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SENSCR Field of the Invention This invention rel ates
whooeddeiaod for changing an optical charact elic§ldeionrss:

a hol ographi ¢ sensor. Background to the Invention

Hol ogr aphi ¢ sensors may be used for the detection of a

variety of analytes. W95/ 26499 discl oses a

hol ogr aphi ¢ sensor,,,-ha ggﬁggranl Thi s
sensor conprises a i . X havi ng an

optie@abf thbripnssiis ng structure di sposed throughout its
vol'ume. Because of this physical arrangement of the
t r ansduthis iInvemtiopreletes tsisgmathogdorchangihdsn optcaseesacteristic of

i's %e sensitive to volune changes or structura

r AP Ft8M8%i ng place in the analyte-sensitive

ek é r8Sndtd S jo'nteraction or reaction with the
a ; scri bes a nethod of continuous

sensi ngHolsgrgpric devlsogy aplyl besgdisbfor el Helediion of a variety of
conprising the analyte is passed over the sensor, the.

arfd13Y18sr A5G0 disslasey anelecrarhinseaspraprsed on a volume
900t i s ROl BB B A kA i opiat

i nven
hatrgscapMCstrielispaRdusriughblt evEamel Bekaubs of this physical
physical interaction, e.g, in the presence of a '

c FrRIesfentah e hisusdicensgrentice] sighekganiesated otthesensoris very
radi ation field Light and/or essure. Th nsor .

o SN G LY S S 6 SRt REE SR BT glage n the
halrpofamBdrsitRbImat RGBS rddift dhiNStEdion AHBESEIH #flh the analyte.
under'goes a change that can be observed. This change

in an YOGS aesenbes i Mmathpd effe cabliyuausy eessibgeusing a
According.to the inyention,.a sensing method c rises
SERIEPHl SnsRE) Sy remRtisia e graveds Pepsrg over the sensor
p I . : . I | .,

B SRS R ERER LRI W ok BBt SuppR IR HLKE

i Hunomacechiing theentiprder st ood as renote or direct
interrqgation that induces a variation in a hysi cal )
proper ﬁ%%f”’%s%d'ﬁ‘{ﬁﬁqioﬁ P3P Oﬁaﬁggﬁékwt@%ﬁﬁﬁ%w@mmc
S h j : SERASI L

5 SoRobt &ah urclf 5 3EhaRYS fo SRR BB RS Prbfenos of a
| ichahgand /temppraisss) meagrigiie, iefeotmd oo oiHesapiativhddidiriight andfor
rel evance_to security/authentication, The observed

cRERRRIre; Toe sgnshn i@ 3 YPlume halpgragnin WINGR adpediugt sepporting a
o !
oeloiRAaen iy 88 AFhRE AfE G0 SFetloRS Aot et camo

SpBee&re@et ’iis change in an optical characteristic is preferably reversibie.

According fo the invention, a sensing 'rr.aethod comprises subjecting a
holographic sensor fo an external physical influence io which the sensor is
sensitive, and observing a change in the image. The physical influence may be

- understood as remote or direct interrogation that induces a variation in a
physical property of a medium in which a holographic element is supported.

" The holographic sensor may be sensitive to a physical infiluence such as

- temperature, magnetism, light and/or pressure. The invention has particular

?elevance to security/authentication. The observed change, i.e. a change inthe

optical characteristic of the sensor, may be detectable either directly by eye, or

using any suitable apparatus, for example a spectrometer.
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I WD 2006/ 008531 PCT/ G12005/ 0012861 Brief Description
of the Drawings Figure 1 is a graph of peak wavel ength
WdYhhe@gd;nst tenperature (Q; and Figure 2 ig.a.9r a0k, .
of intensity (counts) against tinme (mns).
Description of the Invention A hol ographic sensor for
us @riefi Deseriptivveof fherDiawghgal | y conprises a
hol ogr aphi ¢ support nedi um and, di sposed throughout
the vol figrgf! ﬁrﬁgrmpﬁma@waw@g@&ﬁnm gaaingdenpetaiure (°C),
ée@tr on preferably involves the use of a sensor
in the support nediumis sensitive to a physical
propert Figie @ is d §HERArsHikiehsitPiotib) e"gtar;rgt tztd%e@ﬁeﬁor
tornterrogatlon the (1l ocal ) physi ca property nay
6 Pithange in a property of the

