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Background of the Invention

A number of security features have been developed to help authenticate a
document of value or article of value, thus assisting in preventing counterfeiters from
20 altering, duplicating or simulating a document of value or article of value. Some of these
security features may include “overt” security features or “covert” security features. Overt
security features are features that are easily viewable to the unaided eye, such features
may include holograms and other diffractive optically variable images, embossed images,
and color-shifting films and color shifting inks. An unaided eye may be corrected to
25 normal vision, but is not otherwise assisted by, for example, magnification or a special
viewer. In contrast, covert security features include images only visible under certain
conditions where the eye is aided, such as inspection under magnification, under specific
wavelengths of light or a special viewer.
Sheeting materials having a graphic image or other mark have been widely used,
30 particularly as labels for authenticating an article or document. For example, sheetings
such as those described in U.S. Patent Nos. 3,154,872; 3,801,183; 4,082,426, and
4,099,838 have been used as validation stickers for vehicle license plates, and as security
films for driver's licenses, government documents, tape cassettes, playing cards, beverage

containers, and the like. Other uses include graphics applications for identification
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"Hol ogr aphi c ntication
composite images that are perceived by an observer to be suspended in space relative to

the sheeting, and in which the perspective of the composite image changes with the

20 viewing angle.

U.S. Pat. No. 7,333,268 (Steenblik et al.) discloses a film material utilizing a

regular two-dimensional array of non-cylindrical lenses to enlarge micro-images, called
icons to form a synthetically magnified image through the united performance of a
multiplicity of individual lens/icon image systems.

25 U.S. Patent Nos. 6,222,650 B1 and 6,552,830 B2, “Holographic Authentication
Element and Document Having Holographic Authentication Element Formed Thereon”,
(Long) discloses methods and compositions with non-diffractive micro-graphical features
embedded in a surround of diffractive structure, such as a diffraction grating or
holographic structure. The patent depends on diffractive or holographic methods and

30 structures to form high resolution text.
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first Cong(? 3{1&16 solugc?e and the mask to form at least two individual, partially complete images on
20 the material layer associated with each of a plurality of the microlenses, whereby the
sheeting exhibits a first composite image, provided by at least one of the individual
images, that appears to the unaided eye to float above or below the sheeting, or any
combination thereof, wherein the sheeting exhibits a second composite image, provided by
at least one of the individual images, that appears to the aided eye to float above, in, or
25 below the sheeting, or any combination thereof, wherein the second composite image is
aligned with the first composite image.

In another embodiment of this method, the method comprises the steps of:
providing a sheeting having an array of microlenses and a material layer adjacent the array
of microlenses; providing a first donor substrate adjacent the material layer of the

30 sheeting, wherein the first donor substrate is radiation sensitive; providing a radiation
source; transferring at least a portion of the first donor substrate to the sheeting using the

radiation source to form individual, partially complete images on the material layer
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the at least one of the individual, partially complete images includes a gaseous void.

Brief Description of the Drawings

The invention will be described herein with reference to the appended drawings, in
20 which:
Figure 1 is an enlarged cross sectional view of one embodiment of a microlens
sheeting comprising a plano-convex base sheet;
Figure 2 is an enlarged cross sectional view of one embodiment of an “exposed
lens” microlens sheeting;
25 Figure 3 is an enlarged cross sectional view of one embodiment of an “embedded
lens” microlens sheeting;
Figures 4a and 4b schematically illustrate one embodiment of the method in
accordance with the present invention using a mask and a first donor sheet;
Figures 5a and 5b schematically illustrate another embodiment of the method
30 illustrated in Figure 4, except using a mask and a second donor sheet;
Figure 6 schematically illustrates an apparatus for use with the embodiments of the

methods illustrated in Figures 4 and 5;



20whi ch Figure 1 is an enlarged cross sectional view of one

enbodi nent of a mcrolens sheeting conprising a piano-convex base sheet;

Fi gure 2 W 2arv/@si2ar ged cross sectional view of one enb®disaeoho7aan
"exposed | ens” microl ens sheeting; ZSFQQure 3 is an enl arged cross
sectional view of one enbodi mrent of an ™ enbedded | ens" m crol ens sheeti ng;
Figures 4a and 4b schematically illustrate one enbodi nent of the nmethod in
accordance wi tfigemdAps addatt Viewod ahe embediment of angskomelr miqroless shgelig sheet ;

i h ical 1| ; I f th hod
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30i I lustrate a seco onor sheet;
Fi gure 6 michaemti malid vy tHelmighs bbb presappmvoativs, dndfutdise sibw gt the
enbodi ments of the nethods illustrated in Figures 4 and 5;

WO
2010/ 048098 NBREDBNES TPoeconmpleteieplicationyo) nartial srrdisationeat the coAROSERbodi Ment
of a sectjopn.of a mcrolens sheeting depicting sanple images recorded in
the materiafP’l ayer associated with individual mcrol enses nmade by the
met hod of the Hig@sgltisapantiewnf aastiefaniddaners lvdwis@iohldth niib@l¢ngcor ded
i mges range. from.conplete replication to partial replication of the
conposi t ehsstipggaimilar to the migrgheas vipetiae of Bigare (A ctcert idgRHBE O%rbodi ment of a
section ] j [ay! : i crol ens sheeting of
Fi gure 7%%ﬂ§§%g%#%#?ngﬁgggp%ga%%%bg%%@%P%%%EB% &L.negative contrast second
conposi te i madégure 7C is a plan We@wif @nother esntdrh@n o¥ bk ew¢tioh oftaatib@icrgarbodi nent

of a section of a mcrolens 10sheeting, simlar to the m . crolens sheeting
of 1&i gur shytingesiglst to tﬂqﬁ querelans seecting OB syt Herrccent IUSYENE PRe cont r ast

second. cQmpaghhefRYBsite contrafl AL SrighRe RLOOr aph of one enbodi mrent of

a portion of mcro s sheeting IlTustrating at” [ east two conposite inages
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present iiﬂtl/seuglt[iing g,f le\all\g)[ ?\I;vg c(ojrrrllle)os?{e i;[nggesctﬁg‘;p a%ls)iea'{re[o iflga?iga Sové,sin or below the
sheeting in accordance with the present invention, where one of the composite images is
15 viewable with an unaided eye and the other composite image is viewable with an aided
eye;
Figure 9A is a photomicrograph of a portion of the composite images viewable
through the lens sheeting with the aid of index matching fluid on the lenses of the
microlens sheeting of Figure 8, illustrating individual, partially complete images; which
20 viewed together through the microlenses provide a first composite image that appears to
the unaided eye and provide a second composite image that appears to the aided eye;
Figure 9B is a photomicrograph view of the microlens sheeting of Figure 8§,
illustrating both the first composite image that appears to the unaided eye and the a second
composite image that appears to the aided eye;
25 Figure 10 is a photomicrograph of a portion of the microlens sheeting of Figure 12
using a magnifier to illustrate the composite image that is viewable with an aided eye.
Figures 11 and 12 are photographs of another embodiment of a portion of
microlens sheeting illustrating at least two composite images that appear to float above, in
or below the sheeting in accordance with the present invention, where one of the

30 composite images appears to move relative to the sheeting as the viewing position

changes;
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vieywabl e wi.th an ai ded eye. Figures 11 and 12 are photographs of another
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Figure 16 is a photomicrograph of a negative contrast composite image that
appears to the aided eye;

Figure 17 is a photomicrograph of one embodiment of microlens sheeting with a
composite image that is an angularly variable array of images;

15 Figures 18A-D are photomicrographs of a composite image that is an angularly
variable array of images, where each photomicrograph illustrates a different viewing
position relative to the sheeting;

Figure 19 schematically illustrates the sheeting of the present invention and a
magnifier, where the viewing angle moves relative to the sheeting;

20 Figure 19A schematically illustrates the sheeting of Figure 19 from viewing angle
A using the magnifier to view the second composite images;

Figure 19B schematically illustrates the sheeting of Figure 19 from viewing angle
B using the magnifier to view the second composite images;

Figure 20 is a geometrical optical representation of the formation of the first

25 composite images that appears to float above the microlens sheeting and the second
composite image that appears to float in the sheeting;

Figure 21 is a schematic representation of a sheeting having a first composite
image that appears to float above the inventive sheeting when the sheeting is viewed in
reflected light;

30 Figure 22 is a schematic representation of a sheeting having a first composite
image that appears to float above the inventive sheeting when the sheeting is viewed in

transmitted light;



Figure 14A is a photom crograph of the portion A of Figure 14 with certain
portions outlined to illustrate the individual images under certain
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Figure 28 is a schematic representation of a sheeting having a second composite

15 image that appears to float in the inventive sheeting when the sheeting is viewed in
reflected light;

Figures 29A-C schematically illustrate one embodiment of another method in
accordance with the present invention using a first donor sheet and thereafter removing
selected portions of the individual, partially complete images to form a second composite

20 image;

Figure 30 is a magnified view of one embodiment of microlens sheeting formed by
the method illustrated in Figures 29A-C, illustrating the second composite images ;and

Figure 31 is a magnified view of one embodiment of microlens sheeting formed by
the method illustrated in Figures 29A-C, illustrating the reflective characteristics of the

25 sheeting.

Detailed Description of the Invention

The microlens sheeting of the present invention and the method of imaging the
same produces two types of composite images, which are provided by individual partially
30 complete images and/or individual complete images associated with a number of the
microlenses. These composite images appear to be suspended, or to float above, in the

plane of, and/or below the sheeting, or any combination thercof. These suspended images
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Descr i pt imoveah thd@nmawemppoote direction as the observer. Unlike some holographlc
sheetings, imaged sheeting of the present invention cannot be used to create a replica of
itself.

15 The sheeting, imaged by the methods of the present invention, has composite
images as described, which may be used in a variety of applications such as securing
tamperproof images in passports, ID badges, event passes, affinity cards, product
identification formats, currency, and advertising promotions for verification and
authenticity, brand enhancement images which provide a floating or sinking or a floating

20 and sinking image of the brand, identification presentation images in graphics applications
such as emblems for police, fire or other emergency vehicles; information presentation
images in graphics applications such as kiosks, night signs and automotive dashboard
displays; and novelty enhancement through the use of composite images on products such
as business cards, hang-tags, art, shoes and bottled products.

25 The present invention further provides different embodiments of inventive
methods of forming imaged sheeting containing the described composite images. In one
embodiment, a mask and donor sheet are used to simultaneously create both the first type
and second type of composite images. In another embodiment, a donor sheet is used to
create the first type of composite images, and thereafter a method of removing certain

30 portions of the first type of composite images is used to form the second type of composite

images.
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provi des fastffher Ehhavembadamentfsubstantrmllgspharesal or aspherical microlenses 4. A

layer of material 14 is optionally provided on the second face 2 of the base sheet 8. The

20 layer of material 14 includes a first side 6 for receiving donor material as described in
more detail below. Figure 2 illustrates another embodiment of a suitable type of microlens
sheeting 10b. The shape of the microlenses and thickness of the base sheet and their
variability are selected such that light appropriate for viewing the sheeting is focused
approximately at the first face 6. In this embodiment, the microlens sheeting is an

25 “exposed lens” type of microlens sheeting 10b that includes a monolayer of transparent
microspheres 12 that are partially embedded in a material layer 14, which is also typically
a bead binder layer, such as a polymeric material. The layer of material 14 includes a first
side 6 for receiving donor material as described in more detail below. The microspheres
12 are transparent both to the wavelengths of radiation that may be used to image the

30 donor substrate material (explained in more detail below), as well as to the wavelengths of
light in which the composite image will be viewed. This type of sheeting is described in

greater detail in U.S. Patent No. 3,801,183, except where the bead bond layer is very thin,
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20 materials that provide a gradient refractive index (GRIN) will not necessarily need a
curved surface to refract light. The microlenses may have any symmetry, such as
cylindrical or spherical, provided real images are formed by the refraction surfaces. The
microlenses themselves can be of discrete form, such as round plano-convex lenslets,
round double convex lenslets, Fresnel lenslets, diffractive lenslets, rods, microspheres,

25 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) can also be

30 used.

Microlenses with a uniform refractive index of between 1.4 and 3.0 over the

visible and infrared wavelengths are preferred and more preferably, between 1.4 and 2.5,
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polycarbonate polypropylene or any other polymer capable of being made into sheeting
25 or being supported by the base sheet 8. In one embodiment, the sheeting 10 may include a

microlens layer and a material layer that are made from different materials. For example,

the microlens layer may include acrylates, and the material layer may include polyester.

