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MICRO-OFPTIC SECURITY AND IMAGE PRESENTATION SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS .
This application claims benefit of and priority to US Provisional Patent

Application No. 6(/524,281 filed on November 21, 2003, US Provisional Patent -

S  Application No. 60/538,392, filed on Januery 22, 2004, and US Provisional Patent

10

Application No. 60/ filed on November 12, 2004, snd where permissible,
cach of which is incorporated by reference in their eatirety.
Flcid of the [yvention
The present invention relates to a synthotic magni fication micro-optic system -—
that in an exemplary embodiment is formed as a polymer film. The unusuai optical
cffects provided by the various embodiments of the disclosure can be used as a
security device for overt and covert suthentication of cucrency, documents, and
products as well as visual enhancoment of products, packaging, printed material, and
consumer gooda.

15 Backgromsd

Vuimsopdalmminkhlwbemempbyedmpuvﬂennhcmimﬁonof
curmency and documents, to identify and distinguish authentic products from
counterfeit products, and to provide visul enhancameut of manufactured articlos and

packaging. Examples inchade bologrephic displays, and othor imegr syssems

20  involving lenticular structures and arrays of spharical micro-lenses. Holographic

diqﬂay'hlvebewmcprcuhnfmmcwimaditmd:.dﬁvm‘ licenses, and
clothing tags.
Ancnmplcofahﬁimhrlmmhdoamnntmnﬂyisdiachmdinus.

Patent 4,892,336 to Kaule, ct al. directod to a secarity throad for embedding within 2
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document to provide anti-falsificetion measures. The security thread is transparent
having a printed pattern on one side, on the opposite side, a Lenticular lens structure
coordinsted with the printed pattern. The lenticulsr lens structure is deacribed as
mdamiwdmummamwma
honcycomb lensea.

US. Pxtent 5,712,731 m&h&m,daldiﬂmnmuitydcvim&d
includes a0 array of micro-images coupled with an smay of substantially sphevical
micro-icnsoe. The lenses may aleo be astigmatic lenses. The lenmes are each typically
30-250 ym and with a focal tength of typically 200um.

These approaches all muffer from similer drawbecks. They result in a
redstively thick structure that is not perticularly suitable for use with document
mthentication. Their use of cytmdrical or spherical lenses provides 2 namrow ficld of
view resulting in fuzzy images and requiring exact and difficult alignment of the focal
point of the lenses with the associated images. Additionally, they have not proven
particularty cffoctive as sccurity or anti-counterfeiting messures.

In view of those and other deficiencies, a noed exists in the ndustry for secure
lnd\nlnllylmqneopnsalmmhlhlm facilitate overt authentication of
currency, documents, manufactured articles, and products and for optical materialy
that provide visual enhancement of suanufactured articles, products, and packaging
Sumpary

The prescat disclosure relatos to a film material that utilizes a rogular two-
dimensiona] array of non-cytindrical lenses to enlarge micro-images, called icons
herein, and to form a syothetically magnified image through the united pexformance
of a multiphcity of individual lensficon image systams. The synthetically magnified

Y
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images sud the background surrounding them can be sither coloriess or colored, and
either or both the images and the background surrounding thom can be transparent,
transiucent, pigmented, fluorcscent, phosphorescent, display opticaily variable color,
mectaltized, or substantially retrorefioctive. The material displaying colored images on "
a transparent or tinted background is particularly well suited for use in combination
with undertying printed information. When a piece of such material is applied over
prnted information bath the pringed mformation and the images are soen at the samo
time in spatial or dynamic motion relatioaship to cach other.  Material of this kind
can ais0 bo overprinsed, i.e. have print applied to the oppamost (lens) surface of the E—
material.  Altcrmatively, the material displaying colored images (of any color,
hthﬂhgwhﬂnmdbht)mamhmﬂwm;uymmWOf
MWMM!&M&WM«MOMM

The magnitudo of the synthetic magnification achicved can be controlled by
the selection of a mumber of factors, including the degree of ‘skew’ betwoen the axes
of symmetry of the lens armay and tho axes of symmetry of the icon array. Regular
pexiodic armays possess axes of symmatry that define lines that the pattemn could be
reflected sround without changing the basic geometry of the pattern, that in the ideal
of mrays are infinite in extend. A square amay, for cxample, can be reflocted around
any disgonal of any square without changing the relative oricatation of the array: if
the sides of the squares are aligned with the x and y axes of tho plane, then the sides
of the squares will still be aligned with those axes after reflection, with the _
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Instead of mirroring the square armay the armay can be rotated through an angls
equal $o the sngic between the axes of symmctry of the same type. In the case of a
square array the array can be rotated through an angie of 90 degress, the angle
between diagonals, to amive at an mray orientation which is indistinguishable from
the original moray. Similarly, an armay of regular hexagons can be mirrored or rotated
about a mumber of axes of symmetry, including the “diagonals” of the hexagon (the
lincs conmecting opposite vertices) or “midpoint divisors™ (lines that conmect between
the center pomts of faces on oppasite sides of the hexagon). The angle botween the
axes of symmetry of cither type is sixty degrees (607) results i an armay orientation
that is indistmguishabic from the original oriontation

If a lens array and an icon array are initially sranged with their planar
dimensions defining their respective x-y plane, one of the axes of symmetry being
chombwmcxnhofthcﬁmm.meoarupmdhgtype.ofnisof
symmetry (for example, disgonal axis of symmetry) being chosen to represent the x
axis of the second array, with the two arrsys separated by a substantialty nmiform
distancc in the z axis direction, then the srrays are ssid o have zoro skew if the x axes
of the arrays appear 10 be parallel to each other when the mmays are viewed along the
¢ axis direction. In the casc of hexagonal armays, rotetion of one array throngh an
angle of 60 dogrocs, or multiples theroof, puts the srrays in alignment again, so there
is no skew, just as there is no skew for a rotation of 90 degroes, or nmltiples thereof,
in the casc of square srrays. Any angular misaligmment betwoen the x axes that is
different from these “zero skew rotations™ is called tho skew. A amall skow, such s
0.06 dogree, can create a large magnification, in axcess of 1,000x, and a large skew,
snchnmdegmapodlmamumagﬁ.ﬁmim,potuﬂly‘amﬂu Ix. Other

4

o &
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&mm-mmﬁwmorummmmwomcmuﬁm
both the magnification of the synihetic image as well as its rotation, orthoparallactic
movement, and apparent visual depth.

There are a number of distinct visual effects that can be provided by the
present material (subsequently referred to as “Unison™ for the material in general, or
by the nxmes “Unison Motion”, *“Unison Decp”, “Unison SuperDeep™, “Unison
Float™, “Unison SuperFloat”, “Unisoa Levitatc™, “Umson Morph™, and “Unison 3-D"
for Unisoo material presenting those respective offiects), and their varions
embodinents producing cach of these effects, generally described as follows: -—

Unison Motion prescats imagrs that show orthoparallactic movement (OPM)
— when the mateniat 13 tilted the images move in a direction of tilt that appears to be
perpendicular to the direction anticipated by normal paraliax, Unison Deep and
SuperDeep present imagee that appoar o rest oo a spatial place that is visually deeper
tham the thickness of the material UnimnFloatmdSnpaﬂoatpruanim-m
appesT to Test on a apatial planc that is a distance above the surface of the material;
snd Unison Lavitate presents imapes that oscillate from Unison Doep (or SuperDeep)
o Unison Float (or SuparFloat) as the nmterial is roteted through a given angle (e.g.
90 degrees), then returning to Unison Deep (or SuperDecp) again as the material is
further rotsted by the ssme amount. Unison Morph presonts synthetic maages that
change: form, shape, or size an the matexial is rotated or viewed from different
vwwpmn:;. Unison 3-D presents images that show large scale three-dimensional
mm-:limngnoflfnéc.

Multipic Unison cffects can be combined in one film, sach s a film that

incarporates multiple Unison Motion image planes that can be different in form,
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color, movemcnt direction, and magnification. Another film can combine a Unison
Deep image planc and a Unison Float image plane, while yet another film can be
designed lo combme Unison Decp, Unison Motion, and Unison Float layers, in the

samo color ox in diffcrent colors, thoac images having the saame or different graphical

S clemeots. The calor, graphical design, optical effect, magnification, and other visual

10

15

elements of multiple image planes xre largely independent; with few exceptions,
plancs of these visual clements can be combined m arbitrary ways.

For many currency, document and product security applications it is desirable
that the total thickness of tho film be less than 50 microas, (also refarred to herein as
“p”, or “um"™), for example less than about 45 microns, and as a further exampie in the
range of sbout 10 microns to sbout 40 microns. This can be accomplished, for
cxnnpk,ﬂnmnghthcuéuf&nnin;dmuﬂhavhgneﬁmﬁnbucdimdnof
Icss than 50 microns, s a further example fess than 30 microns, and as yet a further
cxsmpk, from about 10 microns to about 30 microna. As another example, &
mmm:mmqummwmm--ﬁm
cxsmpic having & focal length of about 10 to losa then sbout 30 microes, can be nsed.
In a particulsr examplc focasing elements having a base diameter of 35 microns and a
focal keagth of 30 microns can be bsed. An alternate, hybrid refractive/diffractive

embodiment, can be made as thin as 8 microns.

20 The films herein are highty counterfoit rosistant because of their comphex

muiﬁ-hyumandﬂnirlﬁﬂ:mrniodmﬂ:nmnmﬂnﬂlcm
reproduction by commonly svailsble manufacturing systems.
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of a polymer film having a thickness that when viewed by unsided eye(s) in reflective
or transmitted light projects onc or more images that-

i show orthopamallactic movement (Unison Motion);

ii  appear o lic on a spatial plans deoper than the thicknoes of the
polymer film (Unison Docp and Unison SuperDeep);

i  appearto bie on 2 spatial planc above a surface of the polymer
film (Unison Float and Unison SupecFloat);

iv.  oacillate between a spatial plane deeper than the thickness of
the polymer fitm and a spatial plane above a surface of the film as the fikm is
azimuthally rotated (Unison Levitate);

v. transform from one form, shape, size, color (or some
mbmndumm)im:mmmmmmwm(mm
combination of these propertics) (Unison Morph); and/or

vi.  sppear to have realistic thres dimensionality (Unison 3-D).

The prescnt disclosure moro particalarly provides a synthetic magnification
miao—cpﬁcsym:udmuﬂndnfnﬁingdnmomnpﬁaing:.

(2) onc ar mors optical spaocars;

(b) a micro image conmprised of & pexiodic planar amray of a plurality of iaage
icons having an axis of symmetry about at least one of its planar axes, and positioned
on or next to the optical spacer; and

(c) apexiodic planar aray of image icon focusing elemeants having sn xxis of
MM&Mmofmpthuhofmbdngmcm

pisnar axis a4 that of the micro image planar srwy, esch focusing clement being cithar

7

N\
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Thas, the present system provides a micro-optic system preferably in the form
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a palygonat base muhi-zonal focusing clement, & lens providing &n entarged field of
view over the width of the sssociated image icon 8o that the peripheral edges of the
associated image icon do not drop out of view, or an aspheric focusing clement
having an cffective dismeter of less than 50 nicrons.

Tho system can incinde one or more of the aforementioned effects. A method
is provided by which said effacts can be selectively mcluded within the system.

The present disclosure farther provides & security device suitable for at least
partial incorporation in or on, snd for use on or in association with, a security
documaent, label, tear tape, tatnper indicating device, soaling device, or other
Mwmmmmnhm“mmm
defined above. More particularly the present disclosure provides a document sccarity
device snd method of making the same comprising:

(s) ooe or more optical spacers;

(b) a micro image comprised of a periodic planar array of a plurality of image
icons baving an axis of symmetry about at least ane of its planar axes, and positioncd

on or next to the optical spacer; and

(c) lwbﬁcphmmydimbmmmmmmnhof

symmetry ahout st lexst one of its planar axes, the axis of symmetry being the same
phn:ruisaﬂutofﬁmuﬂunhmpphmrnny,udlﬁmﬁngdmbdngdﬂw
amwmmmmm-mmmw field of
vicw over the width of the associsted image icon so that the pexipherat edges of the
amociated image icon do not drop out of view, or an aspheric focesing element

baving an effective dizmeser of less than 50 microna.
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Additionally, the present disciosure provides a visuzl enhancement device
which comprises at least onc micro-optic system, a5 defined above and having the
sbove described effects, for visual enhancoment of clothing, skin producs,
documents, printed metter, manufactured goods, packaging, point of purchase
transaction cards, and a}l other goods.

Also provided is & security document or label having at loast onc security
device, as defined above, at least partially embedded therein and/or mounted thereon.

Other features and advantsges of the present disclosure will be apparent to one
of ardinary skill frem the following detailed description and accompanying drawings.

Other systoms, devices, methods, features, and advantage will be ar become
apparent to one with skill in the art upon examinstion of the following drawings and
detailed description. |t is intended that all such additional systems, mothods, features,
and advantages be included within this description, be within the scope of the present
disclosure, and be protected by the accompanying claims

Unless otherwise defined, alf techrical and scientific terms used herein have
the same meaning as commeonly understood by onc of ordinary skill in the art to
which this invention belongs. All publications, patent applications, patents and other
refirences mentianed hercin are incorporated by refrence in their entirety. In case of
oonflict, the present specification, inchuding definitions, will control, In addition, the
matarials, methods, and cxamples are ilinstrative onty and not intended to be limiting.
Brie{ Description of the Figures;

Myryupectaofﬂwtﬁ.sdounmbebmundunnodwithmbtho

dawings. The components in the drawings are not necessarily to scale, cmphasis
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instcad being placed upon clearty illustrating the principies of the present disclosure.
Mm,mmmmmmﬁmmmwngm
throughout the scveral views.

' Fi;,lliaaaou-tecﬁonofamiaoopticlym“mtplifyingm
embodimant of the present disclosare providing orthoperallactic movement of the
images of the system. |

Fig. 1b iz an isometric cutaway view of the embodiment of Fig. 1a.

Fig. 2a illustrates an orthopanllactic synthetic image motion offect of the
cmmbodiment of Figs 1a-b.

Figa. 2 b-c illustrate the visual ffocts of the Doep and Float embodiments of
the presont system. '

Figs 2 d-f illustrate the visus! effects obtained by rotation of a Levitate
cmbodiment of the present system.

Figs. 3 a-i are plan views showing varicus anbodiments and fill-factors of
dim:unpunauofsynnnmicmdimiaulmylofhmo.fﬂnm
system. |

Fig 4 is a graph illwstrating different combinations of Deep, Unison, Flost,
and Levitate embodiment effocts produced by variation of the icon element '

Figa. 5 s arc plan views illustrating how the synthetic magnification of the
icon images can be controlled by the relative anglc between the lens amray and icon
arrey sxes of the presont yystem. |

Figa. 6 a~c are plan vicws illustrating an embodiment accomplighing a
morphing effect of synthetically magnifiod images of the present system.
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F@?Hmmmmmodimnnofhimhw
of the present system.

Figs. 8 a-b are plan views illustrating both ‘positive’ and ‘negative’ icon

Fig. 9 is a cross-section vicw illustrating sn embodiment of a multi-Jevel
matarial for creating regions of a synthotically magnified image having different
propertics.

Fig. 10 is a cross-section view illustrating another embodiment of a multi-level
material for creating regions of s synthetically magnified image having differeat —
propertics.

Figs. 11 a-b are cross-section views showing raflective optics and pinbole
optics embodiments of the present system.

Figz. 12 2-b arc croes-soction views comparing the structures of am all-
refractive material embodiment with a hybrid refractive/reflective material
embodiment.

Fig. 13 15 a cross-section vicw showing a ‘peel-to-reveal’ tamper-indicating
material embodiment.

Fig. 14 is a cross-section view illustrating a ‘peel-to-change’ tamper-indicating

Figa. 15 a-d are cross-section views showing various embodiments of two-
saded systems.

Figs. 16 a-f are cross-gection views and comesponding plan views illustrating
three different methods for creating grayscale or tonal icon clement paiterms and

subeequent synthetically magnified images by the present system.

11
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Figa. 17 a-d erc croes-soction views showing the mee of the present system in

Figa. 18 a-f are cross-section views illustrating the application of the present
Fystom 10, or incorporation into, various substrates and in combination with printed
information.

Figs. 19 a-b arc cross-section views comparing the in-focus field of view of &
spherical lans with that of a fiat field aspheric lens when each are incoeporated into
the present system.

Figa 20 - are cross-section vicws illustrating two benefits of wiility which
result from the uee of & thick icon layer in the present system.

Fig. 21 is a plan view that shows the spplication of the present system to
cmrency as & “windowed™ socurity thread

 Fig. 22 illustrates the orthopanaliactic motion eabodiment of the presen
system of images in connection with a “windowed™ security thread.

Fig. 23 illustrates half-toning a synthetic image of the present system.

Fig. 24a illustrates use of the present system fo create combined synthetic
inages that arc smaller in dimension than the smallest feature of the individual

Fig. 24b illustrates ose of the present system to create natrow patiems of gaps
between icon image clemenis.

mummmpamofmmmmoummm
of the present system.

Fig, 26 illustrates creating fully theoo-dimensional images with the presext

Fystem.

&
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Fig. 27 illustrates the method for designing icon images for the three-
dimensional embodiment of Fig. 26.

F@EMMMMM@M&:WOFH;Z?.
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base mnlti-ronal lens having an cffective diameter of 28 microns.

Fig. 31 illustrstes the contral zome focal propertics of a spherical lens having a
dimmeter of 28 microns.

Fig. 32 illustrates the performance of the side zooes of the hexagonal lens of
Fig. 30.

Fig. 33 illustrates the performance of the oater zones of the spherical kens of
Fig. 31.
Detafled Description of the Fynbedimeyty

Reference is now made in detail to the doscription of the embodiments as
Hiugtrated in the fipuree. While several embodiments are described in connection
with these figures, there is no intent to Limit the invention to the embodiment or
anbodiments disclosed berein. On the contrary, the intord is to covor all altematives,

Fig 1a illustrates one embodiment of the present micro-optic system 12
providing arthoparmilactic movement of the images of the system.

The system 12 mricro-lenses | that borve at least two substantially oqual axes of

symmetry and that are srranged in a two-dimensional periodic array. Lens diameter 2

s preferubly less than 50y and the interstitial space betwoen lenses 3 is prefrsbly Sp

13
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or less. (We use the terms “p” and “pm™ interchangesbly to mean the same
measurement). Micro-lens | focuses an image of icon diement 4 and projects this
image 10 toward a vicwer. The systexn is coommonly nsed in situations having normal
levcls of ambient lighting, 90 the illmmnination of the icon images arises from reflected
ot-tumllittndmiyimtlidn. Icon eloment 4 ia one clement of a periodic amay of icon
cloments having periods and dimomsions substantully similar to those of the lens
aray including lens 1. Betweon the Jons | and fhe icon elemont 4 is an optical spacer
5, wiach may be contignous with the Jons | matarial or may optionally be a separate
subetratc 8 — in this embodiment the lenses 9 are scparate from the substrate. The
icon clemaonts 4 may be optionally protected by a scaling layer 6, preferably of a
polymer material. Seaing layer 6 muxy be transparent, transhucen, tinted, pigmentod,
opaque, metallic, magnetic, optically varisble, or any combination of these that
provide desizable optical cffects and/or additional functionality for security and
anthentication purposcs, including support of sutomated currency authentication,
werification, tracking, counting snd detoction systema, thet rety on optical effects,
mmmvofumthwymmmﬁnm-
thickness depands on the P of the lonsos 1 and the dismeter of the Jenses 2, and the
thickness of additional sccurity featare or visual effact layers. The repeat period 11 of
the icon claments 4 is substantially identical to the repest period of the lenses 1; the
“eale ratio™, tho ratio of the repeat period of the icans to tho repeat period of the
Lenses, is used $o creatc many different visual offects. Axiaily symmetric values of
the scale ratio substantially equat to 1.0000 resuit in Unison Motion orthoparallactic

14
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symmetric values of the scale ratio Jess than 1.0000 result in Unison Deop and Unison
SuperDeep effects when the syrmmetry axes of the lenses and the icons are
substantialty aligned, and axially symnctric values of the scalc ratio grester than
lMMhMMMUMWN_Mthm
of the lonses and the icons are substantially aligned. Axially ssymmetric values of the
scale ratia, sech as 0.995 in the X doection snd 1.005 m the Y direction, result in
Uninon Levitate effects.

Unieon Morph effects can be obtsined by scale distortions of cither or both the
lens repest period snd the icon repeat period, or by incorporating spatially varymg
information into the icon pattern. Unison 3-D effects are also crosted by
incorporating apetially varying information into tho icon patbern, but in this
embodiment the infoumstion represants different viewpoints of a three dimensional
object as socn from specific locations substantially corresponding to the locations of
the icons.

Fig. 1b presents en isometric viow of the present system, as depicted in cross-
mmmlgmmmmdhﬂlmm4ofmwﬂ
1 andqﬂiallpmt-rthimsmig. 1a is not specific to & square army pattern, but
is a representative cross-section of all regular poriodic sy patterms). The icon
clements 4 are shown as “$” imagns, clesity seen in the cut-sway section at the front.
Whilo there is substantially 3 one-to-onc cotrespandance betwoon kenses 1 and icon
ticments 4, the axes of symmetry of the lcns mrxy will not, in goneral, be exactly
aligned with the axes of symmetry of the icon arrxy.

In the case of the Unison {crthoparallsctic motion) material embodiment of

Figa. 1a-b with  scale rstio of 1.0000, whea the lons 1 sxes sod icon clements 4 sxos
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are substantially aligned, the resniting synthetic images of the icon elements (in this
mmpb,a‘gimt“f‘)"b_lowqxp“mdmmlgrﬁﬁndbyafmmrthﬂthmuﬁmlly
spproaches mfinity. Slight angular misalignment of the lens 1 axes and icon elements
4 axes reduces the magnification factor of the synthetic images of the icon elements
and causes the magnified synthetic images to rotate.

The synthetic magnification Sactor of Unison Deep, Unisoa Float, and Unison
Levitste embodiments depends on the angular alignment of the kens 1 axes and the
icon clomants 4 axca a8 well 28 the scale ratio of the system. When the scalc ratio is
not equal to 1.0000 the maximun magnification obtainod from substantial alignment
of these axes is equal to the shsolute valve of 1/(1.0000 — (scale ratio)). Thus a
Unison Docp material having a scals ratio of 0.995 would exhibit 8 maximum
magnification of |LA(1.000 —0.995) = 200x. Similarly, a Unison Float material
having a scale ratio of 1.005 would also exhibit s maximpm magnification of
III(I.M—.I.MS)[-NOL In « mannex similar to the Unison Motion material
embodiment, sfight angnlar misalignmnent of the lens 1 axes and icon elements 4 axes
of the Unison Doep, Unison Float, and Unison Levitate ambodiments roduces the
magnification factor of the synthetic images of the icon cloments snd causes the
magnified synthetic images to rotste. |

The synthotic image prodeced by & Unison Decp or SuperDocp icon patter is

20 wpright with rospect to the erientation of the Unison Deep or SuperDec icon pattem,

while the synthetic image produced by a Unison Float ar Suparfloat icon pattern i
ppside down, rotated one hundrod and cighty degroes (1807) with respoct to the

orientation of the Unison Float or Super Float icon pattern.



10

15

wo PCTUS20040%9315

Fig. 2a scheratically depicts the comuter-intuitive orthoparallactic imagr
motion effects scen in the Unison Motion embodiment. The left side of Fig, 2a
depicts a pisce of Unison Motion material 12 in plan view being osciliated 18 about
hortzontal axix 16. Ifthcuyuhd-icallymngniﬁedinnge 14 moved according to
pacullax, it would sppear to be displaced up and down (as shown in Fig. 2a) as the
material 12 was oscillatod around the hocizontal axis 16. Such apparent parallactic
motion would be typical of real objects, conventional print, and holographic images.
Instead of exhibiting parailactic motion, synthetically magnified image 14 shows
orthoparallactic motion 20 — motion which is parpendicular to the normally expected
parellactic motion direction. The right side of Fig. 2a depicts a perspective view of a
piooe of material 12 exhibiting the orthoparallactic motion of a single synthetically
magnificd image: 14 as it is oscillated 18 about horizontal rotational axis 16. The
dotied ountline 22 shows the position of the synthetically magnijfied image 14 after it
has moved to the right by orthoparallaxis and the dotted outline 24 shows the position

of the synthetically magnified image 14 after it has moved to the left by

The visual effects of the Unison Deep and Unison Float embodiments are

isometricafly depicted in Figs. 2 b,c. In Fig. 2b,a piece of Unison Decp material 26

-Mmmmmuhmmly@mmlicm

the plane of the Unison Deep material 26 when viewed by the eyes of the obsexver 30.
In Fig. 2¢, a pioce of Unison Float material 32 presents synthatically magnified
images 34 that storeoscopically sppesr to lio above the plane of the Unison Float
material 34 when viewed by the eyes of the observer 30. The Unison Deep and

Unison Flost offects s visible from all azmuthal viewing posttions and over a wide

17
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range of elevation positions, from vertical clevation (such that the Lne of sight from -
the cyos of the observer 30 to the Unigon Docp meterial 26 ar Unison Float malevial
32 is parpendicalar to the surface of the materials) down to a shallow elevation anglc
which is typically loss then 45 degroca. The visibility of the Urison Decp and Unison
Float cffocts over a wide mnge of viewing amgles and orientations provides a simple -
and convenicnt method of diffcrentiating Unison Deep and Unison Float materials |
froen simmlations utilizing cylindrical lenticular optics oc holography. |
The Unison Levitate embodiment cffect is illustrated in Figs. 2 d-fby
isometric views showing the stereoscopically perceived dopth position of a
synthetically magnified image 38 in threo differant azimuthal rotations of the Unison
Levitate material 36 and tho commesponding plan view of the Unison Levitate matorial
16 and synthetically magnified image 38 as scen by the cyes of tho obeerver 30. Fig,
chhpicuthclymhztiuﬂymgﬁﬁdmnﬂnuﬁumm‘&whnaé')
25 stercoscopically appoaring o lic in a plane beneath the Unison Levitate matesial 36
when said matrrial is aricrted as shown in the plan view. The heavy dark linc in the
plan view scrves as an azimuthal orientation reference 37 for the sake of explenstion.
Noto that in Fig. 2d the oricntation reference 37 is aligned in a vortical direction md
tho image 38 is aligned in a horizontal direction. The image 38 appcars in the Unison
Decp position because the scale ratio is loss than 1.000 along a first axia of the Unison
Levitate msicrial 36 that is atignod substantially perallel to a line connecting the
pupila of the obecrver’s two cycs (this will be hereafter called the ‘storcoacopic scale

ratio”). The stercoscopic scale ratio of the Unison Levitate material 36 is greater than

- 1.000 along a second axis perpendicular o this first axis, tharchy producing a Untson
mmdmmnmmmnﬁk-ﬁwm&dﬁmw.
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line comecting the pupils of the observer’'s eyes, as shown in Fig. 2f Noto that the
ovientation roferance 37 is in a horizontal position in this figure. Fig 2e depicts s
intermediate azinthal oriontation of the Unison Levitate material 36 that prodoces a
mmﬂmmnmmyl.wd

The visual offiect of 2 Unison Levitate image 38 moving from beneath the
Unison Levitate material 36 (Fig. 2d) up to the kevel of the Unison Levitate material
36 (Fig. 2¢) and finther up sbove the lovel of the Unison Lovitate material 36 (Fig. 2f)
as the material is azimuthally rotated can be enhanced by combining the Unison
Levitate material 36 with conventiomlly printed information. The unchanging
stercoscopic depth of the conventional prirt serves as & reforence plane to better
perceive the sterooscopic depth movement of the images 38.

