Linghd. Crystal Apparatus Technical Field The present invention relates

ge ally to liquid crystal apparatus and, nore particularly, to qﬁppﬁ\?éﬂ_b
conmprising liquid crystal and a containnment nmedium Mor eover, " the

i nvention 5 relates to devices using such apparatus. BACKGRO UND OF PRI OR
ART Liquid crystals currently are used in a wide variety of devices, C
I ncl udi ng optical devices such as visual di"sﬁl ays. Such devices usually
require relatively | ow power and have satisfactory response tinme, provide

10 reasonable contrast, and are nglatiye guﬁpgnonggal. The property of
liquid crystals enabling use, for exanﬁLerLrn—vr%§%¥—§¥splays, IS the
ability of liquid crystals to transmt |ight on one hand, and to scatter

|l ight and/or to absorb light, on the other, in dependence on whether the
liquid crystals are in a relatively fr@echidical mieggergi zed or field off
state or in a strictly aligned, 15 I.e. an-energized or field on-state,
e.g. with an electric field applied across the liquid crystal material. An

exanpl e of electrically Thespoessingeitventich ceysted gaméranipl coadgquidec £ eaeof
i's provided in U appaPat&tand, 3gcret batn ldaypg . crystal nateri I,
responsi ve to te or atﬁre,a changiengé_gﬁflﬁ{:a? %’ha{:roagk’garriast ;gccs?mpﬁlsrlﬁp]gill‘ié‘égto
tenperature of tH&YSEghi #°dr &t &Pneginmepht @efiym. Th¥oriegvemt i bhe ofinvéreion

present appliZationlaitss diccdbosrd bermy 8aéH appithscul arly with reference to
use of liquid crystal material that is particularly responsive to electric
field. Currently there are three cRAQBGRAUHND ORPRIOR ART materials, 25 ¢,

namely chol esteric, n slaC 1 p sk nyent:lQn,of e .
present application r%@lgs ﬁ%%eﬁﬂé%ég¥egﬁeeg%%g§n%n;é eggriv%relawge?fov?ef’f)ca'
use of nematic |iigglufing yepticalngieniqes| sugh tas yisuahbdisplaysn oFuche devicesangually
some chol esteric WeMel ' |G [ a0 s

enpl oyed with var%ﬂgeoﬁg or o%géq{)#: Qmmﬂrﬂ%% %%ésgi%%t%ﬁ qﬂl}%g&gére ygtng? ’yg,%%?e
material or tHnbifeasenable qeateant, andhare eelabiyslit karaemidalst Toe ppperty of liquid

chol esteric, nenairystaldnabBAE el YBEex@npledil VisuaY Asplay i€ ithelabfi€y of liquid
" crystals to transmit light on one hahd, and to scatter light and/or to absorb .
light, on the other, in dep.endence on whether the liquid crystals are in a
relatively free, i.e. deenergized or field off state or in a strictly aligned,
15  i.e. an energized or field on state, e.g. with an electrie field applied across
the liquid crystal material. An example of electrically responsive liquid
crystal material and use thereof is provided in U.S. Patent 3,322,485,
Certain liquid crystal material is responsive to temperature, changin
optical characteristics in response to temperature of the liquid crystj'-
20  material. S
The invention of the present application is disclosed hereinafter
particularly with reference to use of liquid crystal material that is
particularly responsive to electric field.
Currently there are three categories of liquid crystal materials,
25 namely cholesterie, nematic and smectic types. The invention of the
present appﬁication relates in the preferred embodiment described below to
use of nematic liquid crystal material or to a combination of nematic and
some cholesteric type. However, various principles of the invention may be
employed with various one or ones of the known types of liquid crystal
30 material or combinations thereof. The various characteristics of the
cholesteric, nematiec and smectic types of liquid crystal material are
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described in the prior_art. One known characteristic of liquid crystal @ g
P

material is that of-reversibility; in particular it is noted here that
n8mati c liquid crystal material is-known to be reversible, but cholesteric
material is not reversible. 5 . To enhance contrast and possi bly ot he¥
properties of liquid crystal material, pleochroic dyes have been m xed with
the liquid crystal material to form a soRution therewith. The nolecul es
of pleochroic nmaterial generally align with the nol ecules of the |iquid
crystal material. Therefore, such pleochroi¢ dyes will tend to function

optically in a nesseibed;in; fhg PE"(S’"lB"t-t h§neXNPKB ehagarieristitse Il‘%‘&fieF‘DéFall n
response to a chp@eériyl ipanayTet @éve@mﬁSnthhﬁml iols %lé’@hcﬁ@lﬂht&ﬁéﬂn@ﬁcOf
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i nportant char acnatriesessiblef |1 qui d crystal material is anisotropy. 15

Ani sot r opi c terial ?‘Qa&h i G‘Joﬁilﬁfasphéﬁ%' ggésztﬁ F- Eﬂi% o S ik ﬁ‘ifsﬁgi

tions. For anple, I'rquid Crys S may Dbe op |so ropl c*suc
when the nol ecul@gt%:raé, pleoghrdic dyes é’ﬁve@etenéymsérw ﬂhieglmmtir%%frﬁlga#tﬁml

and, when they agge f@l-mg'aegoﬁ'ﬁ%nt %é’&%tl@at "ﬂx@ ‘?&olé&xl@s es:t rmeoéﬂrei@l material
thereacross l'i ght mag)1 be transmtted t st.al materlal

20 Li qui d §9npsal ﬂmérﬁhaq‘leénglﬁc% %%eﬂm%srﬁﬁﬂs@#%@l ggprefore,
exanpl e, the di eit@ﬁtmé&nﬁﬁésaﬁé%t wfmr ﬁ@l’fatﬂtﬁcixbﬂldp(ﬂic@.nysihad umtnewsa«huaauobe

on vaI ue whg rm ecul es_are aII to the el ri
fierd and may® h {}‘é‘t 3% g#’]? f swé‘n‘i’-‘f' 5’&1"1 REPFP Gﬁ%g‘é‘l" ?ﬁflag' ; U§Pe
al i gned per pendlmlmphcman et enmsap:plioaeimh i ape emumeddeéléct rExamgl@e dafs

2function 25 GeBlAELy i LGHA DS BRELAICE ! Beddfibel e 15, Batents

"dielectric coef e usua el ectr
constant" | abel . 3.@917‘931&"‘1)3(5[5139%@5 are true for other types of liquid

crystals. Sone brief pgli &Fﬁ&ﬁn@%ﬁra@m&ww %ﬁiﬁ‘ﬁryﬁ@.?'rﬁﬁe?idl%'drﬁé&t@o y.
.crystal material is presented,in U S Patents 720, 623

2,800, 457, tHe 3bnisotepis, meferisdabas,diffgrantphusical, prppeeries, 18 (e ph oo
patent. In the paéris. dgvt @&smpse rugqmawydtans y@d)abs opitwhﬂyaﬁuyd:ﬁdpﬂc slichpthay
devi cos usi ng | YA U plotdfE 8FEteRuonfy, Briehfod HBEF perfie Benf Friapdn
a sign have not dndgnwhén ethtey bn_*erm&igneat deé¢ atd ozpglication afnanbeteatfic field
reasons. One rengibedse! fgfiiel td dhhsfiled oA ngLELIhR it Ui o
: 20 qumd crystal material also has electrical anisotropy. For example,

"~ the dielectric constant for nematic liquid erystal material may be one value
when the liquid crystal molecules are parallel to the electric field and may
have a different value when the liquid crystal molecules are aligned
perpendicular to an electric field. Since such dielectrie value is a function

25 of salignment, for example, reference to the same as a "dielectric
. coefficient® meay be more apt than the usual "dielectric constant” label.
Similar properties are true {or other types of liquid crystals,
Some brief discussion of encapsulation of cholesteric liquid crystal
_ material is presented in U.S. Patents 3,720,623, 3,341,466, and 2,800,457, the
30 latter two patents being referred to in the former patent. B
In the past devices using liquid crystals, such as visual display devices
or other devices, have been of relatively small size. Large size devices
using liquid crystals, such as, for example, & billboard display or a sign have
not been eble to be made satisfactorily for a number of reasons. One reason
35 is the fluidity of the liquid crystals, (the liquid crystal material may tend to
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- £l ow creat| ng areas of the di spl ay that have dlfferent t hi cknesses) As T
@'resul t, the optical characteristics of the display may.lack unifornity,
ve varyi ng contrast characteristics at different portions of the display, »

ete; the thickness variations cause variations or. gradations in optical
prope' es of 5 the liquid crystal device. Mreover, the varying v
t hi ckm#ss of the |iquid crystal material will cause correspondi ng -
vafiations in the electrical properties of the liquid crystal material,
such as capacitance and i npedance, furigaer reducing unifornmty of a large
size liquid crystal device. The varying electrical properties of the
Fiquid crystal material, then, also nay 10 cause a correspondi ng variation
in the effectiflow ereating arddsedfl th@rﬂnép@aly dhaphave Efflerenti thickyessed). maser i al

d/ [ |
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However, such eoc roic device has vant age of rel atively |ow
contrast when thséuum es¥strl dewiaeme M‘é‘f?&t"?b the varyipgwiuckness Rfe thf) iGid he

past, though, cbytadl &n&ﬁéﬂa@sw'eaﬁsleqwb&e@wﬁﬁ& Vfﬁiﬂibr@ iaothe leneomden to
the nematic one to ethgghvxij téi/eto |ngrov ?ntrastdratlcﬁ%\
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Novenber 1974fuxaherpagdmcu4§ hirifbéAidty fofr aclengplsize 'I]Jimndhcrlyssalenevncaat éi’heal
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field is renov S encount e rbl ¢ I NC uded
in solutiaf 2§auaet&1cmntqipondmgywmtlmﬁ%ffwﬁgaﬁé#@sls belctmlmlrwesﬁ ar

type of liaqui @hf gttgﬁf@hrmaeﬁa@tmi %R&}@t irl P@s 6H§é3"tl9td eansttmt Q@eéiY‘% nswot

zero in the fi on condirtion:; rat such asortlonlnt e de
condi tion fol WeWs P#B@%@Ff@&“@?dérﬂ-"ﬁ@s ghAhediuid cW?F%lhtnaélaéFé%f ¢ %F“tl s a

function of tageckirdsadd.ve aI i gnment of the dyes. The optical transm ssion

characteristic of |I&UI9 sgﬁ stal mat.eri 61 i &P onen i,al %U”Ctt'af” of-
t hi ckness of the 8 ’Eﬂ’fl& FrdtSe qng) I wineh;gleeq 3hq“‘§ ate
field-on as enmtguﬂedre;ﬁmtseltmort, Heasl tmpuadvmty:geadﬁ mat etelqainngs aapolarizer.

* exponenti al %Ll,&“ §II ot ! g&e Omofa gtt% fhtg;a Cﬁﬂ%ﬁﬁ?&de”@f el fivar@Ndw he

absor bi ng st a St at IS
contrast when used direetly in the nematic form. It was discovered in the

past, though, that a cholesteric hqmd crystal material could be added to the
nematic one .o'rether with the dye to improve the contrast ratio. See White
20 et sl arttc‘e, "Journsl of Aoohed Physics®, Volume 45, No. 1i, November
1974, at pages 4718-4723, for example. The cholesteric materiel would tend \J/
not to return to its ongmal zero field form when the electric field is

removed. : , .
. Another problem encountered with pleochroic dye included in sclution

o
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with liquid crystal material, rec'ardless of the particula.r tvpe of liquid
crystal material, is that the absorgtion of the dye is not zero in the fiecld-on
" condition; rather such -ab_so;&tmn in the field-on condition follows & so-zalled
. ordering parameter, which relates to or is a function of the relative
alignment of the dves. The optical transmission chaxlacteristic of liguid
30 crystal materiel is an exponential function of thickness of the hqu.d crystel
material; specifically, the on state or fxeld-on or energtzed stste of the
liquid crystal material is an exponential funcnon of thickness of the liguid
erystal rnatertal, and the ebsorbing state cr off state also is & different
exponential function of thickness.
35 To overcome those problems described in the fwo immediately pre-
ceding paragraphs, the liquid ecrystal material should have an optimum



e'xponential function of thickness. 35 To overcone those probl ens
described in the two | medi atel v pre- eedi-ng paragraphs, the liquid cry
material sho v ti suqifenm thi gkness. (As, used hereln
liquid cryst g}‘ rr&ﬁeﬁ‘l'a nc99 csmnﬁézdl’l’ rc’ qqmgtcé?%{a? (Seéfa\’e'geérhsdﬁ’ deﬁendi ng
on,gont ext, tcmestgilsdbcmsglwesdy@, dnpgtdxug |oonc_qmexavmerpl):omhroredaesm sehwidnd be
an opt i mum SPREGLARNYY THere nR! SRAES HRY i b s St ot Gunle! BleflldcoaRRy | ed

to the liquid crystal material intaln oplrrumt i ckneSs

and spaci ng, whighhdhe ¢IG§§'lGoflé14ar!%e%PRﬂEﬂ e thei hgmdw@asstab matenial.n @oose
tol erances, [agdtaid Suéh bgmmaslhﬁ&ﬁege s Epdfding, h?a:ﬂewc@&eume&n%us hndsdtqui d

crystals, for it Is quit ficult to maintain close tolerances over, | arge
surface areal® "f"é&‘taé&%ﬂrpﬂ‘e mafgtain clogeriolergncesy/thereds alimit es to the size

Briefly, accef thddetiet biing @uamtm{a;u &gaftrays '&rﬁtqg'cﬂﬁﬁe hxtmwuﬂ- f«% Yﬁila{am
nat eri al and a_contal nnen nmedi um

appar at us, ing |i urd,c
havi ng surfa&gpﬁgﬁw "ﬁﬂﬁ%"%’gs"'& %ﬁ%?‘fﬁ?e@%?"@ﬂﬁe%t of said liquid

crystal material which in response to such alignnment at |east one of

scatters and absorbs 15 [ to a prescribed
i nput of a nagnetic or el ectéhm SQM@E ot §£t of such scattering
or absaoption. Somegies U%@Qoxhﬁh Ieogas@rﬁvbﬂtﬁfne dﬁéwq@ ﬁsﬁomehows
liquid crystail rra er| aI roadl ers to ang/ |1 quid crystal )
mat eri al t hat'3p appa tr‘fst hEORRFHSER Hq“tiﬂe cﬁY%@ént‘“aFﬁV@ﬂm on, but

prgﬂejrabl y reafndrs tc(bnﬂﬁmlbhf: hygitum Ha@bng i | qlwfdcsrmsinzd foat &hd@dm@l 80 may
de pl eo ye er | di |l e ref
s%ﬁ:eq lgénn?enlg 95§ EI.?Z uid A& alan matg 1% vm1&h 9 st al

cont ai nment dévice or ¢ 194 E5fe LY, q ity
mat eri al , andespenass tp asuakg akigtiment ozt rnkeast i efe jof smenemmdnabsonbat eri al
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or encapsul ated liquid crystal materi al rreans a quantity of crystal
material confAfnetteoFr ¥ont HldeFaducehetihcapemtar? gs‘f?@dliﬁﬁtt%rt}@ﬁ &% the
not-ed capsul esbsoéptibfui d crystal device-is a device formed of liquid '

el Mo |4 DR hESE YRR, SHEBefRUhGRToRER] YA e
material broadly refers to any type of liquid crystal material that will work
20 in the context of the present invention, but preferably refers to nematie
type. Such liquid crystal material also may include pleochroic dye or other
ingredient. A capsule refers to a containment device or medium that
confines a quanﬁty of _]iqu?d ystal material, and encapsulating medium or
: material is that medium or mgerial of which such capsules are formed. An
o4 25 encapsulated liquid crystal or encapsulated liquid erystal material means a
quantity of liquid crystal material confined or contained in the encapsulating
medium, such as the noted capsules. A liquid crystal device is a device
formed of liquid crystal material, in the present invention such devices are
formed of encapsulated liquid crystals eapable of providing a function of the
30 type typically inuring to liquid crystal material; for example, such a quuid
crystal device may be a visual display that in response to application and
removal of an electric field effects a selected attenuation of visible light.
One method of making encapsulated liquid crystals for
use in apparatus of the invention includes mixing together
35 liquid crystal material and an encapsulating medium in which
the 1liquid crystal material will not dissolve and permitting
formation of discrete capsules containing the liquid crystal

material.