In other embodiments, the sheeting 10 may include a microlens layer and a material layer

that are made from the same materials. For example, the microlens and material layer of
30 the sheeting 10 may be made of silicone, polyester, polyurethane, polycarbonate,

polypropylene, polymethylmethacrylate or any other polymer capable of being made into
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20 that donor material in a desired manner to provide the individual, partially complete
images on the first side of the layer of material. This transfer process could include
meltstick, sublimation, additive ablation (material transfer to a substrate by ablating a
donor), diffusion and/or other physical material transfer processes.
Suitable radiation sensitive donor material substrates useful for this invention
25 include substrates coated with colorants in a binder, with or without additional radiation

sensitive materials. The donor materials could be provided in bulk form or in roll form.
As used in reference to the present invention, donor substrate material is “radiation
sensitive” if, upon exposure to a given level of radiation, a portion of the donor material
exposed transfers or preferentially adheres to a different location. The individual, partially
30 complete images (illustrated in Figures 7A-C, 9A and 14A) are created as a result of an at
least partial or complete removal of the radiation sensitive donor substrate material or

colorant material from the donor substrate and the subsequent transfer of the donor
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20 case of phosphorescent materials, during and for a duration after exposure to the
wavelengths. Alternatively, such donor substrates may contain colorless materials that
may or may not have a refractive index different than the material layer 14. A composite
image formed from such donor materials may be only slightly visible when viewed in
ambient lighting as in Figure 21; however, it may appear to shine brighter than the

25 reflections off of the nonimaged area of surface 6 when viewed with light substantially
perpendicular to surface 6, i.e. collimated light. All donor substrates may optionally
include additives that increase the substrate sensitivity to imaging radiation and ultimately
aid in the transfer of the material, or said substrates may include a reflective and/or
absorbing layer underneath at least the colorant to increase absorption of the radiation.

30 Figure 4a schematically illustrates one embodiment of the method of forming a
composite image on the microlens sheeting 10 in accordance with the present invention.

The method includes using a radiation source 30. Any energy source providing radiation
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than or equal to 0.15, although smaller numerical aperture illumination may be used.
Radiation spreading devices with larger numerical apertures produce composite images

25 having a greater viewing angle, and a greater range of apparent movement of the image for
the same float height. In alternative embodiments, the optical train may additionally
contain elements to prevent radiation in an angular portion or portions of the cone of
radiation. The resulting composite image(s) are only viewable over angles corresponding
to the unblocked angular sections of the modified cone. Multiple composite images may

30 be created at separate angular sections of the modified cone if desired. Using the modified
cone and its inverse, one can produce a composite image that changes from one color to

another as the sheeting 10 is tilted. Alternatively, multiple composite images can be
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Alternatively, nmultiple conposite imges can
photographic emulsion, metals (such as Cr, Al, Cu), or inks containing materials that

absorb the radiation such as c-black. The pattern of transparent areas (portions) 82 can be

formed by printing techniques, vacuum metallization followed by photolithography and

etching or e-beam ablation, or photolithography of ultraviolet curable inks, and/or by other
25 means known by those skilled in the art.

An exemplary imaging process according to the present invention includes the
following steps, as illustrated in Figures 4a and 4b. Figure 4a illustrates the imaging
process by the radiation source, and Figure 4b illustrates the resulting sheeting 10 after the
imaging process. First, a microlens sheeting 10 is provided, such as the microlens

30 sheeting 10a, 10b, 10c illustrated in Figures 1-3. Figure 4a illustrates the use of microlens
sheeting 10a, however, microlens sheeting 10b or 10¢ may be used in the process. Next, a

first donor substrate 40a is provided, such as the donor substrates described above.
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Next, a first donor

2335“23 r&gﬁcob%ﬁe eaNa lglfiﬁd gltathieem&g%lgﬁse J5king BeldmgeueR i ped above,

20 microstructures are readily made, such as by replication, by those skilled in the art.
Next, the mask 80 is provided adjacent microlenses sheeting 10. In the illustrated
embodiment, the mask 80 is adjacent the microlenses 4 of the sheeting 10 and the donor
substrate 40a is adjacent the material layer 14 of the sheeting 10.
Next, the method includes the step of transferring portions of donor material from
25 the first donor material substrate 40a to the first side 6 of the layer of material 14 of the
sheeting 10 using mask 80 to form individual, partially complete images on the first side 6
of material layer 14, as illustrated in Figure 4b. In one embodiment of the inventive
method illustrated in Figures 4a and 4b, this transfer is obtained by directing collimated
light from a radiation source 30 through a lens 32 toward the mask 80 and toward the
30 microlens sheeting 10. The radiation source 30 is focused through the lens 32, transmitted
through transparent areas (portions) 82 through the mask 80 and eventually through the

microlens sheeting 10 and to the donor substrate 40a. The focal point 34 of the microlens
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Figure 4tfuﬁhﬂ%[}g,v'enbodi ment of the inventive nmethod illustrated in Figures
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substrate 40a. The focal point 34 of the mcrolens
transmitted by each microlens 4 to a unique position on the donor substrate 40a close to

focal point 34, and produces a unique image pixel of a partially complete image of donor
materials 42a on the first side 6 of the layer of material 14 corresponding to each
microlens 4, except where the radiation is blocked by mask 80, as described above. More
25 precisely, a single light pulse produces only a single imaged portion of donor material 42a
behind each properly exposed microlens 4, so to provide a partially complete image
adjacent each microlens on the first side 6 of the material layer 14 of the sheeting 10.
Multiple radiation pulses, or a quickly traversing, continuously illuminating, radiation
beam may be used to create the image. For each pulse, the focal point of lens 32 is located
30 at a new position relative to the position of the focal point 34 during the previous pulse
relative to the microlensed sheeting. These successive changes in the position of the focal

point 34 of the lens 32 relative to the microlenses 4 results in a corresponding change in
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qui ckly traversing, conti nuousl um nating, radiation may be used
to creat eienmay |Whgtethel—§mayemﬂlunpmdtedaby 8 heeliftooabuywej tht awhy Wwahprodcd s | ocat ed
30at a new position

elative to ghe osi.tj.on of the focal int 34 during
the pr eviBUUPBPBE SidEty di Spesmt e SHUHAuE OREBENRGET TRASEOR s cessi ve
changes 'd&nreﬁlﬁ)nﬁfh%' IEﬂqu 1 arkdye Tflf%%&ml?él'cf‘ﬂle&‘fforf&fofttﬁ'tea&a%’nﬁe SMoskRAt I ve to
the mcrolenses 4 results in"a Correspon | ng ch ange 1 n
2010/ 048022mamblS2 AGIAAREH196ral size of a composite image. By virtue of the size of the
array, the individual cones of energy formed by the lenslets will expose the microlensed
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 may
25 occur by the use of a second reflective or absorbing mask placed in the laser path 30 above
the lens array producing divergent light and above the mask 80 (if in use) allowing
radiation to transmit only where the first composite floating image(s) is desired. This will
also work if the mask is placed directly below the lens. A separate mask 80 may be used
to form a second composite image. A diffractive pattern generator may also be used. The

30 virtual image may also be formed by individually illuminating specific locations of the

target with a low numerical aperture radiation beam.



t he angl e of incidence upon each mcrol enses 4, and accordingly, in the
position of the imged pixel of the partially conplete i mage of donor

mat eri al wWoa0wvE@sed on the material |ayer 14 of the sh®eTiusgoo2@®6awé h t he
donor material 42 by that pulse. As a rgsult, the radiation incident on the
donor substrate 40a near focal point 34 causes transfer of a 5sel ected
pattern of the radiation sensitive donor material 42a. Because the position
of each ni cr ollRustedhelatasal priqatief the lepsiagray tibmay apyboRrcEary taxise multhde
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The 30vi rthieh an magpe isrbyrmat Hohibe chdrmedolbys 4 odiheirdaterdidl yayiek [l 4 depeantls ng the
specific |l ocatians of the target wih a | ow nunegi cal rture ragdiation
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image, when imaging with a fixed Numerical Aperature (NA) lens, not all portions of the
sheeting will be exposed to the incident radiation for all parts of the intended image. As a

25 result, portions of the intended image will not result in transferred radiation sensitive
material, and only a partial image of the intended image will appear behind those
microlenses on the material layer 14. By use of the mask 80, one may create the two
different types of composite images, the overt and covert images, which are made up from
the individual partially complete images of donor material 42a on the sheeting 10,

30 examples of which are illustrated in Figures 8-12, 14-14A, 16-17, and 18A-D,

In Figure 4b, a first donor substrate 40a and mask 80 were used to create

individual partially complete images of donor material 42a on the sheeting 10. After the



Straced out by a single lens 32. As a result, only a single light pulse is
needed to formthe entire conposite imge in the mcrol ens sheeting.
Al t er nat iwel2g910/d4802pl ace of a reflective mask, a beam poPCTIUSRIMYEFYSt em
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masks 80 may be used to assist in forming the second composite images, discussed in
more detail below.

20 Figure 6 illustrates one embodiment of a roll-to-roll apparatus, which is convenient
for imaging the microlens sheeting 10 with a first mask 80a and first donor substrate 40a
and then imaging the microlens sheeting 10 with a second mask 80b and a second donor
substrate 40b. The apparatus includes a first roll 50, a nip roller 68 stationed adjacent the
first roll 50, a second roll 54, another nip roller 68 stationed adjacent the second roll 54,

25 and an idle roll 52 between the first roll 50 and second roll 54. Stationed above each roll
50, 54 is a radiation source 30 with an appropriate optical train and accompanying mask
80, as described above. The first donor material 40a wraps around the first roll 50, and the
second donor material 40b wraps around the second roll 54. As the microlens sheeting 10
moves through the apparatus, it first is pressed against the first donor substrate 40a and

30 roll 50 and nip 68, as it is imaged by the radiation source 30 and mask 80a in the same
manner as described above in reference to Figures 4a and 4b. Next, the sheeting 10 moves

from the first roll 50 and consequently, away from the first donor material 40a. Next, the



sheeting 10 has been imaged using the first donor substrate 40a and mask
80, the first donor substrate 40a and nask 80 may be renoved, and repl aced
with a sewondiodgsee substrate 40b and new mask 80b, as PCITASREQ06H$ N
Figure 5a. The nethod descri bed above ?d illustrated in Figures 4a and 4b
is then repeated as illustrated in Figlres 5a and 5b, 5 respectively. The
second donor substrate 40b and new nmask 80b are used to create inmages of
donor nateicaensshpetr Korrengpesstnerng groundithsidle splh 64 pn iwtpresspdagidesd H¥ donor
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and 5b. The1gAqh heBs sheeting 10 is pulled fromthe second roll 54 and
consequently, away from 5the second donor material 40b. The resulting
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individual, partially complete images 46 formed by the radiation sensitive donor material

42 on the material layer 14 adjacent to individual microlens 4, as viewed from the

microlensed side of the microlensed sheeting. The individual, partially complete images
30 46 form the first composite image 60 and the absence of donor material 42 in the area

outlined in the form of a backwards “F” form the second composite image 70. By

“negative contrast,” as used herein including the claims, it is meant that the areas



i ncl ude any nunber of rolls and radiation sources for depositing donor
material from 10nmul ti pl e donor substrates 40 and nmultiple masks 80 onto the
m cr ol enswehemid4se210 to formmul ti pl e conposite fl oati RGTiUSaEEH6WH6 t he
sheeting 10. Figure 7Ais a pers_B?_cti ve view of a section of a

m crol ens sheeting 10 depicting sanple“Tndividual, partially conplete

i mages 46 forned by the radiation sensitive donor material 42 on the
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Figures 8 and 9 show a microlens sheeting 10 imaged according to one
embodiment of the method of this invention, using two radiation sensitive donor substrates
20 40, and one imaging step utilizing mask 80, to create multiple composite images of
different colors. Figure 9A is a magnified optical photomicrograph taken after applying
index matching fluid to the lens sheeting 10 and viewed looking through the microlens 4
on the sheeting 10 to first side 6 displaying the donor materials on the first side 6 of
material layer 14 on sheeting 10 shown in Figure 8. The sheeting 10 includes a first
25 composite image 60a that floats below the sheeting that appears as the letters “OK”
floating below the sheeting 10 in the color of red and a first composite image 60b that
appears as a filled in pattern of “3M” floating in the sheeting 10, in the color green,
overlapping the “OK.” The microlens sheeting 10 includes other first composite images in
the form of “OK” floating below the sheeting and a sine wave floating above the sheeting.
30 The sheeting 10 also includes a second composite image 70 that appears to float in the
sheeting that appears as a the word “Innovation” that is shown more clearly in Figure 9B,

under magnification. The sheeting 10 was imaged with a first donor substrate having



to the mcrolens sheeting of Figure 7B, except that this is an exanple of a
sheeting including a positive contrast second conposite imge 70 and a
first conmpognti4sizage 60, both fornmed by the individual PCparseécioboro€onpl et e
i mages 46 fornmed by the radiation sensz§|ve donor material 42 on the
material |ayer 14 adjacent to individu mcrolens 4, as 10 viewed fromthe
m crol ensed side of the mcrol ensed sheeting. The |nd|V|duaI partially
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site 6 ofanﬁa@muai micgelgps. 1hhedmagese lrn deure 98naee 1nrvigsi f5Rir é48. o Fhésheet i ng
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t hat appears as t etters oatl ng bel ow the sheeting 10 in the
color of r ed diigura 9B is atmapaifixdsiitve of theg@pmlbmith atntepyfesheaingsl OsoffHigured i n

pattern of "3M_.floating in the sheeting 10,.in the | or areen,
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conposi t XK. floating bel ow the sheeting and a sine
wave flogct0 %ﬂvtge %%gn(flﬁ&{e{%(%frllta.l The sheeting 10 al so includes a second
cohposite |maghgﬂre lﬂmhmwappmgnﬁietiwidw oﬁmlarasienshﬁlesﬂH@IO mgpgtthatcoagipgar s as a
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10 was then 1 maged nor substrate having col orants of green
and a maska@ifiedaviperis cmembnwﬂor déﬁcrlbmgn]s;qod;eaymﬂcompdéltg una&ees 50 and the

portion of the section At is i.ndicated in FI e 8 corresponds.to the
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partially conplete i rrages 46 that together provide the intersection t he
red and gmdeir fecosd caompds irhages Mgesvié@ablamnala 684y withedn aided eye, in other
words with some type of magnifier or special viewer. Examples of suitable magnifiers
include: a simple magnifying glass (of10%), a 10-15x% loupe, and a low power microscope
(10%-50x). The first composite images 60a and 60b are in the form of circles. A user
25 could see both 60a, 60b with her unaided eye and verify that the document or object to
which the microlens sheeting 10 was attached was authentic. To provide an additional
level of protection, a user may use a magnifier to enhance or magnify her view of the first
composite image 60a or 60b, as illustrated in Figure 10. Under the magnified view, the
user may view the second composite images 70, which are made of the word
30 “Innovation.” As illustrated, the first composite images are in the form of semicircles 60a,

