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WD 03/ 106188 PCT/ AU03/ 00730 POLARI SI NG LI QUI D CRYSTAL
DEVI CE FOR SECURI TY DOCUMENTS This invention rel ates
wao 03/iG6tpsi d crystal devices and is particularly PCT/AU03/00730
concerned wth polarising liquid crystal devices
sui table for incorporation in security docunments and
NPOLARISING LIGUID CRYXSTPAL DEVICE FOR SECURITY DOCUNMENTS
fornms of liquid crystals, both nematic and
chol esteric, as security devices has previously been
pr opRiseiflverittn pAaRR! 1, liduRl eryetd ddicesibpgli®pRfticiarly concerned
.optical conponent which has an orientation |ayer, ) )
with oppfarisingy daydocsystal idavicgs suilgblieeiorndnaasperatippnyn  security
doddERR A md Gyl bt Rlaniftaed | nked nematic 1 iquid
crystal nononers w th varying Tocal orientation of the
liquid crystal 10 nolecules. The liquid crystal

oy S8 b Y oL it oDl RSt hoth el g photesteric, as
sedUritp ddvides has Srepiously Bé&@&%?déac.l oas @mmgre‘,qa&; 5 602 661

. conmponent conprising a stack o alternating PPN
disgloses @ PRiical pEPONEALWhicHUNES ap psieafatiasnlaier cemersing a photo-
. i tra . i .
orbRUEIS pRry SEEE (PRIDFPbat i F AL 35 ke nemati
liquid mpoyséalt mdiemers i with  caryimgndoca ofiebtion6 T @&l lmuid crystal

e B L e S 5 P b el i he P
lay8L&HE ithe/ orieftdtiBRTs Fi%Ed P8 sBBsdqfeHt R9ed-fniad ISR

counterfeiting and copying. It is possible To form
i mages whi ch are detectable when viewed under cross-

20 | g4 i t Q4 O 3 a
20,05 1D, UHS Py SEEDRAY Som iy stk o
altereatisg 7PN cenie rdation tdyers reamdaliquid | drgsiabl monashet (LGRklayers on a

. appl i to it rface., However, thig ha evi ousl
sinflR PR 8. ghe 3Gl peBY Y BstraRed o i R oty of the
cofpbherent directions of polarisation and the use of a

mask to cover different regions of the orientation

| ayer during each exposure. 25 A di sadvantage of the

useTRé _dii‘ﬁi@épcé\!nPgﬁgﬁﬂ%t ofUEhs B0PBEE1 bAdf 98 a60FENhave various

image is that it is not possible to forman inmage .
usehi ioRlugling beuidearystal aellsi indinfegratat ppiicaindedeesinand @is security

de\g?cgsa qu fededa Vardfdatd %@lainss?gohﬁrt%%iﬁn%u&% Epyind°" trait

it is possible to form images which are detectable when viewed under cross-
polarizers using a photo-alignment layer, such as the PPN orientation layers of US
5 602 661 and US 6 160 597, coupled with a nematic liquid crystal layer applied to
its surface. However, this has previously required separate exposures to polarised
light having different directions of polarisation and the use of a mask to cover
different regions of the orientation layer during each exposure.

A disadvantage of the use of photo-alignment with a mask to form a latent
image is that it is not possible to form an image which can be readily varied for
different documents, e.g. a coded or personalised image, such as a portrait of an
individual.
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i ndi vi dual . WD 03/106188 PCT/ AU0O3/00730 2 US 5 678

863 di scl oses a neans of identification or a docunent
wo@bh3/walsse which has a cholesteric liquid crystaPCT/AU03/00730

material applied to a waterfrark in a transparent or

transl ucent region so that the watermark changes

colysrs ardegs3 diddddcdna rieans of l@@rﬁﬁbbtl@ﬂ‘ﬂfor a @o@ﬂ@h@ht of value
to forman inmage in a different colour, i's

whigla ceas aa ychalestedct Mﬂﬂldh@llyééﬁlemaéeﬂ'ﬁlqap@'%d yiet al wwk in a
rarfRpSHIOBE et JpBoRUs af e Bt EhY il Wy uncer

dlff@r@mtviﬁvﬂngl@nmidr% t n okdexntd fonm &m qmegequyatdﬁerent colour, it is
materials are rel atjvely expensive.

a

NeceRigry Psushiwo eholegiexi '%U%PWISF%? Mg!pléh ar%sh@%en %agﬁa produce
altegrﬁ%tnwgllyﬁﬁgﬁ}g ?é’i’t ?8 zﬂ%kr@r l@ﬂe ?é(}lreé‘fgﬁﬁ}é@gﬁrﬁ‘%uemhaﬁ'iﬁ crystals
is quitethidk amdptbediquid oxystal cqmaténaisyarlaerblaﬂmlycapﬂmsn/e d&urch a latent
.__be use ormv r% es that ca P .
'matgsalaicprﬂy»cgpv@alyf aﬂﬂegﬂ%?fi?q 9 a1d) TeqiFe @ RICUlar polariser for
: bt \p curity docurrents It is also
Vle\gmgﬁpgb?béaﬁod g\’/@jgﬁﬁl atively sinple and effective

met hods of manuf acturing such polarising liquid

cr

ceanSTheRTLICaesabio 1O POy 8 oty LFRA Rriftafijeydde which can
be usedito |fcmmn vatiable Ilaﬁerpjrl!mgeedhat tany beoreadWNaned devincerporation
. rising: substr east one phot o- al i gnnment
in ff"i%'}}éP{ ﬁ%‘ﬂ'ﬁf%g]ef"&e?l?é‘ %G{?b'ghfg?% Y Sv\,hl chis unlgf ormy

aligned vvith a pol arlsed light source; a nematic

3g QL’E%? lgle;e %}%@@h@@ﬂﬁg)@t ﬁgg y. e@e 'in\:?e methods of
maﬁﬁféfcﬂ]rﬁig &WB&Ia‘n@th@f@ chydtall dslideh for ¥6fnding! /M@t image in a
wi t hout "t he use of a nask wherein the | atent imge

sequsity/flepwpert. under cross- poI arisers. Preferably, at
| east one of the at |east one photo-alignment |ayer
and/or the |liquid crystal layer is a printed |ayer.
TheAgedrdingdtol anyerasq»ect aly thes inveptipe, tspeiieprevded teeliquid Crystal

substrateb rintin C re.€
el TR & siPhrad, B P ReRoOE R e R ARG to the
sut{sﬂ@h@@n@lgwm&hl i‘émmfdrﬁws afighéd evith hrearised lightt Ssured; bmematic
e
liquid crystal layer applied to the photo-alignment layer; and a latent image formed
by the photo-alignment layer and the liquid crystal layer without the use of a mask,

wherein the latent image is viewable under cross-polarisers.

