; €3eUOUUPPQX SR*SHT6TTOUer 6 WO 02/ 0GL- 470 PCT/ CHO2/000-43 1 Opti cal devi@%%
and net hod for manufacturing sane The invention relates to a nethod for

manuf act uwiong/ogard7e qui d 5 crystal pol ymer network and an opidte&ho2@8yisce
manuf act ured according to the method. ?ﬁfh optical devices are usually

based on birefringent layers forned fr cross-lin ysta
Pol ymers (LCP). 10 Cenerally, all kind of LCP mat m @wﬁmﬂn mME}S|bIe
i nstance apart fromnenmatic materials al so nateria er ent
mesophases (such as cholesteric LCPs) or containing glfé8%¥ nol ecul es (such
as dichroic LCPGptipal dawvigei gndemethédt for| @Bnpfactuziigdeamag t he
cross-linking, alignnent |ayers are used. A 15 well-suited kind of

«al i gnnent | ayers are photo-orientable Linearly Photopol yneri sable Pol ynmers
(LPP) . Thackghoends candrebatdAC Lol | &g mek haddC hf bPPhch fdtaanpr & di sghnged
in, for example, US-A-5,389,698, US-A-5,6602,661, EP-A-0 689 (84, EP-A0 689
1065, vxerg@/t@z‘omo Yestoresyesk ApdofleMbtdmal dRYioR) renirghETesu@rfas
Spi N- cRRLANGg HPtapaty, CiQgﬂdmnlscus coating, bar-coating allow essentially
a centrallzeéinass production of optical structured devices based on the
LPP/ LCP technol ogy. 25 However, using these coating techniques it is not

possi bl e to provi racticabl e d for the manufacturin
persongluic%’enggf'Ff’fgl adsqp‘fjlﬁﬁﬁjrﬁﬂedé’\ﬂ“@g& 8ﬁseghémpr§ﬂﬁ‘é Fbﬂggﬂtsrﬁ?ﬁers
quant i tficmed agronnd! 8rbsSIFiNkdd arz.leﬁpﬂatl Ry RRY ngpéﬁyrﬁ@féer 1.cP) .
structure, especially if the manufacturing in addition should

dectht Gemezad 1orablekindi of LESs Matmicnts onte @@aﬁihéeue@nm(ﬂnﬁﬁances
practi gl NG ipSSIAE 10 Bl un St agks, Ol LANLS W LA 4 PALEILcr

structu e of |gnnents co opographlc |y "varia Tons
of themempphases (such as cholesteric LCPs) or containing guest

molecules (such as dichroic LCPs). For the alignment of the LCP
prior and during the cross-linking, alignment layers are used. A

15 well-suited kind of alignment 1layers are photo-orientableé
Linearly Photopolymerisable Polymers (LPP). Backgrounds and
manufacturing- of such LPP/LCP devices are disclosed in, for
example, US-A-5,389,698, US-A-5,602,661, EP-A-0 689 084, EP-A-
0 689 065, WO 98/52077, WO 00/29878.

20
Conventional coating techniques such as spin-coating, slot-
coating, meniscus-coating, Dbar-coating allow essentially a
centralized mass production of optical structured devices based
on the LPP/LCP technology. ‘

25

However, using these coating techniques it is not possible tcla
provide a practicable method for the manufacturing of
personalized optical structured devices, i.e. the production in
small quantities or as single items with an each time varying
30 pattern structure, especially if the manufacturing in addition
should be decentralized. Moreover, with these conventional
coating techniques it is practically not possible to build up
stacks of layers with a pattern structure of different

alignments combined with topographically variations of the layer
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WO 02/ 0GL-t70 2 PCT/ CHO2/ 1100~3 thickness - especially not for mcroscopic
di nensions in the ranges bel ow 300 m croneters. A nethod according to the

I nvent i onwespmeif@ characterizing 5 features of claiml orpcgl@id®odeszAn
optical device manufactured according to one of these nethods is clainmed in
claim3.7, and an optical security device manufactured according to one of
these nethods is clainmed in claim18. Wth the teaching of the invention it
i s advantageously possible to create single and 1o personalized optical

devi cethigkpesical +y espaiialylydepptestor nigreseppis udbmengiedapadat thel y
econonj. cal nanner_ th manuf acturing a structured optical device
startsﬁk\%ngﬁsa ?383"[ ;Eg'?eﬁ\%ﬁlgg‘ﬁtzlg%,s‘at | east in certain areas, prepared 15
-as an alignnment |layer for liquid crystals, on which is coated, again at

| east in certain areas,, a |ayer conpri si ng,a crosslinkable |iquid cr)_l(_stal
t

mat eri &1 . TERROSt AREREAIRG et® chRehelRYRATEARasISET odtieng ChHEFAGTETIZINg
‘conyenbgRglele ¥ GH@im 1€ o2t NEfa VST, 28l W iddl dadvisé mhaBrbbeured

alignnent layer or 1n a 20 second step the | ayer conprising a
cr oss- hepkaiiiad itquichecrofsttdle sentnegtitedds i s jelajmedit el ¢haonde?.tendreate a

patterned.liquid crystal .polynmer network. cording to pne preferr

enbodi ﬁé’ﬁ%c FRcuLieh: AERL ezg‘ab’é‘tﬁta&tﬁler&égp?‘f%%&d&i £ e it gg{aﬁreed
based matmoae jiisal cabifgead inayetFasmchi@s ritred e yit@adhingyeoE othe
mono-axi al |l y photo-orjented LPP |ayers which orient jet printed LCP | ayers
' accoiBVEHLLen hitdikeceABANERIERUBYYs R hEhmER FEGRFS. IR & 0P8ENg

o SEBSRS ISP pelcl gL OtER T et Rlinal i feed, 1n
| at er appkbey LCP Useyand sompadiand vied vt leeotiomdckilomagneen by said al i gnnent
| ayers. WO | 12/11GL Q70 PCT/ CH(12/U00-t3 3
The method for manufacturing a structured optical device starts
with a substrate, which is, at least in certain areas, prepared
15 as an alignment layer for liquid crystals, on which is coated,
again at least in certain areas, a layer comprising a cross-
linkable 1liquid crystal material. One of these layers can be
created as a coating using a conventional technique. The other
layer, either in a first step the alignment layer or in a
20 second step the layer comprising a cross-linkable liquid crystal
material, is jet printed in order to create a patterned 1iquia

crystal polymer network.

According to one preferred embodiment of the invention a
25 patterned optical device is manufactured based on mono-axial
aligned layers such as rubbed polyimide layers or mono-axially
photo-oriented LPP layers which orient jet printed LCP layers

according to the direction given by said alignment layers.

30 According to another embodiment of the invention a patterned
optical device is manufactured based one jet printed photo-
oriented LPP layers which orient later applied LCP layers

according to the direction given by said alignment layers.



These optical devices can be applied, anong others, in the . fields of
docunent security, such as passports, identification cards (ID cards),

driver |iwe®sgi@o special certificates, etc. ' S against deghShdddadis on or
al teration; however, the invention is npt linmted to such field. It is

advant ageous that these devices can be manufactured with a jet printing
technique. A jet printing technique can e.g. be 10 based on piezo jet
printing or bubble jet printing. Especially, it is possible to use ink-jet"
printing techniques, largely used e.g. in today's conputer print-outputs.

These h j=aCt 3 ur a a@*gﬂ. S e | pyentjon w |
beconeaﬁgfggagggﬁgﬁ?'iﬁerﬁg % o} é?hgﬁ?ol mﬁ%%ﬁdegé?#gd %2%%$¥bti%% of <
renbodi fEgtlsis hefeslocument] | sstwmiied, | suche s cpapapying, drizlEnigise i dat i ch:
Fig. 1] S i i ew of an.LPP/LCP device made by jet .20 printing;
Fig. 2 dlaér(%' s %E%Fés% e%&?’ €3 #&ﬁeéﬁqs\/eofPﬁ?fﬁaﬁe{?\égEl§&€&t&isng ¢ Fi g.
‘1 wiihagaian 0palaieicasPee! oah dADerdPRbR | BewevEL! WHWM 88vENARion is

i nformation, here the character "P" ; 25 Fig. 3a and 3b are schematic views
of a nE@t ilddmitdnts? surh dawlde shown in Fig. 2; the device depicted in
Fig. 3 is described in the first enbodinent; Fig. 4a and 4b are schematic
views of the preferred device described in the second enbodi nent; ' 30 Fig.
5a and I3b i edummdecuy ittt ofhéde geeieesedafepbcradasariheed Witdre a

third e odinengi Fig. Ga ,and 6b_arge schematic views of the preferred
devi ce J§escPTHBELPH t E’FH@HQT eftbotfitreRELINEiRGO techmiqye oppy e.9. be

PCT{CHPseR0h 4piezo jet printing or bubble jet printing. Especially,
it is possible to use “ink-jet” printing techniques, largely

used e.g. in today’'s computer print-outputs.