60b and include second composite images 70 in the form of the word “Innovation.” This

is one exemplary example of how the second composite images 70 are aligned with the



appear to float below and in the sheeting in accordance with the present

i nventi on. The image 46 has two portions, a first portion 64 of red
donor matwoi2alo/age2 and a second portion 66 of green doROT/US2M08/06EP6 42b.
Each i mage 46 corresponds generally to,l0an individual mcrolens. The
images 46 in Figure 9A range in size f? m 24.5 to 27 um however a range of
ot her sizes arc possible. ure 9B is a magnified view of the
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-24- fir conposite imges 60. By "ali as used herein, .including the
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conposite I mage under a magnifier, you can Vi conposite i mage.
5l n one efemphasky8®knbodi ment, the second conposite i mages 70 appear to
float in

Figure 10 displays a photograph of micrographics formed in alignment with a first
20 composite image 60a in the form of a circle floating above the sheeting 10 and another
first composite image 60b in the form of a circle floating below the sheeting 10. Both the
circles 60a and 60b and the second composite images 70 are red.
Figure 10 is also an example where the second composite images 70 are in the
form of microtext. Microtext is one example of micrographics. Micrographics are small,
25 high resolution graphic features, such as alpha-numeric symbols, characters, or designs
that are sized in the range of approximately 25 to 200 micron feature height and 10 to 100
micron line width and are typically viewable under a magnifier having strength of 10x to
50x.
Figures 11 and 12 illustrate an unmagnified view of the microlens sheeting of
30 Figure 10 taken at two different viewing positions relative to the sheeting. Figure 11 was
taken an angle of 0° relative to the sheeting. Figure 12 was taken an angle of 6° relative

to the sheeting. These Figures are convenient for illustrating how the first floating



the plane of the mcrolens sheeting 10. To create this enbodi nent, the mask
80 is placed adjacent the |l ens sheeting as indicated in Figure 4a. The

radi ati orweeoriasizg directed to formthe first conposit @Crrsg@oantds he mask
80 sinultaneously creates the second c gposite i mges 70. The radiation
source 30 is focused above or bel ow th& 1ens sheeting 1010. Therefore, the
first conposite inage 60 floats above or bel ow the sheeting, corresponding
to the | cOEIOS BIagehel ppRERRLC eV iglasive frothasBectimpgas fecaemineé Pepoent e i nage
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having strength qof 10x to 50x. . Fi risﬁq 1égand 12 illustrate an unmagnified
yith LerkAag
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172 was ta f r

0' relative to the sheeting. Frgure t aken an angle o elative to
t h&5 sheetmatgrial Phdseoifd ‘Jumeatian,d tieorvan @ntpokde irddeladdorsérmilago hiovedldreoff 1 r st
floating V\g 2810/ 048022PCT/ US2009/ 060796 - 25- conposi e inmages 60 appear
to move riBf HEStgenqrandtffétlsheeting as the viewi ng position changes relative

to the sheetinge kN4t $a68%Rd vASy bR Vbl ROmBOsHetia esc’h)aiﬂgﬁémficrrgl%f gure
11 to Figure 127 the mddlre circle 60b appears to nové |left, where the

outer ci rsbbgingehappeac fortredwsing thd ghik illastratéreinghgetildg Il this enboditent, 6' t o

the ri ghtthe letters appear as red and the background appears as white. This arrangement is created

20 by using the radiation source to adhere donor material to the microlens sheeting accessible
through the areas (portions) 82 of the mask of Figure 13.

Figure 14A illustrates an even more magnified view of a portion of the microlens
sheeting of Figure 14 indicated by portion A, except that Figure 14A is a view from the
backside of the microlens sheeting on side 6, opposite the microlens 4. 1t is possible in

25 this view to see the individual, partially complete images 46 formed by the radiation
sensitive donor material 42 on the material layer 14 adjacent to individual microlens 4.
For clarity, some of the adjacent partially complete images 46 have been outlined to help
illustrate how they form the complete image of the word “Innovation.”

Figure 15 illustrates another exemplary mask 80 that is used to create the negative

30 contrast second composite images 70 in Figures 8 and 9B. For the mask illustrated in

Figure 15, the word “Innovation” appears black with a generally white background.

Composite images formed using this mask will have the first composite image similar to



S5Figure 13 illustrates one exenplary mask 80 simlar to the mask that was
used to create the mcrolens sheeting 10 illustrated in Figures 10 and

14- 14A i rwal2b1ozepeet s but sim | ar di mensions. (A mask WPCH/USREOS6E786
contrast was used for Figure 16.) This,pegative mask 80 has areas
(portions) 82 transparent to visible a'%@' near infrared radiation to form an
array of the word "lnnovation". This mask is an exanple of a negative mask
10used t dhe ealar of the §irst dororapserialrithsibe serond sappesitcamagagbe wops ment i oned

above, ‘Impo%{l&ﬂMﬁog%?rmrg;cg%trf(or\!vfllt%s nmeant that the lines of the second

conposi te 1nmages a romsolid lines of the donor color. For the
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a Hack background. Conposite imges faormed using this mask will have the
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82 of the mas kFigiire Ri7daia &sd thagnified view gfifigurt4A debictiag rtht escngnamgveioral@ise
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o 15 SRl YR O popperte ek w10 2 cenerally e,
conposi t &AMRGE 15 LMd &g1d OF 6 WRARIIOHRABOLARCH; e 4B/ iABALPR oAb of the
microlens sheeting of Figure 17 at an angle of 9°relative to the sheeting. Here, the
increasing tilt angle from 0° to 9° indicates tilting the top of lens sheeting 10 (i.¢c., the top
20 of the 3M) away from the viewer..

Figures 18A-D all illustrate a microlens sheeting 10 including a first composite
image 60 that comprise a pattern defined by the word “3M.” In realty, the appearance of
the stripes are made of first composite images 60 that are aligned to second composite
images 70 that are not viewable at the magnification displayed in Figure 18A-D. This

25 microlens sheeting 10 includes second composite images 70 that are an angularly variable
array of images. In other words, the array of images viewable to a user depends on the
angle of the view relative to the sheeting, and as a consequence, the image changes or is
variable as the user changes their angle of view relative to the sheeting. As the view
relative to the sheeting changes, the image that is seen changes. Figure 19 illustrates one

30 example of how the view relative the sheeting may change. The user or viewer is first in

position A relative the sheeting, and then moves to position B that is in a different position



the color of the first donor material with the second conposite inage, the
word "I nnovation" appearing dear (or white). Figure 16 illustrates

t he resulwpngie@se@nd conposite inmages 70 formed usi ng aPeagls2@wsd7a¢ to t he
mask of Figure 15, and inaging horizon?al lines with focal point

S5appr oxi mat el y 6mm above the surface of 'the |l ens sheeting 10. In this
enbodi nent, the letters appear as white and the background appears as a red
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sheeting,.and as a consequenge,. the i e.ch es Qr is riable as the
user charf§&ConHgsitc dpages WaFe iR PEIOA TE R M LHRRSOYRHIS SPEF RemQYw
rel ative j}end R6.s088tdii3g changes, the inage that is seen changes. Figure 19
illustrates one 30exanple of how the view relative the sheeting nmay change.

The user or vilegmes i%A find $9B ischepogicallyonlustrate ba¢ emboditnentsdfedtanpglarlgnd t hen

A B th > ft L
rzrg\:ll-gls 0218(}%%8 : ;a%rg‘z Qééﬁcgt%@ Ig(%@]lponsitg ircrillagesefoegviletréqg Itﬁlls gpneciﬁvc\:%mbodiment, the text

20 appears to be scrolling as the user continues to view the sheeting as he moves from
position A to position B. By the term “scrolling” as used herein, including the claims, the
displayed text or graphics appears to move up, down, or across as the section is viewed by
the user. In Figure 19A, there are two second composite images 70a, 70b, in the form of
the text “ABCDE.”

25 In the first view, illustrated by Figure 19A, as viewed from position A relative to
the sheeting through the magnifier 84, the user is able to view the entire ABCDE of the
second composite image 70a, and the bottom portion of the ABCDE of the second
composite image 70b is cut off from their view. After moving to the second view,
illustrated by Figure 19B, as viewed from position B relative to the sheeting through the

30 magnifier 84, the user is able to view the entire ABCDE of the second composite image
70b, and the top portion of the ABCDE of the second composite image 70a is cut off from

their view. As the viewer moves from position A to position B, her view relative to the



-27- relative to the sheeting. As the user is |ooking through a magnifier

84 their view of the second conposite i mages 70 changes, depending on their
Vi ew. WO 2Doywear2|l i nes B and C have been added to thePErgise@s/o0a@s 18D to
hel p provide clarity in how the first _gg_rrposi te imge 60 changes with each
view. In the first viewing 5angle illuStrated in Figure 18A, the bottom of
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20 donor material being transferred, i.e. may result in the transferred donor material forming
images 46 having a greater elevation above the first side 6 of the material layer 14 of the
sheeting 10.

The “object” to be imaged is formed through the use of an intense radiation source

by either tracing the outline of the “object” or by the use of a mask defining the first

25 composite image. 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 radiation from an object is
coming from a single point of the object and is radiating over a broad range of angles, all
the radiation rays are carrying information about the object, but only from that single
point, though the information is from the perspective of the angle of the radiation ray.

30 Now consider that in order to have relatively complete information about the object, as
carried by the radiation 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



-28- sheeting changes and it appears to the user that the text is noving or
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microlens 4 approximately at the interface between the material layer 14 and a donor
substrate (not shown). This focused radiation results in the transfer of at least a portion of
the radiation sensitive material and/or the colorant in the donor substrate to provide
images 46 on the surface 6 of material layer 14, the size, shape, and appearance of which

25 depends on the interaction between the light rays, the microlenses, and the radiation
sensitive donor substrate.

The arrangement shown in Figure 21 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

30 point 108a of the diverging lens. Stated differently, if a hypothetical “image ray” were

traced from the material layer through each of the microlenses and back through the



radi ati on rays emanating froman object is controlled by optical denents

i nter posed between the radiation source and the m crol ens sheeting. These
optical o¥oent482¢ chosen to give the opti num range of Pamgise@oeessary to
produce the conposite i mages. The best ,sel ection of optical elenents
results in a cone of radiati on whereby the vertex of 5the cone termninates
at the position of the ob{ect Ceonetric optics will be used to
descri be divRsgimgdenst then weuld mestab $0%0 whisdi it &/heipegeastior ebihgicAgPeBictimagpr esent
|nvent|ogmp§§ not ed previously, the imagi ng processes described bel ow are
preferre ¢ not excl usive, enbodinments of the invention. As noted above,
a preferred nmanner of providing the image patterns on the |ayer of

10nat eri al adjacent the nlcrolenses is to use a radlatlon source and a mask
to transfer abB: : g & lmsge b Ab RIECING aced adj acent

the; materi al

nat%rial Iayeﬁgm%%8$%ﬂbpﬁMQlgégﬁgggﬁﬁggﬁ%éﬁ %% fe8&%}h§ﬂ§mﬁgove%ﬂﬁkpgﬁeetlng
15Ref er r ithgshieatifg Gufmeth@Pamd sidé detht obsatat(tadirctt@light)] @hftom ithe dppositeesidapl e)

is directed and collimted by optics 102 that directs the |ight 100b

towar ds PTdhsdeglingps taﬁgb%\eé (trai}smﬁtq%gha) QEPYhngiguns! xashemait rays 100c
di verge t t he

11 ght r ay e A Bl R o L by B B A byt e
mask 80 diwdt bbpicniy stgetippwhtheicwed nndensfllcheldidhngAhQniislcd opamedbby t he

i ndi vi dual nlcrolens 4 approximately at the interface between the materi al
| afr 14 RHECtEd fypRIMak yisiony hytds (l%%ﬂ\{ B SIStoh P TPHEXERYC.MaRENHiGAHAN Pesul t s

in the trapsf; ﬁf v19\fx/elatwh£€rﬂﬁ1% %&f sth'egt g?E 1lﬁlﬁﬁ1n51%9'bgtré el 't ghﬁﬁ e“ al

and/ or the colorant in r su te to provide ima
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25depends on the interacti on between the the m crol enses, and
the radi dP41BH! dLRERIPG %V@arsi&rwrs%@flﬁla‘{%n thd mglwdrwiﬂa%aeaﬁeé%ﬁi % thewn i n

Figure 2%;pu %éi‘ﬂ &, AP GRRINGoRAY 139ne 81%?99%&& 42'%@%& rldftfde@ppears to
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at the focal ﬁ%lnt 108a of the diverging lens. Stated differently, if a
hypothetﬂggﬁnuﬁ fus pn ymageeGal BePSEEH Al om t he material |ayer through each

of the mcrol ef'?ﬁ'%%rﬁﬂlg, m&gnstdargo Hgﬂecﬁf{fbewavelength range) of the light L1 may be

reflected by the donor material 42 back toward the observer, the summation of which

creates a colored composite image that appears to float above the sheeting, a portion of

20 which is shown at 108a. In short, specific portions of the visible electromagnetic
spectrum can be reflected from the imaged portions 46 or reflected from a laminate
substrate such as a passport (not shown) and absorbed or scattered by imaged portions 46,
which means that a portion of a colored composite image will be apparent at 108a.
However, the donor material 42 may not reflect light L2 back toward the observer well, or

25 at all, or it may significantly absorb light reflected from a laminate surface and
subsequently transmitted through the donor material 42. Thus, the observer may detect
the absence of light rays at 108a, the summation of which creates a black composite image
that appears to float above the sheeting, a portion of which appears at 108a. In short, light
may be partially reflected from the entire sheeting or highly reflected from a laminate

30 behind the sheeting except the imaged portions 46, which means that a relatively dark

composite image will be apparent at 108a.
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reflected fromthe entire sheeting or highly reflected froma | anm nate

30behi nd the ﬁ!.eetiél%aﬁiﬁfa?é&mé@ﬁteiIﬁﬁggQ‘hwléétg’ﬁélo%ﬁrhé“@ﬂe%ﬂn&?a”5 that a
relatively dark conposite | nage w be apparent at 108a.

