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DATA STORAGE | N A DI FFRACTI VE OPTI CAL ELEMENT FI ELD OF
THE I NVENTION This invention relates to data storage

wa@pa7ioxsparti cul arly, but not exclusively, cone€r/AE207/000038
with data storage in security docunments. BACKGROUND OF
THE I NVENTION I n security docunents such as passports

per sona DA STARACHE N3 DlrrrRAGTIVE AP RRAT ELEMENT ©

FIEIVIORTHEINSMEI§TIGgVer al data storage mechani sms whi ch
have been used in security docunents, includin

barBisddaveniiggndeiatestia (lia sipragal ash tsed?ﬁfBP'%agJY» but not
exclﬁglgé@(:%onjlc%rﬁ L, acs%\ja tﬁ@ééuﬁtgeo% nt&ach of

ata storage devi ce have so ent

BA@@RGMQIQEH&EIM‘&EN@WDNWS but nost of t hem suf fer
m t he, di sadvaniﬁ ge t hat whi

| th
Lo BTG OE VBNl et B bascbuts pid HlemlfitaioT Saus g often

requifedPioOstBed Persofal bty séQFERESH $hd Gg@urﬁ@hﬁt fl'ﬁ@res dGhently exist
data storage devices is general l% very high. It is
e

severakdateosteratiss megbesistes pihish devea @Mtsradenﬁelcwvtsté@,@uments

lncngog@@ t?eirg&gﬁgsc lﬁé#ect% sscﬂb eoﬁ'cé?{:’ @895&?@9%bﬂ%dt%%hlps and

contia@ﬂes‘,@m ehipss. plﬁﬁa\dgld@ff ﬂweseg&aﬁal ﬁotawldemeé@mdawel gsome inherent
i nexpensi ve net hod of producjng . a security do

advaqiaRes Ak @Seﬂwr&aaeaegwc@osfse?nw fer o NOENFegyantage

that%ﬁu%ftg %&%éx‘i’e ];’ﬂ?é 'abﬁ&%?é%%ﬁ a{;h LBRIhEY %mdf&;inét*‘tﬁ{ &hbost of

rovi a diffractive optic el enent
prodmmg i sgaugitya divdumentsi rcampenating r aucmréawm&wag@cldﬁyws is

ata physically stored within the
genﬁ{aglp%p ﬁ@gure wherein when the DOE is illuninated
Wi s Sdrstarstderiraplec) hiovrices rélagVdly Idweodi Hataastbrag® device

m crostructure generates a far field interference
SUlt@H?tf@"r incemoratignoing BECYBY deeuresfeand atherantigless
0 C r r
IR BRGSO Bep Rl ORLG ) ABhoonsive
methpti io€ producitgos seoutityrdesunwn evithi s datenstoragesdevice.

i ff t' e _opt.i | enments (DCEs), have been used as
SU@M\%} ciﬁﬁo‘ﬁfvoé’@}@g in security docunents such as
banicagt sy ’ccaSléCi’?rsflE1 a@ EEf B tHeY MveBtibl ahe®! RNBIdVidathgNiffractive

illTumnated with gstantla ly collimated 1ight,
optigein elemery @DEht@m@m%ngea ifftastive WhicEpstpiGaR: adhigh includes

encR/rp?éoe Cota?éj Bﬂyi\é%llly' {BES Wﬁﬂ\ "th& %?ttr&é’tﬁ!i&gre, wherein when the

DOE is illuminated with substantially collimated light, the diffractive microstructure
generates a far field interference pattern corresponding to the stored data that is
reconstructed in a reconstruction plane remote from the DOE.

Before the present invention, diffractive optical microstructures, otherwise
known as diffractive optical elements (DOEs), have been used as authentication
devices in security documents such as banknotes. Such a diffractive optical
element, when illuminated with substantially collimated light, generates an
interference pattern which produces a projected visual image when reconstructed
in the reconstruction plane. However, the use of such DOEs in security
documents for storage of encrypted data other than for producing projected visual

images has hitherto not been previously proposed.
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in the reconstruction plane. However, the use of such
DOEs in security docunments for storage of encrypted

wal2aa0a/0mser t han for produci ng projected vi suaPCi/AHY®I/000038
has hitherto not been previgusly proposed. According to
anot her aspect of the invention, there is provided a

Seg| Ebl‘dﬁ’ng{fﬁf%{ﬂgﬂ%r %rsg?f:lt bf:t | ﬁﬁoﬁ ntﬂtepéj?ssg?owded @y security

dlf ractive opti cal I accordance
dOClﬂmeanGFSBl’tBZﬂ;qé)eWthbf mdheademvwndlffcactlvé“hepmaseletment (DOE) in

vent i rti cuI ap I'cableto diffractive
aCC‘?ﬁHéPB%WtBJbﬁflgﬁ %HS% Jg'érﬂn tioRal - type diffractive
optrheal P@s@ﬁﬁntlﬁvé@gﬁs) lsThSaﬁlbm%lr@St PHI‘E%rHIé’altoty@ﬁ‘fractlve
DCEs re on the mappi ng of | ex data that

microgtupTes KIONR ﬁﬁenwaerl@aletwe(@ ractive neptioat t¢lemeptsa{BOES).

eyl ARFRNSRAlnd TGRSl BA 3 Mgt of i gt o

reco&etruc’enmtheafdra‘md (or seamtstmileﬂbn Lndmﬁe)tzh&w&dfme@@lonal intensity

h d
L S PR Vi 00N o
Iaseﬁpiéar‘ﬁéléénﬂ Qlﬁéﬁefﬂ"ne' boke ér?(iﬁﬂé?i‘ehg%mgﬁﬁ%hﬁq@ %H@Fa?ed that
etween the t

fromthe Tetrans’formatlon
COIT@$RATES t@dhe kséoraf:l;@malamdtveldcbynay basietdaiad ibyrsuitabies Appanatus

e i T

betwdetr tb@tww:pl@h@s @fant e aPpFoxirhatsd BPa #at #otaer ﬂgnsform (FFT).
cal cul at ed by perform ng an inverse FFT transfornmation

Thugt coRw %sdai@dm%@mgstam@hméﬁ ang pheseidsioregtion has to be
phyél%gf‘éhéd’deﬁaL B nhiBrdshi® {Lﬁ‘é Jf @l Ldhod. N 'ﬁ'ﬂ% BH.! §5¢=E8an be

nt the security docunent Cof “art
calculatat poy aperigrnnlhg BOE Inseram i Efént transfatrmationloofiméd |, desired

recopfituh (o B teSrLhEsR el beal BEhRg to the.
ho|rdgre Qf'efér*i‘@d bﬁ%ﬁdl%bﬁﬁﬁ%d@@lﬁ}-‘ﬂ@éﬁmeﬁ%r %@I@Hh@@rporatlng

the identification docunment could be a passport
the Dddntistgn didgrdifigation sipicumsntd aadnﬁwau storer temerypiee datd in the

micrg 8 o RIS 0E R REER g RED % e Bl §RgbPSr e
identifi¢dtionhdosirnertd ¢fergsiragledand identificatiOPOcdumgent could be a
containing the nane and identity or account nunber of

passnest LY carehels CreditCand coptriningdae dirers gheddaatity number or
accdui® niRfeRRVhE ‘Pr%ld@? d’?’P'fi‘let Hé’&?rheﬁ@&?tgldfe%evé%bf\%é‘r% fhReDoE

authenticity of docunent and deters an
is pravigdedhwithsbel S(Q@”eécﬁndrmiﬁﬂtdﬁ’mem ity DD lalscheontaining the name

i AR ' Lteri e nane o
ana WP SRR RIS Y ! THSLIG RETBagec EREtprcd
datarindte D@EMyrodidparaat additioshiushatyt far delifHgethe authenticity of the
document and deters an unauthorised person from tampering with the

<

identification document by altering the name or number printed on the card.

The encrypted data may be readable by apparatus including a detector
located in the reconstruction plane and decryption means for decrypting the
encrypted data detected by the detector.

The data stored in the DOE may be digitally encoded data or analogue
encoded data. It is possible to encode analogue data in a DOE by using blaze

angle gratings. This has the advantage of being more difficult for an unauthorised



10

15

20

25

30

| ocated in the reconstruction plane and decryption
nmeans for decrypting the encrypted data detected by

wo b@7detsect or. The data stored in the DOE nmay BET/AU2007/000038
digitally encoded data or anal ogue encoded data. It is
possi bl e to encode anal ogué data in a DOE by using

bl aze angl e 1 ngs. [ t i [ d
porsi AP R 02 el B A LS P e choc
data.but can be nore prone to noi se when reading the

encoded data.  In one e i ment,, the DOE I
arp aﬂ@%dem&c’@@ﬂ%“rtattge aggﬁ%! r&@?e%llsw Eﬁa?‘rr?ﬁ%%a‘oﬁ(&?ﬁgrate a
. . 0 1 H | 3 :
pricEEEPELEE A0 U ooy, OGBS A Dot ntod
with pulsstantialty eollmated hghje Rayinstanse, thegecjottet nasyR|inage may

of. the i tificati d ent. i i .
be af ggdenl ThengERbPLa g Hop g BRGufHegh THEEpHISHRY visua
imag\éer%?rbee BRBRIS] b 4 hiestRXIE cinsixélberevantypelechatds an sy DOE

be stored in a second set of pixels or, ve

and ¢heranrgptegr eatér MMV Penslred iRed $EGAN ﬁ@fjh%%if(e@e?r vector
elemfgﬁLso @féén%g?bﬁ%ﬂéhxgﬁefd' Witk iRefilst e84l BF k¥raketerityed

_ ractive optical mcrostructure
canpr parisuaryl pretsiedyerobodipeart uiheddiffiactivel opticg] microstructure

b i all '
compisesy aphaty oS ABeRbresoBee T BT REH AUk BPaRUe i fsnosed
on tﬁ%ﬁg’%ﬁea nmet hod of storing and reading data in a

t including the steps of: providing a.
di Acoaadinavie anstheraspect pberinventian, itherers Tidigeg 4 method of

.wherein_encr ' ' :

Stor”i’r‘fJ @Pﬁ&?ﬁ@?ﬁ%‘ ?'??Iq%%eﬁ,ae?] ! ﬁ*&;ﬂ{q‘i@g% %ﬂréggtoif've opti cal
M SoQRGifICA Wiffractivd optlzst antoredtiycterel in theedodurghnt wherein
whereby a far field interference pattern i s generated

encrypiededaiangpiaged & MR HAWE data that is
r efﬁ%ﬁ%m efhd ndiﬂ‘ré(ﬁﬁ/i@nséﬂt}é‘ét | ehlcRistaeture Matith T sabstantially

the di tive optical mcrostructure; detecting the
collifnated i Bgitk | wherdbyr emcdapatieldr rintarfererce epalery ulst | generated

oS8 FECHLELHE, L, SO e lghcton

planBaEhRAS faemeicadifrhdive opgicali hforesttuctereopt i cal
mcrostructure is preferably dete

s vt Pi oo bk B oYt R b e
CHERSPENE A PO TR ARSI o i ber 0
pr ggeafarvielch integfessfnoenpattern generated by the diffractive optical
microstructure is preferably detected by detecting the light intensity of the
interference pattern in the reconstruction plane. The encrypted data in the light
intensity pattern may then be decrypted by a computer program which transforms
the detected light intensity pattern into machine readable data.
According to a further aspect of the invention, there is provided apparatus
for reading encrypted data stored in a diffractive optical microstructure in a
document including:
means for directing a substantially collimated beam of light onto the

diffractive optical microstructure such that the beam is transformed into a far field
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the detected light intensity pattern into machine
readabl e data. According to a further aspect of the
w0 pooeitdsen, there is provided apparatus for reedi/Aag2007/000038
encrypted data stored in a {Ji ffractive optical
m crostructure in a docunment including: nmeans for

: ' ' | d.b f ,
ntefrEioh | B84RrT  EOTRTl Bnd B ther BhERR T et Mg atnat is
reconBubtedrin issreicoasisictiomgslaii® rematd omfthelrBicrdstrdcasrence

attern re ondlngtothe tored encrypted dat a
thal? tiGal q%g %tf%’{) mranedlorated ine n%qqou&m@gprmpbm@ fasrdatecting

the fféroﬁéfdhﬁﬁtgiféfé?%r B&H&e an@Pidr %%n&%flﬁ%télgﬂalger%ﬁese%@g the

| ocated in the reconstruction ane etecting t
StOF(i(iaEn@l‘YQtQﬂ dafteeandr ence pattern and for generati ng

or DR P R AR 1 dRer Ua G o R b E STl Al the optical
deteﬁ:ﬂ@rﬁlahéaﬁsr aphératn eRs Pﬁcﬁiesdﬁn*gem*ebﬁﬁ iNElaaes dMepfistion MmBans for
processi ng neans i ncl udes decrygtlon nmeans for

decrypting ghe nenerwetesh dpipptrerregantedr ey ribsesigaglspirorhdhe detection
meafkdnal s fromthe detection means. In various

enbodi ments of the invention, a variety of different

aplor vszcmesemh)pdbnemtakﬁnhé mve‘mmm agvdriety df ﬁ_ffﬁea@rﬁtl afroaches

may 1ok Bh i 1o diffadferniicel Rigeatietiee pBdBetibSlrate or

in aa@y@r eHOtrﬁ'e'FBlQJd' MRNbSe Cﬁerfe'ﬂﬁ bl‘é‘é§né1' %P@ce%sls-,@y@écdrélng to
plied to the substrate, and the diffractive optical

embﬁfim@ﬁﬁrgﬁ:m@ einventiast, nedialgr s panpligdi to the suhstrate.eand the

dlffré(ﬁlv[e *ngnc%ﬁéfﬁ 8§§H§}ﬁ{e?§|tf§%8{f bé(’ﬁggie@rlgxﬁgﬁ%r @%’rﬁkgs rrrW[hl%elayer

eg b&tdtﬁﬁitlcnn Additibhel diyéfs may ibecasitiedctal thel substrhitasitierebefore or
n a surface |ayer, or in an internal

after] @porbf/egﬂgm{;fr@ppy@ ogtical @@Foost%mrge’aay detfganed in a surface
layef‘l&"% BAl 4L t e Sugelhfg?@ft Iéy@rfs ad{}ﬁleki”cﬁﬂé 50Ps étggr

ayer app trate opaci fyi ng ,
whier ssige @Mbmhmn&soﬁr@edn‘#éntmxt rthealaypt lapalled to the substrate is

on QRN RRTAT A e Bt TR RSP AR oBRRR i GBstturo e
formeHaseSS 880 IR6E apSiti@stie tRITBPsdifRY myef. the invention,
the diffractive optical mcrostrucfure is forned by

ablna@neinepgangsalselipsadt ipcessessatnardingeto egwodiments of the

inveﬁﬁtH QM 'al‘i}er?ﬂ \f’é bBt{baIm&‘r SHLEREE @@lm% gtt)lgﬁo% thelsurface

ective 0 uce a di act e opti
of thet substate el |I‘ﬂ)lla>msmg)ladalatlmnt d¢hé exttrfawe tiayobghcddted with a

reﬂeB{g; ﬁr?r?rt%n;t)ro%ldggtar 8%f?actf\6/‘|etoeprt|%g} Ist\{gclztﬁ’re Waet lg l%sflae in reﬁectlon
through the transparent substrate. Alternatively, the surface may be left
uncoated, or be coated with a transparent coating having a different refractive
index to that of the substrate. According to this method, a diffractive optical
element can be formed that is visible in transmission through the document, when
illuminated using a point light source, such as a visible laser, projected onto a
suitable viewing surface.