T Thi 't _
opt por %Hﬁ@'&ﬁ%‘r‘m SO0 101 Hae dfl dfgnti /o duRtally Ragiprises a
be hbnj’r?ﬁtﬁrﬂeaér_ggao%’ n?é&fur%uéﬁ bh%;:%@?&‘%hnfb;or@ﬂt ‘t%é‘“}r?Jt&ne of the

e I nt rogati on, ase

V\herechiumem: heldgedimt bteneﬁfmmf the imegniéaupefeladisinppioes the use of 2
medi um t o, expand. A sensor of the invention nmay thus

_be SEIFMHt WB%F@#%%@%&“@PG@IFHQWU%Iﬁrﬁelbﬁf*tf\fﬁ‘ri% ﬁrw@@r% prapety, e.g.
noterﬁﬁé@fﬁe a§9 éd&iéc#f@ £l r%é;ﬁ oﬁQB l:hfe?tdcc%@il ohthe% (lgcal) physical

pr esstr e, e app

we pgipertyi magOWerea @éusaﬁgfﬁtdrﬁngﬁ inTBepilapbagréinthe support
may be sensitive to a physr cal effect such as
t efssiunul Bis igseiiadn aicheneade anatptar:almﬁactenﬁ@c of the element.

propert Qr.t that varl be,its
Char ge. JafsebySt MEgRE fate A Y B FRIASTE TR vy B exampe
st beRGidle iMtBHABBEER, §NASF shirslsie PRI Glvkdn directed at the sensor,
swel lability, integrit cross-link density or any
ot ey qegeileasuppor e jUM\tarsxpandn A ssinssaohthe ipvept@rt yay thus
g g (it@rrl at.i on of an optical characteristic, such

ﬁai“ FYUSEPFPPy, refl ectance, refractance or
absor bage, rridiet el i RS R
occurs whi Irstr t he iho r@g‘%agﬁhlagegglgng rtgp IIgt(;j/ie eﬁ?r%%%phcat;en
| nef pressuner ear mbawally ooy ti‘@rmmlmgtgeh@éarwagghem pompress;on or

tlcal ro ert rles and

dtBea}pl!ngg : thé—:‘ngro?ggr ?o e@%\{em rPé'Q’StS’é effect such as
DR gtwgrwha% p éré!aéét% MRS, | S preferably the

size or volune o e support um This may be

achi ev e’ﬂwdoyrapwtgmfdhat;umgort mediurh éhatwapies maibe Esxcharge density,

gr oyps ause an expansi on or contraction of the

Susffg@mgz, %}g%% engily, Yigppeiit strength, hardness, charge, hydrophobicity,
swellability, integrity, cross-ink density or any other physical property. Variation

of such a property causes a variation of an optical characteristic, such as
polarisability, reflectance, refractance or absorbance of the holographic element.
if any change occurs whilst the hoiogram is being replayed by incident broad
band, non-ionising electromagnetic radiation, then an optical property varies and
a colour or intensity change, for example, may be observed.

The property that varies is preferably the size or volume of the support
medium. This may be achieved by incorporating into the support matrix, groups
which cause an expansion or contraction of the support medium. The support

- medium preferably comprises a native or modified matrix with viscoelastic
properties. | -




medi um preferably conprises a native or nodified
matrix with viscoelastic properties. 2 WO 2006/ 008531

R . 5/00286 1 In a preferred enbodi nent, o
%SO%%%{%Q%E& um conprises a spiropyran gr oup,“%?& JH0S/602861

derivative thereof. Spiropyrans, upon exposure to W

i ght, ypdersmrred difiy@lisichl e MRIrsineRiun® comprises a spiropyran
nmer ocyani ne. This transformation is acconpanied b an

i ngress er arecivatigethesenf. Bpjropaase, winn @pasore tndYilight, undergo
to expand. The conversion can reversed . .