A composite image may also be provided that appears to be suspended on the

opposite side of the sheeting from the observer. This floating image that floats below the
20 sheeting can be created by using a converging lens instead of the diverging lens 105

shown in Figure 20. Referring to Figure 23, the incident energy 100 (light, in this

example) is directed and collimated in a collimator 102 that directs the light 100b toward a

converging lens 105b. From the converging lens, the light rays 100d are incident on the

mask 80 and microlens sheeting 10, which is placed between the converging lens and the
25 focal point 108b of the converging lens.

The energy of the light rays impinging upon the microlens sheeting 10 is focused
by the individual microlens 4 approximately into the interface area between the material
layer 14 and a radiation sensitive donor substrate (not shown). This focused radiation
transfers a portion of the radiation sensitive material in the donor substrate to provide

30 images 46 made from the donor material 42, the size, shape, and appearance of which
depends on the interaction between the light rays, the microlens sheeting, and the donor

substrate. The arrangement shown in Figure 23 would provide a sheeting 10 having a
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having a composite image will be apparent at 108b. Alternatively, the incident light may be

20 reflected by a laminate behind the material layer, portions of which are subsequently
absorbed or scattered by the donor material 42, and travel back toward the observer. Thus,
the observer may detect the presence of colored light rays which appear to originate from
108D, the summation of which creates a colored composite image. In short, light may be
reflected from a laminate behind the material layer and absorbed by imaged portions 46,

25 which means that a darker colored composite image will be apparent at 108b.

It is also possible that the laminate behind the material layer would absorb incident
light, and that the donor material 42 would reflect or partially 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

30 image in comparison to the remainder of the sheeting, which would appear relatively dark.

Various combinations of these possibilities can be selected as desired.
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visible Sa%altlona information 122, which may be printed on the substrate 120, which may also be
viewable by an observer in addition to the composite image 108a. For example, portions
(e.g. a specific wavelength range) of the light L9 may be reflected by the substrate 120
25 back toward the observer. Light L10 may be reflected off the transferred donor material
42 making the composite image visible to the viewer, along with the embedded or covered
graphics 122. The substrate 120 may be translucent, or opaque, or any combination
thereof. In another embodiment, the microlens sheeting 10 may include portions with
microlens and portions without microlens. The portion without microlenses may be a
30 window for viewing other portions of the microlens sheeting 10 or for viewing portions of

a substrate that the microlens sheeting is attached to. Alternatively, the window could

include microlenses and the portion around the microlenses may not include microlenses.



50f light L7 wll be absorbed or reflected by the donor material 42, while
transmtted light L8 will be passed through the renaining portions on the
mat eri al Weyero/048ize ext ensi on of those rays, referred t@®@ChaseIN/066796i mage
rays," back in the direction of the iqﬁ%pent light results in the formation
of a conposite image, a portion of whi appears at 108b. The conposite
image wll be apparent at the focal point, where, it will, in this exanple,
appear l1l0darker and col ored while the sheeting appears transparent.

Alternatively,pif t@@ %gﬁgggoggt%iﬁggﬁgﬂnggnor material 42 on the materia

| ayer 14 arc no der of the material |ayer 14 is,
then the absengeh&ting namshtd £ctcbhdbdmpdvitt @agy BB aPbe Vikevcd nBi@gSight | |
provi de a caonposite image that appears darker than the remai nder of the

sheet i ng.thatsmpyigeson e sheeriey 19 feam theesagreidq asgha obssFver(igflpdcdhgiiver ed to a
substr at ] e.: i . substrate 80
by % Iaygpggpkﬁgﬁgg¢@%&%96PJ§§£?F§g%?gg?%%yaﬁﬁ?ggﬁggévgﬁggm%ﬁgLsheeting 10
may be i nt egr dligyre R echemadrbgaehedtation of s sdeeohd adrapds?@ imifeFigutesiotat e 120
could be a docunent, a sign, an identification card, a container, currency,
a di spl aythatapgeasyforthe aidgd Cyg ofayobserer Aste flepigrinulyin fesbectmgavigheet i ng 20
10 attac f i I si:ng,..decoration,
authentigg i%ﬁ?kgggﬁ%P%P3%%?3%%%ﬂ§ggzg%@§%§3§%%E§%§§gFﬁgéhfﬁ?gﬁ@%d pur pose.
The substscadrel chbatporiyinape] Wlecnatldlinmagedahedting s iatdiancd @R reflobicd highiny be
printed on the substrate 120, which may al so be vi ewabl e by an observer in

adfi ti on Yhich R8Y Osrpligrated otrfligfasey o8l reye Esligrisdack b haEmggedgheding
speci fic; ggé@gg%égim&egy Bf dbh&: hi@hl 49! i i{lﬁ:ﬁzi({ﬁ%ﬁ%?% BYu i) the

substrate toward the observer. be re cted off
t he trandfgh ragd. Benlefinttiahethe dthagh? fombddriy thédomomposidl d2iappepe diffedil e to t he
viewer, along with the enhedded or covered graphics 122. The substrate 120
may be t rtB#siNGA8ATIMagid Rt ! thy matsiiaklayg; 1%@*?1#‘6%11? Aepradpatenig) 43ddt her

enbodi ne ' i ] i I i i crol ens
and portﬁ%ﬁ?hgﬁ? gﬁ%g%?@%%%%%g%rg g*%g??ﬁghgﬁ%#ﬂﬁ3@8%§%@2?%§%%§*%;y be a
30w ndow iflartificd dwithguset hang pondgndies 86f t he m crol ens sheeting 10 or for

vi ewi ng portians of substrate that .the mcraol ens sheet]. is attached to.
Alternativel y?anrﬁéaw dRARARRRE- f NRIC W?ﬁf%%%ﬁgg@ogﬁ%ﬁfeéﬁ%m on around

the mcr QEﬁ&%&?‘?}DﬁX dBR&r RSN yh.e 'f@raﬁ"ﬂ %I?esobsgper, the summation of which
2010/ 048022PCT/ US2009/ 060796 -34- E. Viewi ng a Second;Cbnp05|te | mage

A sheet i ngeaidd 4 dvapdsas imageabangpconpodod e theaheeting, aypoyrtibe o/ ivbisbds usi ng
i ght that inmpinges on the sheeting 10.fromthe sanme side as the observer
(reflect éﬁ&owpgh%?%a OF Sharh.SRseIeP 6%?@%@ YISHRc plectroiRaghcHe SR ECap be

obggr ver r@ﬂéc@&ﬁ%ﬁlttﬁéjinlldggﬁb))rtioﬂﬁ 488k Peflected fronth Biifatd Cubstraft SHEMERL I C
representation of a second conposite imge Figure 108c that appears to the
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light reflected from a laminate surface and subsequently transmitted through the donor

25 material 42. Thus, the observer may detect the absence of light rays at 108c, the
summation of which creates a dark colored composite image that appears to float in the
sheeting, a portion of which appears at 108c. In short, light may be partially reflected
from the entire sheeting or highly reflected from a laminate behind the sheeting except the
imaged portions 46, which means that a relatively dark composite image will be apparent

30 at 108c.

It is also possible that the imaged material 42 would reflect or partially absorb

incident light, and a dark laminate (not shown) placed adjacent to the imaged portions 46



in a manner determ ned by the donor material 42 in the individual inmges 46
struck by the light rays. By definition, the inmages fornmed by the donor

mat eri al W0 20pa8022di f f erent than the non-i maged porti oR€TAfS200006470¢ er i al

| ayer 14 where no donor material 42 is,present, and thus an i mage can be
perceived, and the second conposite |n%ge can be 15identified by the user
using a magnifier 84. For exa ortions (e.g. a specific

wavel engtouldawerb dre ligheta prgvide Hgycop aﬁef@@eeearqw PHYIdohetmpRsiter i al 42
back to h te i mge
that appainete S RAGHORE it S RUEBL AR LR Do R SRGE % FOIRAR' 2, ' Tobc,

| n short ,brigpecdrhpsyitp dhbgoinTonipatistt teitlsd ehrirleesf tho RR@Hag Iwithslamﬁiafdl@ibcan be
20refl ected fromthe i maged portions 46 or reflected fraoma | am nate
subst r at sheyeh “éecfawelaéepmaff relatoeely patin)V asiaes epslipwians of thesapessibdiioey

i mged pocraﬁlb%@géltg%y\@ésﬁjgdneans that a portion of a conposite inmage wll be

apparent a wever, the donor material 42 may not reflect |ight back

toward the obs@yriaet invuletl sheatingd caal dlso Wy viewedrby transpiiitéd Ggtnf dsyshakaai b |1 ght
reflected froma |am nate surface and subsequently transmtted through t he
donor 25rHEWE28| Fapexapiile whepgh %5%9@6@@@%&908@@@@90&%@6%15@@& 8f 1ight

rays at Qﬁ%rlaltlﬁg%lr%!%f@&én‘gﬁwé’ﬁt aftfllaG Qs 58&%0%?0&@%#%1\/\%&%1%91 Gompasi te i mage

t hat appears to f e sheeting, a portion o appears at 108c.
| n short ,nonirgdfed paytidae apstrdrisparkiyt d’reffahﬂuteﬁﬁi tur bightyhearsniidsive, e ebdina ¢ightr
?hl y reflected froma | ami nate behind the sheetin ﬁg except the |mged

i ons W, bev@ﬁleew%ah%)rbq%rr Getadty the dgngyapateri Agodid dirscipddy 0§ 1 I be
appar ent rﬁ&?&lex?s%ﬁlrou%h écF?y g H@r fg;'w%?d H@%‘é&aﬁ’ &in Lﬁ‘@éc t adog%rgg?ﬁ %%@Rxhﬂ' 42

woul d reflect or part bsorb i nci dent nate (not
shown) plecpdarad] aictlﬁaﬁocﬁl@oﬁrhﬁwhmgladﬂlpﬁrtﬁllmam@ﬁe api@ar darker and colored

2010/ 048022PCT/ US2009/ 060796 _ - 35- woul d absorb the light to provide the
contrast‘emﬁﬁgp‘?@ﬁﬂﬁ?@ﬂwﬁboﬁﬁﬁ§@ﬁ@n& conposite i mage. The conposite i nage

under those Cig E@&@ﬁlu‘é‘@é’nb deid ﬁ@él%}ﬁérﬁﬁle'f %hl%ém&{’elni’o@tﬁb ?x’ﬂ:ttho(éi%mﬁé ite

i mage in conparrson to the remain e sheeting wt nate (not
shown) , wieseht ivventdndppieamingetivet doweoyitelmmdges dan mu@lem@ﬂlhnenagl bnthisof t hese

possibilities.5can be selected as desire ai n ed shoot i ngs
can al so PPBAMANER 1t # AR PERFOSS HRY W qﬂage SPRIHAD Pfﬁt‘e d@ﬁ?feﬁ Bairatpy

exanpl e, hefti% {h'%‘%ﬁé%ng% ?drﬁﬂﬁdf%ﬁd&ah‘?aﬂﬁﬂg)o?&?leg& | sge%\%e Al hdigriqrat eri al

| ayer 14 are transl ucent absorb portions v spectrum and
t he noni r’mmdsq@oratadom;h each df mphspltyerithomidrolamsk teemite alfirst doingplobiye

transm ssi ve, en S rre | i ht 1 be sel ectj vel. bsor ed or reflected
by the ddABES: e s tch semoige %‘@I@aﬂw aifee wiidlaee lﬁ/wpaw&ﬁet he

maghi fi erjpfy MS%% HRdf068 |50199é B folf 8Ge cofiCoIIRRS int e HITR ULV plovRRd @ppar ent

at the foca poi n where it will, in this exanple, Tappear darker and
col ored cbapanedua amagae Toedirstgpert obfhetpreceshsatlisigtedin dugues 228 Anthd | ust rat e

schemat Cs%' ln% p%?toot tl?e pr%rc@sg?sl 1r1r1%sttratgc1 intﬂgurrerSEESLS))-dC.Of the
The first part of the process illustrated in Figure 29A is principally like the process
described in PCT Patent Application Publication, WO 2007/047259, “Methods of Forming
25 Sheeting with a Composite Image that Floats and Sheeting with a Composite Image that
Floats,” (Endle et al.), the entirety of which is hereby incorporated by reference.
Specifically, Figures 4a-b, 5a-b, and 6 of WO 2007/047259 broadly describe the process
for transferring donor substrate material to the sheeting to form individual, partially
complete images on the material layer associated with each of a plurality of the
30 microlenses to create a first composite image.
The second part of the process involves removing selected portions of the

individual, partially complete images using the radiation source to form a second



