e3e, H.68Tw60 8 NAY 2042 DESCRI PTI ON Di spl ay El enent and El ect rﬁgt c
cApparatus Technical Field The present invention relates to a refl MA¥ 2002

type of bright display el ement useful for displays of wist watches, neter
panel s of autonobiles, information apparatus term nals of elrIWi oni c

menor andum books, conputers and tel evisions, or information Mm
boards, and to the construction and conposition of an el ect Mus

usi ng the sane. Background Art There have been devel oped vari otissidgh nds of
wri st wat ches, such as anal ogue-type watches with pointers, digital-type
wat ches equi pped with liquid crystal display elenents. In recently, in

ormati o to be o <pl aved. have been devel oped nybr1 c-typ iU MMRGII
equi pped with small wi ndow of liquid crystal, and two | ayer-typegomgches in

which liquid crystal display el enment
DESCRIPTION

Display Element and Electronic Apparatus

gﬁ) Technical Field

The present invention relatés to a reflective type of
bright display element useful for displays of wrist watches,
meter ﬁanels of automobiles, information apparatus
terminals of electronic memorandum books, computers and
televisions, or information bulletin boards, and to the
construction and composition of an electronic apparatus

using the same.

Background Art

There have been developed various kinds of wrist
watches, such as aﬁalogue—type watches with pointers,
digital-type watches equipped with 1iquia crystal display
elements. In recently, in addition to said types of
watches, because of diversification of the information to
be displayed, have been developed hybrid-type watches
equipped with small window of liquid crystal, and two-

layer-type watches in which ligquid crystal display element



8 MAY 20th - 2 is superposed on the surface of anal ogue-type 'pagg&myvimm
poi nters (see Japanese Patent Application Laid-open Nos. 94940/71979,

136718/ 1979, 26986/ 1980, 46845/ 1980, 188786/1980, 23024/1981 and

65618/ 1981). In the field of watch and el ectroni c nmenorandum books, there
have now been devel oped various kinds of nultifunctional-type ones carrying
various kinds of functions. For these use, the devel opnent of a novel type
of display el ement which may be a "new-l| edder" of watches has been
expected. On the other hand, displays of electronic apparatuses for special
use, for exanple a neter panel of autonobile, are needed to display various
kinds of information on a limted space. Furthernore, particularly in neter
panel of autonobile) the display node to be enployed should be sel ected
fromeither anal ogue type or digital type. On addition, in the field of

i nformati on apparatus involving watches, the current trend has been going

toward the conpact and portable type resultin%'in i ncreasi ng demand for
saving in el&cErPErpewed om tHhe dfiase Qfemiftl am et YRRIWRECE HehEh | n such

portabl e information display apparatuses aor infornation processing

appar at usesPObBEEEF| d§Kay@ReRTFen AR PRRSF AT HREI TR the
et e O oRAARTb55,. 3850459 75° g Ao foctor 11 voe
188786/1980, 23024/1981 and 65618/1981). In the field of
. watch and electronic memorandum books, there have now been
{:) developed various kinds of multifunctional-type ones
carrying various kinds of functions. For these use, the
development of a novel type of display element which may be

a "new leader" of watches has been expected.

On the other hand, displays of electronic apparatuses
for special use, for example a meter panel of automobile,
are needed to display various kinds of information on a
limited space. Furthermore, particularly in meter panel of
automobile, the display mode to be emploved should be

{
{;> selected from either analogue type or digital type.

On addition, in the field of information apparatus
involving watches, the current trend has been going toward
the compact and portable type, resulting in increasing
demand for saving in electric power of the display element
to be mounted them. In such portable information display
apparatuses or information processing apparatuses,
batteries have conventionally been used and, therefore, the
lifetime of batteries to be used is an extremely important

factor in use. From this viewpoint, apparatuses



incorporating with a solar battery have recently been devel oped. |In an
appar atus di scl osed in Japanese Patent Publication No. 61930/ 199@ Bfﬂ,&Y 2002
exanple, a liquid crystal display elenment and a solar battery ar

super posed on each other in order to provide space-saving of the apparatus.
I n Japanese Patent Application Laid-open~No. 106725/1988 and so on, there
are di scl osed an apparatus having a structure in which a solar battery is
pl aced surrounding to a liquid crystal 7display elenent, and practical

enbodi nents of such apparatus using a display element in which liquid
crystal is dispersed in polynmer as capsule as a liquid crystal display

el enmrent. On the other hard, there has now been devel oped a bright,
reflective-type display elenment with no polarizing -~ plate by which the

af orenmenti oned probl ens can be solved or which is suitable for the use
nmentioned above. Such display elenent are, for exanple, those having a node

whi ch b h | igd gl field and
s scat ?2?3"&5#?%”09%%‘9*2% wft% £ o SBFRE B Cord) AP FER R tg‘:’s%ﬁpii "
referred to ﬁv %Eon) f]af&i;?al'%aéf‘se d]@é@ﬂ?é‘d PaL eﬁpfﬁ@éé Cald

501631/ 1983 And aving a node which 1's scattered In the
presence of élfblf:h e&h%@Ctéi%é}'fbﬁlanﬂoﬁbéﬁéﬁélb' ght 1%1@@69 Stal

transparent in sence of a field (which being sinply o0 a MAY zoQ -

4 referred 4Gy rﬁ‘@ﬂeﬁ-ﬁ: RIAL a h@é?&ﬂ%é@terﬁeﬂréaﬁﬁﬁeﬁﬁoﬁ’é&e& each
Application Laid-open No. 227684/1992 whi ch discl osi ng about a gel network

tYIOe of reveytarR PR ortRpaNes oRalndd d15dce openimg. of | ©B8243883a whs ch
| osi ng about particle-orientation/dispersion type of reverse PDLC, and

at ent NaIn daphe®! Ratiarit dimgel s nigprablaid-sopémiNaol. c1§6725/1988
droplet di spersion type of reverse PDIC). In all of these descriptions, for
the purposeasil iseciosasitigrean axs [dimphnsethi btarRRArAtus iBayinerystal s and
pol ymers and to inprove their scattering degree, I|qU|d crystals or
pol yners haﬁﬁﬁ@cﬁﬁﬁﬁhéﬁyWhﬂﬁﬂ(ﬁ(ﬁ?%ﬁrﬂﬁvﬁﬁﬁﬁyP- SR h THRAIFIRE HR ero
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nemati ¢ {Ypg 0gayst0adsBak-3el? 100 hhier Wie HSRIRY dd seliduigdark and

the visibilIty beconmes nore worse. Furfhernore, Such.hybrid-type watch is

quite diffigw behn GNSBLRAYT atie@ent.t h a solar battery due to its areal
limtation. In order to inprove the disadvantages descri bed above, a

techni cal construction in which a solar battery and a liquid crystal
di spl ay el enentoar ehesethert hand) 8hkk¥ R8EPnow been developed a

bright, reflective-type display element with no polarizing

'(:) plate by which the aforementioned problems can be solved or
which is suitable for the use mentioned above. Such
display element are, for example, thése having a mode which
becomes transparent in the presence of an applied electric
field and is scattered in the absence of an electric field
(which being simply referred to as "PDLC", hereinafter; see
Japanese Patent Publication No. 501631/1983 and so on), and
those having a mode which is scattered in the presence of
an applied electric field and absorbs light or becomes

transparent in the absence of a field (which being simply



- '5 being superposed them on each other for a hybrid-type watch and an

el ectronic conputer was indeed valid as a patent. However, in tagf Y
technique, the liquid crystal display elenent incorporated with é‘lﬁ a?ﬂﬂ?
battery shows a |low transmttance (e. g., a twisted nematic type of liquid
crystal using a polarizing plate, shows a transmttance of 30~ or less; a
guest - host type of liquid crystal shows a transmttance of 60% or |ess),
resulting in a | ower production efficiencydof—electric power of the
battery. Furthernore, since the display node enploys a dark reflector such
as a solar battery as a background, the visibility of the watch becones
extremely worse. In addition, in case where a liquid crystal display

el enent utilizing dynam c scattering effect is superposed on a . solar
battery, the display principle acconpanies ionic flow, and therefore
requires large electric power consunption. Fromthese reasons) the
conbination of a liquid crystal display element with a solar battery was
difficult. Orefryrech&o led raverssliRPIGY hrrelindf tesctseni araeaat us for
speci al use such as an_gn-vehicle-type nmeter panel, both of an anal ogue

di spl ay and Ba@eptt APPdilsHtdypra Le ishARamaY | rid§F/43X iwvhieh i ni t ed

di splay space, In this case, it is necessary to provide a |large display
space. Recen@F??leéﬁnﬁa@gﬁgﬁiEng f¥ﬁHWQﬁk\R¥HQﬂQ§Jﬁﬁ¥?rsqipdquNY 2Q0- - 6

tel evi si on nd_vi deo_proj ectar.s, have en wi.del read.. Ln general, their
disprgjg a?egﬁP%%éﬁen@%Febﬁeiééﬁng%EOﬁ@bIéﬂ%g§?¥&§%3a“%Pfgéﬂgﬁﬁ Stideh h:s
toth i st i ' : Al h i.spl whi ch
yj e dangRoutebarriE Eshrleheat BATAITHIE 18 ThEE De BRURLER Bhnct
kg empl 0 Zhged- 8HLEAL Aol SBOGHANGBUS i ANk SXTLETHE! 2BBACK! helig
system Therefore) they have such a di sadvantage that they can nof be seen
well in the dayiise abspitbeasypepyndhngypeceresebeirgbt ppbe)addidipom sonme

users mght want to select either type of neter panel from anal ogue type

and digital dypeheceofidsagiboibhe, nood ohet parfoye b fhereasyrgt ianal

PDLCs or reverse PDLCs, since conmpounds shows a fluorescence em ssion at

t he vi si bl e refyriongestucénasothose déviibguiérphesyalskahdt polemersisedd for

the purpose of inproving refringent anisotropy, or the msmatch in

refractive itwlilgeareies welepin $FRufer trgsdegrand higeligneryenpl vyex)

noti ceabl e fluorescence and haze in the transparent state is caused.

Therefore, FUIRGEhIRAYERT SeERRervh %‘Fl%%ogi%nt%?ﬂl?e%%ltwqﬁ%‘mt, t he

di spl ay contraﬁégpec%g§§ reduced: which ar e probl ens of the conventi onal
Biicste

PDLCs and r &P& RO SIS i W ST PDLC, the transparency in the

presence of an applied voltage becones | ow, and when a |ight-absorbing
| ayer is

However, the conventional hybrid-type watches should be
provided an analogue display part and a digital display
(:) part thereon separately, and therefore individual display
areas become small, resulting in bad visibility. In
addition, since the digital display part is a twisted
nematic type one using a polarizing plate, the display
itself is dark and the visibility becomes more worse.
Furthermore, such hybrid-type watch is quite difficult in
incorporation with a solar battery due to its areal
limitation. In order to improve the disadvantages

described above, a technical construction in which a solar

battery and a liquid crystal display element are used with



0 a MaY zo-~z ~ pl aced on the background, the color of the background

| ooks turbid due to the fluorescence and haze of the liquid crystiL Q%Ker.
On the other hand) in a reverse PDLC, because of the fluorescence ﬁ Eé@ﬂz
of aliquid crystal l|ayer, the degradation of transparency in the absence

of an applied voltages caused and, as the result, when a |ight-absorbing

| ayer is placed on the background, the background col or | ooks turbid: which
are problens of the reverse PDLC. ?~ revebse~PDLC i nto which dichroic dye
is mxedinaliquid crystal and a light-reflective layer is placed on the
background al so has a problemthat the colored state with the dichroic dye

| ooks turbid in the absence of applied electric field due to fluorescence
elimnated fromthe liquid crystal and haze, and results in degradation of
di splay contrast. In the conventional techniques, for the purpose of

I mproving a scattering degree, a |ow nol ecul ar weight chiral conponent is

b ecur sor | Re4n8! SUPETERREAAIEIR 551 R Ao 17 b dDET Y BEE orRYCE

proportion of .the | qw nol ecul ar weight chiral,commponent in the liquid

G yotal | T hAnBReSI8o HEHE COMEMTE o B LIP3 & bacet:
However, in this technique, the liquid crystal display
element incorporated with a solar battery shows a low
transmittance (e.g., a twisted nematic type of liquid

<:) crystal using a polariziné plate, shows a transmittance of
30% or less; a guest-host type éf liquid crystal shows a
transmittance of 60% or less), resulting in a lower
production efficiency of electric power of the battery.
Furthermore, since the display mode employs a dark
reflector such as a solar battery as a background, the
visibility of the watch becomes extremely worse. In
addition, in case where a liquid crystal display element
utilizing dynamic scattering effect is superposed on a

(:) . solar battery, the display principle aécompanies ionic flow,
and therefore requires large electric power consumption.
From these reasons, the combination of a liquid crystal

display element with a solar battery was difficult.

On the other hand, in a display part of electronic
apparatus for special use such as an on-vehicle-type meter
panel, both of an analogue display and a digital display
are sometimes incorporated in a limited display space. In

this case, it 1is necessary to provide a large display space.

Recently, car navigation system, on-vehicle-type



- - ~0 8 MaY zo4z _8_ nolecular weight chiral conponent nakes the chiral
pitch i'n the liquid crystal shorter. As.the result, a m smatch bet eﬂ gm&
twi st structure of the polynmer at the initial stage of the pol ynerfZa A 02
and that after the polynerization is caused, resulting in a haze of. the

di splay elenment in a transparent state in the absence of an applied
el.ectric field disadvantageously. Furthernore, such change in chiral pitch
caused by the | ow nol ecul ar wei ght chiral600ﬁponent has a tenperature
dependency, which al so causes a haze. The generation of haze descri bed
above is a serious problemin a transparent-scattering sw tching node
contai ning no dichroic dye. For exanple, in the case used as a cover gl ass
and a cl ockface of a watch, a haze generated in a transparent.state of a
di spl ay el enent makes the production value remarkably deteriorate. In case
of a display elenent containing dichroic dye and placed a reflective |ayer

on its backside, the display:ﬁSSnent qulo s the de whic¢h_I|ight

absor pti on &¢dgviFHong ARL YIRS PEM ¢ ‘h%%s RaveReen Wifely $Areadase)

t he generati_on of fluorescence,and haze al so makes the di splay contrast in
a |ight - absdPoEfR e t&lﬁfd"r TR R eal”feorp(;][ae‘?ecicré%?ﬂi ﬂb? yc,e%/‘ﬁ%r pr esent

i nvention have been.done to,solye these . Th i s, . the object of
the present congo, szofélq agd/rlver musq.r Oﬁlﬁ”ﬁus e%;es to tn'xe

assistant driver's seat each time he watches the display,

which is quite dangerous.

@)

The conventional on-vehicle-type meter panels and the
like employ a self-emissive (spontaneous) light system or a
backlight system. Therefore, they have such a disadvantage
that they can not be seen well in the daytime when the
surrounding becomes bright. In addition, some users might
want to select either type of meter panel from analogue

type and digital type according to the mood of the day.

In the conventional PDLCs or reverse PDLCs, since

(j) compounds shows a fluorescence emission at the visible

) region, such as those having terphenyl skeleton are used,
for the purpose of improving refringent anisotropy, or the
mismatch in refractive indices between a liquid crystal and
a polymer employed, noticeable fluorescence and haze in the
transparent state is caused. "Therefore, good trénsparent
state can not be given and, as the result, the display
contrast becomes reduced; which are problems of the
conventional PDLCs and reverse PDLCs. For example, in a
PDLC, the transparency in the presence of an applied

voltage becomes low, and when a light-absorbing layer is



invention is to provide a novel PDLC and reverse PDLC display el enment which
are brighter than the conventional one in a scattering state) shof§ ¢Ry 2002
fl-uorescence and haze in a transparent state, show an inproved displ ay
contrast, and in which a liquid crystal and pol yner having a high
reliability to heighten the reliability of the display elenent itself, and
in which active elenent or a color filter is used to apply to various uses.
Anot her object of the present invention_is7tQ_provide an electronic
apparatus having a |low electric power consunption and a quite novel val ue
by conbining a reverse PDLC with an el ectronic apparatus equi pped with an
arbitral display apparatus or a solar battery. Still another object of the
present invention is to provide a technique for the visibility inprovenment
of such el ectronic apparatus. D sclosure of Invention The display el enent
of the present invention is one which is fabricated by nutually dissol ving
a polynmer or a polyner precursor and a liquid crystal, then placing the
resul ting mxedegal Bhi @RebBhvRERoANEAI thef cRllegt bFdehd barHgr@tindl 1ooks
crystalline state and finally cause a pol ymer phaseseparate of the pol yner
fromthe |iguagbiayatal tbythepidaorestefic¥A¥ndphaze- o0 theepdgatigon neans,
whi ch being characterized in that dichroic dye is added to the liquid
crystal so tdweystak lagesmitted |ight is absarbed by 1% to 20%in the
absence of applied electric field. The display elenent is also
characterized in that the chiral pitch in said liquid crystalline state
bef ore phasesep®mttld ¢chepphandmiel § revarseaPDRE. t harappet a thquid
crystal after the phase-separation. Further, it is characterized in that
I5§5nnlecma£1WMEﬁﬁC%%ﬁ?a?n%o%ﬁﬁﬁéhf AnYigutAafry5eryhetaprEcukB®r are used

the chiral conponent, which can make said, chiral pitch effectively, and that
sai d chiral GEARRRRTIEN 5 TTAAPIRTICK ol GheraBreRtr sof ancRPTiedi d
crystal and_t ol yner. precursor _ar olynerized.in the Jiquid crysta
phase by a pol e?za(ﬁ%sge?re H?,' seftg'gey I%/eﬁéllé:ﬁi PR & ;lrrleqrh%pragafﬁﬁsgdf’q s

i ncor por at eqa'é;n%ro j_tgyeplraﬁ_sé& ta'{]gﬂ'@lﬁlm%%%ﬁ%‘é %419&5%%0 ].a&]- wei ght

chiral conpon I's i'ncorporated into t crystar. 1'spl ay
el ement is aloyksCharaster et Rdd@roblems of the reverse PDLC.

A reverse PDLC into which dichroic dye is mixed in a
ligquid crystal and a light-reflective layer is placed on
the background also has a problem that the colored state
with the dichroic dye looks turbid in the absence of

-(:)’ applied electric field due to fluorescence eliminated from
the liquid crystal and haze, and résults in degradation of

display contrast.

In the conventional techniques, for the purpose of
improving a scattering degree, a low molecular weight
chiral component is contained in a liquid crystal. During
the preparation process, a polymer precursor in a liquid
crystal is polymerized to increase the content proportion
of the low molecular weight chiral component in the liquid

crystal; the increase in the content proportion of the low



chiral conponent is used which causes the change in chiral pitch by 20% or
|l ess in"the tenperature range the display elenent is used. Further, it also
be-characterized in that at |east two kinds of chiral conponents &M]ﬂmyh%mg
opposite tenperature dependency in chiral pitch to each other are used

m xture as said chiral conponent. 0 8 MAY Zp(~ - 11 The display el enent
is-still characterized in that conpounds exhibiting a fluorescence quantum
yield of 0.3 or less are used as said |ligyid crystal and polyner naterials

in the total anount of not |ess than 60 by weight. The conpounds
exhibiting 0.3 or higher of a fluorescence quantumyield contain,

t er phenyl, anthracene, perylene skeleton and the like. If such conpounds
are used as liquid crystal or polyner, extrenmely |arge em ssion of
fluorescence woul d be generated, resulting in remarkable deterioration in
di spl ay contrast disadvantageously. ON the other hand, the conpound
exhibiting a 0.3 or less of fluorescence quantumyield are those having

bi phenyl  orpL9balgaskakehaR @HA raAl Riohpepial Mtkdd) rl ¢Hi il bidstal and
pol ynmer, or those having terphenyl skeleton are contained in an anount of

10~ or lessche sagdiki g¥iydranyshalrcand pakyeRe. rEYGLEEr a Whemdienl ay
el enment is characterized in that said polynmer is particulate or a form of

particl escopacweefl apar egikes seruatgele- BE! Whiek pbliferoatt dde liinguiidicr yst al
is dispersed in said polyner in a droplet form The display elenent is also
characteri zetaga dfathehpodimepnpahénh asdcehtai adternthai d |iquid crystal.
Furthernore) the display elenent is characterized in

(:) polymerization is caused, resulting in a haze of the
o display element in a transparent state in the absence of an
applied electric field disadvantageously. Furthermore,
such change in chiral pitch caused by the low molecular
weight chiral component has a temperature dependency, which

also causes a haze.

The generation of haze described above is a serious
problem in a transparent-scattering switching mode
containing no dichroic dye. For example, in the case used
as a cover gléss and a clockface of a watch, a haze
generated in a transparent state of a display element makes
the production value remarkably deteriorate. In case of a
display element containing dichroic dye and placed a
reflective layer on its backside, the display elément
employs the mode which light absorption and light
scattering is switched. However, even in this case, the
generation of fluorescence and haze also makes the display

contrast in a light-absorbing state remarkably deteriorate.

Accordingly, the present invention have been done to

solve these problems. That is, the object of the present



,0 8 MAY 20~ - 12 that said display elenent is placed on its backside with
a light-absorbable reflection plate such as a solar battery. The displ ay
el enent is furtther characterized in that either of a pair of el ectl ﬁdﬁéy 2002
whicrl are fornmed on a pair of substrates with sandwitching said liquid
crystal and pol yner therebetween, is made of reflective material. The

el ectroni c apparatus of the present invention is characterized in that a

di spl ay el ement whi ch becones transparqpté%n_ghe absence of applied

electric field and a solar battery are us W th superposing to each ot her
as an information display. The electronic apparatus is also characterized

in that a display elenent which becones transparent in the absence of
applied electric field is placed on the surface of an arbitrary display
apparatus. Further, the electronic apparatus is characterized in that said
di spl ay el ement which becones transparent in the absence of applied

electric field is fabricated by placing a m xed sol ution of polyner or

pol ymer precirs@h+28f Lkd¥bdprovide a novel PDLC and reverse PDLC
display element which are brighter than the conventional
one in a scattering state, show less fluorescence and haze
in a transparent state, show an improved display contrast,

and in which a liquid crystal and polymer having a high

:n,\

reliability to heighten the reliability of the display
element itself, and in which acéive element or a color
filter is used to apply to various uses. Another object of
the present invention is to provide an electronic apparatus
having a low electric power consumption and a quite novel
value by combining a reverse PDLC with an electronic
apparatus equipped with an arbitral display apparatus or a
solar battery. Still another object of the present
invention is to provide a technique for the visibility

(:) improvement of such electronic apparatus.

Disclosure of Invention

The display element of the present invention is one
which 1is fabricated by mutually dissolving a polymer or a
polymer precursor and a liquid crystal, then placing the
resulting mixed solution between a pair of electrodes in a
liquid crystalline state and finally cause a polymer phase-

separate of the polymer from the liquid crystal by a phase-



crystal between a pair of electrodes in a liquid crystalline state, and
then causing a phase-separating of the polynmer fromthe liquid crystal by a
phase- separati on neans. - 13 0 8 MAY 2092 Furthernore, the el edt (MAYCZ()QZ
apparatus is characterized in that a |ayer capable or reinforcing a '
reflection is placed on the backside oz said display elenent. The |ayer is
preferably made of a transparent material. The el ectronic apparatus is also
characterized in that a liquid crystal_glgﬂﬁnt cont ai ni ng di chroic dye and
equi pped with an electric field applicati means is placed between said
display elenment and an arbitrary display apparatus. The display el enent and
the el ectronic apparatus.of the present invention are also characterized in
that the surface of the observer side of said display elenment is subjected
to a non-glare treatnent and/or an anti reflection treatnent..

separation means, which being characterized in that
dichroic dye is added to the liquid crystal so that the
transmitted light is absorbed by 1% to 20% in the absence

of applied electric field.

(:) The display element is also characterized in that the
chiral pitch in said liquid crystalline state before phase-
separation is approximately identical to that in the liquid
crystal after the phase-separation. Further, it is
characterized in that low molecular wight chiral component
and chiral polymer precursor are used the chiral component
which can make said chiral pitch effectively, and that said
chiral components are mixed with a polymer precursor and a
liquid crystal and the polymer precursor are polymerized in
the liquid crystal phase by a polymerization means, whereby
the chiral polymer precursor is incorporated into the
resulting polymer, whereas the low molecular weight chiral

component is incorporated into the liquid crystal.

The display element is also characterized in that
chiral component is used which causes the change in chiral
pitch by 20% or less in the temperature range the display
element is used. Further, it also be characterized in that
at least two kinds of chiral components which have opposite
temperature dependency in chiral pitch to each other are

used in a mixture as said chiral component.



The display el enent and the el ectronic apparatus are further characterized
in that at |eapt one of the substrates used in said display elenment has a
color filter formed on its surface facing to the liquid crystal.U'lﬂ*nMAY 2002

display el ement and the el ectronic apparatus are still further
characterized in that at |east one of the substrates used in said display

el ement has an active elenent fornmed on its surface facing to the liquid
crystal . D $ MAY 2042 - 14 Furtherrrpr§~L t he display el enent and the

el ectroni c apparatus are characterized i ELhat the liquid crystal to be
used contains the follow ng conmpounds: OO X Fn R~XFn ROOC H2 C H2--X

Fn R - O--CCCQRROOOXFN R~~-CHZ CHZ OO X Fn

The display element is still characterized in that
compounds exhibiting a fluorescence quantum yield of 0.3 or
less are used as said liquid crystal and polymer materials
in the total amount of not less than 60 % by weight. The
compounds exhibiting 0.3 or higher of a fluorescence

i:) quantum yield contain, terphenyl, anthracene, perylene
skeleton and the like. If such Eompounds are used as
liquid crystal or polymer, extremely large emission of
fluorescence would be generated, resulting in remarkable
detefioration in display contrast disadvantageously. ON
the other hand, the compound exhibiting a 0.3 or less of
fluorescence quantum yield are those having biphenyl or
tolane skeleton are mainly contained in said liquid crystal
and polymer, or those having terphenyl skeleton are

(:) contained in an amount of 10% or less in said liquid

crystal and polymer.

Further, the display element is characterized in that
said polymer is particulate or a form of particles-
connected aggregates or a gel-network form, or that liquid

crystal is dispersed in said polymer in a droplet form.

The display element is also characterized in that

chiral component is contained in said liquid crystal.

Furthermore, the display element is characterized in



Q-—-C0Z--~- XFn R O-CC O-X Fn 0 8 MAY 20Q2 - 15 wherein nis
an integer; R_represents an al kyl, al koxy, cycloal kyl or cycloalkii% ﬂrou ;
R1- and Rl i ndependently represent an al kyl, cycloal kyl, . al koxy or AY
cycl oal koxy group or Hor F, and X represents H, ~ F, Cl1L or CN. The displ ay
el ement and the.electronic apparatus are also characterized in that the
polynmer to be used is prepared by polynerization using at | east one pol yner
precursor selected fromthe foll ow ng-cdnfounds: 0 CH2=CCOA~i RO a CH
2=C-Co-A-BA2R. 0ii CH2 ~CCo0-A-0GC=CH2R-FR 00O
CH2=C-CO-A -B A2--0~-~ =CH2 R R ~ 8 MAY 202 - 16

that said display element is placed on its backside with a

light-absorbable reflection plate such as a solar battery.

The display element is further characterized in that
either of a pair of electrodes, which are formed on a pair
(:) of substrates with sandwitching said liquid crystal and

polymer therebetween, is made of reflective material.

The electronic apparatus of the present invention is
characterized in that a display element which becomes
transparent in the absence of applied electric field and a

solar battery are used with superposing to each other as an

information display.

The electronic apparatus is also characterized in that
a display element which becomes transparent in the absence

(:) of applied electric field is placed on the surface of an

arbitrary display apparatus.

Further, the electronic apparatus is characterized in
that said display element which becomes transparent in the
absence of applied electric field is fabricated by placing
a mixed solution of polymer or polymer precursor and liquid
crystal between a pair of electrodes in a liquid
crystalline state, and then causing a phase-separating of

the polymer from the liquid crystal by a phase-separation

means.



/ 0 CHZz" z-CHz B-AA CHz-CHz-CHz- B-A- B'-A 2 o . 0 Hz-
z-CHz BA,B-CHz-Hz-.HzCHzCHzCHz-B- A -
Hz-CH2-Ch 2 wherein Rand R independently represent H or ,bZBB%éAYSOQZ
and B" Lndependently represent OCO COO OCONH, NHCOO, CONH, NHCO
-C--C,"an alkyl group, O Nor S; and Al and A2 dependently represent a
group containing aromatic ring, such as phenyl, biphenyl, terphenyl,

1 -

guat er phenyl , napht hal ene or ant hraceng, ch may be partially substit ut ed
by hal ogen, al kyl or cyano group. 08 2002 - 17 Brief Description of
Drawings Fig. 1 illustrates the structure of the panel according to Exanple
2, in which a TFT elenent is formed. Fig. 2 illustrates the structure of

t he panel according to Exanple 5. Fig. 3 is a graph show ng the

el ectro-optic characteristic of the display el enents according to Exanple 5
and Conparative Exanple 5. -Fig. 4 is a graph showing the electro-optic
characteristic of the display elenents according to Exanples 6 and 7. Fig.

