WD 03/061980 PCT/ GB03/00218 - 1 | MPROVEMENTS I N METHODS OF MANUFACTURI NG
SUBSTRATES The present invention relates to inprovenents in nethods of
manuf act UWe 0dfe®ebst r at es whi ch can be 5 used in varyi ng PoaB3AMI8S| zes
for various authenticating or security applications, which conbine the
advant ages of indicia fornmed from ne&allisation or denetallisation of a
security elenent and the col ourshift “effects of liquid 10 crystal
materials. The increasing popularity of colour photocopiers and ot her

i magi ng systens_and the inproving technical of col our Ehotocopies
15 has led to = il e R T Bk QF T MANURACBUR BGSURSTIRATES asspor t s
and identification cards etc. There 1is, therefore, a need to add
addi tional authenticatin r . securiity features to existing features.

St eps have al read Segﬁeﬁg?gangePﬁPP GEd 2GS0 dBIPEP VRHRPAS| e f eat ur es
into such docunemtabdenofwhibebrfeannet be epsedused kwniaznphehoeepier. There
i's aIsoSa denang.to introducehfeatures whi ch %re di scerni bl e by the naked
eye but “whi cH°§Fe 1™ VRTYPH 872PES P SerES dPff SREAPYF, by a 25

phot ocopi er . aStheetacphaohgcopyksegupiagesppilypiatabhy, whvelhves scattering

hi gh energy Light of n riginal docunent .containing the inmage to be
cogied, onecgggh go%h%oﬁﬁgaﬁgagssiﬁ oﬁgﬁﬁgﬁé gﬁémﬁﬁ %SP@' features into

t he docunent metieéhikavéoa dicf flement13@sperioapbifon isechefitect ed and
transritted Ljght, a0, 4eXAIpLS 86, 0g Yot grmACks and,gnhancenents ther eof

10 crystal materials.

The increasing popularity of colour
photocopiers and other imaging systems and the
improving technical quality of colour photocopies

15 has led to an increase in the counterfeiting of bank
notes, passports and identification cards etc. There
is, therefore, a need to add additional
authenticating or security features to existing
features. Steps have already been taken to introduce

20 optically variable features into such documentation
which cannot be reproduced by a photocopier. There
is also a demand to introduce features which are
discernible by the naked eye but which are
“invisible” to, or viewed differently, by a

25 photocopier. Since a photocopying process typically
involves scattering high energy light off an
original document containing the image to be copied,
one solution would be to incorporate one or more
features into the document which have a different

30 perception in reflected and transmitted light, an

example being watermarks and enhancements thereof.

It is known that certain liquid crystal
materials exhibit a difference in colour when viewed

35 in transmission and reflection as well as an



It is known that certain liquid crystal materials exhibit a difference in
col our when viewed 35 in transmssion and reflection as well as an WO
03/ 061980wB@3/0&B8B/ 00218 2 angul arly dependent col our ed PCaf¢BIGILIR.
Liquid crystal materials have been incorporated into docunents,
identification cards and other security elenents with a viewto creating
di stinctive optical 5 characteristics.2 EP-A-0435029 is concerned with a
data carrier, such as an identification card, which conprises a |liquid
crystal polyner layer or filmin the data carrier. The liquid crystal
pol yner is i mn&Ebldd ¥ slependesomatlenpedinefd earfdidrs typiculdy 10 within a
| am nate str el i i ts iqud.crystal |ayer, which
is applied t?éaﬂ%lagﬁﬁggglﬁ%lﬁé sbvﬁteﬁ’i l(ileém) sdtllragc'tae(pal%tloah degree of
col our puri t VWAHREE Srefldantted isipddarumamsts @ind ojhey mpamgites. Automatic
testing for verdddoat iannl% ofi @HthetiGitin %i%%]ﬁ]%t%% »lbih{]l%atlhe

ere e

wavel ength and pol arisation properties of t ect lght 1n a single
conbi ned neasttERTHET TR iCshad R e 0 4R R drit spsasrnsst i tpta cal |y conpl ex

using a singlfAksalntesr efl@ctdy TBARHIENBN, RAUIJI NG Jraruni form
liquid crystal area on a bl ack background. AU 488,652 is al so concerned

with prevent iGFPEGHT & fleifichpires it nalysicilnyesr drsthiida iive

opti cal | y- varimabldg fealaira driit ard SaGHiId Yr8l8MBNto 1 yIYS Ratient di scl oses
the use of a Ilﬂw d crystal 25 "ink" 1Tam nated between two | ayers of

pl astic sheetSOLifhd 97y dtd TOSPs ttemner aderree @nsh 16 Mvadicaddekgr ound

10 within a laminate structure. The intention is that
the liquid crystal layer, which is applied to a
black background, will demonstrate a high degree of
colour purity in the reflected spectrum for all
viewing angles. Automatic testing for verification

15 of authenticity is described using the wavelength
and polarisation properties of the reflected light
in a single combined measurement. This has the
disadvantage of being optically complex using a
single absolute reflective measurement requiring a

20 uniform liquid crystal area on a black background.
AU-488,652 is also concerned with preventing
counterfeit copies by introducing a distinctive
optically-variable feature into a security element.
This patent discloses the use of a liquid crystal

25 “ink” laminated between two layers of plastic sheet.
The liquid crystal is coated on a black background
so that only the reflected wavelengths of light are
seen as a colour. The patent is primarily crystals
which have the characteristic of changing colour

30 with variation in temperature.