15present invention for formng two conposite inmages on a mcrol ens
sheeting. In this enbodinent, there is a two-part process, first where a
porti on ovothw/d@ener substrate is transferred to the sh@ETiUusQVMWO6G706 M

i ndividual, partially conplete imges %1 the material |ayer associated with
each of a pI urality of the mcrolenses’to create a first conposite imge,
and thereafter renoving selected portions of the individual, partially

conpl ete czmmﬁzg%nalggi Rtguge PR ibsireias spuesapiasy ravriimensebihg sepbosi t e | mage
t hat l d th
pr gcels: ?rs&lgflllraﬁ gﬂf% 1&1@%%1%6(1 g&gne apﬁgf}ozfé%&h@ flﬂ(ﬁ?h%%%{ ﬁlea r ocgss IS

i1l 'ustrate@ehpilde Eh@é:l@ a8 vﬁﬂﬁxs@of a radiatiohn®@ufdel Figup@L9C @lfloxild’lt(he pEQE@F $he
illustrated in Figure 29A is principally like the process described in PCT
Pat ent AFHD léla%tr%ffd ipJbgyre 2PBo hlowspen otier puthepgs of reaviiggrc §entEgplet

255heet | r&gc g&l@&%&%gatdﬁegn@ge that Floats and Sheeting with a Conposite
I

| mage t hat t al.), the entirety of which is hereby

i ncor por at ed s illeftertehimeFighRreoB! beathyodimegofese thathbd itdudes usind a6 of WO
2007/ 047259 broadly describe the process for transferring donor substrate
mat eri al rﬁ@at%S%Jﬁ@e?% nghetradipBemsquieh M barsedga pblate selected merteans of tigges on

L he ot e h Ry Bndtennch Aled, nlungaehofke Rrflalfekioflor i e o] enses

to create a first conposite Ina Seco e process involves
removi ng iskeh€ot @d wporctangthsmaf bd h@dla@dadratdmaslourcp@atwlai thy noxotgal fitke | mages
using the radiation source tqQ forma secon

2th>/ 04802 SPRTINYEBIH00F VDT %thesf@n%@ﬁﬁsaél. %béoqbﬁr&g dn ops grbedinghy, radigfion: at es
one exenp|.3[y¥ 8%8% Rvidh tfeﬂﬁat?&l%v r&é@%&'én%ﬁ &k‘ﬁ&&é@%o%ﬁ&ﬂl%ﬁ of the

donor materia ngt e ndividug parti y conplete 1nmages 46 with
use of a anddilahuemmeﬁmamqyreféngdu,ramd&‘ﬂ@e$>mfmbltyhbetwesmmo odnotrivecrs arepl .5
illustrated in Figure 29B. ver, other. nethods of fm)V| ng are

cont enpl ar{vé‘(abm@%racﬁxa@pﬁépﬁgoﬁe slePoree radinlin sparces uscfuf R this IyeRtk ed i n
Figure 2 i f n source
02 The Ha P R e A LS I A R BT The

tr énsf er rdaged bnas, anmttbeir &bqukﬁay déubted: meploy, asdlqna:c&uplledweﬂiomg of ali affthese of

the desired in sity a vel engt h use radi ation so rce 92
with the 1?@{%65 Sftatite ‘{%@B‘X\g@é’ﬁ re| %RP@W%@E% PPN dasaegst @eawp erial
absor bs i fsefi th@ﬂﬁ;n%Hﬁl%QA ﬁ@fﬁhe d?@gés%ét%;v&'l%w ﬁe%ﬁ 6aRARIA agiasgtr cﬂ&ie‘é‘

radi ati on having a wavel ength bet ween 2/0 nan rreters and m crorreters
are pref daseed nomQalswnmhed polet gataldsgrs, netalveapor 2550rsn gasd et € RS lamps indbhigh

m croneters. Ies ?f hl% geak power radiation sources useful for this
i nvent i orPWf?&FI}falé BYSPUESCEWi t ched microchip |asers, the family of

Q syv tched Neqgly mllﬁ%ful radiation sources, the energy from the radiation source 92 is directed
toward the microlens sheeting material 10 and focused at or near to the top surface 6 of the
sheeting 10. For energy sources in the ultraviolet, visible, and infrared portions of the
electromagnetic spectrum, the light is controlled by appropriate optical elements, known
to those skilled in the art. In one embodiment, a requirement of the arrangement of the

25 optical elements, commonly referred to as an optical train, is that the optical train direct
light toward the sheeting material and focused at or near to the surface of the sheeting.
The composite images of the present invention are preferably obtained by using radiation
spreading devices with numerical apertures (defined as the sine of the half angle of the
maximum diverging rays) of greater than or equal to 0.15, although smaller numerical

30 aperture illumination may be used. In alternative embodiments, the optical train may
additionally contain elements to prevent radiation in an angular portion or portions of the

cone of radiation. The resulting composite image(s) are only viewable over angles



15 doped | asers, and their frequency doubled, tripled, and quadrupl ed
versions of any of these lasers, and Titani um doped-sapphire (abbreviated
Ti : sapphiwe)oioxesr2ge. O her exanpl es of useful radiati onPSOASC@9/05078¢ ude
devi ces that give | ow peak power such | aser di odes, ion |asers, non

Q switched solid state | asers, netal v'gZ'or | asers, gas lasers, arc |anps

and hi gh power incandescent |ight sources. 20For all useful radiation

sour ces, OHEspEgyo theamblasked argudarissetions of e mpdified gonce deléiriconar d t he
m cr ol ens ' i.al f t to t .surface 6
of the orvebtiesy M TR0 bEalad e B AR Ao BlopP B foside iy SBRiE " L0
i nfrared deoiréd. oRerBitivichg a@hBRIKGTAGIRLIIG nBp e tusedbetivBen the gidiatich warder ol | ed
by appropriate optical elenments, known to those skilled in the art. In one

embodi nerfind the migelepethspingo 0 oo amyspirpcisscoptr of shationairesteddent s,

co nly rred al L1 1 t .| in.direct
gne ¢ onrd e (bR B mdt Qb tfond Mgt AR G2 pphB e e o
t he sheetthatgs thEhesuttasplois intethddiagagingfthd dygiopalesedkt ddseritexdt)i on are preferably
obt ai ned by using radiation spreadi ng devices with numerical apertures

(defined as tHagwrRdCatustréesanicrelery sbeging Weaften therndipdon ergeny? hatys) of
greater t I . : i re

illum natrfg%ﬁv%aile?%@ soggo.lglor]g% @entroggtté%\?lgﬁe %Ig{hﬁe%né{gideﬂftggg ?glg fut rai n my
addi ti onahhtyriglddt dihe pdaioas tisat ivergireenoesd foratthatécond composi@rigiapasr70porti on or
portions of the cone of radiation. The resulting conposite_ inage(s) are
ontY vie mt@tMrpr%széégw-zblltbl/s@&%f@W@S@gégwm%albsmeen bt
correspondi.ng: . 0C anopl ar j t L fd e.

wul ti pl er}g%lrgr%g{sgo%%lla?nrr{é%glg %r#ggq%e cr e%agg@gc%ﬂt%g%ae?%%de&gnrﬁggﬁgrﬂl%gbt%lmg ns of

t he nodi faxeshpoypembédichesi sfadmoing elicnddnoy elaygriahisrraaklatenbt poltloustisiag 6d) nmay
be used be(&éﬁvxeen the radiation source and the m.crolens sheeting.10 to

provi de daHBHN puEes JBy RRInErbIS BNt HUiCHIONS AT diSPIRRE 8y MYt YARATTZHE A10.
(Figure 30,gdgscribed in nore detail belowis a magnified view of a sheeting
that is the result of this nethod including the optional mask descri bed.)
Fi gure 29C i | st advhetagaoithe ablagnspwhesstdesugibtd abdweas thehabilitpth edndoot thour ce

92 has repoved se] ected portions. of e donor .naterial. 42a Qn the first
si de 6 off[l}gtnm %%}_E? DIGFCSiEY BFTF APTIpES 0&3@%&%@&%%@%}%5@ ﬁ@ﬁh?ﬁé’&‘gf orm the
second CopRQRd {Loh Sf th9 s WakfalofbrsdfRbEN M ST eBRved Rokdths case,

Afk «}5
t he absence of dono materPaI ébet ween the two remal ning donor materials 42a
forns a mhgetngyet diffefentlstateoms.oblisatopse dict ftexibratyeand Goevaxawplbicygattmdodi nent

of renoving.the donor .materiagl is to aplatg the portions . using,the.

radi ati on® Lo %ﬁe B 1 e Tpgatiog. %ﬁ?re%@rrﬁ%@aga}e ) 3%5%%%% ting,
vaperi zi ng, QEatRbRIY sedfd@niAOLRLRs o adohfer ARLALA Ve process descri bed
above is the ability to conduct the first part of the process, where
portions of ddiwh firsitaed s@lond cemposatesmegesddrmal hhthe pharess dagerilaaddetahee second
part of th materi.al arc renoved fromthe

.process.. where portions of dano
Sheet i ng, CEIEHIT FRY GHHE SERMSHATIDY S desiPEebt @ fesePBonits nassa
conveni engangf biEfhedtddat &aMibddiBiaahem BDeRt UNUR MdoNeR! AGRLLAMplc AR
thereafter, finishing the sem-finished sheeting 20by creating desired
second cqrplosiblethe vegpad campasitstib elignodowith tha first composite image, the second
25 composite images may be either positive contrast or second contrast second composite
images, the second composite image may be an angularly variable array of images or
appear to scroll relative to the sheeting, etc.
Figure 30 is a magnified view of a microlens sheeting 10 imaged by the process
schematically illustrated by Figures 29A-C, including the optional mask described above.
30 The microlens sheeting 10 illustrates multiple second composite images 70a, 70b in the

form of the word “Innovation.” In this embodiment, the second composite images are

negative contrast second composite images.



Both first and second conposite inmages forned by the process descri bed
relative to Figures 29A-C have the sane attributes descri bed above as the
conposi t ewpraessfer med by the process described rel ati PeTus2060960766 4 A-B
and 5A-B. For exanple, how preferably %ge second conposite is aligned with
the first conposite inmage, the second conposite images may be either
positive contrast or second contrast second conposite inmges, the second
conposi te i madaguray | Bhustistes sguaeailisd viaw oA BInEcigtang yhesting g @es dmggpear to

scroll r t| ed vi ew
of a m cﬁlgﬁ ts Sl{;]lgté\%erﬁraﬁ%gﬁ%éﬁggg% Ocifet Ege aPlgg{éésJﬁlroge er’ni’Sb eacolgﬁgln&{ ust rated
by Fi gur epedfliénfaterianchigdbigrlédiel tewaumaé rarai&&i@ndeﬁmé ltd)&dloazb@m@na:ﬁh thae

m crol ens sheeting 10 illustrates nmultiple second conposite images 70a, 70b
. n the fohAStER (PFRRHERTS BRgR5 B 1oBFES? heteby hesniagEsgPwerRids Yhundsedsnd

osit ges are negative contrast second conposite inmages. WO
201 /048 / US2009/ 060796 - 38- Figure 31 illustrates a nmagnified

view of a m crivirénsths hletibmprocal thedsndrahiredal ubbdrs elegyahibatthy Bis@rmdess
descri bed above. The abl ative process rra%élbe control |l ed or specific

mat er i al Sopgd B thedracatsy Yo Heuliationeotihigpalse srvesy thare(eeperalbydosethant er i al
in the S%%hée) h(ﬁ%&ggrﬁqagfsh&%ﬁsé 1&%}9@4@9&%@9@@;&@%@? (50X tﬁé’fsd% seous

voi ds 90 un process, onor

mat eri al dobsombgriehaidgyribteding hﬁtdrﬁsarpopu\lrlﬁﬂl tho ¢assechcbyy ﬁsff@cdsechs) ar ray 94.
The duration of this pulse js very short (generally |ess than 100ns). The
ext® enel Pespye ﬁuqfahleééed} er@tdﬁn%rrmﬁfawalhp@lﬁmﬁmagg apy Kica\y velatlsdnategal port i ons

of donor JEB&@%é ﬁ!d/&%nsa{dhde%g(g}gidﬁgﬁd{?fo i §vd{8%P“P§!¥Hb?J" dohfi tﬂ@ﬁcﬁ%rg@per gy is

focused to econe super mat er i pol ymer any
| ocal |y vﬁilagasbmsnmde%aslveVyapmrltaﬂleamt/fOCalmehﬁ amhthec@ﬁ@rdmntaamdcbhmnﬁ ormng a

void or "bubble'” 90 in the p yner . S gas oid 90 is very near to
the | ens Y arefistivg Ngsy VERe %ﬁﬁé‘éé 0 6ﬂ1€alPWé % hasr?éz\}@teafa%w%&q ve i ndex

very cl 0%1}&er§r&rac®@ OV @?ﬁé‘ar 1R ﬁtcéﬂgﬁmﬁ%f 't}%tlt%%s;aﬁgsn ﬁcglér Qﬁ%potilé/ mer