These and other objects, features and advantages of the
I5 invention will become more apparent in light of the following
detailed description of embodiments thereof, as illustrated in

the accompanying drawings, in which:

Fig. 1 is a schematic view of an LPP/LCP device made by jet-

20 printing; .

Fig. 2 is a schematic view of a reflective LPP/LCP device
according to Fig. 1 with an appropriate inspection tool
(polarizer) for viewing the information, here the
character “p”;

25 Fig. 3a and 3b are schematic views of a modified form of the
device shown in Fig. 2; the device depicted in Fig. 3 is
described in the first embodiment;

Fig. 4a and 4b are schematic views of the preferred device
described in the second embodiment; |

30 Fig. 5a and 5b are schematic views of the preferred device
described in the third embodiment;

Fig. 6a and 6b are schematic views of the preferred device

described in the fourth embodiment;



Fig. 7is a plan view of a nore conplex LPP/LCPdevi cedescribed in the fifth
enbodi nent; Fig. 8is a plan view of a nore conpl ex LPP/LCPdevi cei ncl udi ng

not only WwBR2leR7 et arder | ayers butal so a5chol esteric fi lgcalicRahodys
dichroic LCP | ayer; this deviceis descrjbed in the sixth enbodi nent; Fig.
9is a schematic drawi ng of the process flowof thedecentralized

manuf acturing of personalizedoptical security LPP/LCP devices through
jet-printing; 10 Fig. 10is a schematic drawi ng of the process of

decent r'aty zetinant? ad urBIRP of VIRH ssal i e iR | ceomzkestur i hBRIAGR esdiercicei ng
an LCP | ayer thr ' 4 Nty . j,cal security device
y 41583 i fﬁﬂéﬂgsl?gﬁf%#&ﬁq&ﬁ{t. y

described in thefourthenbodi ment. s''a schematic view of a
‘struct - LPP/ LIGP devirlarl meicey byofj eta prmdité Ngronfplidk a KW/ 1P MBYed Dée

i nst ance be useqn@_ua%isecuri#y cFﬁvi cIre. he process is started with a

substrate 2 ontd which sh APT gifedt Pa‘i/-ertr'c% retagdesd lamerssupat r aleo a

‘matefial 20 can di et enianid tiRStd £ Q1idhrdid YRFPRWANE) e é%‘ff&e
e

alignment layer 3 npy be an LPP |ayer. The |linearly photiopol ynerisa
pol ymers (LPP) dre d§fit5ikead) isohhe mdatim embselimendn 24 which is stocked in

a firstpigpntai ngrg 5 bej of ridges.and_printing_unit 6_of an
i nk-j et (p?rai n?er?LSZSaExgerr%F)gg{i or %ﬁ%‘ﬁfﬂ{ k-(j)dtgt %Eﬁ nnggeEFe E#IQ‘EI REd §he
for exanpl e, USdeckrag@lided Ushahulf 880130y USEA- $e283ndd3zelS- Aptiida1l 20,
Us- A- 3, 832, 579, US- A'iiz 6?_%,13212 %Jg A- 3, 708, 798, US- A4, 660, 058 and

US- A5, 754, 198, S§GUETY 1BTLHGhs deviers: ithmough Aetdpagnsiadcoat i ng t he
Subsd r atigy .2 1and ifs0rgn 86 i At o r uri-ng, the first dried
LPP Iaye;g 3, the sane s%léﬁfti:gdrzl ggg?ghgse ttol%? oﬁ%gégée;cg!rﬁd%aeﬁe tr@?tl%ea‘{/er
13, in this exaf@refacsnring ¢ persvohalibked OB A 10| debidPity devices

PCT/ CHO2/ OOO. | 3 I act "P._a havi a different, direction of
orientation, e. 6?10%%%%%%5} flf%EF eggYSﬁ é:ﬁltgfgplg K R g haedr PBud 15
and 16. 5 Refer eptécalmersecurShpws delg ceontd@bcrithdd of jhhe Prd Nt Gourth
connected to the first container 5 and to a second container 8 . The second

container is fi FM@dERtan LCP sol ution 9. Line 11 shows schemati cal | y the
dropl ets coating the alignnent layer 3 and formng the LCP | ayer 4 and ‘14.
10 Further explanations will be given with reference to Fig. 2 show ng
schenatfil@al Ily h & negkerdtie RlewfofuahsapubPRie&PLUBYI,CEP HBYECW 1hmade

jet-printi _Sane,_references al S depict sanme features in the different
Fi gur _eg).g} &{}%T cénlmf%n%' r PFE‘Cﬁ Vélg%%cEPlﬂ}ar_}CPfﬂﬁvilé’@m dPagusedFigs &
wher ei Betheisybsiewice 2 Tampisessd 18l keaterdl f&ﬂfthe@'%lgo%w%éegg&g)onto

Ref erences 25 or 26 indicate an appropriate inspection
pol ari ¥84Sht &0 \2bigngerbelaKesr dationconbed. t Maec mutaitertd P2 matheial

pol @i 288 2Bei S8 €8k ﬁgflep 4% | to tr&; orjientation 15 of tgg 2%.

al i gnment layer 3 / LC%;‘ aye?éfg'.&'l%e 5ol 'rifé’g'yfgolpéﬁ(?r"ieént at8§ parietel

to theadipemeati onlagenf she maygnient hayewPES /1&¢lrlayernd 4. 1Thenehore,

pol ar irréﬁgtégogﬁatresa e imale 20 of _a dark "P' and £O| arizes 26 creatés

the image of & B Riie BukbBR) wiae alwbfiatbnecoptained in a
solution 24 which is stocked in a first container 5 being part
of a cartridges and printing unit 6 of an ink-jet printer.

25 Examples for such ink-jet printers are disclosed in, for

example, US-A-3,988,745, US-A-4,385,304, US-A-4,392,145, US-A-
3,747,120, Us-A-3,832,579, US-A-3,683,212, US-A-3,708,798, US-A-
4,660,058 and US-A-5,754,198.

30 Line 10 shows schematically the droplets coating the substrate 2
and forming the alignment layer 3. After curing the first dried
LPP layer 3, the same solution 24 is used to form a second

alignment layer 13, in this example shown in the form of the



The present invention describes a new technique of making LCP devices,
which is based on jet printing. It advantageously allows the decentralized
manuf act uwiorg/ef47per sonal i zed such devices in a reliabl e agd/GaRionel:l ective
manner. A specific flow 30 diagramillustrating the decentralized
manuf acturing is depicted in Fig. 9. An exanple of a correspondi ng
equi pnent is shown schematically in Fig. 10. WO 02/ 0GL-t 711

of optically structured security

PCT/ CHYZ/, ~3 6,Jhe personal i zatian . _ _

devi ces |a%(a;c%eoroj e%_ti \?2‘ Th-T¢hr #i SdEderpntnAereian Q&c@uigptation,
manuf aet.4f.ereiond s eq 5£ féLerds kbR eh@h t 161 18]+ CPLIY | t
decentral i zed manufacturing procesée togéLt herlr}\;ﬁmiji%é‘{l{de %%ngﬁrggﬁ r01?15 of

*such oﬁﬁdcé-lf;-securi ty devices or other LCP 1 and LPP/LCP devices not only
opens possibilities in the field of docunment security but allows also to
build up a plethora of other applications using different optical effects.