PP gHe RETYATS BRSO RPN 0R-o | B S B RNaTE agcompanied by
%%ﬁran%a%éhh%r@em%%dfcé&%%é %@Foh%bﬁ%rﬁ‘t@@%énd. The

lum t conprise a romagneti c
pobpedrsicrca@rise @ivensachyinteemyating tegpvedos Wwithbsibledight or heat.
magnets are known and can be synt hesised as )
pol yrer Ik 8K oAghiere a meanabt dgnaprndnsbesgPna, medium, the

g S et bl
hohpgyraedt ¢ BloRARMErS mdietd earbN khb@n f andn edn ave agyrthyesised as

The hol ogram may be, for exanple, a transm ssion or
r epbbymersebioinegee®s. I n a refl ection hol ogram the

hedi m THRASRAR0E sehfandy Fulbhsdp At e dhBSbmpyicgtements
at oWhf glbnkd1f déggés Q%r'i%ithf@t&ﬁsa digBERI profrsy. f’FHét&:ﬁographlic elements

geonetry provi ol ogram that may be particularly
senmEytbevin the fotram§as arreyt enperat ure. The sensitivity

f th t t hysi | .interacti . b
Che  coRGBAGIRAEMIP=Y he. oG PR B Ena g 1o felagphologram.
o yrp ‘éH%‘?E%Eti&’??io%anﬁ'tﬁ@ 'i‘n’i\?éoétsvﬁ}é’ ﬁ%lgafll?l‘ﬁy absukN@ of the support

consequence o m ¢al or her I cation of the
hohegiwphthés eduesmenays tdieaverpy tHeesgrae sudateaat which the incident rays

appropriate for nore sensitive reagtion and/or tpo .

r eRDEE. | hDisr IR BBAMERY RIOVIses: &t grﬁnE%a%pF@Vé?@ particularly
i = | Ll be fabricated by

sugjgité%!ﬁ\?%gd %mge@%ﬁtgrg@g}éﬁ{éer rogation by light, the

proper t Tag sehshivity bdtiugsemoras exi@rharphysioal intetaciionayay be the
that a change in anbog{ii cal characteristic of the
g

hoFeRsegifinesePrbRt bytc lrepertins EXfaif eSS4 Bar YRR G medium.
5 SRl g sy s YRR s pipefoncr e
angéeigrafiic RAGMERE, thRCKBYNR: panidatarlysapbriopriatsl fdramere sensitive
photosensitivity. Simlarly, other physical
| nfeardipoandéemopempe diegogaiipn.at e sensitivity and
thus As illustrated in Example 2, a light-sensitive hologram can be fabricated
- by subjecting the sensor to interrogation by light, the properties of the hologram
.re altered in such a way that a change in an optical characteristic of the
‘holographic element occurs. In Example 2, a particular bleach is used, but it will
.be understood that others are suitable. Modification of the bleaching protocol
and/or the polymer backbone can be used to modulate photosensitivity.
| ~ Similarly, other physical influences can be used to modulate sensitivity and thus
thie response of the sensor.
Alternative light-sensitive holographic sensors may be fabricated using an’
azobenzene moiety which undergoes a trans to cis photoisomerization under UV

interrogation. This changes the free energy of mixing of the medium supporting
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the response of the sensor. Alternative
i ght-sensitive hol ographi c sensors nay be fabricated

' azobenzene noi ety which undergoes a trans to
wﬁfégﬂ%ﬁg,{%& somerization under UV interrogati Ji. "/ iH{E /002861
changes the free energy of mxing of the medium
su m&ﬁé;bﬁ&phj% MR RUNGLARRISE BT RORIRYRAR e ophtR properties
hol ographi c image and therefore results in a change in
t hef dhei zsdocatep dralbgram. of Yehenatswcappredchoinugivasn the use of

¢t Ve o ABR R0 aS e ot bt Qeilqgres: fiuch ces photo-
nokAgeAR, IR KEROBTALOY (1€ SEEURN i BRECBESHERER which

of W light, re ng In a arge eci es
causesed the Huddbgrgphighhatriced sivellt alterimg the dibgnaphg itlage.
hol ogrthi c image. Particularly for a | aser-sensjtive

sensor , - BREURSY (fh # Japrresnisdiyey sensqioiianpediefpis BEderably a
ggpggﬂ%?%ﬁr%eggfﬁfngﬁné@n&@ct SHRaHeKE! @tﬁiﬁ&%’% thg holographic

raphic nprirse a pol

POeCiirh S ARiORWhaS sl am prﬁi))me:( "dRAMY' )polyiN-BBpRRF/idtrylamide)

