METHOD OF | MAG NG I N CRYSTALLI NE COLLO DAL ARRAYS FI ELD OF THE | NVENTI ON
[0001] This invention relates to imaging in crystalline colloidal arrays,
nor e partwouwb@vd7y24t0 creating i mages in crystalline col lpoirdsboosnsssys by
exposure to actinic radiation. BACKGROUND OF THE | NVENTI ON [ 0002] Radi ation
diffractive materials based on crystalline colloidal arrays have been used

for a variety METHODQFRHAGINGINICRYSTALLINE GORLOIDARARRAYS is a
t hree- di nensi onal ordered array of nono-di Sﬁersed col | oi dal particles.
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di spermwa particles in a liquid nedium whereby the particles self-align
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in a ”%?déréd%’ﬁ%grmk‘nd?% -4866ksad c%%@él%ﬁrﬁclé@en the fixed array diffracts

radiation in thé visible spectrum Alternatively, CCAs are fabricated to

di f fr a¢0003hdi Suchocolibimal diseeestorespofi pHﬁ|IC|é$ tarfem apstatiak sdsrwctw@@ba‘angl opti cal
limters. While these CCAs use constant inter-particle spacin may
functi dailiceSpAGRgRBAL ﬁﬁ‘e@f’m%apkﬁtt@rth%&\#aﬁ/ﬁ@ngﬂb&dﬂirﬁ‘ﬁok%r\”%@'e|0fﬁ 'riféaéf%nse to
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r es ponsransmigsiamaef adjadandt wade leg gthseofpadiaton.e Pabr devices have been created by
dispersing particles in a liquid medium, whereby the particles self-align into an ordered
array. The particles are fused together by mutual polymerization or by introducing a
solvent that swells and fuses the particles together.
[0004] In other uses of CCAs, an ordered array is fixed in a matrix and may be used
as colorants when the fixed array diffracts radiation in the visible spectrum.
Alternatively, CCAs are fabricated to diffract radiation for use as optical filters, optical
switches and optical limiters. While these CCAs use constant inter-particle spacing, a
CCA may function as a sensor when the inter-particle spacing varies in response to
stimuli.
[0005] Recently, such sensors have been produced from hydrogels containing a CCA
polymerized within the hydrogel. The polymers of the hydrogel surrounding the CCA
change conformation in response to a specific external stimulus. For example, the
volume of the hydrogel can change in response to stimuli, including the presence of
chemicals, such as metal ions in solution and organic molecules, such as glucose,
making the devices useful for chemical analysis. In CCA devices, mono-dispersed
highly charged colloidal particles are dispersed in a low-ionic strength liquid media. The
particles self-assemble into a CCA due to their electrostatic charges. These ordered
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chem cals, such as netal ions in solution and organic nol ecul es, such as

gl ucose, naking the devices useful for chem cal analysis. In CCA devices,
nono- di speoxed/dvphl y charged col | oi dal particles are diPsparss@d/ 083302

| ow-ionic strength liquid nedia. The particles self-assenble into a CCA due
to their electrostatic charges. These ordered istructures diffract

radi at istroclResdifirany rddiatiraggiosdingto Bréngy' e law, whereiadhatadiatioresiceting thee Br agg
conditions are reflected whil e adjacent spectral regions that do not neet

t he Br &ja0e ednditiomaredetested mivietadiacenhsirmiral regiongelfiol do ngUMeBReOF THE

| NVENTI . Th [.es L hvent i | S.directed to a nmethod of producing
an |W&?&%&$ﬁ?%g§rﬁﬁ@ﬂsﬁﬁﬁ%a QHSV%&%n%&Hg%ber conprising an array of

el ements received W thin aggnnBRY (EPWHHINWEN‘P@W on;, curing the matrix
conposition in a first portion of the imging nenber by projecting | aser

r adi at [@96pntThe preséntiaventiontis directeditb@ metmodai paddumgan anagerage, such
that the first cured portion exhibits a first optical property; altering
anot heICOHtE’f'ﬁinﬁrPrﬁY'dmeaﬂ 'M'%W@@?ﬁ%ﬁp”&ﬁ'@'r@lﬁﬂ Agay Akelsmeats r;%ﬁtviegn of the

matri x ¢ I3 - s l: x Nk Qi ; I.f ferent
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i ncl uderge %d@?ﬁ@%n@éerﬂfy?&@fé’cﬂﬁg el O CrOSMRb 1the st Bbﬂk’)‘n%'ﬂ_ﬂe an array of
particles received wthin a curable matrix conposition; curing a first

por t i ogoofigurakomat an imagaysash thairhe firsh cgtedepartiey eslbite adicstioptical or negati ve
mask of an image; and curing angpther portion of the matrix conpositiopn.

[ 0007] POREMYs élg%ﬁlﬂg ?Wgﬁﬁ PHOR @ meelrna%mg mgEpes; %‘ﬂﬁe %Hﬁgoﬁhe&“&‘%r}&tqr%{‘ QP

007] PHHRET; BSeif0 A G {15GMA0H LSS dft LN, o
ot ur i 105 oY TR Epo g bl YR AR R Bl e R SRRl or o0

plural ity or i _ —ea _ ng rdered
array efoputytfrerhese fifst pomied, WHebraséntdhvarion d1%d includes@raginod@t; provi di ng

an i mage nmask for each inmagi ng nenber; exposing each imagi ng nenber to
act i ni Erociding animage cuyprising podviding anraitgy ofgsikicledrapesgdodtian plawrablet y of
| maged mrg?rr&) gcgrsn’pogiﬁgrr]1 ; c'urHarI] eadfirgFggr?i[)n%?Yﬁen%aﬁixcggrﬁgosition through a grey-scale
positive or negative mask of an image; and curing another portion of the matrix
composition.
[0007] The presentinvention further includes a method of producing a multi-color
image in a crystalline colloidal array comprising providing a plurality of imaging
members, each imaging member comprising an ordered array of particles received
within a curable matrix composition; providing an image mask for each imaging
member; exposing each imaging member to actinic radiation through one of the image
masks to produce a plurality of imaged members, each imaged member having a cured
image portion and an uncured background portion; curing the uncured portions of the
imaged members such that the cured image portion and the cured background portion
diffract radiation at differing wavelengths; and stacking the imaged members such that
the diffraction of radiation from the cured image portions yields a multi-color image.
BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1A is a flow chart of a method of producing an image according to the

present invention;
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| mage portion and an uncured background portion; curing the uncured
portions of the imged nenbers such that the cured i nage portion and the
cured backgrowndopoartion diffract radiation at differingcrasedosogishs; and
stacki ng the i maged nmenbers such that the diffraction of radiation fromthe
cured image portions yields a nmulti-color inmage. BRI EF DESCRI PTI ON OF THE
DRAW N@BPPOGELG. FIBSis BAscteermatfd ofvpedducingotinantagehinda of CAr acbeceding tenongrage
according to the present invention;[0009] FIG 1B is a schematic of

pr oducieAdPosimeniqfdhe presentinvasietdi ng to one embodi ment of the present

I nvent ign: [ fl t uci ng
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is a SWﬁf@ﬁb%o@fof‘{ﬁégﬁbs%nﬂrﬂghﬁbr{ -aser to image a CCA according to the
present 1 nvention 12] FIG 3B’is a schematic of using nultiple |asers
to progtid] arFIG’rB@asuanscme@@maﬁmrr@ agingte laker foriewmgeta CO eacdonding [1O 03]

FIG 4Ais a plan view of a CCA inmage according to one enbodi nent of the

pr esenPrSAREHVEBRON 0014] FIG 4B is a perspective view of the CCA

cont ai ane p a e N, wn in
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ful | - cebesrd r@gqhg%gégéﬁltng/ ehfor:he nethod of the present invention. DETAILED
DESCRI PTI ON THE | NVENTI ON [0’016] The present invention includes a nethod
of pr ocﬂﬂﬂiismg 6. idPatgea iptaramiemmalya gC Aemage, adcoeding 4o derei erabodiment oh then

i mage gfroduced to yield an i maged nenber. In one enbodi nent, the

i magi n@r%ﬁﬁ% VenheMudes an array of elements that are received in a curable

X GRIPOSEE O ({1 deBRRsle PLACICH BOAXARIAR, °4P 1ARE BBafled o

I magl n aser 'radiatli on an rrng ano he pOI‘tI
according to the present invention as shown in FIG. 4A; and

