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OPTICALDEVICESANDMETHODSOFMANUFACTURETHEREOF 

FIELDOFTHEINVENTION 

Thepresentinventionisdirectedtoopticaldevicesandtheirmethodof 

5 manufacture. Theinventionisparticularlyapplicabletothefieldofsecurity 

deviceswheresuchopticaldevicesmaybeusedasmeansofdeterminingthe 

authenticityofasecuritydocumentsuchasabanknoteorpassport.  

INTRODUCTION 

10 Articlesofvalueandparticularlydocumentsofvaluesuchasbanknotes, 

chequespassports identificationdocuments certificatesandlicencesare 

frequentlythetargetofcounterFeitersandpersonswishingtomakefraudulent 

copiesthereofand/orchangestoanydatacontainedtherein. Typicallysuch 

documentsareprovidedwithanumberofvisibleopticaldevicesactingassecurity 

I5 devicesforcheckingtheauthenticityoftheobject.Bysecuritydevicewemean 

afeaturewhichisnotpossibletoreproduceaccuratelybytakingavisiblelight 

copye.g.throughtheuseofstandardlyavailablephotocopyingorscanning 

equipment.Examplesincludefeaturesbasedononeormorepatternssuchas 

microtextfinelinepatternslatentimagesvenetianblinddeviceslenticular 

20 devicesmoir6interFerencedevicesandmoir6magnificationdeviceseachof 

hologramswatermarksembossingsperForationsandtheuseofcolour-shifting 

orluminescentIfluorescentinks.Commontoallsuchdevicesisthatthevisual 

effectexhibitedbythedeviceisextremelydifficultorimpossibletocopyusing 

25 availablereproductiontechniquessuchasphotocopying. Securitydevices 

exhibitingnon-visibleeffectssuchasmagneticmaterialsmayalsobeemployed.  

Oneclassofopticaldevicesarethosewhichproduceanopticallyvariableeffect, 

meaningthattheappearanceofthedeviceisdifferentatdifferentanglesofview 

30 and/orillumination. Suchdevicesareparticularlyeffectiveassecuritydevices 

sincedirectcopies(e.g.photocopies)willnotproducetheopticallyvariableeffect 

andhencecanbereadilydistinguishedfromgenuinedevices.Opticallyvariable 

effectscanbegeneratedbasedonvariousdifferentmechanismsincluding 

whichgeneratesasecurevisualeffect. Otherknownsecuritydevicesinclude
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holograms and other diffractive devices moird interFerence and other 

mechanismsrelyingonparallaxsuchasvenetianblinddevicesandalsodevices 

whichmakeuseoffocusingelementssuchaslensesU moir6magnifier 

devicesintegralimagingdevicesandso-calledlenticulardevices.  

5 

AscounterFeitingtechniquesbecomeevermoresophisticatedthereisan 

increasingneedtoimprovethesecuritylevelofsecuritydevices.  

SUMMARYOFTHEINVENTION 

I0 Inaccordancewithafirstaspectoftheinventionweprovideanopticaldevicethat 

exhibitsavariableopticaleffectuponilluminationtheopticaldevicehavinga 

diffractivestructurecomprising:aportionofafirstkinoformdiffractivestructure 

thatencodesafirstimagearrangedtoformafirstdiffractiveregionofthe 

diffractivestructureandaportionofasecondkinoformdiffractivestructurethat 

15 encodesasecondimagearrangedtoformaseconddiffractiveregionofthe 

diffractivestructurewhereinthefirstdiffractiveregionandtheseconddiffractive 

regionarelaterallyseparateandeachofthefirstdiffractiveregionandthesecond 

diffractiveregionarediscerniblebythenakedhumaneye.  

20 Thepresentinventionutilisesthediffractivepropertiesofkinoformdiffractive 

authenticateandyetdifficulttocounterFeit. Thepresentinventiontherefore 

advantageouslyprovidesanopticaldevicewithahighlevelofsecurity.  

25 A"kinoformmaybedescribedasareliefstructurewhichmodifiesanincident 

electricfieldinaccordancewiththecalculatedphasecp(xy)oftheelectricfield 

propagatedfromanobjecttoimagetothe"hologramplane. Akinoformdiffractive 

structurerecordsthephaseq4xy)ofthefieldsuchthatwhenilluminatedthe 

kinoformdiffractivestructureexhibitsarecreatedimageoftheobject.Inthisway, 

30 akinoformdiffractivestructureencodes"arespective(diffractive)image.Herein, 

theaters "kinoform and "kinoform diffractivestructure may be used 

interchangeably.  

structuresinordertogenerateavariableopticaleffectthatisstraightforwardto
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Computergeneratedholography(OGH)techniqueslendthemselveswelltothe 

generationofsuchkinoformdiffractivestructuresandpreferablythediffractive 

structureiscomputergenerated. Whensynthesisingakinoformdiffractive 

structureusingcomputationaltechniquestheobjectmaybeapproximatedtoa 

5 pluralityofpointsourceswiththekinoformsforeachpointsourcesuperposedto 

formthekinoformdiffractivestructurefortheobject.Thekinoformforapoint 

sourcehastheformofaFresnellensandcanbeapproximatedbyaFresnelzone 

plate(or"binarykinoform")todistributethereplayedlightevenlyinthepositive 

andnegativeordersofdiffraction.Thekinoformofapointsourceintheformofa 

I0 Fresnellensisamulti-levelstructurewithmultiplestructuredepths.Suchamulti

levelstructurecanbeapproximatedtoabinarystructureusingathresholding 

processonthestructuredepths.Abinarystructureispreferredinthepresent 

inventionasthereplayedlightisdistributedevenlyinthepositiveandnegative 

orderofdiffractionandtypicallyeachofthefirstkinoformdiffractivestructureand 

I5 thesecondkinoformdiffractivestructure(andanyfurtherkinoformdiffractive 

structureused)isabinarykinoformdiffractivestructure.Howeverbothmulti

levelandbinarystructuresmaybeutilisedinthedevicetoprovidedifferentreplay 

(e.g.depthandbrightness)effectsuponachangeinviewingangle.  

20 AlthoughcomputationallyintensiveOGHtechniquesadvantageouslydonot 

recordtheinterFerencelightpatternandgeneratethediffractivestructure.  

Furtherbackgroundonkinoformsmaybefoundin"TheKinoform:ANew 

25 WavefrontReconstructionDevice"L.B.LesemPM.HirschandJ.A.JordanJr 

IBMJ.Res.Develop(1969).  

Whenilluminatedakinoformdiffractivestructureencodingaparticularimage 

replaystheimagewhichisperceivedtoexhibitfullparallaxmotionthatisthe 

30 replayedimageisperceivedtomoveuponboth"vertical"(north-south)and 

"horizontal"(east-west)tiltingofthediffractivestructure.Moreoverthereplayed 

imageisperceivedtobepositionedinaplanethatiseitherinfrontoforbehind 

theplaneofthedevicedependingontheviewingangleandtheparticularportion 

requirethephysicalobjecttobepresentorcomplexopticalarrangementsto
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o*I~thekinoformdiffractivestructurefromwhichtheincidentlightisdiffractedfrom.  

Thereplayedimagewillappearto"float"infrontoftheplaneofthedevicewhen 

thediffractedlightraysfromthedeviceconvergetobefocussedattheobservers 

eye. Incontrastthereplayedimagewillappeartobebehindtheplaneofthe 

5 deviceasavirtualimagewhenthelightraysdiffractedbytheopticaldevice 

divergetowardstheobserver 

Ingeneraleachportionofsuchakinoformdiffractivestructurewillreplaythe 

encodedimagebutwithdifferentreplayeffectsdependentontheparticular 

10 portion.  

Theopticaldeviceofthepresentinventionhasadiffractivestructurethat 

comprisesaportionsofrespectivefirstandsecondkinoformdiffractivestructures.  

Inotherwordstheportionsoftheopticaldeviceareportionsofrespective"full" 

I5 kinoformdiffractivestructuresencodingrespectiveimages. Forexamplethe 

portionofthefirstkinoformdiffractivestructuremaybehalf(e.g.the"tophalf)of 

thefirstkinoformdiffractivestructureandtheportionofthesecondkinoform 

diffractivestructuremaybethecomplementaryhalf(e.g."bottomhalf")ofthe 

seconddiffractivestructure.Inthiswaytheportionsofthekinoformdiffractive 

20 structuresinthepresentinventionmaybeconsideredtobeportionsofthe 

kinoformmaybedescribedassuchsinceitcontainsthecompletephasefunction 

oftheelectricfieldpropagatingfromtheimageobject.  

25 Inthiswaythepresentinventionadvantageouslycombinestherelativemotion 

anddeptheffectsofthekinoformdiffractivestructureswiththeparticularreplay 

effectsofthespecificportionsthereotinordertogeneratestrikingvisualeffects 

thataredifficulttoreplicate.  

30 Theportionsofthefirstandsecondkinoformdiffractivestructuresarearrangedto 

formrespectivefirstandsecond(e.g.continuous)diffractiveregionsofthe 

diffractivestructure.Thusthefirstimageisgeneratedsubstantiallycompletely 

bydiffractionofincidentlightfromthefirstdiffractiveregionandthesecondimage 

respective"full" complete kinoformdiffractivestructures. The"full"
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isgeneratedsubstantiallycompletelybydiffractionofincidentlightfromthe 

seconddiffractiveregion. Thefirstandseconddiffractiveregionsmaybe 

describedassubstantiallycontinuousinthesensethattheyarenotinterrupted 
U acrosstheirdomain.Inotherwordsthefirstandseconddiffractiveregionsare 

5 notinterlacedwitheachother 

Eachofthefirstdiffractiveregionandtheseconddiffractiveregionarediscernible 

bythenakedhumaneye(andhenceeachoftheportionsofthekinoform 

diffractivestructuresarediscerniblebythenakedhumaneye).Inotherwords, 

10 boththefirstandseconddiffractiveregionshavedimensionssuchthattheymay 

beseenbythenakedhumaneye;thatiswithouttheaidofmagnifyingapparatus.  

Thus boththefirstandseconddiffractiveregionsmaybedescribedas 

macroscopic".Inthiswaywhenviewingthedevicetheviewerisabletoperceive 

thefullsizeofeachimagereplayedbyeachdiffractiveportionarrangedwiththe 

15 particularreplaycharacteristicsoftheportion.Inparticulareachofthefirstand 

seconddiffractiveregionshasdimensionsatleastthesizeofthereplayedimage, 

wherebythefullimagemaybeobservedatleastatoneviewingangledependent 

onthereplaycharacteristicsoftheportionofthe"full"kinoformdiffractivestructure 

used. Furthermorebyusingsuch"macroscopic"firstandseconddiffractive 

20 regionstheimagesreplayedbythedeviceexhibitincreasedbrightnesscompared 

Itisgenerallyunderstoodthatthenakedhumaneyecannotresolvedimensions 

lessthan'~-15Omicronsattypicalviewingdistancesof'~3Ocm. Preferably 

25 thereforeeachofthefirstdiffractiveregionandtheseconddiffractiveregionhas 

asizegreaterthan150microns(e.g.150micronsby150microns). However, 

morepreferablyeachofthefirstdiffractiveregionandtheseconddiffractive 

region(andhencethedimensionsofeachoftheportions)hasdimensionsgreater 

thanIxImillimetre("1mm 2"),preferablywhereineachofthefirstdiffractiveregion 

30 andtheseconddiffractiveregionhasdimensionswithintherangeofI0mm 2(e.g.  

