YO 01/63341 30 JUL 2004 PCT/ USOO 16954 -1 SHEETI NG W TH COVPCSI TE BNAGH 2004
THAT FLO&;I;ED#:&%I.F of the lnvention The present invention pehAiREndRs
g tha [

sheetin provi des one or nore conposite 5 images that are perceived
by an observer to be suspended in space rellative to the sheeting, and in
whi ch the perspective of the conposite i mage changes with the view ng
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‘police, fire &em&@dmhgéﬁhypwwégf@mmshm@gﬁghmasm%vm

di spl ays and as ,di stinctive |labels to provide brand enhancenent. Anot her

form of i mage8™feeting is disclosed in U. S. Patent No. 4,200,875
(Gal anos). Gal anos di scl oses the use of a particularly "high-gain

retroreflective sheeting 20 of the exposed-lens type," in which images are
forned by. Iasmm_e_&hgﬂm@mw sheeting through a mask or pattern.
That sheeting conprj.ses a plurality of transparent,glas m er os

parti all enbedded hﬁe@gﬂpgr&’é‘?ls Lﬁ?ﬁ%a i‘l‘f' $4P1 Wgwwvﬁﬁg%%%%ed’
binder: | ayer paiiduheip s bl 6 huRéicking dVificle R GG ! PEr SR SHoctitpd ace
of .each of thg plurality of mcrospheres. The binder |ayer contains carbon
bl ack, which isacipa fosendedbrivadrin 1.8 cPaent Nodst 3,1 54,832:t3,8015183; #08226; and t he
sheeting while it is being imged. The energy, of the |aser beamjs further

concentrat ed ¥y039:%3%hsve bpenused msyalidgtion depvehice icenseplatrgoand s seepmty

bi nder | ayer. cJhegi d_i r lLect j Gal anos
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in different terns, that the image is only_ viewable . . ..
identification purposes such as on police, fire or other emergency vehicles, in advertising

and promotional displays and as distinctive labels to provide brand enhancement.
Another form of imaged sheeting is disclosed in U.S. Patent No. 4,200,875
(Galan-os). Galanos discloses the use of a particularly “high-gain re:tx_'oreﬂective sheeting
20 of the exposed-lens type,” in which images are formed by laser irradiation of the sheeting
through a mask or pattem. That sheeting comprises a plﬁrality of transparent glass
V‘ | microspheres partially embedded in a binder layer and partially exposed above the binder.
layer, with a metal reflective layer coated on the embedded surface of each of the
plurality of microspheres. The binder layer contains carbon black, which is said to
25 minimize any stray light that impinges on the sheeting while it is being imaged. The
energy of the laser beam is further concentrated by the focusing effect of the microlenses
embedded in the binder layer.
The images formed in the fetroreﬂective sheeting of Galanos can be viewed if,
and only if, the sheeting is viewed from the same angle at which the laser irradiation was
30 directed at the sheeting. That means, in different terms, that the image is only viewable
over a very limited observation angle. For that and other reasons, there has been a

desire to improve certain properties of such a sheeting.
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i nvented a nethod for producing a true three- dinensional inage of a scene
in lenticular nmedia having one or nore photdsensitive |ayers. That

process, known as integral photography, is also described in De
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pseudoscopi c. That , e perceived depth of the’image is Tnverted so
that the obj eAfftentirapirosographic glatehas beell teveldped samaljserverlookingaat therompmsiteus e
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fromthe viewing side to forma real, inmage that may be viewed. Summary of
t he | nvent i on inverted so that the object appears “inside out.” This is a major disadvantage, because

to correct the image it is necessary to achieve two optical inversions. These methods
are complex, involving multiple exposures with a single camera, or multiple cameras, or
multi-lens cameras, to record a plurality of views of the same object, and require

20 extremely accurate registration of multiple images to provide a single three-dimensional
image, Further, any method that relies on a conventional camera requires the presence
of a real object before the camera. This further renders that method ill-adapted for
producing three-dimensional images of a virtual object (meaning an object that exists in
effect, but not in fact). A further disadvantage of integral photography is that the

25 composite image must be illuminated from the viewing side to form a real image that

may be viewed.

Summary of the Invention
The present invention provides a microlens sheeting having a composite image
30 that appears to be suspended above or below the sheeting. These suspended images are
referred to for convenience as floating images, and they can be located above or below

the sheeting (either as two or three-dimensional images), or can be a three-dimensional
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t hree- di nensi onal inages), or, can be a three-dinensional 3 0 J UL 2004
WO 01/ 63341 PCT/ US00/ 16954 -3 image that appears above, in_the plane_ of,
and bel ow t helage dhat agpearsabqviepigdte plane pk and belgwihe shegtingFhedmages Gan bgiin |
and can appea . W] t [V, |i | oar aphi

sheeti ngs, i an@ﬁ%lga@%&%%ﬂo??%h%%;%&agh?mivﬁ\l}{é’ ?? ivgﬁlr%gﬁﬁ%tr? %‘e%ﬁ Qrge
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are al so disclagsed.in which.twy or nore osite i es..anre f. d
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20 printed i mages and conposite i'nages forned by this invention. Brief

Descri pti on oimages obpaoducissuthas busimass cads, hiahg-tags, attshoehand bosted produdcts

reference to the appended draw.ngs, ., in which: 25 Figure.l i.s an enl arged

Cross ggct i onal vi SwCHreseRt m&m@@&‘t‘?‘gﬂ“ S@rqﬂvglrgleﬂgwgg?w imaged siccting
: containing the described composite images. In one embodiment a single composite

image is formed. Embodiments are also disclosed in which two or more composite
images are formed, as well as composite images that appear to be both above and below
the sheeting. Other embodiments could consist of combinations of conventionally

20 printed images and composite images formed by this invention. '

Brief Description of the Drawings
The invention will be described herein with reference to the appended drawings,

in which:
25 Figure 1 is an enlarged cross sectional view of an “exposed lens” microlens
sheeting; l |
Figure 2 is an enlarged cross sectional view of an “embedded lens” microlens
sheeting;
Figure 3 is an enlarged cross sectional view of a microlens sheeting comprising a
30 plano-convex base sheet;
Figure 4 is a graphical representation of divergent energy impinging ona

microlens sheeting constructed of microspheres;



Figure 2 is an enlarged cross sectional view of an "embedded |ens" 34 -jyi 2004
m crolens sheeting; Figure 3 is an enlarged cross sectional view og a

m crol eRgo sl N9 conprising a 30 plano-convex base sheggpnkhdiitosy 4 1s a
gr aphi cal representati on of divergent energy inpinging on a mcrolens
sheeting constructed of mcrospheres; 3 0_4-U L 2004 WO 01/63341

PCT/ USO0/ 16954 -4 Figure 5 is a plan view of a section of a mcrolens

sheeting depicting..sand € i ' 8 i al er .adiacent
Cnci vidal é?ﬂéﬂé‘i i gwffﬁ%?ﬁ%ﬁ%9i§ﬁ°§\d‘iﬂofa3ﬂ:cﬁ%ﬁﬁ?h§&%n§c%;t%§%é.~ g2
range Trom ComRed @cdrdbd itk ntiterdad ldyef ddjfdent BBIvidial mitfosphedes andHiither €
i mage; 5 Figure 6 is an opti cal mcd?ggrzjig_h of a mcrmér?g sheeting with a
radi ati on sshswingthatthe ecdoaded images rangefrom aimpléte veplication torpertidl aeplisetion
imaged to provide a conposite inmage that appears to float above the
sheeting in CRINRASILG A he present invention; Figure 7 is an optical
m crogr@aph of a mg | ] LY | LigvRiqxat eri al
| ayer nsgde of al un?lglgllﬁﬁlﬁlaﬁ{@ ﬁ%&l%g@gt%g?qaﬂﬁ%§h3%§ﬁ?éa}ddgaglr(r%gsi te
i mage that appessitice matetiabiajerhreddevoftahenisimadiiinbatibas besndndget® providetahe
present invention; Figure 8 is a geonetrical optjcal representation of the
formation of compesiseimags thatapgears ko floatabeue thershestingdr aggasdance MathHhe PERSeRts
sheeting; 15 .Figl%re_ 9 is a schematic representation of a sheeting having a
conposite imiﬂ‘é Piat appears to float above the inventive sheeting when
the sheeting is viﬁgﬁﬁb1&-a&xeafplueﬂt;ﬁdrdgkmdfaﬁhﬁtm&aslsﬁeétﬁlgﬁvmﬂmtm
representation of a Sh?';}ali ngegﬁ/;%g a corrp}ﬂ?;i;te I mge t 2:}; apmrs to
float Hbove tsessitive materiablagén ahimainum hatdias heeni imaged teeprovidezo i
For mati on' of CotRE RS tharappEa ALHOTEIE s ADRE e AEERaee v PERTE ou
‘the microl ensshggling; Figure 12 is a schematic representation of a -
sheeting having a cbnposite inage ] )
Figure 8 is a geometrical optical representation of the formation of a composite

image that appears to float above the microlens sheeting;

15 | Figure 9isa schemaﬁc representation of a sheeting having a composite image
that appears to float above the inventive sheeting when the sheeting is viewed in
reflected light;

Figui'e 10 is a schematic representation of a sheeting having a composite image
that appears to float above the inventive sheeting when the sheeting is viewed in

20 transmitted fight;

Figure 11 is a geometrical optical representation of the formation of a composité‘
image that when viewed will appear to float below the microlens sheeting;