Cholesteric liquid crystals have certain unique
properties in the chiral nematic phase. It is-the
chiral nematic phase which produces an angularly

35 dependent coloured reflection and a difference in



so that only the reflected wavel engths of Iight are seen as a colour. The
patent is primarily crystals which have the characteristic of changing

col our 30wwioBlensri ation in tenperature. Chol esteric |iquiPdTaBosed18 have
certain unique properties in the chiral nematic phase. It is the chiral
nemati ¢ phase which produces an angul arly 35 dependent col oured reflection
and a difference in WD 03/061980 PCT/ @B03/00218 3 col our when viewed in
either transm ssion or - reflection. Cholesteric liquid crystals forma
helical structure which reflects circularly polarised |ight over a narrow
band of waveFer§tfs WhsnTHa eWgfellangtifihies & rmsetissricsf athe pitch of the

helical strugtunecehbel tsofeswred by 1aljgw styeéltshge&ﬁdﬂ%liquid crystal
material. An_exanple of . such a structure is depicted in Figure 1 with the

chol esteric ReLical skirectHrenwhdcheeeifdecsds Hectdaglvow X. The refl ection

wavel ength cppibeikeBedibnt 8RBLORI nakeowNRiee off Ghebi1cal teanposition of
the liguid crystal. The materials can be chosen to be tenperature

sensitive or IPRsUAYPLPPELRBIEhahAHBEG 888 dhecPid@banty t96l ari sed |i ght

can be 15 ratlieehedshyuehoreewdlchhe scebiael BBt aniignkerdnd thus high
reflectivities Et sgﬁci I,C velen%ths can be achieved wi_.th double |ayers
of liquid crYithr8. tPendiElvel snyehadt npderdaded AN gHETPL calodo dependent

on the angl esgthi Ackdeneeurwhighdegsukts iR @igoleun 2Qtehamge perceived by
the viewer aghg gs S%E%ehéiicgEléigs(Ehg%Eg %ﬁfection of the
10 arrow X. The reflection wavelength can be tuned by
appropriate choice of chemical composition of the
liquid crystal. The materials can be chosen to be
temperature sensitive or insensitive. Both
handednesses of circularly polarised light can be
15 reflected by choice of the correct materials. and
thus high reflectivities at specific wavelengths can
be achieved with double layers of liquid crystals.
The wavelength of reflected light is also dependent
on the angle of incidence, which results in a colour
20 change perceived by the viewer as the device is
tilted (Figure 2).

On a dark background, only the reflective
effect is observed, since little light is being
25 transmitted from behind. When the dark background
is removed or not present and the device is viewed
in transmission, the intensity of the transmitted

colour swamps the reflective colour.

30 Of the light which is not reflected, a small
proportion is absorbed and the remainder is
transmitted through the liquid crystal material 3.

.. When correctly configured there is a dramatic change
between the transmitted colour in the direction of

35 arrow Y and reflected colour in the direction of



On a dark background, only the reflective effect is observed, since little
light is being 25 transmtted from behind. When the dark background is
renoved owordmepsesent and the device is viewed in transwCILBIA/00X1BE
intensity of the transmtted colour swanps the reflective colour. 30 O
the light which is not reflected, a small proportion is absorbed and the
remai nder is transmtted through tkedliquid crystal material 3. Wen
correctly configured there is a dramatic change between the transmtted
colour in the direction of 35 arrow Y and reflected colour in the direction
of WD 03/ 06198@09@/ GBO3LEe288 . Lheameapocd OR @wtae&) sifke ofeghen on either

side of the d | 41 r-3.n ur e is a transparent pol ymer
or gl ass. To™ a ?gvgggﬁﬁéﬁegﬁg%g ?hénaFF 5@ 3tﬁ§ SUubLAPEPE RRiTch i s
occupi ed by phévieguod §lespst db eubtiche tthdrspdifent: ahet maksl wFent. The
transmited and capbeehed GRLOUM 9568 COTRLEHENLALY 11 100 exanple, a green

refl ected col our produces a nagenta OIn the field of
banknot &s, aRdys&edrhugpt éEeﬁEﬁngpamemhread&ransnabbmmul&he t he use of

denetalllsedtkggg i a-aHch@as ri-hed BAL 319157 has proved to be
hi ghly effective ﬁn Fegugpgg %giggtggef gFE|ﬁgarﬁoﬁQW€} ?ﬁg’security
busi ness it fpg aﬁaayéeadaagtageomgfﬂ@C¢@dtcn&ahkyp&bdumesta find new and

further inprougdnant brgRUpterbei toisgeurity features. It is desired to use
t he highly
10
In the field of banknotes, and security
elements or threads in particular, the use of
demetallised indicia such as described in EP-A-
319157 has proved to be highly effective in reducing
15 counterfeiting. However, in the security business
it is always advantageous to continually strive to
find new and further improved anti-counterfeit
security features. It is desired to use the highly
advantageous characteristics of demetallised
20 characters and colour shift effects from liquid

crystal materials.

‘According to the invention there is provided a

method of manufacturing a substrate comprising the
25 steps of applying a darkly coloured resist to at

least a part of a metallic layer on one side of a

substantially transparent polymeric film, removing

metal from areas not covered by the resist to form

demetallised regions and applying a polymeric liquid
30 crystal material over the resist and the

demetallised regions.