Preferably, at least one of the at least one photo-alignment layer and/or the
liquid crystal layer is a printed layer. The printed layer or layers may be applied to
the substrate by a variable printing process, for example using ink jet printing or
other variable printing technology which allows a latent image to be formed in the
at least one photo-alignment layer and/or in the liquid crystal layer. Alternatively,
the latent image may be written into the at least one photo-alignment layer and/or
the liquid crystal layer, e.g. by a variable laser writing process.

According to a second aspect of the invention, there is provided a method of
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at | east one photo-alignnment |ayer and/or in the

l[iquid crystal layer. Alternatively, the [atent inmage
worey10oesswr i tten into the at |east one photo-al i grErEAT03/00730

| ayer and/or the liquid crystal |ayer, e.g. by a

vari able laser witing process. According to a second

madsifsstlriy atligid evyseil devicetdogipisisg:pr ovi ded a net hod of
WO 03/106188 PCT/ AU03/ 00730 3 manufacturing a liquid

crystal device conprising: applying at |east one

PhoaepIfingEtTBAst driRYShotbalRnfient 14yl ¢o alkiibstiafd;y

al i gni ng the photo-alignmént |layer with a polarised
l'ight source; applying a liquid crystal layer to the

IO hogQifcHilg ?H@%? IRy ?hot@ﬁﬁ’grgﬂéﬁ’tr I é‘lgwﬂh Eas ?ItISédTﬁ@ﬁ sbéirce;

formed 1 n one oto-al i gnnent [ayer
and/or the liquid crystal Iayer wi thout the use of a

mas fer e at

eadrPihg £l GRrystaPial S e JHRAS AiGnineh Rl

crystal layer by printing the inmage in at Ieast one of

sai L r a: fi [ :

2 S S el ey TIPS ARt LS ke fgmont v
antlfoq thalligquigt crgdtal layer witboat the iufseroﬂeymbkg ned

photo-alignnent layer in a pattern representing the

| atent image. The photo-alignnment area nay be applied

oV ePréfbmtﬁy]tﬂheelawmamafgeL fsefoﬂﬁgdg inathe ahle?st Ifoaenishdtb&allgnment

security deyice. In ot enbodi t he t ent
Iaypﬁ@@g/qfaghebléqgg qrgggf IP ft;yyprfna,’r,lqﬁg )ymagg ipal least one of said
layBRO to-alignnment |ayer which is applied to the

substrate in a pattern representing the |atent inmage.

The liquid crystal |ayer can then be applied over the

e”t fnlr § ﬁ%@%n%o&un‘?\%nf’eﬁfgcggﬁdéggﬁq%&Q{é;/:égﬁég%%ﬁ'ﬁﬁhry formed by

atent 1 nage nmay
appymlgoﬂml liguideorystabjaerwi & knifernaly paligaedt phatowhghmenit yayer in a

pafleiEirasutinor et/ THge. Thae SBURHTGm GBI Mayche applied
ovérsthBRpirE Bre bEIHY sflstraby anTdHTbhﬂg tﬁ@ |slécur*|t5} deviel tern

representing the latent inmge, and aligned with
pol arised light at a different angle to the polarised

|1 Of aMbthed dnshdthifidnt, the latent image may be at least partly formed by
the photo-alignment layer which is applied to the substrate in a pattern
representing the latent image. The liquid crystal layer can then be applied over the

entire area of the device.

In a further embodiment, the latent image may be formed by a second
photo-alignment layer which is applied to a uniformly aligned first photo-alignment
layer covering the entire area of the device. The second alignment layer is applied,
preferably by printing only, in a pattern representing the latent image, and is
aligned with polarised light at a different angle to the polarised light which is used
to align the uniformly aligned first photo-alignment layer. The nematic liquid crystal
layer may then be applied to the second photo-alignment layer, preferably also in
the pattern representing the desired latent image.

In alternative embodiments, lasers may be used to write image areas and/or
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to align the uniformy aligned first photo-alignnment
| ayer. The nematic liquid crystal |ayer may then be
wapploeess to t he second photo-alignnment | ayer, PCT/AU03/00730
preferably also in 25 the attern representing the
desired latent image. In alternative enbodinents,
nonli arday Rethesadlebst vhé tphotoraiignmeatsayendirdn the liquid crystal
03/ 106188 PCT/ AU03/ 00730 4 non-image areas in the at
layereast one photo-alignnent |ayer or in the liquid
crystal layer. According to a third aspect of the
invention, there is provided a ne{hod

of . .
radcatdiogitag third gapertcafyBednvertian: dhetsnisy povided g method of
applying at |. of g-aliagpment | ayer to a

ma%‘ﬁ%ﬁ%"ga@, ﬁwﬁ%ﬁs@;}ﬁa B’Jg%aé(?rg?héglgghe phot g- al i gnnment
| ayer with a polarised |light source; applying a
[iquid.cr al .|l aye 0 = A a ;
undeniiG S skt gkl P EkTe Rl A3IBRNIERIE L
phot o-al i gnnent | ayer and/or the liquid crystal |ayer
by wrjti i.mage ea r_non-j ' .
15 wiorgh relpgenayhs ShofafilneRaTR AR 2 pdlafied Rt source:
aspect of the invention, a photo-alignnment |ayer is
applied over the entire area o he. formn
© hearmong 2 vt Po S b ghe Bhelraisreh B Poed
light. An ultraviolet (UV) laser is used to change the
hoto- aligned pol arisation, state either | .
Ahiehers & Bans magkgs B 1 Aagetdparond PP Rignment layer
iduigf | navaligagerarebs in at least
and R i e e A e et g then be
onappsaiddayarsa pattern representing the latent i nage.