) Figure 12 is a schematic representation of a sheeting having a composite image
that appears to float below the inventive sheeting when the sheeting is viewed in

25 reflected light;

Figure 13 is a schematic representation of a sheeting having a composite image
that ﬁppears to float below the inventive sheeting when the sheeting is viewed in
transmitted light;

Figure 14 is a depiction of an optical train for creating the divergent energy used

30 to form the composite images of this invention;

Figure 15 is a depiction of a second optical train for creating the divergent

energy used to form the composite images of this invention; and



that appears to float bel ow the inventive sheeting when the sheeting(i g 200
viewed in 25 reflected light; Figure 13 is a schematic representation of a
. sheet i ngWR01/6dg4h conposite image that appears to float BETHEOMESS -

i nventive sheeting when the sheeting is vi eil]\ed in transmtted |ight;

Figure 14 is a depiction of an optical trarn for creating the divergent
energy used 30 to formthe conposite images of this invention; Figure 15
is a depiction of Figueed6ds ofepiction of adhind dpticattrainfomereating the divergent energyer gy
used to formthe conposjite i nages of tPis Jnvention; and 30JUL2904 A WO

01/ 63341 PCT/ B@S‘Gf’fgg%ih‘?“?-mﬂqs £ oaesp of tus,in Btion of a third optical

train for creating the divergent energy used to formthe conposite imges
of this invention. Detail ed Description of the Invention 5 The m crol ens
sheeting of t Detdiled Ihiériptivnastitholnvaiting des a conposite inage, provided by
I ndi vi dual 1 nmages associated with a_nunber of the mcrgl enses, fhat appears
to be s8spended, orfbeanierolens shegting of thepressat igveption provi HMRNSItHPASTe

‘sheeting. To provi | e l: Btk QR Qf ' -]

heeti ngs wi 1 PepieeulafiRRal RERES bl REY pitRs bEEHETnsdt Biab ity

the material (apeksspeded 6f @Pfioat, ldbovadh te plinessi&idVorirlovatifrshadtingayer s) of
such sheetings in Part I[, radiation sources in Part 11l, and the inaging

process in Part |V.Tcprewidgla coxmplgie descriptiompftbe pnventiers enieroleny shegtings willdeai n
vari ous enbodirents,of _th resent inyention. |. crol ens, Sheet | 5

M crol ens sheéﬁ%eﬁlFpmihaf’Wqurﬁﬁﬁ'ﬁaiY%sWPgnﬁ %%ﬁﬂﬂt“ﬁmﬁ%ﬂﬂgp‘#?ﬂ?i‘fd
CONpri s ONe o Sndlii itk Ohrt W, rdididoP6arced fn Part
mat er i Z]l% (pretrgdrl% y a h?g@?geﬁﬁiolﬁyég@s.rﬁfﬁpfve matggri aﬁnor’ coating, as

descri bed bel H) asl thedmeging g cvessrin Part IV eSeverhbexanipléshaze alise privided tb Syntheror
| ayers. For exanple, Figure 1 shows an "exppsed, | ens" type of mcrolens
sheeting 10 t [gxXplainarioys smhodiments & the pIeson} WWEHA%ent ni cr ospheres 12 t hat
are 20 partially enbedded in a binder layer 14, which is typically a
polyneric material. The mcrospheres are transparent both to the

wavel engt hs off, Matotdnk Shedtingt nMay be used to inmage the |ayer of material,

as vl ISaS to the Vl\mil\i/c?'éligsg;hegﬁnginlvivh%ﬁ thie ri]rnyags%rtltﬁish i%v(e:r?tirgelocséin gformed comprise
one or more discrete layers of microlenses with a layer-of material (preferably a
radiation-sensitive material or coating, as described below) disposed adjacent to one side
of the microlens layer or lavers. For example, Figure 1 shows an “exposed lens” type of
microlens sheeting 10 that includes a monolayer of transparent microspheres 12 that are
20 partially embedded in a binder layer 14, which is typically a polymeric material. The
microspheres are transparent both to the wavelengths of radiation that may be used to
image the layer of material, as well as to the wavelengths of light in which the composite
image will be viewed. The layer of material 16 is disposed at the rear surface of each
microsphere, and in the illustrated embodiment typically contacts only a portion of the
25 " surface of each of the microspheres 12. This type of sheeting is described in greater
detail in U.S. Patent No. 2,326,634 and is presently available from 3M under the
designation Scotchlite 8910 series reflective fabric.
Figure 2 shows another suitable type of microlens sheeting. This microlens
sheeting 20 is an “embedded-lens” type of sheeting in which the microsphere lenses 22
30 are embedded in a transparent protective overcoat 24, which is typically a polymeric
material. The layer of material 26 is disposed behind the microspheres at the back of a
transparent spacer layer 28, which is also typically a polymeric material. This type of



i mage will be viewed.. The | ayer of material 16 is disposed at the r a1y 2004
surface of each mcrosphere, and in the illustrated enbodi nent typi ca‘Hy

cont act portion of the 25 surface of each of the gj es 12.
Thi s ty§¥8§$l¥§ﬁéeti ng i s described in greater detail in ﬁ:@BE’(g{én No.

2,326,634 and is presently avail able from&M under the designation
Scotchlite 8910 series reflective fabric. Figure 2 shows anot her suitable
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material. The layer of material 26 1s disposed behind the m crospheres at

the back of aetroncfentivashertingp Another syitablexgpe afimigsolens shesting is sefempd (o as
polymeric material, This e of 30 JUL 20 01/.6334 16954 -6
sheeting is &QEWP%MHW sbg‘géﬁge?“m OEWR%I.]%\.%“IS(&?-% m@g%ﬁ%%% and
s presently s @ed9,20h ol QiilyIVhHRIRIE HoRE3VPRIdER flel REigRMRICSot iSSP

seri es Engi neér {rade Petro efl ective sheeting. Another suitable type of -
m crol ens sheetiésHighdnteasiar grade tetronsflecBvicshestingat ed | ens sheeting, an

exanpl e of which is described in U S. Patent . .5 5,064,272, d tl
s imarl Sl 6+ om EiEe A Abows e edicr suitahls e B migtpleas Sheehis s TR SubetRgn
|t it . : Cng.

Sui tabl ¢ t Speompribd PRhcnEfh) Uind 6RO aoicidb s OO by B3O decond

pi ano- convex krpadfRbs thesebasdfa8682 beind stitvintiglly plaaér anddhs firsofate havingdn
faces, the second face 32 being substantial|y planer and the first face

havi ngltin 10 arayeof substantislly hemi-spheroidal or hemhaspbergidal gricrrienses 3dp Hehechags of |
i crol 34. The, sh .. the microl i ,

Sheet are. sel GE MO il atickishy PhEE A Ttk ert Potesreb R Rllinkdte B

‘focused appr GgkiBkteh YhePdrrdy §6 fSRSQIbpraGmatel & the¥etond FaceB Thelajer oPfhatetial

provided on the second face. Sheeting of this kind is described in, for
exanpl e, U. 36 Byrevided\on the, seéondIe:. Shedting ofthisdand isydesaribet i ifer ¢xampla M

m cr ol enses. ob Rateahber 5 23 4Pl w38 PirsHRD AP e S chi by BFFanetione

surfaCTSi n or%ﬁo Jeﬁ@s éwg&#’;@ém&%ﬁ’p occur; generally this is provided

by a curved mcrolens surtace. For curved surfaces, the mcrolens wll
preferably have a The fuidrolensesdéxhendheetirigr preferably havehaimagefomningarefractives t hat
provide a gr agtlr%arc]:g ui gxfd;{?%riix\l/lggei: t%?':%)éiion to occur; generally this is provided by a curved
microlens surface. For curved surfaces, the microlens will preferably have a uniform
index of refraction. Other useful materials that provide a gradient refractive index
20 (GRIN) will not necessarily need a curved surface to refract light. The microlens
surfaces are preferably spherical in nature, but aspherical surfaces are also acceptable.
The microlenses may have any symmetry, such as cylindrical or spherical, provided real
iinages are formed by the refraction surfaces. The microlenses themselves can be of
discrete form, such as round plano-convex lenslets, round double convex lenslets, rods,
25 microspheres, beads, or cylindrical lenslets. Materials from which the microlenses can
be formed include glass, polymers, minerals, crystals, semiconductors and combinations
of these and other materials. Non-discrete microlens elements may also be used. Thus,
microlenses formed from a replication or embossing process (where the surface of the
sheeting is altered in shape to produce a repetitive profile with imaging characteristics)
30 can also be used.
Microlenses with a uniform refractive index of between 1.5 and 3.0 over the

visible and infrared wavelengths are most useful. Suitable microlens materials will have
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are preferable, though other sized microspheres may be used. Good composite image

-

resolution can be obtained by using microspheres having diameters in the smaller end of
the aforementioned range for composite images that are to appear to be spaced apart
20 from the microsphére layer by a relatively short distance, and by using larger
microspheres for composite images that are to appear to be spaced apart from the
microsphere layer by larger distances. Other microlens, such as plano-convex,
cylindrical, spherical or aspherical microlenses having lenslet dimensions comparable to
those indicated for the microspheres, can be expected to produce similar optical results.
25
IL Laver of Material
As noted above, a layer of material is provided adjacent to the microlenses.
Individual images formed in the material associated with a plurality of microlenses, when
viewed by an observer under reflected or transmitted light, provide a composite image
30 that appears to be suspended, or float, above, in the plane of, and/or below the sheeting.
Although other methods may be used, the preferred method for providing such images is

to provide a radiation sensitive material as the material layer, and to use radiation to
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after exposure to the radiation. The image, as noted above, may also be provided by

 ablation, or by the radiation heating the material until an image is provided by optical
modification of the material. United States Patent 4,743,526, for exax-nple, describes
_ heatmg a metal alloy to provide a color change.

