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METHODS OF FORMING SHEETING WITH 
A COMPOSITE IMAGE THAT FLOATS AND 
SHEETING WITH A COMPOSITE IMAGE 

THAT FLOATS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
11/248,950, ?led Oct. 11, 2005, noW allowed, the disclosure 
of Which is incorporated by reference in its entirety herein. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods of forming 
images on sheeting that provide one or more 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 vieWing angle. The 
present invention also relates to sheeting that provides one or 
more 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 
vieWing angle. 

BACKGROUND OF THE INVENTION 

[0003] Sheeting materials having a graphic image or other 
mark have been Widely used, particularly as labels for authen 
ticating an article or document. For example, sheetings such 
as those described in US. Pat. Nos. 3,154,872; 3,801,183; 
4,082,426; and 4,099,838 have been used as validation stick 
ers for vehicle license plates, and as security ?lms for driver’s 
licenses, government documents, tape cassettes, playing 
cards, beverage containers, and the like. Other uses include 
graphics applications for identi?cation purposes such as on 
police, ?re or other emergency vehicles, in advertising and 
promotional displays and as distinctive labels to provide 
brand enhancement. 
[0004] Another form of imaged sheeting is disclosed in 
US. Pat. No. 4,200,875 (Galanos). Galanos discloses the use 
of a particularly “high-gain retrore?ective sheeting of the 
exposed-lens type,” in Which images are formed by laser 
irradiation of the sheeting through a mask or pattern. That 
sheeting comprises a plurality of transparent glass micro 
spheres partially embedded in a binder layer and partially 
exposed above the binder layer, With a metal re?ective layer 
coated on the embedded surface of each of the plurality of 
microspheres. The binder layer contains carbon black, Which 
is said to minimize any stray light that impinges on the sheet 
ing While it is being imaged. The energy of the laser beam is 
further concentrated by the focusing effect of the microlenses 
embedded in the binder layer. 
[0005] The images formed in the retrore?ective sheeting of 
Galanos can be vieWed if, and only if, the sheeting is vieWed 
from the same angle at Which the laser irradiation Was 
directed at the sheeting. That means, in different terms, that 
the image is only vieWable over a very limited observation 
angle. For that and other reasons, there has been a desire to 
improve certain properties of such a sheeting. 
[0006] As early as 1908, Gabriel Lippman invented a 
method for producing a true three-dimensional image of a 
scene in lenticular media having one or more photosensitive 
layers. That process, knoWn as integral photography, is also 
described in De Montebello, “Processing and Display of 
Three-Dimensional Data II” in Proceedings of SPIE, San 
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Diego, 1984. In Lippman’s method, a photographic plate is 
exposed through an array of lenses (or “lenslets”), so that each 
lenslet of the array transmits a miniature image of the scene 
being reproduced, as seen from the perspective of the point of 
the sheet occupied by that lenslet, to the photosensitive layers 
on a photographic plate. After the photographic plate has been 
developed, an observer looking at the composite image on the 
plate through the lenslet array sees a three-dimensional rep 
resentation of the scene photographed. The image may be in 
black and White or in color, depending on the photosensitive 
materials used. 
[0007] Because the image formed by the lenslets during 
exposure of the plate has undergone only a single inversion of 
each miniature image, the three-dimensional representation 
produced is pseudoscopic. That is, the perceived depth of the 
image is inverted so that the object appears “inside out.” This 
is a major disadvantage, because to correct the image it is 
necessary to achieve a second optical inversion. These meth 
ods are complex, involving multiple exposures With a single 
camera, or multiple cameras, or multi-lens cameras, to record 
a plurality of vieWs of the same object, and require extremely 
accurate registration of multiple images to provide a single 
three-dimensional image. Further, any method that relies on a 
conventional camera requires the presence of a real object 
before the camera. This further renders that method ill 
adapted for producing three-dimensional images of a virtual 
object (meaning an object that exists in effect, but not in fact). 
A further disadvantage of integral photography is that the 
composite image must be illuminated from the vieWing side 
to form a real image that may be vieWed. 
[0008] Another form of imaged sheeting is disclosed in 
US. Pat. No. 6,288,842 (FlorcZak et al.). FlorcZak et al. 
discloses microlens sheeting With composite images, in 
Which the composite image ?oats above or beloW the sheet 
ing, or both. The composite image may be tWo-dimensional 
or three-dimensional. Methods for providing such sheeting, 
including by the application of radiation to a radiation sensi 
tive material layer adjacent the microlenses, are also dis 
closed. This patent discloses that images are created as a 
result of a compositional change, a removal or ablation of the 
material, a phase change, or a polymerization of the coating 
disposed adjacent to one side of the microlens layer or layers. 
[0009] US. Pat. No. 5,712,731, “Security Device for Secu 
rity Documents Such as Bank Notes and Credit Cards,” 
(DrinkWater et al.) discloses a security device that includes an 
array of microimages Which, When vieWed through a corre 
sponding array of substantially spherical microlenses, gener 
ates a magni?ed image. In some cases, the array of micro 
lenses is bonded to the array of microimages. 
[0010] PCT Patent Application Publication, WO 
03/061983 A1, “Micro-Optics For Article Identi?cation”dis 
closes methods and compositions for identi?cation and coun 
terfeit deterrence using non-holographic micro-optics and 
microstructures having a surface relief greater than a feW 
microns. 