2x5millimetres)to300mm 2 (e.g.30x10millimetres).Thusatypicalsingle 

dimensionofthediffractiveregions(e.g.a"length"orawidth")ispreferablyinthe 

toforexampleinterlacedarrangements.
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rangebetweenImillimetreand30millimetres.Inthiswaytheimagesreplayed 

bythefirstandseconddiffractiveregionsareeasilyperceivedtheobserver 

Inthiswaywhenthedeviceisilluminatedthefirstdiffractiveregiontypically 

5 exhibitsthefirstimagethatisperceivedtobeinfrontoftheplaneofthedevice, 

orbehindtheplaneofthedevicedependentonviewingangleandthatis 

perceivedtomovewithinafirstimageareacorrespondingtothefirstdiffractive 

regionuponachangeinviewingangleandtheseconddiffractiveregiontypically 

exhibitsthesecondimagethatisperceivedtobeinfrontoftheplaneofthedevice, 

I0 orbehindtheplaneofthedevicedependentonviewingangleandthatis 

perceivedtomovewithinasecondimageareacorrespondingtothesecond 

diffractiveregionuponachangeinviewingangle.Itwillbeunderstoodthateach 

ofthediffractiveregionswillexhibitthefullimageatleastatoneviewingangle.At 

otherviewinganglesonlyaportionoftheimagemaybeexhibitedforexample 

15 whenviewingtheouterperimeterofadiffractiveregioninwhichcasetheimage 

mayappeartruncatedagainsttheedgeofthediffractiveregion.  

Sincethefirstdiffractiveregionandtheseconddiffractiveregionarelaterally 

separatethefirstandsecondimageareas- andthereforethefirstandsecond 

20 images- donotoverlap.Inotherwordsthereplayedimagesdonotoverlapwith 

Insomeembodimentsthefirstandseconddiffractiveregionsmaybelaterally 

spacedapartsothatthereisagapregion"betweenthefirstandseconddiffractive 

25 regions.Howeverpreferablythefirstdiffractiveregionandtheseconddiffractive 

regionabuteachotherInotherwordsinpreferredembodimentsthediffractive 

regionsshareacommonborder(andthusmaybedescribedascontiguous).  

Asdiscussedalthoughtypicallythediffractiveregionsarecontiguousinsome 

30 alternativeembodimentsthefirstdiffractiveregionandtheseconddiffractive 

regionmaybelaterallyspacedapart.Insuchembodimentstheopticaldevice 

preferablyfurthercomprisesanon-diffractivecomponentlocatedbetweenthefirst 

diffractiveregionandtheseconddiffractiveregionpreferablywhereinthenon

eachotherwhenthedeviceisviewed.
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diffractivecomponentiscontiguouswitheachofthefirstdiffractiveregionandthe 

seconddiffractiveregion.Thuspreferablythenon-diffractivecomponent"fills"the 

gapregionbetweenthefirstandseconddiffractiveregions.Suchanon-diffractive 

componentmaybeintheformofaplanarmetalcomponentoraninkworkingfor 

5 example.Thenon-diffractivecomponentistypicallyopticallyinvariantsuchthatit 

exhibitssubstantiallythesameopticaleffectatallanglesofview(e.g.incontrast 

todiffractivestructures).  

Theuseofsucha"gapregion"andoptionallyanon-diffractivecomponentcan 

I0 advantageouslybeusedtocontroltheopticaleffectperceivedattheboundary 

betweenthefirstandseconddiffractiveregionsforexampletoincreasethe 

securitylevelofthedevice.Theuseofsuchanon-diffractivecomponentmay 

alsobeusedtoaugmenttheopticaleffectofthekinoformdiffractivestructures.  

15 Inembodimentsinwhichthefirstandseconddiffractiveregionsarelaterally 

spacedapartthedistancebetweenthefirstandseconddiffractiveregionsis 

typicallygreaterthan2pmandlessthanIOOpmtypicallybetween5pmand5Opm.  

Insomeembodimentstheportionsofthefirstandsecondkinoformdiffractive 

20 structuresmaybecorrespondingportionsoftherespective"full"kinoform 

"full"kinoformdiffractivestructureandthesecondportionmaylikewisebethetop 

halfofthesecond"full"kinoformdiffractivestructure.Suchanarrangementwill 

meanthattheexhibitedimageswillexhibitcorrespondingreplaycharacteristics.  

25 Forexamplewhencorrespondingportionsoftherespectivefullkinoformsare 

usedatagivenviewinganglethereplayedimageswillbeperceivedtobeonthe 

samesideofthedevice(e.g.eitherappearingtobebehindtheplaneofthedevice, 

orbeingperceivedto"float"infrontoftheplaneofthedevice),andwillmovein 

substantiallythesamedirectionwhenchangingtheviewinganglee.g.bytilting 

30 thedevice.  

Howeverinparticularlypreferredembodimentsofthepresentinventionthe 

portionofthefirstkinoformdiffractivestructureandtheportionofthesecond 

diffractivestructures.Forexamplethefirstportionmaybethetophalfofthefirst
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kinoformdiffractivestructurearecomplementary.Inotherwordsthediffraction 

characteristicsoftherespectiveportionsaresuchthattheattributesofthe 

replayedimagesarecomplementary.Thismaybeachievedbyusingsubstantially 

opposingportionsoftherespectivefullkinoformdiffractivestructures. For 

5 exampleinaparticularlypreferredembodimenttheportionofthefirstkinoform 

diffractivestructuremaybethetophalfofthe"full"structurewiththeportionof 

thesecondkinoformdiffractivestructurebeingthebottomhalfofthe"full" 

structure.Inanotherexampletheportionofthefirstkinoformdiffractivestructure 

maybethelefthalfofthe"full"structureandtheportionofthesecondkinoform 

I0 diffractivestructuremaybetherighthalfofthe"full"structure.Howeverother 

portionsoftherespective"full"kinoformdiffractivestructuresmaybeusedto 

achievedifferentreplayeffects.  

Preferablytheportionofthefirstkinoformdiffractivestructureandtheportionof 

15 thesecondkinoformdiffractivestructurearesuchthat(e.g.thediffraction 

characteristicsoftheportionsaresuchthat),atleastatoneviewinganglethefirst 

imageisperceivedtobeononesideoftheplaneoftheopticaldeviceandthe 

secondimageisperceivedtobeontheopposingsideoftheplaneoftheoptical 

device.Thiscomplementaryeffectprovidesaparticularlystrikingeffectwithone 

20 oftheimagesappearingto"float"inanimageplaneinfrontoftheplaneofthe 

planeofthedevice.  

Theperceiveddepthofeachreplayedimagewithrespecttotheplaneofthe 

25 opticaldevicewillreverseastheviewinganglemovesfromonesideofthe 

specularreflection(zeroorder)directiontotheother.Whenviewingtheoptical 

devicealongaviewingangleabove"thedirectionofspecularreflectionthe 

positive"(e.g.+1)orderdiffractioneffectsareobservedinwhichthereplayed 

imagesareperceivedtohaveaparticulardepthrelationshipwithrespecttothe 

30 deviceplane.Whenthenopticaldeviceistiltedsoastobeviewed"below"the 

directionofspecularreflectionthe"negative"(e.g.-1)orderdiffractioneffectsare 

observedandtheperceiveddepthrelationshipoftheimagereverses.  

deviceandtheotheroftheimagesappearingtolieinanimageplanebehindthe
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Althoughhigherordersofdiffractionwillreplay(e.g. 2 ndorder,3 rdorder),theseare 

typicallysignificantlyreducedinintensitycomparedtothefirstordereffectsand 

itisthereforeprimarilythefirstorderdiffractioneffectsthatareperceived.The 

imagesaretypicallyvisibleoveraviewinganglerangeofapproximately40 

5 degreesto50degreeswithinoneorderofdiffraction.  

Preferablytheportionofthefirstkinoformdiffractivestructureandtheportionof 

thesecondkinoformdiffractivestructurearesuchthat(e.g.thediffraction 

characteristicsoftheportionsaresuchthat),upontiltingthedevicethefirstimage 

10 andthesecondimageareperceivedtomoveinsubstantiallyopposingdirections 

whenthedeviceistiltedaboutatleastoneaxis.Thiscomplementarykinematic 

effectprovidesastrikingvariableopticaleffecttotheobserverForexampleupon 

verticaltiltingofthedevicethefirstandsecondimagesmaybeperceivedtomove 

inopposingdirectionsalonganaxissubstantiallyperpendiculartothetiltaxis(i.e.  

15 theimagesareperceivedtomoveinopposingdirectionsalongthenorth-south 

axis).Particularlypreferablythefirstimageandthesecondimageareperceived 

tomoveinopposingdirectionswhenthedeviceistiltedabovetwoindependent, 

preferablyorthogonalaxes. Forexampleaswellasmovinginopposing 

directionsalongthenorth-southaxisuponverticaltiltingtheimagesmayalsobe 

20 perceivedtomoveinopposingdirectionsalongtheeast-westaxisuponhorizontal 

componentsofbothverticalandhorizontaltiltingtheimagesmaybeobservedto 

moveinopposingcurvilineartrajectories.Inthiswaythedeviceofthepresent 

inventionmaybedescribedasexhibitingfullparallaximages.  

25 

Howeverasdiscussedabovetheperceivedmotionofeachimageupontiltingof 

thedeviceisconstrainedtoremainwithinitsrespectiveimagearea.  

Ingeneraltheportionofthe"full"kinoformusedtoformeachdiffractiveregion 

30 definestherelativemotionanddepthofthereplayedimages andthe 

arrangementofthediffractiveregionsdefinesthe(distinct)areaswithinwhichthe 

replayedimagesareperceivedtomoveuponachangeinviewingangle.The 

diffractiveregionsofthedevicetypicallyhavesubstantiallythesamedimensions.  

tiltingofthedevice.Whenthedeviceundergoesmorecomplextiltingcomprising
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Thediffractiveregionsofthedevicemaybesymmetricalparticularlyindevices 

comprisingexactlytwodiffractiveregions.  

Inembodimentsthediffractivestructuremayfurthercompriseaportionofathird 

5 kinoformdiffractivestructurethatencodesathirdimagearrangedtoformathird 

diffractiveregionofthediffractivestructurewhereinthethirddiffractiveregionis 

laterallyseparatetothefirstdiffractiveregionandtheseconddiffractiveregion 

andthethirddiffractiveregionisdiscerniblebythenakedhumaneye.Inthisway, 

thedevicemayexhibitfurthercomplexdepthandkinematiceffectsupontilting.  