In still further enbodinments, a |l aser may be used to
renove non-inmage areas of the uniformy aligned

pholnoorsd eboeithehtgfehiscaapest of the inveatien.@& phetaraliogmant layer is

20 The | aser should bg,of suffi.ci . it Qi
L
a|iq?}1§éf Rhth todaidtiiightc rArs LRfavidie(U V) leisBets tsedto elvange tree photo-

e polynmerisation state. i . .

aligned polarisation state either in areas which are to form the latent image or in
non-image areas. Preferably, the UV laser has a wavelength of 280nm or less.
The nematic liquid crystal can then be applied in a pattern representing the latent

image.

In still further embodiments, a laser may be used to remove non-image
areas of the uniformly aligned photo-alignment layer and/or the liquid crystal layer.
The laser should be of sufficient strength so as to ablate non-image areas of the
photo-alignment layer and/or the liquid crystal layer, rather than reversing the
polymerisation state.

In each of the embodiments above, the liquid crystal layer may be fixed by a
curing process, e.g. with UV radiation.

The polarising liquid crystal device may include further layers. For instance,

in some embodiments a coating may be applied over the liquid crystal layer,
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In each of the enbodi nents above, the liquid crystal
| ayer may be fixed by a curing process, e.g. wth W
wo aslicatdson. 25 The polarising liquid crystal devPCEAIES/00730
include further |ayers. ForSinstance, in sone
enbodi nents a coating nmay be applied over the liquid
preterably&to bete provie @3deied 88 uﬁl'fdr'm\wrﬂOPr@ferébly, the coating has

rab so as to provjde devi ce of unif

a rg{%@?} Indexrhigh| at Cf')‘ﬁé tB@dﬁﬁﬁ@“\rﬁaﬁ“de& QfeﬂTﬁaltqq'%?WStal layer to
hrde@ﬁéktﬁﬁ'% tches the refractive index of the liquid

crysta ‘to hide the latent inage. According to

a further aspect of the invention, there is provided a

SecpLd L s d r t [ &

cr yaperiing1cE A HAREE aSBEE GO, iEnfon YRR B Byl s security
doctdmemtnineotporatmg\ec poliristhgt hquidt crasial rdevmsmeabcmﬁahbe wrth the

. nventi here . is provided a polarising liquid
f'rst?w%tro?@&menﬁ%uf actured according to either the

met hod of the second aspect or the nethod of the
third aspect of the invention. 10 According to a still

f urhsrardingn de  velr apather naspRGtonl tth@r@Vieﬁt'%'? otneaedSaprowded a
pol%@%r}’lg'lh\fud ggfgtﬁ% c?e”ﬁr%ﬁﬁ%cﬁ‘ﬁc!‘gﬁga&drdrﬂﬁ td. er It"f‘l%1 method of the

e manufactured i n accordance W
seaondhampet ot the metwtofbpdhird aspéticofrithe hm&nﬁbnt he third
aspect of the invention. As used herein, the term
"security docunents or tokens" includes 15 docunents

suchcamdingetota syl iothemespect ofdha dnvintionthée isrprovided a security
respective|

entr nce docu n . LN tyurn
doqueiBoopa e iowifosystal disvida yrarmbarures It gpgordance with
eitldrGRBCR&thoPBE tﬁ@%éééﬁd’ a‘%Pé&taBrC fhet Aithod llaﬁrtha GhR§ aspect of the

shares, bounds, certifica cheques,
mVemWMEts bank cards charge cards and credit cards
and aeroplane tickets, bus tickets, railroad tickets,
and tickets to fun parks or specific rides. 20 The
polAsi ssed hepind theydean OGsaauries dbcmmenhraxenbkens includes
de variable | ate

do<11 e t ! hg%/ f(%ngﬁis Sggﬁrﬁgn r ovhﬁ Q%CWH?'P'&‘V %@trance documents,

whr'éﬁqH"turtrVre ?eﬁw&y‘tr&lud@r peRSPORS, Qns ligbty caf@g/irivRrs licences, -
formo ortrait of a cardhol der

and securrty entrance cards; banknotes, shares bounds certificates, cheques,

lottery tickets, bank cards, charge cards and credit cards; and aeroplane tickets,

bus tickets, railroad tickets, and tickets to fun parks or specific rides.

7 The polarising liquid crystal devices of the present invention may be used to
provide variable latent images of different forms in a wide variety of security
documents. For example, a latent image in the form of a portrait of a cardholder
may be provided in an identify card, a credit card or the like, so that the identity of

the cardholder can be verified by viewing the latent image under cross-polarizers.

The present invention, which does not require separate exposures to
polarised light using a mask, enables the latent image to be varied for different
applications, for example, in a variable printing process and/or in a laser writing
process.
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may be provided in an identify card, a credit card or

the like, so that the identity of the cardhol der can
whes/werssf i ed by viewi ng the |atent image under PCT/AU03/00730

cross-pol arizers. 25 The present invention, which does

not require separate exposures to polarised |ight

usi Vigrisus'esibodimanises thé résdrg mVenii@gaNTI ®obeby deseatbed, by way
for dlfferent appl i cations, for exanp in.a
of eameigianly with refgr%\cséeéae akepmpanying drawmgw ivehicty
process. WD 03/106188 PCT/ AU03/ 00730 6 Vari ous
enbodi nents of the present invention will now b

desftigursed  istan ealprest sestional vieyniof a fifst ﬁmtw@n@nt:@f @ polarising
igure 1 is an
“qu?Q% ?B@g#ng%éﬁ%?@élmedﬁgﬁ ﬂqéfl\‘!ﬂr@ptlgﬁbodl ment of a
poI arising liquid crystal device in accordance with

seg%'ﬂgy %%%lnwgpg%tﬁ/%r\? BW' éfef gﬁeﬁ%ﬁqﬁ Eaﬁ)t | Yn(?%rﬁ/géftaaﬁolarlsmg liquid

crysigy degice n aeeordanne avitd thie ihtentionyent i on; Figure 3 is a
sectional view of a third enbodi nent of a pol arising

liquid crystal device in accordance with the

i nvreigbrepra nsclaggéa|o4;a| Sidw S | tARal embBwin®ntaoff 8UsdIArising liquid
enbodi ment of polarising liquid 10 crystal device

crystal dewsed@@@(@omanﬁetvﬂ@ ihedBeentianivent i on; Figure 5 is
a fifth enbodi nent of a polarising |Iiqui d crystal
device in accordance with the invention; Figure 6 is
a dJdguredais @i ssetionabvigw af & faurthe ethwidireent of agpolarising liquid

cryBRL AR BRI Akt PR R Rt e o &
security docunment in the formof an identification
T ddoRE g ot e BRI ECet dhmetenand, IRR <rietEP device in

acddn&@ﬁﬁewnh thé tentiBni s a front view of the security
card of Figure 7 when viewed through

cross-polarisers; and 20 Figure 9 is a front view of a
f | exightees 36 aWdctivnalofsewRRfoughUs Bix@® et BRRAIKBRE 6F a polarising liquid

crystal device in accordance with the invention;

Figure 7 is a front view of a security document in the form of an identification
card including a latent image formed by a polarising liquid crystal device in

accordance with the invention;

Figure 8 is a front view of the security card of Figure 7 when viewed through

cross-polarisers; and

Figure 9 is a front view of a flexible security document, such as a banknote,
including a latent image formed by a polarising liquid crystal device with an area of
cross-polarisers incorporated into the security document for verifying the latent
image.

