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BACKGROUND OF THE | NVENTI ON The devel opnent of i nproved
liquid crystal ("LC") flat-panel di splays is an area of very

active research, driv - proliferation of
and demand for portab?@ W‘%ﬁ@‘%p@* ‘:@@WM‘aﬁng

conputers and wirel ess tel econmuni cations devices. Mreover, as the
quality of LC displays inproves, and the cost of nanufacturing declines,
10 it is projectedThagpreseat iiveptioty is disgcted;cint general, tb dighidcerystahvent i onal

di spl ay technol , Such as c, de-ray-tubes Chol esteric
liquid crystal ggﬁ,@lf ﬂﬁeﬁ@?nf épmfafwdmeﬂmd of driving

attractive Ca”dh%%tgséﬂé hag@ycégg% ;@{ggp)@llag ﬁ*”?rgﬁ?’aym" esteric liquid

crystals may be use St abl e di spl ays that,
15 due to their non- voI atile "menory" characteristic, do not require a

continuous driving circuit to maintain i's i t her eb
J BACKGROURD OF THE INVENTION Y

3 | The development of improved liquid crystal ("LC") flat-panel
displays is an area of very active research, driven in large part by the
proliferation of and demand for portable electronic appliances, including
computers and wireless telecommunications devices. Moreover, as the
quality of LC displays improves, and the cost of manufacturing declines,

10 it is projected that L.C displays may eventually dispiace conventional
display technologies, such as cathode-ray-tubes.

\  Cholesteric liquid crystal ("CLC") technology is a particularly-
attractive candidate for many display applications. Cholesteric liquid
crystals may be used to provide bi-stable and multi-stable displays that,

15 due to their non-volatile "memory" characteristic, do not require a
continuous driving circuit to maintain a display image, thereby
significantly reducing power consumption. Moreover, some CLC
displays may be easily viewed in ambient light without the need for back-

lighting. The elimination of the need for back-lighting is particularly )



significantl y reduci ng power consunption. Moreover, some CLC
di spl ay%vd%n easily viewed in anbient |ight wt hout tl;ter ﬂofer back-
e el

| i ghting. i mnation of the need for backllghtlngls part|cularly
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PCT/ US98/ 00108 capabl e of displ ayi ng fuI | - rmt ion video wi ||

eventual |y displ ace conventional cathode-ray tubes in television

and conputer di spl ay applications. Several characteristics of

conventi onal Erdral Vi ver,

present |im tat| sltodfaéI evi r%g %Ll-mocﬂosnp \R’déo W ‘é\(ér?tﬁéﬂyﬁac%xﬁgg% be driven
- fast enough to empmubnatlhmthmdmnayrames metateswmmy and computer displayi spl ay

full -notion video. i spl ays are constructed by

trapping a thi nappliations. |Squrahcharactenstlcs Of ewwémb&%m Apstrates of

Tanut actur ed w OHVDE SRERR: bvelstCpressnt imiariopf IDRHARAE CELGIANE, o

indi um tin axi dghat ‘chl ®e)drivef fm'eﬁabug{ &f uppes! the (ffdn’xé s iecBdiatySto
are coupled. The driving signals induce an electric field which can cause

a phase change displayfuld-nadtiongadéon the CLC material ; the CLC exhi biting

i - h t t di t d/
oo O St bk o o BOHR o prcse
and a stable ol.es lGrtoncP ed ematic"
phase of a conveﬂ’ts'l?agnbaef % W&%gﬁﬁfé\agﬁss ngﬂ S&?A’g‘?‘ [cat eTH}rreani ng

that the CLC W hibsttates arewiially ntnuft@tured with transpar&itiﬂl&troﬂesi, hypiedigctric field
necessary to drive the CLC into the nematic phase i s renoved;

i .e. upon r¥hovaiadeef indiune tigoxidecQITO ) e wmmelcﬂm%“ldnvmg signals

t f t t abl.e l,est di spl

oS O 2 2 B TP HRE Hefab e ol i L SR zﬁaédpﬁﬁ?;
the stabl e chol gphfeichamPtasrSdtd cdtgs in tOCEC haega! tﬂsttt@elékﬁibuﬁfgm

structures (planar and focal -conic), or states, of the CLC are used to
nmodul at e i nci dediffereng hght~reﬁmtmgdw®t¢mnc9rmcquﬂmao itstphase and/ori staieri nat ed

i th anbi i ght, f.l h
55 " apectral bandvi Giscen Rt & iiled Shamaicn Btk fnd BBl oy ©
wavel engt hs [cholﬁstencﬁ’ﬁhésgcﬂg'ﬁeldl—lgﬂtmeda'xé'mzhfca ﬁge%?ﬁc&bfl{?éxﬂfd%l the CLC

The vvavel engt h thin the invisible or visible

("color”) Iight Ciitistar‘mon-sablel Qate, meaning that the\CLQ wilbhnotemaitsincthuavel engt h
in the infra-red spectrumcsf;ﬂr;ﬂ;_;partlcularli/h useful in
transmi ssive nodatedf theelepti Recessaryta drive the G inte Siegremagic phase

is removed; i.e. upon removal of the electrical field, the CLC will

transform to a “stable” cholesteric phase. Thus, to reduce display power'
20 r\equirements, conventional CLC displays are generally operated only in
the stable cholesteric phase in which two different molecular domain
structures (planar and focal-conic), or states, of the CLC are used to
modulate incident light. When a CLC in the planar state is illuminated
with ambient light, thé CLC reflects light that is within an intrinsic
25  spectral bandwidth centered about a wavelength A,; all other wavelengths
of incident light are transmitted through the CLC. The wavelength A,
may be within the invisible or visible (“color™) light spectrum; a CLC
having an intrinsic wavelength in the infra-red spectrum being particularly

useful in transmissive mode displays where the reflection of color to an
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PCT/ US9 &6 9g/9d02 observer is not desired or pegARSSEINs BY
varying the proportion of chiral conmpound present in the CLC,

this selective reflection can be achieved _ for any wavel ength
[err] within the infra-red and col or spectruns. \Wen the CLCis
in the focal-conic state, the CLC optically scatters all 5 _
wavel engt hs of incident light; a substantial portion of the incident |ight
bei ng forwar d- s obidregrasinatridsited cramesssay! t By varyitigndie pesporsandf eied.

The structure and operation of CLCs is hot fully understood;

enpi rical data, CRBWRSYRd prasen ip ity Cld thiStsal@méveréﬂe@rﬁm@anebqaqhgbp@éhet i cal

del s t hat d ' h f acl 10 .
Control | od st mipt 2t Ravhnd ARt Hernb el SR E0RE shivets. WilRver . are
not limted by ihe opdels iSaf RRaridhié %tﬂg,zﬁfdé%q g)?%iﬁél{ygﬁéa%ﬁ and

response of a CLC. As used hereinafter, "on" fer to the
rerative staf es wavelengths of snmadens lighty1a substantigliportiéiaofithei ineidentflight CLC

may be conposed . of domains in a, planar ("on") or, focal-coni¢ ("off")
15 state, or vbpg;gtfgr\ggrﬁ-qchtéerg] A‘PFE??%SF%I@"E@)‘? peigg dack-srgttesda maxi num | evel

f el e ot ;
o i mum 1 evel of - The SttucRlid Ao Soneblifber SRCICE BN AR GRBARATY 0 E
i s capabl e of diegipisal @ta, however, has provitled SCHdsR for BFfPSnt NYPEMesical each

di spl ay pixel can be driven to a _desired gray scale |evel by
sel ectivel y dri viodels ikat| eanabe dsedhito charactenize the responseioé 2CLGIIRI pl e

stabl e i ntejdredi at e ,st.at.es,.bet ween the planar and focal - coni c
states; eactVi nf’gﬁ’tﬁgf?péﬁ'@“g‘t 3{}‘5 pﬂHWpFﬁ dgtﬁeeE@Fe‘BF"‘feé‘f‘P’écl?qWﬁva Pt ween

t hose of the pl agamn; Cab- : : riving
signal can be sglagcl??]\?%q f}a%%bx?ggerf%s%g%g%nttg g‘\?\ﬁc{lgﬁ the structure énget ween t he
chol est eri c- phasesponsmbf a @lC. aAduspddwmeeinafiert, “on” And i “offdr fefortto the 25

characteristic of _CLC materjals in display applications is that the
chol esteri c- pha§%raBV‘aﬁﬁ#‘esaﬂfdo‘i"”i@&m%n\vﬁh@tta? £4.Gar Each pizebofadilds; i.e. the

T o oo B oS s b9 G BBl CBERY - ¢
two state (E59. shieqok “ereiroihitiedlarttir SRt YdrrespbAding td A makirAhihnllbvey of f Or nul ti -
reflectivity and the focal-conic state corresponding to a minimum level of
refléctivity. Furthermore, a multi-stable CLC is capable of displaying
“gray scale” images, wherein each display pixel can be driven to a
desired gray scale level by selectively driving the local domains to any
20  one of multiple stable intermediate states between the planar and focal-
conic states; each intermediate state having a level of reflectivity between
those of the planar and focal-conic states.
A driving signal can be selectively applied to a CLC to switch
betweer thie cholesteric-phase focal-conic and planar states. An important
25  characteristic of CLC materials in display applications is that the
cholesteric-phase planar and focal-conic states are stable states; i.e. the
state of the CLC does not change when the driving signal is removed.
This charactéristic of CLCs is generally referred to as “bi-stability” for
two state (e.g. black and white) displays, and “multi-stability” for multi-
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st abi | M??%‘P"" menory, " characteristic of C%G@bgﬁoﬁraﬁat es the
need to continually refresh the di splay as is required by other
LC materials and cat hode-ray tubes, t her eby reduci ng power
consunption. For full-notion video applications, 5 however, a CLC
di splay nust be driven at a rate sufficient to display snoot h
tranS|t|ons between VI deo franes, eferred e vidgo "frapge

rate. . grey, Saley) YIRS, na@geoéapg n % o THPR4se the frane
rate of I cl osed by
Bao- Gang Wi, charalc:(s%ﬁ\éft FE@‘?ne llggg%etgédlﬁ%lgﬁéﬁl ttoe é@gfﬂe)gggg%sg%ﬁappl i cation
Serial No. display as ©8kd4uitedl By otherl EQ mateliblg i, catl@ie-fagombesyl y assi gned
with the present applicatj on)F, i ncorgorat ed here| n by
reference, is therERpresveng g@wgtcgp@nnpnon or full-mptigiheidee applicationset er i st | cs

of the CLC gut y f mat eri al .
second appr acﬁﬂdlviéve Q‘%\?\gp[&ﬂe&%t%o@%h rcaﬁe sufﬁclen&? dfslglﬁ&ni cal
drive signals agpnfotpRahsitions Bétived vitiBs frames, Srefer@B3b lab eitsvidéo ¥figmeL C.

- United States Patent No. 5,453, 863, |ssued to West, et al. on

Sept enber 26, 19857 discloses the use of signals of varyi ng el ectrical

nmagni tudes to transformthe Cfro (')&9 conic to nar states, and
vi ce versa; a conti ntfifh PPTACHFFaMANah TR O HETAYF 313{129 the CLC

20 Lo it er gl iond! Y 3RBlags. BrR'sphroal d JIS‘JISH §3i8k-dgsewhped. the

portion ctro- pti cal respon clrve

correspondilog t& t@he in copending United eSeamdi Bhtem( laﬁphcaabnyseﬁal No.states has
a steep slope; i.e, the ortlon of e curve corresponds to a
nar row vol t age 98/ ed g May 49 g95{cemmonly assigned withghe pregent| ect ri cal

stat eFSUngcgﬁge&mle&g@%pt g‘bcg \%‘5‘2 ‘ﬁ}tbg fgfeﬁ'% ?E,ﬁ!}ttp wprggé the hiiber mediate.
princi pal di sade{ﬁ@ﬁi%ﬂ@hﬂ'ﬁctéﬁ\ﬁcmd\@@?m fifate?iae By BodW e, thettexdhre dfs that it

is difficult to precisely drive the CLCto a preferred internediate state.
Furt hernore, t hibeanaterialo- dpstcond apprepeimisctocimprevetheangbad byl whishi ft to the

15 electrical drive signals are used to contro] the state transitions of the CLC.

United States Patent No. 5,453,863, issued to West, ef al. on

September 26, 1995, discloses the use of signals of varying electrical
magnitudes to transform the CLC from focal-conic to planar states, and

sice versa; a continuum of signal magnitudes being used to drive the CLC

20 to intermediate “gray scale” states. As hereinafter described, the portion
of a typical CLC electro-optical response cﬁrve corresponding to the
intermediate (i.e. éray scale) states has a steep slope; i.e. the portion .(-).f

the curve corresponds to a narrow voltage range over which signals of
varying electrical magnitudes can be used to drive a CLC to different

25 intermediate states. Because the voltage range is typically narrow, a
principal disadvantage of the method disclosed by West, et al. is that it

is difficult to precisely drive the CLC to a preferred intermediate state;

Furthermore, the electro-optical response curve of a CLC will shift to the
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gap (i.e. the thickness of the CLC). '~ Because the portion of a
typi cal CLC el ectro-optical response curve _ corresponding to the
internmediate (i.e. gray scale) states has a steep sl ope, even a
slight shift in the curve will cause a particular drive voltage to . 5
produce different internediate states in pixels having slightly different
cel I lefd8PAght with variations in the cell gap (ié. aho tiicknebpéf the le®ded in the
art is an apparatus for and . met hod of driving a CLC flat panel
di spl ay at ful | Becaussnthei prstion rodrae typical CLC electronpptical responssr eiyve, there is
a need in the art for _an arat us ,and,.nmet hod 1 of driving a CLC
flat panel di speayeRonde B REGRETEdE: Gy 5es o) fajeelas £ 3edp siopel? % perei
tngt ggger medi at @veh Al QiR SRR the cLRRCHIPBaRE afdfifitulSs & Fdltage to

5  produce different intermediate states in pixels havfng slightly different cell

gaps.

Therefore, what is needed in the art is an apparatus for and
method of driving a CLC flat panel display at full-motion video frame
rates. Furthermore, there is a need in the art for an apparatus and method

10 of driving a CLC flat panel display to intermediate (gray scale) states,

wherein the intermediate states are not a function of a drive signal

voltage.
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To addr ¥ 9%¥02%hove- di scussed deficiencies of the prior PGFUS00148

a primary object of the present invention to provide a driver apparatus and
met hods of driving at |east a portion of a cholesteric liquid crystal

5 ("CLC') panel to a state having a given reflectivity, the apparatus and
met hods of driving suitable to drive a CLC display at full-nption video

frame rates. ' he above-descri bed
primary object, the Wgﬁﬁm%%gm zes that a matrix
CLC di splay may be driven 10 "faster when it is reset to a

chol esteric phase focal -conic state prior to being driven to a
final state of given Toedddeessithe dbove-tistussed defitiendissol the Prior art, it is
initializes, or "resets," the one or_ nore portions of a CLC display by
initially drivi aprimsy ebiectaf thepresepbinversion 1 provide aflsiver pppaseus andind

b ly drivi h ' hal ' h '
15 focal - voni deepds, of VR by BT R dbon BF 4 EnclpSiic naSR EV8AL or mor e
portions cors espoapctPphh thiaCsiats BafihgFEAVEN reflectiitys the eppAimé Bd mat ri x

di splay. The chol esteric phase focal -conic state hdas known characteristics
and, therefore, methodseofulrving suifablevidodizive k@bGrdispdéyeatcfotianstion vWdémor t he
subsequent driving of the portion to the desired state having the given
20 reflectivi flpme rates.

In the attainment of the above-described primary object, the

present invention recognizes that a matrix CLC display may be driven
10  faster when it is reset to a cholesteric phase focal-conic state prior to
being driven to a final state of given reflectivity. The present invention
initializes, or “resets,” the one or more portions of a CLC display by
initially driving the one or more portions to the nematic phase and
subsequently driving the one or more portions‘to the cholesteric phase
15  focal-conic state. In a conventional matrix display, the one or more
portions correspond to the picture elements, or “pixels,” of the matrix
display. The cholesteric phase focal-conic state has known characteristics
imd, therefore, can be used to provide a known reference state for the
subsequent driving of the portion to the desired state having the given
20  reflectivity.

In one embodiment of the present invention, the step of initially
driving comprises the step of applying a sequénce of pulses to drive the
portion to the nematic phase, and the step of subsequently driving
comprises the step of applying a sequence of pulses to drive the portion

25 to the cholesteric phase focal-conic state. As described hereinafter,
initially driving the portion to the nematic phase and subsequently to the

cholesteric phase focal-conic state has the advahtage of increasing the



I n one enbodi mrent of the present invention, the step of initially

drivi NI i hbes the step of applying a sequence of pul?@f Le/gdidsve the
portion'to e nematic phase, and the step of subsequently /grl Vi ng

conprises the step of applying a sequence of pulses to drive the portion

25 to the chol esteric phase focal -conic state. As described hereinafter,

initially driving the portion to the nematic phase and subsequently to the

chol esteric phase focal -conic state has the advantage of increasing the
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PCT/ Us98/ 0010g Peed a which the display can be driven, ag well as improving the quality | i ven. as

wel | as inprovi ng 4 display &hagdey of a display inmage.

