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Certainly, the nost active conponent of the FPD industry is that area based
on’” the use of liquid crystals to provide the necessary |ight

nodul ati on and storage. Al t hough flat panel liquid crystal
di spl ays have al ready achi eved 15 wi despread use, there are still major
dr awbacks asso®QPE¥ t h t hese di spl ays. For exanpl e, PEE/USI6IO582

I nformati on content displays require use of polarizers and ot her

|'i ght attenuating conponents thus creating relatively high power
consunption back lighting requirements. This ;s a severe disadvantage in
many applications, such as in operation of portable notebook type
di spl ays. There are 20 addigtd I A S ' with the two
nost comonly used liquid khhﬁggﬁvéta égﬁéﬂﬂﬁﬁ%§ﬁ§§§?§¥&§%ther active
matrix*thin fil mtransi REFLEGAVE-CHOLESTERIO LIQUIBr CRYSTALDISHIAYSTN)
technol ogi es. For exanple, AMIFT devi ces use transi stors for each
pi xel to provide nenory effects. In addition, they also require
expensive; ultra high resistance liquid crystal materials to mnimze RC
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| osses which in turn enabl es | onger hol dfﬁg:!‘te MIFT di spl ays are both
difficult and costly to produce and, at ) limted to relatively

smal | size This invention involves multistable cholesteric liquid crystal displays

exhibiting ultra fast response times with both video speed and gray scale
capability. | |

S The rapid developménts in high-density data acquisftion and storaée
continue to create demands for higher speed, higher information content display

devices. Additionally, technological developments, particularly those involving .
video displays, continue towards a decreased reliance on relatively bulky and
high power consumption cathode ray tube (CRT) devices. Instead, emphasis is
10 being placed on the construction of smaller, lighter and overall more compact
systems such as those bemg developed by the flat panel display (FPD) industry.
Certainly, the most aétive component of the FPﬁ industry is that area based on
the use of liquid crystals to provide the necessary light modulation and storage.
Although flat panel liquid crystal displays have already achieved
15 widespread use, there are still major drawbacks associated with these displays.
'For example, most high information content displays require use of polarizers
and other light attenuating components thus creating relatively high power
consumption back lighting requirements. This is a severe disad\}antage in many
applications, such asin operation of portable notebook type displays. There are
20 additional disadvantages associated with the two most commonly used liquid
crystal FPDs which employ either active matrix thin film transistors (AMTFT)
or supertwist nematic (STN) technologies. For example, AMTFT devices use
transistors for each pixel to provide lﬁemory effects. In addition, they also
require expensive; ultra high resistance liquid crystal materials to minimize RC




dlsplays Additionally, they are not zero field i mage storage systens as

t ey require a constant power input for inage refreshing. The STN
di splays do not 5 possess inherent pixel gray scale capability as a
result of the extreme steepness of the optical voltage response
curve of the |iVYOP6EREIS/stals enpl oyed. It shoul d be noPEHUIHEIBIBTN
di spl ays have an inherent slow response rate. Their response rates
are too slow for video applications. Finally, it should also be nentioned
t hat both AMIFT and STN di spl ays have very rgggricted viewi ng angles. 10
An inportant advance in FPD technol ogy woul d be devel opnent of a

di splay which eliningtes the.need }‘Qflggrfogé[{rtherM%QQAWﬁﬁgﬁﬁégb&h

pol ari zers, retarder’s, analyzers, need

for high povdifﬁcﬁlomﬁlmﬂy m])rhthnkaﬂd glprésens, arAtlm’utzé te eelativelynsmallisizei s
understood that this m_nation shoul d fgg?é conprom se ot her

di spl ay properti es. ‘hﬂ’l%)fst réé&F‘?Eau%they are, pat zeRo; fipld image Siorage $ystems;as theggar 4
l'd b f ch | ti
wou € use ol cho “&né%‘ﬂ‘cﬂ fg%ﬁfﬂﬁﬁg@ refreshlqg. Tﬁ%mﬁlsgfégs g@gﬁ_ ! ICt

and super-tw st nematlc "1 qui m xes ‘current
has | ong been kfiown pm:nlmémqnxalgmym caplhlhgrmrbsulkbgtlt extreme steepness

nodul ation w thout recourse.to. polarizers an ck I re

Thi s | i ght 8 4 opEieal yo MPW@&‘%“%’S’H@S “"'“Y% Jf ot
chol esteric liquid m&ald&zawdsﬁlgsnx\re%mareﬁtﬂ&ﬁ&e@oﬁs%frh@ct'mé&respom a
| i ght scattering structure. In the.reflective tate, the |iquid

crystal nol ecul es ari@enaredor sigw for yidea applications. tﬁﬂ@"l&’oﬁg}hﬂéﬂsﬁfbe mentioned ¢ he

nol ecul es roughly pagal

However, steric and- asydr%ﬁrle ry pr opeﬁvﬁ%s'p(i) sﬁﬁﬁmnlylecul%gg res&#%@ .
progressive slilght di spl a’aelmpnrtant advaacd inrlﬁf’mmchnalégy Weulddieaiwblepmmttolﬁa
respect to 25 ent e The conbi ped ct of these snmall
di spl acenents is cre@fq(i%wm&y elini aIﬁ é‘F?‘gg? ﬂ‘i‘ﬁ?ﬂ%ﬂ?&%ﬂ&s i?Igeach
domai n. The helical pokirizelss réthidlefs] hiilyzfs, colorﬁnersoémt)fmdm&hanmﬂhighe
domai n directors are roughly parafl el to each other

perpendi cul ar to t hd’%‘@F ponsumption back lightingyndd thetsawe tims, a&lﬁ(ynderstood that this

per pendi cul arly £ f

transmtted except for g r e %ﬁiveﬂ& Hﬁ‘f‘prbﬁ@e%ﬁlelr d?#’igyaﬁ‘%"érﬁef A beirihvé
15 potential candidate in thls regard would be use of cholesteric liquid crystals to

replace the nematic and super-twist nematic liquid crystal mixes currently
employed. It has long been known that cholesteric LCDs can provide light
modulation without recourse to polarizers and back -lighting requirements. This
light modulation capability arises from the ability of cholesteric liquid crystals
20 to exist in either a reflective or in a light scattering structure. -In the reflective
state, the liquid crystal molecules are-arranged in domains with the long axes of
the molecules roughly parallel to each other in each hypothetical layer.
However, steric and asymmetry properties of the molecules result in a
progressive slight displacement of the long axis of the molecules with respect to
25 adjacent layer. The combined net effect of these small displacements is creation
of a helical molecular structure in each domain. The helical axis is the director
of the domain. When the domain directors are roughly parallel to each other
and perpendicular to the cell surface, electromagnetic radiation perpéndicularly
incident on the LCD cell surface is efficiently transmitted except for a relatively
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narrow wavel ength band which is reflected. The wavel ength of the reflected
radiation is given by the relationship |lanbda ([err]) = n P where n is the
aver age W0 96/36%05r ef ractive index ( n =(n[err]+ n[err]) PREISHE/as892)
Is the extraordinary refractive index; nferr] is the ordinary
refractive index] and P is the pitch (i.e., twice the repetition 5
length of the helical structure) of the I|qU|c£crystaIs The reflected
wavel engt h maxi mumis sel ect abl e by appropriate adjustnent
of the n and/or P val ues of t

t al d
This is referred to é’é‘f?‘ﬁé"a"ﬁjé?ﬁ@aaf‘%“’éﬁ“a?ée ﬁeficr sevz}ave{nng&ﬁ‘gegg%

wavel ength is outsi dgadifign ¥ gﬂ’éﬁ'ﬂ?y th@%l&ibnﬂ{lp 14bdg (BC 1= @P@RsreirCis the average
spectrum (e.g., in the infrared the reflective cholesteric |iquid crystal

texture 10 - refrstivedndex (e & . bed, 1522 [risithe mtsmrdmam eefractive index;

I'n contrast with the vi refl t I,

scattering o st PRl P ISR PR (B e WRGispstion
the helical axissof’ 4dgthdd Hekcal structure) of the liquidldystals. aﬂﬂ@ﬁ&ﬂb&teﬂmvﬁreﬁgth des
an efficient scattering of incident electromgnetic

radi ation. If the t h.%ﬁ@%m@ﬂe@meby apnArepri l“@ﬂ“eﬁ‘é!flﬂﬁﬁ'ﬁ pad/er PrvaluesAf thy
| arge, and gmdtcﬂﬁmpﬁ)b&pemplb&&f FrRg R Yeforral of RSk "Rehebiive $okéd. Sif

and size of domain ar
: the selected wavelength is outside the visible region of the electromagnetic

- spectrum (e.g., in the infrared), the reflective cholesteric liquid crystal texture
10 would be described as a transmissive state. ’
In contrast with the. visible reflective or transmissive state, the scattering
structure represents a 2-D random orientation of the helical axis of the domains.
This randomization provides an efficient scattering of incident electromagnetic
radiation. If the thickness of the liquid crystal medium is sufficiently large, and
15 the pitch, birefringence of the liquid crystals, and size of domain are
saﬁsfacmrj, the majority of incident visible radiation is scattered and the display
~ appears to be milky white. If, however, in contrast, the thickness of liquid
crystal medium is relatively thin (e.g., less than 5 microns), only a small
percentage of the incident radiation will be back scattered with the remainder
20 being transmitted. If the liquid crystal display has been assembled using a back
plate liner which can strongly absorb visible radiation, the display will appear
to be black when the liquid crystals are in a light scattering texture. This is
referred to as the "Dark State”.
Intermediate orientation of domains, in which the domain directors are
25 neither perpendicular to the surface nor parallel to the surface, but at an’
orientation in between. There are infinite stable states between the Reflective
. State and Dark State. These are referred to as intermediate states which are
capable of displaying infinite "gray scales."




satisfactory, the mgjority of incident visible radiation is scattered and

t e’ di spl ay appears to be mlky white. If, however, in
contrast, the thickness of liquid crystal nmediumis
relatively thin (e.g., less than 5 mcrons), only a snall

percentage of tNOP#$PWent radi ation will be back scattered w tBEIERI6/05892
r emai nder 20 being transmtted. If the liquid crystal display
has been assenbl ed usi ng a back plate liner which can

strongly absorb visible radiation, the display.w Il appear
to be black when the liquid crystals are in a light scattering texture.

This is re " ter. L, .
I ntermedi ate orientation %ﬁhélgﬁ%tfﬁ%rqgﬁml} Eﬁwm?%ﬁgﬁhﬁéﬂéglﬁ%\(eg l()nall ra%pcl%cgtrxgn gfg
25 nei t her per peapproptia eldcrichllfield impulsechusopropiding Itheedesired lipkt modlation.

but at an orientation in between. There are infinite stable
states between the Reflective State and Dark State. These are referred to

as internediate states thﬁho@hecholeste}'ic LCDs offer RGP a@bantigs®!id Viefifls of
infinite "gray scales.” VWO 96/ 36905
PCT/ US96/ 05892 5 avoiding the need for light modulating components, there 4has been no

2ppr opr i ate e eat i cEPnpEicl RHPeh HRONIE Tres iR IRy Yird)mode
modul ati on. applications. Perhaps the most important reason for this lack of commercial
development is the relatively poor contrast ratio typically available when these
displays are operated in a direct view mode using the difference in transmitted

10 and scattered light. This arises from the fact that the diffuse light scatterin'g
texture permits transmission ofa signiﬁcant portion df the incident visible light
at the cell ga.p typically employed in LCDs. This results in a reduction of the
contrast ratio. An additional disadvantage of cholesteric LCDs is that they
require significantly higher driving voltages than many other LCDs.