10 Typicallyforagivenviewingangleoftheopticaldevicetwoofthereplayed 

imagesareperceivedtobeonopposingsidesoftheopticaldeviceplane.  

Thedeviceofthepresentinventionmaycompriseportionsoffourormore 

kinoformdiffractivestructuresarrangedinrespectivediffractiveregions.  

15 

Typicallythefirstandsecondimages(andthirdandfurtherimageswhen 

present),areintheformofindiciasuchassymbolsandalphanumericcharacters.  

Typicallythefirstandsecondimages(andthirdandfurtherimageswhenpresent) 

aredifferenttoeachother 

20 

forminganopticaldevicethatexhibitsavariableopticaleffectuponillumination, 

themethodcomprising:providingaportionofafirstkinoformrepresentation 

encodingafirstimage;providingaportionofasecondkinoformrepresentation 

25 encodingasecondimage;formingadiffractivestructureinacarrierlayerwherein 

thediffractivestructurecomprisesafirstdiffractiveregioncorrespondingtothe 

portionofthefirstkinoformrepresentation andaseconddiffractiveregion 

correspondingtotheportionofthesecondkinoformrepresentationwhereinthe 

firstdiffractiveregionandtheseconddiffractiveregionarelaterallyseparateand 

30 eachofthefirstdiffractiveregionandtheseconddiffractiveregionarediscernible 

tothenakedhumaneye.  

Theresultingdeviceprovidesallofthebenefitsalreadydiscussedabove.  

Inaccordancewithasecondaspectoftheinventionweprovideamethodof
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Thefirstandsecondkinoformrepresentationsaretypicallycomputergenerated 

andareintheformofrespectivecomputerfilesencodingthekinoform. Each 

kinoformrepresentationispreferablygeneratedbysuperposingthekinoformsfor 

5 eachpointsourceoftheobjecttobeimaged. Typicallythekinoform 

representationsareconvertedtobinaryrepresentationsbyathresholding 

process. Althoughtypicallyeachofthefirstkinoformrepresentationandthe 

secondkinoformrepresentationisabinarykinoformrepresentation(andtherefore 

eachresultingkinoformdiffractivestructureisabinarykinoformdiffractive 

10 structure),insomeembodimentsonekinoformrepresentationmaybeabinary 

representation, and one kinoform representation may be a multi-level 

representation.  

Thelengthorwidthofthe"full"kinoformrepresentations(whenformedasa 

I5 kinoformdiffractivestructure)istypicallybetween2millimetresand30millimetres.  

Theportionsofthefirstandsecondkinoformrepresentationsaretypically 

combinedintoaprintfileinordertoformthediffractivestructure.  

Thediffractivestructureistypicallygeneratedinasinglewritingstep. The 

20 diffractivestructureispreferablyformedinthecarrierlayerusingmaskless 

techniquesarecapableofproducingdiffractivestructureswithgratingspacingsof 

lessthan0.5microns.Typicallyamaximumgratingspacing(or"fineness")ofthe 

kinoformdiffractivestructuresisgreaterthanorequalto3micronspreferably 

25 greaterthanorequalto5microns. Typicallyaminimumgratingspacing(or 

"fineness")ofthekinoformdiffractivestructuresislessthanorequalto0.6 

micronspreferablylessthanorequalto0.5microns.Thefineness orpitch" 

ofthekinoformdiffractivestructures(e.g.thescaleofthestructureandthe 

structuredistribution)isdeterminedasaresultofthecalculationgeometryofthe 

30 desiredimagereplay.Forexampletheobjecttobeimageditsdimensionsits 

distancefromthehologramplaneandthedimensionsofthehologramareato 

exposearetypicallypreselectedwiththe pitch"ofthekinoformdiffractive 

structureresultingfromthepreselectedgeometry. Ingeneralforagiven 

lithographysuchaselectronbeamlithographyordirectlaserwriting. These
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hologramandobjectdimensiontheclosertheobjectistothehologramplanethe 

finerthefineststructureofthekinoformdiffractivestructure.  

Thediffractivestructuremaybewrittendirectlyintoacarrierlayerprovidedona 

5 devicesubstrateinordertoformtheopticaldevicedirectly. Moretypically 

howeverthediffractivestructuremaybeusedtoformareplicationtoolformass 

productionofopticaldevices.  

Preferablyareflectionenhancinglayerisappliedsoastofollowthecontours 

I0 diffractivestructureofthedevice.ThesurFacereliefofthediffractivestructure 

mayhavedifferentprofilessuchasasinusoidalrectangularortriangularprofile.  

ThetypeofsurFacereliefprofilemayaffectdiffractionefficiency.Typicallythe 

profiledepthofasurFacereliefdefiningthegratingelementsisnogreaterthanI 

micronpreferablynogreaterthan0.5microns.  

15 

Theportionofeachkinoformrepresentationistypicallyselectedfromafull" 

kinoformrepresentationoftherespectiveimagethatmaybeeitherpre-formedor 

generatedasrequired. Theselectionofeachportionfromaprovided"full" 

kinoformrepresentationadvantageouslyallowsincreasedflexibiIityinthe 

20 formationoftheopticaldevicesasparticularportionsoftherespectivekinoform 

beexhibitedbythedevice.Theselectionoftheportionsofthefirstandsecond 

kinoformrepresentationsmaybeaidedusingexposuresoftwarethatiscapable 

ofdecodingintheformofanimagethecomputerfileencodingthe"full"kinoform 

25 representation.  

Thusinembodimentsthestepofprovidingtheportionofthefirstkinoform 

representationcomprisesprovidingafirstkinoformrepresentationencodingthe 

firstimageandselectingaportionofsaidfirstkinoformrepresentationandthe 

30 stepofprovidingtheportionofthesecondkinoformrepresentationcomprises 

providingasecondkinoformrepresentationencodingthesecondimageand 

selectingaportionofsaidsecondkinoformrepresentation. Howeveritis 

envisagedthatinsomeembodimentstheportionsofthefirstandsecondkinoform 

representationsmaybeselectedinaccordancewiththedesiredopticaleffectto
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representationsmaybegenerateddirectly(i.e.withoutfirstformingthe"full" 

representation).  

Theportionofthefirstkinoformdiffractivestructureandtheportionofthesecond 

5 kinoformdiffractivestructurearepreferably(e.g.selected)suchthatatleastat 

oneviewinganglethefirstimageisperceivedtobeononesideoftheplaneof 

theopticaldeviceandthesecondimageisperceivedtobeontheopposingside 

oftheplaneoftheopticaldevice. Theportionofthefirstkinoformdiffractive 

structureandtheportionofthesecondkinoformdiffractivestructurearepreferably 

10 (e.g.selected)suchthatupontiltingthedevicethefirstimageandthesecond 

imageareperceivedtomoveinsubstantiallyopposingdirectionswhenthedevice 

ittiltedaboutatleastoneaxis.  

Althoughthefirstandsecondkinoformrepresentationsaretypicallyintheformof 

15 computerfilesasdiscussedabovetheymayalternativelybeintheformof 

physicaldiffractivestructures.Thediffractivestructuremaythenbeformedby 

providing(e.g.selecting)portionsofthephysicaldiffractivestructures.  

Preferablythefirstdiffractiveregionandtheseconddiffractiveregionabuteach 

20 otherInsomealternativeembodimentsthefirstdiffractiveregionandthesecond 

mayfurthercompriseprovidinganon-diffractivecomponentlocatedbetweenthe 

firstdiffractiveregionandtheseconddiffractiveregionpreferablywhereinthe 

non-diffractivecomponentiscontiguouswitheachofthefirstdiffractiveregionand 

25 theseconddiffractiveregion.  

Preferablyeachofthefirstdiffractiveregionandtheseconddiffractiveregionhas 

asizegreaterthanI50microns.Moretypicallyeachofthefirstdiffractiveregion 

andtheseconddiffractiveregionhasdimensionsgreaterthanImillimetrexI 

millimetrepreferablywhereineachofthefirstdiffractiveregionandthesecond 

30 diffractiveregionhasdimensionswithintherangeof10mm 2to300mm2.  

diffractiveregionmaybelaterallyspacedapart.Insuchembodimentsthemethod
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Asdiscussedabovethepresentinventionlendsitselfwelltotheuseofcomputer 

generatedholography("OGH")techniques. Typicallytheportionofthefirst 

kinoformrepresentationandtheportionofthesecondkinoformrepresentationare 

computergenerated. However itisenvisagedthatclassicalholography 

5 techniquesmaybeemployedtogenerateanopticaldeviceaccordingtothe 

invention.Thefirstkinoformrepresentationmaybeholographicallygeneratedby 

exposingarecodingmediumlayertoalightinterFerencepatternfromafirstimage 

object;andthesecondkinoformrepresentationmaybeholographicallygenerated 

byexposingarecodingmediumtoalightinterFerencepatternfromasecond 

10 imageobject. Theportionsofthegenerated"classical"kinoformdiffractive 

structuresmaythenbeselectedtoformthediffractivestructureinthemanner 

discussedabove.  

Inembodimentsoneormorefurtherportionsofrespectivefurtherkinoform 

I5 representationsmaybeprovidedsuchthattheformedopticaldevicecomprises 

threeormorediffractiveregionscorrespondingtorespectiveportionsof"full" 

kinoformrepresentations.  

Particularlypreferablytheopticaldeviceofthepresentinventionisasecurity 

20 device.Inotherwordsthesecuritydevicemaybeusedtopreventcopyingor 

device"isnotpossibletoreproduceaccuratelybytakingavisiblelightcopye.g.  

throughtheuseofstandardavailablephotocopyingorscanningequipment.  

25 Inaccordancewithathirdaspectoftheinventionweprovideasecurityarticle 

comprisingasecuritydeviceaccordingtotheinventionwhereinthesecurity 

articleispreferablyformedasasecuritythreadstripfoil insertpatchor 

substrateforasecuritydocument.  

30 Inafurtheraspectoftheinventionweprovideasecuritydocumentcomprisinga 

securitydeviceorasecurityarticleaccordingtotheinventionthesecurity 

documentpreferablycomprisingabanknotechequepassportidentitycard, 

certificateofauthenticityfiscalstamporanotherdocumentforsecuringvalueor 

counterFeitingofanarticleordocumenttowhichitisapplied.Typicallyasecurity
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personalidentity.Typicallythesecuritydocumentcomprisesasubstratewitha 

transparentwindowportionandthesecuritydeviceorsecurityarticleislocatedat 

leastpartiallywithinthetransparentwindowportion.  