5 is a graph Sh%Pghébﬁo%ecwe ekt rohdlaGphiraltiue afs fclpﬁr@c%@@zed
el enments according to Exanple 8 and Conparative Exanple 6. Fig.
illustrates jhecratust uageef chpabpanels aederrdiradnyo abxafle’ tidn u@ which a
MM el enent is forned.
placed on the backside of said display element. The layer

is preferably made of a transparent material.

(:) The electronic apparatus 1s also characterized in that
a liquid crystal element containing dichroic dye and
equipped with an electric field application means 1is placed
between said display element and an arbitrary display

apparatus.

The display element and the electronic apparatus.of the
present invention are also characterized in that the
surface of the observer side of said display element is
subjected to a non-glare treatment and/or an anti-

<:> reflection treatment. .

The display element and the electronic apparatus are
further characterized in that at least one of the
substrates used in said display element has a color filter

formed on its surface facing to the liquid crystal.

The display element and the electronic apparatus are
still further characterized in that at least one of the
substrates used in said display element has an active

element formed on its surface facing to the liquid crystal.



Fig. 7 illustrates the structure of the panel according to Exanple 22, in
which a color filter and a MM el enent are forned. 0 8 MAY 202 ‘8 mY 2002
Fig. 8 is a sectional viewsinply illustrating the structure of t“e
i nf or mat-i on processi ng apparatus according to Exanple 23. Fig. 9 sinply
illustrates the structure of the information display apparatus according to
Exanple 24. Fig. 10 sinply illustrates the structure of the information
di spl ay apparatus according to Exanple 25. Fig. 11 is a sectional view
sinply illustrating the structure of Lhe%i%ﬁerrati on di spl ay apparatus
according to Exanple, 26. Figs. 12, 13 an 4 illustrate the electronic
apparatus according to Exanple 27. Figs. 15, 16 and 17 sinply illustrate
the structure of the electronic apparatus according to Exanple 2S. Fig. 18
is a graph showing the ir_cidence angl edependency of the reflectance given
when light is incident upon a flat substrate surface. Description of
Synbols 1 Substrate
Furthermore, the display element and the electronic
apparatus are characterized in that the liquid crystal to

be used contains the following compounds:

R-O-O-X
\/\fg\/

R-OX
d

R-O-O-CH. CH-OX
\__/\/\/ .
Fn

O . Ri~O~C=C-O-R
R-O-O-O-X
\/\g\/
R«O-C H, CH,-O-O-X
\/\/‘\/
Fn

eV

RO-C=C X
w



0 8 MAY .20Q2 - 19 - 2electrode. 3. Liquid crystal/polynmer |ayer7Reflective
el ectrode8Substrate. 9Non-gl are/ anti-refl ection | ayer 10Col or 08 M
filtterl2lnsul ation | ayer13Si gnal el ectrodel4Source el ectrodel5Gat € AY 2002
el ectrodel6Sem - conductive |ayerl7Drain el ectrodel8Gate insulation

| ayer 21Di spl ay el enent 22Sol ar battery 23_T0ﬂ5@ panel 24 Infornmation

processi ng appar at us 0 g hlAY 2Q-~ - - 20 5 Information display
apparatus 26 Pointer of watch 27 Protective panel 28 Conventional display
apparatus 29 Highly refractive |layer 30 Conventional neter panel 31 Liquid
crystal |ayer containing dichroic dye Best Mbdde for Carrying Qut the

I nvention The present invention will be illustrated in nore detail by
reference to the drawings attached in the follow ngs. According to the
present invention, in a reverse PDLC, the turbidity of display in the
absence of an apipérein eheld rarc fntdgbmaR hepredeatd by adlllyhg atkadegquat e
anount of dichroic dye or by using a liquid crystal or polyner having a | ow
fl uorescence quevelerlkyl @r cycloalkoxy group; R1 and Rl independently

represent an alkyl, cycloalkyl, .alkoxy or cycloalkoxy group

or H or F; and X represents H, F, Cl or CN.

The display element and the .electronic apparatus are
f) also characterized in that the polymer to be used is
prepared by polymerization using at least one polymer

precursor selected from the following compounds:

0
CHz:(lJ—(HD O—A
R
O
CHz-':C;-—C O—A—B—A:2
R

3 3
CHz:C'J——CO—An —0C—C=CH,
R - R’

0 0
CH'2:CIJ—~<":O-—A1—B-——A2—O<5—<;=CH2
R R’



The anount of dichroic dye to be added nmay vary dependi ng on the intended
use. In the case where a display . ~- ~08 MAY 20Q2 - 21 elenent nust
be transparent in the absence of an applied electric field and the{ 8 MAY 2002
reduction of haze is intended, for exanple, in the case where a solar
battery or other type of display apparatﬁz is placed on the backside of the
display elenent, it is preferable to mix bchroi c dye so that the |ight
absorbance of the resulting display el enment beconmes about | to 20~,
preferably about 5 to 10~, by which the haze becones | ess inconspi cuous

W thout inpairing the transparency of the display. In the case where a
reflective layer is plaged on the backside of the display .elenent to
absorb the light in theYabsence of an applied electric field, dichroic dye
is mxed so that the fight\ absorbance of the resulting display elenment
beconmes not |ess tha@ He~CiH,wg Hh—aRegd contrast can be given. On the

ot her hand, the turbidity of a display elenent in the absence of an applied
electrical field can also be reduced by the use of liquid crystal or

pol ymer exhibiting a small fluorescence quantumyield. Specific exanples of
such compounds, include liquid crystals and polynmer precursors having

skel eton and show ng approximately 0_3 or |less of fluorescence quantum

yi el d, such as tol ane bi phenyl skel etons. If the conpounds show ng over
0.3 of fluorescence antymyield, e.g. liquid crystals and pol yner
precursors having t g phen ke ara uspd) A, Q8 MAY 20Q2 22

em ssi on of quoresS%nce ¥£H§b5gﬁi d{an a1di§€14625tate in the absence of
aﬁzipplied field, resulting in a bad display contrast. In the fabrication

p

ess of a reverse C, the polynmer precursor in th ()iquid crystal is
pol ynmeri zed to beco a RoJ, ynmer, whereby the proportjyon the | ow
2
Ho— H—CH:—B—-A+—B—CH:—CH:—CHa

0 0
CHe—C Ho—CHz—B—ArB“A2—B-CH—CHo—~CH,

(:) wherein R and R' independently represent H or CH3; B, B'
and B" independently represent 0CO, COO, OCONH, NHCOO, CONH,

NHCO,

-C=C-, an alkyl group, O, N or S; and Al and A2 dependently
represent a group containing aromatic ring, such as phenyl,
biphenyl, terphenyl, quaterphenyl, naphthalene or
anthracene, which may be partially substituted by halogen,

alkyl or cyano group.



nmol ecul ar wei ght chiral conponent contained in the liquid crystal becones
hi gher; whereas- the chiral polynmer precursor in the liquid cry tsj éf
incorporated into the polymer, whereby its proportion in the |li&u dﬂ ré@ﬁ%l
is reduced. Therefore, the content ratio of the ch~iral conponent in the

| iauid crystal remains constant even when the pol ynerization proceeds) and
the chiral pitch also remains constanrt.]OhMng to this principle, the

twi sted structure of polymer in the initial stage of the . polynerization
is identical to that in the liquid crystal after the polynerization, and
the generation of haze in a transparent state in the absence of an applied
field beconmes remarkably small. In thel case where chiral conponent show ng
a small change in chiral pitch depending on tenperature change is used, the
orientation state of the liquid crystal beconme hard to be changed dependi ng
on tenperature change after acconplishing the fabrication of a reverse
PDLC. Ther Brded Description of EaWings "t he use of such chiral conponent
make possible to prevent the generation of haze caused by tenperature

change. In this, caseg, .qr.eferabl ed is the chiral .conponent exhibiting
Che ohi ral pit BiGendndd B stas tHes Sriaiis dipdte BARS h A QU ( he
di splay el enepnt _i s, used. .A reverse @QHC i.s..al nost_ tyansparent in the
absence of ggnﬁ?a( |leed%él ect e T & d Acecloermcﬁn%llys, f:lroﬁ'q'“e’tloof‘,"il‘e case where 'a
reverse PDLC is placed on the surface. of an arbitrary ,display apparatus,
an observer can see the display of the display apparatus placed under the
reverse PDLC. When an electric field is applied to the front reverse PDLC)
anrgbserver can see both the display of the display apparatus placed under

the’reverse PDefgand theuethiatesdiapl ayrokbtufe bEFORher puakIcalBbedadhgt he
sanme time, which caused by light t~ , scattering (see Fig. 10).
to Example 5.

Fig. 3 1is a graph showing the electro-optic
characteristic of the display elements according to Example

5 and Comparative Example 5.

Fig. 4 1s a graph showing the electro-optic
characteristic of the display elements according to

Examples 6 and 7.

k;) Fig. 5 is a graph showing the electro-optic
characteristic of the display elements according to Example

8 and Comparative Example 6.

Fig. 6 illustrates the structure of the panel according

to Example 12, in which a MIM element is formed.

Fig. 7 illustrates the structure of the panel according
to Example 22, in which a color filter and a MIM element

are formed.



Tn this case, when a reflective layer) especially a transparent |ayer
showi ng a high refractive index, is placed between the display apparatus of
t he backside and the reverse PDLC of the frontside, the |ight |¢E1 iYs
incident to the display apparatus fromits surroundings enters T'n Ahg(mz
reverse PDLC effectively and, as the result, the display can be seen bright
wi th good contrast (see Fig. 12). Since 1I® |Hght which is incident from
the front is not reflected so nuch, the display o-_' the backside can be

0 8 MAY 20Q - 24 read off. This phenonenon can be understood better by
reference to Fig. 18, in which the incidence angl edependency of reflectance
given at the light incidence to a flat substrate surface. The results in
Fig. 18 were determ ned by cal cul ation according to Fresnel's formula on
the assunption that the refractive index of the substrate' is 2 and is in
contact with air (refractive index: 1)) wherein natural |ight was
deconposed i nt oFige 8riBogosgictionali ¥dewW isgmped ¥f orl hust redliag &hieon. Since
this reflective layer is transparent, the display of the display a%Paratus
pl aced undestrnetpseepse thBL GNP THALEOTH REPCES Ha% AFPaRFtUSo Ges@rding
equi val ent disBIay Eroggrty can be given if many of these display el enents
are super poS@dEBATBaEh“dther to becone a mufti layer form .In the case
where a liquid crystal layer containing dichroic dye, which is sandw tched
bet ween a paxt 0Qf el gcirades, .i bet we i.spl aratus of the
backsi de and a f%%érgegﬁﬁfgybﬁhﬁﬁgk?ggg s?ég §§r§§%§§§h§¥d?§§|ay of the
front displ LAyl L. | ng ai ni ng
di,eRroic df§X$§£$%§gé?g§£ggiggﬁ?SH%ggﬁg%r%F§89§¥§ etgyﬁ%ﬁépggn??él of the
el ric field to be applied, whereby the display caused by the |ight
scattering comesid o £ agmpuy ($e8skirfred) ch&f Erequtaee bRetdéspl ay can be
nore clear by inserting a highly ~f~v % ~~w~~ | i - 25 refractive

| ayer (see fmfpriatidm Pl eptagf appaesensecabbtiiagcasveEramphal 29DLC may be
used. In this case, in order to nmake clear the display of the display
apparatus of the backside, the layer containing dichroic dye is made into
transparent by Rim- cbhti®laoctechioriberiew $implyt bl bestpptinal thet he

opposite way to that descri bed above, The reverse PDLC of the present
i nventi on istructure of the information display apparatus according to

Example 26.

Figs. 12, 13 and 14 illustrate the electronic apparatus

according to Example 27.

(:) Figs. 15, 16 and 17 simply illustrate the structure of

the electronic apparatus according to Example 28.

Fig. 18 is a graph showing the incidence angle-
dependency of the reflectance given when light is incident

hpon a flat substrate surface.

Description of Symbols

1 Substrate



transparent in the absence of an applied electric field. Accordingly, when
this display element is placed on the surface of a solar batte(y§ MAYe 2002
production efficiency of ' electric power of the solar battery is |ess
i'mpai red. As described above, a solar battery and a display el enment can be
super posed on each other. As the result, not only the space~savi ng and
mniaturization of the electronic appar&ﬂﬁs-using t he di splay el enent
become possible, but also the electronic apparatus can be designed nore
freely. In the structures of the display elenments and the electronic

appar atus described above, active elenent or a color filter may be forned
on either substrate used for the reverse PDLC to increase the display
capacity of the display elenent and to provide a color display. Wien this
di splay elenment is applied to a display for a car navigation system which
was devel oped in recent) g driver can read off a map displayed or. the
systemwith | edi n§LBEEXO98 ~ M ~Y ~pQ- - 26 face turning to the front and
can drive extrenely safely. Of course, the application to televisions is
possi b~.e. The appli.cation _to,an .l r_Qni randum book) a conpact.

hi ghly functi omal EFSEFPDﬁfys§§23§§h§%ﬁ¥ﬂ3b Wi t hout running down of
battery can be provided. In addition) in the structur-es of the display

el ements and the ehg&&ggg&geaggggggggedescribed above, a antireflection
treatment or a non-glare treatnent may be subjected to the surface
Substrate to inprove visibility of the display elenents. (Exanple 1) This
enbodi nent is g di gghayrak@ment in whick~ dichroic dye is mxed in a trace
apgunt irn order to nmake the haze of a reverse PDLC i nconspicuous. In
patkicular, in this enbodinment, a liquid crystal conposition to be used in
Exanpl es 2 to 4 i snexphaeredantit-refflekcltawnndeyeFfhat is, a guest-host type
liquid crystal was prepared by m xing"99.25 w~ of a TL202 (trade

nane)/ BLOO7 (trade nane) m xture (7;3), both being produced by Merck
Limted, as a lli0quCeleryd$tiditern. 2S wt~ of G470 (a product by N ppon Kanko
Shi ki so Kenkyusho), 0.4 wt~ of SI512 (a product by Mtsui Toatsu Senryo)
and 0.1 w~ of ML37 (a prqduc& by Mtsui Toatsu Senryo) as dichroic ayes.
0 g MAY Zp~ - 42 Insulation layer

13 'Signal electrode
14 Source electrode
15 Gate electrode
<:) 16 Semi-conductive layer
17 Drain electrode
18 Gate insulation layer
21 Display element
22 Solar battery
23 Touch panel

24 Information processing apparatus



To 98 wt~ of the resulting liquid crystal, was added 2 wt~ of CNL617 (a
product "by Asahi Denka Kogyo, K K.) as a chiral conponent and then m xed
with each other, to give a chiral guest-host liquid crystal. In cdeMal (2
di splay el ement is conbined with active el enent, the skeleton of a licruid
crystal to be enployed should be those having high reliability. As such
liquid crystal, chlorine-based bi phenyt ﬂl@uid crystals such as TL202,
TL205, TL213, TL21S and TL216 (products by Merck Limted) are preferably
used. In addition, there may be used RDP 80616 and RDP 10248 (products by
Rodic Inc.) and SS 5004 (a produc~ by Chisso Corporation) as liauid crystal
having high reliability, and BLOO7 (a product by Merck Limted) as highly
birefractive liquid crys~al. In other uses, liquid crystals having any

skel eton may be used so long as they satisfy the driving voltage and

birefractive~ index peci fi.c ex | es of uid crystal conpounds to be
enpl oyed are thdskt éﬁ&%%ﬁWﬁ qté?%ﬁﬁﬁ%nﬁﬂﬂf unds: 8 ~1AY ~0~~ 28
ROOXFR~XF. RO. OCNCH ~~C Fn. R7 ~O --C—C— O- RROO~
XFn R~-CH?2 96H %o:.n@er Fe Rt © - -~ X Fn R~-0-CGC-~0-XFn

27 Protective panel

28 Conventional display apparatus
29 Highly refractive layer~

30 Conventional meter panel

31 Liquid crystal layer containing dichroic dve

Best Mode for Carrying Out the Invention

The present invention will be illustrated in more
(:) detail by reference to the drawings attached in the

followings.

According to the present invention, in a reverse PDLC,
the turbidity of display in the absence of an applied
electric field can be reduced by adding an adeguate amount
of dichroic dye or by using a liquid crystal or polymer

having a low fluorescence quantum yield.

The amount of dichroic dye to be added may vary

depending on the intended use. In the case where a display



1

08 MAY -20(i - 29 In the above-listed fornmul ae, R represents an al kyl,
cycl oal kyl, al koxy or cycl oal koxy group; Rl is an al kyl or al koxy group, or
hydrogen or fluorine; X represents a cyano grdup, halogen, hydrogBr8 MAYazggz

nitro group; and nis an integer. In addition, liquid crystals having
negative dielectric anisotropy may be useg as the liquid crystal. In this
process, the alignnent treatnent to be™su ﬁbcréd to the substrate surface

is preferably the honeotropic alignment treatnent. As a dichroic dye to be
used, any one may be used so long as it exhibits dichroism However, from
viewpoi nt of |ight resistance, as shown in this Exanple, anthraquinone-)
napht hoqui none- and peryl ene-based ones are preferable. Furthernore, for
t he purpose, of depressing a haze, dichroic dyes of dark tone and having a
| ow fluorescence quantumyield are nore preferable. In the case where a

sol ar ba“erglig%feﬂi.eguﬁ sogé gigag}%ra%m% i ot dearbée%&g YEn gﬂ&oilg&g;{engo

of production I"Ci enCy O C pr~wer e anoun

be m xed wt L, quis . A ref W q d SS a
naze. The degteEBEit SHEIE anid oMbt I @ TN R B B nd e SRS
precursors) Sﬂbﬁxﬁhe(}mﬂﬁo'ﬁﬁ@t Sadd R TR 's@ta'ro'ﬂna(‘t‘?i@}l ISR PE

) : { }ggpkgyed
Therefore, the concentration of the dichroic dye should be adjusté
accordi ng togibglagt Hepara®u@ M8Ypd@42d on the backside of the display
element, it is preferable to mix dichroic dye so that the
(:) light absorbance of the resulting display element becomes
about 1 to 20%, preferably about 5 to 10%, by which the
haze becomes less inconspicuo%s without impairing the
transparency of the display. In the case where a
reflective layer is placed on the backside of the display
.element to absorb the light in the absence of an applied
electric field, dichroic dye is mixed so that the light
absorbance of the resulting display element becomes not

less than 20%, by which a good contrast can be given.

N

(:) On the other hand, the turbidity of a display element
in the abéence of an applied electrical field can élso be
reduced by the use of liquid crystal or polymer exhibiting
a small fluorescence quantum yield. Specific examples of
such compounds inciude liquid crystals and polymer
precursors having skeleton and showing approximately 0.3 or
less of fluorescence quantum yield, such as tolane and
biphenyl skeletons. If the compounds showing over 0.3 of
fluorescence quantum yield, é.g. liquid crystals and

polymer precursors having terphenyl skeleton, are used,



Al

- 30 circunstances. As the chiral conponent to be used, any one may bhe

used so long as it can twist the orientation of the liquid crystal,  in an
adequat e amount. Preferably, the chiral conponent is those whi chOC&rNAWQBZ
the orientation of a liquid crystal |ayer preferably' by 90, and nore

preferably 270, in the direction of ILqu?gzc[ystal t hi ckness. Exanpl es of
such chiral conponent include, for exanpTé, S811, R811, S1011, R1011) CB15,
C1S and CE2 (products by Merck Limted), CMseries (a product by Chisso
Corporation), and CNL series (a product by.Asahi Denka Kogyo, K K ). As the
pol ymer precursor to be mxed with the above described liquid crystals, any
one may be used so long as it can be polynerized in the liquid crystal by
irradiation of light, electron beamand heat and contains in its nolecule a
| ar ge mesogeni c noi ety having birefringency. The noiety to be pol ynerized
of the pol yaRi sBi8&UBFOF 1udrasiodmie i STRidwddtin £ aybde)s td taaimt e,
epoxy or the like.; and the nesogenic noiety is phenyl, biphenyl,

ter phenyl, gnat ebpbasygl ofoant k@dliilkdl flirlidhe qasedaning meerd imsd i splidabl e
substituted group may be introduced into the polyner precursor for the

pur pose of ¢captsasnhg birefringency and solibitity wwth the liauid crystal.
In particular, a polyner precursor in w ~ich the noiety to be 0 a MaY zoo
- 31 polynerized and the nesogenic noiety are bonded directly, the

resul ting pol ynEr thadfabpipatams paecees| &fe2 ofvERseoBREC hd®® a pol yner

precursor in which the noiety to be polynerized and . the nmesogenic noiety is
connect ed tPPBYRBY SPEBECEFCEURH é§eaﬁlgP&9lCENéFﬁloﬂSaFﬁﬂﬁVWgﬁzﬁpe6ﬁ¥sor

oy Pher Pt e St TRy b et - R aE PRV ER e BaPEO R L S 26 for ey

pol ymer pr?8&f§éﬁfa£”&é¥9ﬁttQﬁiigi'8%%88n88€p88ﬂgiined in the ligquid
crystal becomes higher; whereas the chiral polymer
precursor in the liquid crystal is incorporated into the
polymer, whereby its proportion in the liquid crystal is
reduced. Therefore, the content ratio of the chiral
component in the liquid crystal remains coqstant even when
the polymerization proceeds, and the chiral pitch also
remains constant. Owing to this principle,'the twisted

(:) ' structure of polymer in the initial stage of the
poiymerization is identical to that in the liquid crystal
after the polymerization, and the generation of haze in a

transparent state in the absence of an applied field

becomes remarkably small.

In the'case where chiral component showing a small
change in chiral pitch depending on temperature change 1is
used, the orientation state of the liquid crystal become
hard to be changed depending on temperature change after

accomplishing the fabrication of a reverse PDLC. Therefore,



CC,~~ BR 'p 8 MY 2D2 - 32

I' CH2=C---C~- Al ROCH2=C- ,
.0, ~. CH~=¢--Cc 0--A~ -0C~=~M2R 00C~27C--CC-- % ~ -
~2 --- fl C-C=CH~. .. ~1r Q Hz-- Hz---CHZ-8-A,. '0 Hz- 0 8 Hay 2002
H -CHz-8-Ar-B-AZa0- Hz....,.,CH2--- B-,A~B'-CHx- Hi-, H2o

~0 ~8 ~ CHZ-ChZ- Hz CHI- CHI - CHz- 8- A~- B- A2

the use of such chiral component make possible to prevent
the generation of haze caused by temperature change. In
this case, preferably used is the chiral component
exhibiting the chiral pitch change by 20% or less in the

temperature range where the display element is used.

O

A reverse PDLC is almost transparent in the absence of
an applied electric field. Accordingly, in the case where
"a reverse PDLC is placed on th; surface of an arbitrary
. display apparatus, an observer can see the display of the
display apparatus placed under the reverse PDLC. When an
electriq field is applied to the front reverse PDLC, an
lobserver can see both the display of the display apparatus

placed under the reverse PDLC and the white display of the

front reverse PDLC at the same time, which caused by light

{:) ) scattering (see Fig. 10).

In this case, when a reflective layer, especially a
transparent layer showing a high refractive index, is
placed between the display apparatus of the backside and
.tﬁe reverse PDLC of the frontside, the light which is
incident to the display apparatus from its surroundings
enters into the reverse PDLC effectively and, as the result,
the display can be seen bright with good contrast (see Fig.
12). Since the light which is incident from the front is

not reflected so much, the displav oZ the backside can be



0's MaY zo~z - 33 wherein R and R independently represent Hor CH3; B, 8
and B" independently represent OCO COO OCONH, NHCOO CONH, NHCO -é: -

an al kyl group, O Nor S; and Al and A2 dependently represent a g.po Ff%w 200,2
containing aromatic ring, such as phenyl, biphenyl, terphenyl,

guat er phenyl , napht hal ene or ant hracene, which nmay be partially substituted
by hal ogen, alkyl or cyano group. As the P#tter pol yner precursors, anong
the ncsnomers |isted above, those which are di-Functional and those which
contain a spacer such as al kyl group between the noiety to be polynerized
and the nesogenic noiety can be used. Exanples of comrercially avail able
one include, =or exanple, C6H produced by Philips Corporation; Aronix and
Resedamacr onononer (trade names) produced by Toagosei Chem cal |ndustry
Co., Ltd.; KAYARAD and KAYAMER (trade nanes) produced by N ppon Kayaku
Conpany) Ltd.,; R.. SI’ T and PHOTOVER (trade nanes) prodyced by San
Nopbo || i t iaRpPBht o TREDIORCHORRIOBAREON PRHAHS AP hFodlYed by

Toht o Kasei Co Ltd,; ADEKA RESI N, ADEKA OCPTQVER ADEKA OPTON (trad
names) pr O CSECESIRELHP BeAka Rogyb, TRoKP S0+ CaREE Y (RE o)

d db Lipi 7 =B} [ t d b
Shova 1 ghpoieereacy pFFEFLeEEBRKY BN Ekaeng 1T0R TRINGRG B0 "),

Pol yur et hanefié;%-rsu@uaeédsaraaeleso Ble JDESLL LT "Bis. TRy Pe-gi xed in

part with the ner nononers (i.e., nononers of ich“resulting polyners
become partifdd &tfined opddil £QDat 9bhChcRBEYARES t8UPRe8ReliNgr FBPhASHI 6n

polyners) e..g. ethyl cellul ose, can also be used.

{f) the assumption that the refractive index of the substrate-
is 2 and is in contact with air'(refractive index: 1),
wherein natural light was decomposed into two orthogonal
polarized lights for the calculation. Since this
reflective layer is transparent, the display of the display
apparatus placed under the reverse PDLC is never hard to
be seen. Of course, equivalent disvlay property can be

given if many of these display elements are superposed on

each other to become a multi layer form.

”(:) .In the case where a liqgid crystal layer containing
dichroic dye, which is sandwitched between a part of
electrodes, is placed between a display apparatus of the
backside and a reverse PDLC of the frontside to make the
display of the front display element more clear, the liquid
crystal layer containing dichroic dye is rendered to a
light absorbing state by the control of the electric field
to be applied, whereby the display caused by the light
scattering comes to stand out (see Fig. 9). Off course,

the display can be more clear by inserting a highly



(Conparative Exanple 1) Aliquid crystal conposition is prepared according
to Exanple 1, except using no dichroic dye. Other materials and f%)ri%%i,g‘nﬁ
canditions were sane as Exanple 1. (Exanple 2) In this enbodi nent, A g
pol ymer. particle dispersed type of reverse PDLC was fabricated using the
liquid crystal conposition of Exanple 1, and then was exam ned its haze.
That is, a liquid crystal m xture was Ppr ed by using biphenyl.

nmet hacryl ate as the pol yner precursor indicated in Exanple 1 in an anount

of 7 wo, and then put into a void panel shown in Fig. 1 and seal ed. At
first, the fabrication process for this void panel is explained as foll ows.
On the surface of a substrate 1, was forned a transparent el ectrode 2.
Thereafter. the surface of the - - ;0~M! ~~~ - 35 electrode 2 was
subjected to an alignnent treatment. Subsequently) on another substrate 8,
was fornmed a TET el enen 5. a tive ekenent. That is. the TET el t
conpri sed arge %a%%%?ro%}zéES?sgggg%g'i %’Sul a{t]i'1 P?‘é‘f/e?f 1%,P%verse ﬁBEE'

sem - conductj v . a r el.ec el ' lectr a

al um num watsa vc}%@rg{é}o%rg?]f elélﬁglg| lgg?{e#)?e{cl% |8§é e#%c?l?g%ig%gsl‘%’e g%x(?g%eeroglgt he

el ectrode Wasfdirdinedy s eg1 88149 88 8hbUANEBYal' 88bARREus THESEREWO

substrates were fixed to each other at their peripheries with setting their

el ectrode siydR&didle, tthd argyandcéeerining 8ichibiapaybeigbphueenncbn this
enbodi ment) the thickness of the liquid crystal was set to 5 dun; however,

t he t hi cknegsampdieertiiivbtlye sebnttdhi of t bieer abgetfieontBel@ 48 beun
dependi ng on the intended use. This liquid crystal/ polynmer precursor m xed
I r was' i appdiistdednnitthe Wppys Dfe 304y 400 that ndesveibedgiiboaad 3.5 nWcn
at~the liquid crystal phase, to separate out the polyner particles fromthe
liquid crystal. On the backside of the resulting display elenment, a solar
battery was pl a®8¢ FevensgHRL < tilgy RTE antnYeRE Xt fite of t he
battery was subjected tqQ a non-glare treatnent and an anti-ref|ection

treatnent. EFPUEBAFEEC ffedd'® TRt LTardP (AP B Sy §fdceSarifdnd even
ei ther treagent ;can ouf Ll eblys RN, Wl sl bid ity of, e disel ay
surface of a solar battery, the production efficiency of
electric power of the solar battery is less impai;ed. As
described above, a solar battery and a display element can
be superposed on each other. As the result, not only the
space-saving and miniaturization of the electronic

(t) apparatus using the display element become possible, but

also the electronic apparatus can be designed more freely.