Furthermore, in accordance with embodiments of the invention various
means and methods may be employed to ablate a layer applied to the substrate,

or to ablate the surface of the substrate itself.
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uncoated, or be coated with a transparent coating
having a different refractive index to that of the
wGeawsnrEee. According to this nethod, a diffraetT/%82007/000038
optical elenment can be forged that is visible in
transm ssion through the docunent, when illum nated
Qi n h
o2 oBuB B e breRER EBpI TR 18 Spddifierhs of @ fnvention
is laded BbRAIOAD o iy &6€ explesire ofiohk armhord amassofdhetdwstrate or

SRECOE R PR
optlcéﬁ}fd FrudRestRlctdBans tdr% Abldts @ WEErtEﬂ‘l% i@reeﬂ?bééque layer.

t1on process applicable to enbodi nents of
i rAczording to prifesead ambadmnts; laser abia@omr@amﬁa@arrf@rrmd by

v RecARE o b IBBARRILE) BBl APk e

onto @hdBOFAGN Bf tHPsuISatdty odildyer @@bli@'@ tﬁérettnt Adeantagesisly, direct
or to ablate apertures in an

lasen scamniTeinckiglesthe dndiidyalisqdy ?Qiléjﬂ? 'géﬁr Pﬁ%@r%gg{lgf‘ ad by the
use SR gﬁfj nﬁﬁegilcf'éf%ntjrd?@@f\l CANGided 1ok andB&iVIRAI or unique

personal’l se ractive optical mcrostructure onto
optncﬁl&ml@usﬁrwamf t he substrate or Iayer appl i ed thereto.
vant a dir | aser ann e h
Hﬂﬁmaﬁ‘éﬁ%ﬁsé %ron"t“iﬁaf'orbf m§1y| utélﬂ irstt Jor o @
perslg)ﬁﬁls‘éﬁ GERL %ﬁ‘rbsﬁé‘rﬁ@hg Gih tﬁ@rﬂésﬂJed (;@@nalls}@dodlﬂféfctme optical

m an 1 ndi vidual or unique optical mcrostruc
micr@gttunturet isieg pppropriate mathedoin arepréangsev4ts arake %gﬁems of the

first f
el AP PR S BEF IR, GOCE SPRAEY eroh! o tocer
radlemoﬂ] (ﬁﬁé%@%ﬁhﬁo@gh%h?gnaplpr divei mbek meay besdesigaed sudaribat the
W e odi nent t
i st AR i 8o BB el PRy g T RgpRdhrougn
the @QQ& b 'tl‘i@?r?fé?( ihBlAEg BobheretslbstaitRllFEs Kns®ih R shape
ned s t he substrate or layer is exposed
of themasired reeaas to bediblatet adeernaiven Ihﬂ]nmskéﬁﬁb@etcfﬁsdﬁ@ﬁj such
th
tat g PR B RSP RETh BB PPRL et gt lpecos

throtigh B6e 3RhsI, aWnerdiletneakiagr| ifclutibe appsturemyobreddsi pg"nédce a
such that the substrate or |ayer is eTx sed in the
diffragtiond petiemnaserresaanainbowitdi inec 6BaPe H ﬁlﬂw Gpeﬁé”eﬁagigas o be

reby the mask includes apertures fornmed to produce

dlffractl on pattern corresponding with the shape of
t hAddmegeduayme mask ensabb e treshufaevresct tage targey scalgghan the

deswed dn[{a a)(:tlve gatrlléjafl aﬁwtlgrro(seprluct:tgrea I%rc%erls Sgw.%seqtl}é%ﬂyt Qr%ated by

exposure of the substrate or layer applied thereto by reducing optics, such as a

abla

suitable lens arrangement. Advantageously, this approach increases the required
minimum feature size of the mask, thereby enabling the use of lower precision
equipment for the formation of the mask. Furthermore, the mask may be
generated in cheap materials, such as aluminium coated polypropylene. In
addition, the durability of the mask may be improved due to the reduced required
optical power density instant upon the mask. All of the aforementioned factors
may reduce the cost and complexity of mask production, thereby enabling

individually personalised masks to be produced for use in forming corresponding
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desired diffractive optical mcrostructure, which is
subsequently created by exposure of the substrate or

wo 2002078ppl | ed thereto by reduci ng optics, SuchCEHAU2007/000038
suitable | ens arrangenent. Advantageously, this
approach increases the required m ni num feature size

persdnaliS&d UKt 8p & fngi??cﬁ‘%td&%régwm aB{:egbt%\é’Fer : timeframes and

preci si on equi pnent ormati on o

at arepntaklerapsts. t he nask may be generated in cheap
|.al h | um ni ted | [ene. In
nadf {8 RopRt ‘daPSe e pRsPr e eendenty BeVaria aiomethods

incligtiiag t loutt st IIreidstt e8] theawriord ©BRhiGaks Wsé@ﬂéi%b{ for forming
opticlpagSt ant upon the mask. Al of the aforenentione

cBEvEurRsy in RRARWIE hayersstisapged atpltbei syrfade mfs kransparent

sub&ffduction, thereby enabling individually personalised

masks to be produced for use in formng

colr papmutirlygpefened|ersieotidichts, abei metr et irs@lves generating a

rricrostrlu tures W thi r} acceptabl e tinmefranmes and at
mask. s BRIl W > MANYIRCWre faether faatusesapdgelrsnantsyof the
seclifty eamayt ar ¥aidiS! VRHR b | i

o e ARl e oy IR Feddche) ¥ BeeraimERkauired to
manuictas thedigabpecwiy decumentioearticte. opaque | ayers

di face of, transparent substrates. |n

parrraghe R, b s dlarRaF oo BLARE0RheS 1,45 Fventon, the
desiret diffrastigeopticd! i mgresiridlire B Rpredditbd Wd Bnt &@ay of discrete
cle maEUf acture of other features and el enments of th

t he
tri t\ dbcRAriRviagy Rrefeped, emhadiment,uithectifiractivei mptical
i ' OAM. T, ; t [ .
miorb SRR Ry alisSentEa il 2iRANCRAL HER, Afing Si8bietormines
dimensigns; aed the nedbod incdedes:dance with the invention, the
desi diffractive optical _mcrostructure._i
re%?%cﬁgﬂwgd{hgsg’%ﬂ} dgpﬁﬁgoegll E?TQC'P BN ATER: Rf sd_slsqrﬁteaelements;
andparticularly preferred enbodi nent, the diffractive

optical mcrostructure is represented as a two
di #eleaniing the epatanhwf wisgetedelestants of tae field i esderatedform

the 4ORATAESS thoakYAaS SHR] MidbaR e v di mensi onal

freld into an arra screte elenments; and

delEachm disogte heleowmit entayofbedizs cicpiaee ebemeptamgulart pgxel, and
f[eid data of the

ool P SoS5hel e et FS e ot M restotur s -
omeberm, MRINP BUEBLAY bar SELEN e 1Sl 50 of e
subsgigte,dar exaroplesysing @€Y galwnometer or a CNC stage to scan a laser
over the substrate whereby the laser is activated to ablate points on the substrate
or layer applied thereto corresponding with discrete elementé or pixels of the
bitmap. The laser used for this process may be, for example, a frequency tripled
or quadrupled Nd:YAG system with a telecentric scanning head, providing a pixel
size of typically 7 microns. Alternatively, a CNC stage may be used in
conjunction with a frequency doubled Nd:YAG laser, providing typically a smaller
pixel size of 5 microns or less. |

In other embodiments, instead of representing the diffractive optical
microstructure as an array of discrete elements, the microstructure may be

represented as a plurality of narrow vector elements or tracks, According to
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bitmap. The resulting bitmap nay be used for direct

| aser scanning of the substrate, for exanple using an
woogarssamonet er or a CNC stage to scan a | asePCDXER007/000038

the substrate whereby the yaser is activated to ablate

points on the substrate or |ayer applied thereto

methg&% o??lﬂgf?‘géé‘geé@httli‘acq{ C%L%ﬁ&eﬁ \ERBRbY ©F callsetliBiraitiohnr light

| aser use I's process nay be, for
passnegathpt@hroalghr éiheeinagkst mia Ibedsteaighiugdrvgsl eidofiNerbitrazy shape in

ccco LS T 1l FRRERR O Ber iy AL e
The ﬁ%ﬁﬁﬁ@gzﬂwnﬁmd@ed in conjunction with a frequency

oiORepraiingea Sfiraciveriieg! BYCTPBESot IRk dhagROBE nont s,
| R3hGadin ftpé?ﬂﬁl%ﬁﬁvrg bgﬂcélhﬁu fdsgfdcﬁ%' Mgsl@%!a@é'mto ap plurality

m Ccrostr ure as an rray o |screteeerrens
of veutensostmespandingrayithbéhe e';armrttaexbtsas Tzhuqoloonue«suqn & form a

nar wve rdgierrents r tr Af cording to c%lsi,
repregeniaice. 8 4 HBRG 2eRCR ST ITORILALR 1 HoP LAY o Harrow
track§ 3fH§g b fnéﬁ&?ﬁéd)ﬁlgﬂéw iL@Bh é’@ﬁﬁiaﬁlﬁlrﬁé@ of liti® dahractiRe optical

tracks may be straight, curved or of arbitrary shape
micrastrugtwerrdasic esing traga @nnaé/@tﬁ ieghgiquss dnowndndg ierted

dlhbfé %@34 %fe 38‘9%*(;[%@ &%888% e@ﬁp&’?@ﬂﬁfr%%e optical

ating a |ve optica
micrdBtRichserieptagentatnak a plageity an daUOWVteatctksng thakea laser having a
diffractive Q%elcal m crQstructure e int

relatiyelyrlarge §Pelrsive My ke UspA dQ S HE fReorideoRdioRedk. For
exan{pﬁécgﬁ? s WHFhSCQi”YG gl 20 rhierdridf May bERIseserdt piddueOdiffractive

ractive optical mcrostructure as a pluralit
optlcel‘ miarostwctures kesibetaptinlly @@uﬂ@ierﬁdtmt@seaprqﬂwsdnﬁ@m itmap

f.the diff .
maohaEad FoFeCled B Lo 00 g PR PRl 8o
embdYiRfrits, Caitatt léébt%ﬁa@gmgoﬁsmg’@ﬂmgbﬁlahaﬁmﬂempoa @NC stage
diffractive optical mcrostructure re rese t ed ase% upon a

may preuwsgd o generate pomiteplec askdramdbe seprgsen eﬁwu

e spot size may be used to generate the
plurar@}g“é{rg%%t%%k%a k. For exanple, track widths of 20 to

25|nn$tctlr mrr&\elmqm!hrmlmets tthe pilfﬁmwe dipticekhoti¢restropire anay be

m crostructures substantiall U|vlent to_ t
repr‘?ﬁ‘e&&%fieﬁ f?ohfegl qgaégga'yﬁa\ﬁqnée dapeyiar gytggg@%)ns each
Correaip%HHdwglﬁntﬁ‘ Fdroébémpf’bé i éx’@uprcﬁvp&é@ ylrﬂ@ﬁeférrbacbmbodlments

enbodi ments, direct | aser scanni ng usin

eachyaulvseginetreay cerrasiond With g aeep oleaigsibd TQ)’ng'éHé%Déﬁ'% wde by

10 tcglﬁgt @%lefsyggﬁknar r%?atb!vr? %@rﬁi? AL 38 RBFEIRA bY one of a

predetermined plurality of masks, each mask defining a fixed graphical form, for
example, a curve, a vertical line, a horizontal line, and/or a line arranged along a
diagonal or at any arbitrary angle relative to the sub region.

A desired personalised diffractive optical microstructure, or a mask for
forming such a diffractive optical microstructure, may then be constructed by
exposing the sub-regions of the substrate or layer applied thereto to laser
radiation through corresponding masks selected from the predetermined plurality

of masks.
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In still further enbodi nents, the diffractive optical
m crostructure nmay be represented as a tiled array of
W@ uwan®ser rectangul ar sub-regi ons, each corr eBEDATRIG000038
with, for exanple, a group @f pixels. In preferred
enbodi nents, each sub-region may correspond with an

ar gt aofepaéé?é’rﬂgtl\l@ eh%o%lﬂn@htx &l Rordrf®r R¥od t’l@OZl%agk% e\ Sewer

hi gh. Preferably, each sub-region’ i's approxi mat
mayohie %@Vlde@brr@msenhmmanpw pabsible obnfimsktonseat Iaaohaslquare or

eI MR ODYER T LesBEATRIE Bl s

mlcmstrautgleai allnoagoatldulagy)rm@hv@:ﬁleﬂt annhgehtrt) e/ IIBI%GJ/ ®f masks
tive to the sub region. A desired personalised

mayghe 3?%%@ PO gpiinglg|p IAee HGh A8 Wuartzomasknpigte, fassitionable to
expésﬁ! fﬂé”%ﬁ%ﬁor?dlﬁ? glbar‘ébio\‘lg &pﬁwbcrt%l';]) é}‘[’ggﬁél{ W LHES aﬂﬁ% with

hen construc by~exposi ng Fegi ons g
the @Ja@sed diferactive apbcalapmrmﬁwdtlhmr efAdvantdgaseslyr athsidioents of

the IVERHAD PERRAGHER Eafebd 8 T ciEEcive drdbr Laikpsiricure as a
tlled@rfmgdbﬁéﬂbwre@lohs hay Yesult lﬁra()éd?rﬁlsné@%ﬂi@%&&lbn iRWRE fHf¥ation

ovi ded representing various possib
t'mec‘éfn%egGF%fPﬁUH'étUE#, e campgLise voth rrwbwén@lupnael writing methods.

For SATPRE, & 3, & b; llor B D etk DAV LS Fdudtss ld"Boiy 20,90 sub
reglcmmwhm:heat 260 ﬂ-mﬂ?&!ydm fortried ih E\b@@ﬁdwb s@taék@rr%gﬁy b:t .
a quartz ,

t |y8ﬁatfa5tﬁl ng@)[@@%‘ﬁ E,Ssgg@ r Zé%féﬁgﬁwdsu@lffrég{)\(ﬁ]s optical

mlcrgétfrlﬁ(f’t@ré %ﬁ@@%ﬁﬁécpﬁ '&e@?ﬁﬁé@ﬂ?%ol%ﬁwg %Qestgﬁﬂfrcﬁ%ctmg a

fractive optical crostruc nt a
lasele psgm wnte Shef sulisgrateventdyen deplied theoetor, amnegseamrmm@ mirror

h ffr 0 mcrostructure a
orel"SuShi ST 541 B ARy B B0 GRS e mitons, o
mdeaﬂall mcmqmmnoﬁsh eatlo bﬁwhidhrmb}/fm &dntidNedrBisstesiticalBtiHRder to

i xel writing methods.

dirquythceg;}éﬂﬁ{:tiv%naf\émgré th o glgé \é'%w?#c?ro@tpaxépsm kamglg- beln preferred
embb&ﬂ\’érﬁg R SRy c?f%é%@io 5 & iy e\M?%) %hr'ecf‘ lgl‘?‘to '6|Zor away

fornmed in around 0 second
frome edsulas’traie ar ;jay@“onal osied i fgenacateve ppttemalof |Ilum|na’uon

corfSeEriichifi 1 oPietd? artiabimamie i it Bt erans.

suhsbhat edvanhtabayes aPdepferithehet fghtuiileidy away_ from the
cro mrror array. Such an array may consi st of

SubSV@F%/ VathgemHMemayfbﬁ disgciagla ansecpoddargst, sweh asdauamrther
s} SLBSIILONF ordaF b o] TRtBEARBbIRY, Bacig, gotcal
micregtrudterennr e aécendémigetdisimglies damerigéesr pede. As will be
appreciated by those skilled in the art, the inverse of a mask for forming a
diffractive optical microstructure produces a structure having identical optical
imaging properties to the original, uninverted, mask.

