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- 1 - LIQUI D CRYSTAL ELECTROOPTI CAL DEVI CE The invention relates to a
liquid crystal electrooptical ele- nent that uses a chiral nenmatic |iquid
crystal which has netastable states and nore particularly to a liquid
crystal electrooptical elenent capable of1being nultiplex drlyen_ﬁy:%g/
using that bistability to performswtching. Currently, the liquid cryst
di spl ay devices being used as display devices for office equipnent, etc.,
use a twisted nematic (TN) liquid crystal or a supertw sted nematic (STN)
15 liquid crystal. For exanple, these display systens, which are descri bed
by M Schadt and W Helfrich in Appl. Phys. Lett. 18 (1971) 127 or by T. J.

Scheffer and J. Nehring i nLAgetp éﬁ&§@aﬂ@ﬁﬂchﬁbdé¥¥Eﬁm3#%55g§*’ not have a
pl ex dr

menory effect, and therefore they are driven by a multiple ive 20 net hod
using vol tage averaging or an active matrix drive nmethod in which a
transi stor ®r other active elenent is pro- vided at each picture el enent.
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vol tage VO funirke!tedt Ngidbeb ON ©pel i drn tha vedlitRge VOFF for sel ec-
ting the OFF condition is given by the follow ng equati'on, 35 where the

nunber of scanning lines is N V[err]/V[err] = ((Nerr] + 1) / (Nerr] -
))Tlerr] Currently, the liquid crystal display devices being used as

display devices for office equipment, etc., use a twisted
nematic (TN) liquid crystal or a supertwisted nematic (STN)

15 liquid crystal. For example, these display systems, which
are described by M. Schadt and W. Helfrich in Appl. Phys.
Lett. 18 (1%71) 127 or by T. J. Scheffer and J. Nehring in
Appl. Phys. Lett. 45 (1984) 1021, do not have a memory
effect, and therefore they are driven by a multiplex drive

20 method using voltage averaging or an active matrix drive
method in which a transistor or other active element is pro-
vided at each picture element.

Other systems are being researched in addition to these,

25 though they have not reached the application stage. For
example, high speed technologies for voltage averaging are
disclosed in JP-A-59-219720 and JP-A-60-196728, and systems
that utilize bistable switching are disclosed in JP-B-1-51818
and JP-B-3-26368. '

30
When a TN or STN type liquid crystal simple matrix is driven
by the voltage averaging method, the ratio of the voltage Vg
for selecting the ON condition to the voltage Vopp for selec-
ting the OFF condition is given by the following equation,

35 where the number of scanning lines is N.

Von/Vopr = ((NY/2 4+ 1)/ (n1/2 - 1))1/2



As can be seen fromthis equation, since V[err]/V[err] approaches 1 as N
becones large, the contrast ratio al so approaches 1. Considering both the
el ectrooptical characteristic of current 5 liquid crystal and the delay in
the vol tage waveform Nis limted up to approxi mately 500. Therefore, it
I's inpossible to use this systemto realj ze display devices for workstati -
ons, etc., requiring high definition displays. Also, the display )
characteristic is greatly dependent on the viewing 10 angle, and the
switching tinme is long. The technol ogy disclosed in the aforenenti oned

JP- A-60- 196728 is ainmed at shortening the above switching tinme. By this
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by adding a chiral substance to the |lrquid crystal material. However, even
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el ect r oopto ealglel ermemt thid Iswlikdhistonlbimet \isi dodigscl osed in JP-B-1-51818
(US-A-4,239,345). This liquid crystal electrooptical elenment has a 180[err]
tw st The technology disclosed in the aforementioned JP-A-60-196728
is aimed at shortening the above switching time. By this
means, the switching from ON to OFF can be speeded up by
15 using a configuration in which the pretilt angle 6, on the
lower substrate (angle formed between the director wvector of
the liquid crystal molecules in contact with the liquid cry-
stal alignment film on the substrate and the substrate sur-
face) and the pretilt angle 6, on the upper substrate have
20 opposite signs. Also, the technology disclosed in the afore-
‘mentioned JP-A-59~-219720 is aimed at stabilizing the opera-
ting condition by adding a chiral substance to the liquid
crystal material. However, even if these technologies are
used bistability cannot be provided and the liquid crystal
25 element must be driven by means of a voltage averaging
method. Therefore, even by using these technologies high

definition liquid crystal displays cannot be realized.

A chiral nematic liquid crystal electrooptical element with

30 bistability is disclosed in JP-B-1-51818 (US-A-4,239,345).
This liquid crystal electrooptical element has a 180° twist
in its initial state, but after voltage is applied, it rela-
xes to two states different from its initial state, and those
two states are extremely stable. The difference in twist

3s between the two states is approximately 360°, and bistable
switching is performed between the two states. The two sta-
tes can be optically distinguished by sandwiching the liquid



inits initial state, but after voltage is applied, it rela- xes to two
states different fromits initial state, and those two states are extrenely
stable. The difference in twi st 35 between the two states is approximtely
3600, and bistable switching is perfornmed between the two states. The two
sta- tes can be optically distinguished py sandw ching the Iiquid - 3-
crystal electrooptical elenent between two polarizing plates. In this case,
it is noted that a high contrast ratio can be achieved by configuring the
el ement such that the result of dividing the product (R) of the
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angle. 20 Wien a quid crystal electrooptical elenment is used as a displ ay
el enent, nornmally a red, green and blue three- wavel ength |ight source or
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- However, since it requires a rather high pretilt angle of

35°, the liquid crystal alignment film must be formed by

oblique deposition, which is not practical.

1s Further, liquid crystal display devices requiring a high pre-
tilt angle and liquid crystal display devices driven at a
high duty ratio by a voltage-~averaging method have a narrow
effective viewing angle.

20 When a liquid crystal electrooptical element is used as a
display element, normally a red, green and blue three-
wavelength light source or white light source is used, and
therefore the element must have a high contrast ratic and a

— high light transmittance in its ON state for light of those
2s kinds of light sources. Therefore, it is necessary to know
the conditions for obtaining a good display characteristic
for those kinds of light sources.

Parameters that determine the display characteristic include
30 the birefringence (An) of the liquid crystal material, the
thickness (d) of the liquid crystal layer and the angles of
the polarization axes of the two polarizing plates. The
document JP-B-1-51818 states only that regarding R (= d-An),
a high contrast ratio can be achieved by making R/A < 2 when
35 a monochromatic light is used as the light source, and it
does not make any reference to the conditions required to
achieve a high ON light transmittance or to the angle of the



25 kinds of light sources. Therefore, it is necessary to know the
conditions for obtaining a good display characteristic for those kinds of
| i ght sources. Paraneters that determ ne the display characteristic include
30 the birefringence (An) of the liquid crystal material, the thickness (d)
of the liquid crystal layer and the angles of the polari zation axes of the
tmo pol ari zing plates. The docunment JP-B-1-51818 states only that regarding
R (= d.[err]n), a high contrast ratio can be achieved by naking R [err]
[err] 2 when 35 a nonochromatic light is used as the |ight source, and it
does not nakeokawizattomnexeso tie Mim¢brtkiscargﬁ'ra¢dald atte eandittigys ON
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bi st abl e 19 186 ystal display, the

As described below, in a liquid crystal display using two
metastable states whose twist angles are $r + 180° setting
the polarization axes, which are among the parameters that

15 determine the display characteristic, to the optimum angle is
not easy. In such a bistable liquid crystal display, the
twist angle of which is 180° in its initial state, one of the
two metastable states is a uniform state with a twist angle
of 0°, and therefore the light transmittance when the two

20 polarizing plates are each disposed at a certain angle can be
sought relatively easily. However, the twist angle of the
other metastable state is approximately 360°, and in order to
speed up the response as much as possible, the liquid crystal
layer must be made as thin as possible. When the twist angle

25 is large and the liquid crystal layer is thin like this, the
linearly polarized light (white light)_incidenf on the liquid
crystal layer is emitted as elliptically polarized light,
thus making it difficult to seek the transmitted light spec-
trum in the 360° twisted state. At this point, it has not

30 been established yet how to set the polarization axes to
increase both the contrast ratio and the ON transmittance
when R is a certain value.

The invention is intended to solve the above problems, and
35 its first purpose is to offer a bistable liquid crystal elec-
trooptical element that uses chiral nematic liquid crystal



twi st angle of which is 180[err] inits initial state, one of the two
metastabl e states is a uniformstate with a twist angle of O[err], and
therefore the light transmttance when the two 20 pol ari zi ng plates are
each di sposed at a certain angle can be sought relatively easily. However,
the twi st angle of the other netastablesftate I's approxi mately 360[err],
and in order to speed up the response as nuch as possible, the liquid
crystal |layer nust be made as thin as possible. Wen the twist angle 25 is
| arge and the liquid crystal layer is thin like this, the linearly
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di splay characteristic as a display ele- nent wwth a high contrast ratio
and a high(ﬁ?t*%hsn1ttance This first object is achieved with a liquid
crystal electro- 5 optical element as claimed in claiml1. Preferred '
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the respem iBAcomsit a‘ﬁwllt’t?&e@#l‘ﬁ]@ﬁahltlml%ﬂ @fe thed inigial state and the
two metastable states are dependent on the ratio (d/py) of
the liquid crystal layer thickness (d) to the liquid crystal
helical pitch p,. Where the twist angle in the initial state
is $r, the desired orientation state can be realized by
15 satisfying the condition
0.5 $r/360° < d/p, < 1.5 $r/360°.
However, regarding the two metastable states obtained by
applying a driving waveform, the metastable state in which
the twist angle is roughly ($r + 180°) becomes more unstable
20 than the other metastable state under the condition
d/p, ® 0.5 $r/360° '
while under the condition
d/p, ® 1.5 9r/360°
I the metastable state in which the twist angle is roughly (%r
25 — 180°) becomes more unstable than the other metastable
state. A liquid crystal display device having unbalanced
stabilities of the two metastable states has the problem that
greater energy is needed to select the unstable state, thus
increasing the driving voltage or requiring that a pulse vol-
30 tage be applied over a long period. Further, since the time
required to relax from the selected unstable metastable state
to the initial state (memory retention time) is short, rela-
xation may occur in the nonselection period when the display
device has many scanning electrodes, thus degrading display
35 quality.



two netastable states are dependent on the ratio (d/p[err]) of the liquid
crystal layer thickness (d) to the liquid crystal helical pitch p[err].
Where the twist angle in the initial state is [err]r, the desired
orientation state can be realized by 15 satisfying the condition 0.5
[err]r/360[err] [err] d/p[err] [err] 1._56[err]r/360[err]. However,
regarding the two netastabl e states obtalned by applying a driving _
waveform the netastable state in which the twist angle is roughly ([err]r
+ 180[err]) becones nore unstable 20 than the other netastable state under
t he conditi dthal/pjele |fdemed Wy StHersibg 3t e rintenfiace @amde thehaligmuatian on
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Further, in a liquid crystal display with bistability or
multi-stability, the orientation states used for display are
often not sufficiently stable, and plural orientation states

15 may occur at the same time due to local displacement in the
surface condition or shape of the substrate, fesulting in
poor display quality.

In liquid crystal displays related to this invention, a shape
20 effect occurs at the edge of the transparent electrodes, and
particularly when the twist angle ($r + 180°) is selected as
the metastable state by applying a driving waveform, a domain
of the twist angle ($r -~ 180°) appears at the above edge,
= which lowers the contrast ratio. This tendency is most evi-
2s dent when the direction of rubbing is parallel to a selected

side of the pixels.

In view of the above problems of the prior art, the second
purpose of the invention is to offer a high definition liquiad
30 crystal display device with many scanning lines wherein the
display characteristic of the bistable liquid crystal elec-
trooptical element has little dependence on the viewing

angle.

35 The second object is achieved with a liquid crystal display
device as claimed in claim 16. Preferred embodiments are sub-
ject-matter of the dependent claims 17 to 21.



has an effect on the bal ance between the stabilities of the two netastable
states. According to the results of experi- 5 nents by the inventors, it
was found that the stability of the netastable state of the tw st angle
which is ([err]r + 180) dropped as the pretilt angle becane |arger. Such a
di spl ay has the sane problens as descrilyed above. In addition, a great_
pretilt angle will provide a narrow effective viewing 10 angle. Further, in
a liquid crystal display with bistability or nulti-stability, the
orientation states used for display are often not sufficiently stable, and
plural orientation states 15 nmay occur at the same tine due to |ocal
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of the depepdeindd ¥ mbtddtablie state of a 0° twist angle or a 360°
twist angle and both metastable states spontaneously relax to
the initial state.
15
The twist angle ®r in the initial state is not limited to
180°, and it can be set as desired. For example, assuming
the twist angle ®r in the initial state is 90°, the two
metastable states after Frederick's transition have twist
20 structures of ¢r * 180°, i.e., -90° and 270°, and it was con-~
firmed experimentally that switching between these metastable
states was possible. The twist angles &r + 180° of the
metastable states are not exact values but rather are roughly
- $r + 180°.
25
A cross section of the structure when the liquid crystal
electrooptical element of the invention is applied to a
liquid crystal display device is shown in FIG. 1. In the
figure, 21 is the chiral nematic liquid crystal layer, 2 are
30 upper and lower alignment films, 3 are upper and lower sio,
insulating films, 4 are the upper and lower transparent elec-
trodes, 5 are the upper and lower glass substrates, 6 is a
seal member used as a spacer, 7 are the upper and lower pola-
rizing plates, 19 is the rubbing direction on the lower
35 alignment film and 20 is the rubbing direction on the upper
alignment film. In the figure, rubbing directions 19, 20 are
oppositely parallel ($r = 180°), and chiral nematic liquid



-7- The chiral nematic liquid crystal of the invention has two netastable
states as relaxation states which are different fromits initial state; for
exanple, assuming the initial 5 state has a twi sted structure in which the
twist angle is 180[err], the chiral nematic liquid crystal has two

met astabl e states in which the twst angge is O[err] (uniformstate) in one
and 360[err] in the other when a pulse voltage is applied with an absol ute.
val ue | arge enough to cause a Frederick's transi- 10 tion. The waveform and

absol ute value of the pulse voltage applied next determ ne whether the
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or a 360[ errtofyethbragith sedlbabhbeet ashablveent i@, Spont aneously relax to
the initial state. 15 The twist angle [err]r in the initial state is not
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twi st angl e [mrthe inithali stakel, that angie80ferméd bihethewodimreesonbrec—~
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Assuming the direction of rubbing on aforementioned lower
substrate 5 is the x axis and the normal on the substrate is
the z axis, in the measurement of angles using the x axis
direction as a reference, the angles of the polarization axes

15 of lower polarization plate 7 on lower substrate 5 and pola-
rization plate 7 on upper substrate 5 are P and A, respecti~-
vely, and if the direction of twist of the chiral nematic
liquid crystal viewed in the z axis direction is clockwise, a
positive angle of P indicates a clockwise rotation of the

20 polarization axis and vice versa. FIG. 3 shows the condition
in which the angle between rubbing direction x and the pola-
rization axis indicated by the arrow is defined as P when the
helical structure of the liquid crystal has a clockwise twist
when viewed in the z axis direction. A similar measurement

25 was performed for angle A formed by the polarization axis of
the upper polarization plate and the x axis. P % nr (n is
an integer) and P are equivalent. The same is true for A..

The liquid crystal display device of the invention utilizes
30 the switching between the two metastable states. The inven-

tors confirmed experimentally that the time until the selec-

ted metastable state spontaneously relaxed to the initial

state (memory retention time) was dependent on d/p, and dis-

covered by statistical analysis of the results that a practi-
3s cal memory retention time for a display device could be

achieved under the condition

0.8 ®r/360° < d/py < 1.4 $r/360°



figure, 21 is the chiral nematic liquid crystal |ayer, 2 are 30 upper and
| ower alignnent films, 3 are upper and | ower

t he upper and | ower transparent elec- trodes, 5 are the upper and | ower
gl ass substrates, 6 is a seal nmenber used as a spacer, 7 are the upper and
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SSiQ2 insulating filns, 4 are

alignment filmand 20 is the rubbing direction on the upper alignnent film
In the figure, rubbing directions 19, 20 are oppositely parallel ([err]r

180[err]),
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i.e., an angle range in which the pretilt angle can be achie-
ved by the simple method of rubbing an organic film. Even
when $r is not 180° a practical retention time can be obtai-

ned by adjusting the helical pitch in a similar manner.

In a liquid crystal display with bistability or multi-stabi-
lity, the orientation states used for display are often not
sufficiently stable, and plural orientation states may occur
at the same time due to a local displacement in the surface
condition or shape of the substrate, resulting in poor
display quality. This problem is solved when the condition
10° < Qo < 80°
where ®, is the angle formed by a selected side of the pixel,
is satisfied on each of the upper and lower substrates, in
which case high definition display with many scanning lines
is possible in a simple matrix system while maintaining a
wide viewing angle and preventing the occurrence of undesi-
rable domains in the pixels for a uniform displayed image.

The effective viewing angle can be widened when one or both
of the angles'formed by the rubbing directions and the verti-
cal direction of the liguid crystal display as viewed by an
observer is greater than or egual to 45°.

In a liquid crystal display with bistability or multi-stabi-
lity as described above, particularly one in which switching
is performed by applying an electric field, there are many

cases in which orientation of a non-pixel area (between adja-

oOI’l



20 polarization axis and vice versa. FIG 3 shows the condition in which

t he angl e between rubbing direction x and the pola- rization axis indicated
by the arrow is defined as P when the helical structure of the liquid
crystal has a clockwi se twist when viewed in the z axis direction. A
simlar neasurenment 25 was perforned for ngle A formed by the polarization
axis of the upper polarization plate anJ the x axis. P nferr] (n is an.
integer) and P are equivalent. The sanme is true for A The liquid crystal
di spl ay device of the invention utilizes 30 the switching between the two
met ast abl e stentspiXkés)neannotobe contipidddekperusenthe| glentrodas aree
until the sekgemolednBhag! 8 Lzesﬁbétfaéaonkagewﬁ? mlﬁmtpeaiafngnaaaal

state (nenoré retention was dependént err] di's- covered by
statistical ﬁSF9§P§gth?h§°F§§éﬁFsrﬁﬁéP'a bﬁaﬁt?QuQEFE%?a%%ﬁBry het baghsn

EI rre] f /05, 68 dtﬁah[amdeahee Qﬁuhdnbplﬁéll!l QYéésUQHt/QIg]é&hl@eC@é@étleﬁeﬁ £han
err]r e err err

“orabt | cal °r EBBHt EBnPLRRY. AEERgs qPe) Epacinpobe 2ok ErErd oy i EORBIRT Rans
the tinme- equadyep of umggermhhkmnghmateréaleqnlmemerxeleeneasn per thee
times the nu o] n S I f t

bi stabi Ity pobey FrafgRingelfn AT EF0Ag cdn g B 1bROE il |
in the technbhatyini pékedeareast h¥ gdnﬂspmbg|bb9|%m45951@gl$ @5 Yaeerr] is
recomended iQ&uiBecP§§Ehhtlﬁnﬂh6 nBHkaQeihéﬁeé§V£§ tion, a practical
retention time can_be realized by applying the aforenentloned condition .
formula i he 1 tBolBpe#rP-7ange: 10 i.e., an angle range in which the
pretilt anglwheéra &g #shtRe thickness of the liquid crystal layer in the

non-pixel areas.

The invention enables multiplex drive of chiral nematic
15 liquid crystal having two metastable states by switching
between the two metastable states. Where the twist angle &r
in the initial state and R (= An-d) are parameters, it was
shown that the purpose of the invention was achieved by
appropriately setting the angles P and A formed by the pola-
20 rization axes of the polarizing plates and one of the rubbing
directions according to these parameters. The optimum values
for the angles P and A are dependent on each other, and it
was confirmed that their relationship was greatly influenced
— by ér and R.
25
The Mauguin condition is a condition for rotating the polari-
zation axis of the propagated light so that the polarization
axis follows the twist of the liquid crystal molecules when
linearly polarized light is incident in the direction of the
30 helical axis of the chiral nematic liquid crystal. This is
expressed by the equation
p'+An » A _
where p' is the helical pitch of the liquid crystal when
infused between two substrates that had undergone alignment

35 treatment, An = ng, - n (ng and n, being the refractive

ol
indices of the liquid crystal for extraordinary light and



ved by the sinple nmethod of rubbing an organic film Even when [err]r is
not 180 a practical retention time can be obtai- ned by adjusting the
helical pitch in a simlar manner. 15 In a liquid crystal display with
bistability or nmulti-stabi- lity, the orientation states used for display
are often not sufficiently stable, and_ghkural orientation states nmay occur
at the sane tine due to a |ocal displacenent in the surface condition or
shape of the substrate, resulting in poor 20 display quality. This problem
i's solved when the condition 10[err] 80 where [err] is the angle formed by
a sel ected sneEmal Lhghp; xeespegtivelyl i candnh ek ERF WanelgREth 0% theoer
substrates, 1fgMBich case high definition display with nmany scanning |ines
25 is possible in a sinple matrix systemwhile maintaining a wi de view ng
angl e and preventing the occurrence of undesi- rable domains in the pixels
for a uniforwhdhspingadlynpgearibedelighti Navingva rep gl zatchon bex i dened

h
verti- cal EFRESHSh b7t REEPTORT G EFEE: tr e Pl QBN ES Bhcek ver
is greater thae biqehdatrystdB[mol@culasa;m|mpnth¢n3umth ahepsulystrate is
bi stabi | ity phepybbladt 2l Ziziay BPsLRPCLLPE LRy AL i berge (1

whi ch SMAtChIng I'S erforne ng an e ectrlc e are many

cases in whl%%V%rP%ﬁ@a§¢5n56ft i 3kove Mauquia qandidan is satis-cent
pi xel s) canngieds %téﬁiéeéf b@@éuﬁeléflﬂz@ch exsigrp@ieiss HtdtUdBEL Ofb Py One

et o et i g LS 1 G R P IR U G a1
becomes linearly polarized light polarized parallel (or per-
pendicular) to the alignment direction n2 of the liquid cry-
stal molecules in contact with the other substrate, and the
light is emitted. Also, when linearly polarized light having

15 a polarization axis in a direction other than parallel (or
perpendicular) to nl is introduced, the light becomes ellip-
tically polarized and is emitted. Widely used TN type liquid
crystal display devices perform switching between a homeotro-
pically aligned state and a twisted state that satisfy the

20 Mauguin condition. That twist angle is 905, and the optimum
value for p'+An is approximately 1.88 um (p' = 20 gm, An =
0.094). By setting the two polarizing plates so that their
polarization axes are parallel (or perpendicular) to nl and
n2, respectively, an extremely high contrast ratio and ON

25 transmittance can be achieved.

The above does not apply to the relationship between the dis-
play characteristic of the bistable liquid crystal display
device used in this invention and the Mauguin condition. 1In
30 this patent specification, where ®r is the twist angle in the
initial alignment state, switching is performed between .two
twist states in which the twist angle is ¢r + 180° and ér -
180°. The twist state of the twist angle whose absolute
value is the larger one is referred to as S¥ and the other is
35 referred to as S~. Here, each of the parameters are set so
that both St and S~ satisfy the Mauguin condition, and if the
two polarizing plates are disposed such that their respective



transmttance in non-pixel areas should be made-lower than 5 that in pixel
areas, and this can be achieved by formng a |ayer of l'i ght maski ng
material on non-pi xel s areas. O the light transmttance in non-pixel areas
can be made | ower than that in pixel areas by adjusting the tw st angle of
the liquid crystal in the non-pixel aregas as 10 dierr]/p[err] [err]
0.75 where d[err] is the thickness of the liquid crystal layer in the _
non- pi xel areas. The invention enables multiplex drive of chiral nematic 15
liquid crystal having two netastable states by switching between the two
met ast abl e petasizyvior akestarstparylke] efor pdnpandddulianaltaink eandchd R
(= err]n. dip { CsPaAdEaers niha)@ f%sﬂgvm%} RSPl he Tﬂhhénié on

was achleve appropri ate sett he, an forned b

pol a- 20 ri z%?fFQ}hS%xe’élWetlh Pt a2 z‘PflgS plfﬁﬁ"i,ﬂé”l dﬂd acm’e "b'q‘ ST ubb| ng
directions acleégplé@glwwhes@wafmﬁéﬁ@tea hes gy gV alne O rerd it angl es
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of the liquid crystal when 1 nfused ween two substrates that had
under gone'&IRYHEFREI Nt A YR A d#—ﬁplalh[‘éﬁr]a"t%ﬁlétrl]c et s rﬁ‘@r‘-’rﬂd He ng

the‘refractipsactical application. This fact is irrespective of the

value of &ér.

However, if S+, for exgmple, should not satisfy the Mauguin

15 condition, then the following can be considered. A case is
explained in which $¥r is roughly 180°, which is the angle at
which the optimum display characteristic is expected to be
achieved. Below, L is the helical pitch in s¥.

20 (1) When L-+(ng - n,) is sufficiently smaller than A:

st is optically isotropic, but it behaves as an optically
active medium with several degrees of rotation power per 1 um
(de Gennes, P.G., The Physics of Ligquid Crystals, p. 226,

25 Oxford University Press (1974)). When an optical rotation
angle of ®,.,, is assumed, it is clear that the light trans-
mittance of S* reaches a minimum where the angle ¢,, formed
by the polarization axes of the two polarizing plates is 90°
+ <I)rot

30
The twist angle of S~, on the other hand, is 0°. However,
since chiral nematic liquid crystal has an intrinsic twist,
the twist angle of S~ is not strictly 0° even if $ér = 180°.
However, if the twist angle is not very large, S~ may be con-

35 sidered to be a birefringent medium with no twist under the
condition r = 180°. Therefore, if the angle ($¥n) formed by
the direction of the polarization axis of one polarizing



indices of the liquid crystal for extraordinary |ight and normal |ight,
respectively), and [err] is the wavel ength of the light. Wen linearly

pol ari zed light having a polarization axis 5 parallel (or perpendicular) to
the alignnment direction nl of the liquid crystal nolecules in contact with
one substrate is introduced in a liquid grystal cell in which the
paraneters have been set so that the abB e Mauguin condition is satis-

fied, the axis of the polarized |light is rotated to follow 10 the tw st of
t he | | quid crystal nolecule alignment so that it becones linearly polarized
l'i ght pol ar igleteara [Hle (orepmye gldulinartadirectibe alfi giveedtiqiiideciyon n2
of the liqui r I -€ t helo ﬁ%p nd
the light i s&e% t OI}R&J&IE{@ Jﬁ’s:vvkllgen éf r%e&a?{goa%%rpwomméleﬁléh? %ha%&b%g td
pol ari zat i orabges the alwh@&nwmﬁtém%af Sar snder the ) T o

nl is introdyped, ghe | 'ﬂ@tsm Ydddiblld ¢ |o‘btﬁ(iha%'nz‘§§c%él§r high
emtted. Wdely uséP9 N type |iquid crystal di spl ay devices perform -

swi t chi ng HERREERSE R And Pt 1arMrgeb¥nessre and a twi sted state
that satisfy the 20 Mauguin condition. That twist angle is 90[err], and the

opti num val f AN s approxi mately 1. [er .p' r r

An [err] O. 3@3) %’é& gét(trfmg t'ﬁ‘-@ t%ﬁﬁﬁ%géri f‘?‘%& §| él‘lg]sﬁgon% %a? LF ﬁg L’%O%
pol ari zat i ortcaeetimfy hrenlMasiguwior gendidridingul ar) to nl and n2,
respectively, an extrenely high contrast ratio and ON 25 transmittance can
be achi eved. The above does not apply to the rel ationship betwegn the dis-

pl ay char¥cEsenstiifc ¥ < H° pinsttdbie dasfyi Fhe pidted ddoBF @fiSce hesames,
this inventign iptd daha YWHEIHNL 2 diiighi andN the direction of the longer

axis of the ellipse is not parallel to n2. Therefore, a high
contrast ratio and ON state brightness can be expected assu-
ming that, for example, $n = 0° and @12 = 90°,

15
(3) When L:(ng - ny) is a value intermediate between (1) and
(2) above:

In this case, a display characteristic intermediate between
'20 (1) and (2) should be expected. It is not easy to imagine
the display characteristic when ®r has shifted to a value
larger than 180°. However, if the Mauguin condition is not
satisfied, it should be possible to avoid the situation in
— which the polarization conditions of the emitted light in st
25 and S8~ become nearly the same and cannot be optically distin-
guished.