In the structures of the display elements and the
electronic apparatus describéd qbove, active element or a
color filter may be formed 6n either substrate used for the
reverse PDLC to increase the displav capacity of the
display element and to provide a color display. When this
display element is applied to a display for a car
navigation system which was developed in recent, a driver

can read off a map displayed on the system with leaving his



,~ 8 MAY 20Q2 - 36 To the liquid crystal/polyner |ayer of the display

el ement thus fabricated, a S V of driving voltage was appli ed, anq q%r}
light was entered fromthe direction inclined by 20 based on the Tho 2007
|l i ne of .the display elenent surface, to determned the reflection |ight
intensity to the normal line direction. As the.result, the brightness was
30~ based on that of a white paper. On-th éther hand, when the driving

vol tage was adjusted to O V to give a black display state, the reflectance
nmeasured was a In this enbodi nent, the alignnent treatnent used a polyimde
aligning filmand was carried out in the manner that a polyimde aligning
filmwas formed and then was subjected to a rubbing treatnent. However, in
the general alignnent treatnment, other kind of aligning filmnay be used,
or only rubbing treatTnent may be carried out w thout using any aligning
film or a LB filmor an oblique evaporation film may be used. The

| i ght - absor bfage r Brreénpy &oplthee firoie anidh o 6 e Bed@Ndy Fabey .

di splay el emen~ is not necessarily be a solar battery. A |light-ahsorbing

pl ate appl i i FRUBSE; ghher 8PPAACAGH O &2t R VS 1AnS dift Passitdeal so
preferably Uﬁgd. Thﬁ.gl Ete ot her thgn tt\r];_e l.i ght - absor in% r?{hl ective plates
may al so be USRFPROFCBRAMPI 60 PBf PV PICal"ed U P9 AumP &R G um
and the “I“iigﬁly Pl Mng1%iectr3hic memorandum book without

running down of battery can be provided.

O

In addition, in the structures of the display elements
~and the electronic apparatus described above, a anti-
reflection treatment or a non-glare treatment may be
' subjected to the surface substrate to improve visibility of

the display elements.

(Example 1) This embodiment is a display element in
which dichroic dye is mixed in a trace amount in order to
(:) make the haze of a reverse PDLC inconspicuous. In ‘
particular, in this embodiment, a liguid crystal
composition to be used in Examples 2 to 4 is explained in
the followings. That is, a guest-host type liquid crystal
was prepared by mixing 99.25 wt% of a TL202 (trade
name) /BL007 (trade name) mixture (7:3), both being produced
by Merck Limited, as a liquid crystal, 0.25 wt% of G470 (a
product by Nippon Kanko Shikiso Kenkyusho), 0.4 wt% of
SI512 (a product by Mitsui Toatsu Senryo) and 0.1 wt% of

M137 (a product by Mitsul Toatsu Senryo) as dichroic dyes.



nay be used. In case of reflective plates having high reflectance,
visibility of the resultant can be inproved by increasing in the anmpbunt of
dichroic dye to be added. In the display element o. the present ipgvention,

col or display beconmes possible by formng a color filter on the s
In this case, as the.colors to be used for the color filter, any one may
enpl oyed so long it shows good visibil4ty23dccerding to the intended use,

wel | as the col or conbination which can reappear full colors. The col or
filter to be used is preferably conposed of materials exhibiting no

absorption in the Wregion. In the present invention, the display el enent
is applied with a non-glare treatnment and a anti-reflection treatnent on

tan

MW

its surface. However, such treatnents are not so essential, and the~display
el ement wi thout such treatnents can show good di splay property. In
appar atuses having smal | -t o-nedi um si zed capacity, such as watches;
sufficient iTd AdtbroEabhBergrudhingehignidncaystad, ewafentdded Bowtfor ned

t her eon.

The active elenment to be used is not
here shown, Mgt (ATPEPEHERt BYhASRRY BeRkRr Keeuetr uKek; )t A8ndistors,

limted to the TFT el enent

M M el enents, ferroelectric elegents and the |ike ggx al so be used. As the

substrate

o

chiral component and then mixed with e other, toc give a

chiral guest-host liquid crystal.

In case of a display elemen; is combined with active
element, the skeleton of a liquid crystal to be employed
should be those having high reliability. As such liquid
crystal, chlorine-based biphenyl liquid crystals such as
TL202, TL20S, TL213, TL215 and TL216 (products by Merck
Limited) are preferably used. In addition, there may be
used RDP 80616 and RDP 10248 (products by Rodic Inc.) and
8S 5004 (a product by Chisso Corporation) as liquid crystal
having high reliability, and BLO07 (a product by Merck
Limited) as highly birefractive liquid crystgl. In other
uses, liquid crystals having any skeleton may be used so
long as they satisfy the driving voltage and birefractive
index. Specific examples of liquid crystal compounds to be

employed are those containing the following compounds:



,0 a MAV ~oQz - 38 to be formed with such active el enent ther?Pg, &ﬁQ@&?
enpl oyed, for exanple, sem -conductors such as glass, silicone, r@ i

gal I'i um and germani um ot her inorganic substances and organi c substances
such as plastics. In the display el enent according to the present

“invention, all of a driver an controller can be built or set into the .
substrates. Therefore, by usi t he display elenent, a display apparatus
can be fabricated in extrenely | ow cost. (Conparative Exanple 2) A reverse

" PDLC was f abrd g rding to Exanple 2 using the lia uid crystal
conpositi {yY: ;fve Exanple 1. The resulting reverse PDLC was

_exam ned i : optic characteristics in the sanme manner as Exanple 2.
As the resul e Bright ness was 35~ based on that of a white paper in the
presence of an lied electric field. The reflectance in the absence of an

appl i ed electrical’'field-was 8~. (Exanmpl e 3) A polyner del network aligned.
type of liquid crystal display elenent was fabricated using the liquid

crystal conposition of Exanple 1. That is, a display el enent was fabricated
inthe s Y 20A2 - 39 nmanner as Exanple 2, using the liquid
crystal np i ‘Oh of Exanple 1, 5 wt~ of Ms200 (a product by Toagosei
Chem cal IndusYry Co., Ltd.) as a polyner precursor and 2 w~ of I|rugacure

as a photopol yperi zation initiator. To the liquid crystal/polymer |ayer of
the resulting igblay el ement, a 10 V of driving voltage was applied, and

o RO~O-CH, CHO-X.
N~
Fn
R1~O-C=C~O-R

R<O~O-O-X
V\é\J

o RO-CH, CH-OOX
\_/\'/\/

Fn



then li.ght was entered fromthe direction inclined by 20 based on the

normal line of the display elenent surface) to determned the reflection
l'i.ght intensity to the normal line direction. As the result, the brightness
was 28~ based on that of a white paper in the presence of an appli ng MAY 2002
electric field. The re=i ectance under a black display state in the absence
of an applied electrical field was 8~. theDiyi ght ness was 28~ based on t hat
of a white paper. In this enbodi nent, the polynmer precursor to be used may
be ot her conpound which can nmake a gel network effectively, as shown ~in
Exanple 1. OQther conditions were sane as those of Exanple 2. (Conparative
Exanple 3) A display elenent was fabricated according to Exanple 3, except
using the liquid 0 a MaY 200z - - 40 crystal conposition of Conparative
Exanple 1. The resulting display el ement showed a refl ectance under the
white display state of 33~," and a refl ectance under the black display state
of 5~. ,. . [Bxthpl ebdyeAaldistigchfmimnad. R repriedentom@rtalkylihe |iquid
crystal were aligned and dispersed in the polyner, was fabricated using the
liquid crystavcéoapbyiti 8adjoand ax H@R ikasvhaxeurthdil iy am aHeyd iei d
crystal / pol vher precursor m xture of Exanple 1, 30 wt~ of ME200 (a product
by Toagose CREWPEXI IFRHRst Py EYIroged Pradlyqidmfre™ HRHASHItfd YIRL of

| rugacure 184 étrad ane) a hot opol ymer.i zati on iqiti%%or were used. In

thi s embodi nERPUPot HBLCEERd! BYSROIRE 67 Arb e CEIRMIEE 2105 1 dit i@kt e

di spl I . To t l i j f t | ti

i spl 2y o eniRte9a 20 1 P iy  SLRMAECEIRE a1 8Y REyPhg B8aRERY] (10 e

enigred fromibeedirect safsbiebbielaly 120 aased ORNENG BRGRRIc/SROf  the
men to detéefmn

;
display ele surtace, dthe reflectionTight intensity to

the normal IjdecglisestbOBssAschbeal ggthbntt RecBEmaRtness veasuddackasedon
that of a white paper. The refl ectance under a bl ack display state in the
absence of athapphbeer£tecsutr€ate is preferably the homeotropic

alignment treatment.

As a dichroic dye to be used, any one may be used so
long as it exhibits dichroism. However, from viewpoint of
light resistance, as shown in this Example, anthragquinone-,
naphthoquinone- and perylene-based ones are preferable.
Furthermore, for the purpose, of depressing a haze, dichroic

(;) dyes of dark tone and having a low fluorescence quantum
yvield are more preferable. In the case whére a solar
battery is uéed as the background, in order to prevent the
lowering of production efficiency of electric power, the
amount of dichroic dye to be mixed with liquid crystal is
preferably the minimum amount to depress a haze. The
degree of haze depends on the kinds of liquid crystals,
polymer precursors, chiral components and polymerization
conditions to be employed. Therefore, the concentration of

the dichroic dye should be adjusted according to the actual



0 8 MAY, 20Q2 - - 41 field was 10 In this embodi nent, the pol ymer precursor

to be used nay be other conpound which can nmake a gel network eff

T8 MEY o902

as shown in Exanple 1. ,. Qher conditions were sanme as those of
(Conparative Exanple 4) A display elenment was fabricated according to
Exanpl e ~, except using the liauid crystal conposition of Conparative
Exanple 1. The resulting display el enent wed a refl ectance under the

white display state of 33~, and a refl ect e under the black display state
of 15% (Exanple S) In this enbodinent, are fabricated a reverse PDLC in
whi ch a tol ane-based liquid crystal and a tol ane-based ' pol yner was used.
Fig. 2 sinply illustrates a partial sectional view of the display el enent

according to this enbodinent. At first, a panel in which a liquid

crystal /pol yner precursor is to be put is explained in the follow ngs. A
0 8 MAY 202 - 42 transgarent el ectrode having a desired pattern was fornmed

on a substrateycandtbheasa rubbing treatnent was applied to

As the chiral component to be used, any one may be used

so long as it can twist the orientation of the liquid

crystal, in an adequate amount. Preferably, the chiral

o

270°, in the direction of liquid crystal thickness.

component is those which can twist the orientation of a

liquid crystal layer preferably by 90°, and more preferably

Examples of such chiral component include, for example,

§811, R811, S51011, R1011, CBl5, C15 and CE2 (products by

Merck Limited), CM series (a product by Chisso Corporation),

and CNL series (a product by .Asahi Denka Kogvo,

K.K.).

As the polymer precursor to be mixed with the above-

described liquid crystals, any one mayv be used so long as

(:) it can be polymerized in the liquid crystal by irradiation

of light, electron beam and heat and contains in its

molecule a large mesogenic moiety having birefringency.

The moiety to be polymerized of the polymer precursor is

acrylate, methacrylate, crotonate, cinnamate, epoxy or the

like; and the mesogenic moiety is phenyl, biphenyl,

terphenyl, quaterphenyl, or the like. In the present

invention, a suitable substituted group may be introduced

into the polymer precursor for the purpose of improving

birefringency and solibitity with the liquid crystal.

In

particular, a polymer precursor 1n which the moiety to be



the surface of the resultant. Two substrates thus fabricated weregex;quaéuaz
their peripheries with setting their el ectrode sides face-to-face and
keeping a 4 dun gap =y therebetween. Next, the liquid crystal and pol yner
precursor to be put into the panel are explained in the foll ow ngs. As for
the liquid crystal, was used a tolane-bas§gblicruid crystal conprising the
foll ow ng conmpound group |I: Roc-c oho P ( rectn R and R independently
represent an al kyl group having 1 to 12 carbon atons); the foll ow ng
conmpound group Il1: RH o c-coo -P 0 8 MAY 20Q2 - 43 (wherein R and~R

i hdependently represent an al kyl group having 1 to 12 carbon atons); and
the followi ng conmpound group Ill: ., RA ~0 -¢c Nx (wherein R represents an
al kyl group having 1 to 12 carbon atons; Ar represents phenyl, pyricine and
pyri mdine; and X represents F or , as a mxture in a mxing ratio or 47

% 33 I h 0, b hi
orbod ment  vBELYBEI2ER Pk S &%ﬁﬁ%{:ﬁ?&%"rf'ﬁ P it et 45t lee on
of IndIVIdua&hglbggugEQHBspéﬂgmk&e'eﬂggqﬂgybé% ﬁ%‘gﬁ}éﬁg&%édg‘tE% the

fol | ow ngs:
other hand, a polymer precursor in which the moiety to be

polymerized and the mesogenic moiety is connected through a
spacer such as an alkyl chain or a polymer precursor having
(:)" plural of moieties to be polymerized in one molecule, the
resulting polymer tends to form a gel-network structure.
Examples of the former polymer precursors include the

following compounds:

C sz(‘:““c O—As
R

CH,=C—CO0-A—B—~A=



Q 0
!Hz—k H,~CH,—B-A—8 '—CHz——'gHz— JH2

0
° /
/ \ Hz—CHz—B*Ar“Bz‘Az—”BLCHZ"‘CHZ‘kHz

CH.,—C

_Compound group |1 (R=1, R - 11) 2 ~ (R=3, R - 2) 8 ~ ((R8=MAY 202- 1)
8 08 MY 209Z- 44 (R=4, R -2) 9~(R=4 R -3 5~(R=5 R -
1) 8 ~(R=5 R -3 5~(R=5 R _-.11) 2 ~; Conpound group Il: (R = 3)
R -2 21 ~(R=4, R - 2) 12 ~; —and Zomound group II11: (R=4) 6 ~ (R
- =5), 7 ~
D S SR
CH.=C—CO-A1-0C—C =C Ha
[
R R’
O Q Q
Csz(ll—-C O—-A—B—~Az ~OC——([3=CH3 -
R R’
O .
C/Hz—}Hz""CHz—*B—-AL
0
é‘izkHz’*CHz”-‘B“Ar—BLAz
)



(R = 7) 7 In this enbodinent, the al kyl groups enployed were strgl ht chain
type: However) b=arched type of al kyl groups may al so be enpl oye AW]ﬂmz
98.5 wt~ of the resulting liquid crystal, 1.5 ws of a chiral conponent,
R1011 (a product by Merck Limted), was mixed. Wth 95 wt~ of this chiral
liquid crystal, the foll ow ng compounds, as pol yner precursors) were m xed
i~ the mxing ratio of 3.3 0 8 MAY-2033 45 w~ and 1.7 w -,
respectively, to give a liquid crystal/polynmer precursor mxture: C H3

~~ ~ . CH2=C-CGC0-~-CCOOC~Hg03-"C~3CH=CC OO
~C =C 3 0 0 Subsequently, the mixture thus prepared was put into the
af orenenti oned panel and seal ed under a reduced pressure. Thereafter, Wray
of 300 to 400 nmin wave length and 3.5 miWcnR in intensity was irradiated
to the resulting panel for 10 min. to polynerize the polynmer precursors.

wherein R and R' independently represent H or CH3; B, B’

and B" independently represent 0OCO, CO0O, OCONH, NHCQOO, CONH,

NHCO,

-C=C-, an alkyl group, O, N or S; and Al and A2 dependently
. represent a group containing aromatic ring, such as phenyl,
{:) biphenyl, terphenyl, quaterphenyl, naphthalene or

anthracene, which may be partially substituted by halogen,

alkyl or cyano group.

As the latter polymer precursors, among the monomers
listed above, those which are di-iunctional and those which
contain a spacer such as alkyl group between the moiety to
be polymerized and the mesogenic moiety can be used.
Examples of commercially available one include, for example,
C6H produced by Philips Corporation; Aronix and

(:) Resedamacromonomer (trade names) produced by Toagosei
Chemical Industry Co., Ltd.; KAYARAD and KAYAMER (trade
names) produced by Nippon Kayaku Company, Ltd.; NOPCOMER,
SICOMET and PHOTOMER (trade names) produced by San Nopco
limited; Eptohto, Neotohto and Daptohto (trade names)
produced by Tohto Kasei Co., Ltd.; ADEKA RESIN, ADEKA
OPTOMER and ADEKA OPTON (trade names) produced by Asahi
Denka Kogyo, K.K.; 2200 series (trade name) produced by
Threebond Limited; Ripoxy and Spirac (trade names) produced

by Showa Highpolymer Co., Ltd.; product produced by Nippon



0 8 MAY 20Q@ - 46 On the backside of the display el enent thus fabricated,
a black |ight-absorbing plate was pl aced. Light was entered fron19m§ 2002
direction inclined by 20 based on the_ normal |ine of the display |e§@ﬂi a
surface to detect the light reflected to the normal direction, whereby a
graph showi ng the el ectro-optic characteristic shown in Fig. 3 was given.
In the graph of Fig. 3, the solid |ineinmdcates the el ectro-optic
characteristic of the display elenment according to this enbodi nent. As
shown in Fig. 3, since the transmttance was extrenely high at the
threshol d voltage or below, the black caused by the |ight absorbing plate
pl aced on the backside of the display elenent and, as the result, the
contrast was 27. The liquid crystal and polymer precursor to be used nay be
those indicated in Exanple 1. Anong these, those which exhibit a | ow
fluorescence auantumyield-in the visihle region and a high refringent

ani sotropy HEPIAERERE InFn. paPti chFdr; BREs&8OwWRPch TRGEe 1 BPAGReHS
bi phenyl skeletqn in, its nolecule are re_preferable. on the contrary,
ndost 1 abi o Meghithtied X HosEt WiER EBR: FPERer RGHORELS: ddcBnee. quant um
yield in th=z visible regi.on, f e havi n nt.heacene,
t er phenyl op‘oé’t?ﬁegrsphoetﬁ%hls %lé’%%ﬁfgﬁ% h%oggmggg%ﬁ%c?ﬁgmﬁggﬁléﬁéﬁgﬁ?groups
are connect ot i hfe 2L NShcpand, i 15 5 =47
t he conpoun g%@ﬁgggl to | Iegﬁgaﬁhg%ove, ?ﬁe co#@?ﬁ%??o%sg$g;P§%%mﬁfééf
al kyl groupg g, tét%am M UBS 4O, Ware UPOMINGS bsedot limted to those
i ndi cat ed above, a may vary according to experinental and operational
cgﬁyitions such as tenperature range of liquid crystal phase, driving \~ ~
v age, and so on. In addition, other conpounds nay be m xed therewith. As
for chiral conponent, the kind and the mxing ratio are not limted to
those indicated this enbodi nent, and those indicated in Exanple 1 may al so
be enpl oyed{Cbhppresive Example 1) A liquid crystal composition is
prepared according to Example 1, except using no dichroic
dye. Other materials and fabrication conditions were same

as Example 1.

(Example 2) In this embodiment, a polymer particle
dispersed type of reverse PDLC was fabricated using the
liquid crystal composition of Example 1, and then was

examined its haze.

That is, a liquid crystal mixture was prepared by using
biphenyl methacrylate as the polymer precursor indicated in
Example 1 in an amount of 7 wt%, and then put into a void
panel shown in Fig. 1 and sealed. At first, the
fabrication process for this void panel is explained as
follows. On the surface of a substrate 1, was formed a

transparent electrode 2. Thereafter. the surface of the



vary according to the intended use. The thickness of the liquid
crystal /pol ymer Layer is not limted to 4 Eun, and may vary wit hi nt®MAY 2002
range of 2 to 20 ~tm according to the intended use. Wth the decrease in

t hi ckness of the liquid crystal/polymer |layer, the transparency in the
absence of an applied voltage is increased, whereas the scattering degree
is reduced. Ch the other hand, with the Brigrease in the thickness, the
scattering degree is increased, whereas the striving voltage required and
the cloudiness in the absence of an applied electric field are increased.
The alignnment treatnent to be applied to the el ectrode surface nmay be
carried out in such a manner that an 0 8 MAY 20a2 - - 48 aligning film
is provided and a rubbing treatnent is applied on the film The bl ack
absorption plate to be placed on the backside of the display el ement nay be
a solar battery or other reflective material. (Conparative Exanple 5) This
is a conparealevtredieod wast subiechgs €& .an riignmenpodieatnents a |iquid
crystal containing terphenyl skeleton conpound, was used a m xture of TL202
(a product Sybseeuentilyi.t i aparhercgamatratredftywaeriigsd g ABY in
amounts of 80 w~ and 20 wt~, respectively. Wth 95 wt~ of this liquid
crystal conPbSREREN2S\EPe 2FtAYE EﬁéWﬁﬁ@hylﬁ@?ﬁa&Fyl & R4 element

P s ZEhacrll 2l 200 BT PGB ARUIRRL 48 b
a semi-conductive layer 16, a source electrode 14, a drain

;) ] electrode, and aluminum was vapor-deposited as a reflective
electrode. The surface of the electrode was further
subjected to an alignment treatment. These two substractes
were fixed to each other at their peripheries with setting
their electrode sides face-to face and keeping a 5 pm gap
therebetween. In this embodiment; the thickness of the
liquid crystal was set to 5 pum; however, the thickness may
be suitably set within the range from 3 to 10 pm depending
on the intended use. This liquid crystal/ polymer

) precursor mixed layer was irradiated with UV ray of 300-400

K:) nm in wave length and 3.5 mW/cm2 at the ligquid crystal
phase, to separate out the polymer particles from the
liquid crystal. On the backside of the resulting display
element, a solar battery was placed as a light-absorbing
plate and the surface of the battery was subjected to a

non-glare treatment and an anti-reflection treatment. Off

course, these treatments are not always necessary, and even

either treatment can sufficiently improve the visibility of

the display element.



The di splay el enent thus fabricated was exami ned for its electro-ﬂbaiMAY 2082
characteristic in the same manner as Exanple 5. The results are shown in
Fi.g 3 as a broken line. The display elenment was transparent at the

t hreshol d voltage or bel ow, but fluorescence was observed in the 0 8 MAY
204Z - 49 visible region. As the result, the black background | ooked
whitish and the contrast was reduced Capﬁ&é&inately 3). (Exanple 6) The

di splay el ement fabricated in this enbodinent is one in which a

t ol ane-based liquid crystal showi ng no fluoréescence em ssion in the visible
region and a terphenyl -based pol yner precursor show ng fluorescence

em ssion in the visible region are used. As the liauid crystal) one
indicated in Exanple S was used. As the pol yner precursor, terphenyl

met nacryl ate and terphenyl dinethacrylate were used. Qther constituent

condlt1ons er© SR nES: LG58, 2by FLATILE  Sonk TedeR bR R-RRBENS .
Exarpi o 5, EhEse AR pFagrE=bRE" iy BehoPh EITABY SPLEAFSWARAS Somewnat
QQH oo ol AR SR (A Yoy Q6REMAL NEnEBRLEREONLHE BELBEcion
- inclined by 20° based on the normal line of the display
element surface, to determined the reflection light
C:) intensity to the normal line direction. As the result, the
brightness was 30% based on thaﬁ of a white paper. On the

other hand, when the driving voltage was adjusted to 0 V to

give a black display state, the reflectance measured was 4%.

In this embodiment, the alignment treatment used a
polyimide aligning film and was carried out in the manner
that a polyimide aligning film was formed and thén was
subjected to a rubbing treatment. However, in the general
alignment treatment, other kind of aligning f£ilm may be

'C:) used, or only rubbing treatment may be carried out without
using any aligniné film, or a LB film or an oblique

evaporation film may be used.

The light-absorbing reflective plate to be placed on
the backside of the display elément is not necessarily be a
solar battery. A light-absorbing plate applied with a
light reflection treatment on its surface is also
preferably used. The plate other than the light-absorbing
reflective plates may also be used. For example,

reflective plates made of aluminum, chromium and the like



1 0 8 MAY 200 - 50 The display elenent fabricated in this enbodiggph4¥3
one in which a tol ane-based pol yner.:showi ng no fluorescence em ssTon ZWE
visible region and a terphenyl-based |iquid crystal showi ng fluorescence

em ssion in the visible region are used. As the liquid crystal, one

i ndi cated in Conparative Exanple 5 was used. As the pol yner precursor,

t ol ane- based one indicated in Exantle_5 used. Ot her constituent
conditions were sanme as those of Exanple 5. The display el enment thus
fabricated was examned its electro-optic characteristic) and the results
were shown in Fig. 4 as a broken line. Wien conpared with the results of
Exanpl e 5, the black display at the threshold voltage or bel ow was sonewhat
whitish and the contrast was reduced (approxi mately 6). (Exanple 8) The

di splay elenment fabricated in this enbodinment is one in which a liquid
crystal and a polymer precursor show ng | ess fluorescence em ssion in the

vi si bl e reginag beeusedd. Bs theel pfjurdfieygstiale, plasessbdvang hiadhcated in
Exanple 5. As the pol yner precursor, was used C6H (a product by Philips

Cor por at i onyefidechgnche tdlsibiiligyf ofmihe resuld3pnty can-be AmpgrayedCld=C- CO

; CHz;~ 0--~--CD N 2 . .
increasing in the amount of dichroic dye to be added.

In the display element of the present invention, color
- display becomes possible by forming a color filter on the
k;) substrate. In this case, as the,golors to be used for the
color filter, any one may be employed so long it shows good
visibility according to the intended usz, as well as the
color combination which can reappear full colors. The

color filter to be used is preferably composed of materials

exhibiting no absorption in the UV region.

In the present invention, the display element is
appliéd with a non-glare treatment and a anti-reflection
treatment on its surface. However, such tredatments are not
sG essential, and the display element without such

treatments can show good display property.

In apparatuses having small-to-medium-sized capacity,
such as watches, sufficient information can be given even

if an active element is not formed thereon.

The active element to be used is not limited to the TFT
element here shown, and other TFT elements having other
structures, transistors, MIM elements, ferroelectric

elements and the like may also be used. As the substrate



~J Qther conditions were sane as those of Exanple 5. The displ ay epegqqné 2002
thus fabricated was exam ned its el ectrooptic characteristic (see ¥Fig. g a’
solid line). In this enbodi nent, any pol yner precursor can be used so |ong
as it can forma gel network structure when polynerized. In particular, the
pol ymer precursors capable of making a gel network structure nore
effectively are those in which two polyn®8 zed noieties are contai ned and
the noieties are conbined through a | ong al kyl spacer. The difunctional
nononers indicated in Exanple 1 are especially preferable. The enbodi nent
descri bed above can be applied to other enbodi nents of the present

i nvention. (Conparative Exanple 6) 0 8 MAY 20Q2 - 52 The display el enent
fabricated in this enbodinment is fabricated in the same manner as Exanpl e,
except using a liquid crystal showing a large fluorescence enission in the

visible region, The |I8UId crystal used was a product by Merck Limted)
whi ch cont aﬁ'—‘ﬂsbﬁeﬁf’ﬂ“e eWaEnFuds AsTivier |q1@ﬂse<513a Adeuaft-eSEhEE eni ssi on.

The di spl ay el enen us fabrl ted s examned its
P y empl oyeé ?or examp séﬁ% con%uctors such as glass,

silicone, arsenic gallium and germanium, other inorganic
substances and organic substances such as plastics. In the
display element according to the present invention, all of
(f) a driver and a controller can be built or set into the
substrates. Therefore, by using.the dispiay element, a

display apparatus can be fabricated in extremely low cost.

(Comparative Example 2) A reverse PDLC was fabricated
according to Example 2 using the liquid crystal composition
of Comparative Example 1. The resulting reverse PDLC was
examined its electro-optic characteristics in the same
manner as Example 2. As the result, the brightness was 35%
(:) | based on that of a white paper in the presence of an
applied electric fielg. The reflectance in the absence of

an applied electrical field was 8%.

(Example 3) A polymer gel network aligned type of
liquid crystal display element was fabricated using the

liquid crystal composition of Example 1.