SUMMARY OF THE INVENTION 

[0011] One aspect of the present invention provides a 
method of forming a composite image on a microlens sheet 
ing. In this particular embodiment, the method comprises the 
steps of: providing a sheeting having an array of microlenses 
and a material layer adjacent the array of microlenses; pro 
viding a ?rst donor substrate adjacent the material layer of the 
sheeting, Where the ?rst donor substrate is radiation sensitive; 
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providing a radiation source; and transferring at least a por 
tion of the ?rst donor substrate to the sheeting using the 
radiation source to form individual, partially complete 
images on the material layer associated With each of a plural 
ity of the microlenses, Whereby the sheeting exhibits a com 
posite image, provided by the individual images, that appears 
to the unaided eye to ?oat above or beloW the sheeting, or 
both. 
[0012] In one embodiment of the above method, the ?rst 
donor substrate comprises a colorant. In one aspect of this 
embodiment, at least a portion of the composite image exhib 
its a color similar to the colorant in the ?rst donor substrate. In 
another embodiment of the above method, the method further 
includes the step of: positioning the sheeting and the ?rst 
donor substrate in close proximity to each other prior to the 
transferring step. In one aspect of this embodiment, the 
method further comprises the steps of: providing a vacuum 
source; and using the vacuum source during the positioning 
step to position the sheeting and the ?rst donor substrate in 
close proximity to each other, prior to the transferring step. 
[0013] In another embodiment of the above method, the 
method further comprises the step of: providing a gap 
betWeen the sheeting and the ?rst donor substrate prior to the 
transferring step. In one aspect of this embodiment, the gap is 
provided by microstructures. In another embodiment of the 
above method, the individual images are formed by multiple 
patterned exposures of the radiation source, With the sheeting 
and the ?rst donor ?lm being at different positions relative to 
the radiation source during each exposure. In another 
embodiment of the above method, the method is repeated to 
provide more than one composite image on the sheeting. In 
yet another embodiment of the above method, the composite 
image is a tWo-dimensional image. In another embodiment of 
the above method, the composite image is a three-dimen 
sional image. 
[0014] In another embodiment of the above method, the 
material layer and microlenses are made from the same mate 
rial. In another embodiment of the above method, the material 
layer comprises a polyester and the microlenses comprise an 
acrylate. In another embodiment of the above method, the 
radiation source provides radiation With a Wavelength of 
betWeen 200 nm and 11 um. 

[0015] In yet another embodiment of the above method, the 
method further comprises the steps of: removing the ?rst 
donor layer; providing a second donor layer adjacent the 
material layer of the sheeting, Where the second donor sub 
strate is radiation sensitive; and repeating the transferring step 
With the second donor layer. In one aspect of this embodi 
ment, the second donor layer comprises a colorant different 
from the colorant of the ?rst donor layer. In another aspect of 
this embodiment, at least a portion of the composite image 
exhibits colors similar to the colorants in the ?rst donor sub 
strate and the second donor substrate. In another aspect of this 
embodiment, at least a portion of the composite image exhib 
its a color similar to a mixture of the colorants in the ?rst 
donor substrate and the second donor substrate. In yet another 
aspect of this embodiment, at least a portion of the composite 
image exhibits a multicolored composite image. 
[001 6] In yet another embodiment of the above method, the 
method provides sheeting made by the method. In one aspect 
of this embodiment, the sheeting further comprises an adhe 
sive layer for applying the sheeting to a substrate. In one 
aspect of this embodiment, the sheeting is adhered to a sub 
strate. In another aspect of this embodiment, the substrate is a 
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document, a sign, an identi?cation card, a container, currency, 
a display, a credit card, or the sheeting is used for advertising, 
decoration, authentication, or identi?cation purposes. In yet 
another embodiment of the above method, the composite 
image also appears to the unaided eye to be at least in part in 
the plane of the sheeting. 
[0017] Another aspect of the present invention provides a 
sheeting. In this particular embodiment, the sheeting com 
prises: an array of microlenses; a material layer adjacent the 
array of microlenses; a ?rst donor material in contact With the 
material layer, Where the donor material forms individual, 
partially complete images on the material layer associated 
With each of a plurality of the microlenses, Whereby the 
sheeting exhibits a composite image, provided by the indi 
vidual images, that appears to the unaided eye to ?oat above 
or beloW the sheeting, or both. 