5 BRIEFDESCRIPTIONOFTHEDRAWINGS 

Exemplaryembodimentsoftheinventionwillnowbedescribedbywayof 

exampleonlywithreferencetotheappendeddrawingsinwhich: 

Figure1isaplanviewofasecuritydocumentcarryingapluralityofopticaldevices 

accordingtotheinvention 

10 Figure2(a)illustratesthekinoformofasinglepointobject 

Figure2(b)illustratesthekinoformofapluralityofpointobjectsarrangedina 

squarepattern 

Figure2(c)illustratesthebinarykinoformofasinglepointobject 

Figure2(d)illustratesthebinarykinoformofapluralityofpointobjectsarranged 

15 inasquarepattern 

Figure3(a)schematicallyillustratesthevariableopticaleffectperceivedwhen 

viewingakinoformdiffractivestructureintheupperparallaxview 

Figure3(b)schematicallyillustratesthevariableopticaleffectperceivedwhen 
U 

viewingakinoformdiffractivestructureinthelowerparallaxview 
20 Figures4(a)and4(b)schematicallyillustratethevariableopticaleffectperceived 

Figure5schematicallyillustratesanopticaldeviceaccordingtoanembodiment 

oftheinventionandtheexhibitedvariableopticaleffect; 

Figure6isaschematicplanviewoftheopticaldevicedepictedinFigurefr 

25 Figure7and8illustratethevariableopticaleffectexhibitedbytheopticaldevice 
U 

depictedinFigures5and6upontilting, 
Figure9illustratesasecurityarticleintheformofasecuritythreadcarrying 

multipleopticaldevicesaccordingtotheinvention 

Figures10(a)and10(b)areschematicplanviewsofsecuritydevicesaccording 

30 toembodimentsoftheinventionU 

Figures11and12illustrateanopticaldeviceaccordingtoanembodimentofthe 

inventionandthevariableopticaleffectexhibiteduponverticalandhorizontal 

tilting; 

whenviewingtopandbottomportionsofafullkinoformdiffractivestructure
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Figure13isaflowdiagramillustratingapreferredmethodofmanufacturingan 

opticaldeviceaccordingtotheinvention 

Figure14illustratesanexamplegeometrythatmaybeusedtoformanoptical 

deviceaccordingtotheinventionusingclassicalholographytechniques 

5 Figures15to17illustratevariousexamplesofincorporatingsecuritydevices 

accordingtotheinventionintosecuritydocumentsand 

Figure18isaschematicplanviewofadeviceaccordingtoafurtherembodiment 

oftheinvention.  

10 DETAILEDDESCRIPTION 

Figure1isaplanviewofasecuritydocumentI000comprisingapluralityofoptical 

devices100accordingtotheinvention.Heretheopticaldevices100areusedto 

increasethesecuritylevelofthedocument(hereabanknote),andaretherefore 

securitydevices.ThesecuritydevicesI00areprovidedonasecuritythreadI05 

I5 whichisintegratedwithinthedocumentsubstrateandarevisiblewithinwindowed 

regions101ofthedocumentsubstrate.Eachsecuritydevice100isinregister 

withacorrespondingwindowedregionsoastobevisible. Thedocument 

substratemaybeafibroussubstancesuchaspaperormaybeintheformofa 

polymersubstrate.  

20 

substantiallythesamesuchthattheyeachexhibitsubstantiallythesamevariable 

opticaleffect. Eachdeviceexhibitstwoimagesintheformofalphanumeric 

charactersorsymbols(herea£"symbolanda"5"character)thatareperceived 

25 tomoverelativetoeachotheronachangeofviewingangle.ThedevicesI00of 

thebanknote1000aretypicallyviewedwithinaviewingplanethatintersectsthe 

document(andthereforeeachdevice)alongalineparallelwiththey-axis.A 

changeofviewinganglemaybeachievedbytiltingthesecuritydocumentrelative 

totheobserveraboutatiltaxisparallelwiththex-axis("vertical",ornorth-south") 

30 tiltingand/oraboutatiltaxisthatliesparallelwiththeyaxis("horizontal"oreast

west"tilting).  

Inthisexampleeachsecuritydevice100providedonthethread110is
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Inmoredetailuponverticaltiltingthetwosymbolsareperceivedtomovein 
U opposingdirectionsalongthevertical(y)axis. Similarlythetwosymbolsare 

perceivedtomoveinopposingdirectionsalongthehorizontal(x)axisupon 

horizontaltilting.FurthermoreU 
inthisexampleembodimentthetwosymbolsare 

5 perceivedtobelocatedinrespectiveimageplanesonopposingsidesoftheplane 

oftheopticaldevice. Forexampleatoneviewinganglethe'Y'symbolis 

perceivedtoliewithinanimageplanethatisbehindtheplaneofthedevicewith 

respecttotheviewerandthe"5"isperceivedtoliewithinanimageplanethatis 

infrontoftheplaneofthedevicewithrespecttotheviewerAtaseconddifferent 

10 viewingangletherespectivedepthsofthereplayedimagesarereversedsuch 

thatthe'Y'symbolappearsinfrontofthedeviceplaneandthe"5"character 

appearsbehindthedeviceplane.  

Beforedescribingthesecuritydevice100oftheinventioninmoredetailwefirst 

15 considertheprinciplesbehindthevariableopticaleffectthatisgeneratedbythe 

device.  

Thekinoformofasinglepointobject("pointsource")hastheformofaFresnel 

lens.Thekinoformdiffractivestructureisamulti-levelstructure, andisshownin 

20 Figure2(a).Duetothemulti-levelstructuretheimageofthekinoformresembles 

objecthastheformofaFresnelZonePlateandisillustratedinFigure2(c).Figure 

2(b)illustratesthemulti-levelkinoformdiffractivestructureoffourpointobjects 

arrangedinasquarepattern.AlthoughthekinoformofFigure2(b)issubstantially 

25 morecomplexthanthekinoformdiffractivestructureofthesinglepointobject 

showninFigure2(a),wecanstillrecognisethistobethesuperpositionoffour 

singlepointkinoforms.Thebinarykinoformdiffractivestructureofthefourpoint 

objectsisillustratedinFigure2(d).Thebinarykinoformsaretypicallygenerated 

byperFormingathresholdingprocessonthemulti-levelkinoforms. Binary 

30 kinoformdiffractivestructuresarepreferentiallyusedinthepresentinvention.  

Figure3(a)schematicallyillustratesthevisualeffectobservedwhenilluminatinga 

kinoformdiffractivestructureIintheformofaFresnelzoneplate(i.e.abinary 

agreyscaleimage.Thebinarykinoformdiffractivestructureofthesinglepoint
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kinoformofasinglepointobject).ThestructureIisilluminatedalongadirection 

paralleltoitsplanenormal(i.e.along0-0')andviewedatviewinganglesinthe 

upperparallaxview.  

5 Lightincidentatradiallyoutersectionsofthediffractivestructureisdiffracted 

throughagreateranglethanlightincidentonthecentreduetothedifferencesin 

gratingpitch. Thuswhenobservingthetophalf3ofthekinoformdiffractive 

structureIintheupperparallaxview(viewingpositionA),thediffractedlight 

divergestowardstheviewerandformsavirtualimagebehindtheplaneofthe 

I0 diffractivestructure.Thereforethelocusofeyemovementcreatestheperception 

ofafocussedlightspotmovingbehindtheplaneofthezoneplateI. Incontrast, 

whenobservingthebottomhalf5ofthediffractivestructureintheupperparallax 

view(viewingpositionB),lightisfocussedtoformarealimageinfrontoftheplane 

ofthestructure.Thuschangingviewingangleintheupperparallaxviewwhen 

I5 viewingthebottomhalf5ofthediffractivestructuregeneratestheperceptionofa 

focussedlightspotmovinginfrontoftheplaneofthediffractivestructureI.  

Furthermoreaswellasthelightspotsbeingperceivedtobeonopposingsides 

oftheplaneofthestructureI, thefocussedimagesareperceivedtomovein 

20 opposingdirectionsuponchangingtheviewingangle.Thisisrepresentedbythe 

thezoneplatestructuretheperceivedimageswillmoveinopposingdirections 

correspondingtothedirectionoftilt. Forexampleuponverticaltiltingthe 

replayedlightspotswillappeartomoveinopposingdirectionsalongthevertical 

25 axis(asindicatedbytheopposingarrows).Similarlyonhorizontaltiltingthelight 

spotswillappeartomoveinopposingdirectionsalongthehorizontalaxis.When 

thestructureistiltedinmorecomplexmannercomprisingcomponentsofboth 

verticalandhorizontaltiltingthelightspotswillappeartomoveinopposingcurved 

trajectoriesorbitingthecentralpointofthestructure.  

30 

Herewhenreferringtotheupperparallaxview",wemeanthattheviewingangles 

(measuredwithrespecttothedirectionofspecularreflection inthiscasealong 

opposingarrowsillustratedontheFresnelstructure1.Duetothesymmetryof
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0-0')arepositiveor"abovethespeculardirectionsuchthati-Iorderdiffraction 

effectsareobserved.  

Figure3(b)schematicallyillustratestheperceivedopticaleffectwhenviewingthe 

5 zoneplatediffractivestructureIinthe"lowerparallaxview",inwhichtheviewing 

anglesarenegativeor"below"thespeculardirectionsuchthatthe-1order 

diffractioneffectsareobserved. WhenviewingthetophalfofthestructureI 

(viewingpositionA)thelocusofmovementcreatestheperceptionofafocussed 

lightspotmovinginfrontoftheplaneofthestructure. InpositionBwhen 

10 observingthebottomhalfofthediffractivestructureI, themovementoftheeye 

generatestheopticaleffectofavirtualimageofalightspotmovingbehindthe 

planeofthelensI.  

Figure4(a)schematicallyillustratesthevisualeffectgeneratedbyviewingthe 

I5 upperhalf3ofthediffractivestructureinboththeupperparallaxview(positonA) 

andthelowerparallaxview(positionB)underilluminationalongtheplanenormal 

ofthedevice.IntheupperparallaxviewavirtualimageIgeneratedbythe+1 

orderdiffractionisvisualisedbehindtheplaneofthestructure.Converselyinthe 

lowerparallaxviewarealimageRisgeneratedbythe-1orderdiffractionand 

Inasimilarmannerwhenviewingthebottomhalf5ofthediffractivestructureI 

(asillustratedinFigure4(b)),avirtualimageIisperceivedbehindtheplaneofthe 

structurewheninthelowerparallaxview(positionB),andarealimagePis 

25 perceivedinfrontoftheplaneofthestructurewhenviewedintheupperparallax 

view(positionA).  

Theseprinciplesdescribedabovemaybeusedtodiscusstheopticaleffect 

generatedbythesecuritydeviceofthepresentinvention.  

30 

Figure5schematicallyillustratesadevice100accordingtoanembodimentofthe 

inventiontogetherwiththeperceivedopticaleffect. Thedevicecomprisesa 

diffractivestructurehavingafirstdiffractiveregionIIandaseconddiffractive 

20 appearsto"float"infrontoftheplaneofthestructure.
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regionI3.InthisexamplethetwodiffractiveregionsII, I3abutoneanotherin 

averticaldirection(i.e.sothattheyshareacommonedgealongadirection 

orthogonaltotheverticaldirection),asshowninFigure6whichisaplanviewof 

saiddevice.Inthiswaythefirstandseconddiffractiveregions1113maybe 

5 describedascontiguous.  