That is, a display element was fabricated in the same



el ectro-optic characteristic, and the results are shown in Fig. 5 as a
broken |ine. Wien conpared with the display elenment of this Cbnpgggp%ng 002
Exanpl e, one of Exanple 8 is found to be inproved in contrast. ( 55 ,
The display elenent of this enbodinment is fabricated according to Exanpl e
S, in which dichroic dye was mxed with tgg%liquid crystal and the

el ectrodes fornmed on the substrates were med with reflective material,
that is, a display elenment which absorbs light (i.e. |ight-absorbing node)
in the absence of an applied electric field. The void panel was fabricated
according to the procedures of Exanple 2. After rendering the gap of the
panel under a reduced 0 8 MAY 2042 - 53 pressure, the liquid
crystal / pol yner precursor mxture indicated in Exanple 5 was further m xed
wi th dichroic dyes of MB61 . SI512 . ML37 (products by Mtsui Toatsu

Sone ) Sl SRpkphe) A0GAe, SR LA s e e

panel and sea T to™4 nmin wave-length a

|nintensityoraghhpdd afed Les! s vianel (al pé%nf&rgg)wa@osewnereby the

pol ymer precursor S polymerize the resulting ymer  separated out

fromthe 'i%ﬁémféaﬁt@hduétagncal.@r echl h mawhicBohgfheRe o etuRiseet addgt @ ant |
reflection treatnment was applied on the surface of the resulting display

el enent and wienof Iighhcabeornbi agphayepolemeplaaedoanihhe ibaeksi de o~ the
di splay elenent: thus a display apparatus, to which the display el enent of
the present invention was applied, was acconplished. When a driver, a
controller, an elfectheclpowed €oystalvpolywmérdlapeayo€l ehentreandit angonput er
( of these being not shown in the drawi ngs) axe connected to this

digpl ay appatisriay takeremput @rl@cVeeh évuvindevedisppaywds appléedr sand; f
this display apparatus is connected to a television tuner, the telgevjsion
screen can Bdefeehiahaas chrbrECdyEren Hee ([dLEeT RiPR| 3nehbRET it 20

peterenly, S Al A olsabaeer B BErL G 8RSy SYenil BLLRAD.? 09"
determined the reflection light intensity to the normal
line direction. As the result, the brightness was 28%
based on that of a white paper in the presence of an
applied electric field. The reflectance under a black

display state in the absence of an applied electrical field

was 8%.the brightness was 28% based on that of a white

i:) paper.

- In this embodiment, the polymer precursor to be used
may be other compound which can make a gel network

effectively, as shown in Example 1.

Other conditions were same as those of Example 2.

(Comparative Example 3) A display element was

fabricated according to Example 3, except using the liquid



08 MAY 2042 - 54 exhibiting a good dichroismand solubility. The m xing
amount of the dichroic dye should be considered to ensure a suffi@i&MAY 2002
contrast. In this enbodinent, a reflective |ayer to be placed on the
backsi de of the liquid crystal/polymer |ayer doubled as w an el ectrode.
However, it also be possible to use a transparent electrode arid place a
reflective |ayer on the backside of the qgsplay elenent. In addition, a
substrate on which an active el enent is4f rmed can be placed either side of
the liquid crystal/polymer layer. A non-glare treatnent and an
anti-reflection treatnent may be applied if necessary. . (Exanple 10) The
di splay el enent of this enbodi nent enploys the liquid crystal and the
pol ymer precursor of Exanple 8, and further contains dichroic dye and uses
t he panel of Exanmple 9. The liquid crystal and pol ynmer enployed were sane
as those of Exanple 8. Wth 96.7 wt~ of the liquid crystal, dichroic dyes
MB61, S| 512rgataiB4dnpadiucien hyf Mdmsph rdohts UESa Vo) 1 werkhdgn xed in
amounts of 1.3 . 1.6 . 0.4 0 S r~~~ z~~~

resulting display element showed a reflectance under the

white display state of 33%, and a reflectance under the

black display state of 5%.

(Example 4) A display element, in which droplets of the
liquid crystal were aligned and dispersed in the polymer,
was fabricated using the liquid crystal composition, and

examined its haze.

That is, in the liquid crvstal/polvmer precursoxr
mixture of Example 1, 30 wt% of ME200 (a product by Toagose
Chemical Industry Co., Ltd.) as a polymer precursor and 2
wt% of Irugacure 184 (trade name) as a photopolymerization
(;) initiator were used. In this embodiment, other conditions

were same as Example 2 to fabricate a display element.

To the liquid crystal/polvmer layer of the resulting
display element, a 20 V of driving voltage was applied, and
then light was entered from the direction inclined by 20°
based on the normal line of the display element surface, to
determined the reflection light intensity to the normal
line direction. As the result, the brightness was 28%
based on that of a white paper. The reflectance under a

black display state in the absence of an applied electrical



-"55 (wt~), respectively. Into the panel fabricated in Exanple 9, the
resulting liquid crystal/polynmer precursor m xture was put and seaer&.Mthoaz
Wray was irradiated to this panel, to give a display elenent. A non-glare
filmwhich had been subjected to an anti-reflection treatnent was applied
on the surface of the resulting display el enent and then a |ight-absorbing

| ayer was al aced on the backside of the gésplay el enment: thus a display
apparatus, to which the display elem?nt4 the present invention was
applied, was acconplished. Wien a driver, a controller, an electric power
f.or driving of display elenent and a conmputer (any of these being not shown
in the drawings) are connected to this display apparatus, the conputer
screen coul d be displayed. Of course) if this display apparatus is
connected to a television tuner, the television screen can be seen.

(Exanpl e 11) This enbodinment is a display elenment incorporated with the
haze reductd: e of the present invention. At first, a liquid
crystal is&g%%f%ined}qﬁgha liquid crystal, a m xture of RDP80616-2 (a
product by Rodic Inc.) and M.1009 (a product by Merck Limted), which both
are liquid Q8 MhYL2Rdbodidentc) yts{@!poﬂwzn%oﬁeé@f%fueée@ée@@@dem ssion
inthe visible region, in a mxing ratio of 7.3 was used. 4~Tith this
liquid crymagd bd xthe?, dbnpuMd Wi dar angkedIcde Dyndipperm Kanko Shi ki so
Kenkyujo), 0.4 w~ of SI512 (a product by Mtsui Toatsu Senryo) and 0.1 wt~
of ML37 (aeffifectrdivedy ,Matss ihohoatisu EBBempia Wwere m xed as dichroic dyes, to
give a guest-host type liquid crystal. Wth the resulting liquid crystal, 2
wts of CNL611 (a product by Asahi Denka Kogyo, K. K.) showing a | ow

t‘-e}per ature dePsheanepndi tdiensalwesie samgaf s (riass of Ecemadrereby a chiral
guest-host type liquid crystal was prepared. T~lith this liquid crystal,

but yl phenyl t ol ane net hacryl ate and bi phenyl di nethacryl ate as pol yner
precursors and the foll ow ng conpound as a chiral polynmer precursor were

m xed in amounts of 3.3 wt~, 1.7 wt~ and 0.3 w~, respectively. 0 CH-CCO

00 QC-~ H§c§h§%r%@§v% E%dﬁﬁ%é{%) A display element was
fabricated according to Example ¢, except using the liquid
crystal composition of Comparative Example 1. The
resulting display element showed a reflectance under the
white display state of 33%, and a reflectance under the

black display state of 15%.

(Example 5)

In this embodiment, are fabricated a reverse PDLC in
which a tolane-based liquid crystal and a tolane-based
polymer was used. Fig. 2 simply illustrates a partial
sectional view of the display element according to this

embodiment.

at first, a panel in which a liquid crystal/polymer

precursor is to be put is explained in the followings. A



0 8 MAY ZO- _ 57 _ The resultant Hias put into said void panel and 6 al ed.
The W ray was irradiated to this panel at 50C. The display el enentUt MAY ZMQ
fabricated may be subjected to a non-glare treatnent or an anti-reflection
treatnment on its surface. On backside of the resulting display elenent, a
solar battery was placed, to give a re:iaction type of display el enent.
This display el enent was determ ned fTo ef fectance in the absence of an
applied electric field in the sane manner as Exanple 2. As the result, the
reflectance at 20C was 1~. This display elenment could be used for segnent

di splay for watch by application of an electric field. Furthernore, this

di splay elenent could enploy a solar battery placed on its backside as a
driving power source for liquid crystal. Tn this enbodi nent, an active

el ement was not used. However, if used, same effect m ght be given. In such

case, the é%&'ﬂ%ﬁafé%été‘ieéé%ag Ra990¢ Eeh%@%ﬂr\éidt ?ba%:g%"bynd W% ::%ezgnedas shown

in Exanple I'ncorporating with a“color filte ~bright rdi spla-~r
can be' pr oy dgdsubgt +€e CASRAMERER BOra@Bhikg SheMRMentS wisedpANed R Ll al
may be enployed as a liquid crystal so longas it shows a nematic type

liquid cryshél s@hps€e Jhethbi ekpassant .t hewdi gqubdreayssathpsl ymer |ayer is
- 0S MaY zo~z 58 _ preferably 3 to 10 ~.tm Too thin |layer |leads a | ow
scatteri ngfabbopedtyd wies efisxedoaththkikaper iphkerdelsy witkesethd ngequi r ed
driving voltage higher but al so nake decrease in contrast; which are
practi cal |ghelisaelectao@deusideén Steadtoffahe sobakekptingr ) daum gap

| i ght-absorbing layer and a -light-reflective |ayer may be placed on the
bavksi de dfherrbefiwgpmy el enent. |f w thout placing anything on the

ba€ksi de, this display el enment can also di-splay as white

Next, the liquid crystal and polymer precursor to be
put into the panel are explained in the followings. As for
the liquid crystal, was used a tolane-based liquid crystal

comprising the following compound group I:

RO-C=CO-0R’

-1

(wherein R and R' independently represent an alkyl group

having 1 to 12 carbon atoms);

the following compound group II:

R<H~O-C=CO~R’



scattering on a transparent glass. In this enbodi nent, other materials and

fabrication conditions were same as those of Exanple-12. The chiral 08 MAY 2002

conponents shown in Exanple 15 may al so be used in this enbodinment. '~
(Exanmpl e 12) The display apparatus of this enbodi nent is one conbining a

di splay elenent in which polynmer is dispersed as particles or

particl es-connected aggregations into—a 4i3jui-d crystal containing dichroic
dye with an activa elenment, to which a chiral polynmer precursor is further
applied. Fig. 6 is a sinple sectional view of a void panel for the display
apparatus of the present invention n which 0 8 MAY 20q - 59 a MM
elenment is forned. At first, a void panel was fabricated. A transparent

el ectrode 2 was forned on a substrate 1, and then subjected to a alignnent
treatment. As the alignnment treatnent, a conventional nethod utilized for a
TN-type liquid crystal display elenment. In this enbodi nent, a polyimnde
filmwas fofWBETEAY %aé%%rMQWQW%WéﬁﬁwqﬁW%ﬂwed to a
rubbi ng progess. Suybsequent| on the qpposije substrate 8, 480 x 640

pi eces of NﬁﬁVéPgngn?Oaggagﬁ%ygnbF&ﬁgﬁﬁ'aﬁﬁ“% reflection el ectrode 7 were
formed, by which the alignnent treatnment was applied. A layer for
protecting b .ele |- on the resultant. Thereafter,

t hese subst%§§e§83g¥§l§%xggggfﬂ$%%%%o§§$ﬁgﬁgries to each other as renaining
the sealing inlet with keeping a 5 dun gap therebetween. Next, the liquid
crystal /pol ynmer precursor mxture is explained. As the liquid crystal, a

m xture of TL213 a MI91261 fproducts f.rom Merck Limted) in a mxing
raty o of 8:2. Wth ~ G @ @;j\rﬂs wt ~ of S811 (a product from
ck Limted) as hi' r com@nent ixed to give a chiral liquid

crystal. Wth 9b.3 wt~ of the lesulting liquid crystal, M351, SI512 and M4

(products by M st Toatsu Senr as dichroic dyes were further mxed in
anounts of 1.5 wt~, 1.7 wt~ anfN0.5 wt~, respectively. To 93 wt~ of thus
resul ting guest-host type chiral liquid crystal, were dissolved bi phenyl

met hacryl ate as a pol yner

(wherein R represents an alkyl group having 1 to 12 carbon
atoms; Ar represents phenyl, pyridine and pyrimidine; and X

represents F or H),

as a mixture in a mixing ratio of 47 wt%: 33 wt%: 20 wt%,
\;) respectively. Each compound group to be used in this

embodiment was composed of some coﬁpounds, and the number

of carbon atoms of individual alkyl groups and their mixing

ratio are shown in the followings:
Compound group T:

11) 2 %

(R =1, R'

(R 2) 8 %

"
(W]
o]
1l



- 60 o0 s MaY 20qz precursor and the foll ow ng compound as a chiral polyner

precursor~in anounts of 6.86 wt~ and 0.14 wt~, respectively: . 11 C
Hz- =C- C 1CHCsH1~. CH3 . CH3 The resultant was put into t % ggyd
panel fabricated above. This panel was irradiated with Wray (300 t%*4 n%mu

of wave length; 3.5 nWcnR2 in intensity) fromthe substrate 1 side at 50C
to polymerize~the polynmer precursor inghe Liquid crystal; thus a display
el enent was fabricated. This display el enent was subjected to an
anti-reflection treatnent on its surface. This treatnent is not always
necessary. The reflectance of this display elenent determned in the
absence of an applied electric field was 3~ at 20C. Wien a driver for
driving of liquid crystal and a controller circuit were connected to the
di splay el ement, the conputer screen could be displayed brightly and with

(R=4, R' =2) 9 %

(R=4, R' =3) 5 %

(R =5, R' =1) 8 %

(R=5, R'" =3) 5%
)

(R =5, R' = 11) 2 %;

Compound group II:

(R =3, R'

2) 21 %

2) 12 %; and

(R = 4, R
Compound group III:
(R =4) 6 %

') R

5) 7 %

(R =7) 7 %.

In this embodiment, the alkyl groups employed were
straight chain type. However, branched type of alkyl
groups may also be employed. With 98.5 wt% of the
resulting liquid crystal, 1.5 wt% of a chiral component,
R1011 (a product by Merck Limited), was mixed. With 95 wt%
of this chiral liquid crystal, the following compounds, as

polymer precursors, were mixed in the mixing ratio of 3.3



o a MAY zo~z - 61 good contrast. 'Of course, the display elenment can al so
be used for termnals for a television or a gane nachine. If a col WBfMA\l %’ﬂ?
is incorporated to display elenent, a bright col or display can be given. '
the chiral conponent, liquid crystal and polymer .,, precursor to be used

in this enbodi nent, those described in Exanples 1 and Z5 can be used. As

for the content of the dichroic dye,—i M bhe—case where the display el ement
irs used mainly for the transm ssion in.the absence of an applied electric
field, for exanple, in the case whereas solar battery is used as a
reflective plate or other display apparatus is further placed, the content
of the dichroic dye is cut down to inprove the.electric power production
efficiency of the solar battery or to inprove the visibility of the display
apparatus. For other uses, as described in this enbodi nent, |ight

absorption in the absence. of an applied electr.ic fiel.d j.s3fully done so
that the eWF@cPPQelcanWngtr@éﬁeﬁglﬁﬁ Vdé@.Q&yétﬁ;i£%4€§ pol yner

precursor, one used iLn_this_enbaodi . ihits a chirality of
approxinat%F¥s§8i1?9&§Pﬁ§rpEﬁCngoggﬁéﬁgénggecursors may be used such as
the foll ow ng conmpounds: 0 a MAY 2o0aZz

3 CH, *
| . -
9 CHz-:C—I(IJ—O—@}CEC{O}@—CA.Hg
- O °

CHs' . CHa

| ' l
CHz:Q—%}_‘_C ?‘CH2
0 O

Subsequentiy, the mixture thus prepared was put into
the aforementioned panel and sealed under a reduced
pressure. Thereafter, UV ray of 300 to 400 nm in wave
length and 3.5 mW/cm2 in intensity was irradiated to the

resulting panel for 10 min. to polymerize the polymer

precursors.



0OCHz-CG.C OOCH3 62 OC~Ha C-HC2H5 CH3 . ~~ 0 0 C H2=CC-0- OQ
GOJOHGGCH-@IﬁB(m3Gﬁ,~oCHﬁGCﬂ(DOCNOCﬂl3gé@ﬁ
CH3 0 0 CH-C OO O0-CHCH QCCH2CH (CH3)2 CHs CH3 0 O CH--CO0 O -AY 2802
CHOCCHC2H CH3 CHs OCHs 0 0O CH-CGO0O-~C0O- * H CH20C-Q~CC
s-CH2 CHs dOO~-HBO0ONCH-COOOOCHC~i 2~C: ; C~CH3 CH

C-13 63 - 46 -

On the backside of the display element thus fabricated,
a black light-absorbing plate was placed. Light was
entered from the direction inclined by 20° based on the
normal line of the display element surface to detect the
light reflected to the normal direction, whereby a graph
showing the electro-optic characteristic shown in Fig. 3
was given. In the graph of Fig.-3, the solid line
indicates the electro-optic characteristic of the display
element according to this embodiment. As shown in Fig. 3,
since the transmittance was extremely high at the threshold
voltage or below, the black caused by the light absorbing
plate placed En the backside of the display element and, as

the result, the contrast was 27.

The liquid crystal and polymer precursor to be used may
be those indicated in Example 1. Among these, those which
exhibit a low fluorescence quantum yieid in the visible
reéion and a high refringent anisotropy are preferable. In
particular, those which have tolane or biphenyl skeleton in
its molecule are more preferable. on the contrary,
undesirable compounds are those which exhibit a high
fluorescence quantum yield in the visible region, for
example, compounds having anthracene, terphenyl or
quaterphenyl skeleton or the compounds in which phenyl

groups are connected to one another. On the other hand, in



0 8 MAY 2042 The derivatives of these conmpounds can al so be used, for
exanpl’e, those in which phenyl or biphenyl in the conpounds Ilsted above is
changed into phenyl, biphenyl or terphenyl skeleton, and those in ﬁthWAYUEDZ
structure of alkyl groups in these conmpounds are nDdlfled The amount of
the chiral polyner precursor to be mxed is determned so that the chiral
pitch of the liquid crystal part becerngd identical to that of the pol yner
precursor part. For e:~anple, a |ow nol ecular weight chiral conponent S811
shoor:, a chiral pitch of approximately 10 ~mwhen it is mxed with a
l.iquid crystal in an amount of 1 wt~ based on the arnount of the liquid
crystal. On the other hand, the chirul polyner precursor used in this
enbodi ment shows a crliral pitch of rJ approximtely 20 ~tzn when it is
mxed wth a liquid crystal in an anDunt of 1 wt~ based on the anount ~f

the liquid t al di rder t t t:~e both chi.ral

pi tches | AERE) ERPPONRR S=oBENS' (6 g GENAHEr G <R (SHRERSAIHEh . Sa11
d d djust it hi r al tch t imately 3

im “ana 8 af ahac Rl SRR ey %%8P§$n§f°5b%2w§%ﬁ% et th a poot mer

brecur sor ES?ﬁthEE EEeng@'EQRlEthQOOEhEQ% E% (%H%ﬁﬂ£29r %%.%1%1m

That is, e stage before meri zat1 on: Mer precursor

di ssol ved 8 gbngglﬁEY§BaExp@E;QeBQ§laggﬁnbper%ba&ﬁil_d%n%lMAgn%p(12 of
the liquid crystal 1s the sumof the anount of the | ow nolecul ar wei ght

liquid crystah agdcbhgbratutrBerfab¥ner phecyaserysthar oheise, bhevameunt of
chiral conponent to
1;) : voltage, and so on. In addition, other compounds may be

mixed therewith.

As for chiral component, the kind and the mixing ratio
are not limited to those indicated this embodiment, and
those indicated in Example 1 may also be employed: they can

vary according to the intended use.

The thickness of the liguid crystal/polymer layer is
not limiﬁed to 4 pm, and may vary within the range of 2 to
20 pm, according to the intended use. With the decrease in

\~) thickness of the liquid crystal/volymer layer, the

transparency in the absence of an applied voltage is
increased, whereas the scattering degree is reduced. Oh
the other hand, with the increase in the thickness, the
scattering degree is increased, whereas the driving voltage
required and the cloudiness in the absence of an applied

electric field are increased.

The alignment treatment to be applied to the electrode

surface may be carried out in such a manner that an



cause to twist themis the sumof the amounts of the |ow nolecul ar wei ght
chiral conponent and the chiral polynmer precursor. In the polyneri zabig)rhAY
st.ep by a pol ynerization neans, the polymer precursor and the chiral ZNE
pol ymer precursor are polymnerized to phase-separate out fromthe liquid
crystal layer and renoved. As the result, the chiral conponent remained in
the liquid crystal is only the | ow nolecdiBar -wei ght chiral conponent.
Accordingly, the chiral pitch in the liquid crystal does not change. On the
contrary, in the conventional techniaues, conpared with this techni que,
since no chiral polymer precursor is used) a polyner precursor dissolved in
aliquid crystal, and the anount or the liquid crystal is the sumof the
anounts of a |ow nolecular wight liauid crystal and the pol yner precursor.
Accordi ngly, the anmount of chiral conponent to cause to twist themis only
that of the | ow nol ecul ar -wei ght .chiral conponent. In the polynerization
step by a pdligBingafidl AEaREOVEREIGPmar vobdmds drrgatnssity idri zed to
phase-separate_oqut fro th%_Eiquid crystal layer and to be renoved. In
spite of redRRthgdt RB ghﬁu 8 the liquid crystal by the anount of r 08
MAY 20Q2 - 65 the polynerization precursor, the amount of the | ow

nol ecul ar wei g cojtponent . remal.ning therein s not change..As.the r.esult)
Che chi ral pi CohRfnBERer| RRESRBLELRy R A EC bhe bEn Bla oSt Y s Bhatar oo
between 't heo potyiPh; 8%alNe1LhALINGLY BEAL GBTRS HACACH or bR, NI Ckness
of the liquird crystal7polynmer layer I's preferably to 10 um Too thin

| ayer |eads,ari QW $GatLEELRYaRrOperty, whereas too thick layer not only
ngE?s the required driving voltage hig~-~er but also | eads a decrease in

C rast; cahicii are practically disadvant.ageous. The active elenent to be
used in this enbodinment is not limted to the MMelenent indicated in this
enbodi nent, and those which have a transistor structure, such as

pol ysilicone TFT el enents and anor phus silicone TFT
(Comparative Example 5)

This is a comparative embodiment to Example 5. In this
embodiment, as a liquid crystal containing terphenyl
skeleton compound, was used a mixture of TL202 (a product
by Merck Limited) and 4-cyano-4"-pentyl-terphenyl (T15) in
amounts of 80 wt% and 20 wt%, respectively. With 95 wt% of
this liquid crystal composition, were mixed 4-
terphenylmethacrylate and terphenyl-4,4"-dimethacrylate as
polymer precursors in amounts of 3.3 wt$% and 1.7 wt%,
respectively. Other conditions are same as those in

Example 5.

The display element thus fabricated was examined for
its electro-optic characteristic in the same manner as
Example 5. The results are shown in Fig 3 as a broken line.
The display element was transparent at the threshold

voltage or below, but fluorescence was observed in the



el ements, those which have a MM structure, ferroelectric elenents may be
used. The nunber of the active elenents to be used is not also limted to

t he nunber indicated in this enbodinent, and it nay determ ned accoBdl At @092
the intended use. Of course, if without active elenent, the display

el ement of this enbodi nent can display as a watch and an el ectronic

menor andum book, as shown in below In t4i% enbodi nent, the reflective

el ectrode 7 nay be a transparent electrode) and a reflective |ayer nay be
pl aced - 66 0 8 MAY 20a2 on the backside of the display elenent. The
reflective |ayer may be inparted with a light scattering property. Of
course, the reflective |layer may be a solar battery. (Conparative Exanple
7) The display el enent of this enbodi nent enploys only S811 as a chiral
conmponent in Exanple 12. Concretely, with the guest-host type chiral liquid

crystal of Sxayple Leofopt~ gL bhahenyl et haer vhate yao. 0 xed P9 Aunol virer

precursor, 1O ricace a 'display ement'in The's % 12.

oohe 1l eghavcepobathenhusalidcakel anlay ehetendeleryised 1 the
absence of an app i 6d el ectric field was 5~ afggo . éhp e BYﬁHhe
di splay el enment of the present invention is one in which a polyner is
di spersed as particles or particles-connecting aggregations in a liquid
crystal with no dichroic dye, to which a chiral polyner precursor is
further used. A void panel was fabricated according to Exanple S. The
m xture of gekampld ejystal and a pol ynmer precursor to be put into the void
panel and sealed is explained as follows. A chiral liquid crystal
i;) The display element fabricated in this embodiment is
one in which a tolane-based ligquid crystal showing no
fluorescence emission in the visible region and a
terphenyl-based polymer precursor showing fluorescence
emission in the visible region are used. As the liquid
crystal, one indicated in Example 5 was used. As the
polymer precursor, terphenyl methacrylate and terphenyl

dimethacrylate were used. Other constituent conditions

were same as those of Example 5.

(:) The display element thus fabricated was examined its
electro-optic characteristic, and the results were shown in
Fig. 4 as a solid line. When compared with the results of
Example 5, the black display at the threshold voltage or
below was somewhat whitish and the contrast.was lowered

(the contrast value being approximately 12).

(Example 7)



0 8 MAY 20QZ - 67 was prepared by m xing 98 wt~ of RDP80616-2 (a product

by Rodic Inc.) as a liquid crystal and 2 wt~ of CNL611 (a product b¥365 H? ?
Denka Kogyo, K K.) as a chiral conponent to each other. Wth resultir_g}q 002
chiral, liquid crystal) were m xed but hyl phenyl t ol ane nmet hac.ryl ate and

bi phenyl di methacryl ate as pol yner precursors and the conpound of Exanple
11 as a chiral polynmer precursor in amogfs.of 3.3 wt~, 1.7 wt~ and 0.3

wt~, respectively. This m xture was nut into said void panel and seal ed.
Then, Wray was irradiated to the resuiting. panei at 50C. The display

el ement thus fabricated may be subjected to a non-glare ~reatnent or an
anti-reflection Lreatnent on its surface. On the backside of this display

el enent) was placed a ,~ solar battery. The resulting reflection-type

di splay el enent was determined for its reflectance in the absence of an
applied electric field in the sane manner as Exanple 2. As the result, the
refl ectance at TReCdiaplayselemsrns diadptisa tedeignttivioul enipeligsett fioy segnent
di splay of a watch by applying an electric field. Furthernore) in this

di spl ay el epenin whéchoRatBaneebBasachdad oien showidsinfe dannedsengred as
aliquid CrystaL-ervinngowen source., In thjs enbodi nent, no active

el enent waSMiE84ONHINE VAL, Vil & T MR k@ SRTGMERE Rarsd Hawidth
case, the liquid.crystal h &in a good ret.ent.ivity should he used, . 0 8
VAY 202 CEUSELCSEREIAT A LEPERRETES [ S TeS brh iR TP Gaigen
filter, a brighgeaolqisdéﬁgl YoG2Q Qg RL Yid gé kndﬁhgtg sgnmhere no active
el ement is°tSe ., any naterla? ﬁgy bé gnpgoyeg as & FqU|§ crystal so |long
EF:yt ShoW@oﬂpQ?ﬁE&bg E*Qﬁph@q%'%a%r%%%%L pﬂgsghe'polymer precursor,

tolane-based one indicated in Example 5 was used. Other

constituent conditions were same as those of Example 5.

The display element thus fabricated was examined its
electro-optic characteristic, and the results were shown in
Fig. 4 as a broken line. When compared with the results of
Example 5, the black display at the threshold voltage or
below was somewhat whitish and the contrast was reduced

(approximately 6).

(Example 8)

The display element fabricated in this embodiment 1is
one in which a liquid crystai and a polymer precursor
showing less fluorescence emission in the visible region
are used. As the liquid crystal, was used one indicated in
Example 5. As the polymer precursor, was used C6H (a
product by Philips Corporation) having the following

formula:



The thickness of the liauid crystal/polynmer layer is preferably 3 tﬁ Q}?"AY ,
Vim Tdo thin layer leads a | ow scattering property, whereas too th¥ck'’ 2002
| ayer not_ only nakes the required driving vol tage-hi gher but al so nake
decrease 1 n contrast; which are practically di sadvantageous. |In stead of

the solar battery, a light-absorbing |layer and a light-reflective |ayer may
be placed on the backside of the disptay &l erent. This display el enent can

al so display w thout placing anything on its backside) as white scattering

on a transparent glass. In this enbodi nent, other materials and fabrication
conditions were sane as those of Exanple 12. The chiral conponents shown in
Exanpl e 15 may al so be used in this enbodi nent. (Conparative Exanple 8) The
di splay el enment of this enbodinment is fabricated according to Exanple 13,
except 0 8 MAY 20Q2 - 69 enploying only a | ow nol ecul ar wei ght chiral

component as. chiral compaenent. That is, c~rith the chiral liquid crystal
of Exanple 13, butyl phenyltola net hacryl ate and bi phenyl di nmethacryl ate
were m xed as pglymer precursokg in anounts of 3.4 wt~ an .6 W ~,
respectively. hg(Hrrgt er @al S gl}rjcéf abrication conditions effpl oyed were the
sane as those o |= (13— i-%pl | efen tm@ggr d
determned for |- . , @/HzlatO CC@

X 2
D

Other conditions were same as those of Example 5. The
display element thus fabricated was examined its electro-

optic characteristic (see Fig. 5, a solid line).