[0015] FIG. 5is a flow chart of a method of producing a full-color image according to
the method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0016] The presentinvention includes a method of producing an image in an imaging
member, i.e., a device in which an image may be produced to yield an imaged member.
In one embodiment, the imaging member includes an array of elements that are
received in a curable matrix composition. The image is produced by exposing one
portion of the imaging member to laser radiation and altering another portion of the
imaging member, such that the first portion and the other portion diffract radiation at
different wavelengths, rendering the image detectable. In all embodiments described
herein, the first portion may correspond to the image with the second or other portions
as a background, or vice versa, wherein the first portion is a background to an image
produced in the second portion. The image may be detectable, for example, to
authenticate or identify an article to which it is applied, or it may be decorative. The
image is detectable by exposing the image to radiation and detecting radiation reflected
from the image. Each of the exposing radiation and reflected radiation may be in the
visible or non-visible spectrum. In certain embodiments, an image produced according

to the present invention may be detectable with the naked eye. In other embodiments,
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| magi ng menber, such that the first portion and the other portion diffract
radi ation at different wavel engths, rendering the inage detectable. In all
enbodi nenwe 2d@sopi4ded herein, the first portion nmay corpespseasiesshhe | nage
with the second or other portions as a background, or vice versa, wherein
the first portion is a background to an inmage produced in the second
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angle. The diffraction wav th of thelrlght at I ven an IS
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I ndex of the imaging nenber is closely approxi mated as a vol une average of
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array Qtrigitdrt withigshe imaging member as dictated by the arrangement of the particles and
the surrounding matrix. The number of layers that are formed by the array of particles
and the matrix and the refractive index contrast between alternating layers can also
influence the diffraction intensity. More particle layers produce greater diffraction
intensity. Higher refractive index contrast between alternating layers also produces
greater diffraction intensity. Higher refractive index contrast between alternating layers
can be achieved by using particles and matrix having a relative large difference in their
respective indices of refraction. Alternatively, directionally expanding the particles
and/or the matrix can alter the layered structure and increase the refractive index
contrast between the layers.
[0018] In one embodiment, the matrix in which the particles are held is produced from
a curable matrix composition, which may be an organic polymer such as acrylic
polymers, polystyrene, polyurethane, alkyd polymers, polyester, siloxane-containing

polymers, polysulfides, epoxy-containing polymers, or polymers derived from an epoxy-
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and the matrix and the refractive index contrast between alternating | ayers
can also influence the diffraction intensity. Mre particle |ayers produce
great er dwvbfw@at7omm i ntensity. Higher refractive i ndex eamtusass/okssireen
alternating | ayers al so produces greater diffraction intensity. Hi gher
refractive index contrast between alternating |ayers can be achi eved by

usi ng pentairihe polnier mitponxcuniagiofthemaghamateeial, ahg ecldiivd posiiare ofrthé hei r
respective indices of refraction, Alternatively, directionally expandi ng
the paPartlesmandedixedisechdhatithe duer-patiele spasingayay ba fixeduct ure and
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pol ymers, polystyrene, polyurethane, alkyd polyners, polyester,

si | oxapelyousrs aalkychgolyoleysvgrodyesia| sikuxbhe desiairipgpplyouers apolysuliges, gpexys, or
pol ynmers derived from an epoxycontaini ng polynmer. Upon curing of the matrix
mat er | &PNtAITHRY palyaiars.nshrely mrisdestvedHiomp apex-Fetaig Belymese @ssvelhas hat
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pol ymers, al kyd polyhers, polyester, siloxane-containing polymners,
pol ysul[8020¢ s, Inepexgroloodiaient, ige pattichesrisaveangemabiyenisardstrugtece.f r om
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Al t er najaiieed YoreliNGuBBbEGEHiEBOIYRErNayEh g SO StyRR), boBlratRang, &cwier e the core

is produced froma different Conposition fromthe shell conposition.
Sui t ablpelymerpoalkyd polymess, potwestatr silaxase containing Ipatyenars gealy sulitasy apoxy-such

a1 1 Oxakan TN PADRI BTy RORSErs S e ien e el i povAS: o
LB A AR TR RO MR P AT AARITLE
or semiconductors (e.g., cadmium selenide). Suitable compositions for the shell include

organic polymers (e.g., polystyrene, polyurethane, acrylic polymers, alkyd polymers,

polyester, siloxane-containing polymers, polysulfides, epoxy-containing polymers, or

polymers derived from epoxy-containing polymers), with the composition of the particle

shell differing from the matrix material for a particular array of the core-shell particles.

The shell material may be non-film-forming, meaning that the shell material remains in

position surrounding each particle core without forming a film of the shell material, so

that the core-shell particles remain as discrete particles within the polymeric matrix. As

such, the array includes at least three general regions; namely, the matrix, the particle

shell and the particle core. Alternatively, the shell material may be film-forming, such

that the shell material forms a film around the cores. The core material and the shell

material have different indices of refraction. In addition, the refractive index of the shell

may vary as a function of the shell thickness in the form of a gradient of refractive index

through the shell thickness. The refractive index gradient may be a result of a gradient

in the composition of the shell material through the shell thickness.
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sem conductors (e.g., cadm um sel enide). Suitable conpositions for the
shell include organic polyners (e.g., polystyrene, polyurethane, acrylic
pol yner s,wal2kgch7pmrymer s, pol yester, sil oxane-cont ai ni n@CpaiSgens085802

pol ysul fi des, epoxy-containing polynmers, or polyners derived from
epoxy-contai ning polyners), with the conposition of the particle shell

di f f er {211 r okn td@emialylbe pratiecedin droimagyimg member davagra ¢ 0K using actimie- shel |
particles. The she mat eri al_ nmay be non-filmform ng, neaning that the

shel | fadialiomas d@ﬁ%ﬂb@@l bQﬁO\Moﬁetfﬁrﬂﬁginthﬁ)fLﬂwph@rtééEPﬁ pektin N core wit hout

formn t t ticles
et neaDop Db Cen v ere Erefad MsbrCh el B BRR kR ARk, e
array | i W f e
parti cl ﬂﬁ@?ﬁl %'hgﬁﬁé?gﬂ ?ETEg co ﬁé n{,&eﬁ]?deér?gget{l gg{ﬁ;‘éd{{cggﬂ@rﬂ% afri;%qt Ie@ﬂal may
be fil sihitarlyi ohgrgeclipértitleatin tar||mr|9d|aslalrrarycaﬂmea|sa|bstfaiermdacofarnhg1traaar auaylof he
cores. The core material and the shell _material have different indices of
refrac v ry as a
Praicles Wit adiuralie mative ce@mppaiion.y Ehe peardisrariayof Hreiqlesaay be

o CAPBEY i B Pele AR eOmRE R AR heGu L Byl BEREY e

resul t rgf C@atwgagiaﬁﬂl?e de'atFr@e cGRATR DR rh@ FloW Cddli‘hgs 5Bt-bic @ hg g |ﬁl@ epugh the
shel | thickness’[0021] An~i nage may be produced in an i naging nenber havi ng

a CCA gsalng tastdesicdbechiti dt SoRatent Mesﬁ;&9léé1$6bmoovporﬁ@ﬁd’reremgaytreferlaecef)l ow
chart of F in one e od| an arra Jarticles is received
id5s o

wi t hi nOA0 Mlﬂ”&lﬂ(@'%ﬁhﬁ%{ra()'sq oGl ﬁﬁ@@”@ﬂa rﬁpP e A Wﬂe The i magl ng
romber. %) P985S A pB B SATNARN S B ALY cERABRY RE cheRohn