conformation that is highly sensitive to changes in

t elrper AMIA'e. whishthas e empéorinatios that shiohhesensgfive to changes in

o] ymer str e call apses.. produci. ignifican
Dol GRRREFE ree PR B Po Ch otapses.
| SpRAREIRUA Bighiicanlt SMIANG thOwaesIhLHY of RPkch¥@NP! e, an
aut henti cati on tag may conpri se a~hol ographi c sensor

havi ng Bhéunvention is' messauerty. rélbrant be ssengty  iFor example, an
i nterrogated, for exanple, say, with a nagneti . -
£ | RBENHFRIGE: {28 rmal smpiss b Nlearenhic’ Sorpe having a builtin
" RS, 1 r M AT VeV R ti
Magnet i ®ri gY%s%%v%gt% {ai 6@?@%&355@?% ugﬁéb 1§,Ssa§é\§fﬁ?r1iatn9agne I
f elatldy ihe.seReor diegmyplies "mesgage” bYhe deessageal ispopietably viewable

over ol ogram the resulting magnetic field would

ch H%%Y{hyeeg%l our or image of the hol ogram showi ng

that it : ' , h

to-or et SEeS T Rave the HRRCIRIET, ol UK, £7 Sefudf ofltes. For

credirhpleasicsily by tdasbpigog ragmedovahe hivlddrass theeresaltisgrmagnetic
could be used for food quality nonitoring where

vatald weid shepesdbei %@wra@fnwﬂee%fh%hel@saamos%@@rigéhat it was

pr a it c o
or @dtfive SRl e prIREe bt RsiAEM R Ryagpetio stips
t hilike tisdedom eradit eartibpnithtlologréestan tewher e pressure
fromtouch changes the colour or image to show that

t he hol igsawig segeaTsi enuid henesed fehferchouably sepsitening where a

en\‘%%g}iu%eg; 8 p;pefsstuggeci:! 5¥rreag§pi>h%rr]e A Ssél fs]:l)esveia?% product and keep it fresh.
Loss of the vacuum or pressured atmosphere would change the hologram. Also,
this could be an authenticity feature where pressure from touch changes the
colour or image to show that the hologram is genuine.

Other, temperature-sensitive embodiments of the invention are a device
that changes colour with the ambient temperature of, say, a fermentation system,
or a replacement, power-free-thermometer which can be interrogated from a
distance using light. A security device which changes colour when it comes
close to body temperature, e.g. when pressing a finger onio if, or part of an array

~of sensors in bacterial or human diagnostics monitoring, are further

embodiments.




t hat changes colour with the anbient tenperature of,
say, a fernmentation system or a replacenent,

Lae t her nonet er whi ch can be |nterrogat ed f
“SP”@{HS', a%ce using light. A security device M@HGB’Q"‘“’{’W‘
changes col our when it cones close to body
tenper atueesefad- mhehe PEAERIVR0 1@ 4 Wyts@%ﬁzdﬂ is @ chemical,
part of an array of sensors in bacterial or human
di hpobstriics onbidlegicaisgecmse Therpreeent ievdndidinmelates tox method of
2006 8531 PCT/ G320051 02861 The sensor
seﬁg{qq 198 G Arih SWeth PPRISIT GnsaTPie, Hash &grnpyﬁses contacting the
bi QQMFYE G 1 AR O eétte%ﬁﬁﬁ afw? ch&ﬁ@e Rf ﬁ§ %g: :cai charac‘ertstlc
invention relates to a ne

such ana'hyt;ﬁesentaanﬁanmxbrea!smreﬁhtesomenszﬂ*acleonmwapatﬁmg a sensor
the sanple with the sensor, and detecting any chan% .
of ac@@dm foctie ipvention: whers the artinle isrdevice isHeR msi dRansaction