In this embodiment, any polymer precursor can be used
so long as it can form a gel network structure when
polymerized. 1In particular, the polymer precursors capable
of making a gel network structure more effectively are

k~) - those in which two polymerized moieties are contained and
the moieties are combined through a long alkyl spacer. The
difunctional monomers indicated in Example 1 are especially

preferable.

The embodiment described above can be applied to other

embodiments of the present invention.

(Comparative Example 6)



its reflectance in the absence oT an applied electric field. As the result,
the retlectance eras 3~S at 20C. (Exanple 14) This enbodinmer t is aogi ﬂm,ayu
apparatus conbining a display element in T.rhich-a liquid crystal 02
containing dichroic dye is orientationally dispersed in a polyner gel
network polynmer with active elenent, to which a chiral polymer precursor is
incorporated. A void panel with TFT elempt was fabricated according to
Exanple 9. The liquid crystal/polynmer precursor mxture to be put into the
voi d panel and sealed is explained as follows. A mxture of TL205 and BLOO7
(products by Merck Limted) ina mxing ratio of 7:3 was used as a liquid
crystal. A chiral liquid crystal was prepared by m xing 98 w~ of the
liauid crystal mxture with 2 wts of CNL611 (a product by 0 8 MAY 2042 -
70 Asahi Denka Kogyo, K K. ) as a chiral conponent to each other. Irlith
96.3 wto or the resulting.chiral liquid crystal, were m xed M361, M370 and
M483 (product s The Mispiavoalemesentgbyiastefichnokbidyenbpdimantnis of 1.2
w~, 2w~ and 0.5 wm~) respectively, to give a guest-host type chiral

i quid crydiahiricqted o Ehe ofamf Bagnest afoBxarppe. cRKEEPL| haing arystal ,
were mxed 3 w~ of C6H (a product by Phi Iigs Cor poration) as a pol \t/rrer
precursor an@Hd SHYSTHL tHeOY HRY o ﬁ@resnﬁ BAHSESSRCEhPPAFS hBy AR the
precursor. ..0.0 0 * Cf-i+.,=CGo-~Co CGO0-CH.C6 H H3 H3 The
Feoul (i ng FARRER ERSIRR - | 5 SAD Vb F AR SARA ST & Fhe SRR (300
to 400 nm .3, AN | rradiat . 1 hi I Substrate 1

si de at 5083/ ?g@&lﬂ}?ﬁn}{"%ﬂ[ h%ﬁ%%ﬁ?yﬁg?E%%%%ﬁ%@?g?nt%}ggﬁ%%ga d crystal:
t&gz a 0 SR ANAAS AL 441 £16OPOGEOROL URpsaE6ANP! i shed. This display
apparatus was subjected to a non-glare treatnent and an anti-reflection
treatnment on its surface. These treatnents is not always necessary.

The display element thus fabricated was examined its
electro-optic characteristic, and the results are shown in
Fig. 5 as a broken line. When compared with the display
element of this Comparative Example, one of Example 8 is

found to be improved in contrast.

(Example 9)

The display element of this embodiment is fabricated
according to Example 5, in which dichroic dye was mixed
with the liquid crystal and the electrodes formed on the
substrates were formed with reflective material, that is, a
display element which absorbs light (i.e. light-absorbing
mode) in the absence of an applied electric field. The
void panel was fabricated according to the procedures of

Example 2.

After rendering the gap of the panel under a reduced



0"8 MAY 2042 - 71 This display apparatus was determned for its
reflectance in the absence of an applied electric field in the saﬂ%snﬁAhqﬂmZ
as Exanple 1. As the result, the reflectance was 3~ at 20C. ~~lhen a driver
for liquid crystal driving and a controller circuit were connected to the
di spl ay apparatus, the conputer screen could be displayed brightly and with
good contrast. Of course, the display 5bbaratus can al so be used for
terminals for a television or a gane machine. f a color filter is
ncorporated to display elenment, a bright color display can be given. As the
chiral component) liauid crystal, polymer precursor) active el enent and

ot her fabrication conditions to be enployed in this enbodi nent, those
described in exanple 12 can be enployed. ~n particular, the chiral

conponent nmay be those indicated in Exanple 15. As for the content of the

di chr oi d i h - Wh h i | | i d.f i nl

giving a LRSI sERen AT f e et o B e R reBe B P T el o tor

exanpl e, in t{ie case Meéfmg%féﬂ@“w gtfwh%ﬁ M%ﬁgﬁ%éhrs;gﬁ%wedg' ate or
p of

ot her di splray "apparatus Ts riher aced, e conten f"the drchr re dye
is cut downd uidproverd e eleeiy i o PONRE BT BYUGE £ O0; ebbh ELENSYn Pl he
sol ar battery or to inprove the visibility of” the display S

1.5 : 1.7 : 0.43 (wt%) and the resulting mixture was put

into the panel and sealed. The UV ray of 300 to 400 nm in

‘) wave length and 3.5 mW/cm2 in intensity was irradiated to

-

this panel at 40°C for 10 min., whereby the polymer
precursor was polymerized and the resulting polymer

separated out from the ligquid crystal.

A non-glare film which had been subjected to anti-
reflection treatment was applied on the surface of the
resulting display element and then a light-absorbing laver
was placed on the backside oi the display element: thus a
display apparatus, to which the display element of the

/:) present invention was applied, was accomplished. When a
driver, a controller, an electric power for driving of
display element and a computer (any of these being not
shown in the drawings) are connected to this display
apparatus, the computer screen could be displayed. Off
course, if this display apparatus is connected to a

television tuner, the television screen can be seen.

The dichroic dye to be used in this embodiment is
preferably an anthragquinone-based or perylene-based dye

exhibiting a good light resistance. and more preferably one



- 72 0 8 MAY 20Q apparatus. ror other uses, as described in this

enbodi rent . |ight absorption in the absence of an applied electric 0 BeMaY; 02
fully done so that the effective contrast can be provided. The thickness of
the liquid crystal/polyner layer is preferably 3 to 10 ~.tm Too thin-

| ayer | eads a |ow scattering property, whereas too thick [ayer not only
makes the required driving voltage h'r—gh5r4but al so | eads a decrease in
contrast; :~~hic~: are practically disadvantageous. (Conparative Exanple 9)
This enbodinment is a display el enent fabricated according to the process of
Exanpl e 14, except using only a | ow nol ecul ar wei ght chiral conponent as
the chiral conmponent. That is) Wth the guest-host type chiral liquid
crystal indicated in Exanple 14, 3 w % of C6H was m xed as a pol yner
precursor- O her materials and fabrication conditions enr~loyed were sane

as those of l.e 14. The.display. el ement thus. fabricaf.ed ..vas determ ned
for its reﬁ’%@?’ﬁ@é’q r?t%%o%bélé%(‘: 3/10.ch an p%?f‘é%lifgétri é‘? i"‘éllng".ngAs t he
result, the | ehledange WS rIbal RIC cnodd MY 30424czd3: o (BSATPLE, 15)
This enbodinent i s a display elene in Ich a?lqw crystal containing

no di chroi G, g8 d;eflf icHdtdonal |y dispersed in a polynmer gel network
polymer with active elenent) to which a chiral polynmer precursor is

incorporated. At first, a void panel into which a liquid crystal/pol yner

precursor m Xt uhe tMESs teandirl idnndh sas 1adt vk fbyé€at @ bagsichiddor 0
Exanple 5. The liquid crystal/polynmer precursor mxture to be put into the
voi d panel taed eeadsdid ofxainefias dmotd tvis/pdalaier (Bapsndimiblyd Mes ck
Jam Limted) as a licuid crystal was mxed with 10 wt ~ of CM22 (a product
by--~Chi sso Gar pdreattirome .andoRevent, ~iof alBb5beappssdide w Mseck Japan
Limted) as chiral conponents, to give a chiral liquid crystal. Wth this
chiral |iqgtrénsppstesit edaatiadedrsl wlaas oC s lfgctBugmplayer on the

backside of the display element.

In addition, a substrate on which an active element is
formed can be placed either side of the liquid

crystal/polymexr layer.

A non~-glare treatment and an anti-reflection treatment

may be applied if necessary.

(Example 10)

The display element of this embodiment employs the
liquid crystal and the polymer precursor of Example 8, and
further contains dichroic dye and uses the panel of Example
9. The liquid crystal and polymer employed were same as
those of Example 8. With 96.7 wt% of the liquid crystal,
dichroic dyes M361, SIS512 and M34 (products by Mitsui

Toatsu Senryo) were mixed in amounts of 1.3 : 1.6 : 0.4



14 as a polynmer precursor and 0.1 vt~ of the follow ng conpound as a chiral
pol ymetr precursor. o ~ 0 CH~CO0-~--C0-CH CH20 G- Q0 ~- CgH @A 2002
CH3 0 ~O- - 0 CH 3 The resulting m:cture was nut into said void panel and
0 8 MAY 20a2 - 7a sealed. The Wray was irradiated to this panel at 50C
thus a display element of this enbodi nrent was acconplished. This display
apparatus may be subjected to a non-gl aregStreatnent or an anti-reflection
treatment on its surface. ,, The resulting display apparatus was determ ned
for its reflectance in the absence of an applied electric field in the sane
manner as Exanple 1. As the result, the reflectance was 1.5~ at 20C. The
chiral conponents used in this enbodi nent have the follow ng
characteristics: both of CM2 and.CBI S have an ability to cause the axial
rotation of a liquid crystal to the right; and CB15 tends to show a | onger
chiral pitch as increasing in tenperature (i.e. showing a positive

t enper at ur & WiépendeafRBHTE 1YLy cad ntiR theminalo Sy catedrierExdmple pitch
as increasing in tenmperature (i.e. showing a negative tenperature
dependency)3.- A&&r@%@%ngikmmscm%@fmwmﬁ PECPUEFRF aBlEtuBeadd t wo

or nore kinds of chiral cao nents havi ng opposite tenperature dependency
in chiral MaTRP4Y%o r?eiﬁ]hnle)‘?: @_&’fﬂﬁ"d:agf “%[%é'rr_r@rﬂlraéﬁe%&i?p&@rﬁs havi ng a
1e0at1 ve ! MRSt e IRRSIISRCILA 1, MR (RIS OB B uce by
had been subjected to an anti-reflection treatment was
\;) applied on the surface of the resulting display element and
then a light-absorbing layver waé vlaced on the backside of
the display element: thus a display apparatus, to which the
display element of the present invention was applied, was
accomplished. When a driver, a controller, an electric
power for driving of display element and a computer (any of
these being not shown in the drawings) are connected to
this display apparatus, the computer screen could be
displayed. Off course, if this display apparatus 1is
connected to a television tuner, the television screen can

be seen.

(Example 11)

This embodiment is a display element incorporated with
the haze reduction technique of the present invention. At
first, a liquid crystal is explained. As a liquid crystal,
a mixture of RDP80616-2 (a product by Rodic Inc.) and

ML1009 (a product by Merck Limited), which both are liquid



0 8 MAY 204n - 75 ¢c$Hro 0 0 o-¢c H-cQHI3 s CH3 CzH loo- 0 O %Cpnq(qmz
HCHI3t CH3xc$H, ao--~-~--coo0-~-c00-~-0-CH c“s HI13 CH
:L519, CNL621) CNL617, CVL616, CNL623, CNL637, CNLb38 and CNL639 (products
by Asahi Denka kogyo, K. K. ). Exanples o~ other chiral conponents having a
positive tenperature dependency in chirgl pitch include CML9 and CM20
(products by Chisso Corporation), CB15, éﬁSf‘SSll, S1001, R1011, S1082 and
R1082 (products by Merck Limted). Oher than these chiral conmponents may
al so be used. In this enbodi ment, two kinds or chiral conponents were used.
b 8 MAY ~~~~ 76 However, three or nore kinds of chiral conponents may be
used in a mxture. Of course, the chiral conponents having an extrenely
smal | tenperature dependency in chiral pitch nay al so be used, as shown in
Exanple 1. . The liquid crystal, polymer precursor, a void panel and other

material s and falricati.on~condifi Siml : i i t were
accordi ng CEYEF I%?o%ggﬁ&%%n%%%xéﬁﬁﬁ%%%ﬁgg% chHg%%gggﬂﬂ%ﬂeﬁ?fn?ﬁ%%%E?ed in

E“hiss enbOdié'réedltonf,arllna%plrrii%&rkf.rt%ﬁdjiosﬂjl73‘-)’3 QLIRS S | NwaliC ena@ yrer

perses as~particles or particles-connecting aggregati ons.
liquid crystal mixture, 0.25 wt% of G470 (a product by
Nippon Kanko Shikiso Kenkyujo), 0.4 wt% of SI512 (a product
by Mitsui Toatsu Senryo) and 0.1 wt% of M137 (a product by

:) Mitsui Toatsu Senryo) were mixed as dichroic dyes, to give

a guest-host type liquid crystai. with the resulting
liquid crystal, 2 wt% of CNL611l (a product by Asahi Denka
Kogyo, K.K.) showing a low temperature dependency in chiral
pitch was further mixed, whereby a chiral guest-host type
liquid crystal was prepared. With this liquid crystal,
butylphenyltolane methacrylate and biphenyl dimethacrylate
as polymer precursors and the following compound as a

chiral polymer precursor were mixed in amounts of 3.3 wt$%,

1.7 wts and 0.3 wt%, respectively.

0
CHF(IZ—('5~O 0C HsCHC Hs
CHj | CHai



(Cbnpgrative Exanpl e’ 10) This enbodinent is a display elenent fabricated
according to the process of Exanple 15) except using only a | ow m)lac&lrﬁ{Y 2002
wei ght chiral conponent as the chiral conponent. That is, Wth the chira
liquid.crystal indicated in Exanple la, 3 w~ of C6H was m xed as a pol yner
precursor. Other materials and fabrigaﬁ%gp conditions enployed were sane as
those of Exanple 15. The display el ene t has fabricated was determ ned for
its reflectance in the absence of an applied electric field. As the result,
the refl ectance was 3~ at 20C. 0 8 MAY 20QQ _ 77 (Example 16) This
enbodi nent is a display elenent in which a liquid crystal containing
dichroic dye is orientationally dispersed in a polynmer matrix, wherein a
chiral polymer precursor and active elenent are incorporated. A void panel
into-which a liquid crystal/polymer m xture was to be put was fabricated in
the sane @Haekeéﬁlﬁéﬁ@b%sll%mtﬂi%ddl Quiith QoA eglal(ml RS UL SOl Xt ure

to pe nut Into the void panel is explained as follows. A mxture o 213

and MI9126gv( pagduwaks iRYaddene@ lidnthed) dahel HXigdcr at tRe 0fi §pRapas used
as a liquid crystal. r chiral liquid crystal was prepared by m xing 98 .vt~
of the |iaguUkfleftyshak fakhriated imaly DemshiofecOMDB LS (@ e rdy Asahi
Denka Kogyo, K K. ) as a‘'chiral conponent :vith each other. ~rlith 96.4 W%
of the resutreanhmenhi pal ahi gmitd gredflscai prmereatineet MB6 L)t SlshilkX aared M34
(products by Mtsui Toatsu Senryo) as dichroic dyes in amunts of 1.5 w %
1.7 ~.vt%and 0.4 % respectively, to give a guest-host type chiral

| iquid crystal On4bpeksidepoft ther repud tgnesdispsen pierenitrale Isioda@ird
crystal) were mxed 20 wt % of M620Q (a product hy Toagosei_Chem_cal

| hetlist ry CGeattery. YagsPaagsfyndP Frhdeupsdrilectipr tabe v FdiSPdwivng

oroduct  by=EeBEREe L 1T 6B} <kee benen € 7ue AR PR PRt SHeF P Ear i on i i ti ator.
0 CH-CO e PONEHT & HpGehct be2dn applied electric field in

the same manner as Example 2. As the result, the

reflectance at 20°C was 1%. This display element could be

used for segment display for watch byv application of an

electric field. Furthermore, this display element coula

employ a solar battery placed on its backside as a driving

power source for liquid crystal.

\M) In this embodiment, an active element was not used.
However, if used, same effect might be given. In such case,
the liquid crystal having a good retentivity should be used,
as shown in Example 1. If incorvorating with a color
filter, a bright color display can beiprovided. In the
case where no active element is used, any material may be
employed as a liquid crystal so long as it shows a nematic

type liquid crystal phase.

The thickness of the liquid crystal/polymer layer is



CH3 CH3 CH3 The resulting m xture was put into said void panel and seal ed.
The W'ray (300 to a00 nm 3.5 mWcnR) was 0 $ | ~AY ~~~. ~ irradi atld HAY 2002
this panel fromthe substrate 1 side at 50C, to polynerize the pol yner
precursor in the liquid crystal: thus a display apparatus of this

enbodi mrent was acconplished. This dL§pk? apparatus was subjected to a
non-glare treatnent and an anti-reflec n treatnment on its surface. These
treatnments is not always necessary. This display apparatus was determ ned
for its , reflectance in the absence of an applied electric field in the
sanme manner as Exanple 13. As the result, the reflectance was 8~ at 20C
When a driver for liquid crystal driving and a controller circuit were
connected to the display apparatus, the conputer screen could be displa_ied
wi th good contrast. Of course, the display 0 8 MAY 202 _ 79 _ apparatus

can al so hsrepefabDy 3 etdi Dal pnf orrdel €visi Dige pr 1gad® antéwvnes. |If a col or
filter is incorporated to display elenent, a bright color display can be

gi ven. As dédwtedind woopenept whebeassedoi nhtikks layeedinmenibnlysimagdsar or
mul ti ple systemas shown in Exanples 12 and 15.
the required driving voltage higher but also make decrease

in contrast; which are practically disadvantageous.

In stead of the solar battery, a light-absorbing laver

\) and a light-reflective layer may be plaéed on the backside

of the display element. If without placing anything on the
backside, this display ele%ent can also display as white

scattering on a transparent glass.

In this embodiment, other materials and fabrication
conditions were same as those of Example-12. The chiral
components shown in Example 15 may also be used in this

embodiment.

{Example 12)

The display apparatus of this embodiment is one
combining a display element in which polymer is dispersed
as particles or particles-connected aggregations into a
liquid crystal containing dichroic dye with an active
element, to which a chiral polymer precursor is further
applied. Fig. 6 is a simple secticnal view of a void panel

for the display apparatus of the present invention n which



As the liquid crystal, polymer precursor, dichroic dye, active elenent and
other “materials and fabrication conditions to be enployed in this

epbodi nent, those described in Exanples 1 and 12 can be enpl oyed. @8 MaY 2002
the content or the dichroic dye) in the case where the display elenent is
used for mainly giving a the transm ssion in the absence of an applied
electric field, for exanple, in the cas ere a solar battery is used as a
reflective plate or other display apparatis is further placed, the content
of the dichroic dye is cut down to inprove the electric power production
efficiency of the solar battery or to inprove the visibility of the display
apparatus. For other uses, as described in this enbodinent, |ight
absorption in the absence of an applied electric field is fully done so
that the effective contrast can be provided. ~h=_ thickness of the lia uid
crystal/polyner layer is ? to 10 um Too thin layer leads a low 0 8 MAY
20;Z - 80 ascaimMeelegeptoper ttyrmelder eas foosthi akvbagepanel waky makes the
required driving voltage higher but also | eads a decrease in contrast;

whi ch are pfaloticatky.di sadvanspgrents. el €obpadat 2 veagxhophedldnr dhi s

enbodi ment is a display elenent fabricated according to the process of
Exanpl e 16,selkeepatasingand fhen swbiscéed &p Reipdhonmigntaltreatpensnt as

t he chiral congonentu That is, with the chiral liquid cr¥stal i ndicated in
Exanpl e 16,A®nFhe a2 hdgyRentpfEearssitand SOPNERGIFBRYNBLELCRRE Bh 1ilAZERat or
were m xed and no chiral , ur,sor . was ggxed. Clhertg?gerials and

ol.ynmer pre
fabricati ort @ordi FGFXPENPLEYEl GE¥Ecedndigblekosdepent . In

u) embodiment, a polyimide film was formed on the electrode
and the treated surface was subﬁected to a rubbing process.
Subsequently, on the opposite substrate 8, 480 x 640 pieces
of MIM element as active element and a reflection electrode
7 were formed, by which the alignment treatment was applied.
A layer for protecting the active element may be applied on
the resultant. Thereafter, these substrates were fixed at
their peripheries to each other as remaining the sealing
inlet with keeping a 5 pm gap therebetween. Next, the
liquid crystal/polymer precursor mixture is explained. As
the liquid crystal, a mixture of TL213 and MJ91261
(products from Merck Limited) in a mixing ratio of 8:2.
With 97 wt% of this mixture, 3 wt% of S811 (a product from
Merck Limited) as a chiral component was mixed to give a
chiral liqﬁid crystal. With 96.3 wt% of the resulting
liquid crystal, M361, SI512 and M34 (products by Mist
Toatsu Senryo) as dichroic dyes were further mixed in
amounts of 1.5 wt%, 1.7 wt% and 0.5 wt%, respectively. To
93 wt%$ of thus resulting guest-host type chiral liquid

crystal, were dissolved biphenyl methacrylate as a polymer



Exanple 16. '~ The display el enent thus~fabricated was determ ned for its
refl ectance in the absence of an applied electric field. As the UﬁSHM’Zﬂtﬂ?e
refl ectance was 10~ at 20C. (Exanple 17) This enbodinment is a display
glenment in which a licruid crystal containing no dichroic dye is orien

ior. _=ly dispersed in a polynmer matrix, wherein a chirp lyner precursor is
incorporated. At first, a void panelL _g.(® which a liquid crystal/polyner
m xture was to be ~ 8 MAY 2042 - 81 put was fabricated in the sane

manner as Exanple S. The liquid crystal/pol yner precursor mxture to be put
into the void panel is prepared in the follow ng manner. BLOO7 (a product
by Merck Limted) as a liquid crystal was m xed with 3 wto of R811l (a
product by Merck Limted) as a chiral conponent with each other, to give a
chiral liquid crystal. Wth this chiral liquid crystal, were mxed 30 W~
of M7100 (a product by Toagosei Chem cal Industry Co.) Ltd.) as a polyner
precur sor paetulr sgr- afd ttfee {1 lowing coommauntd ass aa othiwd 1l qoopgment and
DETX (a product by N ppon hayaku Conpany, Ltd.) as a photo-pol ynmerization

i ni'tiat or priecursax cirf'qr}omtts:-qﬁii-r%m@ e OiMoE¥H 13 tj CH3 _ . | C
H3 The resulting m xture was put into said void panel and seal ed. The Wray
was irradFeEREIEYHIYS panel at SOC. thus a display apparatus of this
enbodi ment was acconplished. This display apparatus may be subjected to a
non-gla_e treatnment or an anti-reflection treatnent on its surfac

0 *
‘Cszc;—c”:—o 0 CHCsHis
. CH3 : CHj;

2

The resultant was put into the void panel fabricated above.
This panel was irradiated with UV ray (300 to 400 nm of
wave length; 3.5 mW/cm2 in intensity) from the substrate 1
side at 50°C to polymerize :the polymer precursor in the

\g) liquid crystal; thus a display element was fabricated.
This display element was subjected to an anti-reflection
treatment on its surface. This treatment is not always

necessary.

The reflectance of this display element détermined in
the absence of an applied electric field was 3% at 20°C.
When a driver for driving of liquid crystal and a
controller circuit were connected to the display element,

the computer screen could be displayed brightly and with



AN

r''.- s display apparatus was determned for its - 82 o0 s ~~r 2o0az
reflectance in the absence oz an applied electric field in the same nmanner
as Exanple 1. As the result, the reflectance was 6~ at 20C. As th@ Eh‘ﬂﬁmlznqz
conponent to be used in this enbodi ment, those indicated in Exanples 12 and
15 can be enployed. As the liquid cry§t§ pol ymer precursor, a void pane
and other materials and fabrication con |}ions to be enployed in this
enbodi ment, those described in Exanple 12 can be enpl oyed. (Conparative
Exanpl e 12) This enbodinent is a display el enent fabricated according to
the process of Exanple 17, except using only a | ow nol ecul ar wei ght chiral
conponent as the chiral conponent. That is, with the chiral liquid crystal
indicated in Exa~-nple 17, only a pol yner precursor and a

phot o- pol ynmeri zation initiator were m xed and no chiral polyner precursor
was m xed. J3dereomtedsal s GiRl dalrdcation Tiossl 4y osBereemt ayetl aeEe vame as
t hose of Exanple 17. The display elenment thus fabricated was determ ned for
its re- ectwwd for tthermhsehcefof antabpvistloel eet ai gaheehdchfset hergesul t,
the refl ectance was 10~ at 20C.

a color filter is incorporated to display element, a bright

color display can be given.

As the chiral component, liquid crystal and polymer
l;) precursor to be used in this embodiment, those described in

Examples 1 and 15 can be used.

As for the content of the dichroic dye, in the case
where the display element is used mainly for the
transmission in .the absence of an applied electric field,
for example, in the case whereas solar battery is used as a
reflective plate or other display apparatus is further
placed, the content of the dichroic dye is cut down to
improve the .electric power production efficiency of the

v) solar battery or to improve the visibility of the display
apparatus. For other uses, as described in this embodiment,
light absorption in the absence of an applied electric
field is fully done so that the effective contrast can be

provided.

As the chiral polymer precursor, one used in this
embodiment exhibits a chirality of approximately S8111.
Other chiral polymer precursors may be used such as the

following compounds:



0 8 MAY 20Q2 - 83 (Exanple 18) This enbodinent is a display appa qagtﬁ Y 2002
conbi:ning a display elenent in which a polyner is dispersed in a | é
crystal containing dichroic dye as particles or particles-connecting
aggregates with active el enment, wherein a chiral conponent having a snal
tenperature dependency in chiral pitch is incorporated. The sane void panel
as Exanple 12 was used. The liquid crystap/ pol yner precursor mxture to be
put into the void panel is explained as Follows. a m xture of TL205 and
MJI91261 (products by Merck Limted) in a mxing ratio of 8:2 was used as a

liquid crystal. a chiral liquid crystal was prepared by m xi ng 98 wt % of
this liquid crystal mixture with 2 wt % of the follomjng conpound as a
chiral conmponent wth. eagh other. x C8H-;0 OO Cr-"r-OCC-H7 C ~~i 3 0

~rlith 96.3 w% of the regulting chlral I|qU|d*iqystaI were m xed :.51,
MB70 and M483 (pr g 3 $yg§ chroic dyes in
anmpunts of 1.2 wt@ wu%an @ b &ﬁa @ FI]i5 Wt ~, respectively,
to give a guest-host t%@d{ hi r al l|qU|d crysta:}ﬁ o this guest-host type
chiral liquid crystal, .was dlssolved 7 . ~t~ of blphenyl nmet hacryl ate as a
pol ymer precursor. The resul t ant put |nto said void panel and seal ed.
The Wray (300 to 400 nm 5 ) was i adlated to this panel fromthe

mN ¢
substrate 1 side ol il z ursor in the liquid
crystal: thus a dﬂéﬁiﬁ&baébéﬁaﬁigféé @hﬁ@ﬁbﬂgoégﬁgdﬁ—ﬁﬁs tonplished. This
di spl ay appar at us masnzﬁﬁiected to a non-glare tréﬂénent and an
anc~-reflection treat 8n its surface. These t tdrents is not al ways
negessary. This display apparatus was determned for its reflectance in the
absknce of an applied electric field in the same manner as Exanple 13. As

the result, the refl ectajyce was 2~ at p0C and 3~ at 20C. Wien a driver for

liquid crystal dCHr@‘@n@—@l@l—léF—c r@uct re

CHs CHa O
0
CH=C- C-0—O-O-0- CHzCH—OCCHzCH (CHa)2
CHs CHa O
0
| Cszcc -0~0~0-0- CHzCH—OCCH—Czi-k
O  CHs CHs OCHs
0 0
w;c-c-cy@eo wcmoc@—o—ca CH;
CH3 O O éda
0

CHFC—C OOCHCmC “4C]
CH3 CHa Cﬂa



connected to the display apparatus) the conmputer screen could be displayed
brightly with good contrast. OFf course) the display apparatus c8n8 A Zpa?
used for termnals fortel evisions or game nmachines. If a color filter is
fncorporated to display elenent, a bright color display can be given. As
she chiral conponent to be used in this enbodi nent, any one nmay be used so
long as is has a small tenperature 0] MAY 20Q2 _ g5 _ dependency in
chiral pitch. In particular, the chiraP-tonponent exhibiting a changing
rate in chiral pitch of 20~ or less within use tenperature range where the

di splay elenent is used is nore preferable. If the changing rate in chiral
pitch is over 20~, the display contrast becones remarkably decreased due to
the tenperature change during the display elenent is used. Exanples of the
chiral conponent to be used in this enbodi ment include the follow ng
conmpounds: CaH~70 O O 0-C~-i 2CHCH2CH (CH3~2 ,~j CCHCa HmO-- O -~ 0
-C~~Ci-~z0CCsa~3CH3O0CsSf-il70 0 0 ~~ 0-CE-i Cf~20 CZH 0~ C
i~-1 3 08 MAY 2a(~ - 86 cc8Hl7.0 . ~0 0o QQCH2~2CH'OCC4H9 C ~H 3 0

The derivatives of these compounds can also be used, for
example, those in which phenyl or biphenyl in the compounds
listed above is changed into phenyl, biphenyl or terphenyl
skeleton, and those in which the structure of alkyl groups
(i) in these compounds are modified, The amount of the chiral
polymer precursor to be mixed is determined so that the
chiral pitch of the liquid crystal part becomes identical
to that of the polymer precursor part. For example, a low
molecular weight chiral component S811 shows & chiral pitch
of approximately 10 pum when it is mixed with a liquid
crystal in an amount of 1 wt$% based on the amount of the
liquid crystal. On the other hand, the chiral polymer
precursor used in this embodiment shows a chiral pitch of
a;) approximately 20 pm when it is mixed with a liquid crystal
in an amount of 1 wt% based on the amount of the liquid
crystal. Accordingly, in order to adjust thne both chiral
pitches identical, 3 wt% of the low molecular weight chiral
component. S811 is mixed a liquid crystal to adjust its
chiral pitch to approximately 3 pm, and 6 w<% of said
chiral polymer precursor is mixed with a pclilymer precursor
to adjust the chiral pitch of the polymer precursor to 3 pm.
That is, in the stage before polymerizatior, the polymer

precursor is dissolved in a liquid crystal, and the amount



% C$HL70 ~ ~ 0- CH2CHCH200C3H7 cHB . o CsH, ~O O O 0- CHzCH ~CaHs CHY) € BAY 299
~..~19Q~ .~DCH? Cf-~-0CCaHg - CH3 O CeHL70 0 0
0" CH2Cf ~- OCCE" ~2CH (C. H3)2 CHa 0 . CaHirO O O 0- CH2CH - OCCH pC~H9 C H3 OC

H3 CaH~rO O O 0- CH2CH OCCH CzH CHa OCH~ ~, ~ 8 MAY 2002 _ 87 _ C, H 5
OQ@%COCHCHZOC%&wCTEiISOOQFﬁSGO»CGQLC&
‘r',-CHZ0GC OQOC~0CaHM. 00 OO0O0)_ Besides them CNL611,
CNL62I, CNL617, CNL616 and CNL623 (prodggts by Asahi Denka Kogyo, ~.K.) and
so on can al so be used. The nmultiple 3y ém of chiral conponents, as

i ndi cated in Exanple 15 may also be used. As the liquid crystal and

pol ymer precursor, those indicated in Exanple 1 can be used. The thickness

of the liquid crystal/polynmer |ayer is

of the liquid crystal is the sum of the amount of the low
molecular weight 1liquid crystal and that of the polymer
precursor. Therefore, the amount of chiral component to
cause to twist them is the sum of the amounts of the low
molecular weight chiral component and the chiral polymer
precursor. In the polymerization step by a polymerization
means, the polymer precursor ané the chiral polymer
precursor are polymerized to phase-separate out from the
liquid crystal layer and removed. As the result, the
chiral component remained in the liquid crystal is only the
low molecular weight chiral component. Accordingly, the

chiral pitch in the liquid crystal does not change.