I n one enbodi nent of the present invention, the step of initially

driving conprises thelnsongenaffodipentyof the presentdnventignethestepfofgnititdly havi ng

5 afirst anpljtude to drive the portion t he nematJ ¢ ,phase. and t he

step of drivieg ciyBndtes fk ool Spni e Bt SCidiROA B RRB i N

second sequegce i i i8A A ¢ f0 drive -
5 rst amplimde to drive thSFoTtioR Yo 'ﬂg: &n?ﬁif"cgicﬁgfa - ﬁl&‘é?? d

the portion to the ¢ esteric hase coni c ate. The

steps of appl yi rsybselgeerttiyrdsivingrdmpeisesithe step of applying asseqomehseguericeqnfl ses are
referred to as an_'initjalization" stage, which 10 erases the
previ ous state drulsasdhayme:a sssondanpitige 10 deNe the PerFipy to theghglesteric

Phe first and i oaerlt ey, R sk o Btfipt Dok s 8t 3B, "ol
in the CLC panelgegiiéhcerofopillsi3cirk GBfefled 2ol 8 &K "RAGalRAL™e stabé; wARA! . The

apparatus for and ‘met hod of driving a CLC disclosed by the present 15
i nvent i on i 30noterasesi the previous gatetafcthe por@uCin prapasition dar drivitigahganel

structure; the principles disclose erein, be enpl gyed tpo advant age
in many di ffereprﬂonéff_'tgﬁ%ﬁw SEall %?@QF‘?&‘“& %Fuﬁ@§%‘§3%§‘%&pWW%nt Cgc
mat eri al s. i t I | [ @ dzet | on of
portions of the %ﬁgm and Se%l.d'mﬁ?isdﬁ%g#ggﬂggﬁt@oﬁ#aﬁdgﬁﬁ%ﬁd{%@can be
"addressed" by tiheheGLCoanelranidiong function of a thickrebeofSthaiCLOpandde Thertion to a

desired final state having a given reflectivi E.éf . In one
enbodi nent of t [APPaFasaefar ang,matpd pf driing @ebLbs disglasedaby dhe praseatng

navi ng a prSdet SPYESAR g PrhiGd f S aFAGUATCEE, Bpoffiof S CT Bl P20
chol esteri ¢ phasgritaeé the Prin6iphs WiRldsed Berefiomay beeinpldyeass advamae State. |n

a rel ated enbodi ment, the desired state having a given reflectivity is an
i nt er medi at e st andanaw different RE.Coflal paneledisplay aucturies using différents€hCe and a

materials.
Following the selective initialization of portions of the CLC
20 \display, a portion of the display can be “addressed” by thereafter driving
the state of the portion to a desired final state héving a given reflectivity.
In one embodiment of the present invention, the step of thereafter driving
includes the step of applying an addressing pulse, or sequence of pulses,
having a predetermined amplitude to drive the portion from the
25 cholesteric phase focal-conic state to a cholesteric phase planar state. In
a related embodiment, the desired state having a given reflectivity is an
intermediate state between the cholesteric phase focal-conic state and a
cholesteric phase planar state, and the step of thereafter driving includes

the step of applying a sequence of addressing pulses having a



chol esteric phase planar state, and the step of thereafter driving includes

‘the step of | ying a sequence of addressing pul ses hay :

122 S Rouspie; 2100, W ts3s/00108 |

PCT/ US98/ 00108 predeterm ned anplitude to drive the portion
fromthe chol esteric phase focal -conic state to the '
internedi ate state, the given reflectivity being a function of

a duration of the sequence of addressing pul ses. In another

enbodi nent, the Of. oy uen f r | | having
5 a predetermprsﬁé(ge? "l‘%acf%éuflge&ﬁ%d@ﬁﬁﬁ%@g@t@%%ﬁgsﬁ%%ﬁ@ﬁ% a first
sequence of pul ggaltcdnidIstaR o WPinkeritidBiateSstste! tharyivenTefl gl 4 ude
necessary to drive the CLC fromthe focal-conic state, a duration of the
first sequence dingtidnsafsa duljatisn oflthewsefueanke of atdressing piflsashdndmother on of t he
first sequence of pu]ses and the duration of th equence_ of addressing
10" pul ses equmbog ?Wﬁ@?&}% ad&equence ofead%re%smg pulses haVing  or egoi ng

has outli nedegrat 9@1@ . . oAl

advant ages o? t'h%s %rd E{seen e}qnv n{t{xﬁ&;&éﬁ?%dgpq{yhgges?kﬁ ?pé)é} lﬁgq]ﬁé? -
art may better upgenst af gulstchaifigan asiplinde 1éspthanna piinifnen ampkmbé on t hat
follaws.-. Additional features and advantages of the invention wll be

15 described Heeessarafioairivethe CLE: fromitbe foasi-gonic state, adusationgf the ¢ he

i nventi on. Those skill.ed in t shoul.d reciate that they
may readily use f}rﬁtesequence °§p‘_’lsses_ ‘%dé‘ﬁg"éipﬁchgﬁa@m $ °gﬂ}§6f‘_$$tt° Bi nent

discl osed as a IfS SeduBhod Bchy1iEsihd the duration of ¥ sl UmARHIAL
structures for carryihg out e sane purposes of the pr esent

i nvention. TOoseuides ebeals a predetermiredsialuel d al so realize that such 20

equi val ent constructions do not depart from.the irit and scope_ of the
i ﬂvem ionin its broakhesforegene hasp outlined rather brggdly the features Fé)md

technical advantages of the present invention so that those skilled in the

art may better understand the detailed description of the invention that

- follows. Additional features and advantages of the invention will be

15  described hereinafter that form the subject of the claims of the invention.
Those skilled in the art should appreciate that they may readily use the
conception and the specific embodiment disclosed as a basis for modifying

or designing other structures for carrying out the same pufposes of the
present invention. Those skilled in the art should also realize that such

20 \equivalent constructions do not depart from the spirit and scope of the

invention in its broadest form.
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For a nore conpl ete understandi ng of the present invention, and the

advant ages thereof, reference is now made to the follow ng descriptions
taken in conjunction wth the acconpanying draw ngs, in which: 5
FIGURE 1-Aillustrates a schematic representation of the helical

tw sted structure of a cholesteric liquid crystal ("CLC") nol ecul e;

FIGQURE 1-B il lustrates %ﬁﬁw MSC
donmmi n; ustrates a Schénat1c representation

of a CLC donain In a predomnantly planar state;
FIGURE 3 illustrates a schenat i C re‘gr esentation of a CLC domain
in a predoni nant | yHooaanorc@nmIemm rstanding of the present inventiongamd the

| nter medi ate (- oRFIAESY ot EieesE oo Hads e falloning dgrestens | 15
state and a predﬁﬁkﬂﬁ%&ry r{c%ﬁ‘lwﬂ L On@&l?ﬁa?nyl&ggrawmgs, inwhich;y FIGURE S

illustrates a sc t1c represent
fiel d-induced nemati cFIGURE 1-A illustrates a schematic repredebfafioft of e lsdlicak es an

exenpl ary el ectro-optical response characteristic of a CLC

20 FI Guristed spueture aft & ehodestesic l&l%drﬁw&@(‘é(?’e@f}@ﬂbﬁtﬂecal response
characteristic of a ving pul n se n of 50
ns; %ﬁﬁ{)&%@’g.‘%’%ﬁﬁ%sﬂf e reﬁ&%ﬁgf’%% g @3‘ 0- opt i cal
response ?Ommnchar acteristic of a CLC for a driving pul se having a
pul se duration o 25 ns; FIGURE 7-C illustrates
an exenpl ary el ect r o- FHGUREI2 illegtrates asschematic representatihaiofiet@rC goimaimf a CLC
for a drivi n% pul se havi x?anﬁ &JI se duratlon of 1- ns;

-9- n a predomi y pian

FIGURE 3 illustrates a schematic representation of 2 CLC domain
in a predominantly focal-conic state;
FIGURE 4 illustrates a schematic representation of a CLC domain
in an intermediate (“gray scale”) state between a predominantly planar
15  state and a predominantly focal-conic state;
FIGURE 5 illustrates a schematic representation of a CLC in a
field-induced nematic phase;
FIGURE 6 illustrates an exemplary electro-optical response
\characteristic of a CLC; _
20 FIGURE 7-A illustrates an exemplary electro-optical response
characteristic of a CLC for a driving pulse having a pulse duration of 50
s -
FIGURE 7-B illustrates an exemplary electro-optical response
characteristic of a CLC for a driving pulse having a pulse duration of 3
25 ms;
FIGURE 7-C iilustrates an exemplary electro-optical response
characteristic of a CLC for a driving pulse having a pulse duration of 1

ms;
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PCT/ US98/ 00108 _ FIGURE 7-D il lustr nplary
el ect row&?ts’P, ? response characteristic of a‘%@'@gﬁ@?ﬁg&ed” Vi ng
pul se having a pul se duration of 70 [err]s; .

FIGURE 8 illustrates exenplary waveforms and an exenpl ary 5 timng
sequence for a CLC driving apparatus and nethod according to the

princi ples of the present invention; FI GURE 9- A

il lustrates an exenp ul se sequence of .an .

i1l zati on e BRGIRE, 7D ltisndes ngreaay 8 Giro-mical respense

according to t ,g% L QN :

FIGURE 9-B il lus sﬁcgéf%%fr?pf(gry se ﬁ”ys srgé !é@g’&%r?‘c“éat%?'%gzo

initialization p)@;vef ormfor a CLC driving apparat us and net hod
according to the pri nmﬁl es of the present invention;
FI GURE 10 il | ust r at eEIGUREDS diystrates examplady mnefqmlaamama@xe@wlary

R I

Il lustrates exel[ggﬁg ol ar addr essi ng signals
for a frame ini ﬁ?l}zﬁ%tsfgﬂﬁrﬂ&%ﬂglrnﬁ,%ﬁr% nmet hod : according to the.
principles of the prEHHHREl SM\eliﬂusms an exemplary first pulse seﬁhﬁd@lﬁf]m
illustrates exenpl .colum _and gﬁeé Sl i zation é B

addr essi ng si gn&‘@? fon, Wayeform THGE neRResUS, @8dr Beigdt o

t he principles ' FI GURE 13
illustrates an exe}d?ﬁ%ﬁfﬁé?é% 'i‘ééed?tth@gre]s%rlrtrlr?velx}lon, sequence for
a gray-scalig CLC dr I mmmﬂamsﬁﬁemmxga@y tad@endnpmaé:sdqheme of an of

t he present invention | GURE 14 il lustrates an exenplary

el ectro- opt i cal initializatier waveform for &HZkGcdrvingt appacatus agd orethodaddr essi ng

V\V\%Vgg;);%ggl S€ 5% anC?osthe principles of the pl%sér];t%veerﬂ 101?UI Se_ sequence durations;

PCT/ US98/ 00108 FIGURE 10 illustrates exemplary column and row initialization
signals for a frame initialization CLC driving method according to the
15  principles of the present invention;

FIGURE 11 illustrates exemplary column and row polar
addressing signals for a frame initialization CLC driving method
according to the principles of the present invention; |

FIGURE 12 illustrates exemplary column and row initialization

20  and addressing signals for 2 multi-row CLC driving method according to
the principles of the present invention;

FIGURE 13 illustrates an exemplary addressing waveform pulse
sequence for a gray-scale CLC driving method according to the principles
of the present invention;

25 FIGURE 14 illustrates an exemplary electro-optical response
- characteristic of a CLC for addressing waveform pulse sequences of

different puise sequence durations;

~-10-



FIGURE 15 illustrates an exenpl ary apparatus for enploying the
met hod . kg offsodd Ng @ CLC di splay according to the princi pcefisodooitse

present invention; FIGURE 16-A illustrates the effect of
tenperature on the phase 5 change voltage V[err] of an exenplary
CLC, and FIGURE 16-B illustrates the effect of
tenperature on the required driving tinme, according to the.
principles of the present invention, for an exenplary CLC.

WO 98/ 31002 FIGURE 15 illustrates an exemplary apparatus for emgloyli:x)ltg the

PCT/ US98/ 00108 DETAI LED" DESCRI PTI ON

Bef ore descri bi myethné faodevingpp &L wiisplayr acoouding tttvdhe pfinciplesi ofgthe
a cholesteric liquid créstal_ ("CLC") flat panel display disclosed by the
present inventi dAESCRt YNERYANGt j on of the various structures of CLC materials

5 IS necessary to i : gﬂ?& f i ntion.
Referring initially @%&Eﬂ&lﬂgt@%\éﬁg‘%ra eé%%ﬁ'@@té@ﬁ%%ﬁﬁ\%bﬁ%@ :
representati®n %ﬁé&v&ﬁb&ﬁ@bf&ﬁ\bﬁé{ﬁ?‘aﬁﬂﬂ,ﬁ;l&h@ of a CLC 100. A CLC

hel i cal structure 100 consists of nolecular directors 110 that interact to

produce a helical twEBGMRE16-Billustrates she effpchobiemperagreongherequireg i s
10 predet er m ?{‘]{;{ by.the a nt. of chi .rak rcg:éﬁri al %dded .to the CLC
H &

material. In Fl UIRE, 04 ot RPngip SPIFIRIL INENUABIOT 28 ¢ \wo-

di mensi onal proj i each hypothetical |ayer; the different

proj ect ed d%&hbggfgag%hs of the directors illustrating the tw sted
structure of the CLC heli cal structure 100. A volune of CLC
mat eri al consists of many CLC heli cal 15 structures 100 arranged in
"domains.” FIGURE 1-B illustrates a schemati c representation of
a CLC domain. The helical axis of the CLC hel i cal structure 100
is called the "domain director. " A CLC matrix flat pane

di splay includes many picture elenents, or "pixels," each of which

contain many CLC donmai ns. 20 A CLC can be forced to change
its structure by applying an electric field. Under the force of
the applied electrical field, the domain directors are

reoriented, resulting in various light-reflecting and |ight- _
scattering states. The light-reflecting planar state can exhibit a bright
color and the light-scattering focal -conic state can exhibit a
substantially

-11-



25 bl ack color, as hereinafter described. If the CLC display includes a

pl ural I%e%% par at el y- addr essabl e pi xels, the CLC di SFH(?I‘VU@%MH@ used to
PUREG o |

di spl ay d/ or i mages. WO 98/ 31002

PCT/ US98/ 00108 An inportant characteristic of CLCs
IS the existence of stable states even when no driving signal
Is applied; i.e. "zero field" conditions. A CLC can exhibit a
stable light-reflective planar state, a stabl e light- '
scattering focal -conic state, nmedi ate (i.e. gray

scal e) 5 states betm@%ﬁf‘@ﬂpl anar an 1c?(r:al conic states. FlI GURE
2 illustrates a schematic representation of a CLC domain in a
predom nantly pl anar state. In the fpI anar state, the CLC

mol ecul es are arrangd¢fone desqsibing=themanvel apparatus for and method ofidrivingie | ong

cach ot her (and scitoerert G950 et & CHC™) fRpdel diovay dipiosat B © 10 10
dom1 15 1S Pe e S'aadekaﬁgaﬁgem@' ARl S iterT e

periodicity of tate ctive reflects el ectromagnetlc'

radiation - 5 is necessiy. ¢ appieciatet thei gdvantdgbsitofi the pereseandheention) y i nci dent
on these | ayers. -The center wavel ength of  the selective

radi ati on band RefFingn ipifiallyr o FIGURE 1-A, illustratggheise 4 eschpmatic ¢ he

wavel engt h of the radi r.a refr act v I ndex
of 11 quid oryst APPreRentaancat i neesl i HERRgP RN GG fp. e

material. In thﬁeﬁéé@ﬂ'ﬁctﬁieaim) cdnSidts @ kAl & dxfeca;rpulmhaﬁh@mz baving an
intrinsic color having a wavel ength substantially equal to [err], which can

be phadupeda thelioalr twisted tstracturmbavingfa pitch @i thatpeochau i$n the CLC
Turning now, to FlI 3, jllustrated i .Schenmat.i c

represent at }&n &F€ W‘?ﬁi)b?ﬁ eiW%‘%r@d@?ﬁﬁidﬁ?@?“‘fé@@ @om%%te I n

t he focal - coni Cn?téﬁ C ntially
parallel to the dis a?ay gﬂ%strgt%gﬁgn @gﬁgg%&rg??gh{éegﬁmﬁ%%gspect to

t he dithérsivnal rojettions firreath Bypatheticad fayert ke diffe yojestedent ed
directors causes . a scattering of all wavel en% s of the
i nci dent | i ght . lengthsied thedirripessidfugiratipg, the twisted sgucture of the GLE helicabugh (e. g. ,

25 0 o P DY R abié L R A B8 gt mary e
bei ng transgs tt ggucRires 100 Warrahpe aint ©6Mains.”f EG@@-Ci-Baﬂﬁistrht%'éJdes a
back plate that absorbs the transmtted radiation, then the portion of the
schematic representation of a CLC domain. The helical axis of the CLC
helical structure 100 is called the “domain director.” A CLC matrix flat
panel display includes many picture elements, or “pixels,” each of which
c\:ontain many CLC domains.

20 A CLC can be forced to change its structure by applying an
electric field. Under the force of the applied E_lectn'cal field, the domain
directors are reoriented, resulting in various i}éht-reﬂecting and light-
scattering states. The light-reﬂecting planar state can exhibit a bright
color and the light-scattering focal-conic state can exhibit a substantially

25  black color, as hereinafter described. If the CLC display includes a
plurality of separately-addressable pixels, the CLC display can be used to

display text and/or images.

