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ilshoagh soiemeifically 1iguid erystals hove boan knoun for thoat
G yoursybhe asplicst o of ligaid crystole (O procticsd problems hos been o
dovelopmont of the last 10 yeurs, Ffhe use of ligpuid oxyetals bas angines:dng
matardad 1e in its infanoy, cnd wo con oxoept ever inorevelng cpplications of
these liguid orxyecal saterluls.

it the present timg , we can jive anly & rethar 1latted ploture
of the wltinate uues of liguld aryetale. Thus for, only the nematle and
cholestoric phasas have Cound wide epresd inteyest for applleatlonsyalthough
I un oare thot Ghe swetie phases d | prove equally valnuble within the naxt
eovaral youre, Ligaid oxyetale sre of interast beozuse they noed amcgingly
wsaall onasgioss for incbunce with a cholestorie phuse,a tenpoiuture ohange
of only one degree con ofiies o chiange Lo ohe enbire roinbow of visible oolours
in tho namubio phage, olactzionl power inputs of up low 8s one microuabb per ag on
son drive tn element Irom Mlleon to Cullwoff, Jlong with thls chelr da ¢
vory good resclutiocn 5 something on the order of 1000 lines gor oq inch ¢ thede
peoperbies lodd e to the arlceria whdoh mike 1iguid orxyatul uo Inberesting boduys
Thueyin pluoosvhora dovices or mubericls ore neoded of ladlettors or deteators
wvhich should use | AW power and deteot very low eonorzies with good resolutiom,
bthe 1iquid orystal | S a natursl sholom

the prasent opplications of llgid oryetals sre prinarily limited
to dovices with opblosl entpute cnd/or inpubs. [he uge of llaquld orystals ap
datectors for infrored niorowave ielde,laser foreiield putterns,zus vapour
tnd direct Shaxmol patbams hos made snormone strides during the laeh ive xaawe,
yonns.

i‘.’hnleét.nrlu 1iquid sxystels have bescae used in large cuentities
for tsaporasuze astourensnbszs 4t this stage altrasonio inoge converters uoing
notistlo naterialgure just becoming (eicible. Jor dlsplay parposes, the nenstic
phage Sppeurg to be nost prombeing. Low power combined with low coet and modepebs



driving voltuge uppours Lo make the namaila phape the loglend choice for poven
~gogenonts disploys and indloutors whtch dopend -pon smblent lighting. Boomsase
of tho relutive cost on driver clrailtsylorge area displays sre ciite foapible -
while the, high resolution mokes small high dencitiy dieplays quite fessible »
ihose are only forsrunnors Of dovicns whloh use no optiocal cutpubt but make
possiblo operations which control other optical properties by sleotrio

ténd mugnotis fleldse Difforences in vigcosity and diffusivity depending oa

diresdione, spporently can be used in nechanisal devices,nlihough studies of
these dovigas havn .ob

/b this polnt ,we can say that we have bogin bo undersband
and 4 o the non=liynid, nonecrystalline properties of liguid orystals. In
this chapter ve sawm huve jivon exbhaustively fourbeen sppllontions of the

sholasbords phaso

I



Arnliention - 1

TR AMAL IMAGING DEVICES UTTLYIZING A CHOLESTERIC LTVIID
CIvEPRLLIVE PHASE “MATERTAL.

The present invention vrovides n device having n thormnlly
penglitive membe of 2 rmeterial Or mnterinls which nre cannhle,
by rengon Of their unique nroverties, Of converting n hent
rrttemn imposed thereon inte ~ visgible nattern by exrosure of
the thermsally seneitive mewber tOo visible light,

Referring t0 Fleures 1 and 2, there is shown nn enclosure
12 having = penerally rectenruler cross rectton.  The enelon:re
19 hoe o firet face 18 mmd o gecomd foce 14 On ommoesite sides
tharenfe The firet free 1 20f the enclepure 10 18 tronemiceive
to rodiction in the infrored portion Of the electrommmetic
gncetrun having » wavelength of srbout ¢ microns to 15 nierons.
The firet foee 19 movy he tromemipeive tn other then Infenpred
ridintione A sultnble mrterial from which the firet fnce 12
ry e made 18 NaCl, = 1S well known in the art. The sceond
fren 14 of the enclosure 1 la tranemiesive at least 1O visible

rodiation within the vavelength band of about 4200 to 7530

tnpgetrome.  1he second free mav alge be tronsmigeive to
rodintion in nther pertions of the avectrum. ¥ony slnescs ore
gultable meterinle from which the eroond frnce 14 many be mnde,
oy exemole, ardincry window place. The encloeure 10 muy hove
evlindrieal wnll 16 far whick tubulesr hrage 1 oOne of -ny
pnignble moterinle. In mray ingtoneces 1t te depirnble {o
oncrnte the deviee with the enelesure 10 evrounted in order

£t nreld temnerature non-suniformitics therein, For thnt
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purvose, conventionnl Qwpring vacuum esenls 17 and 18 ore

crmnloyved tO rnrovide tipht senle where the frees 12 nnd 14 anq
the wrll 36 Join. Other euitable menling meone enuld, of
course, he emploved. Continuoue evacuntion mary he achieved,

1£ derired, Dy providing o f£itting 19 fOr connection to o
voenvm pump (NOt rhovn)e  Within the encleosure 12 fe dlenoeced

n tnreet strueture 20 subptantially parallel to the first and
peeond frees 13 and 144 The 4nrpet structure 30 7ay convelent-

1w be held by snnulnr sunvorts 22 within the enclopure 10.

In the proctice ~f thin invention, there in, N0 strine
pent requirement that the tarpget PO be pluced IiN a vaewunm
enclosurce This ie merely an expedient tO avoid tempernture
varistione on the tar~et 20 due tn nir currents since it ‘o
noselble, mmd often decireble, to form o tarset of such nirh
gengitivity thnt even o elight =ir current would heve a
neticenble effect thereome (N the other hand, in some “nnlie
etione where n leeg cengitive tnrret =may he emoloved, the
toreet movvr he expneed to the atmesvhere and the enclosure 10

mod fronemieetve freeg 12 amd 34 vould NOt he required,

Ae chewn in Pige? the trrret structure o0 comnprisee three
juxtanoped nnA coextengive lavers Of mrterinl 94, ©F And 98,
The inner laver 24 18 n thin purport £ilm of a mnterinl ouch
v polvester nlastie sueh 28 nolvethylene terephthalnte, c£nld
ce ' Wylar', or such se nlumtnum oxide. The pupnort £1lm hae
o thietmess Of only abeut 00025 inch or lesss Tt 4o Adcpircoble

for this purprose tO use o mrterisrl which mav he fobricnted in »



vory thin sheet hut which st1ll retains sufficient strensth

| 0 surnnert the other twe lovers 75 end 28. (On one eside Of

the thin eupport film 24 18 » layer 285 of infrared absorbing
mrtepinl, This mnterial =any he gold black, fCr exarmle,
pyaporsted an the thin evorort £1lm 24 in »n {inert ntmoephere
aieh ng about 1-10 miilimeters of nitroren. NWickel 1p nlmo
pultnhle ne tho iInfrared absorhing laver 25 Nnd mrv he cyrro-
roted on | 0 the sunport laver 24 Iin A vocuurte The thickness
of the infr red absorbing laver 725 1a not critieal but ehould
he sueh #e tO abeorb 2 inrre nercentare of the infrared redin-
tion inetdent thereon. A thicknerr of the order of about
one mieron of rold blnek 1s usurlly eufricient for this
nurpnge, ne io & laver ~f the order of about 1-10 anprtroms

of evnrornted nickel. The Infraped abhenphing lavepr 25

vould not be neceegnry if 1t were not for the faet that mopt
if not nll of the mnterinle sulteble fOr use se the thermnlly
gowgitive | flm 28 fer sre pubstintially treneparent to inirered
rodingion, wvhieh would result in enly 2 neplizible termerature
ehange [N the f4lme  On the eide of the thin sunvert £film 24
onmoaite tho infrered abenrbing laver 25 1a o £11m o6 of o
thertplly eengitive materinl, Sultnble materials for thie

41lm will be diecusped hereinaftep.

The taprret structure 20 i& disposed within the enclosure
12 pueh that the Infrared aheorhing lever 723 facer the firat
iree 12 of the enclosure 10 and the theermally senpitive £1lm
76 freen the peeomd fnee 14 of the enclosure. Tt IS there-
by mnde possible thrt the Infrared abmorbing lover 28 -nv he
frradtioted with infrared rrdiation and the thermally sengie-

tire Lile 26 may be irrodinted with vieible radintion,



¥xternnl to tho enclosure 10 1s shown an ovtienl system
30 dismosed between the source of infrored rndintion (not
theown) and the firot frce 10 of the enclosure. The ontienl
ayatem 30 includes mirrors 31, 32 omd 33 and apert:red rwombher
54 which commrice a concentric snherlenl ovtiernl systen, Ifeny

other ontienl gveteme ore nleo suitnhle,

Infrored radintion from an obliect Or neene to be viewed
te direeted by the ontierl system 30 through the g£iret free 19
of the encloeure and freused upon the infrered mbeorbing lover
»5 of the torret structure 20. Radiation ebsorbed iN theé
infrared nheorbing lover 25 IS converted to hert and onudes »
thermal 1mnre to be tronemitted throupgh the tarmet structvre.
Thereby o termernture pattorn is entablished on the thermalily
mengitive £11m 26 in nccordrnce with the intensity of infrired
rodintion radinted by the objects in the seene viewed by the
nntlenl system 30, The sunpert £11lm 94 ghould be on thin oe
to he mractically NO barpier to the tromemission sf the temmer-
cture imare from the Infrared absorhing laver 25 to the thepe
e lly renpitive lover 6. Sumpert £1lm 24 serves nrimnrily
only as o puonort and ite prepence fs oan inflnence nnon the
thepmal propertics Of the torpet 20 18 not esrential to our
invention., Zt would often he deairable to omit the sunwnaprt
Jilm 24 amd emmloy » tarpret commrigzing only mn infrored nbhporbe
ing lever snd a thermally sengitive £1lm, £ efther of theee
lnrers were euffieiently eptrons to surmort the etructure. The
eu-nort £1lm 24 ghould have n low thermnl time constant, thet
1y the tine pequired far 1t t0 reach o etnte IN which 4t rodd=
mtag ng mich enercry o 1t ahenrhe ehould he shoart, The f41m

o8 ghould algo have lovw Interrl hent conduetivity o nreccpre



regolution. These depired nronerties sre hest obt~ined by
melring the support £1lm 24 ne thin ne pospible iN keening vith

meehnnienl reaufrements,

OrR the mide of the enclosure 10 ommogite thr ontilerl
cvotem 30 1eg an 11luminating means such ng the lnmm 35 Adirectw
ing visible redintien through 2 filter 37, which nllewe the
nreprse of o desired oortion of the ewmectrum, ONLO the «reon?
{ree 14 of the enelosure 10. T e viethle rrdiztion {s trnee
mitted thoouph the peeond frce 14 snd imvinees unon the thepe
medly sengitive £1lm 246, A viever 38 may loolr throurh ihe
seeond {ree 14 of the enelnsure 10 nnd view the thepnelly
cengidive £41m 26 which ddenlave o vigible 1marze covrreanonding
to the femnepnture n {ttern {mmosed therecn. Tho viewep 38
ey be humem OF = sultebhle Avapge nickun tube ar somg other

tuene of detectors

It should we not~4 that while it ‘e believed most ucefnl
thrt the lomn 38 nrovide vielble endiation soe ne tN »padure a
vieihle imare, the loawp 36 might he emigeive in some othep
nortion of the srnectrum, sueh = the ultrovinlet, in whiceh
eore tre reaulting Amare wonld nlen he in thnt noertion of the
praetrume Of onuprse, It mny be the erge thrd amhient 1irhte
ing nravides light in the Acsired nortion Of the erccotrum,
In whieh caege additionsl {lluminstion by = 1lamp 38 would not

he nepesgnrv.