‘The J eReffienenicey hemeriaque 7useHowBy EBedrepnorodenand M hads o iQcer
continues beam. nmethods. The process flow of Fig. 9 shows a possible way of
meki ng SPHPEEEC T S efil B3 pRBRERIBRFSSnaNd &b ot $eedng sontietoeeds.

devi ceshkOrsetithd d06HERMheSCEH IthiYa dla Goidi? Qﬁoﬁﬁ‘ét s%l?rti]o% pgassg%tg; 11

identification cards, driver licenses or special Certrficates et
f al si f FE&WForedheratteallynthdhdrpelsdmal comt tngr theherl ipgmeenal layer 3

i nf or mat, g0 . r are _store a conputer in a data base file
100. qﬁeadgtogﬁlll%@ﬂtg%s?eirirééyteg #hgngaﬁr ‘acturing equi pnent 110. It is

pos®i bl e 20 and preferable to provide encoder neans 102, encoding the data

fromthe data base file 100, especially images or information I for
securi t JrG8etnef¥RIanRh1aRs pasiddor be, Fbvemcwidit srafigrenker stot HHgugh2a

caut prenc 110 oo ete ECEREY 5RP, gk 2B e TRa b B ol oPBARS R ¢ 1

equi pment 110 to ensure t i cal
a sui tdpvécdecnypei ngittioolj etMardhadhyr.i ngaggui xiitencdl: CRTNaVEESdepict

oo (RSO FRRrBE R IR G etering VAR oS Rod o2 PRELRSIvE
desisri pPpgncPandeveass dedbidiRe iy Meligt PLi M Qf TR babSr iy Ny
same and cross-linking LCP layéers if applicable w th | % especi a%l y
i sot r oBPEPEASEEgIR _rer%begtcpppl i(apty esfplnewinslyl 26hsuppor Refelrenpessids | bky of
decentpgl iz} AHQAUGH Ubpropriate inspection tool, here a polarizer,
for wviewing the information, here the character “p~. The
polarizer 25 is orientated parallel to the orientation 15 of the
20 alignment layer 3 / LCP layer 4. The polarizer 26 is orientated
parallel to the orientation 16 of the alignment layer 13 / LCP
layer 14. Therefore, polarizer 25 creates the image 20 of a dark
"P" and polarizer 26 creates the image 21 of a bright "p"
surrounded with a dark =zone.
25
The present invention describes a new technique of making LCP
devices, which is based on Ijet printing. It advantageously
allows the decentralized manufacturing of personalized such
devices in a reliable and cost-effective manner. A specific flow
30 diagram illustrating the decentralized manufacturing is depicted
in Fig. 9. An example of a corresponding equipment is shown
schematically in Fig. 10.



WO 02/001-t7(1 PCT/CHO2/000~3 7 In a variation of the invention, it is
possible to start with a . substrate, e.g. self-adhesive |abels, already
beari ng awodRioghHient | ayer that was nmade in advance. In thg/Gaemoofzhe ' S
alignment |ayer nmay be of any kind (rulgped polyimde or LPP or others), and
t he personalized pattern structure is produced by suitably jet printing the
LCP material. Means 120 include printer neans to operate the jet printer
Each

heads or | dges._whi ch cont ai ni the LPP and LCP materials. .

si ngl el%%e. rﬁeg‘?é%%fggﬁﬂoﬁ‘eﬁpﬂ%%&%sp“éiﬁ‘%cffdlrr%ﬂ efPENTrity dayaces dsy. a
four-head prdbileRitiveour whidier eHar@BiRitiaghs, My | s idted: e. g .the
first head jet-prints a photoor?ﬁhtableaLP natégfaI?E1 gkggbon %€%§£€§
‘pri nt s "ENUEB GRS S | and SugeEs t aFe daslebng pEont s FarbtBRratée aombdhlaaiiking

di chr oigr d v @G h rint.s a cholesterjc LCP mater.ial.
Appr opri at gﬁgoftmr%%??yé%ntnp%ﬁ%%guﬁﬁnﬁ i B§OFFPEEesko9ghRehr dtiitt the
't esul t ipey somaihitziaits.amet bbd sicka bpit 1 ¥aR0 spesaryl | A66H ePLT o3l Sagalr | g CP

device,__re be applied. , It can be used to produce security products
132 as P siﬂ%’/ﬁp Idﬁ‘%&"tﬁre‘i‘f?"s Ay o‘?ﬂ’\%l?%.PW’@%blgl%h%ﬂ/sl@néh@xérirplld off an

appar aldesubehtTRSEEASE By 19,25 29Rbiseal ugburgds g5 engnt clL,as 1hose
described in enbodi mer]t{,4. Theaappar at%%c%:o%%i slﬁlglgése ti %I Isp;i%fhofa ot
j et pri @theg herpligetimasanusiogr ofifferenanp@iicald cifudtey. 1@BecoRkrol s

t he priti ro e.g..sheets contai ning |abel substrates 2. The
| abel sbglﬁh?%ggsuggéﬁg?gggz I\ﬁg?% B i &8s y8§9Pco%rt‘e &ha ‘an methedige nPx
| ayd®r 3cpatdnupbobeas)’i gieethddd? or rubbed polyimde). The jet-printed LCP

| ayer 4 forns a personalized pattern which - after a drying process through
the heated cylinder 220 - is finally cross-linked by the isotropic WO

02/ 0G1 Th&0 pRCEeEH] 12/ P00 83 Fg\V ol GHowiNder pa8sipeEt wﬁ&f”‘bﬁﬂohﬁ']&rfsgelﬂ a
under % nit ogin atnosphere). The UV light Ts generated by the iIsotropic W
| anp 2 6088% 4R a PEIAEEESt 21Persapalisads t opaicalily- st ateuptasedc

film daeibabel $owhi € Lont@ddif pe.ale%?ﬂiaj!tiyz,ed ppiical, protect e.g.
15 passports, identification cards, driver licenses or special
certificates etc. against falsification or alteration. The
personal data or other personal information as photographs are
stored on a computer in a data base file 100. The data 1is
transferred to the manufacturing equipment 110. It is possible
20 and preferable to provide encoder means 102, encoding the data
from the data base file 100, especially images or information
for security documents such as passports, ID documents and
others, through a security software before passing the
information to the manufacturing equipment 110 to ensure that
25 the optical device can be perused only with a suitable
decrypting tool.

Manufacturing equipment 110 comprises cartridges 112 as shown in
Fig. 1, containing suitable coating materials, e.g. the
30 materials mentioned in the different embodiments in this
description, and means 120 to perform jet printing of materials,
drying same and cross-linking LCP layers if applicable with
light, especially isotropic UV light. The simplicity of means

120 supports the possibility of decentralized production.



5 security device may then be transferred to e.g. a-passport or to other

docunent s.

Fig. 3 shows schematically the set-up of a first enbodi nent of

an opti calwogde)kf€e! according to the invention. Fig. 3a shewschédohg or der

of the layers wherein Fig. 3b is an ex
| ayer 3 is jet-printed on a substrate 2. The substrate nmateri al

exanpl e plastic (e. g. polypropylene) or paper, preferably specially
treated paper such that the paper surface is snoboth and conpatible with the

oded view of Fig. 3a. The first LPP
can be for

LPP or 15 LCP (including dichroic LCP and cholesteric LCP) solutions (e. g.
aper cgat 1 ol ye I . aAft in s L fjrst
gl !C)gnmel(r%fl afg‘f/%\ﬁ%t?%ﬂt hgnrtgépgglgght%%%wné@r lf)%l%?lgséggdy \g?g ?ggg c‘fgs%?lriébed

‘bel ow (s tpeltar,i zaei.gn digeddiiaatheivies sagbeasal | elneadyhe beagirdgge and
t he subst.rate 2 accorgéne to Fbgé 3) .. TheH, a second LPP | ayer 23 i.s
R r 9y (s

jet-pri

SR op@8FTL H dsL e 32HEPPRG - a Wt f & &Nt S3RGpe the

‘conpar el figgnidit fldpér ambgnmantod ay®y Rinkn (Fhibbed iPLpaRe &PPLERY &y 23
has the shape of the character "P". After the drying process the second
al i gnm&itharg)er 2B4| $hehpersersidezad Pattensastyoicirireedi sy prgfuced by

descri

ong e e su according to Fig. 3). This

g@,%%jg\@ tﬂ}dig%ﬁglfga:geatﬂﬁtngg{ee tjon 16 that is, for exanple, 45

degrees to t

procedure leads to an alignnent area which shows two 30 different alignnent

capab

lLjties: the area of fjrst alignnent
al i gnné‘rﬁa'faszﬁe%ﬂ ﬁ%@%&%ﬁ%ﬁéﬁ%gﬁp‘%i PPEYaLPoRet HELI BRGESEe NsRdshe

| ayer 3 not govered by second

SUbgd r &4y LHELLAGOR FRiCR Fdhtalhi %}[Elé‘eLﬁbeaarﬁ %ﬁ?ﬁgféhiﬁﬂﬁ?mﬁﬂer

WO 02/ 0GL. 170 PCI7 CH02/ 0011-43 9 23 (wit

t he shape P" as an

al i gnnetimagdapaprlinterofhedd degrldesjeo-prinst anegnspecifdgerm&tdxiakctilom 16
in Fig..3). In the next_step, a LCP.npteri is Let-printed as a layer 4
SR Pnhec |y EPSEShedt BEiEREy douiS APLEETOR ThafRedal ) Sava

onto b

evapor ajees jéﬂﬂpﬁiﬁté&}’S@LytiO@hethQﬂﬂgﬂﬂChéaastféiﬁﬁffﬁgéesaali to-

according to the alignnent Information of the two

cr oss- [9rHeR§Ebde ded

] | ayers 3 and 23. A
raEearbal owther #ecoren hepd dpTEnts ad e LfPadEteligim

Thi g5t &4 ﬂ&ifﬁ%t ﬂgﬁéoiﬂr?g{r’cfsacé “Lb?gnﬁrt%‘iﬂ%ﬁ Oéoxtx@ix?ﬂéﬁ?kgg%ﬁggt WRE,