The polarising liquid crystal device shown in Figure 1 comprises a substrate
10, an alignment layer 12, a nematic liquid crystal layer 14, and a refractive index
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including a latent inage formed by a polarising liquid
crystal device with an area of cross-polarisers

wo nzmemssr ated i nto the security docunment for verPETATEE/00730
the latent inmage. The poldarising liquid crystal
device shown in Figure 1 conprises a substrate 25 10,

matdRedbatigené. | ayer 12, a nematic liquid crystal |ayer
14, and a refractive i ndex WO 03/106188 PCT/ AUO3/ 00730
7 matched coating 16. The substrate preferably

COMplel SeHstaRkO! prévsrablyTRiopfiprides @dpcsrpm@ncprnﬁtenalbl mnd more
conprises at |east one bi-axially oriented polyne

preferabty mmhrla@s aleloost e ib-axalig3o0eBisg. pslymryic film, such as
I'TF‘W 2 is preferably a photo-alignnent
desfiﬁl@% 0 %ral g(ﬁ]?g fon |ayer conprising a
photo ori entabl e polynmer network (PPN) of the type
ed in US 5,802, 66 U 1 . .
al MRSy 1P oS mptrall s Prfte dRymidnt pdEn r pyentation

layet @6pipridig Qfﬁih'olt@oﬁéﬁﬁab@ pblyehe Aledivbed (PPN Gftthe typey desdribed in
devi ce, pref erabl%/lnavarlable printing proce

Us s@§ﬁ2§§1aﬁnﬂnkjsj & 165,PAL né-hﬁr @&@@Bentldﬁ)’ﬁﬁe1?\e'ﬁaﬁpel'ed to the
subbirgtd 4o° gélf i&cﬁ)elrl heSk nHFeEfa%ﬁ n%:egg rﬂli’(alalﬁﬁﬁg ?{,@‘%‘% , crystal device,

anrsotro m Of Cross

prefepatsiyin a,vasiable pintihesprocbes] suthls an 6jebprintingiptd8ess.
6, 160, 597 which is cross-linked to forma liquid

crystal polymer (LCP) layer. In the enbodinent of
Fi guveendmatibdiqoiiveiyistal llageti preferabiyacornpyises A amsisotropic film of

crossabRkachlar AL MegomRIoaush a8 JGRoERp ki 5897661 and US
6, 1é0 84 %ﬁéh fd ¥ls8llinked 088k bgﬁfg«lgd)XB}é%IS%IWef lﬁ)tlb 8r. In the

or’“anot her appropriate nmetho rder for
embddimembgé Figurbel, tthalnenhaticeliquid tchystali lgued 14 iy spalied &yan image

th
aref dgidldnp B RisiELA BatemBhEsarTg o SReTRd fargth bn. The liauid
crys%éﬂ@othén ¥hba hyihg UV Flﬁfé(‘dlcﬁ?opﬁnﬁﬂh@ﬁﬁ ?ﬂ)d?hété h%thod of curing.

crystal” layer 14 form ng ent i mge.

In qrcﬁlertfnet e@nbe @mly:ia@entetr@ hqwﬂs cmsmj et 14 a@%thelahgnment
inte o t I t

ayeyy 131§ YLl By en iasUR IO St cbalifo e M heigh

aspects which would otherwise be produced by the liquid crystal layer 14 forming

the latent image.

In the embodiment of Figure 2, the alignment layer 12 is printed down on the
substrate 10 only in the image area 18 in a pattern representing the latent image.
The alignment layer 12 is uniformly aligned in the image area with a polarised light
source. The nematic liquid crystal layer 14 is then applied over the entire area of
the polarising liquid crystal device. The liquid crystal 14 is then fixed using UV
radiation or another appropriate method of curing. In this embodiment, because
the liquid crystal layer 14 is applied over the entire area of the device, the refractive
index matched coating 16 of Figure 1 may be omitted. However, in some
applications a coating may be applied to cover the liquid crystal layer 14.

in the embodiment of Figure 3, a first photo-alignment layer 11 is applied to
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The alignment layer 12 is uniformy aligned in the
image area with a polarised |ight source. The nenmatic
wo pywieBscrystal | ayer 14 is then applied over theCT/AU03/00730
entire area of the polarising liquid crystal device.
The liquid crystal 14 is then fixed using UV 25

ther adbsttdton1 @rcavepihbetheaRplinPrdres eofmelic aibvide, carid rthe lager 11 is
this enbodi nent, because the liquid crystal |ayer 14

unifasmbpalignad witk@ pelarised light spwse o seeonbRiele-aligagnent layer 12

: ract [ : c ' [

s SR AFHDIGn MTRTIGHRGLCA A, 38y FStitad oY 10 of e

de\{mirﬁa ;mnw’(t;dng _edpttssen?n%!thé Megi mag?a_.cfrhetsﬁcohdwlayeﬂﬂz is aligned
L4 n e bodi nent__o 1 gur , . a rst to-al | gnnent

with fglafised TGt aba i iaTenbaes 8 atsaedbe dest AsonamRd hagd crystal

455U oS BTG raRERE 12cly i pater

reppesantingeitiel degiteds ienteimayes e Jhwedliguidt arystal imtieert fikeg arsing UV

12. is the rinted.on the first alignnent er 11 .
racifiop B oA ARIORIEE Mg (ReruTiagy | &5 It FIBUER, Tepreractive
indeR PRASRE] IcBELiRhG td\2be HpplieB Wer T ligGEstarMser 13 tbScover the

aligned 5 with polarised l'ight at a different i nstant
entiagirea obthendevice §o hidpHberhsightiaspectotherwisgqiraducedihy the layers
12%ﬁ i,|§1 then applied to the second alignnent |ayer 12 in

g pattern representing the desired |latent inmage.
The liquid crystal is then fixed using UV radiation