In this invention the relaxed state is regarded as the
metastable state because the memory retention time is not

30 infinite. It may be possible, however, that the stability of
the metastable state extremely increases and that the memory
retention time approaches infinite. Of course, this invention
applies to the case of an infinite memory retention time.
Though the term "optically isotropic medium" in general means

3s that An of the medium is zero, in the present patent specifi-
cation the medium is regarded optically isotropic if the
apparent An is much smaller than its intrinsic An.



30 this patent specification, where [err]r is the twist angle in the
initial alignment state, switching is perfornmed between two twi st states in
which the twist angle is [err]r + 180[err] and [err]r - 180[err]. The tw st
state of the tw st angl e whose absolute value is the larger one is referred
to as S[err] and the other is 35 referrgd to as S . Here, each of the
paraneters are set so that both S[err] and S[err] satisfy the Mauguin
condition, and if the two polarizing plates are disposed such that their
respective -12- polarization axes are parallel (or perpendicular) to nl
and n2, S[err] and S[err] can hardly be distinguished optically. This is

because, sinEeefdrred eMoedimbetd |offetKd ﬂikvemﬁd?? w1 15[y rdesdzeﬁi&fti vely,
both the em tted |l ht ofp‘%err and the enmtte l.i ght of err] becone

linearly poI%‘?Jr‘%"édl AL it eferange °ré7é"ﬁ &Fawﬂl ¢ BN t he
two pol ari zathich pl at es are di sposed such that their polarization axes are
ot her tha&sparallel (or perpendicular) to nl and n2, respectively, then
S[err] and S[err] can be optically distinguished but the display ele- 10
ment does ndEIGavk is B spress cestinrreftihe tliguiids ayisted ted gqutamidpdal -

application. This fagh |e'~‘1éﬂérﬁ§gﬁctﬂh\ée 19 owal ue of [err]r. However, if

S[err], for exanple, should not satisfy the UQUIn 15 condition, then the
foll owi ng can be considered. A case is explained in which [err]r is roughly
180[err], Wrmh is idiea angbss dedidh 6ﬂwecwt1'1r§mud s@emcfare&tﬁd i< is
expected to be achieved. Belo é’h t he heli,cal pit in Serr]. (1)
Waen L. (n& - n[err])3 qr‘g’ Ir;‘esr?ﬁﬂl eDtiPRan [err] S[err] is

optfcally isotropic, but it behaves as an optically
FIG. 3 is a graph defining the angles of the polarization
axes, '

15 FIG. 4 is a diagram showing the driving wavefornms,

FIG. 5 is a diagram showing the optimum values for angles P
and A of the polarization axes,

20 FIG. 6 is a diagram showing the driving waveforns,

FIG. 7 is a diagram for explaining the relationship between
the electrodes and the alignment directions,

26 FIG. 8 is a block diagram of the driving circuit,

FIG. 9 is a diagram for explaining the relationship between
the observer and the coordinate axes,

30 FIG. 10 is a diagram for explaining the relationship between
the alignment directions and the polarization axes,

FIG. 11 is a diagram showing the driving waveforms,

35 FIG. 12 is a cross section showing the structure of the
liquid crystal display element,



active mediumw th several degrees of rotation power per 1 [err]m (de
CGennes, P.G, The Physics of Liquid Crystals, p. 226, 25 Oxford University
Press (1974)). Wwen an optical rotation angle of [err] is assuned, it is
clear that the light trans- mttance of S[err] reaches a m ni nrumwhere the
angle [err] fornmed by the polarization gxes of the two polarizing plates is
90[err] + [err]. 30 The tw st angle of err], on the other hand, is
O[err]. However, since chiral nematic liquid crystal has an intrinsic
twist, the twist angle of Sis not strictly O[err] even if [err]r = 180.
However, if Rlfe i sis angliagram@hopdng ithegdrisiegr Yawgfoptseoandl3s
sidered to be a birefringent nediumw th no tw st under the condition [err]
[err] 180[er&]. Therefore, if the angle ([err]ln) formed by the direction
of the pol aFifat ildn ki BOHh E95HLINN sheying the sprycturRiofnEhgyer age

al i gnment directionjgtutide crivettad a@igplayablaméRe)l&adin S is set to
approximately 45[err] in order to raise the light transmttance of S err]
under the Scondition [err] = 90[err] + [err] it should be possible to obtain
an extrenel FIG.ghss icort caxiss ek iamd sBwdhgt Eher sthugbure 02) aVkdquid (ne

- n[err]) is Iargerc% @aX]QB&O%?d@Q%légrgﬁeﬁgﬂegh to satisfy the Mauguin
errjn = 0[err] |

condition: 10 Even i IS case, the emtted |ight of
S[err] becones elliptically  polarized |ight and the direction of the |onger

axi s of theaeldriRse debtiQn A HnleClLilgRid’ crylens! Qléctﬁob?ﬁhcﬁﬂnéléﬁbn'tat i o
and ON Etate bri ght ness %Fn be %5Q§Qteg aasu: mn .th?t, or eéa"BLSt
[err]n _'@[gggp qa%qq mbogiyment 1is shown in FI 1 A transpa
o electrode 4, an insulating Si0, film 3 and a liquid crystal
alignment film 2 are formed on each of an upper substrate 5
and a lower substrate 5, after which they undergo rubbing. A
polyimide is used as the liquid crystal alignment film.

16 Assuming an initial alignment state in which ®r = 180°, for
example, the two substrates are mated together via a spacer 6
so that the rubbing directions are parallel to each other in
opposing directions. Also, assuming or = 90°, the two sub-
strates are mated together so that the angle formed by the

20 two rubbing directions is 90°. The liquid crystal electroop-
tical element was fabricated by infusing a chiral nematic
liquid crystal 21 between these two substrates and disposing
the polarizing plates 7 on them. To use this liquid crystal

- electrooptical element as a reflective type, a reflective

25 plate need only be disposed on the outside of the upper pola-
rizing plate or the lower polarizing plate. The liquid cry-
stal material used included a nematic liquid crystal having a
positive dielectric anisotropy (Ay > 0) available on the
market and an optically active compound that induces a

30 helical structure added to the nematic liquid crystal to
adjust the p,. In the first to the seventh embodiments, E.
Merck's R-811 was used as the optically active compound,
while in the eighth and later embodiments, E. Merck's S-811
was used.

35
The An up until now referred to the apparent An, but in the
following embodiments, the liquid crystal's intrinsic An was



15 (3) Wen L.(n[err] - n[err]) is a value internediate between (1) and (2)
above: In this case, a display characteristic internmedi ate between 20 (1)
and (2) should be expected. It is not easy to inagine the display
characteristic when [err]r has shifted to a value larger than 180[err].
However, if the Mauguin condition is not, satisfied, it should be possible
to avoid the situation in which the polaplzatlon condi tions of the emtted.
light in S[err] 25 and S becone nearly the sanme and cannot be optically

di stin- guished. In this invention the relaxed state is regarded as the

met ast abl e sused. be’Elailseis hbegause ythetpretblt tangle sisigersrafy nitetol t

mey be possiple, , %feﬁ&?étﬁﬂge ﬁ%@@%ﬁﬁt&hcqntéﬁérﬁgﬁﬁerogﬁﬁes |§?|n|te

extrenel y |ncreases an retentton tine a
of course, t3mg th%ehﬂtﬁhnﬁpﬁlA@soﬁotbﬁeltﬁgtdcﬁr¥§t4lﬁ¢¢ﬂtbﬁrﬁ?ﬁﬁ&dered

retention tigg. th@é@myh@%ﬁﬂm "9@%@&' vahéptﬁlﬁ)';?re’@ﬂlﬁ“’&n Iégpgleral
means 35 thﬁt An of the fumis,zer

esent en ecifi-
cation the® Ifn i Ehe iR Héﬂsbﬁtéﬁa?f ?% + an$ﬁ£fg§H% An is
much snal | erappwrent sAnnamfﬂengéeatly aid-th¥ edmparsshte o dhueintise o:isédme

dr i nge, | YRR - pr ehCS e AU o S PG lane el o e O byl
el ect roopt i -dml%Y eherpevforned | iventhemory|state jwithartoapplainion of the
liquid cryst@hi €dgEtdPPPaLs from that in a case in which display is
10 performed in a state in which voltage is applied, the values
of the apparent An must be different. However, since the
voltage is about 1 volt, the difference in the apparent An
when a voltage is applied and when a voltage is not applied
is very small and that difference may be.ignored. Therefore,
15 it is natural that the average apparent An during display
operation be used, but the intrinsic An of the liquid crystal
is used in the following embodiments. As described above,
when display is performed by applying a large voltage such .
that the alignment distribution deviates greatly or when the
20 pretilt angle is large the average apparent An during display
operation must be used.

In order to set R to various values, several varieties of
— liquid crystal material with differing An were used and the

25 thickness of the liquid crystal layer was set between 1.7 um
and 25.0 um. The An of the liquid crystal materials and the
-number of the embodiment in which each liquid crystal mate-
rial was used are shown in TABLE 1 below. Also, though the
pretilt angle differed depending on the liquid crystal mate-

30 rial, the alignment film and the rubbing method, it was about
1° to §° in the first to the seventh embodiments.



10 cal element of the invention, FIG 3 is a graph defining the
angl es of the polarization axes, 15 FIG 4 is a di agram showi ng the driving
waveforms, FIG 5 is a diagram show ng the optinum val ues for angles P and
A of the polarization axes, 20 FIG 6 is a diagram show ng the driving
waveforms, FIG 7 is a diagramfor exp[@iﬂrm]the rel ati onshi p between the
el ectrodes and the alignnment directions, 25 FIG 8 is a bl ock diagram of
the driving circuit, FIG 9 is a diagramfor explaining the relationship
bet ween the observer and the coordinate axes, 30 FIG 10 is a diagramfor
expl aining the relationship between the mBIghaent directions and the

pol ari zation axes, FIG 11 is a diagram show ng the driving waveforns, 35
FIG 12 is a _cross section showing the structure of the liguid crystal

di spl ay el efent, -15- FIG 13 is a diagram showi ng the driving

wavef orms, ah8 I G ha is'a cross section showi ng the structure of the

| iquid crystevsteli spl by 48] drent , H¥#dimPG, 15 is a cross section show ng the
structure efmeerlatquid crygtal color display elenent. A cross section of ths
liquid crystat—etee eopttcat—e TE O 1 A1 rBoth-frert—ts A
in FIG 1. paiwamspayands gliectrode 4, an insulating Sierr] film3 and
liquid crystah..abi gnreyMo fi1laNed, 4@, {-%, oA 087, 88Lha 9f 3aNndipPer . substrate 5
and a | ower substratfe 5, ?f ter a&qfr}l gh m£y6'l+ndergo rubbi ng. 'A

\1%

C U -~ U JUU VYV

2L1-1370 | 0.14 [ 1-10, 1-14, 2-4 and 5, 3-4 and 5, 44 and 5, 5-4 and 5
10|2L1-2140-000 | 0.15 | 1-13

ZLI-4454-000 | 0.159 | 1-16 to 19, 1-21 and 22, 2-3, 3-3, 4-3, 5-3

ZL1-4155 | 0.186 | 1-11, 1-26

ZL1-5049-000 | 0.208 | 1-20, 1-23, 1-25

15 We evaluated whether or not the liquid crystal element satis-
fies the Mauguin condition using the helical pitch I of the
metastable state with the larger absolute value of the twist
angle between the two metastable states, the An and the
wavelength (380 to 780 nm) of the light. The twist angle &r

20 in the initial state and I have the following relationship.

L = {27/ (®r + 180°)}-d
The left side (L-An) of the inequality which describes the
Mauguin condition and R have the following relationship.
L+An = 27-R/(®r + 180°) '

25 Therefore, setting the direction of the polarization axis
according to the value of L-<An is nothing more than setting
the direction of the polarization axis according to the value
of R and $r. Also, only when $r = 180° does L-.An equal the
retardation of S, because the relationship between $r and L

30 shows that L is equal to 4 when $r = 180°.

Rubbing direction 19 on lower substrate 5 is the x axis. 1In
the first to the seventh embodiments, the helical structure
observed in the direction normal to the substrate (z axis

35 direction) is a right handed twist (clockwise twist), and
therefore the angle P of the polarization axis of lower pola-
rization plate 7 is defined as shown in FIG. 3. Of course, P



polyimde is used as the liquid crystal alignment film 15 Assum ng an
initial alignment state in which [err]r = 180[err], for exanple, the two
substrates are mated together via a spacer 6 so that the rubbing directions
are parallel to each other in opposing directions. Al so, assumng [err]r =
90[err], the two sub- strates are nated_g gether so that the angle forned
by the 20 two rubbing directions is 90[err]. The liquid crystal electroop-
tical elenment was fabricated by infusing a chiral nematic liquid crystal 21
bet ween these two substrates and di sposing the polarizing plates 7 on them
To use this |lamdi® £ryst &éh ébesnhr bopegen) arensmiivslent of |'BHud isame vy, a

reflective 2 t egd opl eqdl $POS t ts¢ dey Qf upper pol a-
rizing plat e%ﬂ?hgo?oﬁér go g{r?i g?néi@lgfe%hﬁeﬁ%u% @Fy’i ﬂs"?gﬁ' %t—eri al

used i ncl uded®® Aknd¥ecaiFgueduiryd halPREXamRES 4 | (Br dhlelTct¥4@, 50°)

ani sotropy ([&md] (P, OA) axaiyebl e1800°§ hei 8Bd ke aithaddiHal |y active
conpound that induces a 30 helical structure added to the nematic liquid
crystal to 3dFRR¥ACHETIFELIFI. In the first to the seventh enbodi nents, E.
Merck's R-811 was used as the optically active conpound, while in the

ei ghth and | ﬁHP [ ' -§¢ﬁ STES En? unt i
now r ef erreda%vgi_:? e Ig p%%?eﬁ%h%ﬁ{'&%nﬁ?ﬁ% 0 #%vﬁ ng égsnb%gi rrerﬁnso\f‘bf%e
liquid crystatwist mnghes cofinthasliquid eerystal ame apprgoowmakaly R6QT eaand t
angle is genesal | YedQedlPivbey! ] isaperiiaid O5f dPif1 ARRATE Mo ARdd ddifeform
non-twi sted state and the intrinsic_An of the |iquid crystal_can be | .
consi dered1© such as that shown 1n FIG. 4. We also set P and A to various
: angles and measured the light transmittance in the 360° and

0° states to calculate the contrast ratio. We used a polari-

zing microscope, model BH-2, produced by Olympus and a white

light source attached to it. However, the light transmit-

15 tance of the polariziﬁg plate used was approximately 48%.

The display properties of a reflective type can be evaluated
by using the display properties of a transmission type as
shown below. In the transmission type liquid crystal display

20 device shown in Fig. 1, assume that it is used as a
reflective type by placing a reflector plate under the lower
polarizing plate. Assume that light of intensity Io is
introduced to the upper polarizing plate and light of

— intensity Id is reflected off. Assume that the intensity of

25 the incident light going into the liguid crystal layer after
having passed through the upper polarizing plate is Ia, the
intensity of the light transmitted through the lower
polarizing plate is Ib, the intensity of the incident light
going into the lower polarizing plate again after being

30 reflected off the reflection plate is also Ib, the intensity
of the incident light going into the liquid crystal layer
again after passing through the lower polarizing plate is Ic,
and the intensity of the light (reflected light) transmitted
through the upper polarizing plate is Id. The ratio of Id to

3s Ic is equal to the ratio of Ib to Ia, hence the following is

true:



to be nearly equal. However, when the pretilt angle is 5 large, the
infrinsic An of the liquid crystal and the apparent An differ greatly and

t he apparent An must be used. Further, since the nolecular alignment in a
case in which display is perfornmed in a menory state wi thout applying
voltage differs fromthat in a case in hich display is 10 perfornmed in a
state in which voltage is applied, the values of the apparent An nust be
different. However, since the voltage is about 1 volt, the difference in

t he apparent An when a voltage is applied and when a voltage is not applied
is very small andIghat Idi-Ikgid@nce may be ignored. Therefore, 15 it is (1)
natural that the average apparent An during display operation be used, but

the intrinsic An of the liquid crystal is used in the follow ng,
embodi ment s NexE . &&SWMSe Fhidh Mightwisangndseayity pér tBenBalayidpphying a

Itﬁr ggovol t aga atesh foraturigta il aaAghd Sk kbdhtioBhdeyighes greatly or when
e pre

tilt angle. s lar he average_apparent An_during.display
operation 5nﬁ§?“ﬁ§‘qﬁ§é‘(¥lqyn ‘%ﬁ&éﬁg 8 ?EP‘%ﬁngoggagFﬁugoga#fi%s?lgﬁﬁgr al
vari eti es opolmgriizetdc lyigthet! whdicdr iisl poillebridefif parajjldh tertheskilghtd t he 25
t hi ckness o i QUi A I . S tyeep 1 err] nd _25.0
[err]m Thgrkﬁggﬁs%ﬁégﬁ%%%?%q%;;%%%%l%gggrﬁg?ggan ?het%ﬁ%b%% %¥§tgg
enbodi ment Fanwkec expxessedy@sd folyowsl: mate- rial was used are shown in
TABLE 1 below. Al so, though the pretilt angle differed depending on the

liquid crystal mate- 30 rial, the alignnment filmand the rubbing nethod, it
was about®i[err] &8 5[&EP in the first to the seventh enbodi nents. (2)17-

Ic = y*Ib (3)

When the equations (2) and (3) are substituted into the
15 equation (1),

Id = (Ib2/Io)-(y/x)

Id/Io = (Ib/Io)2-(y/x)
20
can be obtained. Exactly speaking y # 1, however, it is
close to y = 1. Further, we will distinguish light
intensities in ON and OFF states by adding (ON) and (OFF),
then the contrast ratio CR in a reflection type can be
25 expressed as follows:

= (Ib(ony/IP(oFF))

30 Thus, the reflectivity, Id/Io, and contrast ratio in a
reflective type can be obtained from the transmissivity,
Ib/Io, and contrast ratio in transmission type.

35 First Embodiment: $r = 180°

(1-1): R = 0.102



TABLE 1 Liquid crystal [err]n Enbodi nent 5 material ZLI-4119

0. 06 1-1. ZLI-4262 0.10 1-2 to 9, 1-12, 1-15, 1-26 to 27, 2-1 and
2, 3-1 and 2, 4-1 and 2, 5-1 and 2, 6, 7 ZLI-1370 0.14 1-10, 1-14, 2-4
and 5, 3-4 and 5, 4-4 and 5, 5-4 and 5 10 ZLI-2140-000 0. 15 1-13
ZLI| - 4454- 000 0. 159 1-16 to 19, 1- Zigﬁnd 22, 2-3, 3-3, 4-3, 5-3

ZL1 - 4155 0. 186 1-11, 1-24 ZLI- 000 0. 208 1-20, 1-23, 1-25.
15 W eval uated whether or not the liquid crystal elenent satis- fies the
Maugui n condition using the helical pitch L of the netastable state with
the larger absolute value of the twi st angle between the two nmetastable

states, the g aagugaadw@veg%nihgt(a%owaeLﬁéarmyilgéoth L4dbhg dRCappi-ot

angl e [err]r 20 1N th state_ and oW ng relatlonshlp
L = {2[ err]/PFaREPr aBOVBY] Of Fhe. HP?hEaiéYtagFH%e T?TEF?T%)REﬁ1¥héE
i nequal ity \Aneebkgleaar zh@satthe Naugwi 0,060y preduesd By hByeMéhek( ol ¥RBI ng

| at h 8 25, Theref or ttin
[ he i root FORMEFRRREEDS) a1 Shel diakifctkbatati My eh 138 bof dBn; B AEi 5 0
not hi ng nnreltnapmsandldgpgh@ 0i.5ect The pélationship iketwesn dkiAnaandr theg

to the val ue [ ] , only when [err]r = 180[err] does
L.[err]n equa?b?géﬁnga %gﬁﬁt 9 , because the relationshi p between

[err]r and L 30 shbwAnt faf- E025<ehuéﬂ 3% ovheB [ER) ] r = 180[err]. Rubbing

direction 19rparkpye,SeRst MBLGUIN SchdPtXoRXiS ndt ddeidfisd. to the
sevent h enbodi nent s, fhe helical structure observed in t he di rection normal

to the subdStrate (z axis
The light transmittance It in the 360°-twisted state, The

transmittance I~ in the 0° twisted state and the contrast
ratio CR in various combinations of P and A are shown in
TABLE 2 (second digit after the decimal point is rounded up

15 if the third digit is 5 or greater and rounded down if less
than 5).

A light transmittance of 100 corresponds to an intensity of
the transmitted light equal to that of the incident light.
20 Also, the values of L-<An, the wavelength (A) and 4 and L are
noted below the table. That is, combinations Nos. 1 to 13
are embodiments, and combinations 14 to 17 are comparison

examples.

25 The meanings of T and R are as follows. The "o" in the T
column indicates the combination is good enough to be used as
a transmission type display element, and the “o" in the R
column indicates that the combination is good enough to be
used as a reflective type display element (Thus, R in this

30 and other tables should be distinguished from R = An-+d). An
asterisk (*) in both the T and R columns indicates that the
respective combination of P and A is given as comparison
example. When R = 0.102, the combinations Nos. 1 to 6 can be
used as both transmission type and reflective type elements.

35 Also, combinations Nos. 7 to 13 are not good enough to be
used as transmission type elements. However, since greater
emphasis is placed on the brightness in the bright state than



35 direction) is a right handed tw st (clockwi se twist), and therefore the
angle P of the polarization axis of |lower pola- rization plate 7 is defined
as shown in FIG 3. O course, P -18- and P nf[err] (n is an integer)
are equivalent. The sane is true for A. A set of (P, A and a set of (P
nferr]/2, A n[err]/2) are also eqU|vaI§qt For exanple, (P, A =
(160[err], 50[err]) and (P, A (70[err], 140[err]) yield the sane dlsplay
5 characteristic. Sw tching betmeen the two netastable states in which the
tw st angles of the liquid crystal are approximtely 360[err] and Of[err],
respectivel ygn itsh@ecccbxmtmeltbya'aptplvyherg usad|asge nefisfiairivel Cyne e kegmaritag
shown in Fl G nd

@ndy é@naﬂ:é é& £’ tgu)’f éi@de"%‘?tsa aﬂ.‘lﬂéaﬁié{rgﬁtah

| i ght transn1ttance in t err states to c
ye

contrast r atqﬁlq\él%s%dr%fb%ﬁ:ﬁ% YP@ %%W%cﬁi@u%d@ aleash ddfced by
A ynpus and ghetetdre | ohf ﬁﬁé@@'@fé@@%i& WHen W&d a3 d itHHnsnis-

transmt- 15 tance of t arizin at e used s ap r oxi mat el 48W The
di spl ay prdperdR YRR %{]?’é‘??écﬁvje f,y"z'e N ng’ﬁ s

di spl ay propssfliestbfe atypanebementn tGymbiatatsivnm mﬁ.ow:; o tlh’eglven as
{ransm ss oMk g 140! EINPLE! ol SRLBOGD WPV SI0WEiulTds ol

that it is use sare rve cing a reflector A e un rthe
| ower poIannﬂnurﬁﬂEﬁﬁie¢%%Ymm¢!Pﬁuel#ﬁﬁntﬁﬁ intensity I[err] i's introduced
to the upper polarizing plate and |ight of |ntenS|ty Id is reflected off.

Assume that the |nten5|ty of 25 the I nci dent ht going into the liquid
crystal |3 dhegesuty it phesal Q%@Yug‘ﬁg}a%p(ﬁyﬁﬁ ehermEneg | g,

the- whether or not an element can be used as a reflectlve type by
actually disposing a reflective plate on it are depicted in
FIG. 5. We found that if P and A were combined within the
range indicated by shading, the element could be used as a
15 reflective type. The results for various R are shown below,
and all tables are read the sanme.

= 0.96, the results are shown in TABLE 21.
= 1.02, the results are shown in TABLE 22.

(1-20):
(1-21):

(1-2): R = 0.16, the results are shown in TABLE 3
(1-3): R = 0.2, the results are shown in TABLE 4.

20 (1-4): R = 0.22, the results are shown in TABLE 5.
(1-5): R = 0.24, the results are shown in TABLE 6.
(1-6): R = 0.28, the results are shown in TABLE 7.
(1~7): R = 0.32, the results are shown in TABLE 8.
— (1-8): R = 0.36, the results are shown in TABLE 9.
25 (1-9): R = 0.4, the results are shown in TABLE 10.
(1-10): R = 0.42, the results are shown in TABLE 11.
(1-11): R = 0.428, the results are shown in TABLE 12.
(1-12): R = 0.44, the results are shown in TABLE 13.
(1-13): R = 0.45, the results are shown in TABLE 14.
30 (1-14): R = 0.56, the results are shown in TABLE 1S.
(1-15): R = 0.64, the results are shown in TABLE 16.
(1-16): R = 0.7, the results are shown in TABLE 17.
(1-17): R = 0.72, the results are shown in TABLE 18.
(1-18): R = 0.78, the results are shown in TABLE 19.
35 (1-19): R = 0.84, the results are shown in TABLE 20.

R
R



intensity of the light transmtted through the |lower polarizing plate is
Ib, the intensity of the incident light going into the | ower polarizing
pl ate again after being 30 reflected off the reflection plate is also Ib,
the.intensity of the incident light going into the liquid crystal |ayer
agai n after passing through the | ower pqé?{izing plate is Ic, and the
intensity of the light (reflected light) Transmtted through the upper
polarizing plate is Id. The ratio of Id to 35 ICis equal to the ratio of
Ib to Ila, hence the following is true: -19- 1d =1lc.lb/la

(1) Next, asddm@2diteR igHi. @5 andihies giesulrsoarehehpwhainz rABLEl ates f or
unpol ari zed Ighl)i.;s X aRd ddie liHEhtre3 tl!’t%”%@esﬁh}éhhﬁﬂf rhBEEPgLari zi ng
plates for the linear polarized |1 ght xhlch I's polarized paral el to the
li ght transni(ds28a :aR § Jf- 9ol artihe Kgsyliseare ghownehn| FABRE R6.can be

<(a>2<|)or|essed als (iebbguwsr ¥01.12, | &he ¥eklts are shown in ’I‘ABI3.E 26. h
cC =Y. . _ ] en the
equations C2Y13R&7¢3R & & -Subst iths E§sHALS re §§°¥Bué9igﬁg%g)?7kd =
(I'b[err]/10)(LyR%) :1 & Fo2= 5| b/ dhectrebulty/ syre28hoen ba ohbagngd. Exactly
speaking y [err] 1, however, it is close toy = 1. Further, we wll

distinguish light intensities in ON and OFF st'ates by adding (ON) and
( OFF), (1-28) In the above embodiments, we confirmed that practical

implementation of the liquid crystal electrooptical element
10 was possible if ®r was in the range 160° < $r < 200°. The

mutual settings for P and A differ in reflective type and

transmission type elements because, as described above, the

contrast ratio in reflective type elements differs from that

in transmission type elements. Their relationship is tabula-
15 ted below.