perlodlcarayo asu PR an e array" o SEIG? a

cur abl ¢ gBferth rﬁétm@@éhfpb@l'ﬁonTﬂﬂﬁldOﬂpo@dd(boﬂfdrﬁM tRé wﬁé@hg&h@ﬁb@rawﬁ@ coat ed
by applying a curable matrix conposition onto the array by spraying,

br ushi ngmManmg pardan |oﬁ§he qr@wwtbectmagmggnembelt hiahwas aoi axpodedde acbaici ng,
3 854d6§%3€$ﬁ1’@3?§?§% diddhe MGLpA Tk aPaRED)o dre B?”‘@F@ééﬂi‘%em?«le'%r Cay of
P L BT P T T APORILL 08 0 BaBtih it o 0Bl e 12 2
t he matafigy heerheesi dliepsd, iim stapet eexrm@tmbup@rﬁemem@ ekb@sédﬁ@@ﬂdﬁmcrfﬁdﬁaﬁbn The
to cure the remaining portion of the imaging member. The first exposed portion of the
imaging member diffracts radiation at a different wavelength band than the remaining
portion of the imaging member. For example, the first portion of the imaging member
may be exposed to actinic radiation by use of a mask or by focused laser radiation. In
one embodiment, when the matrix composition is curable with ultraviolet (UV) radiation,
such as an acrylate-based composition, the actinic radiation used to cure the matrix
composition includes UV radiation.
[0023] In another embodiment, a first portion of the imaging member is exposed to
actinic radiation to cure the curable matrix in the exposed portion of the imaging
member. The remaining unexposed portion of the imaging member is altered in a
manner that disturbs the array and prevents the remaining portion from diffracting
radiation. An ordered periodic array of particles may be disturbed by various techniques

including, for example, by applying a solvent to the array that at least partially dissolves
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remai ning portion of the array in the imagi ng nenber that was not exposed
to actinic radiation is treated to alter the inter-particle spacing of the
parti cl esworoedgzsemai ni ng portion of the array (in stepcta)s2o008fosssn2t he

inter-particle spacing of the particles in the array has been altered, in
step 16, the inmaging nenber is exposed to actinic radiation to cure the

r emai nitingpadictespovarhestire) theagiengosehpertion ihdesiroystheequepticiesiopby ti on of the
i magi ng nmenber diffracts radiation at a different wavel ength band than the
remai niMRFhgoicelly Aisesptingdhe wagidRs- menber . For exanple, the first portion of

the i . e o . K
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IS Cur.%bhﬁirv*fagﬁiybrd@«)eﬂanq%n M\Qméﬁ@ea‘gu%vir@%haﬁéy avww&wbgﬁ&n%&&d
conposition, e actinic radiration used to cUre the matrix conposition

I ncl udescudsbleanitak icompopdioa 3]l henmagoighae meebizdexpesed taatinisragiaidn @s of t he
I magi ng nenber i s exposed to actinic radiation to cure the curable matrix

i n t he 3R2PRSBEOUSH NEOREBMIBIAR INHRYMASKASHBAUTe HeexROsRH MOAIPNF RS pbied

o oy I 5 B0le BRI TR Mo G BeleB e P ARBRBLId R Pk Bnd ",
order e%@ﬁ’rﬁég’-?rﬁ’@ Pehibe 40k e%bééd:to%ctirﬁﬁwa@%ti@h%brt@%‘E‘Jré)ﬁlI VeﬁﬁéiﬁH@ F§cﬁ‘ﬁ6‘rﬁ‘é ques
i ncludi ng, for” exanple, by applying a solvent to the array that at |east

parti ald0y Tdiesameniregstihéhg arask ahascorossmonddo itmgyindge sucxihabihe fssiraured t o
destroy the rticles or by nmechanically disrupting the particles. [0024]
Rof e 1 PREITOMIEES e ma0aa HCTURAN: 11g eoiIusdBap o0i e Regative of
config | ' [ i 1 | i,ng an array
o par Sk, Shof S st SuteBlpbrEbr R IrBBBU AR B astisens renper

i's expegekgroan@ef the imagedilaiither d&, #e i dthéPBeNekIBitPae hagsdddto n the
mask 20 to cure the exposed portions 28. The inter-particle spacing between

t he padiffecereesiin tiéwavelengi ofglifractorobstv@enitbe éirsteueat! portion laadith@gihey
NN o T A R R R L
tcgfr feisgiff]eé&ﬂtw'tgﬁgn %@éﬁ&a"rﬁ#\b%&émb%ﬁﬁé@m& chldPIMRA, théréby CHEsIRGERA Ngs may

first and other portions to diffract radiation at different wavelengths. By different

wavelengths, it is meant that there is a discernable difference in the wavelength or band

of wavelengths diffracted by the two portions of the imaged member. The difference in

diffraction wavelength may be visible to the human eye or may be detectable by an

optical device, such as a spectrophotometer or the like.

[0025] In one embodiment, a highly detailed image is produced in an imaging member

comprising a CCA by using a transparency bearing a grey-scale negative image. The

grey-scale negative image may be produced by converting a full-color image to a grey-

scale negative image, which is then reproduced onto a transparency. In use, the

transparency functions as a mask, such as shown in FIG. 1B. Actinic radiation passes

through the transparency where there is no negative of the image, thereby curing a first

portion of the matrix composition in the configuration of the image. The areas of the

uncured portion of the matrix composition may constitute the background of the image.

The inter-particle spacing in the CCA of the uncured portion is altered so that the inter-
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the image, such that the first cured portion of the imged nenber
constitutes the background of the inmage. In either case, the inaged nenber
exhi bi t s wo 200pegee4due to differences in the wavel engt h etTdistdosmsisoon
between the first cured portion and the other cured portion. The
inter-particle spacing of the particles in the first cured portion is

di f f er pattide spadimgof iheeCCAa theclreuseaponiond$ diffeeerttiloen theline-pgeotidle on,

t hereby causing the first and other portions to diffract radiation at
differéﬁﬁClﬁﬁ@éﬂ%fyﬁhgureQ)mﬂH%@ﬂ@r‘i'ﬂer\hﬁ\ﬁeq’tbﬂlgmfﬁpniIQClilrgdmaant that there is

di I | £ N he. I . d | h
3 o S BORRP ATl BB bR S RE oBtBR R A B s o,
di ffra%?th@ﬂn%?%lr@ﬁﬁé@irﬁ@ﬂsi@ﬁs ¥f eSS 58t WBBeR¥Rs SriheRYriRfosdseect abl e
by an optical device, such as a spectrophotoneter or the I1ke. [0025] In
one entotherespacedapanyfrioyn eatraothedor bpgrparing thiumeltixi gonapositromgionggertheer

conprising a CCA by using a transparency bearing a grey-scal e negative
i mage. PRAKIQS @yay kameardyaber el hepardclesdimeasions Maydee wrw&ytal%@fl%g

full-c | [ il i . Whj ' : f oduced
SRR ol S b SRR RO o L R oo,
shown (& gFlsGlvehts) tdeliffude ntbane phRIesDagSthat ﬂf@p@ﬂcl’é@%xbéﬁd‘,&ﬁé‘{e%vcy where
there is™no negative of the image, thereby curing a first portion of the
mat r i x increqssg theintérmpartice spadingu Edhéncorefshieh gartratese(wheheindhe akelbis t he
uncured portion ﬁf{u the matri x co&poqjition ma constitr{iﬁe t he background of
the i migeePliyRdo ditusingRimaaterials JRRIeim @r LRI e SIECMI8 PafeLMaYOEd portion is
altere t ' r.parti ' LPe: ed portion
s an ¢ PSP BRI B bRl R RARGsA% R bR RS sk o7  Pon.

