31 OCTOBER 2003 1 Specialised surface This invention relates to a
transparent surface, which selectively absorbs, reflects an®OCTOBER 2063
different wavel engths in a determ ned fashion. It has particul ar but not
exclusive application in the field of anti-counterfeiting (security)
devices. In the fight against counterfeiting, there is ever increasing
pressure to devel op security devices and; mar ki ngs which are difficult to
forge i.e. replicate. Moreover it is a requirenent that such
anti-counterfeiting devices are sinple and effective to use without the
need for additional, often expensive equi pnent. The invention conprises a
met hod of determ ning whether, an artjcle is counterfeit conprising: a)
provi ding a textured mult iSP§§@Hsq s8{fi¢%ace: b) determining the reflection
characteristics of the surface; c¢) matching these up with-the expected
characteristics to determ ne whether the surface is counterfeit.

Pr ef er ablThis ihhéntiodrélare td & trandPdbdnt hafheE, wIGOS b&lbdtivelyabsdrbs, raMsdaparnt
substrate having at least two thin |ayers deposited on one side thereof,

said | ay&pss ifigreat wreelengths infa desarimined fashdon dehaspetticulanbutsmitect i ve
wavel engt hs/ col ours are transmtted and ar..refl ecte The thin multiple
L or o SERiInage et h R il Bl e S et 1 ve and |

destructive interference effects due to multiple reflections at the
interfaces between materials. 31 OCTOBER 2003 WO 00/ 72275 PCT/ GB00/ 01837 2
In the fight against counterfeiting, there is ever increasing pressure to develop security

devices and markings which are difficult to forge i.e. replicate. Moreover itis a
requirement that such anti-counterfeiting devices are simple and effective to use without

the need for additional, often expensive equipment.

The invention comprises a method of determining whether an article is_cdunterfeit
comprising:
a) prpvi_ding a textured multilayered surface;
b) determining the reflection characteristics of the surface;
c) matching these up with the expected characteristics to determine whether the surface

is counterfeit.

Preferably, the surface is a multilayer consisting of a transparent substrate having at least
two thin layers deposited on one side thereof, said layers having di.ffer@nt- refractive
indices such that selective wavélengths/colours are transmitted and or reflected.

The thm multiple layers applied to a transparent substrate provide constructive and
destructive interférence effects due to multiple reflections at the interfaces between

materials,



Preferably the layers are fabricated fromnetal oxide, netal sul phide or

polymeric materials. Individual layers will generally bes{essSTOBER 2603
equal to half a wavelength in thickness when conpared to the radiation to

be utilised (e.g. for visible light each layer will generally be | ess than
400 nanonet i1.ck). The surface may additionally have | our ed or
shaded Iayer‘?@a%otf)‘)?#%d to the substrate on the opposite of g%@ﬁﬁooé}llﬁé to the
thin layers. Such surface may be used gs security anti/counterfeit tags,
the substrate preferably a transparent plastic material The invention also

consi sts of @ ABLRL: Alerdgt W eTREgTS Il - icle is .counterfeit
conpri si ng: a? prg'f\c}i di ;r;eé suc bﬁgﬁgur aceEagghg%g’%/ege;ﬁts‘f)@hg%?lépr(’MW‘fg its
transm ssi ormaigrsads. prdividnal lepqueikzashiipbokssshaharcqet] & hidftd wsielength mat chi ng

these up wit.h.t.he expected character.istics to.determ ne whether the
surface is cnclntﬁrlﬁ artel L SR 8)?he ati'%?%ﬁ@“‘éﬁe&erﬁg‘l?ri"é%}ﬂegﬁhtlcé‘fhl ect ed
and/ or trandaget tvéiltigempally baleatthandiobnefi@idtrean@digs of incidence and/or |inear
pol ari sation states of the incident radiation. Wiere the surfaces are
textured step (b) may further include the detection of changes in the

pol ari sat i ormhskakiRe tlayhadiliGaligdavcadbrtia ' ' N be
descri bed by way 0113 giaamtille oﬁlag eand vm'et ﬁr?%]ﬁgdrl'g%@égﬁﬁligﬁ@%ﬁ%s*bg (%va,i ng
c

figures of VRitkGEPPEYigHf said sidh éindagie flat nmultilayer surface. Figure 2
shows an anti-counterfeit tag enbodying a surface as in figure 1. 31
OCTOBER 2003 WD 00/ 72275 PCT/ GB00/ 01837 3

Such surface may be used as security anti/counterfeit tags, the substrate preferably a

transparent plastic material

The invention also consists of a method of determining whether an article is
counterfeit comprising:
a) providing such a surface as above;
b) determining its transmission absorption frequencies/colours characteristics;
¢) matching these up with the expected characteristics to determine whether the

surface is counterfeit.
Step (b) may include a comparison of reflected and/or transmitted spectra at
different angles of incidence and/or linear polarisation states of the incident

radiation.