The fmmere 1a nroduced by the interretion of the 1ishg

frem the 1llumination meang 38 with the theprmally sencifirs



£11m 26 upon whioh the temperature nnttern exists. The

internetion tokes nlree N n temmernture denendent monner,

The thermelly senpitive £11lm 28 4p 2 thin f1lm of o
mrterinl vhich hee an eptienlly neotive liquid ervetalline
rhrge and 1e tN that oshopse When the device fa onernted.
Metericle having o Manid ervetalline »hase de NOL mwosa Fire—
etly from the selid ints the ligquid state upen hertine
hove nn Intermedinte state which ig nnt o troe rolid and not
rotieve Ylguid. Tele etote may nlem he re=ched hv ernling
e, rmterdal of this tyne fn the Liguid etates TN nadittion,
meterinle h ving o liquid ervetelline shase =nv he erured o
#¢a Into that ohage by treating the mmtar{allwith a eputt-hle
soslvent such s chloroferm Or netraleum ether. Once hayging
entercd the 1iquid eryetalline nhare the materinl Will reorin
in thot phese SO long rs environwentnl conditions nre enm'pro'led

vithin certnin linlte.
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Meterdals IN the lignuid crystalline nhare Nre renerally
echarceterized by their having fiuidity as well as direfrinpgence.
Thnt is, while materinls in thie vheme hrve gome nrovertios Of
lLiguids, they hove some onticpl nrovertiea vhiech are chrroeter-
letle of true crvetaless As used herein, the exnrension
"*haterinle having n liguid ervetnlline nhoce'! IS intended 1O
he gynonvmoue With *'moterials IiN the mesomornhic atate.'?

Por further generrl information an thie hrond elame af mriterialae,
reference should bd made to the ertiecle by 6.4, Brown and ¥.0.
Shew [N CHEMICAT, REVIEES, vol.87, No. 6, Decemher 1957, pe 1040,
entitled ''The Megomorvhie State ~ Liquid Crvetale.*!

It hna been found that compounde having 2 mesomornhic
atnte hNVC elongnted molecules, which are in esome cnses flatt-
ened ap well, and which have ONE or more nolar groups. By a
polar grour fa meemt o ronl separation of electricnl charre
centress Becnuse Of the shane of the molecules, » narnllel
alismment tC one another is favored. In the ervestalline stote,
the melecules are arrensed in thie wamner mnd are helad torether
by attachmente throuph the polar groune ae well as by wenker
Von der ¥aols forcess T 1e believed Dut 1m NOt essentinl
tO the puccessful nrnetice of the nresent invention, thnt in
soing from the solid etate to the liguid etste, the wenaker Van
der Wanls bonde nre hroven first leaving the -olecules with
pone depree af freedom Of relotive movement, but retetning
to n «reat degree thel tendency for the molecules tO nlim

thempelves naralle)l ta ONE another.



Liquid ervetelline materinls hnve been enteporired to
be nf three tyres §3 emectic, nematic and cholesteric. The
emectie ntructure is ehoraneterized by the face thnt the
neleculee are areenged in layers with thelr long axes amro=
winotely normnl to the plenee of the laveres. In the nemstie
structure, there s no neceserry lavep-like arrsansement, the
only restriction an the arrangement of the meoleeculep heing
thot thev nreperve n nenrly rarnllel orfentstion. Weunlly,
1lquid ervetalline suhptances will show either the emectie
or tho nematie structure exclusivilvy rome subeimmeecn, hrve
every onn exhibit bheth structures, naesing from orvie to tho
other unon n certnin tevnernture chanpe.

The arrmpement Of moleeules IN the cholestertie
gtructare hae NOt heen definitely determined. The theory
s been nut forth thnt the cholesterie structure 1a o prrtie
gulnpy form of a nematic structure, The distinetion of the
cholesteric structure over the amectie And nemntie stroctures
ig in 1te markedly Aif{ferent onticrl nronerties. Meterinls
haying the cholesterie stpucture are ontie-llv nesntive, vhile
thope having the nerntdle snd smectic etruetures are ontionlly
nopltive,. OFf the three tynes nf 1'guid crvemtelline mnuteprivla
enly cholesterie 1iguld ervstnles hrve wropertics sutinhle for

uee in tho device showm in Pip. 1.

A tempersture stabilisrtion menane 3O 18 nrovided to
eintnin the thermelly seneitive f1lm 28 ot » bhockeround
Lomaeraty € which Te uniform over the £1lm purfree nndy in

sAd1tion, can varvy enly Within » restricted temmerature ron-e.



"his 1m neceasery heernpe the entienl nromerties Of the theop
#2211y esenpitive £4lm utilirzed in the vresent invention dencnd
ureon the £ilm mrterincl being #4 in the Liguid ervetalline »hree,
A portienlnr materinl 1# oenly in the ligquis ervetriline “hrpe,
within n definite temrcrrture ronre, Therefore, 1t 18 neeens ry

to meintain the termvernture of the £ilm in this temperature rance.

Purther tempercture control |a oftem deeiroble rmd =ny
rleo he effceted hy the tomversture stobilizntion meems 30, In
order to -zintain the £ilm ot 1te moat eengitive temmercture
reape IN which 1% 18 in the liquid ervetalline phege. Pas the
foreroing purnoses, the temperatu-e etabilisrtion merne 39 is
chovn ne nn inerndescent hent lamp. It {8 obvioum thot athep
tomrerature etebilizction menre I € puitsble DUt 1t muet he
remenbered thot 14 la desiredle thnt the £11m hre¥aroumad terners
eture he re wniform as noesibhle. Contral nf the temwerature
etnbilir-tion menne mny be made ndjuptable IN order thnt the
£1lm »ay hoeve an ndiuetnble rensitivity. Thie wonld be useful,
Por exnmmle, to reduce genpitivity where tno high 2 peraitivity

would lecd to the formetion of o miglending imnre,

¥hile shown INn the Arcwine ae A hent lrmm, the temmercture
gtobilizotion merme 30 wmay OF moy not, denending on the mnterisl
nped for the thermolly rengitive f1ilm 24, elevote the tempar: ture
of the {1lm a~precisbly sbove amhient. Tte function s to
gtrhilire the {ilm hreYeround hookeround temmercture in the
nroper region so that 1t 1a thernnlly sensifive. Coneelvably
the torrerrture stohilie tiem weane 39 would in vome ensee he
nred to extrret hast from the £91m 26 10 maintain 1t st 2 hreke

crEeund tenmerature vhiech e helorm ambient. Antomatie armmtrel



of the heating means 39 by —emna of smultoble feedbrek oipe
ciiitry, which ir well known in the cort, 18 vossible, "here
rmbhient temmerntu e i S not cxnected (0 vory bhevond the ponre
In which the f£1lm 26 1g in tho 14quid crvet-lline statc, NO
temmarnture stobilizrtion te required hut =ny he umed tO

envthonee cenpltivity.

Thin filme Of cholesteric liguid orvetnls exhihit n
nronerty, open interczetion with light, vhich =av he termed
rolegtive sentteringe The term secterinm i S used rother then
reiflection in order to Aletinpuioh from the effeet rocouming
orn. mirror surfacee wherein L{rht ‘e reflected at »n snele cqunl
o the anrle of inecident lirht. A serttered lipght poy =ny
lLesye the senttering moterinl Nt an ansle tunrelrted to the
nnele of inetdent lirchts. A selectively senttering £ilmy, vhen
ohgerved with lirht inninring the £ilm on the enme side ne thnt
vhich g viewed, has an noparent eolor whiech 1g the esmmlement
of the color of the light tranemitted Dy the film. That e,
the 1ight me' ttered framthe £1lm {s within » wevelenpth bWrnd
whioh, if added to the iisht trensmitted through the m=terial,
vould form vhite 1ight, if white Light woe inci!dent to the 74lm.

The terma **lipht'' ond **eolor'! ne used herein heove the
hrond connotrtion of referring (0 electromagnetic redintion

renerally, rrthelr thrn to solely vietble radirtion.

Moal wrterinls do a0t selectively mentter lisht in thot
the light tr nemitted through them e not commlement rv tO the



light conttered by them but rether 1 within the eame wavelength
bonde The difference IN effect between seleetively senttering
materinls and ordinary mnterials {g helieved due to the foed
that in ordinnry materials SAMe light 1s absorbed Dy electron-
nhoton intersetion while IN melectively senttering materinls
there ie very little sheorrntions This explanction in not
carentinl {0 tho suceesaful prrectice Of our invention hut may

oid In uwnderstanding the oreration therenf,

The vhenomenon Of selective genttering as exhibitea by
choleateriec ligquid ervetnliine f1lms 15 indenendent of whether
the light 1lluminating the film is wolrrired or not. The
color and inteneity of the ronttered light denende upon the
teunerature of the sesttering moterisnl and apon the snele of

ineléence of 1llumination.

If euch a £ilm 18 1lluminated with eircularly rolarized
1ight, in nddition to the »roverty of selective merttering, it
will aleo ¢xhivit the rroverty of eircular dichroieme Thim
letter effect may be defined ag the differentinl intercetion of
n moterinal upon eirculrrly nolarized light of different senvcess
Unrolrrized light comorises risht nnd |eft hrnded cireulerly
rolurized componente of equal intensity. Uvon interactien with
“ £11m of eireulerly dichroic mnterisl the pright hended
comnonent ie tronemitted with » different intensity than the
left handed components The extent of the difference i n
funetion of temnerature IN cholesterie 1ligutid crvetalline -rterinls.
"his differences IS helieved to be the result Of nreferentinl
senttering or absorption within the matertal but it: te nnt
known thet thie ewxplonation hns heen oonfirmed.
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chloraform in » comcentration culffictent tn [orm o pendily
Tlowing solution. The therm=1lv senpitive £11m wop Papmed
by pouring the solation ento the guvnart £11m, which iN thip
eree wee polyvethviene tepephthalete to vhich the infrored
ahenphineg lover had slrendy heen roanlfed, ad nllowing the
solwvent tn evopnrate, The resulting {11lm hog » hirh vriceneity.
The ceptifeulrp examnle luet deseribed in pensitive nenr r-om
temrerature.

An exammle onf sn~ther £1lm 18 one of the follwing
eomnosttion '

nercent

Choleaterol nonannftCevesssssvevsesossosrrereedd
Cholepterol 1inolineateecsesssssssoncnsvssensef)

Choleaterol chlorld@«esessesssssvovecevvsvcsoses B

"T™Mia commneition ia menpitive over n temrernture rnnre of

frem about 12 to 100%C,

AN alternntire target strueture mny he formed by g nde
wiching the? thermelly vengitive £ilm bhetween o *thin of siltenn
monoxide rmd & thin fMlm of sluminum oxide., (0 tho free
suprfree of the sluminus axide o laver of infrared nheoprhing
mrterial fe devonited. To make such N tnppret, "otnepium
bromide wre firet ceanornted unmm n elenn ~lece slide follrwed
by devomiting o lover of g1’ eon monoxide in the srme monmey,
The material from wvhieh the thrprmelly penpitive film woe tn
be made wae then meltead on the #11de sanA » thin £11m of

sluminum axide woe nlaee mver it. The toprret wee penoved



frem the ploes plide by diseolving the potngeium bromide with
wenhor vhich sllowed the tappet 1O f£float free. This methnd

h ¢ been found somewhnt leep dceireble than the nreviously
dceeribed heecnuse nf the relstivelv srenter nurher nmd p're Of
fsonunifcrmities occurring in the {rhriceted tﬁrﬂﬁ?. faeh =
torrety however, has hoen found ta hrvyve A low thermnl time ernpw-

t g srnd low Intersnl hent orndioetivity,

Beenuee nf the excentionnl ontienl nremertiee ~f choloe
gteric Liguid ervetalline £ilms thepe are rnover l modes of 2 e rne
tine the device in reconrdance with the nresent invention., Ae
before atated & £film Of the thermnllv gensitive mrterinl exhihite
gcileotlive senttering of Light {ncident tn 1%, This 1irht mov
e Pineoply wolarized, clreunlarly nolopized OF unmol-priard rnd

in 2ddttion mav be either minochromntie or white light,

Referring nrw {0 Fige®d there e shown o charncteriotie
aurye 80 resulting fro~ the i1luminetion of the thermrlly senw
eltive £1lm 26 of Pige? with vieible white 1iohte As sham
the re, the color »f the ge ttered lirht g determined by the
temmernture of the £1lm nt the noint of sme~tterine. Vietble
colars will nnrear aceovrernonding te the temrerature Of ereh
nodnd on the film Prr oxammle, an elementnl sren heving o
te mernture of ~haut P1%C.  Would m-rerr red tn = viewer whike
an  ren heving & temrernture Of about 23°C. woul d rrwercp green,
~g 10 rhown ot pointe 81 snd 82, resncetivelv, of the ecupve 60.
The wrlues chowvn In Pipe 3 ape merely tynienl, other £11me vould

be thermnily seneitive in other temnerature rangcep.