Whan a Unison material is illeminated by a strongty directional light source
such as a “point” light source (ex: a spotlight or an LED fisshlight) or a collimated
source (ex: sunlight), "shadows images™ of the icons may be secn. These shadow
images are urmsual in many ways. While the synthetic image presented by Unisoa
does not move as the directian of illamination is moved, the shadow images produced
do move. Furthermore, while the Unison synthetic images may lic in different visual
plancs than the plane of the material, the shadow images atways lic in the planc of the
materisl. The color of the shadow imagoe is the color of the icon. Sobhrklcom
create white shadow images.

" The movement of the shadow image as the anglo of illemination moves ia tied

to the specific dopth or motiom Unidson offect in a wy that paraliels the visnal effect
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present in the synthetic image. Thus the movement of a shadow imege as the engie of
the light is aitered parallels the movement that the synthetic image shows when the
angle of view is altered. In particular:
Motion shadow images move orthoparaliactically ss the light source is moved.
Decp shadow images move in the same direction as the Light source.
Float shadow images move opposite to the direction of the light source.
Levitate shadow images move in directions thet are & combination of the
above:
Lovitate Deep shadow images move in the samc direction as the light
in the keft-right direction, but opposite from the direction of the light in
the up-down direction; Levitate Float shadow images move opposite to
the light in the befl right direction but in the same diroction as the light
in the up-down direction; Levitate Motion shadow images show
aﬂnpnﬂhcticnntialwﬂhmpectwﬁnligmm
Unisoa Morph shadow imagos show morphing cfiocts as the light source is
- :
Additionsl uusual shadow imege effccts arc scen when a diverging point
hight source, such = an LED light, is moved toward and away from a Unisoa film.

| When the light source is firther away its diverging rays more closely approximate

20 collimated light, snd the shadow images produced by Deep, SuparDeep, Float, or

SaperFioat Unison symthetic images appeac approximately the seme sizo as the
syothetic images. When the light is brought closer 10 the surface the shadow images
ofbwm&mothhmm&ﬂmimy
divorgont, while the shadow imagee of Float snd SuparFiost materials expand.

e



10

15

Msminating these materials with converging illumination causes Deep and
sw@mmmmmnmmmmmm
while Float snd SuperFloat shadow images shrink.

' The shadow imagres of Unison motion material do ot change acals -

- significantly as the convergence or divergence of illumination is changed, rather, the

shadow images rotate sbout the center of illumipation. Unison Levitate shadow
anmgos shrink in one direction and enlarge in the parpendicular direction when the
convergence of divergence of the illumination ta changad. Unison Morph shadow
images change m ways specific to the particular Morph pattem s the convergence or -
divergence of the illumination is changed. _

Al of these shadow image effects can be used as additional authentication
methods for Umson maserials utilized for security, anti-counterfeiting, brand

Figs. 3 a4 aro plan views showing vanous embodamnents and fill-factors of
differant patterms of symmetric two-dimensional arrays of micro-Jenses. Figs 3, d
and g depict micro-lenses 46, 52, and 60, respectively, thst are ammanged in regular
hexagonal armay pattern 40. (The dashed srray pettern lines 40,42, and 44 indicate the
symmetry of the pattern of lenses but do not necessarily represent any phrysical |
clament of the lens atray.) The lonsos of Fig. 3a have substantially circular base
geometry 46, the lonses of Fig.3g have substantially hexagonal base geometries 60,
and the lenscs of Fig. 3d have imtarmediate base geomotrics which are rounded-off
hexagoos 52. A similar progression of lens geometrics apphios to the squarc sy 42
of lenacs 43, 54, and 62, wherein these lcnses have base geometrios which range from

- subatertially circalar 48, to rounded-off aquare 54, to substantially square 62, as scen
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in Figs. 3b, ¢, and h. Comrespondingty, the equilateral trianguiar array 44 holds lenses
kaving base geometries that rangs from substantislly circalar 50, to rounded-off
triangle 58, to substantially tnangnlsr 64, a3 scen in Figs 3c, fand i

The lens patterns of Figs. 3 a-i arc representative of lenses that can be used
for the prescut system.  The intersititial apace betweon the lenses does not directly
contnbutc to the synthetic magnification of the images. A material created using one
ofﬂmmmwiullmhnhdonmyofiomdﬂmthnismmpdinthc
same geometry and at spproximately the same scale, allowing for difforences in scale
utilized to produce Umtison Motion, Unison Deep, Unizon Float, and Unison Levitste

effects. If the interstitial space is large, such s is shown m Fig, 3c, the lenaes are sxid

“t0 have a low fill-factor and the contrast between the image and the backgronad will

be reduced by light scattered from icon clements. If the interstitial spaces are small
the looses arc said t havo a bigh fill-factor and the contrast between the image and
the backgronnd will be high, providing the lenses themselves have good focal
mﬁunﬂboudmaﬂminﬂnhu_m'fnalplm It is generally easier to
mmwmmmm.m«mmmmm
a square or triangnlar base. A good bakance of lens performance and minimizing of
inkerstitial space is shown in Fig. 3d; 2 hoxagonal array of lenscs having base
geomctrics that are rounded bexagons.

Lontses having a low F# are particularly suitable for use in the present system.
By low Ff# we mecan less than 4, and in perticular for Unison Motion approximately 2
o lower. MWWMH@MM!M@W!&N
Genter thickness, ae & proportion of their diemeter. A typical Unison lons, with an F#

_ of A8, hes 2 hoxagonal base 28 microns wide and a conter thickness of 10.9 microns.

n
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A typical Drinkwater lons, with a diazmeter of 50 microns and a focal length of 200 -
microns, has an P¥ of 4 and a conter thickness of 3.1 microns. If scaled to the same
basc size, the Unison lens has a sag almost six times larger than the Drinkwater 1ons,

We have discovered that polygonal base multi-zonal kenses, for example
hexagonal base multi-zonal lonscs, have important and unexpectod advantages over
circulsr base spherical lenses. As explained above, hexagonal base multi-zonal lenses
significantly improvo maxstfactarshility by virtae of their stress-relicving geometry,
but there are additional unexpected optical benefits obtainad through the use of

We refer to these lenacs as multi-zonal bocause they possess three optical
zones that cach provide 8 difforent and onique benefit to the subject invention. The -
three zones sre the central zoae (constituting approximately half of the area of the
lens), the side zones, snd the comer zones, These polygonal lonses have an effective
mwhmcdimmdnmmmunmmuwndﬂw-
cantra] zone sod inchuding the side zones.

The central zone of the hexagonal base multi-zonat lens of the subject
irreention has sn sxpheric form (for example, having the form defined by [
y=(5.1316E)X4 — (0.01679) X3 + (0.124931) X + 11.24824 ] for » 28 miczon

dismeter lans with & nominal 28 micron focsl length) that brings ligit to a focas at

20  lcast as well as a spharical surface having the same diamcter and focal length. Figure

30 ilkustratcs the central zone 780 focal properties 782 of & nominat 28 micron
dmmwmmmmmm;mummm
in 2 polymer substrate 786 (lons and substrate o=1.51) and Figurc 31 ilbestrates the

central yona 788 focal properties 790 of & 28 micron dismcter spherical lons 792 with

13
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almﬂmlwmkzunﬁwalhlyhh:.lpdmm 794 (lens and substrate
m=1.51). Comparison of these two figures cicarly demonatrates that the hexagonal
besc multi-zonal lens 784 of the subject disclosure performs at loast as well as the
sphenical kens 792. Tho contral zooo 789 of the hexagonal base multi-zomal lens 784
provides high imago resolution and shallow depth of fickd from a wide variety of
viewing angles.

Each of the six stdo zonos 796 of the hexagonal base multi-zogal lens 784 of
uﬁmmmmmmmmmmmmMma
mhm,b;tﬂwc&dhwm&cﬁaanofﬂnﬁdemmwham

over a range of values 798 spanning spproximately +/- 10 parcent of the central zone

" focns, as illustrated in Figure 32. This vertical bluring 798 of the focal point

effectively increnses the depth of field of the lens in these zones 796, and provides a
benefit that is equivalent to baving a flat-field kens. The perfarmance of the outor
zones 800 of spherical lens 792 can be seen in Figure 33. The vertical bharing of the
focal point 802 is significantly leas for the spherical lens 792 than it is for the
hexagonal baso multi-zonal leas 784.

This is particularly important for off-normal viewing: the incressed depth of
with a spherical lens when its curved focal surface sepamtes from the icon plane.
synthotic images that fade from focus more softly at bigher vicwing angies than the
equivalont Unison matorial using sphorical lenses. This is desirable because it

increases the cffective viewing angic of the material sud therefore increases its

_ wsefulncss =3 a security device or mn image presentation device.

U
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The comer zones 806 of the hexagonal base multi-zonal lens 784 of Figure 32
posscsa diverging focal properties that provide the unexpected benefit of scattering
808 ambient iilumination onlo the icon plane and thereby reducing the sensitivity of
the Unison material to illumination conditions. The spherical lens 792 of Figure 33

docs pot scatter the ambient illumination over as wido an srea (as scen by the sbsence

of rays scattered into the icon plans regions 804), so Unison msterials made using
a varicty of angles than Unison materials madc using hexagonal bane multi-zonal
lenes.

The benefit obtained from the cxemplary hexagonal base multi-zonal banses is
farther magnified becanse hexagomal base mutti-zonal kenses have a higher fill factor
(ability to cover the plane) than spherical lemscs. The interstitial space between
spherical lensea provides virtoally no scattering of smbient. light, while this non-
scaitexing area is much smaller in the case of hexagonat base mubti-zoaal lenses.

Thus it is scon that even thoagh the focal propertics of a hexagonal base multi-
gonal bens are inferior to those of a spherical Jens as evalusted by conventional optical

| standards, in the context of the subject invention hexagona! base multi-zonal lerses

provide unexpectad benefits and advantages over spherical jonses.

Eifher type of lens can benefit from the addition of scattering microstructurcs
or scattering materials introduced into, or incorporated into, the lens interstitial apaces
to oahance the acatiering of ambiont illumination onto the icou plane. Furthermore,
the lens intorstitial spaces can be filled with a material that will form a xmall radius

* ifhgnination oato the icon plane. These meathods may be combined, for cxampie, by
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mmmmm.mmmﬁnmﬂ'

Alternatively, the lens intorstitial zones can be originally manm factured with suitably
A spherical kens having these proportions is very difficuit to manufacture

became the high contact angie betwean the surface of the film and the edge of the lens

"acts a8 a stress concontrator for the forces applicd to separate the lons from the tool

during manufacture. These high strosses tend o cause the adhesion of the lens to the
idm to £ail and to filure of removal of the lews from the tool. Furthermore, the

‘optical parformance of a low Fif spherical lens is progressively compromised for

radial zones sway from the center of the lens: low F# spherical lcnses do not focus

_ wedl except near their contral zone.

Hexagonal bese ienses have an imexpected and significant benefit over kenses
that havo s more substatially circular base: hexagonal lenses relcase from their tools

~ with lower pealing force than the optically eqinvalent lenses with substantially

circular basca. Hoxagomal jonscs have a shape that biends from substantially axially
symmciric noar their conter to haxagonally syranctric, with corners that act as stress
concontrators, at their basea. The stress concontrations caased by the sharp base
cornors reduce the overall pecling force required to acparate the lenses from their
molds during manufactering. The magritado of this effect is substantial — the pecling

_hcumbemhwoddmingnm&:mhghyaﬁnﬁxuftwoormmfnﬂ:uwl

bese tensos 2s compared to substantially circuler base lenses.
Tho image coutrast of fhe matcrial can be cnbanced by filling the lens

imterstitial spaces with a light sheorbing (derk colored) opaque pigmented mxterial,
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arises from light scattcred from the icon layer through the lens interstitial spaces. An
additional cffect of this interstitial fill is that the overall image becomen darker
becanse incoming ambient illumination is blocked from passing through the
mtcratitial spaces to the icon plaae. The image clarity produced by lenses baving
aberrant focusing at their pesiphery can also be improved by an opaque pigmented
interstitial fil, providing that this fill occludes the aberrant peripheral tens zone.

A different effoct can be obtained by filling the bens interstitial spaces with a
white or light colored material, or a material color matchad to a substrate to be used
with the Unison matecial. If the light colored lons interstitial fill is dense cnough and
the icoa plane incorporates a strong contrast betwoon the icon claments and the
background, the Unison synthetic image will be substantially invisible when viewed
with reflected light, yet will be distinctly visible when viewed in transoitted light
from the lea side, but not visible when vicwed from the icon side. This provides the
novel security effect of baving a one-way transmission image that is visible only in
tranmmitted light and visibie only from onc side.

Flnorescing materials cam be utilized m a kens intexstitial coating instead of, or
in addition to, visible light pigments to provide additional means of authentication.

Fig. 4 graphs the offects of changing the sterooacopic scale ratio, SSR (the
icom elemont repeat pariod/ the lens arrey repeat poriod), slong an axis of the present
material. Zones of the systom having an SSR greater than 1.0000 will prodace
Unison Float and SuperFloat offocts, zones having sm SSR of subxtantially 1.0000 will
prodice Unison Moticn octhoparallactic mation (OPM) efficcts, and zones having an
SSR leas than 1.0000 will prodnce Unison Decp snd Unison SuperDoep effects. All

of these effects can be produced and transitioned from one to another in a variety of

27
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ways along an axis of system filtm  This figure iltustrates one of an infinite variety of
such combinations. The daahed line 66 indicates the SSR value comesponding
substantially to 1.0000, the dividing line between Unison Decp and Unison
SuperDecp and Unison Float and Unison SuperFloat, and the SSR value which
demonstrates OFM. In zone 68 the SSR of the Unison material is 0.995, creating a
Unison Doep effoct.

Adjacent to this is zoae 70 in which the SSR. is ramped from 0.995 up to
1.005, producing a spatial transition from a Unison Deep to a Unison Float effect.
The SSR in the next zone 72 is 1.005 creating a Unison Float cffect. The next zone
74-creates a smooth transition down from a Unison Float effect to a Unison Deep
offect hm?ﬁmmwﬁm-lhﬁmwcf&d,mOPMml -
Unison Float effect, snd zone 78 steps it back down to OPML The variations in repeat

-period nocded to accomplish these offects are penerally most easily implemented in

the icon element layer. In addition to varying the SSR in each zone, it may be _
desirsble to vary the rotational angic of each rone of the arrays, preferably within the -
mmy.mmumymmmmymh
sz
The easicst way to interprot this graph ix to see it 23 2 crosa-soction of the
stereoacopic depth that will be perceived across this axis of a picce of system
matorial. Tt i therefore possible to creste a stercoscopically sculpted field of images,
a contoured visual surface, by local control of the SSR and optianally by
corresponding local control of the array rotstional angle. This sterecscopically

. aciilpted surface can be osed to represent an unlimited range of shapes, including

| homan faces. Apﬂhncfiomdmummﬂieeﬂ'uﬂoh stereoscopically
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sculpted grid, or periodic dots, can be & particularly cfective way to visually display a :
complex surface.

Fiy.Sa-cmphnvimdq:k:tingthnaffectofmuﬁngoncmﬁypman
with respect to the other in the production of material of the present systam. Fig. 5a -
showz a lens array 80 having a regular periodic arrxy apacing 82, without substantial -
change in the angle of the array axes. Fig 5b shows an icon alement array B4 with a |
progrossively changing arruy axis orinntation sngie 86. If the lens srray 20 is
combined with the icon eloment srray 84 by tranalsting the kens amay over the icon
armay, as drawn, then the spproximate visnal effect that results is shown in Fig. 5¢. In
Fig.5¢ the matcrial 88 created by combining lens array 80 and icon array 84 creates 8
pattern of synthetically magnifiod images 89, 90, 91 that vary in scale and rotation
across the material. Towards the lower left cdge of the material 88 image 89 is large
and shows no rotation. Image 90, towsrd the upper middle section of matorial 88 is
smaller and is rotated through a significant angle with respoct t image 89. The
different acalos and rotations betwoen images 89 and 90 are the result of the
differences in the angular misalignment of the lons pattem 82 and the icon clament
pettorn 86.

Figa. 6 a-c illustrato a method for causing ono synthetically magnified OFM
m%mmmmuwymﬂmm'mgmaﬁmm
movos acrass a boundary 104 in the icon clement patterns 92 and 94. Ioon clament
pattern 92 bears circle-shaped icon elements 98, shown in the magnified insct 96,
keon clement pattern 94. bears star-shaped icon elements 102, shown in the magnified
inset 100, Econ clement patterns 92 and 94 aro not eparats objects, but aro joined st

their boundary 104. When the material is assombled maing this combined pattern of

»
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icon eloments the resulting OPM images will show the morphing effects depicted in
Figs. 6b and ¢! Fig. 6b shows OPM circle images 98 moving to the right 107 across
the boundary 104 and emerging from the boundary a8 star images 102 also moving to
the right. Image 106 is in transition, part circle and part star, as it croascs the
boundary. Fig. 6¢ of the figure shows the images after they have moved further to the
right: image 98 is now closer to the boundary 104 and image 106 has almost
compictely crossod the boundary to complete its morphing from circle to star. The
marphing cffect can be accomphshed in a less abnupt manner bry creating a transition
mﬁmmimdmmmﬂnm.wofhmahudbwm
104. In the trensition zonc the cons would gradually chauge from circle to star
through a series of stages. The smoothness of the visual morphing of the resulting
OPM images will depend on the mumber of stages used for the transition. The range
of graphical possibilitics is endiess.  For cxample: the transition zone could be
designed to make the circle appoar o shrink while sharp star points protruded up
through it, or akteenatively the sides of the circle could appesr ko dent inward to cresto
a stubby star that progressively becams sharper until it reached its final design.

" Figs. 7 ac are cross-sections of materials of the present system that illustrate
alcrnative embodiments of the icon claments. Fig. 7a depicts s material having
lensos | scperated from icon elemonts 108 by optical spacer 5. Joon elements 108 are

" formed by pattams of coloricss, colored, tinted, or dyed material applicd to the lower
merface of optical spacer 5. Any of the multitde of common panting methods, such
as ink jet, lasexrjet, lottarpress, fiexo, gravure, and integlio, can bo used to deposit icon
" slements 108 of thiis kind s long as the priat resolation is fine enough.

p
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Fig. 7b dapicts a similar material system with a difierent embodiment of icon
elomcnts 112. In this embodiment the icon clements aro foxmod from pigments, dyes,
or particles embedded in a supporting material 110. Examples of this embodiment of
tcon clementy 112 in supporting material 110 include: silver particles in gelating a3 a
photogrephic emnlsion, pigmented or dyed ink sbaorbed Exto an ink receptor coating,

dye sublimation tranafex into & dye recoptor coating, and photochromic or

thermochromic images in an imaging film.

Fig 7c depicts a microstructire approach to forming icon claments 114. This
method has the benefit of almost unlimited spatial resolutioa. The icon clements 114
can be formed from the voida in the microstructure 113 or the solid regions 115,
singty or in combination. 'l‘lnmidsll3cmq|thnllyhcﬁllndnrcoamdwi-th
snother material such aa cvaporeted metal material having a different refractive index,
or dyed or pigmented material

Figa 8 &b depict positive and pegative embodiments of icon elements. Fig.
8z shows positive jcon elements 116 that are colored, dyed, or pigmented 120 agsing
a transparont background 118. Fig.sbdnw:nnglﬁvuimndun;m 122 that are
transparent 118 against a colored, dyed, or pigmented background 120. A material of
the present system may optionally incorporite both positive and negative icon
elements. This method of creating positive snd negative icon clements is particalarly

‘weil adepted to the microstructure icon elemonts 114 of Fig. 7c.

Fig. 9 shows a cross-section of onc embodiment of a pixel-zone material of the
present system  This embodiment includes zones with lenaes 124 having a short focus

sud other zones with lenses having a Jong focus 136, The short focus lenses 124

- project images 123 of icon elements 129 in icon plane 128 dispased at the focal plane

3
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of kemacs 124. The long focus knses 136 project images 134 of icon claments 137 in
icon plane 132 disposed at the focal plane of lenses 136. Optical separxior 126
soparates thort focus tenses 124 from their associated icon plane 128. Long focus
lomars 136 arc sopanited from their associated icon plene 132 by the sum of the
thicknexses of optical scparator 126, icon piane 128, and second optical separator 130.
Icon elements 137 in the second icon planc 132 arc cutside the depth of focus of short
focus lenses 124 and therefiore do ot form distinet synthetically magnifiod images in
the short focus lens zones. In a similar manner, icon elements 129 are too close
loag focus lenscs 136 to form distinct syrthetically magnified images. Accordingly,
rones of matorial bearing short focus lenscs 124 will display images 123 of the icoa
clements 129, whiile zones of material bearing long focus lenscs 136 will display -
images 134 of icon cloments 137. The images 123 and 134 that are projected can
differ in design, color, OPM direction, synthetic magnification factor, and effect,
incinding the Decp, Unison, Float, aad Lovitate effects described above.

Fig. 10 is a cross-section of an altcrste embodiment of a pixcl-zoae material | .
of the present system.  This embodiment includes zones with lonses 140 clevated by a
lens stpport mesa 144 sbove the bases of the non-clevated lenses 148. The focal
length of the clevated lonsos 140 is the distance 158, placing the focus of these lonscs
in the first icon plane 152. The focal kength of tha non-clevated lenses 148 is the
distance 160, placing the focus of those lanscs in the sccond icon plane 156. These

two focal lengths, 158 and 160, may be chosen to be similar or digsimilar. The

. clavatod tenscs 140 progect images 138 of icon elemonts 162 in icon plane 152

disposod at the focal planc of lenses 140, The noo-clevated lenses 148 project images

. 146 of icon elements 164 in icon plano 156 disposod at the focal plano of lensea 148,

k> |



10

15

WO 2005432650

mmhmlw“qmmmmidmlﬁbyﬂm
moftheﬂtimofﬂmlummlumdtheowalmtﬁmlso. The
m—c!:vtedlanulﬁmmmdﬁunﬂnirlmcindimndmmmlﬁbythc
sum of the thickncss of the optical separation 150, the icon layer 152, and the icon
scparator 154. Icon claments 164 in the second icon plane 156 are outside the dopth
of focus of the elevated lenses 140 and therefore do not farm distinct synthetically
sugnificd images in the olevated kns zones. I a similar manner, icon elements 152
are too close to non-clevated lenses 148 to foam distinct synthetically magnified
images. Accordingly, zones of metorial bearing olovated lenses 140 will display
mnages 138 of the icon clemonts 162, while zones of materia] bewring noo-clovated
leases |36 will display images 146 of icon clanonts 156. The images 138 and 146

that arc projocted can diffar in design, color, OPM direction, synthetic magnification

Figa. 11 a,b arc cross-sections illustrating noo-refractive embodiments of the
present system. Fig llailhmm-lanbodhnunﬂ:nuﬁﬁn:abwingm
166 instead of a refractive lns o project images 174 of icon claments 172. The icon
layer 170 lies between the viower's cyes and the focusing optics. Focusing reflectors
166 can be metallivod 167 to obtain high focusing cificicncy. The icon layer 170 is
msintsined at 3 distance equal to the focal leagth of the reflectors by optacal separator
168. Fig. 11b discloscs 2 pimbolc optics embodiment of this material. Opaque upper
layer 176, prefersbly black in color for contrast enhancement, is pierced by spertures
178. Optical scpsrator ebamant 180 comtrols the Beld of view of the system. keon

elements 184 in icon layer 182 mre imagod through apertures 178 in a manner similar

: bﬂnpmholcoplnoflpxmn!cclmn Becansc of the smail amoant of light

b+ B

s Q) :%}
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passed through the sprtures, this cmbodiment is most cffective when it is back-
illaminatnd, with ight passing through the icon phine 182 first, then firough the
spertures 178. Effects of cach of the sbove-described embodiments, OPM, Deep,
Mdhﬂmhmmmmm“mmmm
Figa. 12 a,b are croas-sections comparing the structures of an all-refractive
mi.;lsﬁwim.hyhidraﬁmﬁvdreﬁm&wmnuinlw. Fig 12a depicts an
cxcmplary stroctore, with micro-lanses 192 separated from the icon plane 194 by
optical scparstor 198. Optional sealing layer [95 contributes to the total refractive
systom thickness 196. Leuses 192 project icon images 190 toward the viewer (not
shown). Hybrid refractive/refiective material 199 includes micro-lenses 210 with
icon plane 208 directly benesth them. Optical spacer 200 scparstes the lenss 210 and
the icon plane 208 from reflectivo layer 202. Reflective layer 202 can be metallized,
such a5 by evaporated or sputicrod aluminm, gokd, rhodiam, chromium, csmium,
deploted wrmium or silver, by chomically deposited sitver, or by multi-layer
interference films. Light acattered from icon layer 208 reflects from reflective layer

202, pasacs through icon layer 203 and into lenses 210 which projoct images 206

" toward the viewsr (not shown). Both of those figures are drawn to approximately the

mnh:byvinnlmmilmhmbcmﬂmﬂnbuhymmidnmzuof
the hybrid refractive/reflective systom 199 is about half the total system thickness 196
of the all-refractive system 183. Exomplary dimensions for equivilent systems aro
29y total refractive system 188 thickness 196 and 17p for total hybnd

refractive/reflective system 199 thicknoss 212. The thickness of a reftactive/raflective

sysiom can be firther roduced by scaling. Thus, & hybrid system having lenses 15y in

M
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dismeter can be made with a total thickness of shout 8j.  Effects of each of the sbove
described embodiments, OPM, Decp, Float, Levitate, Morph, and 3-D can be created
using the hybrid refractive/diffractivo design.