Where the surfaces are textured step (b) may further include the detection of

changes in the polarisation state of reflected radiation.

The invention will now be described by way of example only and with reference to

the following figures of which:
Figure 1 shows a basic flat multilayer surface.

Figure 2 shows an anti-counterfeit tag embodying a surface as in figure 1.




Figures 3a shows a multilayer surface having a pitted surface. Figures 3b
and 3c show X-sections through pitted surfaces. Figure 43%0QFOBER 2003
mul tilayer having a sinusoidally profiled surface. Figure 5 shows the
effect of colour shift of a nmultilayer surface (as per fig.1l) dependant
upon the incwvdesit22zngl e of applied light. Figure 6 shows tpag/bdsei; of

| i near pol arisation when light is made incident upon a nmnultilayer (or
portion of nultilayer) at 45 degrees intidence. Sinple nultilayer

enbodi ment Figure | shows a substrate 1 conprising a glass plate onto which
is a multil akigwrep3a shovrpe meitieyer surred aingdh fikedensfact FigmSs 3land gF2. denot ed
by reference Al . hese are thermally evaporated onto the

gl ass pIate,ﬂ@ﬁgg%%gapﬁygﬁgg%ﬁ%i%F?%malI | ayers (eight in total) being
120nm t hi ck. Other nethods of providing the layers are by sputtering,

el ectron be deposition,..or |aser oxidation of netals. OQther materials
wel | known f%]g'fr gs‘;iovgﬁﬁ Iflfllé‘g'y?rﬂlaf‘ﬂ%aé?”t‘?m@ﬁ}éf Rrofdedmueieeor pol yners, can be
alternatively used as the layers. A given multilayer stack will produce a
reflectivity profile that can be predicted via Fresnel's equations; it is
di ctat ed by B8R shrvsdbnef&ct elpoloay il obxingisilayer utfatefeseer figd) r ef ract i ve

i ndex. The L 1 : ] . angl e of incidence and the

| i near poIaf?ggﬁﬁgﬁmg¢h%ﬁgﬂﬁ¥ﬁ%%%?ﬁgﬁﬁﬁghgﬁght. In the exanple of figure 1,
when white light is made incident upon the multilayer surface at nornma

i nci dence t { is blye in colour, .and the transm ssion
colour is olr}g%ggg l‘r‘lqug‘gstqﬁ%&g%ﬁfé%%ﬂipgiéﬁfaél(%8’?‘5131E%‘Tt isfpadedngidsnt R a bl ack
backgr ound trwgtilayaiidrypobtionef wiultllayes) as eedegtdehthcidemdesmi tt ed orange |ight is
absorbed). If the background is snooth and highly reflective (gloss white
or netallic) then all of the transmtted orange light is reflected back

t hr ough t he Simbenainlatehembattifiage W || appear white or very slightly

coloured. If_a white and rouqhened.(i.e. di ffusely scattering)
Figure 1 shows a substrate] comprising a glass plate onto which is a multilayer 2

comprising interleaved layers of ZnS, and MgF,, denoted by reference numerals 3
and 4. These are thermally evaporated onto the glass plate, the ZnS first, and with all

layers (eight in total) being 120nm thick.

Other methods of providing the layers are by sputtering, electron beam deposition, or
laser oxidation of metals. Other materials well known to those skilled in the art,
such as TiO; or polymers, can be alternatively used as the layers. A given multilayer
stack will produce a reflectivity profile that can be predicted via Fresnel’s equations;
it is dictated by both the deposited layers oxide’s thickness and refractive index. The
profile will vary with both the angle of incidence and the linear polarisation of the

illuminating light.