-12~
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PCT/ USSgi g h96b2 - panel in the focal-coni c sdmEtssswoios appear
substantially "black" to an observer.
Turning nowto FIGURE 4, illustrated is a schematic .

representation of a CLC domain in an internediate ("gray scale") state
5 bet ween a predom nantly planar state and a predom nantly focal -conic
state. Because the director of each |ocal domain in a display pixel my

not be substantially Wﬁﬂgﬂ%ﬁ%@f&%ﬁsﬁér&@@d}s isoteN&igiéritR! GTystaplpst r at es,

as ' descri bed supra for the predom nantly planar and focal -conic
st at es, states everswhert novérfiving signdi ipapptied;daan “Berodield’tponditiensst at e t hat
exhibits a light- 10 . reflectivity |eyel jnternedi ate between the
predoni nant |y ptaka+C &am exhibit 2 stable light- ARG $3Eap- gg@rat es; the

average angl e ofm%%ﬁ?gkgggf_&g‘gctss‘ﬁé "‘Inﬁ%whséa‘ﬂ]? ié'ﬁrmeh&&adi. e‘,j%P@ é?:?]e]) rel ative

to the display Su er m ni ng eflection

intensity (i5e. siafts®efwehaheplahatial fotalidoficEdted| FESURED illustrates a _
exanple, if a substantial portion of the |local domains are in the planar
15 state, thesphonedticargpessentation of al CtOrdaraginrin a predeminantly @lanapf t he gray

scale; if a substantja rtion of | qcal. domai ns ar.e.in the focal -conic
state, the pixelS@p é&‘%\ﬁﬁ@”\/ﬁﬁ%%&f@éﬂ@ﬁ@@sﬁ ﬁHa*&ﬁeﬁéP hé{R?t&’E of the
gray scal e; eacyanl GrifPheabfi Gka of B foldbHR iff SEIFRAB, Shikarkiaup Tl ative
proportion of Iocya domal ns- %\w ng a particular avergage angl e. 20

Anot her i nport aparallel we teacte othier Guids thesdispiay 'stbsedacks); niiel alidttor of the
nemati c phase. FIGURE 5 il|Juystrates a_schematjc representation of a CLC
in a field-1hdudemais,tius cbsing substantjially qperpendiadar fedhes layess.  Abea

driving signal . | 1 Rt ain the
nematic phase; gﬁﬁédlaﬁh@qﬁéh@#éﬂ:s%%i%wgg ﬁ%{f&é%&(&%ﬁl@é&t&?gﬂﬁﬁ?ﬂa strong
25  electric figlkdanbiearintesialio peRfnSe@arlyAcifdie ohBEEilhyepeS The a nemati c
phase, regardl ess of whether the initial state of the CLC'was the planar or
f ocal - coni ¢ st acentev\weavelehgthsofrthe gelettivet radiatibn dbid issgivembyedy=tripe CLC wi | |

reformto a chol ester,i ¢ phase planar.or fgcal-conic. If the electric field
i s renoved rel atfiFEE ¢ 1% ,wﬁ‘?ge“é@tf’w?\elr RGO, 1 SR @¥crage refraphve r ef | ecti ve

\IQQTIQ?J/S g é/oggﬁso 8 index of liquid crystal and p is the predetermined pitch of the CLC
material. In the planar state, the CLC exhibits a bright state having an
intrinsic color having a wavelength substantially equal to A, which can be
changed by varying the amount of chiral material in the CLC.

Turning now to FIGURE 3, illustrated is a schematic

20 kepresentation of a CLC domain in a predominantly focal-conic state. In
the focal-conic state, the director of each CLC domain is substantially
parallel to the display substrates and randomly oriented with respect to the
directors of other CLC damams The randomly-oriented directors causes

a scattering of all waveleﬂgths of the incident light. If the thickness of the

25  CLC s thin enough (e.g., less than 5 um), only a very small percentage
of the incident radiation is reflected, or “back-scattered;” the remainder

being transmitted, or “forward-scattered.” If the CLC panel includes a

back plate that absorbs the transmitted radiation, then the portion of the

-13-



pl anar state. If the electric field is not reduced to zero imedi ately
(e.qg., - the strong electric field is foll owe ro-
el ect r (WO however, the CLC wil | trangfzf%ggsdog&?he

|'i ght-scattering focal -conic state. Turni ng now. to
FIGURE 6, illustrated is an exenplary el ectro- 5 optical response
characteristic of a CLC. The experinmental data illustrated in
FIGURE 6 confirmthe existence of zero-field stable states of a
conventional CLC d I V .0 _yari.ou Is of refle k by.a.single

vol tage pul se r%ﬁﬂe il[']? ?‘?Péﬁc%fu? 5%"%??” AR et 3%{1 @'yt yg%?kt K& aﬁlc pl ot t ed
as a function ofy sg%rmagnl tude of the voltage pul se enpl oyed. The 10
reflection nmeasurenents were made under zero-field conditions; i.e. the
neasurenents were taRemirg trowt fe BIGUREg 4ulikestrated rignay schemBtie scal e

of reflectivity illustrated is an arbitrary scale of reflectance val ues

normal i zed to oFeRESSER@HEN a1/ aICLE; demaindpan ipteymediate (Sgray fcaler)-ftals represent

15° " pul SosShavieierh Aapminetl Aot bt Bimplanty fooSafib' v 79

predoni nant | y state. Because thé ﬂﬁ‘éctéteéﬂ &eh ol Bbﬁlﬁﬁflnsd di‘s;ﬂay pix@] miapi ti al
reflectivity equal to approxi mately . enpty circles

represent the rndtlbeaubmxm;llpperptmh@lﬂ orfp;iralbl\ntmgme dlsplay substrate@sl i cati on of
various driving es havi ol tages as, shown a,CLC
oty i o §ﬁ$ e P t}'rgmre@e%mwy Rigias, and fofil S0 atpsy

reflectivity %,Eﬁ I _ As
t he data reveal efS% 1&%9@%{% rnt ettg aysomztﬁgtn )fhxbxtﬁahght

state, theng i Sremcﬁmanml xmbmédimb Cbewéetnaﬁle ﬁl‘éﬂahfria)xﬂy Ip‘laﬁahfannul se
voltage is bel ow the threshold, the state(q(reflectlwty) of the
CLC i s unchangeRreggminantly focal-conic states;she guerage apgle of the lteéEyé%Ofa%ve t he

t hreshol d, ho , L he st _veI y
changed to a mn‘ﬁ‘ipgall‘?odﬂ Md {ﬂﬁé?;‘hg‘e cg%gfggbssm sch&e'lﬁ“ tﬁéﬁ%ﬁ efl ective,
state, as shownefectite ﬂﬁﬁﬁ@aﬁee 'ﬁte‘iﬁﬁﬂﬁiét Stdte) )bfWhEhCLC pixel. For increasing
pul se voltage. At a pul se voltage equal to V,

transitions to examplai ife pibatantial prtidrenf ﬂ@llamsiomrxs areghther}éﬁﬂl@ct ive

| anar nmoved t ul se vol tage
8[ err] is tlje state, tltle plxey\’gppearance ll correspong to one extreme of t{'?e \%3 V\%

98/ 31002

i he focal-conic
PCT/ US98/ 00108 scale; if a substantial portion of the local domains are in the focal-coni

state, the pixel appearance will correspond to the other extreme of the
gray scale; each intermediate gray scale level corresponding to a relative
groportion of local domains having a particular average angle.

20 Another important structure of CLCs is the “field induced”
nematic phase. FIGURE 5 illustrates a schematic representation of a CLC
in a field-induced nematic phase. “Field induced” means that the a
driving signal must be continually applied to the CLC to maintain the
nematic phase; thus, the nematic phase is not a stable state. If a strong

25  electric field is applied to the CLC, the CLC transitions to a nematic
phase, regardless of whether the initial state of the CLC was the planar or
focal-conic state. When the strong electric field is removed, the CLC will
reform to a cholesteric phase planar or focal-conic. If the electric field

is removed relatively fast, the CLC will transition to the light-reflective

-14-



maxi mum vol tage at which a zero-field stable reflective (planar) state is

realizeg: .| vol t ages above V[err] drive the CLC into 9@5‘)@@ e

' nematic(__émbwfma2 phase. Wth continuing reference to
FIGURE 6, the voltage V[err] is defined 5 as the critical phase
change vol tage; for pul se voltages between V[err] and V[err], a

phase change fromthe chol esteric phase to the nematic phase is partially
i nduced in the CLC domains. Also, the voltage V[err] is used to describe
the A Vil 3 ' %%d LWtially in the
light-reflecti ng&%ﬁ. k. ﬁtﬁ@%&éﬁ%ﬁaét?ﬁ% ’%‘g“’?ﬂé&/%’gﬁt - scg%]&r(?'ﬁg’

focal -coni c st atg@e stiofg\efdctite AIA\E folldwdachyng lower electfic field)! Bowagrat e
between V[err] and V[err]. Experinental data reveal that, for a

particul ar CLC, thedChMaIwildrapsitiohde the light-seatiering[fe¢aljconigrstata] err] are a
function of the . wi dt Il ving .pul se applied; in general,
the val ues increase wiPHing now to%!%l%%?r ggfés}/rﬁﬁgdg@&xwggﬁé _ef?ebtro-

Those skilled in ik | j: 0 e Ll t in o
15 FI GURE th0 5%%2{8&6@8%;#3@% gr |l§/g%ff l%epv\‘/eﬁ;n zﬂ% iaed‘h%}-d#%?%gcctﬁ?lve pl anar
and a | i ght- scat illstiraed i FEGURES cortfirat thelexistampt vf perodfighd lsmblersmatesng an

appropriate anplitude, and vice versa. It has been aobserved, however,
that the time reefiaeanyentipngh CLE diiven o varensdeyele af reflsptivitsbwnesingle a pl anar

state is quite different fromihe ti.ne.requir 0. ch e | anar

20 Cstate to a Yolag B AR BSed pioRTtelrERer g AP CLER A

m croseconds, as a function B RS niaBRinidR! € Ehe $oltdgetﬁiﬂseoéxﬁﬁfoy93. NThd | seconds.
It has been observed that the predom nantly planar state (i.e.

reflectivitylapprefiection megsusgyoenits were' hiade widen z8ocfield conditipndyd. eaclie eved

by applying a high-voltage at qr apove the voliage V[err i ch 25
oot T opi Sal 1y SERYRTIVEE ken SHST e HHVIPK FUlSe e aHBYEL. pBhs 4ley

then quickly re [ | a ' viQl ; 1S hdol | in a
predom nantly p%é?ﬂg%[gﬁg gﬁsgﬁ‘g%p‘%%’g%%e‘%@t %%a%ﬁee?ﬁuaenbgg%ert t he

CLC into a predonarfalitdd/tofaanstimaniece] of edflectivilyy Fhedalid eirviek répgeseat | ght |y
bel ow the critical phase change voltage V[ err], provided that the pulse
-16- WO 9gthemflectivity of the CLC, following application of various driving

PCT/ US98/ 00]198

pulses having voltages as shown, for a CLC initially in a predominantly

light-reflecting planar state; i.e. initial reflectivity equal to approximately

1. The empty circles represent the reflectivity of the CLC, following

application of various driving pulses having voltages as shown, for a CLC

initially in a predominantly light-scattering state; i.e. initial reflectivity
20 \equal to approximately .12 .

As the data reveal for a CLC initially in the predominantly planar

state, there is an apparent threshold voltage (V); if the pulse voltage is

-below the threshold, the state (reflectivity) of the CLC is unchanged by

the pulse. At pulse voltages above the threshoid, however, the state of

25 the CLC is progressively changed to a more light-scattering, and less

light-reflective, state, as shown by the decrease in reflectivity with

- increasing pulse voltage. At a pulse voltage equal to V,, the CLC

transitions to a nematic phase and then relaxes to a light-reflective planar

state when the pulse is removed. Thus, the pulse voltage V., is the

-15- -



duration is sufficiently long. Alternatively, a CLC can be transitioned to
a predom nantly focal -conic state F by applying a high- -or -
. .aboye tWEMB81%¥%qe v, s Whi ch homeotropically aligns *ﬁ%‘h&?@oﬁﬁs a field-
induced nematic phase, and then applying a | ower-voltage pul se or 5
gradual Iy reducing the pulse voltage to force the liquid crystal to
transition to a predomnantly focal -conic state. The present invention
recogni zes that it takes less tine to switch.to a predom nantly focal-conic

state by driving the CLCwith g.high-volt ul into the field-induced
nemati c phase a&‘&’“frﬁ‘gﬂvﬁ eﬁ‘ﬁ@"&‘ ?&@r‘;‘?}@ﬁ%&%&eﬁg‘f%"s@ﬁﬁ 5'51376 %ri vi ng

10 the CLC W feligegS el V688 hioveOP Arite R ICUIT Rith B iRMbRMheinatie! t age
slightly bel ow the criti'cal phase change voltage V[err]. An
addi tional advaphsge of this nmethod is that, by first driving a
CLC into the nematic_phase, the redom nant | ,focfa -conic state
real i zed al ways has With confipu gjwferencetoFIGUR%r@ﬁlpee\gql;agpt ig defgned

substantial l.y "b k' f YA h 15
Fesl t1ng.f Geal SOttt bbb BPRE gk oy bl b bsbwin RV
sensitive hirfBe fidfh thB cRieRs T phasd BehChémARiHhaseR patiidiypul se

vol tage and t heagmsgg éxge - duration. The senisfipﬂt I Vi t;).of tyhe

el ect ro- opt i cal indeseddn ¢he GG damnins. dsos thef voltage V, is used tondescdbe thevari at i ons
in pul se duratiqQn .can be described wth ference .to, .. .  FIGURE 7.
20 TufHYIRE VoUaRs Becessalye gf\%“’el ? ’r“étfaih' iy the Hightzreflectingq) ect r o-

opti cal 1 esponSgLhALACIahd bl Patbhind (o ofle ik VB Yalllo? V5 ingdl 1T er ent

durations; FI ating tHe response characteristiic for a

driving pulige hhaemeediate betweel W adndovi,. o Expérimental-d4thifvedt that,| fonst r at i ng

t he response characteristic for _a drivi r{g gul se having_a pul se duration of
ras

25 3 ns; FI cUpartipulariChGs theaxalues afh¥e orand ¥pare schuaeiion pEtheor a
drivi . .havi | se. d ' : El GURE 7-D
v i b By S B o P O T

- having a pul se gwrgs%rblgge widths. [err]s.. The reflectivity
-measurenents in FIGJREsS 7-A, 7-B, 7-C, and 7-D wer e made under

zero-field conditi onThosktskilledfin theairt wilkrecogpize from theldata illustrated in

Pgl'/ US98/ 0 89%66&%26 that the CLC can be driven between a light-reflective planar

and a light-scattering focal-conic state by applying a pulse having an

appropriate amplitude, and vice versa. It has been observed, however,

that the time required to drive a2 CL.C from a focal-conic state to a planar

s\tate is quite different from the time required to change from a planar

20  state to a focal-conic; the former possibly requiring tens of microseconds,
while the latter is in the order of milliseconds.

It has been observed that the predominantly plaan_gf state (i.e.
reflectivity approximately equal to “1") of a CLC can only be ar;hieved
by applying a high-voltage at or above the voitage V,, which

25  homeotropically aligns the CLC in a field-induced nematic phase, and
then quickly removing the applied voltage. If the CLC is initially in a
predominantly planar state P, an applied electrical field can convert the
CLC into a predominantly focal-conic state F by.a pulse voltage slightly
below the critical phase change voltage V., provided that the pulse
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reflectivity of the CLC, follow ng application of various driving pul ses
havi ng -y baieee as shown, for a CLCinitially in a predogcnagidaoies ght -

reflecting planar state; i.e. initial reflectivity equal to approximtely
1. The enpty circles represent the reflectivity of the CLC
fol |l ow ng 5 application of various driving-pul ses having vol tages
as shown, for a CLC initially in a predom nantly .
| ight-scattering state; i.e. initial reflectivity equal to

approxi mately . ‘ratioRi€siffidibnti! lofC Alrestivelys h TIEC vasbohnditia’dhy

appl ying a high-voltage pulse followed by a |lower-voltage pulse; the CLC
changi ng its phaspredomnditlyl fdcalrmdniccstatediiyi apphlings @ ihigh-esitagasit oro t he

10 hi gh-vol t age pul se and en reformng to a chol esterjc-phase

f ocal - coni ¢ above the v [ 4 whwggxﬁg};gggplgalgmglxg ?%l‘hggeﬁiﬂl se.