1 BORR I PRLRE A, BRI R i argP s Sl Gsubstate
40 @y ebvérhipie! erstire chresittae deticel THe layeraviels dififordfly aligned with a
entire area of the device to hide the height aspec

t
polatised lipklesqiretufeliVblpsehdavinges svavesleagth au28Gefmepr lagg is then
oo HEE i pon 2L L0l LRSIl geP) | i oponure
to dewveclengffize of &8€r néil arslessidaor beyusdd doedverdehitee photo-aligned

olarised lLight .source, A A er, having a wave
polfisgertia bt AlaRerclyer 1RdRS pieaagy G gAnmage area 43
of thl_ﬁgaligﬁﬁfén%rﬂﬂ‘%ﬁsan“i%ég@ S é#zﬂh@ru@me.l HeUVkser éadiation

xposure to wave |engths of 280 nmor |ess can be
is repeasented by arrowst 4 irphiguee dl i Treedemadicyigeid erysiablayer 44 is then

the alignment layer,41l.in the area 42..|eaving .an .
applia® GETERe B he It e phtem Fopyasmtng Y dbifilgtent image.
Theligaid4tysthl ishieetgiked usirld E\PadigtRRT off afbikr 8ppropriate method of
curing. If the image is to be truly latent a refractive index matched coating 46 can

be applied to hide the height aspect produced by the liquid crystal layer 44.

In Figure 5, a photo-alignment layer 51 is applied to the substrate 50
covering the entire area of the device. The alignment layer 51 is uniformly aligned
with a polarised light source. A laser is then used to remove non-image areas of
the device outside the image area 58 by ablating non-image areas 52 leaving a
non-ablated image area 53 of the alignment layer 51 in the image area 58 of the
device. The laser ablation is represented by arrows 57. The nematic liquid crystal
layer 54 is then applied to the non-ablated image area 53 of alignment layer 51 in
the pattern representing the desired latent image. The liquid crystal is then fixed .
using UV radiation or another appropriate method of curing. As in Figure 4, if the
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Is represented by arrows 45 in Figure 4. The nematic
liquid crystal layer 44 is then 20 applied to the

WO nHe1ssrea 48 in the pattern representing the deSi/ABWB/00730
| atent inmage. The liquid crystal is then fixed using
UV radi ation or another appropriate nmethod of curing.

imabé i febe MO Iatent @ réfeadtivel indbRrheatthed coating 66\e appliek over the
mat ched coating 46 can be applied to hide the hei ght

liquigsgrystel \@y@aéééa ogyefﬂmnfq@.ade%pweadevla%r 44. In
Figure 5, a photo-alignment |layer 51 is applied to the
substrate 50 25 covering the entire area of the
de\iaser ablasion isyhsedtin| ayditffersnt irgannert t feyn dhe Jatent image in

P, SRR o SR bV oA e s

60 corgingaheaeritfie tareabif aheé devicen Th@@eamas lﬁﬁfokmm/aligm@i with a
non- abl ated i mage area 53 of the_alignnent BrI?n P
polaniged; haliesaired. 58 lighicd peystaldayerets % h%@@.pha oft fhgnalignment

laydrs6{ ?@FS@%“{I‘%SH jérire% hé: dg}?e NATRISLE 7! |gbth9n ysed to ablate

crysta hen ed to the non-ab
non-nnrmm aees obhedldL@wstalllwrG%]samng ahmrpablatsmlmage area

o GEBETRER] LB S ot GRSahcl i Purs 4

' t tal
orEPSSRIEBNE TP el g ol BTRAHIR ot it i vt

ly
laygreidein orsler éo hide any heighd difiereones cauaed By the la%er ablation of the
| the liquid crystal layer 54 to cover the
"qug:ﬁ% ?%ij?&gg%f the device. Laser ablation is used in a
di fferent manner to formthe | atent irrage in Fi gure
6. In this odi.nent hot aI| [ is
o0 o citoh GBS Hossble 8 BBhEa AT Bhoto Hghpisht laver and
theA’&A@nOk diheneéedirsdionTh@ bakrisedlUVs %@hﬁm@maxseahs anendl used to
with a polarised |ight source. Aliquid crystal |ayer

destwyialignmemt ap perticylasrarens oitheyRheteraligrugent lgyer g0 as e produce

an {rﬁ?gaeoﬂ;tbé%hz)g(ﬁ glhﬁaméﬂ?lagg?” g‘thlg %%%ﬂ{atg:m e %&Aﬁﬁﬂphed.

Iayer 64, leaving a non-ablated i nage area 63 of the

gL 45bd QU ok RSy G i i 7o whion

mcl[]dé@ @eﬁoleﬂairﬂgnlmm@)crmalaamlt:@ Feowhicht hayl befotned pytarly of the
yer 64 in order to hide_any helg t differences

me’@@@g&@sgpb@qﬁ,@n‘qharg&regg@gq FENTe$ THRE. 1 quid crystal
| ayer 64.

The identity card 70 is printed with indicia 72 over the entire card except in
the area of a transparent window 74 in which the LC device 76 is provided. The
image area 78 of the LC device 76 is shown in broken lines in Figure 7 in the form
of a portrait of a person. The non-image area 79 of the device forms a background
for the portrait 78.