€§9 .~ type typically inuring to liquid crystal material; for exanple, such ~
iquid crystal device may be a visual display that in response to
application and renmoval of an electric field effects a sel ected attenuation v
of vigiple light. One method of nmaking encapsul ated liquid crystals for use

i n.,apparatus of the invention includes nmxing together 35 liquid
crystal material and an encapsul ating nediumin which the liquid crystal.
material will not dissolve and permittiffig formati on of discrete capsul es
containing the liquid crystal material. - A nmethod of making a liquid
crystal device including such encapsul ated |iquid crystal includes,_ for
exanpl e appl yi ng sharetbrd Hfnpdns@ hqttqﬁr«'w%%vaq:e edingsuel epcapsylateds e

Mor eover, suc t48N lda%éuﬂﬁd%ﬁ: L&l Pl yingodieh ddice hwmanﬁaa snlric
fieldtothe Imlmﬂlgfycirystgl mat er | ?ﬂ 4y b

ec t here
According to Ael tooa sEkstoate h%?"r?\?@ﬁ‘i’l S’a"ﬁgﬂ%ﬁ |'§a¥9reff"é¥‘\dﬁl va jng
positive diel eﬁégﬂsqoarapgmrig)m elgetrikiftdidite tHe digoid/eqstelpghetarinldiocalfiget & s
pl aced in a genera rical capsule. The capsule wall distorts the
liquid cr taI ﬂ?ﬁé-%%ﬁ'?%io they and the dye when no field is applied wll
tend to absorb al |Addbrditigr tcanather featyne of ithe dnvengion a pematie @afqraaén@th

el ectiio 11 el ok ARRLIREHBSHADI SO MIREP el LPR S1UGETRYR: 8Gé B patidaxi s

t hereof, the | crst tend to align parallel to such

field causingie hegm@amplaﬁn%mwef i'Bhe eapstlesyel datasts e Hguideryadiiced

tTO one assurreqn%&?es gs thé)ﬂ ghdl t5¢ 3 é Wheﬁ%b?‘iélags kSoliéd pildnend ae rﬁ*xﬁf alio i
o help assure_that a ric fi i .across.the

i qui dpcry1§t aldinggtiops 8?%"??‘??@5’65?) é' fﬁﬂ‘e ffsﬁpgél?%gs’sg?pﬁﬁ? 8891R°t he

encapsul ating sﬁaﬁldﬂﬂapﬁlﬂé flor émtplewatﬂosa &n raxisimhepdafagthed nmidioerystal t he
Il thick t

shoul d have. a Ptsriab,yif YBEE oL ApERORYARS: 8 Mol GRS UpithpOuid s6ideption

material, on teherssferistin®f suchi materehtq bel‘?dq@&ﬂ(j@ ong assﬁ@eéame@ t"t?r?—“l‘-hé

other hand, af&g%gtﬂf‘ n]xét‘li‘i'aii Qrﬁsﬁl%aﬁkﬁfib@]atiohse% 1$19 Udsdub tRa 2 a@ilaite Ve

encapsul alsd Ieleqttie KFIfde 2PRLIAS potsES thp HGUALS %Sé%é%%ﬁaﬁg‘éé%éwgm. g
medi un that hagt st Beoss Pr fRbLAS theenkhfduldtingTai e, tend] e Taet) withya
| ndexof refr i%nczgx{n?gmo\];oltgge drop across the wall thickness of the respective capsules,

the encapsulating material should have & d.electrxc constant near to that of

the liquid crystal matenal, on the one hand and & relatively large

20 impedance, on the other hand, and the liquid crystal material itself should

have a positive diélectr_ic anisotropy.
Contrast of a liquid crystal device employing encapsulated liguid o/
erystals may be improved by selecting an encepsulating medium that has an
'index of refraction that is matched to the ordinary index of refracticn of the
25 liquid crystal material. The encapsulating medium may be used not only to
encapsulate liquid crystal meterial but also to edhere the capsules to a
. substrate for support thereon. Alternatively, a further binding medium may. .
- ' be used to hold thelliq'uid crystal cepsules relative to a substrate. In the
latter casé, though, pref e:/ably the additional binding medium has &n index
30 of refraction which is matched to that of the encapsulating medium for
maintaining the improved contrast characteristic described above.
A feature of the sphericsl or otherwise curved eapsule which confines
the liquid erystal material therein in accordance with tha present inventicn
is that the liquid erystal material tends to follow the eurvature or otherwise
35 to align c'e'le"ahy p:ra’id with the curved surfaces of such capsule,



25 liquid crystal material. The encapsul ati ng nedi um may be. used not onl
to encapsulate liquid erystal material but also to adhere the capsul es
substrate for support thereon. Alternatively, a further binding nedium

be uSed to hold the liquid crystal capsules relative to a substrate. In the
| at.ter case, though, preferably the additional binding medium has an i ndex
30 of refraction which is matched to that, of the encapsul ati ng nedi um f or
mai nt al ning the inproved contrast char act@istic described above. A feature
of thé spherical or otherw se curved capsule which confines the liquid
crystal materi al o e he p iy |
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i nci Qent | i ght. HEyenhisieffieattcatpes sdattertfyf &t thosepasitycat t eri ng and thus
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and very sigmnificant pr esent I nve t|on
appears to be noSuisgfigent; Eﬁietﬂ@cﬁlﬁ’-%\lffé‘%fs étfmﬂgﬁ’eq@é'ﬂtlﬂﬂqlﬂ frvetad rdeyiag is

device that can h@d@&%y&h@&nbégsm@a ﬁ%ﬁét&ﬁsﬂa!ﬁ%ﬂ #0ty6é asSedifical as was
accordance with Eeh&“%d | nvent I on. re specifically, by

Moreover, a further and very s:gmfxcant feature of the present
.-20 invention is that there appears to be no limitation on the size of a high
quality liquid erystal device that can be mede using the encapsulaged liquid .

ot - erystals in accordance with the present invention. More specifically, by
' providing confinement for discrete quantities of liquid crystel material, for
example, in the described capsules, the various problems encountered in the
25 past that prevented use of liquid crystal material in large size devices are
overcome, for each individual capsule in effect can still operate es an
independent liquid crystal device. MNoreover, each capsule, then, preferably
hes physical propzrties enedling it to be mounted in vu-tuaily any
environment including “one containing a plurality of further such lxqud
30 crystal capsules mounted to a substrate or otherwise supported for use in
response to application and removal of some type of excitation souree, such

as, for example, an elzetrie field or the like.
Important considzrations in eccordance with the invention, a.nd t‘*e
discovery of the inventor, are that an encapsulating medium having
35 elecctricel properties matched in a prescribed way to the electrical
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provi di ng confinement for discrete quantities of liquid crystal material,

Qr.- exanple, in the described capsul es, the various problens encountered in

@ 25 past that prevented use of liqui‘d crystal material in large size *

chi ces are overcone, for each individual capsule in effect can still
operate as an independent liquid crystal device. Mreover, each capsul e, v
then, preferably has physical properties enabling it to be nounted in
virtual ly any environnent including one cdntaining a plurality of further
such liquid 30 crystal capsules nounted to a substrate or otherw se
supported for use in response to application and rempval of sonme type of
excitation sour ®EOPHHER efshiarish cexsirlymutedgl speegsulzted tegeby andesffitionsily
Id_rmortant c?ntsL@emfrézq?Schatz;e?gdfm@e mtdwchf'ﬁ{r_wem@?t ﬁ&d:hﬁihﬁﬁd o stal

i scovery o e i.nveptor, . are that, an, epcapsul ating . nediu vin
el ectrical prop&tifd Rﬁf’eﬁéoefif’rf”ét"'p?’&g’r‘iﬁbgdgl\}\ﬁﬁlf‘f"tFti%"é“%l"g]clf‘Fﬁ(‘:%H’g crystal
properties of | initedal (y stPonsaiterdalitaainps wbatatkitditsreby andxeddial isoaalel y

preferably qpticall tched tq.optical properties of,such. liquid crystal
P ert ol horr 1 Ena tHat e iERA PR 1 (RESRAIANS? rilad P el foiineei R
crystal materi amaterisledistorss the letter tintd preseribednmexcert abirgging \anatp et nahl

souree; 5 and_that Jthe .iinteraction of the encapsul at.in L um with .t he
| i qui d crystal .'r?é’pgrolfall'qlﬂpscf%%fag ’Pﬂge"f%ht ?°?r:¢%§p?)¢]eez%trtf'gebg?ﬂ%{ﬁh%? "%ﬁé’r‘?@‘f%g
an operational enydtalaholeicglésckocdigbordlintmgenérally Regielliongonfiermhimgt glign:bynt.,
forcing the Iiquis L.8¢ Us1eSyst Qe (di, SE.OLL U e P 8L
conformng ali gﬁir%gln?{%mé%% ‘?ﬂg‘%%pgh% g&'\%aqdf:aag #5 1%%}’8&3 f'/lgtlb gﬁ/csk ’\;ax\{a?#étgk)hsg%
or bl ock, rH hefransmit, light whansnet subjeghto anceleedric figideend millabe dlupctional

field and w | f 14051 la 1YV [ [ bt fael 3G sl
regardl ess of t‘Eithié rgg%:(%tl gﬁag%tgg?éﬁgﬁﬁ%ﬁ&o@lgﬁcﬁ T nci gnc’tfI ?ﬁgﬁg%twh% ,
Enbodi ment s of Rohwrizafiemef syehincidrntdights t er described by way of exanple

and wi th reference to tBHRACHAIRADY ivhe AWML atd HeRedirebhr -dektfibell IS a
schematic representation of _a prior art _liquid crystal device; Fiqg. 2 is a.

schemati c repr &¥etenrforxagply d1dguitd Er{RTeare doyFi% aFRoRRRE Ba At MBth t he

present invaptii@niwhich:- - :
Fig.lis a schematic representation of a prior art liquid crystal device;
Fig. 2 is a schematic representation of a liquid crystal dsvice in
accordance with the present invention;



Fig. 3is an isonetric view of a liquid crystal display device in

vitew, partly broken away, of a portion of the liquid crystal display de

of Fig. 3; 5 Fig. 5is an enlarged schematic illustration of a

| igwkd crystal capsule in accordance with the present invention under a.no
field condition;, Fig. 6 is a view si mlaréo Fig. 5 under an applied
electric field condition; and Fig. 7 is a%chematic electric circuit '

di agram representati on of the 10 capsule with an applied field. SUWARY OF
PRI OR ART LI QUI D CRYSTAL DEVICE Referring now in detail to the_ draw ngs,
wherein -like referdfi§e hufethiisonetignies (of ke Bawids erystalhdisplase device in

figures, and inigdeeatdayicé wift the gresentlﬁvaﬁt,eﬁ- art liquid cryst aI device is
general ly indicated .Such iC I ncl udes I iquid,cr mat er i I 2
sandwi ched between eﬁagtt‘fr dH D gnﬁafrgecfc#-awg &, VieHa RAT o% ef‘l o (i AT

oxi de that are ¢eptien b&thé ﬁquxﬁmpsﬁaﬂ dtspla;edqmicé loﬂe-‘xgﬂm;n_tl ng or _confi'ning
oSl oo s oy o 6% i A ARPe Bplifndy 66 TR SUERE oY
transm ssi on cornn agcordme:mtmmrmsyentnavqetm undgria nefiebd condition; ed when
no electric field i %1§P§GE§C& Q'Ye\lv h§nfla@Cts Oﬂﬁs 5 MABECHH Qpﬁliéﬁ“ei’e&ﬁésh%id

material 2 and the_i nCi light may be transmtted through the Iiquid
crystal mat.er i alcopdifioBhanth el ectric field is applied thereacross. Electric

8\@? 5 and SWI tch E‘Flg.e'?eista\@hﬁm@@wbﬁdﬂbtﬁm@c&i‘é@ﬁﬂ réfriesstation SO the

| eCTrodes gﬁgde such éb?ffé‘ id(f field. The voltage source 7 may be
elther an AC:worc P \‘7’6‘}}‘[%8 &% The liquid crystal material 2, and
specifically the individual nolecules thereof in the device 1 are sonewhat
confined by the substragemffAquoi,elg ] . %fgl‘ﬂcﬁ‘ifﬁfh say for
exanpl e, to be used ovet® ' ¢ . oyt e. On the
ot her hand, the ||qtnqiem1}s;trmwmeﬂeml 110 @ﬁd@@@@gﬂ o'enqrymt ﬂlétel neferenesl

mol ecul es t her e%me%%eél@ﬁ@teaﬂﬁélk}&i@ 1&&%%@%@1 fﬁﬁh‘&fmdﬁd Pt ttotﬁiﬁ)’l rgay
assune either a randomorientation_ or distri bution V\,hen no electric Ti el

is applied ol aPpoBSAt Benidrrystal idaviemds espetallveindiestsdat by |§‘|‘|‘F¥bﬂ9"meh

accordance with the present invention; Fig. 4 is an enlarged fragnent ar;_’~

an electric fi ehxeblu@esau@@haesﬂ;ﬁ@r Qﬁﬁteﬁbﬂ? ﬁE&xﬁﬂ.ﬁ&hé@@@ﬁw&-x efeciesdasesl ofpper of

the substrates 4 e refl Eo r ef

xamgle, mdmm ope titanium oxi%e that are deposited for support on
respective mounting or confining substrates 4, such as glass, plastic sheets
or the like. The sheets 4 may be clear as may be the electrodes 3 so that
20 the devicelis an optical trensmission control device, wheréb_v incident light
may be scattered when no eleetric field is applied by the electrodes 3 across
e a liquid crystal material 2 and the incident light mey be transmitted through
the liquid crystal material 2 when an electric field is applied thereacross.
Electric leads.5 and switeh 6 selectively couple voltage source 7 across the
25 electrodes 3 to provide suc h electrie field. The voltage source 7 may be
either an AC or a DC voltage source.