20 In addition to metallic alloys, metallic oxides and metallic suboxides can be used
as a radiation sensitive medium. Materials in this class include oxide compounds formed
from aluminum, iron, copper, tin and chromium. Non-metallic materials such as zinc
$ulfide, zinc selenide, silicon dioxide, indium tin oxide, zinc oxide, magnesium fluoride
and silicon can also provide a color or contrast that is useful for this invention.

25 | Muitiple layers of thin film materials can also be used to provide unique radiation
sensitive materials. These multilayer materials can be configured to provide a contrast
change by the appearance or removal of a color or contrast agent. Exemplary
constructions include optical stacks or tuned cavities that are designed to be imaged (by
a change in color, for example) by specific wavelengths of radiation. One specific

30 example is described in U.S. Patent No. 3,801,183, which discloses the use of
cryolite/zinc sulphide (Nas AIFs/ZnS) as a dielectric mirror. Another example is an
optical stack composed of chromium/polymer (such as plasma polymerized
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Naturally, if the matenal layer is not going to be imaged using a source of
20 radiation, then the material layer can, but is not required to, be radiation sensitive.
Radiation sensitive mate;ials are preferred for ease of manufacturing, however, and thus

(() 1

'a suitable radiation source is preferably also used.

O ____Radiation Sources

25 As noted above, a preferred manner of providing the image patterns on the lgyer
of material adjacent the microlenses is to use a radiation source to image a radiation
sensitive material. Any energy source providing radiation of the desired intensity and
wavelength can be used with the method of the present invention. Devices capable of
providing radiation having a wavelength of between 200 nm and 11 micrometers are

30 believed to be particularly preferred. Examples of high peak power i'adiaﬁon sources
useful for this invention include excimer flashlamps, passively Q-switched microchip

lasers, and Q-switched Neodymium doped-yttrium aluminum garnet (abbreviated
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and thus the materia! layer at the desired angles. The composite images of the present

invention are preferably obtained by using light spreading devices with numerical ‘

apertures (defined as the sine of the half angle of the maximum diverging rays) of greater
20 than or equal to 0.3, Light spreading devices with larger numerical apertures produce

composite images having a greater viewing angle, and a greater range of apparent

movement of the image.

IV, Imaging Process
25 An examplary imaging process according to this invention consists of directing

collimated light from a laser through a lens toward the microlens sheeting. To create a
sheeting having a floating image, as described further below, the light is transmitted
through a diverging lens with a high numerical aperture (NA) to produce a cone of
highly divergent light. A high NA lens is a lens with a NA equal to or greater than 0.3.
30 The radiation sensitive coating side of the microspheres is positioned away from the
lens, so that the axis of the cone of light (the optical axis) is perpendicular to the plane

of the microlens sheeting. .
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Another method for forming floating composite images uses a lens array to

produce the highly divergent light to image the microlensed material. The lens array
consists of multiple small lenses all with high numerical apertures arranged in a planar
20 geometry. When the array is illuminated by a light source, the array will produce
multiple cones of highly divergent light, each individual cone being centered upon its
corresponding lens in the array. The physical dimensiens of the array are chosen to
accommodate the largest lateral size of a composite image. By virtue of the size of the
array, the individual cones of energy formed by the lenstets will expose the microlensed
25 material as if an individual lens was positioned sequentially at all points of the array
| while receiving pulses of light. The selection of which lenses receive the incident light
occurs by the use of a reflective mask. This mask will have transparent areas
corresponding to sections of the composite image that are to be exposed and reflective
areas where the image should not be exposed. Due to the lateral extent of the lens
30 array, it is nor necessary to use multiple light pulses to trace out the image.
By having the mask fully illuminated by the incident energy, the portions of the
mask that allow energy to pass through will form many individual cones of highly
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20 Figure 4 is a graphical schematic representation of divergent energy impinging
on-a microlens sheeting. The portion of the material layer on or in which an image Iis
formed is different for each microlens, because each microlense “sees” the incoming
énergy from a different perspective. Thus, a unique image is formed in the material layer
associated with each microlens. -

25 After imaging, depending upon the size of the extended object, a full or partial
image of the object will be present in the radiation sensitive material behind each
microsphere. The extent to which the actual object is reproduced as an image behind a
microsphere depends on the energy density incident upon the microsphere. Portions of

. an extended object may be distant enough from a region of nﬁcrolgnses that the energy

30 incident upon those microspherés has an energy density lower than the level of radiation
required to modify that material. Moreover, for a spatially extended image, when
imaging with a fixed NA lens, not all portions of the sheeting will be exposed to the
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J UL 2004 Wotlet hagsaflicipgmnesydo neshify the radiation sensitive material will be recorded.

The “object” to be imaged is fortned through the use of an intense light source

20 by either tracing the outline of the “object” or by the use of a mask. For the image thus'
recorded to have a composite aspect, the light from the object must radiate over a broad
range of angles. When the light radiating from an object is coming from a single point of
the object and is radiating over a broad range of angles, all the light rays are carrying
information about the object, but only from that single point, though the information is

25 from the perspective of the angle of the light ray. Now consider that in order to have
relatively complete information about the object, as carried by the light rays, light must
radiate over a broad range of angles from the collection of points that constitute the
object; In this invention, the range of angles of the light rays emanating from an object
is controlled by optical elements interposed between the object and the microlens

30 material. These optical elements are chosen {o give the optimum range of angles

necessary to produce a composite image. The best selection of optical elements results
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to hav rel ativel t i f . p' o abirect | by
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col I ecti on of ool atight difRiseic ) 1Stol Hottiog ehibe anyohgreiiforinitidsiih the liphe sduroa, Thére
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optical el enegierdiflehs, the light rays 100c diverge toward the microlens sheeting 106.
20 The energy of the Iighf rays impinging upon the microlens sheeting 106 is

focused by the individual microlenses 111 onto the material layer (a radiation sensitive
coating 112, in the illustrated embodiment). This focused energy modifies the radiation
sensitive coating 112 to provide an image, the size, shape, and appearance of which
depends on the interaction between the light rays and the radiation sensitive coating.

25 The arrangement shown in Figure 8 would provide a sheeting having a
composite image that appears to an observer to float above the sheeting as described
below, because diverging rays 100c, if extended backward through the lens, would
intersect at the focal point 108a of the diverging lens. Stated differently, ifa
hypothetical “image ray” were traced from the material layer through each of the

30 microspheres and back through the diverging lens, they would meet at 108a, which is

where the composite image appears.
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having a conposite inmage that appears to an obseryer to fl oat ve, t he
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t hrough the diverging lens, they would neet at 108a, which is
appears to float above the sheeting at 108a. In short, light may be reflected from the

entire sheeting except the imaged portions, which means that a relatively dark composite
image will be apparent at 108a. .

20 It is also possible that the nonimaged material would absorb or transmit incident
light, and that the imaged material would reflect or partiaily absorb incident light,
respectively, to provide the contrast effect required to provide a composite image. The
composite image under those circumstances would appear as a relatively bright
composite image in comparison to the remainder of the sheeting, which would appear

25 relatively dark. This composite image may be referred to as a “real image” because itis
actual light, and not the absence of light, that creates the image at focal point 108a.
Various combinations of these possibilities can be selected as desired.

Certain imaged sheetings can also be viewed by transmitted light, as shown in
Figure 10. For example; when the imaged portions of the material layer are translucent
30 and the nonimaged portions are not, then most light L3 will be absorbed or reflected by
the material layer, while transmitted light 1.4 will be passed through the imaged portions
of the material layer and directed by the microlenses toward the focal point 108a. The
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can be selecte sire
source. The diffuse light 100a is then collected and collimated in a collimator 102 that

directs the light 100b toward a converging lens 105b. From the converging lens, the

light rays 1004 are incident on the microlens sheeting 106, which is placed between the
converging lens and the focal point 108b of the converging lens.

20 The energy of the light rays impinging upon the microlens sheeting 106 is
focused by the individual microlenses 111 onto the material layer (a radiatic_m sensitive
coating 112, in the illustrated erﬁbodiment). This focused energy modifies the radiation
sensitive coating 112 to proﬁde an image, the size, shape, and appearance of which
depends on the interaction between the light rays and the radiation sensitive coating.

25 .The arrangement shown in Figure 11 would provide a sheeting having a composite
image that appears to an observer to float below the sheeting as described below,
because converginé rays 100d, if extended through the sheeting, would intersect at the
focal point 108b of the diverging lens. Stated differently, if 2 hypothetical “image ray”
were traced from the converging lens 105b through each of the microspheres and

30 through the images.in the material layer associated with each microlens, they would

meet at 108b, which is where the composite image appears.
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Certain imaged sheetings can also be viewed by transmitted light, as shown in
Figure 13. For example, wheﬁ the imaged portions of the material layer are translucent
20 and the nonimaged portions are not, then most light L7 will be absorbed or reflected by
the material layer, while transmitted light L8 will be passed through the imaged portions
of the material layer. The extension of those rays, referred to herein as “image rays,”
back in the direction of the incident light results in the formation of a composite image at
108b. The composite image will be apparent at the focal point, where it wﬂl in this
25 example appear brighter than the remainder of the sheeting.