ThefirstdiffractiveregionIIisintheformofaportionofa"full" complete 

kinoformdiffractivestructurethatencodesafirstimageinthiscasea£"symbol.  

Theseconddiffractiveregion13isintheformofamacroscopicportionofa"full" 

I0 kinoformdiffractivestructurethatencodesasecondimageinthiscasea"5" 

characterInotherwordseachdiffractiveregionisformedofasubregionofthe 

fullkinoformdiffractivestructure.Suchaportionofa"full"kinoformwillreplaythe 

fullimagebutwithdifferentviewingconditionsdependingontheselectedportion.  

IntheexampleofFigure5,theportionsoftherespective"full"kinoformdiffractive 

15 structuresusedforthefirstandseconddiffractiveregionsarechosensuchthat 

foraparticularviewingangletherelativedepthsofthetworeplayedimagesare 

suchthatoneoftheimagesisinfrontoftheplaneofthedeviceandtheother 

imageisbehindtheplaneofthedevice. Inthisexamplebinarykinoform 

diffractivestructuresareused.  

20 

fromthetophalfofafullkinoformencodingthe"Z'symbolandthesecond 

diffractiveregionI3tobeformedfromthe"bottom' halfofafullkinoformencoding 

the"5"characterThustheoverallopticaleffectgeneratedbythedevice100may 

25 beconsideredwithreferencetoFigures4(a)and4(b)discussedabove.  

Wecannowconsidertheoverallopticallyvariableeffectexhibitedbythedevice 

100.Whenilluminatedbyanilluminationsource50andviewedbyanobserver 

0abovethespecularreflectiondirection(indicatedat5),theviewerperceivesan 

30 imageofthe"5"appearingtofloatinfrontoftheplaneofthedeviceI00,andan 

imageofthe"Z'symbolbehindtheplaneofthedevice100dueto+1order 

diffractionoftheincidentlightfromtherespectivediffractiveregions11, 13.Upon 

Foreaseofdescriptionweconsiderthefirstdiffractiveregion11tobeformed
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tiltingthedevice100,the"5"and"s"symbolsareperceivedtomoveinopposing 

directionstoeachotherasillustratedinFigures7and8.  

Figures7(a)and7(b)schematicallyillustratetheperceivedvariableopticaleffect 

5 exhibitedbythedeviceI00undervertical("North-South")tiltingandviewingina 

viewingplanethatintersectsthedevicealongthey-axisinthegeometryofFigure 

I. Figure7(a)illustratesthecasewhentheviewingangleisabovethespecular 

directionasinFigure5(andsothei-Idiffractionordereffectsareviewed),and 

Figure7(b)illustratesthecasewhentheilluminationandtiltingissuchthatthe 

I0 viewingangleisbelowthespeculardirection(andsothe-1diffractionordereffects 

areviewed).AsillustratedinFigure7(a),asthedevice100istiltedawayfromthe 

specularreflection(zeroorder)directionthe"F'and"5"imagesmoveapartin 

opposingdirectionsalongtheverticalaxis. Inthisinstancethe"5"appearsin 

frontoftheplaneofthedeviceI00,andthe"Z'appearsbehindtheplaneofthe 

15 device100.  

Whenthedeviceistiltedverticallysuchthattheviewingangleisbelowthezero 

orderdirectionthereplayedimagesmoveinopposingdirectionstoeachother 

alongtheverticalaxiswiththesameratesofmovementasforthei-Iorder 

20 diffraction.Howeverundertheseviewingconditionstherelativedepthsofthe 

thedeviceandthe"5"characterappearingbehindthedeviceplane. Another 

wordsthemovementoftheimagesissymmetricalrelativetothespecular 

directiononlytheperceived"depth"ofthesymbolsreversesasthediffraction 

25 orderchangesfromthei-Iordertothe-1order 

Figures8(a)and8(b)schematicallyillustratetheperceivedrelativemovementof 

thetworeplayedimageswhenthedeviceistiltedhorizontally("East-West"tilting), 

andagainviewedwithinaviewingplanethatintersectsthedevicealongthey

30 axis.AsshowninFigure8,thetwosymbolsmoveapartinopposingdirectionsas 

thedeviceistiltedawayfromtheplanewithinwhichlightisincidentonthedevice.  

IntheviewofFigures8(a)and8(b),theverticaltiltofthedeviceissuchthatthe 
+1orderdiffractiveeffectsarereplayedandthereforethe'Y'symbolappears 

imagesarereversedwiththe"F'symbolappearingtofloatinfrontoftheplaneof
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behindtheplaneofthedeviceandthe"5"imageappearstofloatinfrontofthe 

deviceplane.Theperceiveddepthsofthereplayedimagesdonotchangeon 

East-Westtiltingasthediffractioneffectsremainofthei-IorderHoweverifthe 

deviceisverticallytiltedsuchthatthe-1diffractionorderseffectsareexhibited, 

5 theperceiveddepthsofthe'Y'and"5"symbolswillreverse.  

Inthiswaythedeviceofthepresentinventionexhibitsafullparallaxvariable 

opticaleffectuponachangeofviewingangle. Ifthedeviceistiltedinamore 

complexmannerwithcomponentsofbothverticalandhorizontaltiltingthe 

10 replayedimagesareperceivedtomoveinopposingcurved(e.g.circular) 

trajectories.  

AscanbeseenfromFigures7and8,themovementofthereplayedimagesof 

the"Z'and"5"symbolsareconstrainedwithinrespectiveimageareas 

15 correspondingtotheirrespectivediffractiveregions11,13asillustratedinFigure 

6.Inotherwordsinthisexamplethe't'symbolisreplayedwithinanimagearea 

IIacorrespondingtothetophalfofthedeviceandthe"5"characterisperceived 

tomoveonlywithinanimagearea13acorrespondingtothebottomhalfofthe 

device.WecanseethatinFigures7(a)and7(b),the"?symbolisonlyableto 

20 moveverticallywithintheupperhalfoftheviewingareaandconverselythe 

HoweveronhorizontaltiltingasillustratedinFigures8(a)and8(b),boththe't' 

and"5"imagesareabletomoveacrossthecompletewidthoftheviewingarea, 

inlinewiththearrangementofthediffractiveregions1113ofthedevice.For 

25 increasedeaseofunderstandingtheimagesareasha,13ahavebeen 

schematicallyillustratedindashedlinesinsomeoftheviewsillustratedinFigures 

7and& 

Whenanimageisperceivedtomovetowardstheboundaryofitsrespective 

30 diffractiveregionthereplayedimagebecomestruncated.Howeverastheimage 

istruncatedattheedgeofitsdiffractiveregionapartoftheimagefromthe 

opposingorderofdiffractionisreplayedagaintruncatedattheboundary.This 

canbeseeninFigure7(a)whenviewingclosetothespecularreflectiondirection 

replayed"5"isverticallyconstrainedwithinthelowerhalfoftheviewingarea.
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(viewA). Whentiltingtowardsthespeculardirectionthetopofthe"5"character 

(whichappearsinfrontoftheplane)istruncatedasthe"5"movestowardsthe 

boundarybetweenimageareasIIaI3awiththebottompartofthe"5"appearing 

intheotherdiffractionorder(andhenceperceivedtobebehindtheplaneofthe 

5 device).Similarlyasthe"Z'symbolisperceivedtomovetowardsthecentreof 

thedevice(appearingbehindtheplane),thebottomofthe"i"becomestruncated, 

withthetoppartofthe't'appearinginfrontoftheplaneofthedevice.Thismay 

providethevisualimpressionoftheimagesoverlappingdependingontheir 

shapesasseeninviewAofFigure7(a).SimilarlyinviewBofFigure7(b),the 

10 "E'and"5"appeartooverlapduetothereplayofafurtherpartofeachimage, 

eventhoughtheyremainintheirrespectiveimageareasha,13a.  

Figure9illustratesasecuritythread105comprisingfoursubstantiallyidentical 

securitydevices100,eachbeingviewedataslightlydifferentviewingangleupon 

I5 verticaltilingandthereforereplayingdifferentrelativepositioningsofthereplayed 

images(inthiscasea"5"characteranda"0"character).Thereplayofthefour 

devicesI00inFigure9illustratestherelativemovementofthesymbolsuponN

Stilingofthesecuritydevices.ThesecuritythreadofFigure9isilluminatedby 

diffuselightandhencethereissome'blurring"ofthereplayedimagessince 

20 multipleareasofthedevicereplayatthesametimeforaparticularviewingangle.  

sharpersincemultipleareasdonotreplaysimultaneously. Inthetopviewof 

Figure9,the"5"and"0"appeartopartiallyoverlapforthereasonsdiscussed 

aboveinrelationtoFigures7(a)and7(b). Inotherwordsaseachcharacter 

25 movestowardstheedgeofitsrespectiveimageareaitbecomestruncatedwith 

apartoftheotherdiffractionorderofeachcharacterreplaying.Howevereach 

imageisreplayedwithinitsrespectiveimagearea.  

ReferringbacktoFigure6,eachdiffractiveregion11, 13isacontinuousregion, 

30 inthatitisnotinterruptedacrossitsdomain.Thuseachoftheportionsofthe 

respective"full"kinoformdiffractivestructuresthatareusedtoformthediffractive 

regionsofthedevicearecontinuousportions.  

Underilluminationbycollimated(orspot")lightthereplayedimageswillappear
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ThediffractiveportionsII, I3ofthedeviceI00aremacroscopicinthattheyare 

visiblebytheunaidedhumaneye.EachdiffractiveportionII, I3preferablyhas 

aminimumdimension(e.g."height"hinFigure6)ofatleast500micronsmore 

preferablyatleast1mm.Typicalminimumdimensionshforadiffractiveportion 

5 areintherangeof5mmto10mm.Thusthe"width"wofthedevice100inFigure 

6maytypicallybeintherangeof10mmto20mm. Byusingmacroscopic 

diffractiveregionsinthemannerofthepresentinventionthereplayedimages 

advantageouslyhaveahighbrightness.Furthermoretheeaseofmanufactureof 

suchdevicesisincreasedwhencomparedtointerlacingdifferentdiffractive 

10 structuresforexample.  

Intheexampledevice100discussedwithreferencetoFigures5to9,thefirstand 

seconddiffractiveregionsareformedasthetopandbottomportionsofthe 

respectivefullkinoforms. Howeverdifferentportionsoftherespectivefull 

I5 kinoformsmaybeusedinordertoachievedifferentparallaxandkinematiceffects.  

