18 Decenber 2006 1 POLARI SI NG LI QUI D CRYSTAL DEVI CE FOR SECURI TY DOCUMENTS
This invention relates to liquid crystal devices and is particularly
concerned wth polarising liquid crystal devices suitable for
incorporation in security docunents and nethods for their m$DeaGhibere20086
The use of different fornms of liquid crystals, both nematic and
cholesteric, as security devices has previously been proposed. For

exanple, US 5 602 661 di scl oses an opti caI conponent whi ch has an
orientation | affeAds di1QYID GRYSTAL BE HOR SECWREY DOCWMBENTEPN) in
contact with a f| | m of cross-|inked nemati c I IC]UI d crystal nmononmers with

varyi ng | ocal orlentatlon of the liquid crystal 10 nol ecules. The liquid
crystal nonomers ThisdngntigR relgtesyto; Imu&@aﬂagﬁewwaﬂﬁes perticulpdy epneaiaed he
orientati onyjt fpblé?@m'g” I@u@uméﬁe@evﬁé@s%&éﬂ‘é" ?’fc%gcforér{%nesjlﬁoégég

di scl oses an optical conponent” conpri sing ternating NJ

ori entation P%H}E?’%tsﬁﬂd mﬁﬂﬁgﬁi%f%rt@@!t@ﬁﬂlmf@ﬂWﬁ%r (LCP) | ayers on a single
substrate, the LCP Iayers bel ng cross-linked to fix the orientation of the
15 conponent. Thﬁ& Btl C nents of US 5 602 661 and US 6 160 597 have
various Suses, i i ?'E?L'? rgwyA igyid ceysials, bpth negttiaead chplestedr, as

devi ces, anéeamtﬁ@@u;rcb& masd@héwé@& flSHenUER)p’é%e@ S R osian nﬁé%lé‘ gBsne t602 661
counterfeiti ng,ﬁand cop ossible to formim are

det ect abl e HISERSSS @W@& %ﬁ!&@rﬂ@ﬁa%whigb h9§|a@r¢rze@@qn§amj c@nmm@m Qaph@fﬁfrent

| ayer, suchogénthbie ftner h@N&R'(PPNQW%ﬁ}é&E iR a5nn‘ﬂ08f @%&s AN YR

597, coupled with a nematic liquid crystal Tayer applie I'ts sur ace
However, t h'i'%"%a%ryﬁﬁaéwai)@mr% agth rveeving placalt erierisdisnr ef the lpmll(érqt!y&w

i ght hawi ngoficLfear eftie ﬁ'c!;du?% s@él%&%o:ﬂ&]saérbstﬁfeh% g%ﬂ')tél%gtl ﬁntf? ih& PR K to
cover di ffer ent regions e orientation layer exposur e.

A di sadvant ‘ayer ¥1d fthﬁéJF@ﬁt?tf@ﬂ ipfiacing $L§§Iﬁﬁ9mntwm$$-imhm$¢emo forma | at ent
image is that it is not possible to forman i mage which can be readily
varied for

US 6160597 discloses an optical component comprising a stack of
alternating PPN orientation layers and liquid crystal monomer (LCP) layers on a
single subsfrate, the LCP layers being cross-linked to fix the orientation of the

15 component,

The optical components of US 5 602 661 and US 6 160 597 have various
uses, including liquid crystal cells in integrated optical devices, and as security
devices for use as a safeguard against counterfeiting and copying.

it is possible to form images which are detectable when viewed under cross-

20 polarizers using a photo-alignment layer, such as the PPN orientation layers of US

5602 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 io cover
different regions of the orientation layer during each exposure.

25 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.



di fferent docunents, e.g. a coded or personalised inmage, such as a portrait
of an individual. 18 Decenber 2006 2 US 5 678 863 discl oses a neans of
identification or a docunment of value which has a cholesteric liquid

crystal material applied to a watermark in a transparent ori§ pESABEE20b6
region so that the watermark changes col our under 5 different view ng
conditions. In order to forman inmage insa different colour, it si
necessary to use two cholesteric liquid crystals which are chosen so as to
produce alternatively right and left polarising light. A layer fornmed from

such liquid crystals,i j t ick and the liquid crystal materials are
rel atively expensive d%ﬁ%ﬁgaaeqsa‘g'éﬁ@s‘?%d@eﬁ@ Fridgntdicakan ar & wopaenant efi ng in

reflection avelue %idTﬂﬁ&u é%ﬁol@si@h&%hi@r cRﬁ%’ta’%rrhé«t@rrralfa‘br ¥4 %%tél’?ﬁarﬁ% gur
changi ng effect is therefore desirable rowg a polarising lIiq

crystal devi %@'Wf% or tEgnsiicent k019t spothal m watﬂr@arlapémgeiswa@eer uﬂ’nfwf can
be readilgy vaiffeeat tieling étﬁ@‘t%%atlhggdéﬁo%%% %H{agéqg‘é'&h%re%‘?}ébfbﬁ?sfﬂpl

security docunents. 1571t is also sirable

and ef fecti VEGREINYI® BFe twaneidesiens riﬂgwglucfrysq@tﬂ ahicki ate lchqeénl sor gsttal

devi ces for dreamaddl uf Ly Acc ing to
one. aspect. i iR Livent onorherd IV e rRLlptY, KORIT Bhst i i
conpri si ng: lquisseystal eis auite dhisk ene mboﬂqualdl ctgaﬁa{bnhaﬂeayar ae@pieiaadelyo the

substrate a [ f e rised I| t.sour
nematic i ;},ﬁ(l \démgggst%lé’lpgyig{rrdﬁg){m?bé gQ &EWHé&J%&F 80%1”35’%’%{ '{éﬁw an nd a
| at ent |1Qagéeql#ffﬁsrﬁa@!rqw}artmrgshotomvwlmwﬁmrﬂoldmy;aan@ngl effbet. | i quid crystal

| ayer, wherein the 25 |atent inmage conprises a pattern fornmed in the at

| east one photo-alignnent |ayer and/or in the liquid crystal |ayer.

Preferably, the ltdsdmreionagesinbie bhe pravidd arpdlatising giidicrysea deviaewmbet o-
can be used to form variable latent images that can be readily varied for
incorporation in different security devices and security documents.

15
It is also desirable to provide relatively simple and effective methods of
manufacturing such polarising liquid crystal devices for forming a latent image in
a security document.

20 According to one aspect of the invention, there is provided a liquid crystal
device comprising: a substrate; at least one phofo-alignment layer applied to the
substrate and which is uniformiy aligned with a polarised light source; a nematic
liquid crystal layer applied to the photo-alignment layer; and a latent image
formed by the photo-alignment layer and the fiquid crystal layer, wherein the

25  latent image comprises a pattern formed in the at least one photo-alignment layer
and/or in the liquid crystal layer.