[0018] In one embodiment of the above sheeting, the com 
posite image appears under re?ected light to ?oat above the 
sheeting. In another embodiment of the above sheeting, the 
composite image appears in transmitted light to ?oat above 
the sheeting. In another embodiment of the above sheeting, 
the composite image appears under re?ected light to ?oat 
beloW the sheeting. In another embodiment of the above 
sheeting, the composite image appears in transmitted light to 
?oat beloW the sheeting. In yet another embodiment of the 
above sheeting, at least part of the composite image ?uo 
resces and/or phosphoresces and appears to the unaided eye to 
?oat above or beloW the sheeting or both. In another embodi 
ment of the above sheeting, the composite image also appears 
to the unaided eye to be at least in part in the plane of the 
sheeting. 
[0019] In another embodiment of the above sheeting, the 
?rst donor material comprises a colorant. In one aspect of this 
embodiment, at least a portion of the composite image exhib 
its a color similar to the colorant in the donor material. In 
another embodiment of the above sheeting, the donor mate 
rial comprises radiation sensitive material. In yet another 
embodiment of the above sheeting, the donor material com 
prises a metallic radiation sensitive material. In another 
embodiment of the above sheeting, the donor material com 
prises a nonmetallic radiation sensitive material. In another 
embodiment of the above sheeting, the sheeting is an exposed 
lens sheeting. In another embodiment of the above sheeting, 
the sheeting is an embedded lens sheeting. 
[0020] In yet another embodiment of the above sheeting, 
the composite image is perceptible across a vieWing angle of 
less than one hundred ?fty (150) degrees. In another embodi 
ment of the above sheeting, the composite image appears to 
move relative to the sheeting as the vieWing position changes 
relative to the sheeting. In another embodiment of the above 
sheeting, the composite image disappears and reappears 
When the angle at Which the sheeting is vieWed changes. In 
another embodiment of the above sheeting, the color of the 
composite image changes relative to a vieWing angle of less 
than one hundred ?fty (150) degrees. In another embodiment 
of the above sheeting, the sheeting comprises more than one 
composite image. In another embodiment of the above sheet 
ing, the composite image is a tWo-dimensional image. In yet 
another embodiment of the above sheeting, the composite 
image is a three-dimensional image. 
[0021] In another embodiment of the above sheeting, the 
sheeting further comprises a second donor material adjacent 
the material layer, Where the second donor material forms 
individual, partially complete images on the sheeting associ 
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ated With each of a plurality of the microlenses. In one aspect 
of this embodiment, the second donor material comprises a 
colorant different from the colorant of the ?rst donor material. 
In another aspect of this embodiment, at least a portion of the 
composite image exhibits colors similar to the colorants in the 
?rst donor material and the second donor material. In another 
aspect of this embodiment, at least a portion of the composite 
image exhibits a color similar to a mixture of the colorants in 
the ?rst donor material and the second donor material. 
[0022] In another embodiment of the above sheeting, the 
?rst donor material comprises a colorant and provides a ?rst 
composite image, and Where the second donor material pro 
vides a second composite image that ?uoresces and/or phos 
phoresces. In another embodiment of the above sheeting, the 
sheeting further comprises an adhesive layer for applying the 
sheeting to a substrate. In one aspect of this embodiment, the 
sheeting is adhered to a substrate. In another aspect of this 
embodiment, the substrate is a document, a sign, an identi? 
cation card, a container, a display, a credit card, or Where the 
sheeting is used for advertising, decoration, authentication or 
identi?cation purposes. 
[0023] In another embodiment of the above sheeting, the 
composite image also appears to the unaided eye to be at least 
in part in the plane of the sheeting. In another embodiment of 
the above sheeting, Where the sheeting includes a WindoW 
Without the presence of microlenses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The invention Will be described herein With refer 
ence to the appended draWings, in Which: 
[0025] FIG. 1 is an enlarged cross sectional vieW of a 
microlens sheeting comprising a plano-convex base sheet; 
[0026] FIG. 2 is an enlarged cross sectional vieW of an 
“exposed lens” microlens sheeting; 
[0027] FIG. 3 is an enlarged cross sectional vieW of an 
“embedded lens” microlens sheeting; 
[0028] FIGS. 4a and 4b schematically illustrate one 
embodiment of the method in accordance With the present 
invention using a ?rst donor sheet; 
[0029] FIGS. 5a and 5b schematically illustrate another 
embodiment of the method illustrated in FIG. 4, except using 
a second donor sheet; 

[0030] FIG. 6 schematically illustrates an apparatus for use 
With another embodiment of the methods illustrated in FIGS. 
4 and 5; 
[0031] FIG. 7 is a plan vieW of a section of a microlens 
sheeting depicting sample images recorded in the material 
layer associated With individual microlenses made by the 
method of the present invention, and further shoWing that the 
recorded images range from complete replication to partial 
replication of the composite image; 
[0032] FIG. 8 is a photograph of a portion of microlens 
sheeting illustrating at least tWo composite images that 
appear to ?oat above or beloW the sheeting in accordance With 
the present invention; 
[0033] FIG. 9 is a photomicrograph of a portion of the 
backside of the microlens sheeting of FIG. 8 that has been 
imaged by one embodiment of the method in accordance With 
the present invention, illustrating individual, partially com 
plete images; Which vieWed together through the microlenses 
provide a composite image that appears to ?oat above or 
beloW the sheeting in accordance With the present invention; 
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[0034] FIG. 10 is a geometrical optical representation of the 
formation of a composite image that appears to ?oat above the 
microlens sheeting; 
[0035] FIG. 11 is a schematic representation of a sheeting 
having a composite image that appears to ?oat above the 
inventive sheeting When the sheeting is vieWed in re?ected 
light; 
[0036] FIG. 12 is a schematic representation of a sheeting 
having a composite image that appears to ?oat above the 
inventive sheeting When the sheeting is vieWed in transmitted 
light; 
[0037] FIG. 13 is a geometrical optical representation of the 
formation of a composite image that When vieWed Will appear 
to ?oat beloW the microlens sheeting; 
[0038] FIG. 14 is a schematic representation of a sheeting 
having a composite image that appears to ?oat beloW the 
inventive sheeting When the sheeting is vieWed in re?ected 
light; 
[0039] FIG. 15 is a schematic representation of a sheeting 
having a composite image that appears to ?oat beloW the 
inventive sheeting When the sheeting is vieWed in transmitted 
light; and 
[0040] FIG. 16 illustrates one embodiment of the sheeting 
of the present invention attached to a substrate. 