15 It has been found that a particularly important application of the present
invention is achieved using cholesteric liquid crystal displays which exhibit
multistable zero field stability, specifically ones in which this zero field stability
is achieved without recourse to polymer gel additives. In these displays, the
cholesteric LC domains helical axis exhibit a continuous orientation distribution

20 of states ranging from reflective to dominantly light scattering in which each
intermediate state is indefinitely stable under zero field conditions.
Establishment of this zero field multistability is achieved by minimizing the
interactions (i.e., boundary effects) existent between the solid substrates and the
liquid crystal domains. Typically these solid surface-LC interactions result in

25 establishment of a preferred liquid crysfal domain texture in the absence of any
applied fields. For example, these interactions result in slow zero field
relaxation of light scattering domains to reflective domain structures. These
boundary driven relaxation phenomena have frustrated efforts by earlier
inventors to create permanently stable zero field bistable displays (e.g., U.S.
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Al t hough chol esteric LCDs offer potential advantages in terns of 5

avoi ding the need for light nodul ating conponents, there has been no
conmer ci al devel opnent invol ving these displays in direct view node
applications. Perhaps the nost inportant reason for this |ack of commerci al
devel oprment i s W®e6/3680sat i vel y poor contrast ratio typically avEFT/EBiesiRen
t hese di spl ays are operated in a direct view node using the
difference in transmtted 10 and scattered light. This arises fromthe
fact that the diffuse light scattering texture permts transn ssion
of a significant portion of the incident vi siBre | i ght at the cell.

gap typically enployed in L . [ ts, J eduction of the

contrast ratio. An chaet N%gﬁ%iggdgéﬁﬁ?gé%i@ﬁgﬁf’@ tgf’wev*‘ﬂcﬁé‘a? Eeetnﬁggnd[ hey
require Sianifi cant|if/iRid Mikiube NALIENE Apla)sCar B uchiévBe by bfifinatidibof

It has been found that a particularly inportant application of the present

i nvention i s achi eveuy aignmentlaptresdirestional iybbing ef theselid sybspates usediip sncase
hi bi‘t , | t, | ield. stabi]idly. i £i. i
which this zero f1 it SEaor e ctimiblio/dd e dteksve Rifich ifitaiiof fidlods the

pol ymer gel addfti veagsterh @ndriy diffesino®baween théRost reflective domudis otientation dnid the
domai ns helical axis exhibit a continuous orjentation di st%i $ut I.on 215){“
of states ranging fréRPREPheCdomHEN OFep@HEN, | this magper, Zere: tield multstabilipy is-
each It er megh s FefleB\R! it Shbhufe WYIseRBAIR the @ik
condi ti ons. YR i i Perle B Hidtid Gyt Fo [iuTSpsehtilly e
achi eved by mi ni m zienergylasthe darkest lightscattering aoays arfd this. enefgy squalization inshides
exi stent between the solid substrates and the. = | isqui d crystal. ,.
domai ns. Typi cal |y GBSk Sartih SRRt HTIAELE MORGTeEc i s lisht

establishment b a PeAfedhs SédremedU The 248 FieRd doftaiPstricthres 'of aSattituldd Sexttlie eaf €

of any applied fields. For exanple, these interactions result in
sl ow zero field be variecdbusingsa ey shrt duragion highavoltagei puiseduadiower valtage pulse

reflective domain stryctures. .These .. ndar ' I Lo|.

phenonmena have frustﬁ?‘gﬁr ‘g"ﬁtb?’} g'uwwé'éﬂlﬁ %f&%{“&% %r?ﬁél\é?ﬁ'}a&g gcaf%&é%bgla e

permanent |y stabl e ZFheoprogressivd chingblif ddmaj orjentations)can bk Bealized starting with
either the reflective structure extending all the way to the darkest light scattering

15 state, or conversely, starting with the darkest light scattering state and extending
all the wéy to the most reflecting structure. Each intermediate state so
established between the reflective and light scattering extremes is indefinitely
stable under zero field conditions.

Although the present invention focuses on applications involving

20 multistable zero field cholesteric iiquid crystal displays, those schooled in the
art of LCD technology will recognize that the invention described_ herein is

applicable to numerous other liquid crystal display types.




WO 96/ 36905 “Patent Nos. 3,707,331 3,821,780 and 3, 806, 230).

However, it has been found that zero field nmultistable cholesteric
di spl ays can be achieved by elimnation of any alignnent |ayer or
di rectional rubbing of the solid substrates used to encase the LC

m x. The el i m r¥Di9encsws t he directive surface interaction reduRCEHUSS6H5893
system energy difference between the nost reflective domain orientation-and

t he vari ous other domain orientations. In this manner, zero field
multistability is achieved as the nost_reflective liquid crystal
structure is of essentially the sane energy as the darkest |ight

scattering array and this ene W ' al |

i nt er medi at e donai n structureé%ﬁ @%W%M%d dar kest
light 10 scattering eg ireﬁowsTdaﬁx fide dptied] Fespetiséutves ot dholes e sic tquid
particul ar texture can biré be var ngtal US(I;#IEll a very short duration_ high

vol tage pul se or a |awealswithtandevitheug surfactant additives. widgreidentinahvoléage ulsss.
providing a contlnu s zer
D ot cseova chanos e HPh AhwP Y Ald SARRRIA arsinar, © 1o 19 SF e
either the reflgcti Vﬁblﬁgef applicatien, Ckdwerdinegshowlthd lelativedisplay tdﬂectdmeI(eﬂhndte,g ht
scatterin
J. O to R) for liquids without added surfactant [curve B - solid line] and with
added surfactant [curve C - dashed line] using the same time scale as the voltage

pulse application.

Figure 2 is a raw data curve showing the exact response time of the
10 cholesteric liquid, without surfactant, [curve B] to the application of voltage
pulses {curve A]. Ordinate scales are the same as in Figure 1.
Figure 3 is a raw data curve illustrating the fast response time of the -
cholesteric liquid cryst with surfactant additives to the application of a voltage
pulse. The ordinate and abscissa scales are identical to those in Figure 2.
15 - Figure 4 is a raw data expanded time scale measurements to measure the
conversion time from low 0 high reflectance for cholesteric liquid crystals
containing surfactant additives. Time scale (abscissa) has been expanded over

that shown in Figures 2 and 3. Ordinate scales are the same as those in Figures
1 through 3.




15 state, or conversely, starting with the darkest |ight scattering

st'ate and extendi ng all the way to the nost reflecting structure.
Each internedi ate state so est abl i shed between the reflective and
light scattering extrenes is indefinitely stabl e under zero field
condi tions. WO096/36905 . Al though the present invention focuREHUS¢/05892
applications involving 20 - multistable zero field cholesteric liquid
crystal displays, those schooled in the art of LCD technol ogy w |
recogni ze that the invention described hereir applicable to

numerous other liquid crystal display types.”
- 6- BRI EF DESCRI PT, E DRAW NGS
Figure 1 shows conparative opti cal responé‘ébh\geég< for cholesteric liquid

crystaks with and wi t houtprsity %fép%&hm%@l/éhﬁdnwmwnmamelaﬁmt it6 alliquidl drggal
pul ses. : Upper graph ['A] shows tinme (abscissa) and magnitude

(ordinate, 0 to V) ¢llstmucnge containing » figtsolid substrate; hawing aokist inper, furfaceerpted o
el e 0P T BEATRR BN My o ooy polh e ik i o
[curve C - dashed | isafhceunatadwith @ secondcondwotive tayers andsa sibstamidllyndefinite zero
field multistable cholesteric liquid crystal mix located in a space between the
first inner surface of the first solid substrate and the second inner surface of the
second solid substrate, the liquid crystal mix comprising a surface active agent,
preferably a non-ionic one; optionally water; a plurality of liquid crystals; and
10 at least one twist agent forming multiple cholesteric domains; wherein each of
the multiple cholesteric domains’is a visible or ne-ar-visib]e reflective unit;
wherein an orientation of each of the multiple cholesteric domains can be
changed by application of a voltage pulse; wherein the orientation of each of the
multiple cholesteric domains is substantially free of interactions among the
15 multiple cholesteric domains and also. free of interaction among the multiple
cholesteric &mains and the first and second solid substrates to yield zero field
multistability; and wherein the relaxation time from a nematic phase to a
reflective cholesteric texture is below about 150 milliseconds. The relaxation
time can reach below about 150 microseconds and even_dowh to about 10
20 microseconds or lower. The liquid crystal mix can be free of a polymer gel
additive, such as polyvinyl alcohol, polyacrylate.prepolymer, thermoplastic
polymers, etc. If need be, the first, second, or both, conductive layers can be
coated with one or more similar or different amorphous boundary layers, such
as polyimide and silane. _
25 _ ~ The present invention provides the first example of a cholesteric liquid
crystal display which exhibits ultra fast switching times without compromise of
. key display properties, including operation in a direct view mode. In fact,
response times achieved in this invention are sufficiently fast to permit, for the
first time, operation of direct view cholesteric displays at video frame rates.




pul se application. Figure 2 is a raw data curve show ng the

exact response tine of the 10 cholesteric liquid, wthout surfactant,
[curve B] to the application of voltage pul ses [curve A]. Ordinate
scales are the sanme as in Figure 1. . Figure 3 is a raw data
curve il lustratWegendaes f ast response tinme of the “chol e PCEUSKI05893ui d

crystals with surfactant additives to the application of a voltage

pul se. The ordi nate and absci ssa scales are identical to those in Figure 2.
15 Figure 4 is a raw data expanded tine scal e nmeasurenents to -
measure the conversion tinme fromlowto high reflectance for
cholesteric liquid crystals,. cont ai.ni.n factant additives. .Tine
scal e (absci ssa) has beeﬁ%%&%b@mo dlspla;g °%3ﬁ§t‘“¥ﬁ‘§w‘} P feé' &S and
3. Ordinate scal es wldivbijShsrdoioldteric figeid pithdsivehitieéxhibit maximuln tefletdibe s

WO 96/ 36905 i . .
PCT/ US96/ 05892 the visible region of the electromagnetic spectrum, in accord with the lambda
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substrate havi gy a tmpleyed sohat only aaelativsdypsmall percentage of the incident radiation is

scattered when the cholesteric quﬁid crystals are in the light scattering texture.

A back plate Finer is employed to absorb all of the transmitted visible radiation,

thus providing a black color to the display when operated in the scattering mode.

The contrast ratio of the liquid crystal cells of the present invention represent

10 optical differences between the reflective and light scattering states. -

The preseni invention can retend the inherent high contrast ratio

obtainable with the reflective mode while simultaneously achieving ultra short

optical switching times. This advance has been achieved via inclusion of new

additives, such as é non-ionic surfactant, to the cholesteric liquid m;ysml mix.