The invention also provides a substrate made by
this method.
35



advant ageous characteristics of denetallised 20 characters and col our shift
effects fromliquid crystal materials. According to the invention there is
provi ded WO ogwét9e@ of manufacturing a substrate conpri si n@CrhaBo3AR18t eps of
applying a darkly coloured resist to at least a part of a netallic |ayer on
one side of a substantially transparent polyneric film renoving netal
fromareas not covered by the resist-t® form denetallised regions and
applying a polyneric liquid 30 crystal material over the resist and the
denetal | i sed regions. The invention also provides a substrate nmade by this
met hod. 35 WO 03/ (5 1989 RO EBOH @RSt -0 b tie predssnedievbodi o@nt of the

present inventd L - cribed, by_way of.exanple only, wth

ref erence ton%'§p£¥%%#%32§¥%§93%§3ﬁA%£ W%¥W%$c%:a%p¥$g%$gy1 %%%gcts chiral
nematic al i gniefRrreyice tehdtesaeeinpdiying draywimds nbat ewhach: Fi gure 2 shows
how the reflection froma cholesteric liquid crystal material varies with
the 10 angle of incidence; Figure 3 depicts the transm ssion and

reflectidn of |igHiqwes derdewictss |dhjfal arysitalc abtemaht 46 &igures 4
and 5 are crossRantdoNs Aehoss dhgse M did &f; 1w alternate elongate

aut henti cating

Figure 2 shows how the reflection from a
cholesteric liquid crystal material varies with the

10 angle of incidence;

Figure 3 deﬁicts the transmission and
reflection of light incident on a liquid crystal
material;

15

Figures 4 and 5 are cross sections across the

width of two alternate elongate authenticating

device formed by the present invention; and

20 Figure 6 is a plan view of the elongate

authenticating device of Figure 5.

Figure 7 is a cross section of a further
embodiment of substrate 10 forming part of a

25 laminated structure;

Figure 8 is a cross section of a yet further
embodiment of substrate 10.

30 Figures 1 to 3 have already been described in

detail as background to the present invention.

. Referring now to:Figure 4, there is illustrated
a substrate 10 formed by the method of the present

35 invention for use in security or authenticating



device fornmed by the present invention; and 20 Figure 6 is a plan view of
the el ongate authenticating device of Figure 5. Figure 7 is a cross
secti on oWoasbersher enbodi ment of substrate 10 form ng PamtGRIB/OER1825

| am nated structure; Figure 8 is a cross section of a yet further

enbodi nent of substrate 10. 30 Figures 1 to 3 have al ready been descri bed
in detail as background to the preserft iinvention. Referring now to=Figure
4, there is illustrated a substrate 10 fornmed by the nmethod of the present
35 invention for use in security or authenticating WO 03/061980

PCT/ GB03/ 00218:Vices . delheeietimne rreqtiotes exuigtes! la gt aﬂJlJmsed film

cOmpY i 5119 Eystankicald Yo ol #ain PO YIPTd fe it |98 e Ofc PERE 1t he | ke,

whi ch has an o ue | ayer on a iI'rst” si ereo A suitable
5 pre-netal | i%edH] I9% |f§1€i‘re]tla}$€|‘>4 e WELNEXRTS drdane f rlomemlﬁtfnt of

preferably 19km U Qinesses The JRIGIcd eI 124 Syprigied With a resist 13

whi ch contains a black or dark dye or pigment. 10 Suit ' resists include
t he dye BASF NG M5ed dri ithel himpreatL 1 gack MELdiINEerS )l Car bon Bl ack

7" mxed int@qh MatwH@lo mighe Rotdh gpodadhesi amdL . netal and caustic
resi stance. The dye | oading can be up to 50% ( by WEI ght) of the final coat

of resist 15 13 dependi ng on coat thickness and desired blackness. An

exanpl e of a classief matdblp/desistis PR Svith W BEs i ard des/ vinyl

acetate which contains a black or dark dye or pigﬁent.

10 Suitable resists include the dye BASF Neozapon X51
or the pigment. (well dispersed) “Carbon Black 7"
mixed into a material with both good adhesion to
metal and caustic resistance. The dye loading can
be up to 50% (by weight) of the final coat of resist

15 13 depending on coat thickness and desired
blackness. An example of a class of suitable resist
materials is vinyl chlorides/vinyl acetate
copolymers such as Union Carbide Ucar resins, Sun
VHL 31534, or Wacker Vinnol E 15/45m. The printed

20 metallised film 11 is then partially demetallised,
according to a known demetallisation process using a
caustic wash which removes the metal in the regions
not printed with the resist 13. The remaining
regions coated with resist 13 provide a black layer

25 which is visible when the demetallised film 11 is
viewed from its first side (along arrow Y)
interspersed with clear regions. The shiny metal of
the remaining parts of the metallic layer 12 are
only visible from an opposite side of the

30 demetallised film 11 (along arrow X). The resist 13
may be printed in the form of the indicia 15 (see
Figure 6) such as words, numerals, patterns and the
like; in which case the resulting indicia 14 will be
positively metallised, with the metal still covered