Iff o thermal imcre were immoged unon the thermelly seneitive
£4im, 11luminntion with vhite lirht vould result iN n color
noit rn boenuse of the temersture denendent eelegtive et topw
inz ¢ ghoom 1N Flge3s For this nurpose the lomqm 33 would he
n yrcnd brnd light souree vhome outnat fo cubstontinlly unf’1.

tered before etriing the £4im 26,

Referring now tn Plre4 there 18 ghoyn o carve 70 of
tenmmerature versur inteneity of eronttered 1ight Dop the eare
in vhieh the thermaily reneitive £11lm 26 of Fir,? 1o 1liominrged
with mnechremrtic 1Light, The rerulting vieible {mame g ™n
Intenntty vttt rme. The Light from ~n elementnl sres hoving »
tems prture nf 20.25° C  1s of wartedlv d{fferent intenmity
from that from an elewental +ren h-ving n temneragure of 70,180¢,
‘e ehown ot pointe 71 and YR, r encetively, of the eurve 70.
Fer thie rurpoee the £11lm ghould be 11luminrted by s lirht ~f
o unvelength to which 14 1 thermnlly reneitive. In this
a:: ¢ the lawp 368 mey he a mercury diech ree light source

. B
urcd vith o filter 37 allowing the neeanre Of only the B840 4,

redintione

The eurvee 90 ard 70 of Mard rnd 4, r-enectirelyv,
elnoely annroximnte the pegulie obtnined when using © thermelly
eensttive PILm heving £ comogition of rhout 30 ney rent
cholenterol bhutyrote mmd obont 70 ner cent cholesterol myvrist-te

made In ceccordance with the {oremoing terchinee.
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Fig.d 1g ON alternste embnAdiment of the nresent inventtm
wherein norte enrresnonding to thrge shown in Plr.l sre niven
li¥e reference numberes A modifiention has heen mnde in order
to weavide sn rddttionnl nee 14 on the enclnsure 10 SO th ¢
{moinming infrorved pediation nassing throaph the £oce 12 will
strire the trrret 20 on the eame side ON which the trpret ie
illunin-ted by the 1omn 36. The windows 14 nnd 14' rre tr nee
mi: aive ¢ tho rodirtion frew the lrmp 36, Between the 1n n
36 end the inwut [ ce 14", there s ~rovided » nolrriver 52
There nay nleo ha nrovided n naee bhond Lilter 37, Between the
putnut window 14 snd the vwiever 38, there e provided on

anolymer 53.



| N neceardonce with the terching of conendine armlicntion
Sertal Yoo B2Y, B87, by JH. Ledv, filed Jure 19, 19859, and
aeelened Yo the same ceretrmee e the nregent invention, = thermnl
{mase ON o thermally ceneftive film may be mrde vigible bV the
trrnemission of linerrly Nr eirculrrly nolepized lirht thorom
throurhe Por thie murvoge either white »r monochrom-tie lirht
me he used and is wrovided by the lomp 38, 1Fmonochrom-tie
1irkt 'e to be employed, tho f'lter 37 is »rovided, The lisht
In " zaed throush tie prlarizer 52 hefare giriking the tnp-ot
20 end troanenitted lirht 1e caresed through the mmnlyxer 53
for viewing. N

[N FigeB ihc t rret 20 comnrimeg the some lryers 94, 986,
and P53 ne rre nrovided In the trroet of Pla.l and ne are shoun in
Firre®. Prpticulrnrlv, o thermally sensitive £'1lm 06 Of = meteriol
hevdng o choleeterlie liguid ervetslline nhage is ~rnvided in the
toprots Annlopous to the speration »f the emhodiment N Pimel,
whent the £1{lm 26 18 1llumincted with moneochromstie light, an
intenplty imape IS ohteined, ~nd when 1lluminnted with white light,
n colop i=mre |a obtaineds, Hent stabiliration meana 39 in
provided to maintein the £1lm 26 ot » uniform bagkarownd Hoomorre
ture within the resion in which 1t s liquid eryet-lline, The
anorntion of the deviece Of Fip.h im mnde noseible by the ontienl
setivity of the stheprmally sensitive f411lm 26 vhen 1t s illuminnted
by Yinenrly rolsarived lishte The viewed imare is ohitnined
by the light tronemitted rather thon sertiered by the ilm,
Therefore, 1t ia necess rv thot the inirared abgorbineg laver °8
be trancparent to the vipible redintion t~ he tronemitted

thirnush the 1lm,. A laver of evaporsted nievel s eult-Mhle,
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Applicnation 2
GIORLAY . DY ICE

The invention reeides iN n. Aisnlay sereen comorieing &
hert genpitive layer cormriesing & ocholesterie vhese liguid
ervatel £1ln exhihiting n chanre in seleotive zenttering vromere
tice 1N resvonese tO temrernture chonpre, and thermel Aetribue
tion mecne for imopereine & thermnl imooe ON grid hent sonpie
tive laver, vherein enid therwrl Afstribution memne oommrines
an ~rrny of ntegnetic elemente Alevoped IN therrnl eontnet vwith

end extending over the saren sz of enid heat eeneitive laver,

Referring (0 Fligesl, 2 display pyvptem ‘5 {llustroteds
The dleniny rvetem oonegiote nf n dlenley soercen sepembly 10,
The #iseley soreen nesembly 10 mry include » hest ¢ink memberp
12 nnd NN reencinted cnoling menns 1.4 in which & Yiguid euch
i wnter g Alrected theraethrourh (ar contralling the temneprfim
ture of the ~Adepplay sarecen ropembly 10, A thermoelectrie coole
ing cwenp wwy nleo be utilireds The Alepley sereen neserhly
inciudes n dienlry sereen 16 thet may he mounted on the hert
eintt 12 and on vhich a vigihle imnre 1p nresenteds A licht
seurce 18 provided for 1lluminsiting the 4'mnley cereen 18 by
by & suitable light oneh re vhite 1ishte The tllumination of
the eoreen 14 by white 1lirht aepree 18 prnvides o vigible
Airniny vhich mav he vieved by oh obgerver i1llustrrted by the
nunepnl 19
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1 P13

In the embodiment of Plg.?2 the dieplay sereen rmaecmbly
10 1g phown tO be mounted On the hent eink 1P«  The heat sink
17 mne be of rny sulteble mood thermally conduvetive meterinl
stich ne o metallic laver of & moterial such rne comner 0f luminum,
A therrsl berrier layer 20 may be wrovided on the heat ein':
B Foif=r"ruitable thermnl insulrtineg meterinl such as polyethylene
terevhthrlate, Ther termal brrricr laver 20 1s t~ reduce
thipmel conduetinee from tho senmitive sersen noption £~ the
hes g eink laver 12 4f leer cyeltation vower dremired,  The lonver

20 mev NOtU he reguired fn some annlicntiome.

The eoreen includes o hernt Aistribution struecture thot
N the {llustroted emhodiment IS Ainoged on the thermal haprier
Lover 20. In the exemnlary erbodiment shown here, the thepmal
Hietrthotion etructure conpiste of en nrray Of smapnetin elomente,
guch an mnmetie merory devices, for exnmrle, the twoenperture
tronefluvore 24 4llustrrteds  Eonch Of the tremsfluvors 24 nr-vides
& omall cren Alsplny element ond in tho normcl embodiment, by wny
af oz mnle, nbout ten of theee tronsfluxers csuld he nrnvided
ner linesyr ineh, Thermel diptribution etructure s mede ‘up
of n nlurelity of mepnetie elements 24 Of a ferromngnetie o terial,
The elensnte 24 are normally mede up and preseed from n mixture
of ferrie oxide powder rnd other mrterinle and then baked 4n onm
ovene The mognetie memory devicep 84 may be IN many different
shopee and configurntions and if Aesired, moy be simply o vell
Imovm megmetlio eore "if stornre is NOL required. The areeifie
Aeviee 11luctrated herein providee & mronetie structure wvhich

hee rtorape fentures incorpornted.



't 28

The tronsfluxor 24 which is shown enlarped in Fige3
eenpigts Of & wmrior mperture P35 and a minor overture 28, If a
section ‘s taken of thie trenefluyny 84 along the renter lines
af the two apeprtures 20 and 28, the croes-rectionrl “res o the
rec'on 30 ls equal tO the croge-recetionsl nren Of the rerion 32
and the sum ol these two rAreas 30 and 32 {¢ equnl ta the npren
nf the rearion 34, leed chewg nn 1ApnllecA Bal euprve ~f the
moterinl In element 24 vhere B, ¢ the repfdurl flux density
following moximum mometinction Bmﬁx and Hc the gocpretve frree

n{ the nmnier hyeteregis Lnom, It 1t ie ~epumed th-t 14 ie

0
the current IN = eingle turn winding necesenry for réaching e
IN cvery napt of the shaded marmetie rnth 40 Which eneleses nnly
the mnior aperture 26, that 142 ie the enrresponding current

for o ghaded meommetie »oth 482 which encloees both ~mertures 20
and 28, cnd thot I,, 1e the correenonding current frr o »nth

44 enolesing 'only the mimor aperture 28, then the relottonahin

of thuges purrente muv he exnrerped og I4p>140’144'

Referring now te #igeB fOr rn expl-natien ~f thr ~onerel
orgrntion of the trensfluxor ¢lement 94, Tn eolenring curpent
Ié, vhich e soméwh toarenter thrm T48 le nrrged threurh (e lroperep
nrerture P8 in A direetion ng indic ted IN Plr.Ba, & mopnetio
flux in 21l three pecions 30, 3P and 34 enturrtes in n e~rmber-

clochkeire direction about the loprser pperture 28,



1 P41

When this current IS removed, the flux denaitv ‘e reduced only
glirhtly to the restidual v lue Bas Cormplete saturntion IN ench
of three rrera 30, 32 ond %4 1s rohleved beeoture of the arocgwe
ceotloral "ren relntionship strted rhoves, When o emnll exedtae
tion current I, wher e T,4 * I 1r then popeed throush the ernller
rnepture 28 re indicented 1n Plr.Bb, no flux reverrsol trokeg nl-ee
bracupe 1N every nortisn of the region 37 the material la alrerdy
votopnted tn the direetion nf the mognetie field nroduced hy the
current Ir‘ If the current Ir is possed through the small
reertore 28 In the onwnosite direction ne indtonted IN Figl.Be, NO
flux reversnl tnker plaece heenuge of the saturation in region 30
In these two onpes 1llustrated by Mlae.bb and So, only & nminute
smount of energy is dispinnted hecnure TlUX chanree from Ba to
Bmmx ~re ONnly pessible nnd the hyeteresie loop 1llustrated in

Pire 4 18 NOt traversed,

If ofter the clerring current I hes heen avolied (ern
Pireha), o writing current Iw equal tO 140 ie prssed throush the

mti oy operture P39 in the ornopite d'regtion fe I, ns shown In

o
FlreBay flUuX 1p reverred in the shnded resien 40. I is
smaller than the minimum current to reverse any reeidual flux In
recion 48, and resisunl fluzx arter terminstion Of I, IS reverred
only iNn the region 32 ~nd net in 30. The result is thnt n
ecounterolockwiee residurl flux ias found around the minor nnerture
28, 1IN pregion 44. Mow, if the excitation current Ir IS »ncoed
throurh the enonll avepture 28, & flux reversnl takes nlrer ng

ghovm tn Ppe RE in the realon 44,  After the remov-l of this



$ 251

ourrent, the residual flux “round that emnll aperture 8 ie IN a
eloctwipe direetion and emm apnin De reversed to the counterelock-
wice direotion by sn exeltetion current tr In the onpdeite direc=
tion ng shown in Pig.b6f. Such reversele esn he eomtinued with
gurrent pulses of alternating volsrity without affeoting the
regidual fluX in region 34 and therefore 1tg wemapy stotes TDure
ing thege fluX reverenals the hysteresie lOON iN tr-vereced in the
rhaded nrth 44 Of Fig.8 end am nmnunt of energy much larrser

then |a oases 1llustrated In Pige. Bb nnd B6 iN dterinnted during

ench current rulee.