15 These additives are not polymer gél additives. The surface active agents added

to the chole;steric liquid crystal mix in the present invention, in effect, permft

~ much faster relaxation of ﬂle domain structures following application of a

-voltage pulse. It is believed that the function of these additives is to isolate the

domains from each other while simultaneously reducing the frictional (i.e.,

20 drag) forces between the domains and between the domains and boundary

surface.  Additionally, the chemical additives minimize the natural

self-alignment domains experience among each other and produce a more

uniform distribution of domain sizes. The net effect of the surfactant additives

is to allow continuation of a structure in which the orientation of each

25 microscopic sized liquid crystal domain is stable under zero field conditions, but

at the same time, is now much freer to respond to a perturbation such as that

nnposed by a voltage pulse. In effect, the surfactant chemical additive functions

-as a lubricant between the liquid crystal domains and between domains and
boundary surfaces.




with a first conductive |ayer; a second solid substrate having a second

I nher 5 surface coated with a second conductive |ayer; and a
substantially indefinite zero field nultistable cholesteric |iquid
crystal mx located in a space between the first inner surface of

the first soli WwoaRsste and the second inner surface of the PCT/US96/088920nd
solid substrate, the liquid crystal m x conprising a surface active agent,
preferably a non-ionic one; optionally water; a plurality of liquid
crystals; and 10 at | east one twist agent formng nultiple cholesteric
domai ns; wherein each of the nultiple %hol esterl c domains is a

visible or near-visible reflective unit; ngfahrg él ent at | ondof
each of the nultiple chol&wsein Q‘GCRS‘PFE’i“n@VE'&Wnbéhe increase il %les@nc 1qui

appl i cation of a vol dbhiRér es;ym%&ﬁme hbd! arabﬁe&eatwadmomu?iacﬁhﬁo

mul tiple cholesteric domains Is ‘'substanti a free of interactions anong
the 15 mul ti pl e aheligeiderystal atnn:am:usmﬂmbrahsa "$urfactaot” meansa Auwwrface actineng

the multiple . chples rlcdmalns.an fir and second
substrates to yiel d 2B8oUHf ?ﬁ "ﬂﬂf‘t"‘fq?flgﬁs?w?@ aﬁg sﬂﬁ‘lqi?@‘g
rel axation tinmesf rOfBrﬂleEH&édtﬁeﬁﬂ&?ﬁcxﬂQex%mn between fvﬁf il@ﬁdsl Uﬁb&heéreslhq{xidc
texture is bel ow about 150 mlliseconds. The rel axation tinme can

reach bel ow about 130d giselid s As iskmown inthe aEt, thesspreithreg gategoriep obsurface active

m cr oseconds or h C, r el
additive, such as \Sglg?l\l/t;ngfﬁég co‘nwf%}{%ta‘?%/adrﬁf] f?’(qam%)“rél%rfps)oIe.‘e'eorr“é,}{r1 o@dﬁﬂ%??raegt I C
pol yners, etc. If nesedlulnemaphef Fanysicids.s Deergents areleidssed ascanibmict, mmnxe,y:mtb
can be coated with o i fferent anor

or mMmyre sim r hoys
boundary |ayers, sudin-ionic, mclusglspwﬁrrwe ﬁ@at yrqegfnlsmwgoup comprises Limeanrhe
resent invent n "
P W@ pcagkyé gﬁf%l s, u i e?mm% ang '&ﬂéy?ﬁé:ﬁéde“suifbﬁ&iésd For

crystal display whi tching trmes wt hout
conprom se of thiskinyentiosph aputyal ,opmr-tanns surfaotahuisi prgfen‘pda r &the dlydrophile

ot view Tode, 11} 858 e GILETSHGE S SR S T A9
operation of direct prefRrabl{ #ons hlsgut ¢1 €& smﬂma the\/sﬁﬁﬁtaﬁtrc%.ﬂﬁaﬂgétm about
' | '0.1% to about 10% of the total weight of the liquid crystal mix. Preferably, the

15 range is from .ai'mut 1% to about 3%. Most preferably, the range of the
surfactant used is from about 1.5% to about 2.3% of the total weight of the
liquid crystal mix. Water, such as deionized water, can optionally be added in

. an amount of up to about 5% .(abo.ut 0 -5%), based on the total weight of the
liquid crystal mix. _

20 The effect of the additive surfactant on the cholesteric liquid crystal
relaxation times following a voltage pulse is dramatic. The response time can
be reduced to below about 150 milliseconds. In certain embodiments of the
present invention, the response time was reduced to below about 150
microseconds, and as low as below about 10 microseconds.

25 An example of this acceleration is shown in Figure 1 which contrasts the
cholesteric LC relaxation time for mixtures with and without added surfactant.
In this experiment, a voltage pulse (+54V) is imposed at a time corresponding
to roughly 0.25 seconds on the abscissa time .scale. The response of the
cholesteric liquid crystal mixes to this voltage pulse is shown in the lower two
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The high contrast ratio display of this invention is achieved using
relatively short cholesteric liquid pitches which exhibit nmaxi num
refl ectance in w09/36%05 t he visible region of the el ectromagnetREERREIZmM
I n accord with the | anbda “([err]) =n P equation. Additionally,
smal|l cell gaps (i.e., d <5 mcrons) are 5 enpl oyed so that only a
relatively small percentage of the incident radiation is scattered
when the cholesteric liquid crystals are i ni%e 1i ght scattering texture.

A back plate liner is enployed, yb all_.of the transmtted.visikle
radi ati on, FWM@‘%’F% |“h8daéal?°§ﬁ%k§?f’oﬁ’8p‘ﬂ&%§} ﬂ’éia‘ﬁ'i%é%# gsg‘?ﬂ Y‘%?l' 8L
operated in the scatpkafipled) S0ee surfactant. The peRemqBfléctivh dfﬁteb@d'@?lajrﬁﬁs]hdvﬂui d
crystal cells of the present ‘invention represent 10 optical differences

bet ween the refl ect ilpng dhel ordinate oncthe tseale mepdingafrem O to R, with R represeqying
present invention can_retend, the inheren | td . .
obtai nable with the %W"é'&f&{?ﬁu%d@%% %t@'e%f(f’ﬁéeous ’)‘/_t[l%Clh?Bg{:/hI dﬂ‘g’la(?'lstl? a

short _ opti caF thevidafibilight béabtering fype and dias) eshibirdithe eeflertibn.evBpowi a
I ncl usi on of new . .additives, such as a ngn-ionic surfactant, to the
chol esteric |iquid @pplisation of the Yojtage pyise {at thngy P25, secondsh i'ﬁ‘gm?érar%el

ch

T e ot . o AR a5 08 i e bl R R

faster rel axation ofthenmelaxitonhe mefisctivecholesterié tixiuevimmedipiolyi after teymination of
the pulse. As is clearly shown in Figure 1, the relaxation from the nematic to
10 the cholesteric reflective structure is much faster for the LC mix with surfactant
(FMLCD) compared to the one without surfactant (MLCD). It is particularly
important to emphasize that precisely the same LC mix, including the same
amount of twist agent, was employed for each system. The two displays
differed only in the fact that the fast response display also contained a small
15 amount of an added surfactant. Also shown in Figure 1 is the subsequent
application' of a second voltage pulse of lower value (30 volt) which converts
both displays back to the dark light scattering state. This is a rapid relaxation
process, with or without added surfactant, as shown in Figure 1. It shows two
different response curves at the. same trigger voltage. The dotted or dashed
20 - curve (C) has the vertical ramp-up section (rise time' T, is about 150
_microseconds) which is about a thousand time faster than that of the solid curve

©).
The data in Figure 1 clearly reveal the much faster relaxation time for
the LC mix with the surfactant additive. However, a qganﬁtative expression of
25 this acceleration is not readily obtained from Figure 1 as the phase change for
the LC mix with surfactant appears to be instantaneous on the time scale
employed. Expansion of the time scale employed permits estimation of the
magnitude of the acceleration of the relaxation time for conversion of the
cholesteric LC mix from the dark light scattering to reflective structurer. This




voltage pul se. It is believed that the function of these additives is to

i sol ate the domai ns from each other while sinultaneously reducing
the frictional (i.e., 20 drag) forces between the donmai ns and between
t he domai ns and boundary surf ace. Addi tionally, the chem cal

addi tives m ni WQe636M8 nat ur al sel f-al i gnnent dommi ns B%HEEINAERa
anong each other and produce a nore uni formdistribution of domain
sizes.* The net effect of the surfactant additives is to allow
continuation of a structure in which the orientation of each 25

m croscopi ¢ sized |liquid crystal domain i s stdBl e under zero field

condi ti ons, but much freer 0 0 a
perturbation such ases‘flﬁa'oﬁ"“ dan‘be’ “H%H‘?fi)‘é’écfnﬁls“%o Bﬁetfa\je‘la&ﬁ%%’“ ’f’r‘éa %"?? %tg
the surfactant: chemggglh, gHeletFi¥ed 48 SRRt that of Figurdd if thad e €ppef antFloween

the liquid crystal domains and between donai ns and boundary
sur f aces. WUra0® spossent the driving voltage and LC response curves respectively.

Thus, in Uhe. pr esentTRYER 1 ime eales cameloved afs sippifoantly; diffpispf 8 tated i

crystal domai nssresFigsel! Figige D{SechErdingle ) huwslthei ralaaattbntommifnoﬁnme for

surfactant to the LC mix for the transition frqm low to high reflectance without added
surfactant (MLCD) following application of the voltage pulse. The upper curve

(A) presents the trigger voitage pulse with the scale of 50 Volt. The lower

curve (B) shows the response curve with the scale of 50 mv (reflective

10 intensity). Both curves correspond to 0.1 second time scale. The rise time (t:)

is about 150 milliseconds, as can be read directly from the graph. Figure 3
(See, Example 2) shows the response time for the LC mix with added surfactant -

(FMLCD) using the same expanded time scale as in Figure 2. In the case of

adding the surfactance to the cholesteric-nematic liquid crystal, after the trigger

15 . voltage pulse, the rise time (t,) of 147 microseconds and the decay time (t) of.

" 131 microseconds could be realized. Even on this expanded scale, the response

time for the.LC mix for the transition from low to high reflectance with

surfactant appears to be instanmﬂeons, estimated to be about 10 microseconds

- or less. Therefore, an even more expanded time scale was employed to estimate

20 the relaxation time for the LC mix with surfactant. This is shown in Figure 4

(See, Example 2). As these curves-indicate, a relaxation time of around 0.147

milliseconds can be estimated from these curves. In fact, this represents an

apparent upper limit for this relaxation time as the applied voltage pulse

employed was not a pure square wave. The actual relaxation time is expected

25  tobe less than about 10 microseconds.