35 by the dark or black resist 13. Alternatively the



copol ymers such as Union Carbide Ucar resins, Sun VHL 31534, or Wacker

Vi nnol E 15/45m The printed 20 netallised film11l is then partially

denet al | iwed3/oe@8cordi ng to a known denetal | i sation procePETIGEINRHIAS
caustic wash which renoves the netal in the regions not printed with the
resist 13. The remaining regions coated with resist 13 provide a black

| ayer 25 which is visible when the tehetallised film1l is viewed from
its first side (along arrow Y) interspersed with clear regions. The shiny
metal of the remaining parts of the netallic layer 12 are only visible
from an opposfe®ist de3 diay Hee 3or deled asd i aedtd i fornlirdiohg arrow X). The

resist 13 mavede: fd 1y S nahen fOL olnd e dudi £ha IR {see 1 Fi gure ©)

such as words, nuneral’s, patterns and case the

resul ting i ndiih B% REITIGRA Bivsihe vdene et bisedetesiwns. t helretal stil |

cover ed 35 byiideosiarky Omblhank: resila LAl {R0aL) Vel yibhe WO.03/ 061980
PCT/ (B03/ 00218 - resist 13 nm rlnted so as to formindicia
negatlvéiy,|9P§Gu§%g%§ﬁx?§9ﬁ9%%%i&t%qufﬂﬁﬁﬁmﬂ%¢QQ-lvwmt béiprevi ded by the

denet al | i sed 4regi @it r e btk & arldh, rPVeVerof OF B e 85 8 wheas!y visible
from5 both sides, especially in transmtted |ight, due to the contrast

bet ween t he r}@g‘f%rﬁe 9 ANGHT RS TR BB rOR WY SXE GRS he r emai ni ng
opaque regions. A layer 15 of polyneric liquid crystal material 10 is then
coated, transferred or laminated to the denetallised film11l over the

remai ni ng parts oft thyehl et &Gomesierl 1pih et netaferer 8@¥iakd regi ons.

10 is then coated, transferred or laminated to the
demetallised film 11 over. the remaining parts of the
black resist layer 13 and the demetallised regions.
This has the effect of producing a highly visible
colour shift effect when the finished substrate 10

15 is viewed in reflection from the first side (along
arrow Y); and a metallic shiny partial coating when
viewed from the other side (along arrow X).
Additionally clear positive or negative indicia 14
can be seen in transmission from either side. A

20 layer of a suitable adhesive 16 may be required, for
this process, applied between the black resist layer
13 and the ligquid crystal layer 15.

When the aforementioned substrate 10, or a
25 strip or thread made therefrom, is included in
paper, the remaining metal of layer 12 is not
directly visible. It is hidden either by the
masking coat of resist 13 or the paper, to which it
provides opacity, thereby enabling the contrast
30 between the demetallised and metallised areas to be

clearly seen.

If a metallic effect is not desired, when
viewed from the back of the paper, an additional

35 masking coat may be used as well as the black layer



This has the effect of producing a highly visible colour shift effect when
the finished substrate 10 15 is viewed in reflection fromthe first side
(al ong awopewoxso and a nmetallic shiny partial coating wheaT/GBoasmexdsfrom
the other side (along arrow X). Additionally clear positive or negative
indicia 14 can be seen in transmssion fromeither side. A 20 |ayer of a
sui t abl e adhesive 16 may be required, §6r this process, applied between
the black resist layer 13 and the liquid crystal |ayer 15. Wen the

af orenentioned_substrate 10, or a 25 strip or thread nmade therefrom is
included in Papeisigthe T R M P hietale grategirl 1207 sSwet adirect!y

vi si bl e. I\t/\hiHSast]@idd;erbc&:lﬂ hesuhy k;é]a:o@gi%gg@@@&@g @@@hb'g@g 13 or tgg
paper, to whi it praoyides C , thereby enabling the contrast

bet ween t he dﬁ%&t%ﬁ g’éﬁld%endsoﬁtéaﬁq sl Rt Cort Wiedtt yiseen. If a
metal lic effenigdestenl tdedd ech then-eyi@wesk frgemf he back of the paper, an

additioggl 35 maski ng coat nmay be used as well as .the black | ayer WO
03/ 0619 PCT/ GB03/ 00218 8 of resist 13 and a suitable material for such

a masking coat wollid dte WCoatiese JBEXIN 0¥k, Castt e JHald Qv ydydhi te S90 353.
A typi cal coat wei.gfht i.S ug sted to be in the regiagn of 2GSM 5 Wi | st
the use of a™Bak’ Drr VEt y-Uarke BT FPY WP 13%e 3t fthe most strong

col our shift efiffdaant,s otdtdere fdent snapbdeyganei e b pyidadise
of a dyed resist of other colours or a combination
10 of colours giving rise to differing apparent colour

shift colours.

Optionally, a further protective layer 17 may
be laminated to or coated over the liquid crystal

15 layer 15. Such a layer 17 may be a PET laminate or
an anti-scratch coating. A suitable anti-scratch

coating would be Wacker Vinnol E 15/45M.

The black dye or pigment in the resist 13 may
20 be a conducting material, such as carbon black, to
produce a machine-readable or conducting layer.
Alternatively it may be a magnetic material, such as
magnetite, to produce a machine readable magnetic
layer. The layers may bé continuous or
25 discontinuous and may be of the forms described in
EP-A-0516790 or WO-A-9825236 for example.