ThisisschematicallyillustratedinFigures10(a)and10(b). Inthedevice100 

illustratedinFigure10(a),thefirstdiffractiveregion11isformedfromthe"left" 

portionofthefullkinoformandtheseconddiffractiveregion13isformedfromthe 

"right"portionoftherespectivekinoform.Inthedevice100schematicallyshown 

20 inFigure10(b),theupperleftandlowerrightportionsoftherespectivefull 

illuminatedthedevicesschematicallyillustratedinFigures10(a)and10(b)will 

bothexhibitfullparallaxeffectswiththe"Z'and"5"symbolsperceivedtobeat 

differentdepthswithrespecttotheplaneofthedeviceforaparticularviewing 

25 angle.Howeverthemovementofeachreplayedimagewillbeconstrainedwithin 

itsrespectiveimageareacorrespondingtothearrangementofitsrespective 

diffractiveregion. Morespecificallywhenthedevice100ofFigure10(a)is 

illuminatedboththe'Y'and"5"willbeperceivedtoexhibitfullverticalmovement 

acrosstheviewingareabutthe"Z'willbeconstrainedtothelefthandsideofthe 

30 viewingareaandconverselythe"5"willbeconstrainedtomovewithintheright 

handsideoftheviewingarea.SimilarlywhenviewingFigure10(b),the't'symbol 

willbeconstrainedtothetopleftareaoftheviewingportionwiththemotionof 

kinoformsareusedforthefirstandseconddiffractiveregionsII I3. When
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the"5"limitedtothebottomrightareaUIncorrespondencewiththearrangement 

ofthediffractiveregions.  

Thustheselectedportionofthe"full"kinoformusedtoformeachdiffractiveregion 

5 definestherelativemotionanddepthofthereplayedimages andthe 

arrangementofthediffractiveregionsdefinestheareaswithinwhichthereplayed 

imagesareperceivedtomoveuponachangeinviewingangle.  

Figure18isaschematicplanviewofadeviceI00accordingtoafurther 

10 embodimentoftheinvention.ThedeviceofFigure18issimilartothedevice 

depictedinFigure&howeverherethetwodiffractiveregions11,13arelaterally 

spacedapart.Inotherwordsthetwodiffractiveregionsarenotcontiguousand 

thedevicecomprisesagapregion"90betweenthediffractiveregions11, 13.In 

thisembodimentthegapregion90comprisesaplanarpolishedmetalcomponent 

15 92locatedsoastosubstantiallyfillthegapregion.Thusthemetalcomponent 

92iscontiguouswitheachofthediffractiveregionsII, I3.Themetalcomponent 

92isplanarinthatitdoesnotcompriseasurFacereliefstructureandistherefore 

non-diffractive.Althoughinthisembodimentaplanarmetallisedcomponentis 

situatedwithinthegapregionalternativenon-diffractivecomponentsmaybe 

20 positionedwithinthegapregion90,forexampleaninkworking.Althoughthegap 

gapregionmaybeabsentofsuchanon-diffractivecomponent.  

Insuchembodimentstypicaldimensionsofthegapregion(e.g.thedistance 

25 betweenthediffractiveregionsd)aretypicallygreaterthan2pm(soasnotto 

generatediffractiveeffects)andlessthan100pmtypicallybetween5pmand 

50pm.  

Intheexamplesdiscussedthusfartheselectedportionsofthefullkinoform 

30 diffractivestructuresarecomplementaryinthattheperceivedrelativedepthsof 

thereplayedimagesandtheirrelativemotionssubstantiallyopposeeachother.  

Forexampleinthedescribedembodimentsthedevicehascomprisedatop 

portionofonekinoformdiffractivestructureandacomplementarybottomportion 

regiontypicallycomprisesanon-diffractivecomponentinsomeembodimentsthe
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ofadifferentkinoform structureorcomprisedleftandrightportionsofthe 

respectivefullkinoformstructures. Howeverinalternativeembodimentsthe 

selectedportionsoftherespectivekinoformdiffractivestructuresmaybe 

correspondingportionsforexamplethedevicemaycomprisetwotophalvesof 

5 respective"full"kinoformdiffractivestructureortwolefthalvesoftherespective 

'tull"kinoformdiffractivestructures.Insuchembodimentswherecorresponding 

portionsareusedtherelativekinematicanddeptheffectsofthereplayedimages 

willbesubstantiallysimilar(e.g.bothimageswillappeartobeonthesameside 

oftheplaneofthedeviceandmoveinthesamedirectionupontilting),butthe 

I0 perceiveddistancebetweentheimagesandtheplaneofthedeviceand/ortheir 

rateofmovementmaydiffer 

Figures11and12illustrateanexampledevice100accordingtoanembodiment 

oftheinventionwhichcomprisesthreediffractiveregions11,13and15.First 

15 diffractiveregion11isaportionofafullkinoformdiffractivestructureencodingan 

imageofastarseconddiffractiveregionI3isaportionofafullkinoformdiffractive 

structureencodinganimageofa"F'symbolandthirddiffractiveregion15isa 

portionofafullkinoformdiffractivestructureencodinganimageofa"5"character 

20 Figure11schematicallyillustratestheopticaleffectexhibitedonvertical"North

direction(+1orderdiffraction),thestarandthe't'appeartomoveupwardsand 

appearbehindtheplaneofthedevicewiththe"5"perceivedtomoveinthe 

opposingdownwardsdirectionandappearingtofloatinfrontoftheplaneofthe 

25 device.Whenviewedbelowthezeroorderdirection(-1orderdiffraction),the 

relativemotionsofthethreesymbolsisthesameasforthei-Iorderbutwiththe 

relativedepthsreversedsothatthestarandthe't'appearinfrontoftheplaneof 

thedeviceandthe"5"appearingbehindthedevice. AscanbeseeninFigure 

II7 eachsymbolisconstrainedtomovewithinanareacorrespondingtothe 

30 geometryofthediffractiveregionwithinwhichtheportionoftherespective"full" 

kinoformisarranged.  

South"tiltingofthedevice. Whenthedeviceisviewedabovethezeroorder
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Figure12schematicallyillustratestheopticaleffectexhibitedonhorizontal(left

right)tiltingofthedevicecomprisingthreediffractiveregions.Onlefttiltingaway 

fromtheplaneofincidenceoflightthestarandthe"5"characterwhichareboth 

perceivedtobebehindtheplaneofthedevicemoreright.The"F'becomesfully 

5 visiblebutthereplayedimageofthestarbehindtheplaneofthedevice 

disappears.HoweverduetothegeometryofthediffractiveregionII(andthus 

theportionofthe , full"kinoformdiffractivestructure),animageofthestar 

appearingtofloatinfrontoftheplaneofthedeviceappearsinthebottomhalfof 

thedeviceandmovesleftonfurtherlefttilting.Theimageofthe"5"thatfloatsin 

10 frontofthedevicemovesleftanddisappearsfromviewuponlefttiltingasaresult 

ofthegeometryofitsdiffractiveregionI5.  

Converselyonrighttiltingtheimageofthestarbehindtheplaneofthedevice 

appearstomoverightwiththereplayedimageofthe"Z'behindtheplaneofthe 

15 devicedisappearing.Duetothegeometryofthediffractiveregion13(whichis 

symmetricalwithdiffractiveregionII),arealimageofthe"F'characterinfrontof 

theplaneofthedeviceappearsinthebottomhalfofthedeviceandmovesright.  

Againduetothegeometryofthediffractiveregion15,thevirtualimageofthe"5" 

behindtheplaneofthedevicebeginstomoverightbeforedisappearingonright 

20 tilting.  

typicallybeaformedinthesamemanufacturingstep(e.g.viaadirectwriting 

technique),suchthatthedevice100comprisesacontinuousdiffractivestructure 

thatcomprisesthedifferentgratingregions.Wenowdescribeapreferredmethod 

25 ofmanufacturinganopticaldeviceaccordingtotheinventionwithreferenceto 

theflowdiagramillustratedinFigure13.  

TheprocessstartsatstepSI01 whereafirst"full"kinoformrepresentation 

encodingafirstimage(suchasasymboloralphanumericcharacter)isprovided.  

30 Thekinoformrepresentationisacomputer-generatedrepresentationencodingthe 

firstimageandmaybepre-formedorgeneratedasrequired.Atstep5102,a 

secondfullkinoformrepresentationencodingasecondimageisprovided.Inthe 

samemannerasthefirstkinoformrepresentationthesecondkinoform 

Itwillbeappreciatedthatinpracticethediffractiveregionsofthedevicewill
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representationisacomputergeneratedrepresentationthatencodesthesecond 

image, differentfromthefirstimage. Thefirstandsecondkinoform 

representationsareintheformofrespectivecomputerfilesencodingthe 

respectiveimages.Thefullkinoformrepresentationsaretypicallybinarykinoform 

5 representations.  

AtstepS103aportionofthefirstkinoformrepresentationisselected. The 

selectedfirstportionisamacroscopicportionofthefirstkinoformrepresentation, 

suchthattheselectedportionwillreplaytheentirefirstimagewhenviewed(under 

I0 atleastsomeviewingconditions)inisolationandwhereinthefirstimagereplayed 

bythefirstportionwillbeperceivedtoeitherbeinfrontoftheplaneofthedevice, 

orbehindtheplaneofthedevicedependentuponviewingangle.  

AtstepS104,aportionofthesecondkinoformrepresentationisselected.Inthe 

I5 samemannerasinstepSI03,thesecondportionisamacroscopicportionofthe 

secondkinoforminorderthatthesecondportionwillreplaytheentiresecond 

image(underatleastsomeviewingconditions)whenviewedinisolation.The 

secondportionistypicallyselectedsuchthatthepositionofthereplayedsecond 

imagewithrespecttothedevicewillbecomplementarytothepositionofthe 

20 replayedfirstimage.Inotherwordstherespectiveportionsofthefirstandsecond 

firstandsecondimageswillbeperceivedtobeonopposingsidesoftheplaneof 

thedevice.Forexampleatoneviewinganglethefirstimagewillbeperceived 

to"float"infrontoftheplaneofthedevicewiththesecondimageappearing 

25 behindtheplaneofthedeviceandataseconddifferentviewinganglethefirst 

imagewillbeperceivedtobebehindtheplaneofthedevicewiththesecondimage 

floatinginfrontoftheplane.  

Inthiswaythefirstandsecondimageswillappeartomoveinopposingdirections 

30 upontiltingthedevicetherebygeneratingastrikingeffectthatisstraightforward 

toauthenticateandyetdifficulttoreplicate.  

fullkinoformrepresentationsareselectedsuchthatwhenviewingthedevicethe
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AtstepS105,theselectedfirstandsecondportionsareusedtoformadiffractive 

structureincarrierlayer Thediffractivestructureistypicallyformedusing 

masklesslithographytechniquessuchassuchaselectronbeamlithographyor 

directlaserwriting. Computersoftwareusedtogenerateaprintfileforthe 

5 lithographyisusedtoarrangethefirstandsecondportionsincorrespondingfirst 

andseconddiffractiveregionsasdesiredwiththediffractivestructuredirectly 

writteninasingleprocessstep. Thearrangementofthefirstandsecond 

diffractiveregionsischosendependentonthedesiredpositioningofthereplayed 

images.  