Thus, as the data in Figures 2 through 4 reveal, addition of surfactant to

. the cholesteric LC mix improves (i.e., decreases) the relaxation time for the key

light scattering to reflective phase change from approximately 150 ms to less

than 0.150 ms. This represents over a one-thousand fold decrease in response




the liquid crystal mx. As used herein, a "surfactant"” neans a "surface
act'i ve agent" that reduces surface tension when dissolved in water
or water solutions, 5 or which reduces i-nterfacial tension between two
| i quids, or between a liquid and a solid. As is known in the art,
there are t hr eeWon6B8696i es of surface active agents: dePETHs9n/85892
wetting agents, and enulsifiers. Commobn detergent are sodi um soaps
of fatty acids. Detergents are classed as anionic, cationic, and

non-ionic, including zwitter ions. Mst w del knom1group conprises |linear-
10 al kyl sul fonates, often aided by " bUI|&' " and al kyl benzene

sul fonates. For .S J nventi.on eutra non-ioni £ surfact
preferred. The Hydrotbrﬂ? Iﬂlsphmnrﬂnﬂgasntﬁ?g Y34 #Eeé g83 R/'&'Iqsf °‘83W8
from about 2.9 to abesponid ch(ﬂésﬂ:rlc dlsplayspr Therevbrsy trhiisitiontest reflektibs 1@ i h'tt
12. The surfactant can range from about 0.1% to about 10% of t

total weight of the qmmm pequryena muehsfastertime, scale. Of particulay a&sgéicﬁgcer rom

cbout, 19 (0 about 3% J0%ePhl B, IR LC Bl it Bl
liquid crystal $ix. déhiomstratediosingveriestont helital\phiclr ]engthmn&mchnﬂiel reflectiondded

in ' an anount of to about 5% about - 50 based on the total
wei ght of the ma*‘T"dfgl '°§¥§'“° the el tromaghetic Speqakm. Jhs; e

addi tive surfactant gapm sﬂi}‘ﬂp@ﬁﬁ&{ ﬁrfde} EdhiditiengGih Yehichlthe contrast raticPisSbalined’
times. following a voltage pul'se is dramatic. The response time can

be reduced to bel owba»bmmpa:mvnsihhr hghmﬂqged inrthe enostaefieative dextwisto sheobackhe

M o oseconds. and aSorutBEEHE o foe ek ke, “SiRes et ey Hod Botthrubied using
exanpl e of thi $0accenallatll gapsi(ise. S ROSVicron)thee isdelhtively lifile SQiteredsl thﬁdfthe
cholesteric LCrelaxation-tinme for mxtures with and w thout ad

surfactant . displayappeaps,sp be Aark hlack in shs light scageningtextureq\ As FWHp&?ed
at a tine corresponciyi@nt mventlon providedd Qhﬁleﬁeé@d Wﬂ&hqg bbtCuifdtaiSaRa
time scale. The response of ester I'tquid crystal mxes to

this voltage pul se |°§hmmhlmnmrather t wo

The present invention permits the first development of a direct view
15 cholesteric display which is capable of video rate response. As described below
these displéys are capable of outstanding gray scale capability and. full color
even when operated in video applications. Of particular interest is'application
of this new technology to zero field multistable cholesteric displays (MLCD) of
the type described in the introduction. In this particular case, image retention
20 is possible under zero field conditions. Furthermore, since these cholesteric
displays eliminate the need for back lighting, this particular embodiment of the
present invention represents a complete full-color, excellent gray scale direct

view display of exceptionally low power consumption.
| The multiplexing involved in development of a direct view, video rate,
25 cholesteric display is outlined below. In the present cﬁse, this multiplexing is
- illustrated employing multistable zero field cholesteric liquid crystals.
However, those schooled in the art of liquid crystal displays will recognize that
this new technology is applicable to a wide variety of other liquid crystal mixes.
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curves for LCs with (dashed line - See Exanple 2) and wi thout (solid I|ne -
See Exanpl e 1) added surfactant. The percent reflection of these

di spl ays i s shoWn96/36905 3| ong the ordinate on the scal e readi¥fg/P6r#H2t o
R, with R representing maxi mumreflection. Initially, at tine zero,
the LCtexture in both displays is 5 of the dark |light scattering type
and thus exhibit little reflection. Upon —13- application of the voltage
pul se (at tinme 0.25 seconds) both LC m xes are nmonentarily

converted to the nenmatic ase dur p EP.E“E
then relax.to the reflectd @?M { %#@Qlu%%}éf te éﬁ%f e image
term nation of * basddlvR miubaﬁculae«snusﬁamhemdmngsnmmnsn IFis glso eledr thabevith

rel axation fromthe nematic to 10 t he .chol es erlc ref) ive structure
is nuch faster for tth%rmom%m&stq{ %Gﬁ@ﬁ‘&?"&ﬁ?"‘més as s ‘("F‘?\A‘.‘%"‘ déeloo

the oné without surfag é&lxb‘f rhﬁseoé’ifécﬁ Ladib ;}l%ys Video falRiguies at O

enphasi ze that preci sel m X, 1Inc e sane anmount
of tw st agent,5was leaspIBOyfedntfscpersemhd 9y§6énns‘lme ftam dTRislisyof course, well

differed only in the fact that the fast response CIS a
smal | 15 amount  OYTtHIR tgﬁo‘gﬁ’ onsirated f /%"g %@#ﬁgr@g%"w
subsequent apiAdithas.| an fadt, as aRean mgh:teagem@wés‘pensefpniwme isadlmest 30

vol t) which converts
certainly much less than 150 microseconds. It must be noted here that MLCD

without the surfactant additive exhibited response times of 150 milliseconds

10 which is much greater than 33.3 milliseconds and therefore, is not practimblé'
" for video applications. '

As those knowledgeable in the art of cholesteric liquid crystal science

will recognize, the present invention is perfectly compatibie with production of

a full color cholesteric liquid crystal display with video rate capability. The full

15 color capability is made possible by adjustment of the helical pitch to optimize
reflectivity at a specified wavelength in the visible region of the electromagnetic
spectrum as dictated by the equation lambda (A) = n P. For example, addition
or subtraction of an appropriate amount of twist agent can adjust the helical
pitch of the cholesteric LC mix to appear either red (R), green (G) or blue (B).

20 As is well established at this time, full-color image representation involves

' simply the proper combinations of RGB pixels. The preparation of displays
containing the different helical pitch pixels and, thus the required RGB

. combinations; is obtained by employing special techniques to isolate the RGB
cholesteric liquid crystal for each pixel. .

25 The use of this present invention has been discussed above in terms of
direct view displays. Such displays capitalize on the inherent advantages of the
ultra fast, zero field multistable technology described since unusually low
power, low weight flat panel video displays are clearly now possible based on
this invention. However, it should also be noted explicitly, that this invention




bot h di splays back to the dark Iight scattering state. This is a rapid

rel’axati on process, with or without added surfactant, as shown in
Figure 1. It shows two - different response curves at the sane trigger
voltage. The dotted or dashed 20 curve (O has the vertical

section (rise tW@863685] s about 150 m cr oseconds) \/\/ﬂ?%ﬁg’:‘?’“

a thousand tine faster than that of the solid curve (O.

The data in Figure 1 clearly reveal the nuch faster relaxation tinme for
the LC mx with the surfactant additive. Hovvei er, a quantitative expression
of 25 this acceleration is not readily obtai ned fromFigure 1 as the

phase change for ] th C m x th, surfact. an

i nst ant aneous on thésm{glcé’mpwl\’%w’%ﬂﬁ?W5 o %? ?? (?ﬁnoutsly
scal e enpl oyed per mgrssefSinvétiioh? Wh@ﬁ af:oﬁ'lﬁ‘,d toprqectiﬁiﬁgﬂbd didlﬂaﬁ vhhq)rowde the
accel eration of the'relaxation ti for conversion of

chol esteric LC mix fsamenimprovesspeeds gmxhwad irediresview ¢%’ﬂ4¥éct i ve structurer.
Thi s WO 96/ 36905
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5 | : EXAMPLE 1
A cholesteric liquid crystal mix composed of 0.6043 g of liquid crystals
ZLI 5400-100 (Multi-Bottle System for Fast Response STN. Viscosity (mm?s™)
18 at 20° C and 375 at -20 C. E. Merck Industries, Inc., Darmstadt,
GM); 0.0450 g of CE2 (A chiral nematic. p-CH,CH,CH(CH,)CH,-C¢H,-
10  CH,-COO-CH,CH,CH(CH,)CH,CH,. (BDH Chemicals, Ltd., Poole, England.
5% solution in E8 produces a pitch of 1.9 yum. G.W. Gray and D.G.
McDonnell, Mol. Cryst. Lig. Cryst., 37, 189, 1976); 0.0450 g of CB15 (p-NC- -
C,H,-C,H,-CH,CH(CH,)C,H; (E. Merck Industries, Inc., Darmstadt,
Germany): and 0.0450 g of R1011 (A chiral dopant. p-H,;Cs-CeHio-CcHs-
15  COOCH(C.H,)CH,0CO-C;Hs-CeHy-CsH,, E. Merck Industries, Inc.,
Darmstadt,.' Germany) was prepared. This mixture was enclosed between ITO

coated glass substrates to form a LC cell. This cell was subjected to voltage
pulses as shown in Figure 1. The respbnse time of this LC mixture was
approximately 150 ms as shown in both Figure 1 and Figure 2. This LC mix

20 exhibited maximum reflectivity in the green portion of the visible region. This
mixture also exhibited multistable zero field stability.

EXAMPLE 2
A cholesteric LC mix identical to that described in Example 1 was
25 ‘prepared. However, to this mixture was added 0.0151 g of the surfactant PEG
400 monosiearate (thaving a HLB value of 11.6) (Chem Service Inc.,
Westchester, Pennsylvania) and 0.0151 g of 18 M-ohm deionized water. The
resultant mixture was again assembled as a liquid crystal cell identical in form
1o that employed in example 1. This cell was subjected to voltaée pulses, as




estimation can be achieved via analysis of the raw data shown in Figures 2,
3 and 4. These Figures are simlar to that of Figure 1 in that the
upper and | ower traces represent the driving voltage and LC response
curves respectively. However, the time scal'es enpl oyed are
significantly WOPIEE to that used in 5 Figure 1. Figure PCT/O86/05892
Exanpl e 1) shows the relaxation or transition tine for the LC m x
for the transition fromlow to high reflectance w thout added

surfactant (M.CD) follow ng application of thgvoltage pulse. The upper
curve (A) presents the trigger voltage pulse wwth the scale of 50

Vol t. The | ower ) e

50 nv (reflective 10r.how§ 'flll{se:sit y@%fﬁ@&ﬁe\g@ﬂg}ﬁ g‘y%%(f%&nlbﬁii]&second
time scale. The ri ssutfhom:tu{ﬂmwh in F:gure 1 andabmghre%BChrmAﬂ I’I‘lmaesmdsenme fonn
be read directly fromthe a ure 3 , t he
response time for t ’SL@’W%S? &n g’dégoéﬂﬁ%?&?%ﬁqg as shown [Ek/l_gé[% 4USI t he
same expanded i $EaeGen®S obdt & @uos%la uﬁ oVéHierft 3 SreQfonse rate reldGill b9 thdre

surfactance to the chol esteric-nenatic uid crystal, after the tri ger 15
vol t age pul se, §he monesurfactany eontdining nﬂﬂﬂr&mﬁwgdds'l‘hndnm&wee

cal e, "t he response mikitie SR 3 sy pesbie R piAFiGe o el o

| ow to high reflect apsigo istdiried the %reen cdior dfaBé e¢flecRB B! 6f thomdure of Example
i nst ant aneous, estinmated to be about 10 mi croseconds or | ess.