Preferably, the latent image may be written into the at least one photo-
alignment layer and/or the liquid crystal layer.
30
According to a second aspect of the invention there is prowded a liquid
crystal device comprising:
a substrate;



alignment | ayer and/or the liquid crystal layer. 30 According to a second
aspect of the invention there is provided a liquid crystal device
conprising: a substrate; 18 Decenber 2006 3 at |east one photo-alignnent

| ayer applied to the substrate and which is wuniformy ali gnféngﬁetn}fbe?zo()ﬁ
pol arised light source; 5 a nematic liquid crystal |ayer applied to the
phot o-al i gnnment | ayer; and a | atent inage viewabl e under cross-polarisers
formed in the at | east one photo-alignnent |ayer and/or the |liquid crystal
| ayer, 10 wherein the latent image is formed by image areas and/ or

non-i mage areas [ .at | egst one photo-alignnment |ayer and/or
the Iiquid cryst Swéﬁtsgég? dh? %Jég%‘ﬁweéﬁﬂalf%ﬁﬂphgd P dne §Hgﬁfﬂ’fe eagewhigh is
pref erabl y Mag@imiyaligneshwitng potaneed kghtplaatde: al i gnment | ayer and/ or the

liquid crystal |layer, eg by a variable laser witing process. In one
preferred enbodi nent, the latent imge is fornmed by inage areas and/or

non-i mag@ areas @nematc fitnit! erastal gyEe ahphcaVetha PSR ali i QUi ystal 20
| ayer renoved by | aser ablation. At Iggst one gf t?haelbgﬁleb{e%g%ggﬁé
phot o-al i gnment | ayer and/ or the liquid crystal |layer may be a printed

| ayer. The pri ntaiéayiemgervidveaes sinfdsY cees-aBRE e su%str te by a
vari abl e pré)ﬁl%t@)-% rFrOCtﬁSS’ for exanple ﬁgf ﬁeﬁ{xﬁgrgjfg{nﬁ’%é th’ﬂen ’%Satoqneot her
variable prin |n8g "BERHBYY Arigtiites ligyid sustad layatent i mage to be formed in
the at | east one photo-alignnment |layer and/or in the liquid crystal |ayer.
Accordifyg to a t}ird at?]pect of the invention, there is provided a nethod of
manuf acturi ng a ‘T I%EIN ey g | im@eei iscforpapriysimage areas and/or non-image

areas written in the at least one photo-alignment layer and/or the liquid crystal
layer.

The pattern forming the latent image is preferably laser written into the

15 photo-alignment layer and/or the liquid crystal layer, eg by a variable laser writing
'~ process.

In one preferred embodiment, the latent image is formed by image areas

and/or non-image areas of the photo-alignment layer and/or the liquid crystal
20 layer removed by laser ablation.

At least one of the at least one photo-alignment layer and/ or the liquid
crystal layer may be 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

25  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,

According to a third aspect of the invention, there is provided a method of
manufacturing a iiquid crystal device comprising:
30

applying at least one photo-alignment layer to a substrate;

uniformly aligning the photo-alignment layer with a polarised light source;



30 applying at |east one photo-alignnent |layer to a substrate; uniformy
aligning the photo-alignnent |ayer with a polarised |ight source; 18
Decenber 2006 4 applying a liquid crystal |ayer to the photo-alignnment
layer; and forming a pattern representing a latent inmage in {§p.ahnlEa39b6
one photo- alignment |ayer and/or the liquid crystal |ayer wthout the use
of a mask, 5 Preferably, the latent inmagg is forned in the at |east one
phot o-al i gnnment | ayer and/or the liquid crystal |ayer by witing or

printing the i mageplyngad liquastysefyeplo Haidol By RPent ARCHdi Ng to a
fourth aspect of the invention, theyre s ;??ovi dgj a rretyr%o’??@f
manufacturing a liquid crystal device conprising: applying at |east one

phot o- al i gnnent  kayeig b%ﬁte?#b@bt@@é&inglﬁ_fé@hlf %s{ﬁe\’ iPfHehd %‘aglgoﬁ@%rmoto-.
phot o-al i gngnt I a%er with a palarise ight sodtce; applyrng a’lrquid
crystal | aydt'opgethiaygyindierdhe dawd stystaljayer witheutitoe wsegf a maskent i mage in
the at | gast one photo-alignnent |ayer and/or the 20 liquid crystal |ayer
by witing i nage_areas or non-inmage areas in at |east one of said |ayers.
In preferred enbB&RAERYs the lalentdmaag intoraeddn tioe wt iaast braghomrasmant/ or

non-i mage at I i -al ] 5 | ayer ar inp the liquid
crystal 25 aﬁgigp!'ﬂlof E%aﬁp%# te ﬁ%tﬁl gﬁ%ﬁg%@@?#’ égﬂgﬁﬁ%m%ﬁﬁqg 'Qalt %§8P°%y be
used to renBUeidiRy§rs.mage areas of the uniformy aligned photo-alignnent
| ayer and/or the liquid crystal |ayer. The |aser should be of sufficient
strength so as to abl ate non-i nage 30 areas of the photo-alignnment |ayer

and/ or 1%e i quifcesrgisg 4 alfayd aspet bethetibamtion eversisngolibed RehotABA bsat i on
state. manufacturing a liquid crystal device comprising:

applying at least one photo-alignment layer to a substrate;
15 uniformly polarising the photo-alignment layer with a polarised light source;
applying a liquid crystal layer to the photo-alignment layer; and

forming a latent image in the at least one photo-alignment layer and/or the

20  liquid crystal layer by writing image areas or non-image areas in at least one of
said layers.

In preferred embodiments, lasers may be used to write image areas and/or

non-image areas in the at Jeast one photo-alignment layer or in the liquid crystal
25  layer. '

In a particularly preferred embodiment, a laser may be used to remove
non-image areas of the uniformly aligned photo-atignment layer and/or the liquid
ctystal layer. The laser should be of sufficient strength so as to ablate non-image

30 areas of the photo-alignment layer and/or the liquid crystal layer, rather than
reversing the polymerisation state.



