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| NTERROGATI ON QF A LI GHT- SENSI Tl VE SENSOR Fi el d of the
Invention This invention relates to a nmethod for
woheoTgiieng4 an opti cal characteristic of a hol ograpitiB2006/002673
sensor. Background to thetlnvention Hol ographic
sensors may be used for the detection of a variety of
anal ytes. W95/ 26499 di scl oses a hoI ographl c sensor,
based oq :
anal yt e18'eHd 26 L g A ,
Fisld dcthiMNRy&htpesed throughout |ts vol ure. Because of
' arrangenent of the transducer, an
opt i Tlaib inviegrtiah rejetesiatedetiod foe changiog ans)pbleahpharacteristic of
6 @ itive to volume changes or structural
2 PRlooraple $8APY t aki ng place in the anal yte-sensitive
Bdfkdrbdind o the B§EhtioPf 1 nteraction or reaction with the
anal yt €. WO037 087899 descri bes a nmethod of continuous
senslrlﬁ@gtfmm@ sensotograipiec usedsfor .tha detection wfpai wriely of

il W EePeds) M& S Ao FRBIR banols bRRED 02 volume

hdiBghanin ThisgErsHr 66m Phgeé avelHdlyae-sEmeitiveangnix HaweNah optical
is based on the realisation that a hol o%gg phi ¢ sensor

transslueing siryciuteediseepad inyeughpytitgnoluntae Besayse of thigphysical
onf )R URRE RN 61 PR BUABRALABY e sonsop i very

smnimawMBManﬁmssommmxgaralrrearraogemeaﬂts takmg place in the
character|stic can be irreversibl e or reversi

anghdsrIRNSYMedMaREX 35 EprYIbAl iNteraeten R reRGIRRIY '@bﬁiﬁ paglyte.
SUbJ MG%YGBZS@Q Qfgs%ﬁﬂéét VA RO B2 BBhfin RS %'én%fhg using a

serving a change in the I nmage.
hoiegralpdalma@mm't dotluidscanapiisiag dne dinadyde is passedngmn tbm sensor

that induces a vari . n a physical or
th 2P SR ing redarsiay i e RO BRI pubhert Meifne | s
SEHARAY IR the TRntibMent i on has particul ar reI evance to
Security/authentication, I n tanper-proofing. The

obsefRe dresemgiaventian i b@ﬁé%g@” ithet realispiiare #hat a holographic
se%@%? agh %rsbﬁ.}llkl%e sensitive to light. The sensor, e.g. a volume hologram in

which a medium supporting a hologram is affected by light, undergoes a change
that can be observed. This change in an optical characteristic can be irreversible
or reversible.

According to the invention, a sensing method comprises subjecting a light-
sensitive holographic sensor 1o light and observing a change in the image. The
“light” may be understood as remote or direct interrogation that induces a
variation in a physical or chemical property of a medium in which a holographic
element is supported.

The invention has particular relevance to security/authentication, e.g. in
tamper-proofing. The observed change, i.e. a change in the optical characteristic
of the sensor, may be detectable either directly by eye, or using any suitable
apparatus, for example a spectrometer.

Brief Description of the Drawing

Figure 1 is a graph of intensity (counts) against time (mins).
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of the sensor, may be detectable either directly by

eye, or using any suitable apparatus, for exanple a
weoepetoneaet er . Brief Description of the Draw ngCFEiGR2005/002673

1 is a graph of intensity 4counts) against tine

(mns).Description of the Invention A hol ographic

DEHFRiohQF tHE tnidhtfoRe | nvention typically conprises a
ol ographi ¢ support nedi um and, disposed throughout
t he Vdlhategeiphiheenseal {on use Hiol thgr mvenomdypicdily fcomprises a

i nvention preferably involves the e of a nsor

gk sEbBof B i 8obren Riufih JEE°ume of the
rABILaS td Eloben S ARG itHS RVEABEH pRsTerddiginvbReglihe use of a
physi cal or chem cal property may be changed, causing
senshangerein the sppper medigmgs ﬁghbw’ﬂjvﬁaf By mubjestingthe sensor

BBtart R BR RN HeiCa o BAFIA bbdh sby by banged.
daueire] @ whahge The repsay ofycdpsponrtiof dgasedsdry eathe support
sui tabl e nmeans. As an exanple of renote interrogation,

rgedigge oo SAteHBl withiwdl |  Wienresuiscine@ ghapge in an optical
o u support nediumto expand. A

@@E@%’c{en% mfejﬁl E?Q‘1I\E/g{r1e{?lfion may thus be |ight-addressable.