Alternatively, if the imaged portions of the material layer are not translucent but
the remainder of the materi;il layer is, then the absence of transmitted light in the areas of
the images will provide a composite image that appears darker than the remainder of the
sheeting.

30 |
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direction of the incident light results in the formation of a conposite
i mage at image essentially consists of many individual dots. This image can have a spatial extent
in any of the three cartesian coordinates relative to the plane of the sheeting.
In another type of effect, a composite image can be made to move into a region
20 of the microlensed sheeting where it disappears. This type of image is fabricated in a
fashion similar to the levitation examples with the addition of placing an opaque mask in"
contact with the microlensed materials to partially block the imaging light for part of the
microlensed material. When viewing such an image, the image can be made to move
into the region where the imaging light was either reduced or eliminated by the contact
25 mask. The image seems to “disappear” in that region.
The composite images formed according to the present invention can have very
wide viewing angles, meaning that an observer can see the composite image across a
wide range of angles between the plane of the sheeting and the viewing axis. Composite
images formed in microlens sheeting comprised of a monolayer of glass microspheres
30 having an average diameter of approximately 70-80 micrometers and, when using ah
aspheric lens with a numerical aperture of 0.64, are visible within a conical field of view

whose central axis is determined by the optical axis of the incident energy. Under
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This invention will be further explained by the following Examples, which may

for convenience reference certain of the Figures.

Exampie One
20 This example describes an embedded lens sheeting with an aluminum material

layer, and a composite iﬁxage that appeared to float above the sheeting. An optical train
of the type depicted in Figure 14 was used to form the floating image. The optical train
consisted of a Spectra Physics Quanta-Ray™ DCR-2(10) Nd: YAG laser 300 operating
in a Q-switched mode at its fundamental wavelength of 1.06 micrometers. The pulse

25 width of this laser is typically from 10-30 ns. Following the laser, the energy was
redirected by a 99% reflective turning mirror 302, a ground glass diffuser 304, a SX
beam expansion telescope 306, and an aspheric lens 308 with a numerical aperture of
0.64 and a focal length of 39 .0 mm. The light from the aspheric lens 308 was directed
toward an XYZ stage 310. The stage was composed of three linear stages, and is

30 available from Aerotech Inc. of Pitisburgh, Pennsylva;nia under the designation
ATS50060. One linear stage was used to move the aspheric fens along the axis between
the aspheric focal point and the microlens sheeting (the z-axis), and the other two stages



contact with the microl ensed materials to partially block the imaging .Ii??
for part of the mcrolensed material. \Wen view ng such an inmgé, t &Ju

| mage c e to nove into the region where the inagi

ei t her ?@dﬁ%‘é -ng elimnated by the contact 25 nmask. The |P% éog}gés}% to
"di sappear" in that region. The conposite-2tvages formed according to the
present invention can have very w de view ng angles, neaning that an
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of about 80- 90 degrees full angl e. Uilizing an imaging Tens with | ess
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is adjusted so that only a portion of the lens is illumnated, by aser
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l'ight gray background.  The i mage appears to be floati relative to the
nm crol ens  sheef thegnergy metent castomithesfocahpointiof thaaspher elllﬂjrttlﬁ%ml"@ﬁl ai ned
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15 affixed to the XYZ stage 310 so that the aluminum coated side faced away from the
aspherical lens 308.
A controller available from Aerotech, Inc. of Pittsburgh, Pennsylvania under the
~ designation U21 provided the necessary control signals for movement of the XYZ stage

312 and control voltages for pulsing of the laser 300. The stages were moved by

20 importing a CAD file into the controller with the x-y-z coordinate information,
movement commands, and laser firing commands necessary to produce the image. An '
arbitrary complex composite image was formed by coordinating the movement of the X,
Y and Z stages with the pulsing of the laser to trace the image in space above the
microlensed material. The stage speed was adjusted to 50.8 centimeters/minute for a

25 laser pulse rate of 10Hz, This formed continuous composite lines in the aluminum layer
adjacent the microlenses. -

When the microlensed sheeting was viewed in ambient light, the images were
dark gray against a light gray background. For a fixed 1 cm spacing between the focal
point and the surface of the beaded sheeting, the resulting image was a planar composite

30 image that appeared to float approximately 1 cm above the sheeting. Moreover, the

composite image displayed reasonably large movement in relation to an observer’s



20 Thiis exanpl e describes an enbedded | ens sheeting with an al um nur?
material |ayer, and a conposite inmge that appeared to float above tUnéUL 1004
sheeti ngwa@wrepti cal train of the type depicted in Fi gur @CTASHR6954ed t o
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numeri cal aperture of 0.64 and a focal length of 39 .0 nun. The light from

t he aspheric lens 308 was directed toward an XYZ stage 310. The stage was
conposed of tExempleiTwar stages, and is 30 available from Aerotech Inc. of
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system.
Under ambient lighting, the globe appeared as a dark image against a

white/yellow background. The dark composite image appeared to float approximately

20 39 mm below the sheeting. The location of the composite image corresponded to the
location of the focal point of the aspheric lens, which for this Example correlated to
approximately 39 mm behind the lens..

Example Three

25 This Example describes forming a composite image in an exposed lens sheeting
with an aluminum radiation sensitive layer using a lens array in place of a single aspheric
lens. An optical train of the type depicted in Figure 15 was used to form a floating
composite image. The optical train consisted of a Q-switched laser 300, a 9%%
reflective mirror 302, an optical diffuser 304, and 2 beam expansion telescope 306.

30 These components of the optical train used in this example are identical to those
described in Example One. Also included in the optical train of this Example was a two-

dimensional lens array 407, a reflective mask 409 and a negative bi-concave lens 411.



A controller available from Aerotech, Inc. of Pittsburgh, Pennsylvania .
under the designation U21 provided the necessary control signals f&d JUL 2004
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in the m crol gReMEd images that appeared to float approximately 1 cm above the sheeting. The

image appeared dark gray against a light gray background.

Example Four
20 In this Example, the diverging light source was obtained by reflection from a

scattering source. The scaueﬁng reflector consisted of a ceramic bead approximately 5 -
mm in diameter. An optical train of the type depicted in Figure 16 was used in this
Example. It consisted of a Q-switched Nd: YAG laser 500, similar to that described in
Example One, followed by a telescope 502 which reduced the size of the incident laser

25 beam to a diameter of approximately 1 mm. The light was then impinged upon the
ceramic bead 504 at an angle sufficiently deviated from normal so as to illuminate
approximately one quarter of the hemisphere of the ceramic bead 504 facihg the
microlens sheeting 512. This was confirmed by viewing the scattered radiation through
an infrared camera.

30 _ The ceramic bead 504 was positioned above the XY stage 510 at a distance of
approximately 25 mm. The incident light from the laser was adjusted to be parallel to

the sample stage. Embedded lens sheeting 512 with an 80 nm aluminum radiation
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and plasma polymerization to obtain a layer sequence consisting of chromium /plasma
polymerized butadiene /silicon dioxide /aluminum, with the chromium layer being
adjacent to the embedded lens. The thicknesses of the individual materials were
adjusted to obtain colors in the red, green, and blue portions of the visible spectrum.
20 Table 1 provides the specific thicknesses of the individual materials prepareﬂ.

Table 1: Multilayer Construction

Sample Cr (am) [PP(um) | SiO;(nm) | Al (nm) Color
.1 4 97 0 80 Blue
2 4 &5 3 80 |Light Blue
3 4 89 - 635 80 Green
4 4 165 20 80 Red/Blue

The coated microlens base sheets were then laminated to a backing with the
multilayers in contact with the laminating material. The liner of the microlens sheeting
was then removed to expose the front surface of the embedded lenses with colors given

25 by the above table.

An optical train as described in Example One was used to image the samples of

this example. In this example, the focal point of the asphere was positioned 1 cm above



I mage. 15 The resulting i maged m crol ensed sheeting, when viewed jn aﬂw‘gllj eﬂﬂ]&
light, revealed inmges .that appeared to float approximately 1 cm aéov l[ e
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0 J UL 2006 ampeaeddefloat abowethe sbestingrygmoveFelative fq theobseryes was af fi xed

to an XY stage 5.10 and a controller provided control signals to the stage
and | aser. The | aser .output was adjusted to obtain approxi mately 8 mil/cnx

at the surfacgphplkltge M crol ens sheeting. Illumnation of the ceram c bead
504 was.. adj usfle(':l to obtain the nost uniformlight exposure to the

surfac#of the ni cTbisexsmpleslestrives a serosd type afimultidayen tuped Back astbe miiatipnat
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oui wi th e, SRS I or DReeg Leaired gouRguts ingte I o R Ber e
oo tt d di ; . . . ) ’
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conposite ine approxi mately ove the sheeting, an

appear ed dar kfage af ttegaicrolénsad baggtsheds, ahinfdmlayers were depesitediyevabadn| arge 10

novenent relative to the observer's view ng position., Under _transmtted

light, a | un AEpSraiartesbian a laygesaapengesandpmadtichtanep stolﬁﬁéﬁ%%ﬂt he

sheeti ng. (Cr/Na;AlFs/Al), chromiunvsilicon dioxide/aluminum (Cr/SiO2/Al), or
chromium/magnesium fluoride/aluminum (Cr/MgF»/Al), as shown in Table 2, below.