In variations of this method, multiple smaller beams may be used in
combination with smaller and simpler micro mirror arrays in order to generate a
diffractive optical microstructure using patterns of interference between said

beams.
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enbodi nents, the angle of each mrror is set either to
direct light onto, or away from the substrate or

WO 2002107954N order to generate a pattern of ill upPdTaAUR®M000038
corresponding with the dif§ractive opti cal
m crostructure to be forned thereon. In one

adyan t : .
SRR AR oq oy bty S RtEY diieive
opticalemindstiactget mciudéss Eevididgat Imeust $wairhaskss igeshreft whichrmay

order t t dent diff
agairh b, ElPCRACTGR P LTIy GO oSk SR ARy et TRARgIng,ith 2

predét@FFﬁn'e@S@fﬁréwv%eeleﬁeﬁ‘t" | rhBesBpPEEFoAiig e HifPs®ive optical

In the art, the inverse of a mask for form ng
micrastriciure aoni the cptistrate rarc layer r appliade thersdacaayathen include

oxpof s G SR LTk RARER) AT BLARS o or

said frizisks.med Becbrdanté wihethsmaethed, behfimctiay olpacallsred:rmstruoture is
conbination with smaller andf? ler mcro mrr
produgechysichisst guPemesiioneridhe i achye &&meetsomrr%%ondmg with

the rﬂé§l€ SHATHER $u"i’ca5§llo er a%&r 88ciphas \Mtﬁré "sru%@fé‘?\t@@} W fifhated

"beans. Yet a t'ernative nethod of producing
beanra o;ﬁéugb’oraxi insege i @Ena[ated/wmm incildes eul@tﬁnag% gogesponding

it RSSO G0 S35 LR RS SRR, Yk elhatccs

dnffra‘b’ﬂ\?‘é ANicEP iiQSRANEILASs Wy ba ﬂ@rm@atmsm neiduei Edmbiniatives of
el ement. The step of formng the diffractive optical

seleqied moasisu o Jram gierebisatiansset meskethehges sappfic é@ a particular

a8 B, S PR I s o
of ﬂg?énméﬁs dharacters dame bt hprokidedyetdvat, diffractive op’ucal
microSnigt s cloFBEt oM SEPEHBPaRsd eiripataie g Slof masks,
corre%%ﬁﬁ&ﬁlﬁat eg%e""lrﬁtrélé ke apakfouldprinsdidiabiine superposition of

such as with a substantially collimated
diffralotigen elfemer@&t maan berageoineede e rvaredswiengrpdimentsdegither by

s B IR SeSQERLSFDEAE QA0 o] 1 B0 Bph o

laserdiabfatieatdietapttiroagh themasks. uctures rray be formed from
uni que conbi nati ons of sel ct ed sks

cdrvstilafurties embrdismants rPJt Sr lé“’@B tl‘%dsd Sther than direct
laserperttlhg g Bé1 dis¥l d83orm F(ﬂffr Jgrcaﬁ rﬁlbﬁfs%@éttﬁés Rpleining

w 't h generat s of al phanuneric
storemdamcaad/@rrtayrotm masks aarﬂablarfor din¢ faraatiov of sliffriactive optical

m cr Qs ctures f.ornmed from superinposed conbi nations
mm%?’"‘ﬁ%b ﬂ%‘aﬁﬁgwﬁf’%mﬂa@ nding with the initials of

a PG bkaMiphs, bBcHrdirduad -onENeusH PemBeIrhéeh sotiffractive optical
microstructure or a mask may be formed by printing the required pattern onto a
suitable transparent substrate. Preferably, a printing technique is employed that
is capable of providing a true resolution of 5,000 dpi, thereby producing printed
pixels on the mask having dimensions of around 5 microns. It will be appreciated
that the term “true resolution” is intended to refer to the actual pixel size, and not
to the density of ink spots printed, to which the specification of printing resolution
often relates. That is, printing techniques compatible with embodiments of the

invention must deposit toner or ink elements of a sufficiently smaller size for the
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diffractive elenments may be perforned, in various

enbodi nents, either by sinultaneous or sequenti al
weposmwse of the substrate, or |ayer applied tPer/auzg07/000038

to laser radiation directednythrough the masks. In

still further enbodi nents op t he i nvention, nethods

; | Lect roweitbi may _be used to form .
fo rm%llttlp E : %ﬁ: ? ?@g%cg{t)'te :é % t%%? PG s(isﬁt'ld@ ﬁ‘ﬁ v e')sﬁaé g’n £y 5 ol eprovide
printédtedermeadisoof & bighatemsitpsks sui t abl e fgr Ithe crea_tlt_on of

di ff ti [ ] crostructures by laser witing
n:e[%f&@@‘.elr \légfi‘bo Hé%%seg? SCBVRtiRY. odiseE ageharingloriorsst may
be @sél fthr REM Ve dFRbLGA JPLERPThICHISMICRIS" aAd/TRSY AB%KPHr the

formed by printing the required pattern onto a
prodygliembioé” er difaativat antisst r enierostPueifien. abl Yccardimg ntéo ngome

f i.S: d t i b iding a
o BIONELS 5=C S G b REILLE Bl ENRCR B mor
mechanictlechbatirg) stactires, gk Ravine@dsMERBicPNSTEY BEOUSEH to

5.m S, |t will be appreciated that the term"true
Se"*?*é@éﬂ??ﬁ%ﬁ@hy sremV6nl?éf§P9cp@f r@&adingt Gorhe aubsizatepisweh as by
inge, 0 opkh | of ts:pri
oo TS pnaly P TARlcaty Memdlec B i BARGR: digtn e
substrsiteriteslf, orenm iasyhqioiasist og otleariayerudispasstan ithd eumMaddof the

s R . AP B bbb,
optidahehierasatuclie dbf @ cbrfdgpatliingenRkl SaiheRbisy %%q:ttl;‘rro%gh the

mask, and not nmerely provide printed el enents a
opergfigh ek tXY PeRINIRG haystemsontreling dite t heedlaseint iarder to

: . f
mecfipfSPAIRPRAMI RN RABSS Y T b1 e Pl Bl nerrow
trackshe yercbatect i on of a diffractive optical o
Cybel et STaagavary weltei (vedtian rRAGrTBeYeieetro-chemical
. . Les, :
macHRA0F 6 forhlatibhng oﬁﬁ‘ﬂa%ﬁxi//élgﬁﬁcal%ﬁfbsﬁ‘ﬁjcﬂ%g @M@ggg for

may be used to selectivel ysically renove
use i@dé@ inigduatiom of diffiastivaoptical uaibrasdrusiurssr dmicoglind &y emsethod

' L i.n_thi nner fromth
of efSRbohelBENEERNNG. FORNRS dnar BB s prorRg EdyEom
substliagpoasiag am eldutricalrduremt oh 4 BeitaslodaltagSufion. 1AW Slectrode is
' to preferred enbodi nents, a

prefdiHblisevided \Ghichas SHARBCoe: FergesRANcoh Bor Hiedpcridihegmetal
layeraKarteStol B FeRRYvd PIr h}é@u‘%ﬂﬁ’cet. hﬁccgﬁ@ R %%&%%@g?%m, a

scanni ng system control l'ing the needl es™ n order
recomfigitfablieceletiyods isafarmanday iatualtrag lof imdivisiual efeictrelds, eloments,

suchaést Siﬁgf"éélg(‘?ijaglyt eoxtgr%i feeornr%rtrra% abtler & Egngrraté/ %Céeosrirse'd diffractive
optical microstructure pattern, in the manner of an array of pixels. Such an
electrode may be used to form a desired pattern, and to image the pattern onto
metalised quartz or polymer, whereby the resulting mask may be used for the
formation of a diffractive optical microstructure using laser writing techniques.

As will be appreciated from the foregoing summary, methods in
accordance with the present invention provide practical time and cost effective
processes for the formation of diffractive optical microstructures containing stored
date on security documents and/or other articles. In accordance with the

invention, limitations of the prior art whereby it is generally practical only to mass
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Yet further enbodi ments of the invention may enpl oy
el ectro-chem cal machining for the formation of
walpdof7nzesed ve optical mcrostructures and/ or nmaB&EADZN07/000038
use in the production of disi4fractive optical
m crostructures. According to a nmethod of
c n : e

procﬁJrc% é@%\f#gﬁﬁ?%%ﬂ?&f% {)&ﬂial WEH gﬂg%tﬂg {Bﬂr@{ﬂétg& thereby
enablung et priantical sedlisatibe of ahiqueo betmr@rdooenmaite elithosterddsdata.

Phf GPEcrrbiedhinatiad ok alored aiia oay Bouse imgdoaerore the

dlffréétﬂ)@ iopEicalubfiérosirBctufs 8T Eiced.0 ARErRITREN NBRt d?’?a may be

reconfigurable electrode is formed as an array
enchyritrd, futiag adt euter dwsiarensalcslationdar the pieation of the diffractive

optn%aqlrﬁ%kgstf lﬁéten& ble or retractable to generate a

esire Factive optical microstructure pattern, in
t hé\nmﬁmemeﬁefredrmaﬁhbdwafl indlxéd the SleplhofatoriiEatvieideimage in

d f d d. t
the (TtragHes oPmlicsn: ORI GGG SHFH oalomien HERDRRBBgted a
pro;é&t@dr\%lb'élt i TeenTBY P ars&ishikern Ryd QFa rﬁé?QteQ!f \/\fl"'nlCh is

fractlveotlcal m crostructure using er wi
vnevxte@iﬁnm @@e’ﬁcomruﬂ‘tlbh phaneapPeads mﬂwdlﬁraﬂhvehmtfcar Egnoaigucture

roprBHTRTY o BT i, BRR AR Tt Il Sifconye of the

mlcrpeme@s@seﬁr@sertth@ thervigldl iagé feh é>a‘tfaa§édufﬁey opti cal
m crostructures containi ng stored date on securi ty

doBuRBAthST Asaeel the Repsanttinvertion prpvidasor draisenalised security
dOCGrh@nf&V%He%hl @lﬁ@%d ons of the prior art whereby it
ractica

'S genera only to massproduce
pr edselbs’traierwhhchué transparent apleaslo visibledighityared ures are

h |,cal I
e OSGEE NSRRI S b ED e

appllﬁcﬁﬂﬁfét@d usiBl ReY.onehst the %@cﬂog’%tr%rgﬁ%eﬁﬁe RREEMPES
before the diffractive optical mcrostructure 1s

created. Alternatively, the data may be encrypted

f culation for the
Bnglrde% igghﬁ"gﬁq* Fdlﬁ-ﬁgng %Wel\fé%ti cal mcrostructure.
An@tetferreﬁraﬂﬁl@crdlmntﬁsbhtm preseht Fvaed ot REl &bﬂpb@fdescrlbed by
in the diffractive optical

tforl a Vi sua é Tma@g

way of g %e?lur\éﬂ’f dRrees todhemcsampanying dreuingmadrewhich:
Pr Pigeipé QdisVa SR vielRSCan St&’éﬁtff%%h@n REFS ANy g&%‘?‘ ng'?gﬁfractlve
is generated which is viewable 1n the reconstru

optigal girenemdp escordanne withf dan eotbodément ofcthe imventiost r uct ur e

re t. nt ertw ned
P REREoM MRS B P PRukle T e
Vi Bigake Briage driargextdohedtier View. of the aifrbbiVe aptestelement of
the present invention provides a personalised security
Figure 1;
Figure 4 is a schematic view of apparatus for detecting data stored in a
diffractive optical element in a document.
Figure 5 is a schematic view of apparatus for detecting data stored in a
diffractive optical element in a modified document;
Figure 6 is a block diagram of apparatus for reading encrypted data stored

in a diffractive optical element;
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docunent or article which includes: a substrate which

is transparent at least to visible light; and a
walpdof7iozessd ve optical microstructure forned on PEEAU2007/000038

substrate or in a |ayer app l,ied thereto, using any one

of the net hod's herei nbefor g descri bed. BRI EF

CRIP C]\IC]:TH Pr ef er nts
B deln® SRR SORC N ot oKs PABRT PbBtPaLB) g spctive
optlﬁaéléhﬁérﬂnwth %Féu RtLriANg6cdrdahbe Rl U amibéd@iment of the

dravvlngs in which: Flgurellsaplan vi ew of an

inventienit i fi cati on card i ncor porati ng a diffractive

?ﬁﬁqﬁ‘é 89l egps%ﬁhréﬁ@%ég& .‘éﬁ‘ré?}%t rtljﬂe degibﬁr%'d%ﬁ\ é’fdiffractive
ednvention, Figure 2 is a schenatic View on the
optnd:al%rﬁbhtwmiﬁ sforgddetat; Figure 3 is an enl ar ged

emati C, V|e of the dif ve 0 al el enent of
Fi gweﬁism Smalic Siei ot AdrdbsCmatiad of PEgsibiging: g diffractive

optléélreléiﬁbﬁﬁhltﬁgt&@&@a% ored in a diffractive optical

el ement In a document. Figure 5 is a schematic view of
appigureus! O ois det schdématiclasectistror tiough aadi fidenridicatien card

. t Figure 6 is a
mco@:?c%rjgﬁﬁéi a%ﬁ{a%ﬁg? OEB%%Q%EHE Irtﬁl%g&gﬁnrgéﬂ%?ncrypt ed data
st gigatei N HNudirdfesaat Bppaeitts ¢l peffemng aFrgtied of direat laser
schematjc vie |Ill13tratin a nmet hod of prod r%
Scagfing r N0y @Nopit SAVAIIREI APEATAED 82 Ba el fliagient of the
inve@%ﬁr dance with an enbodi ment of the invention; Figure
a schematic view of another method of producing a

d| Figmet12/éluetuaﬁeeaan eppam’ums fort perseronind adsteshod-ofdirecblaser
a sche rther hod . o roduci.ng a
scaranw BT IENG slech b Soefanto anamBsanmi GLik PRpRng
dgﬁjré 5 e sRhtes eﬁ\eéiérﬂplet &1 pitehmafkihg @itd §ulsaidt® dccording
car incorporating a diffractive optical elenent with

to aﬁtecﬁfﬂfé(wlﬁ'@lnéOfﬁegDV@ttPIM | lustrates an apparatus for

SRR, T8, BFAR0 ), SEFREL bPSREReanmAg 5 dbsrate
accmrrd‘n@td an enfoglimentlcf théhm&lntiahes an apparatus for

perFflgouer 5] g lﬁluqut gso danOfexg}nrp? aust)(éltegion masks for a method of

scanning mask ablation according to an embodiment of the invention.

Figure 16 illustrates apparatus for performing a method of scanning mask
ablation according to an embodiment of the invention;

Figure 17 illustrates apparatus for performing a method of direct imaging
using a micro-mirror array according to an embodiment of the invention;

Figure 18 illustrates apparatus for performing a method of direct CNC
machining according to an embodiment of the invention; and

Figure 19 illustrates apparatus for performing a method of electro-chemical
machining according to an embodiment of the invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to Figures 1 and 2 there is shown a security document in the
form of an identification card 1 incorporating a personalised diffractive optical
element 5 in accordance with the invention. The identification card 1 is formed

from a transparent substrate 2 of polymeric material such as a laminate including
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scanni ng using a CNC stage according to an enbodi nent

of the invention; Figure 13 illustrates an exanple of
w@rooel7958e ki ng of a substrate according to an PCT/AU2007/000038
enbodi ment of the inventi Ons Figure 14 illustrates an

exanpl e of vector scanning of a substrate according to

at I%e(nkted'fge F% tf @%g“apﬁ 8.r|§\ﬁfeelg;§§§/pfo&yg%{1r t]C?]rb' lolégn%r[eaopamfylng

layess armer@opmsiktoamwsﬁte rsuaaees dif fige sabsifatedadsuENh Mbnner as
t he invention. gure 16 illustrates apparatus for

to fosgt ﬁ&ﬁﬁ%@@r%ntnwﬁew ®in 30 AeR &) thaskbalbatet 2 wich is uncovered
by ﬁwl%c%bglrzlgstgréé olaglé; seﬁboﬁiemg@sd?fa 508 difRabe OQ%’( ﬁé}?éféﬁlew 5 is

| ust ar at us per ormng a net
DFOﬂdeémthed@lmr@mvmgdawrﬁ cro-mirror array accor di ng to

i ment fIhelvetio; re 18, il lystrat
oV fie Bt fation oy HuneRig dh dibes ok pnesdginodporates a
tranenmnfé NYffes0s dopiec Oelaﬁnewb@%@anbyoabtah@nl BV entdifftice of
and Fi g%ure 19 illustrates apparatus performng a

subgiEatrad tais ambediment ifepfioyisiednse ekl @xaowde ankygand aavariety of

e e D e vERF D et BPEYRE 0 TR 5 Y optica

elemdmatr\mtmue & beouritp deeament yr dtjranramctlej Fdriexahgle) aftraasmissive

or it g AT GE R PR pBRENTEY RIS Bhaes APl andior

abldtiovedt baditionBetrbAS Hrbh Gﬁtréﬂ%btﬁlérl‘éyéré fo hi @%strét‘éms%ch as
transparent substrate 2 of polymeric material such

deserihegmhesgaftemwith diefigrence eas tiguie Tayéﬁematlbelatx|aartnayusmlsswe

: i o) r yer

aifr e REbEet R EMERPHIRD Be 2BEaRH TR EBIARB A L5 KT Spaque

layeir napplied a> mrwrwbsaatd; csifchr &% adddorbepahenebfter Nthvréferéhce to
an area of the substrate 2 which is uncovered by the