The above exnlanation showe thot, 1f m alternating ourrent
alae Ir ie nagsed throupgh the smeller aAverture 28, the amount ~f
encrry dlariveted in the manoy core 24 rAd therefore 1t tomerte
tore prlee 18 determined by the presence of abrgence Of a writing
nalee Iw nfter & clenring vulee IQ- The chrraecteristies of the
core reometry snd ite materinl determine the rotio between the
diecipatione 1N the twe caser, DUl the nbpolute nower dissivoe
tion con he eemtrolled bHv tﬁa chalce of exeftntion current nulae

freguencys

The nmount of writing current {e sueh ne teo exceed the
svitohing therephold, thet ig the minimum drive necers ryv (0 switeh
ony remanent flux fram esunterolockwise to clocwise ag tllugtrated
by #Mge S50 and 84 and determines the amount Of remanent flux thet
is ~eted uUpon by the exeitation current. It {e found th-t = high
desroe Of linesrity eom be nchieved between the remrnent magnotic
flux wnd the apnlied drive and this information may be etored for

m infinite time. Thup, the writing eurrent oon determine the



re~ions in mametic vath 44 in whioh fluXx reversale OCCur in resvonce
to the exeitation currents Tho larper the extent of these resione
the greater Will he the heating found in the transfluxor element 24.
The nroeperties nf the trenafluxer elements 24 sre well mewn [N the
art and the above~deserivtion te siven tr fully srnprecinte And undepr-
ptand the orneration of the transfluwor as n hootine element in the
sereen ctructure and the mammer in vhich varving desreca of henting
can he ohtonined fnr dlenlav of informetions How this henting
proverty is utilizmed Will he more fully exmloined with resveet to
Flze8e

Referring sagain to Plg.2, the next laver nrovided unon tho
thermnl distribution Structure is & conting B0 of A sultnble
materisl ruch ae » blaok dve, Poaitioned on the blaeck enating 5O
is o proteetive film B2 of o suitable materinl zuch iz polvethylene
terephthalntes Poeltioned an the laver 89 {5 o |laver 54 of o
1igquid arvetalline materinl of the cholespterie rhage which in womm
sengitive tO hent, Suitable materiala cre descerided in U.S,
PatsNos 3,114,836, A& specific materisl wmey B & mixture of 80 ner
cent by weisght choleeteryl nonanonte, 20 per cent by weight of
oleyl choleeteryl earbonnte, snd 10 per cent hvr weight of cholege
teryl henrzontes The response a? this liquid crystsalline mrterial
to hert ie 1llustrated by the curve of Pige?s A ~roteotive cort-
ing 58 of = similar material ng lryer 52 mny he provided on the
laver 84. Heating of selected trenefluxor olementa P4 resulte

in & dleplay of elehentnl areas 8BS na 1llustroted (N PigeD.

Referring in detail to Plg. 6 & 4 by 4 cireult aresembly or
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1 27

troanefluvor matrix 1 1llustrated, Two eingle Cum windinegs

80 and &2 paes through the lorse nperture 26 and cerry the
control aimal current pulses. The winding 80 1s the Y winding
and 1S ecommon tO » whele column of tramefluxors ond permits

the seleetion Of am element 34 IN the horimentel Airection. The
winding $0 1 the Y winding and ie commen to ~ whole colurm Of
tranefluxers ~nd permits the selection of an element 24 IN the
horizentel direction. The winding 82 i the ¥ winding anad 1s
oMM t0 & whole row Of tranafluxors nnd nermits the meleotion
of »n element 24 in the verticeal Aireetion ~f the Alenlay nenel,
A single turn winding 64 vasses throush the smaller aperture £8
of the tronsfluxor elemente 24 and s common On all the elements

in the matrix and sunvlieas the erxeitntion girmal frem o ssupree 66,

Ezegh Of the ¥ windinge 80 i{m eonmneeted tO o sevarste
terminnl 72 of a firet switehine meens 70s  The awttoh 70 includes
n rotating contaect 74 fOr econtacting any of the terminale 7P The
rotating cohdact 74 1e ermnected to the rotating econtaet of o
second switehing meana 78, The awitch 78 includes two terminels
80 nnd 82 which are iN turn eonnected reepeetively {0 current
sourceg 34 nnd 88, The currant sourece 84 nrovides snitable value
of eurrent, Par ex~mple n 300 mA poeitive nulpe tn nrovide n nulee
tO0 the ¥ vinding 60 during the sptore overntion. The oirrent
gource B¢ provides n current source Of about 800 mh which 1
of negntive pelurity anmA iS utilized LO ernge or clear information

Pram the trensfluxers $4.

Ench of the X windinazs 82 |a connected %0 5 repnrnte pwiteh
90 and svegtfienlly tO the rotating contact member 92, The



switeh 90 consists Of Sour terminsle 94, 98, 98 and 170 which

are eonneeted respecti-rely to a blue tnformntion current

source 102, n apreen information current sourcs 104, o red Informow
tion eurrent rourcs 108. The current vulpe oi these resnective
zources 1082, 104, and 108 might he of the wvnlues of 150 mh,

100 mA, 80 mA, and O respectively.

In the oneration of the device, asspuming thet the switeh
76 is connected to the eource 86 and all of the transfluxors 24
hnve been eoleared ne indicrted by fhe revresemtation in Ba, then
the, switeh 76 would be thrown to the terminal %0 to comneet the
current source 84 whioh ta the store vulse to winding Y. If
the ewiteh 90 1ig vineed On terminal 94 se to comnect the hlue
rourece {0 the winding X4y fhON #n ade unte o nal will =npe through
the trenefluxor common to Xy =né ¥y fndt information will be written
or stored On the tromefluxor in o manner renresented by Pim.5d.
Current {lowing throush the execttation winding 64 from the current
sourcé 66 which mey provide o current of 250 mA both in the neptw
tlvs and pogitive direetien and at s frequency Of sbhout £00 kilow
oveloa, will cause henting of the trenafluxor common tO xi and
71 to A point 114 ON the cUrve 1in Pig.?s Thie 18 2t N temmerse
ture of about 37° ¢« Lipht Atrected from the source 18 ento the
liquid srystalline laver %4 will pesult tn lizht »f Blue color
being reflected from an element 88 of the sereens. The
transfluxer common (O Y4 end Yy will continue to reflact this
14pht until o eignel from the ernse Or rlesy zource 84 1s annlied
SO as to remove this write infor-ntion. If tho switeh 20 ig
thrown te cennect the hlack source 108, then a point 118 on the



s 29 3 \

black element will A seen by the viewer. Tm thfw eondition,
the transfluxor 94 does NOt have any fluxX reversals but simnly
remains in » clear ctate due tO the ernee vulee ond the source
84 is inadequete writing current to write any informrtion in the
tremefluxors Corresponding switching of the switeh 90 to nulree
gouree 104 in the liquid, ervetal operating on point 118 ond
cource 108 reeults in overntion on point 1P0. The refleeted

colore in th'e inetance would be resneetively rzreen and red,

In the sbheve manne, a color image may ha written ento the
Aiaplay eereem and W ll be stored theraen ta »reovide » vigual
color imare UNtil the information ie cleared from the

tranafluxore.

wi O



Application 3
DIEPLAY SYSTEM

This invention relates (0 Aleplay syetems nnd, MOe nrrti=
eulrprly, tO ¢teplay systems fOr the vigusl dlaplay of Infrrmetion

by means of & cholesteric vhase liquld eryvetnl film.

The nresent inventirm reaidesr 1N A disnlay svetem for the
visunl dlenlay of information by means of ~ lisht cmtool element
conprising a cholesteric phase liquid erveinl £1lm exhibiting
n chancze in optileal rroneptiee IN resnomee t0O temversture chances,
wherein anid light eontrol element 18 dlapanzd in the neth of a
rediation henw from @ eontrol rediation erource representntive of
the infor-ation {» b displaved fOr impresatins on said liquid
erystal £11m a thepmn)l nattern corresnondinz 4 the infapmrtione

representative redintion beam,

he desoribad emhbodivente of tho dteplny svstem reonrding
to the present fnvention emnly {llumination of, wreferablvy
larpme aren, light control elements Dy a eulfnble Light source and
nmblent Lighting to provide o hisgh intens?tyr light imare by
reflection of light from or tranemlestidn theough the light
control elements Generslly, IN oreferred embodimente the therme)
rattern imvressed on the liguid cryetal £1ilm g utilimed for

moduleotion of o hisgh Intenm'ty Lirht couree.

Liguid ervetale ~f the cholesterie vhare h-ve signifionnt
ontienl nronerties, The cholesterto vhare hng »n index of
refrnetion which varies with dlreetion of »eonpgntion of 1isht

through the material. For light traveling throurh a thin sheet



of oholesterie crystalline mnterinl, the index of refrrefion
will he # minimum for nopmal inctdence, As the sagle {f incidence

beconmes more oblique, the index of refragtion will increane,

If linenr nolarimed light {8 tronemitted nlong the cntienl
axis (the direction alensz whieh the ontienl index of refrretion
ip o minimum), the plane of the nolepiecd Llirht will be rotnted
through an sarle which will depend upon the *ricimees of the
mnteprinl and upon the sarticulsr wrvelength w1th whieh 1t is
1lluminnteds This vroverty iz eo=2lled opvtical retivity. The
cholenteriec phase of liquid orvetal is found %o ha the mest
ovtierlly netive rubstance known. It i found thnt the plane of
polarisation mny be reotated cp mueh os un to 18,0000, 1.e.

up to 80 rotations ner millimeter.

Another {mmortant vnroverty of r cholesterta liquid ervetal
1s the 1ridescence annenrance when 1illuminated by asmbient lirht,
The eolore that the orvetals exhibit nre due to = serttering
vithin the ~aterial, whlch 'n mome wnvas benprs the resemhlance tO
the senttering Of light froem an o1l £1lm om water, Howover, the
Aifferences are aulte remspriable. AN n1l £11m will mesatier
light when 1ite thickness {g an exret multinle of helf of the
wavelengths The cholesterie films seatter only one wrvelength
at one ansles The light senttered from an ~11 £1lm IS not
polarized when 14 IS senttereds A circulnply solarized wrve 1s
one which has two equal comnonents of electric flelds thnt nre in
epaee onf time quadrature. It may be etther right w o lefte
hend eireulerly polarized, depending uncn the tyne af materisl unaed”*
It 18 nlen found thet with & choleeteric liguid eryetnl thecirenlne
polarimed 1light is reflected or senttered in the snme sonoe
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$o the ordinary mirror reflection. That lg, righte-hand ¢ire
eularly rolarized light WhEN reflected from n choleeterie materi-l
1 rishtehond when it is senttereds The leftehand elvenlizie
polarized light will not he gonttered DUt w111 e tronemitted
throush the £1lm. Thie gives rise tb & proverty which ig onlled
ciroular diehroiem Or selective seatiering of right— or lefte
hrnd eireulrrly volarized light, It 10 found that a liquid
ocryetal fbsorbhe no energy so thnt the lisht cnergy Airected ther- =
an is either tranemitted or reflected. Tt 13 found thet ot
gelected vavelenpth and the normal anpgle of ineldence thnt a~bout
50 ver eent of the inetdent rmdiation i senttered. At lereer
ansles the amount of enermy reflected increnses nnd the veal:
<_(wavelanﬁth of maximum senttering) shifts towrrd the sh-prter
wavelength, If the temnernture of the £iln 48 vertled, the nenk
of tho refleetiom curve will shift to shorter wavelensgthe with
increnre in tempersture. This temperature effeet ia commletely
revernihle. At any temmernture the wavelenpth Of maximm
poattering dspende on the sum of the incident smgle of the

light radiations and the oheervation angle,

In Figel, there 1g showvn o oroleetisn g atem wvhich includes
g polrrizer 11 and an snnlywer 13 whioh are disnomed in »arnllel
gnopeed relotionahlipe The polarizer 11 and the mnalyger 13 may
ha of tourmaline, nicol vrisme or sny other suitadble mnterinl

which %11l vermit light to nags in only one nlone.