LPP/ LCP devi ce

rmation (here the character

vi sual isaed wilidn offeuatht whdadeapriotari azer (H)olesseyiod ar Lgks taterial.
reflectjve

20

25

30

Appropriate software will control the printing process.

The product 130 resulting from this method is a fully
personalized optical security LCP device, ready to be applied.
It can be used to produce security products 132 as passports, ID

documents and others.

Fig. 10 shows one example of an apparatus for manufacturing
optical structured elements such as those described in
embodiment 4. The apparatus consists esgsentially of a jet-
printing head 200 and an isotropic UV lamp 210. A computer 100
controls the printing process onto e.g. sheets containing label
substrates 2. The labels on the substrates 2 were previbusly
coated with an alignment layer 3 (e.g. photo-aligned LPP or
rubbed polyimide). The jet-printed LCP 1layer 4 forms a
personalized pattern which - after a drying process through the

heated cylinder 220 - is finally cross-linked by the isotropic

5



15 devices, two polarizers for tranSm ssive devices. By rotating the

pol arizes or the device 1, the i mage changes from positive to negative.

Fig. 4 sho@n28e6higoatically the set-up of a second enbodi mpgtr/@ho22008 devi ce
31 according to the invention. Fig. 4a ghows the order of the |ayers
wherein Fig. 4b is an exploded view of Fig. 4a. The substrate 2 is already
coated with a previously manufactured first alignnment |ayer 33 having an
align (ZjLi.r (‘é[ion 415 al ong .t he Iong edge of the substrate in Fig. 4. The
substrate mat et &h BESEhosBRMesPhR T Ehe (Bi Ast endeHi mentnitrogen

possi blacrid@hdie) fiThe oW ARERR! ilAYRIN SR EAY BES Ehg\ﬁ%isaic&'agg%e%\ﬁ‘ﬁ Qun

in Fig..4 or the first alignnent |ayer 33 covers'the ol'e substrate 2.7 30
‘A secorfd-d PPOMRydEing 3 jeetladtared2384 .t oPhds theads r &b ahi gulsnd-seaes 33
havi ng ffer sh red.to.the latter layer. In Fi,g. 4 the second
LPP | a;%régzt%lcﬁagf%lﬁé ?Egpg%%% 'aLfg hg’hclhcahr a%?légal%" Fhﬁf PEF S&“&H‘%ﬁ& PRfceal
't he Secmmhtidyerd@aice WP 2¢06H - bef U PEREEEDREH! B8- £36104 ?;atsgﬁevr%xQﬁ?ecq) to
| i near dj:g.lari ed WI is[ght as described below (the polarization direction i6
is say ed:eéfoé‘ég“qli‘)t e long edge of the substrate 2 according to Fig. 4).
This procedure leads to a an alignnment area which shows - as in the case of

the S first enbodinment - two different alignnent capabilities: the area
resul t iFAG -f ronPhpEst ischematiigaddyt tdley eseB3upobicevef etsbyeinbodspeard of

align t 3 an alignnent capabi]ljty along.,the | ong edge of the
subgt ?%?1 e éﬁ%/]ﬁ_lé%f g)%j%agr?d fh%gg‘@f‘gﬁﬂgL%Ig I‘é\ffl%)r/ l?E’ePﬂ&QPng Ftllﬂg s?\gpé—"f&wﬂ?")
hasltan thlel gnndst 6Apahel iTayek® %&%ﬁ!xﬁeﬁi%(? Bbr sty ald Q&Ei?mdé&‘yﬁﬁe%f-of n

the next step the LCP, material is jet-printed as a layer 4 onto firs

al i gnmend | r B ah#rskchbRE Leperaperio3ietWrmninted soh vensubsteaaporat ed
from t heel CRy a0 Ut d Q. i i d ystal ol ecul 4 align,according to
the ali gnmensét informti%%eﬁti%d F%{lof B%he]{)% LT rspgggﬁﬁﬂ o3e.g.

r espec PRNFPYopXleness|amksaens miasterdlsty bepeuvi 401yt +880e@ $abkd ke
plastig¢,fil %Thl S term ngt es {he manufacturing process of the optical
L

struct uréd [P IRPHe T 39S e SPRPERMERCHIFMRatE Rlee Witk HehacLEP OR")
canisheLePs udnicaed kg haonerdiic i |éﬁk?aéh8i’é§£éffé(ﬁgpr’QSlHBESBEZ% tor

reflective devices, two polarizers for transmssive devi CéS. By rotat'?ﬁg '
the poP&PP¥er COAteRe #dfihceat hpolwetbylkaergedafeem. pohfteve thenedatiing. 25

acoor PR TSt KA o bERT of LIBMISRE, "CHTE Phelr BP0 P XPRBerayis s Lufensi n

according to the 1 nvention.

Fig. 5Spolaridmedxplwdedlyghy ofasFi Jded@rivesi NBe@oWPP (1A% B31hSization
jet-priinted on a_suhstrate 2 and forns a pattern such as a picture, a

gr aphi e,lrSFtEJﬁE P d&v &3y PargRdedo teurkde cleotaredgerst the Fegbstrahe 2
Lan be chosar s n He Trror om0 MAOHHEE TaRSt3T nid )k BEInERE
subst r@fe PRI W ng-hehe fiPBtar BRP231apet heh axpavef o hifearenel aghggd W

compared to the first alignment layer 3. In Fig. 3 the second

LPP layer 23 has the shape of the character “p~. After the

drying process the second alignment layer 23 is then exposéd to

25 linear polarized UV 1light as described below (with a

polarization direction 16 that is, for example, 45 degrees to

the long edge of the substrate 2 according to Fig. 3).

This procedure leads to an alignment area which shows two
30 different alignment capabilities: the area of first alignment
layer 3 not covered by second alignment layer 23 has an
alignment capability along the long edge of the substrate

(direction 15 in Fig. 3), and the area of second alignment layer



WO (12/ CC1~70 PCT/ CHO2/000-43 11 light as described bel ow (the polarization
direction 16 is say 45 to the |l ong edge of the substrate 2 according to
Fig. 5. whi®optoeedure | eads to a an area whi ch shows twedddheien
alignment characteristics: the sectiongresulting fromthe jet 5 printed LPP
area 23 (LPPP | ayer 23 described in thé third enbodi nent has the shape of"
"P') has an alignnment capability of 45 to the | ong edge of the substrate
(Fig. 55) the remmining area has no alignment information. 10 In the next
step, e [Withmtbe s#harej of- ptBht ebaas an | aybgnmenht cagepidliitynneht 45ayer
23 and gl n [ e RN r h r.ate .2 accqrding,to Fig. S
Thi s spc)%cqi%%ie% tzli:rgerz;fll g’rtrm%tl%léﬁ%eg ﬁ%}’%frr ? 3?%\%%%}':& I &% 5 %@ﬁ t%t)lé sol vent
‘i's evaporated fromthe LCP solution, the liquid crystal nolecules on top of

15 the LPP | ayer 23 align according to, the,alignnment, information 16 of the
LPP Iayllélr the ?ﬁﬁgr e%ﬁl?gﬂ ng LEF drEeLidhs IPsaSofeiRiednaene kaver 4
'Cr oss- lontkadetds adayminidird g} fordm then | tHeS agkl ekl