Figusga &i toy] g Viesipas éﬂe}ho%éuwl%ﬂ%\fqrw H?ersrer%m piher diffractive
t
SRR s BUSRS fil, MAVAY BE o dnbhe JHR (BRIl Fgues ©

to19n Figures 1 and 2 incorporates a transm SSI ve
fractive optic el ement. forned abl at j on_ of
sult B8 egBbie: % Sng Frsea ey b orued fym a
pigriéitedf cotidgptantaming tivmflra digkite! ¥n@finfrinbags Mnduch as the
structures may be enployed for providing a di ffractive

Car%ﬁvv@&r, Gechame ofi e Gerd halder mey kp ot ang/openrossed on
the QF%# la&é Op?@'@?‘lo@vq f lt-l Fbsﬁ"aséhgﬁ gjfefﬁé cﬁ?d holder is

alsoaqupblldedtomimempﬂan‘red portlon 9 of the card 1
As shown in Figure 2, the personalised diffractive optical element 5 is a

diffractive microstructure in the form of a numerical-type diffractive optical element
(DOE) which when illuminated by a beam of substantially collimated light 7, eg
from a point light source or laser, generates an interference pattern that produces
a projected image 41 in a reconstruction plane that is visible when a viewing
surface, such as a screen 8 is located in the reconstruction plane. The projected
image 41 shown in Figure 2 includes an image of the card holder corresponding
to the photograph 4 of the card holder on the opacified portion of the card 1.
Thus, in the event of tampering with the card to remove, alter or replace the

photograph 4 of the card holder, it is possible to detect that the card has been
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abl ati on of additional transparent or reflective

| ayers to the substrate, such as descri bed hereafter
wowRah/oresier ence to Figure 7. Alternatively, a PCT/AU2007/000038

transm ssive diffractive opy cal elenent may be

provi ded by abl ating apertures in an opaque | ayer

tampeiedi\gith b9 cbhﬁ)a?rﬁﬁs&é%r&ecﬁédclhwaﬁi% Q@Wh' tﬂ@%ﬂ?ﬁ?@‘géﬁ%on the

with reference to Figures 8 arious net
carcsitieifabl e for forming these and other diffractive

or [HEC B3t i PRbARFEISLPR bl bt B R snciuces

data rmmmcwiftmnngtsl ajiftiastive MYcrbstri@ured fT9en aafl 9BHt Bflude
oatin H§:ont aining titani umdi oxide, and informtion
a'phﬁﬁun?u'g 3. pHeh @artiernarernal defeilnahtherarchbolder,ceg the card

hold@% Hﬁfne”ﬁb(d ki’(?erﬂffi’cﬁfl o?%%«?unteﬁ@‘ﬂﬁére% (Whlmﬁ\a?% &e a\ﬂﬁwﬁd on

aci fying |ayers. ure 1 a p
the ewing wean hil Ulerthe seabssiryution| dle:deoastiﬂastml@di fri Wgure 2.

R e B S SIS kB P! B s

enc fe‘draﬁﬁolrM@tIHhCWﬁdH% Uir€s | Bppropriby g
?Bnerl cal -type di ffl‘aCPI \l;eS op[:t)égcglrI el engwﬁlon 3ppvajratu§ for

readpbihe; GFWQJWtﬁgtCé?daby a beam of substantially collimted
|
g, S b B ATy e o, o

DOEpﬁd}asca emntnanhgie‘frécﬂve porge HOCATE bnWtayof Bhaller Hifebctive plxel
ole e&i éﬁ n af Vi evvhng surface, such as a screen 8 is
Meist b PACH hef e #icstorn boiidual This ppbjistareation.  In
conveMBERalt DOESSIOWR  EdhtFal SR clive r%n%d § &Y 'tﬁﬁﬁx&felbﬁ%nts 51
t p f

card hol der corresponding to ot ogr ap
correspomdhisl géferent PﬁéSo@‘athef pegjeptodt inagenf4 1t peodiaed dn viewing

L A R e ——

the I@Edérl,s liIIUmlrsatstmtrb|sab§t@nd§m€@blhhﬁﬁéd tiigat.cax dypias DOE for
eent an‘perﬁg with by conparing the Lect ed image
prodggin RIRESS tvmﬁma@eﬁﬁn%@ecl@patadtw il 76x75 tm (micron)

squaﬁé%ﬂai%[ﬁﬁngﬁg%hmﬁ{g%bg@g&%%l{(%ge i nvention, the DOE

al so 1 es data s Inits dlffractlve
m laramttnasttmcenvél'm-nth@Emfpr|pr@dluniieg prgibetednesuat images, at

d ch a det ai | f th d hold
leas{Er o7 i niRin G LR a1 e s ecaosti B dpteaiiid may
addlﬂ’bﬂ‘éﬂzrméiadéﬁ”mﬁheﬂﬁﬁtab&h\ékWV@GaF PRaydLW éﬁﬁ éé:ég)?l%nﬁmerlc

e reconstruction p ane as illustrate

datayp It sMli be mrwafqdhﬁladai éhestsmee@f the tHREniscinosasadt @geto a
[Praled d
somhoby s, 16 88 SRS Sk ROLERS e b, i

a 30mmx30mm square DOE, it is pOSSIb|e to store about 57Mb of information,
without redundancy.

When the data stored in the DOE is encrypted, apparatus for reading the
encrypted data is required, as illustrated schematically with reference to Figures 4
to 6.

Figure 4 shows apparatus for reading encrypted data from document 10
incorporating a diffractive optical element (DOE) 11 provided in a transparent
portion or window 12 of the document 10. The apparatus comprises a point light
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readi ng the encrypted data. Referring to the schematic

enl arged view of the DOE 5 in Figure 3, the DOE 5 has
w@2@entssad diffractive zone 50 and an array of PGIAUR®I/000038

diffractive pixel el ements 5 1 each of which can store -

i ndi vidual bits of information. In conventional DOE

s,
onb S A RO B B B SORTYE o
the D@ e 14aid plete:hmadneanyinethe fierns of aepBcanddtBetion device 16.
SRR S BB AL 5 Lekard L F5 B St o o
Ieas‘% i8N 't%lﬂs?a?éﬁt' élﬁ@éti%@e'ﬁm dhe %P'@BF@T %?ét f@ﬁg layers or

oduci’ng projected visual ges may
coa&mgswapphaew&(%lamt one cfacm;»f Mlmrmstraltml dae tcargpairentymrtion or

wingRe 3231 e ol ) B P iRy Anbiat 1 ebpABRing tavers

or coatimgPfo theesubstelsinbsuehtd nidhde PPt #hée sUBSHatkol ZSFngLt%stantlally
encrypted data, and may additionally include furt

freeqelt aPeeifeng dauars \arsepatinpsdadhe regiom af the ,ﬁnaaﬁna@nt cportlon or

wm%aj 2lt 'I*Mel ltra*ﬁgpgfé% e&lb%?r‘é% trn%% 55 ftoﬁﬂea ! ﬁ?wgf nb%ggparent

I'S" i ncrease mm square,
polyofieri x eladerisl, gsaal | ysi nuolgsthpldne FAQPEBxapplypropylede  (PP) or

rongIEH TRRRHRARETET) | oo Back RuSrimaruringl buenas o
banﬁrﬁ@t@e@hé @ubQ@at@qé ArefeasI; BkREd ﬂ‘t‘)‘?@%“t %é’sqt Y bra%m'_yr&.ented

t eencrypte data is req U|red as illustrated
polyseeriariim.c dihey supstrate anay @ﬁm@nse a=sg1g#ee§lm af padymeiieumaterial.

prchg Y BB 98 A, FISEHEE LT ok e aors

tranep @it bibdXMy) orichted pylyeegici fima tranSparent portion or
w ndow 12 of the docunent 10. The apparatus conprises
a Hoil hPYRYSHUPE c2RRreGiRieh thpk £og SrgrenhanRIONb Earpaually

appgcfhaéﬁé‘%t 80LdrAbhis %?Heﬂ"ﬁ%ﬁdpé?ghb ]oﬁhQPg)%rﬁenll?/ b opaque

detecti on neans an o
matdealeclni this dase,cen apertiine may ber fefmeddd tlaer‘qm;hemmtother’rmatenal

d d f n, at as artially
and 5 DT P8 ABreRH R A HEDS BN Breref anisReapp e bver the
apehBheiosiodh theatdrRBarstRpbitrmh dravidboherst one face of the
substrate. The transparent portion or w ndow 12 of the

oloar heeacifiyingalayes may semsipe418 91 m@r@ 19é soyritaty pf agacifying
inks \ﬁ%@ﬁ gf t%% glg%lrj gﬁihélgrlﬁﬂ?%aﬁgé rﬁtt o?l?éégs%umagéuments
For apacnilgj iige | layerss oﬁropraoaylnglgakl nmayheomegsemlgfnehtéﬂ coatings
comprn%lrhsgpar&rg];trné)nqr tslugﬂ as titanium dioxide, dispersed within a binder or
carrier of cross-linkable polymeric material.

The diffractive optical element (DOE) 11 acts to transform the incident light
beam 15 from the point light source 14 as the beam passes through the at least
partially transparent portion 12 of the security document (the window created
through the security document) into an interference pattern 17. The DOE 11isa
complicated surface micro relief structure which includes encrypted data stored in
its pixels. Whilst the optical transformation of the incident light beam 15 to the
interference pattern 17 is based on the optical principle of diffraction, the

mathematics of the structure of such devices is specifically designed in each case
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wi ndow 12. The transparent substrate may be forned
froma transparent polyneric material, such as
w@eioyetdsyd ene (PE), pol ypropyl ene (PP) or pol yrtTxiDzme000038
terephthalate (PET). In tha case of security docunent
such as a banknote, the su 9trate is preferably formed
fromat ,| eas ne biaxially orient ol yneri.c,film
to pigee i gisFRELoRi FafieRoatar S gLt Pirar el e Pgtected
by th@bgtital detébioerBas iiry al rgcotdtrucsivhSi1a18é odmed epbBdrseular point
. lamnate of two or nore Iayf_ers of  transparent
in space@WRY Jrosn thedeeurpent Her ifberlpeation ef (el epticabdeigsior 16 can
i Wo\Vi ion is equally
b e Bl e B oo Rk or or ot her
paithiegidint light Salifog Bhing peodnting tred incldent beantcds e)ayacomprise
aperture nmay. formed in the paper . or other material
an L35 R BB ight spie8pd st oot aaiang Shufte 5 PrTdELid e goam
of subétantllyadtMirn8&daidt whith 8RRt Eoh ¢hd DOE tthe
“transparent portion or window 12 . The opacifying .
| ay8esontippl detastipsalayite H6 isrppsition af tharpastigulgr reconstruction

plarBERCLIAEN B LRI B LA e puRat] 17 bRy TE 8080 data i

€s or ot her secu ument s.” For
recdriseructadelr\stref DOERCT f yi ng i nk may conpri se pi gnent ed

coatings conprising a pigment, such as tjtanju .
i gk ;%S%m%@f@@oe%mﬁ?& data,ipged ap waﬁﬁfﬁbg%he DOE 11is
detérhfi¥ed 'Hynhw'@'aﬁwmf(abg&‘r;é‘ﬁ 'ﬁe ”F%%Sbh@ of A8 dbiebircid R particular

opti cal “el enent acts to transformthe

points i deae whghe thsedeted®r is oeatate poi fitis pugitses the detecipr may

confifih SuPEAT R TBREAERE0 oh B elrgb A B BERERL L ipesch as
a ling ©GDvorcd aadfted Cdm.ough the security docunent) into an
interference pattern 17. The DOE 11 is a conplicated

suFfgte Sistpysraimedified eqadienhwhich i sigies to Fgure 4 and

t t oo .
oo RS e tefe? TR R ol el Poke B andpy par
Thetdodumesnt2®if Eigene & diffetseiromithat of biped om thaé thptraoaparent

rinciple,of diffraction, the hemati.cs of, the
o gt iy LochoaBbrae o relRVe Ruce St Yisineath the
diffrgae 6?ﬁ@é|0pr@§é&huﬁee|ém@hﬁkbma) PR ITR réfladlivé GdURIckOmay be
so that the encrypted data is detected by the optical

pro\idee® by ot megaliig layer 22 preyidedr wihindhepriadeWw b et &4 samejallised
cosfls b 04 ek GERESEMBNLACHNHEE MARHIE e Uhnaow 12
befaretea DE 1dristapeliwdvetrethgtrbiledtivehauridogh?1.beam used.
pedRErPRag o R &rettccsiest Rarbaen 11 gavrecburtsr as the
poirlt FFRE sOlircet L EnH tBEbpReM e biBF 2B HEUBLARdG P8R Same side of
the document 20. The light source 24 is arranged to direct a substantially
collimated incident beam 15 onto the window 12 at an acute angle to the
perpendicular to the surface of the security document 20 so that the incident
beam 15 is reflected back from the reflective surface 21 of the metallic layer 22
onto the DOE 11. The reflected beam passes through the DOE 11 and is
transformed by the DOE 11 into an interference pattern 17 in similar manner to

the embodiment of Figure 1.
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of substantially collimated |ight which is directed on
the DOE 11. The optical detection device 16 is

wEomTNTGw at the particul ar reconstructi on pl aP€r/An2007/000038
space at which the interference pattern 17 contai ni ng
the stored data is reconstructed by the DOE 11. The

ha Bop g o 295 P R P ol iR u—ledirs or

a Ime%npmﬁlex OIfCID,hls dispesadoat éﬁ)dsﬁthmﬁrdlam fr theosedusity document

20 (BPECHPabE R ARIYR GBI 42 SHCRaI5g Tsrelm oD e HElE 18, at an
acul®f aﬁ(tgl%hﬁf gﬁe %Béﬁdlgéﬁ‘ék GcS ﬂﬁ@cgllrfééé? '?)fafﬁe n%dlﬂ@y deleufient 20

rix ure shows fied enmpodi ment
corraﬁmcamimg tgithe |ealg & of thegmc@emt @eam: é6r e@ﬁs@nmsagthe detector 26

SRR 2 B BT Y TPB L S LR/ B

the afnplﬁtl,@iﬂef differerit pattstdiehé ressptiuetdd paoj éctt@@ daita Vériviairby the
incorporates a reflective surface 2 1 underneath

inte ﬁr@n&?fﬁ f&?&ﬂmeaw@ﬁw arpbNiEct 8PS dihf reansyrugtion plane
whe-rré‘?né Bho®CdibySs ?Waré‘ﬁﬁ:la'@d’ be provided by a metallic

er 22 provided W thin tthe window 12 or by a
rreiralalm shernatiae iamgbedipient gimidarates frigure e2,ofhet hight source 24 is

arrapyagl 38 4t S SRRy Keriatpe dbrOens Berdicet 3 Sctinanle
ontoaﬂi@aD@IEJ?t’l Q/f/hlEh @Mn%fo?n%' e tstlefrﬁ QhtS A HILHER/IncE Py r1t7 that
4 insofar as the point light source 24 and the optical

is re&'@@@@twtf@@eﬂﬁa@w%&@f@ﬁ ang @r@@ﬁﬁeds@m@ the detretor 26 located
n R P P e DO SR e L SPHE hBef g e o

reconistrdoigdl By aheantwmwr&:eapgtterrt 07t hig ISGHIQ@IMISGMI@I’[hdtOthe DOE
e of .the sec t hat the

h f d t 20
couliBe i dnreisoiar Fifout ed URde g Jheilis Pafressing the

reﬂe%ﬁ(‘/’hagﬁth% Jolpthet B@rfagt.al lic layer 22 onto the DOE 11.
he refl ect ed beam passes through the DCE 11 and is

t r Gigghrer frediusiratase eD@EOCasSing oamaratuSerar@k emeﬂElOFlatOn‘ ergading

R T T

phThe-edjugstasntld Figu & tompaisesahrddge@ddectos 3difsp@sedting the
at a position relative to the security docunment 20 to

pre%e@e@.q;@ %wr@éw@wm@m sEaas arvisieakfication ¢ardyaMindeyrecator

c;ut f
52 1oy Ao, 2505 SUOHS e IBEIREU Y AP 11 n
optica) Ctah@ctahgﬁ,e%)in theeformodfde GCheaphtt-diodkearvaysier delm:tmg an

lnterg erte%(ée cf)ra’t’tern 17 generated by the DOE 11, a processor 34 for processing
and analysing signals from the optical detector 16, a decoder for decrypting
encrypted data signals from the processor, 34, and a visual display 38 for

“displaying the data decrypted by the decoder 36.