It can be noted . I % 7 C ' | e

| owest poi nt of l}r@f egc VI {cyp S’r ?P&l;{g?rpt Eﬁgr}geéprog@g?)?@l p‘?‘é‘gg}énse of a
CLC 5 gdradidly reducingt the pulesd voitage b Vordea i@y lighidt erys@hawn by solid
circles) .exceeds 15 the reflectivity Ilevel of the predom nantly

f ocal coni ¢ st at gransijometocnpredominantly focal-copip state | Bhwpresenitiegention t he curve

mar ked by the enpty cirgles Thus, an . | opor,t ant ,observati on
can be nade fro%‘fﬁyg@ﬁé‘mﬂ kkeﬂgssémﬁ%s‘ﬂm} fo a predomitiantly ??%‘CE?_‘E: i s
initially in a ' | QR d Endi

can only be sw &%%ﬂégﬁ%%lg{n? fﬁﬂddﬁgeg{égtg?ﬂé?ﬁ%ﬁ gclg?qaggni Cc state
20 F (wi thout rematit phasevardigther eppliitigtalowiee-vokage pulsey tizechy drivinga wi de
driving l-’%ul’se (e.fg, 50 ns), as shown:in FIGURE 7-A. i.e. the
CLC can not 18e the CLC with a sgfficieatly-Jong duration pulse hawng pyekiagesslightlyp to t he

focal - coni c stat L1 0. rehat L el y, 1. ratl | ses
( FI GURES 7- B, Cb%é‘g‘ﬁwﬁ) &‘“"al pt_‘ase change' VoIt Ve A g‘g‘{’{é?fg? ﬁ%@%&eg’; t he
her et of or e- descrihizaslembs o¢ wat, W firldrivitg a CLC #ho thehémaiic phasy,atheous
drivi ng- pul se vol tages and durations on the el ectro- opti cal

response of a Clpogdeminapily sfepal-conige stateomealized | dways dasothe| same low

apparatus for and t hod..of dri vi,ng, | at_pape] displ.ay by.which

it is possible trSﬂ%:r%iv{;%?‘ae' é\f@%‘ﬁa} uftﬁ?cg"gn{h? §;qqtga§{] t#“? ﬁ?ﬂgy%cessary
for 5 ' [ ' ' s | hod,

O oying a 15 rebliing TEAICBnKISROLARE] biosy bEF driviRg ribifissqs Sthsitive

PCT/ US98/ 00108 to the thickness of thesChGeemployed)ghe pllserwoltagekansl the\patseage of t he

rapid transition of _a CLC froma Jight-scattering focal -conic
state to a |i ghtdurgtianeckhesensitivifinef the glegtro-optical response ghpsagigiistigiofge dri vi ng

peners 1 ncludes iy gl Shufle R Jan e irie inUERR B, 1 20
' FIGURE 7.
20 ' Tuming now to FIGURE 7, illustrated are exemplary electro-
| optical response characteristics of a CLC for driving pulses of different
durations; FIGURE 7-a illustrating the response characteristic for a
driving pulse having a pulse duration of 50 ms; FIGURE 7-B illustrating
the response characteristic for a driving pulse having a pulse duration of
25 3 ms; FIGURE 7-C illustrating the response characteristic for a driving
pulse having a pulse duration of 1 ms; and FIGiJRE 7-D illustrating the
response characteristic for a drivinig pulse having a pulse duration of 70
ps.. The reflectivity measurements in FIGUREs 7-A, 7-B, 7-C, and 7-D

were made under zero-field conditions. The solid circles represent the
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and an exerrpl ary timng sequence for a CLC driving nethod according
to the pri nC| | es of the present invention. The first st
8 Wnﬁ&%ﬁl ch the

di scl os method is the initialization stage

pi xel s of the CLC di splay are selectlvely driven to a

focal -conic state; the second, or 10 "addressing," stage consisting
of selectively driving the CLC pixels to a desired display

state. The desired display state of each pixel can be a
predom nantly l|ight-scatte coni c..state he, |n| ial state
Pol | ot ng  he | FERFANMBE B LG dafowiegpatEaonatciions éwmsws%t. ng

I t
Br 232:71 nantly | |hgamn%s‘g)gt ees(r)ﬁ{snﬁﬂ%nl’ ?&ﬁ&gﬁ@ ‘?‘E)t%g 1ﬁta rc an Eﬁﬂ ecl%lm' nant |y

|i ght -refl ecti ngefiéstingrplaiarisese; i.d. rinitiakreflectivity equal to dipptmﬂl‘nalajz ilon st age,
two sequences of pulses are selectlvely applied t pi xel s of
the CLC, a pi xe|Thse¢mgtYdmrol@ﬁ TEpREsENt HBE e twetypﬁ%éla; $-G follogying

sequence of TovRApPHPRHEaptls BEVaBauhors e Bldee’ B i JBY 2 TE"™
donmi ns to transanftaan 1ﬁ&ﬁifédd?ﬁinﬂxﬁ Iyt l?t-slé&%b?ﬁl ts@at@ Re AR Reftictivig ocal -

conic state. Foll ovm I nitrali zation sequence the sel ected pixel is
in aqualgdnappmnmamiy ri@ .sThe init{al égral-cinie staefwashabtained bml st at e of
t he pixel), which

b | | bl ack . Th _
purpose of the |¥P’tﬂ"&]49‘§'ﬂ‘l"9¥?§e pulse fosllt‘l’wseh%n:alalg\é‘e‘ygd%ggmﬁg pﬂ(gpg\e/ i ouse '
state "menorize n%% ﬁﬁeeto LA nematic &?afe i Pé’sgﬂhgé% th@r a new

state in the ad now to FlI GUREs

9-A and 9-Bjoi | |lﬁ|§1—{/@\agé palse aad then reforming to £¥ieiletericyplidse $écaPobide sequence
910 and an exenplary second pul se sequence 920 of an

initialization Wwaelrasponse t«athg_lcwer-lvvlutagg R!\‘!ﬁ]ﬁar at us and net hod

' eclzgerdl ng t\?\o-t gg/ grllogg aelbeno mrﬁGﬂlﬁfSe'Ph bn cﬂj t%at, in Bac cease, the |
~ PCT/ US98/ 00108 lowest lgmmt of reﬂectwﬁ?"l@}_%meleé&&oﬁtfcﬁﬂ#é@ﬂﬁ)ée%i’ aldyecpul ses is

~ selected to be first sequence of pul ses 910
~havi ng an anpl i tmniall;ofn tﬁepmdbmaathyjphnar state (shown by dodudacm'das)cﬂxcébdns ( FI GURE

9-A); the second, sequence es 920 an anplitude of
18 3/o| ts an g a dbg a%quﬂvm ?%’eﬁ%’l %‘P P@ﬁ%‘.’“@“ﬁw focal—comc state Q?eprese ‘gB

by the lower plateau of the curve marked by the empty circles). Thus, an

important observation can be made from FIGUREs 7-A, B, C, and D: if

the CLC is initially in a predominantly light-reflective planar state P, it
\can only be switched to a predominantly light-scattering focal-conic state
20  F(without first driving the CLC to the nematic phase) with a wide driving
pulse (e.g. 50 ms), as shown in FIGURE 7-A; i.e. the CLC can not be
directly driven from the planar state P to the focal-conic state F with
relatively short duration pulses (FIGURES 7-B, C, and D).
Predicated in part by the heretofore-described observations of the
25  effect of various driving-pulse voltages and durations on the electro-
optical response of a CLC, the present invention discloses a novel
apparatus for and method of driving a CLC flat panel display by which
it is possible to drive a CLC at sufficiently-fast frame rates necessary for _

full-motion video applications. The disclosed method, employing a two~-.

-18-



5 the specific pulse anplitudes and durations required for a CLC are a
functi.o el ectro-optical response of each particupafpsisheisnent;
defi nedgﬁoﬁ&ggr by the CLC material and thickness enpl oyed.

The initialization stage is very inportant to realize a CLC display

capabl e of operating at full-notion video frane rates. For a CLC displ ay
10 having a matrix of pixels, the state of each pixel should be sw tched

as qui ckly as possible. Thus, as described supra, the

rel ativel y-sl ow . | ] ok dsde Jcat which a
CLC can be sw téﬁagg%?'rvénrﬁ %cheme, takes b&a}%‘gg%%ﬁ%g Eq %éll%ﬁfsfgf e%t ive

pl anar state tofRnPkeigRbdaRBtiAY fdchbEdnic state to a light-refieutive Planagsthrecal - coni ¢
state shoul d be avoided. This 1s acconplished by 15 only enpl oyi ng,
in the addressi fijestwarstage driving asccheroe yintludes speéinializatior” and an

order of tens of, microsgconds) at which a CLC can be switched froma
predom nantly Ili Qﬁ%‘ie%%ﬁt%eng focal -conic state to light-reflective planar

and inter mads' ate st at’ﬁﬁmp%ﬁﬁ’toFﬁ}gﬁb’&qgmt?ﬁe@%t&e@g%ﬁg}aiv%?myOm a

focal -conic state to a planar or rnternedi ate state addr essi ng

20 stage, it iafdanexemplayy timing seqaermedbr pICLT diiving methodratcoading y
focal -conic . .sState during an jnitialization stage; a
predomi nant | y f & 8ie-pringiples of thepresent invention. Fhesfjrstisiage af thefdiscdased st at e

from whi ch each pixel .can be.driven ver o e gui C t ny desired
state during t hég%fﬁﬁ‘# é.gg?engng@&atéqn i&%%ﬁ%ﬂ“t%"h tl?e p&&% Okfj &/‘F r@r(?al I zation
stage may requi iggspThy laks eRAHRIY Ariveh fiBr INfo@YRbic Pitke! the? sécond, or 25

di splay, or in sel'ected rows, can be initialized at the sanme time. Because
t he di spl ayl®i x¢haddressingoh btpgdbeomsibting of seledtivelyodwiying sheh€LE piaéls ¢ adescri bed,
the display frane rate.is primarjly, affected by the tine requiyed for
addressi ng. The dgsiFed display; staje- tm&fsﬂ?‘gé}%g!éﬁ%PgP?FWWFm% fhe

time required f ' : Iz ac; f e.

oo V0 9 8%3(818131%%%8) Tighe-SAREARY HBHIOhR' Rike?(:P-Che! P didth

PCT/ US98/ 00108 following the initialization stage), Aeddminhithycligitheflectinptatanr

enpl oyi ng the driving nethods di scl osed by the present

i nvention are t I5te; for anpintermedigle;stata basweencthe prademinantly light-scattepiigt i - r ow

i scl osed nbt o AOBOB. S, Ao, hghtieBel il plitel SRS, 105 08 (o

5 colum and rRiafikbfion’ R8RS twbseliiéhcks dFpulsts hf@k%lé@b@naﬁﬁkh Rbgue, every

di splay pixel is first initialized to a predom nantly focal-conic state.
pixels of the CLC; a pixel being driven into the nematic phase by a first

-

sequence of high-amplitude pulses 810, which are followed by a second
sequence of low-amplitude pulses 820, which cause the pixel’s CLC
20 \domains to transition from the nematic phase to a predominantly focal-
conic state. Following the initialization sequence, the seleeted pixel is in
a light-scattering state (regardiess of the initial state of the pixel), which
has a substantially “black” appearance. The purpose of the initialization
stage is to erase the previous state “memorized” in the pixel and prepare
25  the pixel for a new state in the addressing stage. |
Turning now to FIGUREs 9-A and 9-B, illustrated are an
exemplary first pulse sequence 910 and an exemplary second pulse
sequence 920 of an initialization waveform for a CLC driving apparatus

and method according to the principles of the present invention. In one
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FIGURE 10 illustrates exenplary colum and row initialization signals
for a frame initialization  -CLC driving technique. Al pixels are driven to-
a predoMARPE focal -conic state by two consecutive pul PSR es.
10 The signals illustrated in the first row and first colum of FIGURE 10

are pol ar pul ses, which are applied sinmultaneously to the row
and col umm el ectrodes. The resulting electric field waveforns
appl i ed on each pixel (shown in the center section of FIGIRE

10) are a conbination of the si gnal s applje n.the
correspondi ng r embedimens) therfrequeray ofdhe pulsess Seli@eg ?‘N’? g‘(’}%dﬂ&%%e i nput

signal to each row 1S : h conbi ned
wavef ornms acti nfrg&%@cﬂxgﬁgép;ﬂg&u@ggylg?ﬁgldgayp%&gﬁeﬁ g? gvr?gf and a
conponents, Whi Gihr&idh b2 &S (RIGUREROA) ey sebnd selyiescd BE phiséL92d t he
cell, are elimnated. Turning now to FIGURE 11,

i |l ustrated are haxingpnaamgplitodeiofl§imolts and a d@ation ebHdmo(FGUREIPE)si ng

signals for a frame injtialization CLC drivin ) t hod according
to the princ?pl &ie spedi %%L@M“W@%é‘?@i‘{%‘f‘““ﬁg@%‘f‘%@é a CLC are 2

illustrated in t | T 1A f:] a}@ﬁ%e}ﬂ?:ﬂ ol ar

pul ses, which ar@ﬁ%§6|ﬁ%£§wﬁﬁﬁﬁgﬁ%%ﬁéﬁpyﬁﬂ%o tagﬂrlgw and co uﬁ]rﬁerﬂ,

el ectrodes. The defiaed iri pagt by ¢t CLC rhaterial and\thitkiess employeéd on each pi xel
25 (shown in the center section of FIGURE 11) are a conbi nation of the

si gnal s applied on thEhednitipkizatiomstageyisvety aperient inigalizece CLEdisplay

Conbinad waver ol o dsrsie BER ol Video SPHE s, PR ERC BolY Oy "
b@egg?gié i)rz 80! e RVIRCh nekriP6f PixSRA khe-RAB @ RASpixAISshASRICHE fitkhed BS a.

PCT/ US98/ 00108 quickly as possible. Thus, as describedt sigrat the delatheelyrslo® speed i x di spl ay
ebotaB har b b st S o' GO0 Go8 i ned 5 S st o
ol Sctri ool 1l Fedrlilaly iEhERASAR Blinsr se o 4 predohiffaninfignd e

-the CLC t hr eshol sdatvsririgefoeal’\donicr dtaté ishduld & aeoided3URRisGs ademyplishedibgupr a)
being a limting factor for the signals enployed. Furthernore, the

addr essi ng $8 gnainly employing: imtheaddressingstags the) relatively-fashspeed (@b t i on) of

S e Xl Sl o SE b ol iR Gy LB rhliaor oSt o
10 of the applpredbrivinhit®y RhtldesidringSfobalicdnRatdle RONigSLASHRE planar TUSt be
bel ow the threshold voltage V[err]. For a selected row, a

hi gher - vol t age amdsiatermediate states. Thus, to only employ state transitions from a

\focal-conic state to a planar or intermediate state during the addressing
20  stage, it is necessary to drive each pixel to a predominantly focal-conic
state during an initialization stage; a predominantly focal-conic state
providing a reference state from which each pixel can be driven very
quickly to any desired state during the addressing stage. Although the_ |
initialization stage may requiré milliseconds to perform, every pixel in a
25  display, or in selected rows, can be initialized at the same time. Because
the display pixels can only be addressed by rows, as hereinafter described,
the display frame rate is primarily affected by the time required for
addressing. The novel driving methbd disclosed herein minimizes the

time required for addressing, thereby maximizing a CLCs frame rate.
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having an anplitude V[err] should be applied to the pixels for which a
state 09\%51(,02 change is desired, while a |ower-voltagerBsdssidsavi ng an

anpritug% err] -shoul d be applied to the pixels for which a
state change is not desired. 15 The addressing net hod may
preferably use the conventi onal practice of selectively
applying "data" signals to colum el ectrodes and "scan" signals

to row el ectrodes; as used herein, both "data" signals and

"scan" signals are cgigy : p IrEnpistigP ahe dridh foap! ay
frame can be conpletely g rg%giggo y sgaﬁgﬁg?%ﬁ*tggagi 51§{qgﬁgeeacﬁ row of
20  pixel s wit diselosediby sheoprebent ib@ntibn b the “éamevialtialismivnyi ang thet a si gnal s
1101, 1102 for each pixel in a selected rowto the colum electrodes; the
pi xel s in a row"“Beithipw initializatign”teelyranese dThsi frane initigizatien technique 06

havi ng an anpli tud Vierr r Vierr],during .addressi of .. t sel ect ed
row. dijspﬁ)s?é]é\egqlgte]énﬂpysdEBRe(?r.l\fes S{ggalﬁ,e.s 1ﬁ%thv§g‘g ,@P“@S%F a signal
applied to ts1e column £l rovr SlksBHes Ot Me frige iMiBalPialith ihfiqal, &Py | t ude of
V[err]; otherw se, the data signal has an anplitude of V[err].

I n order to nui display phel 3¢ dirstsinitializéd t@iaxptedominantdp-feedleohiedstaewns,

the followi ng fornula should be satisfied to detern ne an appropriate
driving pul se 1%@56@ 10 dhlustrates exermplagygolumn and row initialization signals

-22- WD 98 e xe . . . .