18 Decenber 2006 5 In another enbodi nent of this aspect of the invention,
a photo-alignnment |ayer is applied over the entire area of the substrate
formng the device and is wuniformy aligned with polarised Iight. An

ultraviolet (W) laser is used to change 5 the photo-ali gnedldOBL&Hb%?EbW
state either in areas which are to formthe latent inage or 1'n non-imnage

areas. Preferably, the UV |laser has a wagyelength of 280nmor |ess. The
nematic liquid crystal can then be applied in a pattern representing the
| atent image. 10 In a further enbodinent, the |atent image nay be at | east

partly formed by, j dcr stal |ayer to a uniformy aligned
phot o- al i gnnent | a%)c?h?}n&g'bbgﬁleptgﬁ W%BF%%‘érﬂf |ﬂ?'@’rt‘ﬂﬁféf'q)fat&eﬁhobmilgemeﬂihe
phot o- al i gnfAYRt isaappliatagverahampliteedrea0iethet B sEat foﬁm@rg ({%\Mél a) EStSt rate

whi ch formsf v device. 5 I n anot her enbo i mage
may be at Ieast"@ggﬁﬁetd 'ﬂh@‘&'&fﬁﬁ gt ﬁi’?di'tﬁawfﬁbﬂﬁériawrayelﬁewm charige

applied o teepisibsligadce pollan@atmtétgf Neit t nt The
liquid crys; I&y r can then PS’ fﬁﬁg@%?&{}} g ClE]'l reaféﬁgéh%ﬁ%ﬁe
devi ce. 20 AR '@ﬁ%%(ﬂr‘?%gnt rﬁfﬁéab'}ét@ﬁt UVniag@r hay sdowatelongd &y a

second phoi&ﬂmam icynigent T!fé/ﬂérri‘dﬂb%uioﬁcﬁegi ggga{tha?%rgplég?ﬁﬁgi aligned first

photo-alig t ayer covering the ent *Becond
al i gnnent %@Fbrsep@ J%’ﬁd? eEtj“knapﬂeef erably by printing only, in a patter n
representing the latent inmage, and is aligned with polarised |[ight at a

differgnt angle t pol arised light which 25 is used to align the
uni f or ﬁpy al i gn&y2 ffﬁ"?@‘? SEpRAdiMant gienstent irngee maWhm ate@mtlp@rﬂyl ﬂoﬂﬁé@b?rySt al

| ha t bl y
%o in 1 he ool Cot n“?”é“fg%%%t’ A R B o APOBaigeTert sl ot e
enbodi nent Eagﬁr&/r@pr‘ﬁ% ing e léf&,ﬂi 8agd. Tbg'phoﬁw@hgbmeht iR My bdQpligdr | ng

process, eofer th ehiitdvared b #d QlbstrdRSuRBA it sl Sovind. stal” dEvi'ce my

i ncl ude further |ayers.

15 In another embodiment, 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.

20 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

25 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 i image.

In each of the embodiments above, the liquid crystal layer may be fixed by
30  acuring 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 fiquid crystal



i nstance, in some enbodi ments a coating nmay be applied over the liquid
crystal 18 Decenber 2006 5a |ayer, preferably so as to provide a device of
uni form height. Preferably, the coating has a refractive index which

mat ches the refractive index of the liquid crystal layer tojdpd&nibis 2006
| atent image. 5 According to a further aspect of the invention, there is
provided a security docunent incorporatang a polarising liquid crystal

device in accordance with the first or second aspects of the invention.

According to yet laRbtieferaldpsotasofo proeidera deviconi URBSIE hsight, Ophﬁé’r@bﬁr 10
pol ari sing kph&lbbhines | nufactured according to either thé
met hod of the thi"g’ ""a%'ts%g”éc ﬁ‘r’gWr‘Pé}'ﬁb@a e?ﬁ‘@f%f[ﬂ%l\fﬁﬁ?ﬁé@é‘ﬂzﬁhq%
i nventi on. ABGH iavegta bida tise laténtfruagdier aspect of the invention there is

provided a security docunent incorporating a liquid crystal device
manuf actured in 15 accordance with either the nethod of the third aspect

or the nBthod of Aetredihguotehfurthspesiecobt tHeaniEMRAL e i SrovRBY 888l 1he
term"securag?/urg&gqﬂgﬂéﬁ agr tok@ns"_ i ncl udes docunents such as Tdentity
docunents; val ue docurBnts 94t PRATHAGauid mysiakdeiien i asaerdancenwithuthe

respect i vel §irst ocsasded aspssipof i invérgias, i dentity cards, drivers licences,

and security entrance cards; banknotes, shares, bonds, certificates,
cheques, lottery tickets, bank cards, charge cards and credit cards; and

aeropl ane ti cketAxcoldisg ttbcyait Snoth&i k & ket Lckets to fun parks
or spgaﬁj' f Irf’g lénj' dﬂes. 2 Thte pol ari si n?q I qui g*&cﬁr@’gpgwcfé@%sgs i’foqu?éfjﬁr esent

i nvention rmay-ba %%’(ﬂé pysiah Agvicq manyfachnee acearding tomithersthofmathdd ef wat f or s
in a wide vaird asyecrbr SREMBIHOA of SRCH a latent image in
the formof a portrait of a cardhol gg’rq%%%é;%[f)é@gfraggﬁl'@gd in an identity
card, a credit card or the like, so that the identity of

According to a still further aspect of the invention there is provided a
security document incorporating a liquid crystal device manufactured in

15 accordance with either the method of the third aspect or the method of the fourth
aspect of the invention,

As used herein, the term ‘security documents or tokens” includes
documents such as identity documents; value documents; or entrance
20  documents, which in turn respectively include: passports, visas, identity cards,
drivers licences, and security entrance cards; banknotes, shares, bonds,
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.
25
The polarising liquid crystal devise 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 identity card, a credit card or the like, so that the identity of
30 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 iatent image to be varied for different



30 the cardhol der can be verified by viewing the |atent image under
cross-pol arizers. The present invention, which does not require separate
exposures to polarised |light using a nask, enables the |atent inage to be
varied for different 18 Decenber 2006 5b applications, for FQ(Qe%lnﬁjerizﬂO@
variable printing process and/or in a laser witing process. Any

di scussi on of docunents, devices, acts @y know edge in this 5
specification is included to explain the context of the invention. It

shoul d not be t &RBcations,dor adampis| i atvasabRMYYHrdh tﬂ?@cé%téﬂdr@r] in' PidERY part
of the pri Orwrﬁffng P3&ks0r the common gener al know?edge inthe relevant art
on or before thée priority date of the clains herein. 10
"Conprises/conprising” when used in this specification is taken to specify
t he present of sp\ﬁ‘tﬁegisfeaturesf, integers, steps or conponents but does not
precl ude@t he prf;:ase cES875CI0hi T JRCYNERise daviaesr cacss her Hremtadues ini thieger s,
st eps, onppeiitadionris frotuded th bR | 1 rjou

enbodi nment Sta(P(fent Igearfrqes.ent i,nvention hvﬁ %@t%vqﬁgggwgégﬁﬁ%eg%ﬁykﬁ%@ bG’of
exanpl e onl Y, cRitH T &TBSEAR Ahat sny 19é the patasiahfrmed deavaf ilgs piior ahbads ofFi gur e
1 is an enl thegeihraec geosal knovedy indns | ' f ol.arisin
liquid cr ysﬁ1 I devihce i n accor da‘(jr?((:!ge*\f}\;iIJ trﬂé\%%rg%g@fe%bg%@ tBSQBQWéfa; ?fg a
perspect i ve ViGN 5HeP  econd enbodi nent of a polarising liquid crystal
device in accordance with the invention; Figure 3 is a sectional view of a
third e@oodi ment,.of a pol ari s.i.ng liquid crystal device in accordance with
the invention; FrlPEses/famprisieg wieralised ewthisf specifieutior iscaRon kdepdcigf