(1) Reflective type element

(1) When 0.102 < R < 0.4 or 0.78 < R < 0.96,
20 (P+al <A<P+ a2 and -P + Bl < A < -P + B2] or
[P+ 1L <AS<P+y2and -P + 61 < A < -P + §2]
(2) When 0.72 < R £ 0.78,
[P+al <A<P+a2and =P + 81 < A < -P + 82] or
[P+ 9L <A <P + 2]
25 (3) When 0.40 < R < 0.72, 0.96 < R £ 0.99,
or 1.05 £ R £ 1.12,
[P+al <A <P+ a2] or
[P+ 91 £ A <P + v2)
(4) When 0.99 < R < 1.02,
30 (P +al £ A <P + a2}
(5) When 1.02 < R < 1.05,
[P+ 91 < A<P + 2]
Provided:
al = -109.4+R - 133.1 (0.102 < R = 1.02)
35 -225.0 (1.05 =< R = 1.12)
a2 = -45.0, {0.102 < R < 0.32)
6696.4-R3 - 8720.1-R% + 3354.7-R - 445.0 (0.32 = R s 0.64)



then the contrast ratio CRin a reflection type can be 25 expressed as
follows: CR = Id[err]/Id[err] = (Ib[err]/Ib[err])[err] 30 Thus, the
reflectivity, Id/ 1o, and contrast ratio in a reflective type can be
obtained fromthe transm ssivity, Ib/lo, and contrast ratio in transm ssion
type. 35 First Enbodinent: [err]r = 18Q[z3c] (1-1): R = 0.102 -20- e
adjusted p[err] so that [err]r was nearly 180[err] by addi ng an appro-
priate anmount of the optically active conpound R-811 (E. Merck) to ZLI-4119
(An = 0.060) produced b¥3E. Merck. ,The 5 thickness d of the liquid cr¥stal
| ayer was 1.7 [erAP#?-Q:R= 'd4117§127‘1‘fe+r PERE-dnB YABPEY ] [errfOP4%. =Fh& 1-02)
rel ati onship betwases.3-g erigsnognd the wavel ength is given py.ds. [€r® sn1m12)
0.102 < X (0,38 t 78_Berr There . .Lhe gui n condj tiqgn_ is _ngot
satisfied. 16 Thé'gﬁgdghet Rtr“énelgg;t"t ncelgf-g‘rlrf' 7% e 360[er??'—1t° "Etitf §t3éﬁ)e,
The transmttancesbf@rr] in the Oferr] twsted state and t k@ 3sonsrRast 0r4l)i 0
CR in variqus conbi.nations of P and A are shown in TABLE 2 copd, di gi
after the ecinarggg?ntais rounded up 15 if the third digif6$§ S-g}'ggg%?er
and rounded 8&wh 91R44eRS t HRH’ES) R™Ar |15Ghil‘RrafémPt t ance of (A092cHrE &sPoifis
to an intensity @k ghe transmtted light equal to that of {h&e neiglens.ao)
light. 20 Al so, %he val ues of L.An, the wavel ength ([err])(gqg d and L are

. <R < 0.96)

vl = 312.5-R% - 187.5'R - 37.0 (0.102 < R s 0.32)

10 5208.3°R> - 7500.0°R% + 3341.6*R - 537.0 (0.32 s R < 0.64)
‘ 1030.2+R® - 2722.0-R? + 2225.9¢R - 684.0 (0.64 < R < 0.99)
197575.9-R> - 626821.6°R% + 662332.3+R ~ 233217.9 (1.02 = R < 1.12)

v2 = -625.0°R® + 225.0+R + 27.0 (0.102 < R = 0.32)
7254.4-R> - 10245.5:R% + 4448.2+R - 577.0 (0.32 < R < 0.64)

15 -558.0°R% + 736.6+R - 267.9 (0.64 <R < 0.99)
-5555.5+.R% + 11500.0-R - 6024.9 (1.02 =R s 1.12)

§1 = -6746.0°R> + 5571.4+R? - 1504.0°R + 166.9 (0.102 = R < 0.40)
-55.6°R + 68.4 (0.78 = R < 0.96)

52 = 6746.0+R3 - 5571.4+R? + 1504.0-R + 13.1 (0.102 < R < 0.40)

20 55.6R + 111.6 (0.78 < R < 0.96)

(2) Transmission type element

- (1) When 0.1 < R £ 0.22,

25 A =P + a, where a = -82°R + al
(2) When 0.22 < R < 0.42,
A =P + a, where ¢ = -82°R + al, or

A= -P + 81
{3) When 0.42 < R < 0.44,
30 A=P + «, where a = - 137.5*R + a2, or
A=-P + 81
(4) When 0.44 < R < 0.473,
A =P + y, where -137.5‘R - 75 < y £ -60
(5) When 0.473 £ R £ 0.7,
35 A =P + a, where a = -137.5R + a2, or
A =P + a3
(6) When 0.7 < R £ 1.06,



noted bel ow the table. That is, conbinations Nos: 1 to 13 are enbodi nents,
and conbi nations 14 to 17 are conpari son exanples. 25 The neani ngs of T and
R are as follows. The "o0" in the T colum indicates the conbination is good
enough to be used as a transnlsS|on type display elenment, and the "o" in
the R colum indicates that the conbinajon is good enough to be used as a
reflective type display elenent (Thus, R inthis 30 and ot her tables should
be distinguished fromR = An.d). An asterisk (*) in both the T and R
columms indicates that the respective conbination of P and Ais given as
conpari son exangl & “®hen B = 0. 102, the conbinations Nos. 1 to 6 can be
used as bot otifedasm ssion type and reflective type el enments. 35 Al so,

combi nations Nos. 7 to 13 are not good enough to be used as transm ssion
type el enent$9? e, :§QKmegre3%br—eﬁ3h§S|§ 5fs placed on the brightness
in the brightiogtraice azhan -60* 21- amet ke paort nase rati o when used as a
reflectiv% type elenent, they can be used as reflective type elenents. The
contrast ratio in a reflective type elenent should be at |east 1:2.

Ther ef or e, KB)tEbecumnxtkniqnaiﬁpnMashiewdagredcaataastanehie gBeatenr type
element s tihntad brld SPUY Q‘H:%'ﬁ%guttql.agéeuﬁﬁdla§ In{ &1 LeGhLUESLYBE cype

el ement . |nat|ons iven as conparison exa

nei t her be §§€99@§ ﬂﬁamﬂ%QRNQﬁlwyﬂ@ ﬁoﬁr&slﬁéFﬁécPF§€W%ype el ements. 10
The results of visual evaluation by human eyes tk determ ne whet her or not
an elenment can be used_as a reflective type by actually disposing a

reflect|VQ 69&t@ O Larfe Kiépi%td in

= P + a, where o = -82+R + al
(2) When 0.22 < R < 0.42,
A =P + a, where o = =-82+R + «al, or
A =-P + B1
1 (3) When 0.42 < R £ 0.44,

A =P+ ¢, where ¢ = - 137.5*R + a2, or
A=-P+ B1
(4) When 0.44 < R £ 0.7,
A =P+ a, where ¢« = -137.5*R + a2, or
20 A =P + a3

(5) When 0.7 < R £ 1.06,
A=-P + Bl

However,
- -94° < a1 £ -63° -70° £ a2 £ ~40°
25 -95° < a3 < =-65° 75° £ Bl £ 105°

Second Embodiment: &ér = 90°

In this embodiment, p, was adjusted so that &r was approxi-

30 mately 90°. For example, ZLI-4262 was used as the liquid
crystal material and d = 2.0 gum in embodiment 2-1. L = 2.67
pm and d/py = 0.3.

Data related to various R are shown below and are read the
35 same as in the first embodiment.



FIG 5. W found that if P and A were conbined within the range indicated
by shading, the el ement could be used as a 15 reflective type. The results
for various R are shown below, and all tables are read the sane. (1-2): R
= 0.16, the results are shown in TABLE 3 (1-3): R = 0.2, the results
are shown in TABLE 4. 20 (1-4): R =0-2%- the results are showm in TABLE
5. (1-5): R =0.24, the results are shown in TABLE 6. (1-6): R = 0.28,
the results are shomm in TABLE 7. (1-7): R =0.32, the results are shown
in TABLE 8. kl 8 R = the results are shomn in TABLE 9. 25 (1-9):
R = 0.4, -t suRtS Qr@rshoﬁﬁelﬁeﬁﬂhEE ape ghovwp)inplabhe39. {ne

rTZEE:Et izare 130!/91 I R IABLEsl,l thé- i:ékules—aﬁe%wﬁhhrmbiéssaf?152%/\/“ :?n

resu are _sho in =
0.45, the réé %?s%re éM'i ﬁg?Aﬁﬁﬁuﬁs 359'(%‘3‘215‘ R ‘f\%F%G lethe results
are shown i n(ZABLE R5= 91555) tRe-r@sdédts ahe sheumtsnamabbadmm I n TABLE
16. (1-16) he ,r 0 L R =0.72,
the resul t$ gz 2hovvn |E %&B lﬁ&% ?%G}ng X‘%e Q%J% JJ"Ent aebir%sj{%s are shown
in TABLE 19. 35 (1-19): R =0.84, the results are shown in TABLE 20.

(1-20): R = Ph9Pa EhbB8aipewitSeare shawn in TABLE 21. (1-21): R = 1.02,
the results are shown in TABLE 227. -22 - (1-22): R=1.05 the results

are shown in TABLE 23. (1-23): R=1.06, the results are shown in TABLE
24. (1-24): Bn=tRiS8embblgmens|l pg wae adPusteéd JABRMPSSr was approxi-

10 mately 160°. For example, 2ZLI-4262 was used as the liquid
crystal material and d = 2.0 um in embodiment 3-1. L = 2.12
pm and d/p, = 0.5.

Data related to various R are shown below.
15 '
(3-1): R = 0,2, the results are shown in Table 34.
(3-2): R = 0.28, the results are shown in Table 35.
(3-3): R = 0.318, the results are shown in Table 36.
(3-4): R = 0.56, the results are shown in Table 37.
20 (3-5): R = 0.84, the results are shown in Table 38.

Fourth Embodiment: $r = 200°

In this embodiment, p, was adjusted so that ¢r was approxi-

25 mately 200°. For example, ZLI-4262 was used as the liquid
crystal material and d = 2.0 gm in embodiment 4-1. L = 1.89
pm and d/p, = 0.6.

Data related to various R are shown below.

30
(4~1): R = 0.2, the results are shown in Table 39.
(4-2): R = 0.28, the results are shown in Table 40.
(4-3): R = 0.318, the results are shown in Table 41.
R = 0.56, the results are shown in Table 42.
R

= 0.84, the results are shown in Table 43.

(4-4) :
35 (4-5):



(1-25): R=1.12, the results are showm in TABLE 26. 5 (1-26): R = 1.9,
the results are shown in TABLE 27. (1-27): R = 2.5, the results are shown
in TABLE 28. (1-28) In the above enbodinents, we confirmed that practical

i npl ementation of the liquid crystal electrooptical element 10 was possible
if [err]r wakd gpgd}@cbgp?ﬁAﬁ@Q[ err] [errpg200[err]. The nutual 9%‘?%%4'3@@
for Pand A differ in reflective type an transnlsS|on type el enents
because, as descri bed above, the contrast ratio in reflective type el enents
differs fromthat in transm ssion type elenments. Their relationship is
tabul a- 15 t Eiffdr Bmbodimentt ofriwe279he el enent (1) Wien 0.102 [err] R

[err] 0.4 or 0 78 < R[err] 0.96, 20 [r ; [er{Ll [Frr] ﬁ {err} K E |
2 and - 1 -P + [err]2] or + [err]l [err err

[F’ezrr ][ er ?]nZ anB’ iis ]Eﬁm‘r%‘?’r‘i‘e%t{ P ]Wan ad pisted SoNtdiaty 22 Was @pRr kT |

0.78, [P + alma{mn} VG el 1 | For tedenply, -8 I-4297 whd @igdd Ad ahd 1 u*id

() o Ll et LT

[err] A [errjunPandh/wy FFPO8{err]l [err] A[err] P+ [err]2] (4) V\hen

0.99 [err] R[err] 1.02, 30 [P + [err]l [err] Alferr] P+ [err]2] (5)
Wien 1.02 [err] R Jerr 05, [P + [err]l [err] err] P+ [err]2]

Provi ded: [eﬂﬂ?ﬁ're¥ﬁﬁﬁdl¢9 -vaipus R are shown be ow. (0. 102
[err] R[err] 1. 02) 35 -225.0

Eé: 2(5)2[ ‘[EQH 3I§[ E:3‘1r=)£r] 10‘%2) 2[35]63‘&? Fq%?z}ljgc’s_ axe) §howR) &y fablesdA-7 R - 445.0
(0.32 [err] Rg~-er;] ©.=64).28, the results are shown in Table 45.
(5-3): R = 0.318, the results are shown in Table 46.
(5-4): R = 0.56, the results are shown in Table 47.
(5-5): R = 0.84, the results are shown in Table 48.
15 -
Sixth Embodiment: ér = 140°, R = 0.28

In this embodiment, P, was adjusted by adding an appropriate
amount of optically active compound to ZLI-4262 so that ér

20 was approximately 140°. d = 2.8 um, L = 3.15 um and a/p, =
0.4.

The data from these results are shown in TABLE 49.

25 Seventh Embodiment: $r = 220°, R = 0.28

In this embodiment, P, was adjusted by adding an appropriate

amount of optically active compound to ZLI-4262 so that &r

was approximately 220°, d = 2.8 um, L = 2.52 um and d/py =
30 0.6. ' ) '

The data from these results are shown in TABLE 50.

The results shown here are for only one example. The inven-~
3s tors sought the conditions for achieving a contrast ratio of
1:2 or greater when 160° < ér < 200° by analyzing many measu-

rement results. For example, the combinations of P and A



-23 - 1519.0.R3 - 4175.2.R2 + 3568.7.R - 1087.0 (0.64 [err] R
[err] 1.02) -333.3.R + 175.0, (1.05 [err]
R[err] 1.12) [err]l = -9114.6.R3 + 6666.7.R2 - 1577.1.R + 74.0

0.102 [err] R [err] 0.36) -55.0

(0.36 [err] R[err] 0.40) 5 -75.Q 27.
(0.72 J[err] RJ[err] 0.96) 32 = 9114.6.R err] - 6666.7.Rerr] + 1577.1.R - .
74.0 (0.102 [err] R[err] 0.36) 55.0

(0.36 [err] err] 0.40) 75.0 .

(0.72 [err]tRa ﬁﬁFleQBFHRBWHQPdétafszWhFérR] - 033925aRe. showp 1in FIG.

gg7182 [err] sR [ebhbﬂ&diabﬁa)of P and0@. ghRkethh be/08840aRg tn38ﬂézg R o R
.].

rr R rr
684. 0 shadbd; 3 (6. [e]rqan%%ﬁéjapp gh%%afg?é‘?g%9tﬁFeFPT8mB’2'68§§ 8fro
+ 662332. 3. R(P 238#)2,9Ah#)2) [aod (PR R9r ekeledilivhdent? the625n@eR2s+
225.0.R + 0 r e 725 R3
2> 0 Rt egti?&ésﬂeﬂ by, 8 straight 1&?8$ éhLFE Lfﬁ%é ié]} ﬁ} Put-
-558. 0. R er r therz73ghe. RangggAisgodependent on R. Relatlopeh$ns petw?en Perr]
0.99) -5555. 5n32A+a%lgggtgcﬁlarﬁQgiugs of R are shown bel&& 02 [err]
Rlerr] 1.12) 61 = -6746.0.R3 + 5571.4 1504.0.R + (0.102
[err] R[err] 0.40) -55.6.R + 68.4
(0.78 [err] (B[ refhelti®e &Fpe elGéhén@. R3 - 5571.4. R2 + 1504.0.R + 13.1
(0.102 [err] R [err] 0.40) 20 55.6.R + 111.6
(0.78 [erP] R[err] 0.96) (2) Transm ssion type elenent (1) Wwen 0.1 [err]
R[err] 0.22(125When A.10R £ & s<wieHeorm 6.782<RR+gal.%q) v%en 0.22 < R

) o437 R Tl e B ekl 2aAR i O

(P + A<P++y2and -P + §1 < A < ~P + 62]
(2) When 0.72 < R £ 0.78,
15 (P+ &l <A <SP+ a2 and -P + B1L < A £ -P + B2] or
[P+ 91 < A <P + 42)]
(3) When 0.40 < R £ 0.72, 0.96 < R £ 0.99,
or 1.05 < R < 1.12,
(P + al <A <P+ a2] or
20 (P+91L <A <P+ y2]
(4) When 0.99 £ R < 1.02,
[P+ al £A <P+ a2]
(5) When 1.02 < R < 1.05,
- [P+ 91 <A <P+ v2]
25 Provided:
al = -109.4-R - 133.1 (0.102 = R = 1.02)
-225.0 . {1.05 <R s 1.12)
a2 = -45.0, (0.102 < R < 0.32)
6696.4-R3 - 8720.1+R% + 3354.7+R - 445.0 (0.32 < R < 0.64)
30 1519.0-R% - 4175.2:R% + 3568.7+R - 1087.0 (0.64 < R < 1.02)
-333.3-R + 175.0, - (1.05 s R < 1.12)
Bl = -9114.6R> + 6666.7-RZ - 1577.1+R + 74.0 (0.102 < R < 0.36)
-55.0 {0.36 < R < 0.40)
-75.0 (0.72 = R < 0.96)
35 B2 = 9114.6-R> - 6666.7-R% + 1577.1-R - 74.0 (0.102 'S R < 0.36)
55.0 (0.36 s R < 0.40)
75.0 (0.72 = R < 0.96)



30 A=P+ a where a=- 137.5.R + a2, or A=- P + [err]1l (4) Wen
0.44 < R< 0.473, A= P + [err], where -137.5.R - 75 [err] -60 (5) Wen
0.473 [err] RJerr] 0.7, 35 A =P+ a, where a =-137.5-R + a2, or A =
P+ [err]3 (6) Wen 0.7 < R [err] 1.06, -24- A= -P + [err]1 However,
-99[err] <al <-58 - -75[err] [err]. [err] -35[err] -100 [err] [err]3
[err] -60[err] 70[err] [err] [err]l [err] 110[err] (3) The conditions

for achieving a contrast ratio greater than 10 and an ON transmttance of
10%in a transm ssion type element in which [err]r is 180[err] are listed
bel ow. 10 (1)YWfeAl®.51R< R1875 R X-8 P + a, where a = - 82(0R192 & R(2)0.\Ren
0.22 < R [err] 0.4Z208A-R>R %s580.0088re 3841 6:R82 Bat.0Al . OF A m 3B 4 ReLrd kq)5
(3) Wien 0.42 < R Jerr] 9.44 A =P + aﬁ where a = - 137.5.R + a2, or A="-
P+ [err]l (4) WsROAE < BT8O R° ¢ $225.9:R > $84:0 yhere a 0-643% B R 0.99)
[err]2, or 20 207578.9- R rr §55805)6 - WAen 6823325 3Rk [-€5321%.96¢1.02 < R < 1.12)

§ y2 = —625.0°R® + 225.0+R + 27.0 (0.102 < R < 0.32)
7254.4-R% - 10245.5:R% + 4448.2-R - 577.0 (0.32 =< R = 0.64)

-558.0°R% + 736.6°R - 267.9 (0.64 < R < 0.99)

-5555.5°R% + 11500.0+R ~ 6024.9 (1.02 < R < 1.12)

§1 = -6746.0°R> + 5571.4°R%2 - 1504.0:R + 166.9 (0.102 < R = 0.40)

10 ~55.6°R + 68.4 (0.78 < R =< 0.96)

- 52 = 6746.0°R> -~ 5571.4+R% + 1504.0-R + 13.1 (0.102 < R < 0.40)
< R = 0.96)

55.6+R + 111.6 (0.78

By satisfying these conditions, it is possible to offer

15 display elements suited to practical implementation as
reflective type elements. Some are also suited to implemen-
tation as transmission type display elements.

Further, where 160° < $r < 200°, we sought the conditions for

20 achieving a contrast ratio greater than 1:10 and an ON trans-
mittance greater than approximately 10% to facilitate practi-
cal implementation of the element as a transmission type dis-
play element. The results are shown below.

25 (1) When 0.1 < R < 0.22,

A =P+ a, where a = -82+'R + al
(2) When 0.22 < R < 0.42,
A =P+ a, where a = -82‘R + al, or

A= -P + Bl

30 (3) When 0.42 < R < 0.44,
A =P+ a, where ¢ = - 137.5*R + a2, or
A =-P + B1

(4) When 0.44 < R < 0.473,

A =P + v, where -137.5*R - 75 £ vy £ -60

35 (5) When 0.473 < R £ 0.7,
A =P + a, where ¢ = -137.5R + a2, or
A =P + a3



A=-P+ Jerr]l However, -940 < al [err] -63[err] -70[err] [err] a2
[err] -40[err] 25 -95[err] < a3 < -65 75[err] [err] [err]l [err]
105[err] Second Enbodinent: [err]r = 90[er] In this enbodinment, p[err] was
adjusted so that [err]r was approxi- 30 mately 90. For exanple, ZLI-4262
was used as the liquid crystal nateriajzgnd d =20 [err]min enbodi nent
2-1. L =2.67 [errlmand d/p[err] [err] 0.3. Data related to various R are
shown bel ow and are read the 35 sane as in the first enbodi nent. -25 -~
(2-1): R=0.2, the results are shown in Table 29. (2-2): R = 0.28, the
results are &Howhem Oable BOS ¥2208): R = 0.318, the results are shown in
Table 31. (2-4):pa R =@.pbgg the results are shown in Table 32. 5 (2-5): R =
0.84, the results are shown in Table 33. Third Enbodinent: [err]r =

160[ err] | n HINE¥modi ment, p[err] was adjusted so that [err]r was

approxi - 10 +pgely dB0f ers58e For exmnpd ex2 4 1-36%62 was used as the liquid
crystal materjal, and = 2 [err]ydn odi t 3-1. L =212 [err]mand
d/ p[err] [ser'Fl]dad.‘).?é.1 ‘fﬁt% r%(?:at ed ti)a‘!\/a?%)%ssd& re shown below. 15 (3-1): R
= 0.2, the results are shown in Table 34. (3-2): R =0.28, the results

are shown | ufablgy 25.14ge 3) i Gofh Blfond N PRES it AP IduIRD! © 36

(3-4): R= the results are own I n
(1) When 0.1 £ R £ 0.22,
10 A =P + a, where a = ~-82*R + ¢l
- (2) When 0.22 < R £ 0.42,
A =P + a, where ¢ = -82°R + al, or
A= -P + Bl
(3) When 0.42 < R < 0.44,

15 A=P+ a, where ¢ = - 137.5°R + a2, or
A=~-P + B1
(4) When 0.44 < R £ 0.7,
A =P+ a, where ¢ = -137.5‘R + a2, or
A =P + a3

20 (5) When 0.7 < R £ 1.06,
A= -P + 81

However,
-94° < ol £ -63° =70° £ a2 < =-40°
- -95° < a3 < -65° 75° £ Bl £ 105°

25
By setting the conditions as shown here, a display element
can be offered that is suited to implementation as both a
transmission type element and a reflective type element.

30 As R increases above 1.06 um, the value of L+An so increases
that the Mauguin condition is satisfied and a display condi-
tion suitable for implementation as a transmission type ele-
ment could not be achieved regardless of how the polarization
axes were set. If R is made small, however, the st becomes

35 an optically isotropic medium and the contrast ratio
increases. However, if R is made too small, the ON transmit-

tance becomes lower. Further, since the lower limit of the



20 (3-5): R=0.84, the results are shown in Table 38. Fourth Enbodi nent:
[€rr]r = 200[err] In this enbodinent, p[err] was adjusted so that [err]r
was approxi- 25 mately 200[err]. For exanple, ZLI-4262 was used as the
liquid crystal material and d = 2.0 [err]min enbodinent 4-1. L = 1.89
[err]mand d/p[err] [err] 0.6. Data relaﬁfd to various R are shown bel ow
30 (4-1): R=10.2, the results are sho In Table 39. (4-2): R = 0. 28, ,
the results are shown in Table 40. (4-3): R = 0.318, the results are shown
in Table 41. (4-4): R=0.56, the results are shown in Table 42. 35 (4-5):
R.= 0. 84, th&nefnﬂﬂgenneadﬁunheihiqﬁaﬂlergﬁtal n3EeiK{Da EPSENaBORROBATIEON

26 - t is diffic ]%?Qﬁ?%%ieE%. s%hgﬁg? ? qsn&nmg§5&LEtlog7o[err]

IntMseMm&nmn plerr]” was a ume roxi- mately
270[err]. FOEHQMﬁﬁmngl;Ehedﬂaﬁ!nﬁbieufgag@sOﬁhB ﬂSQOa05<cRystéLOﬁater|aI
and d = 2.0 [err[min enbodiment 5-1. L = 1.6 [err]n1and d/po [err] O.8.
Data related to various R are shown below. 10 (5-1): R = 0.2 the results

are shown iSnPRESHEUIAT 1o i1 the ramgeg0.18h8 ResuPt30ar ansashremalYabighys,
(5-3): R = Ocdh¥ralshe ratdd tahdlad Sh@wemelyTabbh 6f. t£AndhitBance. 8an behe

I hown bl I
Tabl e 48, 155GREB i S e DYy gEerp, PRALAGEoab ARERFERSY |

enbodi ment, ppewel. was adj usted by addi ng an appropriate

10 By appropriately setting the polarization axes of the polari-
- zing plates and ®r, a display characteristic can be achieved

that makes the element suitable for implementation in both a
transmission type display device and a reflective type dis-
play device as long as 0.10 £ R £ 1.06, and if R > 1.06, a

15 display characteristié can be achieved that makes the element
suitable for implementation in a reflective type display
device.

In the above embodiments, only cases were discussed in which
20 the direction of the twist of the helical structure was
clockwise when viewed in the Z axis direction, but if the
twist is counterclockwise, then the angles of the pclariza-
tion axes need only be measured in the counterclockwise
direction.
25
Eighth Embodiment

Another embodiment is shown here in which ér = 180°. 2 cell

was fabricated as shown in FIG. 2 by forming an ITO transpa-
30 rent electrode pattern and applying a polyimide alignment

film on glass and disposing a substrate whose surface had

undergone rubbing opposite this with a spacer between them to

maintain the desired d. The differences from the first to

the seventh embodiments are d/p, and the electrode configura-
3s tion.



anount of optically active conpound to ZLI-4262 so that [err]r 20 was
approximately 140[err]. d = 2.8 [err]m L = 3.15 [err]mand d/po [err]

0.4. The data fromthese results are shown in TABLE 49. 25 Seventh

Embodi ment: [err]r = 220[err], R =0.28 In this enbodi nent, p[err] was

adj usted by addi ng an appropriate anount qf_ optically active conpound to
ZLI-4262 so that [err]r was approxinateT9 220[err]. d = 2.8 [err]lm L = .
2.52 [errlmand d/po [err] 30 0.6. The data fromthese results are shown in
TABLE 50. The results shown here are for only one exanple. The inven- 35
tors sought time ocpbilcalipsattivacbompoigd a(EOMenst, rSei1) ofad added geeaher

when 160[err]%i((g%%e%g{rﬁkgl[ﬁ%{‘]irfg?[ r]Mb clgnqﬁ;dln&zgm _me?'astué {ement

results. For € conbihattons” of and that*'sa Sfy
such conditi cvisigheexRibids182nenatibopase & Godn mpsnratuns B9 Fiwst A

t hat b [ h d | ' t :

Conbi nati ons f 08 Bar s, 2 L?g,ﬁ‘ginfsé'??? / gfi%% (b IL R Wit T €40
range is 5 ésl%%ti%ﬂ@éeﬁy Biskyrai Pae FehbovakhrenSigied vith pelyigide

the{_, tlhe rart?ﬁiéﬁm?ﬂ%eﬂﬂﬂﬁéhmiﬁ%nr@éééi omﬁul R‘ “f"b‘f'-t m"ot ﬁﬁ'?fﬁ.s‘b@éte% on N
arti cul ar v ues O al own OW. e ClI.V e enen

Bhen 0. 107 [ oS wSpef 1h8 JOEF (Sasthated s iy dad Ripdeddiy b 1)

Alerr] P + d2immndinPoppédeing lparalle dired¢tidhst, [ard |[R]= dr. T Rk [ afhigrl <

alerrl P+ (e8] 20808 18qdiboiydeas Ad€bHat Fuds Rledea, e prided ™) R
BT angles on the upper and lower substrates became approximately

4° with opposing signs, and since p,/4 < 4 < 3p,/4, the
initial alignment of the liquid crystal molecules was a 180°
twisted state with a helical axis in the direction of the
line normal to the substrate. This sample satisfies the con-
15 dition 0.8 ®r/360° < d/p; < 1.4 $r/360° because d/p, = 0.586.
The sample obtained as described above was sandwiched between
two polarizing plates whose alignments were P = 50° and A = -
50° and the voltage waveforms in FIG. 6 were applied to the
electrodes. In FIG. 6, 201 is the scanning electrode
20 waveform, 202 is the signal electrode waveform, 203 is a com-
posite waveform of 201 and 202, and 204 is the electrooptical
response of the cell. A metastable state with roughly a
360° twist is selected in selection period tg,, a metastable
— state with a 0° twist (referred to as uniform state) is
25 selected in the next selection period t,;;, and the first
state is optically distinguished as a dark state. When dri-
ven with a waveform equivalent to a duty ratio of 1/400 where
Vil = 28.0 V, V2 = 1.5 V and pulse duration Pw = 350 us (tgy =
ty, = 700 us, ty =ty = 700 us -+ 400), the light transmit-
30 tance level in the nonselection period (tgy, = t;,) was
stable, the contrast ratio was 1:77, and the light transmit-
tance in the bright state was approximately 60% (where the
light transmittance in a similar optical system in which the
two polarizing plates are disposed such that their polariza-

35 tion axes are parallel is 100%; same below).