The thicknesses of the dielectric materials, Si0,, NajAlFs and MgF», were adjusted to

obtain a variety of colors in the visible spectrum. Table 2 provides the specific

thicknesses of the individual materials prepared'in the various samples.

20 - Table 2: Multilayer Construction
' Imaging
Cr Na,AlFs | Si0, MgF; ‘Al Energy
} Sample | Thiek- | Thick- | Thick- } ppick- | Thick- Color Density
ness ness ness ness ness (mJ/cm®)
(m) | @ | @O | @m) | (em)
A 43 200 0 0 83 Blue 12.7
B 42 0 135 0 83 | DeepBlue | 86
C 42 0 0 259 83 Aquagreen 8.6
D 4.2 0 275 0 | 83 Violet 7.5
E | 42 0 160 0 83 | Green 75
F 42 ¢ 225 0 83 Orange-tan 7.5




Exanple Five in this exanple, the material layer of an enbedded Ienz
sheeting consisted of nultilayer optical stacks, tuned for specifi OCMLC; @
in the vive@Bl/@3dbectrum On one face 15 of the m crol ense@8Cibaser/si9det, thin
filmlayers were deposited by vacuum evapo at ion and plasnma pol ynerization
to obtain a | ayer sequence consisting of cfirom um/plasma polynerized

but adi ene /silicon dioxide /alum num wth the chrom um | ayer being

adj acent to the enbedded | ens. The thicknesses of the individual materials
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oroper 1 o5 of SIRCAATRL ebnBil A8 3dRlncu 15 oBl ) BRI RGN, i il oF' 2

irradi gped. A Mentugameemmalt rap@des@ftnéees elﬁwemmmeﬁerlsﬁckms shovim inayer
stacks in a nmanner simlar to that described in Exanple One. 5 In_ anbient

I'ighting, theTiableddi Ehectiphasumenachapissers SSAMBIA” \y@pltwdf@réhean@seuhthl%ol or
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observer. ExagBhfosiieimage appeared dark with a white/yellow outline against the‘ background

color of the microlensed sheeting. All composite images appeared to float

15 approximately 39 mm below the sheeting and to move with respect to an observer
viewing the sheeting.

Example Seven .
In this example, a color composite image was formed in an embedded lens
20 sheeting using a phase change alloy of 50 atomic percent Silver and 50 atomic percent of
' Zinc (AgseZnsg ) and a tuned bilayer stack consisting of chromium and silicon dioxide as

the radiation sensitive layer. The phase change alloy was not ablated by the appiied
radiatiqn, while the tuned bilayer enhances the spectral reflectance in the blue portion of
the visible electromagnetic spectrum. The radiation sensitive layer was deposited onto

25 the spacer layer of the enclosed lens sheeting in 2 manner similar to the procedure used
to deposit the thin film layers of the multilayer stack unto the microlensed base sheet in
Example Five, First, the chromium and silicon dioxide layers were vacuum deposited
onto the polymeric spacer layer to thicknesses of 40 nm and 260 nm, respectively. Next,
an 80 nm thick layer of AgseZns, alloy was sputter deposited onto the silicon dioxide

30 layer. The samples were then laminated and stripped to expose the clear portion of the

microlens sheeting.
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the front sur edded” I enses with col ors given by the above
tabl e. An optthemicrbleased mﬂen‘lﬂsdﬂmlaenhstmoﬁnanpﬂela@evmst tosashieve 20%)e t hese

sampl o pulsing at 100 microsecond pulse widths. A positive aspheric lens, as described in |
Example One, was placed 12mm above the surface of the microlensed material. An |
image was traced out with the XYZ stage while the laser radiation exposed the radiation
sensitive layer.

When the sheeting was viewed in ambient lighting, the imaged regions appeared

15 light blue in color and floated about 12 mm above the microlens sheeting.

Example Eight
In this Example, a replicated lens structure with a copper radiation sensitive layer
was used as the microlens sheeting. Replicated sheeting of the type described in U.S.
20 Patent Number 5,254,390 was used as the microlens sheeting. A radiation sensitive
B layer of copper was vacuum evaporated on to the flat surface of the sheeting to a
thickness of 80 nm. The microreplicated microlensed material was exposed to laser
radiation from an optical train as described in Example One. The final aspheric lens was
positioned with the focal point 6.5 mm away from the surface of the microlensed
25 material. The laser output was adjusted to give approximately 7 mJ/cm” at the surface
of the sheeting. The laser was set to pulse at 10Hz while the XYZ staging moved at a
speed of 50.8 cm/minute, A “globe” pattern (a circle with four inscribed arcs) was
traced above the sample.
‘When the sheeting was viewed in ambient lighting, a whitish image of 2 floating
30 globe could be seen against the copperish color of the radiation sensitive layer. This

composite image appeared to float about 6 mm above the sheeting.



In this exanple, the position of the final aspheric |ens was positiggegtn;
be alnmost in contact with the sanple to provide a conposite inage that
appear edwiooifd3dHit bel ow t he sheeting. The | aser energy WeEST/HE§NRPH] t o
obtain an energy density that would 10 pergmnently alter the optical
properties of the respective nultilayer stacks, as shown in Table 2. The
al phanuneri c éharaciﬁrs "SAMPLE" were traced for the image in this

material in % nmilar to that described in Exanple One. In anbient
lighting, the co %fgm | | krh£& Wittt b1 ne
agai nst the, backg?%n P%?%E?ﬂ&&?ﬁ%ﬁ&g‘#&?l@%@%ﬁ@Nl conposite

i mges appear esnpazité ingie that pppdred torfloat beldtheshisingwBxpesedtenstminmplensd t o

nove wWith respect to, an observer view ng the sheeting. Ex | e, Seven In
thi s exanpl e, sheeting with @ $aw thick alepaupgadiatipn gsmsitiye gﬁ%‘ﬁﬁ%&ﬂ“ HRg afo
sheeting using_.a pha n ' L vel

atom c ger cenap%ﬁcﬁgﬁag%g Y“a‘!ﬁ%‘"zpq? %gd”r %’l #ﬁ&égfcrlg?sggis @%ﬁgﬁg‘% :ﬁ%agdyof
chrom um and- & donfRPwaithané Mftralens sheetingd dh@theQikes Bigput wicadjasted to yikld 4phase

change al |l oy was not abl ated by the applied radiation, while the tuned
bi | ayer enhanmdsnt mﬂm@wd{alwmﬂemwmom@dmtmnthﬁ t he

i si bl | ect t tr, Jadi ati it
Heposi ted ont BobsmRscchaRaer SAVPLE-| Ad Biopiue ARl SatdlH obRx the
nanner i | apylstielind OGE RANEWHS Rfldo bP pARRRhs'dTthd A nbinkit Lhatasbrsof

the multilayer m crol ensed base sheet in Exanple Five.
Fi rst, 10he chf3Mi’ wntcteanspadencyosheelis byivey dfaycensentional pllatnmmeuggb%i ted onto
t he pol yneric spacer |ayer to thicknesses, aof ;&lg and 26 '

respectively. umeng Fhaacters abspied the wdiagpn “'é.’PP%?E \r?‘n%és would er

deposi ted ont |1y X . ;
| am nat ed andgg%gll%b%{&}h{egpaedéa 5.3(3%2&843%?&55}; %ﬁ%@?{ tﬁ?emr{? g?%lﬁng%kswas
sheeting. 3 0pdiftionddd thiiBhe 4 ARMYIERhAtddR W eNormedbvet ke pafithemaskihen

vi ewed under anbient (reflected) |ight, appeared to be violet-blue. An
optical trainpesidar to Exanple One was used to i mage the Ag50Znso

radi ati,qn sensitiv aver. |ln place.of ..t;he ' | a | ylous
wave NdPYAG | aser %@‘QW% U3 5m§be\rl‘{eflétgl§lgh%§wgt§gu n@%%]aug aés(ﬂtts he
ener gy sour ce fiodfghdaie B8 tnrm biodlt the \WRdeting N Hil the tndkpokdiechartens “3N” appeared

acousto-optic nodulator in the optical train. The . )
to be in the plane of the sheeting. The “3M” characters were only observable against the

dark characters from the “SAMPLE” characters.