PCT/ US98/ 00108 bt f4me initialization CLC driving technique. All pixels gf: éllnrv I to lerr] <

Merr]  a Jaredorﬁﬁﬁfmy Hocal-Ceit istae B ttwol donbdtufiv@ plilsé Reduehi®. vol t age
Vlerr] is limted by: V[err] < 2 V[err] + V[err]. For an

appropri at el@r anx@alsg\h:mteﬁimﬁmm andrfirst colienn of FIGURE 10 &t err], the

state of a pixel in a non-iﬁ:l ect ed not. be 5

. OW Wi | | hanged,
fegar dl ess of REIHEMIES) HHEHGHTP RIS iwliancorsly 19,158 709 G col® ed 1 o
the pixel's col Wixprsdesct : : : roach to
driving a passi \%/!e- rrate?i XT s“&f“é%f’lgffmc field wavefomﬁgkﬁlgegﬁi:géa?bg?rﬁgp
initialization ¢showmin theaenieqsectivrnofbEIGUREeI0) ze¢l aadmbination of the frame
initialization and {owtlicl)éé{ow ddr essi ng., pixels in a frane are

Al |
10  si nul t aneoSENRlS 3pphied joRether godespoREBg: FRYntang Foluam. glssiredest at e by two
15  Although the input signal to each row and column electrode is polar, the

combined waveforms acting on each pixel are bi-polar; thus, DC signal
components, which can ionize a CLC and thereby reduce the life of the

cell, are eliminated.
Tuming now to FIGURE 11, illustrated are exemplary column and
20 xEow polar addressing signals for a frame initialization CLC driving
method according to the principles of the present invention. The signals
illustrated in the first row and first column of FIGURE 11 are polar
pulses, which are applied simultaneously to the row and column
electrodes. The resulting electric field waveforms applied on each pixel
25  (shown in the center section of FIGURE 11) are a combination of the
signals applied on the correSponding row and column electrodes.
Although the input signal to each row and column electrode is polar, the
combined waveforms acting on each pixel are bi-polar; thereby avoiding

the undesirable effect of DC signal components, as described supra.
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pul se sequences as described with reference to FI GUREs 8-10. During

the initialization stage, all of the rows in a frane are selected and each
pi xel | WYY} by a first sequence of pul ses to change RCHTR00498) est eri ¢
phase to a field-induced nemati c phase; a second sequence of pul ses

15 driving each pixel to a chol esteric-phase predom nantly focal -conic

state. To initialize a total frame may only require several
mlliseconds. In the addr essi ng stage, an addressing signal
1103 (FI GURE 11) havi.ng anplitude V[err] is applied to the

row el ectrode for t héns@ﬂéi:i‘ééf‘?'@)\ﬁl LC matrix display pEigg #ip#§iverfiViRE desi r ed

The. colum o ccrpated Wbe aiFER B bl Yifemgpgmd b s b8l 35, 07 10
"OFF" waveform k&g HEOW aaareEeh@JBFnﬂlap phéd fo B'céﬁimﬂ Electrode will a

- selected rowis dri'ven by the conbination of signals applied to the row
and col um el ectinfiubase thé eleotnicslcfiald appkaring adrasy eveyy pixgh il thhwalums, appl i ed

28 %6t the Sontheclto bl vpiescd. bpbrerce MOURE & Brseobod qusrd) ¢
non-sel ect ed being a l];rpxt{ngv‘fabﬁ)r%}“@@ s&%@"#}ﬁé‘%}rat eeﬁ.{}B{ grg 1%' tgge Merr],

and thus there is p|x s ina

non-sel ected rowd?aaﬁngtsghaﬂslrﬁw@'buﬁﬁ@ lﬁb@wﬁchmF (i.e. stateab@iskidhpofc phase
mai ntains the image on the display until initialization of
-23- WO 9gelegted pixels over non-selected pixels. Thus, to eliminate the crosstalk

PCT/ US98/ 00108 ext f.r pplic t| ons,

i dl e period may e%ﬁﬁ%ﬁed Wmt‘ passxve-matgémgﬂvpgéwgﬁ?cﬁ AR ?é?l ons to
i mprove thejy Gontcff%%aﬂ)%d ﬁhlﬁgoﬁﬂﬂ@ Heflh %h non-selected row r-ﬁ{lﬁ el Yowet veen
each franme initialization is the rarre driving tinme; th

reci procal of t fthe direstiohd) voltage V5 tHoe o selemed atwe, a hlgher-vﬁltage pulse The

for Gertain appi ta&ﬁ%%ﬁéﬂ e - Sheuid s s 16 5% Biacls donhEie sbvever, i s
that (except forcge I defred WA o ISférlydidpeplikd WeYink R sfiiRoyNO Of each

' pi xel can not be pe ornme einiti |zat1on of the

pi xel . Moreover,sheuldde dppliedtocht pixels ﬁurfwlﬂﬂ?a&ra& d¢hahge Blriot desirtd. t he sane
10 tine but addressed at different tines, the static display time of each

pi xel 15 wi | Thep gddsessing awnthodamayc preferablyousenthie: conyienionsl oyi ng t he
ot ow  practioB IR ShrIRE ‘et WrlsT luoh M YEHR ahd

“scan” signals to row electrodes; as used herein, both “data” signals and
“scan” signals are components of “addressing” signals. A CLC display
\frame can be completeljr addressed by sequentially activating each row of
20 pixels with a scan signal 1103 while selectively applying data signals
1101, 1102 for each pxxel ina selected row to the column electrodes; the
pixels in a row being dnven by a combined bi-polar pulse 1105/1106
having an amplitude of V, or V, during addressing of the selected row.
If the state of a pixel is to be changed, the data signal applied to the
25  column containing the pixel has an amplitude of V,; otherwise, the data
signal has an amplitude of V.
In order to maintain the states of all pixels in non-selected rows,
the following formula should be satisfied to determine an appropriate _

. driving pulse 1104 for non-selected rows:
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initialization" technique, which uses bi-polar driving signals to overcone
the di sa@yaamheaes of the frame initialization techni que.pcriuses/iodtos

FIGURE 12 illustrates exenplary colum and row initialization

and addressing signals for a multi-row initialization CLC driving
technique. Simlar to FIGUREs 10 and 11, FIGURE 12 illustrates the

driving signals applied to row and colum el ectrodes. Al of the signals,
however, are symmetric bi-polar, rather than polar, waveforns. Using

20 the multi-row addressing technyquey high-voltage bi-polar signals
are applied to the réy=elettrodes ¥nd | ow vol t age bi - pol ar
signals are applied to the ol um el ectrodes.

The first row of FIGURE 12 illustrates exenplary waveforns

1201, 1202 for el ee : | ' 2O ol to 25
YoN and ~ore SRpidls TfeRte ESTIGE A eV ARRL v, SPIRRIEBRLVIE.
addressi ng pul s@ Vhat Vi.s Fapah astopate ligivispprilbee C104086 iy arfampligae ed row of
pi xel s. The waveform 1204 illustrates the conbined pul se applied to a '

pixel in the selasttba staw afrapirel ib @ pen-selested row Wik noOke chapged; t he
e aass | bgihleld BF Wnlfier HIRIAH:NY SEndiol 37 1162 % gt 412t 1

PCT/ US98/ 00108 ixel’s column elect be maintained in the predom nantly
focal -conic (" OglFQ?xstate. I'n fofe. order to drive a pixel "OFF", or
"ON', the addressi ng Fieggearera pproadch te driving a passive-matrixoGL€El displapde for a

sel ected row nust_ be in phase or qut of, K phase, .respectively,
with the addres¥sifg thedrame inifialization griying teehmigue-ean b summarized a5: _

el ectrode. The ' e e ' . age aappl i e [ ow

el ectrode of ea%o%ﬁgg}a&%ﬁggd @W&’%ﬁ%@@@n@“ﬁl‘g@?ﬂiéwyﬁtrate
t he conbi negy pulsafisitaRplilgdniialigdcd » miRanlyoealS@InfC bafé bP'two Because

the anplitude of the pulses 1207, 120.5 are below the CLC threshol d
vol tage V[err], pulse spguences a5 dascmbed with seferenpe tas FKGERES 8tk Puxiegs.

10 I n-agcordance.wth th Lnci ples aof the present invention, each
oixel nust be |G IRRZaHORs@gs, ALOLBE b inip deme are Frlscied, AdRAR 1200,
1210 in FI GURE ?’,@' Hien ' yles ' S

(descri bed supra), kispec%ﬁﬁ%ﬁ? ar e"c‘g%g??&ﬁi [lioqt ea(rbj)l\?v&gt?ggtrodes of
each row of pi xehase tata fieldinduced nematielphase).a Sévendaeqionceof iphlses 1212

15 and 1213, 14 illustrate the conbined signals appljed.to each pixel
during the i? r stiriying esel Bival afhelesterigphass predemingntly, focal-goni¢ state.

e Vel o Al e ATy Ve AT hiohdl i
addressing stage, an addressing signal 1103 (FIGURE 11) having an
amplitude V, is applied to the row electrode for the selected row.
Depending on the desired state of each pixel in the selected row, the

20  signal applied to the column electrodes are either an “ON” waveferm
1101 or “OFF” waveform 1102 as shown in FIGURE 11. Each pixel in
a selected row is driven by the combination of signals applied to the row
and column electrodes. A non-selected row driving signal 1104 is applied
to each row other than the row currently being addressed. The amplitude

25 of the combined bi-polar pulses applied to each pixel in a non-selected
row is always below the threshold voltage V,, and thus there is no effect
on the state of the pixels in a non-selected row. The stability of the CLC -

cholesteric phase maintains the image on the display until initialization of
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sel ected such that the anplitudes of the first and second sequence of
conblne i zation signals drive each pixel to a ne e and,
&%gﬁj&éb@ y, to a predom nantly focal -conic state,{;[gigh espsb?:@?bed

supra The frequency of the signals 1201, 1202 applied
to the colum el ectrodes preferably have the sanme frequency as
t he addressi ng signals 1203, 1206 that are applied to the row
el ectrodes. The frequency of the “signals 1209, 1210 for the

initialization ghagext fame! cd same dpplicationsdn tidie period may2be reduireguency of
t he addressing signals 1203, 1206, denoted as f[err], however,

can be di f f er entbetweep\frameinitializations Mmmomtmtqonmlrm Qf@&td\@la)’ed
flerr] Nf[err] ve in er tBe signal s

i[lustrated in W@w%each\@pame init xmqodf ?‘Fﬁe 3‘&%«5‘ & equal to
1. Wen Nle\D ggrfg?g&:‘%l 8f b @R Mestime is the frame rate.

- 25-
~PCT/ US98/ 00188 The frame mmahbatzmmtmiqbedesonbedadﬁowtﬂagrbess'umés 1209,
1210 applied to the row el ectrodes and the signals 1201, 1202

applied to the doreerpinapplicationss uhasdlsa@qaraageof ﬂxetechmquee wavel. 1S Usi ng t he

SO S50 WBIGLL e ROy FB b T o of 411214

e t hat

four different Sp:ﬂmhﬁn&awéﬁoﬁﬁé&mﬁﬂm&cérylfémg%e/nﬁwiz%n@hrdht:erent
rows of a CLC display, w thout any crosstalk. One, or nore, rows can

be initiali zed a::xelhehbmet,lwet plmlsamejramom mxtiﬂm@aamdrsemsed Thus,
th dd di at foll

it al | 2at i A Bt oS ot iERFens Aebem e B Clsblay S P SRR i - r ow
10 initiali Zatdvﬂf‘ bEecgh”gfeﬂk'e Assek&gf eﬁ\\SS&YneBt ’f&l e@ﬁibyg%z?net B&vin

"dynam c" static’ / t1nmes. amc |€p| ay tine

i s defined as thmaethods disclosed tbynahduprdsgxtmhnvﬂmtnbhexqolﬂael “nltbeowg dri ven
by an el ectrical fleld and the static djisplay tinme is defined
as the time duriipgializtion” feﬁmﬂ‘i%(é‘lm‘ihsusﬁbbi‘mlaf driving sxgnb’éutﬂngmm i.e.

agai n to i cure e SRR of By Trafc FF3Fpiop fephnidue. reerning

15 FIGURE 12 illustrates exemplary column and row initialization

and addressing signals for a multi-row initialization CLC driving
technique. Similar to FIGUREs 10 and 11, FIGURE 12 illustrates the
driving signals applied to row and column electrodes. All of the signals,
however, are symmetric bi-polar, rather than polar, waveforms. Using
20 ‘the multi-row addressing technique, high-voltage bi-polar signals are
applied to the row electrodes and low-voltage bi-polar signals are applied

to the column electrodes.
The first row of FIGURE 12 illustrates exemplary waveforms
1201, 1202 for column electrode addressing signals corresponding to
25 “ON” and “OFF” states. The waveform 1203 illustrates an exemplary
addressing pulse that is applied to the row electrode of a selected row of
pixels. The waveform 1204 illustrates the combined pulse applied to a
pixel in the selected row that is to be driven to the “ON” state; the
waveform 1205 illustrates the combined pulse applied to a pixel that is
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recogni ze that a CLC can be driven froma light-reflective planar to a
I ight-swgﬁj’lb&g focal -conic state by applying a pul se hgwgirR@e@dhios
rate _

appr opr anplitude, and vice versa. As noted supra, United
St ates Patent No. 5,453,863, issued to West, et al. on

Sept ember 26, 1995, discloses the 20 use of signals of varying

el ectrical magnitudes to transformthe CLC from focal -coni¢c to
pl anar states, and vice versa; a continuum of signal magni t udes

bei ng used to drj.Vv 20 il HHIFH ALCY: c i o

states. The portﬂlooﬁeo a&%’%?ﬁﬁéﬂ'é{e@ e e‘@?? of-og%tebi)6 g%l @‘lrm:;spp nséaete'culrn ve
correspondi ng t cordéretoi drive arpixkl OFR", o “ON5ythe addregsirgt siges applieditost eep

sl ope; 25 i.e. thedport_i on of the curve corresponds to a narrow

vol t age range ovarow electrode for agglestedsioghmust be iy ghgserny eutcaftiphasel

magni tudes can be used to drive a C. . . fo different, internedi ate
states. Because ‘EeﬁBe‘s‘(YF{yag‘&m? éﬁFgé‘d%ssﬂ%ing&ﬂ gpplied 1o a pixel SO o
principal di gady, Ofpd R 196 i Lt

is that it ig di??‘lﬁg‘gﬁ t]aé pﬁgﬁglfée y r?\%&?ﬁ% Cl_tca:&%b%lprtg?%srrgg

internmedi ate . electrode of each non-selected row. The waveforms 1207, 1208 illusfitte WO .
98/ 31002 ) - .

PCT/ US98/ 00108 the combined pulses appliad-ip gachrpixel i apopeselecied rawe Bacausspt i cal

response curve o ' ' t jght with
variations int h‘_i’%%&%@pht Fl?eg" ‘Il%%el%q?f cll%ggsaée g%ﬁtv}hg‘% éE& thidshbid CLO) .
Because the por tydlge v, athe\pRisesivilChét £Fe tieOstft®of @Rl pikés.ponse

curve corresponding to the internediate (i.e. gray scale) states has a

st eep 10 5 sl obeaccevdance withi the prigbiples dfrthe presentrineention) exrhuse a
particular drive vqlta . to propduce different in di ate
states in pixel sP*ﬁémégs F’FW‘{/pﬂ?rfﬁOel?eé‘Té) MRS, LI‘Le wavettgpps égéfge The
present i nvent | ofp fPGPBIGERE 1f Hudhall BHirSC A slofid dRndY of signals can
be realized by applying a single pulse, or sequence of pulses,” having

a fixed predet er(deseeibed supra}, udspectivell, thararespplial wuths eow 2istrodescof 10
progressive change in the state of the CLC Thus, the nmethod disclosed

herein for dri vi¢aghdow of pixelpthay ity iniialized.y The wayeforms 1811.512J2al s of

varying el egkric [ e [ r . di sp Ut enpl oys
pul ses havi ﬁg a |dxg%%sriei(}gt i?alru srt‘?%tég ar‘r:pﬁb?n t?gegg%%sfg@mga@hé%pag}gécal e

|l evel (i.e. intedurRité firse il oridsequénddf indialioktion dlatiall, repediveljie pul ses.
15 According to the two-stage driving techniques disclosed

her ei n, The voltagen ooV, far the rew iniiatizationsighatsol 209p A3Hbatenant | y

focal -conic stat s%leclter}i such that the amplitudes of the first and second sequence of

combined initialization signals drive each pixel to a nematic phase and,

20 \subsequenﬂy, to a predominantly focal-conic state, as described supra.
The frequency of the signals 1201, 1202 applied to the column

electrodes preferably have the same frequency as the addressing signals

1203, 1206 that are applied to the row electrodes. The frequenca);;f the

signals 1209, 1210 for the initialization stage, denoted as f;, and the
25  frequency of the addressing signals 1203, 1206,  denoted as f,, however,

can be different, provided the following relationship is satisfied:

f, = Nf,
where N is a positive integer. The signals illustrated in FIGURE 12 are _
for the case where N is equal to 1. When N=1, the phase difference
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response to an address pul se, or sequence of address pul ses, a progressive
change fromt predom nantly focal -conic state to the predom y -
pl anar spﬁn@ngg% be obtai ned. Moreover, it has been obser€€‘gﬂ%92§§%éach

20 i nternmedi ate,- or gray scale, state is perfectly stabl e under
zero-field conditions. Furthernore, a benefit of enploying a
singl e address pul se, or sequence of address pul ses, having a
fixed predeterm ned anplitude is that the gray scale states

can be precisely . contraolled. . . . Jq enpl oy t.he

pllil FF 3eque[1(r:]e acm&é?ﬂ %@B?ﬁ?ioﬁﬁ'g“iﬂ% 1.239,!121(.) appheggo %?U%Vaﬂf’cat&@?st hose
skilled in the ar ; qgpi z : 'Hﬂf?ﬁrﬁ

equal i ze the addratgg\éﬂllngl-ggl'iﬂglgeo%j’rf?\??%mtdfrr%i ?lgrc eac él%%t;;e‘%si%usée%ugll ected
row. Because the 902chriUsing thecepmbinal siphdl avaveformsdi204 pl2Gse 1207,a1208quence
of pulses to drive_a pixel froma predonmi nantly focal-conic state to a
predoni nant |y pl dddd-12d4ilusteated i REHls dhe prosesnt, iInyension racegnizes i ne
-27-

bet Usos/ 00108 64 different signals o heappligd simultapequsiyto fopr different of 1 ne |

desired state. TBW§of®CLC display, withoGPaHYECtEakAk | Tnel BE ridré,fBWARAN i MES
required to change a pixel froman initial state to a desired

state, a sequenceedhitiplidedas thesame timerthatapotheruwe is being addressedahTnls, has no
effect on a pixel!s state, can be pli ed ahead of, a sequence ' 5 of
pul ses having an tﬁﬁ'p#‘frﬁﬁg‘gsﬁfaﬁcﬁgnﬁ"?% EQWi s eary lm%ﬁ’@géi}’n%@l% dhe

FI GURE 13 il | ust r;gd.es: exgsl e :

sequence for a grlgl{y-glséﬂg?g%@{tmﬁﬁgi a%%gp g?ig@éagrﬁhgn’gﬁﬁégg’egg lctb'FoJY ng

to the princit@l ednivilizhtionnesiatdqie is thag8vérgpixellean Hw&ﬂxb@&n@f“d?lh‘ﬁnibm pul se
sequences 1301, 1302 is, g,qqal to a predeternined addressin ime T,

10  which is eqund tstatis” djsplax Emes.h dhedysamicndispley imeds defineddasithe a pi xel

f ' Ly 2 COR. ' |
bl anar state: i 1 DREARIEWARRbilel iheii Biven bt bR B RARE & nese
states, a sequen@@atmdﬁyiayeﬁnéﬁo@eﬁnedlais érae time difin"\high dpixkf dfpe Whi ch has

no effect on the pixel's state is app ahead of the sequence
of pul ses 1301 héaeingdrivenaisgl theinixeldsiirf 4 stabletcholesteric phast5 cause a change

