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WO 2009/ 005906 PCT/ US2008/ 064377 COLOR LI QUI D CRYSTAL
DI SPLAY PANEL DESI GN FI ELD [01] The present disclosure
relates to color liquid crystal display panel design
and particularly to full color reflective display
Fenzdoo/esb@r desi gn. 5 BACKGROUND [ 02] A ref| eBCTAIB2008/064377
di spl ay's col or ganmut depends on both the intrinsic
red, green, and blue primaries of the display and the
illum nation spectrum Cholesteric liquid crystal
| ayers are wutilized in reflective displays to reflect
i ght of articul ar wav th and transmt all other
1 ont weveoliRiIdUTh CRYSTALIHSPLANPARER Bison: v 1 a
consists of a nematic liquid crystal and a chiral
I€¥§Htive bl ended together to spontaneously forma
elical structure with a defined pitch. This pitch

deternines the wavel ength of |ight reflected by and
(01 enTke pregenpdisdeswetatmsitiocolaf liq‘uitbcmﬁtleiiépﬁy. panél desigebnd n

S rlcl ui d st al can be sw tched
pefigitn s Tl coigr ilive fplis rhue) BBt 1t
sem -transparent focal conic state, by application of
BAAK GR iate drive schene. In its 15 reflective
state Ee observed color of the device is a
conbi nation of the cholesteric reflection and the
[0X)ac kg'eﬂnutide displny s cplod dardutidepdndcod beth ehieahiembie red; gfdeq,w'nd blue

di.s made by sta et,  of :
pngxaé s disHind e }1@81”?%’11@“ PRSI @9@?%{10 B P@fﬁf&ﬁlamﬁare
utlﬁied%‘i;éﬂeeﬁ\rk%splﬁs by Rne@Nigh Sl p%iftwufé? Wal Qe A trasialt all other

diffuse illumnation at all angl es provides an observed
llgthwelen@fas depends, in 20 part, on the observed view ng
angl e. The observed color shifts to shorter wavel engths

[033 X c{hglest%m: gglgg th)gﬂl Le()?lrs]ls& 3L H&F%P;cl lhq(sﬂ{c} %Qét%l)aﬁgg 3 tcgﬂ]e;lsddditive

'S un a drs
blesltied top&herdo Eiﬁinmhe@ﬁtylﬂ)ﬁh B <hehdahstfdnﬁ1r@hraﬁ a\definddagR. This pitch
BRI EF SUMVARY % 'Lhe pr esent sure relates to
detepmigss the &f@yqje lig t(ﬁﬂggp y |nc FQPFCQH g color of the material.

1tih G ¥hétEdidtic | tht dispf0)cQf pé UGelll B lérY Eéﬂé‘éﬁ tat
@if ) es{:gn.c %%sc gdgrce ? Stqh 9&trje gt es T Ve siate
andi Essayn-transparent focal conic state, by application of an appropriate dnve scheme. Inits
reflective state, the observed color of the device is a combination of the cholesteric reflection

and the background color.

[04] A full color cholesteric liquid crystal display can be made by stacking a set of red,
green, and blue reflecting liquid crystal panels on top of each other. A typical display
configuration with diffuse illumination at all angles provides an observed color that depends, in
part, on the observed viewing angle. The observed color shifts to shorter wavelengths at more
oblique angles from normal or on-axis. This effect is undesirable in a display as it leads to

diminished color saturation in the observed image.

BRIEF SUMMARY

[05] The present disclosure relates to color liquid crystal display panel deign and particularly
to full color reflective display panel color design. This disclosure further relates to the design
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-1 WD 2009/ 005906 PCT/ US2008/ 064377 of a reflective
cholesteric liquid crystal display with red, blue, and
green primaries that yield optiml on-axis color

rfornmpnce and mnimzes off-axis color shif
@ﬁé&‘ﬁ‘f@&g illumnation conditions. The obseréfé[z{}@g'i%‘]lﬁ“w
gamut can be nmaxi m zed and the off-axis color shift
can be mnimzed by careful positioning of cholesteric
liquid crystal red, blue, and green 5 prinmaries
refl ectance peaks relative to the illum nation
of a?@ﬁé‘ch{iélé'ﬁole{s%@ i gﬁxd%ryts'tarl Efsgﬁmtﬁ'r&? Bive, shdBebdiOfinries that yield

form ng l'iquid crystal displ i'ncl udes” det'erm ni ng
optignal on—mmaiemedbtrmmqg@a& mpginides né’fams caler shiftumderssptcifieceen

o R R e BB oy o B e BB S gy ol

shiftédnlbeanibini@ed byohikefulgjosiiching Of l:hdihsteﬁc lighidshrtal kddly Blue, and green
havi ng. a bl ue peak reflection wavel ength being a

Primagsigs ¥ ctawmeélﬁﬁgﬁhﬂvmﬁh% Hamimption pResITWENt bl ue peak
wavel ength, and a green |i ght reflecting liquid crystal

[06] a4RL fﬁ’@éhﬁ?dﬂwﬂf %‘?ﬁbtho?iecﬁ géefﬁﬂwg gry;ﬁﬁy cﬁk;ﬁ?ﬁgﬁlalr%lg%st determining

substantially equal to or

an 1ﬂuram|anqiéwpeakmaeélel@h han 1Hmnina1trgeﬁc¢n ipeakwyavetengthc endnan illuminant
uid tal la

Y TEITRR NI RN 8 G M

crydtdl 1443t Revidg 4 Blde pakkref@Yieh %Géléhgtl{ &Zﬁlg 4 shoaepwm@gth than the
enbodi nment, a liquid crystal i ncl udes a bl ue

111umngmbl\afemqak cavelgngth.cand @ greeg hghygﬁ%ntmg higeid cretal iyerhayinge green
pea? i fxb&%g éfﬁlu%ﬁg&ﬁhal B o‘?ﬁ& y thxgﬁ{g 1ﬁlﬁ‘Hﬂ tééé% peak

rqurd cr s Yayer
wa%&ngihemqi «h:ed dighit raﬂdfoeldg lhqglitcrys’e.i lagérthamgg lairedipehk eeffetion

having a red peak refl ctlon engt The
wa‘re e&aﬁhd)eeagfslt)%ser e f’%}hh@ n i fﬂétd akséva‘fp ePifi nat ed

by an illum nant having an illum nant bl ue peak

[07}VaviR |aﬁ&9$rrbmtﬁﬁldlén|t Léfﬁq{ilﬂf@ryﬁil% Bla?]r Weﬁ‘@%ﬁieqwf Qﬂecﬁﬁ‘@ liquid

an illumnant red peak wavel engt The bl ue
crystaflaysc havimg 4 blye p@lak reflestipn waweler@;&ea gmeaélgb@aﬁecrte@ﬂqmdu coystal

vel engt hlsa rter e.illu
ey AR Bk e BS oh orfEGh 3001 P T il A9 tayer
havingQited peakytefl@tioh apmeslerpile emdqe;{niﬁ dr?:ftél@l@dpldyﬁs cmgefean@ bé
i S subst antl ally equal to or longer than_the il um nant

illuggnaed bpf@ak lyppipanteaying an Yieningad Blue peak Wi etangthy phglupyinggt green
pea.F (rv)\%lgéel?ﬂ aa)i Em flﬁ.ﬁmf?ﬁ'ﬁ kedr Elt &4 l hﬁ%lbmﬁ%e iéeEle@tmg liquid
crysigldgtee bigt Ipeak reﬂectum wavelength isa shorter wavelength than the illuminant blue
peak wavelength. The green light reflecting liquid crystal layer green peak reflection
wavelength is substantially equal to or longer than the illuminant green peak wavelength, The
red light reflecting liquid crystal layer red peak reflection wavelength is a longer wavelength

than the illuminant red peak wavelength.
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-2 WD 2009/ 005906 PCTI US2008/ 064377 BRI EF DESCRI PTI ON
OF THE DRAW NGS [08] The invention may be nore

conpl etely understood in consideration of the follow ng
detai |l ed description of various enbodi nents of the

YR 879059P6i n connection with the acconpanyi nBCT/US2008/064377
drawi ngs, in which: 5 [09] FIG 1 is a schenmatic side
view of an illustrative liquid crystal display; [10]

FIG 2 is a schematic side view of another illustrative
liquid crystal display; [11] FIG 3 is a visible |ight

BB B 4 20, 1 8 e

spectrum [12] FIG 4 is a visible light spectrum of
[osq\SDTﬁ@iﬁvédnGF m;,%% e bdshg%{ﬁgl?rb%ngﬂt&w&ﬁ%nﬁ&érhﬁon%?fiésl]%ﬂgmng

on an 1| nant Vvi spectrum and
detrila@, deScripiomof/vagiobs embadi¢entspfdbe inventwh in boreectipmewith the ght
reflecti liquid,crystal cells overlaid on an
aC‘i"mPﬁ?ﬁ%%?W\ﬂgww&l i ght spectrum [14] The figures are
not necessarily to scale. Like nunbers used in the

(0911 OPFIGSI ik @fseHentatic bidK GiewCAR INBRHtEe ligaiter@ital displayd | | be
understood that the use of a nunber to refer to a

conmponent 15 in a given figure_ is not intended, .t
(191 nF1G1%48 2 sehepwhesde viswa{snethser uskaie hamerystal dispia ne
same nunber. DETAILED DESCRI PTION [15] In the

(110! FR® 39 a R8¢ 1igtisPebtrumBSrew 6 bR light AREink AqhidQrystal cells overlaid
acconpanying draw ngs that form a part héreof, and in

onah i bimigane visihtplighbspedlaymof i | | ustration several specific
enbodi nents. It is 20 to be understood that other

TR0 LA o R R A s overid
on iath viRindinamih visibledlight bpeottimpandet ai | ed descri pti on,
therefore, is not to be taken in a limting sense.