This term nates the%nﬁaﬂnuf ac'%}}ri ng procesés?ofm?%g %ﬁ?i %gfﬁgtﬂ#ué%—u?g& E'?fgl LCP
devi ceMaterypd jevapomriesn (Emom 2thehidfBctsolutploncanhee Viguid i zeyswiaflh

one or hnear_pol arizer(s). one polarizer for ref,l ective,devices, two
pol ar i %ntg?%c (h)'ggt r%i;l sgl%vg&%\?fjc}s? %%‘erol‘gﬁql?‘f@e?iﬁelﬁ\?lr@@?lf’ﬁe ?ﬁa?j@e
changeswo dependiayeren Bheamdi entathorrefss-hanrelgs i a8r desvpinns t beg oo
invisihle or fromnegative to invisible 25 depending on the acting node
whi ch ¢8FMSe FRENecd i VvOHA t Bad@ sBiBFbicF fllms. s sdeamdmiatas vy thiee
set rup mafudabeuL-t egﬁ%ﬂ% t Jef ey r qi Lpventi.on. -
Fig. 6a sﬁo%s }[:i Egggr er S%QE%I)f Ofte hea}egyééégf%%% %l%%%cg%ﬁ%sdt %ﬁ%‘?%dggv\:}.f:gw of
Fig. 63. In a first step an alignment |ayer 33 was applied to the substrate
2. The alignment |ayer may consist of a photo-orientable material such as
an LPP material or of another alignment material such as WO 02/ OGL. t 70
PCT/ CHaRk( 10 dratd orubliesk 9ot Nk MeH8raEt8pY @irherc | ha o1 8141 8E&a Wil 1S
able to align liquid crystal nolecules. The sole alignnment |ayer 33 may be
nono- aRP&l A TP chirEarn Fkprigemia) deshgnspolahinere fidmnrefizegkiyri ng
di rgct yao; al passi_hl.e,. e:substrate .maf.erial_5.can be chgosen _as in
Che i CEVIERE, Jitwo ! ?’ﬁﬁ?@&ﬁ@?aﬁ%rﬁf&%&‘t VS i QRVERES ayr 25EahATge
done i thedypalesizedt ior atHef idendrie [l acehet hahges cHditysibstsmt es2tive

i ncl udltggnteggtﬂrggnrrent | ayer 33 may be pre-nmanufact ured.

Fig. 4 shows schematically the set-up of a second embodiment of
20 a device 31 according to the invention. Fig. 4a shows the order
of the layers wherein Fig. 4b is an exploded view of Fig. 4a.
The substrate 2 is already coated with a previously manufactured
first alignment layer 33 having an alignment direction 15 along
the long edge of the substrate in Fig. 4. The substrate 2
25 material can be chosen as in the first embodiment. It is
possible that the first alignment layer 33 covers a definite
area as shown in Fig. 4 or the first alignment layer 33 covers

the whole substrate 2.

30 A second LPP layer 23 is jet-printed on top of the first
alignment layer 33 having a different shape compared to the
latter layer. In Fig. 4 the second LPP layer 23 has the shape of

the character “P”. After a drying process, the second layer 23



10 Then an LCP solution is jet-printed as a |ayer 54 onto that alignnent

| ayer 33 and fornms a kind of information such as a picture, a graphical
pattern, woomme46 several al pha-nuneric characters. |In Fipgr/@&idgoghape of
the jet-printed LCP area 54 fornms the Egaracter "P'. Wen the solvent is
evaporated fromthe 15 LCP solution, the liquid crystal nolecules on top of
the alignnment |ayer 33 align according to the alignnment information 15 of

said al,ignment |layer 33. On the remaining alignment area no LCP is present.
A cross i ey eeBRoRE cEPhédngarowFanizachdiV ol saht dast descptibed deflidwn
Thi s t grgfa peguf j 04 pr S f t-he Lcal . stryuctured
devi ceqﬁéﬁgﬁ?ﬁ?g‘? mat | o@%lr%r%g%rﬁelghgr%:cgg 'ﬂ’s?)d%g%é%g vtlos ugﬁ?zé"c?lﬁ th
-one or edge | phedrheposubszeats) 2 oaecontiingzeno fBigl efd)ect Thes d@ticeRRuria0
pol ari 3ers fg{ﬂ]t ransm.ssi ve devi ces. rotating the device the i mage

B
changes S2%e féh @ R G- HIRMSRE e"?ﬂ”%?i‘@ﬂl/%h FRE"Por afPzER ths cRsm pdsithere
'to isnvitdiridee empblemenegat i ¥ot 0gi p¥ESERE € éileﬂfrﬁﬁé ] -
Fig. 7 shows schenmatically thg s%%?%%f%ﬁta tif erg%og%r#ear?%’fcélag%ewg% 61
accor dé¥ga e inerfron Weecliirehsiadtignpend Jxyeapdp apbt cableredmihyex

ori ent g4j_0 rh i i ng_one 6)._or several (67) LPP/ Jdayers. In a
fist s{% té{ba, %a@ﬁé(gt%@%%@%rg?ﬁ?g j(zgt- tad®ohd T ee tgf"‘ﬁ’agggété% ajeng
subst r &the Zlorideedgbsbifatitharasebsalatan 20e(xipsen) as and e f 568bnd 1.PP
enbodi ent . WO, 02/ 0GL-t170 PCT/ CH112/000-43 13 After the drying process,
the firéYSfayt ShFYIRGehhex SAGRE 19 | "REAr B3@ A% zabignmeght ca® Ybed
bel pw @shey | Zaf i i L k7 118,605l NSt ance perpendi cul ar to the-

| ong edge o theSI Eubsf?r&ast(:éeag%bh%%grji 1g§,segggr?d LPP | ayer 43 is jet-printed
on 5 an area 69 of the substrate 2 different fromthe area 68 of the first

align t Jl.aver 3. The secon P_layer, 43 may, have a different shape
colm(st:])apgI ttol?%h%ei“:r FeEPg}feaSIé¢E 3'mai¥atréra He® é??Fh%rb?B%@sé’:s t"ﬁel%légﬁnd“ LPP
| ayer édtios fiten expoaakdi 1dypear 3pohani zeeoWdl it B &esssi brehelpw

(the polarization 10 direction 15 is for instance parallel to the [ong edge
of theS8dF&tatie® Bvapmiated hEsemt bel BOR Haduk dmndts diguidt cpyistedd

Wty L ial n..th i e i C S d dl_of the 1
s R L ST e Ch R BE O R, el 1l S forfie et B and
sol uti 86, ofe HhequitdocryRP allayelreacuBas ald gr3accpeshagtivelpe ali groeat

i nfor rrraLt.iE%n of thedtse\éo LPP Jayers 3 and 43. A cross-|inkage as described
bel ow -HERBEr ndS o HGHERGL eBP&’st erRs| hheip As IPbi® i§Eahey. PRasgAct op
of thefrhi®h.arga H4t:arh | AVSE£d St Sind! | o] r h [ LPP
area 53. After the dryﬁébﬁéolgglgs, thef%ﬁéﬁrtgng?gsg#SBEJ?SE%%e%pﬁe:ggéged
to | i n8srusshaedzedBRALGt devilescridded bEhew (nferpaltdonzat {lewre the

20 character “P”) can be visualized with one or two linear

polarizer(s), one polarizer for reflective devices, two
polarizers for transmissive devices. By rotating the polarizer

Oor the device the image changes from positive to negative.