olarisin b OpbH 1 i i.n. accordance with the present
anenti on? the qetegientl6f &fated %atgF‘e\é, ClﬁtegQrs, S%‘)Ps or components bu!O does not

preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof”,



Figure 5is a fifth enbodiment of a polarising liquid crystal device in
accordance with the invention; Figure 6 is a sectional view through a sixth
enbodi ment of a polarising liquid crystal device in accordance with the
invention; 15 Figure 7 is a front view of a security docunmenig i f

of an identification card including a |atent inage forned b%/8 ggcﬁl'tcr)'pgefizg%ng
liquid crystal device in accordance wséth the invention; Figure 8 is a
front view of the security card of Figure 7 when viewed through

cross-pol ari ser sYarans éfibddigents F the presenbinventicevwidhow td dedctibed Sgonsy ty

docunent, s a _banknot e including a |latent inmage.forned by a

pol ari si ng ?f@tﬁoig P)')@t &ﬁ“ﬁ&éﬁ?r%‘&ﬁ?ﬁw Q%OQP@'PVH\‘Q dr@WB’gﬁ-"bWF@Ei sers
incorporated into the security docunment for verifying the |atent imge.
The pol ari sing |gqui.d; ¢ t Lce. ' Loure 1 rise -
substrate 25 10 O LAY AR B bRt bESionI B w & L o FehaFERTR Al 2 s 14
and a r ef r aliqtiiah eryisted drvit8 iDecrenderce2GO6theinvattiohed coating 16. The
substrate preferably conprises a polyneric material, and nore preferably

conprises at least one bi-axially oriented polyneric film such as
descri be@ in WO fdguedhbB® persphetival vigw ok atsecaped ermbrdingent oé b goisisingdiquid

phot o-al i gn o) ! b ; conprising a photo-orientable
pol ymer net é@%i (?%é% moécctghdea%te%/g\éﬂhgg%(J:Ar\}i%ﬁgén’i n US 5,602,661 and US

6,160, 597. The alignnent layer 12 is applied to the substrate 10 to cover
the entire area @furkhe DY abitRNAD vicwAle & HiNSERbIRENESF a EB@Fi@iﬁ%gh‘I{_%de” a

variabl e printi n(g process, such as an ink jet printing process.
nemati ¢ | i ofivetecd¥gMsanin qogpEtanse uitb the investidir i ses an ani sotropic fil m of
cross-linked liquid crystal nononers, such as described in US 5,602,661 and

us . . . . . .
Figure 4 is a sectional view of a fourth embodiment of a polarising liquid

10 crystal device in accordance with the present invention:

Figure 5 is a fifth embodiment of a polarising liquid crystal device in
accordance with the invention; '

Figure 6 is a sectional view through a sixth embodiment of a polarising liquid
crystal device in accordance with the invention;

15 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

20 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
25 10, an alignment layer 12, a nematic liquid crystal layer 14, and a refractive index



6, 160,597 which is cross-linked to forma liquid crystal polymer (LCP)
| ayer. In the enbodinent of Figure 1, the nematic liquid crystal |ayer 14
is applied to an inage area 18 of the device in a pattern representing the

desired latent inmage. The liquid 15 crystal is then fixed by i
radi ati on or another appropriate nethod of curing. |In or der1$l§Fpetg'hb§¥i2rOr%%e

to be truly latent, the liquid crystal 71ayer 14 and the alignnent |[|ayer 12
are covered by the refractive index natched coating to hide the height
aspect s whimbtchedibeatipights. wi se be produced by the liquid crystal |ayer 14
formng the latent inmage. 20 In the enbodi nent of Figure 2, the alignnment
| ayer 12 is printed down on the substrate 10 only in the inmage area 18 in
a pattern repredént sugsitdie pufenblyi magpriseTha pdlygerenmaterighr abd inpre

uniformy j in the | nmg ea with. aol.arised | +Sou . .dhe
nematic i J%%Pa?%sctoglspr?%?/g% ﬁel?%; soﬁehé’fma’é{ﬁ‘fé{)ioé%”@egow‘%mén?'ﬁ eglgtc(r%eggof

t he pol ari giesgribediniVlOcG3/826H9. devi ce. The liquid crystal 14 is then fixed
using UV 25 radi ation or another appropriate nmethod of curing. In this

embodi ment, because the liquid crystal layer 14 is applied over the entire
area of 4 he devilbe alighwentlyact?ve préfaisly amwhotvealignowmnt feyet ®r gfieptagane 1
may be om : ver, [ L on t] E;ﬂgi_;ail-'ed to
cover the ﬁ%ﬁic H@\r@\s{lgaal pd%@éﬁ%&?@@’?ﬁ?%ﬁ%@ﬁkﬁmn 033%1:&8%9% , 2 Tirst
phot o- al i giifert, 602681 aht US &pla0,527.t oTHis aipomebietayB00E I8 aphiieds dbstheat e 10

covering t Lr reg of e _devi el r Ll d iformy
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i s then pripn¢fechbbnintenearfabtesprirainggmosads, swohess drlintrjétyprinting Ipeodesage area 18
of the device in a pattern representing the |atent inmage. The second | ayer
12 is aligned 5 with pol arised Ii?ht at a different instant angle to the

first. fthe nemaf’he nemgplicdiqeidyeryatal layay erefambiyscarpisespl raigotropie Hiégmécond
The T aui d S adrkpd iBuEyREt Bl Bmer SRR R AR PO £ B 81 ARl ST e
met hod of GuiG0RRT wikichis FiogsHlioked o tarmef kquid cryetal polymer (LCP) layer. In the
embodiment of Figure 1—, the nematic liquid crystal layer 14 is applied to an image
area 18 of the device in a pattern representing the desired latent image. The liquid
15 crystal is then fixed by using UV radiation or another appropriate method of curing.
In order for the image to be truly latent, the liquid crystal layer 14 and the alignment
layer 12 are covered by the refractive index matched coating to hide the height
aspects which would otherwise be produced by the liquid crystal layer 14 forming

the latent image.

20 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

25 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 omiited. However, in some
applications a coating may be applied to cover the liquid crystal tayer 14.