DETAILED DESCRIPTION OF THE INVENTION 

[0041] The microlens sheeting of the present invention and 
the method of imaging the same produces a composite image, 
provided by individual partially complete images and/or indi 
vidual complete images associated With a number of the 
microlenses, that appears to be suspended, or to ?oat above, in 
the plane of, and/or beloW the sheeting. These suspended 
images are referred to for convenience as ?oating images, and 
they can be located above or beloW the sheeting (either as tWo 
or three-dimensional images), or can be a three-dimensional 

image that appears above, in the plane of, and beloW the 
sheeting. The images can be in black and White or in color, 
and can appear to move With the observer. Unlike some holo 
graphic sheetings, imaged sheeting of the present invention 
cannot be used to create a replica of itself. Additionally, the 
?oating image(s) can be observed by a vieWer With the 
unaided eye. 
[0042] The sheeting, imaged by the methods of the present 
invention, has a composite image as described and may be 
used in a variety of applications such as securing tamperproof 
images in passports, ID badges, event passes, af?nity cards, 
product identi?cation formats, currency, and advertising pro 
motions for veri?cation and authenticity, brand enhancement 
images Which provide a ?oating or sinking or a ?oating and 
sinking image of the brand, identi?cation presentation 
images in graphics applications such as emblems for police, 
?re or other emergency vehicles; information presentation 
images in graphics applications such as kiosks, night signs 
and automotive dashboard displays; and novelty enhance 
ment through the use of composite images on products such 
as business cards, hang-tags, art, shoes and bottled products. 
[0043] The present invention further provides an inventive 
method of forming imaged sheeting containing the described 
composite images. In one embodiment, a single composite 
image is formed. Embodiments are also disclosed in Which 
tWo or more composite images are formed, as Well as com 
posite images that appear to be above, beloW, or in the plane 
of the sheeting. Other embodiments could consist of combi 
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nations of conventionally printed images and composite 
images formed by this invention. 
[0044] Us. Pat. No. 6,288,842 (FlorcZak et al.) discloses 
that ?oating images on microlens sheeting are created as a 
result of a compositional change, a removal or ablation of the 
material, a phase change, or a polymerization of the coating 
disposed adjacent to one side of the microlens layer or layers. 
In contrast, the present inventive method creates ?oating 
images on microlens sheeting by the addition of material on 
the microlens sheeting. 
[0045] Microlens sheeting in Which the images of this 
invention can be formed comprise one or more discrete layers 
of microlenses With a layer of material adjacent to one side of 
the microlens layer or layers. For example, FIG. 1 illustrates 
one embodiment of a suitable type of microlens sheeting 1011. 
This sheeting comprises a transparent base sheet 8 having ?rst 
and second broad faces, the second face 2 being substantially 
planer and the ?rst face 11 having an array of substantially 
spherical or aspherical microlenses 4. A layer of material 14 
is optionally provided on the second face 2 of the base sheet 
8. The layer of material 14 includes a ?rst side 6 for receiving 
donor material as described in more detail beloW. FIG. 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 approxi 
mately at the ?rst face 6. In this embodiment, the microlens 
sheeting is an “exposed lens” type of microlens sheeting 10b 
that includes a monolayer of transparent micro spheres 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 ?rst side 6 for receiving 
donor material as described in more detail beloW. The micro 
spheres 12 are transparent both to the Wavelengths of radia 
tion that may be used to image the donor substrate material 
(explained in more detail beloW), as Well as to the Wave 
lengths of light in Which the composite image Will be vieWed. 
This type of sheeting is described in greater detail in Us. Pat. 
No. 3,801,183, except Where the bead bond layer is very thin, 
for instance, to the extent Where the bead bond layer is only 
betWeen the beads, or occupying the interstitial spaces 
betWeen the beads. Alternatively, this type of sheeting can be 
made by using microspheres of an appropriate optical index 
for focusing radiation approximately on the ?rst side 6 of the 
layer of material 14 When the bead bond is of the thickness 
taught in Us. Pat. No. 3,801,183. Such microspheres include 
polymethyl methylacrylate beads, Which are commercially 
available from Esprix Technologies based in Sarasota, Fla. 
[0046] FIG. 3 illustrates another embodiment of a suitable 
type of microlens sheeting 100. In this embodiment, the 
microlens sheeting is an “embedded-lens” type of sheeting 
100 in Which the microsphere lenses 22 are embedded 
betWeen a transparent protective overcoat 24, Which is typi 
cally a polymeric material, and a material layer 14, Which is 
also typically a bead binder layer, such as a polymeric mate 
rial. The layer of material 14 includes a ?rst side 6 for receiv 
ing donor material as described in more detail beloW. This 
type of sheeting is described in greater detail in Us. Pat. No. 
3,801,183, except that the re?ective layer and adhesive Would 
be removed, and the spacing layer 14 is reformulated so as to 
be less conformal to the curvature of the microspheres. 
[0047] The microlenses of the sheeting 10 preferably have 
image forming refractive elements in order for image forma 
tion (described in more detail beloW) to occur; this is gener 
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ally provided by forming spherically or aspherically shaped 
features. Other useful materials that provide a gradient refrac 
tive 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 them 
selves can be of discrete form, such as round plano-convex 
lenslets, round double convex lenslets, Fresnel lenslets, dif 
fractive lenslets, rods, microspheres, beads, or cylindrical 
lenslets. Materials from Which the microlenses can be formed 
include glass, polymers, minerals, crystals, semiconductors 
and combinations of these and other materials. Non-discrete 
microlens elements may also be used. Thus, microlenses 
formed from a replication or embossing process (Where the 
surface of the sheeting is altered in shape to produce a repeti 
tive pro?le With imaging characteristics) can also be used. 
[0048] 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, 
although not required. The refractive poWer of the micro 
lenses, Whether the individual microlenses are discrete or 
replicated, and regardless of the material from Which the 
microlenses are made, is preferably such that the light inci 
dent upon the optical elements Will focus on or near the ?rst 
side 6 of the material layer 14. In certain embodiments, the 
microlenses preferably form a demagni?ed real image at the 
appropriate position on that layer. The construction of the 
microlens sheeting provides the necessary focusing condi 
tions so that energy incident upon the front surface of the 
microlens sheeting is approximately focused upon a separate 
donor layer that is preferably radiation sensitive, Which is 
described in more detail beloW. 