Fig 13 is a cross-section showing a ‘peci-to-reveal’ tamper-indicating material
embodiment of the present system.  This ambodiment does not display an image until
it is tampered with. The untampered structure is shown in region 224, where a
rofractive system 214 is optically buried under s top layer 216 consisting of an
optiona] substrate 218 and a peelable Layor 220 which is conformal to the kenaes 21 5.
Peciable layer 220 offectively forms nogstive jons structures 220 that fit over positive
lonees 215 end negate their optical power. Lonwes 215 canmot form images of the icon
layer in the untsmpered region, and the light scattered 222 from the icon plane is
unfocased. TwhyuZlﬁmeophnlﬂhMZl& Tampering,
Mninmgimﬂﬁ,mﬂnrdmeofmph}unﬁﬁmﬂl;mﬁuﬁvem
214, cxposing the lonsos 215 so that they can form images 228. Effects of each of the
sbove described embodiments, OFM, Doep, Flost, and Lovitats, can be included in &
tamper indicating ‘peck-to-rovoal” systam of the type of Fig. 13.

Fig. 14 is a cross-section ilustrating a ‘pedl-to-change' tamper-indicating
meiorial embodiment of the present system.  This embodiment displays a first image
248 of a first icon plane 242 prior to tampering 252, then displays a sccond image 258
al region 254 after it bas boon tempercd with. Tho ustampered structure is shown in

region 252, where two refractive systems, 232 and 230, sre stacked. The first icon

planc 242 is located benesth the lenses 240 of the sacond system. Prioc to tampering

in region 252 the first, or upper, systam 232 presents images of the first icon plane
242 The second icon plane 246 is too far outmde the depth of focus of ienscs 234 to
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form distinct images. The first lones 234 sre separsted from the secand lenses 240
by an options] substratc 236 and a peelable layor 238 which is confiormnal fo the
socond lenses 240. Peelable Layor 232 effectively forms negative lons structures 238
that fit over positive lenses 240 and nogate their optical power.  Top layer 232 may
inchude optional film substrase 236. Tampering results in the pealing 256 of the top
layer 232, shown in regjon 254, from the sccoad refractive system 230, exposing the
socond lonscs 240 80 that they can form images 258 of the second icon layer 246.
Second lenses 240 do pot form images of the first icon layer 242 because the icon
Layer is too closs 10 the lanses 240

This embodiment of a tamper indicating matecial is well suited o epplication
as 2 tapc ar label applicd to an wticle. Tampering relcases the top layer 232, leaving
the socond system 230 attached to the articls. Prior to tampering, this emnbodiment
Maﬁmmmmmmummmmm
to the article, presents 2 socond image 258 while the peeled layer 256 presents no
unage at all. Effocts af each of the sbove dascribed embodiments, OPM, Deep, Float,
and Levitate, can be inclnded in either the first system 232 or the second system 230.

Notc that an aternative embodimest accomplishing a similsr effect to that of
Fig. 14 is to havo two separate systems Laminated to cach other. In this ambodiment
when the upper Layer is poclod it takes the first icon plano and its image(s) with it,

20 revealing the sccond systom and its imagn(s).

Figa. 15 a-d aro cross-sections showing various two-sided embodiments of the
present systom. Fig. 15a dopicts a two-sided material 260 thet includes a singlo icon
‘plane 264 thet is imaged 268 by leoses 262 on onc side and maged 270 by a second

. st of lenses 266 on the opposite side. The image 268 soon from the loft side (as

»



"ANA T. BARRETO" Para <topszfclarkemodet. com>
<aghametng) propi.es>
18/05/2008 08:03 a.m.

cc

<o

Asuio Procesocs de Nuiidad y Reestsbiecimients de Derscho

Estimada Sra. Lépezx:

Acusamos recibo de au carta de fecha 10 de mayo de 2006 en la que noa
adjunta loa eacritos de refuerzo de alegatos presentados en los Proceacs
indicadoa en los Expedientes No. 2003-0227 y 2003-0028, que corresponden a

laa marcas No.10923 "BBVA BANCOMER"™ en clase 36 y No.10928 "BBVA BANCOMER"
en clase 36.

No obstante lo anterior la factura que noa remite conjuntamente con dichos
eacritos, la No. 9346 por € 419.92 hace menclén a los expedientes 2003-0227
y 2003-0226.

En Enero pasado noa enviaron la factura No. 8878 de 22 de noviembre de 2005
por loa gastos de la presentaciédn del escrito en el expedientes No. 2003-0226
que corresponde a la marca No. 10917 "ENVIOS DE DINERO BBYA BANCOMER" en
claase 36, el dia 12 de enero de 2006 Ifilgo S&nchez les envid un email en el
gque lea solicitaba el escrito presentado en el expediente antes mencicnado y
lea devolvia la factura No. 8878 para la emiaién de una nueva con fecha
2006.

Por todo ello le agradeceré los siguiente:

- Nos confirme que la factura No. BB78 ha sido cancelada
— Noa remita la factura correspondiente al expediente no 2003-0228
— Nos envie el eacrito del expediente No. 2003-0226

Una vez tengamos las facturas por la presentacidén del eacrito en loa tres
expediente y los 3 escritos podremosa proceder en consecuencia.

Agqradeceré nos adelantara loa documentos por fax.

Per Gltimo les agradeceré tomar nota que Ifiige Sinchez ya no trabaja con
noaotros por lo que cualquier comunicacién la deberdn dirigir a mi atencién
o a la de Estrella Zamora, Directcra del Departamento.

Un cordial saludo

Ana Barretoc Gulnea
Departamento Internacional
International Department

PROPI, S.L.

Patents and Trademark Consultants

Jorge Juan, 19, 3

28001 MADRID (SPAIN]}

Tel.: +34 915 781 987 E-mall:extranjerc@propi.es
Fax: +34 914 357 364 http://www.propl.ea



"Meiman, Edward”® Para TlLopaz@ciarkemodet.com.co
<MelimanE@damo.com> o
18/05/2008 02:38 p.m.

cco

Asunio  RE: Sun Chermical Case 289 - ENERGY CURABLE
COATING COMPOSITIONS - National phazs fiing -
URGENT

Dear Ms. Lopez;
Is there a specific due date for the assignment?

Would it be acceptable to have a US notary certify that an assignment documsnt is a
true copy and then have the certification legalized?

Regards,

Edward Meiiman

From: TLopez@clarkemodet.com.co [malito: TLopez§xiarkemodet. com.co]

Sent: Monday, May 15, 2006 5:45 PM

To: Mellman, Edward

Subject= RE: Sun Chemical Case 299 - ENERGY CURABLE COATING COMPOSITIONS - National phase
fillng - URGENT

Dear Mr. Maliman,

Plesse see sttachmaents.

Best regards,

Tatana Lopez- Romero
Iintellactusl Property Agvisor
Clarke Modet & Co.Colombia
Carmmera 11 No.B6-53 Plso 8
TEL (571) 6181088

FAX (571) 6350824

-------- trirednirinirirdr irirdr rirk

ESPARA - PORTUGAL - ARGENTINA - BRASIL - CHILE - MEXICO - PERU - VENEZUELA

Este mensale es confidencial y pertanace sdlo a la(s) persona(s) a quien{es) esta dirgido. Pusda
contaner Informacién privilegleda y confidencial. Si ustad no es la persona a quian esta dirigido, no debe
leer, copiar, distribuir, discutir o tomar accién alguna con respecto al mismao. Sl usted ha recibldo esta
mformacién por arror, por favor notifique a Clarke, Modet & C? Colombla tan promto como sea posibie a



Tatiana ) Pard  "Weltman, Edward” <MelimenEdsmo.com>
Lopeaz/Colombia/Clarkamod

at cc

18/05/2008 04: 18 p.m. cco

Asuni RE: Sun Chemical Case 289 - ENERGY CURABLE
COATING COMPOSITIONS - Natlonal phase flling -
URGENT

Dear Mr. Meliman,

Pisase be informed that there is no term fxad to flle the assignmeant document go far. We consiier the
PO will fix this tarm within the next three or four months after fillng the epplication.

Kindly be advisad that a copy of the assignment certified by the USPTO's certifying officer legallzed by
Apostllle will futffill the Colombian PO requirements,

Baest regards,

Tatlana Lopez- Romero
intallectual Property Advisor
Clarka Modet & Co.Colombla
Carmera 11 N0.86-53 Piso 8
TEL (571) 6181088

FAX (571) 6350824

ESPARA - PORTUGAL - ARGENTINA - BRASIL - CHILE - MEXICO - PERU - VENEZUELA

Esta mensajs es confidencial y pertanace 8610 8 |a(s} parsona(s) a quien(es) esta dirigido. Puede
contener Informacién privileglada y confidencial. Sl usted no es la persona a qulen esté dirigldo, no debe
lesar, coplar, distribulr, discutir 0 tomar ecckon algune con respecto al mismo. Sl usted ha recibido esta
informacién por emror, por favor notifiqgue a Clarke, Modet & C® Colombia tan pronto como sea posible a
los teléfonos o niimercs de fax anlba mendonados o por e-meil.

Gracias.

This message s confidantial and Intended solely for the person(s) to whom |t s addressed. It may
contain prviledged and confidential information. K you are not the Intended recipiani(s), you must not
read, copy, distribune, discuss or teke any acilon related 1o it If you have received this information in
erTor, please notify Clarka, Modet & C2 Colombla as soon as possibie to the above telaphone or facsimlle
numbers or by return mall.

Thank you

"Meilman, Edward" <MeilmanE@dsmo.com> escribild el 18/05/2006 02:36:08 p.m.:
> Dear Ma. Lopez:

; Is there a specific due date for the assignment?

: Would it be acceptable to have a US notary certify that an

> aasignment document is a true copy and then have the certification
legalized?
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drawn) is the mirror image of the imege 270 seen from the right side. Icon planc 264
may contain icon cicments that 2ro symbols or images which appear similar in mirror
umage, or icon elements which appesr differcnt in mirror image, or combinations of
xon clements wharein a poition of the icon clements are correct-reading when viewed
other side. Effects of each of the above dascribed embodiments, OPM, Deep, Float,
ullzviun:,mbedisphwdﬁuneiﬂn—sidcoramddodmhlmdmgm
this embodmnent.

Fig. 15b illustrates another two-sided embodiment 272 having two icoa planes —
276 xnd 278 that are imaged, 252 and 286 reapectivaly, by two sots of lonses, 274 and
280 respectively. This ombodiment is essentially two scparate systems, 287 and 289, -
such as illustrated in Fig. 1a, that have been joinod together with an icon layer spacer
277 in botween them. The thickness of this icon Ixyer spacer 277 will determinn the
degyee that the “srrong’ icon layer is imagod 284 and 288 by a set of lenses. For
example, if the thickness of icon Layer spacer 277 is zero, such that icon layers 276
snd 278 axe in contact, then both icon lsyers will be imaged by both sets of benses 274
and 280. In snother examplc, if the thickness of icon layer spacer 277 is substantially
larger than the depth of focus of kases 274 and 280, then the ‘wrong’ icon yers will

not be imaged by the fonses 274 and 230. In ywt another exsmple, if the depth of

20  focus of one sot of lenses 274 is large, but tho dopth of focus of the other sct of lenses

ia small (because the lenses 274 snd 280 have different F#°s), then both icon piancs
276 and 278 will be imaged 282 through lonses 274 bot ouly onc icon plane 278 will
be imaged through lenses 280, 50 & material of this type would show two images from

- 'omdbhtaﬂymofmmmmﬂnwdda Effects of
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cach of the sbove described embodiments, OPM, Doop, Float, and Levitate, can be -
displayod from either side of & two-sidod material according 1 this embodimenz, and
the projected anages 282 and 286 can be of the same or different colors.

Fig 15¢ shows yet another two-sided material 290 having a pigmented icon
lxyer spacer 298 that blocka the lenses ou one side of the material from soeing the
“wrong’ set of icons. Lenses 292 image 294 icon Iayer 296 but carmot image icoa
fxyer 300 bocause of the prosonce of pigmented icon Layer 298. Similarly, lenses 302
inage 304 icon layer 300, but cannot image icon iayer 296 because of the presence of
pigmented icon layer 298. Effects of each of the sbove described embodiments,
OPM, Doep, Float, and Levitate, can be displayed from either side.of a two-sidad

material according to this ambodiment, and the projected images 294 and 304 can be

of the same or difforont colors.

Fig. 15d discloses a further two-sided material 306 embodiment having lenses
308 that image 318 icon layer 314 and lenses 316 on the opposite side that image 322
icon lxyor 310. Inmhyu‘BIOildmh,manﬁ:lﬂyinmwml.ﬂtbmof
lenscs 308 and icon Layer 314 is close to, or substantially in contact with, the bases of
lonscs 316. Jcous 310 aro too close to kenses 308 to form mn image, 5o their light
scattcrs 320 instead of focusing, Icoms 314 aro too close 10 knwos 316 1o form mn
image, 30 their hght scatters 324 instead of focusing. Effecta of each of the sbove
described embodiments, OPM, Docp, Float, and Levitate, can be displayed from
cither sido of a two-sided material acconding &0 this cmbodimegt, and the projected
images 318 and 322 can bo of the smne or different colors.

Figs. 16 a{f are cross-sections and corresponding plan viows illustrating Guec
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synthetically magnifiod images with the prosent systam. Figs. 16 a- are cross-soction
Mofhbmﬁedammiﬂﬂ,iﬂ@ﬂofwﬁdmmm:
trmsparent micro structured icon lyer 311. The icon clements are formed as bas-
roticf sarfaces 313, 315, 317 that are then filled with a pigmented or dyed material
323, 325, 327 respectively. Th:undaidcofnwiemhyutlmybcoptiomllymled
by a sealing layer 321 that can be transparent, tinded, colored, dyed, or pigmented, or
opaque. The bas-relief micro structurca of icon elomonts 313, 315, and 317 provide
thicknens varistions in the dyed or pigmented fill material, 323, 325, and 327
respectively, that create variations m the optical density of the icon elemant as soen in

pian viow. The plam views corresponding to icon clements 323, 325, and 327 are plan

vicws 337, 339, and 341. Tho usc of this method to create grayscale or tonal
synthetically magnified images is not limited to the apecifics of the cxamples
disclosed here, but may be grnerally spplicd #o creste an unlimited variety of
gruyscale imagea.

Fig. 16 & inchudca icon element 313, dyed or pigmentsd icon element fill 323,
&nd cormosponding plan view 337. The cross section view of the icon planc at the top
of this figure can oaly show one cutting phane through the icon cloments. The
Jocation of the cetting phane is indicated by the dashed no 319 through the plane
vicws 137, 339, and 341. Accordingly, the cross-section of icon clemant 313 is one
plane through a substantially hemispherical shaped icon clement. By suitably
Hiwriting the overall dye or pigment deasity of the fill 123, thickness varistions of fhe
‘dyed or pigmented fill 323 create = tonal, or grayscale, optical density varistions
represated in the plan view 337. An array of icon elements of this type can be
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syuthatically magnified within tho preseat material system to produce images that
show equivalent grayscaic variations.

Fig. 16 b includes icon clement 315, dyed or pigmented icon element fill 325,
and corrospoading plan view 339. Plan view 339 shows that the icon element 315 is a
bas-relicf representation of a face. The tonal varistions in an imags of a face are
complex, sa shown by the complex thickness varistions 325 in the crogs-section view.
As disclosed with regand to icon element 313, sn array of icon clements of this type,
as shown by 3135, 325, and 339, can be synthetically magnificd within the present
material system to produce images that show equivalent grayscale varistions
representing, in this example, the image of a face.

Fig. 16£mmimndm317,dyadmpimuﬁu327.m
corresponding plen view 341. In a manner similar to the discussion of Figa. 16 ah,
shove, the bas-rchief shape of this icon clement structure produces a tonzl varistion in

. the appearance of the dyed and pigmented fill 327 and in the synthetically magnified

image produced by the present material system  icon cdement 317 illustrates a mathod
for creating a bright center in a roundad surface, as compared to the effoct of icon
clemont 313 which creates a dark center in a rounded surface.

Figs. 16 d,e disciosc another embodiment 326 of transparent bas-relief micro
structizred icon layer 311 inchading icon elements 329 and 331 that aro coated with &
high refrmctive index material 328. The icon layer 311 can be scalod with an optional -
scaling layer 321 that fills the icon clements 329 and 331, 330 and 332, respectively.
The high refractive index layer 328 enhances the visibility of sloping sarfaces by

present representative images of the appoarance of icon ciemenss 329 and 331 and

Py
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their synthetically magnified images. This high refractive index coating ambodiment
provides a kind of edgo-onhancement cffect without adding pigment or dye to'make
the icons and their images visible. |
Fig. 16 f discloses yet another embodiment 333 of transparent bes-reliof micro |
structured icon 335 utilizing an air, gaa, or liquid volume 336 to provide visual
definition for this phase interfiico 334 microstructure. Optional sealing layer 340 may
be added with or without optional adhesive 338 to entrap the air, gas, or liquid volume
336. The visual effoct of a phase interface icon elament is similar to that of a high
refractive index costed icon alemont 329 and 331, _ —
Figa. 17 a-d are crogs-sections showing the use of the present system as a |
laminating film in conjunction with printed information, such as may be utilized in the
mhnmofLD.ardanmi&ivu’aMwbaﬁnﬂaniﬂM(mﬂsﬁng
of the coonlinated micro-array of kenses and images described sbove) covers a
substantial proportion of the surface. Fig. 17a depicts an embodiment of Unison used
a5 a lxminate over print 347. Mmmmhvmgtumonpmdmw
h\ﬂ)cioonh)u-ilaninmdtnﬁhmmM354.Mamuplpa
nhﬁnMwiﬁhmMuMwJS&muingawﬂywmingMdm
352 that had previously been applicd o thic fibrous substrate 354. Becausc the
mastexial 348 is af lcast partially transparcnt, the print cloment 352 can bo seen through
it and the effect of this combination is to provido the dynamic image effect of the
Fig 17b shows an embodiment of the systemn material naed as a leminate aver
a print element 352 applied to a nonffbrous substrate: 358, such aa & polymer film. As

m Fig 17a, material 348 having st kexst some optical transparency in the icon layer is

41
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laminatod to nonfibrous substrate 358, such as polymer, metal, glass, or coramic
substitute, with lamination adhesive 350, covering or partly covering print element
352 that had previcusty boen appliod to the nonfibrous substrate 354. Bacause the
material 348 i at loast partially transparent, the print element 352 can be seen through
nmmmofmmmmmmmdymkwqﬂmm

Fig. 17c¢ depicts the use of a print clament directly on the [ens side of material
360. In this embodiment materis] 348 hes prin element 352 directly applied to the
upper lens surface. Thus embodiment does not require that the muterial be at leait
partly transparent: tho print clement 352 Lics oa top of the material and the dynamic
image effects can be sean around the print clement. In this embodiment the material
348 is usod as the substrate for the fival prodact, such as corrency, ID cards, and other

Fig. 174 depicts the use of a print element directly on the icop side of an at-
loakt partiaily transparent material 362. Print olement 352 is applied directly to the
icon Yayer or sealing layer of sn at-least partially transparent system material 348.
Because the systor matcrial 348 in at least partially traneparent, the print element 352
can be seen through it and the effiect of this combination is to provide the dyndnnc
imsage cffect in combination with the static print.  In this embodiment the systm
raterial 348 is usod ss the substrate for the final prodnct, such as cutrency, ID dards,
and other rticles requiring astheotication or providing suthenticatioh to another

article.

42
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Each of the embodiments of Figa. 17 a-d can be used singly or in combination.
Thug, for cxampic, a system matexial 348 can be both overprinted (Fig. 17c) aod
backmide prindod (Fig. 17d), thea optionsily lsmmated over print on a substrate
(Figs. 17 a,b). Combinstions such as these can fisrther increase the counterfeiting, t
simulation, snd tampering resistance of the material of the present system.
Figa. 18 a-f are-cross-sections ilastrating the application of the present system
to, or incorporstion into, various substrstes and in combination with printed
information. The embodiments of Figs. 18 a-f differ from those of Figs. 17 a-d in that
the fonner figures disclose system material 348 that covers most or all of an srticle, E—
whereas the present figures disclose cmbodiments whercin the systcm matcrial or its
optical effect do not substantiaily cover 2 whole surface, but rather cover omly a
portion of a surface. Fig 18a depicts a piece of st-least partially transperent gystem
material 364 adhered to a fibrous or non-fibrous substrate 368 with adhesive clement
366. Optional print cleanest 370 has been directty applied to the upper, lons, surface
of material 364. Print element 370 may be part of a larger pattern that extends beyond
the picce of material 364. The pioce of material 364 is optionally lmminsted over print
clamest 372 that was sppked to the fibrous or noa-fibrous sabstrate prior to the
Fig. 18b illustraics an embodiment of single-sided system matorial 364
whlonmopﬁnlmwﬂunwm,mnhn:tmof
the edges of the systom material 364 are captured, covered, or eaciosed by the non-
ogtical substrate 378. Print elements 380 may be optionally applied on top of the

mmidhnmﬁwnﬂﬂmphdmumybcMMG

" ‘comeapond to, print elements 382 applied to the non-optical substrato 378 in the arca
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adjacent to print oloment 380. Similarly, print elements 384 can applied to the
oppasite side of the non-optical substrate aligned with, or cormesponding to, print
claments 386 applied to the icon or scaling layer 388 of the system material 364. The
effoct of & window of this kind will be %o present distinct images when the matcrial is
viewed from the Jens side and no images whan viewed from the icon side, providing a
ono-way image effect.

Fig. 18c shows a similar embodimest to that of Fig. 18b, cxcopt that the
systcm material 306 iz double-sided material 306 (or other double-sided embodiment
described above). Print elements 390, 392, 394, and 396 substantially commespond in
fnction to print elements 380, 382, 384, 386, proviously described. The effect of a
material window of this kind will be to present different distinct images when the
material is viowod from opposite sides. For exsmple, = window incorporated into &
currency paper could display the mamernical denomination of the bill, such as *107
when viewed from the face side of the bill, but when viewed from the back sde of the
bill the Unison window could display different information, such a3 “USAT, that may

be in the same color as the first image or & different color.

Fig 18d illustrates & transparent substrato 373 scting as the optical spacer for a

materis] formed by a zane of lenses 374 of limited extent and an icon layer 376
mﬁgwyw&npﬂiphuyofﬂnmofhna374. In this
embodiment the peesont effects will anly be visibie in that zone that includes both

'hna_mdimm(mwmdingbhum374inmiaﬁm) Both the lenses 374

and the adjscent substrate may optionally be printed 375, snd print elements may aleo
be applied $o the icon layer 376 or to an optional sealing layer covering the icons (not
indicated in this figiro — sec Fig, 1) Multiple ions zones can be wsod on aa articke

a“
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lﬁudnemmna'ofﬂlhmbodimt;wbemwﬂmmisplwedthemﬁm
propertics of the images can be different for each lens zone. This embodiment is well
suited for application to ID cards, credit cards, drivers” liconses, and similar

Fig. 13e shows an cmbodiment that is similar to that of Fig. 18d, except that
dnbmphm@doumtcﬂmdnhdmﬁnﬂyhuymdﬂn.mdﬁnlmm
400. Optical spacer 398 dcparates the lonacs 400 from the icons 402. Print elements
404 and 406 correspond to print clements 375 and 377 in Fig. 18d. Multiple zones
400 oan bo used on an article after the manner of this embodiment; each zonc can
have soparate cffects. This embodiment is well suited for application to ID cards,
credit cards, drivers’ licenses, and similar applicationa.

Fig 18f depicts an embodiment thet is similar o Fig. 18d except that the
prosent embodiment incorporates optical spacer 408 that separates lenses 413 from
icon planc 410. Lenses 413 extend substentially beyond the pexiphery of the icon
zone 412. Print elements 414 and 416 cosrespond to print elements 375 and 377 in
#’rg.l&l. Multipie lens rones can be used on an article aficy the manner of this
embodiment; wherover a lens zone is piaced the present effects will be seen; the size,
rotation, sterecacopac depth position, and OPM properties of the images can be
different for each lcns zone. This embodiment is well suited for application to [D
cards, credit cands, drivers’ lioenscs, and similar applications.

Figs. 19 a.b illustrate cross-soctional views comparing the in-focus fiekd of

| 'view of a spherical lons with that of a flat ficld aspheric lons when each arc
_ incorporsted into a strocture of the type describod shove. Fig. 19 tliustrates a

48
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substantially spherical lens as applied in a system as described above.  Substantially
sphevical lens 418 is separated from icon plane 422 by optical spacer 420. Image 424
projected out perpendicular to the surface of the material originates at focal point 426
within the icon fayer 422. The image 424 is in sharp focus becanse the focal point
426 is within the icon layer 422. When the lens is viewed from an oblique angle, then
irange 428 is blurry and out of focus because the corresponding focal point 430 is no
longer in the icon plane, but is above it a mibstantial distance. Amow 432 shows the
ficdd carvatore of this lens, equivalent to the swoep of the focal point from 426 to 430.
The focal point is within the icon plane throughout the zone 434, then moves outside
of the icon planc in zone 436. Lenses which are well suited to spplication in
coordination with a plane of prnted images or icons typically have a low F¥, typecally
less than 1, resulting in a very shallow depth of focus — higher F# lenses can be used
effectively with Deep and Float offects, but cause proportionste vertical binocular
disparity with effects Gescribed herein when used with Unison Motion effects. As
soon as the lower imit of the depth of focus moves outside of the ioon plane the
image clarity degrades mapidly. From this figure it can be seen that the fieid curvature
of a substanitislly spherical lens limits the field of view of the image: the imago is
distinct only within the in-focos 20ne 434, rapidly going out of focus for more
oblique viewing angles. Substantially spherical kanses are not flst-field lensos, and
the fickd curvatare of these lenaca is smplified for low Fif lensea

Fig. 19b illustrates sn asphevic lons as applicd to the present system. As an
aspheric lens, its curvature is not approximated by a sphere. Aspheric lons 438 i
separsted from icon layer 442 by optical spacer 440. Aspheric lens 438 projects
bage 444 of icon plane 442 normal to tho plane of tho material . The imsge

4%
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originates at focal point 446. The focal kagth of aspheric lng 438 lics within the
icon plane 442 for & wide range of viewing augles, from normal 444 % obfique 448,
becanse it hae a fixt-fickd 452. The focal loagth of the lens varies according to the
angie of view through it. The focal length is shorscst for normal viewing 444 and
increases as the viewing sngle becomes maro oblique. At the oblique viewing angle
448 the focal point 450 is still within the thickness of the icon plane, and the oblique
image is therefore still in focus for this oblique viewing angle 448. The in-focus zone

454 is mruch larger for the aspheric lens 438 than the in-focus zone 434 of the

substentially spherical lens 418. Tho aspheric lons 438 thos provides an enlarged ficld

of view over the width of the azsociated image icon so that the periphoral edges of the
associated image icon do not drop out of viow comperod to that of the spherical leos
418, Aspheric kenscs are preforrod for the present systam because of the larger fickd
of view they provide and the resulting incresse in visibility of the associated images.
Figs. 20 ac aro cross-scctions illastrating two benofits of utility which result
from the use of a thick icon layer. Mbmcﬁnqplywbedluﬂznm_&mdto'
vicw them is substantially xpherical 418 or aspheric 438, but the benefits arc grestest
in cormbination with aspheric lonscs 438. Fig. 20a illustraées a thin icon lxyer 460
458. lcon elements 462 are thin 461 in comparison to the fisld curvature of the tens

463, limiting the in-focus rone to a small angla, the angie betwoen the image

projected in the nornal direction 464 and the highest obtiqne angle image 468 that has

a focal point 470 within the icon layor 460. The greatast field of viow is obtained by
designing the normal image focus 466 to lic st the bottom of the icon plame, therchy
maximizing the oblique fickd of vicw angle, timited by the point # which the focal

47
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point 470 lies st the top of the icon plane. The field of view of the system in Fig. 20u
is limited to 30 degroes.