The prlapsemnsorahay be istepiogatedieylanystitalblevaeans. AsyanteExample

its charge density, volupe,, ape, density, viscosity,

%ftr?EWéﬁ H%e Hggaﬁ%@,se} Iaéﬁépggglt%{}% Pé’kﬂ‘f%b‘("gﬁf‘ );i,lrected at t'he sensor,
i g Yo v i .

8p bk M Kb B oAl Mt ol may s

kenligld<addressalkelei on of an optical characteristic, such

as paolarisabilit refl ectance. .refractance, or .

absor TinRBRe v gidhe SRRaTT AL tadtyaresaLhg its sbyge density,

VORIHE S shibipé Sderidiy, DROSIHA Biiehghei Hirdhess, ariigdYhydrophobicity,

i nci dent broad band, non-ionising electromgnetic

svealiekility Antegrbn caessolitk densitycs pay ofherphysical peprerty. Variation
0 o, i t . fo amml: .

SRR, cobr S Sae B pt B0 PBUG Maffysuch as

ol adsatility olefisetamice! fefrastanuer dr aizoribemceldfitise helpglkephic element.

chi eyved by incorporating into the support nmatrix,.
lg@am aEE QP LR "ahtwg@ﬁgredﬂ I8 peih9RlaY§DRY dncigpat broad

@&H&Q%E-iﬁﬁi@inﬁ%@tlem@m%ﬁeﬁ’é kadiBft e 8h9 ﬁ@é%roperty varies and

conprises a Ive or nodified matrix w
a/calouvebaiténsity 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.

In a preferred embodiment, the support medium comprises a spiropyran
group, or a derivative thereof. Spiropyrans, upon exposure to UV light, undergo
a reversible conversion to merocyanine. This transformation is accompanied by
an increase in charge, and may cause the support medium to expand. The

conversion can be reversed by interrogating the sensor with visible light or heat.
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properties. In a preferred enbodi ment, the support

medi um conpri ses a spiropyran group, or a derivative
WwOher7@aé244 Spi r opyr ans, upon exposure to UV | i gRCT/GB2006/002673

undergo a reversible convegsion to nerocyanine. This

transformation i s acconpani ed by an increase in

char gehe ROIBgPEBhIE8SOriTASY EGPPASE a PRAAKY ﬁol@éﬁﬂﬂﬁb elements,
The conversion can be reversed by interrogatingt

eaaiseleMant heingsiamsiive igia differdnd proprty. hﬁh%b@@grﬂlphlc elements

R0 TR (BB AR0RY hoi ng sensi tive To A different

pr opeTHieyholbfRarh ehpas T8 ExrhBIEE A g nS/ssith d>rrreﬂe@<frﬁwrbgram
of an array. The hol ogram may be, for exanpl e

|ﬂr%rﬁ§ﬂ¢“§§”oh°'@9fq4’@f the: fiingeshareo geeate!l o aaswémee@t itlae support

L DSt RSB Al Sl AAAR) ol SR Pl e

esnief ace at whi ch the incident rays enter. The

sensiti vi of the sensor to external ph al
i nter P% ihdly ofdherensende gxtatpal rahysa Irﬁara&tlon may be the

c%r%eau&h@é ftﬁ§%aﬁn§g6£&ge§uepq5é OBy r support medium.

ternatively, € consequence o
Mtematnmly rfoday bedhé oonséqmehmemiﬂ abhgndgdiior oehemaodmcaﬂmmof the

kPO slsmen” I BRGI PROLSSG-ePIRPP Jelymsre sensitive
rebbtish AP To rdhbteSAiisPbgafth, Pe treated so that a

conmponent under goes a chem cal reaction in response to
| i ghtBy may @‘xlﬁhﬁlr@tlorsuthewe@oaum luséneafteml SQrthahg ¢dmeponent