In a further embodiment of the invention shown
in Figure 5, only some parts of the layer of resist
30 13 contain a dark dye or pigment and some parts 18
are substantially clear containing low
concentrations of, or no, dye/pigment. When viewed
from the first side (along arfow Y), the metal of
the metallic layer 12 can clearly be seen in the

35 regions of remaining clear resist 18, unaffected by



of a dyed resist of other colours or a conbination 10 of col ours giving
rise to differing apparent colour shift colours. Optionally, a further
prot ecti weOloayersd7 nay be |am nated to or coated over tReTIGRYA/00R18r yst al
15 layer 15. Such a layer 17 may be a PET |am nate or an anti-scratch
coating. A suitable anti-scratch coatlng woul d be Wacker Vinnol E 15/45M
The bl ack dye or pigment in the resi's® 3 may 20 be a conducting naterial,
such as carbon black, to ‘produce a nachi ne-readable or conducting | ayer.

Alternatively it nmay be a magnetic material, such as nagnetite, to produce
a machi ne redd&bild WdGhSHYS talay@werTHE -| ajiéres quéwlxesmm iafifegs or 25

dlscontlnuou%a@n@nqubges@@nth%,&g@n%agqﬁsxgg drd (4516790 or
WO A- 9825236 for, exanple. In a further enbodi nent o e |nvent|on shown

in Figure 5, X&HPTSorte - paﬁ@ésoﬂstﬁéowﬁyé@-@ﬂquﬁﬁsﬁ 30 13 contain a dark
dye-or pignent and sone parts 18 are substantially clear containing | ow

concentrations of ﬁ@@ dye/ pi gnent. Wien viewed fromthe first side
(al ong érrom/Y) FH@ & 6@Sl§ IRELMIS & 8| aper alBocaendladar by be seen in

the 35 regi ofs uekcsermityi Il@nﬁh@@"ce‘hQS bst ph8spuBatieehed ) P93/ 061980
PCT/ GB03/ 00218 |.ayer f The col ourshift effect can

t he l.i_qui st al
only be seen Pnt%ﬁé d&bﬁﬂg% g &aﬁéépsﬂayﬁégﬁ8n§aﬁ3beTﬁﬁ§n|§Sshomn in
Figure 6. 5 mbeaanear1he&b3haaegu@ﬂ%1£% TRy tabse ¢eBtiahk,aunkkyorescent,

| um nescent 8% R @Q%BE%%%”Eeg?%%E'?% have a definite colour.
10
Fluorescent materials may be used in separate

layers of coatings of the resist. For example, a
fluorescent material may be provided in the form of
a separate layer of coating over the top of the

15 resist regions 13, 17. Alternatively a fluorescent
material may be provided as a separate layer of
coating on the back (second side) of the substrate
10 (over the surface of film 11 opposite to the
metallised surface). Where a fluorescent material is

20 present in the clear resist regions 18 and a coating
is applied to the front or back of the substrate 10
the colour at which that fluorescent material
fluoresces may be the same or different to that at
which the material used in the coating fluoresces,

25 to obtain different visual effects. A fluoreséént
material may also be present in the dark resist
regions 13, the colour at which that material
fluoresces being the same or different to that at
which a fluorescent material in the clear resist

30 regions 17 and/or in the coatings on the front or

back fluoresce.

Additionally, in the regions 18 where the metal
i1s visible under the clear resist 18 a holographic

35 structure can be incorporated into the metallic



so that, whilst the netallic layer 12 can be seen as netallic in nornal
lighting in those regions, under WIlighting the regions 18 have a definite
col our. WO oBlesescent materials nay be used i n separ at e PCTa3BO350218
coatings of the resist. For exanple, fluorescent material nay be
provided in the formof a separaté’ﬂg§é? of coating over the top of the 15
resist regions 13, 17. Alternatively a fluorescent material my be

provi ded as separate |l ayer of coating on the back (second side) of the
substrate 1ga58§er the surface of film 11 opposite to the netallised
surface). Where a fluorescent material is 20 present in the clear resist

regions 18 and a goatin i.s applied.to the front or back of the substrate
10 the col our atgﬁﬁ%bﬁ tﬁgieFEu8F8¥&gﬁg EﬁtELFaanﬁpﬁéPéséés may be the

same or diffé&hent wbehhatieatd whifebxtiBe mhAketbabuused ikRet heggeati ng
ef f ect A flyorescent nmateri al

fluoresges, 25 t btain differe vi sual . I

may aIs% be Sggggﬁ? F%aPHSSdSr%gE%%VSFs F5§i8H§S§§?t?hé8c6Four at whi ch

t hat nmateri altotbkedr esfbsnbéhrgstthetsahe ag divkiepentdt @ithatnat which a
fl uorescent Lal i .clLear . resist,30 regions.17 and/or in the
coatings on gﬁég%?g%tOgrgggécES??585e§88Flﬁﬂd?ﬁ?oﬁﬁﬂPVF FR2tHE regions 18
where the neﬂalreﬁgcedsiblwaGHerthd ebkasivesi stich8aa howagyaphic 35
structure cag 0e,i0cerpeLabed LBhoqtBE HRLALLIS, VL9 06398R PCT/ GBO3/ 00218

10 [l ayer. .
10 adhesive/anti-scratch coating is applied in the form

of a pattern or design, then the coated/uncoated
regions can appear as different colours off-axis.
When the uncoated regions change colour on movement
of the element 10 the contrast is seen more clearly.
15
Another effect which can be usefully used is
that, when the substrate 10 is stretched, it changes
colour (irreversibly). The colour goes to longer
wavelengths (eg green goes to red) and retains its
20 colour shifting capability (eg red now goes to green

off-axis).

The use of fluorescent, luminescent .or
phosphorescent materials in the clear parts 18 of
25 the layer of resist 13 enable interesting effects to

be produced.