The liquid crystal material 2, and specifically the individual molecules
thereof, in the device 1 are somewhat confined.by the substrates 4 for
retention in a desired locit_ion, say for example, to be used overall as part of

30 a digitsil display device. On the other hand, the liquid erystal material 2,
and specifically the individual molecules theréof,’ must have adequate
freedom of movement so that they may assume either a random orientation
or distribution when no clectric field is applied or a prescribed distributional
or orientational alignment when an electric field is epplied across tlie

35 elecirodes 3. If desired, one of the substrates 4 may be reflective to reficet



| atter for delivery through the other substrate 4 faor subsequent' use.

var,ous principles of operation and features and di sadvantages of the «
liquid crystal device 1 are sumrmarized above.and are described in the prior
art*5 literature. The'liquid crystal material 2 nmay be of virtually any

type_-that is_respqnsive to an electric field applied thereacross so as to
have a desired operating characteristicgntended for the device 1; the

liquid crystal material 2 also may inclulle, if desired, pleochroic dye
material in solution therewith. 10 DESCRI PTI ON OF THE PREFERRED *

| ENBCDlj MENT Tu[xﬂéi}[aﬁnﬂﬁﬂhi @edtax@ed throggh lﬁ@f@ﬁ@@rbitﬁghﬁtéhﬁﬁb@acqgm&ﬁrh't%
accordance wi resen n i cated a e devi ce
i ncl udes an eﬂﬁﬁtﬁgﬁpgti%vlefﬁﬁﬂ “b&‘y@t a?a'f SRS 4 écﬂip?i’é’ls?%‘é? e ¥igr o The
nmount i ng substvasioes prineiples ofvépecitiom ant dehtures fahd| dis ativyin tegea ot tl'edhqma
| ectrod 13,
gu:(r:ltlrt?yezf vac%sum #g.wocsel JQ%ug-fn?&pﬁ%godjga&{ g%ﬁﬁ]%?"ﬂ&c’ap‘ﬂl ﬁré%pf'(?rtaﬁé

substrate 32, lannatum; el ectrode 14 may be, for exanple, el ectricall y
conductive-ink. A t D of B V&Lt 5
THLIRGIS & éﬁy erﬁaférr 4108t thESE éLa ﬁtgﬁ.u? E‘&PQ i

el ectrode 14 for protective poses ut suc mnul not
be necessary fFBIPO8EYBoY Fﬁ‘\gﬁl%‘?t"&)ﬁﬁ%aﬁgh% tbﬁ‘eaémaﬁuﬁatted'ﬂﬁeq&|Q¢St!ﬁ9st al

]}1 or theAgl e@bémﬁwllfharayﬁérts&gﬁﬁlraydéaefoangé ldefl;cbq EﬁEhiﬁhﬁﬁéﬁthEiﬁsffi%i%nalg .
rom an or, vol t.a e ctive 0 e s ch an

el ectri cal 30%%“%9‘“?@@ Lg]g‘?sb" eng efcg %Féﬁl"?qt@”f’f g §°1§E‘I°85‘§ef%‘e'th v/
encapsul at ed liquid crystal 11 when the switch 17 is closed. 25 The
enca I_at liquid cr Se | al

cont g?zed hlﬂ t he cﬁﬁ% Qlcb dﬁ};ﬁiﬁ“gfi@ﬁéfév OEE@V‘—},EI e 22.
According to the uehing ruv gi ﬂ;enm imprbvelddiquid erystdbdefice lin aprersiante

i nventi on, th%ﬁﬁﬁﬁé"ﬂg‘e@&t' v B‘Sﬁ%h ﬂédfoQ"t‘é‘cf a@?? ?‘ﬂ@eﬁé‘%c 1'36;:%%&9' {2+]

of thelnventlon woul en the caps
30 spherical; eg%ﬁmtﬂsﬂhaﬁél% FFEstat Evﬁ'-a’éhtlﬁéuawtﬁ‘éd"lipﬁ @mwﬁm bstrate caI

characteristi macﬁobmvmdn bh e!sai*‘n&ffwmﬁaj Me apgled Ga el\éhtxlaoeé e 140pti cal
characteri tlcs 0 ga ﬁg yst a g‘? a?rf i ndex of, - fractlon and
will pernit®an ad &9 8°tf Q13 dRay pes TetX @efFéi“a“PBY aewmepgsited he
l'iquid cryst aindiurh eibpaﬂ tﬂ@.nithﬁ@hddef(ppheﬁftedhelsgbsiesmr 12d antitgara@sétrode 141
| qU| d

@dent |l ight received through the liquid crystal material 2 back through

may be, for example, electncany conductive ink. A protective layer or
coating 15 may be applied over the electrode 14 for protective purpeses but
such layer 15 ordinarily would not be necessary for'sup'porting or confining
20 the encapsulated _liquid' crystal I or the electrode 14. Voltage may be
applied to the electrodes 13, 14 from an AC or DC voltage source 16,
selectively closable switehi 17, and electrical leads 13, 18 in turn to apply an
electric field across the encapsulated hqmd cry.-.tal 11 ‘when the switch 17 is
closed.
25 The encapsulated liquid crystal 11 includes liquid crystal material 20
contained within the cohfines or intericr volume 21 of a cgpsule 22.
" According to the preferred embodiment and the best mode of the present
. invention, the capsule 22 is generally spherical. However, the principles of
the invention would apply when the capsule 22 is of a shape other than
30 spherical; such shape should provide the desired opticel and electrical
characteristies that will ~ satisfactorily coexist with the optical
characteristics of the liquid erystal 20, e.z. index of refraction,. end will .
parmit an adequa\- porticn of the clectrie fiald to occur across the hc'u'
erystel moterial 20 itself for effecting desired ahdnment of the liquid
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10 crystal nolecules when i't is desired to have a field on condition. A _
partlcul ar advantage to the preferred spherical configuration of -the "-,
capsule 22 will be described bel ow with respect to the distortion it ~
effects on the liquid crystal nolecules. 5 The nounting substrate 1,2"
and the el ectrodes 13, 14 as well as the protéctive coating 15 may be '
optically transm ssive so that the |iquidj@ystal device 10 is capabl e of
controlling transm ssion of light therethrough in response to whether or,

not an' electric field is applied across the el ectrodes 13, 14 and, thus,

across the encaperysasledndlequlies whystitl isl Hesifed etmé:hveehyﬁelﬂhonleommnni ncA

substrate 12 Y phey QL SAldnakE'th Ak pHErRted Tho AP HRAERANA ORI Cabdute

reflective coatih ction suc ctrve®coa

i nci dent |ight r@devillebetdeseniged tbleéovg)rwﬂedﬁnﬁstcf@athmglswum it ﬁéeats on the
function of whet Bgiigdryseh ,,;51@5@355 an eI ectric field applied across the
encapsul ated |iquid crystal ng to the greferre

dj
enbodi ment an® best @Se“’(ﬂ‘mf‘ﬁg ?"?Wgﬁtt? ol %“‘{) "{]Fa?lFFSWS?S s s ':Xngas the
liquid crystals piotestive cbenagmmwomeanpmmsw tiaftethbAiquid @rystal

manner such that ,the capsul d taI s .adher nt i
substrate 12 or Fﬁv’ﬁﬁ nterFaE errﬁ% ec(rngronc ﬁar}fgnfﬂgn (‘f% i‘gpggkz‘ei%’t%r?%??’g n
support by the noespbasegts whethatar A&t amdlacttierfieldrisiappliéd posmSSltm éliextrddes

relative to the g;tlgr Qﬁgsg &ple I&%Fg-‘géé@tﬁéadg\swﬂlso i ?@%ﬁ_{ K?gr

encigpsul ating me umo *Whi ¢h the capsu ormed 1's a
bi ndi ng or ot Mbrmoyetlaars@bﬂngtq %mbal@@ﬂlﬂdwtb@b@t mAayehgye thereon an

Al ternatively, {;ﬂé&ﬁsﬁ{-eﬁe..r@w&oaﬁﬂg g t@x@.@treﬁ@@%ﬂ Hy%cherétﬁéiduwc@&tw 8f

t he encapsul ated, Tiquid crystals he substrate 12, Since

capsul es 22 are Hiiesnddighs "t%@‘%“-’tﬁ’bm’%ﬁ’bﬂﬁ profegtive fostiog s 'é'&bgﬁl %QE‘Z""W’

provi des the neeggehectidrl e ABHthér@r ist &F eldotitie dieldyappliled ik 645 tHe efkcaplulated
second nounting §Ub trate Isu__ch as the additional one shown in the prior-
art liquid cryst APUESYE Mo Fig. 1, ordinarily should be unnecessary.
However, for i%he purwwerdmg togheprefiencpd gnbbtﬁnte’n@randfueetrmo@od'rﬁﬁeﬁgyention

cf oot rocher o2l FOpfshtty 9"k lheufeely BRNATHAS: o0 WA 86 oBiigf o tne
surface of the | rrt?umcjnmsy@staaxted@vinc% nmnsppn@h tlat; the mnsmngeéugmdrm@a@
the latter provi difge s tHesho@fting substrate 12 or to an interface material, such as the
' " electrode 13, for support by the mounting substrate 12 and retention in
20 position fixed relative to the other encapsulated liquid erystels 1. Most
preferably the encapsulating medium of which the capsule 22 is formed is
*\,f also suitable for binding or otherwise adhering the capsule 2% to the
' substrate 12. - Alternetively, a {urther binding medium (not shown) may be
used to adhere the encegpsulated liquid crystals I to the substrate 12. Since
25 the capsules 22 are adhered to the substrate 12, and since each ca?sule 22
providas the needed confinement for the liquid crystal material 20, a second
. mounting substrate, such as the additional one shown in the prior art liquid
crystal device 1 of Fig. ], ordiharily should be unnecessary. Howevery for the
purpose of providing protection from secarring, electrochemical
30 deterioration, e.g. oxidation, or the like, of the electrode 14, the protéctive
coating 15 may be provided on the side or surface of the liquid crystal device
I8 opposite the mounting substrate 12, the latter providing he desu-ed
physiesl protection on its own side of the device 10.
Since the encapsulated liquid crystals 1l are relatively securely achered
35 to the substrate 12 and since there ordinarily would be no need for an

.
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psul ated liquid crystals 11 are relatively securely .adhered 35 to the

trate 12 and since there ordinarily_would be no need for an ¥
additional substrate, as was nentioned above, the el ectrode 14 may be ) -
applied directly to the encapsulated liquid crystals 11. Turning now to o .
Fig. 3, an exanple of a liquid crystal device 10" in accordance with the

-\lAEveRt ion is shositibial Bebiwate, ab aailrﬂuhﬁoﬁédsrlb’ﬂvedlt?%' %Yu%r?detm %vy R
Wi oh i this cael Hifstig s e hepedlefed tdbaarirtls it “ae wyiar

(registered Trade Ivaummaomomayo dHigerpain VELMptE ofnetih@i dnatyensrld. vEc o 35
glass, for exar’g%lcg b:% §{lﬁ %dl.%r gg‘t gRRS S fovpr?m gmeFtﬁ'dﬁﬁgtﬁogfggﬁﬁt ,ggpdqig'?‘[.s

cornered figure €rg
crystal s511 ar rd@:rqged n.thnzev;marsrmsea kqyreescwnerahlijadhed gt 50 ot-xh&éubst’r ke

12. An enl arge tary, sectlon Vi a por ion 32 of the | u_r”e ei ght
30 and substra'?]e)c 12{7?&‘ P S € FTIQ{V 43 aAé FatiCe Bt rﬁagl j.”" %%n the

surface 31 of t#dasulssgistared 2Tradhi (ﬂrkr)ayorbeaqurtemamwlw baaOa:mthSrthi ck,
s 15 depasitkpeha m ¢ ct rade r
it ?fjal g@& 2805149 fp 9#@&@ des 11a%¥.§ r23 § 7;,;{ uF rigi T g

doped titani um oxide. ‘One or nore [ayers Cfp ural encapsu
crystals 11 are‘"a5b$1 edtarf¢radrher squadier eetneyed & ighee efisbt rlédéﬁﬂf'aQer 33.

Such adher ence grCgREAl BciPsul MRedPlighiy cadt1 @8N diriBeA Ny PRSHr RE% 1svers on.

effected by the nc psul ati di um hat forns respectlve capsul es 22, .
al t hough, if 2f"dadhegg t?égg sggsﬁgeiﬁntloned above, an additi onal U

adhering or bi ndi ngAfieéslargéd rmanﬁatat?edeét%n SHEW aﬂhterp%l"ﬁenm ra:sase fﬂ%e

t hi ckness of the |l oL, -exa e . ox] mat el
further el ect roeél‘ehtla%/\@%?gégmag%bzpﬁsﬂ"égf gﬁ‘% t"h«fag'g‘)’/tar 35 ér%/?lé‘? ro‘51(:15'? dcopyhe,
the material ofsurflace 8l ol thessbsteate 22,ankichanay beospprabdmetelyi Memyls thick, lis

[ qui d crystal SRR A0 afbtrom HIEE S HRANAYAE S0 (AR, o8HEFHinle
el ectrode | ayerexi3®. m@peper more dxyers| ¥ ofimiurali encagbylatt@ liquidtdryskalsil aray
et P aybs” AP ALt to SROUELL 0, o 5B 556D Ylrane
coating 15 in PPgPrding,teothe preterped smhediment andobest ﬂ's?m effemted by the
encapsulating medium that forms respective capsules 22, although, if
20 desired, as was mentioned above, an additional adhering or binding material
may be used for such adherence purposes. The thickness of the layer 34 may
be, for example, approximately 1 mil.. A further electrode layer 35 xs.
deposlted on the layer 34 either directly to the material of which thu
'capsul_as 22 are formed or, alternatively, to the additional binding meterial
25 used to bind the individual encapsulated liquid crystals Il to each other and
| to the mounting substrate 12. The electrode layer 35 may be, for e:.ample,
approxxmately 1/2 mil thick and may be formed, for example, of electrically
conductive ink. A protective coating layer 35 for the purposes descr 1bed.

above_ with respect to the coating 15 in Fig. 3 also may be provided sas is

@"cal protection on its own side of the device 10. Since the

30 shown in Fig. 4.