IRPIERcheFiTPhGiET fosroP R TP 4bBl i brameleasiiyes orains

@sdd ighfbrraipgghé inttodrapRt siBhient cBA Heatbsdieatie doh photosensmve
subj ecting the sensor to interrogation by light, and

ffiRGeHr operti es of the hologramare altered in such a

e o RS SRR BxAMRRR (et sBRGHOE hBIdoPAieatlod fibricated

hol ographi ¢ el enent occ

masubjeutlrag thé eaobofr muamdrogatﬁbnl by Vight, atmj thel prepextids of the
at others argdswtable dification of the

lGaert A Fiopddosusha ey Sratinehahgadparopical cparasieristic of
tHé%lddﬂaéﬁl@ e!'é‘?ﬁéﬁtrbcfc%ﬁ? ﬁ]tH% eﬁﬁ’pl@é’??ﬁkﬁlar bleach is used, but
arly, other in e

photosensitivity. Sim uences can

it gt be cundsdsiioatethat others are suitable. Modification of the bleaching
protocol and/or of the backbone of a polymer used in the median can be used to
modulate photosensitivity. Similarly, other influences can be used to modulate
sensitivity and thus the response of the sensor.

Light-sensitive holographic sensors may also 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
the holographic image and therefore results in a change in the optical properties
of the associated hologram. Yet another approach involves the use of
triphenylmethane leuco dyes incorporated into the holograms. Such dyes photo-
dissociate in the presence of UV light, resulting in a charged species which

causes the holographic matrix to swell, altering the holographic image.
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sensitivity and thus the response of the sensor.

Li ght-sensitive hol ographi c sensors may al so be
wobaiaet4ed usi ng an azobenzene noi ety whi ch uRdE/GP2E®/002673
a transto cis photoisonerigati on under W

interrogation. This changes the free energy of m xing

of t b kN p ' A G ;

Cher Grr AT (Pt 8P peL 28k AR S o P i pfererably a
pphwper caroprisdd ohelaatosaricmetonmdregr am  Yet anot her

ayos iecutBotal af prfisUERL iptatal SoRHN ayay " Example, an
abfEAdaESACiad ndyn dd?ﬁprﬁ%eese?ﬂf(ﬂo@faph'l‘é IseBB8br HBMYY td NBuilt-in

in a cha(ry%ed speci es whi ch causes the hol ographic
‘message’t JVbaeithe sensasis ngenogated, tbgsapsardisplays the “message”.

ThEafrneeeey o Bfertpl Ve fabGraledfiileed or ™" 1

el astTpreiseasoD MEEse sEmgitiveY entdrPainafytd awhichuligird Yehemical,
rel evant to security. '!For_exanple, an authentication
biaghemigalrRielpgisabspriioyr Apaintesn dvenianiratates to a method of

[ et =0 Qe e, e h SQrL:LiS g ;
Pl 0 s B Sig cHRBIA088 ilting tne
spngdle ndthl the \seewah laddiigtectihy ahy chsrge dhits oprisar chimsclegistic.
sensiitive to an anal ét ich i1s a cheni cal

bi ocHEW pEgseqt IBYESIOHi g'a?’lo iesele, aﬁ@l@lpeg%mprlsmg a sensor
age&%l‘mg B tHe |rf%ﬁﬁ?|té %ﬁ{?‘?h@%ia@. idel §&Vit&ueh ﬁ‘%(htgéf@éction

nalyte i1n a sanp conpri ses contacti ng
cardyidamkwotd) pasepsrnislentificatibrnierrde simag Gargl, diiningdicehce, share
its optical characteristic. Th esent invention also
cpHical e Pheriec caeatard: Y BasurIcl S LaRg bostage
stdifp, ravtdioncken ab R phd@edtdrt Clofie hPcardd Ve siicket tradit dr debit
transaction card, banknot e, passport, identification
cau dpusinesscacshad andieny Lagd In eenrsners beang aroroductpsetection for

o B e R A AT e st o
ideatifying adtoRiny pesiudis.eveEng drticketancaledibe @in @el tof intelligent

card, business card, or an itemused in consuner,
PBEkRENG WHiThig Rcty SERHHRREGRP TSRS & RANt3INES odERRpFeT or enclosure to

1 St NguLss A i ; 0 rfel ;

I AAE TGRSR PEBC GRS UL 'S bypgnmenta

coaditiahs thdievithaffectgarodtict quiadity, ishelitifeparcdedgiyn J yplivat Bpphcations
hat .,co [.Ses, a conliai n W apper

IS EGIG0S ShOMG e PRt TRl EShne S Biistaie, alcohol, gas,
phPéiear@dmage @ndaHalikey or environnental

The article can be an industrial or handicraft item comprising a decorative
element, selected from items of jewellery, items of clothing (including footwear),
fabric, furniture, toys, gifts, household items (including crockery and glassware),
architecture (including glass, tile, paint, metals, bricks, ceramics, wood, plastics
and other internal and external installations), art (including pictures, sculpture,
pottery and light installations), stationery (including greetings cards, letterheads
and promotional material) and sporting goods. The article can be a product or
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
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conditions that will affect product quality, shelf

life or safety. Typical applications include
wonadi7gatas s showi ng ti me-tenperature, freshneseCT/GB2006/002673

noi sture, al cohol, gas, physical damage and the |ike.