A preferred method of operation of the apparatus of Figures 4 to 6 will now
be described. When a security document 10, 20 such as an identification card,
enters the apparatus the edge detector 30 detects the presence of the document
to activate the window locator 32. When the window locator 32 locates a window
12 in the document 10, 20, the light source 14, 24 and the CCD or photodiodes
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functions in exactly the same manner as the detector

of Figure 1 by determning the anplitude of different
W@2200U879519 t he reconstructed projected data forP&EdAD007/000038

the interference pattern 17 gat particular points in

space in the reconstruction plane where the

o8 B ErEBoRE REs ARELERIARA 1ty
outpius fram thegedctesatidect the substantially col i mated

S RS, FECHE AL M BOF, B
inter‘fé}%hcéspegt‘éfrh 66t §ﬁ%&été&8¥ el lEhbig © fiéa’v}cé%ﬁﬁénﬁwﬁolz) 11 at

proj ected onto etector 26 located Int
the recomsitudiioni planpl aheraittheh€Cbarari didder aprayi tBois ilocated and

o RS AU E Sa' I8 PRRRP UG IO IR EREYBlRstlors iepmity dpipstore
in tHEOBO®UNJ WReyd eprld repreddraiig e whdpleld @fta are input to the
metal l'ic surface using the reflectivity of

under |l yi ng. : _
proqeﬁg%éﬂngrchsaﬂalaé%s the gignals | ThaPreeasssr B4pMayesempgse a
a h fo j cr, ed.dat . :
proBRBRI S PHRYLEF inEAGbB BHC U s B PLO chi whi
transfoguse tfie Jigpalsqintpmemdchiie Hiegdableb dadapsigeeals. an Tkeégeaignals

ran Bl Ehoby e Moedhh e, e Ea By Slockr SRS then the
dechBtRt Pfordfatio?l cdrosatisphyedWnghewnd 38 a security
ocunment incorporating a DOE 11, an optical detector

16A diffractiveneptieal relement G2OF)rinphiding gfased datpdp ther form of

oL RS GH EAE58 T I RS como

of whidhnaesddgcaibet hathopféreate deFiuies 716,15a decoder for
dec%%t_i ng, encrypted data, signals fromthe gr ocessor,
34RefgEing {a dilglireqi’s fherp i Hreyidad sa) shsigte e fafrgnsparent

polyARGTY Prﬁéac@rigb’(lfiﬁﬁréj%zdt%r whfch A ReERaFRH (Btgdedfis applied
operation of 'the apparatus of Figures 4 to 6 wWll now
(Figbee delcA egk 8Aheontainier apertyregoth verresponding tg doe dif§ractive

opu gl TSHUERL Qe e TREER T SRR AR RE 8o tne
tran@péﬂe\h&tc@afih? 60 Rdipradisatih Bder giatibhehmugtotie mask 65 to
| ocator 32 Tocates a window 12 in the docunment 10,

form the fifigaetiveoaptical microsirugivwe Bieoiche BPE by laser ablatioZrE) of the
trang@%@g%g%ﬁ@gé %é iRt Qked Wa Lcal detector 16, 26 are

neans o I me-gated output fromthe
pr dbesdiffracBde opliealapicrestiuctieteanftthe OGE fafmed ém thietraossarent

confl? o, Al Bl Bl LGET T Rge SRl (el O
confuing alphanumeric and/or encrypted data in similar manner to that
iflustrated by Figures 2 and 4. In a modified embodiment (not shown), the
diffractive optical microstructure 5 may be formed by laser ablation directly in the
surface of the substrate 2 of transparent polymeric material as shown in Figure 2.

In another embodiment shown in Figure 7d, a reflective coating 62, eg of
metallic material, may be applied over the transparent coating 60 to form a
reflective DOE 66 containing alphanumeric or encrypted data which may be used

in similar manner to that of Figure 5.
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the reconstruction plane where the CCD or diode array
18 is | ocated and produces output signals

weorresendi ng to the encrypted |ight intensitRCOAU2007/000038
stored in the DOE 11. Thesggsignals representing the
encrypted data are input to the processor 34 which

a”ﬂhyél‘?ér Lh6 %H%HBH S%L%%%uefngcgﬁsﬁlc%‘l JIRA SOT tcﬁe%ggcauon

process oglc M cr oprocessor,
carda WALC a:fD@EvvbmmibwﬁrngaMrednalphhaumegjlaalasdﬁ ot Oerrmxzditlededata is
I reaggy dat signals. The signals transfornmed by the
'USJ']B?@ Y0 are decrypted by decoder 36 and then the

degy mjlﬁd anfr@rreray%vﬁwaré trangpérréhexﬁé%ﬂé@ filhe 7M%n$1%d from

A djffractive optical el enent (DOE) i ncl udi ng stored
polymeris materal, peednintheimnufasire of #hspcourityndosysoent, eatsimilar

sy R BH O 05 04 B 0l H R B one
biaxiatly Forgunted bolyrhaliceﬂins orieey sdiestratesTh shanatrecl@deobr consist of a
sl BRES T BRI Bk FBR Gl 3 e g o
moré‘ﬂafecrretoaltrarréga?&ﬁr&émaﬁ/ ééerﬁearﬁoﬂmgﬁar: Wit OTD%JE]%Pgstrate 70 is

tffractive optical m crostructure
shommacewssmefctlelmn bigurdh8asubstrate 2 and the transparent

C hAh B VPE T BP0 08 VurlsfE] g Bbtfate WP Figure
8b). mm@sdprawymgela@eﬂ 79f mdieiddfiddarlyasne @bhdireosf af vahety of

transparent coating 60 as illustrated by Figure 7c.
Opaqué’ler\"@r%&t@Plﬁef%b'ﬁ?d'&lt erPENHRY Pfi seavidy sfocumentpformed from

poly?n%{)i'geﬁa‘téh be Fé@@%ﬁ%%f‘tthéq &gr nﬁssm'léé %@gﬁ Y% include

strate be us as a trans
plgrrtmrlled mahggsahphlag arpigheerdngiicr asritanyiprediogimtea digbursed within

th [ 1 ust 2 and 4.

2 bideT o aauiTh ek BotH A ST GRS Y TR BriAber | ve
opt h&a ra@ﬂéﬁoﬂstrfﬂh%tfﬁﬁﬁ of |88 Brainh 7BMRAtHRY: dift®Ed onto a mask

ablation directly in the surface of the substrate 2 of

74 thatisdptareesedin {reepath qfsth@rla%@r radiadigpvifTigure quridasgk 74 has
n i a f Y

apelj(t:tg\’gsi %gh%’tﬁg%ﬂfégnf b tﬁPQ‘é‘@eH é’f éta Sagéjesb Thg péefsgyg &f the

lasepvadiatidve throagls plae epertoest oinbetBasio 7f4cresfuws rrefHeefnrinae'on of a

DOE 66 coptain al phanuneri c, or encrypted dat i ¢ch .
Pt R S B8 M §1a o FeP STy, SISO Eig, PN dosired

duffra?étiv%fsﬂﬁldtdr% |H%EB&‘€'JaHEeWtMH6'rﬁQsW4a”' cle, SUCh as an
dentification card, wt DCE contai ni ng stored

aI Ishaacerdenee avit ther emb@dymr@tdlllda‘rratedsml Figuss Batksi pejterned
IaseF hadm° 7§ ‘passes through transparent substrate 70 and irradiates opacifying
layer 72. The wavelength of the laser radiation, and the polymeric material used
to form substrate 70, are selected such that the substrate 70 is substantially
transparent to the laser radiation. Accordingly, the patterned laser beam 78 is
able to pass through substrate 70 with little or no absorption of the radiation, and
therefore little or no heat build up and subsequent damage to the substrate, to
impinge upon opacifying layer 72. In the preferred embodiment, the substrate is
formed of biaxially oriented polypropylene (BOPP) and the wavelength of the
laser radiation used is approximately 248nm, derived from an excimer laser

source.
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In Figure 8, there is shown a transparent plastics

film70 formed frompolyneric material, used in the
worewahzssur e of a security document, or sin | aPCT/AU2007/000038

article, such as an identigy card. The substrate 70

may be nmade from at | east one biaxially oriented

pol yner i i The . ; o
PTGy By MRS, AP er raciaton
the sBRIcEd Alavelngtialdrer iharefoed Yhe pattamedabeenfadialiorois apsarbed

ool VR oA SRR S L FaR e

RORCHT ME8TbLAMED f68mi dhrRipés 60 ihahemdacifying
acoogﬂgsgi%ﬁhesﬁ%strate 70 (Figure 8b)6?:p The opaci fying
layerl(&igare B@).may i ncl ude any one or nore of a variety of

e Bl de any t var i
N bbeRtssuiy ot 1Y oy by Hiftatile! fforBEtilg of khe DOE

82. W?I@élﬁjm!eﬁ?miﬁédtmégdrﬁ)aefpmt soEacce@ byiang sidk dftzopmf' yil?g layer 70
| NCl udae | gnent e (o40) n (A a I.gnmen .SuUcC as

will wa&%ﬁhr@#fgh?@wraé’?&‘:ﬁ bhHb e Hadker By dhRaEmaiAngs, dHabjated

opacﬁgiggf ra%t vai edy Cd’iﬁl%%ﬁ?h nﬂf@tk&rﬁl EMIRd @lprRirRinh&@ic and/or

ion, in the formof |aser beam 76, is then
encryhted atatd wilhtroissberfreruint thettransnitied light evhich I FreopgtrHcted

) of the laser radiatjo Fi : .

n a senetveln oghgse ol BagritipOR The MG AaIR g gmined by

the PRARTIEDT abRe@PDHidHE 010, WRichasen turadiettimimetitnyotighpatiern of
apertures of the mask 74 results in the formtion

. I.a..
aperhixts 6 Mmaski WderAaseainaly. WHTeIIBEASARPTBRNRRASK, & diffrdctive
orr [ ' j o j ' tructure
LRI (P SRy castiasastr e,
enbopsemmnti 1d dstmiagethé ndifffaptive Bpticesiuctues &y a further
| aser beam 78 passes.throu t ranspar gn tr ;
R N s
Iaye{ gr%)) Bé,eforr&ghﬁ{lé,oé‘ 8r@l@@ti\'}é1©aﬂﬁéh’ @Béﬁﬁ%@i@l‘fmmﬂ\emamsparent

orm substrate 7 are sel ected suc ’,that thg1 .
laminatest Tt erateciie kybs Bamwil il therabiateg aegionst&P thie QRRGYINg

radiat, on. Accordi Y i .pat t et ned bgam '
v e RS L BBLS ST oty omrvled Sor
tran@RERidH bPmighf thrbaghateasblated podidriserather éhdn onl @ @range in

no heat build up and supse nt  damage to the .
refragplivet ingle, Ush ﬁlémagef Jbengﬁéa%cﬂfrﬁs § 985 99t rpRulfp the

r r k hectepbstrate is formed of
desvg‘f(g];?ﬁa(?fﬁgegﬁggﬂt‘\;e%&%ﬁtpro_pyl ene (BOPP) and the |
waTerrngtriovofo Figard s theredslishowanan aiarmasive embodiment of the

eeB§ERC TRASh . RO Eis A s SEIOTad ABRS pomere
mateRsIRepedt chagarwit@abatifing dyer 72. Focussed or collimated laser
beam 86 is directed onto opacifying layer through transparent substrate 70. By
the same processes previously described with reference to Figure 8, laser beam
86 passes through transparent substrate 70 and impinges upon opacifying layer
72 causing ablation of the opacifying layer to remove a selected portion 90.

| Laser beam 86 is preferably emitted from a scribe laser (not shown), which
may be controlled to inscribe any desired pattern of ablated regions in opacifying
layer 72. Accordingly, the scribe laser may be controlled so as to produce any

desired diffractive microstructure 92 in opacifying layer 72.
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t he sel ected wavel ength, and therefore the patterned
| aser radiation is absorbed in opacifying | ayer 72,
wo e®abtdsmy in particles of opacifying |ayer 72PGEALZN07/000038
abl ated in accordance with 4:he pattern of |aser beam
to formapertures 80 in the opacifying |ayer (Figure

ST, SRS B A AR it Gt o2 may
be formedainpopantifyigulayer ai2. one sicdedariceondhithis Bthboaiaent’ 8f the

. W Il pass_through apertures 80, but be bl ocked by the
Inventing; ﬁh%@forﬁnafiﬁq’ﬁ? IS§Ha SEEWItY gdPeHMPRAlPersueh ag 1dentification

Ct oL i 0l naal :
card Dy oo MoBEb e MR IgE A BRI ET Nty Uyat are
uniguieghta paticalar irglivideainst ructed in a reconstruction

pl ane.remte from.the T data stored is . .

e LB rod Uiy AEPtpafeee FTer O pTan D8 pov e RYen fop difractive
micreBtrabturs 92) filKHg tisks tedlated ekgivhst hMatHRk tSsirading the diffractive

apertures in mask 104. Accordingly, by formng an
propgified Bl iNetruelidR; a diffractive structure 112 may be

C! FRFE RONNSPRBOLRBRICANY IS4 LLe AR one BRBBH ANt of 2
to formng the diffractive dptical structure , a
complatet esequridy edaduneerntayeadedan nagecdoearagepwithd theemdthed of the

. structure (Fiqupe 8e).. Th rotective | aye ,

inveite Y pcicl ol alicf SensBsiarhgubsifatg 76 breferably

fornfddr BT bib@SPafiEd! @@b?len@hGBCQPP%%tdo‘éf’e_d N oP4cifying
wll fill the ablated regions 80 in the opacifyin

layer d¢e and Zliffraeties, Bricroptigeture 82492 abkaded fronvthea epécifying layer in

oo HENER A e P FOREN T o ALK

referefocaotHiyerei 1deRiguseieh filling of the abl ated regions
dp S no resul? in the destruction of the diffractive

mi §ceRlically ﬁ'ﬁrﬁpﬂ\ge ﬁHﬁP"tuée 2 @?eh@s_, bpﬁ@rrgoﬁgcgd, further
1 | . e .
oy<R Y 5P RUF BSOS Brid e BBy A o
in Fignirg e, iacfurties suapotitng layen 96 duetsebean ehpbediciSuliseguently, an

. . Focussed or.cqolllimated.l aser .b 86 is .
acdfBNEL |l ot B Pt i nc STaRrat St bien applied,
and Sutisér oteclile [dvinaies 9aMaveReASEDNchRVAPESENay on each side

described with reference to Figure 8, |aser beam 86

of theaadigle. t hr ough transparent substrate 70 and i npi nges

UPQFh PR Eﬁrg&i\)e?éﬂﬁﬁcaz %W&gﬂgﬁ%%?égt ggpits?%ﬁ%gg_ prior to the

opacitfying layer to renove a
applicadion dfcfanth8s layersr thieeswgigortimgrildytee D& nay be fomnbée from stiffer
control | ed

matg IS Yt e R Siahl 1o BN GdTe Y GALS R ERR Grghe fike
but which are not transparent to the wavelength of laser light used to ablate the
selected portions of the opacifying layer 72. For example, supporting layer 96
may be a polyethylene/polyester coextrusion, which is not transparent to light
having a wavelength of 248nm. It will, of course, be appreciated that all of the
layers of the completed article must be transparent to visible light to enable the
alphanumeric and/or encrypted data recorded in the diffractive micro-structure 82,
92 to be read by passing visible light through the ablated portions.