A light modulator 15 18 provided between the nolarirer 11

end the analveer 13, T™he mndulator 18 ‘neludee » lover 17



Appl. No, 3

PERCENTAGE CIRCULAR DICHRGISM
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exhibiting the wronerty of sberorbing sm Innut electromamnetio
redintion imare and eonverting the rediation imnce fNLO n hest

or thermnl imare. The laver 17 abasorbe those wavelengthe
snltted by o modulntion svetem while permitting radistion of =
vrojection eource t0 be transmitted. In the soeoific embodiment
shown, the moduletion rediation 1e IN the ulteaviolet nortion of
the evecturm and the proijection scurce radistion 1z [N the viathle
portion of the eneotrum. A eultrble materia) far the laver 17
IS tartraring Of o thickmess of ~ few micronss ANV suitrble
dye ineluding orgmnie O inoprprmic Aves may be umed fOor this
purpose, | heir suitabhility 1tz determined by the!r absorntion
chnracteristics, Other matertals suitable for ultraviolet ranre
are anthracene and vhensntrene, A spunrort tover 19 of low hent
ernceity "nd tranemicetive o nt lecst the vieildle region of
sneetrum |a srovided and sumarte the laver 17, The laver 19
hap n thickness Of rbout 10 mierons and may ha nf & sultable

meterial such ag polvyvinyl fluorides

A laer 21 Of » suiteble liguid crvetnlline materinl of the
cholesteric vhnee IN vrovided an the, laver 19, The laver ©1 ts
IN good thermnl contaet with laver 19. A suitahle materinl far
the layer 21 18 a mixture including 20 rer cent by weight of
cholesterol benroate, 30 percent by wéight of cholemteral nona-
noate and 50 rercent by weight of cholestersl oleyl esnrbennte.
Thig s only one enecific liquid ervetalline material of cholepw
terta nhaee that will funoction iN thie embodiment, Seversl
other suitable mnterinls are deporibed in UsS Potent 3,114,838,
Another leyer 28 of wolyvinyl fluoride is wrovided on the



oproeite surfoce of the 1iquid orvstalline laver 21 and the
resulting etructure may he gerled by anv sultabie mesne to retain
the liquid ervetnlline moterial laver 28 confined within

between lovera 19 and 23,

A #athnde ray tube 27 fa provided for d'recting mnduleow
tlan rediation ONto the light medulrtor 16, ‘The esnthode rnyv
tube 27 Incilundes o phosnhor laver O soreen 28 on the free nlnte
whtah generntes ultraviolet radintion in resnenge to eleotron
bombardment. AN electron pun 26 is vrovided fOr cenermting
an electron bénnm,  Buitable deflegtion menne are nrovided fop
seanning the electron berm ta farm « raster on the escreen p8,
Thn #ides miemnl g awvlied O an eleetrode of the eleotron
gun 23 for wndulnting the electron nesm in well knoem menncds

A lens 31 ney be nro-ided between the cathode poy tube
27 and the 1lizht control elerent 15 far foeuwsing the redintion
from the umléraviolet nhoephor laver P28 onto the lisht ermtrel
elenent 18, A emtteadble 'light rource 35 1la vrrovided on the
orvosite side of the nolarieser 11 with respeet to the light
control slement 18. In the mreoific embodliment, the lisht
gouree 30 ip memefiiters-mry Ye uttkimed with the ¥ixght geurce
monoohromntlic mmd vrovider rndtntion of n wovelength of about
5,700 Ay  Suitable filters may be ntilised with the light
source 3% in order fo nrovide this eubatantinlly single
wavelensth tranemiosion, Lene elements 37 ond 30 mav algoe
be provided for forusing of the light from the source 35 directed

onto the comtrol element 15 rmd a viewing ecreen 41, resreotivelv.



'‘She beat exnlain the onerntion »nf the pvetem, reference
IS mede to P13 (ses next vare)s  Ourves 40 and 42 in P1o.3
repregent certein nroverties of the, laver 21 st two different
temperaturep, If 1t in assumed thnt the temersture 1a 270 ¢,
ae reprerented by curve 40, then the 1isht 1g rotated rbout 45
deprecs by the ln er 21. The polarizer 11 snd the enalveer 13
My be adjusted so that subetantially NO light from the source
38 is projected cmto the screen 41 at this temmerntures DBy
reieing the temperature to 29°C. s0 as to be om ourve 4, the
rotation by the light o-ntrol slexent 15 will now be tranemitted
through the svetem ONtO the mereen 41, By nrdulating the
intenaity of the electron beam genernted dy the mm 24 with the
video information, the amount of radintion from the sereen 28
noy bé eontrolleds The amount of radintion direoted on the
light control elament 15 oontrola the tesmerature af the light
element contral 18 and fcoordingly the smomnt ~f Uight tyonemie
tted from the noures 38 do the sereen 41 Tn thie ~nnnepr, a
higk dntengity l4rht inmnre moy be Aeplrored nn the scorecen 45
correeponding £o the viden Infaroation. The polarizer 11 will
Yinerrly polarize the emersent light hesm {por the sourns 3B
The light emereing fronm the nelapiser 11 will 41lluminnte the gt
control, aeserbly 18. The temmerature wottepn | S imnressed on
the larer 21 by means of the esthode my tube 27, The lischt
control elerernt 15 will be 1)lluminnted by a wonker control cource
in the form of the ultrovielet basm Pram the orthode rey fube 27,
It ie norwelly desirable that the 1igbt benm Srom the enthode ray
tubae 27 be at different wavelensth then the sruree 35 hod 1t s

not egaentinl to the onepntion of the cvatem. The radlation



from the anthede roay tube 27 1s direocted ONtO the limht control
nepgenbly 18, The radlation abeorhing laver 17 will abeorb the
radiation from the enthode ray tube 27 and gencrate n hent nnttern
vwhich 18 immreesed ON the opticelly retive {ilm £1. The lnver

17 will not rubstantially sheorh the visibvle redtetion from the

gouprce 38,

The laver 17 may be aleo be Of metel such ng nicvel having
an eleotrieonl reeistance Of rhout 377 ohms ner sgueore which
abeorbs about me—half sf the ineldent redintion inclnding the
source %5 end the c¢nthode rav tube £7 and trenemits one—fourth
of the remaining. Under these condttions, the rrdiation
gouree 38 torether with the radintion of the crthode ray tube 27
erm ha used 1O elevete the temmernture of the laver 21 to a
puitable orereting temnerature RE whigh temnersture the nrimery
redintions of the source 38 are transmitted throush the an~lvzey
13. If one«twentieth of the tnial power noeded Lo rench the
optimum £41lm temmerature ie nrovided by the cathode ray tube 7,
then thieg areunt of wower IS MOre than rndequste t 0 modulsote the

trangparency of the evetemn,

It is alao possible {0 use the cirvenlrr dlchroic nromerties
of the £4lm 31 by removing the volertimer 11 snd onnlvzer 13 and
positionineg n eireulnr nolerirer hetween the Light rourece 38 snd
the eontrol) element 15, The light source 35 would be set nt a
wavelength of 5,400 A, At & temverrture of £7°C, the film
trangmiseion will he st One level, as shows on CUrve 43 of Fir,3,
By paieing the temmerature to 29° ¢., the {1lm trensmiselon wruld

be at a seeond level thut is vaptly different from saig me 1e -el,



ag Shown on curve 44 of Pigs+3. The polarizer snd the film
ghnauld he of the same poleoyrizetion, that In rishte O lefte
hrnAed,

If the source 35 1 modified %o nravide o riven hend of
wavelengthe rother “han a einrle wavelength an vreviously
deserided with resvect 1O Figs.l and 3, then the sratem mav he
utilized in the £ollowing memners The lizht source 35 in this
cage would emit radiation from the infrarcd ond of the smeotrun
1o nbout 8,280 A, This is revrerented by cupve 49 IN Pie.d.
Curve, 50 in Plged renrerents the transmission neroverties of the
polarizer 11, analymer 13 and Yipht control alement 15 for s
temperature Of 27 degree Centimrnde. The curve 52 represente
the tranamispion charncteriatice Of the game arsembly nt &
temperature of 29¢ ¢, Thus by shifting the temmerature of the
control element 15 to & hicher temperature, the trenemission
of lirht threuph the zvstem from tho source 37 mey hé cut off.
By lowering *the temmersture to fbout 279¢, 1irht from the eoaree
35 will he trenemitted through the assembly to the sereen 41,
(nly abeut 50 percent of the 1ight from the eource 35 will he
transnitted threurh the repembly, Thig ia Aue (O the froe that
within the onticel setivity ronme of the materisl In lnver o1,
the cireulsr dichroism effect IS nlse found sueh that only the
right= or left-hrmd nortion »f the lirht will transmitted nnd
the other nartion will be reflected from the ligutd crvatal

layver 2%,



In Fip.2 o modifted 1ioht eontrolled vnit is shown in
whioh a light eontrol aesembly 59 is vrovided within an evae-
nated anvelone 40 ego thnt the electron bheam bomb~rde the 1ight
oontrol esserdly 58, The tnrset agpembly Or light control
etruetare B9 in thie embndiment conafets of lipht tranemitiine
lavers 62 mnd 84 of volyvinvl fluoride with a thin laver 85
of n cholesteric liquid orvetalline materinl vostitioned
between the two lavere 82 smd 84, A laver 686 of o moterinl
such as tlN exide Or gold !s vrovided ON the loyver 37, The
electron henm hombards the layer 36 mnd genernten o hent 4dmore
which lg imwreeped ON the laver 66. In this ~omnern, the
“leotron berm ie utilized directly on the 1i-ht, control
struatuss #% rather thon throush the rndiation ng 11lnntrated in
Fig.1, Under this condition the gain Of the evetem eon be at
lenet 100.

Tho operation of the svetem e similar to Fig.ls The erneed
of responee of the device crn be optimiged by conting the inner
gsurface of the cathode reav tube with » plastie £film of snfficient
thiecimees to »rovide the right amount ad hart eomduotivity toe
reduce the thermal time congtent of the svetems Thip emn be
accomplished without a srest snorifice IN the power senmitivity
of the liguld orvetasl £11lm which e armiwiched between these
filmme It im rlec noeeible tO nrovide r plagtic £11m on the
tarpet freding the electran mum of o materinl havineg 2 seeend
croasover in lte sacondary emisaion chornoteprietics nt o hiph
voltoge 80 ae to absorh mayimum onersy from the homharding
beam. The mrximum traneparency Of the eommngzite lover in thic

cape ghould be made ne hish ae nossidble t0 the wovelength of the



light from eource 38 tn be emplified. By locating the writing
gun 86 nt an ongle witﬁirenpeet to tube faece, thr volarined
Light from tho high intenetty rource 38 may be modulnte’ by
projeeting the light throush the) fnee of the tube ap 1lluste
rrrted In Plg.2.