16 . sciLenti.fic and technical ter used.herein
9120 ETGeish AuTe e Snfopud e S b e FELQR Shat et
ovelAesrSiHumRRE( ViiBK lightwpetRin.ni ti ons provi ded herein

are to facilitate understandi ng of

[14] The figures are not necessarily to scale. Like numbers used in the figures refer to like
components. However, it will be understood that the use of a number to refer to a2 component
in a given figure is not intended to limit the component in another figure labeled with the same

number.
DETAILED DESCRIPTION

[15] Inthe following description, reference is made to the accompanying drawings that form
a part hereof, and in which are shown by way of illustration several specific embodiments. It is
to be understood that other embodiments are contemplated and may be made without departing
from the scope or spirit of the present invention. The following detailed description, therefore,

is not to be taken in a limiting sense.

{16] All scientific and technical terms used herein have meanings commonly used in the art

unless otherwise specified. The definitions provided herein are to facilitate understanding of
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-3 WD 2009/ 005906 PCTI US2008/ 064377 certain terns used
frequently herein and are not neant to limt the scope
of the present disclosure. [17] Unless otherw se
|nd|cated all nunbers expressing feature sizes
Wit 459 élo\nd physi cal properties used int hePCT’rUsmos"o“S”
speC|f|cat|on and clains are to be understood as being
nodified in all 5 instances by the term "about."
Accordingly, unless indicated to the contrary, the
nunmeri cal paraneters set forth in the foregoing
certR &b b6 A@Melthedlih 1AL n6l AlLfPo it HARESNE! TR ANt
can vary pendi ng upon the desired properties
dﬁﬁsught to be obtalned by those skilled in the art
utilizing t he teachings di scl osed herein. [18] The
n_ o I nges. b i.ncl
[17] %ntle%%rgglrcrs\m ntg%, a"i)i % g eiBre%/shn&r}gr an tlzsee uﬂgt gndé)hyswal
propeﬂi‘ds wgkelsin the sbc&ﬁca’iwn%n& 51,a1riﬁs ar@tod?, unders@bd a§be1ﬂgldwdllﬁ)éd in all

H‘Sfé‘gg% efif ‘i\ﬁn@t Ly g‘é‘% E‘g‘g‘%‘gﬁﬁﬁﬁﬂ[ 1’(%{?] E]dgag%g?o %hgé:%gtrw,l}ht’apumcncal
pareﬁ&?&?set rth mame fo {%Bﬂlrgtsgécl?ﬁcatﬁﬁ‘%ﬂﬁﬁﬁéﬁed%m | g I%Xi}natmns that

Vi ng ural unl ess the content c
can &a@tdaptﬂslmgamba ltlw desiredymopestia snught tu I ahpengdf bycthoseckillad ch the art

.the a ded cl the term"” or is generally
“tlhé%It@giFlﬁf%Sdisgf%@?é W-ncl udi ng "and/or" unl ess the

content clearly dictates otherwi se. 15 [20] The present

[18Hi STk @svitator 6ff rin@SicilQargel By erdpéintsinelide tadl nugibeRlsalysumed within
panel desi %eqnand particul arl_l% to full color reflective
thatdil@;m(%\g hareincladesos 1 dei g, IThSS 4gsnsly) ¢ad pey ranee wihin that range.

relates to the design of a reflective cholesteric

[19f | %‘Ee&{rb’tﬁfs%ged?ﬁé&ﬂ})ﬁ‘){nd%é Ep&{eﬁéi’ed &elib‘l@;thé‘%]ﬁg&per “a”, “an”, and

primaries yield opti on-axi s co or MeEnce
“thd redcqmpmsmmbmilmertts baviing pimtabrefsrtntsf unigsstbe coppertictenryl dictates

um,nat i on condi ti ons he obse col.or. gaput,.c
OthwsMs HF?@B iy BWHJ%S*‘%‘F‘% giﬁ“‘s”@%‘? %ﬂ“% G TR Y Bsege““'rauy
emplby¥d i ZE§knBYin RGREhnDOS uhicSthe aon@ém eherl e dickds GtHehwligd.d
crystal red, blue, and green primaries reflectance

20 geaks relatlv to the illum nation spectrum Wile the

r e mrespihistassis relptss fnotolas diapidisiysiad disalay Rppsl desien 40dn
P, P AMERL i Y SIB BBl T iy s o
the fiésign dﬂa@cﬂébtws clwlﬁmdmdquidccrﬂitail displlapwithfrediblue, Andsgreext firinmaries
thatI );ieq}:[l ogtmciarll%%za%s collor ple%Xnnla%ge anldnmlmnuges off-axis color shift under specified
illumination conditions. The observed color gamut can be maximized and the off-axis color
shift can be minimized by careful positioning of cholesteric liquid crystal red, blue, and green
primaries reflectance peaks relative to the illumination spectrum. While the present invention

is not so limited, an appreciation of various aspects of the invention will be gained through a

discussion of the examples provided below.

[21}]  FIG. 1 is a schematic side view of an illustrative liquid crystal display 100. In many

embodiments, the liquid crystal display 100 is a full color liquid crystal display having a blue
light reflecting liquid crystal layer 110 having a blue peak reflection wavelength, a green light
reflecting liquid crystal layer 120 having a green peak reflection wavelength, and a red light

-4-



10

15

20

25

25 enbodi nents, the liquid crystal display 100 is a

full color liquid crystal display having a blue 1ight
reflecting liquid crystal layer 110 having a bl ue peak
reflection wavel ength, a green light reflecting liquid
Y 2aoepospyer 120 havi ng a green peak refl ect POTVUS2008/064377
wavel ength, and a red light -4 WO 2009/005906

PCT/ US2008/ 064377 reflecting liquid crystal |ayer 130
having a red peak reflection wavel ength. The order of

the color layers is arbitrary and can be stacked in

n colo order, I'S not to the cal o or.der
reffe e i B b T AR e LocyioR Hevelpigh o et of the
col@ﬁﬁyérﬁ‘ i?sl dﬂﬂﬁa@ AAaeen B stanI{E’@ fof o g%oﬂoﬁb’ﬁén ad3 nblRrhit&PR the color

(ErOVI de a background col or when i |l um nated, as
or

estiovadn U ffgueds. The hamsl cermbdhlspmnugl canrnmchrdeqxhaele mlrsgabstarte layer
14§ PR 4 PacRespliH ety Synsh THnalfd B4 Besired By 1

sonme enbodi nents, the cholesterlc l'iquid crystal
[22]ef [m&ﬂwﬁnhﬂdﬁném tHeSl1qa1dﬂr§3dtai [displag 100 &sd chivlestetic tomid crystal
.crystal reflective dis such as,. for exanple )
dlsgkgsqrréhpﬂaftmhwi foreﬁ}/ﬂtw isplay ol oM eB1oRimeatpathe cholesteric
hqldd%ﬁ}sgal Féfbééﬁ\@l dléiﬂ’age@a bidlaBR! BYlestBriCIL & Qal eI Hﬂplay such as,
crystal displa es not require polarizers or color
forfaxhmpless paseise hlatrrxghs_;@y'r Jmdike A npnventlmakpdrm}lcdamdmystal based
nstr.uctj on,. nenmat.i ¢
dispR ATl RE o o fal s 66 AR eSalartits O BRut iftg, gesulting
in 2kibiplg AibpRiy deviby conbhgotionSInfa fubisblok nerR&tcYliqaid éi‘yitﬂ b@ﬁedtd’h':play the
Vi ew r;lg area is OCCUpI ed by each of the individual red,

reds blye, andigapeg sl pixpls preeamanged sge byrsideo vyidresulfapily adhiedof the

: b
WL PR dEEMES il s, AT FEARAC O ot
hamt leach cholestprid hquid eriystalﬁred lhhlre, aml greemdmb Ipesl mflects b ismgledmmaty

wifle SRtniihe e Sler iR pBEW B R ol i eairi Sl (o Hafish ey can be
coﬁ‘dtﬁl&ea B? staémg A/se@ Bfted! 1966, ahd p@en ﬁdﬁ@s%e@poﬂ%ambﬁep Writh R

each’ other. The entiré view ng area can thus
mdmrlual zask blyg, a8 greco Pixelsenttop efeachptbers The@stzmetwmng hrea can thus be
r . IS S can
w46 3 G0 LSRR b YRR
sandwi ched between transparent el ectrodes that can be
23w Toesedisplagstan ineladd polpunertdispeisedyliquid edystelfilins sstdwichetddetween

wefafeat lpstont i Po o Eomaby Bt B fork sigp o o
retlfféﬁﬁ@é ﬁaﬁr stEteQ)poﬂ_ Bppiylrrgamae&thahemﬁ) foqld Sle@foded. BBoth @EHBE states

remain i ntact until
are stable at E 0 ThlS means that the textures are “locked in” and will remain intact until

acted upon again (i.e., the device is bistable). Switching from planar to focal conic states
requires a low voltage pulse while the return from focal conic to planar requires a higher
voltage pulse to drive the device into a homeotropic state which then relaxes to the final planar

state.