In the embodiment of Figure 3, a first photo-alignment layer 11 is applied to



I ndex mat ched coating nay be applied over the liquid crystal layer 14 to
cover the 10 entire area of the device to hide the hei ght aspect otherw se
produced by the layers 12 and 14. Referring to Figure 4, a photo-alignnent
| ayer 41 is applied to the substrate 40 to cover the entire

device. The layer 41 is uniformy aligned with a polari sed ﬁ)ﬁ[aenfs%ﬁr&ggé A
W | aser, having a wave |length of 280 mmor less is then 15 used to "wite"
the non-i mage areas 42 into the alignment |ayer 41. The exposure to wave

| engt hs of ?80sutstiate I'l@seomimgbmweaﬂket argzevetise devicephpidotal laysed1 is

olymerizatiaopn of the alignment r,.41 int re Vi mage

oy ZofhuRly SRad it S ERkrsE it Shuidhs Jh Sefine ntopgatendort 42 Sre
W | aser raldltﬁtahQjmntécﬁoﬁ&ﬁéﬁﬁ‘ﬁnél%ﬁm’féhtaéyféﬁwﬁl 6\51?11!11‘1 tﬁeQMageﬂerea hes ofethat i C
liquid crystal |ayer 44 is then 20 applied e im

rea
pattern rep %‘@%F‘lf‘hﬁaﬂ‘i’fé rgeEaseating Hiee‘ﬁfe“it h‘ﬁ%@ T‘Fﬁéepg'éﬂj? F?éﬁ argneg t hen

fixed usgnowklpbiaHst fight aPh dRARERERsBRPARN tthe &t ol imateUiguldbrydthl t he
image is to be truly |atent a refractive index matched coating 46 can be

applied to Byefe 714hé§ Heeraralisgelt the otrrond BionmRNt [ayer dlZripste PREGEr 44,
I'n Figure Seppedehftd e HQ%‘FF@N&)ténﬁyﬁ{a@él Theﬁ@ma &gséépsstﬂﬂ@nweatdsmgewo 25

covering the entlre ar ea devi | ayer 51 1s uniformy
aligned wifediaiopairagnahss apryRPriateunethodofi aisg. |§Strneﬁgwed| forefrasibiee

non-i mage | \V I

non-i mage gbg%grrgigcqeg?\;laﬂﬁéj n?z%;n%%'égglfé%& (?t}l] g %‘1%@ §§§y%} ‘Eﬁﬁt@ &#’bpnm&nt
| ayer 510i nertth@arem@éh%d@‘ac@ss blf:ietth@helabW&p@cf Gtherwiag erochised by die Iasr@rs
represent edjpy afsows 57. The nematic liquid crystal 30 |ayer 54 is then

applied to the non-ablated i nrage area 53 of alignnent layer 51 in the
pattern representing the desired latent image. The liquid crystal is then

fixed wusing UVpeagiag 't@'F!gUre a(n@é:hﬁﬂ o-BRFHNEH I RfR zﬂ%%ﬁiléﬁ o tHe! él@)strét% In

Figure 4, if the 18 Decenb inage 1S to be 'y | atent
refractive 4%%@@%!%@@!“@@&@@ 9§ ﬂEBd@éCQapEW &ayepdaris tunéornnly @ugf@ed:wlg fal

layer 54 t Qodpuel ighesQRber A BUGRsRf hdlisy 94veSength of 280 nm or less is then
15 used to “write” the non-image areas 42 into the alignment layer 41. The exposure
to wave lengths of 280 nm or less can be used to reverse the photo-aligned
polymerization of the alignment layer 41 in the area 42, leaving an image area 43
of the alignment layer 41 in an image area 48 of the device. The UV laser radiation
is represented by arrows 45 in Figure 4. The nematic liquid crystal layer 44 is then
20 applied to the image area 48 in the pattern representing the desired latent image.
The liquid crystal is then fixed using UV radiation or another appropriate method of
curing. !f the image is to be fruly 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 phofo-alignment layer 51 is applied io the substrate 50

25 covering the entire area of the device. The atignment 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

30 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



Laser ablation is used in a different manner to formthe latent inmage in
Figure 6. In this enbodinent, the photo-alignnent |ayer is applied to the
substrate 5 60 covering the entire area of the device. The layer 61 is
uniformy aligned with a polarised Iight source. Aliquid cr y§bg4er‘{,jae¥?bgﬁ4
is then applied on the alignment |ayer 61 to cover the entire area of the
device. A laser 67 is then used to ablate non-imge areas 62 of the liquid
crystal |ayer 64, |leaving a non-ablated image area 63 of the liquid
crystal | aysragéds tbé bralyi Iam@eaaefeactﬁa imdext hetctied icoating?\s6 isnagiligdoesr thel0 and

Cryetar 1 A el TRE O R Bl S Rl PO PPV ences caused by the

| aser ablatlon of the 1liquid crystal Iayer 64. In addition to this it is
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own | n en I nhes

rovi ded. The ea 78 of_ the LC device 76
g gure #ﬁWtb%ﬁgwaﬁmst@f'a\eﬁr&&wa?tm%qe areaeﬁ%farﬁe ICRo Y g@”ﬁ?éa 79
of the fevigg 504 m@fr@tsb@qk@épmwchefd%oatnhg Ry béaagspué& ovéb tMﬂd@uﬁd wsml

Vi ewi ng co ditions, he portrait 78 forned by the | atent inage

i quid crySR¥r eddoiosderg ide gay nghaﬂgf@éﬁn%weus%wm lasgha atumsof he®

pol ari si ng liglidnHalaayesitey, device is viewed under cross-polarisers, the
portrait 78 fornmed by the latent imge of the liquid crystal device 76
beconmes plainly visible. Thus, if the portrait 78 corresponds to the
cardhol der of t headditart td shisitrisl péésibiehe peiat bagiifolrd motd-HidhBnddr ¢prEpend2006

then align it all one direction. A polarised UV, scanning laser is then used io
15 destroy alighment in particular areas of the photfo-alignment layer so as to produce
an image in the photo alignment layer. To this, a nematic liquid crystal is applied.

Figure 7 shows a security document in the form of an identity card 70 which
includes a polarising liquid crystal device 76 which may be formed by any of the
methods described with reference to Figures 1 to 6.

20 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 L.C 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.

25 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 porirait 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



10 of the cardhol der can be verified by viewng the | atent imge of the
liquid crystal device 76 under cross-polarisers. A further use of
polarising liquid crystal devices in accordance with the invention is
illustrated by Figure 9 which shows a security docunent in t @Dfe&{n% fr006 @
single flexible sheet, such as a banknote 90. The banknote 9 cludes a

| atent image fornmed by a polarising |idguid crystal device 96 provided in a
transparent w ndow 94 of the banknote. The |atent inage formed by an image
area 98 of tdidhe cpiglioldes opsths verdisidcy giewing tieolaterit imabe of drenliqpfid arystait r ai t

of a per son.q4gtiRWee ngel hi ication the latent inage may take a
vari ety of diefferentn Brﬁﬁjss%mf%ar%gé'flexi bl e security docunent or banknote