The substrate 10 produced by this method can be
slit or cut into patches, foils, stripes, strips or
30 threads for incorporation into plastic or paper
substrates in accordance with known methods. Whilst
these are preferably partially embedded into a paper
or plastic substrate, they may be applied to a
substrate or wholly embedded within.
35



Anot her effect provided by the invention is that, when viewed off-axis,
the colour of the liquid 5 crystal changes slightly as the substrate 10 is
rot at ed. Wa@n/061980 substrate is overcoated with an adhesi PyeT@Boanoi18scratch
coating the colour change is reduced., A water based adhesive, such as a
vinyl acetate enul sion, would be sui table. Thus, if the 10
adhesi ve/ anti-scratch coating |s appl i ed |n the form of a pattern or

design, then the caoated/ reglo n appear .as different colours
off-axis. Wen th £ n&%gt% & Rt BH ﬁﬁé 8890%¥ GHOﬁﬁvéﬁéﬁﬁ f the

el enent 10 t héncther ast tsa$e6henprepobearbﬁtho@ScAnQth@ efkkectinwhi ch can
be usefully u t e he.substrate str tched it changes
Enk o riBa i IP R S PRt R 3

col our (irreversi he~col our 5eF ffgt hs (eg green
goes to red) madufetaims Dfstz®eadlouExahpﬂébngfcapababuby (eg red now goes

{0 greens of (Al ekucThe usenol, LLUOLESREDl, s LUTARSCBNL O, ghosphor escent

naterlals int garparts i
i nteresting eﬂi@@tgdtbo béhpsedgaédd WhEhSUbEPFBPé1509ﬁDOWOGQH by this

met hod can be or t zh0DHLO S, tr strips or 30
t hreads for |%gg§%%?atﬁgﬁ |g % 8?%?5?% or zu g?PSFESEFﬁ §8¥ordance
wi t h known neﬁhbatraVﬁlﬂ@tCanhbseeahenpedfbyabbmlpatungltheebhedded into a

paper or Pl astigosubst habex 1h0RYaMBYeDERPLLEEALe BcsbELat 8 g whol I

10 Figure 8 shows a more integrated approach.

Figure 7 shows a second machine-readable
construction laminated to the basic structure. The
machine-readable construction comprises a polymeric

15 film 11, such as a metallised 12um PET base 11,
which has been selectively demetallised. In- this
example two “tramlines” 30 of metal 12 have been
left along each edge of the construction but other
variants are possible as illustrated within the

20 cited prior art. The “tramlines” 30 are such that
when the final construction is laminated to
substrate 10 they are coincident with only
metallised regions. A protective layer 20 may be
applied onto the “tramlines” 30 td prevent fhe metal

25 being corroded by the magnetic layer 21, which is
applied next. The magnetic material is only applied
over the tramlines 30 so as not to obscure the
indicia formed with the substrate 10. A suitable
protective layer 20 is VHL31534 supplied by Sun

30 Chemical applied with coat weight of 2gsm. A
suitable magnetic material 21 is FX 1021 supplied by
Ferron applied with a coat weight of 2-6 gsm. On to
this a suitable laminating adhesive 19 is applied,
this may be the same as for layer 6 in the previous

35 constructions. The whole construction is then



WO 03/061980 PCT/ GB03/00218 - 11 It will be further understood by those
skilled in the art that the proposed nethod could be used in conbination
wi t h exi swong/oexdpr oaches for the manufacture of thread. ExargBeso08
suitable 5 constructions that can be_ usged include, but are not Ttimted to,
those cited within EP-A-516790, WO A- 3525236, and WO A-9928852. Figure 7
illustrates how substrate 10 can be enhanced by Ianinating t he basic

t t d th t t 10 Fi 8 sh
Tor o1 nt oqr at CATACRFSRID G RAS LY S o Eo et d el o

construction ﬂénlﬂébed3b01@he1§a§wcf@&mu¢m@rElnﬁhesum@¢mama-ﬂ@adable
construction r c il such as.a netallised 12um
%%”B h&ﬁﬁsébBQEXEﬁ% s%%s tra né aIFI§§ ulrﬁdtﬁ%

PET base 11, een selectively 5 é&anple t wo
"tram i nes" 3@eoprﬁéﬁﬁﬁb12 ﬁav@pbé@na ﬁ@ﬁthakodgmaaameed@@e@fohh@

construcki on h valri S ¢ Ssi as, IIu ated within the 20
cited eror alr%'%&te %bl?ﬁffaq qﬁ&h, g%g gugg%tﬁat eﬁﬁ%%%F 4 na
constructi on P¥eVapufat&dmpdessubstrate 10 they are coincident with only
netallised regions. A protective |ayer 20 may be applied onto the

"tram ines" 30 to prevent the netal 25 being corroded by the magnetic

| ayer 21, which isFigppei 8dshexs. amﬁéhﬁﬁgﬁéte¢naﬁn56|appmsachlyoappl|ed

over the tramsLRE$nd0aSRa28iRRL rbQ4aBIEULE %g?ucE@gb f?BEEEgEQFWEth the

substrate 10. A suitable protective ayer suppli'ed by Sun
30 ChenitBal apfl-i eHeWEt B datimniieghtl lofeRg®RT Rase layer 11 is

demetallised with a suitable design 12 again
ensuring tramlines 30 are left along each edge of
the thread. As described above a black resist 13 is
used during the demetallisation process. On to a

15 coloured, preferably black, resist 13 a protective
layer 20 may be applied prior to application of a
magnetic layer 21. The protective layer 20 may
optionally be pigmented. Suitable materials and
coat weights are as described for Figure 7. Finally

20 a layer of polymer liquid crystal 15 is laminated on
to the top using a laminating adhesive 16 as

previously described.