In a conventional visual display device either of the liquid crystal or
light émitting diode type, the figure eight element 30 ordinarily would be
divided into seven electricslly isolated segments, each of which may be
selectxvely e"ser:nz.ed or not so es to creste various numeral characters. For

35 example, energization of the segments 30a and 30b would display the -
nuineral "1" and energization of the segments 30a, 30b, 30c would dt:play the

numeral "7"




In a conventional visual di-splay device either of the liquid crystal or
light emtting diode type, the figure eight elenent 30 ordinarily woul
divided into seven electrically isolated segments, each of which may bé

sel ectively energized or not so as-to create various nuneral characters. w»

For "85 . exanple, energization of the segments 30a and 30b would display
the nunmeral "1" and energization of the s?ﬁerrents 30a, 30b, 30c would
di splay the numeral "7". A feature of present invention utilizing

the enfcapsulated liquid crystals 11 is that a versatile substrate 12 can be

:]?r eated to be capabl g ?%&Lé%ﬂﬂ%&/&h& Lf@é&ﬁ%”%tiﬁ?ﬁigr ?lge C%n%?{:ﬁﬂa?e% Aquid
unction of only the’selective seghents of conductive J nk_ el ectrodes
printed on the |frystals & issthat ayyeesatide substrate W2nhean dasereated terks capahleroice

31 of the substrastsﬁag-%gmtmycw dsired BiPlAL bs A Pudrridy bﬁlon%g,mars@;&vﬁ@
the entire surface o thgt e ecIerqLﬂErat e%é al _ma% be ogt eqd sgﬂ%ntlal.l
conti-guously wi t FEEMEALT o8 goRfuctiye nk fleqtEerss;asn d@F‘y’g’F fauiq erystal matepial-)
a presgr\iNEed pg’t Inethis @ase) lémﬁﬁe_ sagaes s otft_heomwmltajtuazi nlay e tfgytdaewith
printe ere degir n_the.l.ayear | e [jc
attach the surfa §c§%d€om39€%?lt ﬁgb %’;&ure(]‘:?g',‘ Ag?\edne(r%ggﬁe(%&?ége e?llec{h??cgwtggas
may coupl e the rmspariali veay obelucedted subistanigatint eontiguouslypewithy dayarntddolafed
swW tches to suchgy : , Nad, b VS EW b AN
crystals 11 and/ %@b%ﬂg&ﬂ%gga%ﬁ%? g'r ?glhy%gye[?éylﬁe app I%ﬁ%@?%gﬁgﬁﬁd&e
31 Qnly at thosesegmeass ahepaductivg ipk) Hymax bemrinted whegesesisad on thedayer S4h
detailed desgyi Risifle @lectPiRbPIédd magfattih tilbirifded i3] @6 CaRB1taaE @Butde]laing -
crystals 11 will_ be prese ted.?t?ﬁl EW, gt will suffice here to note tHat .tFe
encapsul ated | REFBCTVA (eleetrical, feads, inay mpupls, AhEoRetRreivE. FoRtueRYe ok
to attenuate |i gdegments deint respaetive iconttelleddswitehen @) suohi heoltayge rmiren
electric field i ' t e . : g 1]
exanpl . one. proatiedRthEly e CRRBSRacH TRE EBRNS . ahflot Y, Bectrlt
portions 33, 35 matexiali3dimayibal applipdeta the surfage egnlynat Adese gireasevhere
liquid crystajs d@gélﬁfs%eﬁﬁ £8 fkfegr i cal voltage source. The magnitude of
eldre

the electric fi uTred to swtch the encapsulated |iquid 25 crystals
11 froma no field (4H8AYENY 2edptaliadidaseristion aof i eperasien epfer thez cippiividual
condi tion may beerRapéiitiedgudl csftalsal wilid b FResinTed bEW/GL REL SuFFicRREP 6,
o ' note that the encapsulated liquid crystals in the leyer 34 function to
attenuate or not to attenuate light incident thereon in dependence on

20 whether or not an electric field is applied thereacross. Such an electrie

o field may be, for example, one produced as a result of coupling of the
o electrode layer portions 33, 35 at an individual segment, such as .segment

| 30a, of the liquid crystal device 10' to an electrical voltage source. The
magnitude of the eleetric field required to switch the enéapsu!ated liquid

25 crystals 11 from a no field (deenergized) condition to a field on (energized)

condition may be & function of several parameters, including, for example,

- * the thickness of the layer 34, which in turn may depend on the diameter of
individuel capsules 22 and the Inumbe: of such capsules in the’ thickness

direction of layer 34. _fImportantIy, it will be éppreciated that since the

30 liquid erystal material 20 is confined in respective capsules 22 and since the

individual encepsulated liquid éi-;-stals 11 are secured to the substrate 12, the

size of the liquid erystal device 10" or eny other liquid erystal device

employing encepsulated liquid crystals in accordance with the pre#ent

invention is nearly unlimited, Of eourse, at those sreas where it is intenéed

35 to effect a change in the optical proparties of the encapsulated liquid

Ty
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the t h| ckness of the | ayer 34, whi'ch in turn may depend on the di anmeter of
I ngQ uaI capsul es 22 and the nunber of such capsules in the thickness
di r,on of layer 34. Inportantly, it will be appreciated that since the

d crystal material 20 is confined in respective capsules 22 and _
S|nce e individual encapsulated liquid crystals 11 are secured to the
substrate 12,. thhe .size..of the lquid crystal device 10" or any other liquid~™
crystal device enploying encapsul ated | i{@ui d crystals in accordance with
the present invention is nearly unlimted. O course, at those areas where -

I+ is intended 35 to effect a change in the optical properties of the
encapsul at ed | icpystals of Suchsh adevioe irsrespoasedty acre [ield o8 ;fbeiéeart coraditionf itel d

ot her “reans. { oMo Fb peblssRLLE nbYe DRGSRl bE DUGMEMFLGCkIAGGR €
The el ectrode Isu;l'ehquis cnystalsaa appﬁbleGleﬂirmrféel§ubstrate 12 by 5
evaporation, by vagy efjé?ﬁpc?d;ém t%'&%bhe@’ tB“tﬂé'élﬂ:sP‘at@ymafBSv

ot her techni gue that I\/breover | ayer of encapsyul at ed
liquid crysbal 9vqaorﬁ99n.ﬁy awunbéepqseﬁ%ﬁnia"éterms,&ymwtmgQ?BY/&P& B9 er
or by reverse gedHnGjuePthdtt ey beCdeirddss MJﬁeev@d enter mqverlwet e?ﬁaptametemy
be applied by yarjous tin Ci I or r tec fjeeS'rr ed,
the 10 el ectrX‘GE‘dl%W%&Esa 53"6 P;#‘éﬁa gexpm ef §¥Ia ifs) t°F a&’”t‘ﬁ%
substrate 12, syaleveaseMpller pristingatechniquesbetihelzbectrodes lmrt:iﬁoélsbhﬁaprhacess
I n which the £ J A L

may be appli eg%g@ epdsgf%%fl%%ghnﬁnﬁbg Wﬁg%};grtgg%stg&q‘fﬁe abi %'Slgéd a{h%o \J
and to use Hucetestfodellgyer 3imaydreypreanrafeas & éull gpating of tbe 59'%??‘6513: SUCh
descri bed usingg ﬁt}gﬁp%&'@éﬁe@c@u&c&b&ws@bmla dicprloReddh #hidh te dm1amke

encapsul ated |1 qui properties of such encaﬁ at'ed
o

liquid crystal §he%@#%@mmu§$‘§“¥%t%ﬂé§eéﬁﬁw HSSM £ 89 8% P8fthese
f eat ures. now %fgumnqmum dcbsg,eference to Figs. 5, 6 and 7 1in

parturar 20" eeusih 6 Rt Mt 0 SR e
t he vol une Bi. tﬁ'étﬁyp@qmtaﬁesdnbedmsmgaéncppszﬂattaddlqmdfcrystelmaIduestarthacaéﬂm and
N o
crystal nol eculee@a.psmated liquid crystals, both -of whxch are featmes of the present
mvenhon. These features now will be described with reference to Figs. 5, 6
and 7 in particular.

20 Referring spectftcally to Fig. 5, the capsule 22 has a generzally smooth
curved interior wall surface 50 defmmg the boundary of the volume 21. The
actual dimensional pafameters of the wall surface 50 and of the overall
c:tpsule 22 ere related to the quantity of liquid crystal material 20 contained
therein and to the size of tie individuel liquid crystal molecules.

25  Additionally, the capsule 22'app_1ies g force to the liquid crystals 20 tending
to pressurize or at __least: to maintain substantially constant the pressure
within the volume 2l Ad a result of the foregoing, and due to }he surface
wetting nature of . the liquid cry'stal molecules, such molecules, which
ordinarily in free form would tend to be straight, although perhaps randomly

30 disttibuted, are distorted to curve in a direction that generally is parallel to
a relatively proximeate portion of the interior wall surface 50. Due to such
distortion the liquid crystals store elastic energy. For simplicity of
illustration, and for facility of comprehending the foregoing concept, a layer
51 of liquid 'crg'stﬂ.moiecMa represeﬂ'téd' by respective dashed lines 32 is’

35 shown in closest proximity to the interior wall surface 50. The molecules 52
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25 Additionally, the capsul-e 22 applies a force to the liquid crystals 20F~
tending to pressurize or at least to maintain substantially constant the
préssure within the. volume 21. As a result of the foregoing, and due to .
the surface wetting nature.of the liquid crystal nolecules, such nolecul €s,
whi Y or di nari | y in free formwuld tend to be straight, although perhapSV
random-y 30 -distri-buted, are distorted to curve in a direction that ..
generally is parallel to a relatively proxﬂ#hte portion of the interior
wal | surface 50. Due to such distortion the liquid crystals store el asti'c
energy. For sinmplicity of illustration, and for facility of corrprehendl ng
the foregoi ng congepdistertedjecusve bt the dineetion thatds papal &GP&PW@E@M%@f
by respective dashedwalinastdee 56, &Szh%hqmgerhnsﬁdmsﬁsé yeP 33X ¥l Yot Wqltf erystal
interior wall surface 50. The Ieculﬁ%F BZ}?E‘HEO” dto curvelnth
‘direction that is™oAteHeP? @5e ShpKB,IPfhesansils & g °§X§|t‘?‘1a@8 efyles ere
Oﬁl her | ayeL s, sucalwm irﬁsmm ﬁ@erseta@thpugri it wm }.73 Epﬁ)r%bialtedmhebwhe&qﬁﬁi arystal
shown in the psu yst al e re.shown.in, suc
aver's, al t hodgh Moteuiss BV, bp ASERTENIER B1% Sindity) B it € tillerea
“nol ecul es may be tayleemilwtajaéuhamgnﬁ; howami’olsbgh icleciles mleeelcthdblsedvxnamlds
‘illustrated in Fig, e u u | 1l

&igr W E?rpé Qberiel Gf bﬁﬁaﬂl pé? ﬂ{lh{e}@rasggg Y% ! {ne "r éc?ive

calign with sone degre of para l"ati on ective I.mat e
“areas of the inteptodmas ﬂi‘eééroﬁ'ébélmﬂoqulhéw' e &f.r ed enbodi ment and best

modg of the present igpyent P8 kPed h® *irﬁlé‘itdaﬁ Y)%ﬁtahxd&@'cﬁctﬂeeﬁrégn@ﬁ'ﬂéﬂ kion -
"the nematic t%) Such nol ecul es usual éassu a straight line threadl | ke

confi gurati on; antheli igug ey stalymelaculgs: o2 i@se Al oHis neBatifs t¥Rg. h Syshapptecules
nol ecul ﬁs us:JaI I ?/usmggmsscxab ep@drarghzatneouardaé-ﬁkb:j@ﬂﬁgemidu ,\ehd iﬂi'ér,'stal
since the nol ecul es I n t ate | d.cryst

or forced to curv@&t?rb?lrﬁqwrﬁf?'ﬁﬁqﬁcg ‘é 8‘ﬁ§ ‘6f°P?’ﬁ81 88’3‘5&3 mn

22, such nematic direetich ceysitizk. nﬁbmevet, smce; llbel melpeui]ee f2akesherenaapsulated
i mproved charact eﬁg@h &'Hgiaébﬁ"ﬂ'g &E?&E‘éd VForLéh ’t{i CdlVLEG Lxﬂ”quthgnghC%ee

pol ari zati on of" ent thereon. e I nven has "di scovere
nor eover, t haiS whéimensionsiofuthe eapssiel2asueh namatic hﬁmﬂh@%e@és@ﬁ?@é inesyich

.pl eochroi ¢ dye dléé;&tﬂée(iavtéebelaa 1&5%\:@/%3&(@%%?3 (Bfnsé':nby;ﬁleggt&@ tyaled
nsiLtivitLy, onger |1

ol ar | 2t o SenctFsbon 6t aabEnt pelaHpatER AL IMKHEh arESEa e Entse es
curvature ori ent agisesveped,dhetepviet Othet whehathe Qiquidieryisteli iva thisidl 20i inUihe capsule
crystal ' 22 has pleochroic dye dissolved therein, such dye, which ordinarily elso
20 would be éx’pected to have optical polarization sensitivity, no longer is
polarization sensitive because the dye tends to follow the same kind of
curvature orientation or distortion as that of the individual liquid crystal
molecules 52.
It is noted here that the liguid erystal material 20 in the capsule 22 hes
25 a 'discc'mtinuity 55 in the generally spherical orientation thereof. Such
discontinuity is caused by the iricapability of the liquid ecrystal to élim
uniformly in & manner compatible with parallel alignment with the wall 54
and a requirement for minimum elastic energy. The hqmd crystal molecules
52, though, will tend to’follow around the discontinuity in the manner shown
30 in planar form in Fig. 5, but in reality in three dimensions, fo'uov'zina- a
pattern along the three dimensional generally cylmdncal internal boundary
. well surface 502 of the protruding dxscontmu;ty 58. Such discontinuity
further distoris the liquid crystal molecules which further decressss the
possibility that the liquid crystal material 20 would be seasitive to optical
35 polarization direction of incident light.

. e



rnDIecuIes 52. It is noted here that the liquid crystal material 20 in the

. ca \e 22 has 25 a discontinuity 55 in the generally spherical orientation
Pt . Such discontinuity is caused by ‘the incapability of the liquid +
S cr I to align unlfornty In a manner conpatible with parallel alignnment
 Wwth the wal | 54 and_a.requirenment for mninumelastic energy. The-liquidiw

' crystal ol €cul es 52, though will tend to' foll.ow around the discontinuity

: in the manner shown 30 in planar formipgFig. 5 but in reality in three

. dimensions, followng a pattern along the three dinensional generally

cylindri cal internal boundgmg wll surface 50a of the &protrud ng
di scontinuity 55. SWith dhedrsdividyal Hguid enystal mplecyless5% heing; ‘éf&ﬁqqt%dr e feld

mol ecul es whi chyf gt hﬁém@@ﬁé@%&ferm ﬁp%bblrﬁmrth%utéiedl lrﬂbﬁh(é cs,ysﬁhal
mat erial 20 woul d be _sensj.tiyve

ol ari at| on, of
i nci dent | ght . encapgilgted HS“‘idrfﬂ'V%&gE’aP"qaﬁ‘%fﬂhyd 9’%5("56 gtg’ 9T} RFING
distorted to fotxdnsmxtoéuthﬁmm gear bl )eledlr'hhetelihnisempplxédlsacrassaclhlen

1 Gt T rom b1 ngroePae e R SERR, Bl atd RERCIBE daofbis, ofP aRia Bl
across the 5 emaagrtallmﬁréréofqui d crystal U and particularly across the
liquid crystal mateglale,g0 tgft etptel mVﬁem\t@%%pﬁ@a 2644 tfie fdnghsbulsted

“applied across 'the encapsdl I 'n_the manner Il ustrated

sta
in Fig. 6 the liggdi erystalsiafn rﬁbﬁe@@m@%“ é“-"éﬁ%Feén}" Higochr dhe WRHid| grystal
sol ution ther ewgbibads! Q'é:ﬂﬂa'n? BRoch:b3e OB in %ottttaaneksﬁterma: figl etigm ibhe ‘ed

manner shown in such figu nrrent ermts, |i bg tran t
t hr ough 't he lénc%ﬁﬁgﬁr?s&t@gj f‘? cﬁ!t?é’lf’r ?@‘glm 1the %5(5%]"2 lﬁss‘tfgsﬁ %}‘SE}
wi th reference ili)"rﬁll@ﬂ pérmils dight4to be tt'hsnﬁttdddtmt:ﬁv‘tahel|dn|cap51$atredehqﬂué
liquid crystal : ME

certain el asti R dy ToedtaRpfe &l Hoatibef vl WilFHreRiile ks 0 Fall 4.