Therefore, an even rore expanded tine scale was enployed to estinmate 20
the relaxation tine for the LC mx with surfactant. This is shown in Figure
4 (See, Exanple 2). As these curves indicate, a relaxation tine of
around 0.147 10 mlliseconds can be EXAMEBRLES from these curves. | n
fact, this represents an

, A ot | t |
time as the applied vol ta@gh%ﬁ%”é?gg cry E‘ﬁ‘per |Ir‘n%g6 ﬁ%ﬂl %1°€‘5‘El§daxa
wave. The actual relEsqam, O(Mémrig@dlﬁ@mwﬁag%%ﬁelsmnﬁ;edb;e%ff:ﬁregﬁl&bmt 10

m cr oseconds. Thus, as th ata in Flz?%ges 2 throuq(%

reveal , addition of &q;pemtwrt&% Birefringenage deltion :4260; Viscosityiat O fprl8des
(i.e., decreases) t 0 Jd i ng
to reflective phase ¢ ange 3f'nﬂfaldro'p!rgai(;‘%lflI (raria wﬁ”@ﬁ“%g ?%CF%’S%% Eﬁf"aﬁﬁ,

15 0.0432 g of R1011; 0.0132 g of PEG 1540 monostearate (HLB value 17.3.
Chem Service, Inc., Westchester, Pennsylvania) and 0.0110 g of 18 M-ohm
H,O was prepared. When assembled as a liquid crystal cell and subjected to an
appropriate 50 V voltage pulse, converted from the scattering (dark) state to the

reflective (bright green) state in approximately below 220 microseconds.

- 20
_ EXAMPLE 4
A cholesteric liquid crystal mix consisting of 2.1094 g of liquid crystals
5400-100; 0.187 g of R1011; 0.114 g of CE2; 0.0479 g of CB15; 0.0245 g of
PEG 4000 monostearate (HLB value 18.6. Chem Service Inc., Westchester, |

25 Pennsylvania). When assembled as a liquid crystal cell and subjected to an
appropriate 50 V voltage pulse, converted from the scattering (dark) state to the

. reflective (bright green) state in approximately below 150 microseconds.




than 0.150 ns. This represents over a one-thousand fold decrease in
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time. This phase transition is the key rate determning step in devel opi ng
faster wosgs36a08 chol esteric di spl ays. The reverse tranBCT/oses/0s892m
reflection to |ight scattering textures occurs on a nuch faster -
time scale. OF particular significance is the fact that the
scattering to reflective LC texture tranS|t|%n has been 5 denonstrat ed

using very short helical pitch lengths in whi'ch the reflection
maxi mum occurs in the visible region of O]%gwl\%gromgnet ic spectrum This
permts display operation under conditi ich the contrast ratio is

ob}g ?i nted Coxt byt co?ﬁﬂehmmcﬁqm erykthgﬁlixt misenglefdz 1094tgwtif liped crystatls t
reflective texture to the bac catter | in_the at e.
Since these di spl ay3408r180c@A8Y% gief RIP1As Prig6d g of 23;93%17 g pg (*%115 <
5 mcron) there is %te L%gir@@eﬁég&bﬁt& r#ﬁg%g@%ﬁl@ r3d Ionghy s@bide ThE Westchester,

di spl ay appears to scattering texture.

result, the § Pennsyloadia). "Whet assambted\asdehqmd ctwtabedlbandcstﬂbne;:f;ddatp aml ch
S both ultra fast and h|b s hi gh contrast i

The present invent i $RPERKSOY Y 1 CQpRY B eﬁt{%lnlﬁgaaé'& stgte &g, the

reflective (bright blue) state in approximately below 150 microseconds.

EXAMPLE 6
10 A cholesteric liquid crystal mix consisting of 0.6852 g of liquid crystals )
E31LYV; 0.0387 g of R1011; 0.0392 g of CE2; 0.0362 g of CB15; 0.0153 g of
sorbitan monoleate (HLB value 10. Chem Service Inc., Westchester,

Pennsylvania). When-assembled as a liquid crystal cell and subjected to an
appropriate 50 V voltage pulse, converted from the scattering (dark) state to the
15 reflective (bright red) state in approximately below 150 microseconds.




15 chol esteric display which is capable of video rate response. As_

descri bed bel ow these displays are capable of outs N
scal e capability and full cﬂﬂ}l% N when oper at e:i"'li:"j“;I §QE ﬁXS BEEN
applications. O particul ar Q\%QAL

j ect H sBeen Re M
I'cation
technol ogy to zeoes/sees d nult |Bﬁ iﬂ] E eric displays (I\/Lcm).'rmS%losssvz
the type described in the int hIS particul ar case, inage

retention 20 i s possi bl e under zero field conditions. FurthernDre,
since these cholesteric displays elimnate the need for back
lighting, this particular enbodi nent of the ~17- present invention
represents a conplete full-color, excellent gray scale direct Vi ew
di spl ay of excepti on¥ha is|clajmesbiser consunpt i on. The

mul tipl exi ng i nvol ved in develp t Sl .deo rate, 25

chol esteric display is oufl [ néAdﬂg'EB c\f\fs%l%el?he prrggg{rﬂ\ lscu:';{t e, this .

mul tiplexing is id Firss solid subseraie! lmyingoa it tirer sbifecez coateds wighc first
cholesteric liquid crystals However, those schooled in the art of
liquid crystal displ uWVFIlayFbcognl ze that this new technol ogy is

gg})gggggl e to a wde variggasond sflid Sibstratd Hading a/sekdd finéeSurface coated Wil a

PCT/ US96/ 05892 5 second conductive layer; and -13-
Thus, as described above,, Ll %R05deRhfe bedo B MultshRERhSbSeric AR 'FRET
mix located in a space between the first inner surface of the first solid substrate
and the second inner surface of the second solid substrate, the liquid crystal mlx
comprising a surface active agent; a plurality of liquid crystals; and at least one
10 twist agent forming multiple cholesteric domains; wherein each of the multiple
| cholesteric domains is a visible or near-visible reflective unit; whereixi an -
orientation of each of the muitiple cholesteric domains can be changed by
application of a voltage pulse; wherein the orientation of each of the multiple
cholesteric domains is substantially free of interactions among the fnultiple
15 cholesterié domains and also free of inferaction among the multiple cholesteric
domains and the first and second solid' substrates to yield zero field
multistability; and wherein relaxation time of the liquid crystal mix is below
about 150 milliseconds.

L2, The liquid crystal cell structure of claim 1, wherein the first
conductive layer is coated with a first amorphous boundary layer.

3. The liquid crystal cell structure of claim 2, wherein the first

amorphous boundary layer comprises a polyimide.

. 4. The liquid crystal cell structure of claim 2, wherein the first

amorphous boundary layer comprises a silane.

* ¢ L M S %




based on this particular illustration involving FM.CDs. |
that with t he response ti rres of < 150 m croseconds ng SHE%W\?HEEN
Figure 4, that video BSeneRe aqu)55| ble for {hese RRPLAGED vi ew

di-spl ays. Video rate requi res 30 frames per second or 33.3
s per frane. o 86/36905 Of cour wi t hin t he denonpdrogesnsss
response.tinme of pixels contai

e sur act ant additives. In
fact, as shown in Figure 4, the response pixel -tinme is al nost '

certa| nly much | ess than 150 m croseconds. It nust be noted here that M.CD
W t hout the surfactant additive exhibited re%ﬁonse times of 150

mlliseconds 10 whi ¢ ater t han 33. co d
therefore, is not practi L}abl e q‘q% crygal cal %B‘%ﬁlq &k‘ oﬁ l?erematﬂe first

As those know edgealh@yrphbus Beutlaty RerG i @?én%increiahghﬁhib Wit %ﬂeﬁﬂ uﬁpé@ﬁﬁﬁ
will recognize, the present invention is perfectly conpatible W|t

producti on of in a planat direationr chol esteric |i quid crystal display with
video rate capability. The full 15 color capability is made possi bl e by
adj ustnment of the helical pitch to optim ze reflectivity at a

speci fied wavel ength in tghe vrmebiqﬁndroegwaelpézrﬁdme@f@raimqmﬂmn the second
spectrum as dictated by the equation_ |anbda ([err]) P. For exanpl e,

addi tion or €8 XE!QY%“W%W%B%%“#&!@WEHPWWQ& agent can
adj ust the helical pitch of the cholesteric LC mx to appear either
red (R, green (G or blue (B). 20 As is well established at this tine,

full-col or inmage represeﬁ't at i ﬂhelllquﬂlovysml cell strucmxsloﬁplaymtﬁhwhpnupthe second
conbi nati ons of RGBg-FﬂI et[ b Fgar atian of ‘iﬁ? cont ai ni ng
the different helic ouf bg ’39@1&5 a¥GT FOMPHEHS 2 i red RGB

conbi nations, is obtalned by enpl oyi ng speci al technlques to isolate the
RGB choI esteric liquid crystal for each pixel. 25 The
use of this present invedionThediquiderystal sellsmuciuraiofelaim 6, wherein e second

direct view display ?ms ﬁﬁaﬁ)’ Re.t he inherent advant ages,
of the uItra St zgro EY%%BW#?#&;D e technol ogy descri bed

since unusually | ow power, |ow weight flat panel video displays are

clearly now possible based o nvention., However, .it shoul.d
al so be noted explicitl y‘§ that’l‘h;#ﬂgldlcﬁx;gll'p;lh);p-ucmreort]clalm\%?w?lerem the Second

amorphous boundary layer is in a random relationship with the liquid crystals

ina plaﬂar direction.

10.  The liquid crystal cell structure of claim 1, \lavhetein the liquid
crystal mix is substantially free of polymer additive.

11.  The liquid crystal cell structure of claim 1, wherein the surface
active agent is a non-ionic surface active agent in an amount from about 0.1 %
to about 10% by weight, based on the total weight of the liquid crystal mix.

12.  The liquid crystal cell structure of claim 1, wherein the surface
active agent is a non-ionic surface active agent in an amount from about 1 % 1o
about 3% by weight, based on the total weight of the liquid crystal mix.