5 Bk Sl LGP 2 P SR g oence shar

de&éﬁﬁcéiéc hoRd, ehédudSHelgueargatdk bARBRS ?;ﬁ voucher, postage
passport, i dentification card, smart card, driving

| i stenux rai hasis tickely miéwmardowaemmqueye@ﬁwaé credit or debit

b, ORISR CERE T andla SR T pi Rt By 6 PfRuct protection
evRRthd bakiise Fidtdingulhi %ﬁu:né ﬁ%u%ﬁbﬂ?@;@rﬁé‘?&t pRIducts or

an itemused in conSuner, product protection
f odentiyyipurspaise whdditst i ﬁ”@au aitticley cga o ebgpraodilemnsor intelligent
from counte

or BERIAGI $hishis eRYPETC g SpaBrEes &OVIAlRToY aPPEr o enclosure to
' nitn%lnlltbgefgst Wﬁ%ﬁ&it@g MAALED |hi%ﬂ%a§é’:§tc%“cid%§ﬁy or environmental

rrses a contal ner,; vvra pper or encl osu

rmmmcmhons et wili affontl prmm:t puality cehdififfe onegietn Tomical applications
qual i or_environnental conditions that wi | affe?
prmu@é pdigaiary Shg\r«i@gfﬁmw%ﬂ@@%taﬁef@s N8RS, Bwisture, alcohol, gas,

ap :%rﬁ% di cators show ng
ﬁ’léy%q era E':{Jrée]ﬁ l%enness noi sture, al cohol, gas,

IO hyS I C aThﬁl al‘t&%camﬂe tah endiidteai cFtrenaidraft item;ﬂmnm decorative
i ndustrial or handicraft _item conprising a decorative

eI dlpEant. spiecded gnt irsns pliewe!lefy, jtems af efojhingpucipg footwear),

@B‘?' g@:pﬁzgﬂg g’s ﬁ%{, gﬁﬂggﬂéi)d eﬁﬁﬁﬁé@ gingfcg@;ﬁéf’g{%nd glassware),

gl azsiBLers f:nﬁﬁ@iﬂigt &4 HiRd, bem:l ety oR6 Scerkirlics, wood, plastics
paint, netals, bric ceram cs, wood, pl astics and

ot #redl other anteeal and ee&er@ahmstailﬁé:ﬁas) &t (nrlydingpictures, sculpture,

(|n udi_n ure ery and |
oy st PR BBk B Ror G Ritingt e detemeacs
I'edhe bl‘tﬁﬁ@@ona@ﬁ%t&‘” él%hﬂ%%ﬁlﬂ?%%dé" Thareig®ekhibeta product or
goods. The article can be a product or device for use
i ndeagee f;lflusernahgsmw}wrelsatuém; envirmrmeriiaktiudies duntamenyeterinary
or_veterjn ﬁ/
‘prognostics, theranostics, diagnostics, therapy or chemical analysis which can
be a test strip, chip, cartridge, swab, fube, pipette, contact lens, sub-conjunctival
implant, sub-dermal impiant, breathalyser, catheter or a fluid sampling or
. analysis device.
| The invention aiso relates to a transferable holographic film comprising a
~ sensor according te the invention. The film can be present on a hot stamping
tape or can be used to enhancs the security of an article, by transferring onto the

article the sensor from the film,
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prognostics, theranostics, diagnhostics, therapy or
chem cal analysis which can be a test strip, chip,

wetlubdhd9g, swab, tube, pipette, contact lens, .
sub- conjunctival inplant, sub-dermal inplant’CT/GB0S002861

breat hal yser, catheter or a fluid sanpling or

anal ysi L& i RBbAY MeYs : 5

t r ansf e?ggl%g %] é)gr aSEﬁc%%rm&?gén%@ i%ﬁrﬁhgﬁciﬁ%@é?ga ensor of
actheridvergidrowhich is axsabie ohgenBnatitg Hatacam deygiemydrich uses such
a hot stanping  tape or can be used to enhance the , =
seB#a oy d5fa FFRding. RICESSTYT. HaiFgee CPNRY. FRNSMission, distributing,

pCHREHA B BT HeE Sty ipRI e mot @ffronos, personal

r etiigit@badfstanty Qsethet pOREDIR aMgciPorieBigicesf the
i nvention which is capable of generating data and a

syst em Whe épllavdesg fsaoplesdiliusiratethe drventioadi ng,

processj ng, storage, control, transm ssion,

dig?@—rpgl&fng, reporting and/or nodelling. Such

Syst enmspLiBEhYRGIAFPRENRIE ShEPRIPERetRIRIACryditid %iP]RBA) in a
e

assi stants and ot her portabl e el ectronic devices.