[0049] Microlenses With diameters ranging from 15 
micrometers to 275 micrometers are preferable, though other 
siZed microlenses may be used. Good composite image reso 
lution can be obtained by using microlenses having diameters 
in the smaller end of the aforementioned range for composite 
images that are to appear to be spaced apart from the micro 
lens layer by a relatively short distance, and by using larger 
microlenses for composite images that are to appear to be 
spaced apart from the microlens layer by larger distances. 
Other microlenses, such as plano-convex, spherical or 
aspherical microlenses having lenslet dimensions compa 
rable to those indicated for the microlenses, can be expected 
to produce similar optical results. Cylindrical lenses having 
lenslet dimensions comparable to those indicated for the 
microlenses can be expected to produce similar optical 
results, although different or alternative imaging optics train 
may be required. 
[0050] As noted above, a layer of material 14 in FIGS. 1, 2 
and 3 may be provided adjacent to the microlenses in the 
microlens sheeting 10. Suitable materials for the material 
layer 14 in the sheeting 10 include silicone, polyester, poly 
urethane, polycarbonate, polypropylene, or any other poly 
mer capable of being made into sheeting 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 the sheeting 10 may be made of silicone, polyester, 
polyurethane, polycarbonate, polypropylene, or any other 
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polymer capable of being made into sheeting, and may be 
formed by methods of mechanical embossing, replication or 
molding. 
[0051] As described in more detail in reference to FIGS. 4 
and 5 beloW, individual, partially complete images are formed 
on the material layer 14 associated With a plurality of micro 
lenses using a donor substrate material, Which, When vieWed 
by an observer in front of said microlenses under re?ected or 
transmitted light, provides a composite image that appears to 
be suspended, or ?oat, above, in the plane of, and/ or beloW the 
sheeting. Although other methods may be used, the preferred 
method for providing such images is to provide a radiation 
sensitive donor material, and to use radiation to transfer that 
donor material in a desired manner to provide the individual, 
partially complete images on the ?rst side of the layer of 
material. This transfer process could include meltstick, sub 
limation, additive ablation (material transfer to a substrate by 
ablating a donor), diffusion and/or other physical material 
transfer processes. 

[0052] Suitable radiation sensitive donor material sub 
strates useful for this invention 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 complete 
images (illustrated in FIGS. 7 and 9) are created as a result of 
an at least partial or complete removal of the radiation sensi 
tive donor substrate material or colorant material from the 
donor substrate and the sub sequent transfer of the donor 
substrate material or colorant material to the material layer of 
the microlens sheeting 10. 
[0053] In one embodiment, the donor substrate includes 
colorants providing color Within the visible spectrum, such as 
pigments, dyes, inks, or a combination of any or all of these to 
provide color composite ?oating images, such as those illus 
trated in FIG. 8. The pigments or dyes may be phosphorescent 
or ?uorescent. Alternatively, the colorants in the donor mate 
rials may also appear metallic. The color of the resulting 
?oating image is generally similar to the color of the colorant 
in the donor substrate, if the transferred donor substrate com 
ponents are thermally stable and only small chemical or com 
positional changes occur upon transfer. In addition, the color 
of the resulting composite ?oating image may be the same as 
the color of the colorant in the donor substrate. In yet another 
embodiment, the donor substrates may include macroscopic 
patterns of different colorants, such as stripes or Zones of 
different colors throughout the substrate or multicolored sub 
strates. In alternative embodiments, the donor substrate is not 
required to include colorants providing color in the visible 
spectrum, and instead, the resulting composite ?oating 
images Would appear colorless. Such donor substrates could 
contain colorless ?uorescing dyes or phosphorescent materi 
als, creating composite images visible only during or after 
exposure to speci?c Wavelengths, or in the case of phospho 
rescent 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 refrac 
tive 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 FIG. 11; hoW 
ever, it may appear to shine brighter than the re?ections off of 
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the nonimaged area of surface 6 When vieWed With light 
substantially perpendicular to surface 6. 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 
re?ective and/or absorbing layer underneath at least the colo 
rant to increase absorption of the radiation. FIG. 4a schemati 
cally 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 of 
the desired intensity and Wavelength may be used as radiation 
source 30 With the method of the present invention. In one 
embodiment, radiation devices capable of providing radiation 
having a Wavelength of betWeen 200 nanometers and 11 
micrometers are preferred, and more preferably, betWeen 270 
nanometers and 1.5 micrometers. Examples of high peak 
poWer radiation sources useful for this invention include pas 
sively Q-sWitched microchip lasers, and the family of 
Q-sWitched Neodymium doped lasers, and their frequency 
doubled, tripled, and quadrupled versions of any of these 
lasers, and Titanium doped-sapphire (abbreviated Ti:sap 
phire) lasers. Other examples of useful radiation sources 
include devices that give loW peak poWer such as laser diodes, 
ion lasers, non Q-sWitched solid state lasers, metal vapor 
lasers, gas lasers, arc lamps and high poWer incandescent 
light sources. 