[24]  The liquid crystal display 100 is configured to be illuminated by an illuminant 150. The
iltuminant 150 can be any useful illuminating source such as, for example, a solar source, an

incandescent source, a fluorescent source, and/or a solid state light source. The illuminant 150
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acted upon again (i.e., the device is bistable).
Switching fromplanar to focal conic states requires a

| ow vol tage pul se while the return fromfocal conic to

‘%I anar requires a higher voltage pulse to drive th
20939 0 a honeotropic state which then re?%“?s@“?’”
the final planar 25 state. [24] The liquid crystal

di splay 100 is configured to be illum nated by an
illumnant 150. The illum nant 150 can be any usef ul
i1lum nating source such as, for exanple, a solar

gk NP Al bR AR AAYIE AL RBE RO AU, nd

mmm&mw&awmmw 884OGARINBIng doghentibl tévhsigaes such as,

o B S A ST BB b T
ﬁrs%l’cﬁ ls@agatshbmé n%ﬁt 159nm@see&idela§er neg lsqﬁbﬂﬂe 60Nk ?_:Hﬁﬂanly light
t echni ques suc for exanple by spectronetry.
of afsegand cpl@y etrchm,cgrm ltgl%pbﬁa eTh@fthlrdelfaye_fdﬁﬂ irocaprlileraf lieﬂyctmg primarily
t I light 152. The
hghlt fg%ttrl?l @n‘ Suc!ffg’ rleéP%kﬁ 1§§F° - ?l'g$| ecting primarily
Ilght 5 of a second color such as, green light 153. The
[25F hia dhdlamirc liha{d drjistal @Bﬂﬁtﬁof&fnenﬁﬁb Haiid veysfal anded ¢Hindl additive
bl s @@g&tgrgg;s B e Sttt et . Thispi
det&r RS ﬁfeswé%le %ﬁt%ﬂéaﬁ:ﬁ'b? afifl ¥&ic@lh gce?veﬁt&bfo%f the material.
additive ded oget her To spontan us y forma
Aptlshite ladweshscuwcd thatghe hbsarvgd toloeghmpitiof h choRistesic ipvidlerystal display

can g RSP 50 R D GO b B b EeH b G osigering Bf e
choBHé G0 9r/B8Y RACBIBEAHE e bihiids'iela@RSO theEMumlation spectrum.

ganmut of a choesteric liquid crystal disp Iai;‘ can
In smﬁwg@mhraﬁus tiecblug Hehd xetlecting liuiderystal layesibhiepsek Wectwn

S DR OB 1 GHOMN T ARG 2
reﬂédting mﬁqmdtci'ﬁml dyecgeempeak reflestimowdvetengtiitioslibsrantially eqbs to or

ol b G B e U e Pl e
laydrlrkd4pdaR %ﬂec%#ﬁa&%ﬁtw@! ?dn &%K\ﬁelc'hgﬁ tRARE 111u'n9ﬁ§nt fed peak

refliecting liquid crystal Tlayer en peak refl ectlon
wavgdengthengt h is substantially equal to or longer than

the illum nant green peak wavel ength, and the red Iight
f :
26 o LS PRObA S ot Bt e RSBl Rl

refle@ghcp @Elhe and the blue light reflecting liquid crystal layer has a reflectance value ina
range of 50 to 90 % of the peak reflectance value at the illuminant blue peak wavelength, and
the red light reflecting liquid crystal layer has a peak reflectance value, and the red light
reflecting liquid crystal layer has a reflectance value in a range of 50 to 90 % of the peak
reflectance value at the illuminant blue peak wavelength. In other embodiments, the blue light
reflecting liquid crystal layer has a peak reflectance value and the blue light reflecting liquid
crystal layer has a reflectance value in a range of 70 to 90 %, or 80 to 90 % of the peak
reflectance value at the illuminant blue peak wavelength, and the red light reflecting liquid
crystal layer has a peak reflectance value and the red light reflecting liquid crystal layer has a

reflectance value in a range of 70 to 90 %, or 80 to 90 % of the peak reflectance value at the
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wavel ength. [261 In sone enbodi nents, the blue Iight

reflecting liquid crystal |ayer has a peak 'O

refl ectance value and the blue light reflecting liquid

crystal layer has a reflectance value in a range of 50

0 B09/00586 t he peak refl ectance val ue at the PCT/URI0ASG3IT7

bl ue peak wavel ength, and the red light reflecting

liquid crystal |ayer has a peak reflectance val ue, and

the red light reflecting liquid crystal |ayer has a

reflectance value in a range of 50 to 90 % of the peak
..reflectance value at the il]um nant. bl ue peak ., )
il BIGER YFIOEHE 0 SR AT (e bogigenis LB Fsegpighpigfecting
liqhi@ thyBGI 1af& grded etk fefl¥etonlwdvaléfdth RABbAalRAY eqiitd LRGSR than the
_value and the blue light reflecting liquid crystal
illymigant gigers peakveavelgsgthnce value in a range of 70 to 90 %

or 80 to 90 % of the peak reflectance value at the

R . V. he . j
127 ¥R RS oS U ol e 5id 5l Bl 0, The
ligvid kenystabhdigpibhe00ried fitll golor liquid agdtalriisplaydiavitlg @blstlfght tefigating

i cpatablsyon 13D NG b B Pret FHGHian VoISl A gt fripgg liuid
cry%Qpﬁ%}(ﬁ@ ﬁ@vﬂ?ﬁ gllé,lég DOR/:OB4R4 waldidrighl, B4 retﬁﬁghpn%ﬁgcting liquid

wavel engt h. ny  of these enbodinents, green _
cryisiablayerrldd hedng mced derlgrefldctiomyeavalengthy Ehe opderef theeor layers is

reflection velengt h i.s substantial | ual to or .
iy B oo s SBEe P Aottt b e ohBy froer sgym i
theMfidares2 Ths ligui8 eRembdisslay 1 GlEcav imidefa bagodrizabstiatd lepdr1a thaecan

liquid crystal display 100. The 5 liquid crystal
prayide® bagkerowmd; colog whan llvegnased, ps dasived.cr yst al  di spl ay

having a blue light reflecting liquid crystal |ayer

10 | flagct.j ] :
2 R ot IR BEK 126, 130 SholRits MRk GDRNI ool EREral 111,
12r18¢ dispesal betefebres firsb subsaate | Eyd2h, 132 a0d asecend bubgtnste 114, 124, 134
refl ectin We[wy! rystal layer (130 having.a
EafiErrsEabiiile WA A 13 fntRiee bRl Ehaicie it e 1 EHaRE LS and
cad sebdnd 30bstraRd 18 24D E3FHAGHRY skébnd R¥ndRER inBédaffacc8, 1755, 135.
not limted to the color order shown in 10 the flgures.

Thisrésplay QP garcbeya fudll colgir sholespericdauishony st display and bistableghisplay

oo RAR3L Bt S o0 Bl PR 440y conc
withrtysfist candy@ive ik@r sut20e 113 023,i188 hntlhs secohdy@rductivd innpurisarface
llg,rl%g,t 1%'5. ﬁrr?go%eg e%rllbo%lgi%énts, one or more spacers (not shown) are disposed between
the first substrate 112, 122, 132 and the second substrate 114, 124, 134, Spacers can set the
distance between the first substrate 112, 122, 132 and the second substrate 114, 124, 134,

[29] The first substrate 112, 122, 132 and the second substrate 114, 124, 134 can be formed
of any useful material such as, for example, glass or polymer. In many embodiments, one or
both substrates can be transparent to visible light. In many embodiments, the first substrate and
the second substrate are formed from a suitable polymeric material that has sufficient
mechanical properties (e.g., strength and flexibility) to be processed in a roll-to-roll apparatus.
By roll-to-roll, what is meant is a process where material is wound onto or unwound from a

support, as well as further processed in some way. Examples of further processes include
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121, 131 disposed between a first substrate 112, 122,
132 and a second substrate 114, 124, 134. Each first
substrate 112, 122, 132 includes a first conductive
Lnn urface 113, 123, 133 and 15 each second
Wi E‘W@ jixd 114, 124, 134 includes a second condUE§R)W064377
i nner surface 115, 125, 135. This display 100 can be a
full color cholesteric liquid crystal display and
bi stabl e display device, as described above. Each
| ayer of |iquid crystal material 111,121,131 is in
a6k fgt Mfchi %hé FRETESHII RS I
ooat‘ﬁ%ﬁ e, bWnk tghfgﬁsefgg AN HGhé Ip e%% suchPolymers

and COﬂCUCt I ve | nher Ssu
mclndﬂhmpm& pdlmnﬁxanmwd:ﬁmsﬁlls&hemlam p@mespmietes

polyplelins 3R Aot il SRERE GBS BalF Parbric poriestis. 3 Bbffencl
or napREQER-Kasdt [Sffid sﬂgﬁal 1;53;12;&1&@@ CrRurihef HRfHIds e u§dﬁ!il9cﬁermo1ilasucs

substrate 112, 12 and the second substrate 1
includespolyethylereppolyprapylene; Belysiyrses, palyémethyimethaorylatedopalyrarbonate of
e
visph¥ol 2E SOV Bl Rh S oty i terepifiolb p e R phRitate, and
polyf(oinylgwne flusriden Bomﬁ’ﬁﬁdlbs!@ﬁﬂ)l&neri@ﬂﬁ) dve obﬁktzﬂl pipbsics @S
can be transpayent to visible I .many )
Hanésf*s@svh%ﬁ&rs ettﬁ%n fenegial ssws Syitpddo ra??&alzsh%rl% applicatigns wherein
I r al
the;?&@élﬁ s%gﬁgtﬂafp%}t%ﬁlg%tg&dﬁ&g am X a;;:&%?igg%ﬂ%?éls}ééﬂ? hﬁdé!aérﬁ!fdr

mﬂﬁﬁwemgth and flexibility) to be processed in a
roII-to rol | apparat us. By roll-to-roll, what i s nmeant