In #ge8 there is 11luetrnted o profection evetem ultilig=
ing three pennrate evetems 61, 83 and 67 gimiler to Firsl and
in which the three light sourees 3%, 3%a, 35%b would he rrurees
enprble of radiation resncetively in the red, sreen, or bHlue
bend of the avectmm. Tn thla menner, the 1isht wrotecoted
Lrom the svetem 81 would nroject ¢ red imepe onte o viewing
goreen gorresponding to the lisht modulrtion nr red videco
pilanol anplited to tho esnthonde ray tube of the aveten 31s In
# glimilar manner, the source 38a would orovide e cpeon imnpe
by system 68 and 35b a blue imare by svetem 47, The video
information of these three colors would he ~vnlied tO thetip
reopuetive oathode ray tubes, The reeulting image of the
vlewing ecreen could be a gequential tyne of Alsplav op gimule
taneoue type Of digplay ta orovide & high Inteneity color

toievigion imare.

In Mge B there 2 a1llustreted A Adipplay tube cennnble of
presenting cn imare by utiliging the reflecttion vrovertics nf
the ligquid ervetalline laver. The digplay tube 1p of enbeirn.
ti21l conventiomal cnthode ray tube Aerign nnd consiste Of a free
riace portion 70, a flered nortion 7# ond a neck nortion 74,
An sleotron gun 73 ip nrovided within the neek nortien 74 of
the envelone. The elsetrom nun 76 may be of sny salt~ble Aepish

for vrodueing o ponelleliks b sna 1 well mown tn the art,



$ 40 ¢

The videa signal may be anplied te o eontrol arid T| of the
oleotron sun 78,

The gercen 81 includee n conting 78 Of an electrienlly
.conﬂuétiva 11kt trenemicaive ﬁn&érinl guch 2a stannie nxide
nrovided On the inner surfree Of thr face plate 70, 4 lrver
80 of » lLigquid erverlline mnterisl of » mixture such ne 48
rereent by welrsht of cholesterol nonsncate, 43 nercent nf
aleyl cholemterol carbonrte And 10 vercent »f cholesteprol
benmonte 18 wrovided ON the eleetrierlly conduetive ennting
78 of a thiokmese of 2hout 25 mierens. Provided on the
inner surface of the liquid ervetal lever 80 s a Lrwver 4
af polyvinyl flueride having a black conting nrovided On the
surfaece focine the liqutd ervetal laver 30. A lryer 82
giniler to Inver Gf nf Pire? 1o nrovided om the {nner suriace
af the nolyvinyl flueride lever 84, AN eleckrically c-nductive
~rid 88 mpy he rrevigded bhatween the sereen 81 mmd the elotron
sup 76 far necelerntion mma Lreuains af the eleetrom herwe A
griteble Lipght ecurce 28 of white lirht fp »rovided syterior

ef the envelrpe for 11lumincting the screen 81,

Puring the sveration ~f the, dsvl.cn, the elestren bersm rem
the electron gun 76 1le directed onte the surfree mmd gererntes
© hemt notterns in lover 82 corresponding to the videc intellie
sence npnlied to the control grid 77 of the electron sun 76,
Suitable Adeflcotion weans 79 are provided for sermmine the
gleotron beem over the screen B1., The hent image esinbliished
in the laver 82 1s irmresscd in the lover 80 and o vipunl 1wnce

IS ohtalined when {lluminnted by Chs wouree 11, By nronsp
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design, the tarpget rill provife the nreper rmount of hent
condvetivity and epeed of rcenonees By adjustment of the
video simmel, the color may be selected. The intensity of
the enlor eon be voried by simnle modulntion of the eleetron
benm 10 nrovide & multi-color image.  The pereen mav Le
viewed IN hirh emblent light condition. The hrighter the
aphiant Light the hrighter will he the display On the
disnlny cereens It 1o nlso nossidle to wrovide a epin~le
enler on & bloek backarsund by utilizing » monoehroantis

Light from the scuree 88,

wt Ot
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Applicetion 4

Thie invention relntee te sleotric £ield resnonsive

devices for the deteetion and visual indicntion of elecirie
fialde,

"IN many annlientiene, |t 1s desirahle o npravide
tleatric fleold gpensitive device for piving o vieunl intiestion
of the fact thet + [leld 18 rresent and alen vieurnl indleotion
in peppense to o chenpe @ Jifferent values Of ' the f£leld there-
COPORDS . Certntn ovgonlie mpetrrisde hrve been found thi% :odify
thelr optieal properdies IN response to an elegtrie {fcld.
There materinls 2re liguid erveinlline meteprinle of the

eholesterie vhosee AN

The un'que moleeuinr nréhitecture of the cholesterie Z
liguid erveinle give rive to a number of ontienl oronerties I
vhigh 41ffer Trom the smeotle or nematie vhare. The chorretere
istic proverties nf the cholesterie siructure mav he sumrnpised

ng fellowe o

(1) I3 ip enhieclly neagctive, while pmectic and nenatie
aipucturee are ontically poeitive. 2An emtienllyv nagetive laver
provider thnt light entepring veroendiculor to the moleooulap

Clayeps ass A srxbean velocltye

(2) The stsucture "o optierlly cetive. T lLinesrly
poloploed 1ight {e Srenemitted »ervendiculsrly to the moleoulnp
Lryere, the dircetion «f the electrie vector of light vould be
retated oroprepsively teo the left flong the helieal nnth,

Thus the nlane of nolarisntion, Which {a determined by the
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eloetric wveector iIn the! direction Of »rovamation, will be rotated
te the left, t0 an sngle thet will bYe vrovortional tn the
thickmess to the tronsmitting moterials.  The mamm tude of the?
rotation of the plane af nolarizntion {x elso a funotion of the
wayelensth invut. This nronerty may he referred %0 np vovew

length dependent optical activity,

(3) It melectively seattere light Airected s~nt- the
“nlecul r atruotira. The term geatterineg ig ueed rother then ;o
relleetion in order tn dlatinmuish from the effeet cconrring |
on a mirror eurfnees wherein light is reflected ¢t an onecle
egual to the annle of incldence, A egonttered liaht roy mav leave
the senttering watertnl at »nn enple unprenlted te the snele of
netigent Lighte A geleottvely seattering £1lm vhen obeepved
wilth Lirht {mminging 0N the {1lwm feom the asme slde ng they
rhieh 1s viewed, hog on annarent color Which 1e the eomierent
nf the e¢olor of the 1ight tranemitted by the film. et e,
the Light secattered Lfrom the £1lm ie within » wevelensth hend
which, 1f ndded to the light trersmitted throush the ~rferdinl,
would form white lipht, 1f white 1lirht won ineildent ON the f4im,
The terms light snd color ee ueed hepein have a hread oemnotos
tion of referrineg to electromagpnetic rodintion generally, rather
than to solely vipihle rodintion, Wrat migrinle dn nnt ad
pelectively roatter Light IiN that light Sreqemitted through then
1 not commlemintary $o 1isht conttered hy them but ratheyr 1g
within the ep=s woerlonssh band, The AtfTerence n oy lred
hetwren selectively aentioring ~atepinle md ordinary naterinls

in helieved dur +n~ tho £rat that 4n srdinnprry material  ame



light 1s abeorbed by electrom phrton internction while in
selectively sonttering materinls there 48 VEry little nhprrpe
tione A cholesteric rmnterinl exhibhite o peatterine nesk
heving a norrow bhandsidth over the electromnmmetic sweetrum,
The bandwidth In the vielble spectrum 1s rhout 100 ansetroms.
The phmomenn of sclective merttering as exhibhited by chologw
terie liquid erystel £ilmg {8 indenendent of whether the 1ipht
11laminating the [ilm ip »nolrrimed or wnt, Thiep T the
rronerty thed glives the iridescence snnenroncee of dhe ontepial

wur dey ewbiont lirhia

(4) Another nntienl prrmeprty exhihited by the cholesterie
liguide 1 eireulor dfichroiems  When ardinory whitte 1icoht 1
directed onto cholesterie mnterinl, the Tipht 1o rovnprnted into
twe comnoments, one vith the eleetrte veet r potrtineg eloskwiee
ord the other with the electrie veetor ratating emmterelockwipe
Deponding uron the raterinl, ome o~f thepe comoementa 1o troaneti-
tted mnd the ~thep 1o resttereds Thip rl.ep the -parogiv f
clroulapr Aichreiem or $he gelective contieping »f ripht op

leftwhend olreulierply nolrriged 1ipght,

{(B) Another rroverty ‘s thrt vhen clireulrrly nelarired
pight is directed onte eholegterie wwmterisls, the senee of
polarizotion ~f the garttered Lizht ip unerrnered from the

ineldent light.

{6} The me'm warnlength of the sgontterine hond de-endp
unon the angle of Incidence of the Yi{izht. The tyne of cherinl
and the temreratfre lps affect the oen wivelensth of the

gonrttering hond,

A_!f‘f"’



The moleoulsr siructure of & chelesterie liguid ervstal
substrnee is verv delientely balmmeed s»nd con be eraily unanet,
Thae any emell diwfurbanﬁa that tnterferes with the wenk forces
hetwern the molecules nnd oroduces mrrked chenges 1n such
aptienl nroneriics -5 scattering, tranemizpion, direfringmence,

clreulor ddichroiom, ontienl agtivity end color.

One of the moat striking ootienl trensformetions that
ottours in cert,in cholesteric substances lg in resvonre %o
chanpes in temperature. Although mrat cholesteric substonces
nre colorleps nm ligquide, they napa throurh ﬂ'aerie§ &r hrinht
colors when thay‘vva gooled throuarh thelr Liguid crvasal rhree,.
AlL eholesteric Ligutld crvyetale dn not reapend IN the prve way
to flugtuntions in ternerature, T™e colopre mey wapy rnd the
goauence of colore with cealing oty viarve St 1= ales porathle
o obtnin cartnin maledlnle that have vers Mi4tle renotion rt
all te chrnpee in Loemporsbore. The neoperties of the 1lguid
arvgtal moteriale of the nhaioatérﬁc rurse with eogee? o

repnonge Lo theran) ohansee ‘o gevesed in VB, robent 4,114,338,

Another effect thet hre Been noted with eertnin cholege
terie liquild ervetala le {tg reepomoe to certnin chen’cnl varnrs.
The addition of extremely em1l smounte of certain chemipal
vanore ern ehanee the rgle molecular structvre and thereby
gl fent she ortienl oroperties, euch ra the pelepgtive ve-ttering

aiinoty

The »eewent inventi-n 1z brged on the ohearvatirn that

pleetrie Llelds oon affect the struckhire of ohalesterice liguid
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ervetnla go that ~ne or =ors anticn) nroapeetiecn theron? g
chrnred. The dewvlice acoordinzs ta the oresent insertlom mavw

he utiliosed fOor detection of o field vith mn indAtentirm hy
eelor of the valus v n valtace or o ouprent {mmpvessed thepeon,
It moe ales he utidlized Cor Alenlay of & visunl {wrre, Vorlouws
embodimente of the devices mavy he conptructed ta hpine “hang
tnd atilise thie rhenomenon, Tha Aatdenl npomerty prestily
#51Lived dn the wreotice af thig invention in thet of a0icge
tlve mesttering wince 1t Aoea nod renuire nnleopdxation fop
chgervretion. The chrmre in transmission nronertica »0 Tiaht
through the! Tigquid cryatnl device wmoy de utilized mad a-ntralled.
Thip trensmission chift 18 IN the rame dfreotion ~nd 5n the

sprope pxitent as the seattering hand,

Referving to ¥ig.1l, there 19 {llneirnted a oipy L 1MMed
voktage mennitive Aeyice inelndinzg o lawer 11 Af a olabmpre f
Ligid ervataliline mnterinle aff the ~halegherte ~hnos Ahing
arvhihit a ohanere in pntinal sranerttsan in repssnea %0 ' cleptrie
£1ald imarerped aornsp tho laver 10, Txammles of Liantd crvstal
miariols of the cholesterie vhepe exhibitineg a8 ohanre In emiienl
arapertios I[N regnonee to on electri@ £10ld Include chnlesterol,
cholesitnnol, sitonterol, choleateryl halide, .2., C"Yepteryl
1odide, choleateryl chloride and cheleateryl hramide, cholesteanvl
hnlide, vetey gholeptanvl ohleride, eholestonyl bhromife mnd
choleptonyl indide, sritostervyl bromide nnd sitostervl i~dide,
oy miyturg therenfe Urually theze moterfals op mivivres

