| NTERROGATI ON OF A SENSCR Field of the Invention This

invention relates to a nethod for changi ng an opti cal
waehb@eacsser i stic of a hol ographi c sensor. BackgrPOL/G®B2605/002861

the Invention Hol ographi c sensors nmay be used for the

detection of a variety of analytes. W»5/26499

di scl oses a hol ographi ¢ sensor, based on a vol une

hol ogram Thi s senfAERROBATREON OF ABENSOFSensi tive

matri x having an optical transduci ng structure
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PS5 NSRSl AP BB, e on ¢ voomo

Sowgranf Thissehsuetdmprisddign Qhem@-@ehﬂlﬁe@mmﬂx hSVIng an optlcal
based on the realisation that a hol ographic sensor

ué@mﬂdupmestm@retdls@o&esi tbr@@rwt its NPlinRt Bepause ¢f. thISrphySIcal
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a medi um supporting a hol ogramis affe

pharsilytatseinsitmeavairxsgs amem:lg@fegteiacm gereaattpno/wth the analyte.

or ot o1 QP TR kEcHRe ca ARHR, of RBTHRLEHE: tarfeind using

Sq{b%@%{)gﬁaﬁé’rgsﬁgﬁfll[u%ec%n%%lﬁ@ihé‘gnél @ls‘);%s’fﬁé'al' &Ver the sensor,

senso physi cal " i nfl uence to which
sdhs @naiyde seadtirng reversibly witis thevinolggeaptiaageponh meh:haum

i rage. The physical influence may be understood as
r&ﬂﬂ@éﬁf_ﬁﬁlé‘elﬁt’_ﬂﬂ%e rrogation that induces a

varl at 'afl el ion K BBELS w%gﬁéaggal%h'mapﬁa RBlographic

a holograp enment 1's supported ogra

S epRbr o&Y ub@fuﬂy beisengitiveto phpsh;zall intractidn, eegde tbejpmsence ofa
as tenperature, magnetism |ight and/or pressure.

i rihangegf tﬁgﬁ)%@_ﬁUﬁB Cmpgpet,lcé@qqﬁg@rtqjher radiation fleld Ilght and/or
ifpjﬁé%ﬁr%’h alﬁ(;gseéﬁso?,aé.bpg volllife RORSFAF%h RGPS medifim shpporting a

hologram is affected by the physical interaction, undergoes a change that can be

observed. This change in an optical characteristic is preferably reversible.
According to the invention, a sensing rﬁethod comprises subjecting a
holographic sensor to an external physical influence to 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 influence such as
temperature, magnetism, light and/or pressure. The invention has particular
relevance 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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optical characteristic of the sensor, may be
detectable either directly by eye, or using any
W@ iobahsse1 appar at us, for exanpl e a spectronet ePCBGBeG05/002861
Description of the Drawings Figure 1 is a graph of
peak wavel ength (nn) agai nst tenperature (0C); and
(FI BiigfDesgriptipnpfiRe DraWingsnsity (counts) agai nst time
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directed at the sensor, may cause the support” medi um
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wei ght, in conpression or “stret ng. The hol ogram may
be sensThé gensar mapibesntemtogatdéadby asyshitabletreepes.afsrasn example

e amothadrsatar, o RSe! auianl HAVEhhbodach eyne sensor
ch'lgrg auﬁggﬁ Hgé&ﬁ'rhé/dlul’tt'té‘ﬁg@gh%ﬂi {kf/éér%@ﬂ%?th@ﬁ’fv@ﬂﬁéﬁ’may thus

Fcrt Integrit

Crigs fig Ihﬂ-aétdr@egabky or any ot her physical property.
Varlatlon of such a property causes a variation

f
opt i cal Ofeifermeeef l@tertogqt,@@rarag%tﬁraet% appimglyde direct application
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non-i oni Si ng electronagnetlc radi ation, then an
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change, .for _exa be observed. The 0 .
Chat CvaFheeraistirarioe SBbnoR sl ThdRe val i fia? BF thtiperge density,
SWABMe, shape, density, viscosity, strength, hardness, charge, hydrophobicity,

swellability, integrity, cross-link 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 hologram 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.