[0054] For all useful radiation sources, the energy from the 
radiation source 30 is directed toWard the microlens sheeting 
material 10 and controlled to give a highly divergent beam of 
energy. 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 this 
arrangement of optical elements, commonly referred to as an 
optical train, is that the optical train direct light toWard the 
sheeting material With appropriate divergence or spread so as 
to produce a “cone” of radiation irradiating the microlenses at 
the desired angles, thus irradiating the donor material aligned 
to said microlenses. The composite images of the present 
invention are preferably obtained by using radiation spread 
ing devices With numerical apertures (de?ned as the sine of 
the half angle of the maximum diverging rays) of greater than 
or equal to 0.3, although smaller numerical aperture illumi 
nation may be used. Radiation spreading devices With larger 
numerical apertures produce composite images having a 
greater vieWing angle, and a greater range of apparent move 
ment of the image. 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 modi 
?ed cone. Multiple composite images may be created at sepa 
rate angular sections of the modi?ed cone if desired. Using 
the modi?ed cone and its inverse, one can produce a compos 
ite image that changes from one color to another as the sample 
is tilted. Alternatively, multiple composite images can be 
produced in the same area causing the individual images to 
appear and disappear as the sample is tilted. 
[0055] An exemplary imaging process according to the 
present invention includes the folloWing steps, as illustrated 
in FIGS. 4a and 4b. FIG. 4a illustrates the imaging process by 
the radiation source, and FIG. 4b illustrates the resulting 
sheeting 10 after the imaging process. First, a microlens 
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sheeting 10 is provided, such as the microlens sheeting 10a, 
10b, 10c illustrated in FIGS. 1-3. FIG. 4a illustrates the use of 
microlens sheeting 10a, however, microlens sheeting 10b or 
100 may be used in the process. Next, a ?rst donor substrate 
40a is provided, such as the donor substrates described above. 
Next, the microlens sheeting 10 is positioned adjacent or 
orientated next to the donor substrate 40a, such that the 
microlens sheeting 10 is betWeen the radiation source 30 and 
the donor substrate 40a. In one embodiment, the microlens 
sheeting 10 and donor substrate 40a are in close proximity to 
each other. In another embodiment, the microlens sheeting 1 0 
and donor substrate 4011 are in contact With one another or 
pressed against each other, for instance by gravity, mechani 
cal means, or pressure gradients produced by a vacuum 
source 36, as illustrated in FIG. 4a. In yet another embodi 
ment, micro structures 44 are betWeen the microlens sheeting 
10 and donor substrate 40a to provide a generally uniform gap 
or space betWeen the microlens sheeting 10 and the donor 
substrate 40a. The microstructures 44 may be independent 
microstructures that are positioned betWeen the microlens 
sheeting 10 and the donor substrate 40a. Examples of such 
independent microstructures 44 include polymethyl 
methacrylate spheres, polystyrene spheres, and silica 
spheres, all of Which are commercially available from Esprix 
Technologies based in Sarasota, Fla. Alternatively, the micro 
structures 44 may extend from either the donor substrate 40a 
toWards the microlens sheeting 10 or from the ?rst side 6 of 
the layer of material 14 in the sheeting 10. Examples of 
suitable donor substrates 40 including such microstructures 
44 include KodakTM Approval media and Matchprint Digital 
Halftone media, commercially available from Kodak Poly 
chrome Graphics located in NorWalk, Conn. Suitable micro 
lens sheeting including such microstructures 44 are readily 
made, such as by replication, by those skilled in the art. 
Regardless, there is preferably a generally uniform spacing 
distance or gap betWeen the microlens sheeting 10 and the 
donor substrate 4011 Which is determined and controlled by 
the siZe, spacing, arrangement and area coverage of micro 
structures 44. This generally uniform gap provides generally 
uniform registration betWeen the top surface 41 of the donor 
substrate 40a and the focal points of the microlens optics 34. 