25 Fig. 5 shows schematically the set-up of a third embodiment of a
device 41 according to the invention. Fig. 5a shows the order of
the layers wherein Fig. 5b is an exploded view of Fig. 5a. A
single LPP layer 23 is jet-printed on a substrate 2 and forms a
pattern such as a picture, a graphic, or one or several alpha-

30 numeric characters. In Fig. 5 the jet-printed LPP area forms
e.g. the character "P*. The substrate material can be chosen as
in the first embodiment. After the drying process, the substrate

including the LPP area 23 is then exposed to linear polarized UV



25 direction 17 is say perpendicular to the | ong edge of the substrate 2).
Then, a further LPP layer 63 is jet-printed onto the LCP | ayer 4. The
further LwBokayaro 63 nay have a different shape conpared tpetidilebiH3! ayers
3, 43 and 53. After the drying process,,the further LPP |ayer 63 is then
exposed to linear ' 30 polarized VVIig%% as descri bed bel ow (the

pol ari zation direction 18 is say 135 degrees to the | ong edge of the
substrate 2). Then these two LPP | ayers 53 and 63, not contacting the
subst r #GE, ag edperrpbeft &elew h(tlep palariaptionpdizegition7Olé is say

PCT/ b1 ~3nd4 kffere ickness d3, and.d4 of the LCPR

I aye?s_qéil 311%8 ?ﬁér él?alﬁ].é%ngkhfg%seo[g\/%é]%uf%t%vgpgrcﬁogguﬂgo%q hgl%CPS) )

‘sol uti @ist herocgdiudecrdesidd kol eculams atégn witiceh dehgwko tRe dliifFerRiit

informatli.on of th§htwo LPP, | ayers Sﬁ and 63, or - if_ngo LPP layer 5 is
R &

pr esentAFHMT Ry Cortatirsy Lhe REGCkeR repulbies Ar%eithe detrig.
7, thi priapeensLit hatle | o8t pasp ofayde LGP %ﬁlﬂﬁeé\b&%' l¥re t%%i&%" '

| ayer thickness (around 50 nm) is nmuch smaller t e thickness t he
opt i caempoddmens 11 | tlyer shabesefi NPF)g.haa tdwe ahighmests dapabilheyl GF

| ayer ol 0 pi-cted only wi.th.one thickness instead of correctly  two.
On't heg?)i gﬁ-tols}:gg 310315% e &%% Phe8S SSHRPEERERd (EEEI'L | abRe gﬁﬂ‘atl%‘é'ﬂ’@f ore
this aneeabthagond 319 g@ime®t! Vi nFoematRokCP | ayer. A cross-linkage as

descri bed below fornms then a solid state plastic film This term nates the

manuf acturi ng process of the 15 optical structured LPP/LCP device 61. The

i nf gy MLl hean e g'tég?' k7ed W Mane- 007 tyg giereeg&i@%ar IZErdLS) o008,
pol ari zer for reflective devices, two polarizers for transm ssive Hevi Ces.
The optntal tdevicdkeigmBiemnnldypet u22dand sleon drrtd-i the 7ramaiRzingleacenbed

above shaow very cqmpl ex cal or patterns._ By rotating . ,the polarizer or

t he de\g?l e %“ﬂ%sﬁl?‘?a%ee ghm m'PO p%&ﬂt’i ver tggﬁﬁgaﬁﬂe\%f&rc fR%RR 0HOTES! or

pat t er Bhk0 TidEs 1cAMaY efreshaiy €Al 9&?C.O!$f!t A tehd h§ow&9@5§sd8%£%5%@eh“
es

this enbodi nent allows the manufacturing of conplex optical devi 25 such
as e. gfrempthiha i baPeddpttiicm, sthecliguddsemystial emeheoulesr ospeodi of

intarf n cql i . Fi 8. shows_schematical l he set-up.of a

si xfsh g%%o%?r?eﬁ'tav\ﬁn]{ c:*Jn:"I g%fnlsqrgtagccocfr%lrf%p%%rggﬁi %%FQW%B%FEEOBV‘?EﬁP& 8n -
pat t er of30theciLPdi njagee (FH) Thenoremd ATindg PRIJECPakayershd@hined raptk

di chroi¢c.and/or cholesteric liquid crystal layers. In a first step, a first
LPP | a?i?gfs*mﬁgtj'elp‘- FHRSsd 38k es@%tqveaﬁcérlﬂ?e%ﬁ%e]sﬂ’bs??%@% HegRraaPodad be

chosengagtknphBgthic 1ol erdihates the manufacturing process of
the optical structured LPP/LCP device 41. The information (the

20 character “P”) can be +visualized with one or two linear
polarizer(s), one polarizer for reflective devices, two
polarizers for transmissive devices. By rotating the device, the

image changes - depending on the orientation of the polarizer -

from positive to invisible or from negative to invisible

25 depending on the acting mode which can be reflective or

transmissible.

Fig. 6 shows schematically the set-up of a fourth embodiment of
a device 51 according to the invention. Fig. 6a shows the order
30 of the layers and Fig. 6b is an exploded view of Fig. 6a. In a
first step an alignment layer 33 was applied to the substrate 2.
The alignment layer may consist of a photo-orientable material

such as an LPP material or of another alignment material such as



WO 02/ OGL~70 PCT/ CHO2/ (111-13 15 case of cholesteric layers, a |ight
absor bi ng dark background | eads to better reflective properties for one

node of cwodizlegidy pol ari zed 1ight, whereas the other nodedracisizhesanti ally
absorbed. After the drying process, thngi rst layer 3 is exposed 5 to
e

| i near pol arized WIight as described | ow (the polarization direction 18
is say 135 degrees to the long edge of the substrate 2). Then, a second LPP
| ayer 43 is jet-printed beside the first alignnent |ayer 3. The second LPP
| ayer 431bked hpokyimidée f oremnys heiger ohphn egrt sunfads rehich Phs| abde 3o

After to the dryin rocess, .the second, LPP |ayer 43 is then_exposed to
N hear Tetd; bl BERRERL modB RIER" ars, 1BE afabRohf T EATREr 83 mAY 15
'i's say pamidnelatinl hes | DAQi €dged oint hegsubst bate ddkighlse i thhaneel WharPP
| ayers 3 and 43 are jet-printed with LCP material such that different,
t hi ckné¥ P HHIBRE oél%?c*f—h‘én Lepe181payRPssahlgnd Ther sstistraiec iadisid alo
'Fi g.58, r .34 4 i i.C : i ch a CR

5 cérpebéc.@hbgéﬁ 24 {5 2nd Cf*l&%lt énﬁ%ﬂl % du%ég/fﬂow | Tf%ﬁeﬁﬁnh*f%tw ngCR£

| ayer 84 contains dichroic dyes as descr I chroi c dyes may
be crosthd iakiarmentWisay¢he33otaenbe i dorgapnr atiwdnteoanchd n @GP didifigtriemt,

the liquid crystal nolecules ign accordi,ng .to..the 20 al Lgnnment

it or e iA5E 0] CPAE Do L | ayerErafeRaza H R, Fie apt 188RGRE . daver

bel ow fof eyt W predrhitdatierad astic film As shown in Fig. 8, on top of
the LCP area 84 further LPP 25 material is jet-printed to formthe LPP area

53. After the drying process, the LPP | ayer 53 is exposed to |inear

pol iﬁﬂg .9 S i bed:; bel,aw_ larl zati L.regti 74 ay
perg(gen |cul%/\(/;1r5ht Eﬂcf‘lﬁes gﬁglgggelgf Jt:g\#eg‘isrgg‘&:g_?aféeé 2%. #I%é%f ﬁ:?e ﬁ?ﬁ%&l 5%953
and pardligfnridret LCRyEaye¥> dndnddihsare kéhd3omhr infedmattibnl GRiakat esi &l
such that different thicknesses d3 and d4 of LCP Iaéers 24(?3&&}%74 resuyl t

I

Accor diBFt Wi g FaPhifah CPALEGER, 7P oA st ofSYSER PWEHHY

crystalchpicddd h enspegl.fic phd Cgh%;f@eo@‘aweac;é'ﬁiﬁt@iﬂ@&eﬁépoaréach_r,4a
chol esteric WO 02/ 0GL- 170 PCT/ CH112/ W00~3 16 layer is described bel ow.
When t Heoxms Vi ¢haxaciper at BY. f Whemt hbe Leplyehtt iienevapieaatiedguifaopr ydieal

nmol ecul al i gn_,accordi to the alignnent, i nfarmation of the LPP layer 53
or ifg:if 0 L lfrajsféﬁ" istq-g%e TS S y%% a Oﬁ'ef%edg onorf_CI@qpayeor 8ﬁ§fen .
area 5 a?l7i%<mﬁém9f vhpgrt 93t kA iaf arriirdiChy |ty eth84 didlg@ienorivEdrma it LPP

| ayer thickness (around 50 nnlﬂ;gs much smal | er than the thickness of the
optically @t pedd @ jgnmant Thageri A3F §n dHherempeRBBI s 3d3Iomenke A2

| ayer i ep c y Wi e thi e i f r

cr oas- e "R hECeoREY M) (ToBReIAKACRCRR HRERETRe] LRAE et ¥herf
Then, eaafepilhdr diRitd ap@as6ici sfilat.- pThhsedamtinagttes chbkegtaufadtOR g/ er

74 d, after drying, expased to linear lari zed WJ.i gh with the .
rol P matsP s Pt Pon DR b GEERRERTES. Sy doeThE (i CIRGIR o
2). The(udR | ayrr BRatsctBen ypi)y pidant eBeW d ek 483 Makiaid abnko dOr MAwan

LCP | ayer 94. A cross-linkage as described .below then forns a solid state
pl asti cl¥nean PRLITLERHI(BAt e CRhePAhRTE2RY uficry ¥R bERQLIV® ER¥1EHEEI cdiwo

struct %ﬁjaffféfgfgfviﬁgnggnissive devices. By rotating the device the

image changes - depending on the orientation of the polarizer -
25 from positive to invisible or from negative to invisible

depending on the acting mode.