function doing thine thedieldt bfr mmditinerﬁpn@tthpokfeﬂiﬂl erystad nmplesulesqfg care
crystal mol ecul g APSHEE R ¢l 25 halvenle Brda MasHY cfRtRUD| Syerf Bfistic

di scontinuity protrusion to cause scattering ahd absorption -
within the cSpsenesgy &ﬁHSQShE\et ‘é‘ri’géﬂ%-? |‘8If"BPnﬁ'&IdSM=e ings B}M BYIse feereingti d

crystal nol ecul ggssiobe W-S.HQE& gaiderykta! raﬁotet:utleataesu-oé ﬁat- brﬁﬂéﬁyﬁﬁﬁﬂﬁ‘ofdiﬁt
. both cause scat {__grr an%n ate, t g %?chltllugtrx]ity protrusxonesscgga% tengzto cause scaaermg
and absorjtion within the cepsule, and the tangential or parallel slignment
of tie liquid crystal molecules to respective portions of interior wall surface
20 50 both cause scattering and absorption within the capsule 22. On the other
hand, when the electric field is applied in the manner illustrated in Fig. 6, .
not only 'do the liquid ecrystal molecules 52 align &s shown, but also the o/
discontinuity 55 tends to align 'in perallel with the electric field.
Accordingly, such discontinuity will have a minicnum effect on optical
25 transmission when the encapsulated litqui-d erystal 1l is in a field on condition. -
To optimize contrest characteristies of a liquié erystal device, such as
that shown at 10! in Fig. 3, comprised of encapsulated liquid erystals 11, and,
more parti'cularly,' to avoid optical distortion cue to refrection of incident
light passing from the encapsulatihg medium into the liquid crystal material
30 and viee versa of the encapsulated liquid erystel 1 of Fig. 6, the index of
refraction of the encapsulating medium and that the ordinary index of
refraction of the liquid crystal material should be mzatched to be as much as
possible the same. :
" However, when no field is applied there will be a difference in mdxus _
35 of refraction at the boundary of the liquid crystal and capsule wall due to
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hand, when the electric field is applied in the manner illustrated in
6, not only do the liquid crystal nolecules 52 align as shown, but al
di Scontinuity 55 tends to align in parallel with the eleétric field.
Accordi ngly,. such discontinuity will have a mninum effect on optical -
t r ansin ssi on when the encapsul ated liquid crystal Uis in a field on
condition. To optim ze contrast characterifé%cs of a liquid crystal devicCe,
such as that shown at .10 in Fig. 3, conpr d of encapsulated liquid
crystals 11, and, nore particularly, to avoid optical distortion due to

refraction of incjdent |ight passing fromthe capsuylatin di um i nto.the
liquid crystal mat&gx41aos "&Fﬁ IRAH& gtv%erfﬁ%f’tbcf“ ?lﬁé‘egg&‘ﬁﬂ%ﬁ’%g’egg‘l“g(ﬁf*ﬂ&r than
crystal 11 of Fi gthe6endapsulatiigxmetliunef r qtis causes rdfeactianetuitbdt bytenrfabieunr
and that the ordi y f >t t 1 qQui r Jo
shoul d be mat chea&tﬁéx%gg glga( %ﬁ%?%ﬁgﬁééﬁg?@% ﬁ‘ggslgrf‘g.pé%g\ﬁe‘@é ,ath\ﬁhrﬁg‘%gé\%a{ of
field is applied encepunilstied namatic diquiderystd materiad; beszGicwar, will {unc¢iion 4e
t he boundary @f t PeTHy 4 : :
ext raordi nar ygi na%l)@(v%:#t%?%ﬁn&%%’iiﬁg?fggﬂ? ﬁg@ﬁ??ﬁgﬁa&gﬁr\éﬁﬁf %%oﬁgjg(g‘?gdgf er than

the encapsul ati ng medPidinarily $he gaeapsutaded diquid sratalsHarvould e applied to the
boundary and thusybstrateers @Gl BRsudD tidtdtHeSindivi 6@l Odhcwbtnhted ligurRN bR

encapsul ated nematic liquid crystal materijal , in_particular, wll fupction
fo 5 orevent o reamamadYaR wrdsmiy orteated and RGIEERY SSteTel cBpsdeh Bis o
SUbSTrate 12, (F1 a3k Sen ot gt Rk N Bt EAEouk Sl | PO ¥k
11 are rel ativel %?a%%ﬁﬁageoglgeﬁggekgdgngj'eprQ#eregb{i%&ze&grg%%a%@%kg‘%et |{[§l
to assure an adedoarsevispiomichasaateristicgifer, doy examplmtatiquid erystaledeviegdébosl

of 10 the substrgtgxko provide the desired |level of |ight blockage and/ or
transm ssion characteristics for, for exanple, a liquid crystal device 10

or the like. In a |idni&ligrideeystaiedsviee, ssighrasathat shewaHBA' ImFigy' 3, whieh ds
3’ W{ﬂ c]b i's gorrprdoﬁ@@isa&tdﬂ;jnﬁhm _@?é&ﬂah\a'flaﬁiﬂl h@'in@ﬁdidﬁcbwtﬂchgﬁlé' _ayshb?i:&m

e 1tot1orm encapsu oA | ClYS S .accoraln 0 e Lpvent| on,
Y has been dfscoreroteteg: UaHE dEyriel OF Sop0iis nab HoKEYEPS AF Haabees
about the sane asiischaéred that|thideghee bf eptiCalnsbsortEniol 4 ed)lebstoabalitcthesiate
material, Incl Ud'agghg{ ‘%?(i%{a%&elgyi?eés %@n@gpstanﬁgd)sﬁﬁ)m c!rg’st'z:ﬂ Qﬂatleria!l,t in%lh?o?ng

has been di scover
pleochroic dye such as that shown in Fig. 1. It also has been discovered

unexpectedly that when the electric field is applied in the manner illustrated
20 in Fig. 6, for example, the clarity or lack of opaqueness of the encapsﬁ!ated
liquid crystal material 20 including pleochroic dye is at least about the same
" as that of the ordinary case in the prior art device 1 having dye in solution
with the relatively free liquid erystal material. B
It is important that electrical field E shown in Fig. 6 is applied to the
.25 liquid erystal material 20 in the capsule 22 for the most part ratlier then
being dissipated or dropped substantially in the encapsulating material of
which the capsule itself is formed. In other words, it is important that there -
not be a substantial voltage drop across or through the material of which the
wall 5% of the capsule 22 is fornied; rather, the voitage drop should occur
3¢ across the liquid erystal material 20 within the volume 21 of the cap'sulé 22.
The electrical impedance of the encapsulating medium prefecably
shouwld be-larger than that of the liquid erystal material in the encapsulated
" " liguid crystal 11 (Fig. 6) and also sheuld be large enough that a short circuit
will net occur exclusively through the wall 34 bypassing the liquid crystal
35 material. 'I‘here?ore, for example, the ihpedance to current flow through
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ctedly that when the electric field is applied-in the manner
i rated 20 in Fig. 6, for exanple, the clarity or lack of opaqueness
of the encapsulated |iquid crystal material 20 including pleochroic dye is |,
at | east about the sane as that of the ordinary case in the prior art )
devi c&ud having dye in solution with the relatively free liquid crystal
material. It is inportant that electrical field E shown in Fig. 6 s i
applied to the 25 liquid crystal naterialgﬁo in the capsule 22 for the npst
part rather than being dissipated or dr06 ed substantially in the
encapsul ating material of which.the capsule itself is formed. In other

words, it is ioFPaa ttaBtwaal, EW!&@BBHQ%%Z%E?? rbflg O HAAGE AbARnAEl 05

h h th t th he “capsu
(r);t Le; Outg het v%@ggsr%ﬂ? gb?{;ﬁdmlpg %meﬁh&éo“'%lér% §nt=m1tremﬂmu acfeyrgﬁat path
~material 20 widifectlytfoomvpdinta ?dpﬁhttﬁ\ﬁnﬁa@%'é fitédor Wall Qlresdd 5@3&11£<=hct. ¢ hat
TPenance o\ ikyeh GBI bR AL BANRY 2 S GiBSe e ke e o
6) and al $o shmmdtdjgtb@logﬁ Begeaigh t hat a short ci rgwt wil | ngt octcur .
I h u cr ria
exol usively, thr ougihel iuflic hdtiasebaldbnd it il HatBhl ol

Therefore, for ance to curre % the
wal | 54, say Fﬁ@%ﬁsg&m meﬂlolrrpeﬁ fernd apdipfl whdch 4hé diquidilosystal mlteaal is

opposed to t h@omﬁﬁsé@rkﬁﬂ thetefrbutivh Rep E&l@&i&&t SLARs! 8¢ %FU&&S%'&;e R@zhg 54

ly f A de he interior wa
i rectly throRGHEHY 8 adiay Sireetim e of the UG eIt mBNFIAL aqrets n
t he vol umid 21 which u}]deuwa-ﬁenemmm bséalagamndEe%r%ﬁéteatrrtgasﬁﬂrﬁopgn?yg fre g

ff t t ul ati n [

andof whi ch Phbs SAEEE o2 A Mor st febelaly ERR PR maTaior il the neierl
capaci t ance velegtrde dfel¢ Be capsul e wal | 54 partlcul arly in a rﬁd![ al I t -
di t d of th G e electri
L era ETs poped SPdBpe, dbyae irte biagled $E8Betfing Sl achal | C
22 does not siBishaibe dpetriaifishd Enel Figyf ﬁm@mﬁdtmenamatguuermm &hiei el d-

E. A scherti. sleet:@é:tfiéla iGl ﬂeﬁ‘Wéd ﬁio&gr@éwomgswwﬂ? tvh?enchf&g{v tcﬂ&?oﬁs
which the ele osed i,s il lustrate

t f
The 15 el ect : Icg e‘%ocqpé‘ctf@}’ i ﬂ?ege? ESERE ney SF?%@WSUP%éhEGﬂ%éncﬂﬁeﬁl
switch 17 is mitertal 200\ @ @hégpsuldted anim&f&ﬁal hewﬁéiﬂﬂﬁéﬁ erief fiblaeis

l.iquid cryst a&pphed in the manner 111u.strated in Fig. 6. The capacitor 71 represents the

capacitance of the capsule 22 wall 54 at an upper area (the direction

20 conveniently referring to the drawing but having no other particular

intentional meaning) and is, aécordingly, curved in & manner similar to that

of the upper portion of the capsule 22 of Pigs. 5 and 6. The capacitor 72
similarly ‘represents the 'capacita'.nce of the lower portiow of the capsule -

exposed to the electric field E. The maznitudes of eapasitence for each

25 cépaéitor 70-72 will be a function of the dielectric constant (eoefficient) of

the materlal of which the respectlve capacitors are formed and of the

_ spacing of the effective plates thereof. It is desirable that the eapacitors

T, 72 be la.rger in magnitude than the capacitor 70 so that the voltege drop

cceurring across the respechve capacitors 71, 72 will be less than the

30 voltage drop across the eapacitor 70; the lesult, then, is application of a

mam'num portion of the electric f;eld E across the'liquid crystal materisl 20

in the encapsulated liquid erystal !l for achieving optimized cperation, i.e.

alignment, of the liquid ecrystal molecules thereof with a minimum total

encrgy requirement of the voltage source 15. . '
33 In connection with capacftof 7, for exam'plé, the dicleetiic material is
that of which the wall 54 is formed relatively heer the u?per ovortion of the



'materi al 20 in the encapsul-ated |iquid crystal 11 when such electric field:

Is applied in the manner illustrated in Fig. 6. The capacitor 71 re nt"’_s---‘:._.f,

the capacitance of the capsul-e 22 wall° 54 at an upper area (the dir

20 conveniently referring to the drawi ng but having no other partic r W

i ntemtional meaning) and is, accordingly, curved in a manner sinilar to ,
that of the upper portion of the capsule 2&of Figs. 5 and 6. The capacitor

72 simlarly represents the capacitance of the |lower portion of the capsule-

exposebl to the electric field E. The nagni tudes of capacitance for each 25
capaci tor 70-72 wapsulde22a Thacsflestivd pldies drehachnpmt‘o}nwm the extérion emd )

f th i al
apacing of ¢ he eftiehier Jeth PEFACARRE sl o HRARAESrBE for B BRI ELr T2 b e
capacitors 71, 7}ower partgm of ntheagspsulei 82t tedativh docthsaillustratizm ob Rigaf, dpe

vol tage drop occybpihBte, a2 fﬁ'&kﬁﬂetﬁ@&fﬁpglvé ﬁﬁn?%'% 5%131\\'}1713 W:ﬂllprlaeldxﬁs
than the 30 voltaamrop cross. the capacitor e resul t he

application oF aafeguataftpength dier #nﬁﬁé“’é‘é(ﬂfrﬂ"@ lﬁﬂ‘élch"EStéér'Bgrse"iﬂezq }‘hlt}l“?j

crystal material yéfantd ﬂthgﬂﬂaQﬁthhsteéif Idagumoz%r 5t #d deh ber nacdimesdd)dthis
optim zed operation,

P aor Cui Chen e eSiseians tn SpmBRERE, Yo Shet ?‘&‘?ﬁﬁty"kf"’c’ pig §|<%1§§19‘3§3’&?\¥8%’?e

35 | n connapperopontidan?4 ayfathiet liqwalg:ryﬁtm matarfdl 20 bhet‘wdllehmtpdrdnon 5

portLon of the s ftleh Yoty By UBIELY Shinf ik BETE: LGN

t he exterior andntmber pf)the\aapacsmrf%{bes 73 51 and the sanme is true for

the capacitor 72 at b@% #,gw c.ggup Rﬁé&fmfz alzazéigéfi‘fd \&Bnéfant NRilue

il lustration of Fig hin as

possibl e, while éb#tl is apisoiTapityg 1"5‘5 P’&&&B’ﬁ @agttheﬁg%lﬁdm c@(‘ﬁ*@ﬁF feralficignt)

the l'iquid crystaf tﬁan-.@n $4 béGiol 1dwieh ThaP kTR Wk, dzéxaetrﬁ@a&ﬁmdeecdéffﬁcxent) of
capacitors 71, 7 arlson to.th

rather thick or @'["ﬁ?trﬂP’é&é?fBé cﬁbﬁt(?ogl@rs?t?eqi@eﬁagb{‘éﬁd???to e79payR ‘E‘H’é”ﬁ‘?’lﬁm d
crystal mat er1'5a| 20 Ghet arecdpsulated diduidrerysial fieheofesthire) thppsindenthe lguixt
The I 1qud oryat SrvengBefiiferssr,ar TR ed snd HARF in€ bidseRr SRPAEL bitindiny oo
i s ani sotropic. Hdisterteqdy odbsoriiEneyt logt bidnkegrelofclight transmission cthwbhghi e )
of the wall 54 bgndihsliited 1l ledydtall M 'behiBhC4rtbet O WeAHo CRARIEIFIET )
is applied thereacross. On the other hand, due both toc the efﬁ ient
20 application of eléctric field across the liquid crystal material 20 in the
encapsulated liquid crystals 11 to align the liquid erystal molecules and the
\.f dye along therewith as well as the above described preferred index of
refraction matching, i.e. of the encapsulating medium and of the liquid
crystal material, so that inzident light will not be refracted or bent at the
25 inter_féice between the capsule wall 54 and the liquid crystal material 20,
"~ when an eleectric field is applied the encapsulated liquid crystal 1 wili have &
good optically transmi_ésive characteristic.
Since a plurality of encapsulated liquid erystals 11 ordinarily is required
to construct a final liquid crystal device, such s the device 10' of Fig. 3, and
30 since those encapsulated liquid crystels are in several layars, it is (desirable
to have a relatively high dielectric anisotropy in order to reduce the voltage
requirements for the electric {ield E. More specxfxcallv, the differential
between the dielectric constent (coefficient) for the liquid erystel material
20 when no electrie ficld is epplied which constant (coefficient) should be
rather small, and the dielectric constant (coefficient) for tha liquid crystal