The article can be an industrial or handicraft item
irﬁ?lﬁﬁh‘t' SUPGeide GRIpAdritY BreARERREY, é@ﬂh@@éreerfer PRAd ts%??fblmg or

jewel lery, items of clothi'ng (including footwear)

analysiscdeviceni ture, toys, gifts, household items

(| e SRS Io AR R Blap BORGR IS comorising

- seRs@acsordingo, theliddrition. antse alnheaniby préd@int 3Rt hot stamping

external installations), art (including pictures,

tapa Piean ke uged teeghanne the Saeurityaf an aticlenby transferrmg onto the
greetings cards, |etterheads and

aﬁr%éngﬁ&géﬁ?éﬂf%qﬂé% and sporting goods The article

can Odegpresediiaveniordigvinee rélatesude prodagt combtisingla sensor of
studi eg, environnmental studies, human or veterinary

the BYRBEGH Wich ifCaRABIS of genemtingdataians a %vféedwhr@h uses such
p
dgghretfﬂrrf?ta%%ki@ %rd%lésfsrhpq:asg?*é?’e g&)ﬁ?@%fﬂqu‘i’ms%h distributing,
re;pdrtingmndr‘mtmodellhngl eoth systenuzinchlde mpbaatelephones, personal
br. t hal at het er fluid ling or analysis
R??@%S'S‘vﬁﬂﬁs I’aﬂéé’rﬁ?? o?f)%qg% e}eé%t%%%a?ggﬁst ransf er abl e
hol ogtaBilswrid Ea(&rﬁmérméémeétﬁ@mnuaﬁcord' ng to the
i nvention. The | m can be present on a hot stanping
l&r can be used to enhance the security of an

arti onto the i.cl.e t.he sen

£ 1 on RantRer PR aBH ok A TabliSA BrifTn 3 @i din-based
hofograry. odThte f‘édmehﬁlﬁtﬂo@“aﬁﬁnwas Bleathedi 0y agt eOFe(III) based
which is capable of generating data and a system whi

fereudation thhlaKBr,f@rcreateaphe@@r*aﬁgltwgrf&i@@r@ph@ frm@Sagﬂwe light-
I 0
SEAGHYE holddraBAR' BE walltfibh LA to WIS forefiothin and
th}Ta'wusmmly cmtgemght duﬁm?]e@?y?srlnahdldgmmrwa?mml | eed and recorded
e i C ices. The follow n e illustrates
fGriBS iian SheExaRIMEN 39 ﬂmweﬂh@eﬁ%mﬂﬂwwwng The
GRS/ o' d.ﬁmdt@@&,@ﬁat (refleey \912 %B%%Wé’d kpbogease by 15%
he resul tant hol ogrram was che using a
dElé(m ithe fitd 289 mir aixdsore (o whitglight.t Budhermere, this effect was

Vpstb%%ﬁpgngk hoI ographic fringes. The |ightsensitive
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hol ogr aphi ¢ sensor was then exposed to white light for

1000 mn and the intensity of the light diffracted by
woheo7hadxagr am was noni tored and recorded for tRET/GB2006/002673

duration of the experinerg, as shown in the

acconpanyi ng drawi ng. The intensity of the diffracted
CiAimgl (reflectivity) was observed to decrease by 15%

Elurlng the first 200 min of exposure to white |jght.

-Fur tﬁh%e?rrm@mq*m@wafqmqmm%ewrrgd@ﬂegta&q%@r haiag & medium

mff%@ g"fwfﬁ densitheRIIS! fé%hf%%ﬂ% ghér?@ OBQ?W Jiluigscg\ange in the

ng a sensor aVI ng iuminc

holographisdimsigel ve hol ographi c eI ement, and observing a
change in the hol og raghlc i mag

2. accd¥ dnw@%aewﬂmglt Vi@ WH%V%Jﬁﬁggh%ﬂg%én the optical
Chgpédtgggt,cc,g%@é:,rs jhstic is reversible. 3. A nethod

accor to c al m 1, wherein the change in the
3.opt iA:ahethbalr actendirgy ito ¢lgsim r,ewberdiltbe ghargerdnHbed optical

acc rding to a receding claim wherein a conponent
chgfag ﬁ'iés@e'ﬁé'a?v‘?]}éﬁﬁ?goes a chenical reaction in

4.7 eSPORENdPatbéding . alﬁ' ﬁ?@b@@ﬂg%ﬁ&ﬁ{ YiHegeinta ébﬁh‘p&hént of the

where the sensor I's fornmed | each |nq a vol une
selmebogndemoee @h@ﬂpﬁbt&;@msnmrwmdg ighhbi ¢ fringes.