Referring to Figure 11, there is shown an apparatus 100 for performihg a

method of direct laser scanning using an XY galvanometer according to an
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| ayer 72. Accordingly, the scribe |laser may be
controlled so as to produce any desired diffractive
wor@rosssuct ure 92 in opacifying |ayer 72. Thr orgiyAUR®7/000038
use of a scribe |aser, an iydividual diffractive
structure 92 may be formed in opacifying layer 72. In
' S Y
e o e vl P ASTREAET I Plasheinan s St uggument or

otherdantitief @thma:iudesaradsubsmgteb‘mmrtmfmﬁdew thleast to visible light,
data, that are unique to

upof Ry a7 Wi GSOSERA v o e R TR bécfavexample,
an bpueifyilsf 18pr ESnﬁ@%geé* QY%CIBB gd'af SR SBI'eV‘gr%ment ink. For

mcrostructure 92, filling the a ate regi
convgnigeces. thexaheyt Hys tdfa@capmqsrr st ebjectpef thiedypé (fehbaving a

T DRI .
descdﬁxad‘relhts toesteunderstoeer thansecimdriet disjesltdradx@ngIBg only, and

vention. In producing the conpleted article,
thattﬁ‘éné'b\éﬁf@ﬁﬂ g\ hist VatRUS JopPef BIgdbRgt fuRamedaraetsn having other

strudfed. a'F‘oY é%(a‘n%lée%éiﬂé)éfé’rag%hloﬁraﬂg £ %%)I%dlh*?e Q%tfetﬂe\’\f'n(/gntlon

opaci fyin er , and {Tve R Crosttuctu
maygze uged écbldae@tily éblate theeswfros ofya sybstagtereg n04c aﬂd’remlmly,

plur%ﬂegcrl gg?ﬂ%?}hg?egf)@?%qw%)hﬁ} oy hgf %%ghgg ‘Ifj—'r'l'\é‘%ﬁt@aggccordmg to

varidoec enfoloelirpitscsfl thy idi&fticie hhatebs tuseet o 8bRBie lnﬂarﬁhﬁayers ie
been produced, further |ayers may be applied in order

layerothsrinan ther iatagetlayers, Within the resuldag méictwrowhwilliiherefore
= 0 e

vo GuseolOugs GLICLs AP el NS 8 S Topied 0

subsﬁraimexlcbmpcassday@é aqmﬂlwdednr@ntllyabea isalfa@8 dfahiebaidisirate, or to

furth tective | am nates 99 have been
add'ﬁgﬁ?' Bibrss Sioest Ptk AR eda ehd Snalidsf Surfaceafayee @nd intermal
layel% Bﬁguém%rﬁlhﬁféoaﬁtrué’c@ré@t FGRhefMh&EOFd ﬁg%’f %b%%t e%1 (?? may

f or med pr| or to the application of’
be assaysityt ¢ CP@Jm%@ieQF I6ilangrticke, ooitmaey be(ﬁnTaSkﬂlﬁmnded to be used

BSESIALD 0008 TSR RSB0 ARIMBH A B doarng

aperscms;pemeiftracttn/etctmucaanrﬁad;ree@u&tuﬁé | aser light used to
abl ate fhe sel ect eg Bortl ons, of the opacifyi

72. For '3 Anpese o 58 rannagaitgy K0 & tedgrpea gjg ffrac%/ve optical
micreSk Y&ty b@r‘i’t‘é(r{ﬂ*&% WRHABUNRIR A AR %ﬂfz%(ﬁ'&a z?gﬁgﬁwe syrface of

transparent t I ght having a wave
the sgaurity decuroentser, other arlistee t02bygdbiating mgllorm‘ oft the duafaeedayer

1063{1’@%%%@%%[%5&)?@@1%%% éel?rﬁrgrs EOLkl)r%et'er%n?/\ﬁw?cr:l'?Pntclué)es a laser and
other necessary optics for generating a suitable output laser beam 110 for the
purposes of ablating the surface layer 106. As illustrated in Figure 11, a mirror
112 is used to direct the laser beam 110 by XY galvanometer 114 and telecentric
optics 116 onto the surface of the article 102. The function of the XY
galvanometer 114 is to deflect the laser beam 110 under electronic control, while
the telecentric optics 116 ensure that the deflected beam results in a
corresponding undistorted spot on the surface layer 106 of the article 102.

Accordingly, the telecentric scanning head arrangement 114, 116 may be used to
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al phanuneric and/or encrypted data recorded in the

diffractive mcro-structure 82, 92 to be read by
w@a®3ioreg4%i si bl e 1i ght through the abl at ed porP¢DAB2007/000038

Referring to Figure 11, there is shown an apparatus

100 for performng a nethod of direct |aser scanning

direstsd el - gl
s Aot S B e o
locatrstgenarallvbenratbrthascaohisg te2adi ncl udes a substrate

10 | east .to visible Light,
< Apad PGBl b iBhR 388 B oo, e
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east u 0 re

di sposed upon a“ one rface there
102 dea\dng beedspok tsize ofo appraxichaiely obdmidnats,s which: as ogifficient for

| ects. . | ary on an hat the invention_in
oA Py RS2 e Y RS v
106structures. For exanple, nethods according to

enbodi ments of the invention may be used to directly
abFigtEe tIReillysiratas canvfaligraatiyet apparatip iwaperforming direct laser

. ' | i . Lied t
e T I VR
layee 286 dusieg tescarhpufee riunveridal contrely(GNCYsedet 21 @b Meeapparatus

Lnternal |ayers, ig Ia%ﬁsr’hother than the surface
200 jniiesa o5k iSoU 97 2PBS NI GeRYTAIRS, raser heagnIquiput 210, As
showhéd Eiqure 122 tH@QﬁJl'tﬁlﬁtoé’ﬂla%Bﬁlg?g eﬁ@é‘%eag%ﬁ)h'té}géfédsonto the

specification to layers app to a substrate
surfasieclonpR2g0 ot stidle 2| dibedartiolet 292 o secsredl NG stdge 218,

B BRERITe et Co Rl 20T UGB ARSI EBl bl aves, s
représentec b the biclirebtondl air@vs 2201 A2 B8icaliHg Ve mRERS albR§ the X

&ar et . obj ect. e? 102 may be a security docunment or
and jGaresjangraardinatesyiespecigy.-be a mask i ntended to be

us ' S It d Lan_.of a

L0 ARoMILBEEL U LR EBLa BEAET b et
appatafulsréi basedopporcah XY gabsnonwter 8. thahtheplasposeuet 20%emay

be a e RgEet et trleble egAnadatira AL 3Rty Bwever, the ONG
stagens simierdn dried due {oheSHfuRremeRdt foNmetRaHIchl YnARGHER YT the
or_other article 102 b){ | ating regions of the

. a
articlg 402, @s opppeed fothe nuie!yppltigat bee MO VEment frsilitatadasethe XY
galvm&%r%%n%émhﬁ{‘*lb@d udes a | aser and other necessary

cs for

opt i enerating a suitable output |aser beam 110
f dritheeorpu op dise sarengebhertts MO, B0 widyabe bsakforl Pikel Add/or

vectq ARG PP LERCR AR {115, BPer 16a pikitrios 202 pedHstrated
scheh®ItiesBN A IKigures 13 and 14. Figure 13 shows an example of pixel
marking of a substrate 300, whereas Figure 14 illustrates an example of vector
scanning of a substrate 400. In the process of pixel marking, the laser beam 110,
210 is directed towards a desired XY position on the substrate 300, as illustrated
by the conventional cartesian axes 304, 306. Once the beam has been directed
towards a location on the surface layer 106 which is to be ablated for the
purposes of forming a diffractive optical microstructure, the laser source, 108, 208
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optics 116 onto the surface of the article 102. The
function of the XY gal vanoneter 114 is to deflect the

wo a®en74se¢am 110 under el ectronic control, whilBCT/AB2007/000038
telecentric optics 116 ensuye that the defl ected beam
results in a correspondi ng undi storted spot on the

maysb‘é fiRlin! Ghder td Bfelf thrt?hﬁadétr idr| 6t fhe 1% d%ll%%%gg mﬁc NS ingly,

tel ecentric scanni ng arrangenen
the desitled aiiiuchue ishtorreske onbibensdifcd tayery10&s206doy ablatlon of

102 | ted
ina BT e e iRt mESCad MG E e Fidkre i ng o
pr asesitdrnypler ¢t \%d“t@rds@éFQﬁﬁg I §ul5’sftrét8310®r [s2MASHERRY in Figure
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subﬂl\/{mﬁ%‘t}ﬁéiﬁél'éir lﬁtd)ﬁn |lRefy o@@étﬂ‘bl@?leﬂ’ferﬁ@ %rz)ﬂfefléc\%clt(?ryseéannmg

ure 12 illustrates an alternative appar
invopvg r Q@ESGHMmQﬁQJIde@&d Hiifsactivecpticahipicesirudtbes asief ploeslity of

d b 20
el B 1 a0 b0 S0 BUS HRB et Ao asor
nght(p@ga)ngsthe@ehrbugh Theilppe ahabkssodthat fis Be@satRdA @f5§6|ffractlve

urce 208, which generates a | aser beam out put
Opt'fﬁi BIGERFVUCHHTE B\@sE 13299 i 2o@tgsiuet off ﬂhasmeﬂ@@@hrb)emw it is

f
corlich 263yl of 4958 81105105 R LARSCIAYY of38 gy
bendLBg Qﬂldlgbh at @ pipehalel er ar&in&rambapmlﬁlngipmhatoé diffravtive optical

i eI B8 o S5 BB e o

whical a]‘éggérlwal}éaﬁl@ﬂs%fqmefa?%'l@n ‘Fﬁ@ rs%bgét(ﬁsthéet%&t WY Sddtermine
An advant age of the apparatus 200 based upon a

the Rattese i VENCh Hightpassing uger@ﬁmougigajdlﬁfmednap(d’ the width of the

R R T S

tracNdomE\Zerto QBenﬁE‘ﬂﬁnstlagmdtls rAaPURY usBd UBeprotiiRet Pnades having
ment f mechani cal novement of the article

effecé'dg Pixel YEpo o % & ThBigape! yAerrdibgly. pestmesaing may be
used t@c% dridraleqHads EQﬁ @(sé@lh‘é@ ?@%S%e %%WO 995 microns

er one of th rrangenen may bé used
to aghigveps flied! efiegt ﬂ?at\r%equwaimt ko ad Ochicrdre pixet Siedmagger

1Or6or g)%@nﬁg Hb%ré“m ﬁbgtsat%g%he Zs%?f'aogsoflal Isu straa%e AH)O in which

vector tracks eg 402, have been ablated. This may be achieved using the
apparatus of either Figure 11 or Figure 12 by first directing the laser beam 110,
210 onto the point of the surface layer 106 at which the desired track
commences, activating the laser 108, 208, and then scanning the location of the
laser beam on the surface layer 106 using XY galvanometer 114 or CNC stage
218 in order to form the desired track, eg 402. The required tracks to be written
may be determined by first generating the required personalised diffractive optical
microstructure mask image, and then converting this mask image into a

corresponding plurality of vectors. Image analysis techniques known in the art

r
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schematically in Figures 13 and 14. Figure 13 shows an

exanpl e of pixel marking of a substrate 300, whereas
wo-e@an®s19 il lustrates an exanpl e of vector scRCANZN00000038

a substrate 400. In the proggess of pixel marking, the

| aser beam 110, 210 is directed towards a desired XY

maypises e o gerfdem ﬂﬂ@&bﬁ@ér@m&o&lgltﬂﬁl basats ubahesl bRdhabhithage of
conventi onal cartesi an axes 06. Once the beam
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reprenten RS EHEE aPiok TTesTPLS: D ety BETee 0L i SRsoH Hke. Such
alphdABmeriBbddma, aly aid epned a'nﬂdid\éhﬁﬁ@étlo?i 6?|a%coﬁlﬁf ne! & the

pi xel 302 illustrated in Figure 13. An exanple
docyaenio hoklesnearndoeofread aubshy aiewingoon sa j $dreem r?atl@@atedl in the

C S n d n
recofHEGrL o bR P RAERLE 5" LABATBY L, o i
reconkirattedasas citusteatad ably Figagee ov efitrhativelxaly tigs kdpp@ratus of

nmet hod., Whereas pi xel marking invol ves defining the

FiguiessP 8 &i ffracti ve optical microstructure as a two

Sugﬁ@%ﬁ&n%arki 'rﬂ odgffq‘qglﬁl%rﬂi E%rﬂbtﬂ?ﬂg 'sﬂ@?de t1‘(2[*’}5jroducing a

dividin 0O an arra
DOR|vétrerstaredr epcbyet@j dadat etheuginiifi rEg pqssddleyethe vector marking

re res he desi.red dif ive optical

metl?ﬁc&n@gt euld?%‘ r&do ucﬁ”%?ﬁ?l piﬁc&? ar row tracks. Each
sugh lea8tkivis §U§§|b|ﬂt|@eﬂtéMstrlaﬂbFOWnbﬁg/p@lﬁgSQiéﬂéfEf(ﬂé@l M the
of laser |ight passing therethrou

micrgpigestyfeeltherdiffrackue apﬂ@@laﬁl%ﬁnb&g@%. HrhPuay data o be stored
f
n ERROSShG et BRSBTS I3 Pl B DOE

are apgateti dt esdalsbawoshltﬁlé rfac theodatestorbe ecrgeyeted| dyrirtchthe Fourier
endi n at n hole or a | t nd .

trangigHD, Heigryen Aok e BIOE FReomEedia i It maseible dor the

encryB&l dmy thbet i'h@é’r%he&fw@ﬁp&é’l@sdr%cw r%rl@né@Wh?éﬁ Bfm visible

harrow tracks which are generalisations of |inear
imagsgs whenTihe BR¥pds dfuminatedr by les substiantialiye cailinatednbight source.

p e L.eh_ i ght SSi the . h, i
hisGen gyl “BE rb Ml PR 331 AT TeRO g reare, hespuse a
courttbﬁelamgmayoétt@hnbf Iti&épl}?ﬁa;eo A{defaglb!@emu@d;ef ,pr@@&i@:i by the DOE
consi stin racks o to m crons in
witheid bieiad %Vgar&r eét&real? JEPFRANGRy toe rRArYRigd pd%éast%reﬂe@ the
poef 5 to 10 m crons. Accordl ngly, vector scanni ng nay
be used to generate masks using | asers having a | arger
sp‘vbthilgitlze appapgius d 025200 endsriespactingvecthofisnalay be used to

etoQyEElor B e MBS0 3 b SRR B i Bgactve
optical raiceafrict@eeind e sOrfabd Gdvers 106, 206 of corresponding articles
102, 202, it is generally desirable to provide means and methods that may further
accelerate the writing process. This is particularly so for producing alphanumeric
and/or encrypted data for personalised documents or articles, because the overall
rate of production of security documents for other articles will be limited by the
rate at which the personalised data in the diffractive optical elements can be
formed on the finished articles. Accordingly, Figures 15 and 16 illustrate a further
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vector tracks eg 402, have been ablated. This may be

achi eved using the apparatus of either Figure 11 or
wor@an®si® by first directing the | aser beam 1ROI/AR2aD@/000038

onto the point of the surfgre layer 106 at which the

desired track commences, activating the |aser 108,

embc?er%eriijtHehSﬂéséﬁfiﬂWeﬂﬂoh IWhI(I;H)ﬁ‘?éy SRaflE rhbe tAase crémstiam of a
~on the surface |ayer 106 using XY gal vanoneter 114 or
diffraCNG eptiapb MBa@siricwre®r to formthe desired track, eg

e HISa 15 HE 0 A B2 5] ERPBY fona 16,2 ek

patteﬁ@ fsrondiffracttledbpticea ehicksstopture ds dmmhed)ertto seibuiegianss leach of
i mage, and then convertl)@? this mas
S

whicky @W@gwqﬁ w@h 81 IIPHPiIGh PSS (e greral man%g"%%? yEpg example,
cachl SHUSHE SI i Hlnr% t{@g@é&%"@fyreﬁ%n@ﬁﬁﬁ regidPesT 90 i 20ilsy 10

conve upon a bitmap i mage of the
to 20 pixetsairt dmemmnw aﬂ'hm coreaspondingr portigpkof theemasktigrage may

canni n ill u trat
ton S5 BB P RS0 b £ e P BB o Syt oot o
whicHad&inedl & hixdae ghasicul for@c er I‘eﬁan‘r@mnalmvé et eersical line, a
and/or nunerals, or parts thereof

horizenteh liappREAUIRE BE aaﬁtCﬁhefearh'tﬁ@Vr?d‘rEéef r!%l%@e&ug “f‘f%@?‘?%ﬂ"ee
exan&zﬂegby gFétseH{éH%f & L ngéqué‘ﬁmHQHd%ubCﬁﬁsR@ r ggékifically

i W ng On a screen cated in
horizoentiat B0et vericpl leres5Mheara cureed ines06r ence ef f ect