[30 ﬁg{;ir ocegcbdd&[?ﬁets ethérﬁigf u'batrat u ?ﬁlﬁ %%c}n Iarne Segﬂge The

ﬁrsmristralfes&ﬁm}&%e@fndfsubdhhﬁﬁ czﬂf lﬂﬁe apesseful ﬁilddEss TFh\éE substrates can
2009/ 005906 PCTI US2008/ 064377 .coati n% slitting

be et 1nei‘n‘ﬁmé§¥|&§ dhickepsorangiag it geKTal Hemabeut Rigometers to 1000
Fc?%ﬁém%‘é?fr% 2%%Pr s*rm 1&‘6#@%% B{‘ﬁ‘-&ﬁ%'nﬁ% 'nfeters to 250

olyners. Exanple use u ernmopl asti'c poly

mlcmnndtmdmrfmm%m%meteqsm Yecmickmatatss. pol yam des

pol yi m des, pol ycarbonates, polyesters, and bi phenol -

1B I3 177 a0 B ERl BAATR129154 B secons
sub&ﬂité/ 13141 !M% N84 chfuyiVednydr 8iGace 195,125 YI3818n be formed in any useful
met hacryl ate), pol ycarbonate of bi sphenol

|
marmer wh;aé \ty amplel, sutgEyg, chesnigdvapareigpositione fineenpriating, inkjet
pr1 Eya%ﬁz J)l%e i ﬂﬁﬁ_{{ Q@h@&ﬁen@,{ﬁ&:aﬁ%@' fx}ﬂdﬂ%tl)} f%?rﬂ? fme or, both of the

Sone o ese ave
conghicdive uﬂneﬁanrfaeeg .The pattanaip@neingyt)cat bafortimd en bh@m all substrates by

especi al | |l -suited for certai | lications
kno\mz}g %uegl ﬁlee pattemeé conductor can be a rcr:]at?ve?jp conduct v% transparent coating.

!"L

In many embodiments, the patterned conductor is transparent to visible light. The patterned
conductor can include indium tin oxide or ITO, which can be transparent to visible light,
depending on the thickness of the ITO conductor. In many embodiments, the patterned
conductor has a generally uniform sheet resistivity. The patterned conductor can have any
useful thickness such as, for example, a thickness of 10-100 nm. The pattern of the conductor
may depend in part on the type of display and design parameters, such as size of end user
display, etc. The patterned conductor can include a tin antimony oxide, a zinc oxide, or other

appropriate conductive material.
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they woul d support a patterned conductor, such as

pol ycar bonates, polyimdes, andlor ( 10 pol yesters.

[301 In some enbodi ments, the first substrates and the
second substrates are flexible. The first substrates
AY2009/805866cond substrates can have any usef ul PCT/US2008/064377
t hi ckness. These substrates can be manufactured in a
vari ety of thickness, ranging in general from about 5
mcroneters to 1000 mcroneters or from25 mcroneters
to 500 mcroneters, or from50 mcroneters to 250 15

icroneters, ofr fr 7 1.croneters to.200. mi cronet er.s.

(53] 5 PR vty AT} AR LeToT 531 B Biied Sy gt voerlfor

ispia ebti he H2m i : i Sth 1
D bt v ao . [ RuBs e ingohe Jasd cryse
layeuhl1pb21; 43 hisdomedaby chelesteric ligwidumestals Ghplesteric figyid crystal

. \% I on,
coff R fepe ol b hthan RO Rl YRR | S0 A& Mt co
noﬁ)ri]ﬁbsh@lé amith c&glz@epﬁdtmlamhr Qﬁiﬂ?ﬂh@ﬂaﬁé m&ﬁfgeﬁic GriRatoe é@ gt molkules
the''0Q conductive jinner surfaces. The patfer.ne .

thet RIS erpfaipbases) sndpap Re pofumers. Shplestemeliquid egysial compositions
R i 8P R AR Sl o Rnfining a chia
unibnGbalesterivtlsuid drpstgd abmpesittehs comdigtitls indhsictcorpeywls daving @

visibl.e light. The.patterne copduct.or can incl yde N
ol e e b Pt e LR Ot oo G RS g direction
of ¥etdgali®al inbletular Migameat) H0the Hqlill eryki Gldt@SH a Bklidal Gashidfalong the

conductor. In many enbodi nents, the patterned 25

diraensign pependigiardo geriineetor. \Chotgstesie Hasidsarstal sampqsitigng gre also

sef ' .
08 SRRSO ROnBANER i R g BoABRE R
cryptal tamiposibibn bhmateoalds thedistano@(in d dprenidniperpeaditulamto ttieedirector and

type of display and design. parapeters, such as size
sl i ol o plesr bl tophis et B e Bl oagh Sbo
defrB&l YUR dstdrch ighbriaBPYOPxh @8 moR. Zi NC Oxi de, or ot her

appropriate conductive material. -8 WO 2009/ 005906

PCT/ US2008/ 064377 [32] The liquid crystal |ayer 111, )
(33121 Tha prtchod g chelesteriahigrichery galynateripl p4n beripducsfl by suzing of efherwise

coflbeTY o2 B bofeRirh RS it BABSINSIR bkl IRl
corhpdund1 The tlsoléstrivptiaeican aledbé mdtedibg al chital rbndignit @ystal material.

hol ri I qui I .
Thedpgcher%%tlye delpgné (I)Igtlfllle gelgtg\}é%t%s by weight of the chiral compound and the nematic

liquid crystal compound or material. The helical twist of the director results in a spatially
periodic variation in the dielectric tensor of the material, which in turn gives rise to the
wavelength selective reflection of light. For example, the pitch can be selected such that the

Bragg reflection is peaked in the vistble, ultraviolet, or infrared wavelength regimes of light.

[34] Cholesteric liquid crystal compounds, including cholesteric liquid crystal polymers, are
generally known and typically any of these materials can be used to make optical bodies.
Examples of suitable cholesteric liquid crystal polymers are described in U.S. Pat. Nos.
4,293,435, 5,332,522, 5,886,242, 5,847,068, 5,780,629, and 5,744,057, all of which are
incorporated herein by reference. Other cholesteric liquid crystal compounds can also be used.

A cholesteric liquid crystal compound may be selected for a particular application or optical
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conmpounds general ly include nolecular units that are
chiral in nature (e.g., nolecules that do 5 not possess
a mrror plane) and nol ecular units that are nesogenic
in nature (e.g., nmolecules that exhibit liquid crystal
BRIV d can be pol ymers. Chol esteric |i qlicd/E2008{064377
conpositions may also include achiral liquid crystal
compounds (nematic) mxed with or containing a chiral
unit. Cholesteric liquid crystal conpositions or

mat eri al s i ncl ude conpounds having a cholesteric liquid

bodfk%s?&@ﬁoﬂ?é] orje c\ﬁ!ﬁk ﬁﬁlu px . E%%ﬁpq réﬁeﬂﬁvéjﬂldfceél %filtfﬁ)cre energy,

speciTl es e direc aver age

pitcmmwahﬂltya Iclagfyr;reaﬂb:), leo# absqubh ipihel wawisﬁ@lh of mteadse Toinpatibility
..he] i cal fashlon along F di nensi on perpsndlcular to
with gier gpipenegts (¢-n 3meaats liquid Flafﬁrﬁlocoapygledaﬁ coomplssules weight, case