Fig 20b illustrates the bencfits obtained from the incorporation of an icon
planc 471 that is thick 472 in comparison o the fisld carvature of lens 456. Lenses

456 are scparated from thick icon elaments 474 by optical spacer 458. Thick icon

clements 474 remain in focas 475 over a larger ficld of view, 55 degreea, than the thin

icon claments 462 of Fig. 20a. The normal image 476 projected through tenscs 456
from focal point 478 is in clear focus, and the focas remains clear while the angle of
view incresses all the way up to 35 degrees, where oblique mage 480 focal point 482
Ees at the top of the thick icon planc 471. The increascd ficld if view is groatest for a
fiat-fickd lens, such as the aspheric lons 438 of Fig. 19b.

Fig. 20c illustrates yet snother advantage of = thick icon plane 492; roducing
the sensitivity of the present system material to varations in thickness S that may
result from manufacturing varistions. Lens 484 is spaced a distance S from the
bottom surface of icon Layer of thickneas L Lests 484 projects image 496 from focal
point 493 disposed at the bottom of icon Layer 492. This figure is drawn to
demonatrate that variations in the optical space S between the lonses and the icon
layer can vary over a range equal o the thickncsi of the icon layer i without loms of
image 496, 500, 504 focus. At ks 486 the optical spacer thicknees is about (S +i /
2) and the focal point 502 of image S00 is still within the thickness i of icon layer

492 At lens 488 the thickness of the optical spacer has increased to (S + i ) 490 and

the focal point 506 of image 504 lics at the top of thick icon clament 494. Tho optical

spacer thickness can therefore vary over a range corresponding to the thickness of the

" 'joon layer i : a thin soon layer therefore providics & smail tolormnce for optical spacer
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thickness variations and a thick icon layer provides a larger tolerance for optical i

Anudiﬁanrbnﬁthpwmbyammhwwi Imperfoct lensca,
mich as subatantiaily spherical keases, may have a shorter focal langth 497 towards
their edgos than st their center 496. This is one aspect of the conmmon spherical
shermation defct of substantially spierical lenses. A thick icon Leyer provides an icon
clernant that can be clearly focneed over a range of focal keagths, 498 to 495, thereby
mnproving the overall clarity snd contrast of an image produced by a lens 484 having
focal length varistions.

Fig. 21 is a plan view that shows tho application of the presct system to
currency and other security documents as a ‘windowed’ security thread. Fig. 21
ghows a windowed thread structore including systam matecial 508 that has been alit
into  ribban, reficrred to as a “thread™, that is typically in the range of 0.5 mm to 10
mm m width. Thread 508 is incorporsted into the fibrous document substrate 510 and
provides windowed zooes 514. The thread 508 may optionally incorporate a T
pigioentad, dyed, filled, or coztod sesting layer 516 to incresec image contrast and/or
to provide additional socarity snd authenticetion features, such as electrical
canductivity, magnetic properties, macicar magnetic resonance detection and
authentication, or 10 lide the meterial from view in reflected illomination when
viewed from the back side of the substrate (the side opposite the side prescating the
Unison synthetic images and an adhesive layar 517 to strengthen the bond between
the thread 508 and the fibrous substrate $10. Tho throad 508 is maintained in an
oricotation to keep the lenses uppermost so that the image efficcts are visible in the
windowed 2000 514. mmmmslommm@m
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ovorprinted by print elements 518 and the fibrous sabstrate may be printed 520 on its
opposite face.

Fig. 21 illustrates that thread 508 and its image effocts 522 are ouly visible
from the upper surface 521 of the subatrate 510 in tho windowed zoocs 514. Thread
508 is covered by fibrous substrate material st the inside zones 512 and the image
effects 522 arc not substantially visible in those zones. OPM cffects are particularly
dramatic when incorporsird into thread 508. (See Fig. 22) As the fibrous substrate
510 is tilted in various directions the OPM imago can be mado to scan across the
width 524 of the thread, producing a startling and drematic visual effect. This
acanning featurc of an OPM imiage makas it possible 10 present image 522 which is
larger then the width of the thread 508. The user axamining the documaent containing
a windowed thread 508 can thea tilt the document to scan the wholo image across the
thread, scrolling it like a margoen sign. The offects of the Deap, Float, and Levitate
embodiments can also be used to advantage in a windowed thread format.

The thread 508 may be at lesst partially incorporated n security papors dunng
mamufactore by techniques commonly emplayed in the paper-making industry. For
axample, thread 508 may be pressed within wet papers while the fibers sre
waconsolidated and plisblc, ss tanght by U_S. Patent 4,534,398 which is incorporatod
herein by reference.

The windowed thread of the present systom is particnlarty well suited for

application to currency. A typical total thicknces for the thread material is in the
" ramgo of 22 to 341, while the total thickness of curoncy papar may range as high 2s

" g8 It is possible to incorporate 8 windowed security thresd of the present system

jofn cimrency papar without substentially sltcring the sotal thickness of the paper by
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locally reducing the thickness of the peper by an amount equivalent to the thickness of
the thread.
In an exemplary embodiment, thread 508 compriscs:
(a)  one or more optical spacers; .
(b)  one or mare optionally periodic planar arrays of micro-images
or icoms positioned within, on, or next to an optical spacer; snd
(¢)  ome or more optiomally periodic planar arrays of noo-cylindrical
mimlumpodﬁamdmmnadbdﬂnqﬁ:lmonplmziommy, |
with each micro-lens having a base diameter of kss than 50 microns. o
In another embodiment, the micro-images of icons constitute Glled voids o
roceuncs that are formod on a surface of the one or more optical spacers, while the
non-cytindrical micro-lenscs are aspheric micro-lenses, with cach aspheric micro-lens
having a basc diameter ranging from sbout 15 to about 35 microns. At least one
pigmented sealing or obscuring layer 516 may be positioned on the planar array(s) of
mm_mhmm.ﬂmmmnyof&mmq
aiso for masking the prosence of thread 508 whon the thread is at least partially
embedded in a security docoment.
In yet anather conbodiment of the presant fvention, throad 508 comprises:
()  =n optical spacer having opposing npper and lower planar
surfaces;
(b)  aperiodic array of micro-fmeges of icons comprising filled
recesses formnod on the lower planar surface of the optical spacer;
(c) aperiodic srray of non-cyhadrical, fiat field, aspheric or
palygonal baso malti- zonal micro-loascs positioned an the upper planar surfice of the

- 51
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optical spacer, wherein each micro-lens have a base dismeter ranging from about 20
to about 30 microns; and

(d  apigmenied sealing or obscuring layer 516 positioned on the
icon amrmy.

The optical spacci(s) may be formed using one or more cssentially coloriess
polymers including, but not limited 10, polyester, polypropylene, palysthyiene,
polyethiylenc tarephhalste, polyvinyfidcoe chloride, and the like. In an exenpleary
ezbodiment, the optical spaccr(s) ts formed using polyester or polyethylene
tercphthalate and has a thickness ranging from about 8 to about 25 microns.

The icon and micro-lens smrays can be formod using substantially transparent
or clesr radiation curable material incleding, but not Limited to acrylics, polyesters,
cpoxics, urethancs and the like. Proferably, the armays sre fixmed nsing acrylated
mmummﬁmmwmmmm
U107.

The icon recesses formed on the lower planar surface of the optical spacer

cach measures from about 0.5 to sbout 8 microns in dapth and typically 30 microns in

micro-image or icon width. The recesses can be filled with any suitable material such
as pigmented resing, inks, dyes, metals, or magnetic materials. In &n cxemplary
embodimant, the recesscs are filled with a piginentad resin comprising a sub-micron
pigment which is available from Sun Chemical Corporation under the product
designation Spectra Pac. |

The pigmented scaling or ocbscuring Lxyer 516 can be formed osing one or
more of & vaiety of opacifying coatings or inks incloding, but not limited to,
pigmmanted costings comprising a pigmnent, such as titemium diaxids, dispersed within



WO 2003852650 15
PCT/USI084/0393

abinduorcnﬁuofnnxbkpdymaicmhlhﬁunbly.lhemﬁngaobmﬁng
hyu-516isﬁxmpdtningrldiﬂimmrd:kpo}ymmmdhnuﬁchmnnging
from about 0.5 to about 3 microns.
Thudsw,whichhdmihedabwe,mnybcp!whmm&mcwhhﬂn
following method:
{a) mplyingnmhmuyumunm'clmmd.inﬁonmiﬂc. .
rosin to the upper and Jower surfaces of the optical spacer;
(b) forming & micro-lens array on the upper surface and an icon
aay in the form of recesses on the lower surface of the optical spacer;
(c) curing the substantially transparent or clear resin using a source
of radiation,
() ﬁllhgﬂnimnmymwim_apiwmmhk;
(o) rENovIng cxcess resin or ink from the lower surface of the
optical spacer; and
(D  spplying a pigmented sealing or ohacuring coating or leycr t
the lower surfice of the optical spacer.

. hmymitisdﬁnbbmﬂmityhudlmdinw;mymdin
other high value finsncial and identification docaments be detectod and anthenticatod
20 by high-gpeed non-contact scosors, such a2 capacitance scnsors, magnetic fiakd
sanso7s, optical transmission and opacity scnsora, finoneecence, and/or muclear
Imagnetic resonance. _ |
icon fill eloments of 2 Unison film can ensbie covert or forensic aathentication of the

5
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Unison mstrrial by observation of the prescnce and spoctral characteristics of the
fluorescence. A fluorescing Unison film can be designed to have its fluorescent
propertics visiblo from both sides of the material or from odily one side of the

.material, Without an optical isolation layer in the meterial bencath the icon layer, the tT

fuoreacence of any part of a Unison material will be visible from cither of its sides.
Incorporation of an optical isolation layer makes it possible to separate the visibility
ofthc.ﬂmnmﬁuniutmaidu. Thus a Unison material incorporating an
optical isolation Ixyer beneath the icon plane may be designed to exhibit flnorescence
hamhofde:WmhAﬁmmmmmm -
fimcrescence visible fram the optical isolation lryer fide, finorcecent cokr Aoc B .
visible from the optical isolation layer sido but not from the lens side, and fluorcscent ;
color A visible from the lens side and flworescent color A or B visible from the optical
isolation layer side. Tho uniquences provided by the variety of fluorescent xignatures
poszible can be used to further enhance the security of the Unison material. The
optical isolation layer can be a layer of pigmentad or dyed matcrizl, a layer of metal, -
or a combination of pigmented layers and motal layers, that absorbe or refiects the
flaorescent emission from oae side of the material and peevants it from being scen
from the other side.
kcons formed from sheped voide snd their inverss, icons formed from shaped
posts, arc particularty enabling for adding machine-readsblc sutheatication features to
a Unison material security thread for currency and other high value documents. The
jcon matrix, the icon fill, and any number of back coats (scaling coats) can all,

scpamately and/or in all combinations, incorporste noo-fiuorescing pigments, noa-

|
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mm.,ww@m&,wmm&mm
materisis, liquid crystal polymezs, optical upconversion and downconvarsion
materials, dichroic materials, optically actrve materials (possessing optical rotary
power), optically polarizing muterials, and other alliod materials.

[n some circumstances, such as when a dark or colored coating (such as a
magnetic material or condnctive layer) has been added te a Unison matexial or when
the color of the icon plane is objectionable when socn through the back side of
substrate, it may be desirzble o mask or hide the appearance of an embedded,
partially embedded, or windowed Unison material secarity thread from one side of a
paper subsatrate a8 seon in reflocted light, while the thread is visible from the opposite
sida of the substrute, Other types of currency socurity threads commonty incorporate
a metal layer, typically aluminnm, to refiect light that filters through the surface
substrate, therchy providing similar brightness to the surrounding substrate.
Aluminum or other color noutral reflecting metal can be used i similar manner to
mask the sppearance of a Unison throad from the back side of a paper substrato by

spplying the matal layer on the back surface of the Unisoo material and thea

- optionally sealing it in place. A pigmentod layer can be utilized for the zame

parposc, that of hiding or obacuring the visibility of the secarity thread from the

“back” side of the document, in piace of a metallized Layer, or in conjunction with it.

The pigmented layer can be of any calor, inchuding white, but the most effective coloc

is one that mxtches the color and intensity of the light indernaity scattered within, and

0>
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The addition of a metailized layer to a Unison material can bo accomplished in -
a rumber of ways, incinding direct metallization of the icon or sealing layer of the
Unison material by cvaporstion, sputtering, chersical deposition, or other suitable
meens, or lemination of the icon or sealing layer of the Unison material o the | -
mactallized surface of a second polymer film. H is conmon practice to create currancy
socurity tireads by metallizing a fibm, pattern demetallizing this film o leave narTow
‘ribbons’ of metallized arcs, lamimating the metallized sarface to a second polymer
film, then slitting the lammsted matevial such that the metal ribbons are isolated from
the edges of the alit threads by the laminating adhesive; thereby protocting the metal
from chomical attack at the edges of the thresd. This method cen also bo spplied in
the cane of tho subject inveation: the Unison material can simply replace the second
laminating film. Thus & Unison matcrial can be sugmentod by the addition of
patterned or unpaiterned metallized layers.

Synthetic images can be designed ss binary patsorns, having one color (or
sbeence of color) defining the inons snd a diffarent color (or sbsence of color)
defiming the background; in this cass eack icon 006 includcs  compleic singlo-10no
immge that utilizes image ‘pixnle’ that are cither full on or full off. More sophisticated
syuthctic images can be prodaced by providing tonal varistions of the sokected icon
cotor. mmmmm.ﬁmmumwmnﬁghmof
the color in cach icon image or by offoctively ‘half-toning” the synthetic anege by
inchuding or excluding design elemests in selected groups of icons.

" The first method, controlling the deasity of the color in cach icon image, mary

be accomplished by controfling the optical density of the material cresting the
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microprinted icon imags. Oue convenient method to do this utilizes the filled void
The accond method, *haif-taning’ the synthetic knage by incleding or
excluding derign claments in sclected groups of icons, illustrated in Figare 23,
Wbymmmmmamofbmmﬁ
equal 1o the color density desired. Figure 23 illustrates this with an example using a
hexagonal repeat pattomn for the icon zoues 570 that would be coordinated with a
similer hexagonal ropest patiern of lenses. Each of the icon zones 570 do not contsin
identical information. All of the icou imago dicments, 572, 574, 576, and 578 are
prescyd at substantially the same oolor density. icon imagr elements 572 apd 574 are
present in same of tho looe zones and different icon image clcmonts arc presont in
Specifically, the icon image clement 572 is present in half of the icon zones, icon
irmnge clament 574 is prosent in throe-fourthe of the icon zoncs, icon image clement
5T8 is present in half of the icon zoaes, end jcon image dlement 576 is present in onc-
hird of the icon zones. The information present in each icon zone determines
whether its azsociated lens will show the color of the icon image pattem or the color
of the icom image background from a particular viowing osiontation. Bither image
olements$72 or 578 will be visible in all of the lenses axaociated with this icon
pattemm, but e synthetic image 580 space of icon imags clement 572 overisps the
syathotic image: spaca of icon image clancnt 578. This means that the overlap zooe
‘532 of the synthsotic imagos of icoas 572 and 578 will sppoar at 100% color deasity,

: .butofﬂnommmmhmlyvﬁﬂ_cinMOEﬂnhmqoh :

. 5
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appean at 50% color density. The syuthetic image 586 of icon element S76 is visible
in oaly onc third of the lenses, 50 it appoms at 33.3...% denaity. The synthetic image
584 of icon mmage element 576 comrespondingly appears at 75% color density. It is

clesr within the acope of this toaching that s tremendous range of topal variations can
be obtainod in the synthetic image through selective omission of icon mage elemeants
in solected percentages of icon zones. For greatest effectivencss the distributions of
tw icon image clements across the icon imags zones should be relatively uniform.

A related icon image design method, ilkustrated in Figure 24a, can be used to
cresie combined synthetic image chements that are smaller in dimension than the
siuallest feature of the individual synthetic image cioments. This is possibie in the
common circamstance where the suallest feature sizo of &n ioon imags is Larger than
the placament accuracy of the feature. Thus an icon image may have minimum
festures on the onder of two microns in dimension, bt thoso festures may be placed
sccurately on any point on a grid of 0.25 micron spacing. In this case the smaliost
fonture of the icon image is cight times barger than the placement accuracy of that
festure. As with the previous diagram this method i iilestrated wsng a hexagonal
icon pattern 594, but it applios oqually well to any other ngsbla pattcrn symmetry. In
similar fashion to the method of Figure 23, this method relics on the usc of difforent
information in at least one icon zone. In the example of Figare 24a two different icon
pnmu.s%mdm,ncadnminwofﬂnicm(ﬁxchdrymlyme
of each pattcrm s shown in this figare). Theso ioon kmages produce & composite
rynthetic image 600 that incorporates synthetic image 602 crested by icon image
' olements 596, and synthotic image 604, crested by icon image elenents 598. The two

 synéhetic images, 602 xnd 604, aro desigoed to have avertapped wrcas, 606 and 608,
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that appear to have 100% color density while the non-overlspped areas 605 have 50% -

color density. The minimum dimension of the overlapped arcas in the compasite

syﬂhdncnnngcmaybcmﬂndm:ymhcucmmﬁcanonmlodpo&hmung

accuracy of the icon image elaments, and therefore may be smaller than the minimuss -

feature xize of the two constituent synthetic images that are designed 1o overlap in a

smail region. In the exampie of Figure 23, the overiap regions are used to creato the

characters for the mmber *1 07 with namower lines than would otherwise be possible.
Ihimdtndaﬁobcmdanmprofwbdmimn

image eloments, a8 shown in Figure 24b. Hexagonal iooa zoncs 609 could be squaco

or any other suitable shape ta make a space-filling armay, but hoxagonal is preferred.

In this example, half tho icon patterns the icon image 610, and half of them are the o

icon image 611. Ideally these two pattems would be relatrvely uniformly distriboted

among the icon zones. Allor!hedm:qnofthucpmmmdq:iﬁodubdngof

substantially equal and pniform color density. In isolation thess two patiems do not

cloarty suggest the form of the final image, and this cam be used as a security element

— the image is not obvious extil it is formed by the overlying lens ammay. One instance

of the synthetic image 612 formed by the combrination of the synthetic image of icon

dmuhﬁlﬂwhhﬂmsynmdichnmddmﬁllhmmwymc

gaps that remain betwoen the scparats synthetic imagos form the mumeral “10”. In

' thin case, two synthetic images arc combinad %o form the final synthetic mmage, so the

colared parts of this image 613 show 50% color density. This method is not linvited

by the details of this example: three icons could have boan used instead of two, the

md«ﬁmng&cdcumddmﬂtmlhcmmtynﬂm:mmhﬂem

widths and unlimitod shape variety, and this method can be combined with cither the
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methods of Figures 23, 24a.b or 25, or an other icon image design method we have
taught

cannot be scen in the rosulting synthetic images. Having such covert information
mmmmmmummmﬁ:mwor
object. Two methods for accomplishing this arc illustrated by Fignre 25. The first
mathod is ilkustrated by the usc of matched icon images 616 md 618. Ieon image 616
shows a solid border pattern and the number “42™ contained ingide of the border. Icon
image 618 shows a solid shape with the mrmber “42" s a graphical bole in that shape.
In this cxample, the perimeter shapes of icon images 616 and 618 are substantially
Wmmwnmmmm&nmmmm
are also substantially identical. When a composite synthotic image 620 is created
from thoss icon images, the border of the composite synthetic image 622 will show
100% color density because all icon images have a pattern in that corresponding ares,
thMIMhhMMMﬁmMMGIGMGI&
The color density of the interior 624 of the composite synthetic image 620 will be
S0%, since tho image of the space surrounding the “42” comes from icon images 618
thet onty fill helf the icon zanes, and the image of the colored “42” comes from icon
in.guslamn.goﬁuwuum Consequently, there is no tonal
differentistion botwoen the “42~ and its hackground, 0 the observed contposits
synthetic image 626 will show an imago having 1 100% color density border 628 and
a'S0% color density interior 630. The “42 covertly present in all of the icon images
616 and 618 i thersby “neutratized” snd will not be scen in the cbaerved compasitc

b@_%
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A second method for incorporating covert information into icon iImages is
illastrated by trisagies 632 in Figare 25. Triangles 632 may be randomly piaced
within the icon zones (not shown in this figure) or they can be placed in an armay or
other pattern thet does not subatantially match the period of the icon zones 634, 632.

Synthetic images are crested from a multiplicity of regalarly srmayed icon images that

.-cinmdbynmmspuﬂngmphrmnyofmiaom Patterns in the icon

pheﬂytdonﬁu&ﬂmﬁ:ﬂyomwodbﬂnwbdufﬁnmho—hnmwiu
pot form complete synthetic images. The pattern of trisngles 632 therefore will not
m-mq@mwmmmmmhmmwm
image 626. This mothod is not limited to simpic goometric designs, such as trangies
632: other covert information, such as siphs-mumeric informagion, bar codes, data

bits, and large-~scale paiterns can be incorporated imto the icon planc with this method.

| ﬁmthiﬂannﬂwoﬂiomulinghﬂyﬂuudimanimﬂ
integral images in a Unison matexial (Unisoo 3-D). A single icon zone 640 contains
icon image 642 that roproscnts a scale-distarted view of an object to be displayed in 3-

D a3 soen from the vantage point of that icon zooe 640. In this case the icon image

642 is designed to form a synthetic image 670 of a hollow cube 674. Icon image 642

hasi 2 foreground frame 644 that reproscats the ncarcst sido 674 of hollow cube 672,
memmthMdemv@bCMﬁ;
background frame 648 that ropresaats the farthest side 678 of the holiow cube 672. It
can be soen that the relative propostions of the forcground frame-644 and the

background frame 648 in the icon image 642 do not correapond Lo the proportions of

* the nearest xidc 674 and the farthost side 678 of the synthetic image hollow cube 672.

61
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The resson for the difference in acale is that images that are $0 appear further from the
planc of the Unison material experience grester magnification, 50 their size in the icon
image must be reduced in ondex to provide the correct scale upon magnification 1o
forn the synthetic image 672.

At a different location on the Unison 3-D material we find icon zone 650 that
includes a different icon image 652. As with icon image 642, icon image 652
roprescnts a scale-distorted view of the synthatic imege 672 25 seon from the different
vaniage point of this icon zono 650. The relative scaling of foreground frame 654 and
background framne 658 aro similar to the corresponding chements of icon image 642
(although this will not be truc, in general), but the position of the background frxme
658 has shiftod, along with the size and orientation of the comer patserns 656. Icoa
zone 660 is located a finther distance sway om the Unison 3-D material and it predents
framo 664, taperod gap pattorms 667, and background frame 668,

In gencral, the icon image in oach icon zone in 3 Unison 3-D materisl will be
alightly difforent from its nearby neighbors and may be significantly differont from its
Mﬁm'hmhmﬂmmmm-m&mm
mmwmmm In genersl, each icon image in & Umison 3-D

material may be grique, but each will represent a transitional stage between the icon

'iinmha'ﬂnaideofit.

Synthetic image 670 is formed from a nktipticity of icon imagos like icon
imagea 640, 650, snd 660 as synthetically imaged through an sssociated lens armay.

" The synthetic irage of the hollow cube 674 shows the effects of the different

«
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different elements of each of the icon images. Let us assumne that the bollow cube -
image 674 is intonded to be vicwed a3 a SuperDecp image. In this case if icon zone
640 was disposed some distance to the lower keft of icon zone 650, and icon zono 660
was disposed some distance to the upper right of icon zone 650, it can be scon that the -
effective period of the foreground frames 644, 654, and 664 will be loss than that of
the background frames 648, 658, and 668, theroby cansing the closest face 676 of the
cube (corresponding to the foreground framos 644, 654, and 664) (o lic closer to the
planc of the Unison msterial and the farthest face 678 of the cube to lic deepar and
fixther from the plane of the Unison material, and to be magnified by a greater factor.
The cormer clomesta 646, 656, and 667 coordinats with both the foroground and
hackground clements to create the offect of smoothly changing depth between them.

The mothod of desigming icon images for Unison 3-D is more fully described
in Figure 27. This figore isolates the mothod for a single image projector 630. As
previously described, a single image projector inchudes a lens, an optical spacer, and
an icon image;, the icon image having substentially the same dimensions as the repeat :
period of the lons (allowing for the small differences in scale that create the Unison
visual cffects). The field of view for the lons and its associated icon is shown as the
cone 682 this aleo comesponds (o an inversion of the focal cone of the lem, 50 the
propartions of the field of view cone 682 aro determined by the Fif of the lens.
Although the fignre shows this cone as baving » crcular base, the basc shape will
actusily be the ssme as tho shape of an icon rone, such 23 a hexagon.

In this exsmple we wish to croate a Unison 3-D synthetic image that

wmmdﬁwﬂm,mm-ﬂ@,nhm

" visual stoe st thios difierent SupaDecp image planes 684, 690, and 652. The

«
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diamoter of the image planes 684, 688, and 6§92 cxpands with the ficld of view cane:
in other words, as the dopth of image increases, arca covared by the field of view cone
imcreasca. Thun the field of view at the shallowest depth plane 684 anty encompasscs
portions of “NIS™ of the word UNISON, while the middle depth planc 688
cocompasses all of “NIS™ and porticns of “U™ and “0™ and the deepest depth plme
692 encompasses almost all of “UNISON™, Iacking oaly pazt of the final “N™.