and t heahhheePby ReatiRy theUhcufed pdredn td PRrfdscAht eatatdf eiffuaiort dfematerials
Inter-particle spacing of particles in a CCA nay be achi eved by either

i ncr eadionytherathel earableonatrisfcompesiiiansiinib dke particlest Rare eusablernatok t he
parti cICes ar | i furt per.nspaced ag Irt from qach .gt her or by ex apssj,i the
et 11  COBRBEHPRICORIATNG MRNOTHRES A EIICRORABLC PR 4 SRITBORENIS I THE par ti cl e
TSRS (IbTERERE Dol IR RSO IS nBARHAP P e
i nto thite pacdred pestions Usiterhatately, ediffasiblecdoespositpanduchi Beaeiyvent) may be
applied to the imaging member for diffusing into the particles. Application of a diffusible
composition may be used in place of or in addition to diffusion of the matrix materials
into the particles, such as for increasing the concentration of materials diffusing into the
particles. In another embodiment, the matrix may be expanded by addition of
monomers or a solvent (water or organic solvents) to swell the matrix composition (with
or without expansion of the particles) and increase the inter-particle spacing. Alteration
of the inter-particle spacing by diffusion of material into the particles and/or expansion of
the matrix may also affect the refractive index contrast between the particles and the
matrix, the refractive index contrast between alternating layers in the array, and/or the
effective refractive index of the imaging member.
[0027] Following alteration of the inter-particle spacing, refractive index contrast,
and/or effective refractive index, the matrix composition is cured. Curing of the matrix

composition fixes the relative positions of the particles, so that the inter-particle spacing
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increasing the inter-particle spacing. Either core-shell particles (wherein
the shell is receptive to diffusing of materials therein) or unitary
struct ur ewvpantwobras may be expanded. Expansion of the pactiusb@s/ 083302 ncrease
the particle dinensions may be enhanced by heating the uncured portion to
increase the rate of diffusion of materials fromthe other curable matrix
conposiof thengsartices in the sokyranesporfren obtheumaling manbex differgpsmtthen

cont ai ni ng nmonorers (i ncluding polyneric precursor components), the

nonomne PEEV @y 6W9§dmﬁﬁrﬂ%’ﬂq5?@fctB%rBaglﬁéerfﬁbﬂrt-s) may di ffuse into the
particl f e r Welp¥ ernatively, a diffusi I tion
(such é@g?sof&ﬁﬁggﬁﬁquﬁgaé%ﬁﬁ%gﬁ%ﬁm@ W?Eﬁ%na& '@%@raéﬁbgﬁﬁgﬁﬁggm into
t he part ; gkl | ' hid in place
o o oH o Ao O R B B P B e,
such agpoftmn ¢amnspanding to iree backgeoundof aminudgentatr ¢hg imdagedi Howeiveg i nto t he

particles. I n angther enbodinent, the matri x may be expanded by addition of
mononef&egingalosdy éntheifigr dartisie spang maydie airaq in Bosed1an enePeRIPR ok

L " . . . . Lol as: . th
ot or - e gl bfbaferdcbitia ERTARG S Rha L Bk iy ion Mh gy B°° '
di ff USiTpﬁﬂidEs iBRE&SIVEd wWithin® ElrabRahhirk! (SepaTH/RrarEikRaed Alanfiert Nestamt ri x may
al so affect the refractive index contrast between the particles and the

mat r i x 52t hdirstegortiot oMbe imdgingcoembersis exposetto adtings raakatiog, folipeed byn t he

e T S bR ShL BB GBS g ol 8 sl 7"
cont { a%fen@Aeon G LA fyé FAATAL bl iR IR G RFBARHY O ' S

cur ed. ring o e matrix composition fi1XxesS the relative positions of the

par ti chigsfirss poftidatof tEimdYigy niediidrC | AepGiiaR lof el uridifed Afdii¢ IstskpoBed e
background portion of the inmaging nenber differs fromthe previously cured
i mage @otinicoadiafion imesteprabi and thenbtar-pdridde 8pading iretfiegeémaning udewredi bed
herein

e b B ihs O R bo by eded s Sl SR 7O o
C21 Lo BBk A Ao AR OR T eRRGRdAler d TR R BER
one poiiri heemafing portion may be repeated several times before a final step 62 of curing
any remaining uncured portion of the matrix composition. With each subsequent
alteration of the inter-particle spacing (steps 56 and 58), the altered portion, when
cured, diffracts radiation at a different wavelength from the other portions of the imaging
member. In this manner, multiple wavelengths of radiation may be diffracted by an
image in the CCA.
[0029] Alternatively, one or more lasers may provide actinic radiation to produce an
image in an imaging member comprising @ CCA. Referring to FIG. 3A, a single laser 70
may be focused onto an imaging member of an array of particles provided in a curable
matrix composition 72. Movement of the laser across the imaging member, as shown
by arrow A, creates a path of cured matrix composition corresponding to an image
portion 74 following the pattern of movement of the laser 70. Alternatively, as shown in
FIG. 3B, a plurality of lower-intensity lasers 80 may be focused into an array of particles
provided in a curable matrix composition 82 at a common location 84 to provide
sufficient actinic radiation at location 84 for curing of the matrix composition. The

9
SUBSTITUTE SHEET (RULE 26)



t he i magi ng nmenber according to another enbodi nent of the invention. An
array of particles is received within a curable matrix (step 50) as an
I magi ng meotzersn7d7step 52, a first portion of the inmagiPOY/USRINBASE5SDS
exposed to actinic radiation, followed by step 54 in which the
inter-particle spacing in the remaining uncured portion is altered to

cr eat e plurakig @hthspes 80 aayi e oeed sregissgheramagiof tHeaturdblef mateitsn aasiingdr on
differently fromthe first portion of the inmging nmenber. A portion of the
uncur ed3IPRIEF B |aserdi¥posed to actinic radiation in step 56, and the

2l or oB0N <1 Sl BRNEIE o Rt (el NN HAEBE BB B8 b sty o

porti on QdricdRCa SFofMBrfitXs h@ldiﬁ% @ér [ABri@ bk féﬁﬁﬂ'oagcé :aﬁ iﬂnﬁ%@'in prticle

spacing 1n a remdlning portion e repeated several tines before a final
st ep 62magingunémperanyse ehaiasengankiogrsgstepoatiowsfoorapidehanges i thempage t i on.
Wth each subsequent alteration of the inter-particle spacing (steps 56 and
58), t Ib@tVéﬁQrb'ﬂ@Q'rﬂﬂ)FTﬁ”dhﬁrssv%@h asUP EProguEHaNaRN\EoNAeNkt AGIEIES O4INRdINGr ent

wavel e ; rt | agi ng i $ manner,
e g D LSS WRREd 8 LR PRGBS ARIDE o] BRI, ERneT
[ 0029] cAlstardnaiAy &IOD) PBSKIAG aBTiE rARERSSmAR I B LS8 REBIbBK Padiainahi on t o
produce ‘an i mage I n an 1 magi ng nenber conprising a CCA. Referring to FIG
3A, a thegdrdigusateom dfamimagiedofonicaiar dmage otamniimaginggnembbeacarfrdiag tar r ay of
particles provided in a curable matrix conposition 72. Mvenent of the

| aser 4§ B eﬂh'évﬁﬁ%l-n@”r&ﬁo@ﬁy bﬁscogﬁaﬁﬁﬂ CugtoigeAne inage 8sedCtat h of

e =gl SnY N _ . "
pat or e gGABREREPRE R ABERREROT R0 & B GRS BRLELAR Aoindipt & 33 127
pl ur al igkwidlhg l2@WEE AR hidy HeagRicbtodPeamituBR Mg FRGgddThraimaRfifd@y of

particles provided in a curable matrix conposition 82 at a conmon | ocation
84 to manbere TSk axasmiesnst mass cusidimiaation chimagesaini aminggingmember @ge of t he

ot he Bh Mg btore Fiingn GIhes sistars matier Ussd hoinoseet Cyrggsaran: o o
Al ter nabirBifion debdiRG oI VY GYBdRe L RIFBINANE CohRyuraRRbr el aser

acr os
actinic radiation is readily changeable.