medium This may be achi eved by incorporating into the
support matrix, groups which cause an expansi on or

w@embesssi on of the support medium The supporRCTSH20051002861

preferably conprises a native or nodified matrix with
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are altered in such a way that a change in an optical
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S a8Busbie BERCN el Sl Sl 8y Sonsive
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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
are 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
the 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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and/ or the polymer backbone can be used to nodul ate
phot osensitivity. Simlarly, other physical influences

w@aoveessssed to nodul ate sensitivity and thus PEEGB2005/002861

rhelsponsehof the sensor. Alternative light-sensitive
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wavel e ion. The invention is
paguthentication itad emayltcd:mpsm:mmglogmhl@mmbe hawing a built-in
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prdifevtigdyyeya. evvabl e directly by eye. Magnetic f| eI ds
have the potentjial for use as secuyit features

exanpl agnq%q; )fle[ﬁﬁ ng%,th@ RP %@a{efpr 5@% g‘@ﬁ:tures For
%q{ﬁ@g %Wﬂ.ﬁ%@ %tslnfgaé 'ﬁﬁwg&%ﬁép?hawsﬂ e Fé?éd?ft'ﬁ% magnetic

FLﬁéIBGWCBGJH Qsha‘h@éythéocbdldurb@r iRagk of thes hatc@ramt sgowimylthat it was
magnetic strips (like those on credit cards) wt

ho@@gxuaers Furihermﬂﬁe theyseenld beaysastte %@aﬂedntﬁgraf@@'dﬂﬁgﬂetlc strips

BB TR LA B A OB et anc
e it b S e i e
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¢ hl?gsgs of tFwe 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 onto it, or part of an array
of sensors in bacterial or human diagnostics monitoring, are further

embodiments.



colour or image to show that the hol ogramis genui ne.
O her, tenperature-sensitive enbodi nents of the
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THBORiten cest Qiningicale parogkict g PRt &N | Gyl or ehvironmental
pa(}#%d&% et \?/PI éf?ec?Prc’é'oﬁfCﬁ?glsjéh i %éfeq¥. Typical applications

er o to nonitor
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br%ﬁbﬁfetr%t%rﬁél%d’&&t@ﬁwaﬁﬁrﬁéﬂatbds? a@éh@bdln@él@{w‘res sculpture,

ceram cs pl astics and ot her internal
anpbtésriy @nddight imstalldtians pstgtionsry (l(lclnldlng:grﬁgtlpgs; cardss letterheads
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device for use in agricultural studies, environmental studies, human or veterinary
prognostics, theranostics, diagnostics, therapy or chemical analysis which can
be a test strip, chip, cartridge, swab, tube, pipette, contact lens, sub-conjunctival
implant, sub-dermal implant, breathalyser, catheter or a fluid sampling or
analysis device.

The invention also relates to a transferable holographic film comprising a
sensor according to the invention. The film can be present on a hot stamping
tape or can be used to enhance the security of an article, by transferring onto the

article the sensor from the film.



and pronotional material) and sporting goods. The
article can be a product or device for use in

WwW@boesssur al st udi es, environnmental studies, PCHEaB2@5/002861
veterinary prognostics, theranostics, diagnostics,

t herapy or chem cal analysis which can be a test .
strip, 1o peseatinveaien fustaes relatasto apiasiuckcomprigiggia sensor of
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from t hgd fdanTribelziaér%E%tillhéwcetth@ﬁmféﬂtroh.er relates to

a product conpri’sing sensor of the invention which
i € blle of generating data and a system whi ch uses

Cont r ol eerREHRCBR a0, RERRySssiv e g e (YBA) in 2
I % o £ S SRl T S INED) om0
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L/phenylassteghenaas: o W) dfti ra@t*@os}x)wasnﬁheyrhagéﬁg rtﬁtqﬁﬁ monomer
C o ion ¢ U ) G Eent ot B0 2t BMIRRY 0

appr ODVSCﬁEJBaIW@bf e MYRoRedisoRitiomwer2-polymerised for 60 minutes
phenyl acet ophenone (DMPA) in nethanol was then added

t cusim@ Uvblighteindessiiénisgd otasgislides. Halegragimwera egerdsd in these
of Q. 24% D\PA. . i t t he nononer sol ution
V\/gsﬁcgy'ﬁﬂ%/wp%%%%flwr @ﬁ“ﬁ?ﬁdﬁ%’@gﬁs. ng W |ight under

si | ani spik BbRYFark WAbReutbAEa M 8/TBmIR0 MV e6diLARshdsphate-buffered
these polyners using the silver diffusion nethod. The

hadadigedpti@as, 307€y heniestrength 75amMpinavt sy guugite. The temperature
phaosphat e- uffered saline (pH 6.5, 300C. .iQnj

CrdRg et vamatockated Bt et WAL belhal sempgrature was
of LRS,EUVBHEE pVBSsAIBEsh at ed by an external water bath

and tenperature was neasured in the bul k sol ution. _
Peak diPéaladiffractionawavelangtins wareaecerdeddtam speatral data acquired
spectral data i red

DS 2 a8 oo 2L Al AL 00 o nalsat oquitorum
eoﬁéélﬂlgr 44 8hown in Figure 1 of the accompanying drawings.
Example 2
A light-sensitive holographic sensor was fabricated from a gelatin-based
hologram. The resultant hologram 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 light 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 eye.