15 (P + [err]l < Aferr] P+ a2 and -P + [err]1 [err] Aferr] -P +
[err]2] or (P + [err]1 [err] Aferr] P+ [err]2] (3) Wen 0.40 [err] R
[err] 0.72, 0.96 [err] RJerr] 0.99, or 1.05 [err] R[err] 1.12, (P +
[err]1 [err] Aferr] P+ Jerr]2] or 20 [P+ [err]l [err] Aferr] P+
[err]2] (4) When 0.99 [err] R [err] 1.0 [P+ [err]l [err] Aferr] P + a2]
(5 Wen 1.02 [err] R[err] 1.05, [P +‘§gfr]1 <A<P+]Jerr]2] 25
Provided: [err]l = -109.4.R - 133.1 (0.102
[err] R[err] 1.02) -225.0 (1.05

[err] R [err§idtH ZEmbedihé@nt - 45. 0,
(0.102 [err] R[err] 0.32) 6696.4.R3 - 8720.1.R2 + 3354.7.R - 445.0

(0.32 [err] R[err] 0.64) 30 1519. 0. R3 - 4175.2.R2 + 3568.7.R -
1087.0 In.Bae ébghthRepbodiman®2)an 33t BcR ly g ive compound was

(1.05 [err] ﬁ&f‘drioltﬂg) 1£&ﬁ£&1cfys@éﬂ%§m£§sftﬁﬁ{56(&u%’so gexiyd- R + 74.0
(0.102 [err] er .

(0.36 [err§ Heqakyy B:-Ho) $$54§p3, An = 0.154) to adjust p, to 3.04 um.
(0.72 [err]rie [€81] Wad6FabPit£Eéd Dy APy Folyidfite &lRgnmehity 7€ 11 -

.g6 [err] (&I][ 0?2!?][&6&%{3;% elS.BIL.IQ.' ?@AE&-’-?OO) disposed on the upper and
(0.72 [err]lcﬁv@mrs@b@twes in Q¥poesimgy rjdral PR Grieetidty GLave) Ihd -
(032 [err] ré 053318 >, W iR ARG i ggta, gfedkian
(0. 64 [em wes [Jen sgdggthmbt RNgleweupthe: RPperseaekdaier -sub-
233217.9 (1.{QZ-ad&E "hebbhé dpprodtlately 6° with opposing signs, and
since p,/4 < d < 3p,/4, the initial alignment of the liquid
crystal molecules was a 180° twisted state. d/p, = 0.543.
The sample obtained as described above was sandwiched between
15 two polarizing plates whose alignments were P = 50° and A = -
50° and the voltage waveforms in FIG. 6 were applied to the
electrodes. When driven with a waveform equivalent to a duty
ratio of 1/400 where V1 = 30.0 V, V2 = 1.8 V and pulse dura-
tion Pw = 300 us in an optlcal arrangement similar to that in
20 the eighth embodiment, the light transmittance level in the
nonselection period was stable as in the eighth embodiment,
the contrast ratio was 1:112, and the light transmittance in
the bright state was approximately 70%.

25 Tenth Embodiment

As in the ninth embodiment, p, was adjusted to 2.36 um, d =
1.65 pm, d/pg = 0.7, P = 50°, A = -50° and the voltage
waveforms in Fig. 6 were applied to the electrodes. When

30 driven with a waveform equivalent to a duty ratio of 1/400
where V1 = 30.0 V, V2 = 1.8 V and pulse duration Pw = 300 us
in an optical arrangement similar to that in the eighth embo-
diment, the light transmittance level in the nonselection
period was stable as in the eighth embodiment, the contrast

3s ratio was 1:114, and the light transmittance in the bright
state was approximately 70%.



5 [err]2 = -625.0.R2 + 225.0.R + 27.0 (0.102 [err] R
[err] 0.32) 7254.4.R3 - 10245.5.R2 + 4448.2.R - 577.0 (0.32 [err] R

[err] 0.64) -558.0.R2 + 736.6.R - 267.9 (0.64 [err] R
[err] 0.99) -5555.5.R2 + 11500.0.R - 6024.9 (1.02 [err] R
[err] 1.12) 61 = -6746.0.R3 + 5571.4.R2 -, 1504.0.R + 166.9 (0.102 [err]
R [err] 0.40) 10 55 6.R + 68.4 -33- (0.78

[err] R[err] 0.96) 62 = 6746.0.R3 - 5571.4.R2 + 1504.0.R + 13.1
(0.102 [err] R[err] 0.40) 55.6.R + 111.6

(0.78 [err] B1bkeenkhOER®bdBmendt i Sfying these conditions, it is possible to

offer 15 display elenents suited to practical inplenentation as reflective
type el enents. Sone are also suited to inplenen- tation as transm ssion
type di spl ayAsl| éneths. nEnthhembodhmeathﬁbewa$ ddjustédredr4 {B3rim0Q[err],
we sought th ngiti far o2Q aghiexp,8g & CODL4 &S f?é t han
1:10 and an %ﬁﬁ?rghé 82§pt ngeggrgate¥btha§ a p%%XI%%. l]1(91 &%aC|I|tate
practi- caP VaperEersmsainofigr fhwespeappiiad tthﬁsﬁi@% wedegpe When p| ay

el ement. Thegteguht suehe as hawafeeinozéqu%a ié)mWﬂs Na Qidt} 615&1]:18 J:fr 1}480 2 2 A
=P+ a, where a = - [err i ? When 22 < err

where a = - g¥hgre XF OPOAo 1V3B“?3§u¥ﬂ% ?Fﬁ-lQPF?YeTr?OG Hﬂ A

S 573 aA whg}ﬁ an= opt1&315aﬁran?3?egF éam11aP‘ﬁo[fﬁd&11ﬁ4ﬁh&W§ ﬂtﬁ4§§b€;<
= P+ e err].[err en

0475 [err) pEBE) pnd" TaSutrEfagehifednet "Lival A e Adnadfediidp) S
10 period was stable as in the eighth embodlment the contrast

ratio was 1:110, and the light transmittance in the bright
state was approximately 70%.

Comparison Example 1
15

A sample was fabricated in which d = 1.8 um and Po = 2.5 um
(d/p, = 0.72) and the other conditions were the same as in
the eighth embodiment. Since p,/4 < d < 3p,/4, the initial
alignment of the liquid crystal molecules was a 180° twisted
20 state, and though the 360° twisted state was maintained when
a voltage waveform was applied, the stability of the uniform
state was extremely low and relaxation from the uniform state
to the initial state was observed in the nonselection period.

25 Comparison Example 2

. A sample was fabricated in which d = 1.8 um and Po = 4.9 im
(d/p, = 0.37) and the other conditions were the same as in
the eighth embodiment. Since p,/4 < d < 3p,/4, the initial

30 alignment of the liquid crystal molecules was a 180° twisted
state, and though the 0° uniform state was maintained when a
voltage waveform was applied, the stability of the 360° twi-
sted state was extremely low and relaxation from the 360°
twisted state to the initial staﬁe was observed in the non-

35 selection period. '



-29 - (6) Wen 0.7 <R J[err] 1.06, A=-P + [err]1l However, -99[err] [err]
[érr]1 [err] -58 -75[err] [err] [err]2 [err] -35[err] 5 -100[err]

[err] a3 < -60[err] 70[err] [err] [err]dl [err] 110[err] Wen [err]r =
180[err], the conditions should be set as follows: (1) Wien 0.1 [err] R
[err] 0.22, 10 A =P+ a where a =382.R + al (2) Wen 0.22 < R [err]
0.42, A=P + a, where a=-82 R+ al, or A=-P + Jerr]l (3) Wen 0.42 <R

[err] 0.44, A =P + a, where a = - 137.5.R + a2, or A=- P + [err]1 (4)
When 0.44 < R[err] 0.7, A=P + a, where a = -137.5.R + a2, or A=P + a3
20 (5) When Qomparigon :Examole-3 p + [err]1 However, -940 [err] [err]1
[err] -63[err] -70[err] < a2 < -40[err] -95[err] < a3 < -65[err]

75 1 10 B ti t

2 pl ay el RAE IS, S AP f e n PO Sl B St R Y B
transmi ssi or2&°y|d:ly elmtalarﬁil@ ol ie |d@qsmaoe1 &idm £o30 the Riquidases
above 1. 06, [Giydyny toe; dpbse @,Ixsi?pieegr] M SISy Vv For iR G

condition 1s ay con
FIG. 6 were applled to the cell in which 4 = 1.7 um and the

same liquid crystal material as used in the eighth embodiment
was infused, only the metastable state with uniform aligmment
appeared and could not be switched to a 360° twisted state.

10
By utilizing two metastable states which can be selected by
applying voltage waveforms, a liquid crystal display device
can be realized with a high contrast ratio and a wide effec-
tive viewing angle. Also, since the selected state in this

1s device can be maintained over a sufficiently long period for
practical application as a memory type display device, it can
be applied to a simple matrix drive, high definition display
with many scanning lines. This invention is not only appli-
cable to direct view liquid crystal display devices, but it

20 is also applicable to light valves, spatial light modulators,
electrophotographic printer heads, etc.

Twelfth Embodiment

25 The cell was fabricated by disposing substrates, on which ITO
transparent electrode patterns were formed and polyimide
alignment films were applied to the glass surface and whose
surfaces had undergone rubbing, opposite each other with the
desired d via spacers. A generalized cross section is shown

30 in FIG. 2.

Embodiment 12-1

An optically active compound was added to a liquid crystal

3s composition (E. Merck, 2LI-1557, An = 0.1147), which exhibits
a nematic phase at room temperature, to adjust the Po to 3.5
um. The cell was fabricated by rubbing the polyimide align-



tion suitable for inplenmentation as a transm ssion type ele- nent could not
be* achi eved regardl ess of how the polarization axes were set. If Ris nade

smal |, however, the S[err] becomes 35 an optically isotropic nmedium and the
contrast ratio increases. However, if Ris nade too small, the ON transmt-
tance becones |ower.. Further, since the_lgwer limt of the -30 -

birefringence of the liquid crystal material is about 0.06, it is difficult
to make R less than 0.10 in production. Therefore, the desirable range of R
is 0.10 [err] RJerr] 1.06. 5 Particularly in the range 0.18 [err] R [err]
0.30, an extrweeskty fhilgh (NdhonaSpseat Gomuny . Bn, eXb3 @he] yimi grblohng direc-

transmttancecggf B8 ashkawes 3h Fi8.SaMBnki #BtRYa SetilHuk. aNfubbdiy was
descri bed above. 10 By anroprlateI t he g&l rizati pn axes of the
e

settin
pol ari - zi ng BPRESEMEHO PPFr?uQSH¥§EFa?thaF55t 98| BcatP vElGenf eved
that nekes theqah@genb juitithl eekpectnpbethat sides off trdmspatentsaiestoo-

t di spl i fl di s: . devi ' - 40
err1 R Ler b 485" 8T, 34 3ppC Rns the BehdPTsbhBEe Rt iR H ({Fr it SRR ERBad
achi eved t hat 1a@RefrohetblierenWheni thel abdve Lighideerystah ¢ompositientive
di sopl i @ heynab | | .
Lype display dei sheubBal NEnaORYEreTROShIRRE on SN SHISES I CLESF Usapd |0

which 20 the direction of t w st of t | cture was W se
when vi ewed i Atrateg Reramgi ppRrP¥amabalyi £ °t Meth \PrRROS NG RHARS c| 3R wi se,

then the angl 8snek pNgapel arkzap yiontREeEnneLs] o4l HghifeiBast! M ite | 1idlifa
countercl ockwi se dir€&ction. . .
10 crystal molecules was a 180° twisted state. The sample
obtained as described above was sandwiched between two pola-
rizing plates whose alignments were P = 50° and A = ~50° and
the voltage waveforms in FIG. 6 were applied to the electro-
des as in the eighth embodiment. The circuit configuration
15 was generally that shown in FIG. 8, wherein 11 is the liquid
crystal panel, 12 is the backlight used as the illumination
means, 13 is the driving circuit (shift register/logic cir-
cuit) for applying a voltage on the scanning electrode group
of the liqguid crystal panel, 14 is the driving circuit (shift
20 register/latch/logic circuit) for applying voltage to the
signal electrode group, 15 is the reference signal generator,
and 16 is the line-sequential scanning circuit
(ROM/controller). As a result, a light transmittance level
—_ that is stable during the nonselection period (tgar t15), 2
25 contrast ratio of 1:77 and a light transmittance in the
bright state of 63% could‘ﬁe uniformly achieved over all of

the pixels.

Embodiment 12-2
30
When €, was made to equal 10° in embodiment 12-1, similar

display characteristics were obtained.

Comparison Example 1

3s
A cell was fabricated by making the rubbing direction on one
substrate parallel to one side of the pixels (8, = 0° in FIG.



25 Eighth Enbodi nent Anot her embodinment is shown here in which [err]r =
180[err]. A cell was fabricated as shown in FIG 2 by forning an |TO
transpa- 30 rent electrode pattern and applying a polyimde alignment film
on gl ass and di sposing a substrate whose surface had undergone rubbing
opposite this with a spacer between then1é§ mai ntain the desired d. The
differences fromthe first to the seventh’enbodi nents are d/p[err] and the
el ectrode configura- 35 tion. -31- An optically active conpound (E.
Merck, SB811) was added to a liquid crystal material (E. Merck, MI90179, An
= 0.167), whi c7h @dd tinetasnaxg\earﬂalt |m1qolma3ezatcdrﬂciltubaspehet same t 0 sdajcesp /4

to po =29 [& Was 2 Pl %&%ﬁaﬁ%% a&qknglte ng%w Yy &gqﬁ %gp%tga”ded

twi st. The ceII ‘gufed W | rgnnent on ~CGosei
Gomu K. K., ALWW%%O% apri80fe hypﬁécledaﬁdtaltemebutuwbenatbe ¥pdtagiech had

under gone r ubwaRigErian vﬂ@%’iﬂﬁlﬁ.d&aﬁ:@ ls@h) it %ﬁte' 9880 ﬁﬂgsﬂed ét&t[eerél m
When t he above liquid cr naterlal was i nfused pretilt 10'angles
on the upper 1&M9f yntorm, state éﬁPFé%Fﬁa?El?hQ[EQEF RFtﬁhGpp05|ng

signs, and sipﬁ&eﬂherr]/4 < d < 3p[err]/4, the initial alignment of the
liquid crystal nolecules was a 180[err] tw sted state with a helical axis
in the direction of the I|ne normal to the substrate. This sanple satisfies
the con- 15 d : lulu r] [err] d/p[err] [err] 1.4 _
[err]r/360[err] because d/p[err] = 0.586. The sanpl e obtai ned as descri bed
above was sandwi ched between two polar|2|n% pl at es whose alignnents were P
= 50[err] dRdUAing. an element (same as in twelfth embodiment except for Po
being adjusted to 3.2 um) obtained by infusing the liquid

crystal composition used in the twelfth embodiment, we dispo-

sed the rubbing directions and polarization axes of the pola-
rizing plates as shown below. FIG. 9 shows the relationship

15 of the observer E to the liguid crystal display D and coordi-
nate axes X, Y and Z used below. The liquid crystal display
device D in the figure has its display surface in the x-y
plane, and the observer E views the display surface along the
line of sight L in the 2z axis direction. The vertical direc-

20 tion of the liquid crystal display device as viewed by the
observer corresponds to the direction of the y axis in the
figure. Using a similar coordinate system, FIG. 10 shows the
disposition of the display surface, the rubbing directions

o and the polarizing axes. In the figure, 41 is the direction

25 of rubbing on the lower substrate (side toward illumination
device or reflective layer), 42 is the direction of rubbing
on the upper substrate (side toward observer), al and a2 are
the respective angles formed by rubbing directions 41, 42 and
the y axis, and 43 and 44 are the polarization axes of the

30 polarizing plates disposed on the lower substrate and the
upper substrate, respectively, where polarization axis 43
forms angle 81 with the y axis and polarization axis 44 forms
angle B2 with the y axis. By making
al = a2 = 0°

35 Bl = 45°
B2 = 38°



50[err] and the voltage waveforns in FIG 6 were applied to the el ectrodes.
In FIG 6, 201 is the scanning el ectrode 20 waveform 202 is the signal

el ectrode waveform 203 is a com posite waveform of 201 and 202, and 204
is the el ectrooptical response of the cell. A netastable state with roughly .
a 360[err] twist is selected in sel ectjga_period t[err], a netastable state
with a O[err] twist (referred to as unitformstate) is 25 selected in the
next selection period t[err], and the first state is optically

di stingui shed as a dark state. \Wen dri- ven with a waveform equivalent to
a duty ratiolnfthigoenhppdinent, —thg metastable stmte dnd wulde &gt Pw =

350 [err]s (éxlicfié]of ﬂBSfil m&OQrJr@ééi SlstlEcﬁ{dl'hY' (de'4 1160/ W 366¢) Scan

400), the light transmt tance | evel nonsel,ection perjod (t[err]

= 112) was st@appade;fhe c%?k astataand viie 15‘#:9— dit WhHeh ithe Gk Andgle

tance in theidrighghdyaf®rnasi18pproxyapt eay K addd aife thieiditghitate.
transnlttance in asimlar optical systemin which the two polarizing
pl ates are®di sposed such that their polariza- 35 tion axes are parallel ‘is
100% same bEhewoltage 3davefbrmd shduadi irerfId.n tihevexieglagpldebdioetie an

(Cni sao Sei SHEEeRATE OF 102 8fgine DhofiAdf U datr e IBRA )
3.04 [err] mtiesame | £igure abt0t and 403 r%lmmlﬁ%‘@éf%ﬁqu}ﬁmﬁ ﬁhﬁ s

(N hon Coseig&dnnti fg Keledftcus Wdvalt P st Gthd R gianele 13d e
substrates in opposing parallel directions (18Q[err !Z and makln

1. 65
[err]m WALy ARE #78 20910 3%R heelns Htﬂﬁ?s]e&'esc ""pﬁ%t‘?ﬁt
angl es on t Rthalpatic adlleh@nE! STHe 360° twisted metastable state is

selected in selection periods T, and T,, and the 0° twisted
metastable state is selected in T, and T,, where the former
is the dark state. When driven with a waveform (T; = T, = T4

16 = T, = 600 us, F, = F, = F, = F, = 600 pus - 400) equivalent
to a duty ratio of 1/400 where pulse duration Pw = 300 us, a
contrast ratio of 1:77 and a light transmittance in the
bright state of approximately 63% were obtained. Also, when
we moved the observer E to vary the angle formed by the line

20 of sight L and the z axis using the arrangement in FIG. 9, we
confirmed display with good readability in the area outside
+60° to the left and right (x axis direction) and *45° up and
down (y axis direction).

25 In this embodiment, a liquid crystal display device with a
high contrast ratio and a wide effective viewing angle is
realized by utilizing two metastable states. Also, since the
selected state can be maintained over a sufficiently long
period for practical application as a memory type display

30 device, it can be applied to a simple matrix drive, high
definition display with many scanning lines. This invention
is not only applicable to direct view liquid crystal display
devices, but it is also applicable to light valves, spatial
light modulators, etc.

35



strates becanme approximately 6[err] with opposing signs, and since p[err]/4
< d < 3p[err]/4, the initial alignnent of the liquid crystal nolecul es was
a 180[err] twisted state. d/p[err] = 0.543. The sanpl e obtai ned as

descri bed above was sandw ched between 15 two pol ari zi ng pl at es whose
alignnments were P = 50 and A = - 50[errg and the voltage waveforns in FIG
6 were applied to the el ectrodes. When ?FVen with a waveform equi valent to
a duty ratio of 1/400 where V1 = 30.0 V, V2 = 1.8 V and pul se dura- tion Pw
= 300 [err]s in an optical arrangenent simlar to that in 20 the eighth
enbodi nent, pdertégiith t Eabsdimémnce | evel in the nonsel ection period was
stable as in the eighth enbodinent, the contrast ratio was 1:112, and the
light transmittance in the bright state was approximately 70% 25 Tenth
Enbodi ment A jexamplei of ha ehbpeidresryspal vibisridyustesd aso w216 d drikghm d =
L. 65 [er '] Medipbgdt lrat fo Tand 71 A0S fdetfve viRALifg N e v
waveforns in Fig. 6 were applied to the el ectrodes. 1en 30 driven with a
wavef or m ey WhigF nEhe olhglaétsfmrmbﬂ%ﬁnq# 400 theemenypixedg areg hgtween g v

et T he e L e arlai 6.0

at in e ei . enbp- di nen e ] r ansmi nc evel, i e
honsel act | orb B ol el i i 11N FARE sl oot e 35
rati o was 1l:nent, efdthdelnvertidon ais multimlex mdrtilvenbri ght state was
approximately 70% -33 - Eleventh Enbodi nent As in the ninth enbodi nment,

p[err] was adjusted to 4.13 [err]m d = 1.65 [err]m d/p[err] = 0.4, P =
50[err], 7 A @otegensitiitageylic resin layer was formed on the glass

substrate surface, and after exposure using a photomask, the
resin was developed and baked to form a stripe pattern. An
ITO transparent electrode was formed on the stripe pattern by
a sputtering technique and then the alignment film was
15 applied and rubbed to éomplete one substrate. For the other
substrate, an ITO transparent electrode pattern was formed on
the glass, an 5i0, insulating film was formed on top of that
and then an alignment film was applied and rubbed. These two
substrates were mated together with a spacer between them to
20 yield a cell with the structure shown in FIG. 12 (cross sec-
tion). The numbers in the figure indicate the same members
as in FIG. 2, and 8 is the resin layer, d is the thickness of
the liquid crystal layer in the pixels, and d, is the thick-
— ness of the liquid crystal layer in the non-pixel area. The
25 drive circuit configuration was that shown in FIG. 8.

An optically active compound was added to a ligquid crystal
composition (E. Merck, ZLI-1557, An = 0.1147), which exhibits
a nematic phase at room temperature, to adjust it to p, = 3.2

30 um. Polyimide (Nihon Gosei Gomu K.K., JALS-300) was used for
the alignment films. d = 1.8 pm and d, = 2.50 um. Rubbing
was performed on one substrate in a direction that formed a
20° angle with the side of the pixels, and rubbing was per-
formed on the other substrate in a direction rotated 180°

35 from this (¢r = 180°). When the above liquid crystal compo-
sition was infused, the pretilt angles on the upper and lower
substrates became approximately 14° with oppoéing signs, and



5 wavefornms in Fig. 6 were applied to the el ectrodes. Wen driven with a
wavef orm equi val ent to a duty ratio of 1/400 where V1 = 30.0 V, V2 = 1.8V
and pul se duration Pw = 300 [err]s in an optical arrangenent simlar to
that in the eighth enbo- dinment, the light transmttance |level in the
nonsel ection 10 period was stable as inghe eighth enbodinent, the contrast
ratio was 1:110, and the |ight transn1t§ nce in the bright state was
approxi mately 70% Conparison Exanple 1 15 A sanple was fabricated in which
d =18 [err]lmand po = 2.5 [err]m(d/po = 0.72) and the other conditions
were the samelﬁéelp y he<edght Bpgphpdtnenini €l4L ea Dirnentd of ptoé 41 idphbd

initial aI| d C tal Iecules o r sted 20
state, and t % ?h%&g%ﬁfgg 1?\/\#‘%?6%"%% n]i\;?ént gﬁdl%%e%t%%ol t age
maveforn1ma§mappldédo zhe. Eﬁabthetywn$tthngbﬂ|dﬁwth%tkﬁquhdupmyﬁt@hely | ow
and relaxailggbé gn1the uniformstate to the initial state was observed in

t he nonselectlon period. 25 Conparison Exanple 2 A sanple was fabricated in
which d ﬂ.%r[érifﬁﬂaﬁﬂ folx 3,93ferrih (d/po = 0.37) and the other

condi ti ons V@ ébﬁcéade ps »not e, e‘tﬂétﬂnﬂﬁi@ﬂla{lﬂﬁnm&iﬁlcﬁu PEne ok <
3po/4, the injti 30 af t he Ié %? crystal nol ecul es was a 180

twi sted statR*¥ %.d fﬁ%uﬁ tﬂegéferFYlﬁﬁ? t®ate was mintai ned when a

vol t age wavef orm was applied, the stablllty of the 360[err] twi- sted state

as, extr erel sl W AL 2YBEL 0 101G IPUS il LGS S dFeddfo-

initial staté was rve
10 des of the element obtained as described above. In the

figure, 301 is the scanning electrode waveform, 302 is the
signal electrode waveform, and 303 is a composite waveform of
301 and 302 and is equivalent to the driving waveform applied
to the liguid crystal layer. t; and t; are the frames in

15 which the metastable states having twist angles of roughly
(¢r + 180°) and (%r - 180°) are selected, t,, and t,, are
selection periods and t,, and t,, are nonselection periods.
The optical response shown in FIG. 14 was obtained by dispo-
sing the polarizing plates such that P = 50° and A = =-50°,

20 whereby ®r + 180° = 360° was made the dark state and or -
180° = 0° was made the bright state. Since the twist angle
in the non-pixel area is 360°, light in the non-pixel area is
masked in the same arrangement. 1In FIG. 11, 401 and 403 are

- composite waveforms of the scanning electrode waveform and

25 signal electrode waveform, and 402 and 404 represent the
electrooptical response of the same element. The metastable
state with roughly a 360° twist is selected in selection
periocds T;, T,, and the metastable state with roughly a 0°
twist is selected in selection periods T,, T;. When driven

30 with a waveform (Ty = T, = Ty = T, = 500 us, Fq = Fy = Fq =
F, = 500 us - 400) equivalent to a duty ratio of 1/400 where
vV, =30V, V; = 1.0 V and pulse duration Pw = 250 us, a
contrast ratio of 1:102 and a light transmittance in the
bright state of approximately 63% were obtained.

35
By making the twist state in the non-pixel area different
from the twist state in pixels, the light transmittance in



-34- Conparison Exanple 3 A sanple was fabricated in which the pretilt
angl e was made 26[err] by using an Si O oblique deposition filmfor the
liquid 5 crystal orientation |ayer. Wen the driving waveforns in FIG 6
were applied to the cell in whichd = 1.7 [err]mand the sane liquid
crystal material as used in the eighth gghodi ment was infused, only the
netastable state wth uniformalignnment appeared and could not be switched.
to a 360[err] twisted state.. 10 By utilizing two netastable states which
can be sel ected by applying voltage waveforns, a liquid crystal display
devi ce can e apnzRiked tareashi¢apn demtsuppresadgd thejiaantgase -ratie
vi ewi ng angligcrlsseqsi nce the selected state in this 15 device can be
mai nt ai ned over a sufficiently long period for practical application as a
menory type display device, it can be applied to a sinple matrix drive,

hi gh defi ni tpioftshrsl ampbdimemly scanning lines. This invention is not
only appli- cable to direct view liquid crystal display devices, but it 20
is al so aﬁblicable to light valves, spatial |ight nodul ators,

el ect r ophot dgraiiiierr exampbe e asisgwretlerdwelifdhh iEntiogilement@s Hor dHd was
fabricated ' | t '
abri cat € %nféo 38 Jkge%@séﬁé.ﬁo;uraﬁ%% ﬁétht*oﬁ%&ern%@p%r o es‘%cﬁ%ig:g'\

patterns were and pol yirm ns were appliedt

gl ass surfa@f die ernbiawratian mdchewerigofdG-uBli-ng Thep pyatharseddh Wigher

with the desjiffrd MiPiSPES Fife Lanlle HRiMdrEe GsCHOSFIRECHIZON arl 1w 530 i n
FIG 2. Enbqodinent 12-1 An optically active conpound was added to a |liquid
crystal 3% dofitsitashinE makrdal 71| - 1557, An = 0.1147), which exhibits

A chrome {Cr) lattice pattern 9 is formed on lower glass sub-
strate 5 in the figure as a light masking material, and then
after acrylic resin layer 8 is formed for insulation and

1s smoothing, ITO transparent electrode 4 is formed in a stripe
pattern and alignment layer 2 is laminated on top of this and
undergoes rubbing to complete the lower substrate. The upper
substrate is prepared by forming ITO transparent electrode
pattern 4 on glass substrate 5, laminating Si0, insulating

20 layer 3 on this and then applying alignment film 2 and rub-
bing it. These two substrates are mated together with a
spacer between them such that the ITO transparent electrodes
oppose each other between the chrome lattice to form the pic-

T ture elements.