[2od
o _
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the-anisotropic liquid crystal material 20 to hel p neet "'t he above
ftons. 15 The encapsul ated |liquid crystal -11. has features that
3 £/-the liquid crystal nolecules 52 are distorted and since the
pl&€ochrqic dye simlarly is distorted, absorbency or blockage of |ight ~
transm ssion through. the encapsul ated liquid crystals will be highly At
effective-when no electric field Eis apHi ed thereacross. On the other
hand, due both to the efficient 20 appl{gation of electric field across
t]he |PQUI d crystal material 20 in the encapsulated liquid crystal s Uto
align the liquid,cryst Iecu £S5 nd t he dye.al ong there
t he above descmaéﬁﬁle '&F@r}ebs Fo% “fp°f‘e??§¥ aitb‘ﬂ'l t%lesﬁgc e é%f%fm%%‘h
encapsul ati ng cenktemt exbffitienty shouldi e cretstivelyniangej shoukl bs:ha.s lang¢ cesnt
l'ight wll not 9531 gfracted or bent at the 25 Interface between the
capsul e wal | & the liquid crystal material 20, when an electric field
i s applied the enca‘psmaastdgs 22 queyiberofsvasioug siges, Tha/amallenthe eansilendizg,

transm ssi ve Eﬁdugﬁt hd higher the rtegu@embufsakm sbe%remeaaauireé erb1d Itatufdeet
crystals 11 or r|I LS require

to.construct, a . final Liquid crysta
devi ce, such a& ‘me@eﬁ the lmmefcrﬁ'gﬂ rgolegiiessip thy ﬁé%s‘{lﬁgs'%ls«?né’éﬁé‘uﬁh&t ed
Ihl qﬁl g clr ysi al gegbike sxﬁeﬁﬂ‘a@ﬁlveiﬁ#ﬁé?, md'elc%pﬁitﬂﬁs aﬁbll‘eqv.ﬁﬂempdxeumtr&leatof;/el y
i i electrig apiso er to reduce VO s, for
Tha el ect 1ot Eua ipvaY ao Pidy helefoity iore TRERIA Peisdes, BRENGERAE TE R in
dielectric consmeaenc.bstdetxhganahum than fiondargequsize capsdes, thatdensisy pEf)mme
no electri ﬁpfls#%‘% w@ M?n,&@as?aﬁsgg%gﬂ #@9%59 n%t%gm

rat her sma I’ I C COI’]S’[ ant cog
crystal mat beatamqﬁﬁenf |tche| gregenyHayention, dpprshhati Sﬁ"‘é‘-ﬁ Hpde éfﬂ i the

fields which ceRslsnbtdds aghid et ushéu&hdaé)@né gt d \epystal aéﬁee mhcsnb@habe
as large as pOSSi bl e. The c&'%?ul es g{rwg of vari oua}ezl e sm%leher
the capsul e si ¥% ©8ps ules, & gwifenm SH‘F%JI"%’ e’r‘eﬁ%ﬁr@ﬁe

el ect Ir ic fA: el demgﬁeﬁm}tdahe@glimm @fretalmreuy anif or s rand tvedll mlm-euéemnnet he
capsul e. so, ,whe e.s e are
regw red pé? um‘f @F%sg gﬁggheelcggétﬁ%fﬁ e ogaf Bf’ ﬁ-%%ﬁozmagmﬁbrqgé"e é‘g‘?‘?’wﬁa

vol t age ,dr op | esergizatiohl ofotheurespectihe capsips;ul.ait tlignmenti ofithe liquiderystsiger
si ze capsul es, ﬁ.tgiwcyﬂ%nart cﬂerm'ﬂﬁhtot angbgé égpﬁ@amn spudn@ lé?efstﬁﬁl kRid.

According to t erred ehbodi men present
i nvention, t hoggﬁnaxalydgm eapsuies 22,5honld have a sxze on the order of from sbeut 2 te

about 25 microns in diameter.

20 As was noted above, the larger the- 'capéule_ size, the smaller the
electric field required to effect alignment of the liquid crystal molecules
therein, HoWever', the larger the sphere, the longer the response time. o/

| Regardless of the capsule size and the particular field off arrangement
of liquid cz'y'stal'.moleéuls within the capsule 22, it is impoctant to know

25 what the field off ahcn"zent would be and what would be the distortad

: ahcnment when there is a field on co"dxtwn so that the encepsulated liquid
crystals 11 may be used effectively. .

In the preferred embodiment and best mode of the present invention
the liquid crystal mateual used in the encapsulated liquid crystal 1l is of the

30 nematlc type. ' '

> Currently a most preferred liquid erystal material is that s nematic
material N318250 sold by American Liquid Xtal Chemical Corp., ¥ent, Ohio, -
U.S.A. Others may be ester com‘un txons, biphenyl ecombinaticns, and the
like, '

35 The eneapsulating medium forniing respective enpsules 22 should be of
a type that is substantially completely unaffected by and does not affcei the-



encapsul ated liquid crystals 11, such as the liquid crystal device 10
shoul d use capsul es of .uniform size param2ters so that-the device 10
be: energi zed or deenergized in a relatively uniformand well controll ed
manner. 15 In contrast, when the .capsules are of a nonuniform size, t hen”

nonayni f or m ener gi m.uoers);m& hendtesnact i m&asmreschdraaerﬂﬁwna&rsﬁeé Nbove
liquid crystal nol ecul eg of  each, woul d occur I.cat] on of

a
electric field. OSANREFING q‘ﬂ@"&%lﬁs‘iﬂ"éﬁ""}i (e P‘Heh'éSQ" igdicesof fﬁg"’SF'BEr“’“h
of from about 2 tqespentt t&ihéﬂlﬁuﬂaﬁ%ryﬂa!jltﬂﬂﬁrm an®to the enéép. éﬁﬂ’&t:ﬂﬁtn@éfdmm also

above, the |arger th | ler the electr
required to effect® aFﬁ'gﬁh@?ﬁL{eﬁlﬂiﬁﬁﬁéq‘H{hl 1 GAYEDLy W ﬁ’ﬁ e@ ié" e‘fyé 5 employed,
However, the |&rgdhetérappifating mwdibmnglso shovald %&pmaﬂytmﬁfeMbﬁhﬁﬁBsmiuld

S caPsul , 517 08 ST S e Py Ao SRS B b e

of f alignment woulagdbmotasubjebtiitonabsatptient by thies Watereghaée gseaalmelavlmb or tpwymer

used ef fect vel y. PR AE e PltaasachE AREHM. Cabuitbpinst 45, fetiehd () gifirea

i nvention the [i qmehtmustmetxrrﬁnpedmcmm the téreepsdatiogl metium,qsuch medium
crystal 11 is l@f ey E%’pﬁ g{ kﬁr nost preferred liquid
crystal materi al %g&%lﬁ%avgs nel#rg'z'l eri gf é%o sol d by American

Liquid Xtal Cheni cal @a xamplesiof aDplepchepic dye @hbmyrm used dathe encapsulated

CO"‘gTrnat i ons, bi DBS %lﬁ‘%mkrﬁt'hoﬂéeoﬂaﬂce hgith K ggéent mvehrfﬁ]g are indophenol .

enc sulatlng medi respective capsules 22 should be of a type
that is substanti quey wdan | By m&ﬂ@ﬁs%ﬂd does not_affect the
20 liquid crystal mat «m-wus resii® @Id76F SAIGaAEES Cnlag! bESu@lamrsl hre avengs ulatmg

concerning dielectri con tants (coefficiept and_i ndi ces refractio
W th respact It Medfimy Hoaeyer A gReARHa A e A6REEDg 1R (198 AERTECR?

al s?) cogst g ai nt hnaembodihaaxlel 86d i 5st Mbﬂéoﬁﬁrthe\/\bﬂf%gﬁ% Eiﬁf&%ﬁdlnli iéypol?ysmytl a]cghol
enpl oye e apstl.a u e.,tota unaf f.ec

ong Shoul d ot af €3 BRte bl HefE foud B Réys dh8 dheirss hitsertirs mgatiShsd chcve,
be oil sol ubl e anespecialiyuin aelation absﬂieﬂabeﬂebéeshﬂbeumxelfeﬁﬁsﬁqﬁﬁfermhbwhd
or polymer pleochroic dye material. Specifically, _PVA has a good, relatively high,

20 dieleotric constant and has an index of refraction that is relatively closely -

matched to that of the preferred liquid crystal material.
To purify PVA, the same may be dissolved in water and washed out
with alcohol using a precipitate technique. Other techniques also may be
~used for purifying PVA so that it will have minimum salt or other content
25 that would reduce appr'eciably the electrical impedance thereof. The
preferred purified PVA is SA72 sold by American Liquid Xtal Chemical
Corp. If PVA is properly cleaned or purified, s aforesaid, it will serve well
" as its own emulsifier and s a wetting agent for facilitating the method of
making encapsulated ﬁquid crystals which will be described below. Other

30 types of encapsulating mednum may be, for example, gelatin, Carbopole,
(registered Trade Mark, a carboxy polymethylene polymer available

from the B.F. Goodrich Chemical Corporation), Gantrez (registered
Trade Mark,'a polyhaleic product available from the GAF Corporation),
the latter two being polyelectrolytes; and these media may be used
35 alene or in combination with other polymers, such as PVA, The
wetting ability of the PVA also assists in allowing freedom of
- movement of the liquid crystal molecules in the respective capsules

22 facilitating the'preferred



‘phage of the encapsul ating nedium Additionally, to .achieve the desired
refat Bely high i npedance for the encapsul ating medi um such nmedi um 10
shettZd have a relatively high level of purity. Exanples of a pleochroic dye,
- that—gmay be used in the encapsSul ated liquid crystals 11 in accordance with
t he p®&sent invention are indophenol blue, Sudan black B. Sudan 3, and p
Sutlan 2. Various resins and/or polyners Egy be used as the encapsul ati ng Tg
medi um However, an encapsul ating mediu cording to the preferred

embodi ment and best node of the pr esent |nvent|on S ponV|nyI al cohol

PVA), which h to h d
Copesially 1 noREtE e Bind iAot BYE o OBenteriors B GFLA? I
pl eochroi ¢’ dyeonditieni aid sy i ¢hangirigy to Pthe Iahg'nezd goeitionr elfaFigiebywherghgn 20

di el'ectric co i ndex of refraction that is relati veI y
cl osely mat chggéc%ﬁktfﬁag lggﬁgﬁ% preferred liquid c[%/st al material. “&UI’I fy

PVA, the same may Mengihedofordikingaencapavigteths otnystals Hlamashinclugs ng a

precipitatg t‘ﬁﬁ%@!‘@cetﬁ%@&het € Qﬂﬁ%ﬁam&m)’ e 'ﬁ%;@ﬁl fé}&sﬁﬂr ifatkAg PVA
so that It will have m ni num sal t “or ot Rer- content 25 hat “woul d reduce

appreci abl y t ‘f&c’é‘p%b rifc #ped nieq QIrasheqie gy - ma‘l‘ﬁ’@-‘br%‘f%rﬁeﬁﬂa%ﬁ FRBEIPVA
I's SA72 sol d ey smnailmea mmngcwy 66¢urGw B. valrie*@vef inSE xIeF Ql@erdey,

I d fied f
and ne a wett P Syafendiy s 2Reld mily BhighS et treseee Rt ot 3 S Rap il e
liquid cryst abecumhlduﬁngnshbh i xihgds thé ot et anof &b learulsion otfytpeanngedxents, w

| at . t
gncapsul a f N9 Wik acqlogﬁgseg@'ntw ﬁ{)/qge %’%ﬁp&ﬁmrﬁ%n JFn"bIce flroméﬁg rﬁ%%séer

Trade Mark, a C | 'ehe pol yner av
Goodr i ch. Cheniwesér, @nd isotiskacoerjly euring the %ﬂ@g&d&bﬂédﬂqﬁla@e snah las the PYA.

pol ymal ei ¢ pr Qﬂﬂh%hoﬁ‘fﬁé'&%&@efi?ﬁ (36 %1?%9&5 @ﬁé%at%ﬁ%dxﬁht&?stm

bei ng polyelectrol tes hese nedi a may l.one or

conbi nati on wheH a;S’GF S8 e"§u@ﬂ°‘h§aﬁﬁl\e WllIlhl’ée sebstentelinisehesicak ing he
PVA al so assi gbrifiguratibh Obéduiisé reegbnawf:s ﬁm&méstoi‘ré&%nbréwlsdaw vt gle

T ol b7 ARSI kR CERPUG oF b @ 88 WHSuBR) IR o o
off eonditi onoagmi..ﬁaé’yr*nhdmgd riterdrying amldb’gned'upg)bas peeurpéd.Fi g. 6 when an:
It is noted here bneﬂy that the characteristic of the pleochro:c dye
that 1t must be oil soluble provxdes for solution thereof with the liquid
cryslal material and that it not be subject to absorptxon by the water phase
20 or polymer phase assures that such pzeochroxc dye will not be absorbed by
the PVA or other encapsuatmv medium or by the carrier medium, such as
the water, used durmg the manufacturing process for the uncapsu.ated liquid i/
erystals 1.

25 - |  EXAMPLEI

A .45% Sudan black B pleochroic dye was dissolved in 2 liquid erystal

which was composed of aromatic esters. Such combined material is

 commereially sold under the’ designation -_'8'250 by American Liquid Xtal

Chemical Corp. of Kent, Ohio. Such material was mixed with a solution of

3¢ 7% PVA, which was treated to remove all salts, The solution also was made
with ASTM-100 water. ‘The resultino' mixture was put into 8 colloid mill

whose conegap setting was 4 mils, and the matemal was inilled for four

minutes to give 2 rather umform particle suspen sion size. T‘:e result wes &

stabie emulsion whose s usgendad particle size was approxxmately 3 microns.

The emulsion was cast on a Mylar {ilm which was preco'at'ed with a 200 ohm

e
N

per square inch layer of Uin oxide elecirode purchased from Sierrscin. A
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electric field is applied. A method for making encapsul ated liquid cry S
U nay i nclude 5 m xing:together the encapsulating nedium the liquid "
crystal material (including, if used, the pleochroic dye.material), an
perhaps a carrier nedium such as water. Mxing may occur in a variety of

ni xer devi ces, such as a blender, a colloid mill, which is nost preferredgy
or the I|ike. VMat occurs during such mxing is the formati on of an enul si*on
of- t he. |ngred|ents 10 which subsequentlxgggn be dried elim.nating the
carrier medium such as water, and satisfactorily curing the encapsul ating
medi um such as the PVA Although the capsul e 22 of each thusly nade

encapsul ated |1i qwodt&rmsa@lvaiaséam 088t the einlsibh efdtesiah 65 €he aRGHr CRMSOH the
will be substanti herlc? in configuration because a sphere is the
| owest free energfg1 Mde45 i ndividual dr opl ets, gl obules or

capsul es of the emul sAon, mlilotlby-\doem of i gmadmglszbnrmdexaﬂd st «plautrdylongsuch
and/or curing has 0 red t re. brief, £

characteristic of ?ﬁi%gﬁ HF%%‘%H% t? pe"otalr?ngjs bgc}‘%l OE Pesofml’ r‘%\?le

for solution Shelaysr ofi sucht ¢mulsiopusubsequentlyl wasiiarddadn Shel firhhthm armsuls@v
subj ect- to absor t h 0

such pl eochroic %?l’%“ﬁ/ !%1%? \gg g%uslgrgéﬁt% d“ﬁ%et%\)xy @Eboi[}'%ﬂ-ﬁﬁeﬁgklél‘j?%&tt?ﬁ@
medi um or by t he ha¥ingi & thigkaessnpl dGcmilas B ﬁ%era@ﬂeﬁhow&hamqegsw gted liqui
manuf acturing pr Sﬁi&lsf S@%ﬁWﬂ'@ﬁnﬁdlel TaGiex dnéseyﬁma&xsc uledthick.