On the contrary, in the conventional techniques,
compared with this technique, since no chiral polymer
precursor is used, a polymer precursér dissolved in a
liquid crystal, and the amount of the liquid crystal is the
sum of the amounts of a low molecular wight liquid crystal
and the polymer precursor. Accordingly, the amount of
chiral component to cause to twist them is only that of the
low molecular weight chiral component. In the
polymerization step by a polymerization means, the polymer
precursor is polymerized to phase-separate out from the
liquid crystal layer and to be removed. In spite of

reducing the amount of the liquid crystal by the amount of



preferably 3 to 10 Etm Too thin layer leads a | ow scattering prodkptméy ﬂmz
whereas too thick |ayer not only nakes the required driving voltage higher
but al so | eads a decrease in contrast; which are practically

di sadvant ageous. The active el enent to be used in this enbodi nent is not
limted to the MMelenment indicated in this enbodi nent, and those which
have a transistor structure, such as polysilicone TFT el enents and

anor phous silicone TFT el enents, those ﬁgkfh have a M M structure,
ferroelectric 0 8 MAY 20Q2 _ 88 _ ele s may be used. The nunber of the
active elenents to be used is not also limted to the nunber indicated in
this enbodinent, and it may determ ned according to the intended use. Of
course, if without active elenment, the display elenment of this enbodi nent
can be operated by a sinple matrix type drive or a static drive. In this
enbodi nment, the reflective electrode 7 may be a transparent el ectrode, and
a reflective layer or a solar battery may be placed on the backside of the

di | | t fl ht
Scalteri ng. prapeelyerdzafadhy Brdtifiediny oify RAIC R HE Ao I i ol ay
apparatus f ﬁp&eea&s@ %cé' %nip%ntem% eSSy R BE 18 nAXc8Rndisi Ng

only a chiral conpoun haV|ng positive tenperature dependency in chiral

pitch as thﬁschhéalre%‘&mon%'?ffe cHigall §>1t%k5 i e lci%lﬁ.d% sgduct by Mer ck

Limted) as a chiral conmponent was nixed with the liquid crystal O her

mat eri al s apdchbabr sGakitOAnO el ndRHaGHR BLatess & EApd1amdes ahdxanpl e
18. The display elenment thus fabricated was determ ned for

) liquid crystal comes to occur.

The thickness of the liquid crystal/polymer layer is
preferably 3 to 10 um. Too thin layer leads a low
scattering property, whereas too thick layer not only makes
the required driving voltage nigher but also leads a

decrease 1in contrast; which are practically disadvantageous.

The active element to be used in this embodiment is not
limited to the MIM element indicated in this embodiment,

and those which have a transistor structure, such as

polysilicone TFT elements and amorphus silicone TFT
elements, those which have a MIM structure, ferroelectric
elements may be used. The number of the active elemenés to
be used is not also limited to the number indicated in this
embodiment, and it may determined accordigg to the intended
use. Off course, if without active element, the display
element of this embodiment can display as a watch and an

electronic memorandum book, as shown in below.

In this embodiment, the reflective electrode 7 may be a

transparent electrode, and a reflective layer may be placed



Frts reflectance in the absence of an applied electric field. As t(,g' ZW
the refl ectance was 2~ at SOC and 5~ at 0SS MaY zo4z 89 2 .*?Eg e
19) This enbodinent is a display elenment which contains no dichroic dye and
wherein a liquid crystal and a polymer are orientationally dispersed to
each other, wherein chiral conmponent having a snmall tenperature dependency
itn chiral pitch is used. A void panel with no active elenent was fabricated
i's the sane manner as Exanple 5. The_jigyéd crystal/pol ymer precursor

m xture to be put into the void panel i xpl ained as follows. A m xture of
RDP80616-2 (a produce by Rodic ~nc.) and M.1009 (a product by Merck
Limted) in a mxing ratio of 7:3 was used as a liquid crystal. A chiral

| iauid crystal was prepared by mxing this liquid crystal mxture with 2
wt ~ of CNL617 (a product by Asahi Denka Kogyo, K K. ) as a chiral conponent
with each other. The resulting chiral liquid crystal was mxed with 4 w~
of nethyl terphenyl nethacrylate as a polyner precursor. The resultant was

put into sajd yﬂéde?ﬁEidéanS@ﬁéedisﬁméyvé&éMenms i Thadraf bdctve hi s panel
at 50C. Thus, a display apparatus of this enbodi nrent was acconplished. This

di splay apppifbssmaipypleispbieetiedith a naghgl acetteedhgePropersy .
anti-reflection treatnent on its surface. 0 8 NMAY 2042
Off course, the reflective layer may be a solar battery.

(Comparative Example 7) The display element of this
embodiment employs only S811 as-a chiral component in
Example 12. Concretely, with the guest-host type chiral
liquid crystal of Example 1, 7 wt% of biphenyl methacrylate
was mixed as a polymer precursor, to fabricate a display

element in the same manner as Example 12.

The reflectance of the thus fabricated display element

determined in the absence of an applied electric field was

5% at 20°C.

(Example 13) The display element of the present
invention is one in which a polymer is dispersed as
particles or particles-connecting aggregations in a liquid
crystal with no dichroic dye, to which a chiral polymer
precursor is further used. A void panel was fabricated
according to Example 5. The mixture of a liquid crystal
and a polymer precursor to be put into the void panel and

sealed is explained as follows. A chiral liquid crystal



- 90 This display apparatus was placed with a solar battery on its

backsi'de to give a reflection-type of display elenent. The result £h MAY 2002
determned for its reflectance in absence of an applied electric field in
the sane manner as Exanple 18. As the result, the reflectance was 1~ at ,
50C and 3~ at 20C. Wien an electric field was applied, the display el enent
could be used for a segnent display for a watch. In this enbodi nent, no
active el enent was used. However, if_us ?; sanme effect m ght be given. In
such case) the liquid crystal having a § od retentivity should be used) as
shown in Exanple 1. It is preferable to use, for exanple, TL202, TL204,
TL205, TL213, TL215, TL216 and so on as a base. If incorporating with a
color filter, a bright color display can be provided. In the case where no
active elenent is used, any material may be enployed as a liquid crystal so
long as it shows a nematic type liquid crystal phase. The thickness of the
liquid crystal/polynmer layer is preferably 3 to 10 ~m Too thin |ayer

| eads a | owascprkpaired pyopediyg Wideneds dfoRDEBOEK. d-2y efa iodwaty byakes t he
required driving voltage higher but al so nmake decrease in contrast; which
are practiRalliy dnsadvast agddasid c@yStceAY 22022 wt$ of CNL61l (a

AN

product by Asahi Denka Kogyo, K.K.} as a chiral component
to each other. With resulting chiral liquid crystal, were
" mixed buthylphenyltolane methacrylate and biphenyl
dimethacrylate as polymer precursors and the compound of
Example 11 as a chiral polymer §recursor in amounts of 3.3
wt%, 1.7 wt% and 0.3 wt%, respectively. This mixture was
put into said void panel and sealed. Then, UV ray was

rradiated to the resulting .panel at 50°C. The display

=

element thus fabricated mavy be subjected to a non-glare

treatment or an anti-reflection treatment on its surface.

On the backside of this display element, was placed a
solar battery. The resulting reflection-type disélay
elemenf was determined for its reflectance in the absence
of an applied electric field in the same manner as Example
2. As the result, the reflectance at 20°C was 1.8%. This
display element could be used for segment display of a
watch by applying an electric field. Furthermore, in this
display element, the solar battery placed on its backside

could be used as a liquid crystal-driving power source.

In this embodiment, no active element was used.
However, if used, same effect might be given. 1In such case,

the liquid crystal having a good retentivity should be used,



- 91 In stead of the solar battery, a light-absorbing |layer and a
light-reflective |l ayer may be placed on the backside of the display0 8 MAY 2002
elenent. If without placing anything on the backside, this display el enent
¢an al so display as white scattering on a transparent glass. In this

enbodi nent, other materials and fabrication conditions were sane as those
of Exanple 18. The chiral conponents shown in Exanple 15 may al so be used
i'n this enbodi nent. (Conparative Exanple 14) This enbodinment is a display
apparatus fabricated according to the-pro&ess of Exanple 19, except using
only a chiral conpound having a positive i tenperature dependency in chiral
pitch as the chiral conmponent. That is) 5 wt~ of CB15 (a product by Merck
Limted) was nmxed with the liquid crystal. QGher materials and fabrication
conditions enployed were sane as those of Exanple 19. The display el enent
thus fabricated was determned for its reflectance in the absence of an
applied electric field. As the result, the reflectance was 1~ at 50C and 3~

at 20C. J . , . .
as shown in Example 1. If incorporating with a color

filter, a bright color display can be provided. In the
case where no active element is used, any material may be

employed as a liquid crystal so long as it shows a nematic

-) type liquid crystal phase.

The thickness of the liquid crystal/polymer layer is
preferably 3 to 10 um. Too thin layer leads a low
scattering property, whereas too thick layer not only makes
the required driving voltage higher but also make decrease

in contrast; which are practically disadvantageous.

In stead of the solar battery, a light-absorbing layver
and a light-reflective layer may be placed on the backside
of the display element. This display element can also

;M)~ . display without placing anything on its backside, as white

scattering on a transparent glass.

In this embodiment, other materials and fabrication
conditions were same as those of Example 12. The chiral

components shown in Example 15 may also be used in this

embodiment.

(Comparative Example 8) The display element of this

embodiment is fabricated according to Example 13, except



O 8 MAY 20a2 - 92 (Exanple 20) This embodinent is a display appar@tu#AY 2002
combining a display elenent in which a [iquid crystal containing dichroic
dye is orientationally dispersed in a polynmer gel" network with active
elenent) wherein a chiral conmponent having a snmall tenperature dependency
in chiral pitch is incorporated. A void panel with formation of TFT el enent
was fabricated in the sane manner as Exanple 2. The liquid crystal/pol yner
precursor mxture to be put into the void panel is explained as follows. A
m xture of TL205 and BLOO7 (products by ck Limted) in a mxing ratio of
7:3 was used as a liquid crystal. A chiral liquid crystal was prepared by
mxing 98 wt~ of this liquid crystal mxture with 2 wt~ of CNL611 (a
product by As~ahi Denka Kogyo, K K.) as a chiral conponent with each other.
Wth 96.3 wt~ of the resulting chiral liquid crystal, were m xed M361, M370
and M4A83 (products by Mtsui Toatsu Senryo) as dichroic dyes in anounts of
1.2 w~, 2w~ and O S w~, respectively to give a guest-host type chiral

o oY 5 e g T, GRS et o)
precursor. Jﬁfrég g#ﬁééb ﬁgs pﬁﬁat”IQ 59&9 vohd ﬁﬁf@élaﬂg ?&'89% JQ? Wray

(300 to 400 nm was Irradiated fo this panel rom-t

substrate ¢ §§amﬁh§ MAY %Q@ylﬂahéh?@t%tlaﬁgcmeEHaEQS/Y%@ agat BepRehyqer
precursor in the Iiquid crystal: thus a display of this embodi nent was

acconpl i shegdimdbhscgiysaktaywappanakss wesSpsubineet pdetaraonenigl ansuhtaat ment
and an anti-reflection treatment on its surface. These treatnents i s no

al ways necessasy4 wbkssaddspl aywapparaspecwdsedet erotined motedrisl g efddct ance
[ he absence of an applied electric field. As the result, the reflectance
was 2~ at SfibaickaB8ioat c@88ditibhenempdpiedr wepe theqeadecagsthbsdrofi ng and
a controller circuit were connected to the display apparatus, the conputer
screen coulExarepte shf ayed brightly with good contrast. O f course, the

di spl ay apparatus can al so be

The display element thus fabricated was determined for
its reflectance in the absence of an applied electric field.

As the result, the reflectance was 3% at 20°C.

(Example 14) This embodiment is a display apparatus
combining a display element in wﬁich a liguid crystal
containing dichroic dye is orientationally dispersed in a
polymer gel network polymer with active element, to which a
chiral polymer precursor is incorporated. A void panel
with TFT element was fabricated according to Example 9.

The liquid crystal/polymer precursor mixture to be put into
the void panel and sealed is explained as follows. A
mixture of TL205 and BL0O07 (oroducts by Merck Limited) in a
mixing ratio of 7:3 was used as a liquid crystal. A
chiral liquid crystal was prepared by mixing 98 wt% of the

liquid crystal mixture with 2 wt% of CNL611 (a product by



used for termnals for televisions or gane machines. If a color filter is
i ncorporated to display element, a bright color display can be @ §aAY 2802
the chirai conmDOnent, liquid crystal) polynmer precursor, active elenent and
the fabrication conditions, those indicated in E: <anple 2 can be enpl oyed.
" _.n particular, as for the chiral conponent, the nultiple systemi ndicated
i-n Exanple 15 may al so be used. The thickness of the liauid crystal/pol ynmer
| ayer is preferably 3 to 10 um ”oo thin layer leads a | ow scattering
property, ~,~rhereas too thick Iayer_pob7 nly makes y 0 8 MAY 20Q2 _ 9a
the required driving voltage higher but ‘aFFso | eads a decrease in contrast;
whi ch are practically disadvant ageous. (Conparative Exanple 15) This
enbodi ment is a display apparatus fabricated according to the process of
Exanpl e 20, except using only a chiral conmpound having a positive
tenperature dependency in chiral pitch as the chiral conponent. That is, 2
wt~ of CB15 (a product by Merck Limted) as a chiral conponent was m xed
with the liquid

Asahi Denka Kogyo, K.K.) as a chiral component to each

other. With 96.3 wt% of the resulting chiral liquid
crystal, were mixed M361, M370 and M483 (products by Mitsui
Toatsu Senryo) as dichroic dves in amounts of 1.2 wt%, 2

_) wt% and 0.5 wt%, respectively, to give a guest-host type
chiral liquid crystal. With 97 wt% of this guest-host type
chiral liquid crystal, were mixed 3 wt$% of C6H (a product
by Philips Corporation) as a polymer precursor and 0.1 wt$

of the following compound as a chiral polymer precursor.

0 0 0
H * |
CHAC-C-0-0 C-0-0-C-0-C H-Cs Hirs

9 CHa | CHgj

The resulting mixture was put into said void panel and
sealed. The UV ray {300 to 400 nm, 3.5 mW/cm2) was
irradiated to this panel from the substrate 1 side at 50°C,
to polymerize the polymer precursor in the ligquid crystal:
thus a display apparatus of this embodiment was
accomplished. This display apparatus was subjected to a
non-glare treatment and an anti-reflection treatment on its

surface. These treatments is not always necessary.



crystal. O her materials and -abrication conditions enpl oyed \/\Bp@rw 8[?
t hose of Exanple 20. The display elenment thus fabricated was de AU02r
its reflectance in the absence of an applied electric field. As the result,
the refl ectance was 3~ at 50C and 10~ at 20C. (Exanple 21) This enbodi nent
is a display elenent in which a liquid crystal containing no dichroic dye
s orientationally dispersed in a polyner gel network, wherein a chira
conponent having a small tenperature dependency in chiral pitch is

i ncorporated. A void panel into mhich‘arliqurd crystal / pol yner precursor

m xture was to be put was - 95 fabricated in the same manner as Exanple
5. The liquid O 8 MAY 202 crystal/polyner precursor mxture to be put into
the void panel is explained as follows. BLO0O7 (a product by Merck Limted)
as a liquid crystal was mxed with 10w~ of CM2 (a product by Chisso
Corporation) and 2.5 w~.of CB15 (a product by Merck Limted) as chiral
conponents, to give a chiral liquid crystal. The resulting chiral liquid

crystal vas i xegh 01 4l ch 26 88, CRELUsd.! e FXBABLEa3ep 3,001 YIer

precursor. The résul 0 saird vord panel *§8al ed. The Wray

vas | rradialegh Loliis Panehealns0ic. T8 dhobay:e egﬁa{:FEQ Sehaphl gated

may be subjected to a non-glare FFeat ment i-Té i on

on its surfage sakd hdendacksi d#eapbithis dsnliay l:% sy ,tﬁ%sol ar battery

was placed, to give a reflection type oT display e resulting
di spl ay el er@fitedsneetssni pedat 020id.s makheat areeeln Fblhe 1abgeace of an

applied electric field
.) crystal driving and a controller circuit were connected to
the display apparatus, the computer screen could be
displayed brightly and with gooa contrast. Off course, the
display apparatus can also be used for terminals for a
television or a game machine. If a color filter is

incorporated to display elementc, a bright color display can

be given.

As the chiral component, liquid crystal, polymer
precursor, active element and other fabrication conditions
to be employed in this embodiment, those described in
Zxample 12 can be emploved. In particular, the chiral

component may be those indicated in Example 15.

As for the content of the dichroic dve, in the case
where the display element is used for mainly giving a the
transmission in the absence of an applied electric field,
for example, in the case where a solar battery is used as a
reflective plate or other display apparatus is further
vlaced, the content of the dichroic dye is cut down to
improve the electric power production efficiency of the

solar battery or to improve the visibility of the display



i

in the sane manner as Exanple 1. As the result, the reflectance was 2~s at

" 50C.and 5~ at 20C-. As the chiral conponent to be used in this grﬁ)(miymgogz,

t hose which were indicated in Exanple 15 can be enployed. P.s the liquid
crystal, polyner precursor, a-void panel and other fabrication conditions,
t hose indicated in S - 96 Exanple 19 can be enployed. 0 8 MAY 20QQ
(Conmpar ative Exanple 16) This enbodinent is a display apparatus fabricated

-according to the process of Exanpl e 27,2 exeept using only a chiral conpound

having a positive tenperature dependency in chiral pitch as the chiral
conponent. That is, 5 w% of C315 (a product by Merck Limted) as a chiral

. conponent was mxed wth the liquid crystal. QGher materials and

-abrication conditions enployed were sanme as those oL exanple 21. The
di splay el enment thus fabricated was determ ned for its reflectance in the

absence of an applied electric field.

apparatus. For other uses, as described in this embodiment,
light absorption in the absence of an applied electric
field is fully done so that the effective contrast can be

provided.

The thickness of the liquid crystal/polymer layer is
;) preferably 3 to 10 pm. Too thin. layer leads a low
scattering property, whereas too thick layer not only makes
the required driving voltage higher but also leads a

decrease in contrast; which are practically disadvantageous.

(Comparative Example 9) This embodiment is a display
element fabricated according to the process of Example 14,
except using only a low molecular weight chiral component
’-) as the chiral component. That is, With the guest-host type
chiral liquid crystal indicated in Example 14, 3 wt% of C6H
was mixed as a polymer precursor. Other materials and
fabrication conditions employed were same as those of

Example 14.

The display element thus fabricated was determined for
its reflectance in the absence of an applied electric field.

As the result, the reflectance was 4% at 20°C.



As the result, the reflectance :vas 1% at 50C and 3% at "~ 20C. (Exanp

22) THis enbodiment is color display apparatus with a col or fllter(]ﬁhﬁAﬁlﬂmz
t he enbodi nents descri bed above are applled Fig. 7 is a sinple, partial
secti onal view of a void panel used in this enbodi nent, in which a col or
filter is formed. The materials other than a color filter and fabrication
conditions were sane as those of each enbodinent. , In this enbodinent,

di chroi c dye was not 08MAY - 97 addgdx7gbmever) for the purpose of

i mprovi ng display contrast, dichroic dye may be added to the col or display
apparatus. Wien a liquid crystal driver for color display was connected to
this color display apparatus to be used as a conputer termnal, color

di spl ay was provided with good contrast. Of course, the display apparatus
can al so be used the display of watches, tel evisions or gane machi nes. As
the construction or conposition and the fabrication conditions of the
chiral conponent, liquid crystal/polynmer |ayer, void panel to be used in

t hi s enbodi mthkamphesesS)ndi cahdd embbddmanas ik tao dAbplEye «dremtdiispl ay

el enent of this enbodi ment can al so be applied to the el ectronic apparatus
as describe Weicw aAbifoidt heysbhdr cbnkeéning be déebirodeedyaviisg a |ighter
tone than the conventional transm ssion-type color filters can give a

bri gh~er d|S@tggntqheoe@léysdggpgésed in a polymer gel network polymer

\

with active element, to which a chiral polymer precursor is

, incorporated. At first, a void panel into which a liquid

\;). crystal/polymer precursor mixture was to be put and sealed
was fabricated according to Example 5. The liquid
crystal/polymer precursor mixture to be put into the void
panel and sealed is explained as follows. BL007 (a product
by Merck japan Limited) as a liquid crystal was mixed with
10 wt% of CM22 (a product by Chisso Corporation) and 2.5
wt% of CBl5 (a product by Merck Japan Limited) as chiral

components, to give a chiral liquid crystal. With this

chiral liquid crystal, were mixed 3 wt% of C6H of Example

o/

14 as a polymer precursor and 0.1 wt% of the following

compound as a chiral polymer precursor.

0 | 0
CH=C- C- 0-0-CO- cwcmoc@%o@ C=Chs
CH: 0 O 0 o

The resulting mixture was put into said void panel and



di splayed in this col or display apparatus can be freely select fromthe

col ors which can be displayed in a color display, such as three grgqﬁﬁy 02
colors (i.e. red, blue and green) and yellow, cyan, nmagenta and So on. Zg
for the position where a color filter is to be forned, in this enbodi nent,
a color filter ~.ras fornmed on the liquid crystal-contacting side of the
substrate 1 0 8 MAY 20Q2 - 98 positioning in the display side of the

di spl ay apparatus. However, the color fikter may also be formed on the
substrate 8. From viewpoint of the required driving voltage, it is
preferable to formthe color filter between a substrate and an el ectrode. A
transparent electrode may be forned on'the color filter. In the case where
the color filter is formed on the substrate 1, the color filter should be
made of a material which can transmt Wray used for the polymer precursor
pol yneri zation. The active elenent is not l[imted to the TFT el enent
indicated in this enbodi nent, and other TFT el enents havi ng ot her
structures, ddAansi st ahe UM M8 eiRNLSrl8ERe] e rdhg It silangethe |ike
may be used. As the substrate to be formed with such active el enent

thereon, canrhe eMliyErthy element of this embodiment was accomplished.

This display apparatus may be subjected to a non-glare

treatment or an anti-reflection treatment on its surface.

\;) The resulting display apparatus was determined for its
reflectance in the absence of an applied electric field in
the same manner as Example 1. As the result, the

reflectance was 1.5% at 20°C.

The chiral components used in this embodiment have the
following characteristics: both of CM22 and.CBl5 have an
ability to cause the axial rotation of a liquid crystal to
the right; and CB1lS5 tends to show a longer chiral pitch as

increasing in temperature (i.e. showing a positive

temperature dependency)m, whereas CM22 tends to show a
shorter chiral pitch as increasing in temperature (i.e.
showing a negative temperature dependency). Accordingly,
like this embodiment, it is vreierable to add two or more
kinds of chiral components having opposite temperature
dependency in chiral pitch to each other. Examples of
other chiral coﬁponents having a negative temperature
dependency in chiral pitch include CM22 (a produce by

Chisso Corporation), the following compounds:



for exanple, sem -conductors such as glass, silicone, arsenic gala igumwnﬂmz
germani um ot her inorgani ¢ substances and organi c substances such as
plastics. In the display elenent according to the present invention, all of
a driving driver and a controller can be built or set into the substrates.
Therefore, by using the display elenent, a display apparatus can be
fabricated in extrenely | ow cost. - 99 0 8 MAY Z(y2 (Exanple 23) This
enbodi nent is el ectroni c nmenorandum book, which is one kind of information
processi ng appar at uses) incorporated‘mjfESthe di splay el ements any of the
above-descri bed Exanpl es and Conparative Exanples as the display. Fig. 8 is
a sinple sectional view of the information processi ng apparatus accordi ng
to this enbodinment. A display elenment was fabricated accordi ng any of
above-descri bed Exanpl es or Conparative Exanples, and then placed with a
sol ar battery on its backside. Wen the el ect=~c power of the solar battery
was connected to the power source of the el ectronic :nmenmorandum book) its
visibility becane inproved, and furthernore the anmount of tinme the

el ectroni ¢ menorandum book coul d be used becane remar:cably increased. |~
the el ectronic apparatus of this enbodi nent, the solar battery may be
connect ed téka storage battery builf in the apparatus to store the electric

power produ }$ t tyery~ipn the storage battery, by which the
el ect =om t ap%arggégbzigﬁzgiggéKZFga tFTQﬁx?%éBy even in the c?rk

circunstances. _._the convent i onal el ectronic menor andum book, since a
solai battery occupies a |arge spaégﬁ{the design and size have ::.een
ligited. In the el ectronic nmenorandum book acco ~ng to this enbodi nent, on
t contragf, since a 1~ ; 0 8 MAY 20Q2 display el enent used is

n
al mos~. trdn spERY RN _be superposed on a solar aattery,
resul ting in$H§;ﬁ?glf%§g»6%z§ﬁ(gzﬁién%§§Fc@hpg§q+eK§%tFﬁ@ic menor andum book

attery. |

with no trouble in running down of b
CHs

CaH170~0~C00<0-CO0-D-0-C H-C, 114
|
CHsj

FLS
19, cNL621, CNL617, CNL616, CNL623, CNL637 CNL638 and

CNL639 (products by Asahi Denka kogyo

Chlral Components havln a DOSitive temDerat

dep } i ] '
pendency in chiral pPltch include cM19 and CM20 (product
s ucts

K , .
Y Chisso Corporation), CB15, C15, s811 S1001, R1011

these chiral components may also be used In thi
. is

embOdim 1 ] e .