O
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is also perfectly conpatible ‘ﬁ‘hfs@heets t| on type displ ays.
Qovi ously, the pr esent W mﬁ applied to projection type
Vv

di splays, wil| Wo8&3638 t he ed speeds as ‘ex hPGT/USR$/05892
direct view displays. 5 EXAMPLE 1
A cholesteric liquid crystal mx conposed of 0.6043 g of liquid crystals
ZLl 5400-100 (Multi-Bottle System for Fast Rggponse STN Vi scosity
(merr]) 18 at 20[err] C and 375 af =20 C. E. Merck Industrles

| n<c::H[ erD?]r 2;{ 2?';] CH( CH er }fﬁ Wﬁ@x&%]ﬁ o CEzf Saxmclhlu;haell'em &e felaxation
C[ err]Herr]-C0O- %Hehkibaw]a%ﬂtersfo]ﬁéé&e{oﬂag] ) CH[ err]CH err]. (BDH

Chem cals, Ltd., Poole, England 5% sol uti on |n E8 produces a pitch
of 1. 9 [err]m GW Gray and D. G McDonnel |, Cryst. Liq.

g[gﬂ] H 2r7r] -uéﬁer rl?LF)er r? %ﬁ?&%@ﬂ% ﬁf@iemr Er?fl—clfaenpr furtlzeé oowgri%ilr(ng up

I ndustries, Inc., Dasabouesih by weight of watsr"bas¥d on thedotd]l Wéight of thé ligilid ctystah
chiral dopant. p H[err]C[err] C[err]H[err] Cerr]JHerr]

T THIS SHEET HAS BEEN |
REPLACED
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15 COOCH(C[err] Herr])CHerr]OCO-JerrlHerr}—Clerr]Herr]-Cerr]Herr]

E- Merck Industries, Inc. Dar nst adt, Germany) was prepared. This
m xture was encl osed between |TﬂlsSheetHasBe§m gl ass substrates to forma
LC cell. This cell was subject ed m‘! E pul ses as shown in
Figure 1. The r SSpWR6WSti ne of t was app PEITUSa6/05892
150 nms as shown in both Figure 1 lgure 2. This LC mx 20 exhi bi ted

maxi num reflectivity in the green portion of the visible region. This
m xture also exhibited nultistable zero fiel dzﬁtability.
EXAMPLE 2 A chol esteric LC mix“Fdentical to that described

in Exanple 1 was 25 are r this mxture was added 0.0151
g of the surfactant PEG ? %Q@B‘\{\B %F%%%’F@"(Wﬁ a HLB val ue of
11.6) (Chem Service Inc., g first solid sﬁﬁsﬁa@ﬁ’ﬁiﬁa fira ey | svARdeAdoanet with Oal fidst

of 18 M ohm dei oni zed water. The : resultant m xture was again
assenbl ed as a |iqui gordugdvedryesel | i dentical in form to that

empl oyed 11 example 1. Thi ek solf Sufitle Sl 4 ol hA°sPhlcd $Barcd Swith 2
PCT/ US96/ 05892 5 second conductive layer; and - 15-
a substantially indefinite zero field multistable cholesteric liquid crystal
mix located in a space between the first inner surface of the first solid substrate
-and the second inner surface of the second solid substrate, the liquid mix being
substantially free of polymer additive, and the liquid crystal mix comprising a
10 non-ionic surface active agent; plurality of liquid crystals; and at least one twi;t
agent forming multiple cholesteric domains; wherein each of the multiple
cholesteric domains is a visible or near-visible reflective unit; wherein an -
. orientation of each of the multiple cholesterlc domains can be changed by
application of a voltage pulse; wherein the orientation of each of the multiple
15 cholesteric domains is substantially free of interactions among the multiple
cholesteric .domains and also free of interaction among the muitiple cholesteric
domains and the first and second solid substrates to yield ‘zero field
multistability; and wherein relaxation time of the liquid crystal mix is beiow
about 150 milliseconds.

16. The liquid crystal cell structure of claim 15, wherein the first
conductive layer is coated with a first amorphous boundary Jayer.

17.  The liquid crystal cell structure of claim 16, wherein the first
amorphous boundary layer comprises a polyimide.

.18. The liquid crystal cell structure of claim 16, wherein the first
amorphous boundary layer comprises a silane.

THIS SHEET HAS BEEN
REPLACED
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shown in Figure 1. The response tine of this LC m xture containing the

added sur fact ant is ShHown |n Fi gure Iand in Figures 3 and 4. The
response tine for |I§"s|g]1 Iles% t han 150 m croseconds, as
shown in Figure 4. This Ver

response rate webaltoes to the
exanple 1. This m xture retain

a 1000 fold inprovenent in
fact ant cont ai ni NFCTHURMNSEI D f

mul ti stable zero field

stability despite the presence of surfactant in this mxture. I t

al so retained the green color of the reflectﬁ i ght of the m xture of
Exanpl e 1. 10 EXAMPLE 3

A chol esteric liquid cry consi sti . 6551 . | C tal s
E31LV. (Melting Point - éq’rellx ‘Wﬁp Frt?? gaé'ﬁ l\e%urgg}] fié§
-9.4; - Res p%ﬁ?ﬁﬁ&ﬁtﬂ%nﬁﬁﬁ layB¥ is8h BirRERAE felatitRkhip mmome A6aid cYystalpsi ty
at 0 C 185. Chem cal Ltd., Poole, England); 0.0482 g of CEZ2;
0. 0435 g of CB15; 18 a plamr@girsctiqp. of R1011 0.0132 g of PEG 1540
nonost’earate (HLB val ue 17. 3. : Chem Service, Inc., Wstchester,
Pennsyl vani a) and 0.0110 g of 18 M ohm ' Herr]O was prepared. Wen

assenbled as a liquid cr3st alThediquid@ngtab cél aatoadetoﬁeh:m 15, whereinahgpsexond at e
50 V vol tage pul se, cqnverted fromthe scatte g gdarkgfg tate to the
reflective (bright cgnductivedaysr ds qqatesa\ﬂm-teﬁa% ap i ®fbseconds. 20

EXAMPLE 4 A cholesteric liquid crystal m X consi sting of
2.1094 g of liquid crystals 5400- 100; 0.187 g of R1011; 0.114 of
CE2; 0.0479 g of CB15; (210245Thg lighid crystal cell Stﬁsmmclwnégtwmraméh%mn al ue

18. 6. Chem Service lnc. st ches | vani a). When assenbl ed
as a liquid crystala"t‘,%rppo‘%ﬁt? l %@W%xs%apgﬁq%%e appropriate 50 V .
vol t age pul se, converted fromthe scattering (dark) state to the

reflective (bright green) state in approxinmatel bel ow 0 cr oseconds.
( J J %2. The liquid c%Pstal cclall su'uctgre of claim ]28 wm'.retrn tﬁe Secon

amorphous bodndary layer comprises a silane.

23.  The liquid crystal cell structure of claim 20, wherein the second
amorphous boundary layer is in a random relatlonshlp with the liquid crystals
in a planar direction.

24. The liquid crystal cell structure of claim 15, wherein the non-
ionic surface active agent is in an amount from about 0.1% to about 10% by
weight, based on the total weight of the liquid crystal mix.

25, ‘The liquid erystal cell structure of claim 15, wherein the non-
ionic surface active agent is in an amount from about 1% to about 3% by
weight, based on the total weight of the liquid crystal mix.

26. The liquid crystal cell structure of claim 15, wherein the
- relaxation time is below about 150 microseconds.

THIS SHEET HAS BEEN
REPLACED

| LERE N A




WO 96/ 36905
PCT/ US96/ 05892

EXAMPLE 5 A cholesteric |i (:T@l e‘é:onsi sting of

2.1094 g of liquid crystals 5400 10 R101l; 0.1263 ¢ of

CE2; 0.0517 g ofWOBEe86900. 0312 g eate ( @kH&sv
:%%M as a

Chem Service Inc., Westchester, Pennsyl vanl a). Wen asse
liquid crystal cell and subject ed to.an appropriate 50 V vol tage
pul se, converted fromthe scattering (dark) state to the reflective

(bright blue) state in approxinmately bel ow 150 croseconds.

gxé\g/gléEgtsm}ol iquid crystze ‘gh0|ﬁ’3ter“|*:‘g'i bg]u@ﬂdggéﬁ%a‘{ffc%d%lm é@'gprés"&

CE2; 0.0362 g of CBlgp 10 aBdt35 % W weight of watef, batedoniieabapweight bBhédiquRl 10.
Chem Service Inc. Wéstchester : ennsyl vani a). \Wen assenbl ed as a

l'iquid crystal ceI | erystakmix. ect ed to an appropriate 50 V vol tage
pul se, converted fromthe scattering (dark) state to the

THiS SHEET HAS BEEN
REPLACED -
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15  reflective (bright red) state-+n-approxi-hately bel ow 150
m-cr oseconds. 17 What

is clained’is: 1. A liquidh s Been| Repladed uct ur e conpri si ng:

a first solid substrate having a.fir ce coated with a first

conductive | ayeWO9/369%05 a second so I gflhavi ng a secBEHUHAEE2
a

surface coated with a second conductive | ayer; and

substantially indefinite zero field nultistable cholesteric Iiquid crystal
mx located in a space between the first inngg_surface of the first solid
substrate and the second inner surface of the second solid substrate, the

liquid erystal m x conprigi ng a,surfac | - .a plurality of liquid
crystals; and at |east offe"tw t“‘ls‘&e"ﬁ’{‘?ﬂ’g%%g“ﬁg?{’]‘ﬁ’Bﬁ@“@ho| esteric
domai ng;- wherein each of atfast salid subbteate RHRS b SFirstCinflemBirfie icBatdd Withi D Fiestor

near-visible reflective unit; wherein an orientation of each of the
mul ti pl e chol est er i COMMELOMPrisig afarsteondyrtive lyernp| i cati on of a vol t age

pul se; ‘and wher ei n 1 el axgtdoBind ddfl dabstiaBPuvikd Sedohd Shidk stifice oalefwith 200U

150 mi |l i seconds. _
: 5 second coating comprising a second conductive layer; and

a substantially indefinite zero field multistable cholesteric liquid crystal
mix located in a space between the first inner surface of the first solid substrate
and the second inner surface of the second solid substrate, the liquid mix being
substantially free of polymer additive, and the liquid crystal mix comprising a
10 non-ionic surface active agent in a range of from about 0.1% to about 10% by
weight, based on the total weight_df the liquid crystal'mix; a plurality of liquid
crystals; and at least one twist agent forming multiple cholesteric domains;
wherein each of the multiple cholesteric domains is a visible or near-visible
reflective unit; wherein an orientation of each of the multiple cholesteric
15 domains can be changed by application of a voltage pulse; wherein the
orientation of each of the multiple cholesteric domains is substantially free of
interactions among the multiple cholesteric domains and also free of interaction
among the multip]e cholesteric ddmains and the first and second solid substrates
to yield zero field multistability; and wherein relaxation time of the liquid

20 érysml mix is below about 150 microseconds.

29. The liquid crystal cell structure of claim 28, wherein the non-
jonic surface active agent is in an amount from about 1% to about 3% by
weight, based on the total weight of the liquid crystal mix. '

30. The liquid crystal cell structure of claim 28, further comprising
. up. to about 5% by weight of water, based on the total weight of the liquid
crystal mix.

THIS SHEET HAS BEEN
REPLACED
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2. The liquid crystal cell structure of claim11, wherein the first
conductive layer is coated wih a first anorphous boundary | ayer.

3. The liquid crystal cell st wggmailfﬂegkﬁil{&@,. wherein the first

anor phous boundary | ayer conpri e. 4. The liquid
crystal cell sWQ¥385 of cl ai rrﬂm"yl [ll e first anor phousPdIiUSEE0S392

| ayer conprises a silane. . uid crystal cell structure of
claim2, wherein helical axes of multiple cholesteric donains are oriented

in randomdirections at the interface with t?g_respective boundary | ayers.

18 6. The liquid crystal cell structd of claim1, wherein the
second conductive layer g coptctd ol Grifig 4 disflay i B 3ighe BROAHRLY dR"

comprising:
providing a cholesteric liquid crystal cell structure having a liquid
crystal mix substantially free of polymer additive, having a surface active agent,
5 having a felaxation time of less than about 150 milliseconds, and capable of
exhibiting substantially indefinite zero ﬁéld multistable behavior; and
applying a driving voltage across the liquid crystal material to
change a domain orientation of the liquid crystal material at a speed, wherein
the driving voltage is a function of the width of a voltage pulse.

32.  The method of claim 31 further comprising:
removing the driving voltage across the liquid crystal material
whereby the domain orientation is transformed from one state to a different
state.

33, The meihod of clain_x 31, wherein the driving voltage is a single
voltage pulse..

34. The method of claim 33, wherein the single voltage pulse allows
achievement of an unlimited gray scale capability.

35. The method of claim 31, wherein the driving voltage is a

succession of pulses.