[0031] In another embodiment of the invention, a mask may be used to create an
image that is properly detected only when viewed at an angle to the imaging member.
Referring to FIGS. 4A and 4B, the image 90 may be distorted when viewed on face to
the imaging member 92, but when viewed at an angle to the imaging member, as in
FIG. 4B, the image 90 is properly detectable. Such angle imaging may also be
accomplished by using a focused laser directed into the interior of an array to likewise
produce a distorted image that appears on face, yet exhibits a clear image on angle to
the imaging member.

[0032] The presentinvention also may be used to produce a multi-color image in an
imaging member. For example, as shown in FIG. 5, separate imaging members imaged
corresponding to red, blue and green channel images are produced. A full-color image
of the image to be produced is provided (step 100) and is separated into a red channel,
a blue channel and a green channel, as is conventional in photolithography and digital
photography (step 102). For each of the respective red, blue and green channels, a red
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a periodic array of particles held in a polynmeric matrix to produce an

I mge in the imagi ng nenber. Use of a |l aser marking systemallows for rapid
changes iwoth@/i7amge bet ween i magi ng nenbers, such as i rca/yse@dvsispon
environment. A series of imaging nmenbers may be inmaged with a distinct
custom zed inmage. Alternatively, a liquid crystal display (LCD) masking
acti ni aegatveitmaye, aeu@hegathve inmgd dnal dfeek negditiad image are predaoed bgar at i on
of an image to cure an image into_an _inmagi ng nenber according to the

pr esentranEREOLYAL staps 16H Hefyand 108nEashnegative Mageohansparencyiipigedias each

br o ec AdrE 17 eAP RN Bharber ARESAHeS Fa Shiani? Matd LeBsh bty ™

| mages chmpR8itibARG aBghiERaNRStion tH %a{aglaﬁ_@e ﬁﬁag?]&sé;t é%ﬁéé P10 z@At 4y Pf4.1 mages
in an imgi ng nenber are not neant to be limting. O her systens may be
used t &imiarsdha praoesbloatlimetrin X1@otddsetactinicradiation ogresra portien efleach aly of

particles, wherein the configuration of the actinic radiation is readily
changedhst Breg t5naaing MmemabrRiehdMedRissMRREHR SRACIRGE §aphedith® AnCurednoktionsy be

anal e CbERAELT RO agR REmblBers B AeRREES L ABb s a 2Bk 2 S eBdDE 00"y
be di Sbﬁft?c%%,%@ﬂinﬁ!tﬁé%tm Jr%%)? Q'hte%ch@ﬂb@ékgrﬁ&m%%rof%e three iM’ﬁ@é’d vi ened
at an angle to the”imagi ng nenber, as in FIG 4B, the image 90 is properly
det ect atdreberSware careyl & stemdil 8.g Invsigpal20o theereaultiogphieshmdgeg mesnigrsaré ocused

| aser directed into the interior of an array to likew s roduce a .

di st or SE¢ P%@@?tgﬁatu%\%%ﬁ%uéﬁhtq ignt, a C%&Hmig@és éeprgléf?eq iRdfe ™hti-angl e
to thei ' h r -' i ; sed to

br oduclFed BRoRBE ttoed Riterd IR AUGSEM: iBYERs RRcMaPndR BAdISCl Lo |

FIG 5]infeaas #¢E bluaghdgrararigesioveasid t@@?éeﬁé@qﬂﬂucﬂ@r‘irﬂa?@.dl\ﬂuhl-é@oﬁnd
green channel images are produced. A full-color inage of the imge to be

pr oduc&vages pag\iedesed withepva calpr éwd-tbge seEgeatosindratibaathree coloaimadss. a bl ue
channel ,and a green channel, as is copventional ,in phatolithography and
digi t al-kewise, tﬁe Images may%e the positive of an image or the né)ga?we of an n%agg.
[0033] The imaged members of the present invention may be provided on a support
film or may be removed from a support film and be comminuted into individually imaged
planchetts (large flakes, with planar dimensions on the order of 1-10 mm) or smaller
flakes. Alternatively, the imaged members may be produced directly on an article,
wherein a surface of the article functions as a substrate onto which the imaged member
is produced.
[0034] The imaged members produced according to the present invention also may
be applied to an article or other physical structure by a variety of techniques, such as
using adhesives to attach a film bearing an imaged member to an article (as a decal or
the like) or by hot stamping of a film bearing an imaged member or delivering an imaged
member to an article. Suitable non-limiting techniques for delivering an imaged member
to an article include providing the imaged member in a medium and applying the
medium containing the imaged member to an article by brushing, spraying, wiping,
dipping, sprinkling, electrodepositing, powder spraying, aerosol spraying, roll coating
and printing (such as with a jet printer). The imaged member may be incorporated into
an article by soaking an article with a medium (e.g., solvent or dispersant) containing
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phot ography (step 102). For each of the respective red, blue and green
channel s, a rednegative inage, a blue negative inmage and a green negative

I mage ar ewproguoer7on a transparency at steps 104, 106 aou/uso@s/ oissoh
negative i mage transparency is used as a mask for exposing a periodic array
of particles in a curable matrix to expose the matri x conposition to

act i ni ¢he miageid membler ovudreinben@ggéd we mivargeakaints tapgss kdrpotafzdanid 114.
Simlar to the process outlined in FIG 1A the actinic radiation cures a
por t i ofh@artiskee hl g imagedk meabersyialgy Mg Ireorveraied e Wonee ertides (Ssce aspacing in
each of_ th ured. t1Lons . e . Of i I.n rs i .Jered as
oot ogulreon 5 UER R T AR neie, Maohd Fad iRt s MoTBE WG Rl T, “or
bot h) . e i r | r i at
rep 1{ICANEY, 86 BRI RUATE Al B8 o UEBaRd i pha or HoRLEHONY

t oget harticlé)fsuthespprasirousanateght or gulp-tyde watevial)i rfegeartislemeay belnweded n t he

mul til ayered stack of inmaged nenbers, A nmulti-color inmage as descri bed
her ei n (N§IUAEY Iniegtiersaldng ey, exfiudeddne!using-pot melg extresian), wheraky teeate a

| ges BRoq FEMTerlC baesfOUG uh FEREuBR P i B8l g idecing ks o

posi ti wetHdf pr@BehtTRGERIN A aRBIRE préfidell ciior iRB&Bordi&9hid héBesHrmk@sR nenber s

of the present invention nay be provided on a support filmor may be
r enovedldaveata wiappmgtarbumdradictbsbe conmmi nuted into individually inmaged

pl anchetts (lgrge flakes, with planar dinensions on the order of 1- 10
or sl Higkna r@?WQﬁf%/I%ﬂOQ}JC%&éCfF%aE‘SdOMﬁ@“%pa‘ﬂag phddaeed
directly

ti c t Ci , a
substr J SRl R Mg D e BRE B Fafle bl i RS
menber snanRElH packaRRTPatH DikdentiAlboRIRBARL EXAGEIES BNdGEHRemBYf beluappl i ed to
an article or other physical structure b¥ a variety of techniques, such as
usi ng nitieds awsenay, ateddcards, complibrea certficaics, mafectoreitbms and tradingticl e (as