theprssd nov he mived vith cther euhetrneces CUItD an wternl
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dorivotives, and Up tO 20 nercent Of frthy acide ~nd enmnounds
thereof. The following Table pives » listing of eveeifie
mixtures of Waterinls by rer eent weight whieh exhibis the

field affect. Thése materials aAre stadle nt ronm termmerature,
MTEMITE ¢ COLOR AT RO TEMDERAPIINE

gof> Cholesteryl Choloride (CC)
8 o0 Cholesteryl Oleyl Carboncte (00C) Blue

nR percent Cholesteryl Chhkoride
75 pereent 0CC Green

30 percent CC
70 percent 0CC Red

20 percent CC
20 peroant Cholesteryl Wonennate () _
30 pereent QCC Blue

28 percent CC
78 nereent cholesteryl Oleate (CO) Green

£8 perecent Cholegtoryl Bromide (CB)
75 pereoent 0CC Green

30 percent (B
70 percent 0CC RED

25 percent CC

25 vereent OCC

28 percent Q0

25 nercent ON Green

a
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In Pig.1 thereie shown a voltage~sensitive device ‘neluding
o ilayer 11 of a suitable liguid crvatal materinl of the choleaw
terle phase exhiditing & chenpge in optieal nre~erties in responce
to electric fields impressed thereacross. The laver 11 =ay
coneint of 20 per cent by welght of cholesteryl chloride with
80 percent by wéirsht of cholesteryl oleyl carbonnrte. The
nercentare of cholestery)l chloride mny vary from 1% reroemt to

A percent by wetght of the mixture.

fhe lnver 11 1e sandwiched bhetween two transnrrent eleetrionl
ermduetive lavers 13 rmd 18, Eleetrionl eonduetive lends 17 anga
1% £eom the reppective eonduetive lovers 13 and 15 nrovide ~erns

nf aspnlying "n eleetrie notentiol 1llustrnted om eource 21,

The annlieation Of » voltase rorose the laver 11 by the
gruree 21 repults in & field neross the laver 11. The cleotrie
£ield moatfies the nntienl nroverties of the laver 11, Thewme
nroverties inelude ontieal rotation, seleetive sentterins and
selective tronemigaion. Theé anparatus and the metheds of visuel
dieplay sf these effecte will be Aiscusesed with reanrect to the
following erbodiment,

Referring to Figs+2, there is 1llustreated A voltare sensitive
deviee ineluding o liguid ervetnlline mnterinl of the cholesterice
phanse, This device utilised ths selective sontterinm nronerties
of the ligquid orvetalline lever. The device consiste ~f o lrver
10 of pnitrble liguid erystal materinls, for exnmnle a lovey
coneistine ~f 45 »nerecent by weight of choleateryl dromide, 30

nercent choleetervl oleate rmd 285 nercent cholesteryl nonyle



phenyl oarbonctes Thie loyer 10 when 1lluminnted by white 1lisht,
vhioh provides uniform intengity over the epeetrum, exhibhite vro-
perties as best 1llustrated Dy thel curver in Plase 3 rnd 4, The
eleetric fleld peneitive dcvice {lluetrated iN Fig.2 eonciets Of

» laver 12 o suitnable eleotrienlly comductive laver ~f » meterial
ruch e aluminum, a laver 14 of sultrhle inenlntineg waterirl esuech
ne aluminum oxide, A suitnble black coating 23 Of n suitohle  ve,
the laver 10 Of a suiteble liquid ervetalline wmaterinl, o lrver
16 of 2 euiteble electrienl eonduetive moterinl trronemigeive tO
vipible light Of » eunitchle muterinl such rs stannte oxide and m
punnort layer 18 Of A gsuilteble materiel tronemiessive to vigihle
1ipht eueh ne 2lasms ~nd sunnorting laver 18, T™e funetion of
the layer 14 1e tO yprovide n earrter for the light sherorbing
Luver 23 and tO Iinsure sasinet electricsl hreekdrmwm of the eell,

In gome avplications, the lavers 14 snd 93 could he omitied,

In evectific device shrwn in Fig.? may be coneftructed by
nroviding a cheed of commercinl srade sluminum of abnut O4B inch
in thiokmess. The sheet Of aluminum Mey he of wny desnired
thiekneess =nd any be nf sny depired Aimenrione, such ng ~hout 3
inches in dlsmeter, The shr et Of aluminum mav he cleaned in an
aouecous colution nf cmmonium nttrate 3 nercent by weight rna
rnodizged (O »rovide the desired thickmees of ~luminum nxide by
the adjustment Of voltape, AN electrode Of lerd may bhe nt!lized
for tho cathede in thie oneration, By thle »rocedure, mn
aluminum oxide cnating 14 of & deeired thickness of sbout 1 micron
IS formed ON both surfrees Of the f2luminum sheet mimultrmeonsly.
The snedized aluminum sheet 1e then removed frrm the slectrolvte

rnd washed in Aiptilled wnter onA then »mure ncetone., Yext, the
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nnodized laver on ONe slde of the sluminum layer 12 IS removed
by treatment with = suiteble coustie resgent, such e sodfum h
hydroxide, After the sodium hydroxide hag hed nn onnortunity
to net on one of the sluminum oxide filme, the aluminum mat be
waghed in dletilled water and the r~luminum oxlde Film »n one
purfree of the nluminum laver 12 s remnved lenving the othsr
1nver 14 Of the sluminum exide. The resulting structure
provides nn nluminum oxide leyer 14 of aluminum Of a thlcknese
oi nbout .5 inchs. The duminum oxide laver 14 im then trentead
vith a suitedble dve to »rovide o blrek conting 23 for light

ohaorotiom,.

The nther eleetricrlly conductive electrode 16 |a nrovided
by eveporating n eocating Of & suitable materirl ruch "8 ptranie
oxide to a thigimees of ~bout 0.1 MICION »nta s subs*~ntinlly
srapeprrent gheet Of sleame Of r suitrble materirl sand »f a thickness
of 04125 inche AN mnnular roscer 20 of a ruiterble eleetricrlly
ingulnting meteri~)l such s nolvethviene terevhthelate 1p voal-
tioned ON the sluminum ~x{de gurfree md the 1ligeid ervetrlline
antarial 1e depoeited on the ernting 23. Since this ligmid
ervetalline matericl mny besgucewed emto the sirfree fr-m g
eontiner, ronlied Dy » drovver, painted or by Other mesns sonlied
onto the egkvomed surfroe of ths laver 23, The ether electrode
15 18 then nomitioned over tho liguid eryvystalline lever 10 =né
the structure rmoy be genled by o suiteble pealing commound NUCh re

axy epoxy to mechanianlly secure the stpueture,
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Electrode lerde 22 and 74 connected respectively to the
1eyer 16 snd the laver 1P are comnecter to » voltare aourece 98,
A suitable light eouree 28 SUCh ne o tunpeton filament Light eource
le rrovided to {lluminste the 1liquid ervetalline lnver 10 through
the pubetentially treneprrent lavers 18 and 18 with whits 1ight.
It should be noted that rmbient lighting ermn ~rovide this vhite

light 1llumination or nt lenet suvnlement,

Referring to Fips2, on ooplication of potentinl acrces the
Loyer 10 by meane of » voltage eource 28 the light fram the source
2% will be selectively senttered brok frrm the laver 10 in
reeordanee With the voltames nnplteds Par exrmnle, ns $1llustrnted
i1 FlmeBy with NN valtape Or a very smril voltnpe from enuroe 20
rpplied, 1tght will he peorttered PrOm the liguid crvetnllihe lover
10 to give r red oolor to an obeerver ns 1llusir-ted by ourve 30,
Bith a field of mbout 68 volts ver micron arplied noroms the lnvepr
50 the light senttered from the liquid ervetalline £ilm 12 will he
in the romre ng indlosted by curve 32 go 8 {0 give off 2 green
1ights (N anplication of ~ hirher voltege of sbout 12 volte
per micron lipght rill. he so~ttered from laver 10 ao as {0 Aive
o blue color mand in the range indlented by ourve 34, The hande
width of sonttering ie about 200 anpstrome. In Plg.d there dp a
plot of the dominant wovelenrth Of seatterins with reencot to tha

2lectyrie £1eld £or the device ahrwn in Pig.Pe

The molecular struoture of the laver 10 ie 1llustrested In
Pige5¢ The molecules nre arpanved in lavers 31 gubstontially

with the moleenles within SNCh laver nriented in aprnllel nlishment,



The moleculsr layers %1 are very thin with the long nxils of the
nolecules narnllel to the plane ~f the layers. Beeruse of the
peoulinr ehrpe nf the ocholesteryl moleculea, the Aireetion sf
the ieng axie of the molecules |IN erch laver 31 18 Aignir eed
«11rhtly from tho eorresvemdine direetion in the ~d4reent lavers.
The overnll Algnlreement trrees o~ut o helienl NNth Pa tnddeated
by the line 33, In Pipe8, sbout every three? hnndredth inver 1g
1lluntrnted. The line 35 ig the oentienl -xis of the orvetnl,
It ie found thet when pelected Yiguid crvetnals are nl-eed in 1A
#lectric f£ield »op-llel 40 the A reection Af ~1limnment or ontienl
cxiey the wrvelenpgth ol meximum seortterifig or ecolor will he
shifted frnm leng wavelen ths tO shnrt wevelengthe thrt in from
red toward blue.  The effeet nowears tn be amsocilnted v!th sub-

ptituted sterol moleculea contnining nolar functionnl rrouns,

Another suitahie mixture that may he ueed 1in Pig.2 ig one
congisting of 27 percent choleatervl chloride and 73 nercent
cholestervl olentes, In the abaence of nnv eleetricnl £1eld ™A
nt room temnerat:re 268%per ¢ % 189 C., thie materinl is vellwiehw
green to blue ne the eleotric £ield is 'nerensed, Por exrmmle,
with & semnle 20 mierome Chick, thie chrnge ncoure bhetween sero
mnd 100 volts Or the ranre of color occurs over mero {0 {lve volts
ner mieron. Thie meterinl hns & resietivity iN excess ~f 1019
nhmg centimeters ea thnt » charme may he placed ~er~sa this
mrterirl vhich will medntain n stendy atete field, the liquid
ervetal materinl behaving as a dielectrie nf o erpheftors The
cnerny eatimoted to chrnre the celer A moximum ~mount 18 lesg than

10™6 joules rer squ-re centimeter fOr » 20 mieren thick ~ wnle.
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It in found thet such = device as {1lluetrated in Pir.2 e
uanhle as & veltmeser, heving ~ VEry high imned@once (N exeess of
B0 megohme. It con nlso store charge for several segmnds thue
retaining ZtS color enee charped. By nlacine mn n.ce field On
The mnterial, 1t was Lound thet the l11quid cryetal eonld chmenre te
golor at » rate tn exceas Of PO ayecles ver seermd indienting
n regponre time ng fagt OF fester than the humsan eve. Purther,
1t hae been shown that only f1elde N the Atpectiom of the 1iautd
eryetal axies are effective, thus meking very high Aefinition
voreibles, That i, if two aress of echarge are Verv ¢loge trrether
only thet nart Of the fields which nre in the normel dtreetion
nopnllel to the ontienl nxtis will have nn effeet on the liguid
eryntal, thus improving regolution. It 1s estimrted that the
repolution ~f a 20 Storm thick £11m would he in excess ~f a
thouesnd linee »er inchs [hE vropertiece of this devioe wnke this
m terial ideally suited to « number of high resolution rnd foet
fienlay eyetemeg. The moterial ie {deally matched with nn

rleetron berm since both are Of very high immedsnce.