Thi s display apparatus may be placed with an information input device such
as.a t'ablet or a touch-type panel on its surface of backsi de. (Exp lﬁ%ﬁ%%
This enbodi nent is a watch, which is one kind of information disp 2@ a2
apparatuses, incorporated with the display elenent of any of the
above-descri bed Exanpl es and Conparative Exanples. .In particular, this
enbodi ment is watch in which the display elenent is used as a cl ockface.
Fig. 9 .is a sinple sectional view of the,information display apparatus
according to this enbodi nent. A display éneﬁt with a hole in the center
was fabricated accordi ng one of above-descri bed Exanpl es or Conparative
Exanpl es. A solar battery was placed on the backside of the display

el enent, and then pointers were set through the axis of an anal ogue-type
wat ch, whereby a hybrid-type watch was acconplished. The resulting watch
can show a good display property with an extrenely high visibility. In the
di spl ay apparatus of this enbodi nent, the solar 0 8 MAY 2~p~ _ 101 _
pattery My g8.E00PECLALeLOCR RbALANSHRA! bEM Kniuhh! dofipbBRnRRPFLY Ya tO

store the electric power produced by the solar battery in the storage

battery, by-yhighithg apRanakus ¢en bsyoperatrd ehipsli ¥shyos¥sPsin the
dark circunstances. This display apparatus could not be driven effectively

with the volpagengupp! éRErbnemyt brasol aempathenye Hepenaehcyhen anbheast er
circuit was incorporated into the apparatus and the voltage of the solar

battery was pbosh aflay caBdo bbeudéedpl ay sppenaitisexhaped an e: {trenely
bright display. As one of the driving nethods for this display apparatus)
theyground or the liauid crystal driver may be shaken in tines to the
driding tim ng. The sl hddecastabkepo hemenl pageuappli ed voithpadedphng
apparatus ,J substantially double the source voltage. As the result, by

t hi s net hod,other diatgnia b caht Ealesertbed candhbiansyveoechpodirpdayedcan be

driven effectively and an extrenely .
in this embodiment weré according to Example 13. The

composition of chiral components indicated in this
embodiment can applied to the display elements in which
polymer disperses as particles or particles-connecting

aggregations.

(v) (Comparative Exanmple 10) This embodiment is a displa&
element fabricated abcording to the process of Example 15,
except using only a low molecular weight chiral component
as the chiral component. That 1s, With the chiral liquid
crystal indicated in Example 14, 3 wt% of C6H was mixed as
a polymer precursor. Other materials and fabrication

conditions employed were same as those of Example 15.

The display element thus fabricated was determined for
its reflectance in the absence of an applied electric field.

As the result, the reflectance was 3% at 20°C.



bright display can be provided. The display elenments of an”p'esgfﬁﬁﬁéigﬁﬂz
above are fairly low electric power consunption type. In order t % ,
el ongate the battery life of the watch, the watch may be designed so that
the display of the display elenent is provided only in the switch-ON state.
In this enbodinent, in stead of the solar battery, a D8 MAY 20,Z - 102

| i ght - absorbi ng plate may be used, by which the sane | evel of display can
‘be provided. In this case, the dr|V|ng power source is only a built-in
battery. (Exanple 25) This enbodi nent-i s/ Vateh, which is one kind of

i nformation display apparatuses, incorporated with the display el ements of
above- descri bed Exanpl es and Conparative Exanples. In particular, in this
enbodi nent, the display elenent is used as a cover glass of watch (see Fig.
10). A display elenment was fabricated accordi ng one of above-descri bed
Exanpl es or Conparative Exanples. A solar battery was used as a cl ockface,
and pointers were set through the axis of an anal ogue-type watch, whereby a
hybri d-type watch was acconplished. The resulting watch can show a good

di splay property with an extrenmely high visibility. In this enbodi nent, the
constructions other than described above was sane as those of Exanple 24.

(Exanple 26)_This. e ortabl teIeV|S|o n_information
di spl ay appHrtiRte nggﬂhlch ﬁa 8 ?ﬂémen 43580a9° 1 meR kL]

which a liquid crystal containing dichroic dye is

orientationally dispersed in a polymer matrix, wherein a
\:) chiral polymer precursor and active element are
incorporated. A void panel into which a liquid
crystal/polymer mixture was to be put was fabricated in the
same manner as Example 12. The liquid crystal/polymer
precursor mixture to be put into the void panel is
explained as follows. A mixture of TL213 and MJ91261
(products by Merck Limited) in a mixing ratio of 8:2 was
used as a liquid crystal. A chiral liquid crystal was
prepared by mixing 98 wt% of the liquid crystal mixture
with 2 wt% of CNL617 (a product by Asahi Denka Kogyo, K.K.)
as a chiral component with each other. With 96.4 wt% of
the resulting chiral liquid crystal, were mixed M361, SI512
and M34 (products by Mitsui Toatsu Senryo) as dichroic dyes
in amounts of 1.5 wt%, 1.7 wt% and 0.4 wt%, respectively,
to give a guest-host type chiral liquid crystal. Wwith 77.6
wt% of this guest-host type chiral liquid crystal, were
mixed 20 wt% of M6200 (a product by Toagosei Chemical
Industry Co., Ltd.) as a polymer precursor, 0.4 wt% of the
following compound as a chiral polymer precursor and 2 wt%

of Irugacure 184 {a product by Ciba Geigy Limited) as a



di spl ay el enents of above-descri bed Exanpl es and 0 8 ~aY zo~~ - 103
Conpafative Exanples are applied (see Fig. 11). A display el ement QvlsMAY 2007
fabricated according to one of above-described Exanples or Conparative
Exanpl.es, and then placed with a solar battery on its backside. \Wen the
resultant was incorporated into a potable television body, a good display
with an extrenely high visibility could be provided, and furthernore the
anount of tine the television could be used becane renmarkably increased. In
this enbodi ment) the constructions other/&hamr described above was sane as

t hose of Exanple 24. In the conventional portable information display
apparatus (i.e. television), since a solar battery occupies a | arge space,

t he design and size have been |imted. In the information display apparatus
according to this enbodi nent, on the contrarr, since a display el enment used
is alnost transparent, a display panel can be superposed on a sol ar

battery, resulting in realization of an extrenely conpact el ectronic

i nformation giﬁgLa§%%§ %nat ﬁcyﬁth.@g %r%uble in running down oz battery.
(Exanpl e 27P"PhPsP FrERt 108 dNdisSPIS&Y "apparat us in which the display

el ements of above-descri bed Exanpl es and Conparative Exanples are

super posed on an arbitral display

0 -
3 CHZ-—-‘C—(%—OO(I)HC HJQH—m
CHs CHs  CHs

The resulting mixture was put into said void panel and
sealed. The UV ray (300 to 400 nm, 3.5 mW/cm2) was
irradiated to this panel from the substrate 1 side at 50°C,
ta polymerize the polymer precursor in the liquid crystal:
thus a display apparatus of this embodiment was

«) accomplished. This display apparatus was subjected to a
non-glare treatment and an anti-reflection treatment on its

surface. These treatments is not always necessary.

This display apparatus was determined for its
reflectanée in the absence of an applied electric field in
the same manner as Example 13. As the result, the
reflectance was 8% at 20°C. When a driver for liquid
crystal driving and a controller circuit were connected to
the display apparatus, the computer screen could be

displaved with good contrast. Off course, the display



0 8 MAY 20Q2 - 104 apparatus or a solar battery and a highly rekggctive

| ayer *i s placed therebetween. The el ectronic apparatus of this e dWMdeﬂZ
is simply illustrated in Fig. 12. The display elenent to be placed on a
wat ch was fabricated accordi ng one of above-descri bed Exanpl es or
Conpar ati ve Exanples. This display elenent could be fully driven with a
conventional |1C designed for watch. This display el enent was superposed on
a dark clockface. In this tinme, on the sygrdace of the flat dark cl ockface,
| TO (refractive index: 1.8) was vapor-evaporated as a highly refractive

| ayer. Tnl hen date, tine and C ock resistor function were made to displ ay
on the two-1layer type of display apparatus thus fabricated, a digital

di splay could be provided with large letters on the cl ockface of the
conventional anal ogue-type watch; which was highly functional and

fashi onabl e. The brightness of this display apparatus becanme brighter by
1.5 tinmes that of the apparatus wthout highly refractive layer. In this
enbodi ment , dpparensd rasd i dnso ddharsddafoxlesermiesl abpye vabesidoms-bhose
of Exanple 24. The display apparatus or this enbodi nent can be used as a
di spl ay par iganfe maretieres .or Ifaehicnéprafddmest iic dectmporgireaduet and an

el ectronic apparatus, as well as a wist watch and a table clock. This

di spl ay appaisplsynmfldrerdny a ypd ghuc lvcd sl smay mate)beligiverl. node or

hybri d node. - 105 0 8 MAC ~~~ However, the clockface is preferably
dark tone or reflective type, so that the display of the resultant becones
clear. ~~lhen a®Solthe iitrerly GoePgaedtadon RY sEdhde dritt ¢ Hnkadaanite. power

p uced by the solar battery is used as the driving power source of the
a{sggr atus) ERBIMLEE OF e YResSysEER 5 %ma}m ANt o o LS5

di spl ay apparatus can al so be applied to a neter
As the liquid crystal, polymer precursor, dichroic dye,
active element and other materials and fabrication

conditions to be employed in this embodiment, those

described in Examples 1 and 12 can be emploved.

As for the content of the dichroic dye, in the case
wnhere the display element is used for mainly giving a the
transmission in the absence of an applied elecctric field,

- for example, in the case where a solar battery is used as a
reflective plate or other display apparatus is further
placed, the content of the dichroic dye is cut down to
improve the electric power production efficiency of the
solar battery or to improve the visibility of the display
apparatus. For other uses, as described in this embodiment,
light absorption in the absence of an applied electric
field is fully done so that the effective contrast can be

provided.

’h2 thickness of the liquid crystal/polymer layer is

2r=EC 2 to 10 um. Too thin layer leads a low



panel of automobile. As the material or the highly refractive |ayer ho be
enpl oyed, besides I TO any one nmay be used so long as it has a hi@l& AY 2002
refractive index. exanples o~ such material include glasses having high
refractive index (e.g. FDS1, a product by HOYA Corporation. refractive

i ndex: 2), inorganic oxides, thin metal filnms) filns of organic substances
and bolyners (preferably filnms of those containing many aromatic rings such
as terphenyl, perylene and tetracene), so on. As the position where the
highly refractive layer, those shown in gs. 13 and |l a are also effective.
Thi s enbodi nent can be applied to on-vehicle neter panels, other nechanized
nmeters, displays of donestic electric products and el ectroni c apparat uses,
and so on. The use of this display apparatus enables to display both 08
MaY zooz - 106 of an anal ogue display and a digital display in one display
wi ndow. Particularly, the massiveness of anal ogue display is not inpaired,
and therefore this display apparatus is suitable for the use where high

qual ity is detidrithg @fopottpe, whéréppl ted thiekdlgyéal ndtsphay mpkesat us
(such as twisted nematic type liquid crystal elenent, LED) VFD, plasnma
di spl ay ar_tthes areafy)irddidr i pd ayo bipppe dt Ligheanbpt oalsde lbadsaae effect.

(Exanple 28) This enbodinent is a display apparatus using the
decrease in contrast; which are practically disadvantageous.

Q)

(Comparative Example 11) This embodiment is a display
element fabricated according to-the process of Example 16,
except using only a low molecular weight chiral component
as the chiral component. That is, with the chiral liquid
crystal indicated in Example 16, only a polymer precursor
and a photo-polymerization initiator were mixed and no
chiral polymer precursor was mixed. Other materials and
fabrication conditions employed were same as those of

Example 16.

The display element thus fabricated was determined for
its reflectance in the absence of an applied electric field.

As the result, the reflectance was 10% at 20°C.

(Example 17) This embodiment is a display element in
which & liquid crystal containing no dichroic dye is

orien* ion.lly dispersed in a polymer matrix, wherein a
chire lymer precursor is incorporated. At first, a void

panel -0 which a liguid crystal/polymer mixture was to be



di spl ay apparatus and a display el enent of Exanple 23, in "which a |iquid
crystal layer containing dichroic dye is placed between the di sp{a§ MAY 2002
apparatus of lower side and the display el enent of upper side (see Fig.
15). The layer containing dichroic dye is explained as follows. A pair of
transparent substrates with el ectrodes were subjected to an alignnent
treatnent. Then they were fixed at their peripheries with keeping a 7 ~tm
gap (which being suitably adjusted acgorging_Io t he i ntended use)

t herebetween. Into this gap, a liquid crystal (a m xture of ZLI11840 (a
product by Merck Limted), S344 (a product by Mtsui Toatsu Senryo) and
CB15 (a product by Merck Limted) in a m Xxing 0 8 MAY 2092 - 107 ratio
of 95:3:2; the materials and mxing ratio to be enpl oyed optim zed
according to the intended use) was put. The panel thus fabricated was

pl aced as shown in Fig. 15. If the display of the display el enment of the
frontside is intended to clear, the electric field is controlled to render
the |liquid pryswals Fapercededaiim pedisameoimanhee tas Estdngilte dhsomrhieng
state, so that the display stands out by the light scattering. ~n this
case, in stéagudfl ch¥FstavdpodyYPBECPTrRCosPenmiottalreaMcC bempute imed.cHan t he
other hand, if the display oz the display apparatus of the backside, the

el ectric fi®pPddi BaBEAt 16 PEGPRASENhA NoBPEsifed laamyinigo mapaes! .ecBEPO7f (el d
control descrihed above to nake the |ayer cqntaining dic~roic dye

t r anspar ent PTIRE<F| §Yi YeEFfstamifgder agodt dLAMAG Grotailc “iye Mixesot

limted to the liqupd cry aving.a positive dielectric anisotraopy

irﬁﬂ(mued iﬂlggig gh%oﬁ%néh?& gﬁdngaHFg @VygﬁﬁFg FAhga Aégat Fhdral

digd ectric ani \ I sed, In.such case, .it.is.preferable to

apply a hoﬁ%%93%%§§9t¥g§ n%%%gtggPﬁg'sﬁ?fgégeoF Fﬁérg&béﬁﬂafgsC§Xﬁ&ﬁﬂtching

the Iauid gfusteh)sDynrrall ehouaNLEEYatO LBECASSHCSE! LRI BDGYGN " —e

liquid crystal |ayer becones transparent 1 n the abSence oz an appli &

el ectric figldroguabsieybsohibeii tnthecRiessacs 2l aB appkied Lield.
polymer precursor and 1 wt% of the following compound as a

cairal component and DETX (a product by Nippon Kayaku

Company, Ltd.) as a photo-polyvmerization initiator.

0 0 o0
[ l =
i CHAC-C-0-0- C-040-C-0-C H-Ce Hrs
ﬁu) ! I . . (
Cha CHa

The resulting mixture was put into said void panel and
sealed. The UV ray was irradiated to this panel at 50°C:
thus a display apparatus of this embodiment was
accomplished. This display apparatus may be subjected to a
non-glare treatment or an anti-reflection treatment on its

surfac

T 5 display apparatus was determined for its



0 8 MAY 202 - 108 In Fig. 15, a highly refractive |layer was placedn 8 MAY
However, if without the |ayer, as shown in Fig. 16, the display canbe me
provi ded. This enbodi ment can be applied to the on-vehicle type of neter
panel s) ot her nechani zed neters, displays of donestic electric products and

el ectroni c apparatuses, and so on. The use of this display apparatus

enables to both types of displays of anal ogue node and digital node in one

di splay wi ndow. Particularly, the nassiveness of anal ogue display is not

i npai red, and therefore this display épd§ tas is suitable for the use

where high g~.:ality is required. If a panel according to Exanple 2 or
Conparative Exanple 2, in which a transparent electrode is used instead of
the reflective electrode, is superposed on an anal ogue neter, as shown in

Fig. 17 as an application exanple, the resulting display apparatus can be
used as a display for the on-vehicle type of car navigation system

tel evision or video projector. In such case, a car driver can see the

di splay duri Lyi it i taq 4 WaNiN@ Hriectfiedd and
t herefore cgggé§F$éhggt&?hEP% %g%%ﬁsé %ﬁ g%b%r &1%%pa digisél-nnde di spl ay

appar at us (eheJsah¥ phRferedBl kkafple hi.crytdegeyséalilel eapat, LED, VFD,
pl asma di splay, etc.), the display apparatus of this enbodi nent can give

the sanme effgelectalc8 WAY¥ 2@-at- 2008.

As the chiral component to be used in this embodiment,

4) those indicated in Examples 12 and 15 can be employed.

As the liquid crystal, polymer precursor, a void panel
and other materials and fabrication conditions to be

. . . . 2

employed in this embodiment, those described 1in Example 1

can be employed.

(Comparative Example 12) This embodiment is a display

element fabricated according to the process of Example 17,
(;) except usipg only a low molecular weight chiral component
as the chiral component. That is, with the chiral liquid
crystal indicated in Example 17, only a polymer precursor
and a photo-polymerization initiator were mixed and no
chiral polymer precursor was mixed. Other materials and

fabrication conditions employed were same as those of

Example 17.

The display element thus fabricated was determined for
its re- =2ctance in the absence of an applied electric field.

As the result, the reflectance was 10% at 20°C.



I ndustrial Applicability As described above, according to the present

i nvenfion, when a PDLC or a reverse PDLC is applied to the use where a haze
is likely to stand out, an adequate anount of dichroic dye is add8d tMAYa 2002
liquid crystal and the material having a slow fluorescence quantumyield,
whi ch can correct between the t,aist of the liquid crystal |ayer before

pol yneri zation and that after polynerizat=on or which has a snal

t enper ature dependency is used; by whi-ch8a& haze can be reduced and the
visibility can al so be inproved. The haze reduction techni que of the
present invention is extrenely effective for the use where fashionability
is made into great account, such as watch.. For exanple, in a wist watch
when the reverse PDLC is placed as a clockface or a cover glass, the haze
on the PDLC panel becones al nost inconspicuous and a high contrast can be
provi ded. On the other hand, by superposing the reverse PDLC on a
conventional display apparatus or a solar battery' directly or through a
highly refractive layer, a bright, nultifunctional electronic apparatus
with a high visibility can be fabricated. The use of the display el enent or

apparatus of __th ace {: n - 110 . ?

i nvention eﬁ%’ﬁ?‘lge%l??fggbri gg?‘és\?whel stoate tesl,s t%b‘?%%k&s?ﬁ%%%g%i o

el ectric pr . and., e i %?g%rat M 3 |
capacity ang ex%t?leﬁgsl?/ ﬁ?% ri\%?ls%l?}i |t3}:. + um\e@rr{m%r g{bl%e{{e@c?sles% ereeda

sol ar battefy Aslp%‘hi& Epy5ha1diepkaY et ARRAY aldiHardtiR Tas Wit i ng
di spl ay el enent and apparatus are conpact and show a high visibility and

|0:f>ee| ect I i §a POVET e S0PSHNBELOAg B reyarRise widue ot itid S lea@iiti,que, the
reverse PDLC conmes to be used as a cover glass or a ciockface of an

anal ogue- noglgew@ti e ha i clicbr pdr abrgonehlt aavsdhgr abakizarny refpeandiurg! y, a wat ch
inparted with both the beauty of an anal ogue=npde watch and the

mul ti funct ideéndsney Bndéiral- podehwaschncampbeagedyi d8de Sameheoddher
hand, when used as a displ| ay gart of an el ectroni c nmenorandum book or a

pot abl e telRdnsst g BXAMPTE H<sURar UBaet erThe slbaiid ¢rYSE2hOPOLlyRer
extrenmely conpact el ectroni c nmenprandum book or a paotable_television with
hi gh vi si bi95qSHCS0F JRLFrOVE dB. PRPaPEFciRaPI FRENESE S REBFBorEt ed with a

solar battery can be used o frouble in rupnifg doun,of, paptery.
(products by Merck Limited) in a mixing ratio of 8:2 was
used as a liquid crystal. A chiral ligquid crystal was
prepared by mixing 98 wt% of this liquid crystal mixture
with 2 wt% of the following compound as a chiral component

‘w) with. each other.

CaHﬁQ"@‘@“C?H-O(ﬁ\CgHy
CHs O °

With 96.3 wt% of the resulting chiral liquid crystal, were
mixed .61, M370 and M483 (products by Mitsul Toatsu

Senryo: as dichroic dyes in amounts of 1.2 wt%, 2 wt% and



The display el enent and apparatus of the present invention can alﬁo e used
as am on-vehicle type of meter 0 8 MAY ~0~~ - 111 panel with aUgbdfAY 2002
visibility. For exanple, a conventional anal ogue-node di splay apparatus is
used as a panel to be placed on the backside, a reverse PDLC is placed on
the surface of the display apparatus, and then the back display is |ighted
up by the back light and the front display elenent is lighted up fromthe
front side (which may not be necessary idvdday tine); as the result, the
front display is stood out on the display of the backside. Thus, a display
~.vith an excellent visibility can be provided. As thus described, since
the display elenment of the o=esenL invention can be placed on a
conve~tior_al nechanized :peter, the application range of the present
invention is very wide. The el ectronic apparatus of the present invention
is essentially reflective type) and can be seen better as the circunstances
become brighter. Therefore, they does not have the defects which the
el ectroni c @nbave® useespecsevedyi s§Pofivepe aHﬂsﬁééRsFiﬁﬁPetﬁbér ul d have.
Tn addition, in the case where a display el enent using.a go ventéonal back
iR i

light type biquid|erysteleypRe dihisrguedt M¥at 1¥PFi quttPerys¥at®is pl aced
onLne beckeide o1 e, dLgpLay, SheHent ol e pLES LByl 0be g7 | evel
%, r ,Sb\tn ?L?gﬁ%&fﬁgﬁ:?p arat us comylsi N, A i SRIAY SRPALALYSsiae¥dng a
panel and sealed. The UV ray (300 to 400 nm, 3.5 mW/cm2)
) was irradiated to this pénel from the substrate 1 side at
50°C, to polymerize the polymer brecursor in the liquid
crystal: thus a display apparatus of this embodiment was
accomplished. This display apparatus was subjected to a

non-glare treatment and an anti-reflection treatment on 1its

surface. These treatments is not always necessary.

This display apparatus was determined for its
reflectance in the absence of an applied electric field in
the same manner as Example 13. As the result, the

\‘) . reflectance was 2% at 50°C and 3% at 20°C. When a driver
for ligquid crystal driving and a controller circuit were
connected to the display apparatus, the computer screen
could be displayed brightly wich good contrast. Off course,
the dispiay apparatus can also be used for terminals for-
televisions or game machines. If a color filter 1is

incorporated to display element, a bright color display can

be given.

As -he chiral component to be used in this embodiment,

any one may be used so long as it has a small temperature



and a separate display elenent displaying a second information, said
di splfay el ement conprising a liquid crystal and pol ymer medi um f@dndy 2002
between a pair of spacially supported substrates, said substrates each
having an el ectrode on one surface thereof and neans for applying an
electric field across said nediumvia said el ectrodes wherein said nmedi um
is placed in a light transm ssive state in the absence of the applied
electric field and is placed in a light goattering state in the presence of
the applied electric field, said electronic apparatus displaying a
superinposed i nformati on of both the second information of said display
el ement by light scattering and the first information of said display
apparatus, said electronic apparatus further conprising a refractive |ayer
posi ti oned between said display el ement and said di spl ay appar at us.
Repl acenent sheet on ~ a MAY 2002 - 113 2. The el ectronic apparatus
according to Claiml1l wherein said polyner portion contains at |east one of
the fol |l ow mipporpEnguisin thiral pitch. , Img@articular, tie chirdl-~=}~ | ~
i%s .1"'" , , -" , ~~ _1. ., 015 ".y'CQv . r,~".

component exhibiting a changing rate in chiral pitch of 20%

or less within use temperature range where the display
element is used is more preferable. If the changing rate
in chiral pitch is over 20%, the display contrast becomes
remarkably decreased due to the temperature change during
the display element is used. Exémples of the chiral
component to be used in this embodiment include the

following compounds:

C8H170—©@—O—CH2¢HCH2CH(CHa)z
) OCHs3

CaH170—~0~0-0-C H-CHo0CCs Hi:

Chs O

caHn'OO—cj'iH-CHzochs-
' O CHsj



- S T DA YIS SR A ~',~1 SR U?NAY‘?MZ

. ~ .., , 1 L, ~" , i. ~.,; ~y ~"o~w, Y~
T e R R e TR ,I; 1", ~sr ~ : ,~| ;
S - U o I ~~~'-~I e
o~ 0~ o~ =T, ;__s =ty s aiw~ g
2 ~y ( D y,..ar ~~~' ~~ ; ~' S " ' repl acenent sheet
on _ ~ MAY 27~~~4 - 114 wherein R'ané3§ are respectlvely either H or

CH.sub.3: B, B and B" are respectively any one of OCO COO OCONH, NHCOO,
CONH, NHCO --C.ident.C -, an alkyl group, O Nor S; and A sub.l and
A.sub. 2 are respectively a group contalnlng an aromatic ring conprising
phenyl , bi phenyl, terphenyl qu erphen napt#el ene and ant hracene with
substitution t erge 15@ éér}d%p é:@sHs@@ Cf4 H@al ogen, al kyl

group and cyano- gr oup.

CH3 O
CanOO—-CH'z(I)HCHzO(':,CgHy
CHs . ©
) *
CgHHOO—CHzQH—OCg Hg
CHs
CoHig O—@-@O Cr{oCH—OCC4 Hg
CH3 O
)

CeH170-O-0O-0- CHzCH—OCCHzCH (CH
CHy §

1)2

m%:oo-omi{:%g@ H~0 C1 Hs
CHs OCHa

CsH 11 0—O~O-0 C)Hsz+<3CC”+‘C2Pt
CHa OCH:



3. The el ectronic apparatus according to Caim1l wherein one of th ai d
substMates includes a reflective surface. 4. The el ectronic appar a%ué MAY 2002
according to Caim1 further conprising a |ight -absorbing reflective plate
positi.oned on a back surface of sai.d display elenent. 5. The electronic
apparatus according to Claim4 wherein said |ight absorbing reflective

plate conprises a solar battery. Repl acenent sheet on p 8 MaY zoaz - 115

6. The el ectronic apparatus according to Claim1l wherein said refractive

| ayer is transparent. 7. The el ectron-c &@paratus according to Caim1l
wherein said liquid crystal and pol ynmer nmediumincludes a dichroic dye. 8.
The el ectronic apparatus according to Claiml wherein the liquid crystal
portion includes a dichroic dye. 9. The el ectronic apparatus according to
Claim2l1l wherein said polyner is in a formselected fromthe group

consi sting of independent particles chain connected particles, coupled

particles, and particle_ aggregate J;_g The, el ectrgni ¢ apparatus accordi ng
to Caim1l wherei leégnistﬂ "'é“@ &t Hn QK@T@JICWHE el ectronic
apparatus according to Caiml ?er@n sai d éolyrrer di spersed in the liquid
crystal portion in the form of dropfFets.

CaH130—©90—©§0-5H-CH20‘C‘—©—09-@—OC6Hls
0 0 0 0

Besides them, CNL611, CNL621, CNL617, CNL616 and CNL6&23
(products by Asahi Denka Kogyo, X.K.) and so on can also be
used. The multiple system of chiral components, as

indicated in Example 15, may also be used.

As the liquid crystal and polymer precursor, those

indicated in Example 1 can be used.

The thickness of the liquid crystal/polymer laver 1is
preferably 3 to 10 um. Too thin layer leads a low
scattering property, whereas too thick layer not only makes
the required driving voltage higher but also leads a

decrease in contrast; which are practically disadvantageous.

The active element to be used in this embodiment is not
limited to the MIM element indicated in this embodiment,
and those which have a transistor structure, such as
polysilicone TFT elements and amorphous silicone TFT

elements, those which have a MIM structure, ferroelectric



Repl acenment sheet on 0 8 MAY 20Q2 - 116 12. The el ectroni c apparatus
according. to Claim1 wherein a non-glare, antireflecting surface i(F B MAY
provided on orie surface of said display elenent. 13. The electronic 2002
apparatus according to Claim1l wherein a colour filter is enployed on a
surface of one of said substrates in contact with liquid crystal and

pol ymer nmedium 19. The el ectronic apparatus according to Caim1 wherein
said display elenent further conprises a plurality of active elenents
formed on a surface of one of said substFdtes in contact with said liquid
crystal and pol yner medi um Repl acenent sheet on p 8 MAY 2042 - 117 15.
The el ectronic apparatus according to Claiml wherein said liquid crystal
portion contalns at | east one of the follow ng conpounds: - r:a: ;:; .
-~~~ "' T~~~ L =T, .

elements may be used. The number of the active elements to
be used is not also limited to the number indicated in this
embodiment, and it may determined according to the intended
use. Off course, if without active element, the display

:) element of this embodiment can be operated by a simple

- matrix type drive or a static drive.

In this embodiment, the reflective electrode 7 may be a
transparent electrode, and a reflective layer or a solar
battery may be placed on the backside of the display
element. The reflective layver may be imparted with a light

scattering property.

\;) . (Comparative Example 13) This embodiment is a display
apparatus fabricated according to the process of Example 18,
except using only a chiral compound having a positive
temperature dependency in chiral pitch as the chiral
component. That is, 2.5 wt% of CBl5 (a product by Merck
Limited) as a chifal component was mixed with the liquid
crystal. Other materials and fabrication conditions

employed were same as those of Example 18.

The display element thus fabricated was determined for
its reflectance in the absence of an applied electric field.