36.  The method of claim 35, wherein the succession of pulses allows
an unlimited gray scale capability.

37.  The method of claim 31, wherein the driving voltage is applied
by means of a matrix drive method wherein:

THIS SHEET HAS BEEN
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7. The liquid crystal cell structure of clalm-6, wherein the second
anor phous boundary | ayer conprises a polyimde. 8. The liquid
crystal cell structure of clai m 6,ThistSe¢eelias BednReglaednd anor phous boundar

y
| ayer conprises a silane. _ crystal cell structure of
claim 6, wherei WORSI3FWEl axes of nu ' eri c domai Ns acaorbéeabL£d
Iin randomdirections at the interface wth t

e respective boundary | ayers.
10. The liquid crystal cell structure of claim1, wherein the liquid
crystal mx is substantially free of pol yrret_zgc_iditive. 11. The
liquid crystal cell structure of claim1, whéfein the surface active agent
s a non-ionic surface active,age i | unt from about 0.1%to about -
10% by wei ght, based on the tfa'l'%(k_f'glﬁ)?ﬂ %’jﬁ?he liquid crystal mx.

12. The liquid crystal cell swheinV,giséie minivhum trossvetk eoltage)¥; suhé voltage
active agent is a non-ioni¢c surface active agent in an.amuni from about 1%
to about 3% by wei gRblse FRquied W achipye e payimym ZHe figkd sEAbIF Terlggiive sty 204 Vers x.

is the driving voltage employed to establish domain structures intermediate

between the planar and focal-conic extremes.

38. The method of claim 37, wherein V is smaller than V. , and
wherein Vi is the threshold voltage.

39. The method of claim 31, wherein the speed of changing the’
domain orientation of the liquid crystal material is dependent on both the driving
voltage and the width of the voltage pulse. |

40.- 'The meﬂabd of claim 31, wherein the relaxation time is less than
about 150 microseconds.

THIS SHEET HAS BEEN
REPLACED
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13. The liquid crystal cell structure of _él aim 1, wherein the relaxation

time is below about 150 mi croseconds.. ' 14. The liquid crystal
cell structure of claim1, further conprising up to about 5% by weight of
wat er, based on the total weight of the liquid crystal m x. 15. A

met hod of forni W%B695play in a |ight nodul ation devi ce conprPcives0sse2
providing a cholesteric liquid crystal cell structure having a liquid

crystal m x 19
substantially free of polyner additi ve.|,4havi ng a surface active agent,
reflecting |light i LSl LS | | &rel axation

time of |ess than pbout 150 m I}l i seconds, andgcapab of ex

et i ng
substantially indefjinite zero flield nultistabﬁe beh 1i or; a

applying a drivingjvoltage acgdqss the |iqui ysg‘a |rrat eri to change a
dormain orientationfjof the |iquijd crystal eff al™a} +& speedp wherein the
driving voltage isja function df the vm'dth<f vol *ge pul
’ . (7]
% |l le
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16. The method of claim 15 further conprising: removi ng the driving
vol tage across the liquid crystal material whereby the domain orientation
is transformed fromone state to a different state. : 17. The met hod
of. claim 15, wherein the driving voltage is a single voltage pul se.

18. The met hodwehersgoed M 17, wherein the single voltage pul se BCI/US9S/05892
achi evenent of an unlimted gray scale capability. S 19. The net hod
of claim 15, wherein the driving voltage is a succession of pul ses.

20. The nethod of claim 35, wherein the succession of pulses allows an
unlimted gray scale capability. 2/4 21. The nethod of claim 15,

wherein the driying voltage is applied hy nepans gf a nmatrix drive nethod
wher ei n: Vierr] =iVidrri- V[grr]/2 wherein|V[err] is the
m ni mum cross-t 4l k vol tage, %/F i 5 thejvol tape Qy e redquired{to achieve the
maxi mum zero fi ¢l d stiabl e e I'ieciive Jtate, ! an [err] iis the driving
vol t age : ;
‘ A -
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enpl oyed to establish domain structures internedi ate between the planar and

focal -coni c extrenes. ' _ : 20

22. The nmethod of claim 21, wherein VNis smaller than V[err], and wherein

V[err] is the threshold voltage. 23. .The nethod of claim 15,

wherein the speed of changing the domain orientation of the liquid crystal

material is depesssses on both the driving voltage and the widP %FNWFén

vol t age pul se. 24. The nmethod of claim 15, wherein the rel axation

time is | ess than about 150 m croseco : 25. Aliquid crysta

cell structure conprising! a fivSt solid substrate having a first

inner surface cofted W UM a;f fTprts CONMUUCTT VE il ayer a g$econd solid --

substrate havingfa secpnd idnerfshrfacelcoatdd with ond
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conductive | ayer.

a cholesteric liquid crystal
a space between the first

a liquid crystal
mat eri al and

i nner of the fir

line material obtained by m xing
a surface active agent |ocated in
st solid substrate and the second

i nmer surface of the second solid substrate to formnultiple cholesteric
having zero field nultistability,

donmi ns,

chol esteric dorP®6/3¢985 a vi si bl e or

near -v

wherein each of the nultiple -
i sible reflective urrerresdosss2

wherein an orientation of each of the nmultiple chloesteric domains can be
changed by applying a driving voltage across the liquid crystalline

mat eri al ;

vol t age,

vol t age pul se.
wherein the liquid
addi tive.

wherein the surface
armount *from about O} 1
of the liquid cryst

21

and
wherein th

a vol tage generato
e driving voltage is

onfigured to apply the driving

é"ﬁunction of the width of a

t 26. | The |IQUId crlystal tdel | structure ¢f claim 25,
crystallinel material iq subst ntlaEIy friee off pol yner
27. Thé‘lqu|d erstal cel | igtemuciure of cl ai m 25,
active agent isia nondionicisurfaée actjve gent in an
%t o alpout 10%6by MEIght ipasedion the tofal weight
al | i ng nate?lal : 3 : : Q
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28. The liquid crystal cell structure of claim25, wherein a relaxation
time the liquid crystalline rmaterial is bel ow about 150 m croseconds.
29. The liquid crystal cell structure of claim?25, further conprising up to
about 5% by wei ght of water, based on the total weight Qieitig—ii-gtt+e
crystalline material. 30. Aliddid crystal cell REPLAGEMENT SHEET
conpri si ng: a first solid substrate having a-firgt i

coated with a first conductive |ayer; a second sdl iid ggbj@ﬂm
havi ng a wrstasdlaim&eis: surface coated with a second condyct}i ve |l ayer;
aliquidcrystalline material obtained by mixing a chol mGomeb-CHH
crystal material and a non-ionic surface active agent b substantially

free of pol yngr PR ' ace between T ST TTIMEY
surface of_t@’f‘?%ﬁt‘fds%??@%%wgﬁgcéﬁgﬁfﬁg'seco_nd i nner surface of the
second sol i d sulfigétrsolie sittraaving 4 fifst BMneNSurfasé esdted withRi fist doaditireatyet;
field multistability, wherein each of the nmultiple cholesteric domains Is a

visible or nedr setosdbslid substiate havingi 2  scopnsk duner surface covated Brithor segond of
the nul ti I eri£ domains can be changed by application of a driving
vol t age §§*“§'§°§Q?r\§%ﬁ’i id crystalline material, and wherein the orientation
of each of the nultiple cholesteric domains is substatially free of '

i ntersections anonc};zp%he mul tiple chol esteric domains and free of

i nteractions afsHestantiallyindefisxte zesoofield mayltistable cholgsterie liquid crystalynixdegated

Cheodri ving AR BEGREG e Bt ipper syrfall §F e AP SOAF slbant G Ul GsBbnd Tl
of a vol tsagfcepofl th€second solid substratd, thé liquidicxystal mixyoimprisihgld susfate/adtiveaget;

claim 30, wherein the non-ionic surface active . .
a plurality of liquid crystals; and at least one twist agent forming multiple cholesteric

domains; wherein each of the multiplé cholesteric domains is a visible or near-visible
reflective unit; wherein an orientation of each of the multiple cholesteric domains can be
changed by application of a voltage pulse; and wherein relaxation time of the liquid crystal

mix is below about 150 milliseconds.

2. The liquid crystal cell structure of claim 1, wherein the first conductive layer is

coated with a first amorphous boundary layer.

3. The liquid crystal cell structure of claim 2, wherein the first amorphous boundary

layer comprises a polyimide.

4. The liquid crystal cell structure of claim 2, wherein the first amorphous boundary

layer comprises a silane.

5. The liquid crystal cell structure of claim 2, wherein helical axes of multiple
cholesteric domains are oriented in random directions at the interface with the respective

boundary layers.

R



E%T n the

agent,is in an anmobunt fromabout 0.1 %to about 10% J;F ‘
total weight of the liquid crystalline material. 32. The {lijquid
crystal cell structure of claim30, wherein a relaxa}ipnO8 JbN ¥998elfo
about 150 m croseconds. _

22 33. The liquid crystal cell8structure of cTaim ar

conpri sing up.tg.,ahout, 59 Lab f . -

the liquid cr9s§EFﬁ1qHéd %@?F%lﬁ%ur% Of\@éﬁg}l’. %ﬁ%ﬂ} rquid crystal ce
struct ur g &atearwith @%econd amorphéus bouiidagolayér. substrate having a first inner
surface coated with a first conductive |ayer; a second solid

substrate having a second inner surface coated with a second conductive

I : . Ui aui ™ ol :
Firet i nner sdr rEeL g, FiySal R’ QficHRE 6 Bainh 36k Bkheld e 330 RbGGES "
surface g{,uﬁda@y f@épﬂ&npﬁédstiﬁol?ﬁﬁidat& the liquid crystal cell being

substantially free of polymer additive, and the liquid crystalline materi al
bei ng obtained by m xing a non-ionic surface active agent, in a range of

from about 0. %%The liquid crystal cell structure of claim 6, wherein the second amorphous

(@]

boundary layer comprises a silane.

9. The liquid crystal cell structure of claim 6, wherein helical axes of multiple

cholesteric domains are oriented in random directions at the interface with the respective

boundary layers.

10. The liquid crystal cell structure of claim 1, wherein the liquid crystal mix is
substantially free of polymer additive.

11. The liquid crystal cell structure of claim 1, wherein the surface active agent is a
non-ionic surface active agent in an amount from about 0.1% to about 10% by weight, based

on the total weight of the liquid crystal mix.
12. The liquid crystal cell structure of claim 1, wherein the surface active agent is a
non-ionic surface active agent in an amount from about 1% to about 3% by weight, based

on the total weight of the liquid crystal mix.

13. The liquid crystal cell structure of claim 1, wherein the relaxation time is below

about 150 microseconds.

14. The liquid crystal cell structure of claim 1, further comprising up to about 5%
by weight of water, based on the total weight of the liquid crystal mix.