f onblaniratio BX 24| ware disscivedinedimiethyl subahoidsie. (DMS@db éorm a 40
1 N.isoqr lacrylam de and N N . o :

e SR ST e PP SPRFaPriaie PEIOUPAR! 56 212-diethony-2-
2 HE el fORPADAL MEBRBKIES $igh™Sdded B N Fonomer
ansutiorofo §idezs ralicoetboixatich ofih2d4yd Biaphenone

(DMPA) in nethanol was then added to the nononer

sol ut i dfP HbaluREs 8F NeTAPNEHAL BAHEDVGHE HPIINSsRCNPRD minutes

sol ut 1 6 PR ‘
oot L BT ol BBAS 00 HoMrie S gpoordod nthese

si panneedughgste shiveragifiusioh agitans. were recorded in
t hese ﬁ%\émers using the silver diffusion nmethod. The
hol ogr absagioorinpEsdacyhnted in 37 IR erfiymphosphate-buffered

phgs: -buf sal j i 230Gt LQM
CARIRETRPE PG foni® SrbGin SRR ndun b b g tgmeerature
ofoftihe cemeab ias\aSdiRad BY efh ditedial PEET Bath AR ®imikabiure was
and tenperature was neasured in the bulk solution..
PanRastiretria dine bullvgaldiathgt hs were recorded from

spectr ata a ired t.,.ap _acut e angle. I
easur dreh STraRet Al S Rerg L8R i et data acquired
€ Qigh! Qitd! BhglcReSLhbas@emeniOndfobNthE B4 Bedk SignbReit equilibrium.
acconmpanyi ng draw ngs. Exanple 2

Resulis are shown in Figure 1 of the accompanying drawings.

Example 2
A light-sensitive holographic sensor was fabricated from a gelatin-based
hologram. The resultant ﬁsicgram was bleached using a Fe(lll}-based
formulation with KBr, to create photosensitive holographic fringes. The light-
sensitive holographic sensor was then exposed to white fight for 1000 min and
the intensity of the light diffracted by the hologram was monitored and recorded
for the duration of the experiment, as shown in Figure 2 of the accompanying
drawings. The intensity of the diffracted signal (reflectivity) was observed to
| decrease by 15% during the first 200 min of exposure to white light.

- Furthermore, this effect was visible to the naked eve.

Example 3




A light-sensitive hol ographic sensor was fabricated
froma gel ati n-based hologram The resultant hol ogram

%?a{,?b@@ghed using a Fe(lll)-based formulati ggré{\%*ﬂé%z%

0 Create photosensitive hol ographic frin
l'ight- sensitive hol ographic sensor was then exposed

to whit anldgbnfdd ¢ ?QQIULB{Q\/V{%@Q 1rflo b?‘é@@%rhaﬂe%eﬂwg&ryiam:de

light diffracted by ol ogram was noni tored
r e@oddétl of frer crobe-idkerdiBArwasf preparask J2G0 p!e:xftihe amrmmamsoiutton

in Figure 2 .of the acco nyi n dr awi ngs
| g lymgrisghanta 7 fieg bss 3;«@@ Q P@a%%@tth{ﬂﬁmly%%'avef A

Obﬁgg( Smivias 48 mcheQFsﬁltlﬁ% ti:llgoé’og)r%é%l t?w%%rsébkl%g% BPhter bath

of osure to t her nor e

wasisvigsa bé@uém:ytdt&zbﬂmkﬂd YAE ladex amsliking ik a\ieen d;ﬂ’ractzon signal
2006/ 008531 PCT/ GB20051002861 An acryl am de

collg8iayhef Sgptm i geienisgdlivaier The hologram was then covered with a

5D 85 A 54 B 15 o

po!a;z&anr TRedigichon stgr@a(fég =0 aﬁﬁae%m@l@amrﬂseﬁ%@nahe G-clamps
t hi ck pol yner | ayer. hol ogram was tecorded wi t hi

t htBanged es¥204Hn loace thaf\ﬁsmeé:ladrt@mﬁmtmcé kaling ¢are not to crack
or B ofher TR P PERs P ik oty o 36 Titldara feBufted in a

de T, S
Seomrt v, PRI AP s

Gblu&misft bymeioéal GilBout. 15 nm apart. The diffraction
nal fpl ay) of the hologramin between the
g@&@‘ﬁ——changed to 526 nm once the clanps had been
tightengdsy,. ga@h@ At Anitq! Er&%&%ﬁ o8 Qﬁﬁn ﬁﬁﬁ'} and an