Example 3



Results are shown in Figure 1 of the acconpanying

drawi ngs. Exanple 2 A light-sensitive hol ographic
w@eos0essaas fabricated froma gel ati n-based hoP@OUGERNN05/002861

The resul tant hol ogram was bl eached using a

Fe(ll1)-based fornmulation with KBr, to _create
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to the ‘naked eye. Exanple 3An acrylamd q co-pol ynmer

w} steimﬁadglass slidevand clarngechwitd & pait phErglrapisdepaerd shput 15 mm
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S | I

g SR Bt AR o bl gt o ok
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L SoacH i g VG o MR o s el Sion signait
C%Sé-%ﬂifgr)f\é:%tataﬁ%‘f%%.gl ass slide and clanped with a
pai’r o

anps, spaced about 15 mm apart. The

diE{gJ@@izpn signal (replay) of the hologramin between
t he cl anps changed to 526 nm once the cl anp

s. h .
been t iAytecepeisimer 3 PYNIGENG, va?é@dlﬁ?dcfraﬁkp?h(é”a'ln&g ANi) and an

- ccsepiar T oBLES i EaBnshOmc AR BpRITE ) Erl e nthesized as
hd g iBBY ih WO OBRIBIITS AMEirdZAibI ecall Polyshgra (2004) 5683-89, the

bl ue-shift by a total of 3 nm Exanple 4 A co:-polyner
of capheinteNgh, which daredacenponated| hesain byeeferengs. Jhis gives rise to a

e ymen atsE tet gubloit iHab T eRS Pl G o Hifbefite. The
éﬁbc\ﬂj\%w%h cah b A8 'ord® a(F84 suPaS3 a8 usbBascigdratbss-linked by

_ are incorporated herein by reference. This
gi diffasionsef ton-mopoingne rcomiaisingacrassainkexsiibia ghe PANICNQ and

B REht % PR SRR e Bt B recoraing

Cr Asfisrldl Ty Wiver diffusion, as described in WO95/26499, to produce a
hologram. Alternatively, the monomer solution can be cross-linked using a UV
laser, to produce silver-free holograms, as described in W02004/081676.

As the entire polymer is magnetic, on interrogation with a magnetic field,
the polymer can be made to expand or contract, 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 colour/image of the hologram in the presence of a

suitable magnetic field.



di ffusi on of co-nononers containing cross-linkers into
t he PANi CNQ and pol yneri zing them The PAN CNQ pol yner

W@ 2006008581 be treated as a recording material UBCTIGB2005/002861

silver diffusion, as described in WX5/26499, to
produce a hologram Alternatively, the nononer
can be cross-linked using a W |aser, to
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vvh Iea|y,) ﬁ‘tetﬁoﬁi?g g&ggyggﬁgeg\’qégég uth%t éqrﬁ%zﬁﬂ'\))%éé?mfluence is

mg@rﬁbb?atﬁf@'nﬁ'agﬁetts@n Qi@lhﬁ 8nd/of ppeguiren the
col our/i mage of the hol ogramin the Eresence of a

suid abl A megfmest a@CCfrthingGLaNmMSDELCIam eWBEFRIN Hha $ripOr comprises a

whi ch conprises sy bj.ect i a hol o b e
ex ElOREAPpIe, SRRt WiF B Zctueert BeRR 8 SRk pdhe extenal
Sﬁg)ﬂggic%?mf%@ﬂcgbserv' ng a change in the hol ographic

nmet hod according to claim1, wherein the
ext4er nalA pretsod abconmﬁmgjtmclemsl oreolpIM 2, m@remt@ﬁe&umt medium
i ght apd/ orsglr essur net hod according to claim