Under normal viewing conditions, the portrait 78 formed by the latent image
of the liquid crystal device 76 is barely discernible. However, when the polarising
liquid crystal device is viewed under cross-polarisers, the portrait 78 formed by the
latent image of the liquid crystal device 76 becomes plainly visible. Thus, if the
portrait 78 corresponds to the cardholder of the identity card 70, the correct identity
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In addition to this it is possible to print a uniform
phot o-al i gnnment | ayer and then align it all one
wa@l¥/wotdson. A pol ari sed UV, scanning | aser is theer/agexo73o
to 15 destroy alignnment ino0particular areas of the
phot o-al i gnnent | ayer so as to produce an image in the
of Mmcarcﬁial@emmn blea\y@medTlmy vieving dhedatent imaggufdhe liquid crystal
d %ﬁ(ﬁ’e é . _Figure 7 shows a security
e}ﬂ'S Wi qrrpr pp Wi$eBY an i dentity card 70 which
|ncludes a polarising liquid crystal device 76 which

may be fornmed by any of the, 6 nethods described wth
ref B 't seri up@gﬂamgdlcaud ystak deyigesi tny asgerdange with the

mv‘eﬁtlBﬁ '|§‘§Il%|gtr§‘[écfbg%lﬁb39 FRiVEHowd ﬁwﬁ#&lrlgﬁd%@ﬁﬁfﬁgﬂg form of

he ar ansparent w ndo
a smldélelxdﬁe Bbeek qnmbvasjedbanlfhete 90 JheabvartknOie @0 ihbladeS a latent

im§GH agS oy) ar poIaEings 1o STt dweor o Briged dn e tagsparent
wirkfow b2 &ﬁhb%ﬁk‘?\b’i@ FheastHt Arade ff)ﬁ'ﬁﬁ& '?JS/ é’rP%é?é %&? 98 of the

25 Under normal view ng conditl ortra
liqyid rarystabgevine Y6aiseritowmingthe fofmtch‘ea bodtditiofca msadn However, in

g Shficaen S ARG et TS Bhe w var L Bt Flteetin Raer
cr oss pol ar |esg¥ st hEehe pa:rgr 2| t 78 for medeb37/6t he
ot o O 4B ety AdcHent iar By Biadlg 46 Ja Rued dpBhindicia 02

coVetirightheC ahfifeoh s otthd bankritga ot é!xd‘f%it% {Re atrBQ d¥ Pé @&nsparent
identity WO 03/106188 PCT/ AU0O3/ 0073

erw?m R aed a Anthss tvansperent wdwewﬁn\ghlchemputdeatcromgelansers
TO@iosb 8 phlablt R, S5 Tl SsHAE ceupal i e page o8 i

wnmfcmsgélbydmdmgﬁhe Aegiblosetanite dottmenbeo thavibatwintowD5 overlies

il Str@i%ﬂ by Figure 9 which shows a security
thejwindrund4.i therehy Yeliyingrthe bagkrotggl e 1 exi bl e sheet
such as a banknote 90. The banknote 90 includes a

| atent i mage forned bx pol arising liquid crystal
devi e mesg%mvseaonﬁ greﬁ‘qrgn@r@aa@ﬁ a maa@mgdmwﬁ cryséal device

f W T 9

Oro he '?tqﬁﬁadd%%gh Fg@g)\% 6@6 ??ds ovvn I'n ?ﬁ’éﬁ&é{r% security
do@fmenisaior rverlfylmg thae paﬂmncny-bﬁ\meesecumy doguments. The polarising
. applic i n.the | atent gx? magtakeavarlety of
Ilqlagfqrw%ﬁ]t qViges; can be rea )9 manufactured using conventional variable
printing technology, so that it is relatively simple to modify the latent image during
manufacture to enable a wide variety of latent images to be produced for use as

security devices in security documents.

It will be appreciated that various modifications may be made to the
preferred embodiments described above with reference to the drawings without
departing from the scope and spirit of the invention.
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10 The flexible security docunent or banknote 90 is
printed with indicia 92 covering the entire area of
W b10osssknot e 90 except in the area of the transper/anos/o0730
wi ndow 94 and a further trahsparent w ndow 95 which
i ncl udes cross-polarisers. The cross-polarisers in
CLMI\RQOW 95 may be used to reveal the latent inage 98 in
ow 94 by folding the flexible security docunment so
th t.the window 95 overljies 15 the wi ndow 94, thereby
1. v r'?l‘r“gcﬂir’ﬂ@' PRVIRH GORPTIPIRG: pr esent i nventi on
therefore provides a polarising liquid crystal device
formng a latent imge which can be incorporated into
a @ SeDsieateety of security documents for verifying
the authenticity of the security documents. The
polarising |liquid crystal devices can be readily

naréiflgastioeg n@tﬁgaltg@mmtlawwppbrfd é%rtbelzwbpﬁtraﬁ@ m@ which is
o AR WIS ST LR S L £t S T Y

variety of latent inmages to be produced for use as

oot DEEEHELRES SR PEELShbled RELFBidortbrBlens iyBriape

t he preferred enbodi nents descri bed above with

" o ARG v 8ab U 9 RO B BB SR LB et
|ayaQﬁﬁM&th,§@c5f alhackAlM5 1. A liquid crystal device

conprising: a substrate; at |east one phot o- al i gnnment
| ayer applied to the substrate and which is 5

univiesrstry 1 iagsif wpbhs dicRRIbRE LRSS Erogipotsisets; a
nematic liquid crys | ayer applied to the

phot o-al i gnnent | ayer; and a |latent inmage fornmed by

2. thea RROIOcRtI HERe héoHaingne élQi?n Wi QHERI® 'tli(étaﬂeast one photo-
| ayer wthout the use of a "nmask, wherein the |atent

alignmegyy layenis evierbited laygsr cross- poI arisers. 10 2. A
l'iquid crystal device according to claim1 wherein the
at | east one phot o-
3. A liquid crystal device according to claim 1 or claim 2 wherein the liquid

crystal layer is a printed layer.

4. A liquid crystal device according to any one of the preceding claims wherein
the latent image is formed at least partly by a pattern in the at least one photo-
alignment layer.

5. A liquid crystal device according to claim 4 wherein the photo-alignment
layer is printed on the substrate in the pattern forming the latent image.

6. A liguid crystal device according to claim 4 or claim 5 wherein the liquid
crystal layer covers the substrate in the entire area of the device.

7. A liquid crystal device according to any one of the preceding claims wherein
the latent image is formed at least partly by a pattern in the liquid crystal layer.