(refractive 1 ndex -1. near ocal I nt tically
al igns t Henshbitle n pantdatliir reﬂqoav& indrfage r ®fHeaotidwiag ithet ieraped ens Wiretiny wét ng t he

i maged | ens, sheeting W th visible traveling the sane pat.h as the
| aser (i .Vé@lblﬁﬂwgrsﬁweyngmﬁwﬁ&paﬂb@%@g@?r@e RFEPTGY D W@P%@PP@%B} uging a
reflecti ‘%@trﬁsﬁ ﬁ%‘r@@ecﬁﬁ?%éﬁ'ﬁ%ﬁfﬁg féﬁgﬁg'fsvcﬁ)gelrv?& AUAMR tb ﬁletﬁb%k%%ﬁllﬁgr ound,

enhanci ng the contrast of the croprinted teature, as 11l trated in

Fi gur e 3Znhiremanthd yestrast obthh ericidypastei rficdtive, atohmtralmitlarﬁlglrs 3that change

(r:rglt g?l \QTeP Olh ren t eggag%séog%%?eggbﬁwl gnlt eg(riotl{o% lflna?erlrla t%at C agéehgolor \Xhe%ehelé{ts %d in this

20 absorb in particular wavelengths may be used in this material forming a second composite
image different in color from the first composite image. Composite images made in
accordance with the principles of the present invention may appear to be either two-
dimensional, meaning that they have a length and width, and appear either below, or in the
plane of, or above the sheeting, or three-dimensional, meaning that they have a length,

25 width, and height. Three-dimensional composite images may appear below or above the
sheeting only, or in any combination of below, in the plane of, and above the sheeting, as
desired. The term “in the plane of the sheeting” refers only generally to the plane of the
sheeting when the sheeting is laid flat. That is, sheeting that isn’t flat can also have
composite images that appear to be at least in part “in the plane of the sheeting” as that

30 phrase is used herein.

Three-dimensional composite images do not appear at a single focal point, but

rather as a composite of images having a continuum of, or discrete focal points, with the



image different in color fromthe first conposite inage. Conposite inmages
made i n accordance with the principles of the present invention may appear
to be ei twerotvm@s@2nensi onal, neani ng that they have a Pemgishooaco7é dt h,
and appear either below, or in the plqgg_of, or above the sheeting, or

t hree-di nensi onal , neaning that they have a | ength, 25w dth, and hei ght.
Thr ee-di nensi onal conposite i nages nay appear bel ow or above the sheeting
only, or fpepl@eiptcigpsing donpencofidged thashqeting prrorghepuah die shapfinztharointioa
sheet i ng, ' - e I - - i g rs only
generalIfhggﬂgﬁ%héﬁg%%ﬁgﬁe%ﬁgﬁgﬁ%@?&ﬁ%y%ﬁgggP%%ys g@%?ﬁg&hggﬁg%ﬁﬁngt. That
i's, sheetthegdidtidh sbedac teldthatto ClaotBéS@athaBarcCipNposidig muRkgpesditoaht appear to
be at least in part "in the plane of the sheeting" as that 30phrase is used

herei n. lenses) spis dx tramsieriiBe donar nexberyd éflipecnt thegeatCdy lapy appylmye fcala singl e

focal point I I i i of , or
i sor et o Thys Mol IR oy BRATG T B BB TRl M2 8o BrBRBH BN | oo
poi nts r awgiphe ihageeoreatidlyd@neoibtsofiash esdividgaltdot rTHihintgg vah heveshspatialng t o
a point on the other side. This is preferably achieved by sequentially

movi ng ei ¥XHEE It HY fiecethrserapesitheoqrdigptss rdHSda theenlprg %ftt?{ww%ng- he ot her
(rat her than i di i.p I t : ??9§ r the
donor nateriaﬁ¥§§§%%2%¥9?%gﬂﬁéfg%ﬁggkﬁégg é?hﬁgﬁﬁﬁéﬁgﬁ?g%gﬁggég nté@to
produce ithagesokbswnshtdigsutidrateliappiarsTellds typl off yigge i8 4abrithed ies tdshiong

spatially conplex jmge essentially consists of many individual dots. This
i mge carﬁnﬁ@g@usatoélb%nﬁ?aé}ngéﬂa%?XQWP){%‘W%fhet?}ﬁiélttoﬁrOéQYa@g}gtaé‘sqpéﬁuecwlﬂpnat es

relative bRt hARANSE LAY block thd PRI ARK PR Fnel f ect. a

conposite 1 mage can e Into a regio crol ensed

sheet i ng mherlensed ndigmppddes vichhing sichipa imhgt, Mgendgs chabe madt edmobve mtd ashi on
10anal ogous to the floating i e exanples with the ag ition of placing an
opaque netgwqgwnf Wi ther m@ﬁ@%&@?&%ﬁ% TORICRT Piaglumipgfe gy tﬂi‘eachl%acbmégk t he

i magi ng “ﬁ%ﬁhw%@ﬁaﬁ%ﬁ <@fad e therpkensged material . Wen view ng such an
i mage, the i nmage can be e to noveinto the region where the imging

i ght was eit Hemnothduiyped obeffedt,i andongtosde yagelven bontadeto chanle cdlbead mage seens
to "disappear” in that region. 15ln.another type of effect, a conposite

i mge panVI%%ln&&a@%_ca'@ﬁgﬁgeiQ%ry o} g '%P@lcawgﬂ%osl%ogeﬁ&ﬁ@w.ysmi %ype of
I'mage 1's Hl@é?k'iﬁg:a@}{ uldt pgﬂgm%ff HIREHE § WY Hon §dffé_rfo1aﬁlelﬁr9%h&g B apgul ar
portion of the imaging radiation cone for the first donor. The sane virtual
i mage i s viteal imegd walgmd-cvinpedawgk o secbnd alooor with h deéfaerftfceloemtt, Wotlon@ant |

bl ocking only the.portjon of the evi ously unbl ocked cone. 20l mages forned
by the prte p8ﬁ“§ﬂ#§£?WW¥WPﬂ8ﬁmE ﬁk%ﬁgﬁﬁbe constructed that have a

resgricted vi .o RRALELY IH REQSE oMBIAfyeridf chiBYS bWest Huell Y Bawieen 1 f
viewed froma particular direction, or mnor angular variations of that

di r ect i orrestricted viewing angle. In other words, the image would only be seen if viewed from a
particular direction, or minor angular variations of that direction.
This invention will be further explained by the following Examples. The
Examples used optical train apparatuses for creating the composite images of this
25 invention which were essentially similar to the optical train apparatuses described in
reference to Figures 14 and 16 of U.S. Patent No. 6,288,842 (Florczak et al.). The entire
disclosure of U.S. Patent No. 6,288,842 (Florczak et al.)is hereby incorporated by

reference.



This invention will be further explained by the foll ow ng Exanpl es. The
Exanpl es used optical train apparatuses for creating the conposite inmages
of this 28D0rnvB@2 whi ch were essentially simlar to tRETABSRIGALITVE ai N
apparatuses described in reference to bgures 14 and 16 of U.S. Patent No.
6, 288,842 (Florczak et al.). The enti ré di scl osure of U S. Patent No.

6, 288,842 (Florczak et al.)is hereby incorporated by reference. WO

2010/ 048022PCT/ US2009/ 060796 -40- EXAMPLES Exanple 1. 5A 5.1x7.6cm donor
sheeting consisting of a polyester base filmcoated with a 1g/n2 ink | ayer
contai ning 10% by wei ght Epolighti m 1178 infrared dye, available from
Epolin, M., Newark, N.J., and 90% byExeiMgPLESed pignent in a binder,
product nunber | 3R14 | 2D avai l abl e from Penn Col or Inc., Doyl estovvn PA,
was pl acdexamplg lvacuum chuck with ink side up. An appr oxi rrately 7.6 x10.2cm

m cg ol ens Shee}( 3&%{?@&5&&1‘69%&%% c&%%‘i’lﬂg‘o%@&lg%ﬁ%ﬁ%; h}{%i&x S/ a

t erepht hal at e ase materi a replicated

ur et hane ladnyinktigydplcamamamnes bg phettit Eabliglens e$78/\m£ratb|dai§ze;h\0ﬂalﬁlelﬁroﬁf t he
donor sheeting with I ens side u The | ens focal point was approxinmately at

t he back-Enodia. Be.. Neavarle AsJ. sﬁ@e?qp/ﬂ@y Wi ght fedp gmgntya eherdier teduch BenPegs  and

tovi ce. (e Oy aumE ot bk dFr BeRPR i BhsE s Sangr teEhel Vbl
Pi nner Tmchué# Nltﬁ@l%ﬁaé)u@hAhgbp@xﬁmblbﬂaﬂmO Ferorin B MBI he tidhisdanis@dict &t aft ic

Control, Hatfiel was op erat 18kV, approximately 5.1-7.6cm from
t h& sur f é@énﬁfomg@ 1»@1%@&@% 1@%? (REd\bass rraferaal gpd éBﬁ‘FlBT?inr%%f%fftV

30. 5mm sgg Mte%l%&ﬁ%e}(&?ylﬁt‘é aﬁl%ecoﬁlgf;b%h@n&merﬁgf%ﬁsg b8P loh o gﬂle ddgst . a

negative ¢ ntrast mask cont ai ni ng c mTcr ot ext  surrounde y opaque

si | ver hahedmg(witlelens sideupr @hs loab fadabpoicewad approximntcBOathid babk-sdde dfhibe cl ear
pol yester filmconstituted the mcraotext) on a 50 mcron clear polyester
filmwas [prsabeefing T {ARPdsEVesn t’ﬂ%%hele%%seaélgéfﬁ%‘étmﬁ ck ﬂ‘?éfﬁline}’%f ext, an

?Lr ?Keor el%t{'lg} goarlgdnd LBV 3HERR stati Bhndly @e@&rec(ﬁfoﬁ@lt@ﬂa\fge}gas[gr ¢Mso-N, Ay wi dth

15 4010610 power supply with a Pinner' ™ , P/N 4005520 Charging Applicator from SIMCO
Industrial Static Control, Hatfield, PA) was operated at 18kV, approximately 5.1-7.6cm
from the surface of the lens sheeting with a sweep rate of approximately 30.5mm/second
across the surface to hold the sheets in position. Next, a negative contrast mask containing
clear microtext surrounded by opaque silver halide (i.c., the areas of absence of silver

20 halide on the clear polyester film constituted the microtext) on a 50 micron clear polyester
film was placed over the lens of the lenses sheeting. The microtext, an array of the word
“Innovation”, had an approximately 30 micron line width in the letters.