In the example of figure 1, when white light is made incident upon the multilayer
surface at normal incidence the reflected light is blue in colour, and the transmission
colour is orange. If the surface is placed substrate-first onto a black background then
only blue will be seen (the transmitted orange light is absorbed). If the background
is smooth and highly reflective (gloss white or metallic) then all of the transmitted
orange light is reflected back through the film and the surface will appear white or
very slightly coloured. If a white and roughened (i.e. diffusely scattering)




31 OCTOBER 2003 4 background is placed behind (substrate first) the
mul tilayer surface, then the surface will appear orange B¢CCTTFOBER 2003

transmtted colour will dom nate. This is because the only blue Iight that
reaches the eye will be fromspecular (i.e. mrror like) reflections from
the nmultilayer, whereas all light transmtted through the |ayer wll be

diffusely reflected.back through it, whgtever its angle of incidence (see
figure 3). Hence in all but highly directional lighting conditions the

or ange lit%g% wi | ,d?m' ngt e. .The thickness of the Ia%ers shoul d be between
V4 and 1 SRESEFCERYSPIaRed Delind (gibstrate Sgst) the muldlaygrsmriacs then thesirfage wilbl e
light th | t han nm.. . Anrti-counterfeit. device The
mul til ay:arp bgig?gé}%i%ﬁjg %ggbﬁe@&ﬁ@leﬁcg%%ﬁa&ﬂggm&%% $ 15%‘3%? {11588}% erfeit
devi ce. Bies Hattithd: ayRhestte EPSRIINBY bR spadlar (Db InBRY LROPEARHIRL Bohagkgr ound
(substrate first) such as a black and white coded background and/or having
col our ed myfilsyeryéhersias el Vight trasisonitted themgh ¢heeleper widlbeaijtfisebt refllacted bichur ed

i nks pai nted onto,the coded surface next to black and white el enents.
Figure 2 HB&%%WB?%WF*&&P%’@@%&%W&F@W (s figueeah) Herog 1 aly butrpighbyy| ti | ayer 2
IS deposigi@étiomafi ot oRak f grpl ' ansparent plastic tag 5; i.e.
it acts as alosubs rate.0 T fgﬁg%}%eorr& c&%ﬁ%&]ﬁ%{)ﬂé" “ack and (di ffusely
reflective) white squares, 6 and 7 respectively printed onto it. Al so
printed gntg .it are_orange 8 and blue 9 inked squares having particul ar

hues.  TH&® thigknessof the lavses sheltldehe betweendt and) 1 waavalength of thstlight asediine squar es

i e unde astic-tag. 1f. the Dbl refl ecti observed fromthe
nul til ayg% e%hﬂ?#eb%bfgllc Slélfﬁgg%?esth}? ess ﬁ%ﬂggﬁgesﬁﬁj@ngg e blue ink and/or
the orange transmtted colour formthe nultilayer on the white square is
not the same hue as the orange ink, the nultilayer surface is counterfeit.
In an al @E{MMWEM a surface having bl ack/white/col oured

backgr OU‘T’He

IrhaqutilQ)Ef\er according to the igvention may be used as an anti-counterfeit device.
The multilayer surface may be laid onto any appropriate background (éub strate first) such
- as a black and white coded background and/or having coloured inks. The observed colour
can be examined against two coloured inks painted onto the coded surface next to black _

and white elements.

Figure 2 shows a practical embodiment of a se;:mjty tag. The multilayér 2 is deposited
onto one potion of a flexible transparent plastic tag 5;i.e. itacts as a substrate. The other
portion has black and (diffusely reflective) white squares, 6 and 7 respectively printed
onto it. Also printed onto it are orange & and blue 9 inked squares having particular hues.
The tag can then be folded over along fold A-A such that the squares lie underneath the
plastic tag. If the blue reflection observed from the multilayer on the bl.ack square is not
the same bue as the blue ink and/or the orange transmitted colour form the multilayer on
the white square is not the same hue as the orange ink, the multilayer surface is

cowmnterfeit,

In an alternative embodiment a surface having black/white/coloured background may be

permanently stuck to the substrate by different means i.e. the substrate itself may be ‘t\?ﬂ
utilised as part of the pattern if it is of a suitable colour, PN\E\%D' D>