10 

ThediffractivestructureinstepS105maybeusedtoformthedevice100itselt 

forexamplebywritingthediffractivestructuredirectlyintoacarrierlayerprovided 

onadevicesubstrate.Howevermorepreferablyforreplicationoflargenumbers 

ofdevicesthediffractivestructuregeneratedinstepS105isusedtoforma 

15 replicationtooldefiningthediffractivestructureofthefinisheddevice. The 

replicationtool- ormaster maythenbeusedtoformanumberofsuchdevices 

usingtechniquessuchasembossingandhotstamping.Thedeviceofthepresent 

inventionisprincipallydesignedforviewinginreflectioninwhichcasethe 

diffractivestructureofthedevicewillhaveathinreflectivemetalorhighrefractive 

20 indexcoatingappliedtoit.Howeverinalternativearrangementsthedeviceofthe 

Inembodimentsinwhichagapregionisprovidedbetweendiffractiveregionsthe 

diffractiveregionsaretypicallyformedinthesamemanufacturingstepas 

25 describedabove.Whereanon-diffractivecomponentisprovidedwithinagap 

regionthisistypicallyprovidedinaseparatemanufacturingsteptotheformation 

ofthediffractivestructureusingtechniquesknownintheart.  

InthepreferredmethoddescribedinFigure13thefullkinoformsareinitially 

30 generatedorobtainedwiththerespectiveportionsthereofsubsequentlyselected 

instepsS103andS104.Thisprovidesgoodflexibilityingenerationofthedevices, 

asdifferentportionsofthe"full"representationsmaybechosendependentonthe 

desiredreplaycharacteristicswithouthavingtorecalculatethediffractivestructure 

presentinventionmaybedesignedtobeviewedtransmission.
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onacasebycasebasis.Howeverinalternativeembodimentsitisenvisaged 

thatthedesiredportionsofthefullkinoformsusedtoformthefirstandsecond 

diffractiveregionsmaybegenerateddirectly(i.e.ratherthanselectingtheportions 

fromthegenerated"full"kinoforms).  

5 

InstepsSICIandS102abovedescribedinFigure13,thefirstandsecond 

kinoformrepresentationswereobtainedusingcomputationaltechniques. In 

alternativeembodiments itisenvisagedthatthese"full"kinoformsmaybe 

obtainedusingclassicaltechniquesaswillnowbediscussedwithreferenceto 

I0 Figure14.Figure14isaschematicillustrationofageometryforrecordingafull" 

kinoformhologramusingclassicaltechniques.Anobjectbeam301isinitially 

directedthroughaconvexlens309suchthatacollimatedbeamoflightisincident 

onanobject305(inthiscasethealphanumericcharacter"5"). Thephase 

informationoftheelectricfieldoriginatingfromtheobject305isinherently 

I5 containedwithintheobjectbeamthatissubsequentlyincidentonaphotosensitive 

resist(suchassilverhalideemulsion)onhologramplate311.TheinterFerence 

patterngeneratedwithareferencebeam313(thatiscoherentwiththeobject 

beam301)isrecordedinthephotosensitiveresistinordertoformtheclassical 

'tull"kinoformdiffractivestructureencodingtheimageoftheobject305.  

20 Respectiveportionsofthephysicalkinoformsmaythenbeselectedasdiscussed 

combinedtogetherinrespectivediffractiveregionsinordertoformthediffractive 

structureoftheopticaldevice.  

25 Opticaldevicesofthesortsdescribedabovecanbeincorporatedintoorapplied 

toanyproductforwhichanauthenticitycheckisdesirableinwhichcasetheyact 

assecuritydevices.Inparticularsuchdevicesmaybeappliedtoorincorporated 

intodocumentsofvaluesuchasbanknotespassportsdrivinglicencescheques, 

identificationcardsetc.Thecompletesecuritydevicecaneitherbeformeddirectly 

30 onthesecuritydocumentormaybesuppliedaspartofasecurityarticlesuchas 

asecuritythreadorpatchwhichcanthenbeappliedtoorincorporatedintosuch 

document.  

abovewithreferencetostepsS103andS104inFigure13,andtheportions
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SuchsecurityarticlescanbearrangedeitherwhollyonthesurFaceofthebase 

substrateofthesecuritydocumentasinthecaseofastripeorpatchorcanbe 

visibleonlypartlyonthesurFaceofthedocumentsubstratee.g.intheformofa 

windowedsecuritythread.Securitythreadsarenowpresentinmanyoftheworld's 

5 currenciesaswellasvoucherspassportstravellers'chequesandother 

documents.Inmanycasesthethreadisprovidedinapartiallyembeddedor 

windowedfashionwherethethreadappearstoweaveinandoutofthepaperand 

isvisibleinwindowsinoneorbothsurFacesofthebasesubstrate.Onemethod 

forproducingpaperwithso-calledwindowedthreadscanbefoundinEP-A

I0 0059056.EP-A-0860298andWO-A-03095188describedifferentapproachesfor 

theembeddingofwiderpartiallyexposedthreadsintoapapersubstrate.Wide 

threadstypicallyhavingawidthof2to6mmareparticularlyusefulasthe 

additionalexposedthreadsurFaceareaallowsforbetteruseofopticallyvariable 

devicessuchasthatpresentlydisclosed.  

15 

Thesecurityarticlemaybeincorporatedintoapaperorpolymerbasesubstrate 

sothatitisviewablefrombothsidesofthefinishedsecuritysubstrateatatleast 

onewindowofthedocument.Methodsofincorporatingsecurityelementsinsuch 

amanneraredescribedinEP-A-1141480andWO-A-03054297.Inthemethod 

20 describedinEP-A-1141480,onesideofthesecurityelementiswhollyexposedat 

exposedinwindowsattheothersurFaceofthesubstrate.  

Basesubstratessuitableformakingsecuritysubstratesforsecuritydocuments 

25 maybeformedfromanyconventionalmaterialsincludingpaperandpolymer 

Techniquesareknownintheartforformingsubstantiallytransparentregionsin 

eachofthesetypesofsubstrate. ForexampleWO-A-8300659describesa 

polymerbanknoteformedfromatransparentsubstratecomprisinganopacifying 

coatingonbothsidesofthesubstrate. Theopacifyingcoatingisomittedin 

30 localisedregionsonbothsidesofthesubstratetoformatransparentregion.In 

thiscasethetransparentsubstratecanbeanintegralpartofthesecuritydevice 

oraseparatesecuritydevicecanbeappliedtothetransparentsubstrateofthe 

document.WO-A-0039391describesamethodofmakingatransparentregionin 

onesurFaceofthesubstrateinwhichitispartiallyembeddedandpartially
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apapersubstrate.Othermethodsforformingtransparentregionsinpaper 

substratesaredescribedinEP-A-723501, EP-A-724519,WO-A-03054297and 

EP-A-1398174.  

5 Thesecuritydevicemayalsobeappliedtoonesideofapapersubstrate, 

optionallysothatportionsarelocatedinanapertureformedinthepapersubstrate.  

AnexampleofamethodofproducingsuchanaperturecanbefoundinWO-A

03054297.Analternativemethodofincorporatingasecurityelementwhichis 

visibleinaperturesinonesideofapapersubstrateandwhollyexposedonthe 

I0 othersideofthepapersubstratecanbefoundinWO-A-2000/39391.  

Figures15,16and17depictexamplesofsecuritydocumentsinwhichsecurity 

devicesofthesortsdescribedabovehavebeenincorporated.Figure15showsa 

firstexemplarysecuritydocumenthereabanknote1000,in(a)planviewand(b) 

15 cross-sectionalonglineQ-Q.Herethebanknote1000isapolymerbanknote, 

comprisinganinternaltransparentpolymersubstrateI02whichiscoatedoneach 

sidewithopacifyinglayers103aand103binaconventionalmanner.Insome 

casestheopacifyinglayersmaybeprovidedononesideofthesubstrate102 

only.Theopacifyinglayers103aand103bareomittedinaregionofthedocument 

20 soastodefineawindowI01, herehavingasquareshape.Withinthewindow 

embodimentsdiscussedabove.Thesecuritydevice100maybeformedby 

applyingasuitableresistmaterialontothesubstrate102,inwhichthediffractive 

structureisformed.Alternativelythesecuritydevice100mayhavebeenformed 

25 separatelyonasecurityarticlesuchasatransferpatchorlabel.Inthiscasethe 

securitydeviceI00maybeaffixedtothetransparentsubstrateI02insidethe 

windowregionI01bymeansofasuitableadhesive.Applicationmaybeachieved 

byahotorcoldtransfermethode.g.hotstamping.  

30 Itshouldbenotedthatasimilarconstructioncouldbeachievedusinga 

paper/plasticcompositebanknoteinwhichtheopacifyinglayers103aand103b 

arereplacedbypaperlayerslaminated(withorwithoutadhesive)toaninternal 

transparentpolymerlayerI02.Thepaperlayersmaybeomittedfromthewindow 

region101islocatedasecuritydevice100inaccordancewithanyofthe
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regionfromtheoutsetorthepapercouldberemovedlocallyafterlamination.In 

otherconstructionstheorderofthelayersmaybereversedwitha(windowed) 

paperlayerontheinsideandtransparentpolymerlayersontheoutside.  

5 Figure15showstheuseofa"full"windowwheretheregionswheretheopacifying 

layersareomittedareinregister.ItwillbeappreciatedthatthedeviceI00may 

beappliedina"halfwindow",forexampleinacasewhereopacifyinglayerI03b 

waspresentacrosswindowregionI01.  

10 InFigure16,thebanknote1000isofconventionalconstructionhavingasubstrate 

I02formedforexampleofpaperorotherrelativelyopaqueortranslucentmaterial.  

Thewindowregion101isformedasanaperturethroughthesubstrate102.The 

securitydevice100isappliedasapatchoverlappingtheedgesofwindow101 

utilisinganadhesivetojointhepatchsecurityarticletothedocumentsubstrate 

I5 102.Againtheapplicationofthesecuritydeviceanddocumentcouldbeachieved 

usingvariousmethodsincludinghotstamping.Figure16(c)showsavariantin 

whichthewindow101isomittedandthedevice100issimplyappliedtoasection 

ofthesubstrate102usinganyconvenientapplicationtechniquesuchashot 

stamping.Insucharrangementsthedevice100willofcourseonlybeviewable 

Figure17depictsathirdexampleofasecuritydocumentagainabanknoteI000, 

towhichasecurityarticle105intheformofasecuritythreadorsecuritystriphas 

beenapplied.Threesecuritydevices100eachcarriedonthestrip105are 

25 revealedthroughwindowsI01, arrangedinalineonthedocumentI000.Two 

alternativeconstructionsofthedocumentareshownincross-sectioninFigures 

17(b)and17(c).Figure17(b)depictsthesecuritythreadorstrip105incorporated 

withinthesecuritydocumentI000,betweentwoportionsofthedocument 

substrate102a,102b.Forexamplethesecuritythreadorstrip105maybe 

30 incorporatedwithinthe I structureduringthepapermakingprocess 

usingwellknowntechniques.Toformthewindows101, thepapermaybe 

removedlocallyaftercompletionofthepapermakingprocesse.g.byabrasion.  