ﬁ fﬁomrﬁ%az r%\@?@.% n?‘?f@%%rﬁ%lgrewrprl ses a
ologra i i :
5001 ap{l ﬁr%cﬁggégrd tB'cThF; y%% tplﬁ%gﬁbg‘gfthﬁéqm% comprises a

senS|t|ve e exte
netdm@ldcammagnm toclaiml1l or claim?2 , wherein the

T A i e
pq%zg]& tgng gg? r%ogﬁ’éﬂé@ﬂsh r%aﬁw@??ﬁw&imgyeua‘blhtx integrity,

gﬁ)laﬁémlﬂ y aieinGr dharg idtgtaisution osuheenguimm baaness,
rophobicity, swellability, integrit )é _
pol7ar| s ahimethpda Aareidingn 4e gy 08 tdlaiBiR BotP & Wherein the medium

medi um chan 7.. A nethod according to any of clains
3 {QPrs %%PBIVH“%rhe medi um conpri ses a polynmer. 8. A

g‘l‘v‘;é;?gne@f Iﬁf:étﬁd)@ @c&ﬁrec?ﬁgggd'@gégg mlwrr]]@r?igttlgié g@%}rg@f?s dl&stomeric.
whed.ei n A hmetfwdd/ rancording otay (ks pf o pieseiny thagri prlymer is poly(N-
isopropylacrylamide).
10. A method according to any preceding claim, wherein the change in the
optical characteristic is reversible.
11. A method according to any preceding claim, wherein the hologram
comprises a reflection or transmission hologram.
12. A method according to any preceding claim, wherein the hologram is
viewable under white light, UV light or infra-red radiation.
13. A method according to any of claims 1 to 10, wherein the hologram is
viewable under specific temperature, magnetism or pressure conditions.
14. A method according to any preceding claim, wherein the sensor 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

8



10. A nmethod according to any preceding claim wherein
the change in the optical characteristic is

wo ewepessbl e. 11. A nethod according to any preRPEUGBEO05/002861
claim wherein the hol ogram conprises a reflection or
transm ssion hologram 12. A nethod accordi

pr Bekali W@dﬂloéldﬁplt\ﬁﬁ@ SUsIngse REY. QY @anierg U§ﬁa$%%3ur¥er brand or
QQSF%% qtgggecggﬁgfp it éL%Bgeé/’ O'&Eﬁﬁgun@ﬂfba@é%h@broduds from

whesghterfelteroalicte ormérsifying widlea prodectsspeci f i c
t enper ature, rmgnet ISM Oor pressure condi ti ons.

rreﬂﬁod écmetmmgcqwdmgytopa@c@ﬁplﬁgna afion] 3,le‘éer@i|r,11the1gensor is an

sor ansagtion ¢ passport,
Bﬁm 9#'9@? PQF 89'9%%“3519@%3?%. ng |icence,
Shil‘ée c?‘r ﬁ]bfhdbaééeoramgdto W@ﬂ@lalrﬁbelquamereﬁmme sensor is an
bander o ft voucher, postage stanp, rail

ti Mtrlalemrebmerafbttelm d:@Tlpmlygc%ud@coeaiym elem@q{ selected from
credit qr. de ard b nes ard, .or, an i
, nit @mesqj,@weﬁ) @m8r°f§r‘§bl5@t(s rbqﬁld?lggtff)%){v%} f?ﬁ?é@sfeﬂmture toys,
J&rBhitect ludi
e
1Sg|a%snaltehpd|m,cmem3 rgicks, caramids, a\IcdeplaBtlca ang other internal and

m@%@rrqwtegweqﬁ%f%fq%rs ar” Rring pictlistn S TRbrEnpoRRn Snd liht
W%Ila’ltﬁk‘% atlcy}’{e;‘r%fh[%lu'dﬂ?gaér%’ég s eardy) Ietfé?lHééc'ié &hd Bfomotional
)

tem corpri sin atrve el ement
Seh@ﬁéﬁél faharsporiémg gobdg.ewel I ery, items of clothing

(including footwear), fabric, furnit toys,
hodgeholimetisss Aceoringiiagnirsalams dia g ataiaiuine sensor is a
ar %E({)éfc‘itggpgmgggg q%élﬁ%%icﬁﬁ altshjo‘? f\\/fﬁenmgﬁlra%tﬁgles human or

I CS an her i ntern

an JeRFirRirp 9?0%@%&1@& |tﬁéram>%)|cs adiagiosticsythengopocthemisal analysis.
scul pture] ter i ght installatjons)

st 48i oné me(tincamagcowweedalﬁg%?cwhw@ is| ett@%trﬂ@adﬁh@n&art”dge

D StR, s, pRR(E. santach e § 5o efip Tl S BRARE imptant,
s b?eé’:h@%@l‘r @fthétay | b8 flupd saﬁ@ cr@naf/éis dedte.

lih
st udi es, “environnental studies, gunan or veterinary
prognostics, theranostics, dlagnostlcs t herapy or
chem cal analysis. 18. A met hod according to claim17,
which is a test strip, chip, cartridge, swab, tube,
pi pette, contact |ens, sub-conjunctival inplant,
sub-dermal inplant, breathal yser, catheter or a fluid
sanpl i ng or anal ysis device.