20 Example Ten
This Example describes a sheeting with a complex, three-dimensional image. An
embedded lens microlens sheeting with an 80 am thick aluminum radiation sensitive
layer was used in this Example. The optical train used in Example One was used. The
microlensed sheeting was attached to the XY plane of an XYZ F}-anslation stage, while
25 an aspheric lens was-attached to the z-axis. The aspheric lens had a NA 0f 0.64 and 2
focal length of 39 mm. The controller was programrhed to trace the outline qf an
isometric cube with 5 cm long cube diagonals (the distance between two opposite
corners of the cube). The refative position and orientation of the cube as programmed in
the controller placed one end of the composite cube image approximately 5 mm above
30 the surface of the sheeting, and the other end of the compasite cube image 5.5 cm above
that surface. The cube image was oriented to place a corner of the cube closest to the

observer.



first order diffréc.tion beam was sent through an optical train of tgy Mz@ﬂ
depicted in Figure 14. Sanples of the enclosed | ens sheeting were 1‘J

to an XYZ stage. The |aser power into the acousto-optic S .

adj ust edVPVHFHL 810 mwWof power at the microl ensed mat eﬁfa/'p_kﬁciﬁési"’a
acoust o-opti c nodul ator was set to achieveg.20 Hz 10 pul sing at 100

m crosecond pul se widths. A positive aspheric |lens, as described in

A age vt alBHEB e SRFRE AR e Rl S el palsR SOT R 1k Gl -
exposed the i agatkaild ichhatent! ed¥9 -deMiigbfighAY/ehit & the gample suifgseed in

anbi ent i ghflaﬁtgﬁl%dﬁgﬁ&ngggg regi onl;gﬁlagpear ed 15 |ight ?{Ingle i n color and
f1 oat ed aboutegapdless aflihe spacing betweenl the diverging lengandrthe shaetingi gFhe lasert hi s
Exanple, a replicated lens structure with a copper radiatjon,sensitive
layer was usderated atj Hz apdXe @ﬂ%wswowéa??éa?@d@e%mn e ¥ type
descrihed in. S . : . aSath :

sheet i ??(ge A ?‘gﬁea?tl‘%g ‘{@ﬁlegﬁ Fve%‘?@?@ﬁ Soppc\éga{'/l\*/a@%?acuum g\??pﬁcgélggh%gn

to the flat sHédtimgdyahe thitrglikeeting to a thickness of 80 nm The
mcroreplicated mcrol ensed material was exposed to |aser radiation from
an optical train AWhewvieweddamhicmdighting the sometic-gompasite spheimage pRPRArGH

oSt} 01 b G A i oY Db 25 a5

appr oxi mat el YahdvEHeCulmnad, Fuleshidre26in dbsertvBiechaigss 1if Br hd@ewiag perspactinept .
to pulse at 10Hz while the XYZ staging noved at a speed of 50.8 cmi m nute.

A "gl ob®" pattheisometriceubelappedrehtd mate imspacé deaveshe microlens sheeting:tp expose t[he
sanpl e. Wien the sheeting was viewed jn anbient lighti.n a itish i mge
of a floati ngides@fthepbe I“&erﬁgrwiyéﬁ’éwg‘?att%,‘fﬁ Bﬁg'f’@t?“\ggf'or of the
'radi ation sensitive layer. This conposite inage appeared to float about 6

mm above the .sheeting. | 30JUL2004 WO 01/ 63341 PCT/ US00/ 16954 -27 Exanple
Ni ne This ExapgingplélBevenbes the conbi nation of a planar conposite inmage

wth a conposite inage that appeared to float bel ow the shegeting. qsed
| ens micr orgns This ple desgr?bes a floating image that canWema e to ﬁnsappegr. t1s,
15 the composite image can, by changing the viewing angle, be made to disappear from or

reappear to view. An embedded lens sheeting with an 80 nm thick aluminum radiation
sensitive layer was used. An optical train similar to that in Example One was used to
form the images, and the distance of the aspheric lens from the sheeting was adjusted to
position the focal point 1 cm above the microlensed sheeting. The controller was

20 programmed to produce a “globe” pattern (a circle with four inscribed arcs) and the
laser output was adjusted to provide 8 mJ/cm” at the sample surface. On the sample
itself, a square section of translucent tape was attacﬁed to the surface of the embedded
lens sheeting. The square section of tape was positioned so that during the imaging of
the globe, a portion of the area imaged by the laser would overlap the section covered

25 by the translucent tape. ‘ '

When the imaged sheeting was viewed under ambient light, a floating globe

pattern was observed as a dark gray-image against a light gray background, floating 1
cm above the sheeting. By varying the viewing angle, the “globe” moved into or out of
the region that was masked by the translucent tape. When the globe moved into the

30 masked region, the portion of the globe in that region disappears. When the gl_obe
moved out of the masked region, the portion of the globe in that region reappeared.



Sheeting with an 80 nmthick alum numradiation sensitive |ayer was Jihgigletd0s
using theygepplifal configuration described in Exanpl e Onecritpoasdsheric

| ens was positioned nearly in contact with the mcrol ens sheeting, and the
| aser output was adjusted to yield 4 ml/eB® at the sanple surface. The
controller was programred to trace the al phanuneric characters "SAMPLE."
An_absor pt i veTRekmpiteihAES iR heRIPladt BacumPEwaN@SE pided I thomhiskedias
made by printing ro of the al phanuneric chardcters 10 "3M onto,

transpar ency sdpimt, dubsativercompletely dinappenied maictiylwhendbpiseed infththat region.

al phanuneric char ai}ners bsorbed the radi ati an whil eg}@%.sur r.oundi(ii% aF.eas
would transmit thémp eptiNg CONIAYHNE e LOMPESILEIPABET, JRYSTHGN §is HSHRTHEe
absorptive ma DOS L OF L, e¥\Birfhd or ned
over the top g@msﬁr‘g%%b %@Eﬁ%%ﬁhbﬁﬁ%gﬁu%ﬁéﬁﬁﬁn e Ogﬁrr%?%a'r?t Iighé;i ng,

the chasact er formerhliceting fae isafedifically ldedicated ca1dpplidationsisacious passpastsget i ng,
whi | e the unexposed characters "3M™ appeared to be in the plane of, the

sheeting. Theidestificationrbadges; ienkification g1apbiss and aBinity £gtdsn Hocupents Jgguinng

characters from.ghe "SAVPLE". characters. 20 1 :hi : .
describes a SH@%“W%%W@?S%W@(@%E@ S ‘%ﬁgsﬂﬁeﬁﬁﬁg‘?'ﬁﬁ%{{ﬁgﬁ&%ded
I'ens microl en?uﬁﬁﬁﬁ‘ﬁiy’,‘%d"ﬁﬁlﬁn@é%eﬁg CUBvERionK] FndFgHeans 36¢hads IaMina oS ivithvér

| ayer was used I n thr'S Exanple. The optical train used in Exanple One was
used. The i evithouhsdigsivhe etayrhy usad Providers ofiiteros ofiealvey spehaascboxed glecixenic

The. aspier | ¢ PBABIcHaGURPG SESGBAr SliEFrses, Rt decumasnty agpodsdmended ™' =
controller wa : . | iARntibs & BlelripfodiithCand th 5
an | ong cube if‘g%%ﬁ%@Q3?@?21}%%&@?&%%@?\}3&0ppogdlnt?e co n%rs of the
cube). The r eligsueetheir ubtogeradidy @ aceaptaisianthentic itérns ofinmuesso lpbaled. dFored i n

the controller placed one end of the conposite cube inmage approxi tela/fS
mm above 30 tpnedusty reguisingithesp prajeeions,their apreak |may be pajan eﬁ'r?gsw“

conposite cube,i e 5 5.cmabove .that .surf . . i :
oriented to pISB‘é Coptaupe Gempgs e%?éggﬁgélé%tc&tno é’%@% ea!raggrrﬁ?é g J W
2004 3 01/ 6384ekinBGd/thiSPRIAES5Fhe 3Smphtite MBagdd endy Raised a0 Hisplag masetity for ¢
cube, the energy per pulse fromthe | aser was . ) .
advertising, for license plates, and for numerous other applications in which the visual

depiction of a unique image is desirable.
Multiple composite images may be formed on the same sheeting, and those
composite images may be the same or different. Composite images may also be used
20 along with other conventional images such as printed images, holograms, isograms,
diffraction gratings, kinegrams, photographs, and the like.
Various modifications and combinations of the embodiments disclosed will be
apparent to those skilled in the art, and those modiﬁcations are intended to be within the

scope of the invention as defined in the appended claims.



controlled to yield a constant energy density of 8 mli/cnR at the Saﬁﬁ'?ULZmL
surface regardless of the spacing between the diverging | ens and the
sheeting. The |aser operated at 10 Hz and X, Y and Z stages noved at a
speed of 50.8 cmmnute. The 5 image of the isonetric cube was continuously
traced out in space above the microlensed sheeting by the controller. Wen
viewed in anbient |ighting, the isonet3ic- conposite cube inmge appeared
dark gray against a |light gray background, floating frombetween 5 nm and
5.5 cm above the surface. Furthernore, as an observer changed his or her

vi ewi ng perspective, 10 the isonetri €lambe appeared to rotate in space
above the mcrolens sheeting to expose sides of the cube that were

previ ously obscured at different viewi ng angles ExamlIn a El even This
Exanpl e describgs a Igating ijgﬁg that can be nade to di sappear. That is,
15 the conposite i maQSNeENe: eRMRFAREi ng t he viewing angle, be made to

di sappear frompr t A enbedded | ens sheeting.with an 80

nm t hi ck al uni nﬁnﬁtrléag?agl O%er @ée(r{gﬁ%\t‘%'\?gf*hegb °’%§%’“E?‘é§.ﬂn¢\ﬁ°¢0ﬁ33@5w train

simlar to that,iflapspefith@efRalinRsed sBekehOthe RSt H ;mgéf n&.

di stance of the aspheric |lens f%mtf\‘g s?heete'i‘ng V%rsb?éﬁj u t?gn?g'%léﬁggsl’ti on

the focal poi nte.lancahleasbpastialiiecompletslimagefbrmbé o1 ihe gnatdrind assiated Wigk cabgs 20
ttern (a circle with four inscribed arcs)

programed .t o.praduce, a " gl pbe"
and the |fad! fyp‘tfthagggfa%ﬂﬁ&st E’gerteﬁl e imageccontrags with the mateciak ang| e

surface. "On the § itels f : ion of trapslucent .tape was
attached to the su?ﬁt@l%fﬁ?ﬁ%péon@%%ﬂgg&gf%ﬁ@hgqé@ﬁ%gﬁm GRS section
of tape wamajedieye tnleeifloatinghabb velow helgw thiesheemy Bov@h, the gl obe, a portion
of the area inmaged- by the |aser would overlap the section covered 25 by
the translucent tape. When the i naged sheeting was vi ewed under anbient

light, a floatifig glpbe ttern_ was observed as a dark gray-inmge agai nst
a l'ight gray bajgkgro ed?h#)eﬁgﬁt?frq@l"‘\m le WBSESEI0 thE HRom0sHs iifgee BpPeasS W&Qj t he

vi ew ng ar}gﬂ@tedn@t"tghggpgboqpuﬁcghgm ~or out of the region that was masked
by the translucent tape. Wen the gl dbe noved into the 30 nmasked region,

the portion of the globe in that region di sappears. Wen the gl obe noved
out of the maskged reﬂilon - Ihevgort_i on of the globe in that region
reappear ed. i 0 J 1hq shegsne b qlairs 33 wherem mposte image appears in

transmitted light to float above the sheeting.