25
A liquid crystal composition and an alignment film similar to
those in the fourteenth embodiment were used, and d = 1.8 um.
Rubbing was performed on one substrate in a direction that
formed a 60° angle with the side of the picture elements, and

30 rubbing was performed on the other substrate in a direction
rotated 180° from this ($r = 180°). When the above liquid
crystal composition was infused, the pretilt angles on the
upper and lower substrates became approximately 14° with
opposing signs, and since pg/4 < d < 3p,/4, the initial

35 alignment of the liquid crystal molecules in the pixels was a
180° twisted state. 1In this embodiment, the non-pixel area
was masked by a metal (Cr) lattice pattern. When measurement



a nematic phase at roomtenperature, to adjust the po to 3.5 [err]m The
cell was fabricated by rubbing the polyinide align- -35 - nment film

(Ni hon Gosei Gomu K K., AL3046) in rubbing direc- tion 33 as shown in FIG .
7 and with d = 1.8 [err]m Rubbing was perfornmed on one substrate at a
45[err] angle ([err] in FIG 7 equals ﬂghqrr]) Wi th respect to the sides of
transparent electro- 5 des 31, 32 and on'the other substrate in a direction
rotated 180 fromthis. When the above liquid crystal conposition was

i nfused, the pretilt angles on the upper and | ower sub- strates becane

appr oxi mat elwad| perfomnéed uspmgi tige ss@ns , palalk i imee giate arkandipeent dme

initial aI| f 1 ta e O[er ed
state. The sanple mg Y%‘?%%éfﬂ %Ses]cqrrll %% a({’)%]{:/]ae)ée%n%ﬂ san\é&%slnﬂerg}gbe V\':/%lerhé éé
pol a- ri zi ngrat e esf Whole3 atng naehishbhetransmitBginge |imhe) brigt aﬁi@h‘t—d!le

vol tage wavelréps iPeFé GplayRég. applied to the electro- des as in the
ei ghth enbodi nent. The circuit configuration 15 was generally that shown in

FIG 8, wherein 11 is the liquid crystal panel, 12 is the backl i ght used as
the illum nay aigpestng 13 iﬁgﬁbm@&km@gnazﬁéﬁan s e gl |oms

cir- cuit) for | yi,ng,a voltage on, fhe scanning el ectr.od roup_of the

i qui d cryst3 FERHIO TROYRe oY vHETE PRI ANGS gt this drea can
regi st er/| athh/Suppressed vand the cpptyasiy redlicagan dbdg Hnoiepsdd el ect r ode
group, 15 is the reference signal generator, and 16 is the |ine-sequenti al
scanning circuit (ROMcontroller). As a result, a light transmttance |evel
that is stal@ixtrenth Embodiment ection period (t[err], t12), a 25 contrast
ratto of 1:77 and a light transmttance in the

The structure of the liquid crystal display element of this
embodiment, shown in Fig. 15, is similar to that of the
preceding embodiment illustrated in Fig. 14. Where in Fig. 15

1§ the same reference signs are used as in Fig. 14 they refer to
the same components and will be no further described here. In
this embodiment a color filter layer 10 is formed on the
lower glass substrate 5. The color filter layer comprises a
plurality of island or stripe shaped color filter portions

20 each of one of the primary colors R, G and B. The color
filter portions are disposed in the pixel regions and between
respective portions of the light masking material 9 (forming
a so-called "black matrix") which are provided in the non-
pixel regions.

25
A liquid crystal display device with the structure of Fig.
15, whose liquid crystal twist angle was or = 180° and whose
liquid crystal layer thickness was d = 1.7 um was formed
using a liquid crystal composition and an alignment film

30 similar to those of the first embodiment. As a result, a
color display having good display properties including a high
contrast ratio was achieved.

The invention of this application solves the basic problems
3s of the above prior art, which was not knowing what effect

the liquid crystal initial state, R and the angle formed by

the polarization axes and the rubbing directions had on the



bright state of 63% could be uniformy achieved-over all of the pixels.
Erfbodi nent 12-2 30 When [err] was nade to equal 10[err] in enbodi nent 12-1;
simlar display characteristics were obtained. Conparison Exanple 1 35 A
cell was fabricated by making the rubbTﬁ@'direction on one substrate
parallel to one side of the pixels ([err] = O[err] in FIG -36 - 7) and
| eaving all the other conditions the sane. Since po/4 < d < 3po/4, the

initial alighomitast LR€ib1 AHAJORT YSAREN L S5l 6o S EnBH Pridmd M St ed

state, but when the voltage wayef orm was applied to select the 360 erré
twi sted statetI% % Fo¥aFalcRavhad Rekshrktarstatfdfas uied 78 SHeEhe
pi xel s. Thi rteespbiEabodl araht 1Oahlli wigemntlse eiferdnt(isam A this tapplida-

the 11 qui d o setal® e f §rafkblsy "Eront, By darl o wilreh gty 0= 10
sed the rubtdmivel racsubfitcient pdisplantsharackarisftichdEquipragtigaly pl at es
as shown t“”é#ﬁ%é%é}i&hségﬂgbéh§c%?%@@&9n5hip 15 of the observer E to the

liquid cryst ay D and coor nate axes X, Y and Z used bel ow. The
liquid crystal display device Din the figure has its display surface in
the X-y pl angmpEdfed Nes ORSELy@Id ForyStsl tdispl S dvivd ,f aare Pragerdthe |ine

of sight L in the z axis diyect,jon. Tﬂaea/ertical

I.rec-, .
invention can also be app to portaclalle display devices,

10 game machines and liquid crystal TV and color TV displays.

Table 2

No. P A- I+ I- CR
1 135 45 0.08 18.18 [232.40
2 50 ~-40 0.08 17.62 1223.53
3 35 -55 0.08 16.04 |204.23
4 155 65 0.08 10.66 [138.45
5 70 -30 8.86 11.33 13.18
6 30 -70 0.86 11.33 13.18
7 50 -60 4.34 20.62 75
8 70 -50 10.10 22.770 .25
9 60 -70 17.42 28.86

10 60 20 | 28.95 | 17.64
_ 11 40 49 | 46.18 | 28.68

12 45 55 | 44.19 | 27.71
13 35 65 | 33.15 | 21.25
14 20 20 | 46.17 | 38.62
15 30 186 | 41.94 | 35.72
16 60 80 | 39.67 | 35.35 .
17 80 | -83 | 39.68 | 42.96 1.08

15 d = 1.7um, L = 1.7um, L-An = 0.102um, 4 = 0.38 to 0.78 ym
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20 tion of the

iquid crystal display device as viewed by the observer

corresponds to the direction of the y axis in the figure. Using a simlar
coordi nate system FIG 10 shows the disposition of the display surface,
t he rubbing directions and the polarizing axes. In the figure, 41 is the

direction 25 of

rubbing on the |ower suhgtrate (side toward illum nation

device or reflective layer), 42 is the dlrectlon of rubbing on the upper

substrate (side

toward observer), al and [err]2 are the respective angl es

formed by rubbing directions 41, 42 and the y axis, and 43 and 44 are the

pol ari zati on axes of the 30 polarizing plagles3 di sposed on the | ower
substrate and the upper substrate respectively where polarization axis 43

[err]2 with the

45[err] [err]2 ¥

in which the twst sangl e
180[err] = 360[ ¢rr an
twist angle is foughly ([

state. The volt
el ectrodes of t
401 and 403 are
t he signal elec
responses of thg

forms angle [er{]LNd.dh tH: V] axiB and polarilkatibn ax{s 48LR olds laddile
y dxig. %mﬁk'ﬂ%[ ”]@ 23[6”128 520[ el 05.3% o r] 17
38lenr] 5 t |d t I . 1%@1{1&}@%}}@ I+ebstate
nad gq ag Qg 8tﬁ3 §1 rg i the
rllr =948 [er ]5 1 g £ Q He @i ght
hge ef s |s i ]1 ied -4 {He | O
he & efentSDbtlai n55 S dﬁs@ll b!ed233b38e I n2.1é $ fo dure
coﬁjpo‘,l t 3@avief op@s jof 4§hg@scianp9nPel pct fodd ZWwlvef qy mp and
ro 10 eflo and 2p44and e {1 heelgpet td qal
P s%eiﬂa el %nt. _’g% Ogg 4 z@geggme ast%élzs@é s}p p(%i S
10 40 16 | 37. 26 25.78 1.451% | o
11 60 80 | 38.60 | 32.14 1.2 | % | %
12 20 10 45.60 38.83 1.17 | % | %
13 80 -80 38.60 44.@3 1.14 1% | X
14 80 80 45,92 43.24 1.06 | % | %
15 ] 20 38.59 40.35 1.651% | %
16 @ ? 45.90 46.22 1.01 | % | X
17 90 80 45.63 45.46 1.0 | % | %

d = 1.6um, L = 1.6um, L-An = 0.160um, A = 0.38 to 0.78um

Table 4

No. P A I+ 1- CR

1 50 | -50 0.24 | 37.80 |160.17
2 45 | -85 0.24 | 36.60 |155.@8
3 55 | -45 0.24 | 36.60 |155.08
4 40 | -60 0.24 | 33.30 |141.10
5 68 | -40 0.24 | 33.30 |141.10
6 65 | -25 .53 | 22.10 41.54
7 50 40 | 45.80 8.85 5.18
8 20 70 14.50 2.96 4.99
9 40 40 | 45.30 9.98 4.56

10 30 40 | 42.50 12.70 3.35
11 160 30 | 14.50 | 39.50 2.72
12 7@ 58 | 43.40 17.70 2.45
13 40 | -20 16.10 | 36.20 2.25
14 B | -80 14.50 | 31.20 2.15
15 90 30 16.10 12.30 1.31
16 60 0 16.10 12.30 1.31
17 0 20 | 37.20 | 40.60 1.09

HHHHIHNIHNHIOOOOOOH
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d = 2.0um, L = 2.00um, L-An = 0.200um, A = 0.38 to 0.78um



selected in selection periods T[err] and T4, and the O[err] tw sted

- nmetastable state is selected in T2 and T3, where the forner is the dark
state. Wien driven with a waveform (T[err] = T2 = T3 15 = T4 = 600 [err]s,
F1.= F2 = F3 = F4 = 600 [err]s . 400) equivalent to a duty ratio of 1/400
where pul se duration Pw = 300 [err]s, azgontrast ratio of 1:77 and a |ight
transmttance in the bright state of approximtely 63% were obtai ned. Al so,
when we noved the observer E to vary the angle fornmed by the Iine 20 of
sight L and the z axis using the arrangenent in FIG 9, we confirned

di splay with good readablllty in the arehablai%ide 60[err] to the left and
rlght (X aXlS dlrar\il_nn) a2 4‘-_;J'arl'| 4Jp ol dnmn /\l &Vlc rl ror\f;-'\_n I n

T, \Aw

t hi s enbodi nent, ,_a_MQaL Lys talpm Lpl ay [d'ew ce ﬂ"th hi (ERQH r QR atio
and a wide effedtivk v eV\B@g hngb® i § r&ll&et #2.49 | i|7333. 60d ae{ast hbl e
states. Al so, sijnce2the sé@ec ed @t aje @ e n’@’/htﬁl necQ@@,%’?a ol o

sufficiently lorg pgrijod f@r orag@ cal

ently R cqt | 087 [typp @i splay
30 device, it cgn b ppl @d e}®5| pl B i hl g@fl i 1iQn

di splay with mary sganm ngeljl he;_s_ d“ S@ggem %snclt %%lepgl f@bte to
direct viewliqgyid I B PVi i'eab o]

| i ght val ves, gpati Iy g 9 m)gu 8{ Gatl& 3541 238 |- debth O
Enbodi ment An ejanpfe fof 35l qurﬁScr yst&l 3di spl &b.d8/i de 1B1TH 4 di gho
contrast ratio gnd 8i de ef@ecti v4@vi pwidfgggngl e i5s gshoun id, g5 uttkch phe
light transm ttamcegi N th5@n0L1- pS@eI agqa}QQet \eey 89 6.85 :
10 160 40 7.25 38.32 | - 5.28
11 30 40 43.85 10.99 4.35
12 49 -80 7.18 25.76 3.59
13 140 70 190.10 32.97 3.26
14 20 -50 10.19 33.01 3.24
15 ] 20 38.11 42.01 1.10
16 20 U 45.87 42.94 1.07
17 S0 80 47.715 46.72 1.02

d = 2.2um, L = 2.20um, L-An = 0.220um, A = 0.38 to 0.78um

R

3 I IR H K I ¥
HHHKOOOOOO

Table 6
No.l P {1 A I+ I- CR
1 50 | -50 0.06 | 42.66 |658.13
2 45 | -55 .06 | 41.41 |640.21
— 3 55 | -45 0.06 | 41.41 ]640.21
4 40 | -60 .06 | 37.79 |588.01
5 66 | -40 .06 | 37.79 |588.01
6 30 | -70 0.06 | 25.32 |482.85
7 40 S8 | 42.68 | 2.46 17.37
8 30 50 | 36.52 3.40 18.75
9 60 | -60 6.28 | 42.92 6.84

10 40 | -30 10.53 | 42.17 4.01
11 45 -25 18.53 | 38.55 3.66
12 60 | -70 12.76 | 42.01 3.29
13 20 -40 18.01 39.01 2.17
14 80 80 | 46.59 | 40.37 1.15
15 20 @ | 45.52 | 40.53 1.12
16 0 20 | 36.49 | 39.84 1.09
17 90 80 | 47.62 | 44.07 1.08

d = 2.4um, L = 2.40um, L-An = 0.240um, A = 0.38 to 0.78um
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adj acent picture elements is lower than the light transmt- tance in pixels
when the liquid crystal electrooptical ele- nment of the invention is

mul tiplex driven. 10 A photosensitive acrylic resin |ayer was fornmed on the
gl.ass substrate surface, and after exposure using a photomask, the resin
was devel oped and baked to forma stripe pattern. An | TO transparent

el ectrode was forned on the stripe patfé‘ “by a sputtering techni que and
then the alignment filmwas 15 applied and rubbed to conpl ete one
substrate. For the other substrate, an I TO transparent el ectrode pattern
was forned on the glass, an SiJerr] ins¥hBleing fil mwas formed on top of
that and then an_alignpent filmwas applied and rubbed. These two

substrates were |matNd.t ogePhel witth & spader Betwelen tHem tER2d Vi ¢l B

cell with the stirucfurg sBgwn{ingg G 1@(1cgo< Cl-@tl g guibgrp in
the figure indidatenth sg@e #erdqa' as g % § e:tla

| ayer, d is the |thigkn 336 he ud ixgl ahd do
is the thick- ness}f he Ei hi d 34 ys$t al I reao The
25 drive circuit] coffi ur2i01wé7 1at05 |r19—'.ll@ 8. t{iQall Q

active conmpound {wasSadded7b0 h P—Qdiu I 3@l cd@dﬁtl@ﬂ&]ﬁ%@@ﬁ 0
ZLl - 1557, An = (. 1187){ w8Dchiex3@pi {s 4 4@ |C@Iﬁ®e at83 o {t@npepat ur e,
to adjust it to|po 3280 [prrigg |Pegigy d Gospd SgrLbKKO

JALS-300) was uded gor{ t hanal | gnaent | f Ny 0 rrqsnsnd Jo{=-2| 50

[err]m Rubbi ng er gémed o%na a e reé}% tpal gormed
el pirxel g grT torngd on
r bt & 618 5 {fr dmahi|lsK([e®rir =

a 20[err] anglejw he de{ of

the other substrat€din a @¢rett rd

180[ err]). Wen |t hkl adovebbi qli d55rysté]l6.m”rp( 1Qt@(’bn was3i83 Jskd| onhe

pretilt angles dn 12e juppd® apd DPenel ABhGD ated D@ aProxijrkt el g

l4[err] with opgosi3g signg. Rnd3Q 12.70 | 44.80 3.53|% | o

14 140 -20 33.40 12.00 2.8 % | o

15 20 -10 41.40 45.00 1.09 | % | X
¥ 1 %
X ] %

=0

16 10 10 | 44.20 | 41.10 1.8
17 90 80 | 46.00 | 45.00 1.02

d = 2.8um, L = 2.80ym, L-An = 0.280um, A = 0.38 to 0.78um

Table 8
No. P A I+ I- CR
i 80 10 15.10 .07 |220.12
2 50 -50 0.49 43.90 89.78
—_ 3 60 -50 8.53 43.10 81.78
4 49 -60 ®.48 38.99 81.38
5 160 -T79 30.90 0.59 52.46
6 75 -25 0.44 18.50 42.53
7 70 10 23.00 1.53 15.03
8 120 40 8.34 38.20 4.58
9 85 -45 8.43 27.60 3.27

10 49 10 | 43.00 19.40 2.22
11 80 50 | 43.00 19.40 2.22
12 50 -20 15.20 | 32.40 2.13
13 @ 10 | 38.68 | 45.20 1.19
14 20 @ | 45.70 | 498.30 1.13
15 90 -90 | 43.10 | 46.30 1.07
16 10 10 | 43.10 | 41.20 1.05
17 90 80 | 45.80 | 44.60 1.03

d = 3.2um, L = 3.20um, L-An = 0.320um, A = 0.38 to 0.78um
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-39 - since po/4 < d < 3po/4, the initial alignnment of the liquid crystal
nol ecules in the pixels was a 180[err] twi sted state. Wien d/po [err] 0.75,
the twist angle of the liquid crystal became 5 [err]r + 180n (n =1, 2, 3,
..) and since do/po > 0.75, the initial alignnent in the non- pixel area
was a 360[err] twi sted state. The volt wavefornms in FIG 13 were applied
to the electro- 10 des of the el enent obtai ned as descri bed above. In the-
figure, 301 is the scanning el ectrode waveform 302 is the signal electrode
waveform and 303 is a conposite waveform of 301 and 302 and is equival ent
to the driving waveformapplied to the Tehle @ crystal |ayer. t[err] and
t[err] are the franmes in 15 which the netastable states having tw st_angles

of roughly ([erq]r No380[epr]) ang (ferr] i+ l80[§r—r]) areGReI ecf e, Rtf[ err]
and t[err] are ger tlonysrlos gna tr@r ap 9 Cthygn
periods. The opiic% nesp gsa s_hégm n grgg Sngt % % spos [si ng
O[Er andgg by Tgrr]r
rk9sat e E’érr r1 ?
26 10
K¢

the pol ari zi ng pl ates |suc =

+ 180[err] = 360Q[ ert] 5& e Tﬂé d Qr
O[err] was madelt hd} brfi gh755tate358i nt PP el
area is 360[err]}, 15ght if5the ndpH- pj x2H.88ea |s1r;r@§_’ke |25 t4fe nj
arrangement. In{FI@ 11, 7491 land{@03) ap§ ggnppsi peivavef dATPHT ¢ h

25

=

9eee+eo‘3<3c>c>c>c>d8c>03%|

scanni ng el ectr ¢de yef nd sy gB&l Ie“tr de-wayef and
404 represent tlhe Tla gtro tﬂcal esppo é8 f 3? A 12:50 e
metastabl e stat¢ w h rougpl v a’% O[ferY -t st sggfeteg $€l ekt dn-
periods T1, T4, an@tre asit ab st aPé. Wkt hir y | ptVils
sel ected in sel ¢ctli@dn |per8@ds| T24@T3] 3986 dfi 12098 3.9

(S

t

X
11 40 20 | 46.06 16.21 2.84 | X
12 70 | -80 | 20.44 44.5¢ | 2.18 | %
13 49 | -30 | 18.10 | 35.63 1.97 | %
14 45 | -25 18.09 | 32.46 1.79 | %
15 10 @ | 45.26 | 43.68 1.04 | %
16 30 80 | 41.58 | 41.92 1.01 | %
17 20 | -20 | 48.10 | 48.19 1.00 | %

d = 3.6ym, L = 3.60um, L:An = 0.360ym, A = 0.38 to0 0.78um

Table 10

1+ I- CR

85 5 1.13.14 0.02 (709.01
55 | -55 .70 | 31.83 45.49
50 | -60 1.51 34.68 22.90
80 | -40 1.31 23.40 17.92
- 10.76 | 40.68 3.78
75 | =75 18.06 | 43.10 2.39
90 49 | 36.31 16.21 2.24
50 @ | 36.00 16.49 2.18
60 | -90 | 17.92 | 36.37 2.03
10 9 | -60 17.92 | 36.37 2.03
11 40 10 | 44.99 23.00 1.96
12 30 | -5 13.53 | 24.52 1.81
13 60 60 | 39.66 | 24.83 1.60
14 @ @ | 39.62 | 47.33 1.19
15 10 | -10 | 45.94 43.11 1.97

d = 4.0um, L = 4.00um, L-An = 0.400um, A = 0.38 to 0.78um
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30 with a waveform (T1l= T2 = T3 = T4 = 500 [err]s, Fler] = Flerr] = Flerr]
="F4 = 500 [err]s . 400) equivalent to a duty ratio of 1/400 where V1 = 30
V, V2 = 1.0 V and pul se duration Pw = 250 [err]s, a contrast ratio of 1:102
and a light transmittance in the bright state of approxi mtely 63% were
obtained. 35 By making the twist state in the non-pixel area different from
the twist state in pixels, the light tradaMsmttance in -40- the non-pixel
areas can be suppressed and the contrast ratio increased. Fifteenth

Enbodi nent Anot her exanmple is shown here which is inplenmented for the sane
pur pose as the fourteenth enbodi nent. ATab@s3isection of the configuration
is showmnin FIG _14. The nunbers in _the figure indicate the sane nenbers as
in FIG 12, and |9 N&,a 10pPlight mask|ng qaterjal . JA chyomeggR Cr] Taf tRcle

pattern 9 is forjmed;on looer Prags spb- pspqat ¢ ‘{41 g he %;g}g@ 26 N ght
f

maski ng nmat eri al}, d t héggaf el ryl G =8si Q F
i nsul ation and 15 %D hég‘ TO ra1s§%rﬁts égﬁde 4 7 gg‘ 9 a
stripe pattern 1nd lign ay&¥? 21isik nf op

v

-

under goes rubbing t8 conpfét e] t HdS oe2bs st t a u@er3k Jb@tratt)e i's
prepared by forning5l t P8nspar-8@t El 5t 0AGde pa(/):831 - di8 . diéasso subet)rat e
5, lam nating Si|G2 gnsul at gng| 204kayer 12.09 t hi sgarpd thenf &R Yigop

0
alignment film2 a rub ing i he >ub Katep ar i L ogelt her
with a spacer batvvengn h%g‘gsu*h_tégat %9 b%% ra%s%@ et q’eja'%gi gﬁles §

G G0 -50 31.02 9.22 3.36| % | of
18 150 -35 24.30 44.29 1.821 % | o

d = 3.0um, L = 3.00ym, L-An = 0.420um, A = 0.38 to 0.78um

Table 12

No., P A I+ I- CR TI1R
1 175 -85 0.05 15.80 | 316.@0| 0 | ©

. 2 55 -65 30.51 1.34 22.77{o} o
3 50 -70 28.70 1.27 22.60l 0| o

4 90 -30 15.48 0.73 21.211 0 | o
— S 105 -15 10.23 0.51 20,6610 | o
6 10 9 10.00 9.54 18.521 o0 | o
7 165 -85 1.80 23.79 13.2210 | o
8 90 -50 31.71 8.77 3.621 % | o

9 70 -20 13.50 5.20 |  2.68| * | o
10 155 -49 23.54 41.53 1.76{ % | o

d = 23um, L = 2.30um, L-An = 0.428ym, A = 0.38 to 0.78um



oppose each other between the chrone lattice to formthe pic- ture
elements. 25 Aliquid crystal conposition and an alignnment filmsimlar to
those in the fourteenth enbodi nent were used, and d = 1.8 [err]m Rubbing
was, perfornmed on one substrate in a direction that forned a 60[err] angle
with the side of the picture elenments, and 30 rubbing was perforned on the
other substrate in a direction rotated 4188[err] fromthis ([err]r =
180[err]). Wen the above liquid crystal conposition was infused, the
pretilt angles on the upper and |ower substrates becanme approxinately

14[err] with opposing signs, and since p <.d < 3po/4, the initial 35
alignnent of the liquid crystal m)l ecul eql6I61 e pixels was a 180[err]

twi sted state. It oy [n MOTT P XET—arEa Wgs TTEGKER 0y et al
(Cr) lattice patlcuumf \ffret et 1%, ma"T““rfA'"“E}? 4; i sane
pol ari zi ng pl at e{ar rzang r;ie%g g néé\ﬂégef orﬁ-%\g | i&ﬁ%u@ eerQr
enbodi ment, a comtr r Ilgh tdans ih |t e
bright state of glw&ﬁere bﬁ@aJned3®By d|$p85|n 291 9ght n&§kdﬂb matlerg 4l in
t he non-pi xel ar¢a d desci@bed af@vel tDeZSIg togr 3@smit g iy thigs [ar ea
can be suppressedl aml the ntras&sramlo ? ase 1 gﬁ ?}eeézr
Enbodi nent The s{ru tuqe t he | gal d g pf~ tih

enbodi ment, showh |% Fifg. , lis %gn1 % th t r

enbodi nent illusiratled|in B g.| 12! Vherel 8Filg 52 5 4h iQefler@nce

signs are used a$ ||8 Fil g. 16 they3@efer2502@ - 8.97 2.81
75 -75 15.66 43.46 2.77
1@ 50 16 | 44.68 18.08 2.47
11 15 45 | 47.38 | 23.00 2.06
12 | 80 S0 | 47.57 | 25.97 1.83
13 10 -30 | 45.19 | 30.00 1.51.