'n state. T| ?g st hlgefgyrgnagt iaggn Otfo H&Jkﬁ‘l\gr _tﬁ/o%let ﬁgﬁeéo Ejrll ?ﬁe art will
recognize that a CLC can be driven from a liéht—reﬂective planar to a
light-scattering focal-conic state by applying a pulse having an appropriate
amplitude, and vice versa. As noted supra, United States Patent No.
\5,453,863, issued to West, et al. on September 26, 1995, discloses the

20 use of signals of varying electrical magnitudes to transform the CLC from
focal-conic to planar states, and vice versa; a continuum of 'Sigﬁal
magnitudes being used to drive the CLC to intermediate “gray scale”
states. The portion of a typical CLC electro-optical respbnse curve
corresponding to the intermediate (i.e. gray scale) states has a steep slope;

25  i.e. the portion of the curve corresponds to a narrow voltage range over
which signals of varying electrical magnitudes can be used to drive a CLC
to different intermediate states. Because the voltage range is typically
narrow, a principal disadvantage of the method disclosed by West, et al. _
is that it is difficult to precisely drive the CLC to a preferred intermediate
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sequence and T[err] is the duration of the higher-voltage pul se sequence;
t hose skyobssioen the art will recognize that the order obczmusbsoomes pul se
sequences 1301, 1302 may be reversed. The gray scal e
state of each pixel is determned by the'ratio of the 20 duration
T2 of the sequence of pulses 1301 to the predeterm ned

addressing tinme T. The anplitude of the sequence of pulses (or single .
pul se) 1301 is equal to the phase change voltage V[err], for the specific

CLC st pm%rmb&amm&ewam $esb@ns’é cavibfea @UdT @HBIE pul se

having a pul se dth of T; . if a pulse of duration T and
anpl i tude V[ er r Jtoithe lafijor right \M@h Yamtlons m thg&en 2ap @.e.tthe thickmess of ther ansi ti on
i nct scale states -

to th t Th u o

s det eP?nnﬁeldcbmb e ?,PBF'%%" 3 fypigd LLC electm-optlcg{) SpERSE ¢ g it
ht pul

ccal'e for each R &2’3%““? Bkl () bl Qs has a steep 07 Y

PCT/ US98/ 00198  slope, even a slight Shlft in the curbewillnguseonparticlnGiiRee dditage! | ust r at ed
is an exenplary electro- optical response characteristic of a

CLC for addr ess.tn@mdﬁfemnpmt@medtate states in pixglschavingstightly differentent pul se
e cell,

d h f
oaored ndor | 180 ghEs. Jnd Bk et TobaSin®anena gy seale cié‘%splag
function of the daathkQedlizedbyeipplyih® aEmgT@ﬁm@e Saﬂéeg@&ce Bfgﬂﬁe@rhtav observe

t he wi de I'i near” reéegi on which can npl oyed to advant age to
realize a gray a fixed predetennined amhplitddsspleach sBemessiveee pulse cafsingci vity is a
function of fhe ratio, of i ch can .be accurately

contol | ed, #¥e r%?%ﬁ‘vﬁ‘gﬁpgﬁ@&hﬁéﬁa@?ﬂltie éLéOTI‘“s gethosk disglesedr from t he

dlsadvantages a . driving
signal to cont rgﬁ%hgbfg?%g% gﬁpwsﬁﬂ%ycﬁt’%gg‘g %n ﬂ\%‘isg of sgnafs t

al . (described herfihgalecrical mdgritides tdteatize @\sedy ﬁdmul 1&;}1&;&@&?&%
illustrated in FI GURE 14 ma Shlft totheleft or right as a ncti on of

t he @s@évmgga%xedtmgé@emned amplifede whe eacﬂl Brayetcdigni ze t hat,
because of the a sI ?gg hi f\*t% in the curve

will only have a}eﬁ%éf Fg‘é‘fﬁr@e‘ha& Stat%s‘sa@f‘%é bfihd‘l‘ Scel |
reflectivitys According to the Mﬂaﬁﬂdﬂ?lﬁg&@ckﬁuﬁsgﬁxs&ﬁmd hbrdaf,rated is

an exenpl ary appar at us for enpl oying t above-described method
for driving a Cl_aﬁchlpsmlay first initialized to acpredatningntly fodabconic rstitpl ds of t he
present invention. FlI GJRE illystrates _a driving apparatus

1510 coupl ed t o T&RepE ‘Béﬂé‘ég’fﬁﬂlsef fr gequence ol aggyess pHEEs R SSSiVe CLC
et s 8BS B 8Lt 0L kSt gl
planar state can be obtained. Moreover, it has been observed that each
20 \intennediate, or gray scale, state is perfectly stable under zero-field
conditions. Furthermore, a benefit of employing a single address pulse,
or sequence of address pulses, having a fixed predetermined amplitude is
that the gray scale states can be precisely controlled.
To employ the pulse-sequence addressing technique to full
25  advantage, those skilled in the art will recognize that it is important to
equalize the addressing-stage driving time for each pixel in a selected
~ tow. Because the technique requires either a single pulse or a sequence
of pulses to drive a pixel from a predominantly focal-conic state to a )

predominantly planar state, and states therebetween, the minimum time
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a matrix of row and colum el ectrodes (not shown). The driving

. apparat | des a data circuit 1520 that i's coupled ty-th@spdibs™m

el ectro ess‘sg"(ril$ a scan circuit 1530 that is coupled to the row e g%ltrodes of
25 . CLC panel 1540. The data circuit 1520 and scan circuit 1530

sel ectively apply the initialization and addressi ng signals

di scl osed herei nabove to the CLC panel 1540, the signals
applied to the colum el ectrodes cooperating with the signals
applied to the 'rtgvﬁdakéﬁtéaeﬁieiﬁxélOissflfﬁﬁétio}i%ﬁ/ ¥ Q¥gre@asbke. Thus, to

control | abl e display elenent” 1545 froma predomhantly focal-conic state

- 29- WO 9&bitibefishte for the different times required to change a pixel from an

PCT/ US98/ 00108 | .to a predom nantly planar state, and

i nternedi ate st dridigl staterte [gedesisedhstate, a sequence offpilses-havingmncamplitudee present

i nvention are not,.limted to a parti,cular . EH‘% [ of the

driving appar at J%l“‘ihS aé,mé?{{?‘étpcf" efglxﬂnégg%tceﬂtbetaﬁg{le%aoﬂe ?g sen&{%ce circuit
1520 and sca§ Cigroplilbes1PaEngnaf tanilingdd SuFtiknORCERIsk \LecHaRgS SN R0 € 5
initialization and addressing signals in accordance with the principles of

t he present inventi orfFIGURE 13 illustrate an exenTletyeaddressiog| waviefortrhpulse t
understand the effect of anbient . . t enperat,ure, on the,performnce
of CLC di spl ays SCH#nee EQ‘IH % g1ay-spale CLC driving appana ia&\gmg;e.thq;ﬂ;aqce%& at ures.
The response of ' ' e ' rel ated
to the viscosi t;;g gg]ﬁ{{gﬂ)% ﬁ;rg?éi;e:%%}t?{ﬁ\h@&% g é\géilug%mn dﬁhéib'{;gﬁ‘hg"%ééner ally

ri sing exponent isafhenced 1301130248 ieggalt to N preditefinetMudaressing WnieST,

in a corresponding increase in the response tine of the CLC. At a
parti cul ar. 1@npevhdehisequal feorgreater thay th timp aecssaryde driven pixel fiot ed to the

terial’ t t . Jhus, ot he thesi zat i f ' ity CLC 15
oo a1 <715 o iRy S AEoRHE SR B uReaty Pl 88| e
tenperatures; houawpixdHale i inBhedidid HRYE SBAL Sa bdyubhde of pRs 1802 at | ow

tenperatures can be anticipated. A second approach to overcone the
probl em of | ow \hasingsar awmplitudewhielnhas na effect onsthe pixet'sstates ist applied t he

Chenge |01 SE st B sta kit o e o, O
tenper ature1on 16 PRInEnde AGRe OF | 396e Yhfahibh of th vt /BREE Yulk C for 2

sequence and T, is the duration of the higher-voltage pulse sequence;

those skilled in the art will recognize that the order of applying pulse
sequences 1301, 1302 may be reversed.

The gray scale state of each pixel is determined by the ratio of the

20 \duration T, of the sequence of pulses 1301 to the predetermined

addressing time T. The amplitude of the sequence of pulses (or single

pulse) 1301 is equal to the phase change voltage V,, for the specific CLC

employed, that corresponds to a single addressing pulse having a pulse

width of T; i.e. if a pulse of duraﬁoh T and amplitude V/_ is applied to the

25 CLC, the CLC will transition to the nematic phase. The number of

' distinct gray scale states is determined by the frequency of the address

pulses; e.g. if eight pulses can occur during time T, then an eight-level

gray scale for each pixel can be realized.
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driving tinme of 5 nms. As can be seen, the phase change voltage V[err]

| NCr easefo vkdteoglecr easi ng tenperature. Referring to Fl GUREThS9800108

which illustrates the effect of tenperature on the required driving tine
for 25 an applied voltage of 40 volts, it can be seen that the
driving tine rises exponentially with decreasing tenperature.
Thus, in order to realize full- notion video franme rates at .l ow
tenperatures; enploying the driving met hods di scl osed

her ei nabove, the effeTuminy ndvepFIGUREC1Arilldstedoiy an exemplary eledtrovi ng ti ne
can be conpensated for by increasing the driving voltage
- 30- WO 98/ eptinab response characteristic of a CLC for addressing waveform pulse

emperaturo of ¢ frauentes g diffrst S RGBT Mo SBRABRI A G
tenperature corrpﬁﬂggt ) mbAR hider l'%ro-ﬁeld conditiord! | 'b\éin% B&Ed”aé‘tays whi ch

can appropriately ncredse, or decrease, |1 tude of the

initializatign afisicdetdofeths raip of Tel'R; Thbse&mim inahe art w1]1 obsérve thd t hough
| ess desirable for nost applications, the drivin &gar atus can
appropri atel y i nwidediear ggionanen e be praployediq afvap ?%W‘W?lﬁ&%i gnals to

compensat e, {01 VB P s kAl AEARRERIN & hapion e reo o
described in det 'ﬁl to T! WARch caltive!Beurafkly behtaltdd, Mbahoumlo%&@n&etmat they
can 10 make vari ous changes, substitutions and alterati ons herein
wi t hout doesaopaxfter lﬁgm‘ ﬂhonilsadms pssocingd sdtpesing a magnitedeent i on i n
::,tc-sl-/ Brsgg;jggtll@gor g} the driving s:gnal to/cgntrol the reflectivity, as disclosed by West, et
al. (described hereinabove). Furthermore, even though the curve
illustrated in FIGURE 14 may shift to the left or right as a function of the
€LC cell gap, those skilled in the art will recognize that, because of the
wide linear region, a slight shift in the curve will only have a negligable
15  effect on the resulting cell reflectivity.
Tuming now to FIGURE 15, illustrated is an exemplary apparatus
for employing the above-described method for driving a CLC display
according to the principles of the present invention. FIGURE 15
illustrates a driving apparatus 1510 coupled to a CLC panel 1540. In one
20 \embodiment, the CLC panel 1540 includes a plurality of controllable
display elements 1545-1, 1545-2, 1545-3, 1545-n (e.g. pixels) defined by
a matrix of row and column electrodes (not shown). The driving
apparatus includes a data circuit 1520 that is coupled to the column
electrodes and a scan circuit 1530 that is coupled to the row electrodes of
25  CLCopanel 1540. The data circuit 1520 and scan circuit 1530 selectively
- apply the initialization and addressing signals disclosed hereiniabove to the
- CLC panel 1540, the signals applied to the column electrodes cooperating
with the signals applied to the row electrodes to selectively drive each

controllabie display element 1545 from a predominantly focal-conic state
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VE CLAI M 1. A nethod of driving at |east a

portion Iesteric 2 - liquid crystal a state
havi ng §9 i reflect|V|ty, - 3 conpri si ng thg%gte%@&%#é) 4
initially dr|V|ng said portion to a nematic phase; 5

subsequently driving said portion to a chol esteric phase focal-conic 6
state, said cholesteric phase focal-conic state providing a knomn reference
7 state for subsequent driving of said portion; and

thereafter driving. s | O d vin 9 '
reflectivity. to"a pre(fémpgénttly ;ﬂaﬁa? s?a% a:fdt ﬁ#ﬁg%%%aégfﬁ%%eW%g as recited
in Caiml whererge gﬁh@k ples of Zhe present ﬁ&@:&ndﬂfaxemdﬂmukea &k uf@pr i ses
the step of applying a sequence’ of pul ses to drive said

portion to said emhnhmmqmﬂidmeinvmg apparatus 1510 except to the&xtent th'ﬁhdataet hod of
driving as recited |n wher e
subsequent |y dri GHCHY légil’rﬁ?‘ﬁ‘@‘é c!’ﬁ%“%?@g"@ﬁt 'Epﬂ‘?PWQOP&r%&J%KE@r@F 3

I tod | s t at
pul ses_1 0o drlgve &g}ﬁa&&%&wﬁap% &&Qﬂ ifi ‘?‘ff“&?emere. Salpgéylifc state.

4. The nethod Iving as rec

step of initiallte@résehnigversigari ses the step of applying a first sequence
of 3 pul ses having a first anplitude to drive said portion to

said nemati c phase Thase of skill dﬂdth§a$f(§ undepstad  then effectepf |anbdentyi ng

conprises the step pI e d se e,of pul ses
havi ng a second t&’ﬁﬂeﬁ"l Qﬁoﬂ%r %0%"8‘3 oo tqlo(ﬁ &qu%s &“gc‘ﬁa’il% ¥ai d

ng' esteric phasghioeliow Wthpersitires.© The response of a CLC to an applied voltage

10  is directly related to the viscosity of the CLC material; the viscosity
generally rising exponentially with decreasing temperature, which results
ina corresp_onding'increase in the response time of the CLC. Ata
particular temperature, the viscosity of the CLC material is related to the
material’s structure. Thus, the synthesization of low-viscosity CLC

15 materials is one approach to avoid slower response times at low
temperatures; however, only slight improvements in CLC viscosity at low
temperatures can be anticipated. A second approach to overcome the
problem of low viscosity at low temperatures is to compensate for the
c\:hange in viscosity by altering the driving waveforms applied to the CLC.

20 Turning now to FIGURE 16-A, illustrated is the effect of
temperature on the phase change voltage V, of an exemplary CLC, for a
driving time _c_of 5 ms. As can be seen, the phase change voltage V,
increases with"decreasing temperature. Referring to FIGURE 16-B,
which illustrates the effect of temperature on the required driving time fof

25  an applied voltage of 40 volts, it can be seen that the driving time rises
exponentially with decreasing temperature. Thus, in order to realize full-
motion video frame rates at low temperatures; employing the driving
methods disclosed hereinabove, the effects of temperature on display

driving time can be compensated for by increasing the driving voltage.
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WD 98/ 31002

PCT/ USO¢/dPssH1b02 : 5. The net hod pédsiswoind as
recited in Claim4 wherein said 2 first and second anplitudes are
a function of a conposition of CLC in 3 _ said CLC panel . :

6. The nethod of driving as recited in Caim4 wherein said 2

first and second anplitudes are a function of a thickness of said CLC . 3
panel . 7. The nethod of driving as recited in

Caim1 wherein A5 fde@back ndechanism, ﬁél?&n@fstﬁWoﬁﬂmk\dL@d [ises the
ac \ o ispIap

step of applying a sequence of . pulses to drive said portion
from sai d chol esterbecempiaye fooprovideontemperatuee compensation signa) tedhel st at e
havi ng said given, reflectivity,, . . 8. The, net hod of
driving as reci @éwmgqamaa%%&mwépma%late’y jncrease, or deggeasen ¢ ng sai d
given reflecti Viaiﬁfn_l'- anei ﬁ?ﬂ%ﬁto ol l

chol esteri c phase .i(lt)%dgl Ht(‘:otﬁ% grrns ate gn@@@%’%’%’??ﬁ@bﬁ%@éﬂ%ﬁgxar state,
4 ands wheltbighs Ris¢ldésirabledbr iiver agpilicatiorntd] the divifgagpaattican to said
5 internedi ate state conprises the step of applying a sequence of
addr essi ng 6 appropriatelyinerease herdegrease, fhe durationiof $he dnying signalst® dri ve
said portion fromsaid f T oo e . (aholesteric hase focal -conic state to
sai d i nternedi al"@“?_f’m °§é'iaﬂatbqr\§éﬂ 1splay tempe feflectivity being a
function of a durati qufugh®ind prese Hentibn 36" 75 3iVihtages have been PUI SES.

described in detail, those skilled in the art should understand that they can

10 make various changes, substitutions and alterations herein without

departing from the spirit and scope of the invention in its broadest form.
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PCT/ US9 9. The net hod of Lvdond: as recited
Ln_CIaigégaéﬁQW%in sai d 2 step of applying a seﬂ%@g%gﬂgvﬁ

addr essi ng pul ses having a predeterm ned 3 anplitude is preceded
by the step of applying a first sequence of pul ses 4 havi ng an

anplitude | ess than a m ni num anplitude necessary to drive the 5 _
CLC fromthe focal -conic state, a duration of said first sequence of pul ses

6 adj ust ed sugpyt ne sum of said duration of said first sequence
of . pul ses 7 %Mdur ation of said sequence of addressing

pul ses equal s a 8 predet er m ned val ue. 10. A
driving apparatus for a cholesteric liquid crystal (CLC 2 panel ,
~said driving apparatds corpmiethod)of drising at least a portionafdatholesterui t ,

coupl able to said CLC panel hat sel ectively applies 4 ., a first
initialization Sgyihicrystl CEC)} panglytp @s§%¥1§w§Ea¥ groens Jefleci¥i® panel ;. 5
and 6 ‘s igcuit, couplable to said CLC panel, that

sel ecfi vel y applcf”ggnsmg tﬁ&&@pscdfé second initialization signal and a second
addr essi ng_si gnal t o isighly Gk@ng sBid portion tPRRGhaticgtiade;l | 1 St_and second
initialization signals cooperating to drive a 9 CLC in said CLC
panel intS a nemati c spbraguenty drivin said pervionyo a shalesterig phese focal-coniti d CLC to
a chol esteric phase f.ocal.-coni¢c state, said first..and, second 11

Bddr eser iy si gn AP S CEETAT TS OUSoRP SRS PEVIHE S KVERGeR Pty sai d 12
chol est er4 ¢ phaggd RFalibseairk d?iﬁrﬂ?eoft idnottigh-Canfaavi Nng a given reflectivity.
11. The., driving appar at ﬂs as re |tesgldia% C?lgfi m 10 wherei n each 2

of said fgrst and secherdafter drivihg zald portishqoadaid samphaving saidfgivet sequence

of 3 pul ses having a first anplitude and a second sequence of
pul ses h&ing a reflegtivity. second anplitude, said first sequence of pul ses
driving said CLC into said 5 nemati ¢ phase and said second
sequence of pulses driving said CLC to 6 sai d chol esteric phase
focal -conic state. 2, The method of driving as recited in Claim 1 wherein said
2 step of initially driving comprises the step of applying a sequence of
3 pulses to drive said portion to said nematic phase.
3. The method of driving as recited in Claim 1 wherein said
2 step of subsequently driving comprises the step of applying a sequence of
3 {)ulses to drive said portion to said cholesteric phase focal-conic state.
4. The method of driving as recited in Claim 1 wherein said
2 step of initially driving comprises the step of applying a first sequence of
3 pulses having a first amplitude to drive said portion to said nematic phase
4 and said step of subsequently driving comprises the step of applying a
5 second sequence of pulses having a second amplitude to drive said portion
6 to said cholesteric phase focal-conic state.