As the result, the reflectance was 2% at 50°C and 5% at
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20°C.
(Example 19) This embodiment is a display element which

contains no dichroic dye and wherein a liquid crystal and a
polymer are orientationally dispersed to each other,
wherein chiral component having-a small temperature
dependency in chiral pitch is used. A void panel with no
active element was fabricated in the same manner as Example
5. The liquid crystal/polymer precursor mixture to be put
into the void panel is explained as follows. A mixture of
RDP80616-2 (a produce by Rodic Inc.) and ML1009 (a product
by Merck Limited) in a mixing ratio of 7:3 was used as a
liquid crystal. A chiral liguid crystal was prepared by
mixing this liquid crystal mixture with 2 wt% of CNL617 (a
product by Asahi Denka Kogyo, K.K.) as a chiral component
with each other. The resulting chiral liquid crystal was
mixed with 4 wt$% of methyl terphenyl methacrylate as a
polymer precursor. The resultant was put into said void
panel and sealed. The UV ray was irradiated to this panel
at 50°C. Thus, a display apparatus of this embodiment was
accomplished. This display apparatus may be subjected to a

non-glare treatment or an anti-reflection treatment on 1its

surface.



V.t~ "~ 1 ,'1n Repl acenent sheet on 0 8 MAY ~OD2 - 118 wherein pn_is an
integers R represents an al kyl, al koxy, cycloal kyl or cycloal koxy gﬁbﬁpNAY 2002
R sub.l and R sub. 2 independently represent an al kyl, cycl oal kyl, al koxy or
cycl oal koxy group or Hor F. and X represents H F, ClL or CN. 16. The
el ectroni c apparatus according to Caim 14 wherein said active elenents are
sel ected fromthe group consisting of TFT, MM transistor and
ferroelectric elenents. |7. The eIechogyg apparatus according to Claim1,
wherein said display elenent is selecte romthe group consisting of a
wat ch, an autonobile nmeter display panel, an el ectronic nmenorandum book and
a display of a donestic electric product. 18. The el ectroni c apparatus
according to Claim1l, wherein said refractive layer has a high refractive
index, and is selected fromthe group consisting of ITO glass materials,
inorganic oxide, thin netal filnms, filnms of organic substances and
pol yners. Repl acenent sheet on p 8 MAY ~OQ~ - 119 19. The el ectronic
appar at us accor@ihg dbsElayneppaberesnweai plbecedi withy st slolieacbadsery
chiral component. 20. The el ectronic apparatus according to Cl aim 19

on its backside to give a reflection-type of display

element. The resultant was determined for its reflectance

in absence of an applied electric field in the same manner

as Example 18. As the result, the reflectance was 1% at
~ 50°C and 3% at 20°C. When an electric field was applied,

the display element could be used for a segment display for

a watch.

In this embodiment, no active element was used.
However, if used, same effect might be given. In such case,
the liquid crystal having a good retentivity should be used,
as shown in Example 1. It is preferable to use, for
example, TL202, TL204, TL205, TL213, TL215, TL216 and so on
(:) as a base. If incorporating with a color filter, a bright
) color display can be providea. In the case where no active
element is used, any material may be employed as a liquid

crystal so long as it shows a nematic type liquid crystal

phase.

The thickness of the liquid crystal/polymer layer is
preferably 3 to 10 pm. Too thin layer leads a low
scattering property, whereas too thick layer not only makes
the required driving voltage higher but also make decrease

in contrast; which are practically disadvantageous.



wherein a pitch of said chiral conponent in said mediumis substantially

the sanme as the pitch in liquid crystal portion of said |iquid crys
pol yner medium 21. The el ectronic apparatus according to Caim19 Qﬂi?@ﬂﬁme

said chiral conponent conprises a | ow nol ecul ar weight chiral conponent and
a chiral polynmer precursor, said chiral polymer precursor is incorporated
into the polyner portion of said liquid crystal and pol yner nmedi um and sai d
| ow nol ecul ar wei ght chiral conmponent—i SJilncerporated into the liquid
crystal portion of said liquid crystal and pol yner nmedium 22. The

el ectroni c apparatus according to Caim 19 wherein said chiral conponent
exhibits a variation of ‘chiral pitch not exceeding 20~ of an operating
range of tenperature for the display el enent. Repl acenent sheet on - 120
23. The el ectronic apparatus according to Caim 19 wherein said chiral
conponent conprises at |east two chiral conmponents exhibiting an opposite _
t enper at ure dependency_in_chiral Eitch relative to each other. 24. The

el ectroni ¢ appaFat$ceddcof dFRg 8lerabPartentier 8i ALGRCTAPSETPANEr YE¥VEE and

pol ynmer nmedi um i ngc| udes a_conpound_exhi biting a fluorescence guantym yield
"n the visi#i 7 bt oTSRUECHOYE LAMATOMSYaRS PLafRSy Pdedhenears i um

i f .| h 60 . I i di

(D o Arount oLy oL Lt Daeg . 22 ThR, SLest 0TS ampet Ly, accaei o
i Si i I t k in_it | g¢ bLi . 26.

comr 15110 8. 02he0y o0, L8l a0g. oK ehon hobt s, ! Beul L, comRiiLon, 26,

terphenyl:%g%é%ég&ﬂg\éﬁsanpigg éfeﬁQ”?QQEElon inthe liquid crysta
about 10-. :

pof)ion i n an anount™ not exceeding

In this embodiment, other materials and fabrication
conditions were same as those of Example 18. The chiral
components shown in Example 15 may also be used in this

embodiment.

(Comparative Example 14) This embodiment is a display
apparatus fabricated according to the process of Example 19,
except using only a chiral compound having a positivé
temperaturé dependency in chiral pitch as the chiral
component. That is, 5 wt% of CBl5 (a product by Merck
Limited) was mixed with the liquid crystal. Other

materials and fabrication conditions employed were same as

those of Example 19.

The display element thus fabricated was determined for
its reflectance in the absence of an applied electric field.
As the result, the reflectance was 1% at 50°C and 3% at

20°C.




Repl acenent sheet on 0 8 MAY ~~"!'~ - 121 27. The [

LC¢ _ _ ! . el ectroni ¢ appar at us
accor'ding to O aim 24 wherein said polymer portion includes sai 8pcom3)
conprising a biphenyl or tolane skeleton in its nolecular conposition.
The el ectronic apparatus according to Caim 24 wherein said conpound has a

t er phenyl

skeleton in its nolecul ar conmposition in the polymer portion

anA%;DuPt not exceedi ng about 10-~. .AY.QB
€. A, 9.A.y.ANfe.A,{.A,[.A.AU.A.AnR;A9 f.Ay. Ar. Aa
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(Example 20) This embodiment is a display apparatus
combining a display element in which a liquid crystal
containing dichroic dye is orientationally dispersed in a
polymer gel network with active element, wherein a chiral
component having a small temperature dependency in chiral
pitch is incorporated. A void panel with formation of TFT
element was fabricated in the same manner as Example 2.

The liquid crystal/polymer precursor mixture to be put into
the void panel is explained as follows. A mixture of TL205
and BL007 (products by Merck Limiﬁed) in a mixing ratio of
7.3 was used as a liquid crystal. A chiral liquid crystal
was prepared by mixing 98 wt% of this liquid crystal
mixture with 2 wt% of CNL611 (a product by Asahi Denka
Kogyo, K.K.) as a chi;al component with each other. with
96.3 wt% of the resulting chiral liquid crystal, were mixed
M361, M370 and M483 (products by Mitsui Toatsu Senryo) as
dichroic dyes in amounts of 1.2 wt%, 2 wt% and 0.5 wt%,
respectively, to give a guest-host type chiral liquid
crystal. With 97 wt% of this guest-host type chiral liquid
crystal, was mixed 3 wt#% of C6H (a product by Philips
Corporation) as a polymer precursor. The resultant was put
into said void panel and sealed. The UV ray (300 to 400 nm,

3.5 mwW/cm2) was irradiated to this panel from the substrate

"y 2002

in
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(Comparative Example 15) This embodiment is a display

)’ apparatus fabricated according to the process of Example 20,
except using only a chiral compound having a positive
temperature dependency in chiral pitch as the chiral
component. That is, 2 wt% of CBlS5 (a product by Merck
Limited) as a chiral component was mixed with the liquid
crystal. Other ma;erials and Zfabrication conditions

employed were same as those of Example 20.

The display element thus fabricated was determined for

its reflectance in the absence of an applied electric field.

(:) As the result, the reflectance was 3% at 50°C and 10% at
20°C.
{Example 21) This embodiment is a display element in

which a liquid crystal containing no dichroic dye 1is
orientationally dispersed in a polymer gel network, wherein
a chiral component having a small temperature dependency in
chiral pitch is incorporated. A void panel into which a

liquid crystal/polymer precursor mixture was to be put was
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fabricated in the same manner as Example 5. The liquid
crystal/polymer precursor mixture to be put into the void
panel is explained as follows. BL007 (a product by Mexrck
Limited) as a liquid crystal was mixed with 10 wt% of CM22
(a product by Chisso Corporation) and 2.5 wt% of CB1l5 (a
) product by Merck Limited) as chiral components, to give a
chiral liquid crystal. The resulting chiral liquid crystal
was mixed with 3 wt% of C6H used in Example 3 as a polymer
precursor. The resultant was put into said void panel and
sealed. The UV ray was irradiated to this panel at 50°C.
The display element thus fabricated may be subjected to a
non-glare treatment or an anti-reflection treatment on its

surface.

On the backside of this display element, a solar
{t) battery was placed, to give a reflection type of display
elemeqt. The resulting display element was determined for
its reflectance in the absence of an applied electric field
’ in the same manner as Example 1. As the result, the

reflectance was 2% at 50°C and 5% at 20°C.

As the chiral component to be used in this embodiment,

those which were indicated in Example 15 can be employed.

As the liquid crystal, polymer precursor, a void panel

and octher fabrication conditions, those indicated in
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Example 19 can be employed.

(Comparative Example 16) This embodiment is a display
apparatus fabricated according to the process of Example 21,
) e#cept using only a chiral compqund having a positive
temperature dependency in chiral pitch as the chiral
component. That is, 5 wt% of CB1l5 (a product by Merck
Limited) as a chiral component was mixed with the liquid
crystal. Other materials and fabrication conditions

employed were same as those of ZIxample 21.

The display element thus ifabricated was determined for
its reflectance in the absence of an applied electric field.

As the result, the reflectance was 1% at 50°C and 3% at

O 20°C.

(Example 22) This embodiment 1is color display apparatus
with a color filter, wherein the embodiments described
above are applied. Fig. 7 is a simple, partial sectional
view of a void panel used in this embodiment, in which a
color filter is formed. The materials other than a color
filter and fabrication conditions were same as those of

each embodiment. , In this embodiment, dichroic dye was not
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added. However, for the purpose of improving display
contrast, dichroic dye may be added to the color display
apparatus. When a liquid crystal driver for color display
was connected to this color disvplay apparatus to be used as
a computer terminal, color display was provided with good
contrast. Off course, the display apparatus can also be

used the display of watches, televisions or game machines.

As the construction or composition and the fabrication
conditions of the chiral component, liquid crystal/polymer
layer, void panel to be used in this embodiment, those
indicated in Examples 1 to 21. The color display element
of this embodiment can also be applied to the electronic

apparatus as describe below.

As for the color filter to be used, one having a

C

lighter tone than‘the conventional transmission-type color
filters can give a brighter display. The colors to be
displayed in this color display apparatus can be freely
select from the colors which can be displaved in a color
display, such as three primary colors (i.e. red, blue and

green) and yellow, cyan, magenta and so on.

As for the position where a color filter is to be
formed, in this embodiment, a color filter was formed on

the liquid crystal-contacting side of the substrate 1
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positioning in the display side of the display apparatus.
However, the color filter may also be formed on the
substrate 8. From viewpoint of the required driving
voltage, it is preferable to form the color filter between
a substrate and an electrode. A transparent electrode may

) be formed on' the color filter.

In the case where the color filter is formed on the
substrate 1, the color filter should be made of a material
which can transmit UV ray used for the polymer precursor

polymerization.

The active element is not limited to the TFT element
indicated in this embodiment, and other TFT elements having
other structures, transistors, MIM elements, ferroelectric
elements and the like may be used. As the substrate to be

/:) formed with such active element thereon, can be emploved,
for example, semi-conductors such as glass, silicone,
arsenic gallium and germanium, other inorganic substances
and organic substances such as plastics. In the display
element aécording to the present invention, all of a
driving driver and a controller can be built or set into
the substrates. Therefore, by using the display element, a

display apparatus can be fabricated in extremely low cost.
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(Example 23) - This embodiment is electronic memorandum
book, which is one kind of information processing
apparatuses, incorporated with the display elements any of
the above-described Examples and Comparative Examples as
the display. Fig. 8 is a simple sectional view of the

) information processing apparatus according to this
embodiment. A display element was fabricated according any
of above-described Examples or Comparative Examples, and
then placed with a solar battery on its backside. When the
electric power of the solar battery was connected to the
power source of the electronic memorandum book, its
visibility became improved, and furthermore the amount of

time the electronic memorandum book could be used became

remar<ably increased.

") I~ the electronic apparatus of this embodiment, the
solar battery may be connected to a storage battery built
in the apparatus to store the electric power produced by
the solar battery in the storage battery, by which the
electronic apparatus can be operated effectively even in

the cark circumstances.

T~ the conventional electronic memorandum book, since a

solar battery occupies a large space, the design and size
have =Zeen limited. In the electronic memorandum boock

accorZing to this embodiment, on the contrary, since a
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display element used is almost transparent, a display panel
can be superposed on a solar battery, resulting in
realization of an extremely compact electronic memorandum

pook with no trouble in running down of battery.

) This display apparatus may be placed with an
information input device such as.a tablet or a touch-type

vanel on its surface of backside.

(Example 24) This embodiment is a watch, which is one
xind of information display apparatuses, incorporated with
the display element of any of the above-described Examples
and Comparative Examples. .In particular, this embodiment
is watch in which the display element is used as a

\‘)‘ clockface. Fig. 9 1s a simple sectional view of the
information display apparatus according to this embodiment.
A display element with a hole in the center was fabricated
according one of above-described Examples or Comparative
Examples. A solar battery was piaced on the backside of
the display element, and then pointers were set through the
axis of an analogue-type watch, whereby a hybrid-type watch
was accomplished. The resulting watch can show a good

display property with an extremely high visibility.

In the display apparatus of this embodiment, the solar



| f110% & ()-109B& ()-t  109B& ()-s

109& () - s109B& ()-!$ys*10% B'B& () - 3G GGGHHHHHUj @ 10 ! F9% 10% & (%-BE@?B
10B 10B/! 109B& () -z& 109B& ()-! (s’ 10%& ()-, 109B& ()- MHHHQ 1JJ}[ 9} @1 04082
#10% / & ()-1S3M 10% / & ()-f!18&10% /& ()-'Nt!10% /& ()-0l 3

10% & () - Y10% & () - JK| KKKKKLL} oP1 109 ()- 9109 ()-Z 10// 10//

10/ /1 X481 10% / & ()-! @0! 10% / & ()-! E(- &10% / & () - LLLL$M MHEOP1

1098 109& () - MLOY& () - 109%& () - @ 109&—( ) 110I& € - |

1 10% () - MM NNORO>0? 0z [ <11

battery may be connected to a storage battery built in the
apparatus to store the electric power produced by the solar
battery in the storage battery, by 'which the apparatus can

be operated effectively even in the dark circumstances.

:) This display apparatus could not be driven effectively
with the voltage supplied from the solar battery. However,
when a booster circuit was incorporated into the apparatus
and the voltage of the solar batterv was boosted to 5V, the

display apparatus showed an extremely bright display.

As one of the driving methods for this display
apparatus, the ground of the liqﬁid crystal driver may be
shaken in times to the driving timing. This method can
make the voltage applied to‘the display apparatus

\;) substantially double the source voltage. As the result, by
this method, the display elements described in the above
embodiments can be driven effectively and an extremely

bright display can be provided.

The display.elements of Zxamples described above are
fairly low electric power consumption type. In order to
further elongate the battery life of the watch, the watch
may be designed so that the display of the display element

is provided only in the switch-ON state.

In this embodiment, in stead of the solar battery, a
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light-absorbing plate may be used, by which the same level
of display can be provided. In this case, the driving

power source is only a built-in battery.

) (Example 25) Thié embodiment is watch, which is one
kind of information display appafatuses, incorporated with
the display elements of above-described Examples and
Comparative Examples. In particular, in this embodiment,
the display element is used as a cover glass of watch (see
Fig. 10). A display element was fabricated according one
of above-described Examples or Comparative Examples. A
solar battery was used as a clockface, and pointers were
set through the axis of an analogue-type watch, whereby a

\;) hybrid-type watch was accomplishéd. The resulting watch

can show a good display property with an extremely high

visibility.

In this embodiment, the constructions other than

described above was same as those of Example 24.

(Example 26) This embodiment is a portable television
as an information display apparatus, to which one of the

display elements of above-described Examples and
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Comparative Examples are applied (see Fig. 11). A display
element was fabricated according to one of above-described
Examples or Comparative Examples, and then placed with a
solar battery on its backside. When the resultant was
incorporated into a potable television body, a good display
) \ with an éxtremely high visibility could be provided, and
furthermore the amount of time Qhe television could be used

became remarkably increased.

In this embodiment, the constructions other than

described above was same as those of Example 24.

In the conventional portable information display

apparatus (i.e. television), since a solar battery occupies
a large space, the design and size have been limited. 1In

P the information displéy apparatus according to this

Q;): embodiment, on the contrary, since a display element used
is almost transparent, a display panel can be superposed on
a solar battery, resulting in realization of an extremely
compact electronic information display apparatus with no

trouble in running down of battery.

(Example 27) This embodiment is a display apparatus in
which the display elements of above-described Examples and

Comparative Examples are superposed on an arbitral display
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apparatus or a solar battery and a highly refractive layer
is placed therebetween. The electronic apparatus of this
embodiment is simply illustrated in Fig. 12. The display
element to be placed on a watch was fabricated according
one of above-described Examples or Comparative Examples.
,) This display element could be fully driven with a
conventional IC designed for waéch. This display element
was superposed on a dark clockface. In this time, on the
surface of the flat dark clockface, ITO (refractive index:
1.8) was vapor-evaporated as a highly refractive layer.
When date, time and Clock resistor function were made to
display on the two-layer type of display apparatus thus
fabricated, a digital display could be provided with large
letters on the clockface of the conventional analogue-type
- watch; which was highly functional and fashionable. The
brightness of this display apparatus became brighter by 1.5

times that of the apparatus without highly refractive layer.

In this embodiment, the constructions other than

described above was same as- those of Example 24.

The display apparatus of this embodiment can be used as
a display part of a meter for machine, a domestic electric
product and an electronic apparatus, as well as a wrist
watch and a table clock. This display apparatus may be any

type such as analogue mode, digital mode or hybrid mode.
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However, the clockface is preferably dark tone or
reflective type, so that the display of the resultant
becomes clear. When a solar battery is used as a clockface
and the electric power produced by the solar battery is
used as the driving power source of the apparatus, the life

) of the battery can be remarkably elongated.

This display apparatus can also be applied to a meter

panel of automobile.

As the material of the highly refractive layer to be
employved, besides ITO, any one may be used so long as it
has a high refractive index. Zxamples of such material
include glasses having high refractive index (e.g. FDSl, a
product by HOYA Corporation. refractive index: 2),

Q;) inorganic oxides, thin metal films, films of organic
substances and volymers (preferably films of those
containing manv aromatic rings such as terphenyl, perylene
and tetracene), and so on. As the position where the
highly refractive layer, those shown in Figs. 13 and 14 are

also effective.

This embodiment can be applied to on-vehicle meter
panels, other mechanized meters, displays of domestic
electric products and electronic apparatuses., and so on.

The use of this display apparatus enables to display both
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of an analogue display and a digital display in one display
window. Particularly, the massiveness of analogue display

is not impaired, and therefore this display apparatus is
suitable for the use where high quality is required. Off
course, if applied to a digital display apparatus {(such as
twisted nematic type liquid crystal element, LED, VFD,

plasma display and so on), this display apparatus can

provide the same effect.

({Example 28)

This embodiment is a display apparatuslusing the
display apparatus and a display element of Example 23, in
which a liquid crystal layer containing dichroic dye is

"placed between the display apparatus of lower side and the
display element of upper side (see Fig. 15). The layer
containing dichroic dye is explained as follows. A pair of
transparent substrates with electrodes were subjected to an
alignment treatment. Then they were fixed at their ‘
peripheries with keeping a 7 pum gap (which being suitably
adjusted according to the intended use) therebetween.

Into this gap, a liquid crystal (a mixture of ZLI1840 (a
product by Merck Limited), S344 (a product by Mitsui Toatsu

Senrye) and CB1l5 (a product by Merck Limited) in a mixing
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If the display of the display element of the frontside
is intended to clear, the electric field is controlled to
render the liquid crystal layer containing dichroic dye to
a light-absorbing state, so that the display stands out by
the light scattering. In this case, in stead of the
reverse PDLC, a conventional PDLC may be used. On the
other hand, if the display of the display apparatus of the
backside, the electric field is controlled in the opposite

way to the electric field control described above to make

the layer containing dichroic dye transparent.

The liquid crystal laver containing dichroic dye is not
limited to the liquid crystal having a positive dielectric
anisotropy indicated in this embodiment. and liquid
crystals having a negative dielectric anisotropy may also
be used. In such case, it is preferable to apply a
homeotropic treatment to the surface of the substrates
sandwitching the liguid crystal, by which, contrary to the
case described above, the liquid crystal layer becomes
transparent in the absence of an applied electric field and

absorbs light in the presence of an applied field.
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This embodiment can be applied to the on-vehicle type
\4) of meter panels, other mechanized meters, displays of
domestic electric products and electronic apparatuses, and
so on. The use of this display apparatus enables to both
types of displays of analogue mode and digital mode in one
display window. Particularly, the massiveness of analoéue
display is not impaired, and therefore this display
apparatus is suitable for the use where high quality 1is
required. If a panel according to Example 2 or Comparative
Example 2, in which a transparent electrode is used instead
. of the reflective electrode, is superposed on an analogue
\;) meter, as shown in Fig. 17 as an application example, the
resulting display apparatus can be used as a display for
the on-vehicle tvpe of car navigation system, television or
video projector. In such case, a car driver can see the
display during driving with hié face to the car-running

direction, and therefore can drive extremely safely.

If applied to a digital-mode display apparatus (e.g.
twisted nematic type liquid crystal element, LED, VFD,
plasma display, etc.), the display apparatus of this

embodiment can give the same effect.
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Industrial Applicability

As described above, according to the present invention,

when a PDLC or a reverse PDLC is applied to the use where a
,) haze is likely to stand out, an adegquate amount of dichroic
dye is added to a liquid crystal and the material having a
slow fluorescence quantum vield, which can correct between
the twist of the liquid crvstal layer before polymerization
and that after polymerization or which has a small
temperature dependency is used; by which a haze can be
reduced and the visibility can also be improved. The haze
reduction technigque of the present invention is extremely
effective for the use where fashionability is made in;o
great account, such as watcn. . For example, in a wrist
watch, when.the reverse PDLC is placed as a clockface or a
cover glass, the haze on the PDLC panel becomes a}most
inconspicuous and a high contrast can be provided. On the
other hand, by superposing the reverse PDLC on a
conventional display apparatus or a solar battery'directly
or through a highly refractive layer, a bright,
multifunctional electronic apparatus with a high visibility

can be fabricated.

The use of the display element or apparatus of the
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element and apparatus are compact and show a high
visibility and low electric power consumption. For example,
" due to this technique, the reverse PDLé comes to be used as
a caover glass or a clockface of an analogue-mode watch
incorporated with a solar battery. Accordingly, a watch
impartéd.with both the beauty of an anaiogueJﬁode watch and

the multifunctionality of a digital-mode watch can be

provided.

On the other hand, when used as a display part of an
)) elect;onic memorandum book or a potable television, even if
a solar battery is built in or not, an extremely compact
. electronic memorandum book or a potable television with
high visibility can be provided. Particularly those

incorporated with a solar battery can be used with no

trouble in running down of battery.

The display element and apparatus of the present

invention can also be used as an on-vehicle type of meter
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surface of the display apparatus, and then the back display
is lighted up by the back light and the front display

) . element is lighted up from the front side (which mayv not be
necessary in day time); as the result, the front displayv is
stood out on the display of the backside. Thus, a display
with an excellent visibility can be provided. As thus
described, since the display element of the present
invention can be placed on a conventional mechanized meter,
the application range of the present invention is very wide.
The electronic apparatus of the present invention is
essentially reflective type, and can be seen better as the

) . circumstances become brighter. Therefore, they does not
have the defects which the electronic apparatuses of self-
emission type and back light type would have. In addition,
in the case where a display element using a conventional
back light type or reflective type of twisted nematic
liquid crystal is placed on the backside of the display

element of the present invention, same level of effect can

be given.
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a display apparatus displaying a first information
and a separate display element displaying a second
information,
said display element comprising a liquid crystal
and polymer medium formed between a pair of
spacially supported substrates,
said substrates each having an electrode on one
surface thereof and means for applying an electric
field across said medium via said electrodes
wherein said medium is placed in a light
transmissive state in the absence of the applied
electric field and is placed in a light scattering
) state in the presence of the applied electric
field,
said electronic apparatus displaying a
superimposed information of both the second
information of said display element by light
scattering and the first information of said
display apparatus,
saild electronic apparatus further comprising a

refractive layer positioned between said display

element and said display apparatus.
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4. The electronic apparatus according to Claim 1
further comprising a light absorbing reflective

plate positioned on a back surface of said display

element.

5. The electronic apparatus according to Claim 4
wherein said light absorbing reflective plate

comprises a solar battery.
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6. The electronic apparatus according to Claim 1

wherein said refractive layer is transparent.

‘) 7. The electronic apparatus according to Claim 1
wherein said liquid crystal and polymer medium

includes a dichroic dye.

8. The electronic apparatus according to Claim 1
wherein the liquid crystal portion includes a

dichroic dye.

9.\ The electronic apparatus according to Claim 1
wherein said polymer is in a form selected from the
group consisting of independent particles chain

) connected particles, coupled particles, and

particle aggregates.

10. The electronic apparatus according to Claim 1

wherein said polymer is a gel network.

11. The electronic apparatus according to Claim 1
wherein said polymer dispersed in the liquid

crystal portion in the form of droplets.
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crystal and polymer medium.

14. The electronic apparatus according to Claim 1
wherein said display element further comprises a
plurality of active elements formed on a surface of
one of said substrates in contact with said liquid

crystal and polymer medium.
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N and R.sub.2 independently represent an alkyl,
) cycloalkyl, alkoxy or cycloalkoxy group or H or
F; and X represents H, F, Cl or CN.

16. The electronic apparatus according to Claim 14
wherein said active elements are selected from the
group consisting of TFT, MIM, transistor and

ferroelectric elements.

17. The electronic apparatus according to Claim 1,
wherein said display element is selected from the
) group consisting of a watch, an automobile meter
display panel, an electronic memorandum book and a

display of a domestic electric product.

18. The electronic apparatus according to Claim 1,
wherein said refractive layer has a high refractive
index, and is selected from the group consisting of
ITO, glass materials, inorganic oxide, thin metal

films, films of organic substances and polymers.
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19.

21.

22.

The electronic apparatus according to Claim 1
wherein said liquid crystal includes a chiral

component.

The electronic apparatus according to Claim 19
wherein a pitch of said chiral component in said
medium is substantially the same as thé pitch in
liquid crystal portion of said liquid crystal and

polymer medium.

The electronic apparatus according to Claim 19
wherein said chiral component comprises a low
molecular weight chiral component and a chiral
polymer precursor, said chiral polymer precursor is
incorporated into the polymer portion of said
liquid crystal and polymer medium and said low
molecular weight chiral component is incorporated
into the liquid crystal portion of said liquid

crystal and polymer medium.

The electronic apparatus according to Claim 19
wherein said chiral component exhibits a variation
of chiral pitch not exceeding 20% of an operating

range of temperature for the display element.
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wherein said chiral component comprises at least
two chiral components exhibiting an opposite
temperature dependency in chiral pitch relative to

) each other.

24. The electronic apparatus according to Claim 1
wherein said liquid crystal and polymer medium
includes a compound exhibiting a fluorescence
quantum yield in the visible region of not more
than 0.3 and is provided in said medium in an

amount of not less than 60 wt %.

25. The electronic apparatus according to Claim 24
') wherein said liquid crystal portion includes said
compound comprising a biphenyl or tolane skeleton

in its molecular composition.

26. The electronic apparatus according to Claim 25
wherein said compound has a terpﬁenyl skeleton in
its molecular composition in the liquid crystal

portion in an amount not exceeding about 10%.
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27. The electronic apparatus according to Claim 24
wherein said polymer portion includes said compound
comprising a biphenyl or tolane skeleton in its

molecular composition.

28. The electronic apparatus according to Claim 24
wherein said compound has a terphenyl skeleton in
its molecular composition in the polymer portion in

an amount not exceeding about 10%.