= 4.4um, L = 4.40um, L-An = 0.440uym, A = 0.38 to 0.78um

F 2 2 K IOD
O0OO0OO0O00ORO

Table 14

No. P A I+ I- CR
175 -85 0.05 16.64 | 332.809
100 -20 11.73 8.41 28.61
150 30 29.43 1.36 21.64
165 -85 1.89 24.74 13.99
90 -50 32.40 8.32 3.89
120 -90 32.69 47.52 1.45
100 50 22.49 31.85 1.39
10 19 44.96 39.00 1.15

d = 3.0um, L = 3.00um, L-An = 0.450um, A = 0.38 to 0.78um
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t he sane conponents and will be no further described here. In this

enbodi nent a color filter layer 10 is forned on the |ower glass substrate
5.-The color filter layer conprises a plurality of island or stripe shaped
color filter portions 20 each of one of the primary colors R, G and B. The
color filter portions are disposed in the pixel regions and between
respective portions of the |ight nmaskingggaterial 9 (formng a so-called
"black matrix") which are provided in the non- pixel regions. 25 Aliquid
crystal display device with the structure of Fig. 15, whose liquid crystal
twi st angle was [err]r = 180[err] and whgse |jguid crystal layer thickness
was d = 1.7 [err]mwas formed using a Iiﬁ%ﬁ&Jggystal conposition and an

al i gnnent fil m 3@—statar—io—Hhoseof—the—ftirst—enrbedirpnt- Eﬁs A—FasSth, a
col or display haw an\ Lnri Lspglay ar perti £ ilncl ||£| ng-p_hi trla
ratio was achi evgd. IThe i r@entli on of [t H25.@pplfi caBidh ™ saﬂ&gs7ﬂthbqub
probl ens 35 of the &boye HPor| ari Wni@ﬁ, 1@s not@kﬁ@w ng8hé8 | ef fle@ |t he
liquid crystal i 1|t|31| stptg. IR tih gie ff gp@gby tgg 18 Rp Zatg on
axes and the rubbln re sods hag dn q%%l‘ -4 ang _
transmttance whe §c Ir gnat i yist 8k " Ravi ??[t%blesates
was used as the =Ie iroéﬁilqal enb ﬁ%é 'gge %é oh%f| Chif's
applica- tion is s al¥i gpla¥¥elle ne'dasOof TU| | K#hg ©
drive, a suffiC|=nt7H|,pIé¥5char erlsﬂlcﬁﬁor pt4c2@ca| a@pBPchti dnxan be
achi eved. 8 40 -10 43.19 15.35 2.8l % | o
9 135 85 42.26 15.04 2.81 1% | ©

10 100 50 42.85 15.45 2.771% | o

11 20 -30 44.083 15.88 2.977 1% | o

12 120 -50 17.62 42.85 2.431% | o

13 140 -30 17.66 42.76 2.42 1% | o

14 140 -50 30.99 39.52 1.28 | % | %

15 120 -70 32.44 40.63 1.25] % | %

16 160 -39 32.61 49.44 1.24 1 % | %

d = 4.0um, L = 4.00um, L-An = 0.560um, 4 = 0.38 to 0.78um

Table 16
No. P A I+ I- CR
1 85 5 29.95 0.24 1124.72
2 80 ? 30.27 8.57 53.28
o 3 90 19 30.06 0.57 52.80
4 170 0 15.97 46.91 2.94
5 7] -50 41.86 16.97 2.60
6 49 49 15.37 35.56 2.31
7 100 50 42.88 19.46 2.20
8 175 -5 22.12 46.84 2.12
9 @ @ 22.34 47.20 2.11

10 60 20 | 37.23 17.84 2.09
11 160 | -89 | 21.11 43.84 2.08
12 80 80 | 21.11 43.84 2.08
13 120 70 | 44.29 21.85 2.03
14 40 0 | 41.63 24.18 1.72
15 20 | -20 | 44.78 28.91 1.55
16 60 M | 22.42 33.91 1.51

d = 6.4um, L = 6.40um, L-An = 0.640gm, 4 = 0.38 to 0.78ym
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Enpl oyed as a liquid crystal display device,
be applied to portable display devices,

TV and col or TV di splays. Table 2 No. P A- | + | -
CR T R1 135 45 0.08 18.18 232.40 O 02 50
- 40 0.08 17.62 223.53 O 03 35 -55 0.08 16. 04
204.23 O 04 155 65 0.08-5040.66 138.45 O O5 70
-30 0. 86 11. 33 13.18 O 06 30 -70 0. 86 11. 33
13.18 O 07 50 - 60 4.34 20. 62 4.75 * 08 70
-50°  10.10 22.70 2.25 * O -70 17. 42 28. 86
1.66 * 010 60 20 28. 95 95¥4gégp 1.64 * 011 40
40 46. 18 2. 6] _55 T 7671
150 ¢ o1 [Nl B TP L éﬁgﬁg b
20 46. 17 38.6 20 FO9x : 35°7p
1.17 * * 16 25 ) 3%@67 ®3%23 217. g 21%é- %* @7] 0 |80
-80 39. 68 42. & 17@.48 -90+ 115 0.83d |- 32785rr]n89L58 107[ler | m
L.[err]n = 0.102ferdmi[er8% = 0.88 tlo 0278Ber|r 186.34-43 14T3b6l|e03 | No. P
A I+ {1 5 { CRs T Rg 4?.%2' > 33.710.12313.28.158 | &2p.- 16
© o2 S0 1-4% 1 1882 -26-9° 25185 -4 9.99°) 12.74| o0 | o

q 19.46 1.91 10.19} 0 | ©

8 90 -85 43.50 12.31 |  3.83| % | o

9 105 59 24.10 48.34 201t x| o

10 159 -50. | 23.75 23.71 1.00} * | X

t he present invention can also
10 gane machines and |iquid crystal

d = 4.4um, L = 4.40um, L-An = 0.700um, A = 0.38 to 0.78um

Table 18
No. P A I+ 1- CR_IT IR
1 S0 @ 28.61 0.13 (228.7 {0 | O
2 85 5 32.40 8.18 (184.0910 | O
3 80 0 32.87 1.01 32.5110 ] 0
4 @ 20 10.94 42.46 3.881% 10
5 @ 30 9.50 36.45 3.841% | o
6 80 -80 12.26 44 .05 3.591% | o
7.1 175 5 14.19 47.01 3.31{% | o
8 70 -20 33.64 11.52 2.921% 1 0
9 120 -60 9.61 25.40 2.64 1% | o
10 175 -5 17.59 46.21 2.631% | o
11 9@ | -90 17.73 45.23 2.551% | o
12. 20 -60 39.55 16.38 241 1% | o
13 60 -20 39.55 16.38 241 1% | o
14 100 40 40.17 19.46 2.06 | ¥ | o
15 80 40 30.99 16.30 1.901%x | o
16 30 -3 | 46.40 31.23 1.491%x 1 o
17 160 40 21.34 30.61 1.431%x | 0

d = 4.5um, L = 4.50ym, L-An = 0.720um, A = 0.38 tc 0.78um



3. 40 -50 0.23 27. 66 121.40 o o4 50 -50 0.53

28. 83 54.02 o0 05 50 50  45.91 18. 80 2.44 * 0 6
55 55  45.91 21.28 216 * o7 - 30 20 45.60 29.29
1.56 * o0 8 60 70  43.48 28 94 1. 50 * 0 9 60
- 80 24.03  35.07 1.46 * %9 10 37.26 25.78
1.45 * o 11 60 80 38.60 3 'ha 1.20 * * 12 20 -
10 45.60 38.83 1.17 * * 13 - 80 38.60  44.03
1.14 * * 14 80 80 45.92  43. 24 1.06 * * 15 0 20
38. 59 40. 35 1.05 * * 16 Tuble 19 0 45.90  46. 22 1.01
* % 17 90 80  45.63 45. 46 .00 * *d=1.6[errlm L =
1.6[errlm L An £ ONpGD[erfA m| A RO. 38toI.p f8leryd m Tabl'ecB NoT T R |
A | + -1 T 50 0.06 Sfé .BU 0‘ 50. 17
o 02 45 |-5 ?4 %.oo 8 % P 332 é-g o 155
0.24 36.60 155.48 4 03148 1090 o
5 60 -40 i 522 %.ao =4 %@2 d %365 %%2%2 0 §.03
22.10 41.54 o 4o 99050 -8%o| B 25944 ¥*{ o B
20 70 14.50 52.p6 85 | -8%0|* 16.8% 4’74(98 402.95.150 } 0| 9.98
4.56 * 0 10 38 405 42.50 |1307®4 37 XB5 1% 168§ 30
14.50  39.50 72.112 ¢p o 1% oY 105 5( 1435140 1%?% x| o B 45
o1 A0 - | 0 ShP 17.80%1%9819 1 2.71 % | o

9 80 80 16.11 43. 40 2.691% | o

10 20 7] 23.65 42.13 1.781% | o

11 119 30 | 40.31 | .23.22 1.71% { o

12 25 5 21.69 36.85 1.7 % | o

13 65 -65 27.25 43.64 1.606 1% | o

14 100 4Q 37.90 24.78 1.53{% 1| o

15 40 -40 46.75 39.60 1.181% | %

16 30 -30 44 .25 41.19 1.071 % | %

17 50 -50 42.13 39.99 1.051% | %

d = 49um, L = 4.90um, L-An = 0.78um, A = 0.38 to 0.78um

Table 20
No. P A I+ I- CR
1 85 5 27.85 .05 ]534.38
2 90 @ 27.91 .08 |359.67
— 3 80 19 24.74 0.33 75.31
4 95 -5 27.20 0.41 66.98
5 80 20 21.82 2.13 18.26
6 ] @ | 18.31 46.63 2.55
7 5 5 17.82 45,37 2.55
8 175 -5 17.82 45,37 2.55
9 5 -5 18.92 46.29 2.45

10 160 | -30 9.41 21.84 2.32
11 90 30 | 25.56 11.24 2.28
12 60 @ | 25.04 11.21 2.23
13 120 @ | 25.98 12.12 2.14
14 20 2 1 19.11 40.80 2.14
15 40 | -38 | 39.66 | 40.58 1.02
16 40 | -46 | 42.34 | 41.57 1.02
17 50 | -50 | 42.47 | 41.94 1.01

= 5.3um, L = 5.30um, L-An = 0.84ym, A = 0.38 to 0.78um
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14 50 - 80 14. 50 31. 20 2.15 * o0 15 90 30 16. 10

12. 30 1.31 * * 16 60 0 16.10 12.30 1.31 * * 17
0 20 37.20 40.60 1.09 * * d =2.0[err]m L = 2.00[err]m
L,[err]n—0200[err]m A—038t0078[err]m -44- Table 5 No. P

A | + CR T 530 0.13 42.49 332.60
0 02 60 -40 0.13 37 51 793. 87 o o3 40 -60 _
0.13 37.51 293.87 o o0 4 30 -70 0.13 24.91 195.49 0 o
5 80 -20 0.13  10.62 83.33 0 0 6 130 40 0.78

41. 23 52.54 0 07 35 -75 TaBle3d1 25.18 10.76 0 o0 8

50 40 47.9 5. 67 8.45 * 0.9 50 50 47 .22

6. 89 6.85 4 Nodo Pieb R40 7125 | 38]32 R 28T+ Ro 11

30 40 43 8§ 110.0975 108585 15.59 17 0.00 1988.44 [0 015.76
- 50 10. 19 :3.% . 8 . 35 @3 %g% 642. 1
1.10 * * 16 2 45 g . 1y O 80

| 1

s

6

7

8

oo

47.75  46.72 1, * 7L81 2| 20 eB%]n* i
0.220[err]m [efr] & Q.30 o. 7wer ] Ie g&&olﬂ
| - CR T IR 306 20 13.36 28.60 2.14
] -30 15.38 32.68 2.12
' 90 79 18.77 39.58 2.11
9 20 0 18.71 39.33 2.10
10 20 -10 19.94 38.84 2.04
i1 20 -20 19.84 36.42 1.84
12 60 60 14.22 25.72 | 1.81
13 19 10 24.48 42.89 1.75
14 5 5 25.92 45.33 1.75
15 ® ] 26.42 46.18 1.75

d = 4.6um, L = 4.60um, L-An = 0.96um, A = 0.38 to 0.78um
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Table 22

No. P A I+ I- CR

1 85 5 10.32 0.12 | 84.47

2 90 @ 14.79 0.42 | 35.60 |

3 85 -5 15.22 0.92 16.52

4 80 | -30 | 29.77 13.19 2.26
- 5 60 | -20 18.64 9.92 1.88

6 40 | -60 | 32.00 17.29 1.85

7 70 | -40 | 34.52 18.79 1.84

8 45 | -55 | 33.22 18.73

9 4 | -50 | 28.52 16.60 72

10 60 | -58 | 37.62 | 22.45
11 40 | -40 | 24.49 16.81
12 @ 0/ 1.00 1.00
13 40 0 1.00 1.00
14 80 | -60 1.00 1.0
15 60 | -80 1.00 1.00
16 0 S0 1.00 1.80

d = 6.4uym, L = 6.40ym, L-An = 1.02um, A = 0.38 to 0.78um
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1 . 50 -50 0.06 42.66 658.13 0 o0 2 45 -55 0. 06

41.41 640.21 o o0 3 55 -45 0.06 41.41 640.21 0 o0 4

40 -60 0.06 37.79 588.01L o o065 60 -40 0.06 37.79
588.01 o o0 6 30 -70 0.06 25.32 402.850 o7 40 50
42.68 2. 46 17.37 o o0 8 30 50 36.52 3.40 10.75 o
09 60 -60 6.28. 42.92 €584 * o 10 40 -30 10.53
42. 17 4.01 * o 11 45 -25 10.53 38.55 3.66 * o0 12
60 -70 12.76 42.01 3.29 * o 13 20 -40 18.01 39.01
2.17 * o 14 80 80 46.59 4073fe 23 1.15* * 15 20 0
45.52  40.53 1.12 * * 16 0 20 36 49 39.84 1.09 *

LI

* 17 90 8 Kdg:.BZ  P*3[07 I9qe "] " 9= 2. 4[erGRm T

2.40 L. =024 et T ernd ‘8 =
i 0 R i i
0.10 46.10 443.272 d 8% | -ko 0. £ 82 4 3

3 60 -40 0.30| 40570 -862. 9718 310 P 0.8% 17‘598 ®0
19.10 218.54 o} o45 205 | -79 47099 19588 218. 2.0 | ¥ o
60 30 41.40 5§ 0.508¢ P3-38 o] 26.97 | .17 40 24® ok

74.355 o0 6 60 -30 21.29 9.175 2.18
g 35 =15 29.13 14.32 2.03
9

t=le)
O
o=

162

60 | -40 | 27.82 | 13.79 2.02
. 50 | ~50 | 29.27 15.24 1.92
10 68 | -50 | 33.88 19.06 1.78
11 40 | -40 | 20.23 12.55 1.61
12 40 | -20 | 14.38 | 16.67 1.16
13 20 0 1.00 1.00 1.00
14 68 | -80 1.00 1.00 1.00
15 88 | -60 1.00 1.00 1.00
16 2 | -20 1.00 1.00 1.00
17 66 | 60 1.00 1.00 1.00

d = 6.6um, L = 6.60um, L-An = 1.05um, A = 0.38 to 0.78um

NN HOO0OO0000300 0

— Table 24
No. p A I+ I- CR T[R
1 ] -90 ©.45 11.93 26.5110 | o
2 85 -5 0.82 12.31 15.011 o | o
3 95 5 0.82 12.31 159110 { o
4 5] 65 8.53 21.50 2.521 % | o
5 130 70 16.67 14.38 1.16 % | %
6 ik *

70 70 1.00 1.00 1.00
d = 5.1ym, L = 5.10um, L-An = 1.06pm, 4 = 0.38 to 0.78um




8 + 80 20  20.40 1.66 12.29 0 o0 9 160 30 10.50
44. 90 4.28 * 0 10 60 -70 10.60  44.90 4.24 * 0
11 65 55  46.00 12. 00 3.83 * o0 12 40 20  45.00
12. 00 3.75 * o0 13 40 -30 12. 70 44. 80 3.53 * o
14 140 -20 33. 40 12. 00 2.78 * 0 15 20 -10  41.40
45. 00 1.09 * * 16 10 10 - 5444. 20 41. 10 1.08 *  *
17 90 80 46.00 45.00 1.02 * *d=28[err]m L =
2.80[err]m L.[err]ln = 0. 280[err]m [err] = 0.38 to O. 78[err]mTabIe 8 No.
P A | + | - 15 10 0. 07
220.12 0 0 2 50 -50 o 49 3Jé§241—89 78 o 60 -50
0.53 43.10  81-#8por—ogt °°.90 8t=38—e7 O
5 160 -70 39?§@L oFg Jo o163 2 CR 844K
18.50  42.53 o 71 850 150 4. 86 4-1@@3 35739 o] oo
120 40 8.34{ 2s. %o 20 | 488 |* 16 8b 824 -pus 3.11g %3} o
5w el Sel0| 22 | RE, 58 L EL) o,
2.13 * 0 13 0 4 1 g :;8._(% 4%{2% g%* *%1%3 izd 0’ 0
45.70  40.30 C1R x O+ 90 &1~ : 4653 D b7 *
* 16 10 10 '4§.1J g%?.?o‘35 108 4 9 9g- 17 8§ #s| 80
44. 60 1.03 *7 F d303|2[&% 1 m 23.2’23.20[Ielx?4n L. [€¢r®Fn 0
0.320[err]m A =/0.38 tp 0888 ¢r H30 23.27 11.14 2.091% | o
9 40 -60 23.24 11.21 2.071% | o
10 60 -4Q 23.24 11.21 2.071% | o
11 45 -55 1 24.20 12.04 2.011x | o
12 55 -45 24.20 12.04 2.01 1% | o
13 40 -70 26.99 14.34 1.881% | o
14 40 56 30.51 36.80 1.2 | X | %
15 30 50 32.69 35.12 1.07 1% | %
16 40 60 32.90 35.18 1.07 | % | %
17 20 40 34.77 37.07 1.07 1% | %
d =5.8/m, L = 5.80um, L-An = 1.08um, A = 0.38 to 0.78um
Table 26
No. P A I+ I- CR IT IR
1 70 -3¢ 16.34 7.97 2101 % | o
2 60 -4Q 19.00 10.20 1.86 % | o
— 3 60 -50 25.11 15.42 1.63l% | o
4 50 -60 25.11 | 15.42 1.631% | o
5 50 20 17.97 25.88 1.52]% ] o
6 58 | -0 29.97 20.61 1.451% | o
7 90 50 16.92 23.28 1.45|% | o
8 49 10 19.54 28.25 1.45]|% | o
9 55 -65 30.76 21.34 1.44 | % | o
10 69 -60 31.94 21.59 1.44 % | o
11 80 56 | 19.80 28.44 1.44 % | o
12 55 35 21.72 30.84 1.421{% | o}
13 50 30 21.93 31.06 1.42 | ¥ | o
14 ? 40 35.72 31.00 115 % | %
15 40 -30 11.39 10.08 1.13 1% | *
16 30 60 34.00 31.96 1.06 | ¥ | *
17 40 60 35.35 36.32 1.03 (% | %

d =54ym, L = 5.40um, L-An = 1.12um, A = 0.38 to 0.78um



-46 - Table 9 No. P A | + | - . CR T R1 55
-55 0.36 39.37 108.63 0 o0 2 45  -65 0.33 35.06 104.81
o 03 65 -45 0.33 35.06 104.81 o o0 4 75 -35 0.26
24.18 91.59 o 05 75 15 25.88 1. 02 25.45 0 o0 6
70 10 25.88 2. 11 12.26 o o0 7 80 20 25.89 2.12
12.20 o o0 8 40 -40 10. 77 36957 3.40 * 09 50
10 39.92 12.91 3.09 * o0 10 80 40 39.95 12.98
3.08 * o011 40 20 46.06 16. 21 2.84 * 0 12 70
- 80 20. 44 44. 51 2.18 * o0 13 40 -30 18.10 35.63
1.97 * o 14 45 -25 18.09 32.46 1.79 o 15 10
0 45.26 43. 68 1.04 * * 16 80 80 41.58 41.92
1.01 * * 17 20 -20 40.10  40.19 1. 00 * * d =
3.6[err]lm L = 3.60[err]m L.An = 0'360[erﬂgﬂe = 0.38 to 0.78[err] m Tabl e
10 No. = A | + | - R 1 85 5
33314 600'0?60 Noody Pog ke A 5h ool L, 1- GJLE§FF Tqal?g;o
23. 40 17.92 o] .ds5| 200 | -9 | 18.20 | 418.29 3% * 10
2 120 -38 | 27.60 14.90 1.851 % | o
3 140 ~40 32.60 20.70 1.571 % | o
4 60 -40 16.00 25.10 1.571 % { o
5 49 -60 16.00 25.16@ 1.571 % { o
6 110 60 24.10 35.30 1.46| % | o
7 90 -9@ 43.60 48.00 1.101 % | =k
8 110 -70 38.90 36.40 1.07) % | %
9 170 -80 5.80 2.30 2.52| k| %
10 80 -20 38.80 7.50 1.171 k| %
d = 19.0um, L = 19.00um, L-An = 1.900um, A = 0.38 to 0.78um
Table 28
No. P A I+ I- CR TLR
1 110 -15 12.80 7.30 1.751 % | o
2 105 -20 12.70 7.30 1.741 k% | o
3 20 70 14.69 9.00 1.621 % | o
4 115 -20 16.79 11.10 1.5901 % | o
5 110 -25 16.60 . | 11.10 1.501 % | o
6 120 -30 21.990 16.30 1.3 % | o
T 7 140 -4Q 26.90 22.50 1.20] % | %
8 110 60 29.00 34.20 1.181 % | *
9 6@ -40 20.50 23.50 1.15 % | x
19 90 -90 43.80 47.90 1.9 % | *
11 | 130 -90 26.00 28.106 1.081 % | %
12 160 20 36.60 | 38.40 1.051 % | ¥
13 179 ~30 33.20 | 34.30 1.03 k| %
14 99 -50 28.40 28.10 1.021 % | %
15 ] -90 3.90 | ©.00 | 975.00| * | X
16 170 -80 5.50 2.50 2.201 %k | %
17 80 -20 9. 40 7.10 1.321 k| o

" d = 25.0um, L = 25.00um, L-An = 2.500um, 4 = 0.38 to 0.78um



6 - 75 -75 18.06  43.10 2.39 * o7 90 40 36.31

16. 21 2.24 * o8 50 0 36.00 16. 49 2.18 * o9
60 -90 17.92  36. 37 2.03  * o 10 90 -60 17.92  36. 37
2.03 * o 11 40 10 44.99 23.00 1.96 * o 12 30

-50 13.53 24.52 1 81 oo 1i#3 60 39.66 24. 83

1.60 * o 14 0 39.62 33 1.19 * * 15 10 ,
-10 45.94 43.11 1 07 * *'d=4.0lerrfm L =4.00[errJm L.An

= 0. 400[err]n1 [err] = 0.38 to O. 78[err]n1 -47 - Table 1 1 No. P A
| + CR T R1 175 -85 0.04 14. 96 374.00 0 o0 2

55 65 31.59 1.35 23.40.0 o0 3 170 -80 1.00 22.84

22.84 o o0 4 45 -75 26.55 1.19 22.31 o 05 90 -30

15. 07 0. 83 18.16 o 0 6 5 65 12. 00 0.74 16.22 o o7

105 -15 10.0 O 0.64 15.63 o o0 8 70 -20 15. 75 3.60

4.38 * 09 90 -50 31.02 9.22 3.36 * o0 10 150 -35

24.30 44.20 1. 82 * od=3. O[err]I@.ﬂJEQS OOferr]m L.[err]n =
0.420[errlm [e 7 Tabt
T

: 17P“’;&?”‘1'EEI¥T;, T PR
| x 130 60 10.00 8‘79 50 | 20.00
10 | -99 2.50 | 22.10 8.84
100 0 2.50 | 21.90 8.76
110 | -10 8.90 | 33.70 3.79
170 40 | 13.40 | 30.80 2.30
60 | -70 | 12.90 | 28.00¢ 2.17
80 0 6.70 | 13.:69 2.03
9@ | -45 | 17.80 | 35.90 2.02
130 | -89 | 40.40 | 20.50 1.97
10 160 | -60 | 35.00 | 19.60 1.79
11 | 150 20 | 42.640 | 48.80 1.04
12 | 120 | -50 | 43.48 | 44.30 1.02
13 50 | -40 0.90 5.50 6.11
14 50 | -30 4.60 3.10 1.48

d = 2.0um, L = 2.67uym, L-An = 0.267um, A = 0.38 to 0.78um
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Table 30
No. P A I+ I- . CR TR
1 50 -50 ©.50 20.90 41.890| 0 ©
2 110 60 29.46 ©.80 36.75l 0} o
3 40 -60 1.00 22.50 22.50{ 0| o
4 100 -10 4.70 39.70 8.45| % | o
5 20 -40 22.50 3.39 0 6.821 % | o
6 20 70 11.70 46.8€0 4.001 % | ©
7 90 ® 7.50 28.70 3.83]1 k| o
8 90 -90 40.00 18.80 2.13| % | o
9 140 70 15.79 3.30 1.891 k| o
10 70 -10 11.39 19.80 1.75] % | o
11 160 -20 41.90 24.30 1.721 % | o
12 140 -40 44.40 31.70 1.401 *k | o
13 100 -0 36.20 27.60 1.31] * | %
14 179 -89 19.00 18.50 1.93] * | *

d = 2.8um, L = 3.73um, L-An = 0.373um, A = 0.38 to 0.78um



Table 32
No. P A I+ I- CR TIR
1 5% -90 11.60 @.40 29.92| o | ©
2 160 -20 13.60 2.900 6.80| %1 o
3 129 -70 21.30 4.50 4.731 % | o
4 140 ~-4Q 16.30 | 4.20 3.88| % | o
5 80 -50 6.50 25.20 3.881 %} o
6 20 70 10.00 28.10 2.811 k| o
7 100 -10@ 22.30 41.50 1.86!1 * | o
8 169 ~-60 42.60 | 23.50 1.811 ¥ | o
9 40 -60 25.10 42.10 1.681 ¥ | o
10 110 60 41 .40 27.30 1.521 % | o
11 Q0 0] 26.30 47.40 1.31 k& | %
12 79 -10 40.70 45.79 1.12} %} *
13 170 -80 45.79 43.40 1.051 % | %
14 140 70 42.10 40.40 1.04] % | *

d = 4.0um, L = 5.33uym, L-An = 0.747um, A = 0.38 to 0.78um

2 55 - 65 30. 51 1.34 22.77 o o0 3 50 -70 28. 70 1.27
22.60 o o0 4 90 -30 15. 48 0.73 21.21 o o0 5 105 -15
10. 23 0.51 20.06 o 0 6 10 70 10. 00 0.54 18.52 0 o 7
165 -85 1.80 23.79 13.22 o o0 8 90 -50 31.71 8.77
3.62 * 09 70 - 20 13. 50 5.20 2.60 * o 10 155 -40
23. 54 41.53 1.76 * od = 2.3[err3fr L = 2.30[err]m L.An =
0.428[err]m J[err] = 0.38 to 0.78[err]m -48 - Table 13 No. P A
| + | - CR T R1 85 5 16. 64 0.05 315.58 o
o 2 105 -15 - 0. 38 11. 15 28.98 o o 3 150 30
1.35 29. 99 22.17 o o4 70 -50 1.25 27. 30 21.90
0] o5 55 - 65 1.33 28. 88 21.69 o 06 80 10
24.73 1.32 18.70 o o7 40 Tabl@ 31 1.48 20. 25 13. 65
0] o 8 100 30 25.20 8.97 2.81 * 0.9 75 -75
15.66  43.46 Ne. 47 P o 10 507+ 10 I- 44.68CR 1809 R
2.47 * o 11 7 47138 3460 . o 80
50  47.57 25975 ﬂ%ss :ig d 13§'qg 1p gg‘g 0 %5178 3:2 3%00
1.51. * od=4]J4[efr]im = . 4Dt erirjm " Lo[errLA" 7,0.1440[érr [lert Ji=
0.38 to 0.78[err]n1T%§le 14 .20 .10 15 ™% 1
' 10 -90 6.49 39.00 6.091 % | o
5 100 ) 6.50 38.90 5.981 % | o
6 130 ~80 44,00 8.20 537 %1 o
7 90 -45 10.20 | 40@.60 3.981 % | o
8 160 -60 42.40 12.10 3.50] % | o
9 140 ~50 46.20 20.20 2.29{ % | o
10 110 ~79 39.40 18.70 2.111 % | o
11 130 60 17.70 10.29 1.741 % | o
12 80 0.1 15.80 27.40 1.731 % | o
13 20 -50 18.90 12.90 1.471 % | o
14 150 -20 34.70 26.80 1.294 | *
d = 2.0um, L = 2.67um, L-An = 0.424um, A = 0.38 to 0.78um



No.. P A |+ | - CR T R1 175 -85
0. 05 16.64 332.80 0o o0 2 100 -20 11.73 0.41 28.61
o 03 150 30 29. 43 1.36 21.64 0o o0 4 165 = -85
1.89 24.74 13.09 o 05 90 -50 32. 40 8. 32 3.89
* 06 120 -90 32. 69 47.52 1.45 * o7 100 50
22. 40 31. 05 1.39 * 08 18- 10 144.96 39. 00
1.15 * *d=3.0[errlm L =3.00[err]m L.[err]n = 0.450[err]m J[err] =
0.38 to O0.78[err]m -49 - Table 15 No. P A | + | -
CR T R1 85 5 25.01 0.21 117.74 o o0 2 90 10
25. 10 0.29 87.68 o o0 3 110 -20 0.41 22.48 55.13 o
4 75 -5  25.47 0.50 51.30 0 05 90 -40 1.94
23.53 12.11 0 o0 6 70  -90 13.T&ble 382. 63 3.09 * o7
85 35 41. 05 14_20 2.89 * o 8 40 -1 . 43 19 15135
2.81 * 009 133o. |85 P 421 268 h5. 04+ 2.8t * oCR 1dod R 50
42. 85 15. 45 12177 60 b 289 | 286. 7@30 443003 Q1%3BBk | 04.77
* 012 120 |-5 1Yahm2 | -4a. 8b .43 o [13 % -3
17.66 42.76 % 42 ]?4@ 143@ 140 o. 9 4%0489 3%%23%0 . Qj 28
* % 15 120 470 3213% g@ 28.8" 2b 4 . *