15. A method of forming a display in a light modulation device comprising:

providing a cholesteric liquid crystal cell structure having a liquid crystal mix
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to about 10% by wei ght, based on the total weight of the
naterial, and a cholesteric liquid crystal material to for
chol esteric donains having zero field nmultistability, wher
mul tiple cholesteric domains is a visible or near-visible
wherein an orientation of each of the nli®tiple cholesterid
changed by application of a driving voltage across the Iia

material, -and wherein an orientation of each of the nultigle cholesteric
domai NS isghstattmllThdeddt Yol a8ditive! Rivigs b MOPfaddTRA el iﬂ%nﬂlﬂeﬂé&ir%hli%ht ma. —
chol esteric domains and ffee of interaction anong the mltiple ofesteric
domai ns aisible loe nEarr gisiblenreginne daving @l rethxatidns timgtof dessahah about 150 millisecordage

Tol t age. e Sapayft bf Ertiing Rubsindny dpdesiafs e Gel5 mifiiste bebaviof ands "0
liquid crystal cel lapplyinicd d¥ifin®VokdgRiabrod SAITRAtESAING chihgb @ RRAM S

: §ﬂk9ﬁ%ﬁﬁﬁ¥ _ ;
% by wei ght of water, based on the total weight of the |iquid crystalline
mat er i al orientation of the 1gpud erysal materisl atf pspeedgwhergingpe dyiving voltaggista function
nodul ati gn . devi QNpLi Si Ng: ' providing a liquid crystal cel
structuréﬁﬁg Wwéﬁﬁ&@i %ﬁegﬁygtalline material obtained by mxing a
cholesteric liquid crystal material and a surface active agent, wherein the
liquid crystalline material reflects light in a visible or near visible

regi on and is léagdieimethod of ghimi 15 fugthereammpnigings| |y i ndefinite zero field

mul ti stable be?gmvcl)wﬁ{lé tt?en&iriving voltage across the liquid crystal material whereby the domain

orientation is transformed from one state to a different state.
17. The method of claim 15, wherein the driving voltage is a single voltage pulse.

18. The method of claim 17, wherein the single voltage pulse allows achievement of

an unlimited gray scale capability.
19. The method of claim 15, wherein the driving voltage is a succession of pulses.

20. The method of claim 35, wherein the succession of pulses allows an unlimited

gray scale capability.

21. The method of claim 15, wherein the driving voltage is applied by means of a

matrix drive method wherein:
Vy = Vg - Vg2

wherein V), is the minimum cross-talk voltage, Vy is the voltage pulse required to
achieve the maximum zero field stable reflective state, and Vg is the driving voltage
employed to establish domain structures intermediate between the planar and focal-conic

extremes.
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mat eri al

pul se.

renoving the driving voltage across the20i quid crystal m xture Wereby—the

to change a donain orientation of the liquid crystal] qixture at a
speed, wherein the driving voltage is a function of the w dth

applying a driving voltage across the liquid crystR;IPI-'?‘Q\F@/‘ENT SHEET

Q

. Hdth gf @8vIUNa99B
37. The nethod of claim 36 further conprising:|.

domain orientation is transfornmed fromone state to-a differgnt state.
38. The nethod of claim 36, wherein the driving voltage is a single voltage

pul se.

pul se allows achi evenent of an unlimted

22, TRE methisd 8@&1?96’ 29] w‘ﬁkﬁh{r\/gas sfﬂﬂﬂérethﬁh t‘Vheaﬁd %Ef‘en‘{ & lig ke

ray scale capabi |

40. The theesholtl woltageai m 36, wherein the driving voltage is a SUCCGSSI on of

pul ses.

41. The met hod of cl aim40, wherein the successi on of

pul ses allows an unlimted gray scale capability. 42. The net hod
of claim 36, YRRk ndthed Of EMIn?45Y ¥heRUE tHeSspB&Pbf EkanRihg 8 Fonfdin Brientation

of the liquid crystal material is dependent on both the driving voltage and the ﬁvidth of the
voltage pulse.

24. The method of claim 15, wherein the relaxation time is less than about 150

microseconds.

25. A liquid crystal cell structure comprising :
a first solid substrate having a first inner surface coated with a first conductive layer;

a second solid substrate having a second inner surface coated with a second

conductive layer.

a liquid crystalline material obtained by mixing a cholesteric liquid crystal material

and a surface active agent located in a space between the first inner of the first solid substrate
and the second inner surface of the second solid substrate to form multiple cholesteric
domains, having zero field multistability, wherein each of the multiple cholesteric domains
is a visible or near-visible reflective unit and wherein an orientation of each of the multiple
chloesteric domains can be changed by applying a driving voltage across the liquid crystalline

material; and

a voltage generator configured to apply the driving voltage, wherein the driving

voltage is a function of the width of a voltage pulse.

26. The liquid crystal cell structure of claim 25, wherein the liquid crystalline

material is substantially free of polymer additive.

27. The liquid crystal cell structure of claim 25, wherein the surface active agent is

a non-ionic surface active agent in an amount from about 0.1% to about 10% by weight,

based on the total weight of the liquid crystalline material.
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matrix drive method wherein: Verr] = ( l[BEPllACE ET
Vierr])/2; and wherein V[err] is the m nimum crosg- fratk MENT SHEET -

voltage, VR is the voltage pulse required to achi eve the maxi zeko. . field
by &8 ol o8

stable reflective state, and V[err] is e driving voltage e

establish domain structures internedi at® between the planar apdliqcal -conic
extrenes. 43. The nethod of claim42, wherein VN isjsmaller than
Vlerr] and wherein V[err] is the threshold voltage.
24 28. Tht Hquidtdnystalakll stractureef claime2s, wherhin sredaxdtion tinteathgiliqgid he
domain orientation aqf fthe liquid grystal mxture is dependent on both the
driving G9F S@'&ﬁt&r‘i‘lh’émﬁ(mﬁgw lshén\‘ffﬂ pul se. - 45. The

nmet hod of claim 36, wherein a relaxation tinme of the liquid crystal m xture
is | ess than about. 150 m croseconds.

29. The liquid crystal cell structure of claim 25, further comprising up to about 5%

by weight of water, based on the total weight of the liquid crystalline material.

30. A liquid crystal cell structure comprising : '

a first solid substrate having a first inner surface coated with a first conductive layer;

a second solid substrate having a second inner surface coated with a second
conductive layer;

a liquid crystalline material obtained by mixing a cholesteric liquid crystal material
and a non-ionic surface active agent l;ut substantially free of polymer additive and located
in a space between the first inner surface of the first solid substrate and the second inner’
surface of the second solid substrate to form multiple cholesteric domains having zero field
multistability, wherein each of the multiple cholesteric domains is a visible or near-visible
reflective unit, wherein an orientation of each of the multiple cholesteric domains can be
changed by application of a driving voltage across the liquid crystalline material, and wherein
the orientation of each of the multiple cholesteric domains is substatially free of intersections
among the multiple cholesteric domains and free of interactions among the multiple
cholesteric domains and the first and second solid substrate; and

‘a voltage generator configured to apply the driving voltage, wherein the driving
voltage is a function of the width of a voltage pulse.

31. The liquid crystal cell structure of claim 30, wherein the non-ionic surface active

agent is in an amount from about 0.1% to about 10% by weight, based on the total weight
of the liquid crystalline material.

32. The liquid crystal cell structure of claim 30, wherein a relaxation time is below

about 150 microseconds.
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46. The nethod of claim 36 wherein the step of m xing the suff

agent and chol esteric liquid crystal material incl udgs the s eﬁﬁeﬁwﬁ'@\{ﬁé”ﬁ”
plurality of liquid crystals and at | east one twi st agent wi{h surface
active agent. 08 JUN 1998
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- 25- Vlerr]= (Vlerr] - Vferr])/2; and

wher ei n V[ er r] 33 sThé Hquid rrystah cetl Gtrnectuad bf vlainh 30 durth§rasoniprising yeto/abdud §6%

by weight of water, based on the total weight of the liquid crystalline material.

34. The liquid crystal cell strﬁctm‘e comprising :

a first solid substrate having a first inner surface coated with a first conductive layer;

a second solid substrate having a second inner surface coated with a second
conductive layer;

a liquid crystalline material located in a space between the first inner surface of the
first solid substrate and the second inner surface of the second solid substrate, the liquid
crystal cell being substantially free of polymer additive, and the liquid crystalline material
being obtained by mixing a non-ionic surface active agent, in a range of from about 0.1%
to about 10% by weight, based on the total weight of the liquid crystalline material, and a
cholesteric liquid crystal material to form multiple cholesteric domains having zero field
multistability, wherein each of the multiple cholesteric domains is a visible or near-visible
reflective unit, wherein an orientation of each of the multiple cholesteric domains can be
changed by application of a driving voltage across the liquid crystalline material, and wherein
an orientation of each of the muitiple cholesteric domains is substantially free of interactions
among the multiple cholesteric domains and free of interaction among the multiple cholesteric
domains and the first and second solid substrates; and

a voltage generator configured to apply the driving voltagé, wherein the driving
voltage is a function of the width of a voltage pulse.

35. The liquid crystal cell structure of claim 34 further comprising up to about 5%
by weight of water, based on the total weight of the liquid crystalline material.

36. A method of forming a display in a light modulation device comprising :

providing a liquid crystal cell structure having a liquid crystalline material obtained
by mixing a cholesteric liquid crystal material and a surface active agent, wherein the liquid
crystalline material reflects light in a visible or near visible region and is capable of

exhibiting substantially indefinite zero field multistable behavior; and
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pul se.required to achi eve the maxi num zero field stable refl i
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ahd V[err] ' I's the driving voltage enployed to establi h

structures internedi ate bet ween the pl anar and focal - | c_extrenes.
38.  The nethod of claim37, wherein V&grr] i's smal | er tha [ €08 JUNM998

wherein V[err] is the t hreshol d vol t age: 39.

he met hod of

claim 31, wherein the speed of changing the domai n orijentation of tne

liquid crystal material is dependent on both the driving

voltage and

the wi dth of tlapplynigtaaq;nvmg lvelage across the hquld crystﬂlme niﬁtenaﬂrm hhnilgefa donadim
31, whereipn the r?l nti is less th out 15Q m ¢rosecagnds.

orientation

of the width of a voltage pulse.

37. The method of claim 36 further comprising :

qu1 crystal mixture at a spe wherem the drlvmg voltage is a tion

removing the driving voltage across the liquid crystal mixture whereby the domain

orientation is transformed from one state to a different state.

38. The method of claim 36, wherein the driving voltage is a single voltage pulse.

39. The method of claim 38, wherein the single voltage pulse allows achievement

of an unlimited gray scale capability.

40. The method of claim 36, wherein the driving voltage is a succession of pulses.

41. The method of claim 40, wherein the succession of pulses allows an unlimited

gray scale capability.

42. The method of claim 36, wherein the driving voltage is applied by means of a

matrix drive method wherein :
Vyx = (Vg - V9)/2; and

wherein V), is the minimum cross-talk voltage, Vy is the voltage pulse required

to achieve the maximum zero field stable reflective state, and Vy is the driving voltage

employed to establish domain structures intermediate between the planar and focal-conic

extremes.

43. The method of claim 42, wherein Vy is smaller than V, and wherein V; is the

threshold voltage.
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44. The method of claim 36, wherein the speed of changing the domain orientation
of the liquid crystal mixture is dependent on both the driving voltage and the width of the
voltage pulse.

45. The method of claim 36, wherein a relaxation time of the liquid crystal mixture
is less than about 150 microseconds.

46. The method of claim 36 wherein the step of mixing the surface active agent and
cholesteric liquid crystal material includes the step of mixing a plurality of liquid crystals and
at least one twist agent with the surface active agent.
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