permanent|ly stuck to the substrate by different means i.e. the substrate
itself may be wutilised as part of the pattern if it is o1 OCPOBEHR 2003
colour. 31 OCTOBER 2003 WO 00/ 72275 PCT/ GBOQ 01837 5 In anot her enbodi nent,
the multilayer is placed over a diffusely-reflective white substrate, and
its surface Wgodbsm nat ed and observed at normal inci denpgnggmgm}py t wo
parallel fibres, one of which transmts |ight whilst the other detects the
reflection). If only the normally incident |light is nmeasured then the
orange transmtted light will be scattered at the substrate and will give

a | ow si gnal mhaskermbolinfnt ele@all@hyer & adel §ved o rrls fylt;-i@ﬁéch%iﬁ'té | domi nate.

Hence the device wll indicate that the surface is ue, whilst by eye the

materi al wi | fubgieand by dfge igillaminatedrand ebrervefl pigtrrmalBngidence Gf2. &n | e of

| nci dence Aswshatflel il theb ol AROKE 1Bhe WAL Dol LGl o111 kes

a:multilayer ences Its reflectivi ence transmssivity)
profile. Usimfetine). Hyolyshexampleincifiert hight inmlessutedyiem thoorpidesi ng ei ght

i nterl eaved | ayer f ZnS and 2,. 1t 1s seen .that as the angle of

i nci dence oftrar'ﬁgﬂm%'d ﬁ%hti‘ﬂﬁpgécsag%{,gg?tﬁgc ?‘ugftfaé"c‘i“gd” lhigbvﬁtaa}‘?‘f’ﬁlrﬂ“?@ég%‘ﬁr face
shifts to shetéetoryadahesigs Rectianthilenaate Neeneo R WeviedaNLagicde om bl ue to
purple (whilst the transm ssjion noves fromorange to yellow). It is
proposed t haf@ithresusiaeh s bepdiigbheye 8t masemshivili snprarrosea dusto gmbient ayer coul d
be wutilisedigta a device that si nmul t aneously obtained reflectivity or
transm ssivity spectra at different angles, and conpared these to expected
val ues. Effect of polarisation As shown in figure 4, the polarisation of

the Iight wigd. | flbeneacldbs.reflectivity (and hence transmssivity)
spectra of a : e diagram TMlinearly polarised

As shown in fig.3, the angle at which the light strikes a:multilayer influences its
reflectivity (and hence transmissivity) profile. Using the above example of the
multilayer comprising eight interleaved layers of ZnS and MgFa, it is seen that as the
angle of incidence of light is increased, the reflected light from the surface shifts to
shorter wavelengths, and hence the colour changes from blue to purple (whilst the

transmission moves from orange to yellow).
It is proposed that the angle-dependance of colour from a planar multilayer could be
utilised via a device that simultaneously obtained reflectivity or transmissivity

spectra at different angles, and compared these to expected values.

Effect of polarisation

As shown in figure 4, the polarisation of the light will influence the reflectivity (and
hence transmissivity) spectra of multilayers. In the diagram, TM linearly polarised
radiation is taken to be radiation for which the electric vector lies in the plane of
incidence of the incoming radiation, whilst for TE radiation the electric vector lies
parallel to the surface that is struck. At normal incidence the TE and TM

reflectivities are equivalent, but at any other angle their spectra will differ.



radiation is taken to be radiation for which the electric vector lies in
the plane of incidence of the incom ng radiation, whilst3{@cToOBERDRAOEON
the electric vector lies parallel to the surface that is struck. At nornal
i ncidence the TE and TM reflectivities are equivalent, but at any other
angl e their vap@etza Wi ll differ. 31 OCTOBER 2003 WO 00/ 72pdbcRek a0 01837
6 It is proposed that any non-normal -in¢ci dence neasurenents could
discrimnate between different polari s3tions to further disti ngui sh
between different nmultilayers. For exanple, this could be achi eved by

pl aci ng al i gHetPIpRAsEt Brirny Rerrnermsl écidens rsagintmentpeaubkdisongnitdie det ect or,
limting all : . ldAeak; Lsation...lf _infrared