EXANPEE | A . 45% b) ack | eochr, ol.ve

cryétwjgl whi-ch was coﬁ%\? é’d’sléf&‘é ay e"é‘t’ét?‘/’g d="’§&cﬁ“¢38?fﬂ %&%F%Pﬁa\‘ﬂ%

((::ﬁm'rpr c: aIOIOy m)l dlamﬂﬁe ahe aieapgﬂmedonq\ﬁa%kusﬁxm mattlesmd U;ly Xpalying an
enica rp. . n

Chem ca1 P sk 0 Gne i oS kA G4 W RO AL 8l

wi th ASTM 100 wateansparest.r cThe tmatgrmm:mt«hg pery wide viewingl anglejiilg. the

whose conegap Setaﬁél@?%t"‘@iléh htsn-.a@nﬂ t”@é SirldPtheVeditridt f-ﬁ.go s Plak 50

m I’lUt es to gl ve a Unl gartl SUS ensi| on, si ze. t was .a

stabl e enul si on M§e°%lﬁpﬁéﬁéeéleﬁ figi E‘Ie@ S| z'féevv&!'”é’ﬁmgo@ﬁﬁ@ ks 3eRPRY dike
35 The emul sign mBfsebdids dhnarﬂi adura fnn‘lﬁ@ém:ﬁt&fﬂﬁs precoated with a 200 .

ohm per square 1nch [ ayetordante Tl thE presidt iV oy S GEAdI QAL S AN
for making the enca_psulated liquid crystels 11, for example in the manner
described above, may be, as follows:
" The liquid erystal material -~ This material may be from about 5% to
20 about 20% and preferably about 10%, including the pleochroie dyve, by volume
\_- of the total solution delivered to the mixing apparatus, such as the collcid
mill. The actual amount of liquid crystal material used, though, ordinarily
should excead the volume quantity of eqca;tsulatmv medium, e.g. PVA to
optimize the capsule size

25 The PVA - The quandty of PYA in the solution should be on the order
of from about 5% to ebout 20% and preferably, as was deseribed above,
gbout 7%, this depending, though, on the moliecular weight of the ,P\|'A. Fer
example, if the PVA has too large & molecular weight, the resulting material
5 will be like gless, =s ec:'iany if too much PVA is used in the solution. On the - |
30 other hand, if the molccular weight is too low, use of too little.PVA wilk
: result in teo low a viscesity of the material, and the resulting emulsion will
j not hold up well, nor will the droplels of the emulsion solidi{y adequately to

the desired spheriéal encapsulated liquid crystals.
Carrier inedium - The remeinder of the solution would be water or
) 35 other carrier mediam, as described sbove, with which the emulsion can he

;
,;.



gﬁg ¥ bl ade was used to cast the emul sion material -on the MWl ar filmon

| ectrode coated side. A7 m| |ay-down of the enulsion material was
dhacéd-on such el ectrode and was allowed to dry to a total thickness of 0.8
ml. A second 5 |ayer of such emul sion subsequently was | ayed on the first
witth a resulting aggregate.-layer of liquid crystal droplets in a. ponV|nyL~,
al cohol matrix having a thickness of 1.6 ml. Preferably, though, the
encapsul ated ‘liquid crystals may be | ai&3down in a single | ayer one or
pl ural capsules thick. The thusly formed liquid crystal device, including

t he | ayer of ele .0 d encapsyl ated liquid crystals then was-
tested by app:\"/%}/ad%gd'yrltgb Fflep ﬁ' %‘"W@%Bﬁa t“ésrtf%ﬂe» EHestERee ©5 om

bl ack to nearkwehkear- transparent The naterlal exhlblted a very w de

vi ew ng angl e, i nsm_t nd,t

contrast ratio was #{}%?'&%F&@ﬁ app htlf\,\gﬁ% ?I o of elsdér ps of

swi t chi ng speedcapsylagingum ediigm 1‘51d #ﬂtﬁld setséﬂ:ldmabmdneraMxed imi &l Egwdpnds
of f. 1 1. 0§01 A6 WoherltsheP @IS 8Ber fléé‘ﬁﬂfdu% rtsf r&“%ﬂgﬂéhé‘é 8 gldoar gl ents.

for making the encapsul at ed g stals 11 € nmanner
descri bed abo§ePsulfgyagrording ?‘b tzGV\EP i athéhe |°GB$‘&3%|°9§tQﬁ Pﬁ%ﬂféwchif of TN s

material may b.edésmmeamutbﬁéeamaa&mbawonae%aﬂﬂna&@fogéé%x £ amkia0

|nclud|ng t he e tot r SO utlon ellvered to

t he nixing apﬁ'g(i SQ gﬁcﬁx%y t“%% Hi ?°f1‘h esireq Jrifonmity [ the qui d
crystal mat err@somssexpresmmveor d| nar| I y shoul d exceed the vol urre quantl_ru
of encapsujgating z . ze.

PVA - The quantl tgﬂﬂt B%Aﬁ'{e?] prﬁ %#]@ghxgﬁfugﬁg?aa%%%heg o J&fpoélfeftroom

about 5% to amltcam%aa\dorqm@taéroémnyeleammém@mmma&bavaey teebefifec @

t hi s dependi ngy a?[hﬁiﬂfbn Q{ag%@logg%ggn%ggi g.0f the, PVA. For exanple, if
the PVA has too arge a nol ecul ar wei ghf e resulting material wll be

| i ke gl ass, especially if too much PVA is used in the solution. On the 30
ot her hand, if the nolecular weight is too |law, use of too little PVA will
result in too low a viscosity of the material, ‘and the resulting. enmulsion .
wi Il not hold up well, nor will the. droplets of the enul sion solidify
adequately to the desi r ed spherical encapsulated liquid crystals. Carrier
nmedi um - The renai nder of the solution would be water or 35 other carrier
medi um as described above, with which the enulsion can be f. °



hade and the material | ai.d down appropriately trate, electrod grq/
the like. It wll be appreciated that since thgmmﬁmiwﬁﬂﬂ m or -
dropl ets of encapsul ating nmediumand liquid cr carri AT
a liquid, 5 various conventional or other techniques may be enployed to
grade the capsul es according to size so that the capsules can be reforned

i f°6f. an undesirable size by feeding again tBfough the mixing apparatus,
for exanpl e, and so that the finally used capsules will be of a desired
uniformty for.the reasons expressed above. 10 Al t hough the presently.
preferred inventi dd:A3M8t ates in response to application and renpval of an
electric field, operation also nmay be effected by application and renoval
of a magnetic field. 4 st t i ng
liquid crystal material, Zlanglt' contcfjg ﬁth CL‘{;&Ed;{u% hgéwpﬁgggjgﬁlggt’el%gggsﬂa?or
i nduci ng a di st ortmteahalgnnem af containmeofi Hediupsthavingi vifarewArans i iPr
response to such a}igngpnt, a&1§t€?§éd Oélfigﬁ)rﬂerﬁc%Tft 848{d GMQuinJS&ryESai inglter£41d

which in response to a prescribed input o i netic or ectrl cgl:ers
reduces the anountvwhichsi@h r§§&?‘tsér|tr?g Hehap bﬂ#?‘&nat cast TR®® a?) aratus of

claim1, further cogprdpsbabs piz%ﬁehaﬁn Cwltiy® fin sesponké qui ck qprescmibedntnpital .
3. ~ The appar at us é])% gl %{a?g? > Qieﬁqggémfge% & G fﬂex%o%é hof‘nguch

soluble in said. Ii nat erl apparatus of clains or
3, sai d pl eochroi cschteebinghgr seisorpeibnf.r om t he group consi sting of '
I ndophenol bl ue, Sudan Bl a

claixs 1-4, said contai nmeﬁ{( " ﬁﬂ%&?@ﬁgﬂ%ﬁgﬁﬁm%éx of"re;rrgdapg'?f; %ie%%hfgg?d
liquid crystal dye in said liquid crystal material,
3. The apparatus of claim 2, sald pleochroic dye being mixed
with and soluble in said liquid crystal material.
4. The apparatus of claims 2 or 3, sald pleschroic dye teing
selected from the group cms‘.stmg of indophenol blue, Sudan Black B, Sudan 3
and Sudan 2. :
3. The apparatus of clai'ns 1-4, «2ld
containment medium having an index of refraction, and said 11qu1d crystal

meterial comprising optically anisotropic liquid erystal material contained in
said containment medium and having an ordinary index of refraction in the
presence of an electrie field substantially equal to the index of refraction of
sald containment medium for maximizing optical trensmission in the
— . presence of an electric field,
8. The apparatus of claims 3, sald liquid orystal materlal
“having an extraordinary index of refraction that is unequal to the index of
refraction of said surface meeans.

7. The apparatus of claims 1-8, said liquid erystal material
having positive dielectric anisotropy, and wherein said surface means
affects the natural structure of sald liquid crystal material to induce a
distorted alignment thereof in the absence of an electric field to reduce
optical transmission independent of polarization, said liquid crystal material
being responsive to the presence of an electric field to increase such optical
transmission.
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-mgt.eri al—conprising optically anisotropic liquid ¢crystal material contained

qai d C ' ' and having an ordinary index of refraction in

preseﬁﬂﬂmmmmumnmrc field substgntially equal to the index of *

effaction+of ¢csatd torft ai*nment nedi um f ? mexinizing optical transnission
in the presence of an electric field. 6. The apparatus of clainms 5, sai'w
li.quid crystal naterd al i ; rARrHLE s Y 4 pdex,;8f l.Qnthat is
unequal to the in_dexd'of ?ﬁr%ﬁ@gﬁgo @giﬂggur’%/é%é. 1n€‘e{ﬁs€r§g{aia'ﬁ%de"?{a}[1)par at us
of claims 128mpsliing Inegiatie cHywigalerypeler materhty ihayingoforitine odlelastriei ¢
ant sotropy, aﬂﬁdtﬂ&ﬁf{ ahd sadd tonuaf melt RANEM Aok REAS at PRuradity & structure of

said liquid crystal, material,to i,nduge a distorte i gnment, ther.eqf in the
absenceqof dﬂltéﬂfsg’é N Prvessufacgs fﬁd{?@%“%ﬁ &i;ﬁ?qrt‘reg ‘ﬁf‘g‘se%ﬁt‘isﬁ @Hent of
pol ari zat i orryssal thatérali whinhyint esporse doisakh distotiorespleesi vee bhsddreerpr esence
of an el ectr] ' kN S . opd.L.C 1 S oNn. . . The
appar at us oft hgl %l#sﬁt&lfl%h't sgﬁf’gj‘l@ aé#fg'g%cr %F anl %%%B?gn iﬁﬂpqﬁlg? n%yﬁ%t I C

i qui d crystregtertal end avhinhiin 1gspanse tp 188 @reserabadrinput Fafusest rthe\amaund of ai d

cont ai nment gElidan rdidbiabsorptibhaal ity of volunmes with curved surfaces for
I nducing a distorted aéqi)%nrrenP of said_liqujd cr%zt al .Material which in

response to such di s¥ort TOR &RPETEINS OF sl msr 1 -6¢ 5210e contaimmeng pedipp fomingim  when
" pl eochroi ¢ @gerality Psfeeapsules éden havivg da Cedved! 1nte#er | whil anshfudd,CBatan

response to th rescribed input.reduces the a nt of.sugh atteri.ng or
absor pti on. °§Paemgsrh%°"§ﬂlé‘é€%tfﬁaopq i GrEst -8Wag€f?§’cgﬁf"§i ﬁfﬂé‘i ﬁ%f m \J
form ng a plmatebial jn the ebgenekecr! aneppliedvelegtric ¢leld ad leaxtesrieoof sedthersur f ace,
sai d capsul {0 PN TR { I3k i Lo d.crystal
ater i a1 n THEIGHE Belof Hefte thaleabin? bf e BofEfagtion U1 81y ligfe '
scatters or iabgbr bs i nci derfresengatof andapplinteelepirio ficlt digplaysr decnessed of

sai d |1ight, saRfletifg!diC absorption at 16HseSRNfife @redHoAldr g aﬁﬁﬁé‘d eidethint! d -
di spl ays de(‘!réqq sed scattering or absorption at l-east in the direction of

the applied tric field. 10. The apparatus of clains 1-8, said liquid
crystal material conpd. sihhg appacpisasfi oladinkyl-8gmaid tquidt erystdl Mmavdrie]
positive di glgilfdds en operationally nematic material having positive dislectric
anisotropy, and sald contaimment medium comprising encapsulating meens for
substantially encapsulating said material inc'épsules, said surface means
comprisiné wall means of said capsules for t.ending Ito align said liquid
crystal material generally in parallel with said wall means in the

absence of an electric field. . _

11. The apparatus of claims 1-7, said contaimment medium comprising  \/
containment means for containing liquid ci'ystdl material and for inducing
such distorted alignment. '

12.  The apparatus of claims 11, said containment means
including means for containing discrete quantities of said liquid crystal
material. : - '

13, The apparatus of claims 1-12, wherein said liquid erystal
material {n response to such distorted alignment absorbs llghtand in response to a
presceribed input reduces the amount of such absorption. :

14, The apparatus of claims 1-7, 11, or 12, said liquid crystal
material comprising an operationally nematie _liqﬁi'd crystal material



ani-sotropy, and sai d -contai nment medi un conprising encapsul at| ng. means
substantially encapsul ating said nmaterial i “I““Eu'mmlturface means
gonprising wall neans of said capsules for Hmmﬁ‘u aid liquid .
crystal material generally in parallel with said wall"neh ns in the absence
of7an electric field. 11. The apparatus of clains 1-7, said containnent
me\cﬁ un conprising containment nmeans for cémtaining liquid crystal materi al

and for inducing such di storted ali gnrrent 12. The apparatus of clainms 11,
sai d contai nnen for containi di screte antjties
of said Iiqui® E’?i%?éﬂ dfﬁf%‘ﬁl ‘fa%igF & My 19 rlﬁgedggf g & s‘?"%g,suﬁherei n
said |iquid diguid abrystdlermateriad medpanasé domtsirotendimddénb.ed al i gnnent
absorbs light and in response to a prescribed input reduces the anount of
such absorption. 14. The apparatus of clainms 1-7, I|l, or 12, said.liquid
crystal material conplisi Apearppspetust olostaimg h@maidchqmqumstaiy@mrial

material | i ifgmhtolIRRIC! erfitanhd efIR1,0%nd’ sHR! 'duktae’ Tichngl an
emul si on of such ui %sfta [ga&!?erl&g ﬂ sai contal nnrent pedium 15.
The. appar at uSCFBRIEE [Beans, ToF atgning, e H99d, awsial. Batenial: Bpchiavags

nemati c |i qui ghbstaysterly maﬂafunahbsoapﬁoﬁ ot ﬂﬁgﬁtl éﬁ@ﬁy uﬁaanﬁ n6 I1g) icdhdigioREans

for ali gnl ng the liqu g taI terlfal i ﬁzsubs anti.all E{%EXI mum
absorption of Iight eh Y g "ﬁoo f?lﬁfna’ f|-5 » 195¢ ok %/

of clains 1- 7qom§rising a]raediaml tbrmntwinugedﬂscrshedqmtmmoﬂ silddiqaidrerjistah for
cont ai ni ng di Exg F] &ih aymé %&r*ﬂ%&:ﬁ#é&sﬁ@é digt V\ﬁtrrlcahniséﬁb liquid

crysval mater| ng p SIt ric a ﬁ& erel n saldo’medi um
i s an encapsu¥aenein Sﬁr@d mediymr issan cPfIGPaiHIGh@E ymedumntare sald| Hquidderystalei n

said liquid Cﬁ!ﬁérﬁdl &aae&haleuandaiaau f w:xaéﬂem HRdisaid Qﬁé’@sﬁh@ﬁxbr' ca:
B ong an-e Zﬁwpiymawﬁf‘eeﬁﬁgeﬁ%b'a?@e%w &t GoPhapriantion Ghan eesirg o
crystal mmterfield adrose a ea@ums QMngr an odleefgieal pagh ahrough sabd énedpguladingr yst al
g}a;ie;r;all t7f1anT%8ir SSQE ngﬂl Q‘g’gﬁﬁg n?mgﬁxgl H,E%‘: 3ﬁ a ]gZeater voltaEg %rd Buascr(o)sfs

said liquid erystal material than across said encapsulating medium.