In both the examples above the magnetic

25 material 21 is applied as tramlines along both edges
of the thread. It should also be noted that the
magnetic material 21 could be applied to any of the
examples described herein in any manner so long as
it does not obscure the demetallised regions and

30 consequently obscure the indicia 14. Preferably the
magnetic material is applied over the resist 13,17
or on the back of the film 11. Various alternative

constructions can be used.

35 The substrate 10, or security thread made



sui tabl e magnetic material 21 is FX 1021 supplied by Ferron applied with a
coat weight of 2-6 gsm On to this a suitable |am nating adhesive 19 is
appl i ed, wolhBserysty be the sanme as for layer 16 in the prePCouGB350218
constructions. The whole construction is then WD 03/061980 PCT/ GB03/ 00218
12 lamnated to the basic structure conprising layers 11, 12, 13, 16, 15
to formthe final substrate 10. If a ?gﬁ durability substrate 10 is
required it nay be preferable to apply a further lam nate |ayer onto 5 the
pol ymer |iquid fﬂ I ayer_ as described in previous exanples. Figure 8
shows anot her a terna I've appr t%? Fof Ang-he rdxhiae-r eadabl e '
construction cﬁmlmmstta‘ralse mah0 LD .usdet e skzuimiptald éIS%qlé%E'lér#Jase | ayer 11
is denmetal lised g% suitable design 12 again” ensuring tramines 30 are
| eft al ong each edge of " the thread. As described above a black resist 13
is wused during the denetallisation process. On to a 15 col oured,
preferably black, resist 13 a protective layer 20 may be applied prior to
application of a nmagnetic |ayer 21. The protective |ayer 20 may

optionally be pignmented. Suitable materials and coat weights are as
described for Figure 7. Finally 20 a |layer of polyner liquid crystal 15 is
| am nated on to the top using a | am nating adhesive 16 as previously
described. In both the exanples above the magnetic 25 material 21 is
applied as tranmlines along both edges of the thread. It should al so be
noted that the ,



magnetic material 21 could be applied to any of the exanples described

herein in any manner so |ong as

it does not obscure the denetallised

regi ons awo 03061w8nsequent |y obscure the indicia 14. PreferablgBisioe21s
magnetic material is applied over the resist 13,17 or on the back of the

film21l1l. Various alternative

constructions can be used. 35 The substrate

10, or security thread made WO 03/ 061989 PCT/ GB03/ 00218 - 13 'therefrom

described in any of the above

such as

of manufacturrig-a substrate (10)

darkly coloured 5 resist (13) to at
on a first si
removi ng neta
denetal | i sed regpbonsingdthppkyepg arpaby

bankcag&ﬁgu' WO 03/061980 PCT/ GB03/00218 14 CLAIMS: 1
conprising the steps of applying a
| east a part of a netallic layer (12)

e of ,a sggstan iallé t ransparent olymeric film(11),
&

. A'm
froma

RIn8f MepliEreduByrgha sebssratE3) 100 form

enbodi ments nay be used in security paper

A net hod

hhe giaakﬂlgg$gggh£e%o mat eri al

met hod as

15 th LSt d,. t tg?llsed regl o
ol od T eré§§§§iﬁ£éﬁ?t%n?ﬁe g?é ?gfp€{§)O§oﬁtﬁgﬁ§léi§yéawerpignent

clainmed In clarm

C

whi ch is bl acklZZLSOJ@radéikstBsiAenafhedsagsgjagi;ﬂgglpntggﬁg?\a}e% claim 2,
e

further conpr.,si | ving.a substantially clear resist (15
Ieas?pa%%% e?£bg 21 ER ?il?Ppr moglng metal from a¥eas not (15)

to at

10

15

20

25

30

35

covered by the resist (13) to form demetallised
regions and applying a polymeric liquid crystal
material (15) over the resist (13) and the

demetallised regions.

2. A method as claimed in claim 1 in which the
resist (13) contains a dye or pigment which is black
or dark.

3. A method as claimed in claim 1 or claim 2,
further comprising the step of applying a
substantially clear resist (15) to at least another

part of the metallic layer (12).

4, A method as claimed in any one of the preceding
claims in which the removal of metal in the
demetallisation process is carried out with a

caustic wash.

5. A method as claimed in any one of the preceding
claims in which negative indicia (14) are formed by

the demetallised regions.
6. A method as claimed in any one of claims 1 to 4
in which positive indicia (14) are formed by the

resist covered regions.