0 et ol HSen W sEiedlonet Sl SRS TR . ™
o 4581 EOEnS PR G0 AP oy aoR! S1ALE ahshfly Pr oV i o
orders, stationary, lottery tickets, chips and/or tokens, controlled items (e.g., evidence),

key cards, keys, tracing and tracking items and as a portion of barcodes. Articles of
manufacture or packaging of articles of manufacture may include aircraft parts,
automotive parts such as vehicle identification numbers, pharmaceutical products and
personal care products, recorded media, clothing and footwear, electronic devices,
batteries, ophthalmic devices, alcohol, food items, printing inks and printing
consumables, writing implements, luxury items such as luggage and handbags, sporting
goods, software and software packaging, tamper seals, artwork (including original works
of art), construction materials, munitions, toys, fuel, industrial equipment, biological
materials and living goods, jewelry, books, antiques, safety items (e.g., fire
extinguishers and filtration devices), carpets and other furnishings, chemicals, medical
devices, paint and coatings and windows and transparencies. Examples of credentials
which may bear the crystalline colloidal array produced according to the present
invention include drivers’ licenses, identification cards (government, corporate and

educational) passports, visas, marriage certificates, hospital bracelets and diplomas.
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medi um cont ai ni ng the i maged nmenber to an article by brushing, spraying,
W pi ng, dipping, sprinkling, electrodepositing, powder spraying, aerosol
sprayi ng,woabés/oerti ng and printing (such as with a jet ppmiust@s)sssthe

i maged nenber may be incorporated into an article by soaking an article
with a nmedium (e.g., solvent or dispersant) containingthe i naged nenber,

wher ei Thebe erxarmgm aremot mezpaksbé hmmr?rahd arel ontypapandiag of devicehithaar ti cl e.
The i maged nmenbers nay be incorporated into woven articles (such as
cur r endyaY BEANASMAgS aospEias iphgrprasentirvaniaged hesasseplaty osehef apven

mat er i er I ged nenbers may be conpounded into materi al
for pri’hﬁ%@lﬁée pﬁ@é&ﬁ%lb@ lP@Hh@?as a resinous material or pulp-type

mat eri 8p036] ThAhAs IHeC;hI%saﬁvnb@ntml idedstrite] H@Ibi?ﬂn'd&hﬁéétIdhﬂm’BI?h@d&%gor

ext ruded lncl udi ng hot mnelt extrusion), whereby the | maged nmber “i s

co- ext imdges i dripstalline aotioidalearfaysithigismedt engamit to o dimitmgg eOthee compsnenitst he
present invention may al soQ be provided on or incaorporated into

heat -  FaYRGBT206H Wive SCHTE TaalaN. rgde GnRIe.c haue Sa/stal doBkaraneravideskd

mor i g RO € e BGAbAG o8 i Bl A e e B SRR TR o

their K’ﬁ@&é‘girib@daa’ﬂfévér@ e@ﬁr‘o@bﬁ aAAEEKBANER a&éé’é??tc?éur@fa ﬁI@PHdSI’ﬁBh%f ﬂfe val ue
i ncl ude currency, credi f cards, conpliance certificates, l ectors' itens

and tr &€l agay aflos pitcreetihe LG frodescutes mélge semainingnsin¢ereg) poﬁjloncn’nblne Le),

I d I ticket .g., t t K t ,
ol hs. AaHiSgISE0RHA 2 REbRaIThinerksagyabr Gopdemarind BRPY X eniergd.
L CKet SnerehY BRnBRAL Blch BB Y toRANL Cohd BELIL O Iinf Erflnng P YidIERARN eV Car de.

keys, traci ens and as a por i cl es of

manuf agkrg ?l‘?n@ud@ﬁ@ b@ﬁioﬂgmﬂf alédred (F_'Cﬁﬁlofétcu@rthéla@%mtﬁlﬁo@tﬁﬁal pmrden% tAbl greaf t
parts, onotive parts such as vehicle identification nunbers,

phar na@létﬁreratafrorpnrmjopmcal arapepisasoiithe L@amelqaute@dbatswenemrad;tetedmdu a,
o oro A R A A i e RS 1y
P\ ensilhigh 85 efe e pAgoBe (aace on hanchege, sportino soccs,
wor ks EXAMPLES
Example 1: UV Laser Imaging
[0038] A curable matrix composition containing a UV acrylate monomer package
(80% propoxylated neopentyl glycol diacrylate and about 20% butane diol diacrylate,
with a photoinitiator) was placed on a black background of an opacity chart (byko-chart,
BYK-Gardner USA). A film of polyethylene teraphthalate (PET) bearing an ordered
array of latex particles was placed with the latex particles face down on top of the
acrylate composition. The acrylate was spread to a thin film between the opacity chart
and the array, in order to receive the curable acrylic composition within the array. The
coated array and chart assembly was placed in the path of a UV laser that was moved
to write an image, curing the regions that were illuminated by the UV laser. The opacity
chart and the coated array (supported by the PET film) were heated to expand the
particles. Expansion of the particles was evidenced by an increase in the reflectance as
well as a change in the color of the uncured portions of the coated array. The entire
coated array was exposed to a UV lamp to cure any uncured portions of the acrylic
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of art), construction materials, nunitions, toys, fuel, industrial

equi pnent, biological materials and living goods, jewelry, books, antiques,
safety itworo@a7g4y fire extinguishers and filtrati on decirassjos/osmsopet s and
ot her furnishings, chem cals, nedical devices, paint and coatings and

wi ndows and transparenci es. Exanples of credentials which may bear the
cryst alcbmpesitioh| dihae?ERfiinawap pedlsccavayg ¢teaving behind the crysesizet calloidant | on

i nclude drivers' licenses, identification cards &governnent, corporate and
educat aiRIfixep is 8 pommngriagdsaesylicralrix sgenesitionfanctaepaciiy spart avithha saser et s

amp | RS g0 TR FeBAR T Al inddhelfo MR Db DSETbELRY  ©

i nventj g gb@ﬁﬁre@fﬁu@{mﬁﬁ)(hé@&@mg%urﬁﬁab thag’réeﬁ‘.OWHWéwg@ th8 chaffidii ng.

[ 0036] e present invention is described herein in nnectiron wth
pr oducianglangimg englienther lgserawtitereintagd appbareciblagk andtthé baclsyroond appgdredo be
limti n?. Qt her conponents may be i nmaged using actinic radiation. For
exanpl OlueaVipiegui d crystal (LC) array provided in a curable matrix

conposition may be inmaged b j.ngy A ray to radiation (as
descri bed above, e.g., thr o%ﬁﬁfgfé?ﬁsgvo%%ﬁfﬁﬂg@hgaser) to cure a first
porti onp@o t @gdﬂ%léﬁr\ﬁﬁs r%&%téd,@Beﬂfthéme%%réﬁébﬁ%n'tﬁelPlE‘T filgwad! ng

(uncured) portion of the LC array 1s altered, 'such as by heating the LC
arr ay. picedfacaupiang the aciytaie icomplosition wasdigpplied oaby thie araygy A RETpéaweh of t he
altered, LC nol ecul

porti oﬁhﬁﬁtt\ﬁa%maéﬁgghﬂl@g- Fgéﬁgg&w%@éﬂgﬁbmﬁgﬂh%dﬂ%a E‘%@Mﬂgggrt ﬁat are

di ff i ti. | e .
o) t er eqatt (i s GF or MeCAt i T oreBiani e SR . R ekl et s ve
of the gpEGIRIY hadluE v bm‘arﬁﬂﬁeg)'aﬁidﬂéé ini thé @Aemaed peridnTabimExamyRVPLES

Exanpl e 17 UV Laser Imaging [0038] A curable matrix conposition containing
a UV adhglextiec poaioderayaasien (€0osqa topdXyhdiatan teoperthg inogtimageddi acryl at e

and about,. 20% but ane .di gl diacrylate, with a photoinitiator s placed on
"1 acioHiatk DR Heving e HEEACY OB Biecd budo Bhaiiack backorund e Bsdt

written image appeared blue with the background appearing green. When viewing the

film over a black background at a glancing angle, the laser written image appeared

black and the background appeared blue-violet.
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BYK- Gardner USA). A filmof polyethylene teraphthalate (PET) bearing an
ordered array of latex particles was placed with the |latex particles face
down on twp 2009/d7b7acryl at e conpositi on. The acryl at e wasTape@adsiso2 a t hin
filmbetween the opacity chart and the array, in order to receive the
curable acrylic conposition within the array. The coated array and chart

assenbly was placed in txapgdd3ofHigh DétdibGEA Ittagingvas noved to wite an
i mage, curing the regions that were illum nated by the UV |l aser. The
opaci t J0WR4hr tA Bdlcalord mager was epnveytedd goaadve by ay 1s6aleEMage| WyingAdebReat ed

to exp t panticles. S] . h Lt vi denced an

| et et DoideBRE et fasee mAGE g by Pled it AR AR RioE Bol 4 RS B meur ea
portio t i dtoa W
o A A B o e e et £ 1'm
was pe@reamhreviegcrylaiaand grapdnendiolt thacrytais ethl amiaitietdr iwvasdelbced oy REked in a
polynerized acrylic matri x conposition on the opacity chart, with a | aser
writt eﬁ'W-nﬁdDeETiﬂhBﬁe@ﬂ@Q\ﬁﬂ@tei( Rartainiray ¥es e tadile agryiaie ”&HHFQ-) t he

i i ng e EMBI s ARG,y Paratar o BB e o R B TR BB R "
bl ack amd rhitx hasamovaflaspaRasenity fakirRedd LN APbRaRed pbNidkASERe | TRT Ng