G o Yol Bmend R HE 55h BRab B3 Hehth Bo the
Sepaﬁat%rh‘hb(sregﬂ-ﬂ%e aPl A ar R uRs dﬁhb@rﬁfgaﬁh@ﬂ@%%%e used to

arti cul suited for producing wi th stored
ablammr;qﬂpeddm@tr@gmswfdbghsurfﬁceéay&éﬁé)ﬁtﬂf@rﬁﬂ@ QPecipgiccordance

ne be used for produci ng encrypted
W"“ﬁ?‘%@“"&i”ﬁ‘i 'pg% possibilities exist for enzfypti ng
da1tr|ae ) Qélféﬁ!us% Boorfartm'ep nehidesca lharser sbutdee6a8 Whialt enerates a
optical el enen raw d ato e st
beamrf*eﬂ%oé HagK }S’@tﬁ D%M"éﬁih H@yoP% EPIEP <2 B %e@?%‘? plate,
congits Ity %%S%[réﬂf of PedefRed@sBbGhEHL by d14.1 $h@llése¢ms~c@ 6e8, the

t he ta to be encrypted during the Fourier
maskrpﬂalefscﬁ‘m cldéon thtd targeberticke 60RRE RefblivIabie |Lt5\ﬁier |computer

conih A DS BTS00 55 BOE AP R HIAR A oo g1 e
predéitsrhithéd sOBdRaskd8tdt Aeideibd istibirieblom @ﬁithedsdu'yacaa Iayer 606 in

substantially collinated |ight source. This
ordepr te ipefosmat |Qi@é‘ur'nt§/0<%§’§d%ﬁpearw't h dBaneRaRe ¢ E@e sub-mask.

Acc{)rgifﬁq%e(pgeqce%%ﬂ ﬁﬂ%% e{%ftﬁbF g%tg%&gtlee W@y b@ constructed, in

the manner of a jigsaw, using sub umts selected from the predetermlned set of
masks, eg 614, that are much larger than a single pixel. This may considerably
accelerate the process of creation of the diffractive optical microstructure. For
example, if the microstructure image consists of around 4 to 16 million pixels, the
total number of laser shots required may be reduced from this value to as few as
20,000, cotresponding with a 100 second creation time at a firing rate of 200 Hz.
Furthermore, this technique may be carried out using a diffractive mask and a
wider choice of lasers, including excimer lasers, Nd:YAG lasers, CO; lasers and
so forth.
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wi t hout being aware of, or able to reproduce, the

encrypted data stored in the DOE. Wil e the apparatus
wae®;7/026@ and correspondi ng et hods, nmay be useCI/AG2007/000038

effectively form any desi ngd al phanunmeric and

encrypted data in the diffractive optical
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the satfbe@ dgyern7 0tapf tr@aamvoa maapaétemmed éneaamgﬁlhght 714. This

et B O e S8 2B Yo ho g S Bt
optlcéﬂﬁgﬁ?&@ ﬁ?.&';tGPé %@Mn0n¢h@fre%é¥ﬁlﬂ§eﬁ1ﬂfcﬂ’sn@% BoRlEiieddko as to

each of which defines a fixed gra phi_cal
direct wmestr@d m)rtmﬂ of thecincigent sbagsm t7hlintp; Reamg 716, which is

. zon I at any other arbitrary
direc :fa\gayf-_r {Jwgn[%ggq(%lqrﬁ%%ra es three exanpl es

fEPDWﬂBl@@bP ractatel Butsprskilideinnthe et M-thasksdlrected beam
specifica hori zontal Iine line

4
716 GgATs @LPRGRIT WHENSOH1E BiEESa Hogy bpHT by ik pea 77, and that
this 5@@5 O [ ELdr SntBas AR é@frfé'&@ﬂam that ef e afRRA7ORavouId

egi ons, an apparatus such as the arrangenent 600
thererfrme fernusad inerad | diffeactiver epiieal dinigjostegstorss hevinchgroperties

| 606...0f o

oo UL ek o BRBLFE  Hebhfiifell % B ATEEE RS oPbhfs 700

lllustr*afﬁédi l—iﬁlqslg@ré agefs gRHTiC 0t behused gen@irrmuteaeau@gaa:reate two
mask plate 612, which nay be, for

aﬂlclqa@éaﬂngﬁgkreppm@ng peranalised ifactiieregf n@é@f’?‘i’n‘é%s

pleg Q@ﬁ%?éaﬁand/l éfr tkﬁl?e% r(g‘g% %r%% ?@ngﬁ)%%)gslgﬁ grrg Eﬁaratus 700
woulgogsd inoultiplee sumaller mmsitearch directed onto a simpler micro-mirror
array in order to generate the desired diffractive optical microstructure pattern by
interference between the beams reflected from the arrays.

As has previously been suggested, all of the foregoing methods and
apparatus may be used either to directly ablate the surface of a security
document or other article, or to ablate a surface layer of a substrate in order to
produce a mask which could subsequently be used for creation of a diffractive
optical microstructure containing alphanumeric or encrypted data in a finished

article using conventional mask ablation techniques. Indeed, a particular
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control such that the | aser beam 610 may be fired

t hrough any one of the predeterm ned sub nasks onto a
waele®rned4sub- regi on of the surface | ayer 606, PCI/apUzi®n/ 000038

to performablation in accegrdance with the shape of

the sub-nmask. Accordingly, the desired diffractive

' | [ f i« .
sovaBRAH E SAFAAR PEER T GERLEAE A sy i e
docu:ﬁ@ﬁd@t@tﬁéﬂ@did@tbeicbnﬂr@_ laraila%_ea‘ﬂm,suﬂaae glﬁ&timglcﬁ'his would

arger than a si e. pi xel . is, my considera
enablgcpBIcE 1gaRIEH ST 53%6@&'@‘6 Fsaquity dgRUBeTE IBE QITFEr Gepp Jarmed
simuleiddtaly WithrRatibHARIE of BOhaSK 3oPHR fdratiba ofla6 personalised

mcrostructure image consists of around 4 to _
diffragtive jopticpl xutrostrupiare.ot Such htieshrigue fepargfiet snanufacturing

wous SRS KRR, HSHGSA FAPROLRIA U8 BOsERaled Sy
docuﬁfe,n@s b; oiheg aftidles.of 200 Hz. Furthernore, this

technj que may be carried out usin di ffractive mask

2t agliaer 3 gRasc eode b%sra@@afapwg%gpr@ o Waat larger scale

| . T ; 0 QT -
en {35ty fARLE Rl ERBOh 3B go?, o Ehafies ou
timesneddie dmafe diowd enabieghegnasi figutilise to ovieionrpixelararadP micron

712 di t t t her .enbodi. t of
tracké a0 Foibe BRNGIALST e HEHAR (aa Uy oh g BiURRS At syeh as
alumigﬁ\%ﬁr RS epdi0BroapReeat eThe keaanerllinihedh diffractive optical

' Irected onto mcro mrror array 712. The | aser 708 .
microsduchee Worldegubgraiendl e doiaed |usieg knpne gagnfyingpoptical

[ S n , ' il 44
arvangatiEs WhsrEh e HIEL poff RASRY LR, to fRSsRhce of the
secufityatiotinmenefdreaticiee after hassagmythiveighi ther iredging aptics.  This
desjred angle relative to.the laser,. sgurce 708 and.the
enables; (s aEVEIGe 8RS 990k A5t (R R IBA: S CeTRRIRI B AEvIng 2
lowePloléifick Y &Ptk aNpowdetohé UeES f&f thal fmakkd 13 hareéduced incident
controll'ed such that desired conponents of the beam
powerl0ensity dhaedneease theedgrabiliy eandyoerreppgndingt fifstime of the
article 702 as a patterned beam of light 714. This
tterned beam thereby ablates the surface | ayer 706
t anfRidmch depieriotbgdiid fezbhiquesoatphotdlithography tectiniges could
thereon. The remaining mrrors are controlled so as to
be emplayer TohFEIWRAUISRIMBSS of the inci dent beam 710

i r\*cﬂlo%ﬁ@&%%qifttﬂe\jrﬁ%‘{ﬁ HoHBEASH oPWRY séE T tdfé@ufn%hgg? other

article e appreci ated by those skilled,
articlenthehmasktmanatthehiee dissdrdescorstobedin a1ibrayydpe fldure reissues

attg?rn which is the inverse of that borne by the beam
o othayreTeRaCe Hses:

According to further embodiments of the invention, masks and/or

mas

diffractive optical microstructures containing alphanumeric and/or encrypted data
may be produced using suitable printing techniques. In practice, a suitable
printing technique should be capable of providing a true resolution of around
5,000 dpi, in order to produce pixels having dimensions on the order of 5 microns.
It should be appreciated that the specified resolution of many printers commonly
used relates to the density of ink spots printed, and not to the size of the spots
which may be somewhat larger then the claimed resolution. In some cases,

therefore, a printer specified for a resolution of 5,000 dpi would not be suitable for
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this beam if directed onto a simlar surface |layer to
that of the article 702 would therefore form an
Wo pwepss4di ffractive optical mcrostructure haRCTigU2007/000038

properties identical tot e of the positive.

Accordi ngly, an advantage of the apparatus 700

. : .. F.. r ) H H d . .
e sl EPLAEE D it sl SR PSR 4 e,
laser q@intiegpandiongdiitals printigs egstent fooald ibee used i smallong as it was

m crostructures, A further variation,of the techni que
capablg of PEAHGIRY éaﬁwr}twe%ﬂa%bam{ RS pWoul d use

mitl(l: dre! B8 iIRIS:k&S aReaParamsBob fcﬁ*%@r%r‘?rﬁihﬁeéi nSétABd & direct

o-mrror array in order to generate t desired
CNCdnaéhiaing o€ sopuifacs lavesré elienuadiclsaOer nThg apparatus 800

. i nt erference | )

o) STLSHRSEARPERNP IR LRI EoAER el e o10

The ér@bl@gmzﬂ'@ rietihtedsoraGl Gpipge 8185 wiigh hreyusetraesiatest albog the
directly abl ate the

two ieRok Ak Y D, 521 BhAERtE 810 InDE PHYRISHHS gibondhicaly
ablaté Légé&rrééepfbridi‘n%"s%f oﬁ%é"’sgﬁﬁé@ [/ BRI6 dBh6Sed oHl dibstrate 804
subsequent |y be' use

S us for creati'on of a diffractive
of thepaitice 86Rcr dsta uieumanaenttai thiengpida hapraretusc 160, 200, the

orar GRS 2 kDo BB B BB G gortace tver
306 Faht esdi@sadvant age of this approach is that a mask

rraF%{@fe generated prior to the security docunent or
otffigurear®i dilustisdes nam PRPASAIUEHPAR0T &Y PEroSUNGIA ahelipd of

' I t .of i ni
cecebD 5PN SIS 414 ek SFL Tl B o eSS supsrt
004 shdngurfacedagély 9061 hThd euffacerddyerrO@d i aneskalfiolayaieand the

formation of a ggrsonal L.sed diffractive optical

subsifpie 9t Mt i BY % Oh AP UIRRIGRANESht paral | el
NN BERGICHE HIRGRIWerH dhirfing t RQ6IVES CrRASRnidVaP uUgh HEtadf using an

production of personal 1sed security docunents or ofher
electrieali aireent inne stitRbleosalt solvtier. douhe dEangemeatPiPetha pask

a sonewhat r t ' i i
902 § TR, wi b3S el TR ohit e SPEeRASLA Sedtiddel 808 ifudes o
two GifreidriEgerayouf teterttdble drivdomastensibleipirs, s 980,192, 0nhich

pi xels or 30 mcron t , tp b t ed .
may e @rdandedaoniey. BRI N 2cA8Sec ERTEET At oy ST Witk the

meta‘FiQ?ﬁ&ij\a@/%WBBPpy' ene. The smaller finished diffractive
optical "'mcrostructure would subsequently be forned

Uﬁi‘mgpkllyhnma cagent {0 the epctreds 988+ selgeieeiscisunay Biateby be

t opti cal power densi a ' .

emd 5 b 6% ROUEE RG] YRk Fublihasiel Brn, o

techhii@e intRBtH 3 efPE ibeSusebhoscreatiald desires ataskifay usg imlaser writing
| 'arger spot size to be utilised, and materials havin

of thg diffractive optical microstructure containing alphanumeric and/or ené‘:f'ypted

data.

It will be appreciated from the foregoing description that the present
invention encompasses various embodiments of methods and apparatus suitable
for producing customised diffractive optical microstructures enabling the
fabrication of individually a customised security documents or other articles. The
invention encompasses techniques that are sufficiently practical, fast and cost

effective to be used in the production of personalised security documents.



10

15

| ower tolerance to optical power to be used for the
masks. The reduced incident power density may increase
wao b@7dmsabi | ity and corresponding lifetime of PEEAU2007/000038
masks. In addition to the'% regoi ng techni ques, a
phot ol i t hogr aphy techni que *Coul d be enpl oyed for
mapuf.act,ure of .masks. Fol |l owi ng. use of the nask in .
AccRIT 1 Tofentie SYetERIs doctiBRteoProRRES 2 tihe efor art
whelrétsy MRS vasRygeHdra®y  Rgprabicd” €8 dnfissSiBHAEe | Rifffactive optical
_library for future reissues or other reference uses.
miciqstyeyiresy) thal angr raliresihiso e raifierensfont Rach regsntityodpcument or
QQ§¥§ iffractive optical mcrostructures
Othcon a?ﬁfﬂ%ﬂgrghanuneric and/ or encrypted data nmay be
pr tduitl exdsai berappracintdal thapat Mast gotrecthingue®thdds of production

ractice, a sujitable printing techni que should be i
a”O@&%i%!t%%sfad&f%ﬁﬁ%n%t@ "efﬁp_é t'?%gepmeah TF eXPEpIRI Py Jemying at
leastiBbmel 6F BEdFEatld? tRE %@E%Ila%l%(ﬁ' tﬁlero’ltﬁ'}éjirﬁ‘ﬁ HOREARLA0S tpﬁ(gbtess. It

. the order of 5 microns. It should be appreciated
is alsRepegsfilelef toebuilk §viredungansy, ifaieguised nirde sheodatanstpred in the

DO 1452 o hd SRS U RPSAPEERL G BB v

be Write @ice! feen by straiciirds,lieselyWd Soksibia t6 dddiAgE8ast some of
therefore, a printer specified for a resolution of

the datgowitign infe PR asedyailasesveitingrrpeess-oduct i on of a
di fif. rachd v i i ; ;
IS B SRSl SO SAAR HERERRApe HRURY0ralne
woukbbé a@pbaramnt éul agersamgf sl irt theeart oeydie maofe witholutcdepgrting
sufficiently,small ink or_toner spots. Figure 18
fronT e otiPREeS’ 43¢ ApYeiius FOSKANP(er P AP RS o ethods
des@ibedl he@lin Gy PaGTdnbiAEd W varisws (\ags fbAYes pRYU@bnasT masks
article 802. The apparatus 800 includes a nechani cal .
andigyippifiractiye2 opicalhingprasirugturesce @ndnin eisevespee weekl| specific

LGl ' st age 818,

em i np o bF KEnE R TP R EPRBY {axee % and v
820, 822. The needl e 810 nay be extended to
mechani cal ly ablate a correspondi ng spot on the
surface | ayer 806 di sposed on substrate 804 of the
article 802. In a like manner to the optical apparatus
100, 200, the arrangenent 800 nay be used to abl ate
pi xel s and/ or tracks in the surface |ayer 806 of the
article 802. Figure 19 illustrates an apparatus 900
for performng a nethod of el ectro-chem cal machining
of a mask 902 consisting of a transparent substrate