The information they prescnted (UNISONa 686, 690, and 694) by each of -
mmmmm.mmmmmuwm.
singlo icon image in image projector 680. This is accomplished by capturing the
mformation in the field of view cone 686 at oach depth planc 684, 688, and 692, then
scaling the resulting icon image patterns to the same dimensions. Icon image 696
represeats the ficld of view of UNTSON image 686 as scen s depth plane 684, icon
imago 704 represents the fickd of view of UNISON image 690 as socn at depth plame
mmmmge?l&mmm&uokawofwmnmmm
at depth phne 692

Within icon image 696 icon image elemants 698 originate from a portion of
the first “N” of UNISON image 686, icon image elemcnt 700 originates from &
mofuvommmmmmmmmm
from portions of the “S™ of UNISON image 686, Within icon image 704 icon image
cloment 706 originates from a partion of the “U™ of UNISON image 690, icon muage
clament 708 originates from the first “N™ of UNISON imagn 690, icon image clemant
710 originates from the “S™ of UNISON image 690, and icon image cicment 714
ariginstes from a partion of the “O™ of UNISON image 650. Note that although the
ayrthetic images 686, 690, and 694 are prescnded st similar acele, icon image 704 for
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the middle depth plane 688 presents its UNISON lottexs at a smaller scale than those
of icon image 696. This sccounts for the higher synthetic magnification that icon
imagn 704 will axperience (when synthetically combined with a multiplicity of
surrounding icoa images for the same depth planes). In similtar manner, icon image
716 incorporates icon image clemants 718 thet originate from the UNISON image 634
and the UNISON letters incorpousted in its icon image are at & further reduced scale.

The final icon image for this image projector is croated by combining these
three icon images 696, 704, and 716 into a singie icon image 730, shown in Figure 28.
The combined icon clements 732 incorporate all of the graphical and depth
information nocessary for the image projectar 680 to make its contribution to the
synthetic image formed from a multiphicity of imags projectors, each incorporating
the specific icon image mformation that results from the imtersection of its own field
of view conc, contered on the image proyector, with the levels and clements of the
rynthotic image to be produced. Since each image projecior is displaced by at least
one lens repest peviod from every other image projector, sach image projector will
cury different information resulting from the intersection of its field of view cone
with the synthetic image spaco.

Each of the icon images required to present a chosen 3-D image can be
computed from knowtedge of the three-dimensional digital moded of the synthetic
imzge, desirad depth position sed dapth apan to be presented in the synthetic mnage,
the lens repeat period, the lons field of view, and the ukimate graphical resolution of
the icon images. This iatter factor puts an upper konit on the level of detail that can be
prescated st each depth planc. Since depth planes that lie ferther from the plane of
tho Unison material cavy a larger smount of information (becanse of the increased
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field of vicw) the graphical resolution kmit of the icons has the grestest impact on the
resolution of these synthetic image depth planes.

Fignre 29 illustrates how the method of Figure 27 can bo applied to 2 complex
three-dimensional synthetic image, sach s an image of the pricolass ico-agn carved
mammoth ivory artifact, the Lady of Brassernpouy 742. Individunal image projector
738, incorporating at leest a lena, an optical spacing clamant, snd an icon image (not
shown in this Gigurc), lics in the plaoo 740 of a Unison material that separate the foat
synthetic imego apece from the deep synthetic image space. In this cosmple the
synthetic image spaco spans the Urrison material such that a portion of the image lies
in the foat synthetic image space and a portion lics in the doep synthetic image space.
The image projector 738 has a substantiatly conical ficdd of view that extends both
into the docp synthetic image space 744 and into the float synthetic image space 746.
A chosen mzmber of deep imago plancs arc scloctod, 748 and 752-762, at whetever

spacing is required (o obtain the deap synthetic image space resolution desired.

Similarty, a chosen mumber of float knage plancs are selected, 750 and 764-774, at

whatever spacing is required to obtain the float synthetic image space resclution

desired. Some of these planes, such as decp planes 748 and float plancs 750 will

extend beyond the synthetic image and will not cantribute to the final information in
fhe icon image. For clarity, the sumber of image planes shown in Figure 29 is limited
0 a small mumiber but the actual member of image planes selocted may be high, mch
23 50 or 100 plemes, or more, to obtain the desired synthetic image depth resolution.
The method of Figares 27 and 28 is then appliod to obtain the icon image at
each depth plane by determining the shapo of fhe intersection of the surface of thé
object 742 with the selectcd depth planc 756-T74. The resulting soparate icon images
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ure scaled to the final szze of the combined icon image. All of the float icon images
arc first rotated 130 degroos (because thoy undergo that rotation again when they are
projected, thereby returning them to their cormact orienixtion in the synthetic image)
then they are cambinod with the deep icon images to form the final icon image. for this
image projoctor 738. Thia process is repeated for each of the positions of the image

projoctons to obtain the complete pattemn of icon images required to form the full

syathetic image 742.

The resokution of the synthetic image depends on the resolution of the optical
projectors snd the graphical resofution of the icon images. We have obtained icon
immage graphical resolutions, Jess than 0.1 micron, that excood the theoretical aptical
rewofution limit of magnifying optics ( 0.2 micron). A typical icon image is created
with a resolution of 0.25 micron.

Unison materials can be marmfactured by sheet or wob processing utilizing
tools that separstely incorporate the lons and icon microstructures. Both the lens tools
and the icon lools are originated nsing pbotomasks and photoresist methods.

Lens tools are initially dosigned as semticonductor-type masks, typicalty black
chrome on glass. Masks having sufficient resolution can be areated by
photorednction, electron besm writing, or laser writing. A typical mask for a loos tool
will incorporate & repeating pattem of opaquo hcxagons Kt a chosea period such a 30
microns, with chear lincs separsting the hexsgons that are less than 2 microns wide.
This mask i then uscd to cxpose photoresist on a glass plate using a conventional
samiconducior UV exposure system. The tinckness of the resist is selocted to obtsin
the dasired xag of the lans. For exxarple, a thickness of 5 microns of AZ 4620

positive photoresiat is coated onto a glass plate by suitshle meams, such 3 by spin
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m@mmmammmmmm.m
mmkanWmnanwﬁw3Smthgth The photoresist is exposed
with the mask pattern, and developed down to the giass in a conventional mamer,
then dried and degassed at ImCﬁ):r.Z}Omimm The lenses are formed by thermal
rcflow according to standard methods that are known ia the arit. The resulting
mwmmﬁm-wmm“mmﬁpumﬁm.
and a negative nicke! tool is areated by electroforming.

Icon wols xre created in a similar panner. An icon pettorn is typically
designod with the aid of CAD software and this deign is transmitted to a
semiconductor mask manufacturer. This mask is used in similsr manner to the lens
mask, excopt the thickness of the rexist 1o be exposed is typically m the ange of 0.5
micron to 8 microns, depending on the optical density of the dosired synthetic imege.
The photoresist is expasod with the mask pattam, developed down to glass im a
conventional manner, coated with a conductive metal, and a negative nickel tool is
created by olectroforming.  According the choice of original mask design and in the
choice of resist type used (positive or negative), the icons can be created in the form
of voids in the resist pattem or they can be croated in tho form of “mesas™ or posts in
the resist paticr, or both. |

Unison materials can be manufactured from a varicty of materials and &
maltiplicity of methods that are known in the art of micro-optic and microstructurc
replication, incloding extrusion emhossimg, radiation cured casting, soft emboesing,
excmplary method of mamefacture is %o Sormn the icons a5 voids in a radiation cured

Tiquid polymer that is cast against a bese film, such =1 75 gage adhosion-promoted

i
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PET film, then to form the lenaes from radistion cured polymer on the opposite face
of the base film in correct alignment or skew with respect to the icons, then to 61l the
icon voids with a submicron particle pigmented coloring matenal by gravure-like
doctor biading against the fihm sorface, solidify the fill by suitahle means (ox: solvet
removal, rdiation curing, or chamical reaction), and finally spply sn options scaling
kvyer that mxy be either clear, dyed, pigmented, or incorporate covert security
materials.

The manufacture of Unison Motion material requires that the icon tool and the
lens tool incorporato a chosen degyee of misalignment of the axes of symmetry of the
two amays. This misalignment of the icon and lens patterns axes of symmetry
controls the synthetic image sire and synthetic image rotation in the produced
muxterial hhoﬁundmhlbkhmvi&mnaymhzﬁoim:gumm
with cither the wob diroction or the cross-web directron, and in these cases the total
angular misalignment of the icons snd the lenses ix divided equally between the ks
pattern and the icon pattemn. The degree of angutar misalignment required is usually
quite small For cxample, a total angulsr misalignment on the onder of 0.3 degree is
suitable to magnify 30 micron icon images to a size of 5.7 mm in a Unison Motion
material In this cxample, the total sngulsr misalignment is divided equally between
the two tools, 80 cach tool is skewed trough an anglo of 0.15 dogree in the same
direction for both toots. The skew is in the same direction becanse the tals form
microstructures on opposite faces of a base film, 80 the skews of the tocls add to cach
other, instead of canceling esch other.

Mmhw_mbmmnﬁn&nnofhmdd@of

the maska by roteting the wholo pattcr through the desired anglo befors writing it
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Skew can also be mechanically incorporated imio a flat nicke! tool by cutting it at the
zppropristo angle with a rarmerically coatrolled mill. The skewed tool ia then formed
into a cyfindrical tool using the skew-cut odge to align the ool to the rotational axis of
a0 impression cylinder.

additional featnres including bat not limited i these embodiments as single clomants
or in various combinations, such as icon fill materials, back coatings, top coatings,
both patterned and non-pattered, fill or inclusions in the lens, optical spacer or icon
meterials, as a laminste or costing. inks and or adhexives inclading aqueous, solvent
or radistion curable, optically tansparent, transtncent or opaque, pigmented or dyed
Indicia in the form of positive or negstive material, coatings, or print including but not
limited to inks, metals, fluorescent, or magnetic materials, X-fwy, infrared, or ultra-
violet sheorbent or cmitting matevials, metals both magnetic and non-magnetic

for detoction or information storages; fluorescent dye and pigments as costings and

" particles; IR fluorescent costings, fill, dyes or particles; UV flnorescent coatings, fill,

dyos or particies; phosphorescect dye and pigments a3 coatings and particics,
planchettea, DNA, RNA or other macro-molecule taggants, dichroic fibers,
eadicisotopes, print roceptive coatings, sizing, or primem, chemically reactivo
matrrisia, micro-encapsuluiod ingrodicnts, fiekd affectod materinls, condnctive
particles and coatings both motallic and non-metaltic, micro-perforsted holes, colored
ttareads or fibers, patches of Unison embedded in the surface of a document, label, or

materials surface, bonded to peper or polymer as s caiar to adhare to paper during

-'mwmm«mmmmm
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particles, color shifting coatings or particies, Unisoa lsminated to paper, paper board,
card board, plastic, coramic, fabric, or metal substratn, Unison as a thread, paich,
lebel, over wrap, hot stamp foil, or tear tape, holographic, diffractive, diffractive
kincgram, isograms, photographic or refractive optical clements, liquid crysta)
materiake, Up Coaversion snd Down Conversion materials.

The synthetic magnification micro-optic system harein has many fields of nac

Government and defenac applications — whether Federal, State or Foreign
(sach as Pagsports, ID Cards, Driver's Licenses, Visas, Birth Cartificates, Vital
Reconds, Voter Registration Cards, Voting Ballots, Social Security Cards, Bonds,
Food Stamps, Postago Stamps, and Tax Stamps),

currency — whether Federal, State or Forcign (such as security threads in pepor
mm,mhpbmmm,mmMWWY);

documents (such ss Titles, Doods, Licenses, Diplomas, and Certificates);

mmmmm_m(mhucwﬁwmam
Corporate Checks, Personal Checks, Bank Vouchers, Stock Certificates, Travelors'
Checks, Monoy Orders, Credit cards, Debit cards, ATM cards, Affinity cards, Prepaid
Phone cards, snd Gift Cards);

confidential information (such as  Movie Scipts, Legal Documents,
axx] “Secret Recipes™, |

product snd brand protection, including Fabric & Home Care (such a5

coxtings, fahric refreshors, bleach, and care for special fabrics),

n
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besuty care (such as Hair care, hair color, skin caro & clesnsing, cosmetics,
fragrances, antiperspirants & deodorants, fominme protection pads, tampons and
pantilinars);

baby and family carc (such a3 Baby dipers, baby and toddler wipes, babry
bibs, baby change & bed mats, paper towels, toilet tissue, and facial tissue);

health care (such as Oral care, pet health and nntrition, prescription
phermaceuticals, over-tho counter pharmaceuticals, drug dolivery and personal health
maon-proscription oyowear; Madical devices and equipment sold to Hospitals, Medical
Profossionals, snd Wholcsalc Medical Distributors (ie: bendages, equipment,
implantable devices, surgical sspplics),

food end beverage packaging;

dry goods packaging,

cloctronic equipment, parts & vomponents;

spparc] snd footwear, including sportswear clothing, footwear, licensed and

biotech pharmaccuticals;

sorospace components and pacts;

stomnoti ve components and parts;
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novelty itoms (such as gift wrap and ribbon)

books and magazines;

schoal products and office supplies:;

business cards;

shipping documentation nd packaging;

notchook covers,

book covory;

book marke;

gumbling and gaming applications (soch ss Lottery tickets, gam cards, casino
chipa snd itome for uso at or with casinos, raffie ad sweepetakes);

home firmishing (sach as towols, linens, and farniture);

fiooring and wallcoverings;

jeweky & watches;

handbegs;

toys;

displays (such a3 Point of Purchasc and Merchandising displays);

product marking and Isheling (such as Labels, hangtags, tags, throads, tear strips,

over-wrapn, scowring s tamparproof intage applied to 1 beanded product or document
for suthentication or anhancement, a1 camouflage, and a3 assct tracking.

Suieable materials for the cmbodiments deacribed sbove include & wide raoge
of potymers. Acrytics, acrylatod polyeates, acrytaed urethanc, polypropyicnes, 4jexics,

' urethancs, and potyestors have suitsble optical and mechanical propextics for both the
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optional scbetrate film include most of the commercially available polymer films,
inchading acrylic, cellophanc, Saran, nylon, potycarbonate, polyester, polypropylenc,
polyethyiene, and polyvinyl. Microstructured icon fill materials can include sny of
the materials listed above 28 wwitable for making microstructured icon elemants, es
well a5 solvent based inks and other commmonly available pigment or dye vehiclea
Dycs or pigments incorporated into these materials should be compatible with the
chemical makeup of the vehicle. Pigments must have a particle sizo that is
substantially smaller then the smallest dimoengions of sny component of sm icon
clament. Optional scaling layer materials can mciude any of the materials listed
sbove #s suitable for making microstractured icon elements, plus many different
commmcercially svailable paints, inks, overcosts, vamishes, laquers, and clear coats
wsed in the printing and paper and fikn converting industries. There is no preferred
combination of materials — the choice of matrzials depends o the details of the
material geometry, on the optical properties of the system, and on the optical effect
that is desired.

Although excmplary embodiments have been shawn snd describod, it will be
clear to those of ordinary skill in the art that a number of changes, modifications, or
alierations to the invention as describod can be made. All such changes,
modifications, and altorations should therefore be scen as within the scope of the

disciosmre.
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We claim:

1. A synthetic magrification micro-optic system comprising:

(a) ome or more oplical spacers,;

(b) a micro image comprised of a periodic planar array of a plurality of image
icons having en axis of symmetry about at least one of its planar sxes, &nd positioned
00 o next to the optical spacer; and

(c) aperiodic ptanar mray of image icon focusing clcments having an axis of
symmmetry about at fcast onc of its planar axes, the axis of symmetry being the same
planar axis as that of the micro image plansr aray, each focusing clement having &
effective diameter of less than 50 microns and being associsted with an image icon
and providing an enlarged field of view over the width of the associated image icon so
that the peripheral edges of the sssociated imago icon do not drop out of view.

2. The synthetic magnification micro-optic system of claim 1, wherein
the focasing clements are selocted from the group consisting of non-cylindrical lenses
and pon-cylindrical focasing reflectors.

3.  Tho synthetic magnification micro-optic system of claim 2, wherein
the focasing slements are aspheric focusing elements.

4. The synthetic magnification micro-optic system of chaim 3, wherein
the focusing clanents have base geometries in the plane of their planar aray sclectod
ﬂmdxmmﬁsﬁngdnmhbmnmﬂhnlmwoﬁ
hexagonal basc, 8 squarc basc, a trisngular base, a rounded off trisngular base, nd
mixtures theroof.

5.  The synthetic magnification micro-optic system of claim 2, wherein
the focusing clements have an F number equivalent to 4 or koss.

5
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6. The synthetic magnification micro-optic system of clgim ;!, wherein
the focusing elements have an F number equivalent to 4 o lesa

7. Tbsynﬂicticm:gxiﬁmﬁmmicm—opﬁcl}swnofchiml,wmﬁn
tho scale ratio of the repeat period of the image icons to the ropeat period of the
focusing elements is substantially cqual to | and the axcs of symmetry of the periodic
planar array of the micro image and the pariodic planar amrsy of image icon focusing
clements are misaligned.

8.  The synthetic magnification micro-optic system of claim 7, whercin
orthoparallactic motion cffects are provided.

9. The synthetic magnification micro-optic system of chaim 1, wherein
the scale mtio of the repeat period of the image icons to the repeat period of the
focusing clements is greater than 1 snd the axcs of symmetry of the periodic planar
armay of the micro image and the periodic planar array of image icon focusing
elements arc aligned.

10.  The synthetic magnification micro-optic system of claim 1, wherein
the acale ratio of the repeat period of the image icons to the repeat period of the
focuxing elements is less than 1 and the axes of symmetry of the periodic planar armay
of the micro image and the periodic planar srray of image icon focusing elements are
aligned. |

' 11.  The synthetic magnification micro-optic system of claim I, wherein
the scalo ratio of the repeat period of the image icons o the repeat pariod of the
focusing clements is axially asymmetric in the pianes of the image icons and the
focusing clements, the scale ratio being less than 1 in onc axis of symmetry and being
greater than 1 in the other axis of symmetry, snd the sxes of symmetry of the periodic

2
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planar amay of the micro image and the periodic planar armay of image icon focusing
clements are aligned.
12 The synthotic magnification micro-optic system of claim 1, each
focuxing clement having an effective diameter of from about 15 to sbout 30 microns.
13.  The synthetic magxification micro-optic syatem of claim 1, each
focusing olement having an effective dismeter of loss than 30 microas.

4.  The synthetic magnification micro-optic system of claim 1, having a
total thickness of iess than sbout 45 microas.

1S.  The synthetic magnification micro-optic system of claim 1, having a
tota! thickncss of aboat 10 to shout 40 microns.

16.  The synthetic magnification nricro-optic system of claim 1, each
focusing elcment having » focal length of less than about 40 microns.

17. The synthetic magnification micro-optic system of clamm 1, each
focusing elcment having a focal leagth of sbout 10 to does than about 30 microas.

18.  Ths synthetic magnification micro-optic system of claim 1, wherein a
morphing effect is provided for causing onc syathetically magnified image to morph

19.  The synthetic magnification micro-optic syster of claim 1, each image
icon boing formad from a printing methad selectad from the group coosisting of ink
jet, lesorjet, lotterpress, ficxo, gravure, and intaglio printing methods.

20.  The synthetic magnification micro-optic system of claim 1, wherein
the image icons are formed as recesses in a substrate, the vouds in the roceases bang
ﬁﬂdwhh‘mmmdmlm:dwdm-pwmnﬂ
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21.  The synthetic magnification micro-optic system of claim 1, having two
ayers of image icons at differcat depths in tho system and a combination of focusing
oloments some having a focal longth for focusing on one of the two layers of image
icons and some having a fiocal length for focusing on the other of the two layers of
image icona.

22.  The synthetic magnification micro-optic system of claim 1, wherein
the focusing sloments sre non-cylindrical lenses and a reflective layer is poaitionod on
the side of the micro image opposite the focusing elements.

23.  The synthetic magpification micro-optic systam of claim 1, including a
transpercat tamper indicating material is placed over the focusing elements.

24.  The synthetic magnification micro-optic aystem of claim 1, including a
mMpmmﬁWMpMmﬂnﬁcowﬂm
image opposite the focnsing clenants.

25. The synthetic magrification micro-optic system of claim 24, having a
second planar sy of image icons in between the two planar armys of focusing
clungls. .

26. A document socurity device comprising:

(a) onc or more aptical spacers;

(b)amiauinngeanglindofapuiodicplnmmyofapmﬁtyoﬁlmy
icons having an axis of symmetry about ut lexst one of its planar axes, and positioned
on or next to the optical spacer; and

(c) aperiodic planar amay of imags icon focosing clements having an axis of
symmnetry about at least one of its planar axes, the axis of symmetry being the same
planar axis as that of the misro image planar srray, each focusing element having sn
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cffective dismeter of less than 50 microns and being associated with an imagr icon
and providing an enlarged fiedd of view over the width of the sssocisted image icon 30
that the peripheral edges of the associsted image icon do not drop out of view.

27.  The documant security device of claim 26, the device operating as a
lammating film on a document.

28.  The document security device of claim 26, the document being
sclected from the group consisting of LD. cards, credit cands, drivers® licenses,
fiuancial documents, bank notes, bank checks and currency. -

29.  The documont security device of olaim 26, whercin the device is in the
form of a security thread for incorporation into currency paper.

30.  The synthetic magnification micro-optic system of claim 1, wherein
the focusing clements are selected from the group consisting of non-cylindrical lenscs
and noa-cylindrical focusing refiectors.

31.  The synthetic magnification micro-optic system of claim 30, wherein
the focuming clements are aspheric focusing clements.

32.  The synthetic magnification micro-optic system of claim 31, wherein
the focuring claments have base goometrios in the plane of their plansr sray seiected
from the group coaslsting of & circular base, 1 hexagonal base, 2 rounded off
lﬂwb-;lnmmawbq-mmdcdoﬁ”mﬂmw&nﬂ_

33.  Tho synthetic magnification micro-optic systom of claim 30, whercin
ﬂl:focmingdmhlvcmannhu'equinmm4mlgm.

34.  The synthetic magnification micro-optic system of claim 31, wherein
the focusing clements have an F mumber equivalent 60 4 or less.
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35.  The synthetic magnification micro-optic system of claim 26, wherein -
the acalc ratio of the repeat period of the image icons to the repeat period of the
focusing elementy is substantially equal to 1 and the axes of symmetry of the periodic
planar array of the micro image aad the periodic planar amay of image icon focusing -
36. The synthotic magnification micro-optic system of claim 35, whorein |
37.  The synthetic magnification micro-optic system of ciaim 26, wherein
the scale rutio of the ropeat period of the image icons to the repest period of the
focasing olements is greater than 1 and the axee of symmetry of the periodic planar
array of the micto image and the periodic plagar mmay of image icon focusing
clements are alignod.
38  The synthetic magnification micro-optic systam of claim 26, wherein
unnhxﬁodmempubddnmimicmmmcmpaiodofﬂx
focusing elementy is less than 1 and the axes of symmetry of the periodic plansr mray
of the micro image and the periodic planar soay of image icon focusing demcnts 2o
aligned.
39.  The synthetic magyificstion micro-optic system of claim 26, wherein

- the scale ratio of the repeat period of the image icons 1o the repest period of the

focusing elanents is axially asymmctric in the plancs of the image icons and the
focnsing elements, the scale ratio being less than | in ane axis of symmetry and being
grester than 1 in the other axis of symmotry, and the axes of symmetry of the periodic
plenar srray of the micro image and the periodic planar sray of image icon focusing
dmannligmd..
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40.  The synthetic magnification micro-optic system of claim 26, each
MdanaﬂhvmgmcﬁcﬁdeOfﬁmnMISwmmm
41.  The synthetic magnification micro-optic systom of claim 26, each

focusing slement having an effective diameter of legs than 30 microns.

42.-  The synthetic magnification micro-optic system of claim 26, having a
total thickness of less than about 45 micons.

43.  The synthetic magnification micro-optic system of claim 26, having a
total thicknegs of about 10 to sbout 40 microns.

44.  The synthotic magnification micro-optic system of claim 26, cach
focusing element having a focal kngth of leas than about 40 microns.

45. The synthetic magnification micro-optic system of claim 26, each
focusing element having a focal length of about 10 to loss than about 30 microns.

46.  The synthetic magnification micro-optic system of claim 26, wherein a
morphing effct is provided for causing ono synhetically magnified image to morph
irdo another syntheticatly magnified imaga.

47.  The synthetic magnification micro-optic system of claim 26, cach
image icon being formed from a printing method sclected fram the group consisting
of ink jet, kaserjet, lcttrrpress, flexo, gravure, and miaghio printing methods.

48.  The synthetic magnification micro-optic system of claim 26, wherein
the image icons are formed as recesses in a substrate, the voids m the rocesses being
ﬁﬂdwiﬁmevmnMnmIMadpdmmiLapigmndmm
combinations thereof.

(s) one or more optical spacers;

|
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(b)nmianhmmomm'nadof:puiodicp!mmyoﬁphnﬂityoﬁmaga
icons having an axis of symmctry about at lcast one of its planar axes, and positioned
on or next to the optical spacer; and

" (¢) 8 periodic plsoar amay of image icon focuzing elements having an axis of
symmetry sbout at Jeast one of its plenar axes, the axis of symmetry being the same
planar axis as that of the micro image planar aay, each focusing element being an
aspheric focusing eloment having an effective dismeter of less than 50 microns and
being associated with an image icon.

50.  The syathetic magnification micro-optic system of claim 49, whercin
the focnsing elements have base geometries in the planc of their planar amay selccted
from the group consisting of a circular base, a hexagonal base, 2 rounded off
bexagonal basc, a aquaro besc, a trisngular base, 2 rounded off triangular base, and
mixtrres thereof

S1.  The synthetic magnification niicro-optic system of claim 49, whercin
(e focusing clanents have an F mumber equivalent o 4 or less.

52 The synthetic magnification micro-optic system of claim 50, wherein
the focusing chements have an F munber oquivalent to 4 or less.

S3.  The synthetic magnification micro-optic system of claim 49, wherein
the scalo ratio of the ropeat period of the image icons b the repeat period of the
focusing elemonts is substantially equal to 1 and the mxes of symmetry of the periodic
planar array of the micro image and the periodic pianar array of image icon focusing

54.  The synthetic magnification micro-optic system of claim 53, wherein
orthoparaliactic motion effects are provided ' |
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55.  The synthetic magnification micro-optic system of claim 49, whercin
the scale ratio of the repest period of the image icons 10 the repeat period of the
focusing clements is greater than | #nd the xxes of symmetry of the periodic planar
armay of the micro image and the periodic planar amay of image tcon focusing
elements sre aligned.