8. A liquid crystal device according to claim 7 wherein the liquid crystal layer is
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alignment layer is a printed layer. 3. Aliquid
crystal device according to claiml or claim2 wherein

W b10eisgui d crystal layer is a printed | ayer. 4PCHEAU03/00730
liquid crystal device acconding to any one of the
preceding clains wherein 15 the latent inmage is

pririted oadhatphotaaligmaeht lybyinahpaiaterm formihg ¢halatémtdstage.
one photo- alignnent layer. 5. Aliquid crystal device
according to claim4 wherein the photo-alignnment

9. | ayenigusd @rymaﬁdeﬁﬁeté&oWhgttbabﬁrmnSt\m@erréfﬁ ti8s bhoto-alignment
formng the | atent img A liquid crystal device

layerceayieds e sebeiraie i thebentrmaﬂrﬁa @fmeri@wﬁet he liquid 20
crystal layer covers the substrate in the entire area
of the device. 7. Aliquid crystal device according t

10.anyA dauidogrysiad devicecaticerding 40 relainhé mdhereint asinifatraly allgned first

o5 S 8 85 R 4R ) O v, e

latemt ¢madens formed & gna ‘patleetn éh @ séeorld phobtd- @l(riqrm&aht lapyreapplied to
is WO 03/106188 PCT/ AU03/.00730 12 printed on

theiirst phata-gligrrnent. angk then ligwd %ﬁtaéﬂwefrowwa attjgast the second

erd- A liquid crystal device according to
phdct? Enhg{e{m e| n the photo-alignment |ayer covers the

substrate in the entire area of the device. 10. A

i quig,, 6 chai [
11 8 U] 1L, B8 28500 00”9 IR 956 oo phtc-
alignenartdaydreisspriirsied atrethenfirsh @hetd-alignraerblaytr irh thal pattems, forming
the |atent image is formed by a pattern in a second
ther&"ﬁt@%"ﬁﬁg%nrrent | ayer applied to the first

phot o-al i gnnent, and the liquid crystal Iayer covers
at | east, the second ghoto al i gnpent_ | ayer .

127 fhiiguiss gaetal diecaberrediongat 19 8 v {iisherein the liquid
cry$tBP 18G60NS BPARAT 1801 | HRER! p'lnﬁi'da-%lr?rﬁneﬁi riéfér W' $hBe pattern

I rst”photo gnment | ayer Tn't tern f
reptémaritragethe latenyimage2. A liquid crystal device
according to claim10 or claim 11l wherein the liquid
crystal layer is applied to the second phot o-ali gnnment
13.1 ayRiliquid ¢dystapdevieeraccording to claim 4 wherein the latent image is laser

written into the at least one photo-alignment layer.

14. A liquid crystal device according to claim 10 wherein the latent image is

laser-written into the second photo-alignment layer.

15. A liquid crystal device according to claim 7 wherein the latent image is laser
written into the liquid crystal layer.

16.  Aliquid crystal device according to any one of the preceding claims wherein
the liquid crystal layer is fixed by curing.

17.  Aliquid crystal device according to any one of the preceding claims which
includes a coating over the liquid crystal layer.

18. A liquid crystal device according to claim 17 wherein the coating has a
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representing the latent imge. 15 13. A liquid crystal
devi ce according to claim4 wherein the |atent inmage
w0 83/1ioass8r witten into the at | east one PCT/AU03/00730
phot o-al i gnment |ayer. 14. 1A liquid crystal device
according to claim 10 wherein the latent inmage is
reflagties imdax Whichi substdntielly ecatobepting efectiga imiex dfaheriquid crystal
15. Aliquid crystal device according to claim?7
layGherein the latent image is laser 20 witten into the
liquid crystal layer. 16. A liquid crystal device
according to any one of the preceding clains wherein .
194 heAlliay st erveta) siexice agrerding teickaign by O¢ ¢laimg!8 whergin the coating
. A e .
cov g Trtel RfF B, S60 T B o AR BbufcBRf substantialy
uniforquheight.ystal layer. 25 18. A liquid crystal device
according to claim 17 wherein the coating has a WO
03/ 106188 PCT/ AU03/ 00730 13 refractive index which
20.s ubAtragthibal dfynamifatiasing epolefisiagtiiquitl crydex detickh@mprising:
liquid crystal Jlayer. 19. Aliquid crystal device
according to claim17 or claim 18 wherein the coating
covgpslyinaeat!iéastigheqshetdallighmesit [dyer sol@lsubstratgier to
provide a device of substantially 5 uniform height.
20. A nethod of manufacturing a polarising |iquid
cr yghifdrnfhe li§sing @me phetoglignragi [y eowith al faafiseNRyht source;
phot o-al i gnment | ayer to a substrate; uniformy
aligning the photo-alignnment |ayer with a pol ari sed
|'i gl pl§ingr Rouid [Pt 18gerdtol the HHdtsBHghRknt RYEF; 4@ t he
photo-al irgnnment l|ayer; and 10 form ng a | atént i mage
in the at | east one photo-alignnment |ayer and/or the
| T ofrhirfy ¥Sb&INnt iRKGE iMithE A lleddtConts Bhsfo-AligHrdnt lagfer énd/or the
nmet hod according to claim20 including the step o
ligusd crtstaldayerewithewibe usemje@ maskt | east one of the
| ayers. 22. A nethod according to claim 21 including
the step of printing the liquid
21. A method according to claim 20 including the step of printing the latent

image in at least one of the layers.

22. A method according to claim 21 including the step of printing the liquid
crystal layer in a pattern representing the latent image.

23. A method according to claim 22 including the step of applying the photo-
alignment layer over the substrate in the entire area of the liquid crystal device
before the liquid crystal layer is applied in the pattern.

24. A method according to claim 21 including the step of printing the photo-

alignment layer on the substrate in a pattern representing the latent image.

25. A method according to claim 24 including the step of applying the liquid
crystal area over the entire area of the liquid crystal device.

26. A method according to claim 20 including the steps of:
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15 crystal layer in a pattern representing the |atent

i mge. 23. A nethod according to claim22 including
wao he1osissp of appl yi ng the photo- alignment | ayerP@/ano3/00730

the substrate in the entird4area of the liquid crysta

device before the liquid crystal layer is applied in

t h%npglim@@firsﬂﬁhoi%-ﬁlﬁjﬁménﬁam tb ogvdrahel Aibstrale over the entire

i ncluding the step of printing the photo- 20 alignment
arep Qf the daViefe substrate in a pattern representing the

| atent image. 25. A nmethod according to claim 24

including the step of applying the liquid crystal,

ar é’éﬂlf@%g' %Ilﬁ@"lgwmerftfsbpgﬁtooﬁhgﬂﬁf@ﬁﬂti'@w‘rfd”'ﬂ} paledped light;

device. 26. A nmethod according to claim 20 including

the steps of: WD 03/106188 PCT/ AU0O3/ 00730 14 applying

a fappiting wosesocaldi phatemligament ayes dv @r pattasn Japeaseatiag the latent
ima§ver the entire area of the device; uniformy