Fig. 7 shows schematically the set-up of a fifth embodiment of a
device 61 according to the invention which consists of a
30 topographically complex orientation pattern including one (66)
or several (67) LPP/LCP layers. In a fist step, a first LPP
layer 3 is fjet-printed on a certain area 68 of a substrate 2.

The substrate material can be chosen as in the first embodiment.




20 The conpl ex information can be visualized with one or two |inear
pol ari zer(s), one polarizes for reflective devices, two polarizers for

t ransm sswoan@éirees. The optical devices 71 described in ﬁch‘)émﬂ?m@ﬁi nment
may show very conpl ex col or patterns. @g rotating the polarizes or the
device the inmage 25 changes from positive to negative or fromone col or
pattern to its conplenentary color counterpart. The process described in
this enbodi ment again shows the possibility of manufacturing conplex and
sophi sthideedtbet giéarp-nae\nmssao e Ehesproaveri G b thenl PRpomedr 3,0

sui t abl | er.son illed in.the art.. Exanples
are foxﬁ%#a@éfégg%?labggeiﬁ%e%% ?l%qrca%dz%e@k(ﬁ%lf%l%a ion
-WO- 96/ K004 taineh EP7 AL8 763 Shstdhey pagpedeieunaenics ashsl Uenyvabigeem@nd
VO 02/ -170 17 PCT/CH112/000. 13 ferulic acid derivatives. For the

exanpl ﬁede% FHeRt2dle, TRAB/ f & I1SSHORY LIRP A¥ey af3016 G%t-@r@f(‘)ed 0;0 ~
T~ ~ e] eglo agra ol-ut 4 ' n ' e :
(ot hyl ot ke o0t Cand PRy o eerar e VO Lol FhdCed JFtpay )
The vi sdesitt yahagnventedmyzmnd .4 TiRas seBepdndiPg) dayehre 4ypemayl hake ai

I nti d d, al so hi gher vi scosi.t t o ahout_ 80 cP are_possible.
The | sy St cTBAREa SHnddy £5 ot F680) T4 FRBRTa rer BEFGE The
hi gh- praassitte pRobagp,f 0Fhd0 dsr iR 38e0Ndsyédenendijng eRehheeshbS89t kP
the lanp and on the characteristics of LPP and LCP |ayers) at room
t enper AtHRAT FBPL 2HeZ o oJlc thishtof aghdeisgribggerkelow H hbeepaisimizattion] 5
Fol pwidig-<ta%h | 18K38l &dd athGeGh¥at 3hrdh3ehy il e QM Sad®Nbs the

substrate 2).

Then, these two LPP layers 3 and 43 are jet-printed with LCP
material such that different thickness d, and d, of the LCP
15 layers 4 and 44 result. When the solvent is evaporated from the
LCP solution, the liguid crystal molecules align according to
the alignment information of the two LPP layers 3 and 43. A
cross-linkage as described below then forms a solid state
plastic film.
20
As shown in Fig. 7, on top of the LCP area 44 a further LPP
layer is jet-printed to form the third LPP area 53. After the
drying process, the third LPP layer 53 is then exposed to linear
polarized UV 1light as described below (the polarization
25 direction 17 is say perpendicular to the long edge of the
substrate 2). Then, a further LPP layer 63 is jet-printed onto
the LCP layer 4. The further LPP layer 63 may have a different
shape compared to the LPP layers 3, 43 and 53. After the drying
process, the further LPP layer 63 is then exposed to linear
30 polarized UV light as described below (the polarization
direction 18 is say 135 degrees to the long edge of the
substrate 2). Then these two LPP layers 53 and 63, not

contacting the substrate 2, are jet-printed with LCP material



Mon2 Mon3 were used in a supercool able nematic m xture (Monl 80 % Mon2 15
% MN3 5 0) having a particularly low nelting point (Tm~ 35 C) thus

maki ng i twpaesciilre to prepare the LCP |l ayer at 20 room t erpan&iiogessThe

m xture was dissolved in MEK. Tf requi{gd, WO 02/ 0GL. 1711

PCT/ CH112/ 0011. 13 18 wel | -known additives may al so be present, such as e.g.
phenol derivatives for stabilisation or photoinitiators |ike Trgacure. By

means of varying the concentration, it was possible to adjust the LCP |ayer
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N=N ~ muBGh smaller than the thickness of the optically active LCP
layer. Thus, in Fig. 7 the thickness d; of the LCP layer 64 is
10 depicted only with one thickness instead of correctly two. On
the right side of area 68 there is no second LPP/LCP layer and
therefore this area 66 consists of only one LPP/LCP layer. A
cross-linkage as described below forms then a solid state
plastic film. This terminates the manufacturing process of the
15 optical structured LPP/LCP device 61. The information can be
visualized with one or two linear polarizer(s), one polarizer

for reflective devices, two polarizers for transmissive devices.

The optical devices 61 manufactured as shown in Fig. 7 and
20 described above may show very complex color patterns. By
rotating the polarizer or the device the image changes from
positive to mnegative or from one color pattern to its
complementary color counterpart. The process described in this
embodiment allows the manufacturing of complex optical devices
25 such as e.g. sophisticated optical structured security elements

or specific interference color filters.

Fig. 8 shows schematically the set-up of a sixth embodiment
which consists of a topographically complex orientation pattern
30 including one (76) or more (77) LPP/LCP layers combined with
dichroic and/or cholesteric liquid crystal layers. In a first
step, a first LPP layer 3 is jet-printed on a substrate 2. The

substrate material can be chosen as in the first embodiment. In



20 By means of varying the concentration in a solvent such as MEK, it was
possible to adjust the LCP | ayer thickness over a wide range |leading to

di ff er entwexdzioprrd on val ues of the dichroic polarizes. 25 pori@io2loifys
production of the cholesteric LCP Iayeﬁ%, a procedure simlar to that of

the nematic LCP | ayer was used. However,” the nematic mxture was =
additionally doped with cholesteric material inducing a pitch. A suitable
chiral dopant was a . g ., ST31L which WO 112/0l 1-170 19
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beside the first alignment layer 3. The second LPP layer 43 may
have a different shape compared to the first LPP layer 3. After
10 the drying process, the second LPP layer 43 is then exposed to
linear polarized UV 1light as described below (the polarization
direction 15 is say parallel to the long edge of the substrate
2) . Then, these two LPP layers 3 and 43 are jet-printed with LCP
material such that different thicknesses d; and d, of the ILCP
15 layers 84 and 4 result. According to Fig. 8, the LCP layer 84 is
a dichroic layer, which means that the LCP layer 84 contains
dichroic dyes as described below. The dichroic dyes may be
cross-linkable. When the solvent is evaporated from the LCP
solution, the liquid crystal molecules align according to the
20 alignment information of the two LPP layers 3 and 43. A cross-
linkage as described below forms then a solid state plastic
film.