904 and surface |ayer 906. The surface layer 906 is a
netallic |ayer, and the substrate 904 may be quartz or
w@2®aoteid e pol yner. El ectro-chem cal machi ni nBCT/AU2007/000038
i nvol ves the renoval of netgl using an el ectrica
current in a suitable salt 'solution. In the
arrangenent 900, the mask 902 is inmmersed within a
salt bath 901 . A specialised electrode 908 includes a
CLAIMS:di nensi onal array of retractable and/or extensible
pi ns, eg 910, 912, which may be extended and/or
retracted in a desired pattern of a contact with the
1. nepabiffsadtiveroptRue 6lePnt (@_OEP@J)Mbﬂging & diffraBlivd fhiéld8tructure
.el ectrode 908, selected pixels may thereby be renoved
whighsjingude encentied- dxantosed é’l‘"ﬂ@@t%ﬁ gictasgucture of the DOE,
whefBhalheAl RN Do ek RMindiRhs wiACHbAURARY LRHIAL" fnt, the
be used to create a desired mask for use’in | aser
diffragtive microétrudteralgéherates adapfieldciaterfarencs pattetrucerresponding
cont ai ni,n | phanunerjc and/or encrypted data. It wll
to tie SR date ik & rRseitioRa gorasgatUEian PIabR remate (i the
DOPresent invention enconpasses vari ous enbodi ments of
met hods and apparatus suitable for producing
custom sed diffractive optical mcrostructures
2. enabédigity AechmBht eRkiAe WhichiHcidlsah |chi‘ffn%,cﬁ%§b?ﬂb§l%7|ement
security docunents or other articles. The invention
(DO dvapewydasce withrilajoe. t hat are sufficiently
practical, fast and cost effective to be used in the
production of personalised security
3. doduseswity deewnanhgr griiclhaceardingt icodlaw & wbeeain ¢he document

s o REAToPHBBUTER. 2t 58, Bkl va i ARY cblpifscc caa
relaity tcthle holdsosittheddentifisatibatoairentequired to be

di fferent on each security docunment or other article
produced. It will also be appreciated that at | east

4. sopeDOIE, tseeungtduadnait qrrartddietddedrdhd eaigtehd 6f Baims 1 to 3
added duri n% the life of the docunent, for exanple

b
whefelaJha gatyPfaskdatastteddn tha giarskUsture 6 fsoBCll Frleaddble by
app3 RIS aelEP RicRil B BEARSontiudirPpRReRRFEsE Fption

meagisdoedecnyptime tHBGENcrwiiedstataany of t he DOEs produced by
t he net hods descri bed above will be wite once, read
many structures, it may be possible to nodify at |east
5. soAeDOE, sheuritatdncwrmient en artidl® atberdDOEo eginby whémérethe DOE
ss. Jt wl, reciated th

s alf A HDeRYE: G Bleiecn EraiRePar T ATROP ghahe Rgorstuction plane

when the DOE is illuminated with substantially collimated light.

6. A DOE, security document or article according to claim 5 wherein the
projected visual image is generated by a first set of pixels or vector elements in
the DOE and the encrypted data is stored in a second set of pixels or vector
elements intertwined with the first set.

7. A DOE, security document or article according to any one of claims 1 to 6
wherein the diffractive optical microstructure comprises a plurality of apertures

formed in a substantially opaque layer disposed on the substrate.



woul d be apparent to a person of skill in the art may
be nmade wi thout departing fromthe scope of the
WO pwentisen. For exanpl e, the apparatus and metPOHav2007/000038
descri bed herein may be cog?ined in various ways for
the producti on of masks and7or diffractive optical

o, AR A BB PSR PAR S stcpe o

or;brxavialu%g NB: dlf[racﬂ\veildﬁtrcabtmma)slﬂldtm@ lre|tahéed%cdrﬁﬂlﬁ) a/vherem
n actjve mcrostructure which includes
enC%WnBﬁ&ff 6sg§t8f%d Ly P LUICIASMCH " he i crostructure of the
DGfumyMeing ”th\é'hetﬁlfde&ﬁv@O%dtI%ﬁI | hﬂﬁ?o@ﬁﬁ?l?lré‘"‘ W?th substantially

substantially colli mated ractive
ColllmatﬂdosthUct\Mh@egena afass feelcﬂ aiinterferendent paﬂt@nense generated

conqXobAlY FEihE TR PE e PEedt JrERnaReL B 2 Brapstruction

plané i‘@"n@@&ro&l theAlifB@etiVd biytickoenbRIdtrueturar ticle Wh' ch
includes a diffractive optical elenment (DCE)

acdsiedit heder Aeld aterference palteyadthe 9ecz9>c§k§tm§mn plane; and
G YRR ALY (B AL Rl BEInfoiey %gcge LERG | S

an |dent I cati ocurmren , and t € encry
i ncl udes personalised data relating to the hol der of

9. h@ nh&RBYI Jrl <& c%rigo?'n@?&m@tdata ?gé%rla%o’[r]oza%‘ﬁﬁ 8|t\)(/here1rlthe far

cunent or article accor
fleldtloteifemecelpattdm snde;qmtexdzl b})atdaeted:tmgsdhenllgﬁtemtensny of the
ctur r eadabl e by appar at us

lnterf'gﬁ%nqﬁjpﬂ ey 'HE?%E?%”S r%% B@N&- t he reconstruction

pl ane and decryption nmeans for decrypting the
encr ed, dat a.,, 5. cyrity d .0 rticle .
SCBIPBIRG FoEiing o Bang w4 ihebop 7 dalsl Tae Jahbinsit
pattetrﬁ 9 BERAEY ByPd BbRpURT ﬁ/ﬁo?ﬁé}h wmﬁ%rdqéf&% the detected light

reconstruction plane when DCE Is 1llumnate

intensiippatatn bto ma\;glna neatebleldajat . 6. A DOE, security
docunent or article according to claim5 wherein the
projected visual inmage is generated by a first set of

11. piAeparatus ectreadisge epntyptedt date BEEedndh taediffrantiypt egtical

min 8RB RA RO, S 01 P X0 ® o el

semealhé yfodomtmaang @rswsttamiaﬂfyac@mfr@téw 5@ranaf GigRt @nto the
6 wherein the diffractive optic

d'ffraﬁf'&? Qﬁl%ldﬁ!%ste&ﬁwpl Weh thabihe eamyis érranéf%mqsﬂr lato a far field
rierkRATRE pingre BRERRAALY 9 e, oppRsEde, 0
reconkiounienin ametarditnigtionm plaseapmaié from the mlcrostructure;

optical detection means located in the reconstruction plane for detecting
the far field interference pattern and for generating signals representing the
stored encrypted data; and

processing means for receiving and processing the signals from the optical
detection means, wherein the processing means includes decryption means for
decrypting the encrypted data represented by the signals from the detection

means.

12. A method of producing a diffractive optical element (DOE) with encrypted

data stored therein including the steps of:



providing a diffractive optical mcrostructure in the

docunent wherein encrypted data is stored in the
wor@rosssuct ure; illum nating the diffractive PEI/AT2107/000038

m crostructure with substag&i ally collimated Iight

whereby a far field interfé&f“ence pattern is generated

corresponding to.th ncr ted data th IS, .
" e BERIRE A Sebsirta iU ORI ohieant 19 RiRR Bftom
t heorfing V@Qilﬁﬁé%h@@tdpﬁ@lal PiSIoSELENSE USIe at- leB8 @fk Sifle of the
the far field interference pattern in the
r esdpsttataarivg lpyemanpligddheréta;ypt i ng t he encrypt ed
da e ; ks I
of "DESEA AR E Sl B ThiCRS BALR B % yftnEoRed data
suchvhérati whdre thar dnlcﬂeicﬁvé nbptidadr emc&)fsmraihotlﬁen i$ Sfllldlﬁilﬁ@tbdd with
ect n e.light_intensity of the interference
SUbft%P{j%' Y cph ”?EH@Q Mn@tﬁaucfteﬁ%n'”fﬁv%@ncqwa tierretaisasenting the
storé@Qﬁé“@@eh@ré’cbé'tﬁhpls"\fb%bﬁé’d?u@cﬁerlﬁpé % Ccﬂ?étﬂjdtIBntﬂ]%e remote
light intensity pattern is decrypted by a conputer
fronpinegtiiracite omticalamiskestrasturae detected ight intensity
pattern into nmachi ne readabl e data. 11. Apparatus for

readi ng encrypted data stored in a diffractive optical
13. m dhesmalitedired claim 2 cwuhensin ithel diffracitverreatisalf ovicrostructure

rectin statlal cal limated beam of |ight
comiibES en Ry AR GlaaR i SRUBFIANEALY SPagtf Teyerion the
subdthtebeam i s transformed into a far field interference
pattern corresponding to the stored encrypted data
that is reconstructed in a reconstruction plane renote

14. f r TREtREthBdCH s aRULRhe ORIty BeS el @fna;bm?mg at Ieast one
| ocated in the reconstruction plane for detec

layer & the sylestraiecpné véigeeinghe ﬁéffﬁc&\fﬁjomalgemqsémcﬁge ls formed
by a%\&?&ﬂ'c?fsra?(i’r@%?m ing the stored encrypted data; and ‘

processi ng ans for receiving and processing the
signals fromthe optical detectlon means, wherein the

15. gggﬁgﬁfﬁkﬂ%d"ﬁpg%%nﬂ Wiiugrc'%ge[%WB %E@%QDH?% ﬁubstrate is an

e encrypted data re res
opasifyymplayef.r om t he detecti on neans. 12. A net hod of
producing a diffractive optical elenment (DOE) with
encrypted data stored therein including the steps

16. of Theo‘mbﬂiddgoﬁcmuhs’tz lrerehittb steptsfofosmiieat difftadtioasdptical
to visible I ormn%?a diffractive optical

mICPsEHele (A %emaféng P SHERCR ABING sbsiratene

17.  The method of any one of claims 12 to 16 wherein the step of forming a
diffractive optical microstructure includes performing laser ablation of the

substrate or of a layer applied thereto.

18.  The method of any one of claims 12 to 17 including the further steps of:
representing the diffractive optical microstructure as a two-dimensional
field having predetermined dimensions;
subdividing the two-dimensional field into an array of discrete elements;

and



substrate or in a layer applied thereto; whereas the
diffractive optical mcrostructure is forned with
weparymsed data such that when the diffracti vePOpAU2@LN/000038
mcrostructure is illum naty gd with substantially
collimated light a far fiel'd interference pattern
re r r at
r egéﬁiﬁﬁﬂh@%é %%ngérﬁe(ggdng@'r uc%a Ion p aoﬁetﬂgeﬁr%?én o?r%?ﬁ to form
the em@ypliefifdede of the difftactizve apticalostorosttuotere. 13. The net hod
of claim 12 wherein the diffractive optical
m crostructure conprises a plurality of apertures
19. foﬁ'hednei’moal eﬁbmﬁranwa/l/the/rempéade Jay elisopstet BRment is a pixel,

S hod of claim 12 further
whefshihartiats sised et MBI G oRgoal MBS UGG o2, Bimap
the substrate and wherein the diffractive opti cal

ostr cture is, forned bP/ abl ation of said |ayer.

20. 15 Thq pefhach i grine| 18 rrigfaiifer 8i wherrin| tpestem i feaming a
dlffré&lvbh?tﬁﬁpﬁtlér%%ﬁ'ubﬁt Vﬁ%@@(ﬁ% Eéél"f&gmln@ycﬁfe%ct Jrgser-rél:%nnlng of the

of claim 12 ereln the ste
subsirete oadayercappied dherato dn estouence e/wtm thay desgakmtf afne diffractive

he substrate. 17. The nethod of any one of
optlcse]lt’grtﬁrg)%ﬁcttu >16 wherein the step of formng a

diffractive optical mcrostructure includes performng

| ager bIatlon of the substr te. or

21 ¢ iariaeBoe s o te ek b0 e B i 2 elugBRY lpessten of
V repremﬁtilvh@lth@ diffeactive tdticad hBR®sRlicturE RIses ?ﬂ\ﬁr‘aﬂ@ bRarrow vector
diffractive optical mcrostructure as

elemaits-di mensi onal field having predeterni ned di nensi ons;
subdi vi di ng the two-di nensional field into an array of
discrete el enments; anddeterm ning the content of

22. dj e emethackrafnesy opnehef falaims i12 dedd7 inclidingn thee step of

oorEHSTE 8 01156 S EEREL Mo & gy sar o

rectarantarsaibaregicie et e el enent is a pixel, whereby the
data stored in the diffractive optical mcrostructure
is a bitmap. 20. The method of claim 18 or claim19

23. vvh“élnelmiethb@ oftatgino R2f fartventhotudihg fth@@te;y@f@yprmtnatmg each
gr ost thytr ure | ncl udes perform n% direct | aser
said SURHROIRG RyfoRear %lﬁ’lﬁ%‘i‘@tﬁfr@nSfj Rlgrpbly Qfgpasksd t hereto in

accordance with the imge of the diffractive
24.  The method of claim 23 wherein the step of forming a diffractive optical
microstructure includes exposing the subregions of the substrate or layer applied
thereto to laser radiation through corresponding masks selected from said

predetermined plurality of masks.

25.  The method of any one of claims 12 to 17 wherein the step of forming a
diffractive optical microstructure includes directing a laser beam onto the

substrate or layer applied thereto using a micro-mirror array.

26.  The method of any one of claims 12 to 17 including the step of forming a

mask corresponding with the diffractive optical microstructure, and wherein the



optical mcrostructure. 2 1 A nethod according to any
one of clains 12 to 17 including the step of
wo ereseme i ng the diffractive optical m crostrRCT/AD2003900038
a plurality of narrow vectey elements. 22. The met hod
of any one of clains 12 to 17 including the step of
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as a array of square or rectangul ar sub-regions.
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of approximating each said sub-region by one of a
predeterm ned plurality of masks. 24. The met hod of _
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. optical mcrostructure includes exposing_t
micrgpiclip el o Tl fos AFierG 1ol Br Sufioe; itz tnsparent
substi@td. aser radiation through correspondi ng nmasks

selected fromsaid predeternmned plurality of masks.
25. The nethod of any one of clainms 12 to 17 wherein

28. thehsSteRNn8d Jfoélmm%ﬁMéréihaﬂié BENGR ist@ includes printing the

m crostructure includes directing a |laser beam onto
imagehal sstibe ressdéiasy ofi atyleastdppPP €ai-t heret o using a
mcro-mrror array. 26. The method of any one of
clainms 12 to 17 including the step of formng a nmask |,
29. coFhespethad nef any roft pleiras 112 det 1% evheseincHie step of forming a
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radi ation directed t e S . The d;
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mcrostructure onto a suitable trans‘ rent substrate.
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' i AL 1 ' at a true resolution of at
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17 wherein the step of formng a diffractive opti cal
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32. ap%‘e er%e%h%dao? ljcﬁgir%c%ofnc‘u%ngc’ upbrg\t/i{i%tge'a reconfigurable electrode
formed as an array of individual electrode elements selectively extensible or
retractable to generate a desired diffractive optical microstructure pattern, and
using said reconfigurable electrode to image a pattern corresponding with the

diffractive optical microstructure onto said metallic layer.

33. The method of any one of ela-any one of claims 12 to 32wherein the stored

data is encrypted before the diffractive optical microstructure is created.

34. The method of any one of claims 12 to 33 wherein the stored data is
encrypted during a Fourier transform calculation for the creation of the diffractive

optical microstructure.



3 1. The method of any one of clains 12 to 17 wherein
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stored data is encrypted during a Fourier transform

cal culation for the creation of the diffractive
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diffractive optical mcrostructure representing the

visual image. 37. A security docunent or article which

i ncludes: a substrate which is transparent at least to

visible light; and a diffractive optical elenent (DOE)

conprising a diffractive optical mcrostructure forned

on the substrate using a nethod according to any one
of clainms 12 to 36.