radi ation m?ﬁ?@%@@}pﬂ%ﬁ&g@?ﬁgn W ?@_s “3’?4“%588 SPE St g piEYES o ace t he
pol aroi d. TekensxeplSubistcodd b¢ bdneed Bnbladngalivhed polabidahéay fat ingigrnbodi nment
the multilay ' tured. ..For exanple the multilayer _surface can be
produced wit ﬁgugéezapég?\éga{egt&, anéta"goaf1<1 %ﬂ?‘ﬂ?’ﬁ? 19r°5f :'lp?é‘.‘" Plarisatips fyanner |

pol ari sat i oninéhfed cddsation wefcfte bt stilihd@ tHe® wirdlgridtpoRRs @ cAMMlefia@f i NCi dence of
light can be _.utilised via normal-incidence neasurenents. Figure 5a shows a
pitted surf k%844 5b a cross section t hrough such a surface respectively.
The nmultilayer surface is indented with circul ar depressions of

approximately 5 mcrons dianeter (the smallest preferred size for visible
light). Figur@&taed annsiaic/bayer Embadimgntf ace wherein the substrate | itself is
indented. Alternatively the sides of the pits nmay be perpendicular, and in

this case this,i i to a bst.rat e i n tches of nmultilayers.
The textured sur %%%Wéng}é%@&%?t tgenrilmglﬁa?’ ‘f:re{f)f%étug%g%‘g;&f‘rﬁgﬁ BedpulBaYSowl  shaped
or be flat swrfa¢ecdbbepyierdsithargyowtd)eittedngivayebiiesofile. In this manner,

polarisation effects or effects due to variation of angle of incidence of light can be

utilised via normal-incidence measurements.

Figure 5a shows a pitted surface and 5b a cross section through such a surface
respectively. The multilayer surface is indented with circular depressions of

approximately 5 microns diameter (the smallest preferred size for visible light).

Figure Sc shows a pitted surface wherein the substrate 1 itself is indented.
Alternatively the sides of the pits may be perpendicular, and in this case this is

equivalent to a substrate having patches of multilayers.

The textured surface may be of any suitable shape; they may be bowl shaped or be

flat with 45 degree or any other angle sides.

Figure 6 shows a textured multilayer surface of waveform shape, having peaks 11
and troughs 12. The distance between peaks (the pitch) is in the order of at least 5

microns and the depth of the troughs is in the order of half the pitch.

The diameter of the pits (or distance between peaks in a waveform surface) is
important and cannot be too small. If the diameter were far less than the wavelength

of the light, the pits wouldn’t be seen. If the two values were comparable then




Figure 6 shows a textured multilayer surface of waveform shape, having
peaks 11 and troughs 12. The di stance between peaks (the3pidCTDBER 200she
order of at least 5 mcrons and the depth of the troughs is in the order
of half the pitch. The dianeter of the pits (or distance between peaks in a

wavef or m suré@e@pz2iss 1 nportant and cannot be too small. bEridasudkanet er
were far |less than the wavelength of the light, the pits wouldn't be seen.
If the two val ues were conparable then 31 OCTOBER 2003 WO 00/ 72275

PCT/ GB00/ 01837..7 diffraction effects woul d be conplex, redirecting light in

ot her di r ect i%ffactoptisciy vodlf reemplen redisginedishhrrabendvettionyThas 4 s
preferabl e f Qfantdi® ofiiERSTHhROVatdieratihs ﬂ%fe?&b]e%x?tﬂe hi,{l‘étﬁsﬁbﬂééf%ﬁcﬂ‘ sigmdirectly

above, the textured surface presents regions o mul tilayer at® nor nal
i nci dence (the troughs and peaks of the profile), and others at discrete

angl es of arqung ; ( Lens). Light striking the 45
degree regi ons wlﬁ'?n%gtgé gﬁ?‘ él((:r%ée‘}g’ ag)%?egg{s%t%’%&te %gur%aﬁ%gg%nés r§$181ﬂ?e°cfn el enent, and
subsequent | y nbédidkyet etvermal indidEnbd @it treaghs @6, pedllsi of tei pratilE 2 ARDMBrY atpr oduces

two conponents of |ight of differe reflectivity spectra, and hence two

col our s.rrplt ?gcrﬁ}ec?ﬁ%lggﬁgaquls 3%?5?2&‘%@?’?‘&?@9"@u]?c/‘ﬁh'éé"_‘lil%’e@é4§ouI d be used

to produce teereciebiony willhelreldcte@Rerobab i ippbsifeRRpddLMLAURY €l ements are