A
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PCT/ USS : 12.©  The dri Vi ng pgpRR58Hs0ies 2S
recited In alm 11 wherein said 2 first anplitude and second
anplitudes are a function of a conposition and 3 t hi ckness of
said CLC. 13. The driving apparatus as recited in
Claim1ll wherein said 2 first and second sequence of pul ses have
a frequency of about 14.3 kHz. 14. The driving
apparatus as recited §n C Pigdhddhod0etAVIMgSRireited i Claim 4 wHekdift saigequence of
pul ses has a duration of about 2 ns and Said second 3 sequence of
pul ses hag a durfist and sécontdamplitudes .are a function of a composition ofIGLC inThe
driving apparatus_as recited in Caim 10 wherein each 2 of said -
first and3secon LEpaney signal s conprises a sequence of 3

addr essi ng pul ses having a predeterm ned anplitude, said driving 4
apparatus operative to drive said CLCto said state having said given 5

reflectivity by varyigg a Theméthed of tri¢itgthsTesiteania Clgin AdHepsaisaid pul ses.
16. The driving apparatus as recited in Caim15 wherein said 2 :

pr edet er nened arfiist tand se¢and anfiplivedascare @f functiompba ithickness of saidi CkGess of

3 said CLC. _ _ 17. The driving apparatus as recited
in daim3is wherRdlsaid 2 first and second sequence of pul ses
have a frequency of about 14.3 kHz.

7. The method of driving as recited in Claim 1 wherein said
2 step of thereafter driving comprises the step of applying a sequence of
3 pulses to drive said portion from said cholesteric phase focal-conic state

4 to said state having said given reflectivity.

8. The method of driving as recited in Claim 1 wherein said
state having said given reflectivity is an intermediate state between said
cholesteric phase focal-conic. state and a cholesteric phase planar state,
and wherein said .step of thereafter driving said portion to ééid
intermediate state comprises the step of applying a sequence of addressing
pulses having a predetermined amplitude to drive said portion from said
\cholesteric phase focal-conic. state to said intermediate state, said given

reflectivity being a function of a duration of said sequence of addressing

W 0 3 600 N bk W N

pulses.

L
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PCT/ US98/ 00108 : 18. The driving_apparatus as

reci t ed WH9838%2m 15 wherein said 2 sequence of PFEHIPBONRy Hul ses
having a predeterm ned anplitude is 3 - preceded by a first sequence
of pul ses having an anplitude less than a 4 m ni mrum anplitude
necessary to drive said CLC fromthe focal -conic 5 state, a

duration of said first sequence of pulses varied such that the sum 6

of the duration of the firsgt seguence.qf pul ses.and the durajion, of the 7
'sequence of addressing pul é“??'é%‘ie%f Y*Eﬁéﬁfec\'fﬁqlﬂb&a‘m wheretn s2id

19. The, dri vi i Wl by .ol is 2
first an secongg:P ?i]?tgélgﬁng}t gl’égll’l]énglgé)?]a sﬂegkrllrg e{lgg(?]}%r}rﬁg% an té@lcl:lg?ldd
addressing 3 amplitudesisprededed by e st€p bf @spiying @l faref selqaerlce wipelses 5. 4

20. A driving apparatus for a cholesteric liquid crystal (CLC 2
panel haw ng fi rhavingad agplitude less ben asaisnwe applitide aeceppystodyiveities 3

h f, i d dri\vi . I Si ng: 4. . d '
Rereel gan e BheSBERAL SRR Siongs i Ot e bl 7%

6 adjusted such that the sum of said duration of said first sequence of pulses
S and said duration of said sequence of addressing pulses equals a
8 predetermined value.

10. A driving apparatus for a cholesteric liquid crystal (CLC)
panel, said driving apparatus comprising:

a data circuit, couplable to said CLC panel, that selectively applies
a first initialization signal and a first addressing signal to said CLC panel;
and

a scan circuit, couplable to said CLC panel, that selectively applies
a second initialization signal and a second addressing signal to said CLC

panel, said first and second initialization signals cooperating to drive a

W ® N ! WN

CLC in said CLC panel into a nematic phase and subsequently to drive

said CLC to a cholesteric phase focal-conic state, said first and second
\

addressing signals cooperating to selectively drive said CLC from said

H BB
N O

cholesteric phase focal-conic state to a state having a given reflectivity.
11.  The driving apparatus as recited in Claim 10 wherein each
of said first and second initialization signals comprises a first sequence of
pulses having a first amplitude and a second sequence of pulses having a
second amplitude, said first sequence of pulses driving said CLC into said

nematic phase and said second sequence of pulses driving said CLC to

O U W W N

said cholesteric phase focal-conic state.

* [+ L M S *
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5 applying a first initialization signal and a first addressing

si gnal woosg@hfeez © CLC panel ; and 7 PCTRUSSS/000€1 I CUi t
coupl able to said second el ectrode for selectively 8 applying a
second initialization signal and a second addressing signal to 9

said CLC panel, said first and second initialization signals cooperating to
10 drive a CLC in said CLC panel into a nematic phase and
subsequently to 11 drive said CLC to a chol esteric phase

focal -conic state, sal2l fiThédrving apphPatus as recitedsincOlhaim dddwkersinngidsi gnal s
cooperating to selectively drive said CLC from 13 .said

chol est er Bc phashrst amplituderandseeandrampligadgs are 4 funetion ofe eorgpasition and

relhectl YhY"  thickness of said CLC. - 36-
PCT/ US98/ 00108 2 21. The driving apparatus as
recited in Caim20 wherein each 3 of said first and second

initialization signal $3.confih¢ dfving apparattis serpoitedcm Chaim 114wherein saidoul ses
having a first anplitude and a secgnd sequence of pul ses having.a 5
second anBl i t udefirstandssecondssequense of pulsey haymas@%qwmpﬂgb%iléﬁdgﬁz-i nto said
6 nemati ¢ phase and said second sequence of pulses driving said CLC
to 7 sai d chol esteric phase focal -conic state.

22.  The driving appgd.at UTh@Erivifg upRefathasTetitdd HlCIEAMNAI Wherdintaid

first and second anplitudes are a function of a conposition and thickness
3 @f sai dficitGequence of pulses has a duration ¢f3abouTRemsiand isaig szpprak at us as

recited ig dai mse%]tlxex\{\c@ec{feplul?ség A duration of about 4 ms.

15.  The driving apparatus as recited in Claim 10 wherein each
of said first and second addressing signals comprises a sequence of
addressing pulses having a predetermined amplitude, said driving

apparatus operative to drive said CLC to said state having said given

ok W N

reflectivity by varying a duration of said sequence of addressing pulses.

16.  The driving apparatus as recited in Claim 15 wherein said
2 predetermined amplitude is a function of a composition and thickness of
‘said CLC.

W

17.. The driving apparatus as recited in Claim 15 wherein said

2 first and second sequence of pulses have a frequency of about 14.3 kHz.

(L
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2 first and second sequence of pul ses have a frequency of about 14.3

kKHz. 24. The driving apparatus ' In:Cl aim
21" wher ¥AP83100% 2 first sequence of pul ses ha??rl‘z%?wgn of
about 2 ns and said second 3 sequence of pul ses has a duration of
about 4 ns. ' 25. The driving apparatus as recited in
Cl aim 20 wherein each 2 of said first and second addressing
signals conprises a sequence of 3 addr essi ng pul ses having a

predet er mi ned anplituge, i d, drivin 4 . .. tuUs operative to
drive said CLC to saiuﬁ'st Zﬁl&%&&?g@% aeritgd In (@ﬁ%affwﬂe$gf§aé(§t ivity by
varyi ng durati i HeNGAs& h €S SidagtePine8 Samplitude i

26. Thg2 drivi nsg&él%%%?gt %ls(ﬁgdg ge@?t ed ?ﬁ% a?m ZS%ereﬁpéaﬁ% s

predet er md ned ampbtdded dyisfirst Sequehceoof pilses favingoai amplitude dess ibankaess  of

3 said CLC | VO 98/ 31002 ) . . _
PCT/ US98/490108 minimum amplitude necessary igpdrive sy Ll iftam gheafpsal-eqnie as
recited ip d ai 5 ' J i sequence of
pul ses have a f%&%&%ﬁ%ﬁggﬁ rf@egug‘,ggofp‘ﬂs?ﬂmﬂ%uéﬁﬁ%%e 5“?‘58. The
driving agparat F e dufstiohesT the fiskiadefueiiee UTSiuled abdithe durktion of the Sequence
of addressing pul ses having a predeterm ned anplitude is 3 .-
preceded by a fisequenseqfieddressufg pulses dgs hgonstaptalugnpl i t ude | ess than a 4
m ni mum anpl i tude necessary to drive said CLC fromthe focal -conic 5
state, a duration of said first sequence of pulses yaried such that the sum

6 of the dur atig?n ofhetd}gg{g;@éﬁaﬁggggﬁgﬁgqﬁ Cﬁéih?ﬁfw’ﬁ?%%r% Qﬁd duration |

of the 7 sequence of as a cons val ue.
29.  Thezdri vi riystapd aecohd sniidlizatten sigrals andChad fird Qnidisedond addressing 2
first and second_ initialization signals and said first and second
addressiny 3 signals compyisgbipolagieqideal pyavefosmse| ect ri cal wavef or ns.

4
. 20. A driving apparatus for a cholesteric liquid crystal (CLC)

2 panel having first and second electrodes coupled to opposing sides

3 thereof, said driving apparatus comprising:

4 a data circuit couplable to said first electrode for selectively

5 applying a first initialization signal and a first addressing signal to said

6 CLC panel; and

7 a scan circuit couplable to said second electrode for selectively

8 applying a second initialization signal and a second addressing signal to

9 said CLC panel, said first and second initialization signals cooperating to
10  drive 2 CLC in said CLC panel into a nematic phase and subsequently to
11 drive said CLC to a cholesteric phase focal-conic state, said first and
12 second addressing signals cooperating to selectively drive said CLC from
13 ~said cholesteric phase focal-conic state to a state having a given

reflectivity.

* [+ L M S *
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PCT/ USQ%QQ@,{,)@W 30. A driving appgribsigore’ 2
cholesteric Iiquid crystal (CLC 2 di splay having a plurality of
control |l able display elenents, said CLC 3 di splay having a matrix

of row and column el ectrodes that define each of

21.  The driving apparatus as recited in Claim 20 wherein each
of said first and second initialization signals comprises a first sequence of
pulses having a first amplitude and a second sequence of pulses having a
second amplitude, said first sequence of pulses driving said CLC into said

nematic phase and said second sequence of pulses driving said CLC to

N 6 o W

said cholesteric phase focal-conic state.

22.  Thedriving apparatus as recited in Claim 21 wherein said
2 first and second amplitudes are a function of a composition and thickness
3 of said CLC.

23.  The driving apparatus as recited in Claim 21 wherein said

2 first and second sequence of pulses have a frequéncy of about 14.3 kHz.

24.  The driving apparatus as recited in Claim 21 wherein said
2 first sequence of pulses has a duration of about 2 ms and said second

3 sequence of pulses has a duration of about 4 ms.

25.  The driving apparatus as recited in Claim 20 wherein each
\of said first and second addressing signals comprises a sequence of
addressing pulses having a predetermined amplitude, said driving
apparatué operative to drive said CLC to said state having said given

u W N

reflectivity by varying a duration of said sequence of addressing pulses.

26.  The driving apparatus as recited in Claim 25 wherein said
2  predetermined amplitude is a function of a composition and thickness of
3 said CLC.

L]
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4 ~ said controllable display elenents, said driving apparatus

conpri si-ng: 5 a data circuit couplable.to said col um
el ect r oNBIFPIMZe| ectively 6 applyi'ng a first i¥fFEHPES000B; on
signal and a first addressing signal to each 7 of said display
el enents; and 8 a scan circuit couplable to said row
el ectrodes for selectively 9 applying a second initialization
signal and a second addressing signal to 10 . each of said display

el ements, said first gnd cond.initialization,sighal 1 .
cooperating to drive 2?::& dsﬁlﬁﬁff‘?m«%@w@ i3S preilyd 1 gﬁ?é??ts)sslwm‘&"h%rmti c 12
phase an subsequﬁ.gmn i i i | ts to a 13
chol este?zlc phase foga gg%fdcl%g%e;‘t% , lgség%{’f?lrf%taﬁ%ﬁg OZEE%% é% ressing
signals 14 cooperating to selectively drive said controllable

di splay elenents from 15 .. said cholesteric phase focal-conic state
to a state having a #8ven The driving apparpius @s iregiteg in Claim 25 wherein said 31.

The driving apparatus. as Legi | 1. 30 rein. eac 21 of
said fi ré] a_nd §8ﬁ‘fﬁ?ﬁei i%ﬁgté‘@ﬁegsﬁ%%sa V@@?ﬁ&!‘@‘é‘?aﬁ?ﬁ’#t&?e §%quence of
ﬁavi ng a :pul45-es ﬂ? aé/édggggn%ﬁgﬁg?@%deépggis%qﬁv?,sgtsﬁfs:ggﬁlggggq%fg q%lifisegu:jfs\s;i ng
sel ect ed #nes ofminirfum amplitudeanatessaryt topdtivd sad dCISE Ifeom ¢heefoeal-sonint o sai d
nemati ¢ phase and sai d second . sequgence of | ses driving said
sel ect ed ®nes ofS&&%i %Wprcglspgtf%ét mg}cgy?%uges varied ﬁg‘i‘ g??éﬁ‘?%s“t’% said
chol esterd c phasg é\@%ﬁﬂ‘“&ﬂgf%hgtﬁ%hesgpu?me of pulses gnd the dura%igg'of thd N driving

apparatus as recited 1n el n sai I'rst and second
anpl i tudes are aefusnceé bdaddréssingGulses hiaé & 0onstaid vildieckness 3 : of "said
CLC. : - 39- WO
98/ 31002

PCT/ US98/ 00108 29.  The driving apparatus as recited in Claim 20 wherein said

2 first and second initialization signals and said first and second addressing

signals comprise bipolar electrical waveforms.

A

L

-38-



33. The driving apparatus as recited in Caim31 wherein said 2

first argosgsmorl sequence of pul ses have a frequency of ®benisosiebied kHz.

34. The driving apparatus as recited in Claim31 wherein said . 2

first sequence-of pulses has a duration of about 2 ns and said second 3
sequence of pul ses has a duration of about 4 ns. 35.
The driving apparatus as recited in Caim30 wherein said 2 first
and second addressing signals conprise a sequence of addressing 3

pul ses having first 80l seAdrdingrappartes fonedhalegdrid ligldd crysed )€LCyvely, 4
said driving apparatus operative to drive said CLC to said state having 5
sai d gi ved ref| aispley bpvipg 2/ pluyality of contraliable display-¢lementsysdd Ll 6

addr essi ng pul segs. . . . 36. T A appar atus as '
recited i% O ai rﬂ?%y\/ﬁ?é}"&wg%&f roy and cgﬁm’\‘?‘?‘g(fmgﬁg’aigg%#d&ﬁﬁgget er i ned
anplitudeg are d&nkd fa; oStk i ; . pekness of said
CLC 2 Bal Ttx‘oﬁﬂblg%l P! STﬂe @%’v%gd%‘ggér ?ﬁmgg&?gﬁlhﬁéd in Caim
35 whereim said 2 adata cirbuit sbuplahle tesaid dolnamueiestendes forulekeetivdipve a '

frequency of about 14.3 kHz. . .= . | 38., The driving =
appar at uséas r ec@PPbing a frstinitializatigncyignal and, a first addressing signalpsaeR of

- addr essi ng pul Seq?dsigﬂ%ﬁ@éﬁgf%@g‘e% gnJi rst sequence of pul ses 3
S

having an”anplit an-a mni num anpl i tude necessary to drive 4
sai d CLC §rom the focalscaippireuif taugtablé 16 hidl fown eRciroaésdiori defdcrisalgiuence  of
5 pul ses varied such that the sumof the duration of the Tirst
sequence 9f 6 applying aseconddnitiatization signabanda sedond laddrcssing signal 46

addr essi ng pul See%ctrl] of said %?srf)ﬁyaagmentz, said first and. lsel{:%hd initialization signals

- 40- 1
| 11 cooperating to drive said controllable display elements into a nematic
12 phase and subsequently to drive said controllable display elements to a
13 cholesteric phase focal-conic state, said first and second addressing signals
14 cooperating to selectively drive said controllable display elements from
15 said cholesteric phase focal-conic state to a state having a given
16 reflectivity.