[0056] Next, the method includes the step of transferring 
portions of donor material from the ?rst donor material sub 
strate 40a to the ?rst side 6 of the layer of material 14 of the 
sheeting 10 to form individual, partially complete images on 
the ?rst side 6 of material layer 14, as illustrated in FIG. 4b. In 
one embodiment of the inventive method illustrated in FIGS. 
4a and 4b, this transfer is obtained by directing collimated 
light from a radiation source 30 through a lens 32 toWard the 
microlens sheeting 10. The radiation source 30 is focused 
through the lens 32, through the microlens sheeting 10 and to 
the donor substrate 40a. The focal point 34 of the microlens 4 
is approximately at the interface betWeen the donor substrate 
40a and the ?rst side 6 of material layer 14 in the microlens 
sheeting 10 as illustrated in FIG. 4a. The donor material of 
substrate 40a absorbs incident radiation near the focal point 
34 of the microlenses 4 on sheeting 10a. The absorption of the 
radiation induces the donor material of donor substrate 40a to 
transfer to the ?rst side 6 of material layer 14 on sheeting 1011 
creating image pixels of donor material 4211 that comprise the 
partially complete images corresponding to microlenses 4 of 
sheeting 1011 as illustrated in FIG. 4b. In alternative embodi 
ments of this process Where the ?rst side 6 of material layer 14 
on sheeting 10a is in close proximity to the donor material 
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4011 or adhered to the donor material 40a, transfer mecha 
nisms such as radiation-induced diffusion and preferential 
adhesion (melt-stick process) producing image pixels of 
donor material 42a that comprise the partially complete 
images corresponding to microlenses 4 of sheeting 1011 are 
also possible. The transferred donor material 4211 may have 
experienced a change in its chemical or composition or com 
ponent concentrations. These individual, partially complete 
images made from the donor material 42a together provide 
the composite ?oating image, Which appears to the unaided 
eye to ?oat above or beloW the sheeting 10 or both, as 
described further beloW. 

[0057] Because each individual microlens 4 occupies a 
unique position relative to the optical axis, the radiation 
impinging on each microlens 4 Will have a unique angle of 
incidence relative to the radiation incident on each other 
microlens. Thus, the light Will be transmitted by each micro 
lens 4 to a unique position relative to its speci?c microlens 4 
on the donor substrate 40a close to focal point 34, and pro 
duces a unique image pixel of a partially complete image of 
donor materials 4211 on the ?rst side 6 of the layer of material 
14 corresponding to each microlens 4. More precisely, a 
single light pulse produces only a single imaged dot of donor 
material 42a behind each properly exposed microlens 4, so to 
provide a partially complete image adjacent each microlens 
on the ?rst side 6 of the material layer 14 of the sheeting 10. 
Multiple radiation pulses, or a quickly traversing, continu 
ously illuminating, radiation beam may be used to create the 
image. For each pulse, the focal point of lens 32 is located 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 32 
of the lens 32 relative to the microlenses 4 results in a corre 
sponding change in the angle of incidence upon each micro 
lens 4, and accordingly, in the position of the imaged pixel of 
the partially complete image of donor material 4211 created on 
the material layer 14 of the sheeting 10 With the donor mate 
rial 42 by that pulse. As a result, the radiation incident on the 
donor substrate 4011 near focal point 34 causes transfer of a 
selected pattern of the radiation sensitive donor material 42a. 
Because the position of each microlens 4 is unique relative to 
every optical axis, the partially complete image formed by the 
transferred radiation sensitive donor material 4211 for each 
microlens Will be different from the image associated With 
every other microlens, because each microlens “sees” the 
incoming radiation from a different position. Thus, a unique 
image is formed associated With each microlens With the 
donor material 42a from the donor substrate on the material 
layer 14. 
[0058] Another method for forming ?oating composite 
images uses a divergence creating target such as a lens array 
to produce the highly divergent light to image the micro 
lensed material. For example, the lens array could consist of 
multiple small lenses all With high numerical apertures 
arranged in a planar geometry. When the array is illuminated 
by a light source, the array Will produce multiple cones of 
highly divergent light, each individual cone being centered 
upon its corresponding lens in the array. The physical dimen 
sions of the array are chosen to accommodate the largest 
lateral siZe of a composite image. By virtue of the siZe of the 
array, the individual cones of energy formed by the 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 
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receive the incident light may occur by the use of a re?ective 
mask, diffractive pattern generator, or by individually illumi 
nating speci?c locations of the target With a loW numerical 
aperture radiation beam. This mask Will have transparent 
areas corresponding to sections of the composite image that 
are to be exposed and re?ective areas Where the image should 
not be exposed. Due to the lateral extent of the lens array, it 
may not be necessary to use multiple light pulses to trace out 
the image. 
[0059] By having the mask fully illuminated by the incident 
energy, the portions of the mask that alloW energy to pass 
through Will form many individual cones of highly divergent 
light outlining the ?oating image as if the image Was traced 
out by a single lens. As a result, only a single light pulse is 
needed to form the entire composite image in the microlens 
sheeting. Alternatively, in place of a re?ective mask, a beam 
positioning system, such as a galvanometric xy scanner, can 
be used to locally illuminate the lens array and trace the 
composite image on the array. Since the energy is spatially 
localiZed With this technique, only a feW lenslets in the array 
are illuminated at any given time. Those lenslets that are 
illuminated Will provide the cones of highly diverging light 
needed to expose the microlensed material to form the com 
posite image in the sheetings. 
[0060] After imaging, depending upon the desirable vieW 
able siZe of the composite image, a full or partially complete 
image Will be present on the ?rst side 6 of material layer 14 of 
the sheeting 10 behind each su?iciently exposed microlens 
formed from the donor material 4211. The extent to Which an 
image is formed behind each microlens 4 on the material layer 
14 depends on the energy incident upon that microlens. Por 
tions of an intended image may be distant enough from a 
region of microlenses that the radiation incident upon those 
microlenses has an energy density loWer than the level of 
radiation required to transfer corresponding donor material 
42. Moreover, for a spatially extended image, When imaging 
With a ?xed NA lens, not all portions of the sheeting Will be 
exposed to the incident radiation for all parts of the intended 
image. As a 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. 