As shown in Fig. 8, on top of the LCP area 84 further LPP
25 material is jet-printed to form the LPP area 53. After the
drying process, the LPP layer 53 is exposed to linear polarized
UV light as described below (the polarization . direction 17 is
say perpendicular to the long edge of the substrate 2). Then,
the LPP layer 53 and part of the LCP layers 4 and 84 are jet-
30 printed with LCP material such that different thicknesses d; and
ds of LCP layers 64 and 74 result. According to Fig. 8, the LCP
layer 74 consists of a cholesteric liquid crystal layer with a

specific pitch. The manufacturing process of such a cholesteric



only sonme of many possibilities according to the invention. They may in
particul ar be conbined in a wide variety of ways, which will be especially
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el ements. of course, any other 20 kindief birefringent |ayer than the LCP
| ayer described may al so be used to produce an optical effect that can be
enpl oyed in optical devices. Tt is furthernore possible for the exanples
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substrate; - exposing the first "alignment layer (3) to polarized |ight; -
coat i ngRERENEFEst Fat 8f( heediGinglereral §gnient depjetedi tonly f iwisth | aper
(4) COHHibﬁhggsai%%%%%d'dP“%Qf%édéﬁy‘t&%Y%éaérSEQFiiﬁéage as described
10 below forms then a solid state plastic film. Then, a further LPP
layer 63 is jet-printed onto the cholesteric LCP layer 74 and,
after drying, exposed to linear polarized UV light (with the
polarization direction 17 perpendicular to the long edge of the
substrate 2). The LPP layer 63 is then jet-printed with LCP
15 material to form an LCP layer 94. A cross-linkage as described
below then forms a solid state plastic film. This terminates the
manufacturing process of the optical structured LPP/LCP device
71.

20 The complex information can be visualized with one or two linear
polarizer(s), one polarizer for reflective devices, two
polarizers for transmissive devices. The optical devices 71
described in this embodiment may show very complex color
patterns. By rotating the polarizer or the device the image

25 changes from positive to negative or from one color pattern to
its complementary color counterpart. The process described in
this embodiment again shows the possibility of manufacturing

complex and sophisticated optical devices.

30 For the production of the LPP layers, suitable LPP materials are
known to a person skilled in the art. Examples are for instance
described in patent publications EP-A-0 611 786, WO-96/10049 and

EP-A-0 763 552. They include cinnamic acid derivatives and



- allowing the liquid crystal material to align; and - cross-1linking the
liquid crystal material. 2. The nmethod according to claim1, wherein,
before t hgoskep40 coating with the first layer (4) conpripgicH®/00043
cross-linkable liquid crystal material y-are provided the steps - jet
printing a second alignnent |ayer (23), which conprises a material to which
an aligning property can be inparted by exposure to polarized light, in a
second pattern on or beside the first alignnent |ayer (3); and - exposing
the se B¢ gAfEdt dpgYEALLYSE -t 930l ik zevarpies Hescrdbedpahavesat tlom

differ 11 pol arized light to which the first alignnent
?ﬁé&% 6‘,91”% %?3&%1» L

| ayer was expose net hod for manufacturing a |iquid crystal
‘pol ymer network (1) having a pattern structure, conprising the steps -

provi ding a substrate EE%XSOHprising a firs alignnen21layer (3) ; WO
02/011.t70 PCT/ CHO2/00({d-43 21 _- jef g timg a firstylayer (4) conprising
‘a cross-linkable Iiqui prM\mI/erii .@ Y/ pattern; - allow ng the
liquid crystal material to align; and - cross-yHMmking the liquid crystal..

material. 4. The nmethod according to claim 3;owherein the first alignment

| ayer conpriseg a seco attern. 5.. The nmethod according to claim3 or 4,
wher ei nwaf?eug?aﬁgr?ﬁ‘erﬁ ?gygﬁrf’?)nti ss%llb‘?Je?ﬁ ep2r &d %C]i‘@ﬂﬁan{“lFE?E? o difeed
thr cugh(rst18sBidtthy Bt Rlttthed)r IRt @A acetate (ratio MEK : ethyl

acetate = 1:1). The viscosity was between 2 and 4 mPas.
Depending on the type of ink-jet printing head used also higher
viscosity up to about 80 cP are possible. The layers were
exposed to linearly polarized light from a mercury high-pressure
10 lamp for 10 to 550 seconds (depending on the strength of the
lamp and on the characteristics of LPP and LCP layers) at room

temperature.

For the production of the LCP layers, in the examples the

15 following cross-linkable liquid crystal diacrylate components
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were wused in a supercoolable nematic mixture (Monl 80 %,
Mon2 15 %, Mon3 5 %) having a particularly low melting point
(Tm ~ 35 °C) thus making it possible to prepare the LCP layer at

20 room temperature. The mixture was dissolved in MEK. If required,



6. The nethod according to any one of clains 3 to 5, wherein, before the
step of jet printing the first layer (4) conprising a cross-linkable liquid
crystal nwioganimelsoare provided the steps - jet printing a waeSsmbizonment

| ayer (23), which conprises a materi al whi ch an aligning property can be
inparted by exposure to polarized light, in a second pattern on or beside
the first alignment |ayer (3); and - exposing the second alignnent |ayer
(23) to oi'a]rgi‘zed- | ight such that _the second alignnment [ayer (23) is
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one of Kdmirehel pao8ucwhenei oft hehdi r@tcHmyier (0$) TRPREESI NEhé nematic
cross-linkable liquid crystal material covers an area creating an inage
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20
By means of varying the concentration in a solvent such as MEK,
it was possible to adjust the LCP layer thickness over a wide
range leading to different extinction wvalues of the dichroic
polarizer.

25

For the production of the cholesteric LCP layers, a procedure
similar to that of the nematic LCP layer was used. However, the
nematic mixture was additionally doped with cholesteric material

inducing a pitch. A suitable chiral dopant was e.g. ST31L which
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deV|ce according to

The optical effects described above, as well as the corres-
15 ponding lgyer structures and material compositions, represent
only some of many possibilities according to the invention. They
may in particular be combined in a wide variety of ways, which
will be especially advantageous for the development and
application of authenticating elements. Of course, any other
20 kind of birefringent layer than the LCP layer described may also

be used to produce an optical effect that can be employed in

optical devices.

It is furthermore possible for the examples described above, to

25 use not an LPP alignment layer but a different alignment layer
which, according to the desired optical property and resolution,
has the same or similar properties to an LPP layer. It is also
conceivable to produce the orientation required for a retarder
layer using a correspondingly structured substrate. A structured

30 substrate of this type can, for example, be produced by
embossingﬁ etching and scratching.
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of coating with the first layer (4) comprising a cross-linkable
liquid crystal material, are provided the steps

- jet printing a second alignment layer (23), which comprises a
material to which an aligning property can be imparted by
exposure to polarized light, in a second pattern on or beside
the first alignment layer (3); and

- exposing the second alignment layer (23) to polarized light
having a polarization different from the one of the polarized

light to which the first alignment layer (3) was exposed.

3. A method for manufacturing a 1liquid crystal polymer
network (1) having a pattern structure, comprising the steps
- providing a substrate (2) comprising a first alignment layer

(3);
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comprising a cross-linkable liquid crystal material, are
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- jet printing a second alignment layer (23), which comprises a
material to which an aligning property can be imparted by
exposure to polarized light, in a second pattern on or beside
the first alignment layer (3); and
- exposing the second alignment layer (23) to polarized light
such that the second alignment layer (23) is oriented in a
direction different to the orientation of the preprepared

alignment layer (3).

7. The method according to any one of claims 3 to 6, wherein
two or more layers (4 and 44) comprising a cross-linkable liquid

crystal material are jet printed one beside the other.

8. The method according to any one of claims 3 to 7, wherein
in a next step one or more further alignment layers (53 and 63),

which comprise a material to which an aligning property can be
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10. The method according to any one of claims 1 to 8, wherein
the first layer (54) comprising a cross-linkable liquid crystal
material covers an area creating an image element on the Ffirst

alignment layer (33) covering a bigger area encompassing at

least said image element.

11. The method according to any one of claims 1 to 10,
wherein data representing the first, second and further pattern
are stored in a memory of a computer system (7) and wherein the
computer system (7) is controlling the jet printing process of
distribution of alignment layer material and cross-linkable

liquid crystal material onto ‘the substrate (2) and further
layers.

12. The method according to any one of claims 1 to 11,
wherein at least one alignment layer (3) is a layer containing a

linearly photopolymerisable material.

13. The method according to any one of claims 1 to 12,

wherein the polarized light to which the alignment layer is or
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the alignment layers are exposed is linearly or elliptically

polarized.

14. The method according to any one of claims 1 to 13,
wherein at 1least one layer (84) comprising a cross-linkable
liquid crystal material is additionally comprising one or more

dichroic dyes.

15. The method according to any one of claims 1 to 14,

wherein the jet printing is a piezo jet printing method.

16. The method according to any one of claims 1 to 14,

wherein the jet printing is a bubble jet printing method.

17. An optical device comprising a liquid crystal polymer
network (1) having a pattern structure manufactured according to

any one of claims 1 to 16.

18. An optical device according to claim 17, which is an

optical security device.