[ 0039] Exanple 1 was repeated, except that the array provided on the PET
fil mwiAhezhibided anénarpagettrefibetaace yhd teecatamgiasigeiin thenascusipg régonooft o t he

. A PET t | d t . Thi nbl ET/ /| PET
A i HAARISTOY: |TASHSSHHDY WaS CIRrEXDRRR40 Y ok lofUreHBo MaBISR i 1 t he
| ; L or 1 v U ¥
corti oragohe" aftimafe cBRESortify [ BAHARbARNSY TaghERE ke IRETEATS, o
array wag dongiof endbasdroanddharididatirmed © BtIR grésh BPEhaMmEE thed@ehirgn. Wen

viewing the filmface on, placed on top of a black background, the laser

wri t t eorientagen &jopetacecbrbloueglantingtangldhathe mageiceppelanged fipmeshadatheh
o e bt By Sl P BpABP fom HES-A5S”
bl ue- ViacBIEﬁcirE@(QHBIIe? 3 : High Detail CCA I maging
Example 4: Full Color Imaging
[0041] Red, green and blue channel images of a full-color image were produced using
Adobe Photoshop. Each channel image was converted to a negative gray-scale image,
and the negatives were each printed on a transparency in an inkjet printer. A UV
curable acrylate mixture was applied to a PET film bearing a periodic array of latex
particles. The coated array was placed on the black portion of an opacity chart (acrylate
side down) and was heated until a desired color (red) was achieved. The red channel
image mask was then placed over the PET layer and was UV cured through the mask.
The mask and the PET layer were removed, and the remaining image was wiped with
isopropanol to remove uncured acrylate.
[0042] A green channel image in a CCA was prepared in the same way on top of the
red image. An array in a UV curable matrix composition was heated until a green color
was achieved. The green channel image negative was used to expose the green
coated array and cure the exposed matrix composition. A blue coated array was
prepared and imaged similarly on top of the red and green layers. The three images

15
SUBSTITUTE SHEET (RULE 26)



[0040] A full-color imge was converted to a negative, gray-scale inmage,
usi ng Adobe Phot oshop. The negative inage was printed with an ink jet
printer oNOQo@/t79PmMASparency to create a mask. A UV cur alplCe/usensosist: on
cont ai ning an epoxyl ated trinmethyl propane triacrylate and propane diol
triacrylate with an initiator was placed on a PET film A PET film bearing

a | at exeghagreerc bad diucayewasogiedait 00V autdise acrydtatce mpositioneandias BYsenbl y
was exposed to UV radiation through the mask to cure an inage portion. The

mask wadretenbveesaliagtmagessewsrya higklyissaied, fultalotimagandiedealeits of on of

uncur o0 BESPER e b0 cRARGE b I AR ey eblopRIRM sl o v

| anp t @41 é,i@ uncured regions. An inmage corresponding to the

t ranspar enc rrasi was visible in the CCA. The col or of the background
change@0@43pm It will beordadilgbppecEted by thdsengkillzgl in hiee aitehatngodificaimnatmayn from
face-on to a glancing angle. The image col or changed from shades of orange

Lo shadednage (i@ IvantogaioubloRaring 119! RCONCeRiRISEPSaeHDAnE STeapiad

o con SeaciTice: SHEH A FE0s S TYE onsighits af ReBluet e hstiBBdhac g
Adobe RipheARKRs tﬁ@@!&irﬁ@,%}“ﬁbiril g‘é’?éxﬁi’@@éﬂ?%ﬁéé oTHérﬂ/is'é‘?gﬁédoYcﬁn@ly,aﬂﬁest e
i mge, and the negatives Wwere each printed oh a transparency in an inkjet
pri nt epartsuldy embamliientsciescabed m aetait berears aspiilsteativewndy 8 afé hob beari ng a

periodi.c array of |atex particles. The coated arra S aced on the bl ack
Port ol THIGR BB AEDRG OB TV e P Gsoiminel ead ShiEd unt i1 o

desire i : nnel image nask was then
pl acedggégb%%é%%@raﬁ@?/gggﬁﬁ%“Q%'V%é%%ég hrough the nmask. The mask and
the PETOdﬂ?’erlt WY (8o My efpreaified b? tHicRyERdKIl RN itERER tME@SMIdiRestionstrmay

i sopropanol to renove uncured acrylate. [0042] A green channel inmage in a
CCA wadbepnagmiceitheiinvartionsdirouivdgpaiing dionothetdoncepis disslgeed inthaforagoing a Uv

cur abl %eggrﬁprtfo)ﬁ. u Or?l(i) i%iga“iovr\gsarg?g bgC(I:olrjlgitolielreda asg{n(e:ﬁrc]iea%\lli%rin the following
claims unless the claims, by their language, expressly state otherwise. Accordingly, the
particular embodiments described in detail herein are illustrative only and are not
limiting to the scope of the invention which is to be given the full breadth of the
appended claims and any and all equivalents thereof.
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was achi eved. The green channel inage negative was used to expose the green
coated array and cure the exposed matri x conposition. A blue coated array
was prepaveco@ndoismaged simlarly on top of the red andpgramspodsaysns. The
three i magesred, green and blue were coated with a UV curable acrylate
conposition and was WV cured. The resulting i mage showed a highly detail ed,
ful | - ciHE INVEBNYEION IO AVBIEEX kK2 of col ors seen in the i nage changed as the
view ng orientation changed fromface on to glancing angle. [0043] It wll
be readily appretiated fb@gth@ﬁ@éér%iklﬁlﬂge@ iMAgeHROMprsiiGiat nodi fi cati ons may

be made to the ip 1 on_w t i ng.f t o e L scl osed in
t he foregoing degé‘%’%@é}aﬂméﬁﬁﬁ %ﬁﬁ?ﬁé@ﬁ&bﬁﬂé&%@?@ Og%?%ﬁéfﬁﬁgé&gﬁe S

i ncl udegihi 5 RLAKIO Makdl Ebogtisd;ai me unl ess the clains, by their |anguage,
expressly state otherw se.” Accor'dingly, the particular enbodi nents

descri bed in det airfingeanatriarce mgdsitenriati first gortign ahiheamagimgt memivet bpg t o

the scope of the invention which is to be gi ven the full breadth of the
append @jertdigser@diaiion ante sif fisgnortoneinttse craligwsetion pbammage iurh be

readi | i : Ll Nt . that nodifications may be
made tﬁhﬁqﬁﬁéﬁ%ghfeﬁo‘ﬁ&&%ﬁgﬁP%é&ﬁ?‘%pﬂga‘fé}gR?{t%e concepts disclosed in the
foregoi ng descri pkérHy ariR& FBYHOM bﬁﬁ@iﬁﬁ?irfy’tﬂehfbeﬁeaﬁépmi dered as incl uded
within the follow ngclainms unless the clains, by their |anguage, expressly
st at e ot herw se. céxirgpihéi ailyéryportitre op et malnixano mpdsdidinprentsthdé e dthed i n
detail herein are |=1|U ustrative onIY and are nq{gﬁ#i m'ti,n'g to the scope of

t he i nPHIRA RRTIQM EXAIbItE 2T reNLERICA! pPioperty Mo NefiBhPtiofhe appended cl ai s
and any and all equivalents thereof. THE I NVENTION CLAIMED I'S: 1. A nethod

R T e R A

array of elenentS recelive n ion;" curing the

Mat 1 X ofqureq Sirfay @1 pafticked, ahd twHeeeihithe fifst cLRR! haraeh Aofrageadiation ar #fiegt 1 ng
| aser radiation’onto said first portion in the configuration of an inage,
such t mavetdngt!lf and thecathetcyredtpontorestiffrasits sadiatianrattanopher eevefanger t y;

3. The method of claim 1, further comprising curing another portion of
the matrix composition, wherein each cured portion diffracts radiation at a wavelength
that differs from the wavelengths of diffraction for the other cured portions.