4, The sheeting of claim 1, wherein the composite image appears under
reflected light to float below the sheeting,

5. The sheeting of claim I, wherein the composite image appears in
transmitted light to float below the sheeting.

6. The sheeting of any one of the preceding claims, wherein the composite

image also appears to the unaided eye to be at least in part in the plane of the sheeting.

-7 The sheeting of claim 1, wherein the material is a radiation sensitive
material.
8. The sheeting of claim !, wherein the material is a metallic radiation

sensitive material.



-29 The conposite imge did not nerely fade gradually away as it passed
into the masked region, but rather conpletely disappeared exactly §fiefLif0
passed into that region. |Imaged sheeting containing the conposite inages of
this invention are distinctive and inpossible to duplicate with ordinary
equi pnment. The conposite images can be 5 fornmed in sheeting that is
specifically dedicated to applications such as passports, identification
badges, identification graphics, and &ffinity cards. Documents requiring
verification can have these i mages fornmed on the | am nated sheeting for
identification, authenticity, and enhancenent. Conventional bondi ng neans

h as |aninatjon, wi d. .Providers of
Ttems of val ue. Douch The Spiting BN ARSERAE PR wdtah Stpsits marerel” °

driver's l|jseelerd.frim bluﬁuiﬂ@ﬁ!lﬁﬁﬁ&h%op?\ﬁ?éﬂﬂ,ﬁhﬁniﬁﬁl, PRNHE AhroMiQAY ChmdidiRY
sinmply apply the multilayer filmof this invention to their products and

i nstruct ttasiaturg and elleyssofdhésg medalsccept as authentic items of val ue so
| abel ed. For products requiring. these protections, their appeal nay be
enhanced by the inclusion of sheeting containing conposite inmages into

their constructiy@n o reng..swch, 15. sheeting.to the products, The
conposi te i nage‘s@'nayggpﬁg%gnggkgllglsﬂgllfagh%{% nga?rgl)}samﬁ)@]’%mtwpor
| i cense plshsisive aftderiddr nunerous ot her applications in which the visual

depiction of a unique inage is desirable. Miltiple conposite inages may be
formed on the sanme sheeting, and those conposite images may be the sane or

different. Co ite.d es. may al so be used 20 along w th other

convent i onal irmng_ges %ﬁ?@“éf’h‘?&%n‘ﬁ%@ﬁ th’b!‘@?j?%‘#bgﬂ_ﬂb@mneﬁﬁaﬁﬁve

o 1 cat | paer il s et R A Sl R ROLRI e, Pn RS iy Bl Aprovise

appar ent tzn¢ bxide, mhgddsih floofidecardrsilicoand t hose nodi fications are intended

to be within the scope of the invention as defined in the appended cl ai ns.
30JUL2004 -30 Clainms 1. A sheeting, conprising: a. at |east one |ayer of

m crol enses, theylay Vi: st ;and second sides; b, a |layer, of
material di sposgzd ad?&%g‘%&@ggf#lfﬁ%%"g HEgre ier?g?éﬁa%‘?“%%’lt’éﬁses; C.
an ﬁt |ea&heﬁﬂrdd>ﬁﬂéyorﬁ§5m{d_ete image forned in the material associated with
eac

13.  The sheeting of claim 12, wherein the radiation sensitive metallic oxide
compound material js selected from oxide compounds formed from aluminum, iron,

copper, tin and chromium.

14.  The sheeting of claim ], wherein the materia! is 2 thermochromic radiation

sensitive material.

15. The sheeting of claim 14, wherein the thermochromic radiation sensitive
~material is selected from copper carbonate, copper nitrate with thiourea, copper carbonate
with sulfur containing compounds of thiols, thioethers, sulfoxides and sulfones, hydrated

sulfates, nitrides of boron, aluminum and bismuth.

16.  The sheeting of claim 1, wherein the material is a multi-layer thin film
radiation sensitive material.



i f the mcrolenses, wherein the inage contrasts with the
?r;t Zr Pl’ir'ralalnijd? a conposite inmage, provided by the individual i rrag_éfﬂ,.]l.ﬁ.l‘?ﬂﬁk
appears to the unaided eye to be floating above or below the sheeting, or
both. 2. The sheeting of claim1, wherein the conposite inage appears under
refl ect ed light to float above the sh sti ng. 3. The sheeting of claim1,
wherein the conposite i mage appears i% “transmitted |ight to float above
the sheeting. 4. The sheeting of claim1, wherein the conposite image _
appears under flected light tq float bel ow the sheeting. 5. The sheeting
oP Ioc| aim1, whe & n tAE sk s*?"taﬂﬁwg@%ﬁyﬂmffomnsmgmsp?mwm cggmsedo
, Lag. tyl of any one of the preceding

I:: gﬁmbel/\hoegrﬁevlpﬁl@ggﬁ%tg%éa irg‘w?’ﬁjggﬁ'gf%gs‘appears to the unaided eye to be
at least in part in the plane of the sheeting. 7. The sheeting of claim 1,
wherein the material is a radiation sensitive material. 8. The sheeting of
claim1, wherei h8.t he Theskectial; of slaim TpivBErcincthe @libeﬁh{;@dhn &?ﬁ&d?lbﬂseshg&hﬂ{. i al .
30JUL2004 -31 9. The sheet i ng of claim8, wherein the nmetallic radiation
sensitive material is selected from al um nurr{ i5| I ver;]I glolog%, 0190|t ﬂése

i i i i ks nadi u . tantal um an _
tr{et :ImsumloZI ?ﬁelghge?ﬁgéﬁwgbgﬁ?ﬁq’ Wﬂépg},lﬁe SBREURR SAn B&qudge‘bleﬂ&nnet allic
radiati on s;lﬁeui;sg'ti ve material. 11. The sheeting of claim 10, wherein the
nonmetal lic radiation sensitive material is selected fromzinc sul fide,
zinc selenide, silicon dioxide, indiumtin oxi de,:L \i/innc Ooxi ?ﬁ rraggtra;s:ilun} .

[ Yy The sheeting of claim erein the nma .
;l lrjg(rj: g? i gﬂdszlné‘#f ?C@%%"HWP 565%’ &e‘%hgﬁwdbﬁm!cmbnseme sﬂegtd ﬁtgn(p!lmf)l- ?Is m
. e g . ) eria

12, wher ei d B dRRBRIoh Y IRLAL Jofis Rk 82 nGOMROL ‘

sel ect ed fébgpnggiinggi%gdnpoung‘s for rredﬂﬁr oM gﬁhrﬁ"ﬁ{?ﬁ? ‘if?sgﬁ‘}& sé‘BgB ndricl, and
chrom um lenslets.

2}, The sheeting of ciaim i, wherein the composite image is perceptible across
8 viewing angle of less than one hundred (100) degrees.

22.  The sheeting of claim 1, wherein the composite image appears to move

relative to the sheeting as the viewing position changes relative to the sheeting.

23.  The sheeting of claim 1, wherein the composite image disappears and

reappears when the angle at which the sheeting is viewed changes.

24.  The sheeting of claim 1, wherein the sheeting comprises more than one

composite image.