4 6.89 27.00 3.971% 1| o

5 160 -60 13.00 42 .40 3.261 k| of

6 150 -20 10.80 27.00 2.501 %k | o

7 179 40 35.20 14.20 2.481 % | o

8 20 -60 36.40 20.20 1.751 %k | o

Q 90 -45 33.40 24.10 1.39| % | o

10 5@ -10 23.80 20.80 1.14 | % | *

11 8@ ® 39.00 42.40 1.11} k | %

12 10 -90 45.50 43.29 1.5 % | *

13 100 5] 45.60 43. 46 1.95] k.| *k

14 110 -10 43.00 43.30 1.01] k| k

d = 6.0um, L = 8.00um, L-An = 1.120um, A = 0.38 to 0.78um

Table 34
No. P A I+ I- CR TI1LR
1 100 @ 0.20 11.10 55.591 0} o
2 20 -79 0.70 28.30 48.431| o (o)
3 69 7] 16.80 1.99 8.84| % | o
4 130 -80@ 40.10 10.00 4011 % | o
5 60 =70 14.60 43.30 2.971 % | o
6 160 -60 33.10 12.80 2.591 4 0
) 116 -30 22.60 10.20 2.221 % | o
8 100 -45 26.80 12.39 2.181 % | o
9 179 40 14.60 22.50 1.54) % ]| o
10 150 -20 43,90 38.30 1.15¢ % | *®
11 160 -0 9.50 0.20 | 47.59]| 4 0

d =2.0um,L =2.12um, L-An = 0.212ym, A = 0.38 to 0.78um



16 160 - 30 32.61 40. 44 1.24 ~* *d=4.0[errlm L =
4:00[errlm L.[err]n = 0.560[err]m [err] = 0.38 to 0.78[err]m Table 16 No.
P A | + | - CR T R1 85 5 29. 95 0.24
124.72 o o 2 80 0 30. 27 0. 57 53.28 o o3 90 10
30. 06 0.57 52.800 o0 4 170 8 15. 97 46.91 2.94 *
o5 0 -50 41.86 16. 07 2.6099 0 6 40 40 15. 37

35. 56 2.31 * o7 100 50 42.88 19. 46 2.20 * 08
175 -5 22.12 46. 84 2.12 * o9 0 0 22. 34 47. 20
2.11 * o 10 60 20 37.23 17786ie 35 2.09 * o 11 100

-80 21.11  43. 84 2.08 * o 12 80 80 21.11 43. 84

2.08 * o 13 2 g 7 A28 2185~ 263 o] AGy

0 a1.63 24 el | aPoo T B o 4" Thg | o= Telo

44.%3? 1
1.55 * o 16 éo 89 | 2268 029 | 47.38 F£36.505@ E o
6.4[errlm L = 6 40Rer[]m2@L. [er8n £ 0264 elr]28.98 =| 0.48. 14) co7B[erf]m
- 50 - Table 17 No.3 P 6@ [A-40 |+ @.7@-| 28.8R q1.R1o |185
&2

-85 0.23 32. 52 1473 0.~ 2 - n D. 22 1 2 1. 64
o 03 170 1 -9§ %7 32385 é%bé%% ) 51 92] @5 p. 53
36. 34 14. 36 1 . 45, .92} +7) o

' ' °c 8 | 140 79 | 13.640 | 20.50 1.511 % | o

7 166 -20 45.39 40.19 1.13} % | *
8 90 -90 45.20 40.79 1,111 % | *

d=28um,L =296um, L-An = 0.296um, A = 0.38 to 0.78um

Table 36
No. P A I+ I- CR TR
1 40 -60- 0.60 45.40 75.67( 0 | ©
2 100 @ ©.60 13.20 22,081 o | ©
3 10 ~90 0.60 13.20 22.001 0| o
4 130 -80 44.40 9.10 4,88 % { o
5 130 60 16.20 36.60 2.261 * | o
6 17@ 40 8.10 18.30 2.261 % | o
7 %0 -45 11.306 | 8.20 1.38] % | o
8 158 ~20 38.40 33.10 1.16] % | k
9 20 -29 39.46 42.00 1.07 % | *

d = 2.0um, L = 2.12um, L-An = 0.337uym, A = 0.38 to 0.78um

Table 37

No. P A I+ 1- CR

120 -60 24.80 40.00 1.61
140 -40 25.20 40.60 1.61
160 -20 "1 26.50 42.10 1.59
90 -90 26.70 42.00 1.57
110 60 | 46.70 36.70 1.27
100 -10 7.30 9.30 24.33

d = 4.0um, L = 4.24um, L-An = 0.593um, A = 0.38 to 0.78um

#* %0 0 0 0|0

DN DWN -




5. 95 15 2.54 33.71 13.27 o 06 130 -20 25.35

1.99 12.74 o o7 20 60  19.46 1.91 10.19 0 o 8
90 -85 43.50 12.31 3.53 * 09 105 50 24.10  48.34
2.0l * o010 150 -50. 23.75 23.71 1.00 * * d = 4.4[err]m
L—440[err]m L.[err]n = 0.700[err]m berr] = 0.38to 0.78[err]m Table 18
No. P A | + |- R R1 90 0 28.61
0.13 228.70 0o o0 2 85 5 32 40 0.18 184.09 o o0 3 80
0 32.87 1.01 32.51 0o o0 4 0 20 10.94  42.46
3.88 * 0.5 0 30 9.50 36T4ble38 3.84 * o0 6 80 -80
12. 26 44. 05 359 * o 7 175 5 1419 47.01 331 *
o8 70 -l2aNo. 3R gk 11062 A192 1 ol 12€R_-6al | R.e1
25. 40 2.4 1t |o 90 9 2,‘8 0@17 591.665. 21 18.06 | 6B 0% O
11 90 -90 27.[73 8@45/23 @ 1 o7 1:@ 7@ 80| 039.55
16. 38 2.44 * 4 o 1 50 _opr 20 5 8 « 1o 14
100 40  40.117 3 19 ggb % 06 %23%5 5351@ 3*. 998
16. 30 1. 90 *5 0 ? 30 B0 %40 8703 i 4§ 9 1o 17
160 40 21.134 90 40, . 4324 g 14 err] r‘J\ = Y, 50<qur] m
L An = 0.720[erfr]n® A _16938 tobB 78 S5- 58 | 3682 k| ok

7 20 -60 42.70 38.90 1 1@ - I < :

8 130 -80 10.90 16.10 1.081 *k | *k

9 60 -60 36.70 33.10 1.941] k| *k

d = 6.0um, L = 6.35um, L-An = 0.889um, A = 0.38 to 0.78um

Table 39
No. P A I+ I- CR TI1R
1 50 -40 .70 36.50 52.141 0 | ©
2 140 60 3.609 39.00 10.831 0 | ©
3 159 -50 44.60 12.00 3.721 %X | o
4 150 -20 44 .20 13.20 3.351 % | o
5 170 40 15.50 37.60 2.431 k | o
6 160 -90 8.80 19.00 2.16{ % | o
7 110 -30 23.60 12.90 1.831 %k | o
8 60 0 156.00 27.00 1.69] % | o
9 20 -10 39.40 45.60 1.161] % | %
16 100 -45 27.90 29.50 1.064 % | *k
11 139 -39 39.50 38.20 1.03] ¥ | *%

d =2.0um, L = 1.89um, L-An = 0.189um, A = 0.38 to 0.78um

Table 40
No. P A I+ I- CR T1R
1 40 -60 ©.49 28.60 71.501 0| o
2 60 -40 0.70 47.10 67.29|1 0| o
3 140 -40 45.30 2.10 21.57 0| o
4 16@ -20 45.40 11.80 3.85] % | o
5 140 79 12.60 46.00 3.65| % | o
6 0 -60 27.90 44.70 1.601 * | o
7 110 60 28.20 35.80 1.27( % | *
8 99 -0 45.99 40.60 1.13] * | *k

d = 2.8um, L = 2.65um, L-An = 0.265um, A = 0.38 to 0.78um



Tabl e 19 No. P A | + | - CR T R1 90 0 30. 34

0006 516.13 0 0 2 85 5 31.83 0.11 289.63 0 o0 3 95
-5 27.22 0.53 51.82 0 o0 4 90 80 15.90  46. 79 2.94 * o
5 85 -85 16.34 47.98 2.94 * 5 25  12.96  37.63
2°90* o7 60 0 33. 10 11. gé 2 88 * 08 0 0
17.80  48.19 2.71 * 09 80 16.11  43. 40 2.69 * 0 10
20 0 23.65 42.13 1.78 * o0 11 110 30 40.31 23.22
1.74 * o 12 25 5 21.69  36.85 1.70 * o 13 65 -65
27.25  43.64 1.60 * o0 14 100 4Qbk337 90 24.78 1.53 * o 15
40 -40 46.75 39.60 1.18 * 3; ég 1 05 -30 44 25 e41j19 u
1.07 * * 17 5 50 o 4T _ mR 1l =
4.90[err]m L.[qﬁq}?fa P@[ rlf{q@ —@I%QLQ gj errjrga egré(_ I:% P
A | + If - 8 4. (0] (0]
2 90 0 {2721 6@08 g@ 617 37 @@3 3@7 102 153 D33
75.31 o0 o0 4 053 | -550 27. 2890 | 032139 6p 89 q C @
21. 82 2.13 }{10.26 |o 1906 40 10. 4018| 346. 196. 63 4 BEFH ®|7
5 5 17.82 ®5.|37 99 215545 b $3.7@75| 40-30 |17.8293¥% 370 | 2.55
* 009 5 |-5¢6 18.93p 16.88 | #£4480" {043.10 2.89 % | o
9 130 ~-80 43.20 32.60 1.331 ¥ | o
8 90 -80 40.29 44 .50 1.11) % 1 %k
9 10 -70 7.30 3.806 1.921 & | *
d = 2.0um, L = 1.89um, L-An = 0.301um, A = 0.38 to 0.78um
Table 42
No. P A I+ 1- CR TI1R
1 170 -80 30.50 ?.30 1861.671 0 | ©
2 20 70 1.30 34.40 26.461 0 | ©
3 140 70 36.26 2.40 15.881 o | ©
4 40 -30 36.20 2.40 15.881 o | ©
5 100 -30 3.20 35.10 18.971 0| o
6 160 -70 39.90 5.60 7.131 ¥ | o
7 110 60 44 .20 7.20 6.141 %k | o
8 100 -10 5.30 19.20 3.621 %k | o
9 100 -60 17.40 47.50 2.7131 %} o
10 140 -40 25.30 4@. 10 1.581 % | o
— 11 90 -90 31.10 42.10 1.351 %] o

d = 4.0um, L = 3.79um, L-An = 0.531um, 4 = 0.38 to 0.78um



10. 160 -30 9.41 21. 84 2.32 * o011 90 30 25. 56 11. 24
2.28 * o0 12 60 0 25. 04 11.21 2.23 * o0 13 120 0

25. 98 12.12 2.14 * o0 14 20 0 19.11 40. 80 2.14 * o 15
40 . -30 39. 66 40. 58 1.02 * * 16g5 . 40 -40 42.34  41.57

1.02 * * 17 50 -50 42. 47 41. 94 1.00 * * d=5.3[errlm L =

5.30[err]m L.[err]n = 0.84[err]m A = 0.38 to 0.78[err]m - 52 - Table
21 No. P A | + | - CR T R1 175 -85 15. 58
0.07 238.44 o o0 2 90 0 19. 55 0. 30 66.13 o0 o0 3 95
-5 22.94 1. 67 13.75 0 o0 4 105 15 23.56 7.01 3. 36
* 05 40 10 9. 82 23.41 2.38 * 06 30 20 13. 36
28. 60 2.14 * o7 0 -30 15. 38 32. 68 2.12 * 0 8 90
70 18. 77 39. 58 2.11 * 09 20 0 18. 71 39. 33
2.10 * o 10 20 -10 19.04 38.84 2.04 *. o0 11 20 -20
19. 84 36. 42 1.84 * o 12 60 60 14. 22 25.72 1.81
* 0 13 10 10 24.48  42.89 1.75 * o 14 5 5
25. 92 45. 33 1.75 * o 15 26. 42 46. 18 1.75 *
od=4.6[errlm L =4.60[err]m L.[err?;§g§6£g6[err]n1 [err] = 0.38 to
0.78[err]m No. | P A I+ I- CR_ITIR

1 10 -70 31.20 1.60 19.56{ o0 | ©

2 100 4] 31.40 2.79 11.63] 0 | ©

3 30 -70 34.409 12.10 2.841 k| o

4 80 -80 17.80 43.20 2.431 % | o

5 150 -20 4.60 10.10 2,201 k% | o

6 130 -80 20.00 34.50 1.731 % | o

7 90 -45 23.40 37.50 1.39{ % | o

8 170 40 33.009 45.10 1.371 % | o

9 60 -40 44.70 44.20 1.01 ) %k | *

19 130 69 41.50 41.60 1.00] * | *

d = 6.0um, L = 5.68um, L-An = 0.796uym, A = 0.38 tc; 0.78um



Tabl e 22 No. P A | + | - CR T R1 85 5

10732 0.12 84.47 o o0 2 90 0 14.79 0.42 35.60 0 o0 3
85 -5 15. 22 0.92 16.52 o o0 4 80 -30 29. 77 13. 19
2.26 * 05 60 -20 18. 64 9.92 1.88 * 06 40 - 60
32.00 17. 29 1.85 * o7 70 -40 34.52 18. 79 1.84
* 08 45 -55 33.22 . 18.73 ~63r. 77 o9 40 -50 _
28. 52 16. 60 1.72 * o 10 60 -50 37.62 22. 45 1.68
* o0 11 40 -40 24. 49 16. 81 1.46 * o 12 0 0
1.00 1.00 1.00 * * 13 40 0 1.00 1.00 1.00 *
* 14 80 - 60 1.00 1.00 1.00 * * 15 60 -80 1.00
1.00 1.00 * * 16 0 50 1.00 1.00 1.00 * * d =
6.4[errlm L = 6.40[err]m L.[err]n = 1.02[err]m J[err] = 0.38 to
0.78[err]'m - 53 - Table 23 No. P I+ - | - CR T R
1 [90 ! 0 11.93 0. 45 26.78 I%Pﬁ%#% 85 -5 12. 31
0.82 14.98 o 5‘“‘?859 23y U g7 A8 o PER 20
-70 17.09 Sigg‘ 306 Or5 8o =3 2697 2.1y
* _Bo10 0 . 1%.9 P 12.231%07 o

222+ 06 g0 -polfilee 01 BT RN B0 o

3 10 -70 3.80 21.70 5711 % | o

4 140 60 3.20 12.80 4.001 * | o

5 160 -90 G.20 29.40 3.20| k| o

6 170 49 15.6@ 5.80 2.9 % | o

7 60 4 16.00 32.90 2.061 % | o

3 160 -45 28.30 18.00 1.571 % | o

9 150 -20 44.40 31.00 1.431 % | o

10 110 -30 24,50 19.80 1.24 % | *

11 130 -8& 39.10 41.80 1.07) k| %

12 149 -60 44,770 47.30 1.06 k| *

i3 20 -20 31.35 31.40 1.0 * | k

14 30 =70 ©.80 8.20 10.251 %k | o

d = 2.0um, L = 1.60um, L-An = 0.160ym, A = 0.38 to 0.78um

Table 45
_ No. P A I+ I- CR TIR
1 40 -60 ®.20 14.00 70.00| o 0
2 69 -40 0.20 14.00 70.001 0o | ©
3 10 -90 1.70 26.40 15.531 0} o
4 90 0] 3.10 32.40 16.451 0 | ©
5 100 -10 3.30 21.80 6.611 %] o
6 70 -10 6.50 34.290 5261 %} o
7 40 -40 5.20 23.39 4.48|1 % { o
8 170 -80 13.00 42.60 3.281 % | o
9 90 -90 44 .40 15.10 2.94 1| 4 o)
10 140 70 11.60 31.60 2.72 | # o]
11 140 -40 46.30 29.40 1.57) * 0
12 160 -60 35.30 46.59 1.3 k| %k
13 11@ 6@ 26.60 33.68 1.241 % | *
14 20 70 13.30 15.409 1.16] k

d = 2.8um, L = 2.24um, L-An = 0.224um, A = 0.38 to 0.78um



7 35 -75 29. 13 14. 32 2.03 * 0O8 60 -40 27.82

13.79 2.02 * 09 50 -50 29.27 15. 24 1.92 * o 10

60 -50 33.88 19. 06 1.78 * o 11 40 -40 20.23 12. 55
1.61 * 0O 12 40 -20 14. 38 16. 67 1.16 * * 13 20 0
1.00 1.00 1.00 * * 14 60 -80 1.00 1.00 1.00 *
* 15 80 -60 1.00 1.00 -§400 * * 16 20 -20 1.00
1.00 1.00 * * 17 60 60 1.00 1.00 1.00 * *d=
6.6[errlm L = 6.60[err]m L.[err]n = 1.05[err]m J[err] = 0.38 to

0. 78[err] m Tabl e 24 No. P A | + | - CR T R1 0
-9 0. 45 11. 93 26.51 o o0 2 85 -5 0. 82 12. 31

15.01 o o 3 95 5 0. 82 12. 31 15.01 o o 4 0 65
8.53 21.50 2.52 * 05 130 Talle 46 16. 67 14. 38 1.16 *

* 6 70 70 100 1.00 1.00 * * d =5 1[lerrlm | =

5.10[err]m L.[efrNo.=|1. ®[eir]@A Al= 0.BB tq 0. 7Bfer{]mCR -%47 TaR b 25
iNZ' a6 P . oé 1 2 |7+ 10 1)—% 2.3 g31ﬁh@6 311$527 50%2 0
3.11 * o0 3 8 "ig@ 1_61%1 223%2& 031'4% 11 13'65q D5
-85 21. 47 9360| 19051574 03 25.8 8.60
80 ] 8.80 41.9@ .76
20 -60 7.50 | 35.10
- 150 -20 | 39.90 12.50
110 -19 6.30 20.00

4

5 4.68
6 3.19
7 . 3.17
8 130 60 13.10 33.790 | . 2.57
9 120 -60 44.80 19.409 2.31
10 90 ~45 14.20 8.30 1.71
11 170 40 10.20 6.80 1.50
12 130 -80 42.40 34.60 1

13 160 -0 37.70 43.69 1.16
14 20 -20 35.69 31.59 1.13

d = 2.0um, L = 1.60um, L-An = 0.254ym, A = 0.38 to 0.78um
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Table 47

NO. P A I+ I- CR TR
1 90 -99 27.30 1.40 19.50{ 0 | o
2 100 -80 27.90 2.20 12.6810 | o
- 3 20 70 4.80 36.99 7.691 % | o
4 160 -20 29.20 4.20 6.95 % | o
5 160 -10 8.50 46.00 5.41{ % | o
6 120 -60 30.60 | 6.40 4.7 k| o
7 60 -40 190.00 41.60 4.16| %' | o
8 40 -60 16.00 41.50 4.15|1 % | o
9 140 -40 31.60 7.80 4.95| % [ o
10 110 60 41.30 17.79 2.33| % | o
11 0 0 20.60 46.40 2.25|1 % | o
12 70 -10 26.90 41.40 1.54] % | o
13 170 -20 35.00 37.50 1.07] % | %
14 1490. | 719 31.89 32.469 1.3} * |

d = 4.0uym, L = 3.20uym, L-An = 0.448uym, A = 0.38 to 0.78um



-35

5 85 -25 21. 47 9. 60 2.24 * 06 65
21.78 9.95 2.19 * o7 30 - 80 23. 27 11. 14
2.09 * 08 80 -30 23. 27 11. 14 2.09 * 09 40
-60 23.24 11.21 2.07 * 0 10 60 - 40 23.24 11.21
2.07 * o 11 45 -55 24.20 12. 04 2.01 * o0 12 55
- 45 24. 20 12. 04 2.01. * %93 40 -70 26. 99 14. 34
1.88 * o 14 40 50 30.51 36. 80 1.21 * * 15 30
50 32. 69 35.12 1.07 * * 16 40 60 32.90 35.18
1.07 * * 17 20 40 34. 77 37. 07 1.07 * * d =
5.8[errlm L = 5.80[err]m L.[err]n = 1.08[err]m J[err] = 0.38to
0.78[err] m Tabl e 26 No. P A 1+ | - CR T R1
70 -30 16. 34 7.77 2.10 Tablep4® 60 - 40 19. 00
10. 20 1.86 _* 0 3 60 -50 25 11 1542 1.63 *
4 50 -6 No25. 11P 5.8 J63] * T-o5 CBO | T PR
%7-4g7 i} zg. 5738 1O 1-5800 -Q@G 15@0 201 70 5942173.*@@ Dgog 10
10  19.54 |28 §5 130°, 59 44 5 .20 ot 4?%? 3 21.34
1.44 * o0 10 6o 16950 23 1.34 2%? $§926.60 ) 43241 % b 1 80
50 19.80 [28.44| 20 1j4z6 453 25.30 Bs 1-%&.7@ 040. 84
1.42 * o 13 5500 6030 -281.9345.3%1.0623.40 p.42.94 140 0
40 35.72 31.60 | 110 111519 | 26140 89.79 -BO 1.52.39 010. 08
1.18 * ~* 7 90 -45 14.40 21.30 - 1.481 %k | o

8 169 -60 29.70 43.50 1.46| % | o

9 170 40 17.80 12.40 1.441 % | o

10 130 -80 21.80 28.70 1.32] % | *

11 100 @ 39.40 41.80 1.06| k| *

12 80 6] 45.90 43.70 1.05 % | *

13 10 -90 39.68 41.59 1.95] % | *

14 90 -30 1.30 4,40 3.38 k| %

d = 6.0um, L = 4.80um,

L-An = 0.672um, A = 0.38 to 0.78um

Table 49
No. p A I+ I- CR T IR
1 40 -60 ©.90 42.50 47.221 0 | o
2 60 -40 0.40 18.20 45.501 0} o
3 100 -10 0.90 24.80 27.561 0| o
4 1110 -10 44.16 | 3.00 14.70{ o | o
5 90 @ 2.90 23.60 8.141 ¥ | o
6 20 70 9.50 24.10 2.5491 % | o
-7 140 ~40 44 .60 24.10 1.85]1 % | o
8 o0 -90 44 .40 24.40 1.821 % | o
Q 140 70 14.50 2.70 1.499) % | o
10 170 -80 14.70 20.99 1.421 % | o
11 120 -3@ 24 .80 21.69 1.15) % | *
12 119 60 30.30 31.20 1.01 % | %
13 20 -20 0.3 9.80 32.67, 0| o
14 70 -10 7.60 7.80 1.3 * | *x.

d =28um, L = 3.15um, L-An = 0.315um, A = 0.38 to 0.78um

o



16 30 60 34.00 31. 96 1.06 ~* * 17 40 60

35.35 36. 32 1.03 * *d=5.4err]m L =5.40[errlm L An =
1.12[err]m A =0.38to 0.78[err]m - 55 - Table 27 No. P A
| + | - CR T R1 20 70 18. 50 8.20 2.26 * o0 2
120 -30 27. 60 14. 90 1.85 * o0 3 140 -40 32.60 20.70
1.57 * o0 4 60 -40 . 16.00 25.186- 1.57 * o 5 40  -60 _
16. 00 25.10 1.57 * 06 110 60 24. 10 35. 30 1.46 * o
7 90 -90 43. 60 48. 00 1.10 * * 8 110 -70 38.90
36. 40 1.07 * * 9 170 - 80 5. 80 2. 30 2.52 * * 10 80
-20 8. 80 7.50 1.17 * *d=19.0[errJm L = 19.00[err]m L.An =
1.900[err]m A =0.381t0 0.78[err]m Table 28 No. P A | + | -
CR T R1 110 -15 12.80  7.30 1.75 * o0 2 105 -20
12.70 7.30 1.74 * o0 3 20 70 14.60 - 9.00 1.62 *
o4 115 -20 16. 70 11.10 1.50 * o5 110 -25 16. 60
11.10 1.50 * o0 6 120 -30 21. 90 16. 30 1.34 * o7 140
-40 26. 90 22.50 1.20 * * 8 60 29. 00 34.20
1.18 * * 9 60 -40 20. 50 23.5%g'|:1@£5g 1.15 * *

No. P A I+ 1- CR T1R

1 40 -6 ?.40 16.50 41,250 | ©

2 60 -40 1.20 40.80 3.8l 0 | ©

3 90 7] 1.90 23.90 12.58{ 0| o

4 100 -10 2.00 21.50 16.75}1 0| o

5 70 -16 6.50 42.50 6.54 % | o

6 140 -4@ 45.26 11.20 404 % | o

7 146 70 12.79 46.20 3.64| % | o

8 79 -60 12.70 31.79 2.501 % | o

9 179 -89 12.00 24.80 2.7 % | o

10 150 -60 41.20 21.30 1.931 k% | of

11 90 -90 45.70 24.20 1.89]1 % | o

12 120 -40 35.40 23.30 1.531 % | o

13 20 70 12.20 18.50 1.521 % | o

14 110 . 69 27.50 23.80 1.16] * | *

d = 2.8um, L = 2.52um, L-An = 0.252uym, A = 0.38 to 0.78uym



10 ~~-90 43 80-“-47 90 1.09 * * 11 130 -90 26. 00

28.10 20 36. 60 38. 40 1.05 * * 13

170 1.03 * * 14 90 -50 28. 60 28.10
1.02 3.90 0590 975.00 * * 16 170 -80

5. 50 2. 50 2 20 L 17 80 -2 9. 40 7.10 1.32 *
od=250[errlm L =25.00[errlm L An = 2.500[err]m A =0.381o0
0.78[err]m - 56 - Table 29 No. P A | + I - CR T
R1 130 CLBDMS:10.00 0. 50 20.00 o o 2 10 -90 2.50
22.10 8.84 * o3 100 0 2.50 21. 90 8.76 * o4
110 -10 8. 90 33. 70 3.79 * o5 170 40 13. 40 30. 80
2.30 * 06 60 -70 12. 90 28. 00 217 * o7 80 0

8.70 13013.630 2502% 113@1@ cryst1 eléétrooﬂﬁiéﬂl eigiéﬂk compé%é&%) 0
19. 60 § 1.79 & pajrqqf Su&%‘é“ateszogs) 4?56‘0“—1“&%1 éi?twee“ £ @pix ok 1)

120 *-59 ﬂ&ldﬁlZlﬂé plates (71,02 * -40 0.90 5.50
S %167[err]1§] L. [err ch00(6‘356(7{3err’]‘d aJE)?quent Ofééé? (28 ?Blfg’rrﬁ arblédg]o
respective opposing inside surfaces of said substrates (5),
the alignment films having undergone rubbing, and
10 a chiral nematic liquid crystal (21) sandwiched between
said pair of substrates (5), wherein
the helical pitch of the chiral nematic liquid crystal
is adjusted such that the twist angle in the initial state
before applying a voltage is roughly equal to the angle $r
15 which is formed by the respective rubbing directions on the
alignment films (2),
the pretilt angles formed in said initial state by the
director vector of the liguid crystal molecules in contact
with each alignment film (2) and the substrate surfaces have
20 mutually opposing signs,
the chiral nematic liquid crystal (21) relaxes to one
of two metastable states after applying a pulse voltage to
said initial state, the twist angles in the metastable states
being roughly ($r + 180°) and roughly ($r - 180°), respecti-~
25 vely, and '
the respective angles P, A formed by the polarization
axis of each polarizing plate (7) and one of the rubbing
directions are both set according to the values of the pro-
duct R (R = d-An) of the thickness 4 (gm) and the apparent An
30 of the chiral nematic liguid crystal layer and of %r so that
the contrast ratio between said metastable states is 2 or

greater.