17, The apparatus of claims 1-7, 11, or 12, said contaimment medium
comprising a medium for co}ztaining diserete quantities of said liquid erystal
material, sald liquid erystal material having positive dielectric anisotropy,
and wherein when exposed to an electrie field the electrical impedance of
said medium and liqﬁid erystal material exposed to such field along an
electrical path through both said medium and liquid orystal material are

N related such that the slectrical impedance of said medium is greater than the
electrical impedance of said liquid crystal material exposed to such field. -

18, The apparatus of claims 16 or 17, sald medium having a
dielectric constant that is no less than the lower dielectric constant value of
said materiel, S
| '18. The apparatus of clalms 11 or 12, wherein said liquid

crystal material comprises an operationally nematic liquid crystal material
and said containment medium contains  diserete quantities of such liquid
erystal material causihg the structure of said material to fold in on

itself creating storage of elastic energy in said material.
20, The apparatus of clmms 1-9, 11, 12, or 16-19, said liquid
crystal material consisting essentlany of nematic liquid crystal material.



rrpr|5| n md#um—f—or*contm ning di screte quantltles of said liquid

ystal mat eri al liquid crystal material having positive dielectric,
= ] sotum mm when exposed to ap7electric field the electrical
ped mand |liquid crystal material exposed to such fl,gl,d
al ong afi ef ectrical path through both said medi um and | quid crystal
material are rel ated ch g.hat the el trl.ca d ai mis
greater than the el ec?h cglthei fppagatys o o?hyﬁf ’lnzfﬂ 'c??ggallsg ﬂﬁ'l
exposed t o suetystal shaterikBeompelsingroperd tionally melnge thes ligGidarydtal matedaliedi um
having a dielectric c gst apifs L% n o
const ant val ue of sal materl a Q‘Lgﬁ ‘ﬁpgiaappara s&lﬁ%@?ﬁmﬂﬁ}ﬁ%t&?

wherei n sai d beingreversiple.al naterial conprises an operationally nematic

liquid crystal nateriag, ar'fhesa?ﬁﬁrﬁﬁﬂtﬂ SIERRS 10951 44T GOrTagh '?ﬁeansq'oﬁﬁbl:g[al d

gquantities of such I|i ﬂw d cr mat eri1 al-"causing.the structure of

material to f@Wyes yolumes §8P¥“Bﬂnﬁa“%“§o?fa(yﬂu& caystal inatepial,ggnd saidyi d
material . 20. dﬁf&t@mﬁmwéorﬁiﬂsiﬁ? eligmeht. atlaeastrpiﬁﬁvl%arﬁﬁlﬁl theui d
a

crystal material £0oNsi,Sti sentiall y of -nematic l'iquid crystal material..
21. The apparﬁ‘f’ffg °@I'§F ﬁ“@"‘ll or 16-19, said liquid crystal
mat eri al conpri si ng ofgé# at’l‘hmahpgarahuatofc elaémsd %sysad curwvedi voluiés The

253" The appal a'?t“‘ﬁ"% %@Wﬂq““&%"‘é‘ SR didrile UERRIICYE 1B Ny

vol unes cont afrysta fale i es of |iquid crysfal material, and said
dﬁto”ed al i gnm?nt C@8P' i) Jagpdratise it aélahﬁ@Stupaéﬁ ! Yz,paﬁﬁéﬂeﬁi L& he

ature of such vol une. 24. ald furved

vol umes conpr FARtAIRMANE . medign é%e’dng sﬁ?méj’q&ds%‘féf’é matastal i es

of Iiquid crystdiwhenéiarihalsi2é of Saeh cappaesisiffonl kiard®to 24 Oor 12, wherein
said contain Hg‘dl um forma capsul e contariing such liquid cr yst al

material, and in the size of such capsul#s is from 2 microns to 25
mcrons. 26. The appai2f usThe- apperatus :ofzﬁairsarld%.ouidl nnammueult wmed EoRcon~ |

prising resin or polymer.
: 27. The apparatus of elaimi 28, said containment medium bell'lg
- selected from the group eomprisins selatin, Carbopole, Gantrez and poly-
- vinyl aleohol. . : -
28, 'l‘he apparltul of ele.lms l-27, wherein said containment medlum
. forms a generally spherical capsule foe containing such liquid crystal
( )  material. .

28. The apparatus of claims 28 ’harain the dielectric constant
of the wall of sueh capsule results in a capas tafice in a radial direction that
does not drop the voltage appreciably rnhtive e the voltage drop across the
liquid crystal matgrm upon npplicat!on of an electrie field scross the

capsule : .
30. The apparatus of claims 1 ‘29 wherein sa1d surface

means of said cont:a:.nment medium tends to allgn at least some of
the structure of the Tiquid- crystal mat:er:l.al generally parallel
to a wall of said contamment medium when 1n the absence of an

electric field. .
- 31, The apparatus of claims 1-10 or 15, sa:.d containment

medium comprising an encapsulating medlum that distorts the internal
structure of the 11qu1d crystal materlal inlthe absence of an

electric field. PR




prising resin or polymer. 27. The apparatus of <lrainms 26, said contai nrre

nmedi um bei ng sel ect ed from the ‘group conpri si ““‘““\“AMPN e, Gantre 8

and pol y- vinyl al cohol . 28.. The apparatus of Waﬂmﬂ ein said

cont ai nnent- nmediumform a generally spherical+*ceapstl e"fof contai ni ng such
Gid crystal nmaterialL. 29. The apparatus of clains 28, wherein the

q
dléFectrl c constant of the wall of such cd8sule results in a capacitance In
a radial direction that does not drop the vol tage appreC| ably relative to

the vol tage drop acrosg t Bhi f an
electric field across q‘hle &sﬂélagaﬁéé? cﬂl‘FﬁB{ 3 g&é +13§§é$§p°2tg
wherein said srnem(:éornmrﬁng dhe dearebinatiomeadt S&iédiqmd tcemsl tmeterial rangt

| east sone of (hHRashhdact Héda_iug,f the |i qU| d cryst al material generally
parallel to a wall of ont ai n \%/n?n in the bsence af  an
electric field. 31. Qﬁ‘ﬁa?l?ﬁaﬁ% ‘Gf" 32, further egmp 55"8 RERRs IR et

medi um conpr i sadhgring taecmnmihmomgf s®idi 1lqmd haystdl miatdrial dnde coht £mBdht
structure of the |i UId crys material in the absence of an electric

field. 28 B‘Qedl?ﬁe Qaﬁﬁé a?“{'@tﬁq‘t c"8¥%s 1-31, further conprising substrate
means for supporting tRé cdhe apparatusoel sbﬁlmslﬂnﬁuuﬂ’@erm @ldcatodand

cont ai nment ne f cgm:q g
nmeans for adhe‘?%%ﬁg oﬁga%loﬁﬁﬁ‘g??gﬁ@én?sfgglagﬁb gﬁ} %F?%%Fggéattgrl a hgirlll

cont ai nment rre‘EFYEI Bk substrate means. 34. The apparatus of clains 32,
further conprising el ess.r oclmenmaa@ @rabmmtsiurfamemaﬁ@rﬁn:rg ARRAY fR0 an

A RN ¥ NI TR EOR S e i
crystal materi aéd:andtq:(samleimentode means.
-38. The apparatus of claims 1-8, sald liquid erystal material
having positive dielectric anisotropy.

37. The apparatus of claims 1-§, said liquid crystal material
having optical anisotropy.

38. The apparatus of claims 11 or. 12, the comblnation of said
liquid crystal material and containment medium forming a plurahty of
encepsulated liquid crystals; and further comprising substrate means for
supporting said plurality of encapsulated liquid erystals.

38. The apparatus of claims 1-33, 36, 37, or 38, further
comprising electrode means for applying an electrical field to said liquid

A crystal material as such preseribed input,

' 40. The apparatus of claims 1-33, 38, 37, or 38, further
comprising means for applying an electric field to said liquid erystal
material to affect the alignment thereof and at least one of the absorbence
and scattering of light thereby.

41, The apparatus of claims 40, sald means for applying com-
prising electrode means for applying the electric field across said liquid
erystal material, . _ _

42, The apparatus of claims 41, sald means for applying further
comprising eircuit means for providing electrical energy to said electrode
means to ereate such eleetrie field, '



d|un1t6~§§TH“‘Tecffede—neans 36. The apparatus of clains 1-6, said

ui d cry having positive dielectric anisotropy. 37. The

ar at us mﬂﬂﬂﬂg id liquid crystal material having optical ¥
ani sotropy.* 38. us of clainms 11 or 12, the conbination of said:
liquid crystal materi al and cont ai nment nmedi um form ng a plurality of «
encapsul ated |iquid crystals, and further conprising substrate neans, for
supporting said plurality of encapsulaggd liquid crystals. 39. The
apparatus of claims 1-33, 36, 37, or 38, further conprising el ectrode neans

for applying an electrical field to said liquid crystal material as such
prescribed input. 443, Tihe eppsdetusef clalmos B n‘l;l,lﬁlsﬂ'lel‘:a@mm'?sung)nh‘@ﬂ;t further

conpri si Ny WRARSIdrHppRIRk Y1EktrRal %hsx«"ggrtocs&m%éc tree® fleflns kg hibie i3t 2

material to affect the a nnent of and at [ east one of the absorbence
and scatterﬁWEﬂaPﬂﬁﬁl‘clﬂ ﬁ%cé!; ‘The apparatus of clainms 40, said neans

for applying com pagsi r'mxeehpgmaﬁeomm&sf g, 3R m;am 'E:ﬂ%tél' Aatdrig field

d d t I 41 id
moans for. o SHEEer DERMEReIB saPetr iyt At JOARF ORRGRS BPBPUATAATATHST
el ectrical kgheripgegandently oélthepcbalhmrmarﬁ the lzgheat@dauwhaﬂdoect ric f i el d.
29 43. The appar at ,US of cl ai ns

% tr&e :E’g Cld’lCUIt means for
appl yi ng el ectri caI enerélﬁ ¥ ‘tf & e%]tarl%e er"e b EHAY same to
apply such eindegrafc refsdction of Faid Jpguirdacorstef mtarrncl Bné, tlvamﬂdxu qui d

crystal mat g ﬂefxaa'&(élélrroffagglcfr%ﬁpﬁacléehéﬁscgfw%Bﬁéﬂa‘ﬁ@:.ﬁlyj RESIne@Nt, Of todn{

absorb and-to scatter F(IJ_ | ndependent l'y of the polarizZation of the
I nci dent t hei@oRresegee oftguch, preperibhed GfPRFaj ns 1-4, wherein the ordinary.

ndex O onelraction el oie apblhietd Gy Siabls TRt oks, 28d! fuiendReal

refraction of said surface neans are substanti al mat ched 1 n t presence
of such pre@atertaland gaid surface means having ditferent i m ices of refractxon in t

absence of such presaeribed input.

47. The apperatus of alaims 11 or 12, wherein such prescribed
input is an electrle field, and said liquid crystal material and sald
céntainment medium have  substantially related dielectrie Ewnste.nts in the
presence of an electrie fleld such that the electrical 1mpedance of the
containment medium exposed  to such field is greater then the electrical
{mpedance of the liquid erystal matarial exposed to such field.

48. The apparatus of claims 47, wherein said liquid crystal
material and said containment medium have - substantially related dielectric o
constants in the presence.of an electric field such that there is a greater o
voltage drop across the liquid erystal material than across the eontainment
means. . : -
49. The apparatus of claims 11 or 12, wherein such prescribed
input is an electric field, and ‘said liqnid' erystél ‘material and said
containment medium have = substantially related dielectric constants in the
presence of an electric field such that there is a greater voltage drop across
the liquid erystal material than across the containment: medium.



46: The apparatus of tlaifms 1-4 or 45, said liquid crystal material and
.said surface nmeans having different indices of refraction in the absencs
guch prescribed input. 47. The apparatus of cl almﬂlgml")uwﬂlll‘mm;el n sud
prescribed input is an electric fireld, and saidli® o E¥at eri al and
s_a@l cont ai nnent nedi um have subst anti aI,J()y relat éd diefectric constants in
thé presence of an electric field such that the electrical inmpedance of the
cont ai nment nedi um exposed to such field is greater then the electrical

i npedance of the liquid crystg msigmél cAyRased 1Lt icgl theg 43. wiPeine
apparatus of clainms 47, wherein said_ liquid 'crys& al material and said

cont ai nment medi um Kavehe Sanstidne i dprips cubatand gl asthareiv dsstabed- in the
presence of an electric fiel disuclLiload ddyeesl iy pargueateistumtitadge A4 Gprcin
across the liquid crystal terdial than acyoss the containment ns. 49,
The apparatus of cI.a‘?ér‘?ﬁnlhfggr”E}Q, "wnérein gsouc‘hnyproe"s?cr%qb?élb‘frﬁﬁutznﬁg Zmoi4 the
electric field, andsatepAnyimg dreviygt.al material and said contai nnent :
medi um have substantially rejatedy i@l QGbLif 120MARY S hPridifg AHRSELIESaAls
an electric field such that- there is a greater voltage drop across the
liquid crystal materdfapn¥ 0ap ofctbe PrerediggntHiffent medi um 30 50.

Li quid crystal apparatus as clained in any one of the preceding clains
substantially as ‘herein described. 51. Li quid crystal apparatus

substantial ly as herei n descri-bed—w-t+h—+efererece—to—any—onmeof —Fi'gures 2 to
7 g/ﬁt he acconpanyi ng draw ng. 52. An el ectro-optic display conprising

th pparatus of any one of the preceding clains.