The pressur he clanps™ o I 0gra resu
a acmptoRTblsenld, tetrdsyanobumedahethbee MED%IMHH bé Lssnthesazed as

causing the diffraction sijgnal to blue-shift
t off %?rcr%ﬁ d3n YWOO0R{QG#s0e an mnﬁzgwﬁwowgﬁm @gé«a) 5683-89, the
br QEents émmcﬂoérmﬂb& By AN iR arREC R gives rise to a

tetr acyanoq

sypslhesr reticrsl thdaesgm:bhgmagném@bpéﬂ@@fat&ndm fébﬂ?{&fdiure The
et al, Polyner 45 é2004) 5683-89, the contents of

V\HP%'WT’@F @an REFIiea 0atP &alassnsusiaceeing BR® 25 TH PE cipssditked by

or SfupBroer BB HRAmER Soh Bl boRE TRsls PR, e and

Cq&éi?meﬁﬂﬁ'@ tAcl. e BANIGNE Bdlgmes edh @fert Be @kated as a recording

cross-linked by diffusion of co-nmononers containing

criogterial e Siimrodtfﬁn@cmmscﬁ@qmﬁd po WRBE{ 26499, ttharroduce a

TrhoigéaNdmC’\Q!tg erve{y, ﬁ\aenmgpngrrﬁep%ofuﬁe%%tc%% t%scr%srs ‘?;n?«ag us%g a v
~ laser, to produce silver-free holograms, as described in W02004/08167¢.

) As the entire polymer is magnetic, on interrogation with a magnetic field,
the polymer can be made to expand or confract, thereby red-shifting or blue
shifting respectively, the diffraction wavelength {replay) of the hologram when it
is illuminated with white light. This could be used to quantify the magnetic field
or to cause a change in the colourfimage of the hologram in the presence of a

suitable magnetic field.
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14,

mat eri al using silver diffusion, as described in

W95126499, to produce a hologram Alternatively, the

nononer sol ution can be crass-1inked using a W

| aser, to produce silver-free hol ograns, as descri bed

in W2004/081676. As the entire polyner is magnetic,
interrogation with a magnetic field, the polyner

can be made to expand or contract, thereby )

r &d58M3IRG imethed. hieh comprsesgsyhieging: pvBplpgraphic sensor to an

dexternalt phisicadiefldenpen whengimhe ofenspe ind oplumevkhelagram that

i compgsées aumlognaptionelementivithin iagsuppofhimedaon|thabis sensitive fo

uthed exteroplaphydigal tinfuengy) ednd: obsehvihg ar changaus ehe holographic

clenge in the colour/imge of the hologramin the

presence of a suitable magnetic field. T 8 CLAIM 1.

AAS BHEthOW JBRbRARG tWNEISIn CPTRAERGS tﬁébéﬁéﬁiﬁ?gpiﬂ/s'cal influence is
h t : h G ,
RSBl maghsim, R Bndh eite 00 thae

c ri.ses a hol.ographjc elenment .wit,hin a support .
AIReE Aot Sd 8P Ble” 00T it 2 oPndieThApS! support medium
i APNRERRRD SBIKOPYRR &M IGTGC¥NIRR AR n t he hol ogr aphi c ,
image. j 2. A method according to claim1, wherein the

eft Bretd gmiegeiding te nglaine i ewherein dhe esuppartiemedium comprises a
megiesuiarmpagnaiht and/ or pressure. 3. A met hod

according to claim1 or claim?2, wherein the support

NAdhethodcastording 3o ar§PpreeBingroldim, WiareaihicNS§ize! Shidpe, density,
Aviséodiyt BREnRBCRARINREs ! Rydibphdbidity, \&Q@uabm% mﬁeﬁmgp Bblarisability
MBRGH/HFERAER distaSuton SheTHe @i ERgEs. 5. A metho

according to any preceding claim erein the size,

ﬁ (gﬂ&t’éwﬁggaﬂ%:owng éév’\é%&g%:efg%@g& tqﬁaﬁﬁgg/:}ile{&ﬁrtﬂgerﬁgdium comprises a
p g'?‘l Sabi | | ty and/or charge distribution of the