90 is printed with indicia 92 covering the entire area of the banknote 90

except in the arpapthet el 6APSBALAR IGUY BAR YeiRd f bHId-OSl-c AANSHAT ent
wi ndow 95 whi ch includes cross-polarisers. e cross-polarisers in w ndow
95 may be udB@ntion jselllasirated by Figwatd whish shodsianseanriidveddertyn fhel fdrmeft he
f1 exi bl e geguy; S | \Wj |iesn : t he wi ndow
04t her coy vt T E R et i e bR T B Bkel SR by Eleh

provi des a pBRge fames by quipdagsingtimuidlenystad devimen®® gravided end trarsgaranti ch

be . ; . : ; q :
veri fying tRauent e ot P pEnidtE, XRESEN MlrciSEtinkhby SmR¥B S o8 dighe
li qui gl cr ystigiid gexstdatevimbis shea ihy?]erﬁrruf afca tpb&lchit&imlgeﬁemVEFWevéﬂﬁn g

.  Ounr Lot e : ; .
the Tatont 1 isgmicafel SRR Maqdihal tfea bmidy BT BBty of 1 atent

i mages to be produced for use as security devices in security documents.
ol ery o onpon AYEA) Sk RUSTERCL RGBS R, fphfcee
without 25cengpiaBtihaentire arachefl thedmpakaoie Ypexdaptan théardmeitheitemspa@nt
Decenber 20Qfdodlo4 and a further transparent window 95 which includes cross-polarisers.
The cross-polarisers in window 95 may be used to reveal the latent image 98 in
window 94 by folding the flexible security document so that the window 95 overlies

15 the window 94, thereby verifying the banknote.

The present invention therefore provides a polarising liquid crystal device
forming a latent image which can be incorporated into a wide variety of security
documents for verifying the authenticity of the security documents. The polarising
liquid crystal devices can be readily manufactured using conventional variable

20 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
25 departing from the scope and spirit of the invention.



CLAIM5S: 1. Aliquid crystal device conprising: a substrate; at |east one
phot o-al i gnnment | ayer applied to the substrate and which is 5 uniformy
aligned with a polarised |ight source; a nematic liquid crystal |ayer
applied to the photo-alignnent |ayer; and a | atent inmage for Tﬁﬁe?&hﬁ&%ﬂﬁﬁ
phot o-alignnent |ayer and the liquid crystal |ayer wherein the [atent
i mge conprises a pattern formed in the gt |eat one photo-alignnment |ayer
and/or in the liquid-crystal |ayer without the use of a nask 10 and the
| at ent inagéﬂ&ﬂﬁEEMﬁble under cross-polarisers. 2. Aliquid crystal device
conprising: a substrate; at |east one photo-alignnment |ayer applied to the
substrate and which is uniformy aligned wwth a polarised |ight source; 15
a nematic |ilqui dAciapd aystahgevicapgrnpiising:o t he phot o-al i gnment | ayer: and a
| atent image vi ewabl e under cross-polarisers formed in the at |east one
phot o-al i gnnent | a gr and/or the liquid crystal |layer, wherein the | atent
image is fornmed B ﬁ§@€5areas and/or non-inmage areas witten in the at
| east one photo-alignnment |ayer and/or the liquid crystal 20 layer. 3. A
.toclaiml or claim2 wherein a pattern

liquid crystal dgvje%g%accor dt n% )

forning the |atelt S ihga PO MEN 13yek apriied téhe Bubsirade iagmeinich liay er
and/or ih thiorhilyaiigheerwitt abolaayéed light8oReenber 2006 12 4. A liquid
crystal device according to claim?2 or claim3 wherein the latent inmage is
formed by imge areas and/or non-inmage areas of the photo-alignnent |ayer

and/ or the |iquidnempdc lquit ayetal tayeoxpslidayto tias photalilighin@Rt layer; and

a latent image formed by the photo-alignment layer and the liquid crystal
layer wherein the latent image comprises a pattern formed in the at leat one
photo-alignment layer and/or in the fiquid crystal layer without the use of a mask

10 and the latent image is viewable under cross-polarisers.

2, A liquid crystal device comprising:

a substrate;

at least one photo-alignment layer appiied to the substrate and which is
uniformly aligned with a polarised light source;

15 a nematic liquid crystal layer applied to the photo-alignment layer; and

a latent image viewable under cross-polarisers formed in the at least one
photo-alignment layer and/or the liquid crystal layer,

wherein the latent image is formed by image areas and/or non-image

areas written in the at least one photo-alignment layer and/or the liquid crystal
20 layer,

3, A liquid crystal device according to claim 1 or claim 2 wherein a pattern

forming the latent image is laser written into the photo-alignment layer and/or in
the liquid crystal layer.



5 5. Aliquid crystal device according to claiml or claim2 wherein the at
| east one photo-alignnment |ayer is a printed layer. 6. Aliquid crystal
device according to claim1 or claim2 wherein the liquid crystal |ayer is

a printed layer. 10 7. Aliquid crystal device according to ¢4 Belondb 4PRHE N
the photo-alignnent l|ayer is printed on the substrate in the pattern

formng the latent inage. 8. A liquid criygstal device according to any one
of the preceding clains 15 wherein the liquid crystal |ayer covers the
substrate ifr t he Ahttid eryataladericet ecordlfy it @laird. 2 Or bisfHiFwhENH Ble BRYiCe

according t i | e liguid crystal layer is printed on the
phot o- al i gnmﬁeaﬁsg%rp 3\?%9,? W«%Q%Q{?Q& %”q/BF W%‘@“ﬁ%amﬁe&i’fﬂhﬁrﬁ@&amm&nt A
liquid crysleyer a/ocibe diquidrodyste l4yer ebmbvaPoyagEeaRafidle Phot o- al i gnnent

| ayer covers the substrate in the entire area of the device. 11. A liquid
crystal device according to claiml wherein a uniformy aligned first 25

phot o- al Pgnifent Pdigeid covial devibe abstraingab &1dim 1 BECIEM Lhehabeanaat il

devi ce, theonbﬁh‘ﬁﬂ}- AL et’s fornmed bg a pattern 1n a second

phot o- al i gnient Fayale g%;ﬂ Y@’ 5& PiMed favest phot o-al i gnment | ayer, and the
liquid crystal layer covers at |east the second photo-alignnment |ayer. 30
12. A liqui cryﬁtal iqdevi CF according to claim 1l wherein the second photo-
ali gnment | 8yer TJIHIA GRS gRviER @ceeEing ieneeion Al orgriaiene wisrein fhe licuéx

pattern foronysigl laybeislap@igd idy,gge. 18 Decenber 2006 13 13. Aliquid
crystal ., device according to claim11 or claim 12 wherein the liquid

crystal "Tayer is applied to the second photo-alignment |ayer in the pattern
representing thea lighiendryétBPE&vice according to claim 1 wherein the photo-alignment

layer is printed on the substrate in the pattern forming the latent image.

8. A liquid crystal device according to any one of the preceding claims

15 wherein the fiquid crystal layer covers the substrate in the entire area of the
device.