5 hemﬁwéacc & n%éé &b% r"@hﬁ?ﬁiﬂgg?ﬁ% lg}%gﬁ\@kﬁégchmg a

vollirfid Polograr, ﬁ@bh@plﬁ’@t@@éﬁ%lﬂ@e helograpHic éasgbag cl ai m
wherein the size, shape, density VISCOSIty, strength,

6.har ﬁ@@éhw@mwmalw 1 @Wélalra& wheeinihg mgadivg, compnses
« SalTSTRL oI gy 00 O rpuLion ST P
7.accok dmeftgodcac&mydlpgetoeaimylpredmimg clstivar whereimetheesiizenshape
OSTEY o1 R CORDY OISR | FrENgSt oA ToBhoRs Al B hikariy,
SRSl S S0 B T OB S rhpbaatamir
light.

8. A method according to any preceding claim, wherein the medium
comprises a polymer.

9. A method according to claim 8, wherein the polymer is elastomeric.

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

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

12. 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
ticket, credit or debit card, business card, or an item used in consumer, Abrand or
product protection for the purpose of distinguishing genuine products from
counterfeit products or identifying stolen products.
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I I . A nmethod according to any preceding claim
wherein the hologramis viewabl e under white |ight, W
woigiTo1ex44i nfra-red radi ation. 12. A net hod aceorTmiBgp6/002673
to any preceding claim wwerein the sensor is a
transaction card, banknote, passport, identification
igar d A Aiesidd é@é&dlﬁb’tdaﬁg of chemee: tcs har wheerdit ithé &ahser is an
bond, cheque, cheque card, tax bander ol e, gi ft
lteaueﬁqlete"lmtp@gba@mg@@ definad kgreli.r ticket, tel ephone
ard,
{850 HRAASL B RYARL ot LRARE, 1L BL77, e Sensor s an

industihler handidft item ebeiristng d scdrigvansiemese, selected from items
di sti ngui shing genuj ne products from counterfeit

iRilary ims b glathipondndeding fopiwedib fabria, fumltw@hws gifts,
RESgnANTerhS (R udhe g BB and e e Sy BhltgEEe Sffuing
glaks, Heppaingdnetatsyttichy, ¢eraatiys,atood, plastics ana dther internal and
wherein thF sensor |? angindustrlal or h ndi cr af t |t%T
exXispeh distylationsbopsk (Ngludingraiieturese) seylelyrer RRtienernd light

I

ARAIRS) Sdtior f GBI Gieplings FAIGE, KB ArntBfomotional
nmuanahamd@poﬂmukgogdand glassmare) archltecture

i ncludi n | ass, .tile,
1Ber ol Bt gRESsig t6 ab i IBIES ont LrkbFTe dhe sensor is a
p%(ﬂlﬁﬁ BRbeliBs Fey ds’éﬁh@@ﬁﬂ:ult@(a‘l sﬁjd\’é‘sl éﬁi/lftﬁwrﬁéﬁt*avétﬁéhes human or
scul pture, potte ght i nst al | ations),
vetedtriagy Brognosties, Jéefﬁj‘l@ﬂéé,t dingsogipsdiherapy oecheatral analysis.

! t
18O AR T o 2088 L R0 L M e
sm&batww@wteobodm tehd, subidjurictiagrinpldrtysab-dermal implant,
st udi es, environnent al studles human_or veterinary

bﬁ@%ﬁ&ﬁb@?f &athataeprAdktd §§mp&lP3®ﬁ@§ﬁIY§§5 deViee-apy or
chem cal analysis. 16. A nethod according to claim 15,
which is a test strip, chip, cartridge, swab, tube,

pi pette, contact |ens, sub-conjunctival inplant,
sub-dermal inplant, breathalyser, catheter or a fluid
sanpling or anal ysis device.