Alternativelythepapermakingprocesscouldbedesignedsoastoomitpaperin 

20 fromonesideofthesecuritydocumentI00.
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thedesiredwindowregions.Figure17(c)showsanalternativearrangementin 

whichthesecuritythreadorstripI05carryingthesecuritydevicesI00isapplied 

toonesideofdocumentsubstrate102,e.g.usingadhesive107.Thewindows 

I01areformedbytheprovisionofaperturesinthesubstrateI02whichmayexist 

5 priortotheapplicationofstripI05orbeformedafterwardsagainforexampleby 

abrasion.  

Manyalternativetechniquesforincorporatingsecuritydocumentsofthesorts 

discussedaboveareknownandcouldbeused.Forexampletheabovedescribed 

10 devicestructurescouldbeformedonothertypesofsecuritydocumentincluding 

identificationcardsdrivinglicensesbankcardspassportsandotherlaminate 

structuresinwhichcasethesecuritydevicemaybeincorporateddirectlywithin 

themultilayerstructureofthedocument.
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CLAIMS 

I. Anopticaldevicethatexhibitsavariableopticaleffectuponillumination, 

theopticaldevicehavingadiffractivestructurecomprising: 

5 aportionofafirstkinoformdiffractivestructurethatencodesafirstimage, 

arrangedtoformafirstdiffractiveregionofthediffractivestructureand 

aportionofasecondkinoformdiffractivestructurethatencodesasecond 

imagearrangedtoformaseconddiffractiveregionofthediffractivestructure 

wherein 

10 thefirstdiffractiveregionandtheseconddiffractiveregionarelaterally 

separateand 

eachofthefirstdiffractiveregionandtheseconddiffractiveregionare 

discerniblebythenakedhumaneye.  

15 2. TheopticaldeviceofclaimIwhereinwhenthedeviceisilluminatedthe 

firstdiffractiveregionexhibitsthefirstimagethatisperceivedtobeinfrontofthe 

planeofthedeviceorbehindtheplaneofthedevicedependentonviewingangle, 

andthatisperceivedtomovewithinafirstimageareacorrespondingtothefirst 

diffractiveregionuponachangeinviewingangle;and 

20 theseconddiffractiveregionexhibitsthesecondimagethatisperceived 

dependentonviewingangleandthatisperceivedtomovewithinasecondimage 

areacorrespondingtotheseconddiffractiveregionuponachangeinviewing 

angle.  

25 

3. Theopticaldeviceofclaim2,whereinthefirstandsecondimageareas 

donotoverlap.  

4. Theopticaldeviceofanyoftheprecedingclaimswhereinthefirstimage 

30 isgeneratedsubstantiallycompletelybydiffractionofincidentlightfromthefirst 

diffractiveregionandthesecondimageisgeneratedsubstantiallycompletelyby 

diffractionofincidentlightfromtheseconddiffractiveregion.  

tobeinfrontoftheplaneofthedeviceorbehindtheplaneofthedevice



WO20221148977 PC11GB20221050049 

36 

5. Theopticaldeviceofanyoftheprecedingclaimswhereineachofthe 

firstdiffractiveregionandtheseconddiffractiveregionhasasizegreaterthanI50 

microns.  

5 & Theopticaldeviceofanyoftheprecedingclaimswhereineachofthe 

firstdiffractiveregionandtheseconddiffractiveregionhasdimensionsgreater 

thanImillimetrexImillimetrepreferablywhereineachofthefirstdiffractive 

regionandtheseconddiffractiveregionhasdimensionswithintherangeof10mm2 

to300mm2.  

10 

7. Thedeviceofanyoftheprecedingclaimswhereintheportionofthefirst 

kinoformdiffractivestructureandtheportionofthesecondkinoformdiffractive 

structurearecomplementary.  

15 & Theopticaldeviceofanyoftheprecedingclaimswhereintheportionof 

thefirstkinoformdiffractivestructureandtheportionofthesecondkinoform 

diffractivestructurearesuchthat, 

atleastatoneviewinganglethefirstimageisperceivedtobeonone 

sideoftheplaneoftheopticaldeviceandthesecondimageisperceivedtobe 

9. Theopticaldeviceofanyoftheprecedingclaimswhereintheportionof 

thefirstkinoformdiffractivestructureandtheportionofthesecondkinoform 

diffractivestructurearesuchthatupontiltingthedevicethefirstimageandthe 

25 secondimageareperceivedtomoveinsubstantiallyopposingdirectionswhen 

thedeviceittiltedaboutatleastoneaxis.  

10. Theopticaldeviceofanyoftheprecedingclaimswhereinthefirst 

diffractiveregionandtheseconddiffractiveregionsabuteachother 

30 

11. TheopticaldeviceofanyofclaimsIto9whereinthefirstdiffractive 

regionandtheseconddiffractiveregionarelaterallyspacedapart.  

20 ontheopposingsideoftheplaneoftheopticaldevice.
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12. Theopticaldeviceofclaim11,furthercomprisinganon-diffractive 

componentlocatedbetweenthefirstdiffractiveregionandtheseconddiffractive 

regionpreferablywhereinthenon-diffractivecomponentiscontiguouswitheach 

ofthefirstdiffractiveregionandtheseconddiffractiveregion.  

5 

13. Theopticaldeviceofanyoftheprecedingclaimswhereinthefirstand 

seconddiffractiveregionsarenotinterlacedwitheachother 

14. Theopticaldeviceofanyoftheprecedingclaimswhereineachofthe 

I0 firstdiffractiveregionandtheseconddiffractiveregionaresubstantially 

continuous.  

15. Theopticaldeviceofanyoftheprecedingclaimswhereinthefirstand 

secondimagesareintheformofindiciasuchassymbolsandalphanumeric 

15 characters.  

16. Theopticaldeviceofanyoftheprecedingclaimswhereineachofthe 

firstkinoformdiffractivestructureandthesecondkinoformdiffractivestructureis 

abinarykinoformdiffractivestructure.  

I7. Theopticaldeviceofanyoftheprecedingclaimswhereinthediffractive 

structurefurthercomprisesaportionofathirdkinoformdiffractivestructurethat 

encodesathirdimagearrangedtoformathirddiffractiveregionofthediffractive 

structurewherein 

25 thethirddiffractiveregionislaterallyseparatetothefirstdiffractiveregion 

andtheseconddiffractiveregionand 

thethirddiffractiveregionisdiscerniblebythenakedhumaneye.  

18. Amethodofforminganopticaldevicethatexhibitsavariableopticaleffect 

30 uponilluminationthemethodcomprising.  

20
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providingaportionofafirstkinoformrepresentationencodingafirst 

image; 

providingaportionofasecondkinoformrepresentationencodinga 

second U 

image, 
5 formingadiffractivestructureinacarrierlayerwhereinthediffractive 

structurecomprisesafirstdiffractiveregioncorrespondingtotheportionofthe 

firstkinoformrepresentationandaseconddiffractiveregioncorrespondingtothe 

portionofthesecondkinoformrepresentationwherein 

thefirstdiffractiveregionandtheseconddiffractiveregionarelaterally 

10 separateand 

eachofthefirstdiffractiveregionandtheseconddiffractiveregionare 

discernibletothenakedhumaneye.  

19. Themethodofclaim18whereinthediffractivestructureisformedusing 

I5 masklesslithographysuchaselectronbeamlithographyordirectlaserwriting.  

20. Themethodofclaim18orclaim19whereinthestepofprovidingthe 

portionofthefirstkinoformrepresentationcomprisesprovidingafirstkinoform 

representationencodingthefirstimageandselectingaportionofsaidfirst 

20 kinoformrepresentationandthestepofprovidingtheportionofthesecond 

encodingthesecondimageandselectingaportionofsaidsecondkinoform 

representation.  

25 21. ThemethodofanyofclaimsI8to20whereintheportionofthefirst 

kinoformdiffractivestructureandtheportionofthesecondkinoformdiffractive 

structurearesuchthatatleastatoneviewinganglethefirstimageisperceived 

tobeononesideoftheplaneoftheopticaldeviceandthesecondimageis 

perceivedtobeontheopposingsideoftheplaneoftheopticaldevice.  

30 

22. Themethodofanyofclaims18to21whereintheportionofthefirst 

kinoformdiffractivestructureandtheportionofthesecondkinoformdiffractive 

structurearesuchthatupontiltingthedevicethefirstimageandthesecond 

kinoformrepresentationcomprisesprovidingasecondkinoformrepresentation
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imageareperceivedtomoveinsubstantiallyopposingdirectionswhenthedevice 

ittiltedaboutatleastoneaxis.  

23. Themethodofanyofclaims18to22,whereinthefirstdiffractiveregion 

5 andtheseconddiffractiveregionabuteachother 

24. Themethodofanyofclaims18to22,whereinthefirstdiffractiveregion 

andtheseconddiffractiveregionarelaterallyspacedapart.  

10 25. Themethodofclaim24,furthercomprisingprovidinganon-diffractive 

componentlocatedbetweenthefirstdiffractiveregionandtheseconddiffractive 

regionpreferablywhereinthenon-diffractivecomponentiscontiguouswitheach 

ofthefirstdiffractiveregionandtheseconddiffractiveregion.  

I5 26. ThemethodofanyofclaimsI8to25,whereineachofthefirstdiffractive 

regionandtheseconddiffractiveregionhasasizegreaterthanI50microns.  

27. ThemethodofanyofclaimsI8to26,whereineachofthefirstdiffractive 

regionandtheseconddiffractiveregionhasdimensionsgreaterthanImillimetre 

20 xImillimetrepreferablywhereineachofthefirstdiffractiveregionandthesecond 

28. Themethodofanyofclaims18to27whereintheportionofthefirst 

kinoformrepresentationandtheportionofthesecondkinoformrepresentationare 

computergenerated.  

25 

29. ThemethodofanyofclaimsI8to28,whereineachofthefirstkinoform 

representationandthesecondkinoformrepresentationisabinarykinoform 

representation.  

30 30. AnopticaldeviceformedbythemethodofanyofclaimsI8to29.  

diffractiveregionhasdimensionswithintherangeof10mm 2to300mm2
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31. TheopticaldeviceofanyofclaimsItoI7or30,whereintheoptical 

deviceisasecuritydevice.  

32. Asecurityarticlecomprisingasecuritydeviceaccordingtoclaim31, 

5 whereinthesecurityarticleispreferablyformedasasecuritythreadstripfoil 

insertpatchorsubstrateforasecuritydocument.  

33. Asecuritydocumentcomprisingasecuritydeviceaccordingtoclaim31 

orasecurityarticleaccordingtoclaim32,thesecuritydocumentpreferably 

I0 comprisingabanknotechequepassportU cardcertificateofauthenticity, 

fiscalstamporanotherdocumentforsecuringvalueorpersonalidentity.  

34. Asecuritydocumentaccordingtoclaim33 whereinthesecurity 

documentcomprisesasubstratewithatransparentwindowportionandthe 

I5 securitydeviceorsecurityarticleislocatedatleastpartiallywithinthetransparent 

windowportion.
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