film, and a
thickness of the first alignment film is smaller than a thickness of the
35 second alignment film.

69. The liquid crystal display according to claim 68, wherein an amount
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of polarization of liquid crystal molecules on the first substrate is equal to
an amount of polarization of liquid crystal molecules on the second
substrate.

70. The liquid crystal display according to claim 68, which is a
R-OCB-type liquid crystal display.

71. Aliquid crystal display comprising:

a first substrate;

a second substrate;

a liquid crystal layer sandwiched between the first substrate and the
second substrate;

a first alignment film formed on a surface of the first substrate to be
in contact with the liquid crystal layer; and

a second alignment film formed on a surface of the second substrate
to be in contact with the liquid crystal layer,

the first substrate and the second substrate being opposed to each
other,

wherein the first alignment film and the second alignment film are
formed with different materials, and an insulating film is provided below at
least one of the first alignment film and the second alignment film.

72. The liquid crystal display according to claim 71, wherein an amount
of polarization of liquid crystal molecules on the first substrate is equal to
an amount of polarization of liquid crystal molecules on the second
substrate.

73. The liquid crystal display according to claim 71, which is a
R-OCB-type liquid crystal display.