56. The synthetic magnification micro-optic system of clamm 49, whorein
the acale ratio of the repeat pariod of the image icons to the repeat period of the
focusing elamonts is loss than 1 and the axos of symmetry of the periodic planar array
of the micro image and the periodic planar arrxy of image icon focusing clements sre
aligned.

57.  The synthetic magnification micro-optic system of claim 49, whercin
the acate ratio of the repeat pariod of the image icons to the repeat period of the
focnsing elaments is axially asymmetric in the plancs of the image icons and the
focusing elaments, the scale ratio being leas than 1 in one axis of symmetry snd being
Mlhmlintheodﬂ'nhoflymdﬂ.nﬂlh;:uuofsymmdqofﬂnpaiodk
planar aray of the micro image and the periodic planar smay of image icon focosing
elemonts aro aligned.

58.  The syntbetic magnification micyo-optic system of claim 49, cach
focusing elcment having an effective dismeter of from shout 15 to about 30 microns.
59.  The synthetic magnification micro-optic system of claim 49, cach

focusing eloment having an effective dismeter of loss than 30 microns.

60. The synthetic magnification micro-optic system of claim 49, baving a
total thicknoss of less than sbout 45 microns.
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61.  The systhetic magnification micro-optic system of claim 49, baving a
total thicknees of about 10 to about 40 microns.

62.  The synthetic magaification micro-optic system of claim 49, cach
focusing clement having a focal Length of less than sbout 40 microns.

63.  The synthetic magnification micro-optic system of claim 49, each
focusing cloment hxving a focal kmgth of sbout 10 t0 loss than about 30 microna

64.  The synthetic magnification micro-optic system of claim 49, whercin a
motphing offect is provided for cansing ono synthetically magnified image to morph

65. The synthetic magnificstion micro-optic systern of claim 49, exch
image icon being formed from a printing method sciccsed from the group consisting
of tnk jet, lasejet, Jotterpress, flexo, gravure, and intaglio printing methods.

66. The synthetic magnification micro-optic systam of claim 49, whercin
the image icans are formed as recesses in a substrate, the vaids in the recesses being
filled with an cvaporated metal matevial, a dyed matesial, s pigmented material and
combinations thereof.

67. A docunent security dovice comprising:

(3) one or more optical spacers;

(d) a micro image compriscd of a periodic planar amray of a plurality of image
icons having an axis of symmetry sbout at least ooc of its planar axcs, and positioned
on or next 80 the optical specer; and

(c) 1 periodic plansr amay of imagre icon focusing clemeants having an axis of
symmetry sbout at kcast one of ity planar axes, the axis of symmetry beang the same
plansr axix s that of the micro image plansr xrray, each focusing eleoscnt being an
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aspheric foousing clememt having an offoctive diamster of loss than 50 microns and
being associated with an image icon.

68._ A method of producing a synthetic magnification micro-optic system,
mﬁngﬂ?moﬁ

(») providing one or more optical spacers;

(b) providing a micro image comprised of a periodic planar array of &
phurality of image icons having an axis of symmetry sbout at least onc of its piznar
xxes, and positionod on or next o the optical spacer; snd

(c) providing s periodic plaar mray of image icon focuming clemcots having
an axis of symumetry sbout at least one of its planar axcs, the axis of symmetry being
the same planar axis as that of the micro image planar array, cach focusing eloment
baving an effective dismeter of lees then 50 microns and being associsted with an
image icon and providing sn cnlarged fisld of view aver the width of the associated
imago icon so that the periphera) edges of the associated imags icon do not drop out
of view.

6. A mothod of producing s synthetic magnification micro-optic system,
comprising the steps of:

(a) providing one or more optical spacers;

() providing a micro image comprised of & pariodic planar wray of 2
planality of image icons having sn axis of symmetry about at least one of its planar
axes, and positioned on or next to the optical spacer; and

(c) providing a periodic planar axy of image icon focusing elements having
an sxis of symmetry sbout at lcast ooe of its planar axes, the axis of symmetry being

" the same planar axis ss that of the micro image planer srmay, cach focasing clemeat
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being an asphoric focusing element having an effoctive dismeter of less than 50
microns and being associated with an imags icon.

70. A method for producing a document security device, comprising the
stops of:

(x) providing onc or more optical spacers;
W)mamww#nmpmmydn
plarality of image icons baving an axis of symmetry sbout at least one of its planar

ares, snd positionod on or pext to the optical spacer; and

" () providing a periodic plaxur may of image ioon focuing clements having
an axis of symmetry shout at east onc of its phanar axes, the axis of symmetry being
fhe same planar axis a3 that of the micro image planar armay, cach focusing elernent
baving an effective dimmeter of loss than 50 microns and being associsted with an

inage icon snd providing o colsrged fiekd of view over the width of the associated
image icon so that the peripheral edges of the associstod image icon do not drop out
of view.

71. A method of producing & document sccurity device, comprising the
steps of

() providing ouec or more optical spacers,

(b) providing a micro image compriscd of a periodic pianar aray of
pluzality of image icons having an axis of symmetry sbout et least ooc of its phanar
sxecs, and positionad on or next & the optical spacer; sad

() providing a periodic planar srray of image icon Socusing clements having
mﬁdeMuMmdmeWmhormm

' the sam phmar axis as that of tho micro imagr placar amay, cach focusing clomost
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being an aspheric focusing element baving an effective diamoter of kess than 50
microns and being associated with an imege icon

72. A mcthod of controlling motion effects in a synthetic magnification
micro-optic systcm, courprising the steps of:

(a) providing one or mare optical spacers;

(b) providing a micro image comprised of & periodic planar sray of a
plurality of image icons having an sxis of symmetry about st least ane of its planar
xxes, and positioned on ar next & the optical spacer;

(c) providing a perindic planar aray of imags icon focusing eloments having
an axis of symmetry sbout =t lesst one of its planar axes, the axis of symmetry being
the same planar axis as that of the micro image planar simay, cach focusing element
baving mn effoctive dismeter of lees than 50 microns and being associated with an
image icon and providing an enlarged fiekd of view over the width of the associated
image icon 50 that the periplicral edges of the sssociated image icon do not drop out
of view; ind

(d)-wledingﬂwulomiooflhempdpuiodofﬂmhmgcmmtﬁa '
repeat period of the focusing elemments from the group consisting of lees than 1,
substantially equai to 1, and greater than 1, 2nd selecting whether the axes of
symmetry of the periodic plansr array of the mioro image and the periodic planar
amay of irmage ican focusing olaments are aligned or misaligned.

73. A octhod of controlling motion effects in a synthetic magnification
micro-optic system, comprising the steps of:

(a) providing cne or more optical spacers;
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(b) providing a micTo image comprised of a periodic planar array of a
phurality of image icons having an axis of symmetry sbout at least one of its planer
sxos, and positioned on or next to the optical spacer;

(c) providing a peviodic planar array of image icon focusing clements having
an zxis of symmetry about at least onc of its planar axes, the axts of symmetry being
the same planar xis as thet of the micro image planar zmay, each focusing clement
being an spheric focusing cloment having an effective diameter of less than 50
microns snd being associated with an imagr icon; and

(d) sclocting the acale ratio of the repeat period of the image icons to the
rcpeat pariod of the focusing clements from the group consisting of leas than 1,
substantialty oqual to 1, and greater than 1, and selecting whether the axes of
symmetry of the periodic plansr srray of the micro image and the periodic phanar

74. A method of controlling motion effects in a document security device,
comprising the sieps of.

(a) providing onc or moro optical spacers;

(b) providing a micro image comprised of a periodic planar arrsy of 8
phaﬁqdﬁnmhvhumuhofmmylbmnhutomoﬁmplqu
axca, and positionad on or next to the optical spacer;

" (c) providing a periodic planar arzy of imnge icon focusing clements having
an axis of symmetry sbout st Jeast one of its planar axes, the axia of symmctry being
thaancphnarnhuﬂﬂofﬂnmmm“y.udlmm
hvigmdﬁﬁwMofmmmmhMMMngWﬁmm

image icon and providing sn enlarged field of view over the width of the asgociated
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imago icon 80 that the peripheral edgen of tho associated image icon do not drop out
of view; and

(d) sclecting the scale ratio of the repeat period of the image icons to the
repeat pariod of the focusing elements from the group consisting of kexs than .
substantially equal to 1, snd greater than 1, ind sclocting whether the axes of
symmetry of the periodic plansr armay of the micro image snd the periodic planar
ray of image icon focusing elements are aligned or misaligned.

75. A mathod of comtrolling motion effects in a document security device,
comprising the siops o

(a) providing onc or more.optical spacers;

(b) providing a micro image comprised of a periodic planar armay of a
plurality of image icons having mn axis of symmetry about at keast oo of its planar
uu.uﬂpodwonornmmﬂuq:imlwa;-

(c) providing a periodic planar may of image icon focusing slements having
an axis of symmetry about st least one of its planar axes, the axis of symmetry being
tho sume planar axis a5 that of the micro image planar array, each focusing etement
being an aspheric focuming element having an effective diameter of less then 50
microns and being associated with an image icon; and

(d) sclocting the scale ratio of the repest period of (he image icons to the
repeat pexiod of the focuging cloments from the group consisting of loes then 1,
substentislly equal to 1, end greater than 1, and selecting whether the exos of
symmetry of the periodic planar amy of the micro image and the periodic planar
array of image icon focusing elements arc alignod or misaligned.
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76.  Animage icon for usc in 2 synthetic magnification micro-optic rystem,

() onc or more optical spacers;

(b) & micro imags comprised of a pexiodic plenar amray of a plurality of mage
icons having an axis of symmetry about at least one of its planar axes, and positioned
on or next to the optical spacor; and.

(c) n periodic planar array of image icon focusing elements having an axis of
symmetry aboat at leset one of its planar axes, the axis of symunctry being the same
planar axis as that of the mricro image phmar amay, each focasing alemert being
associxted with am image icor; snd

tho imego icous being formed am recesses in & substrats, the voids in the
recesses being filled with sn evaporsted motal material, a dyed material, a pigmented
material and combinations thereof.

77.  An image icon for use in a document security device, the synthetic

(=) coo or more optical spacexs;

(b) & micro image comprised of a periodic planar array of a phurality of imsge
mmmnhof-ymmakumofmpmngmpoﬁm
mum;:!mlhcq:ﬁmlmul!

(c) s periodic planax arrey of image icon focusing elements having an axis of

symmetry shout at least one of its pianar sxcs, the sxis of symmetry bemg the same

- planar axis as that of the micro image plaaar airay, cach focusing element being

associstad with an image icon; snd
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the image icons being fonnod as recesacs in  mubstrate, the voids in the
recesses being filled with an evaporatod metal material, a dyed material, a pigmented
material and combinations thereof.

78. A synthetic magnification micro-optic systam comprising:

() onc or more optical spacers; '

(b) a micro image comprised of & periodic planar array of a plonality of image
ioons having an axis of symmetry sbout & lcast one of its planar axcs, and positioned
0a or et  the optical spacer; and

(c) aperiodic plansr array of image icon focusing claments having an axis of
symmetry shout at keast onc of its planar xes, the axis of symmatry being the same
phanar axis »3 that of the micro ixmage planar array, each focusing clement being a
polygonal base mniti-zonal fens.

79. A document sccurity devico comprising:

(2) ome or more optical spacers;

(b) a micro irnago comprised of a periodic plaaar array of a plurality of image
icons heving an axis of symmctry sboat af keast one of its planar xxes, sud positioned
0a or next to the optical spacer; and

(c) » periodic planar armay of image icon focusing elements having an axis of
symmetry sbout &t least oo of its plaar axes, the axia of symmetry being the same
plaper sxis a3 that of the micro image plaax aay, cach focusing clement being a
polygonal base nulti-zocal lons.

80. Awamnmmmmw'm

(a) plwu‘hngmcormnowdmt;
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(b) providing a micro image comprised of & periodic planar array of &
phality of image icons having m axis of symmetry about ar least 0o of its planar
axes, and positioned on or next to the optical spaces; and

(c) providing a periodic planar array of image icon focusing elements having
an axis of symmetry about at loast oue of its plaaar axcs, the axis of symmetry being
the same plaar axis as that of the micro image planar sray, each focusing clement
being 2 polygonal bese multi-zosal lens.

81. A method of making document security device, comprising the stops
of

(8) providing one or mare optical spacens;

(b) providing a micto mage comprised of a periodic planar array of a
phmtity of image icons having an axis of symmctry about at lcast one of its plansr
=xcs, and positionod on or next to the optical spacer; and |

(c) providing a periodic planar aray of image icon focusing elcments having
an xxis of symmetry sbont st Jeast onc of its planar axcs, tho axis of symmetry being
the same placar axis as that of tho micro image planer arry, cach focnsing elament
being a polygonal basc multi-zonal loos.

‘82 A security thread comprising;

(a) ounc or more optical spacers;

(b) onc or more optiomally parodic planar arrays of micro-images or icons
positioned within, on, or next to an optical spacer; and |

(c) one or more optiomlly periodic planar arays of non-cylindrical micro
mgpodﬁmdmamtwdﬂnmoﬁhlmaapﬁwimumty,m

cach micro-lens having a base diameter of icss than 50 microns.

”
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83. A scaumity thread, comprising:

(2) = optical spacer haviag oppoting upper and lower planar surfaces;

{b) = periodic amay of micTo-images o icons comprising filled recosses
farmad on the lower planar surface of the optical spacer;

5 (c) a periodic armay of non-cylindrical, flat ficld, aspheric or polygonal base
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multi-zanal micro-lenses positioned on the upper planar surface of the optical spacer,
wherein sach micro-lens have a basc dismeter ranging from about 20 to about 30
nticrons; and
(d) apigmented scaling or obecuring layer 516 positioned on the icon armay.
84, Amdhodrofmmsl-muityﬂnud.mi:h:gmemo&
(2) wpplying 2 substantially transparent or clear radistion curable resin to the
uppcr and lower surfacea of the optical spacer;
(b) forming a micro-lens array on the upper surface and an icon array in the
form of recesses on the lower surface of the optical spacer;
© W&Mymwmmm-mof
radiation;
(d) filling the icon array recesses with & pigmentod resin or ink;
(¢) removing excees resin or ink from the lower surface of the optical spacer;
and
(0 spplying s pigmentod scaling or obscuring coating or layer to the lwer

surface of the optical spacer.
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B8ISTEMA DE PREBENTACION DE IMAGENEB Y SEGURIDAD MICRO-

OPTICA

CAMPO DE LA INVENCION

La presente invencién se refiere a un sistema
micro-épticoc de magnificacién sintético gque en una
modalidad ejemplar se forma como una pelicula de polimero.
Los efectos oépticos inusuales provistos por las diversas
modalidades de la descripcién se pueden utilizar como un
dispositivo de seguridad para autenticacién abierta vy
encubierta de moneda corriente, documentos y productes asi
come una mejora visual de productos, empagues, material

impreso y bienes para el consumidcr.

ANTECEDENTES DE LA INVERCION

Se han empleadc varios materiales oépticos para
proveer la autenticacién de moneda corriente y documentos,
para identificar y distinguir productos auténticos de
productos falsificados, y para proveer una mejora visual de
articulos fabricados Yy empaques. Ejemplos incluyen
despliegues hologrdficos, y otros sistemas de imagen que
involucran estructuras lenticulares y disposiciones de

micro-lentes esféricos. Los desplieques hologrAficos han
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prevalecido para uso con tarjetas de crédito, licencias de
conducir y etiquetas de ropa.

Uh ejemplc de una estructura lenticular para la
seguridad 'de documentos se describe en la Patente EUA
4,892,336 a Kaule, et al. que se enfoca en un hilo de
sequridad para incorporacién dentro de un documento para
proveer medidas anti-falsificacién. E1l hilo de seguridad es
transparente y tiene un patrén impresc en un lade, en el
lado opuesto, una estructura de lente lenticular coordinada
con el patrén impreso. La estructura de lente lenticular se
deacribe como compuesta de una pluralidad de lentes
cilindricos paralelos, o alternativamente lentes en panal o
esféricos.

La Patente FEUA 5,712,731 a Drinkwater, et al.
describe un dispositivo de seguridad gque incluye una
disposicién de micro-imAgenes acopladas con una disposicién
de micro-lentes sustancialmente esféricos. Los lentes
también pueden ser lentes astigmAtices. Cada uno de los
lentes tipicamente tiene 50-250 um y una longitud focal de
200 pm.

Todes esteos enfoques sufren de inconvenientes
similares. Como resultado se obtiene una estructura
relativamente gruesa que na es particularmente conveniente
para uso con autenticacidédn de documentos. Su usc de lentes

cilindrices o esféricos provee un campo angosto de visién,
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dando como resultado imAgenes borreosas y requiriendo una
alineacién exacta y dificil del punto focal de los lentes
con las imAgenes ascociadas. Adicionalmente, no han probade
ser particularmente efectivos como medidas de seguridad o
anti-falsificacién.

En wvirtud de estas y otras deficiencias, existe
una necesidad en la industria de materiales &épticos
visualmente Unicos y 8egures gque puedan facilitar la
autenticacién abierta de moneda corriente, documentos,
articulos fabricados, y productos y para materiales épticos
gue provean una mejora visual de articulos fabricados,

producteos y empagues.

SUMARIO DE LA INVENCION

La presente desacripcién se refiere a un material
de pelicula que utiliza una dispesicidn bidimensional
regqular de lentes no cilindricos para agrandar micro-
imAgenes, dencominadas iconos en la presente invencién, vy
para formar una 1lmagen sintéticamente magnificada a través
del desempefio unificado de una multiplicidad de sistemas de
imAgenes de fconos/lentes individuales. Las imaAgenes
sintéticamente magnificadas y el fondo que las rodea puede
ser a color o sin color, y cualquiera o ambas imidgenes y el

fondo que las rodea puede ser transparente, traslicido,
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pigmentado, fluorescente, fosforescente, color épticamente
variable de despliegue, metalizado, o Sustancialmente
retrorreflective. El1 material que despliega imAgenes a
coler en un fondo transparente o teflido es particularmente
muy conveniente para uso en combinacidédn con informacién
impresa subyacente. Cuando una pleza de dicho material se
aplica sobre informaciédn impresa, tanto la informacidn
impresa come las imAgenes son vistas al mismo tiempo en
relacién de movimiento espacial o dinAdmico entre si. EI
material de este tipo también puede estar sobreimpresc, es
decir, puede tener un grabado aplicado en la superficie
superior {lente) del material. Alternativamente, el
material que despliega imdgenes a color {(de cualquier
coler, incluyendo blanco Y neqro) en un fondo
sustancialmente opaco © traslicido de diferente color es
particularmente muy conveniente para uso independiente o
con informacién sobreimpresa, no en combinacién con
informacién impresa subyacente.

La magnitud de la magnificacidn sintética lograda
se puede controlar a través de la seleccidn de un nimero de
factores, incluyendo el gradc de “sesgo” entre los ejes de
simetria de la disposicién del lente y los ejes de simetria
de la disposicidén del icono. Disposiciones periddicas
regulares tienen ejes de simetria que definen lineas que el

patrdn podria reflejar alrededor sin camhiar la geometria
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bdsica del patrén, que en el ideal de las disposiciones son
infinitas en extensidén. Una disposicién cuadrada, por
ejemplo, se puede reflejar alrededor de cualquier diagconal
de cualguier cuadrado sin cambiar la orientacién relativa
de la disposicién: si1 los lados de los cuadrados estén
dlineados con los ejes x y y del plano, entonces los lados
de los cuadrados seguirdn estandoc allneados con aquellos
ejes después de la reflexién, suponlendeo que todos las
lados son idénticos e indistinguibles.

En lugar de reflejar la disposicidédn cuadrada, la
disposicién se puede girar a través de un dangulo igual al
dngulo entre los ejes de simetria del mismo tipo. En el
casc de una disposicién cuadrada, la disposicidén se puede
girar a través de un Angulo de 90 grados, el A&ngulo entre
diagonales, para llegar a una orientacidén de disposicidn
que 8ea 1ndlstinguible de la disposicidédn original. De
manera similar, se puede reflejar o girar una disposicidn
de hexagonos regulares alrededer de un numerc de ejes de
simetria, incluyendo las “diagonalea” del hexagono (las
lineas gue conectan los vértices opuestos) o “divisores de
punto medico” (lineas que se conectan entre los puntos
centrales de las caras en los lados opuestos del hexagono).
El d@ngulo entre los ejes de simetria de cualquier tipo es
sesenta grados (60°), dando como resultado una orientacién

de disposicién que es indistingquible de la orientacién
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original.

51 una disposiclién de lentes y una disposicidén de
iconos inicialmente se colocan con sus dimensiones planas
definiende su plano respectivo x-y, unc de los ejes de
simetria se elige para representar el eje x de la primera
disposicidn, el tipo correspondiente de eje de simetria
{(por ejemplo, eje diagonal de simetrila) se elige para
representar el eje x de la segunda disposicién, en donde
las dos disposiciones estd&n separadas por una distancia
sustancialmente uniforme en la direccién del eje z, después
se dice que las disposiciones tienen cero sesgo si los ejes
x de las disposiciones parecen ser paralelas entre si
cuando las disposiciones son vistas & lo large de la
direccién del eje 2z. En el caso de disposiciones
hexagonales, la rotacidén de una disposicién a través de un
dnqulo de 60 grades, o multiples de las mismas, coloca a
las disposiciones nuevamente en alineaclén, por lo que no
existe 8sesgo, tal como tampeco existe sesgo para una
rotacién de 90 grados, ¢ miltiples de las mismas, en el
caso de disposiclones cuadradas. Cualquier desalineacién
angular entre los ejes x que 3gea diferente de estas
“rotaclones con cero sesgo” se denomina el sesqgc. Un
pequerio sesgo, tal como 0.06 grados, puede crear una gran
magnificacién, en exceso de 1,000x, y un gran sesqo, tal

como 20 grados, produce una pequefla magnificacidn,
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peotencialmente tan pequerfla como 1x. Qtros factores, tal
como las escalas relativas de las dos disposiciones y el F¢
del lente, pueden afectar tante la magnificacién de 1la
imagen sintética como su rotacién, el movimiento
ortoparalictico y la aparente profundidad visual.

Existe un ntmero de diferentes efectos wvisuales
que pueden 3ser provistos por el ©presente material
{posteriormente denominade como un “Unisono” para el
material en general, ¢ por los nombres de “Movimiento
Unisono”, “Profundidad Unisona”, “Super Profundidad
Uniscna”, “Flotador Unisono”™, "“SUper Flotador Unisono”,
"Levitado Unisono”, “Morfo Unisonc”, y "3-D Unisona” para
material Unisonc gque presenta esos efectos respectivos), y
sus diversas modalidades que producen cada uno de estos
efectos, generalmente descritos de la sigulente forma:

El Movimiento Unisono presenta imagenes gque
muestran el movimiento ortoparalAdctico (OPM), cuando el
material es inclinado, las imAgenes se mueven en una
direccidén de inclinacién que parece ser perpendicular a la
direccién anticipada por el paraliaje normal. La Profundidad
y la Super Profundidad Uniacna presentan imAgenes que
parecen yacer sobre un plano espacial que es visualmente
mids profundo que el grosor del material. El Flotador y el
Siper Flotador Unisono presentan imidgenes que parecen yacer

sobre un plano espacial que esatd a una distancia por encima
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de la superficie del material; y el Levitado Unisono
presenta imAgenes que oscilan de la Profundidad Unisona (o
Siper Profundidad) a Flotador Unisono (o Stper Flotados)
conforme el material es girado a través de wun angulo
determinade (por ejemplo, 90 grados), wvolviendo después a
la Profundidad Unisona (o Super Prefundidad) nuevamente
conforme el material es girado adicionalmente por la misma
cantidad. El1 Morfo Unisono presenta im&genes sintéticas que
cambian de forma, configuracién o tamafc conforme el
material es girado o visto desde diferentes puntcs de
visién. La 3-D Unisona presenta imAgenes gque muestran
estructuras tridimensionales a gran escala, tal como una
imagen de un rostro.

Se pueden combinar multiples efectos Unisonos en
una pelicula, tal como una pelicula que incorpora miltiples
plancs de imAgenes en Movimiento Unisonc que pueden ser
diferentes en forma, color, direccién de movimiento, vy
magnificacién. Otra pelicula puede combinar un plano de
imagen de Profundidad Unisona y un plano de imagen de
Fletador Unisono, mientras que se puede diseflar otra
pelicula para combinar las capas de Profundidad Uniscna,
Movimiento Unisono y Flotador Unisono, en el mismo coclor o
en diferentes colores, esas 1imAgenes tienen los mismos
elementos graficos o diferentes. El1 color, el diseflo

grdfico, el efecto 6éptice, la magnificacién, y otros



10

15

20

25

elementos visuales de midltiples plancs de imagen son
bastante independientes; con pocas excepclones, planos de
estos elementos visuales se pueden combinar en formas
arbitrarias.

Para muchas aplicaciones de seguridad de moneda
corriente, documenteocs y productos, es deseable gque el
grosor total de la pelicula sea menos de 50 micras (también
denominade en la presente invencién como “u” o “um”), por
ejemplo menos de aproximadamente 45 micras, y como un
ejemplo adiciocnal en el rango de alrededor de 10 micras a
aproximadamente 40 micras. Esto se puede lograr, por
ejemplo, a través del uso de elementos de enfoque que
tienen un diametro base efectivo de menos de 50 micras,
come un ejemplo adicional menos de 30 micras, y ain como un
ejemplo adicional, de alrededor de 10 micras a
aproximadamente 30 micras. Como otro ejemplo, se puede
utilizar un elementoc de enfogue que tenga una longitud
focal de mencs de alrededor de 40 micras, y como un ejemplo
adicional, un elemento que tenga una longltud focal de
alrededor de 10 a menos de aproximadamente 30 micras. En un
ejemplo particular, se pueden utilizar elementos de enfoque
que tengan un diimetro base de 35 micras y una longitud
focal de 30 micras. Una modalidad alterna
refractiva/difractiva hibrida puede ser tan delgada como B8

micras.
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Las peliculas de la presente invencidén son muy
resistentes a las falsificaciocnes debido a su estructura
compleja de miltiples capas y sus elementos de aspecto de
radio elevado que no son déclles a la reproduccibdn por
sistemas de fabricacién cominmente disponibles.