31.  The driving apparatus as recited in Claim 30 wherein each
of said first and second initialization signals comprises a first sequence of
\pulses having a first amplitude and a second sequence of pulses having a
second amplitude, said first sequence of pulses driving selected ones of
said controllable display elements into said hematic phase and said second

sequence of pulses dri;fﬁg said selected ones of said controllable display

SN N U W

elements to said cholesteric phase focal-conic state.

32.  The driving apparatus as recited in Claim 31 wherein said
2 ~ first and second amplitudes are a function of a composition and thickness
3 of said CLC.

LT
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WO 98/ 31002
- PCT/ US9 39. The dri vi Ngp,
reci ted%‘ggglg?m 30 wherein said 2 first and seC(a;P 1 ni yﬁal i zation

signals are applied sinmultaneously to each -3 of said plurality of
control |l abl e display el enents. 40. The driving
apparatus as recited in Caim30 wherein said 2 first and second

initialization signals are applied to at least a first sel ected 3

Second addressi ng si ol s (R d el el R TR0 MBI WO 700

|east a_sgeond skeiiaekond YedlensPorpikas ke theQﬁerfc‘?errdbbbtaﬂ sidizsplay 6

el enent s. The driving apparatus as recited in

Claim 30 wherein said 2 ' flrst and second |n|t|aI|zat|on signal s

and said first and second dd sin Si aI i se,bipolar
2 first sequenc&of pulses has a duration of about 2 ms and said second

3 sequence of pulses has a duration of about 4 ms.

35. The driving apparatus as recited in Claim 30 wherein said
first and second addressing signals comprise a sequence of addressing
pulses having first and second predetermined amplitudes, respectively,
said driving apparatus operative to drive said CLC to said state having

said given reflectivity by varying a duration of said sequence of

o 0 e W N

addressing pulses.

36.  The driving apparatus as recited in Claim 35 wherein said
2 first and second predetermined amplitudes are a function of a composition
3 and thickness of said CLC.

37.  Thedriving apparatus as recited in Claim 35 wherein said

2 ﬁrst and second sequence of pulses have a frequency of about 14.3 kHz.

38.  The driving apparatus as recited in Claim 35 wherein said
sequence of addressing pulses is preceded by a first sequence of pulses
having an amplitude less than a minimum amplitude necessary to drive
said CLC from the focal-conic state, a duration of said first sequence of

- pulses varied such that the sum of the duration of the first sequence of

pulses and the duration of the sequence of addressing pulses has a constant

o B < A W ¥ | R S V- S

value.
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PCT/ US98, 8948502 42. A method of qidphis9glodios
cholesteric Iiquid crystal (CLC 2 di splay having a plurality of
control |l able display elenents, said CLC 3 di splay having a matrix
of row and col um el ectrodes that define each of 4 said .
control |l able display elenents, said nethod of driving conprising: 5 .
selectively initializing at |east one of said controllable display 6

el enents by appl yi ng fir je UL, .aﬁagﬁ gq.ﬁg e of said
7 colum el ect odes%ge %{NJ’%%&J sl)l ni t|l %%gl‘%na tsgﬂat | east

one of sabd 8 first and rséwnslxﬁﬁmmeﬁsxgamsciré h;ﬁ;ﬂied%ﬂﬂul@ﬁié kdedchal i zati on
signals cooperating to drive said at | east one of said

control | aBl e di swmdphleaiﬁymﬁwmtdlaélerdésniay elements. phase and
subsequently to drive said at |east one of said controllable 11
display elenents to a cholesteric phase focal -conic state and 12

sel ectivel y addressi nggsai %@aﬁ‘hﬁ%\@% %freﬁﬁédj \@Fgrén%ﬁpl ay 13

el ements by applying a first a ng signal to sal ast one of said
14 2 col unfirselmisecadeinitiatichtion signals drecapplied o mgestgrﬂa’st gefecsedi d at
| east one of 15 said row el ectrodes, said first and second

addr essi nd si gnalow @dosid aluralily of1epntrollable display, sleseants, cseid dirstvandsai d at

cha ester fo. phaseoPRL aidienie, gttt BeR HolRlAriyworshsty, trepuin o' °

reflectivity.  Jeast a second selected row4€f said H16raliB! bP LoffrolblY Id IS recited

in Caim42 wherein each 2 of said first and second I nifialization
si gnal s cénpri seelemefisr st sequence of 3 pul ses havi ng a first
anplitude and a second sequence of pulses having a 4 second

anplitude, said first sequence of pulses driving sel ected ones of 5

said controllabl e dispjay ?h@gﬁﬂﬁfaﬁﬂ}}&xsgﬂ Qcﬂ%%ﬁhﬂ@ﬁ%&&g sﬁi?ii d second

2 first and second initialization signals and said first and second addressing

signals comprise bipolar electrical waveforms.

HII\II\ \\ll\l III\I lllll | lll\
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6 sequence of pulses driving said selected ones of said controllable

di spl ay - elenments to said cholesteric phase fo st at e.

VO 98/ 31‘6928*'31002 BexisSilofos |

PCT/ US98/ 00108 44, The met hod of driving as
recited in Claim43 wherein said 2 first and second anplitudes are
a function of a conposition and thickness 3 of a CLCin said CLC
di spl ay. 45, The method of driving as recited in
Claim 43 wherein said 2 rst .and second, sequence of pul ses have a
frequency of about 144% kHA methad Of driving a chelestericguid crystal d of

pul sos had o dur SEPEN T Pigoh BordG ot her Blle iy ctemebs, Sia ERECTCT 2 ¢

pul ses hag a durgshignngfin %Pﬂﬁhxdofrfﬁw and column electrodes that defifle each ofhe net hod
of driving as recited in alm 42 wherein said 2 first and second

addr essi ng si gnasaid camtpollable dis;ﬂzgqeiementsosal&Mmfr@vmgcompnsmg puI ses

having first and second pre ned | itude res '
sai d step50f sel ect | vﬁff?cﬁ’&gr %EB-?%?%O brid £p ﬁ5°l§ﬁb Qiﬂfsvlaa{g ones of

E 321 d_COBLERNL gpéﬂvagga rsE SRR QR § RUBLE heraggsal d i ven

I'on o sai d sequence "of addr essi ng
pul ses. column electrodes afBa second thitiatizatieh Signalb i R@stasherofehided in
Claim 47 wherein said 2 first and second predeterm ned anplitudes

are a funétion ofovaeleetngdesi saidfirst ad second initiplizatinn signals coeperatingltg i n sai d
CLC di spl ay.

. . of drivi recited in
Clai m 47 fher ei ndRYg §id atjeast one OfS?'atcg'?m%”‘?g?es@E&J% R %&‘ﬁﬁcses have a
frequency qof abophast4andt &lBequently to drive said at least one of said controliable

11 display elements to a cholesteric phase focal-conic state; and

i2 selectively addressing said at least one of said controllable display
13 elements by applying a first addressing signal to said at least one of said
14 column electrodes and a second addressing signal to said at least one of
15 said row electrodes, said first and second addressing signals cooperating
16 to selectively drive said at least one of said controllable display elements
17 from said cholesteric phase focal-conic state to a state having a given
18 reffectivity.

\
43.  The method of driving as recited in Claim 42 wherein each

of said first and second initialization signals comprises a first sequence of
pulses having a first amplitude and a second sequence of pulses having a
second amplitude, said first sequent:e of pulses driving selected eﬁee of
said controllable display elements into said nematic phase and said second

sequence of pulses driving said selected ones of said controllable display

S o0 b WN

elements to said cholesteric phase focal-conic state.

[N
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PCT/ USO ¥ ékH1602 50. The net hod of pmmymlms recited

in Claim47 wherein said 2 sequence of addressing pulses is

preceded by a first sequence of pulses 3 havi ng an anplitude | ess

than a m ni mrum anplitude necessary to drive 4 said CLC fromthe

focal -conic state, a duration of said first sequence of 5 pul ses

vari ed such that the-sum of the duration of the first sequence of 6

puI ses and the duratiyqn omamﬁﬁﬂwannggr@q@agﬁamwgggldWa const ant
val ue. . The nethod of driving as recited

| n Cl ai m242 whefigstiand second amplitudes arsaélpnwbn@éla@ompaeﬂnpmandltmmezs ng

i il 2t i on OFRde 1 SHRLIE GRPERI o pl Lrali Cy of controliable. 4

di spl ay el enents. 52. The met hod of driving as
recited in Caim42 wherein said 2 step of selectively
initializing is perfasned The nithddesfdrivingfas redited ¢t EIdimMI Rhereindsaid of
said plurality of controllable display eI enments while said step of 4
sel ectivély addffisstandhgecond Wﬂmﬁp udsesrhavean Exsquangy o @bewti 143 kHzat | east
5 -a second selected row of said plurality of controllable display
el enent s. 53. The nethod of driving as recited in

Caima42 wherein saidg, 2The memodfdfrﬁwxgw r&.%@mcxamnuﬂvhéﬁm Qi st gnal s
and said first and second addressin signal s conprise bipolar
el ectricad wavefirstnsequence of pulses has a duration of about 2 ms and said second

3 sequence of pulsés has a duration of about 4 ms.

47.  The method of driving as recited in Claim 42 wherein said

2 first and second addressing signals comprise a sequence of addressing
3 pulses having first and second predetermined amplitudes, respectively,
4 said step of selectively addressing comprising the step of driving ones of
5 said controllable display elements to said state having said given
6 reflectivity by varying a duration of said sequence of addressing pulses.

48.  The method of driving as recited in Claim 47 wherein said
2 first and second predetermined amplitudes are a function of 2 composition
3 and thickness of a CLC in said CLC display.

49.  The method of driving 2s recited in Claim 47 wherein said
2 first and second sequence of pulses have a frequency of about 14.3 kHz.

\\Il\ll\ \\\l\\ III\\ \\I\l \\ \ll\
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appl ying a second’initra

11

WO 98/ 31002
PCT/ US98/ 0 _ 54, A chol est er] Lgui
(CLO dl%é‘ﬂgég‘%gzyst em 2 . conpri sing: 3 i’&'JUh&%g

having a plurality of controllable display el enents, 4 said CLC
panel having a matrix of row and columm el ectrodes that define

each of said controll abl e display el enents; 6 a data
circuit coupled to said colum el ectrodes for selectively 7

a1 & TSt L a e et s st P CI ATy R B ang
a scan cigcuit cosphedof ﬁ@%sﬁg’ﬂ“ﬁe%'i???éc@&@sbﬁQ'i“xrﬁﬁegtgéx&x‘!%k?ﬁulsesm

n Signa and a "secon €ss

cryst

C panel

5

ng si gnal

al

to

3 each having aincamplitodd lesythah acminimoml ahplitudt neessareteedive s, sai d

first and 12

hol cot ey o pha sk Safe OB B ARG puagon o 5k Bk WaBhBIRELS L0

addr essi

si gn

di spl ay el enent

17

Vi > W N

. second initialjzation signals cogperating to drive
sai d cont4 ol | abisaid ¢l fegyn the focal-conic siatenpdyralipmehsaid festsequengmheke and

?hrseésﬁﬁnﬁé dirafich $Qhe SdqBerck 08 hddrélkiny Puised HasCPedrsaht abl e 16

fromsaid chol esteric phase focal-conic state to a state
7 havi vglue. gi ven reflectivity.

51.  The method of drivixig as recited in Claim 42 wherein said
step of selectively initializing comprises simultaneously applying said first
and second initialization signals to each of said plurality of controllable

display elements.

52.  The method of driving as recited in Claim 42 wherein said
step of selectively initializing is performed on at least a first selected row
of said plurality of controllable display elements while said step of
selectively addressing is performed simultaneously therewith on at least
a second selected row of said plurality of controllable display elements.
\ -
53.  The method of driving as recited in Claim 42 wherein said
first and second initialization signals and said first and second addressing

signals comprise bipolar electrical waveforms.

L]
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55. The CLC display systemas recited in Caimb54 wherein 2 each
of sai dwipgsmioend second initialization signals conprisepCuukdsegtes 3 -
sequence of pulses having a first anplitude and a second sequence of 4
pul ses having a second anplitude, said first sequence of pulses driving 5
sel ected ones of said plurality of controllable display elenents into said
6 nemati ¢ phase and said second sequence of pulses driving said.

sel ected 7 ones of said controllable display elenents to said

chol esteric phase foddl - A 8cholesteric cloquid stystad. (CLC) display system

- 45- WD 98/ 31002 '

PCT/ US98/90108 comprising: 56. The CLC di splay system as

T gnal s Chmprise a s dyikcing) taying aplurffly Srohaoudie ySRETRIAIRICST 1Y,

and secongd predahRCILOpehep RNing ¥ HREIx sfadReald cohiin elecfrodel.s that defgﬂéd CLC

di splay systemoperative to drive said controllable display _
el enent s 5 r om saach ofisdid somsrallableidisplay elemlentspni ¢ state to said state having

7 said given reflectivjt varying.a durati qn of said sequence of
8 @ddr essi ng pufidig sircuit chﬁXd t0 shid Column e'3»")?'.‘-“’8"-5I' ?ﬂi s@i"@“&éﬁpl ay
system as,recit 5 | aﬁ% i | %!ﬁs.p e
addr essi ?’g pul sggpil@n%?ggdg@ y gﬁfslfgnsa{ %%aggﬁc%&§83n§§ to ea@faul ses
havi ng arg anpl i iofdgidl ptaalityhefcontrolisbledisphuyslemhets; adcessary to 4
drive said CLC fromthe focal -conic state, a duration of said first 5
sequence Df pul ses v Sean sifewit cpupled He saidnrow elgetrees ofior osglestivelyie fir st

O i ses 16599 Shningk 5500 Hiatfof ekl Sk 2odld AEASRE G40 §IUT 051 g

11 each of said plurality of controllable display elements, said first and
12 second initialization signals cooperating to drive said controllable display
13 elements into a nematic phase and subsequently to drive said controllable
14 display elements to a cholesteric phase focal-conic state, said first and
15 second addressing signals cooperating to selectively drive said controllable
16 display elements from said cholesteric phase focal-conic state to a state
17 having a given reflectivity.

55.  The CLC display system as recited in Claim 54 wherein
éach of said first and second initialization signals. comprises a first
sequence of pulses having a first ampiitude and a second sequence of
pulses having a second amplitude, said first sequence of pulses driving
selected ones of said plurality of controllable display elements into said
nematic phase and said second sequence of pulses driving said selected

ones of said controllable display elements to said cholesteric phase focal-

0 g3 o6 N N

conic state.

manny
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58. The CLC display systemas recited in Caimb54 wherein 2 sai d
first a initialization signals are applied sinu SR03 to 3 -
each ofggﬁﬁgﬁgeﬁrality of controll able display elenents.ﬁéiua fof

59. The CLC display systemas recited in Caimb54 wherein .2 sai d
first and second initialization signals are applied to at least a first 3
sel ected row of said plurality of controllable display elenents, said first
4 and second addressing signals being applied sinmultaneously

therewithto 5 a o . - Of | urality of
control | &l e display 36. 6 Lrﬂeeéﬁée[ﬁseﬁnéﬁ%&ﬁ% %&Eﬂg&%&%@%@rﬂ

PCT/ US98/0108  said first and second addressing sighfls comphie (equetice Rf addysingem as
recited in Claimb54 wherein -sai d Tirst apd second initi alization
signal s and sai gulses favingdirstcandns¢cordl predetermindd ampitudgs,siegpestivelyonpri se

oi pol ar esl ectri ngLJld &‘6%?s{3ﬂa§'system operative to drive said controllable display

6 - elements from said cholesteric phase focal-conic state to said state having
7 said given reflectivity by varying a duration of said sequence of
8 addressing pulses. -

57. The CLC display system as recited in Claim 56 wherein
said sequence of addressing pulses is preceded by a first sequence of
pulses having an amplitude less than a minimum amplitude necessary to
drive said CLC from the focal-conic state, a duration of said first
sequence of pulses varied such that the sum of the duration of the first

sequence of pulses and the duration of the sequence of addressing pulses

N o s wWwoN

has a constant value.

58.. The CLC display system as recited in Claim 54 wherein
2 said first and second initialization signals are applied simultaneously to

3 each of said plurality of controllable display elements.
\

59. The CLC display system as recited in Claim 54 wherein
said first and second initialization signals are applied to at least a first
selected row of said plurality of controllable display elements, said first
and second addressing signals being applied simultaneously therewith to

at least a second selected row of said pluraliiy of controllable display

o)W ¥/ R - S VS R V.

elements.
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60. The CLC display system as recited in Claim 54 wherein

said first and second initialization signals and said first and second

addressing signals comprise bipolar electrical waveforms,

RN ) P
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