2. The element of claim 1 wherein the contrast ratio
35 is 2 or greater in a reflective type element.



No. S |+-mm~ I- CR T R1 50 -50 0. 50 20. 90
41. 80 0 0 2 .40 0. 80 36.75 o o3 40

- 60 22 50 0 o4 100 -10 4.70 39.70

8.45 I!II mﬂj “IHEMEH“I - 22.50 3.30 6.82 * 06 20 70
11. 70 46 80 * o7 90 0 7.50 28.70 3.83 ~*
0o 8 -90 40 00 18. 80 X8 3 o9 140 70 15. 70
8. 30 1.89 * o 10 70 -10 11. 30 19. 80 1.75 * o 11
160 -20 41. 90 24. 30 1.72 * o 12 140 -40 44. 40 31.
70 1.40 * 0313 Thé“giemenzoof %@a&ﬁ 1 %Keﬁgln thé §éntrast ratié

170  -80 19. 00 = 3.73[err]m
L.[err]n = =378 é?’%]grﬁea[te?’?]ln-aotfé‘rlsﬁ'l(?s?gf’eﬂzy}’ﬁl m? Tabi e 31 No.

P A | + R1 110 -10 6. 40

45. 90 7.17 * 4, OThe eléﬁ&nt ofOclalm 3. "Reredh. 40° < $r6<9470°. o0 3
170 40 6. 20 38. 10 6.15 * o4 10 -90 6. 40

39. 00 .6.09 * o] : . + 38

130 - 80 14, 08 T%egeﬁgggnt gf gla}m Q égerelﬁ b%Q _z5é§ 216080

40. 60 3.98 ~* o8 160 - 60 42. 40 12.10 3.50 09
140 -50 46. 26- The ®dement pfoglaim lywherein $r is roughly 180°

7.
and the thickness d of the liquid crystal layer satisfy the -
relation 0.8 $r/360° < d/p, < 1.4 ®r/360°.

10 The element of claim 1 wherein the helical pitch pg

8. The element of claim 5 wherein the absolute value
of the pretilt angle of the director of the liquid crystal

molecules in contact with the liquid crystal alignment films

16

is greater than or egual to 1° and less than or equal to 25°.

8. The element of claim 5 wherein the product R and

20 the angles P, A satisfy the following relationships:

(1) When 0.102 < R < 0.4 or 0.78 < R £ 0.96,
(P+al <A <P+ @2 and -P + 31 < A £ -P + B2] or
P+ 91 £ A<P+ 92 and -P + §1 £ A 5 =P + 62}
26 (2) When 0.72 < R £ 0.78,
[P+ al <A<P+0a2 and -P + 1 £ A < -P + B2] or
(P + 91 £ A <P + v92]
(3) When 0.40 < R £ 0.72, 0.96 < R £ 0.99,
or 1.05 < R < 1.12,
30 (P + al < AL P+ a2] or
(P + 91 <A <P+ 72]
(4) When 0.99 < R < 1.02,
(P +al <A <P+ a2]
(5) When 1.02 < R £ 1.05,
35 (P + y1L < A < P + v2]
Provided:

al = ~109.4°R - 133.1 (0.102 s R = 1.02)

-225.0 (1.05 < R = 1.12)



10 110 =707 39740 18 70 2.11 * . o 11 130 60 17.70

10 20 2“ l’!’igﬁ”u’”uﬂf&&i‘ 12 90 ° 1.1?89 02]7_'440 150 1; Zg ' 34070

26 80 ¥ 2.0[err]lm L = 2.67[err]m L An = 0.424[err]m
[err] = 0.38 to 0.78[err]m Table 32 No. P A |+ | -

CR T R1 90 -90 11. 60 69. 40 29.00 o o0 2 160

- 20 13. 60 2.00 6.80 * o 3 120 -70 21. 30 4. 50
4,73 * o 4 140 -40 16. 30 4. 20 3.88 * o5 80
-50 6. 50 - _255020 3.88 * o 6 20 70 (1)015)-9 <R 2&, 39,

2.8 * o7 00" 510 22. 30 50 1. 86 16 60
42. 60 23. 50 6595148’1 ~x872051 fR* + 33&6 7 ‘R g#45-025 10 <°4§2 16 R = ° §43

* 0 10 110 151@00 R3 414% 2.R27.838.7-r -Llad82.0* 0 Xb.ss QsOR < 1.08)

. i _
205 13 i igo -3y 6 7+ &%S'Po 1243 4070 i005 20 (4 68 % 1-45 = 1. ?%5 2
42.10 40s48r = -91141603@ +*6666% 7 (R2=- A OFerd m 74.0= 5. 33[ er(o} 192 ls. Res 10.A6F
I0+747[err] m A %%8 to 0R7€13[err%5(r)n -6058 36T$8| e 32 ?8 (0. 3§ < § %f“”
2 140 -50 =-7%090  43.40 7.36 * o0 (0.72 s R < 0.96)
B2 = 9114.6°R> - 6666.7°R% + 1577.1'R - 74.0 (0.102 < R < 0.36)
55.0 ~ (0.36 = R < 0.40)
10 75.0 | (0.72 s R s 0.96)
vl = 312.5-R2 -~ 187.5:R - 37.0 _ (0.102 < R < 0.32)
5208.3*R3 - 7500.0:R2 + 3341.6-R - 537.0 (0.32 < R <
0.64)
1030.2+R3 - 2722.0+R2 + 2225.9:R - 684.0 (0.64 < R <
15 0.99)
197575.9+R3 - 626821.6-R2 + 662332.3°R - 233217.9 (1.02 <
R < 1.12)
y2 = -625.0+R2 + 225.0'R + 27.0 (0.102 < R £ 0.32)
7254.4°R3 - 10245.5R2 + 4448.2°R ~ 577.0 (0.32 < R <
20 0.64)
-558.0+R% + 736.6°R — 267.9 (0.64 < R < 0.99)
-5555.5-R® + 11500.0+R - 6024.9 (1.02 <R < 1.12)
§1 = -6746.0-R> + 5571.4.R? - 1504.0+R + 166.9 (0.102 < R < 0.40)
-55.6+R + 68.4 (0.78 < R s 0.96)
25 62 = 6746.0°R> - 5571.4-R%® + 1504.0°R + 13.1 (0.102 < R s 0.40)
55.6°R + 111.6 (0.78 < R =< 0.96)

10. The element of claim 1 wherein at least one of the
two metastable states of the liquid crystal does not satisfy
30 the condition
|L{+An » A
where, L = d-360°/($r + 180°) or d-360°/(Pr - 180°) and A is
the wavelength of the light,and
the contrast ratio is 10 or greater.
35
11. The element of claim 10 wherein L-An is less than
1.88 pm.



3 130--- .. 60. ._.28. 80 - 5.40 5.33 * 0 4 130 -80 6. 80
27.00 .y 3 97 * 160 - 60 13. 00 42. 40 3.26 * 0 6
150 2.50 * o7 170 40 35. 20 14. 20
250 ﬂllllﬂlﬂﬁmﬂﬂﬂulﬂ 36. 40 20, 80 P75 2087 &

- 45 33. 46 * 1.39 * o0 10 50 -10 23.80 20. 80

1.14 ~* * 11 80 0 39.00 43’90 1.11 * * 12 10
-90 45. 50 43. 20 1.05 * * 13 100 0 45. 60 43. 40

1.05 * * 14 110 -10 43. 00 43. 30 1.01 * *x d =
6.0[err]lm L = 8.00[err]m L.[err]n = 1.120[err]m A = 0.38 to 0.78[err]m
Tabl e 34 No. P | + | -, . T R.1 100 0
0.20 11.10 5320 3‘%‘3 §lement of clajg 10 8%691“23%69“%8."23% o 3
60 0 thhiﬁﬁb nethhsfifable skabs *is optdcalli3lsotr®pPic.40. 10 10. 00
4.01 * o065 -70 - 14. 60 43. 30 2.97 .* 06 160 -60
33.10 12, 80 22..6 2. 22
* 08 & 100 135 El%fe eé‘(?m% °§0H9’m §§8 13%6r 95 Wﬂ’g’fégn 40
14.60 22.9®° £ dr g 270%. o 10 150 -20 43.90 38.30 1.15
* * 11 160 -90 9. 50 0. 20 47.50 *od=20err]m L =

2.12[errlm L.[ernmln THe 2hadmnt] Bf A1aid 380, 010. é8[ e2r WAerein 59 -

160° < ¢r <
10 the following relationship:
(1) When 0.1 < R < 0.22,

A =P + a, where ¢ = -82°'R + al
(2) When 0.22 < R £ 0.42,
A =P+ a, where a«a = ~-82+R + ¢l, or
15 A= -P + 81
(3) When 0.42 < R < 0.44,
A =P+ a, where ¢ = - 137.5+*R + a2, or
A=-P + B1
(4) When 0.44 < R < 0.473,
20 A =P + vy, where -137.5*R -~ 75 < y £ =60
(5) When 0.473 < R £ 0.7,
A =P + «, where a = -137.5*R + a2, or
A =P+ a3
{6) When 0.7 < R £ 1.06,
25 A = -P + $1
However,
-99° < al £ -58° -75° < a2 < -35°
=100° £ a3 £ ~60° 70° £ Bl £ 110°
30 15. The element of claim 10, 11 or 12 wherein ¥r is

roughly 180° and the product R and the
following relationship:
(1) When 0.1 < R £ 0.22,

A =P+ «a, where ¢ = -82-R +
35 (2) When 0.22 < R £ 0.42,
A =P + ¢, where ¢ = ~-82-R +

A -P + B1

angles P, A have the

al

al, or

200° and the product R and the angles P, A have



Tabl e 35.No.-- - A | - CR. T R1 40 -60
0.20  47.30 20 -80 0.70 28.80 41.14 o o
3 60““““9‘““ \“@f&m 28. 80 41.14 0 o4 170 -80  13.60
7..10 110 60 29.70 45.00 1.52 * 06
140 70 * 13 60 20. 50 1.51 * 07 160 -20 45.30  40.10
1.13 * * 8 - 90 45.20  40.70 1.11 * * d = 2.8[errlm
L =296[err]m L An = 0.296[err]m J[err] = 0.38 to 0.78[err]m Table 36 No.
P A | + | - CR T R1 40 -60- 0.60 45.40
75.67 0o 0 2 100 Whe,po 4;_0 SR < 01,3,,420 22 00 o 03 10  -90
0. 60 13. 20 22. 00 13 0 g 9. 10 4.88 *
05 130 16. 2"0 % 6’0 Where? 76~ a3l -6°8 * @270°T 40  8.10
18. 30 2.26 * @ % - PO0BL-45 11 30 8. 20 1.38* 0 8
150 -20 38.40 20 -20 39.40 1 42.00
1 .07 * * d: [errnmolf4—<ZJE€2ﬁe m L.[err]n = 0.337[err]m A =
0.38 to 0. 78[err]m Tablle =3P Noa, where A -137.6+R + a2|,- or CR T R
1 120 -60 24. 80 4oqu 1.61 * 0 2 140  -40 25. 20
40. 60 1.61 * 160 -20 26.50 42.10 1.59 * o0 4
90 -90 26.70 (452 G@len 0.7 4 BE 06,9 5 110 60 46. 70 36.70
1.27 * * 6 100 A L0-p <7830 0. 30 24.33 * *

However,

10 -94° < al £ ~63° -70° < a2 £ -40°
-85° < a3 £ -65° 75° < B1 £ 105°

18

35

16. A liquid crystal display device wherein a matrix
is disposed by forming each of the electrodes of the liquid
crystal electrooptical element as defined in any one of the
preceding claims into a scanning electrode group and a signal
electrode group with pixels being formed by the intersection
of the scanning electrode group and the signal electrode
group.

17. The device of claim 16 wherein the angles formed
by a selected side of the pixels and each of the rubbing
directions are greater than or equal to 10° and less than or
equal to 80°, respectively.

18. The device of claim 16 or 17 wherein one or both
of the angles formed by the rubbing directions and the verti-
cal direction of the display panel comprising said pixels is
equal to or greater than -45° and less than or equal to 45°.

19. The device of any one of claims 16 to 18 wherein
the light transmittance of a non-pixel area is lower than the
light transmittance of pixels.

20. The device of claim 19 wherein a layer of light
masking material is formed in the non-pixel area and in the

edges of pixels.
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o3 140 -40 45.30 2.10 21.57 o o0 4 160 -20 45. 40
11. 80 3.85 * 05 140 70 12. 60 46. 00 3.65* 06

90 -60 27.90 44. 70 1.60 * o 7 110 60 28.20 35. 80
1.27 * * 8 90 -90 45.90 40.780 1.13 * * d = 2.8[err]m
L =2.65[err]m L.[err]n = 0.265[err]m [err] = 0.38 to O0.78[err]m - 61
- Table 41 No. P A | + | - CR T R1 40

-60 0. 80 29. 10 36.38 0 o0 2 160 -60 37.00 1.70
21.76 o o0 3 150 -20 39. 30 7. 80 5.04 * o0 4 170

40 10. 40 Absgragt of the Pisclosuyes (Fig.op): -45 13.70 40. 10
2.93 * o6 130 60 14. 90 43. 10 2.890 * o7 130 -80
43.20 32.60 1.33 * 08 90 -80 40. 20 44.50 1.11
* %9 10 -70 7.30 3.80 1.92 * * d = 2.0[err]m L =

1.89[err]mg L An = 0.301[err]m A = 0.38 to 0.78[err] m Table 42 No. P

6 o2 20 70 O tole Ceygmy’Elmopafleryeal) pivice O %0 10107

A liquid crystal electrooptical element comprises a pair of
10 substrates (5) positioned between a pair of polarizing plates
(7), electrodes (4) and alignment films (2) disposed on the
respective opposing inside surfaces of said substrates (5),
and a chiral nematic liquid crystal (21) sandwiched between
said pair of substrates (5). The liquid crystal is switched
15 between metastable states and the polarization axes of both
polarization plates (7) are set to specific angles according
to the initial state of the liquid crystal and the product of
the thickness and An of the liquid crystal layer, thereby to
achieve a display characteristic with a high contrast ratio
20 and a high transmittance.
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6 . 120 - 60 30. 60 6. 40 4.78 * o7 60 -40 10. 00
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140 -40 31. 60 7.80 4.05 * o 10 110 60 41. 30
17.70 2.33 * o011 90 0 20. 60 46. 40 2.25 * o 12
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= 4.0lerrlm L = 3.20[err]m L.[err]n = 0448[err]m [err] = 0.38 to
078[err]m - 65- Tabl e 48 No. P | + | - CR
T R1 150 -20 1.90 24.70 13. 00 o o032 130 60
44. 20 10. 00 4.42 * o0 3 160/,_t0 8.20 26.60 3.24
* o 4 20 -60 45 30 «23. 30 1 94 >0 5 60__ -20
45.30 23.40 1. 9F ot ﬁf{ qo 26. 10 . 39 éb 1.52 *
o7 90 -45 14.40 21.30_ LI <1602 =60] [ ] 29. 70
43.50 1.46 * o{9 170,, 49| 17.80lo g1\ 1.44 o 10
130 -80 21.80 2§.70 t13"1/.32 * * 11 ~—lan  39.60 ~"l13
41. 80 1.06 * * 12 80 0f 45.90 B. 10 1.0% *
13 10 -90 39Vpg—#150- 1.p75 * * 14 | ] 9¢ -80 1. 30
4. 40 3.38 * *d = 6.0[err]m} Y4 ={4.80[err] L. [lerr]n = i
0.672[err]m J[err] = 0.{38 to 0. 78[erjr{]m : :
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Tabl e 49 No. P R | + | - CR T R1 40 -60

0.90 42.50 47.22 o 0 2 60 -40 0. 40 18. 20 45.50 o
o3 100 -10 0.90 24. 80 27.56 o o0 4 110 -70 44.10
3.00 14.70 o o0 5 90 0 591%0 23. 60 8.14 * 06

20 70 9. 50 24. 10 2.54 * 7 140 -40 44.60 24. 10
1.85 * o8 90 -90  44.40f 24. 40 1.82 * 09 140 70
14. 50 9.70 1.49 * o 10 170 -80 14. 70 20. 90 1.42
* o 11 120 -30 24. 80 21. 60 138 * * 12 110 60
30.80 31.20 1.01 * * 13 80 -20 0. 30 9.80  32.67 o
o 14 70 -110 7.60 7. 80 1.03 £ = *d=28err]m L =
3.15[err]m L An = 0.315[err]m | 0.78[err]m - 66 - Table
50 No. P A I3—1 —t =R 1 40 -60 0.40
16. 50 41.25 o o2 0 1 80 . 34.00 o o3

90 0 ©1.90 23. 90 2, 00/ 0 -10 2.00 21.50
10.75 o o065 70 -10 6. 50 1% 6.54 * 06 140

-40 45.20 11. 20 4. Og 3 1 70- 12.70 46. 20

3.64 * 08 70  -60 20 (ORI 0 I 2.50 * 0

A

" e n e 0 m - -

13

14 . 16

A




9 170 -80 12. 00 24. 80 2.07 * o 10 150 -60 41. 20

21.730 1.93 * o 11 90 -90 45.70 24.20 1.89 * o 12
120 -40 35.60 23.30 1.53 * o 13 20 70 12. 20 18.50
1.52 * o 14 110 60 27.50 23.%? 1.16 * *d=2.8err]m
L =2.52[err]m L.[err]n = 0.252[err]m [ r}] = 0.38 to O0.78[err]m 67

CLAIMS: 1. Aliquid crystal electrooptical elenent conprising: 5 a
pair of substrates (5) positioned between a pair of polarizing plates (7),
el ectrodes (4) and alignnent filns (2) disposed on the respective opposing
i nside surfaces of said substrates (5), the alignnent filnms having

under gone rubbing, and 10 a chiral nematic liquid crystal (21)

sandwi ched between said pair of substrates (5), m@erein the helical pitch
of the chiral nematic liquid crystal is adjusted guch that the tw st angle
inthe initial state before applying a voltagefis roughly equal to the
angle [err]r 15 which is forned by t respect{vg nubbi ng directions on the
alignment films (2), the prgfylt angles formed\(h gaid initial state by the
director vector of the I|i qu% crysttal _nol ecul es contact with each
alignment film(2) and the sUbstrate strfaces_havg 20 nutual |y opposing
signs, the chiral nematic liquid crystal (21) yelfaxes to one of two

net astabl e states after applying a pulse voltage/to
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said initial state, the twist angles in the netastable states being roughly
([err]r + 180[err]) and roughly ([err]r - 180[err]), respecti- 25 vely, and
the respective angles P, A formed by the polarization axis of each
polarizing plate (7) and one of the rubbing directions are both set
according to the values of the pro- duct7//Ri1(R = d. An) of the thickness d
([err]m and the apparent [err]n 30 of the chiral nematic |iquid crystal

| ayer and of [err]r so that the contrast ratio between said netastable
states is 2 or greater. 2. The elenent of claim1 wherein the contrast

ratio 35 is 2 or greater ipfja reflective type glhgpent. 68 3. The el enent
of claim1l wherein the co st ratio is 10 or [gneater in a transm Ssion
type elenent. 4. The eke of claim1 whereijn]|90[err] [err] [erfir [err]
270[err]. 5. The el enent claim1l wherein 1p0fjerr] [err] [err]r 1err]

200[err]. 6. The elenment]ff {claim1 wherein [Erif]r is roughly 180ferr]. 10
7. The elenment of claim i | pp and e thjckness d
of the liquid c4Q%tal 1a9 US| T H#§r1| [err]
d/po [err] 1.4 [err]r/360 f claim5 wherein{fhe

absol ute value 15 of the re1|lt angl e of the{fidector of the Iiqggjld
crystal nolecules in cont Qt:Mﬁth the liquid pny%tal al i gnnment fIJmB IS

greater than or equal to H#[lefr] and esg_LhanSggTﬂquaL_ Zﬂ;ﬂij1>© The
el ement of claim5b mhereip,t e prodJ%t R and the anglgé P, A satjsfy the

re]. 8. The el enen

foll ow ng rel ationshi ps: ﬂ ) 'wWhen 0. 102 [err]33 feri] 0.4 or O. 781[Err] R

[err] 0.986, I N S ,
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[P+ [err]l [err] A<P + a2 and -P + [err]1 [err] Aferr] -P + [err]2] or
[P+ [err]1l [err] Aferr] P+ [err]2 and -P + 61 [err] Aferr] -P + 62) 25
(2) Wien 0.72 [err] R[err] 0.78, [P + al [err] Aferr] P+ [err]2 and -P +
[err]1 [err] Aferr] -P + [err]2) or [Pg#171 [err] A< P + [err]2] (3) Wen
0.40 [err] R< 0.72, 0.96 [err] R[err] 0.99, or 1.05 [err] R[err] 1.12,
30 [P+ al [err] AfJerr] P+ [err]2] or [P + [err]1 [err] Aferr] P+
[err]2] (4) When 0.99 [err] R [err] 1.02, [P + al [err] AJerr] P + a2] (5)
When 1.02 [err] R [err] 1.05, 35 [P+ [err]l [err] Aferr] P+ [err]2]
Provided: [err]l = -109.4.R - 133.1 (0.102 [err]
R[err] 1.02) -225.0 (1.05 [err] R

[err] 1.12) 69 [err]2 = -45.0,

(0.102 [err] R[err] 0.32) 6696.4.R3 - 8720.1.R2 + 3354.7.R - 445.0

(0.32 [err] R[err] 0.64) 1519.0.R3 - 4175.2.R2 + 3568:7-R - 1087.0

(0.64 J[err] RJ[err] 1.02) -333.3.R + 175.0,

(1.05 [err] RJerr] 1.12) 5 [err]l1 = -9114.6.R3 + 6666.7.R2 - 1577.1.R +
74.0 (0.102 [err] RJ[err] 0.36) -55.0

(0.36 [err] RJ[err] 0.40) -75.0

(0.72 [err] RJerr] 0.96) [err]2 :29114.6.R3 - 6666.7.R2 + 1577.1.R - . 74.0

(0.102 [err] R [err] 0.36) 559 7
(0.36 [err] R[err] 0.40) 1 7%.0 ér
(0.72 J[err] R Jerr] Omr—errid 312 R ———I87-5-®= 37.0
(0.102 [err] R [err] 0. 32) \
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5208.3. R err] - 7500.0.R2 + 3341.6.R - 537.0 (0.32 [err] RJerr]
0.64) 1030.2.Rerr] - 2.722.0.R2 + 2225.9.R - 684.0 (0.64 [err]
R[err] 15 0.99) 197575.9.R3 - 626821.6. R2 + 662332.3. R - 233217.9 (1.02
[err] R[err] 1.12) [err] = -625.0.R2 + 225.0.R + 27.0

(0.102 [err] R [err] 0.32) 7254.4.R3 - 1024315 R2 + 4448.2.R - 577.0

(0.32 [err] RJerr] 20 0.64) -558.0.R2 + 736.6.R - 267.9

(0.64 [err] R[err] 0.99) -5555.5.R2 + 11500.0.R - 6024.9

(1.02 Jerr] R[err] 1.12) 61 = -6746.0.R3 + 5571.4.R2 - 1504.0.R + 166.9
(0.102 [err] R [err] 0.40) -55.6.R + 68.4

(0.78 [err] RJerr] 0.96) 25 62 = 6746.0.Rerr] - 5571.4.Rerr] +
1504.0.R + 13.1 (0.102 [err] R J[err] 0.40) 55.6.R + 111.6

(0.78 [err] RJ[err] 0.96) 10. The elenment of claim1 wherein at |east one
of the two netastable states of the liquid crystal does-not satisfy 30 the
condition |[L|.[err]n >>[err] where, L = d.360[err]/([err]r + 180[err]) or
d.360[err]/([err]r - 180[err]) and [err] is the wavel ength of the |ight, and
the contrast ratio is 10 or greater. 35 11. The elenent of claim 10 wherein
L.An is less than 1.88 [err]m 70 12. The elenment of claim 10 wherein at
| east one of the two netastable states is optically isotropic.
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5 13. The elenent of claim 10, 11 or 12 wherein 90[err] [err]

[err]r [err] 270[err]. 14. The elenent of claim 10, 11 or 12 wherein
160[err] [err] [err]r [err] 200[err] and the product R and the angles P, A
have 10 the follow ng rel ationship: (1)130§q 0.1 [err] RJerr] 0.22, A=P
+a, where a = -82.R + al (2) Wen 0.22 [err] 0.42, A= P + a, where a
= -82.R + al, or 15 A=-P+Jerr]l (3) Wen 0.42 < R [err] 0.44,
A=P+ a where a=- 137.5.R+ a2, or A=- P + Bl (4) Wen 0.44 < R<
0.473, 20 A=P+ [err], where -137.5.R - 75 [err] [err] [err]
-60 (5) Wien 0.473 [err] R[err] 0.7, A=P + a, where a = -137.5. R + a2,

or A=P + a3 (6) Wen 0.7 < R [err] 1.06, 25 A=-P+Jerr]l
However, -99[err] [err] [err]1 [err] -58 -75[err] [err] a2 < -35[err]
-100 < a3 < -60[err] 70[err] [err] [err]1 < 110[err] 30 15. The
el ement of claim10, 11 or 12 wherein [err]r is roughly 180[err] and the
product R and the angles P, A have the followi ng relationship: (1) Wen 0.1
[err] R[err] 0.22, A=P + a, where a = -82.R + al 35 (2) When 0.22
< R[err] 0.42, A=P + a, where a = -82.R + al, or A=-P + [err]1
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71 (3) Wien 0.42 < R J[err] 0.44, A=P + a, where'a = - 137.5.R + a2, or A

=2 P+ Jerr]l (4) Wen 0.44 < R Jerr] 0.7, 5 A =P+ a, where a
= -137.5.R + a2, or A=P + a3 (5) Wen 0.7 <R [err] 1.06, A=-P + J[err]1l
However, 10 -94[err] [err] al [err] -63[err] -70[err] [err] a2

[err] -40[err] -95[err] < a3 < -65[err],1/11 75[err] [err] [err]l <
105[err] 16. A liquid crystal display device wherein a matrix is di sposed
by form ng each of the electrodes of the liquid 15 crystal electrooptical -
el ement as defined in any one of the preceding clains into a scanning

el ectrode group and a signal electrode group with pixels being formed by
the intersection of the scanning el ectrode group and the signal el ectrode
group. 17. The device of claim 16 wherein the angles forned by a sel ected
side of the pixels and each of the rubbing directions are greater than or
equal to 10[err] and less than or equal to 80[err], respectively. 18. The
device of claim 16 or 17 wherein one or both of the angles forned by the
rubbing directions and the verti- cal direction of the display panel
conprising said pixels is equal to or greater than -45[err] and | ess than
or equal to 45[err]. 19. The device of any one of clains 16 to 18 wherein
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the‘LLght transmittance of a non-pixel area is |lower than the |ight

transmttance of pixels. 35 20. The devi'ce of claim 19 wherein a
| ayer of light masking material is formed in the non-pixel area and in the
edges of pixels. 72 21. The device of claim 19 wherein the thickness of

the liquid crystal layer in the non-pixel area is made diffe- rent fromthe
thickness of the liquid crystal layer in thg pixels in order to make the
initial state in the non-pixel 5 area different fromthat in the pixels.

Abstract of the Disclosure (Fig. 1):

LIQUID CRYSTAL ELECTROOPTICAL DEVICE

A liquid crystal electrooptical element comprises a pair of
_ 10 substrates (5) positioned between a pair-of polarizing plates
- (7) , electrodes (4) and alignment films (2) disposed on the
respective opposing inside surfaces of said substrates (5),
and a chiral nematic liquid crystal (21) sandwiched between
said pair of substrates (5). The liquid crystal is switched
1s between metastable states and the polarization axes of both
polarization plates (7) are set to specific anglés according
to the initial state of the liquid crystal and the product of
the thickness and An of the liquid crystal layer, thereby to
achieve a display characteristic with a high contrast ratio
20 and a high transmittance.

-Figure 1
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