:}Edi u &ganges. 6. A nethod according to any preceding
Q“%{F]O EPUING Reelaipyb uwhersimpiiesealyrger isglastemerie. A

met hod according to claim®6, wherein the polyner is

oh agneiedi cac@rdingndphodaime c & diwhierein cthe mpélymdrerisi npoly(N-

tieeprppllaoedamilepol y(N- i sopropyl acryl amide). 9. A
nmet hod according to any preceding claim wherein the

cAangthod ackORlifPtd aal prétaing cRiimswherdia the\(Paph8lig the optical
characteristic is reversible.

A method according to any preceding claim, wherein the hologram comprises a
reflection or transmission hologram.

A method according to any preceding claim, wherein the hologram is viewable
under white light, UV light or infra-red radiation. '

A method according to any of claims 1 to 10, wherein the hologram is viewable
under specific temperature, magnetism or pressure conditions.

A method according to claim 2, wherein the external physical influence is
pressure from touch, thereby changing the colour or image to show that the
hologram is genuine.

A method according to any preceding claim, wherein the sensor is comprised in
an article which is a transaction card, banknote, passport, identification card,
-smart card, driving licence, share certificate, bond, cheque, cheque card, tax
banderole, gift voucher, postage stamp, rail or air ticket, telephone card, lottery
card, event ticket, credit or debit card, business card, or an item used in
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186.

10. A nmethod according to any preceding claim wherein
the hol ogram conprises a reflection or transm ssion
hol ogram 11. A nethod accayding to any preceding
clain1 mherein the hologramis viewable wunder white
t or infra-red radlatlon 12. A met hod
RY pEﬁdL@F afotectiontfgr the PuResechd tSHBQUISth genuine
Qﬂ}lc&sém@ Qﬂ'—hﬁ\ﬁﬂfﬂ!lbpmgﬁaféroréféﬁfﬁlfymg stadem produgts,
nagnetlsn1or pressure conditions. 13. A nethod
aécwethodpdcordihgitoraBy ohvblaines n to HE, ekemintthe pysirdimtbomprised in
i ahlardele evhiich ispEreitemrof iﬁtémgemtqaathaﬁmg%rsemfnr@ﬂameing
the colour or inage to show that t hol ogram i s
gAWEHRd é%orcﬁn ﬁ?‘ 098@%@1 i) TBOWHBV lﬁfﬁ‘&%é&ﬁ* l$ c?mprised in
C'aﬁ lci@h Wh‘?dt‘nnl e fetstal! Eﬂaﬁe eI'nn codh r| &' &ecorative
|e ’cS ? fearf?oqﬁ ﬂ% (rgﬁé ell |ﬁ§ rnﬁ;!udlng footwear),
Lllr]e, tsegl Wécgrg%ms(gwg g‘: gogt enEyagpd glassware),
Psﬁ%e (i P[P "\909]6?1% lle cks, gerangicsgyvpod, plastics
tf""‘E Sther; it ﬁ'oﬂ'éd &xtanal 16?@@? ngYafd, (inslusling {Pictwies, sculpture,
cPedery and kﬁ}imﬂstau\at@nstﬁamw Giaelading greatings pardse iptterheads
i ang prmﬁmn%materialhandﬁpprtmmodpr otection for the
pur pose of distinguishing genuine products from
counterfeit products or identifying stolen products.
15. A nmethod according to any of clainms 1 to 13,
wherein the sensor is conprised in an article which
is an itemof intelligent packagi ng as defined herein.
16. A nethod according to any of clains 1 to 13,
wherein the sensor is conprised in an article which
is an industrial or handicraft item conprising a
decorative elenent, selected fromitens of jewellery,
itenms of clothing (including footwear), fabric,
furniture, toys, gifts, household itens (including
crockery and gl assware), architecture (including
glass, tile, paint, netals, bricks, ceramcs, wood,
pl astics and other internal and externa
installations), art (including pictures, scul pture,
pottery and light installations), stationery
(i ncluding greetings cards, |etterheads and
pronotional material) and sporting goods. it