25. A method of forming a composite image on a microlens sheeting,
comprising the steps of:
a. providing a sheeting having an array of microlenses and a radiation sensitive
material layer adjacent one side of the layer of microlenses;

b. providing a radiation source; and



14. The sheeting of claim1, wherein the material is a thernochromc
radiation sensitive material. 15. The sheeting of claim 14, whereirg @ H8L 200
t hernochromi c radiation sensitive mterial is selected from copper
carbonate, copper nitrate with thiourea, copper carbonate wth sulfur
cont ai ni ng conpounds of thiols, thioqggprs, sul f oxi des and sul f ones,
hydrated sulfates, nitrides of boron, alum num and bi smuth. 16. The
sheeting of claim1l, wherein the material is a nulti-layer thin film

radi ation sensiti 004 -32 17. The sheeting of claim

mterial. 3 0.J UL . ne
1, and further %o}tﬁﬂ'ﬂ@g%laglcgﬁmibéﬁgw%ﬁ? Upagsdn thajadigtiem sensitivewateriad

| ayer and the m cr,Ql: : T | .claim?1,. rei,n the

sh)e/eti ng is an ex;?g'l'sog(i}? fﬁﬁ‘s‘ﬂgﬂ@e?far%n&%y @hgtnéﬂgr%ﬁ%dm@\g}ﬁ? Gdtien wher ei n
the sheeting is amoambeouhereby ©i8shecting@khibits a 80mpddik i g&tﬂré‘ﬂfi&{@?{h@i m 1,
wherein the mcrol enses are selected from plano- conveX Ienslets, Tound

doubl e convex | endbdividual ipuages, that mppganewehe uhddelseyane flex Abode bEBdlow the

| enslets. 21 . The sheeting of claiml1l, wherein the conposite inmage is

per cepti bl e acr os§h°"é“‘3i%ﬂr/&’°r\5 angl e of I ess than one hundred (100) degrees.
22. The sheeting of claim1l, wherein the conposite i nage appears to nove
relative to the sheeting as the view ng position changes relative to the

sheeting. 23. T2& shEhé¢ methodfofelaivhDsIwhual &ich b ; mﬁai hIgBRE -
di sappears and reappears when the angle at \/\HiI cﬁfetlﬁg S eeﬁ?ﬁ’r‘n{émpg vi ewed
changes. Zeatterned expearesf the ragiatiomseyrceiwitiethe shixeinglveiigiang differeti positioR D! €

t han one oSl Le i e. 25. net had of formng a conposite inage on a
m crol ens éﬁ'@gfiﬁh&e m@%ﬁ?ﬂm W@ﬁ%ﬁ@"é\“@ a providing a sheeting having
an array of mcrolenses and a radiation sensitive material |ayer adjacent
one side of the layer of mcrolenses; b. providing a radiation source; and

3 0 JUL 2004 27. Themethod of claim 25, wherein each image is formed by at least one

exposure of the radiation source through a lens array.

28.  The method of claim 25, wherein the method is repeated to provide more

than one composite image on the sheeting.

29.  Themethod of claim 25, wherein the images are formed by multiple
exposures of the radiation source, with the sheeting being at a different distance away

from the radiation source during cach exposure.

30.  The method of claim 25, wherein the radiation source provides radiation
with a wavelength of between 200 nm and 11 um.

31.  The sheeting of claim I, made by the method of claim 25.

32.  The sheeting of claim 1, wherein the sheeting further comprises an
adhesive layer for applying the sheeting to a substrate.

33.  The sheeting of claim 3), wherein the sheeting is adhered to a substrate.



-33 c. formng an at |least partially conplete inage in the radiation
sensitive material associated with each of a plurality of the i cr@llemnsel)
using the radiation source, whereby the sheeting exhibits a conposite

i mge, provided by the individual inmages, that appears to the unai ded eye
to float above or below the sheeting,,or both, 26. The nethod of claim 25,
wherein each image is formed by multiple ' patterned exposures of the

radi ati on source, with the sheeting being at a different position relative
to the radiatiog, sourgce duri each, exposur,e. 27. The pet hod of cl ai m 25,
wher ei n each i n'g%;e i ﬁ?S&W&ed&g‘S’mﬁ‘[ﬁ’ c1g fhe su i%%lfraegqe’ipmteﬁ'e radi ati on
source through a lens array. 28. The nmethod of claim25, wherein the nethod

is repeated to provide nore than one conposite inage on the sheeting. 29.

The nethod of cB&i m The aslvby 6f dlaifr 32, iwirgds Y béteERG din.mul ti pl e
exposures of the radiation source, with the sheeting berng at a different
di stance away fromthe radi ati on source during each exposure. 30. The

met hod of cl ai 5, erein t Jradiatian soyrce provigdes . .radiation, with a
wavel engt h of g%%\/\eenﬂ%ﬁmﬂerﬁgﬁﬂmlaﬂw rei the #‘ﬁ%‘"ﬁéé‘?? BQS?P?%M HmptioRpde
by the netfedd@nishgi m 25. 32. The sheeting of claim1, wherein the
sheeting further conprises an adhesive |ayer for applying the sheeting to
a substrate. 33. The sheeting of claim 31, wherein the sheeting is adhered

to a substrate. 30 JUL 200 -34 34, The article of claim32, wherein the
substrate is a dbcunmdhe shecting ofplaim 32| whereinfthe subistrate 25 a eérapasient ofun

substrate is ign.__36. The article of claim1l, wherein the sheeting is
used to dixgﬁpti@csqtﬁp&%ti on for advertising. 37. The sheeting of claim 32,
wherein the substrate is a conponent of an identification card. 38. The
met hod of claim 32, wherein the substrate is a container. 39. The nethod of
cl ai m 25, wher ed$ t hdhe omphusl dfeldimeife whleredin thegebsimtd is atdoatainer.

3%.  The method of claim 25, wherein the composite image also appears 1o the

unaided eye to be at least in part in the plane of the sheeting.

40, The sheeting of claim 1, wherein the composite image is a two-

dimensional image.

4]1.  The sheeting of claim ], wherein the composite image is a three-

dimensional image.

42.  The method of claim 25, wherein the composite image is a two-

dimensional image.

43.  The method of claim 25, wherein the composite image is a three-

dimensional image.

44.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,

wherein the sheeting is applicd to a branded product.



unai ded eye to be at least in part in the plane of the sheeting. 40. The
sheeting of claim 1, wherein the conposite image is a two- di nensi ohdlJuL 2004
i mge. 41. The sheeting of claim1l, wherein the conposite inmage is a three-
di rensi onal image. 42. The nethod of claim 25, wherein the conposite inmage
is a two- dinensional imge. 43. The nethod of claim25, wherein the
conposite image is a three. dinensional image. 44. The sheeting of any one
of claims 1 through 5, 7, 8 or 22 thrdtgh 24, wherein the sheeting is
applied to a branded product. 3 0 Jul 2004 -35 45. The sheeting of any one
of claims 1 through 5, 7, 8 or 22 through 24, wherein the sheeting is a

conmponent of a SS i f; f | hr ough 5,
R or 22"t hr o ot shetfing SrEnSARRIMING | (BhehIr X o2 Wil bt 90

The sheet i wherein thegherting ds a chmporent of DpRugK.5, 7, 8 or 22 through 24,
wherein the sheeting is used to verify the authenticity of an article to
which it is applied. 48. The sheeting of any one of clains 1 through 5, 7,

8 or 22 through,24, ei.n the sheeti i se n.a vehicle. 49. The
sheeting of any‘“%‘ne gﬁ@%eé"lhﬂﬁora‘%‘? ﬁ%‘,ﬂsi, ng"géé & 9r2guhreugh 24, wher ei n
the sheet i WBerefn tHe SHecting PEAF17A 95 5 do e sheeting of any one of clains 1
through 5, 7, 8 or 22 tﬁroﬂgjh 24,a V\ﬂ"g}%l?'n the conposite image is a color
i mge. 51. The sheeting of any one of clains 1 through 5, 7, 8 or 22

t hrough 24, whg_éei n.,the sheeting is a retroreflective sheeting. 52. The
sheeting of any¥bne &heehesting of anygnensislasms T through 507, 8 an23ubtought 24, wher ei n

ol ai m 1 tPc ot SaRg Rl LT NG syl of a vicltdo rhidt i iphps

retroreflective sheeting. 3 0 J UL 2004
48.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,

wherein the sheeting is used on a vehicle.

49. The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,

wherein the sheeting is used on bang-tags.

50.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,

wherein the composite image is a color image.

51.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,
wherein the sheeting is a retroreflective shecting.

52. The sheeting of any one of claims | through 5, 7, 8 or 22 through 24,

wherein the sheeting includes a printed image.

53.  The sheeting of any one of claims | through 5, 7, 8 or 22 through 24,
wherein the sheeting is a retroreflective sheeting.



-36 54. The sheeting of any one of claims 1 through 5, 7, 8 or 22 through
24, wherein the sheeting is used with at | east one of bu5|ness car 3$, JWHr 0
bottl ed products, displays, affinity cards, and event passes. 55. The
sheeting of any one of clains 1 through 5, 7, 8 or 22 through 24, wherein
the conposite image is selected fron15€e group consisting of a "3M imge
and an image of a globe. 56. The sheeting of :‘any one of clains | through
5, 7, 8 or 22 through 24, wherein the sheeting is used for securing a

f h h h h 8
or 55 Phrough 2o ks SRR Er uhidheirsigs  Wraden 5, 755 2nubrosab ot vy of
any one Ofuilrginhe Ihieibg Wik with 8ol o A T ar WG ol sheet i g

conprises an inmage selected fromthe group consisting of m an

i sogram adlsplﬁjﬂ,aﬂi‘mtyrcagisahnmm assszegram and a phot ograph 59. The
sheeting of any one of clainms 1 through 5, 7, 8 or 22 through 24, wherein
the sheeting is used as a | abel.

55.  The sheeting of any one of claims ) through 5, 7, 8 or 22 through 24,
wherein the composite image is selected from the group consisting of a “3IM” image and

an image of a globe.

56.  The sheeting of any one of claims ] through 5, 7, 8 or 22 through 24,

wherein the sheeting is used for securing a tamperproof image.

57.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,

wherein the sheeting is a fabric.

58.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,
wherein the sheeting comprises an image selected from the group consisting of a

hologram, an isogram, a diffraction grating, a kinegram, and 1 photograph.

59.  The sheeting of any one of claims 1 through 5, 7, 8 or 22 through 24,
wherein the sheeting is used as a label,