too snall to resolve with the unaided e%gi. The col ours woul d then conbi ne
B

to produce aStHiFFUGRI Rishoatesscles light spurcsi Kafh simudiprsgnsly preducenve over t
el enents coukghhiens S1Esht Wdif&&ﬁ&éﬁé%ﬂ@iy etk ad Heh B8 ORGRARS e that the

pol ari sati on-dependence of reflectivit e used to further
di stinguish a given structure, since the colours reflected by the sl oped

el ements wil§ - é,g [ lLari satipon ?%ﬁ endence. A further enbodi nent of
the inventi oh 15:3 {;%E%géﬂ?ﬁ 5@8 B%tf € %Se%lco?‘s | e{étclo d@% pSegife Emdﬁ?:?l B8 ed
substrate, asolpenrefidcgorBtior Whieh the irdixtidiah eleiens gre t@f dnedttb ed30lvE Qi ke

unatded eye. The colours would then combine to produce a uniform appearance of a

single colour, but the covert elements could be viewed by microscope.

It is further proposed that the polarisation-dependence of reflectivity could be used
to further distinguish a given structure, since the colours reflected by the sloped

elements will exhibit some polarisation dependence.

A further embodiment of the invention is to use flat patches of multilayer on a
coloured substrate, as per fig.3b. The normal-incidence reflection from the
multilayers could be matched in colour to that of the substrate, making the patches
indistinguishable from the substrate until viewed at such an angle that the patches
exhibit a different colour in appearance. The effect could be further enhanced by

additionally utilising polarisation differences.

Polarisation-conversion

A further aspect of having a textured surface means that it is possible to rotate the
linear polarisation angle through 90 degrees, as is shown in figure 7ato 7c . TM
radiation is flipped through 180 degrees whereas TE is not, but in both cases the

plane of polarisation is unchanged. However, if equal components of TE and TM are




multilayers could be matched in colour to that of the substrate, making the
patches indistinguishable fromthe substrate until vieweg1@CTOBERR00849! €
that the patches exhibit a different colour in appearance. The effect
could be further enhanced by additionally utilising polarisation

di f f er enceswoRotzrs sat i on-conversion A further aspect of sawiBMgmst ext ured
surface nmeans that it is possible to retate the [linear polarisation angle
t hrough 90 degrees, as is shown in figure 7ato 7c . TM radiation is

fli dth 0 d . . both cases the plane
Peari r?%égeﬁltghgnﬁng egtd\.é\meglg \%‘?Iﬁ] ?lﬁneogft@almé%lﬁﬁgﬁf@megt@w% and TM are

of polarisa
31 OCTOBER 200&:r36) 00/72275 PCT/ GB00/ 01837 8 present then the net effect
is that the overall plane of polarisation is rotated through 90 degrees.
Take the exanple of a circular cavity, labelling its circunference as a

cl ock-f ace. Ta@UrP8splNAL clrbtﬂ:ﬂtcaﬁw lalﬁglﬁréé ﬁsecﬂcﬁfntfergﬂ $L8&- {age o clock) wth

the electric vector ar al to the si arlsalon) If all of
t he phot onsS %Rppﬁ%mﬁidlggkféﬂl@ametlyﬁ handeidegae aIObb] wigh @cbleptucvemdrors then |ight

bouncing fr ol k r| ke the

pol ari sed IPghgegto(lzltgge%lg‘g T)Eg%l S% c%kl %3{ hOto 8*s %EBC%EY%V& 9 and 12
will be of mrxll;ﬁdjelpuhawms themllgﬁiabnincﬁg‘lfmndlm@?bfocﬂ'ﬁﬁdT:Iot:l&mhéi@ﬁﬁéore
proposed t hat de i ncj gent upon a textured