4. The method of claim 1, further comprising altering the inter-particle
spacing in the other portion prior to curing the other portion.

5. The method of claim 4, wherein altering the inter-particle spacing
comprises swelling the particles in the other portion or swelling the matrix compaosition

in the other portion or both.

6. The method of claim 1, wherein the laser radiation is produced from
a laser device that is moved across the imaging member in the configuration of the

image.

7. The method of claim 6, wherein the step of curing the matrix
composition in the first portion comprises rastering the laser radiation across the array.

17
SUBSTITUTE SHEET (RULE 26)



altering another portion of the imagi ng menber; and curing the other
portion of the matrix conposition, such that the other cured portion

exhi bi t s woadndsigpamt optical property fromthe first porcirars200R0858he net hod
of claim1l, wherein the array of elenents conprises an ordered array of
particles, and wherein the first cured portion diffracts radiation at a

first wavel engt hgand The netisd ofcelaied 1 pehérieonsaltistepot curingdhafirstpoatoranot her
wavel ength. 3. The nmethod of claiml, further conprising curing another
por t i 0€0BWrisae difegtinakasemaeistion nto edirel porber at 8neealedsthe BRAGING f r act s

For nooi B ARIPSaPinaddfoy® dakone bl #8 AT TN e ebilhr T i n

altering the inter-particle spacing in the other portion prior to curing

the other portiog. 5. THEMdIRIAEM:ISm ?'\ﬁhgﬂefrhsdi’ﬂ%ﬁﬁi & &lrh@rthéﬂrétib?ﬁgn

inter-particle spacing conprises swellin e particles i'n the
por t i omomprisesdirecting lasermatiatisn ¢cnopgk iat mask omotthe imadiag npembéon or bot h. 6.
The nethod of claim 1, wherein the laser radiation is produced froma | aser

device that is npved across the imagi ng nmenber in the confjguration of the
i mge. 7. The melBod bhe g1eihed of clamﬂewhertemath@tragtr@sfcoalmswnﬂﬁéuw&ﬂei X

. g e ) di at i
aor bss kg Bl dloh AR drhB M RAEY of AT TR Focb BRI lr Mg ne
first pfidtbPPeingTOspHRNebILEfbRMt M%érengﬂ%fan}liré\ﬂolﬁﬂﬁéaiétlbﬁ drld, $heR@Ipt i on at
an angle to the”imgi ng nenber to producé an inmage that is detectable when
the arsaid stepof ewéry afirst giodicangfitee ntatriX bempesition comprbes projectwgeassrn sai d
b DughedShat i s beklr B S o lot SGooae s St ISR e o
2 o1 ur 311 SEARBE Iets| Sorfith Bht3ald baoits bl &isBbond Phbpd 1 hellhei Ve
to a dichirpoeitibn\warrieBsbfojedting ratiRiionlath Jeadh@Wa9BlerBth oNBaReE hhtrix

composition to cause a second initiator to initiate curing of the second portion.

11. A device bearing an image produced according to claim 1, wherein
said device comprises a document of value, an article of manufacture, packaging for an

article of manufacture and/or a credentials document.

12. A method of producing an image comprising:

providing an array of elements received within a curable matrix
composition;

curing a first portion of the matrix composition through a grey-scale
positive or negative mask of an image; and

curing another portion of the matrix composition.

13.  The method of claim 12, wherein the mask is configured to produce
the image in the array when viewed at an angle and a distorted version of the image

when viewed substantially on face to the array.

14.  The method of claim 12, wherein the matrix composition is cured by

ultraviolet radiation.
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said step of curing a first portion of the matrix conposition conprises
projecting laser radiation at a first wavel ength onto the matrix

conposi tiwo 2@/oga3e a first initiator to initiate curi mgTafs2a08m84302 St
portion and said step of curing a second portion of the matrix conposition
conprises projecting radiation at a second wavel ength onto the matri x
conposition to cabse aheemdinat ohelbinat 4rwhereimihiel rasteix compogitioh dongprizesond
portion. 11. A device bearing an i mage produced according to claim1,

wher ei RNSIYICROYTBE!- conpri ses a docunent of value, an article of

manuf act ure, packagi ng for an article of manufacture and/or a credentials

docunent. 12. A i.ng:; iding an array
of elenents rece Oﬁp(—?meﬁﬁgﬁj@ﬁg% 35&%‘5%%!{‘ @%Hﬁ] fgt?gﬂteew?ﬁ Wbeg first
portl O'éxﬁéséd‘t% \;@brelr de@BRosi tion through a grey-scale positive or negative
mask of an 1mage; and curing another portion of the matrix conposition. 13.
The nmethod of claim 12, wherein the mask is configured to produce the inage
in the array whem7yvi e"v'\belrrwthmofamalrrmanﬂheredi $eamagd iy detectabl@whehe i mage
when vi ewed substantially on face to the array. 14. The nmethod of claim 12,
wher ei @XPWW'F‘V'ﬁ'b&%W&EOﬂ on is cured by ultraviolet radiation.15. The
nmet hod of claim 14, V\/nerei n the matrix conposition conprises an acrylic

gglpgggzi téew :srlhgl '8%5'[ {C(?rcﬁe%{'%jaﬁ{@%gt ﬁ&&“&%%@?’ﬁﬁi@m&ﬁg fﬁb![ ﬁewihrGrgge
I's det egbabl Wnﬁ@%ﬁéﬁeh%dd‘wéﬁb@b@ Bﬁ%@h'o%uméﬁt oﬂéi@é“d?ﬁar*ﬂ@l@rdfng an

Image 1n a C rabl e nenber pI’O uced accor Ing to claim 12, wherein sad
devi ce mambactsres packagingrimtancdrtiolelof enanamaciurte aridéorod credentials document.

19.  The device of claim 18, wherein the image is a full-color image.

20. A method of producing a multi-color image in a crystalline colloidal
array comprising:

providing a plurality of imaging members, each imaging member
comprising an ordered array of particles received within a curable matrix composition;

providing an image mask for each imaging member;

exposing each imaging member to actinic radiation through one of the
image masks to produce a plurality of imaged members, each imaged member having a
cured image portion and an uncured background portion;

curing the uncured portions of the imaged members such that the cured
image portion and the cured background portion diffract radiation at differing
wavelengths; and

stacking the imaged members such that the diffraction of radiation from
the cured image portions yields a full-color image.

21.  The method of claim 20, further comprising altering the inter-
particle spacings in the uncured background portions prior to curing thereof.
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manuf act ure, packaging for an article of manufacture and/or a credentials
docunent. 19. The device of claim 18, wherein the image is a full-color

i mage. 20woAoevat7bmd of producing a nulti-color inmage i npaTwsy@isakisone
colloidal array conprising: providing a plurality of inmaging nenbers, each
i magi ng nmenber conprising an ordered array of particles received within a
curable matrix cRPposAtdispiay membedienbibitimgi ardlecomssmate thealisplayra@initger
menber; exposing each i mging nenber to actinic radiation through one of

t he i mRGEONRIORECabAagRasding 40 HepMeihad eficlaim 2Qraged nembers, each i maged
menber having a cured i mage portion and an uncured background portion;
curing the uncured portions of the inmaged nenbers such that the cured i mage
portion and the cured background portion diffract radiation at differing
wavel engt hs; and stacking the i maged nenbers such that the diffraction of
radi ation fromthe cured image portions yields a full-color image. 2 1. The
nmet hod of claim 20, further conprising altering the interparticle spacings
in the uncured background portions prior to curing thereof.22. A display
menber exhibiting a full-color imge, the display nenber being produced
according to the nethod of claim 20.
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