In I'7.6, there i 1llustrated » storare tuba incornornting
r Liguid erystel dieplay sereen. The stornpe tube be af e:ttrhle
deeirn and coneists Of n faoe plate vortion 40, a flared wortion
42 and & neok nortion 44, AN electron gun 45 1g nrovided within
the neok vortion 44 of the envelone, The electron mun 44 may he
of suitedble desirn for nroviding n nencil=like bhenm and 1g ¥mowm
in the srte The Video simmel may be annlied ta n eontrel ~rid
47 of the electron gun 48. A conting 48 Of eclectrienlly

conductive light tranemizeive mnterinl such reetennic ~xide IS
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rrovided on the inner surfree of the face ninte 40, A laver
50 of liquid eryetalline materimle Of » mixture SUCh an
desdribed With reencot to Pige.?, 3 md 4 tg nrovided on the
cleetrionl econductive conting 43 and Of » thiec'meese of rbout
o6 mioroms. Provided on the inner surfree of the liquid
eryetal layer 50 iS = lever 54 Of dlelectric =aterinl having »
winek coating 52 provided om the surface froinr the Livuid
eryetal layer B0s.  The dielectric NE/ be of = eutitnble

1 terisl such ns rlras or resincus material (for exsmmle
volyethylene terephthalate). The thicoimess of the dleleotrie
materdinl leyer 54 IS about 6 microns. Provided hetwzen the
coreen structure snd the eleetronmun 44 1is an eleetrically
eonduetive Mmsh £4, which forme the seaoma electrode for the
Loyer 50s. A sulta“le light arurce B8 of white lisht 1@
nrovided exterior of the envelone for 111um1nnting the

rereen nepsembly Including layver SO. A enttable voltare poured
30 1s -rovided between the eonductive conting 45 and conductive
mesh 88 and n voltnre source 6% is connected bhetween the
renductive megh B6 and the eathode of the electron NUN 48,

The notentirl of the source 80 may De about sero to 200 volts
and the potentinl of the eource 62 may be about 500 volte to
15 kilovolts.

During the everation of tho deviece, *n eleotren honm of
severel hundred v%hies; g!yireeted onto the surfree Of the
dielectric lrver 54 mnd penerates n charpe natterh & ths
gurfaoe correrponding O the viden Intelligence rnnlied to

the arid 41 of the eletren 7un 48, SBuiteahle deflecotion



meene 40 nre provided for secenning the electron beam over the
sereen, The charge pattern may be estahlished by seemdnry
emipsion and the eurfree wil tend O nrrroreh the notential
nt the conduetive merh 88.  If 1t 1@ depired tO writes IN o
nezntive direction then the e~mductive mesh B8 would he

o ernted at v sufficiently negative ~otentirlly be contol »2
yaltape eource 80 nnd the epeomndary eleetronas emitted from

the dielectrie surfree will he returned thereto. The hoeam
current in thin came will determine tho nount. nf charsing.

It 1s aleo pomaible to overate with the dlelectric membher at

n more nepative notential thon this mesh 56 in which ennc the
vriting w111l be in 2 positive direction. In this onse,

the electron heom will couse the emiseion Of secondnry clectroms
which will be ecolleeted by fha mash 56, Thie tube will be
sbi rhle to hodd a chrrpe fOr lonp neriods of time thus Adge
rlaying the chorge or eleetrie fleld irare estnblished om

tho Atelectric surfroe. The charre csteablished on the
dielectric purfrece will establish an eleatric field rornse

the liquid orystal lsvepr B0 and warv the color of the sentt-red
1ipht from the source 59 In rn aimllrr menner ng daseridbed

with respect to Flue, 2, 3, mnd 4,

The charpe imrpe may he erneed by ehmneing the #otentinl
On the mesh B8 and flondin~ the tarpet with rlectrone from
the the gun 46 or by a sennrate flond mun. This deviee will
nyavide fast write time rnd lons atorese oopahility. The
soreen ME) be viewsd iN high ambient lirht omdftions ruch as

in an airerafte Since the materianl hea the proverty of



ponttering the 1lipht incident thereon, the hrishter the rmhient
1ignt the brighter the 4teplay will he on the Ateplay soreen.
It 18, Of course, ohvioue +*hnt sany meane of ~roviding =
.charge image an the dieleetric laver B4 will be suceessful in
Ateplayihg a color image with the color Aevendent unen the

o anituds of eleeiric fielde A plurality of horigontnl

mnd verticsl eonductore with nesocinted switches could he
uged in n well known menner, It {w Alac nopsidle to nrovide
a sinegle color mm bliek hrekpround DYy ueing o monoohromstie
light eource. Seversl colors could be rrerented DY nrnvide
ing 2 plurnlity of momochrometie light eourees Of 4:fferent
colores A white source With seleetive filters could nlso

be utilieed.

Becnupe of the extremely lOW nower nreded to rativste
the liquid cryvstal mnterirl, severrl other devices Not relrted
to eleetron henm writing cen be adnpted tO uas liquid ervetnls.
The mrterinl exhibita the »bility tO reevomd in the same
menner independent of the nolarity of the field. In Pige?,
o redintion imepe converter ie illuetrated. The radintfon
veneing device 1lluetrated in Pig. 7 coneiste of n gloane
gu nort member 70 having an electrieal conductive conting 72
of » suitable material such re stemnic oxide thereon, The
layvere 70 end 72 are of ¢ materisl tranemissive to the
radiation innut, A layer 74 sf & sultable nhotoesonductive
naterinal sensitive to input rrdiations sueh as cndmium eulfide
in the case of vinihle 1ight 1g depngited on the emductive
copting 72. A laver 78 of £ sulteb'e ligquid ervetnl matepis 1



exhibiting fie¢ld effeets end of similer material ne used

IN layer 10 Of Pigs?, 1s deposited and the photoconductive
loyer 74.  An eleetrienl eonduetive conting 78 Of =
mrterial sueh na stemnie oxide IS provided On the, liquid
eryetal layer 76 and a suprort member 80 Of 2 suitable
noterinrl such cs glase iz vrovided on the cmduotive nonim
ing 8. The lavera 78 and 80 are transmissive to light

r dintions from n source 82 Which may nrovide 1llumin~tions
of white light. It IS generally desirasdble {0 utilige
wtarinle in lavers 78 and 30 thrt rre tronemiesive.tO the
sbient lighting to obtatin the venefit of thisS 11luminnm
tion almoe. Leadw~in members 84 and 86 are connect resveetively
to layere 72 nnd 78 fOr providing the neceserry potentinl
noross the liquid eryetal laver 76 and the phntosonductive
inyer 74. Thelend 88 is conneeted to the first tepminal
of an alternating current source 48 connected (0o n f£ixed

contaet 91 Of & switch 90w

A dec. potentisl souree 22 |S conneeted from the {iret
‘eprminel Of the eource 98 {0 A fixed con'aet 95 in the ewitéh
90s The lead 84 | a connected to the movnble member 54 on
the swilteh 20 and mey engare contaote 91, 93 Or 98, In

the epeelfic embodiment shown, the conteet 83 Is left opan,

In the operation of the device, the movable mamba 94
nf switeh O0 | a eonneeted to contact 91 and the radintimm
input auch ne wisible lizht a2 @lrected onto the reaintion
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detector. The vhetoconductive layer 74 will become emmducw
tive and farm o cenduetivity imase corresvonding to the
radintion imoge end, thereforc, MOre voltare from sourece 23
will be anplied ~oroes the liquid ecryvetal layer 76, In

thiz embodiment, the rhntoconductive lnyer 74 eepvessimnly

re o enphreltance voltage divider, W the light IS direeted
onto tho shotoeconductive laver 74 more Roltrge s nrplied
aseross the Liguid erystel layer /6 and the, optienl nroveorties
of the liquid eryetel will he nadified N necordsnce with

the voltrge,.

Here rgnin, ne vreviocusly desoribed with respeet to
Flome 243 and 4, the light rource 88 may be white light.
One could obinil o blue OF green image on a hrokaround of
red with materinls weed in leyver 78, By nrover seleetion
of materials, one could obtein various color dipplayve. Bv
ues of monochromatie lisht tor tha ssuree 32, one would he
able to vrovide »n black background for color imapes. Since
tho souree SS pravides rn alterncting voltage nerose the
layer 78 there w11l be NO nermrnent charping. In the cotee
vhere the contret 85 is connected {0 the movehle member 94
of ewiteh 90, n direot current field will be nlreced narcee the
layere 14 and 76, ¥hen the inrut simnel is directed onto
the photoconductive laver 74 the strueture will bheenme crndne-
tive and & charge imepe will he establimhed reross the
Liguid eryetal 78 and will be meintained thereoh will
ntil removed by apnlication of the srurce 88,



The optieal affect utilimed in the Adevicem in Fins.?2,
8 and 7 1p the 14ght sentterinm wrl »rovnerty of )iquid
eryetal materinle of the eholestertie nhese, Yt 1g nlso
noasible ta utilize the trrngmignion nroverties of tho

ligquid crvetnle.

In P1g.8, there de illustrated a projection svetem
utilizging liquid cryetalline mnterianle., The liquid
eryastelline materinle of the cholesteric ohrmse avhihiting
the ricld effeet nre largely tempernture insensitive nnd
do not ebeord lights. High light intensities mnry ﬁe
controlled by an elecotron benm by the svetem shrown in Flg.8,
XY Piz.8, these 18 11lustrrted = Yight source 87, a lens
avetem 101, a eontrol tubs 103 and n lens system OG for
{oeueing the light inte 2 viewina soreen 08 Tho eontrol
tube 103 {ncludee & tedy portion 99 With am innut window 100
and output windew 102, A neck vortion 104 extends from the
hody pordion 99, The Input window 100 1s tronemizeive 4o
the podiation tranemitted thpough eource 87 and the outnut
window 102 1s tranemissive t0O rrdaintion tranemitted through
the tube. A1 eleatrem mun 106 tO nrovided within the neek
nortion 104 with meene for Aireetins rnd scrmning o pretey aver
a light control strueture 210, The light eontrol strueture
110 eoneiste of sn electrieally ormmduotive eleotrode 112
nrovided on the inner eurfree of the frece plate 102 and
tronpmiseive to radintion vassinz through the outvut window

109, A enitehle material for the Taver 112 in stonnie



oxlides A liguid erystel leyver 214 1e »rovided 0N the
eonduetive laver 112 and » padietion trongmissive dielectrie
loyer 126 fe ~rovided On the surfroe Of the liquid ervaiznl
iryer Or coating 114, Here egpain the mrterials in loayer
114 noy be the snme #g thore depcribdbed with reepeet ta
Mpgpe 8, 3 rnd 4 The lever 116 may be of n ruftable
nterinl such np rlerss  The control strueture 110 is
edmiler tO the sereen strueture shown in P12.6 with the
omipeion of the bleek onating 82, A emntrel grid 118 La
nogitioned in fromt of the dielectrie laver 118, A
voltnge source 120 1c comneeted between the conduotive confte
ing 112 end the comtr 1 arid 118. A voltaze source 129
ig alee connected between the erthnde of the elsctron ~un
108 and the esmtrol soreen 118, This tubs operates in »
imiler mrmner to th t described with resveot to Fig.8 oo far
»y the electrostatic charse written onto the Alelectirie
conting 116 and the sateblishment of ~ £1eld aaroes the
ligquid ervetrl 1laoyer 114. The video intellipende ‘¢
npplicd to the eontrol grid 1924 of the electron mun 108.
Suitable defleotion meane, not shown, rre utilised fop the
defleoting of electron hesm over the dieleetric surf ce.
The %x light source 97 IS monochrom~tie eueh: s red
ol nbout 8250 angatrons,

The materinls In the liquid pryetelline laver 114 moy he
the seme ne IN Pig.2e Ths tranemipeion ochnrneteristics of

the layver 114 with different voltopes ronlied nre 1lluetrated
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