A floating virtual image with positive contrast microtext was then formed in the

lens sheeting. The imaging laser was an IB Laser (~7ns pulse width, 1000Hz) operated at

25 0.6W (0.6mJ/pulse). A circle with a diameter of 8mm was traced out with the laser focal
point approximately 6mm above the surface. A second circle with a 4mm diameter was
traced out with the laser focal point 6mm below the lens sheeting. In each case, the laser
focal point was moved at approximately 25mm/s. This process formed a floating virtual
image consisting of red concentric floating circles, the 8mm diameter circle appeared to be

30 located at 6mm above the surface and the 4mm diameter circle appeared to be located at

6mm below the surface. The lines of the floating virtual images were comprised of



A floating virtual image with positive contrast microtext was then forned
in the |l ens sheeting. The imaging | aser was an | B Laser (-7ns pul se w dth,
1000Hz) operatoadseez 25 0. 6W (0. 6ml/ puI se) A circle wtkrCa/useem®sEps of 8mm
was traced out with the | aser focal t approxi mately 6mm above the
surface. A second circle with a 4mm drza1 ter was traced out with the |aser
focal point 6mm below the | ens sheeting. In each case, the | aser focal

poi nt  wasPoKise qorrashppreserivebichyto smairiad aye: appsetsdde de poihaeing of fhsat i ng
virtual ijm ellconsr sting of red concentric floating circles, the 8mm

di anet er CI rcge appeared to be 30l ocated at 6nm above the surface and the
4mm di amet er  CTHeGampappeadhectitgowheplhagiavetla athitd baekpedon dnt &iskudfthemgh The
lines of the floating virtual 1 nmges were conprised of WO

2010/ 048022PamrEIsDe0 Iy BeTTdevasyisible apd apraaied red sereindeddr cloperalyipi- ch t o

t hes ai de I ﬁ_e The
sarrpl e | g‘)r@&gﬁleg?lg%%e%%gg Q?Iaceggct)lzl/%ﬁagl ! leleb%%%b%gﬁﬁ& 'r&g%mng X t hr ough
a 15x magsiafiveto thMlems Shexibg\was pudisobbfthand] appeattegpeadd stummmyrﬁbmlvley cl ear
pol ymer. 5Wien nmoving one's eye relative to the magnifier while the

magni fi erto thekeptinggof PIS@éHOI?Sé}"V&EhO@éh? Pibspge |cerresp§ﬁ@eg thie cingles pasgadiabn of
the red p o] f.ar areas
observedrBo(rflﬂstp e suzast&(r%gIJ ggactgltre%%gpgﬁ %ng%k&% a{:er(ara%:a§gr%|ﬂ§§éfﬁ£3tlgboth +6rrm
and - 6mmitenathe banghivas Tilted, themidretckt mppsiaw gld ttesli@cser of the ng feff theateas 1 . e.
when the sanple was ti the mcrotext noved wth the direction of the
ti e for 19%6%%@&36%&@%@%@61@@ o theyatuelenage mmbtghp (i ornealte/dirscian i nage

6 I
bosi 1) ve P irbiaS: SRRAAK il BEFMAD AR TLE BLEEb ARG AR bl
posi tive labotiegats, pesitred ghicgetive livdg!tlofétel frugtiug virtial imaprgide nibetaxit on dteext on

the | eadi ng edﬁ& of  the vr(gwed ar ea beg‘%rre visible at the sane rate as

mi cr ot ext e%rhn& eiaf 19 Yipyeeafga Peiassppeilleay the same rafg ay gugetrstios el | i ng
effect. lﬁq%%%lee“% d AnBsERLe S sneerkng sampl e was prepared

i denti cal to ] are e n, except toﬁg the positive contrast mask

cohj ai ned opaque m crot ext surrounded by clear polyner. This process forned

a floatin]gavrlgte%al i mge consisting of two red concentric
X

A microlens sheeting sample was prepared identical to that in Example 1, except
that the positive contrast mask contained opaque microtext surrounded by clear polymer.
This process formed a floating virtual image consisting of two red concentric
20 floating circles, an 8mm diameter circle that appeared to be located at 6mm above the
surface and a 4mm diameter circle that appeared to be located 6mm below the surface.
The sample was placed over a white background and viewed through a 15% magnifier.
The lines of the floating virtual images were comprised of negative contrast microtext
which appeared to be in the plane of the sheeting. Microtext appeared clear and was
25 surrounded by red. When moving one’s eye relative to the magnifier while the magnifier
remaining fixed relative to the lens sheeting, the position of the clear microtext appeared
stationary relative to the sheeting for arcas observed on the substrate corresponding to the
circles imaged at both +6mm and -6mm float height. For imaged areas associated with
the -6mm circle, the microtext appeared to move with the direction of the tilted sample
30 and the microtext corresponding to the +6mm circle appeared to move opposite the

direction of the tilted sample. This created a scrolling effect, such that the microtext



20 floating circles, an 8nmmdianeter circle that appeared to be | ocated at
6nm above the surface and a 4mm di aneter circle that appeared to be | ocated
6mm bel owOheldsace. The sanpl e was pl aced over a whi PeThmetgnourne and

vi ewed through a 15x magnifier. The Ii_gf_s of the floating virtual inmages
were conprised of negative contrast m crotext which appeared to be in the

pl ane of the sheeting. Mcrotext appeared clear and was 25 surrounded by

red. Whermonsdiaygr bssuacey end micgetexicon the {asdingeegas beamoinsible winlke misgmierti er

remai ni ng,f.i rel at | e lens sheeting, the position of the clear
m cr ot ext%nat%%()grglrhg egé%%ﬁlﬁ%éﬁg?%ﬂr el ative to the sheeting for areas observed

on the substrate corresponding to the circles inmaged at both +6mm and -6mm
fl oat height. For inaged areas associated with the -6mmcircle, the
mi cr ot extEXAmRI&Bed to nove with the direction of the tilted sanple 30and

t he; m cr ot ext L | + ir I pposite
t he5 direction %? E‘t ﬁ%ﬂf?ﬁogghésegn Pgl}sls?]hqgso(fg éé’%%tgpgﬁgﬁrglcﬁ%ﬁg%@f%ct , such
t hat the appoixihensly 1M RO HBRARPGTAIBR 0AbECIGRAG28E 2avaitabie troavRinnt he
surface, and mcrotext on_the | eadi ng edge becane visible while mcrotext

on the t rale; g Boylesemdapperpealaceh@hpryEugm guck withgekideHBr Afheet i ng
i sti : i ' ' ly 1g/n®
Cayer o "Epifa B HERAURER IR S AR PRI RIS Y <31 or

I nc., Doylobgitiomme tBphivaktenPETS GaemateidlGud A0 ehiviok didrhdicd ieklicitele up. An
approxi mately 20. 3x25.4cm m crol ens sheeting const ructgg of 50 mcron thick

polYet hy|1@ﬁéayrtee40é>dﬁ&ewé4n§r@nwmheﬁa§ée%% WAt BipcedRn tep offherdonoyshepditer
replicat eg : n i - I p : ced on
op of t RosnsF L I T Rk PP B ERa: R R Bl BE PP

appr oxi meshedtingatAit treppedchaivden e shdeeings ardvaenemshedt wagrendived utibppead

bet ween t he shootings and. vacuum chuck wa enoved utilizing a hand roller.
Then, a dtead f“g? i FTE?Ihg‘S&Pé\?iPé@“(‘%%‘FG @%E@ﬁﬁg@@w@@tﬁw, 409008 10
power su i - P (2 i j MR

| ndustri 31% I“)lég t%@l’ glltggﬁ%elr, m&%ﬁg% gg?{g\%ggg er gdtrg?hg?l\t{g?\%%

apps oxi nefitetioyCantiol /H&€inddE PANwak epsatetl ac E810f, aphexireatslyshbe&tocmgfromttie a sweep

rate of approximtely 30.5cnm.second across the surf to hold the sheets
in posit iSYHace of t ¢ font ghostipe w@mwpwﬁPﬁawprpﬁa@éelmgé-(g@fﬁféﬁcqn&raﬁw&s M the

| ens sheel;if&: o Hok IR RSflonWas an 1B Laser (-7ns pul se width, 1000Hz)
operated at 0.23W (0.23mJ/ pul se). A 20fl oating sinusoidal wave was traced

out with the |lAadbrkflostig pdaualtimappmex ihvatfetnyedamthe lens sheeting. The imaging
laser was an IB Laser (~7ns pulse width, 1000Hz) operated at 0.23W (0.23mJ/pulse). A
20 floating sinusoidal wave was traced out with the laser focal point approximately 6mm
above the surface. A text graphic floating virtual image “OK” was traced out, between
sections of the sinusoidal wave segments, with the laser focal point 6mm below the lens
sheeting. For each floating virtual image, the laser was scanned at approximately 10mm/s.

The lens sheeting was then laminated to a polyvinyl chloride composite card using

25 a polyvinyl alcohol-based pressure sensitive adhesive (P1410, available from 3M, St. Paul,
MN).

The laminated card with floating virtual images was placed on a flat surface
underneath a scan lens at the laser focal point. A 20watt laser (Model # YLP-1/100/20,
from IPG Photonics, Oxford, MA) operated at 18% power, provided a 1064nm

30 wavelength beam with pulses at a 70kHz frequency and a pulse width of approximately
100ns. The word “microtext” was scanned over a portion of the sinusoidal wave with the

laser scanned at 2m/s.



above the surface. A text graphic floating virtual imge "OK'" was traced
out, between sections of the sinusoidal wave segnents, with the | aser focal
poi nt 6ntwbebww4size | ens sheeting. For each floating vi PCHAIS200906E9% t he

| aser was scanned at approximately | 1S The | ens sheeting was then

l'ami nated to a polyvinyl chloride conposite card using 25a pol yvinyl

al cohol - based pressure sensitive adhesive (P1410, available from3M St.

Paul , MN). acm@meawwm%e@mthe wcenaffgcied pneeaser, J@Hmmgrﬁgé@lcmgxtm aced

flat £ A 20wat t
O b SR IEL RSB 2rRCAR R B8 LRRR RS ARl Maceh, 200
18% powerThepréndiagctotext Obdiuppaiinautelyenginm lbagmithi it widtis@s aprorin/d iz

frequency and a pul se width of approximtely 100ns. The word "m crotext"
vvas scann]é)é? TBGEMS o Whentd réﬁoY)‘PW%‘éa%Ii’lﬁ%‘é‘dpe icahglignmpgnt petypsn thesesic a8danned at

gé e18 YelEe gfa%ﬂ %?9@91%011?@&&% W{[P' the suﬁloﬁﬁéﬁng Ibgm&%%“r? ,abl at ed

fhe are cted b aser ormn e m crotex 6 Hack
VI rtual |s|@gﬁcanﬂltzenhmrcdd"1m mre@v‘zceathﬁpe\waibﬂ@tbzlh&e,vmth a |l 5x magnifier. The
word "m crotext” was approximately 3.5mm long with |line w dths of
approxi mately 100 microns. Wien a retrovi ewer was placed in optical
aI i gnnent ’&%v#@ gn the eye and 5the magnifier, the contrast of the word
"m crote]% h*t he surroundi ng background was significantly enhanced,
i.e. the word fanpewoﬂdd(bfoirgﬂiﬁetim@bbﬁ,istingbﬁmb@eéter Bast 4ikchQonted ovithransheet i ng
consi sting of  a pol base filmcoated with an 10approxi mat el 1g/mz

| al®r of ApPEEkMptRl, lygbm Hlae& ofriizakd k. riedusd Benben 30 14B%18. Frdrklpéiem
I Do A
nc. yé(ﬁ?lt 91\3'-8 _Dggggt_o C mpﬁénfgﬁ%a Gh ¥ AEHUM Ghye éeﬂ'lﬁbggé"ﬁ Siyge up. An

appr OXI mat e eeting constructe cron thick
pol yet hyla@pmxﬁrﬁatebmormfl%t%n( RS $hebasecomtractedbl SohictOn thiclk polyethylomt er
replicated urethane acLyIate plangéconvex spherical. | enses was pl aced on

top of tHercapABte(REL) tetial jagp 40 smgron dmeterpipliqatadsuretyang aggylatst was
appr oxi ”%laq{oyccﬁfvei %eh@ﬁ%eﬁs@?%& Bﬁc&?&kt’oﬁ'o@%e fdnbor Eﬂe%ﬁi?ff@lth lens side up.
15 The lens focal point was approximately at the lens sheeting back-side. Air trapped
between the sheetings and vacuum chuck was removed utilizing a hand roller. Then, a
static pinning device (Chargemaster CM30-N, P/N: 4010610 power supply with a
Pinner'™ , P/N 4005520 Charging Applicator from SIMCO Industrial Static Control,
Hatfield, PA) was operated at 18kV, approximately 5.1-7.6cm from the surface with a
20 sweep rate of approximately 30.5cm/second across the surface to hold the sheets in
position.
A black floating virtual image was then formed in the lens sheeting. The imaging
laser was an IB Laser (~7ns pulse width, 1000Hz) operated at 0.23W (0.23mJ/pulse). A
floating continuous sinusoidal wave was traced out with the laser focal point
25 approximately 8mm below the surface. A text graphic floating image “OK” was traced
out, between sections of the sinusoidal wave segments, with the laser focal point 8mm
above the lens sheeting. For each floating image, the laser was scanned at approximately
10mm/s.
This lens sheeting was then laminated to a polyvinyl chloride composite card using
30 a polyvinyl alcohol-based pressure sensitive adhesive (P1410, available from 3M Co., St.
Paul, MN).



bet ween the sheetings and vacuum chuck was renoved utilizing a hand roller.
Then, a static pinning device (Chargemaster CVMBO-N, P/N. 4010610 power
supply wiwb2a10Ri48022r’' m, P/ N 4005520 Chargi ng Appl i cat @CTUuseen9S6Kz0

I ndustrial Static Control, Hatfield, PA) was operated at 18kV,
approximately 5.1-7.6cmfromthe surfacé with a 20sweep rate of

approxi mately 30. 5cnf second across the surface to hold the sheets in

posi ti on. Thedapinatad cardutth llgating vigap! imegerewtaRla¢adean & Batwatfagen t he | ens
sheet i ng. ' [ | B. La - . hul ' Hz)

oper at eq wECGeLTARRFsE e 185 BRatiBily Rk kpCIRARLLREME oo BRIEE)
traced ouwleatintibrotdxesurasi@ted BEapaquoisitiier h2aBPP( @ ithedredsyof@wanke bovilviche

surface. A text graphic floating image "OK" was traced out, between

sect i ons hetide pe the dhens pplyssteiakpe cansy st the nyprofex 4 A wicrepelgpr padysster 8nm
aboye th t i I t «§ganned at
appér/oxi &15%3551@%%3/35.@ che'f&{sese@fctﬂq_;]élngﬁfégﬁgg gﬂ@g?f er%lgtngvx[/af;so ﬁ?‘ﬁ%ﬁi angl§ l(r%a't ed to a
pol yvi nyl|Thehhtdteha welrpasiay ef tarviord STingvala pelty diling lwidthadhpprohasaey
pressure sensitive adhesive (P1410, available from3M Co., St. Paul, M.
WO 2010/ GA8DEsms TR tsJotd$.060796 - 44- The lanminated card with floating
virtual i mges I : hens at the

| aser focal pof?%?@aﬁaggf@%&dﬁég%ﬂ/lggﬁp%@qﬁﬂggﬁﬁa?ﬁﬁﬁgﬂﬁzar

m cr ot extopstatddoat 20&dpdyerppaddiel & i 064am Wwaddlagth beatn with palsag stas70ddHzabsence of
silver halide on the clear polyester filmconstituted the mcrotext) on a
5010 cr orfTueRsy 3diamateariddy of dppipamptelycling & serigneot| 20 Ess wap diad #tens

sheeti ng 5 Q&{Iﬁ' O G i crotext was an array of
t he word 2@%%2%&?%%%51&%%@& a |r§£%%tﬁﬁlagﬁ';'gp?%§?ﬁrfatel y 60 microns in the
letters. BlAckZfigaicht Wassahat¢dndbb atayhifedédliOh2 Qascf, fomihPeRhetaeitcs,
Oxford, MA) .operated at 20% power provided a 1064nm wavel ength be wth
pul ses atWiEhirdhaadkoriFtugdeaey “él%rdwardpdnwaaplatwawmaﬁgm %gf aAHEHNs. A

series OfWﬁ?rgl b %&2367%@5&@@0%&8%%69%% pla&1 HRPK A AEXROTD AR AR

appr oxi mat e
15 eye and the magnifier, the contrast of the word “Innovation” was significantly enhanced,

i.c. the word appeared bright white.