Prgning the first photo-alignnment |ayer with

pol ari sed light; applying a second photo-alignnent

| ayer in atter epresenting, the l.atent .5 i €;

o kg Thek Seedih shBRGERTINE AR IRRT wikl Blagispq 1B %t an angle
diffehfid FROallgriméntdf tve fisst @heto-diighrmeanayée ande

alignment of the first photo-alignnent |ayer; and

applying the nematic liquid crystal layer to the
S eGMliRg e WBATaticaiaid tHystd ¢a¥ératbttﬁé RetERd efigMineRtlayer in the
the l'atent image. 10 27. "A met’hod according to claim
pattesn igpresentingthesletamidmgrst o- al i gnment | ayer is
printed on the first photo-alignnent- |ayer. 28. A
met hod according to claim26 or claim27 wherein the
27.1 i dumetheq ecaprding/ter clan 2prwierein the sevonddqwio-alignment layer is

. phot o0-al i I , hod di
PR BT R ef TheniAveti e var able printing 15
process is used to print the at |east one
26 PO LTS GoRohh 06 2 T Bl e verts
prirft8@ oRltRE setod bhbRBaligraentaagéas

29. A method according to any one of claims 20 to 28 wherein a variable printing
process is used io print the at least one photo-alignment layer and/or the liquid
crystal layer.

30. A method according to claim 20 including the step of writing image areas
and/or non-image areas in at least one of the layers.

31. A method according to claim 30 wherein a laser is used to write the image

areas and/or non-image areas.

32. A method according to claim 31 wherein the uniformly aligned photo-
alighment is applied over the substrate in the entire area of the device, and a UV
Jaser is used to change the photo-alignment state of the photo-alignment fayer in
the image areas and/or non image areas.



10

15

20

25

and/ or non-inmage areas in at |east one of the |ayers.

31. A nethod according to claim30 wherein a laser is
wsEel1ss wite the image 20 areas and/ or non-i MRQGEAU03/00730

areas. 32. A nethod accordilfig to claim 31 wherein the

uni formy aligned photo- alignnent is applied over the

33.substmethediatcbhding b idlgimABR avisdrelnthedgVi lagser Aad sawbVelength of
| aser is used to change the photo-alignnment state of

abqU L8O &Y 8SSgnnent | ayer in the i mage areas and/ or
non i mage areas. WO 03/106188 PCT/ AU0O3/00730 15 33. A
met hod according to claim32 wherein the UV | aser has

34.a vivesthadescordingisclaim @@ orslaim Bayderagin tha ligeideystal layer is
) L aj | ai . LAl .
P IhERLb Sl A bER By e B frage.
in a pattern representing the latent image. 5 35. A
350 A et dglind lage B sTowhBFIE & ek & Bpelte TRfove image
areheast nensmapet sreabi et lGadr om photo-biighmehntiiHy@dr and/or the
crystal layer. 36. A nethod according to claim 35,

liqujgherystal 1a¥es. uni fornly al i gned photo- alignnent |ayer
is applied over the substrate in the entire area of
the device, and 10 the |laser is used to ablate

36.norA | MEHOchEeaarding ttheClgimt §5alwhﬁﬁﬂiﬁ3th€r ayndiormly diged photo-
AR AP0 5% e AT 05008 g, an

thetlaseit Beuseahtoahblate dohrnggecaas dffthe phatdralignmeng yantto leave
Ia\éer in the pattern representing the |atent inmage.
non-gblaged iNags AiASaccording to clai m 35 wherein the

| aser is used to ablate non- inage areas of the liquid

crystal layer tg | eave non-ablated inmage areas in a )
37.patA dpethpg aecating &0 claimnio wheggein the liquidneryaigd layer is applied to

j t f el :
iR 8 488 Ak Weop' of, HTREoHi R HOBL i g, ptom
repbgsentingrthe dptpnioeesse.

38. A method according to claim 35 wherein the laser is used to ablate non-
image areas of the liquid crystal layer to leave non-ablated image areas in a
pattern forming the latent image.

39. A method according to any one of claims 20 to 38 further including the step
of fixing the liquid crystal layer by a curing process.

40. A method according to claim 39 wherein UV radiation is used to cure the
liquid crystal layer.

41. A method according to any one of claims 20 to 40 including the step of
applying a coating over the liquid crystal layer.

42. A method according to claim 41 wherein the coating has a refractive index
which substantially matches the refractive index of the liquid crystal layer.
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20 40. A nmethod according to claim 39 wherein W
radiation is used to cure the 1liquid crystal |ayer.
wala3/10818%et hod according to any one of clains 20 p@I/A003/00730
including the step of appllying a coating over the
liquid crystal layer. 42. A nmethod according to claim
4341 Aheetiod atoeordingt iongamast1aor elbimmeld whetrgiddke o’détmg is applied
whi, ch. subst ant i al I matches the r ctive, index
ovgR iy Gl Rue” sagerto Rieves 4 ButiBrte) devss o rstantially
unitémntBeight.met hod according to claima4l or claim42
wherein the coating is applied over the |iquid
crystal layer so as to provide a liquid crystal device
of P .
4471 g R aThy b cryStel BETeRahaibactfiod YRR TnkBIgef any one of
clabng 20rie 48f 5 clains 20 to 43. 45. A security docunent
or token incorporating a polarising |iquid crystal
device 1in accordance with any one of clainms | to 19
450r AlssEcomigddoctiment sletukehtmcmhpomm@ta poldrisienliquid crystal device
accor di nq@&o cl ai m V\,her é La[lt ent imge 1is a
dajge rﬂ?@¥|§’6’ﬁo‘? O §&IMAt4-t he security
documant 10 47. A securlty documant or token
claim45 or claim46 wherein

di
S&C :%elgﬂﬁ@/ Cf)%'m%rﬂ&r;ek% ageRNiNg togaim fp N@qrﬁ@ thetlatent image
is d BBEFal‘d c%r%s%%hgﬁ\g; fo'th@ hi thQEe&ﬁ\ﬁy%E)g:HHé

document ecurity docunent n accordi ng
to any one of clainms 45 to 47 wherein the docunent

i
47} nENSRIE BSETRNES BRA a1 B BEEEN Mynoren he
polarigisgdiquitkerystal device containing the latent image is provided in a window

of the security document.

48. A security document or token according to any one of claims 45 to 47
wherein the document includes cross-polarisers in a window for verifying the latent
image formed by the polarising liquid crystal device.