7. A method as claimed in any one of the preceding



20 part of the netallic layer (12). 4. A nethod as clainmed in any one of
the preceding clains in which the renoval of netal in the denetallisation
process iwoaa6ivged out with a 25 caustic wash. 5. A net hoeCasGRIBa0IBd i N
any one of the preceding clains in which negative indicia (14) are forned
by the denetallised regions. 30 6. A hethod as clainmed in any one of
clains 1 to 4 in which positive indicia (14) are forned by the resist
covered regions. 35 7. A nethod as clainmed in any one of the preceding WO
03/ 061980 PCT/AEBO0G2 &hik8 tHeaipsl yme it ah el Ryl c dyequi d crysta

| ayer (15) is plii : i_n raocess. 8. A nmethod as clained in any
one of clains %?%%)ﬁgeggg¥ﬁ%%ﬁggﬁEiﬁéﬁa%ﬁ%ﬁnQ%Qquﬁmﬂ d crystal layer (15) is
applied by a transfer process. 9. A nethod as clainmed in any one of clains
1 to 6 in whigch the N Ape Il i.qui rystal |ayer 5). is 0 applied by
a | ani nati on Sfocegéﬁﬁﬁb. Aaﬁgtlgﬁﬂggigﬁéﬁﬁgdq éﬁ&QiﬁéHEfltﬁﬁ’ﬁfeceding
clainms i R whi df thédchedihst polypenicorlpordtdes rysteandustemg et @rd al to

produce a machiRe-keagable +15 ceaducti l.,ayer. 11. A nethod as clained in
any one of theb%recedgﬁga cIaPhs in%&%g%ﬁsfhe resist (13) incorporates

magnetic material to produce a machine readabl e 20 magnetic | ayer.
9. A method as claimed in any one of claims 1 to 6

in which the polymeric liquid crystal layer (15) is
10 applied by a lamination process.

10. A method as claimed in any one of the preceding
claims in which the resist (13) incorporates a
conducting material to produce a machine-readable

15 conducting layer.

11. A method as claimed in any one of the preceding
claims in which the resist (13) incorporates
magnetic material to produce a machine readable

20 magnetic layer.

12. A method as claimed in any one of claims 1 to

10 in which magnetic material is located in a.

continuous or discontinuous layer over the resist
25 (13).

13. A method as claimed in any one of claims 1 to

10 in which magnetic material is located in a

continuous or discontinuous layer on a second side
30 of the polymeric film (11).

14. A method as claimed in any one of the preceding
claims in which the resist (13) comprises a
plurality of different colours.

35



12. A nmethod as clainmed in any one of clains 1 to 10 in which nmagnetic
material is |located in a. continuous or discontinuous |ayer over the
resi st 280(02835198L3. A nethod as clained in any one of cl @CEGE3N®RISL0 in
whi ch magnetic material is located in a continuous or discontinuous |ayer
on a second side 30 of the polyneric-fibm-(11). 14. A method as clained in
any one of the preceding clains in which the resist (13) conprises a
plurality of different colours. 35 WO 03/061980 PCT/ GB03/00218 - 16 15. A
met hod as cl ailfed PnT@froghésoicleliaegr enedinyg ong aifHen prdcahliag

hol ogr aphi ¢ str req l-RCAr par 16, A nethod as clained in any
one of the prgéggﬁﬁg%ncﬁgﬁﬁg %na%ﬁggﬁgpﬁggrg§§5%;uﬁﬁuﬁ%escent and/ or
phosphor escentFREBPFAlLeds i ncorporated in the resist (13). 10 17. A
method as clained in an one of the preceding clains in which a
fluorescent, |um nescent and/or phosphorescent material is incorporated in
the clear redPst f18pthed 28 cAapmedodnaenyl aneed i mhan poreedfinighe
precedi ng cl aigsmkhiwhiye Lal, i i rporated in a

| ayer over the, resjst (13?%% %huggeéﬁgﬁéfHgﬁﬁgégéfgﬁ%eégﬁgogn one of the
precedi ng 20 BPQPRBOFRSGRNENNatEFdatedsenncanberikd $n itheor porated in a

| ayer on a seeepdssi de3pf the film

10 17. A method as claimed in an one of the preceding
claims in which a fluorescent, luminescent and/or
phosphorescent material is incorporated in the clear

resist (18).

15 18. A method as claimed in an one of the preceding
claims in which a fluorescent material is

incorporated in a layer over the resist (13,18).

19. A method as claimed in an one of the preceding

20 claims in which a fluorescent material is
incorporated in a layer on a second side of the film
(11).

20. A method as claimed in any one of the preceding
25 claims further accompanying the step of laminating
to a second side of the film (11) a machine readable
construction having a partially metallised or
demetallised polymeric film (11) having a continuous
strip (30) of metal (12) along each edge coincident
30 with resist covered metal regions, in which a
magnetic material is present in the continuous

strips.

217 A substrate (10) formed by the method of any

35 one of the preceding claims.



(11). 20. A nethod as clainmed in any one of the preceding 25 clains
further acconpanying the step of lamnating to a second side of the film
(11) a naolo s@erwadabl e construction having a partially reetTaéBizgezisor

denetal | i sed polyneric film (11) havi a continuous strip (30) of netal
(12) along each edge coincident 30 with resist covered netal regions, in
which a magnetic material is present in the continuous strips. 21':" A

substrate (1 for t .net Qf a .35 qne.of t recedi ng cl ai ns.
W0 08/ 061950 Bor Cae oS d o %%%l%ﬁ'par%[tcrr%%’ o 1k #ng?ﬂ% Fip or thread
formed fromfdven difsstoudtsdyat®) (Gf0)clcei mlztim 23.. Security paper

i ncorporating one or nore of the 5 path, foil, stripe, strip or thread of

claim?22. 24. A bank note made fromthe security paper of claim23.
23. Security paper incorporating one or more of the

5 path, foil, stripe, strip or thread of claim 22.

24, A bank note made from the security paper of

claim 23.