9. A liquid crystal device according 1o claim 1 wherein the liquid crystal layer
is printed on the photo-alignment layer in the pattern forming the latent image.

20
10. A liquid crystal device according to claim 9 wherein the photo-alignment
layer covers the substrate in the entire area of the device.

1. Aliquid crystal device according to claim 1 wherein a uniformly aligned first
25  photo-alignment layer covers the substrate in the entire area of the device, the
latent image is formed by a pattern in a second photo-alignment layer applied to

the first photo-alignment layer, and the liquid crystal layer covers at least the
second photo-alignment layer.

30 12, A liquid crystal device according to claim 11 wherein the second photo-

alignment layer is printed on the first photo-alignment layer in the pattern forming
the latent image.



5 14. Aliquid crystal device according to claim3 wherein the |atent inmage
is laser witten into the at | east one photo-alignnment layer. 15. Aliquid
crystal device according to claim 11l wherein the latent inmage is

| aser-written into the second photo-alignment |ayer. 10 16. g Defdtskr 2006
crystal device according to claim3 wherein the latent inage 1s |aser
witten into the liquid crystal layer. M8 A liquid crystal device
according to _any one of the preceding clainms 15 wherein the liquid crystal
layer is fixEd by? baid atystal 8levice lacqordthgcioysainl 1 tevbiain A0GHIbIAGhE Ag@py one

of the precegidig | i i udes oatipg over the liquid crystal
| ayer. 20 13'qu I?Ad%?ggcr s“ftégl tod@%/% ngcggtiloqcrm?%-an eMtalaypn 0 viher Batterohe
coat i ng has rapresentingcthievatennidegewhi ch substantially matches the refractive

index of the liquid crystal layer. 20. Aliquid crystal device according
to claim18 or claim19 wherein the 25 coating covers the liquid crystal

| i nSsudd. a Aalimud taqir duviode i i t jial j
nel ot 25 4 gl et 61 (e o napola o Pnd PRl eryErareadt: oo
conpri sing: 30" App 3'/]9 Jat F@éﬁne&ﬁ%ﬂbﬁ neelitiayeient | ayer to a substrate;

uniformy aligning the photo-alignnent |ayer with a polarised |ight source;

18 Decenber ,2006, ,14. | yi a liquid crystal layer to the photo-alignnent
| ayer; and f1§T m ﬁ‘d'q&'d‘sg&ﬁé Hg\”é%raé%rﬁimgn@? glainatidnvheretigthel lataritdmage li:ast

one phot o- dbsgnmmittdn ihRyiRe s@@@kﬁd)phétb%ﬁbﬁv%hﬂag%rySta' | ayer wi thout the use
of a ma§¢<. 5 22. A nethod according to"claim20 including the step of
writing Tnmage areas and/or non-inage areas in at |east one of the |ayers.

16. A liquid crystal device according to claim 3 wherein the latent image is
laser written into the liquid crystal layer.

17. A liquid crystal device according to any one of the preceding claims
15 wherein the liquid crystal layer is fixed by curing.

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

20 19, A liquid crystal device according to claim 17 wherein the coating has a
refractive index which substantially matches the refractive index of the tiquid
crystal layer.

20. A liquid crystal device according to claim 18 or claim 19 wherein the

25  coating covers the liquid crystal layer in such a manner to provide a device of
substantially uniform height,

21. A method of manufacturing a polarising liquid crystal device comprising:
30 applying at least one photo-alignment layer to a substrate;

uniformly aligning the photo-alignment layer with a polarised light source;



23. A nmethod of manufacturing a liquid crystal device conprising: 10
applying at |east one photo-alignnent |ayer to a substrate; uniformy
pol ari sing the photo-alignnment [ayer with a polarised |light source; 15

applying a liquid crystal layer to the photo-alignnent |ayerigapdnf i a
| atent image in the at |east one photo-alignnent |ayer and/or tE% Wq?gwg
crystal layer by witing inmage areas or 4gaon-i nage areas in at |east one of
said layers. 20 24. A nmethod according to claim22 or claim?23 wherein a

laser is used toamplying a fiduid crysigelagecieshepHbO alidARhRYEr: @hgas. 25. A
met hod according to claim24 wherein a |laser is used t0 renove inmage 25
areas or non-inmage areas of the at | east one photo-alignnent |ayer and/or

the 1iquid crystamninggarattelt rephesaitihgta 2R6SY i@ hHons! &l %50,1%@?&‘31 n the

uni forny alj grftrf%)get 0- alrgen% Ia@er is applied over the su rate in

the entire area o & g8 8z ligigicrysel fawer vt the ussselr maskibl at e

non-i mag® areas of the photo-alignnent |ayer to | eave non-ablated i mage
27.. A nmethod according to claim25 wherein the

areas. 18 D?genblgr ZtRO(g 15 s C .

liquid crysfa 1ayRePd agegiidingdo qigjm @ inedislingthe: stap icfagitingrimage afreashe
phot o- al i gnaedibr hay-Bhaddarchs irpéttfééétrbner&m&;%g&tsi ng the latent inmage. 5 28.
A nmet hod according to claim25 wherein the 'aser is used to abl ate non-

i mge areas of the liquid crystal |layer to | eave non-abl ated i nage areas in

a pattern £ mMgmeiiel biFhenifabliBgSa | { rding to claim24
wher ei 0the uniformy aligned phot O{i fi%%dgﬁégﬁrg@%@eﬁ:‘é@%(;slng. applied over the

substrate in the entire area of the device, and
applying at least one photo-alignment layer to a substrate;

uniformly polarising the photo-alignment layer with a polarised light source;
15 applying a liquid crystal layer to the photo-alignmént layer; and

forming a latent image in the at least one photo-alignment fayer and/or the

liquid crystal layer by writing image areas or non-image areas in at least one of
said layers.

20

24. A method according to claim 22 or claim 22 wherein a laser is used to write
the image areas and/or non-image areas.

25. A method according to claim 24 wherein a laser is used to remove image

25 areas or non-image areas of the at least one photo-alignment layer and/or the
liquid crystal layer.