I aolarised light is
nul til ayer %‘f’wahfzﬁs %’3%?’ ligﬁbglofvﬁgerd{ﬂg}: Yiking the side Gplivaedebyesadr i ¢ vect or
is rotated addi2ouybe I0miiedheRssatianhalf T addtafr 168N be detected by placing
ort hogonal | y-ali gned polaroids over |ight source and detector. W thout

t hese pol aroids the usual colours (as described above) can be observed,

but when t hgingdrafad ﬁ@ﬁé&thhtﬁm@irﬁ%lah@&i 190k % mddt %ﬁdehﬂﬁfonﬁi’%ni??d det ect ed
wi || be that which has been converted (e.g. four spots at
multilayer at such an angle that the overall plane of the electric vector is rotated

through 90 degrees, and that this can be detected by placing orthogonally-aligned
polaroids over light source and detector. Without these polaroids the usual colours
(as described above) can be observed, but when the polaroids are in place the only
light that can be detected will be that which has been converted (¢.g. four spots at the
edge of a bowl-shaped depression, or — for a ridged structure — the signal will only
be detected when the electric vector strikes the ridges at an angle neither parallel or
perpendicular to the grooves). Furthermore, since the reflection spectrum of light
striking the edges is different from that which strikes the bottom of the depression,
the polarisation-conversion signal will be of a different colour to that of the

unpolarised case.

In the preferred embodiment the multilayer is pitted, the pits having flat 45 degree
angled sides as these maximise the amount of light that bounces across and back to
an observer at normal incidence, and hence maximise the polarisation conversion
signal. Generally the pits must be shaped so that some normal-incidence light is
returned by reflection to the source (i.e. retro-reflected). The pit diameter should be
sufficiently large so that the light can be specularly reflected (i.e. reflected in a

mirror like fashion) and diffractive effects are minimised.




edge of a bow -shaped depression, or - for a ridged structure - the signal
wll only be detected when the electric vector strikes tB¢ OCTOBERDR0OS
angl e neither parallel or perpendicular to the grooves). Furthernore,
since the reflection spectrumof light striking the edges is different
fromthat whyeborabssi kes the bottom of the depression, thecreeoonissr

pol ari sati on-conversion signal will be of a different colour to that of the
unpol ari sed case. In the preferred enbollinent the nultilayer is pitted, the
pits having flat 45 degree angled sides as these maxim se the anmount of

i ght that bbdlmcesusefexsirand back to an observer at normal incidence, and
hence nmaxi m se the pol ari sation conversion signal. CGenerally the pits nust
be shaped so_that sone. normal -incidence light is returned bé'reflection to

the source (i"r&re themplilayermaysoamyisespiextued Syifageicet naphrlanagsustce)s uf f i ci ent | y

I arge so t haparldd@mbingtd ofGaMcRRnTRE 6o hiiby drehbas ' flg6hed in a
mrror |ike f%ishi I(?n) an%l di fcf rz;lcti ve @‘h]&%g%pgr%gﬁlﬁg[#%mgggg E’SAfS@I,TCBER 2003

WO 00172275 hemudtBoerotigsty guomirutfuzast substratsi(e g exdiffrastitthgriing).emaw| ti | ayer
may conpri seg. &t I . e -hon-pl anar _surface), various

met hods of fabr iccﬁﬁ%%g%%uggaﬁg %ﬁn&ﬁep%%o “g%g%ﬁ“bel eé’%ﬁ?}er%ﬁ%rﬁssﬁ% to deposit
the nul ti| ayanshetimeghud iytogmthonta attiekk mubidaystito pkddat€differegt mailidf r act i on
grating). It be necessary to rack the grati during deposition to
ensure even ﬁhgngge{?ssﬁsﬁ?'%‘kan%%'Zaé@sr.ﬂmcz‘r%&?&Pas%i"ﬁ%&eﬂgg% IRHOHD FEitAEY & t hi ck

nul tilayer tegphgdudethet ilfeara6nd prothst isl@ULIdicldRiCRABRS BSe. b dehedd teN | ayer
structure that has been etched down to two in certain regions). A further

al t er nat i ve HIPHESELTlges} o e sriirepiedtianas mubidayer egeditsctyrefiset) theright

phot or esi st ihicB@8$leg@Rs, Bk cIMELRGR: Mol rRlARALe JUld do ?B%Stegrecﬁ.edi rect
(refract) the light " in certainregi ons, hence altering the angle of

i nci dence and the col our observed.

Although the invention has been discussed predominantly with respect to
absorption transmission of visible wavelengths (colours) it should be noted that it
is not limited to the visible spectrum and could be used with radiation of other

frequencies provided the correct magnitude of dimensions are selected.