[0061] In FIG. 4b, a ?rst donor substrate 40a is used to 
create individual partially complete images of donor material 
42a on the sheeting 10. After the sheeting 10 has been imaged 
using the ?rst donor substrate 40a, the ?rst donor substrate 
40a may be removed, and replaced With a second donor 
substrate 40b, as illustrated in FIG. 5a. The method described 
above and illustrated in FIGS. 4a and 4b is then repeated as 
illustrated in FIGS. 5a and 5b, respectively. The second donor 
substrate 40b is used to create images of donor material 42b 
on the sheeting 10. In one embodiment, the second donor 
substrate 40b includes a colorant that is different from the 
colorant in the ?rst donor substrate 40a. This alloWs a user to 
form a composite image that consists of tWo different colors. 
That is, the composite image is multicolored, or has portions 
that are one color and portions that are a different color. 
Alternatively, the ?rst and second donor substrates 40a, 40b, 
could be used to form tWo separate differently colored com 
posite ?oating images, for example, as illustrated in FIG. 8. 
Alternatively, the colorants from the ?rst and second donor 
substrates 40a, 40b may result in a composite image formed 
from the mixture of the tWo colorants. In another embodi 
ment, the colorants in the ?rst and second donor substrates 
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40a, 40b could include the same colorant. Any number of 
donor substrates 40 may be used to image the microlens 
sheeting 10 to form any number of ?oating composite images 
in a variety of different color combinations on a single sheet 
ing 10. 
[0062] FIG. 6 illustrates one embodiment of a roll-to-roll 
apparatus, Which is convenient for imaging the microlens 
sheeting 10 With a ?rst donor substrate 40a and then imaging 
the microlens sheeting 10 With a second donor substrate 40b. 
The apparatus includes a ?rst roll 50, a second roll 54, and an 
idle roll 52. Stationed above each roll 50, 54 is a radiation 
source 30 With an appropriate optical train, as described 
above. The ?rst donor material 4011 Wraps around the ?rst roll 
50, and the second donor material 40b Wraps around the 
second roll 54. As the microlens sheeting 10 moves through 
the apparatus, it ?rst is pressed against the ?rst donor sub 
strate 40a and roll 50, as it is imaged by the radiation source 
30 in the same manner as described above in reference to 
FIGS. 4a and 4b. Next, the sheeting 10 moves from the ?rst 
roll 50 and consequently, aWay from the ?rst donor material 
40a. Next, the microlens sheeting 10 continues moving 
around the idle roll 52 and is pressed against the second donor 
substrate 40b and roll 54, as it is imaged by the radiation 
source 30 in the same manner as described above in reference 
to FIGS. 5a and 5b. The microlens sheeting 10 is pulled from 
the second roll 54 and consequently, aWay from the second 
donor material 40b. The resulting microlens sheeting 10 Will 
have donor materials from both the ?rst and second donor 
substrates 40a, 40b imaged onto the ?rst side 6 of the layer of 
material 14 of the microlens sheeting 10. The apparatus may 
include any number of rolls and radiation sources for depos 
iting donor material from multiple donor substrates 40 onto 
the microlens sheeting 10 to form multiple composite ?oating 
images on the sheeting 10. 
[0063] FIG. 7 is a perspective vieW of a section of a micro 
lens sheeting 10 depicting sample individual, partially com 
plete images 46 formed by the radiation sensitive donor mate 
rial 42 on the material layer 14 adjacent to individual 
microsphere 4 as vieWed from the microlensed side of the 
microlensed sheeting, and further shoWing that the recorded 
images range from complete replication to partial replication. 
[0064] FIGS. 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 40 to create 
multiple composite images of different colors. FIG. 9 is a 
magni?ed optical pro?le of the ?rst side 6 of material layer 14 
on sheeting 10 shoWn in FIG. 8. The sheeting 10 includes a 
?rst composite image 6011 that ?oats beloW the sheeting that 
appears as a double circle in the color of black and a second 
composite image 60b of a “3M” outline, also in the same 
color of black located inside the double circle, that ?oats 
above the sheeting. The sheeting 10 also includes a third 
composite image 600 that ?oats beloW the sheeting that 
appears as a double circle in the color of purple and a fourth 
composite image 60d of a “3M” outline, also in the same 
color of purple located inside the double circle, that ?oats 
above the sheeting. The sheeting 10 Was imaged With a ?rst 
donor substrate having colorants of black. The sheeting 10 
Was then imaged With a second donor substrate having colo 
rants of purple. 
[0065] A portion of the section A that is indicated in FIG. 8 
corresponds to the bottom vieW of sheeting 10 (i.e., ?rst side 
6 of material layer 14) in FIG. 9. Speci?cally, FIG. 9 illus 
trates a magni?ed vieW of the individual, partially complete 