I
o valSb Ry Tt RPN RmpRalTRdr shoronfdy € (o i
cryscad psliyakr, clmopgyi met:hnd ond requicaments ufsumtg eaticof awiwlt @mpml
I ec . ren.ic ar to.t ec n
phy 5! 85 i ERBPES Up el B %ol dRBem agVehiSiance
scrafbhr@estfice L9 d pBisR tRNIRGONERNed i) Linddagy ifiddtioh.
di stance is generally 100 nmor nore. [33] The pitch of

a cholesteric liquid crystal material can be induced by
[35]ni i mgnpembedimesis.cholegteigligHid gryptal layer iy polymer dispersed liquid

i e O e e S R

polyartesio nipgrix (ugmwubyhase)c i mahy ambedimguts,dhepotginer dispersed liquid

terial it ch may .depend on the relativ tips

orySER CPQHHon FHEL b, Po B s AP RS BYR L Dowherethe
s1zeldf€uél fornsdd Rfufd crfRARALR UGNl ctS Bl [e'aﬁ'partfﬁh? c&ﬁ%dn@at by b¥lyiierization

of the director’results in a spatially " periodic
kinefigs.i ation in the dielectric tensor of the material,

which in turn gives rise to the wavel ength sel ecti ve

r ef .
[36] Ih ﬁ}%ﬁ%gﬂb(?{%me tg,{lhlts c ragg lfrﬁﬁ?%lgttg?lg #f;l:egtl pezlfahgpegtenc liquid
crystdﬁ dlsplay Iobbisslva htaﬁﬂNdmﬂl@ , Applicativnr dfiae ¢levtic eﬂe&f@i’) lacross the

con g&%@ggs q ngl Q:‘lféﬁ%é? E{? ;lggr'n:e &u,lp léllé §q Sé%u?e planar state or
the &Q{téi'ﬁfgr focal @bfic 3t§te9 HRRT &Y thoke KARMArARM 1 M%Ié% the WknREbs are

these naterial s can be usedtomaeoptlcai di es.
lockest anpidesﬂlo‘mgmumtaﬁluenb&c@ﬂdewe gain (ijeq theddeyicp é¢ kibtable). Switching

oY IRE8. %% SRR By e Pl o s oo

plarfar eddir&higlidr boldge\Wise o @i thé e igb athesheb@s L StaleVvhich then
reference, Other cholesterjc liquid crystal conpounds

relaxggio hedmabplanpgstate. An UNsirasiye drivescheme for switghing pingle pixel
cho%?t@ig%?@g% Pﬁxtapﬁsﬁg} 6.@, %‘HLE% c@ﬂsﬂ?ﬁéshﬁl%dad'y I%ﬁ%l K&?Qﬁé)&.al.,

(Annu. Rev, Mater. Sci. 1977, 27, 117-146). According to reflectance versus voltage plots

described therein ChLCD cells can be switched to a voltage value at which the cell is in the
planar state or voltage value at which point the cell is in the focal conic state. The associated

pulse trains (frequency and amplitude) can be practiced by anyone skilled in the art.

[371 Exemplary liquid crystal compositions are described in U.S. Patent Application
11/557,540 filed on November 8, 2006 (Attorney Docket No. 62381US002), the disclosure of
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-9 WD 2009/ 005906 PCT/ US2008/ 064377 body based on one

or nore factors including, for exanple, refractive

i ndi ces, surface energy, pitch, processability,

clarity, color, |ow absorption in the wavel ength of

VR HOURSI06c oppatibility wth other conponent gc'(@?’gj‘."?’“%”"
nematic liquid crystal conpound, etc.), nolecular

wei ght, ease of nanufacture, availability of the

liquid crystal compound or nononmers to forma liquid 5
crystal polyner, theol ogy, nethod and requirenents of

I f . lqs ' ; | cal
oS4 058585 A SR oY AL PR SRR s
plana seentefleaivns Byrsedle sta€ reflectivonriels nfhmtrtha afiertingdrden to the planar

transitio nperature), and ease _of purification. [35]
Staterbma‘wlfﬂ@% therehexerietsss B ﬂw Pfireﬂ?calan atterrsipnding ot aw%.m
conditichs B $FRdE 3pgr sed liquid { crystal conposition

that includes a I'iquid crystal phase di spersed
di sperse phase) within a 10 polyneric matrix

[38] c o hquadieryptallesr 111,41 23x33) cembagianme nseful thigknespsughmes, for

' r lLiquid crystal itionyis . for . -
xR FRE| B ol 3h i SOTRIBRRT T BB s
cryisfablayéi1 e, 101, 131chavingiRbickdegiint redigeStoth 1 B &S MicisaptkeBlcan be

is at least partially controlled by paolynerization
forgied arie radiatiqnagring in esRge Bpm O ted AaW/onh ok i praags fremilohto 3
a bistable reflective cholesteric liquid 15
crystal display or passive matrix display. Application
of an electric field (E) across the conductive
[3Yur Thepdymendisnsrseth qid quist] eysrsiil & 12 o1 Hecan be derawd by 2 process in

ei,ther the reflective planar state.or. the,scatteri
whicharpecti pre vt it oy B4l SomBiod St AP PEBmsTt i many
emba@imetit Uie tdaetivedté-po19metlliuid t9SthlR@mipBsitdtifonnk b singl¥Bdhse where

intact until acted upon again (i.e,, the device Is
thejiquidgsysl doesat pALYRISTIZE. rAmihe FRMPASHIFR Polyanerigesa the g et separates
oA claP R A Ml Qo .4 \oblE Bkl Bihin
polyaies matrix. dihisvphasdeepatetiongeodesd is taxmbd peElgnention stduted phase

which th I th i I I tate.. An ..
SeRUtOR (herBIDY). 4P i 1B REteESr F POYBLAR,SBFfRtsH Boft g fiauid crystal
du{iigg)ﬂ)tﬁﬁhﬁﬁﬂaﬁoﬁ %S‘;H%gol‘}ﬂﬁélﬁln 19&g$mlngbea£eis : ?ge re@&hg?\\/’e-ﬁ&%ﬁrlliquid

descri bed ng-Ke Yang et.al., (Annu. F T
cryvtal eqmposition inphies a fiquid enyptal epsypongw cophetnpplywerization initiator and a

robfELBARFSoHEERE ) SRR oA B AR SRR o

coinpésitivdl fhrohssa dimglé Please until it is polymerized.

[40] The liquid crystal component can be any useful liquid crystal such as, for example, a
cholesteric liquid crystal material or a nematic liquid crystal material. The liquid crystal can be
present in the composition in any useful amount. In many embodiments, the liquid crystal can

be present in the composition a range from 60 to 95% wt, or from 70 to 95% wt.

[41] The photo polymerization initiator can be any useful photo polymerization initiator. In
many embodiments, the photo initiator includes hydroxy-alkylbenzophenones (e.g., Darocur™

available from Merck), benzoin ethers, alkylphenones, benzophenones, xanthones,
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25 planar state or voltage value at which point the

cell is in the focal conic state. The associated pul se
trains (frequency and anplitude) can be practiced by
anyone skilled in the art. [37] Exenplary liquid
WA nposi ti ons are described in U.S. pgi(gmszoosmmsw
Application 11/557,540 filed on Novenber 8, 2006
(Attorney Docket No. 62381US002), the discl osure of

-10 WD 2009/ 005906 PCT/ US2008/ 064377 which is

i ncorporated by reference herein and the disclosure

ok Bef bR U E RPN PR ) SpneRoh Qb
Cheafitads), dndithair dirivativest additiengl sefalrphot i ymdrizeton itiangearys
desciPER s SoTEABT SRS dommaianselemes b ox fitaEogs par confict
with 88 breliift distBsire. Thy/SHiaRd pd wsﬂiza]gia& initleddr cart Bd pfedéht P8

)
any useful thickness such™as, for exanple, a thickness
comippsition Ay usefolramauat. 118 meny eobedisests, tha potp pblymsrization initiator

Lspersed |iqukd vstal, |l ayer 111 12 131 havj a
can B PRRHE 6L foh @& Irpm 1P P 0 B4 vk Bk 0 i B BomEh e B
fornmed via radiation curing in a range from0.1 to 10
[421MWVI8 s émbadimentangelifuid caySiallagep 181, 12¥Y IB31dnclddes 3patdr Bdads (not
pol ymer, di spersed liquid crystal layer 111, 121, 131
showp}foRssisting ik propifing awfoms spacing hehyeeh the palymeriqubstrates.
pre-polymer/liquid crystal conposition is m xed and
pol ynerized. In many enbodi nents, the reactive
pre-polymer/liquid crystal conposition forns a single
phase where the liquid crystal does not polynerize. As
t he conposition polynerizes, the polynmer separates
fromthe liquid crystal formng Iiquid crystal domains
(e.g., droplets) dispersed within a 15 polyner matri x.
Thi s phase separation process is terned pol ynmerization
i nduced phase separation (i.e., PIPS). In the PIPS
process, the polynmer phase separates fromthe |iquid
crystal during polynerization as the pol ynmer chain
| ength increases. The reactive pre-polyner/liquid
crystal conposition includes a liquid crystal
conmponent, a photo polynerization initiator and a
pol ymer precursor conmponent. The conponents are chosen
so that pre-polyner/liquid crystal 20 conposition
fornms a single phase until it is polynerized.
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[40] The liquid crystal conmponent can be any usef ul
liquid crystal such as, for exanple, a cholesteric
liquid crystal material or a nematic liquid crystal
material. The liquid crystal can be present in the
NPOFVOSPEN i n any useful amount. | n many enbBEl/HAP8064377
the liquid crystal can be present in the conposition a
range from60 to 95% w, or from70 to 95% w. 25 [411
The photo polynerization initiator can be any useful
photo polynerization initiator. In nmany enbodi nents,
t oto initiator includes hydroxy-al kyl benzophenones
-g., DarocurrM available from Merck), benzoin
et hers, al kyl phenones, benzophenones, xanthones, -11 WO
(4320000261906 PCT/ US2008/ 064377 t hi oxant hones, phosphi ne
oxides (e.g., lIrgacureTM 819 available from G ba
Speci alty Chen1ca|s) and their derjvatjves.
eﬁl&awxaar@m@wmoxm RS SRPeECHally v pinhle frpmm Lancapter Synghesis Ltd.,
vwﬁ&ﬁﬁ Mgd in U S 5,516,455 and is incorporated by
r ﬁence to the extent it does not conflict wth the
present disclosure. The photo polymerization initiator
Ehagite 4089 py esgrengreially avadalile Gomdorwite Irdernationaly {Cordowé, UIN.
amount. I n many enbodi nents, the photo pol ynerization