26. A method according to claim 25, wherein the uniformly aligned photo-
alignment layer is applied over the substrate in the entire area of the device, and

30 the laser is used to ablate non-image areas of the photo-alignment layer to leave
non-abiated image areas.



a UV laser is used to change the photo-alignnment state of the

phot o-al i gnnment layer in the inage areas and/or non i mage areas. 30. A
nmet hod according to claim?29 wherein the UV | aser has a wavel ength of 15
about 280 nmor less. 31. A method according to claim29 or ¢4 8Ly 2006
wherein the liquid crystal layer is applied to the photo-ali gnrrent rayer
in a pattern representing the latent imge. 20 32. A nethod according to
claim20 including the step of printing the latent image in at |east one

of the |ayerd. 3% mathest aesdrdiog ¢v diay 250wkdrainhddigLRCh) &'aﬂ% Blh eﬁ{p%do“
at ent

printing the,l . ayer in attern rep resentln

i mge. 25 3?10 ﬂlgg ((t}h glagfcﬁ:%b%é%gar?% thgn @@t?ﬁwrﬂ”ﬁ?%'&yﬁé I%tﬂ?p pAttesmppl yi ng
t he photo- deprgaemting thaysentdraget he substrate inthe entire area of the
liquid crystal device before the liquid crystal layer is applied in the
pattern. 30 35. A nethod according to claim32 including the step of

5t h@8
pri nt i ng5t h@8phoAanetibiigreenting &yélbin@@Stﬁl‘i‘ergﬂhbﬁlbrl%&é%ms%dprﬁ 4%32%@ non-

representin aten e.. 18 Decenber accordi ng
to claim 35%‘%@? kﬁ %H@ngé{éﬁ Systalplgyel ey leame nangablatedcimegeatreas 6a aver
the entire aamandbrmlh@tﬂel I@wn@'nﬁég@tal device. 37. A nmethod of manufacturing
a polarising liquid crystal device conprising: 5 applying a first

phot o-al i gnnent area to cover the substrate over the entire area of the

devi ce; uni Par MA mbihedi Atobd) ftbréé t r_wt ol.ari sed
li ght; | ying a second ﬁgt;mto al %n@ﬁ?’lel"grﬂg?q}n#oﬁx'ga?l{g&eﬂ phiots-
i
repres ol % nt jayee is aﬁ:m@gé}ver the substrate in the entire area of the device, and
a UV laser is used to change the photo- -alignment state of the photo-alignment

layer in the image areas and/or non image areas.

30. A method according to claim 29 wherein the UV laser has a wavelength of
15 about 280 nm or less.

31. A method according to claim 29 or claim 30 wherein the liquid crystal tayer
is applied to the photo-alignment layer in a pattern representing the latent image.

20 32. A method according to claim 20 including the step of printing the latent
image in at least one of the layers.

33. A method according to claim 32 including the step of printing the liquid
crystal layer in a pattern representing the latent image.

25
34. A method according to claim 33 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.

80 35. A method according to claim 32 including the step of printing the photo-
alignment layer on the substrate in a pattern representing the latent image.



aligning the second photo-alignnment |layer with polarised light at an angle
15 different to the alignnment of the first photo-alignnent |ayer; and
applying the nematic liquid crystal |ayer to the second alignnent |ayer in
the pattern representing the latent inmage. 20 38. A nethod a B?Qhﬂﬂrb@m
claim 37 wherein the second photo-alignment is printed on the Tirst

phot o-al i gnment | ayer. 39. A nethod accqgding to claim37 or claim 38
wherein the liquid crystal layer is printed on the second photo-alignnent

| ayer. 25 4616.A derfetibdhacmrdingdo loliAngs aitfuchig Hedb . in a
rint the ot ‘?Ea‘fga é@é@fﬂ@ﬁdtﬁa

vari able printi IS used ,
phot o- al i gn G ntél%g?/%ég’%ﬁﬁ%gﬁ%ea P% %’ﬁﬁ’&uﬁir%tﬁfldqvéﬁﬁer. 30 41. A nethod
according to any one of clainms 20 to 40 further including the step of

fixing the liqui rystal |ayer by a curing process. 18 Decenber 2006 17
42. A netho accgrrﬁ?%adto ”@ﬂ"ﬁﬁﬁ%%g\m&l%mam uicheyatal davice compdsingt cure t he

liquid cbystal |ayer. 43. A nethod according.to any one of clains 20 to 42
including the step,af 5 applying a coating over the liquid crystal |ayer.
44. A net hod acc%&@i"ﬁ% aﬁ@&?ﬁ%ﬁ@%r%ﬁwq hevar dle sulsthads oser hbrentitd ve

i ndex whi chreaudish@devieél y mat ches the refractive index of the |iquid

crystal layer. 10 45. A nethod according to claim43 or claim44 wherein
the coating is applied over the liquid crystal |layer so as to provide a

liquid crystal dewosflyHigsihBihe Rl _arHRLE eight .. 46. A polarising
liquid grystal devi ce manuf gct ur edBhéf}xtafygﬂhrr'gBﬁg]}ﬁgro‘?'ﬂhﬂgflagﬁeed r'b\gfg of clains
21 to 45. 47. A security docunent or token incorporating a polarising
liquid crystal applying a second photo-alignment layer in a pattern representing the

latent image;

aligning the second photo-alignment layer with polarised light at an angle
16 different to the alignment of the first photo-alignment layer; and

applying the nematic liquid crystal layer to the second alignment layer in
the pattern representing the latent image.

20 38, A method according to claim 37 wherein the second photo-alignment is
printed on the first photo-alignment layer.

39. A method according to claim 37 or claim 38 wherein the liquid crystal layer
is printed on the second photo-alignment layer.

25
40. A method according to any one of claims 20 to 39 wherein a variable

printing process is used to print the at least one photo-alignment layer and/or the
liquid crystal layer.

30 41, Amethod according to any one of claims 20 to 40 further including the step
of fixing the liquid crystal layer by a curing process.



[ [ | [ 20 or claim46. 20 48. A
device in accordance with any one of claims 1 to _ _
security document or token according to claim47 wherein the |atent |na%é
is a portrait corresponding to the holder of the security docunent. 49.

security document or token according to claim47 or cla!n1481§ﬂg&§@8¥&@ggin
polarising liquid crystal device containing the latent image 1sp oV g

a 25 wi ndow of the security docunent. ., A security documant.orI 3
according to any one of clainms 42 to 49 wherein the docunent includes

cross- pol ari4r s A method actmndingito i fati WeerehPUV! @RRbN idTRSS {PENBAnEY the
pol ari si ng llfqﬂﬂ&y&&ﬁﬁ%‘}[ device. 30

43. A method according to any one of claims 20 to 42 including the step of
5  applying a coating over the liquid crystal layer.

44. A method according to claim 43 wherein the coating has a refractive index
which substantially matches the refractive index of the liquid crystal layer,

10 45, A method according to claim 43 or claim 44 wherein the coating is applied
over the liquid crystal layer so as to provide a liquid crystal device of substantially
uniform height.

46. A polarising liquid crystal device manufactured by the method of any one
15 of claims 21 to 45.

47. A security document or token incorporating a polarising liquid crystal
device in accordance with any one of claims 1 to 20 or claim 46.

20 48. A security document or token according to claim 47 wherein the latent
image is a portrait corresponding to the holder of the security document.

49. A security document or token according to claim 47 or claim 48 wherein
the polarising liquid crystal device containing the latent image is provided in a
25  window of the security document.

50. A security document or token according to any one of claims 42 to 49
wherein the document includes cross-polarisers in a window for verifying the
latent image formed by the polarising liquid crystal device.

30