" Black pignment was ablated in the areas affected by the laser, forning
the mcrotext within the Hack virtual inmage. The word I nnovation" was
* visible with an 8x magnifier. Wen a focused |ight source or

retrovi ewer was placed in optical alignnent between the 15eye and the
magni fier, the contrast of the word "InnQvation” was significantly
enhanced, i.e. the word appeared bright white. -45- CLAIMS 1. A
sheeting conprising: an array of mcrolenses; a material |ayer

adj acent th r of mcrolenses; a first donor material in contact
with the ma | ayer, wherein the donor material forns at |east
two individual, partially conplete inmages on the nmaterial |ayer
associated with each of a plurality of the mcrolenses; a first
conposi te i frageA shectiog gerpbyngit | east one of the individual inages,

t hat appears to BQ% I e to float above or bel ow the sheeting,
or both; a secon cgﬁggggﬁgngﬁhge, provi ded by at | east one of the

i ndi vi dual i magematetilldbyeapiheess theanthef aidednsey.e to fl oat above, in,

or bel ow the sheeti ., or any. conbi nati on therepf, er ei he secon
conposi te i mage? HEt @%05 RGP iy onae Fil} OF n@&%@@ﬁr@%ﬁ@@e 5@201‘ W&enap
sheeting of cl ajofdat IMRERS) AdEIRAE B&ARL SQRROS ith Sk BREUR hitelidl dﬁ@r

onor

m crographics. 3. The sheeting of claim1, wherein the first
materi al conpr i $8esigedwith pachtof aphspley of te migwdanses; porti on of the

col orant i n thet Fr agnigsfie bR EATLPL)  EE Bt o) iRl ol C e
wher ei n t he i ndippeatsisd the pardddadyeyo oatpbeteoribkgetbe slireetibg or both;
a second composite image, provided by at least one of the individual images, that
appears to the aided eye to float above, in, or below the sheeting, or any
combination thereof,

wherein the second composite image is aligned with the first composite image.

2. The sheeting of claim 1, wherein the second composite image includes
micrographics.
3. The sheeting of claim 1, wherein the first donor material comprises a colorant,

wherein at least a portion of the first or second composite image exhibits a color similar

to the colorant in the first donor material.

4, The sheeting of claim 1, wherein the individual, partially complete images on the
material layer associated with each of a plurality of the microlenses form positive

contrast second composite images.

5. The sheeting of claim 1, wherein the individual, partially complete images on the
material layer associated with each of a plurality of the microlenses form negative

contrast second composite images.



material |ayer associated with each of a plurality of the mcrol enses
form positive contrast second conposite inmages. 5. The sheeting of
- claim 1, wherein the individual, partially conplete images on the
material | ayer associated with each of a plurality of the mcrol enses
form negative contrast second conposite jnages. -46- 6. The
sheeting of claim1l, wherein the first O second conposite inage
appears under reflected light or transmtted light to fl oat above the
sheeting. 7. The sheeting of claim1l, wherein the first or second
conposite i mage appears under refl ected Ilght or transmtted light to
fl oat bel owdt he §E@ebqehgg of 8lairhle velteean |t11rﬁg 1gt ot |sedomd komphsiteeinmgt ppears
first conposj r ald d to be at |east
in part in ?ﬁ%§ #g%%ﬁégkatﬁﬁﬁﬁ§?§h§%tEg_ Ove ‘%Eﬁgof cl ai m 8,
wherein the first conp05|te i mage |s a three dlnenS|onaI i mge. 10.

The sheeting of a|n1l eln t second conposite i nage appears
subst anti al ﬁy t o Th§ SRR 0) Clafmy heV BFei Ao st g Se}Pad ORI OSIte hagy gpears

sheeting of uﬁa@&gneétedwgﬁtr cﬁr'tﬁn&ﬂﬁteﬁ A 1§ttt0 GRRYc]JVRHLE rshe%lung onpri ses
radi ation sensitive materi al he sheeting of claim1l, wherein

t he second conposite i mge appears to nove
8. The sheeting of claim 1, wherein the first composite image also appears to the

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

9. The sheeting of claim 8, wherein the first composite image is a three-dimensional
image.
10.  The sheeting of claim 1, wherein the second composite image appears

substantially to float only in the plane of the sheeting.

11.  The sheeting of claim 1, wherein the first donor material comprises radiation

sensitive material.

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

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

13.  The sheeting of claim 1, wherein the second composite image is an angularly

variable array of images.

14.  The sheeting of claim 13, wherein the second composite image appears to scroll

relative to the sheeting.



"relative to the sheeting as the view ng position changes relative to

i

the sheeting. 13. The sheeting of claim1, wherein the second
conposite image is an angularly variable array of images. 14. The
sheeting of claim 13, wherein the second conposite inmage appears to
scroll relative to the sheeting. -47- 4175 A nmet hod of form ng two
conposite images on a mcrolens sheeting,” conprising the steps of:
provi ding a sheeting having an array of mcrol enses and a materi al

| ayer adjacent the array of mcrol enses; providing a mask adj acent
the array of mcrolenses of the sheeting; providing a first donor
substrate adp-acentmethed pifoeninaltwé agreposist iniges sheaticioens vhvetied, vomhssing
first donorthe pstrgte is radiation sensitive; providing a radiation
source; tranSferr| ng at least a portion of the first donor substrate
to the sheeti ngprosidig d deetingdiadink @n agOWsCAIcEd ehsthgnd s kietidl 15RF Bljadent
| east two i ndi VI dual, partially conplete images on the material |ayer
associ at ed wi t h&AER merddenseSl ity of the m crol enses, whereby the
sheeting exhi bi Isn%wamfglar;ﬁaskcaajseaﬁ&ﬁeearfam%mgreﬁyés%?%e%e%gl east one
of the individual inmages, that appearS to the unai ded eye to float
above or bel ow the sheeting, or any conbination thereof, wherein the
sheeti ng exhi bi previdingecionidiononpbstrite adjaregethe pravariat bgertnf tﬁshbaiagt wherein
of thelnd|V|du rs to.the aided eye to fl oat
above, in, §Fgwn?ﬁ%o?ﬁ%séﬁeﬁﬁpa%&%oﬁﬁ?}“sggﬁb| nation thereof, wherein
t he second corrplﬁﬁvitiﬁlglarfa@embmoaldegned with the first conposi te i mage.
16. The nmethod of ¢laim 15, wherein the first donor substrate

conprises a col Gsferringadeagiropostion ok the S donpr sehstiptsrio gie shering upiag thsy

second conposi t g4iARYsuEE U] 'tﬁém?skCtQ et i E @Jo ih@vidag, ?quﬁgfébtmﬂi&e

the first donor substrate. . The nmethod of claim 16 furtHer

conpri si ng the istages @f the mmi hgeltdmmfalterdswﬂldmb rof g phsalitppthe microlenses,
whereby the sheeting exhibits a first composite image, provided by at least one of
the individual images, that appears to the unaided eye to float above or below the
sheeting, or any combination thereof, wherein the sheeting exhibits a second
composite image, provided by at least one of the individual images, that appears to

the aided eye to float above, in, or below the sheeting, or any combination thereof,

wherein the second composite image is aligned with the first composite image.

I6. The method of claim 15, wherein the first donor substrate comprises a colorant,
and wherein at least a portion of the first or second composite image exhibits a color

similar to the colorant in the first donor substrate.

17.  The method of claim 16 further comprising the step of:

removing the first donor substrate;

providing a second donor substrate adjacent the material layer of the sheeting,
wherein the second donor substrate is radiation sensitive; and

repeating the transferring step with the second donor substrate.



" providing a second donor substrate adjacent the material |ayer of the
sheeting, wherein the second donor substrate is radiation sensitive;
and repeating the transferring step with the second donor substrate.
-48- 18. The method of claim 17, wherein the second donor substrate
conprises a colorant different fromthe colorant of the first donor
substrate. 19. The method of claim 15, “%herein the first conposite

i mge al so appears to be at least in part in the plane of the
sheeting. 20. The nethod of claim19, wherein the first conposite
image is a three-dinensional imge. 21. The nethod of claim 15,

wher ei n t he 18ecofibe potipd of tleim iigehapp dar scaublnantubstrdty céropridepatolorant
only in the ane .of the sheeti 2. The nmethod of claim15,
wherein t hedﬁteﬁ{‘?gé’g’i té? §°IPWn$%frtpfgﬁbgt é?r’toﬁélpbsgﬁtgi tive contrast or
negati ve contrast second conposite imges. 23. The nmethod of claim
15, wherein _the second conposite inmage includes m_crographics. 24,
The nethod &f- c| ahgdnethod\ghslaind 5y whergiiclhn s GamBRsitedmagmgleo prpeass o be at

angul arly Vﬁ%&qgkgnﬁﬁmggmggOf@@gﬁ%ﬁn%ZS. The nethod of claim 24,
wherein the second conposite 1 mage appears to scroll relative to the

sheeting. 26. The sheeting of claim1l, wherein the second conposite

sheeting. 26. The sheeting of herei n the second composi t
of orai m 1. “dner &b ehad b Bl 18 iR IR A oS ke i et Sgoncithe

sheeting of imi®i m 27, wherein the second conposite image is vieweable
under magnification. 29. The sheeting of claim1, wherein the eye is
ai ded by a viewer having specific wavel engths of |ight.

21.  The method of claim 15, wherein the second composite image appears

substantially to float only in the plane of the sheeting.

22, The method of claim 15, wherein the mask assists in forming either positive

contrast or negative contrast second composite images.

23. The method of claim 15, wherein the second composite image includes

micrographics.

24.  The method of claim 15, wherein the second composite image is an angularly

variable array of images.

25.  The method of claim 24, wherein the second composite image appears to scroll

relative to the sheeting,

26.  The sheeting of claim 1, wherein the second composite image is aligned within

the first composite image.

27.  The sheeting of claim 1, wherein the eye is aided by magnification.



30. The sheeting of claim?29, wherein the second conposite inmage is
vi ewabl e using the specific wavelength of light. 31. The sheeting of
claim1, wherein portions of the first donor material are in contact
with the first side of the material layer. 32. The method of claim
15, wherein the eye is aided by nagnifigﬁ%ion. 33. The nethod of
claim 32, wherein the second conposite image i s vieweabl e under
magni fication. 34. The nethod of claim15, wherein the eye is aided
by a viewer having specific wavel engths of light. 35. The method of
claim 34, wherein the second conposite inmage is viewable using the
speci fi c wavdel enghhshseting qfielaim 23gwharnia thesdsors] esfmuoisié imaes is viweablqunder
the transferr.i p transfers portions of the first donor nateri al
to the firs%ﬁ%ﬁgga%%'the material | ayer

29.  The sheeting of claim 1, wherein the eye is aided by a viewer having specific
wavelengths of light.
30.  The sheeting of claim 29, wherein the second composite image is viewable using

the specific wavelength of light.

31.  The sheeting of claim 1, wherein portions of the first donor material are in contact

with the first side of the material layer.

32, The method of claim 15, wherein the eye is aided by magnification.

33.  The method of claim 32, wherein the second composite image is vieweable under

magnification.

34.  The method of claim 15, wherein the eye is aided by a viewer having specific

wavelengths of light.

35.  The method of claim 34, wherein the second composite image is viewable using

the specific wavelength of light.

36.  The method of claim 15, wherein the transferring step transfers portions of the

first donor material to the first side of the material layer.