He m{n‘e&m?& etha%rgpaigs ggé@el\'e,c\:?glly avai fab[e ngc?etr E}{eg'g%dgtigs]r%r}ﬁxg?r} ?%0239)

frogOforgPBOdi ments, the liquid crystal layer 111, 121,
131 includes spacer beads (not shown) to assisting in

i P Gafimertiny e DD Gascepan CaroBarbaRelsnd.
EXAVMPLE [43] Materials Methacryl oxypropyl

MDD AL0TE9R 9 1e)eSth xBRE of c%uﬁ%ﬁ&ﬁfeﬁiaﬁé ha(mau@lsdafstah@ ahd MIDA-00-3506 is a
Lancaster Synthesis Ltd. MA. 5 Elvacite

nemgidiquisl erpsiate Tbeseichglesteria liqu @wtalamtmnis gre experimental materials
ﬁomnéﬁ rrﬁca"f’% ng C§£nd19 g%l EA\IE t?%at%?oﬁ g}le? lggggt ]Bg'%{ aid?tﬁ%rmany.

E

I'S"CO rC|a AVarl esl I’on
SR 239)
{44] A pre-polymer solution was prepared by combining methacryloxypropyl

trimethoxysilane (1.3 g, 65% by mass), Elvacite 4059 (0.30 g, 15% by mass), and hexanediol
dimethacrylate (0.40 g, 20% by mass). This solution was agitated on a shaker at room

temperature for about 16 hours to give a clear solution. The photo-initiator Irgacure-819 was
added (0.03 g, 1.5% of pre-polymer mass) and the vial was sealed and shaken until the photo-

initiator was dissolved.

[45] Cholesteric liquid crystal solutions were formulated by mixing MDA-01-1955 and
MDA-00-3506 in different ratios to give the following reflection peak wavelengths of Table 1:

[46] Table 1

Peak Reflection Wavelength | MDA-01-1955 (Mass %) MDA-00-3506 (Mass %)

468 nm 97 3
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from Exton, Pa.
from C ba Speci al
MDA- 01- 1955 is a

experi nment al
Di ego,

Ger many.
conbi ni ng net hacr

ty Corp, Basel,
m xture of chiral

materials from EVMD Chemicals Inc.,
CA an affiliate of Merck KG&A, Darnstadt,

[441 A pre-polynmer solution was prepared by
trinethoxysilane (1.3 g,

onxypropyI

I rgacure-819 is commercially avail abl e
Swi t zer | and.

and nematic liquid
crystals and and MDA-00-3506 is a 10 nematic Ii
W yUPI5NThese chol esteric |iquid crystal

ui d
matF&T
San

659 by—rass);—Erv

hexad@8nol di net
solution was agit

te4659—(60-301;

hacryl at e 920. 40 g,
at ed on a shaker at

2

59 'U)F ||uaa) —atd
D% by massB. This
oom 15

al oaarx

were fornmul ated b
|  in different rati

y m Xi ng MDA-01- 1955]
s to rn\/n the follo

ten’pei’ at-tre—for—apoutr—36—hours—+o UI vVe—a—Cct+eat

sol utsiiéam The phof o-initi atsdr |rgacure-819 was 13added
(0.03 g, 1.5%of pre-polyner mass) ang the vial was
Seal eé anrl chal eh unfi | 'I-Ja_a n!ne{ o— : t: atLr WaS

di ssolgaeh [45] Cholesteri@2liquid cr stal sol utg ons

and MDA- 00- 3506

inho refl ection
ng—retlectlion

2608464377

of Tabl e g 20 [46]
ngt h MDA- 01- 1955 ( Mag
07 3 -13 WD 2009/ 0054

488 nm 94 8 516 nm

Table 1 Pgpk

5S 99 MDA- 00- 3506
D6

87 13 5

peak sgpwgl engt hs
Ref | ecti on Wavel e
(l\/hcq 0/:) 468 n

PCT/ 4$2Q@8/ 064377

run 82

18 560 nm79 21 | 612 nm72 28 K, 635 nm69 31 [47] A
mxture of chol eric liquidcrystal |coating solution
(for A3gh reflect|on wavel gagt h) 31

[47] A mixture of cholesteric liquid crystal coating solution (for each reflection wavelength)
was prepared by mixing the pre-polymer mixture (described above) with each cholesteric liquid
crystal solution (described above), and with 3 micrometer spacer beads (commercially available
under the trade designation SP-203, from Sekisui, Japan), in the following ratio described in

Table 2.

[48] Table2

% Mass Mass (grams)
Total Mass of Mixture 100 2
Spacer Beads 1.5 0.03
Pre-polymer 20 04
Cholesteric liquid crystal 80 1.6
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was prepared by m xing the pre-polynmer m xture

(descri bed above) with each cholesteric liquid crystal

sol ution (described above), and with 3 m croneter

spacer beads (commercially available 5 under the trade
FYMOESPN SP- 203, from Sekisui, Japan), in PREUS2008/064377

followng ratio described in Table 2. [481 Table 2 %

Mass Mass (grams) Total Mass of M xture 100 2 Spacer

Beads 1.5 0.03 Pre-polyner 20 0.4 Cholesteric liquid

crystal 80 1.6 -14 WD 2009/ 005906 PCT/ US2008/ 064377

A

] 4 1401 PN H wl s Aaasrr A A £ ~ 1 Aot ol laas
SOIDUI UL 0T T=I] Adirspray ucvi bc.‘w&s ragr—catret—oy
Bl ing a |layer off the above m xture (Jabout 5
m croneters thickness) between a 200 dhm square

12-pi xel I TO patterned pol yethylene terephthal ate
substrates. The | am nated assenbly was then pl aced
under a 1 mMWcn2 5 ultraviolet |ight (avail able under

[4g1h eAtcﬁ@@Lg déork 9a FabfBat&Py Bating & RPRrBf oI MBRINE] DUt 5
My, and the coatln% | ayer was cured for 15 nminutes to
migrpipgtersibickness)dstveaen e 200 ghingqears £3-pixelddDrpattarned polyethylene

[ 2
trfafind Bt b BofthiSd foafBy el oo BAOS (A £ By
ulteeloldt light (kvadlbisid uhder fladatle Hesigrfabipn FHCBL dr@pBalvasieMdaers, MA),

s il]um nated Wltilg a_commercially availabhe,
ang thg spatng dayer pabrHred ior |15 grnutestp g1vg ths qhplestene Havid svstal erty A
ohSfereiqhid cryteToDf s Corglthod S S A o bRl i i
crystabsobgiondisted lin Gablelcrystal devices, with reflection
bands tuned across the visible spectrum are conpared

o that,of the.fluorescent,room |ight .l abe oom
15017 o e sy i oSSR PR Kk S AP £y Pbent room
lighte fThe &isibleligtit apc tridii forF thisQlluriRag Uightig shidvai i FICs| B6tah@ B labeled

spectra _using a scanning_ Perkin El ner, Lanbda 900
dights, Fhe éqﬂ_gechon spectrum of seven cholesteric liquid crystal devices, with

ro
reflection bands tuned across the visible spectrum, are compared to that of the fluorescent room
light labeled room lights. The devices were switched to their planar reflective state prior to
measuring their reflection spectra using a scanning Perkin Elmer, Lambda 900 spectrometer.
The incident light was at 5 degrees from the normal to the surface and the specular reflection
was blocked. All diffuse reflected light was collected onto a detector by an integrating sphere.
FIG. 3 is a visible light spectrum of two blue light reflecting liquid crystal cells overlaid on an
illuminant visible light spectrum, FIG. 4 is a visible light spectrum of two red light reflecting
liquid crystal cells overlaid on an illuminant visible light spectrum, and FIG. § is a visible light
spectrum of three green light reflecting liquid crystal cells overlaid on an illuminant visible
light spectrum.