Por lo tanto, el presente sistema provee un
sistema micro-4ptico de preferencia en la forma de una
pelicula de polimero que tiene un grosor gque cuando es
visto por ojos s8sin ayuda en luz transmitida o reflectiva
proyecta una o mAs imAgenes que:

i. muestran mevimiento ortoparaléctico
{(Movimlento Unisono);

ii. parecen vyacer sobre un plano espacial mas
profundo que el grosor de la pelicula de polimero
{Profundidad Unisona y Super Profundidad Uniscna);

iii. parecen yacer sobre un planoc espacial por
encima de una superficie de la pelicula de polimero
{Flotador Uniscno o Siper Flotador Unisono);

iv. oscilan entre un plano espacial mis prefundo
gue el grosor de 1la pelicula de polimerd Yy una plano
espacial por encima de una superficie de 1la pelicula
conforme la pelicula es girada azimutalmente (Levitado
Unisono) ;

v. ge transforman de una forma, configuracién,

tamafio, color (o alguna combinacién de estas propiedades)



10

15

20

25

11

en una forma, configufacién, tamario, o coleor diferente (o
alguna comblinacidén de estas propiedades) (Morfo Unisonc);
y/o

vi. parecen tener una tridimenslonalidad realista
{3-D Unisona}.

La presente descripcidn provee, muy
particularmente, un saistema micro-dptico de magnificacidn
sintética y método para elaborar el mismo que comprende:

a) uno o mAs separadores &pticos;

b) una micro imagen compuesta de una disposicién
plana periddica de una pluralidad de iconos de imagen que
tienen un eje de simetria por lo mencs alrededor de sus
ejes planos, y colocados en o junto al separador éptico; y

c) una disposicién plana periédica de elementos
de enfogue de iconos de 1imagen gque tienen un eje de
simetria por lo menos alrededor de sus ejes planos, el eje
de simetria es el mismo eje plano gque agquel de la
disposicién plana de micro imédgenes, cada elemento de
enfoque es un elemento de enfogue de multi-zonas de base
poligonal, un lente que provee un campo de visién agrandado
sobre la anchura del icono de imagen asociado para que los
bordes periféricos del icono de imagen asociado no se
salgan de la wvista, o un elemento de enfoque asférico que
tiene un diametro efectivo de menos de 50 micras.

El sistema puede incluir uno o mds de los efectos
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antes mencionadeos. Se provee un método por mediec del cual
dichos efectos pueden ser incluidos selectivamente dentro
del sistema.

La presente descripciébn ademas provee un
dispositive de segquridad conveniente por lo menos para la
incorporacién parcial en ¢ sobre, y para usc sobre o en
asociacién con, un documento de sequridad, etiqueta, cinta
de desgarre, dispositive de indicacién de alteracién,
dispositivo de sellado, u otro dispositivo de segquridad o
autenticacién, el cual comprende por lo menos un siatema
micro-6ptico, tal comoc se definid anteriormente. De manera
muy particular, la presente descripcién provee un
dispositivo de 3seguridad de documentos y método para
elaborar el mismo que comprende:

a) uno o mids separadores Opticos;

b} una micrc imagen compuesta de una disposicién
plana periédica de una pluralidad de iconos de imagen que
tienen un eje de simetria por loc menos alrededor de sus
eljes planos, y colocados en o juntc al separador éptice; y

c) una dispogicién plana peridédica de elementos
de enfogue de 1iconos de imagen gque tienen un eje de
simetria por lo mencs alrededer de sus ejes plancs, el eje
de simetria es el mismo eje planc qgque agquel de la
disposicién plana de micro imagenes, cada elemento de

enfoque es un elementc de enfoque de multi-zonas de base
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poliqgonal, un lente que provee un campo de visidn agrandado
acbre la anchura del iconc de imagen ascciado para que los
bordes periféricos del icono de Iimagen asociado no se
salgan de la vista, o un elemento de enfoque asférico que
tiene un diametro efectivo de menos de 50 micras.

Adicionalmente, la presente descripcldédn provee un
dispositivo de mejora wvisual que comprende por lo menos un
sistema micro-6ptico, tal como 8e definid anteriormente y
que tiene los efectos anterlormente descritos, para la
mejora visual de vestimenta, productos para la pilel,
documentos, material impreso, productos manufacturados,
empaque, aparadores de puntos de compra, publicaciones,
dispositivos de publicidad, productos deportivos,
decumentos financieros y tarjetas para transacciones vy
otros bienes.

También se provee un documento o etiqueta de
sequridad que tiene por 1lo menos un dispositive de
seguridad, tal comc se definié anteriormente, por lo menos
parcialmente incorporadc en el mismo y/o montado en el
mismo.

Ctras caracteristicas y ventajas de la presente
descripcién serdn aparentes para aguellos expertos en 1la
técnica a partir de la siquiente descripcién detallada vy
figquras anexas.

Otros sistemas, dispoaitivogs, métodos,
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caracteristicas y ventajas serdn o se volverdn aparentes
para aquellos expertos en la técnica al momentc de examinar
las sigulientes figuras y descripcién detallada. Se pretende
gue dicheos siastemas, métodoms, caracteristicas, y ventajas
adicicnales gqueden incluidos dentro de la presente
descripcidn, dentroc del alcance de la presente descripcién,
y que ademAs queden protegidos por las reivindicaciones
anexas.

A menos que se defina lo contrario, todos los
términos técnicos y cientificos agqul empleados tienen el
mismec significado tal como cominmente lo entienden aquellos
expertos en la técnica a quienes pertenece esta invencién.
Todas las publicaciones, splicitudes de patente, patentes y
otras referencias mencionadas agqui quedan incorporadas por
referencia en su totalidad. Ep caso de conflicto, regularé
la presente descripcidén, I1ncluyendo las definiciones.
Ademis, los materiales, métodos y ejemplos son ilustrativos

tinicamente y no pretenden ser una limitacién.

BREVE DESCRIPCION DE LAS FIGURAS

Muchos aspectos de la descripcién se pueden
entender mejor con referencla a las figuras. Los
componentes en las figuras no necesariamente estdn a

escala; sin embargo, se hace énfasias para ilustrar con toda
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claridad los principios de la presente descripcién. Ademdas,
en las figquras, numercos de referencia similares designan
partes correspondientes a través de varias wvistas.

La figura 1la es una vista transversal de un
sistema micro-éptico que ejemplifica una modalidad de 1la
preaente descripcidn gque provee movimiento ortoparaldctico
de las imigenes del sistema.

La figura 1b es una wvista en corte isométrico de
la modalidad de la figura la.

La fiqura Z2a ilustra un efecto de movimiento de
imagen sintética cortoparaléctico de la modalidad de las
fiquras la-b.

Las fiquras 2 b-c ilustran los efectocs visuales
de las meodalidades de Profundldad y Flotador de la presente
invencidn.

Las figuras 2 d-f ilustran los efectos visuales
ocbtenidocs a través de la rotacién de una modalidad de
Levitadc de la presente invencidn.

Las figuras 3 a-i son vistas planas que muestran
varias modalidades y factores de relleno de diferentes
patrones de disposiciones bidimensionales simétricas de
lentes del presente sistema.

La figura 4 es una grafica que ilustra diferentes
cambinaciones de los efectos de la meodalidad de

Profundidad, Unisona, Flotador, y Levitado producidos por
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la variacién de la relacién del periodo del elemento de
icono/periodo de lente.

Las figuras 5 a-c son vistas planas que ilustran
cémo se puede ceontrolar la magnificacidédn sintética de las
imdgenes de iconos a través del &angulo reiativo entre la
disposicién de 1lentes y los ejes de la disposicién de
iconos del presente sistema.

Las figuras & a-c¢ scon vistas planas que ilustran
una modalidad que logra un efecto morfo de imaAgenes
sintéticamente magnificadas del presente sistema.

Las figuras 7 a-c son Secciones transversales que
muestran wvarias modalidades de la capa de iconos de la
presente invencién.

Las figuras 8 a-b son vistas planas que ilustran
modalidades de elementos de icenos “positivos” y
“negativos”.

La figqura 9 es una vista transversal gue ilustra
una medalidad de un material de miltiples niveles para
crear regicnes de una imagen sintéticamente magnificada que
tiene diferentes propiedades.

La figura 10 es una vista transversal que ilustra
otra modalidad de un material de miltiples nivelea para
crear regiones de una imagen sinté&ticamente magnificada gque
tiene diferentes propiedades.

Las figuras 11 a-b son vistas transversales gue



10

15

20

235

17

muestran modalidades bdpticas puntiformes Y Opticas
reflectivas del presente sistema.

Las figuras 12 a-b son vistas transversales gue
comparan las estructuras de una modalidad de material
totalmente refractive con una modalidad de material
reflectivo/refractivo hibrido.

La figura 13 es una vista transversal que muestra
una modalidad de material que indica alteracién de
“deapeque-para-revelar”

La figura 14 es una vista tranaversal gque muestra
una modalidad de material que indica alteracidén de
“despegque—-para-cambiar”

Las fiquras 15 a-d son vistas transversales gue
muestran varias modalidades de sistemas de dos lados.

Las fiquras 16 a-f son vistas transversales vy
vistas planas correspondientes que ilustran tres métodaos
diferentes para crear patrones de elementos de iconos con
tono ©o en escala de grises e ImAdgenes sintéticamente
magnificadas posteriores a través del presente sistema.

Las figuras 17 a-d son vistas tranaversales que
muestran el uso del presente sistema juntoc con informacién
Impresa.

Las fiquras 18 a-f son vistas transversales que
ilustran 1la aplicacidén del presente sistema para, ¢

incorporacidén en wvarios substratoms y en combinacién con
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informacién impresa.

Las figuras 19 a-b son vistas transversales gque
comparan el campo de visién en-foco de un lente esférico
con aquel de un lente asférico cuande cada uno esta
incorporade en el presente sistema.

Las figuras 20 a-c¢ son vistas transversales que
ilustran doe beneficios de utilidad gque dan como resultado
el uso de una capa de iconos gruesa en el presente sistema.

Las figuras 21 a-b son vistas planas que muestran
la aplicacién del presente sistema a moneda corriente tal
como un hilo de seguridad “con ventanasa”.

La figura 22 ilustra la modalidad de movimiento
ortoparaldctico del presente sistema de imlgenes en
relacién con un hilc de seguridad “con ventanas”.

La figqura 23 ilustra un fotograbado a media tinta
de una imagen sintética del presente sistema.

La fiqura 24a 1lustra el uso del presente sistema
para crear I1migenes 3sintéticas combinadas que Bon mas
pequenias en dimensién que la caracteristica mas peqguefia de
las imAgenes sintéticas individuales.

La figqura 24b ilustra el uso del presente sistema
para crear patrones angostos de espacios entre elementos de
imigenes de iconos.

La figura 25 ilustra la incorporacién de

informacién escondida encublerta en imiAqenes de iconos del

&
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presente sistema.

La figura 26 ilustra la creacién de imaAgenes
completamente tridimensionales con el presente sistema.

La figqura 27 ilustra el métocdo para disefar
imAgenes de iconos para la modalidad tridimensional de la
figura 26.

La figqura 28 ilustra la imagen de iconos gque
resulta del método de la figura 27.

La figura 29 ilustra cébmo el método de la figura
27 se puede aplicar a una imagen sintédtica tridimensional
compleja.

La figura 30 ilustra las propiedades focales de
la zona central de un lente multi-zonas de base hexagonal
ejemplar que tiene un di&metro efectivo de 28 micras.

La fiqura 31 ilustra las propledades focales de
la zona central de un lente esférico que tiene un diametro
de 28 micras.

La fiqura 32 ilustra el rendimientoc de las zonas
laterales del lente hexagonal de la figura 30.

La fiqura 33 ilustra el rendimiento de las zonas

exteriores del lente hexagonal de la figura 31.

DESCRIPCION DETALLADA DE LAE MODALIDADES

Ahora se hard referencia con mayor detalle a 1la
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descripcién de las modalidades tal como se ilustran en las
figuras. Aunque se describen varias mocdalidades en relaciédn
con estas figuras, no se pretende limitar la invencidén a la
modalidad o modalidades aqui descritas. Por el contrario,
el intento es abarcar todas las alternativas,
modificaciones y equivalentes.

La figura la ilustra una mcdalidad del presente
sistema micro-6ptico 12 que provee movimiento
ortoparalactico de las imdgenes del sistema.

Los lentes 1 del sistema 12 tienen por lo menos
dos ejes de simetria sustancialmente iguales y estan
acomodados en una disposicién periddica bidimensicnal. E1
didmetro de los lenteas 2 de preferencia es menor que 50p y
el espacio intersticial entre lentes 3 de preferencia es 5u
o menos. ({(Se utilizan los términcs “p” y “um” de manera
intercambiable para decir la misma medicién). E1 micro-
lente 1 enfoca una imagen del elemento de icono 4 y
proyecta esta imagen 10 hacia un telespectador. Por lo
regular, el asistema se utiliza en situaciones gue tienen
niveles normales de iluminacié4n ambiental, de forma que la
iluminacién de las imAgenes de iconos surge de la luz
ambiental reflejada o© transmitida. El1 elementc de iconc 4
ea un elemento de una disposicién periédica de elementos de
icono que tienen pericdes y dimensiones sustancialmente

similares a agquellos de la disposicién de lentes que

_{)E?
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incluye el lente 1. Entre el lente 1 y el elemento de icono
4 hay un separador 6pticoc 5 el cual puede estar contiguec al
material del lente 1 u opcionalmente puede ser un substrato
separado B, en esta modalidad los lentes 9 estan separados
del substrato. Los elementcs de 1icono 4 opcionalmente
pueden ser protegidos por una capa de sellado 6, de
preferencia de un material de polimero. La capa de sellado
6 puede ser transparente, traslicida, tefida, pigmentada,
opaca, metalica, magnética, épticamente variable, o}
cualquier combinacién de é&stos gque provea los efectos
épticos deseables y/o la funcicnalidad adicional para
propdsitos de sequridad y autenticacién, incluyendo soporte
de autenticacién automatizada de moneda corriente,
verificacién, rastrec, sistemas de contec y deteccidén, que
Se basan en les efectos &Spticos, la conductividad eléctrica
o capacitancia eléctrica, y la deteccidn del campo
magnéticao.

El grosor teotal 7 del sistema tiplcamente es
menos gue 50p; el groscr real depende del F# de los lentes
l y del didmetro de los lentes 2, y el grosor de la
caracteristica de segqguridad &adicicnal ¢ capas de efecto
visual. El1 periodo de repeticién 11 de los elementos de
icono 4 es sustancialmente idéntico al periodo de
repeticién de los lentes 1; la “relaciébn de escala”, la

relacién dal periodo de repeticidén de los iconos al periodo

b\
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de repeticién de los lentes, se utiliza para crear muchos
efectos visuales diferentes. Valcores axialmente simétricos
de la relacién de escala sustancialmente iguales a 1.0000
dan como resultado efectos ortoparal&cticos de Movimiento
Unisono cuandc los ejes de simetria de los lentea y los
iconos estdn desalineados, velores axialmente simétricos de
la relacién de escala menor que 1.0000 dan como resultado
efectos de Profundidad Uniscna y de Super Profundidad
Uniscna cuando les ejes de simetria de los lentes y los
iconos estan sustancialmente alineados, Y valores
axialmente simétricos de la relacldédn de escala mayores que
1.0000 dan como resultado efectos de Flotador Unisonoc y
Super Flotador Unisonc cuando los ejes de simetria de los
lentes y los iconecs estdn sustancialmente alineados. Los
valores axialmente simétricos de la relacién de escala, tal
como 0.995 en la direccién X y 1.005 en la direccién Y, dan
como resultado efectos de Levitado Uniscno.

Lecs efectas Morfo Uniscono se pueden obtener a
través de distorsiones de escala de cualquiera o ambos del
periodo de repeticién de lente y el perliodo de repeticién
de icono, o inceorporando informacién espacialmente variable
en el patrén de iconos. Los efectos 3-D Unisconos también
son creados a través de la incorpecracién de informacién
espacialmente variable en sl patrén de iconos, pero en esta

modalidaed, la informacidn representa diferentes puntes de
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vista de un objeto tridimensional tal comoc s8e puede
apreciar desde ubicaciones especificas sustancialmente
correspondientes a las ubicaciones de los iconos.

La figura 1b presenta una vista isométrica del
presente sistema, tal como s8e muestra en la seccidn
transversal de la figqura 1la, gue tiene patrones de
disposicién cuadrados de lentes 1 e icconos 4 de periocdo de
repeticidén 11 y grosor de separador 6ptico 5 (la figura la
no es especifica de un patrén cuadrado de disposicidn, pero
es una seccidn transversal representativa de todos los
patrones regulares de disposicidn periddica. Los elementos
de icono 4 se muestran como imi&genes “$”, claramente vistas
en la seccidn cortada en la parte frontal. Aunqgque
sustancialmente existe una correspondencia unoc a uno entre
los lentes 1 y los elementos de inconoc 4, los ejes de
simetria de la disposicidn de lentes, por lo general, no
estardn alineados exactamente con los ejes de simetria de
la disposicién de iconos.

En el caso de la modalidad de material Unisono
(movimiento ortoparaldctico) de las figuras 1 a-b con una
relacidén de escala de 1.0000, cuando los ejes del lente 1 y
los ejes de los elementos de icono 4 estédn sustancialmente
alineados, 1las 1imAgenes sintéticas resultantes de 1los
elementos de icono (en este ejemplo un “5* gigante) se

amplian y sSon agrandadas por un factor que tedricamente se
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aproxima a infinito. Una ligera desalineacién angular de
lca ejes del lente 1 y los ejes de los elementos de icono 4
reduce el factor de magnificacién de las imAgenes
sintéticas de los elementos de icono y ocasiona gque las
imédgenes sintéticas magnificadas giren.

El factor de magnificacidén sintética de las
modalidades de Profundidad Uniscna, Flotador Uniscno y
Levitadeo Unisonc depende de la alineacién angqular de los
ejes del lente 1 y los ejes de los elementos de icono 4 asi
comp de la relaciétn de escala del sistema. Cuando la
relacién de escala no es igual a 1.0000, la magnificaciédn
méxima obtenida de la alineacién sustancial de esteos ejes
es igual al valor absoluto de 1/(1.0000 -{relacién de
escala)). Por lo tanto un material de Profundidad Unisona
que tiene una relacién de escala de 0.985 mostraria una
magnificacién mixima de {1/(1.000 - 0.995}| = 200x. De
manera similar, un material de Flotador Unisono que tiene
una relaclén de escala de 1.005 también mostraria una
magnificacién méxima de |1/(1.000 - 1.005)| = 200x. De
manera similar a la modalidad de material de Movimiento
Unisonc, una ligera desalineacién angular de los ejes del
lente 1 y los ejes de los elementos de icono 4 de las
modalidades de Profundidad Unisona, Flotador Unisonoc, vy
Levitado Unisconoc reduce el factor de magnificacidén de las

imidgenes sintéticas de los elementos de icono y ocasiona
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gue las imidgenes sintéticas magnlificadas giren.

La imagen sintética producida por un patrén de
iconca de Profundidad o Sdper Profundidad Unisona es
vertical con respecto a la orientacidén del patrén de iconos
de Profundidad o Stper Profundidad Unisona, mientras que la
imagen sintética producida por un patrén de iconos de
Flotador o Super Flotador Uniscno estd al revés, girada
ciento ochenta grados (180°) con respecto a la orientacidn
del patrén de iconos de Flotador o Slper Flotador Unisono.

la figura Z2a muestra esaquemAticamente los efectos
de movimiento de la imagen ortoparaldctica contra-intuitiva
vistos en 1la mecdalidad del Movimiente Unisono. El1 lado
izquierdo de la figura 2a muestra una pieza de un material
de Movimiento Unisono 12 en una vista plana gque oscila 18
alrededor del eje horizontal 16. Si la imagen
gsintéticamente magnificada 14 se movid de acuerdo con el
paralaje, ésta pareceria desplazarse hacia arriba y hacia
abajo (como 8e muestra en la figqura 2a) conforme el
material 12 oscilaba alrededcr del eje horizontal 16. Dicho
movimiento paraldctico aparente seria tipico de objetos
reales, im&genes holograficas y de impresién convencional.
En lugar de mostrar un movimiento paraldcticeo, la imagen
sintéticamente magnificada 14 muestra movimiento
ortoparaléctica 20, movimiento que es perpendicular a la

direccién del movimiento paraldctico normalmente esperado.
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El lado derecho de la figura 2a muestra una vista en
perapectiva de una pieza de material 12 que muestra el
movimiento ortoparalactica de una scla imagen
sintéticamente magnificada 14 conforme ésta es oscilada 18
alrededor del eje de rotacién horizontal 16. E1 contorno
punteado 22 muestra la posicién de la imagen sintéticamente
magnificada 14 después que é&sta se ha movido a la derecha
por el eje de ortoparalaje y el contorno punteado 24
muestra la posicién de la imagen sintéticamente magnificada
14 después gue ésta se ha movido a la izquierda por el eje
de ortcoparalaije.

Los efectos visuales de las modalidades de
Profundidad Uniscna y Flotador Unisonc se muestran
isométricamente en las figquras 2 b, c. En la figura 2b, una
pieza de material de Profundidad Unisona 26 presenta
imAgenes sintéticamente magnificadas 28 que
estereoscd)picamente parecen yacer debajo del plano del
material de Profundidad Unisona 26 cuando son vistas por
les ojos del observador 30. En la figura 2c, una pieza de
material de Flotador Unisone 32 presenta imAgenes
sintéticamente magnificadas que eaterecscédplcamente parecen
yacer encima del plano del material de Flotador Unisconc 34
cuando son wvistas por los ojos del obsexrvader 30. Los
efectos de Profundidad Uniascona y de Flotador Unisono son

visibles a partir de todas las posiciones de visuallzacién
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azimutales vy sobre un amplio rango de posiciones de
elevacién, desde una elevacidén vertical (de forma que la
lfnea de visidén desde 1los ojos del observador 30 al
material de Profundidad Unisona 26 o material de Flotador
Unisono 32 8ea perpendicular a la superficie de los
materiales) hasta abajo a un Angulc de elevacién plana gue
tipicamente es menor de 45 grados. La visibilidad de los
efectos de Profundidad Unisona o Flotador Unisono sobre un
amplio rango de &ngulos de visualizacién y orientaciones
provee un método simple y conveniente para diferenciar los
materiales de Profundidad Uniscna y Flotador Uniscno a
partir de simulacicnes gque utilizan éptica lenticular
cilindrica u holografia.

El efectc de la modalidad de Levitado Unisono se
ilustra en las figquras 2 d-f por medic de vistas
isométricas que muestran la posicidn profunda
estereoscédpicamente percibida de una imagen sintéticamente
magnificada 38 en tres diferentes rotaciones azimutales del
material de Levitado Unisocno 36 y 1la vista plana
correspondiente del material de Levitado Unisonc 36 y la
imagen sintéticamente magnificada 38 tal como es vista por
los ojos del observador 30. La figura 2d muestra la imagen
sintéticamente magnificada 38 {en lo sucesivo “la imagen”)
como si estereoscdpicamente estuviera colocada en un plano

por debajo del material de Levitado Uniscno 36 cuando dicho
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material es orientado como se muestra en la viata plana. La
linea oscura remarcada en la vista plana sirve comc una
referencia de orientaclén azimutal 37 para propdsitos de
explicacibén. Se puede apreciar que en la figqura 2d, la
referencia de orientacidn 37 esta alineada en una direccién
vertical y la imagen 3B estd alineada en una direccidén
horizontal. La imagen 38 aparece en la posicién de
Profundidad Uniscna debidc a gque la relacién de escala es
menor que 1.000 a lo largo de un primer eje del material de
Levitade Unisono 36 que estd alineado sustancialmente
paralelc a una linea que conecta las pupilas de los dos
ojos del observador (estc se denominard en lo sucesive la
"relacién de escala estereoscépica”). La relacién de escala
estereoscdpica del material de Levitado Unisonc 36 es mayor
que 1.000 a 1o largo de un segundo eje perpendicular a este
primer eje, produciendo asi un efecto de Flotador Uniscno
de la imagen 3B cuando el segundo eje estd alineado
sustancialmente paralelc a una linea gque conecta las
pupilas de los ojos del observador, como se muestra en la
figura 2f£. Se puede apreclar que la referencia de
orientacién 37 es en una posicidén horizontal en esta
figura. La figura 2e muestra una orientacién azimutal
intermedia del material de Levitado Uniscno 36 que produce
un efecto de imagen ortoparalactica de Movimientc Unisocno

debidec a que la relacidn de escala esterecscdbpica en esta
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orientacidén azimutal es sustancialmente 1.000.

El efecto wvisual de una imagen de Levitado
Unisono 38 que se mueve desde la parte inferior del
material de Levitado Unisono 36 (figqura 2d) hacla arriba al
nivel del material de Levitado Unisono 36 (figura 2e) vy
todavia mas hacia arriba por encima del nivel del material
de Levitado Unisono 36 (figura 2f) conforme el material es
girade azimutalmente, se puede mejorar combinando el
material de Levitado Unisono 36 con informacién
convencionalmente impresa. Esta profundidad estereoscépica
8in cambios de la impreaidn convencicnal sirve como un
planoc de referencia para percibir mejor el movimiento
profundo esterecscépico de las imdgenes 38.

Cuande un material Unisono es iluminadoc por una
fuente de luz intensamente direccional, tal comoc una fuente
“puntual” de luz (por ejemplo, un reflector o una linterna
LED) © una fuente colimada (por ejemplo, luz solar), se
pueden apreciar “imdgenes sombreadas” de los iconos. Estas
imAgenes sombreadas son inusuales en muchas formas. Aunque
la imagen sintética presentada por Unisonc ne se mueve
conforme se desplaza 1la direccidn de 1luminacién, las
imdgenes sombreadas producidas si se mueven. Ademis, aunque
las imigenes sintéticas Unisonas pueden yacer en planos
visuales diferentes al plano del material, las imAgenes

sombreadas siempre yacen en el plano del material. El color
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de la imagen sombreada es el color del icono. Por lo tanto,
iconos negros crean imAgenes sombreadas negras, iconos
verdes crean imAgenes sombreadas verdes, e iconos blancos
crean imdgenes scmbreadas blancas.

El movimiento de la imagen scmbreada, conforme el
angulo de 1luminacién se mueve, estd unido a la profundidad
especifica o efecto Unisono de movimiento en una forma que
pone en paralelo el efectc wvisual presente en la imagen
sintética. Por 1lo tanto, el movimiento de una imagen
scmbreada, conforme el 4ngulec de la luz es alterado, s3e
ubica en paralelc al movimiento que la imagen sintética
muestra cuando el 4ngulo de vimsién es alterado. En
particular:

Las imégenes sombreadas de movimiento se mueven
ortoparaldcticamente conforme se mueve la fuente de luz.

Las imAgenes sombreadas de profundidad se mueven
en la misma direccién que la fuente de luz.