Al t hough the invention has been di scussed predom nantly with respect to
absorption transm ssion of visible wavel engths (col ours) 81 GCPOBERE00OSt ed
that it is not limted to the visible spectrumand could be used with

radi ati on of other frequencies provided the correct nagnitude of

di nensi ons are selected. 31 OCTOBER 2003 10 Clains | A nethod of

determ ning whether an article is countepfeit conprising; (a) providing a
textured nmultilayered surface; (b) determning the reflection
characteristics of the surface; (c) matching these up with the expected
characteristics to determ ne whether the surface is counterfeit. 2 A

met hod as clained in claim1 wherein Isaid reflection is due to a'single -
reflection at normal incidence from%aﬂscet of said surface and/or
retroreflection fromnmnultiple facets. 3 A nethod as clainmed in claim 2
wherei n st ep Abileﬁ@mifaa@ﬁﬁﬂﬁ?a&ﬁetﬁ&!aﬂaﬁia& is beRbgastdnsinngndence
reflections. 4 A nethod as clainmed in claim3 wherein step (b) conprises
observi ng t he(a grvedinga textotedunuléilaytned saifideer ent angl es of incidence. 5 A
met hod as clajnqed in.claim1 wherejn step, (b) _conprises detecting changes
in the pol ar@é&%’%&% reflectiqa ¢ @ﬁ?t%@aO%%Wfa@;A met hod as cl ai ned in

any precedin I 'gﬂi%{\% | - J 8. €O par ent
or -absor bi ngg@‘E ggdtt at. ﬂ{?géﬁb R?tglttﬁ(f?ée%%ﬁg?\?\%dﬁ%é}gsﬁgs?e(?)ggésr#n?ﬁezvvﬁ%&ﬁ&g‘ﬁg si de
t hereof, said I%}reg?%elﬁﬁﬁ %f‘fferent refractive i ndexes such that
sel ected wavel engths/colours are transnitted and or reflected. A fethod as
cl ai med i n2cl Amsthodwreriaimeddmickimdwherein gaid oefbaction sis e to asinglel 1.s of .
reflection at normal incidence from a facet of said surface and/or retroreflection
from multiple facets.

3 A method as claimed in claim 2 wherein step (b) comprises determining the
wavelength-dependence reflections. :

4 A method as claimed in claim 3 wherein step (b) comprises observing the reflected
colour at two different angles of incidence.

5 A method as claimed in claim 1 wherein step (b) comprises detecting changes in
the polarisation state of the reflected light.

6 A method as cldimed in any preceding claim wherein the textured surface
comprises a transparent or absorbing substrate having at least two layers deposited
on one side thereof, said layers having different refractive indexes such that
selected wavelengths/colours are transmitted and or reflected.

7 A method as claimed in claim 6 wherein said texturing comiarises pits or wells of
( sinusoidal waveform. : '

8 A method as claimed in claim 7 wherein the diameter of the pits or wells or the
distance between the peaks of said waveform is greater than 4 wavelengths and
less than 200 wavelengths of light.

$ A textured surface comprising a transparent substrate having at least two layers
deposited on one side thereof, said layers having different refractive indexes and
the layers or substrate having texiuring such that selected wavelengths/colours are
transmitted and wherein said texturing comprises pits or wells between the peaks
of said waveform is greater than 4 wavelengths and less than 200 wavelengths of
light. . '

10 A textured surface as claimed in claim 9 wherein the diameter of the pits or wells
or the distance between the peaks of said waveform is less than 200 wavelengths
of light. '

e



{ sinusoidal waveform A nmethod as clainmed in claim7 wherein the dianeter
of the pits or wells or the distance between the peaks 081 QCTOBERR0OM i s
greater than 4 wavel engths and |ess than 200 wavel engths of light. 9 A
textured surface conprising a transparent substrate having at |east .two

| ayers deposited on one side thereof, said'layers having different
refractive indexes and the |ayers or subﬁtrate havi ng texturing such that
sel ect ed wavel engths/colours are transmtted and wherein said texturing
conprises pits or wells between the peaks of said. waveform is greater
than 4 wavel engths and | ess than 200 wavel engths of light. of light. 10 A
textured sull & eccasitycdaiserdnipiistleal frQeahedigitdthgagh gneter of the pits or
wells or the distance between the peaks of said waveformis |ess than 200
wavel engths 31 OCTOBER 2003 11 11 A security device conprising a surface
as claimed in claim?9.