[S1] The reflectance spectrum of two blue reflecting cholesteric liquid crystal display
devices (peak wavelength of 468 nm and 488 nm) are shown in FIG. 3. The 488 nm sample
has a peak reflectance centered on the peak of the blue emission line of the fluorescent
illuminant light while the reflectance peak of the 468 nm sample is shifted to shorter

wavelengths. The 488 nm sample has a higher reflectivity at both the illuminant blue emission
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15 The incident |light was at 5 degrees fromthe nornal
to the surface and the specular reflection was
bl ocked. All diffuse reflected |ight was collected onto

t by an integrating sphere. FIG 3
‘@Pgﬁlgﬁggﬁ%ght spectrum of two blue |ight ref|ﬂ‘§'if‘?§?&°3’°ﬁ“”
l[iquid crystal cells overlaid on an illum nant visible
light spectrum FIG 4 is a visible |light spectrum of

two red light reflecting liquid crystal cells overlaid
on an illumnant visible |ight spectrum and FIG 5 is

wav@le%(%ﬁé béi%em'}q gHatat ﬁ@ 5apaft %rb@ﬁ‘ isdidi l?rﬁ: (AR§EPhd B m sample had a

cting liquid crystal cells overlaid on an
decrichdeumtaflzntance &ulblwmntpgﬁhto shat 85 Yraf p[%@{ll]eﬂWmoe Since the phetopic

refl ect.gn ectrumo bl ue fl egct esfoer
resp Al G162 o Lpnragph it S B et ik, B R 8 St fomote
appéalrlﬁblﬂélgreéﬁ Byl the 68 5 Qiiplk Bppekfemote trhé Blué88)fﬂam1§ #irtRectance
has a @eak refl ectance centered on the peak of the bl ue

specdigiof bp@the f6fenrs and A%8 sampins shididewards theYlugarsherter wagelengths.

while the refl ectance peak of the 468 nmsanple is

h t- yor
152" A bRYine S0 o a9 X SRR oM o DA il e
dispday. SSSmo@mhe chblestéfic 2iq0ig tHBED bl EHOTI sp&2 0081k Bbekdy the short wavelength
cd PG OARTEIaPH ABIRNF €280 5 SPGRERERBEe fF DIotopi responie
is mfugh hi%ﬁ&a "I‘h@s s’i‘%uﬁ&nﬁy El@g?ﬁde@ SRkoold? sataubn 8PHe 8dd. m@‘feﬂectance

refl ectance. Since photopi ¢ response wei ghts the
speGuB ci’ﬁﬁ!vknrﬁbreﬂﬁ@tmgmhpbstpmhth erysigbdisplay rliquc@s (nsak wavelength of

612f,mnh?n ré&gfﬁa {1‘1?1)8 & 1ﬁ,§' ?ga{ ?{Jlge bgll ungr{ s?aghlq z%?ia S'p’ealf Beg’lectgﬁce centered

on th@f)éaﬁﬁif araed EmEsEh@ﬁ lih&obthe Bodrasdenicilld@thatiTight ihit@the reflectance
npl es_shift towards the blue or shorter wavel eng ths

pealf 9@@6 A%‘hnwmgleas Sfofier todengst Viveslspeths. dh @ﬁb?nmfl.saranl@ asa

FRY. I Y
Slgnqunce t I es@gr I C |dc?§t| oéhgpéai g F refl gg?lcg%eg ¢ sample to
appeqy @eﬁmm Dﬂn@&f aedying ke ommmpemneéleanmemavemgghdfom 612 nm to 635

0.t he een region of th

oGS vl e TGRS 4 fifER cRgRBAT ] Semncay

1mp§d\!&§‘ﬂfe r&ﬁﬁ‘iﬁﬁlryd %Léﬁsetﬁlstsﬁﬁpfé%ﬁmﬁﬁép‘ﬁéﬁf& hﬁ@h EB‘dd&Ftﬁar{ 86612 nm
he refl ectanCe 10 spectrumof two red reflecting

Sampho I The défifgrencies mdemthy §¥<a$anml®p3r%tyie@é'mdoréh;n (vgﬂ@akg ?them off axis

V; 2

ot R B0 e B i & R AR S BB E B 37 B i e ince the
slofeb6f thedko Sfectrhiet 4 Qderﬁﬂh\ﬁ’eﬁdngm dré diffefint, trediffbrdficas g&tttance at the

illTumnant light while the refl ect ance
543 nm line the two saniples, off-axis AR2, is much greater than the difference on-axis AR1.
Off-axis the 612 nm sample has a higher reflectivity at the 543 nm line than the 635 nm
sample. As aresult, when viewed off-axis, the 612 nm sample exhibits a significant color shift
from yellowish orange to yellow-green. The color shift of the 635 nm sample, while

perceptible, is not significant,

[53] Centering the reflectance peak of the cholesteric liquid crystal green primary on the
dominate green emission line present in the illuminant light maximizes the brightness of the
green primary of the cholesteric liquid crystal display. This also minimizes the overlap of the

cholesteric liquid crystal reflection spectrum with the emission lines to the red and the blue that
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I
are R ok ffhond B RRINREPorel "B R By iR

spestpem of Ehr&‘grédn reflecsing b]ﬁ(ﬂéstem\lﬁlhell’bg;ishﬂ dlspﬁméﬁSest(bea.kWelength
nm green lin Since the 20 slépes of the two spectr

of 346 1w, g MO%)[W showndn FIGr 2 nThe Hamysarinly BreeRerally
cor{s fe{eﬁc‘t:&fﬂ&' Y th543 %ﬂ%hﬂﬁhﬁt& Bfeeh HEht:?\éﬂ( ki€ Sthe 546 nm sample

axi s I'S muc reater “than 't er enc
mehied theibgighfRbt. and @fofst mmed precibadtom fihs dplun shmplechak sgtmﬁncant
oviefinpfi tholyd i Biniealt ki At AsctiEn o e Rile SrpRe Bips . On the
othSPRERH €ncS360inBl §a¥np?e ods th“%hfef fABRVRO Rk (RS 46tnm §d‘n@1ﬂ% at both the red
yel | owi sh orange | ow- green. The color shift of
(6lZmen)@sdotinge S8 méﬂlmmnatehgls epussipadined | onspanentdy, thls sample
[ f
appsceﬁ% '}Jelfl(%vg %ﬂ: ' Ibq?fi’e?x C?%/es ecti s&agcgﬁi of ail %E@&%ﬁ)l{%ﬁsg{ﬁ t%(Naltﬂﬁe blue
hghtoaglmat TFhigcaneds thad Keim mdlplae) @peﬁente the suﬂ ami samphd to apyear blue-
imzes the brightness of the green primary of
gr%éné hsi @fle}%aelpiq ta@paeaﬁ P3jegrgen. o|9§fl Xigythe 60 wn pgple mhay yield the
e BELTLTGE DPELNED) 35 Mg held “&L’ﬁéﬁ?r#!é?%%ﬁ% lication, the 560
nmt sampleauhyshedhd battebtheecetthathe gieén pm2Gao HEEHOB&eric liquid crystal
dis PCTI US2008/ 064377 are present in the illum nant |ight.
?Jﬁ’ s results in better color saturation. The
refl ectance spectrumof three green reflecting
[543 hotrRg| ehbalihénigiofthe COSION LI)SID GRYSEXLIISPLATAKANEL DESIGN

wavel ength of 516 nm 546 nm and 560 nm), are shown in

arepdfisglosedl. “Geeskeled 1 e @il @pprscigte Mt thepyesertdmesngiah ean be practiced
I I t

il o R e bica 1L By B FRBaleAardfitentog for
purposes of dlustraipe dn@mﬂdmutaubmrand THeerSadt inventismispingtddamly by the
Isi itffjﬂiant overlap with the blue illumnate |ight
ca&%ﬁ? % result, this sanple appears blue-green. On

the other hand the 560 nm sanpl e has hi gher

reflectivity than the 546 nm sanple at both the red
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(612 nm and orange (587 nm) illum nate Iight em ssion

lines. Consequently, this sanple appears yell ow green.

Of-axis the reflection spectra of all three sanples

shift toward the blue 10 Iight region. This causes the

516 nm sanple to appear blue, the 546 nmsanple to

appear blue- green, and the 560 nm sanple to appear

pal e-green. O f-axis the 560 nm sanple may yield the

best green col or. Depending on the view ng angl e,

determ ned by specific application, the 560 nm sanple

may be the better choiceGlgkIM$%e green primary in the

chol esteric liquid crystal display. 15 [541 Thus,

enbodi nents of the COLOR LI QUI D CRYSTAL DI SPLAY PANEL
1. DESleffdd offoPmitigaQigafiesystala@plaKedn@@ingn the art will

appreci ate that ﬂhe present invention can be practiced

vineasugpebardillvinast theareek waralengthoarsilluminantgseas peakwavelength, and an
o di sed e iments are presented for purposes of
lll"mmlamsr(éég?agt“fagﬁ %&1& not linitation, and the present

| A3yeiblin® B réfReclivamibieble GROIYstéric LR crstad di¥play hath ablellight reflecting
. -17 CLAIMS. 1. A nethod of forming a liquid crystal
liquid ¢rysia|laypr hayingra bnanpak rllsetioniweyelangth being e sharer wavglengsh shan the

, r . . en .
measultR i Brue Bt s IR W 4 gFER BR M0 ROPL o 3y Bl o
green pehls feflbd tRonGro tlemdte fubstahtiallyieGual foyds digeith@&pthayhewduirdd iluidindst green
l'ight ref|ectin liquid crystal |ayer having a bl ue
peak wg w%w%ﬁﬂ&agm%mbqw erestaldaver Bayingaged prakaefiastiom

il ] ; and

waveleg B Bell € oo RO Rl T VARt W BERE R S0

green peak reflection wavel ength substantially equal to

or. longer than the neasured il]um nant green _peak
2. VCQ%FQP@E@ agcording tgclaigyl, whgrein the plug light ﬁ@ﬂqcu%ﬁﬂmlﬂgw%@léqyer has a
peak rqfhc Y3l B e B RAENGh] B el MR ARG ik i
range ofcd0 @d 2t df thedeald teflectmich oaluaatahe tleasgret dlhahiaannbiue pedkewsielength.

the blue light reflecting liquid crystal |ayer has a

peak refl ectance value and the blue light reflecting

oy I _ _ . p
o I e 0, SRl 6L ECR oL Wi B s
peak réflectameavalue enld thi radrtightirefledbing diquid akystablaydr agyt feflectance value in a

range of 50 to 90 % of the peak reflectance value at the measured illuminant red peak wavelength.

4, The method according to claim 1, wherein the blue light reflecting liquid crystal layer has a
peak reflectance value and the blue light reflecting liquid crystal layer has a reflectance value in a
range of 70 to 90 % of the peak reflectance value at the measured illuminant blue peak wavelength
and the red light reflecting liquid crystal layer has a peak reflectance value and the red light
reflecting liquid crystal layer has a reflectance value in a range of 70 to 90 % of the peak reflectance

value at the measured illuminant red peak wavelength.
5. The method according to claim 1, wherein the blue light reflecting liquid crystal layer has a

peak reflectance value and the blue light reflecting liquid crystal layer has a reflectance value in a

range of 80 to 90 % of the peak reflectance value at the measured illuminant blue peak wavelength

-18-



3. The nethod according to claim1l, wherein the red
light reflecting liquid crystal |ayer has a peak

refl ectance value and the red light reflecting liquid
crystal layer has a reflectance value in a range of 50
to 90 % of the peak refl ectance value at the neasured
illumnant red peak wavel ength. 4. The nethod
according to claim1, wherein the blue light reflecting
liquid crystal |layer has a peak reflectance val ue and
the blue light reflecting liquid crystal |ayer has a

and the red jight reflpsting guicbcrystaldayer bas g@eds reflertange vuopndithe ned lightak

_ h | .
e BRI Al TRREHAShC b T A0 o el Blunce
value dt edmicabasd Hlupsmint fedpkaovavkagtial ue and the red i ght
reflecting liquid crystal |ayer has a reflectance val ue
in arange of 70 to 90 % of the peak reflectance value
t i Lil i . ) | : .
6 TnSRASHRR ) L] 3Bhep! BEARGASITE BB Ry lork e bue
light rafleétingdiquid@rystal) layel, grestslighk relflagting liqaid ceystaplagér, arddfrbdlighn reflecting
.., val and the blue |jight reflect] liquid crystal
liquid grysyelTayge on gnc wOtEE fodhEte s fisee &ver AsElay sakge of 80 to 90 %
of the peak reflectance value at the neasured
illum nant bl ue peak wavel ength -18 and the red |ight
7. r'Bfd methadrgeordiggitaicleimy k whiereinathe dluhamantis p dkresesht light sovecs.
value and the red light reflecting liquid crystal
| ayer has a reflectance value in a range of 80 to 90 %

8.  Ofhdh@hRPRkoriR: t¢ahidE vheted] tHE grRbn fighe rdlRA4IRAId crystal layer has a
il lum nant red peak wavel ength. 6. The method accordi ng

peak reflsctencgiwavalength ongérrihantthe measuredlilluminant green peanyayelsngth.
stacking the blue 1light reflecting liquid crystal
| ayer, green light reflecting |iquid crystal |ayer, and

9. I Rdeflec@ bibiable @RéIEAEtic liqusturghtd Hiéﬁfa?bodlﬁiéﬁfgi on one
another to forma three |layer display stack. 7. The

nebluolight rafleetingriguiderystad layerihavipg e ble peakrefledtion i nant i s
wmvdé%ﬁ“ uorescent |ight source. 8. The nethod according to
cfaim 1, wherein the green light reflecting liquid

cd grsérdight mylesting diquid crysblaysrabvingd greacpesR vefleetigi h | onger
than the nmeasured illum nant green peak wavel ength. 9.
wavelengtheandactj ve bistabl e chol esteric |iquid crystal

R G L L
vwaihveedim rthyt teflectivgibestable chylesterie flileid ciysigl dispdayi idl configetedito
be illuxlna 1%{1 b}rr] gl\ll ilﬂxgniﬂaan%aev?nng arrﬁ &migu?nft lmeegguirgJ]blue peak wavelength, an
illuminant measured green peak wavelength, and an illuminant measured red peak
wavelength, and the blue light reflecting liquid crystal layer blue peak reflection
wavelength is a shorter wavelength than the illuminant measured blue peak wavelength,
the green light reflecting liquid crystal layer green peak reflection wavelength is
substantially equal to or longer than the illuminant measured green peak wavelength,

and the red light reflecting liquid crystal layer red peak reflection wavelength is a longer

wavelength than the illuminant measured red peak wavelength.
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wavel ength; and a red light reflecting liquid crystal
| ayer having a red peak reflection wavel engt h;
wherein, the reflective bistable cholesteric liquid
crystal display is configured to be illum nated by an
i 1lum nant having an illum nant neasured bl ue peak
wavel ength, an illum nant neasured green peak
wavel ength, and an illum nant neasured red peak
wavel ength, and the blue light reflecting liquid

10.  cThedliquid dresyad displap ecqosting to efaine 81 witerein ﬂa\bdaiedrggt fefleting liquid

crytl TR pERRAEEToRcE P B G B nad B i e hes o

reflectfcY $418¢ inl aeﬁﬁ?ge oF ‘S@ m(ﬂ%%'f tHe@bakaehiRMmcaIed £ Mk illurhhant measured
substantially equal to or longer than the illum nant

blue peak agmelengtlyr een peak wavel ength, and the red |ight
reflecting liquid crystal layer red peak reflection
wavel ength is a |l onger wavelength than the illum nant

11. ERslifupilrystd dRpRY addMRAga0 Glalin 9; virdif) the ToElight edfletling liquid crystal

crystal display accordlgﬂAto cIa|n19 wherei n the bl ue
layer hpg gmak refleptange; %@man@qthed ighyeeflsgting digwid crysisl layesdasa reflectance
3 t |
v g pFIFE O% P @B i Bl A kb St B
wavelemgthQO % of the peak reflectance value at the il I um nant
neasured bl ue peak wavel ength. 11. The |iquid crystal
di splay according to claim9, wherein the red |ight

. . o
USRI okl SR a Rty oYt 1B WRE Al SNk RS
crystali@yer bas agedlaeflentaee va/laé arel thenblae light gflecting3luiderBeil Myexfhas a
t he peak refle e at the illumna asur ed
reflectpigt lacn & MBS ARG 3. % 25 he pek TfleAnge %ﬂttg*re {leigpnmeasurcd
blue p@aﬁ%ﬁréﬂ:@% 14 thd éH ni’gl?t reﬂ\é&ﬁﬁgﬂu{hx& é}?stzh'léy%r hdsQpeall RRE&SICE U&ue and
I qu crystal layer has a peak’ refl’'ectance val ue and
the redtliwt ﬂgﬂmmg ligwid cryetal leyer ihnsga tefleptinde walysinal rangsyné 70 ke % of the

peak rifi B NARE G Y8 tEugd PR el il Redendth, o0 bl e monk

mavelength and the red |ight reflectlng liquid crystal
| ayer has peak reflectance value and the red I|i

13. 'Bhe lswid oiyptal digplan accprdingdp clagy & whesein the blrelight r&ﬂecémg aﬂlué
crystalalélle?l?]%s Q%& l‘éﬁecg& fe Qal%)ané’tgé bihdRent P({(fl%gtlr{ge{ %ﬁ'ﬁﬂl‘f faygrqlayg

asure 'um nant red
reflectance value in a range of 80 to 90 % of the peak reflectance value at the illuminant measured

blue peak wavelength and the red light reflecting liquid crystal layer has a peak reflectance value and
the red light reflecting liquid crystal layer has a reflectance value in a range of 80 to 90 % of the

peak reflectance value at the illuminant measured red peak wavelength.

14. The liquid crystal display according to claim 9, wherein the blue light reflecting liquid
crystal layer, green light reflecting liquid crystal layer, and red light reflecting liquid crystal layer are
disposed on one another to form a three layer display stack.

15. The liquid crystal display according to claim 9, wherein the liquid crystal display is

configured to be illuminated by a fluorescent illuminant.
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13. The liquid crystal display according to claim?9,
wherein the blue light reflecting liquid crystal |ayer
has a peak refl ectance value and the blue |ight
reflecting liquid crystal layer has a reflectance
value in a range of 80 to 90 % of the peak refl ectance
value at the illum nant neasured blue peak wavel ength
and the red light reflecting Iiquid crystal |ayer has a
peak refl ectance value and the red light reflecting

16. | Tlgdigdidoaryssdl displap yeordirgsto alaine b) velotrain e gweh light raflextingigyéd
f 80 to 90 9% of the e refl ectance value at fhe
crystalTiyeb s A PR FrOAOIeE oy P e aREe LS e emoant easpred e peek

waveléngthst al di splay according to claim9, wherein the blue
l1ght reflecting liquid crystal layer, green |ight
reflecting liquid crystal layer, and red |ight
reflecting liquid crystal |ayer are disposed on one
another to forma three layer display stack. 15. The
liquid crystal display according to claim9, wherein
the liquid crystal display is configured to be
illumnated by a fluorescent illumnant. -20 16. The
liquid crystal display according to claim9, wherein
the green light reflecting liquid crystal |ayer has a
peak refl ectance wavel ength | onger than the illum nant
neasured green peak wavel ength. -21
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