Las imagenes sombreadas de flctamiento se mueven
en direccidén opuesta a la direccidén de la fuente de luz.

Las imAqgenes sombreadas de levitado se mueven en
direcciones que son una combinacidén de las anteriores:

Las imidgenes sombreadas de Profundidad en
Levitado se mueven en la misma direccidédn que la luz en la
direccién de izquierda a derecha, pero en oposicién a la

direccidén de la luz en la direccién de arriba hacia abajo;

L&
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las imaAgenes sombreadas de Flotamiente en Levitado se
mueven en la direccién opuesta a la luz en la direccibn de
izquierda a derecha, perc en la misma direccién que la luz
en la direcciébn de arriba hacia abajo; las imagenes
sombreadas de Movimientc en Levitado muestran movimiento
ortoparaldctico con respecto al movimiento de la luz.

Las imAgenes sombreadas Morfo Unisonas muestran
efectos morfos conforme se mueve la fuente de luz.

Efectos de imagenes sombreadas inusuales
adicionales s& observan cuando una fuente puntual de luz
divergente, tal como una luz LED, se mueve hacia y lejos de
una pelicula Unisona. Cuando la fuente de luz estd mAs
alejada todavia, 3sus rayos divergentes se aproximan de
forma méAs estrecha a 1la 1luz colimada, y las imAgenes
sombreadas producidas por las imagenes sintéticas Uniscnas
de Profundidad, Siper Profundidad, Flotador o© SuUper
Flotador aparecen aproximadamente del mismo tamafic que las
imdgenes sintéticas. Cuando la 1luz es aproximada a la
superficie, las imiAgenes sombreadas de materiales de
Profundidad y Sidper Profundidad se encogen debido a que la
iluminacidén es fuertemente divergente, mientras que las
imdgenes sombreadas de materiales de Flotador vy Siper
Flotador se expanden. La iluminacidén de estos materiales
con iluminacidén convergente ocasiona que las imigenes

sombreadas de Profundidad y Super Profundidad se agranden a
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un tamafio maycr que las imfigenes sintéticas, mientras que
las imAgenes sombreadas de Flotador y Super Flotador se
encogen.

Las imagenes sombreadas del material de
movimiento Unisonc no cambian de escala significativamente
conforme cambia la convergencia o divergencia de 1la
iluminacién, mAs Dbien, 1las imAgenes sombreadas giran
alrededor del centro de iluminacién. Las imigenes
sombreadas de Levitado Unisono se encogen en una direccién
y 8e agrandan en la direccidn perpendicular cuando sze
cambia la convergencia o divergencia de la iluminacién. Las
imAgenes sombreadas de Morfo Unisono cambian en formas
especificas al patrén Morfo particular conforme cambiaz la
convergencia o divergencia de la iluminacién.

Todoa estos efectos de imagenes sombreadas se
pueden utilizar como métodos de autenticacidn adicionales
para materiales Unisonos utilizados para seguridad, anti-
falsificacién, aplicaciones de proteccién de marcas, vy
otras aplicaclones similares.

Las figuras 3 a-i son vistas planas que muestran
varias modalidades y factores de relleno de diferentes
patrones de disposiciones bidimensionales simétricas de
micro-lentes. Las figuras 3a, d y g muestran los micro-
lentes 46, 52 y 60, respectivamente, gque est&n acomodados

en un patrén de disposicidn hexagonal regqgular 40. (Las
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lineas punteadas del patrén de disposicién 40, 42 y 44
indican la simetria del patrén de lentes pero no
necesariamente representan un elemento fisico de la
disposicidén de lentes). Los lentes de la figura 3a tienen
una geometria base sustanclalmente circular 46, los lentes
de 1la fiqura 3g tienen geometrias base sustancialmente
hexagonales 60, y 1los lentes de la figura 3d tienen
gecmetrias base intermedias gue son hexdgonos redondeados
52. Una evolucién similar de las geometrias de lentes
aplica a la disposicién cuadrada 42 de lentes 48, 54 y 62,
en donde estos lentes tienen gecmetrias base que van desde
sustancialmente circulares 48, a cuadrados redondeados 54,
a sustancialmente cuadrades 62, como se observa en la
figura 3b, e y h. De manera correspondiente, la disposicibn
de tridngulo equildteroc 44 sostiene los lentes que tienen
geometrias base que van desde sustanclalmente circular 50,
a triadngulo redondeado 58, a sustancialmente triangular 64,
como se aprecia en las fiquras 3¢, £ & 1.

Los patrones de lentes de las figuras 3 a-i son
representativos de los lentes gue se pueden utilizar para
el presente sistema. El espaclic intersticial entre los
lentes no contribuye directamente a la magnificacidn
sintética de las imAqgenes. Un material creado por medio del
uso de uno de estos patrones de lente, también incluiréd una

disposicidn de elementos de icono que esta acomodada en la
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misma geometria y a aproximadamente la misma escala,
permitiendo diferencias en escala utilizadas para preducir
efectos de Movimiento Unisono, Profundidad Uniscna,
Flotader Unisona, y Levitado Uniscno. Si el espacio
interaticial es grande, tal como se muestra en la figura
3c, se dice gque los lentes tienen un factor de relleno bajo
y el contraste entre la imagen y el fondo se verAd reducido
por la luz esparcida desde los elementcos de icono. Si los
espacios intersticiales son pequefios, 8e dice que los
lentes tienen un factor de relleno alto y el contraste
entre la imagen y el fondcoc serd elevado, siempre y cuando
los lentes tengan buenas propiedades focales vy loa
elementos de icono estén en los planos focales de 1los
lentes. Generalmente es mas sencillo formar micro-lentes de
alta calidad éptica con una base circular o casi circular
gue con una base cuadrada o triangular. Un buen equilibrio
del rendimiento de los lentes asi como una reduccidn al
minimo del espacioc intersticial se muestra en la figura 3d;
una disposicién hexagonal de lentes que tiene geometrias
base que son hexdgonos redondeados.

Los lentes que tienen un F$ bajo aon
particularmente convenientes para uso en el presente
sistema. Por F# bajo se entiende menos de 4, y en
particular para Movimiento Unisono aproximadamente 2 o

menos. Los lentes de F§ bajo tienen una gran curvatura y
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una combadura correspcondientemente grande, 0 grosor
central, en proporcién a su diametro. Un lente Uniscno
tipico, con un F# de 0.8, tiene una base hexagonal de 28
micras de ancho y un greosor central de 10.9 micras. Un
lente Drinkwater tipiceo, con un didmetro de 50 micras y una
longitud focal de 200 micras, tiene un F#% de 4 y un grosor
central de 3.1 micras. 51 se escala al mismo tamafio base,
€l lente Unisonc tiene una combadura casl seis veces mayor
que el lente Drinkwater.

Se ha descubierto que losa lentes multi-zonas de
base poligonal, por ejemplo, los lentes multi-zonas de base
hexagonal, tienen ventajes importantes e inesperadas sobre
los lentes esféricos de base circular. Como se explicéd
anteriormente, los lentes multl-zonas de base hexagonal
mejoran significativamente la capacidad de manufactura en
virtud de Bu geometria de liberacién de tensién, pero
existen beneficios Opticos inesperados adicionales que se
obtienen a través del uso de lentes multi-zonas de base
haexagonal.

Se hace referencia a estos lentes como multi-
zonas debido a que tienen tres zonas 6pticas donde cada una
provee un beneficio diferente y 1Unico a la presente
invencidén. Las +tres zonas 3son la zona central (que
constituye aproximadamente la mitad del Area del 1lente},

las zonas laterales y las zonas de las esquinas. Estos
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lentes poligonales tienen un didmetro efectivo que es el
didmetro de un circule dibujade dentro de las zonas de
esquina alrededor de la zona central e incluyendo las zonas
laterales.

La zona central del lente multi-zonas de base
hexagonal de la presente invencidén tiene una forma asférica
{por ejemple, que tiene la forma definida por
[y=(5.1316E)X4 - (0.01679)X3 + {0.124931)X + 11.248B24] para
un lente con un didmetrco de 28 micras con una longitud
focal nominal de 2B micras) que lleva luz a un foco por lo
mencs tan bien como una superficie esférica gque tiene el
mismo didmetro y longitud focal. La figura 30 ilustra las
propiedades fcocales 782 de la zona central 780 de un lente
multi-zonas de base hexagonal con un didmetroc nominal de 28
micras 784 con una longitud focal nominal de 28 micras en
un substrato de polimeroc 786 (lente y substrato n = 1.51) y
la figura 31 ilustra las propiedades focales 7950 de la zcna
central 788 de un lente esférico con un diAmetro de 28
micras 792 con una longitud focal nominal de 30 micras en
un substratc de polimero 794 (lente y substratc n = 1.51).
La ccmparacién de estas dos figuras demuestra claramente
que el lente multi-zonas de base hexagonal 784 de la
presente descripcién funciona por lo menos tan bien como el
lente esférico 792. La zona central 789 del lente multi-

zonas de base hexagonal 784 praovee una alta resolucidn de
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imagen y una profundidad de campc 8superficial desde una
amplia variedad de dngulos de visualizacién.

Cada una de las seis zonas laterales 796 del
lente multi-zonas de base hexagonal 784 de la presente
invencién tiene longitudes focales que dependen de la
ubicaciédn con la zcna en una forma compleja, pero el efecto
es ocasionar que el foco de las zonas laterales 796 se
difunda sobre wun range de valecres 7898 gue abarquen
aproximadamente +/- 10 por cilento del foco de la zona
central, comoc se ilustra en la figura 32. Este desenfoque
vertical 798 del punto focal aumenta de manera efectiva la
profundidad de campo del lente en estas zonas 796, y provee
un beneficio que es equivalente a tener un lente de campo
plano. El1 rendimiento de las zonas exteriores 800 del lente
egsférico 792 se puede apreciar en la figura 33. El
desenfoque vertical del punto focal 802 es
significativamente menor para el lente esférico 792 que
para el lente multi-zonas de base hexagonal 7B4.

Esto es particularmente importante para
visualizacidn fuera de lo normal: la profundidad
incrementada del campo, y el campo efectivamente més plano,
mitigan el desenfogque abrupto de 1la imagen gque puede
ocurrir con un lente esférico cuando su superficie focal
curveada se separa del plano del icono. En consecuencia, un

material Unisonc que utiliza lentes multi-zonas de base
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hexagonal despliega imAgenes sintéticas gue se desvlian del
foco de manera mAs suave a é&ngulecs supericres de
visualizacidén que el material Unisono egquivalente gque
utiliza lentes esféricos. Esto es deseable debldo a que
incrementa el dngulo de visualizacién efectivo del material
Yy, por lo tanto, aumenta su utilidad como un dispositivo de
seguridad o un dispositivo de presentacién de imagenes.

Las zonas de esquina 806 del lente multi-zonas de
base hexagonal 784 de la figqura 32 poseen propiedades
focales divergentes gue proveen el beneficioc inesperado de
esparcir 808 iluminacién ambiental sobre el planc de iconos
y asi reducir la sensibilidad del material Unisono a las
condiciones de iluminacidén. El lente esférico 792 de 1la
figqura 33 no esparce la iluminacién ambiental sobre un Area
tan amplia (como se observa por la ausencia de rayos
esparcidos en las regionea planas de iconos 804), por lo
tanto, los materiales Unisonos que se elaboran utilizando
lentes esféricos tienen mayores variaclones de brillante:z
de imagen sintética cuando son vistos desde una variedad de
angulos que los materiales Unisonos que son hechos
utilizando lentes multi-zonas de base hexagonal.

El beneficio obtenido de los lentes multi-zonas
de base hexagonal es aun mayecr debldo a que los lentes
multi-zonas de base hexagonal tienen un factor de relleno

superior (capacidad para cubrir el plano) gue los lentes
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esféricos. El1 espacio interasticial entre los lentes
esféricos virtualmente no provee esparcimiento de la luz
ambiental, mientras gque esta Area sin esparcimiento es
mucho mads pequefila en el caso de lentes multi-zonas de base
hexagonal,

Por lo tanto, se puede apreciar gque ain cuando
las propledades focales de un lente multi-zonas de base
hexagonal son inferiores a aguellas de un lente esférico
conforme a lo evaluado por los estdndares OGpticos
convencionales, en el contexto de la presente invencién,
los lentes multi-zonas de base hexagonal proveen beneficios
y ventajas inesperadas sobre los lentes esféricoecs.

Cualguier tipo de lente se puede beneficiar de la
adicién de micro-estructuras de esparcimiento o materiales
de esparcimiento 1introducidoes o© 1incorpocrados en los
espacios Intersticiales del lente para mejorar el
esparcimiento de la iluminacién ambiental sobre el planoc de
iconos. AdemAs, los espacios intersticiales del lente se
pueden rellenar con un material que formarAd un menisco de
radio pequefio, ya sea con propiedades focales convergentes
o divergentes, para dirigir la iluminacién ambiental sobre
el plano de iconos. Estos métodos se pueden combinar, por
ejemplo, incorporando particulas de esparcimiento de luz en
un material de relleno de menisco intersticial de lente.

Alternativamente, las zonas intersticiales del lente se
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pueden fabricar originalmente con zonas intersticiales de
lente de esparcimiento adecuado.

Un lente esférico que tiene esas propiedades es
muy dificil de fabricar debido a que el elevado &ngulo de
contacto entre la superficie de la pelicula y el borde del
lente actua como un concentrador de tensién para las
fuerzas aplicadas para separar el lente de la herramienta
durante la fabricacién. Estas altas tensiones tienden a
ocasionar que falle la adhesién del lente a la pelicula y
que falle la remocién del lente de la herramienta. Ademis,
el rendimiento éptico de un lente esférico de bajo F¥ se ve
progresivamente comprometido para las zonas radiales
alejadas del centro del lente: los lentes esféricos de bajo
F$# nco enfocan bien, excepto cerca de su zona central.

Los lentes de base hexagonal tienen un beneficio
inesperado e importante sobre los lentes que tienen una
base sustancialmente mAs circular: los lentes hexagonales
se liberan de sus herramientas con una fuerza de
desceonchadura menor que los lentes dpticamente equivalentes
con bases sustancialmente circulares, Los lentes
hexagonales tienen una forma que se combina desde una
simétrica sustancialmente axial cerca de su centrc a una
simétrica hexagonal, en donde las esquinas actlian como
concentradores de tensién, en sus bases. Las

concentraciones de tenslén proveccadas por las esquinas de
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base angqulosa reducen la fuerza de desconchadura general
gue 8e requiere para separar los lentes de sus moldes
durante la fabricacién. La magnitud de este efecto es
sustancial, las fuerzas de desconchadura se pueden reducir
durante 1a_fabricaci6n por un factor de dos o mAs para los
lentes de base hexagonal en comparacién con los lentes de
base sustancialmente circular.

El contraste de imagen del material se puede
mejorar rellenando los espacios intersticliales del lente
con un material pigmentadec cpace de absorcidn de luz (en
color oscuro), formande de manera efectiva una mascara para
los lentes. Esto elimina la reduccién de contraste que
surge de la luz esparcida desde la capa de iconos a través
de los espacios intersticiales del lente. Un efecto
adicional de este relleno intersticial es que la imagen
global se vuelve mis oscura debido a que la iluminaciédn
ambiental entrante es bloqueada para que no pase a través
de leos espacios intersticiales al planc de icones. La
claridad de imagen producida por los lentes gque tienen
enfoque aberrante en su periferia también se puede mejorar
por medic de un rellenc intersticial pigmentado opaco,
siempre y cuandc este relleno ocluya la zona de lente
periférica aberrante.

Se puede obtener un efecto diferente rellenando

los espacios intersticiales del lente con un material
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coloreade blanco o clarc o un celor de material gue
compagine con un Substrato que se va a utilizar con el
material Unisono. Si el relleno intersticial de lente de
color clarc es lo suficientemente densc y el plano de
iconocs incorpora un fuerte contraste entre los elementos de
iconoc y el fondo, la imagen sintética Unisona seré
sustancialmente invisible cuando sea vista con luz
reflejada, sin embargo serd claramente visible cuando sea
vista en luz transmitida desde el lado del lente, pero no
seréd visible cuandco sea vista desde el lado del iceono. Esto
provee el efecto de seguridad novedoso de tener una imagen
de tranamisién de una via que es visible uUnicamente en luz
transmitida y wvisible tinicamente desde un lado.

Se pueden utilizar materiales fluorescentes en un
recubrimiento intersticial de lente en lugar de, o ademas
de los pigmentos de luz visible para proveer medios
adicionales de autenticacién.

La figqura 4 grafica los efectos del cambio de 1la
relacién de escala estereoscédpica, SSR (el periodo de
repeticién del elemento de icono/ el periodo de repeticién
de la disposicién del lente), a lo largo de un eje del
presente material. Las zonas del sistema que tienen una SSR
mayor que 1.0000 produciran efectos de Flotador y Siper
Flotador Unisocono, las zonas que tienen una SSR

sustancialmente de 1.0000 producirdn efectos de movimlento
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ortoparaldctico (OPM) de Movimiente Unisono, y las zonas
gque tienen una SSR menor que 1.0000 produciran efectos de
Profundidad Unisona y Super Profundidad Unisona. Todos
estos afectos se pueden producir y cambiar de uno a otro en
una variedad de formas a lo largo de un eje de pelicula de
sistema. Esta figura ilustra una de una varieaad infinita
de dichas combinacliones. La linea punteada 66 indica el
valeor SSR gque sustancialmente corresponde a 1.0000, la
linea de divisidén entre la Profundidad Unisona y la Super
Preofundidad Unisona y el Fleotader Uniscno y el Super
Flotador Unisono, y el valor S55R que demuestra OPM. En la
zona 68, la SSR del material Uniscno es 0.995, creando un
efecto de Profundidad Unisona.

Adyacente a ésta se encuentra la zona 70 en donde
la SSR es rampeada de 0.955 a 1.005, produciendo una
transicién espacial de un efecto de Profundidad Uniscona a
un efecto de Flotador Unisono. La SSR en la siguiente zona
72 es 1.005, creando un efecto de Flotador Unisono. La
siguiente zona 74 crea una suave transicién hacia debajo de
un efecto de Flotador Unisonc a un efecto de Profundidad
Uniscona. La zona 76 avanza gradualmente hacia arriba desde
un efecto de Profundidad Uniscona, a OPM, a un efecto de
Flotador Unfiscno, y la zona 78 lo regresa gradualmente a
OFM. Las variaciones necesarias en un periodo de repeticidn

para lograr estos efectos generalmente se pueden ejecutar
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de manera mAs facil en la capa de elementos de icono.
Ademas de wvariar la SSR en cada zona, puede ser deseable
variar el Angulo de rotacién de cada zona de las
disposiciones, de preferencia dentrc de la disposicién de
los elementos de icono, para mantener las imAgenes
sintéticamente magnificadas similares de manera sustancial
en cuanto al tamano.

La forma mé&s facil de interpretar esta grafica es
verla comc una seccién transversal de la profundidad
esterecscdpica que serd percibida a través de este ele de
una pieza de material del sistema. Por lo tanto, es posible
crear un campc de imAgenes esterecoscdpicamente esculpido,
una superficie wvisual moldeada, por medio del control local
de la SSR y, opcionalmente, a través del control local
correspondiente del &nqulo de rotacién de la disposicién.
Esta superficie estereoscédpicamente esculpida se puede
utilizar para representar un rango ilimitado de formas,
incluyendo rostros humancs. Un patrén de elementos de icono
que crea el efectc de una rejillla estereoscépicamente
esculpida, o puntos periddicos, puede 8ser una forma
particularmente efectiva para desplegar de manera visual
una superficie compleja.

Las fiquras 5 a-c son vistas planas que muestran
el efecto de girar un patrdén de disposicién con respecto al

otro en la produccién del material del presente sistema. La

e
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figura 5a muestra una disposicién de lente B0 gque tiene una
separacién de disposicién peribébdica regular 82, sin un
cambio sustancial en el 4dngulo de los ejes de la
digposicién. La figura b5b muestra wuna disposicién de
elementos de icono 84 con un &ngulo de orientacidn de eje
de disposicién progresivamente cambiante 86. 51 1la
disposicién de lente 80 se combina con la disposicién de
aelementos de iconc B4 trasladando la disposicién de lente
sobre la disposicién de icono, como se muestra, entonces el
efecto wvisual aproximado gque resulta se muestra en la
figqura 5c. En la figqura 5c, el material B8 creado por la
combinacién de la disposicién de lente B0 y la disposicidn
de 1conce B84 crea un patrén de imiAgenes sintéticamente
magnificada 89, 90, 91 que varian en escala y rotacién a
través del material. Hacia el borde izquierdo inferior del
material 88, la imagen B9 es grande y no muestra rotacidn.
La imagen 30, hacla la seccidén media superior del material
B8, es mAs pequefla y es girada a través de un 4&ngulo
importante con respecte a la imagen B89. Las diferentes
escalas y rotaciones entre las imiagenes B89 y 90 son el
resultadec de las diferencias en la desalineacién angular
del patrén de lente 82 y el patrén de elementos de icono
BE.

Las figuras 6 a-c 1ilustran un método para

proveocar que una 1lmagen sintéticamente magnificada OPM 98
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se transforme en otra imagen sintéticamente magnificada 102
conforme la primera imagen se mueve a través de un limite
104 en los patrones de elementos de icono 92 y 94. El
patrén de elementos de icono 92 porta elementos de iconc en
forma de circulo 98, que se muestran en el recuadro
agrandade 9%6. El patrén de elementos de icono 94 porta
elementos de 1cono en forma de estrella 102, que se
muestran en el recuadro agqrandade 100. El1 patrén de
elementos de iconoc 92 y 94 no son objetos separados, sino
que estdn unidos en su limite 104. Cuandoc el material es
ensamblado utilizando este patrédn combinado de elementos de
icono, las imAgenes OPM resultantes mostrardn los efectos
de morfisme gque se muestran en las fiquras 6b y c. La
figqura 6b muestra imAgenes circulares OPM 98 moviéndose
hacia la derecha 107 a través del limite 104 y que surgen
desde el limite como imagenes de estrellas 102 gue también
se mueven hacia la derecha. La imagen 106 estd en
transicidén, parte circulc y parte eatrella, conforme ésta
cruza el limite. La figura 6c¢ mueatra las imAgenes después
gque se han movido mdas atn hacia la derecha: la imagen 98
ahora estd mds cerca del limite 104 y la imagen 106 casi ha
cruzade por completo el limite para completar su morfismo
de circule a eatrella. El efecto de morfismo se puede
locgrar en una forma menos abrupta mediante la creaclén de

una zona de transicidén de un patrén de elementos de icono
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al otro, en lugar de tener un limite dificil 104. En la
zona de transicién los iconos cambiarian gradualmente de
circulec a estrella a través de una serie de etapas. La
suavidad del morfismo visual de las imAgenes (QPM
resultantes dependera del nimerc de etapas empleadas para
la transicidén. El1 rango de posibilidades grAficas es
infinito. Por ejemplo: la zona de transicién podria ser
diseflada para hacer que el circulec pareciera encogerse
mientras que las puntas de la estrella se hacen resaltar a
través de éste, o alternativamente los lados del cilrculo
podrian aparecer como abollados hacia dentro para crear una
estrella gruesa que progresivamente se va definiendo hasta
alcanzar su diserfio final.

Lasa figuras 7 a-c son secciones transversales de
materiales del presente sistema que ilustran modalidades
alternativas de los elementcos de 1cono. La figura 7a
muestra un material que tlene lentes 1 separados de los
elementos de icono 108 por un separador oOptico 5. Los
elementos de icono 108 estdn formados por patrones de
meterial sin color, con color, tefildo o pintado aplicado a
la superficie inferior del aseparador o6ptico 5. Se puede
utilizar cualgquiera de la multitud de métodos de impresién
comunes, tal como chorro de tinta, l4ser, impresién
tipografica, flexo, fotograbado e intaglio para depositar

los elementos de iconc 108 de este tipo, siempre y cuando
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la resclucidn de la impresién sea lo suficientemente fina.

La figura 7b muestra un sistema de material
similar con una modalidad diferente de elementos de icono
112. En esta modalidad, los elementos de iconc son formades
a partir de pigmentos, tintes, o particulas incorporadas en
un material de soporte 110. Ejemplos de esta modalidad de
elementos de iconoc 112 en el material de soporte 110
incluyen: particulas de plata en gelatina, tal como una
emuisién fotografica, tinta pigmentada o teflida absorbida
en un recubrimientc receptor de tinte, transferencia de
sublimacién de tinte a un recubrimiento receptor de tinte,
e imagenes fotocrdémicas o termocrémicas en una pelicula de
creacidn de imAgenes.

La figura 7¢ muestra un enfoque de micro-
estructura para formar elementos de icono 114. Este métcdo
tiene el Dbeneficio de una resolucidén espacial casi
ilimitada. Los elementcs de icono 114 se pueden formar a
partir de huecos en la micro-estructura 113 o las regiones
s4lidas 115, individualmente o en combinacidén. Los huecos
113 opciconalmente se pueden rellenar o recubrir con otro
material tal como material de metal evapcorado que tiene un
indice refractivo diferente o material teflido o pigmentado.

Las figuras 8 a, b muestran modalidade= positivas
y negativas de los elementos de icono. La figura Ba muestra

los elementos de icono positives 116 que estdn coloreados,
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teflidos o pigmentados 120 contra un fondo transparente 118.
La figura B8b muestra los elementos de icono negativos 122
qué son transparentes 118 contra un fondo coloreado, teiflido
o pigmentado 120. Un material del presente sistema
opcionalmente puede incorporar elementos de icono tanto
positivos como negativos. Este método para crear elementos
de icono positivos y negativos se adapta particularmente
bien a2 loa elementos de icono de micro-estructura 114 de la
figura 7c.

La figqura 9 muestra una seccidn transversal de
una modalidad de un material de zona de pixeles del
presente sistema. Esta modalidad incluye zonas con lentes
124 que tienen un foco corto y otras zonas con lentes que
tienen un foco largo 136. Los lentes de foco corto 124
proyectan imAgenes 123 de elementos de icone 129 en el
planc de iconos 128 colocado en el planc focal de los
lentes 124. Los lentes de foco largo 136 proyectan imagenes
134 de elementos de icono 137 en el plano de iconos 132
colcoccado en el plano focal de los lentes 136. El separador
6ptico 126 separa los lentes de foco corto 124 de su plano
de iconos asociado 12B. Los lentes de foco largo 136 estén
separados de su plano de iconos ascciado 132 por medio de
la suma del grosor del separador 6ptico 126, el plano de
icones 128, y el segqundo separador Oépticoe 130. Los

elementos de iconoc 137 en el segundo planc de iconos 132
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estdn fuera de la profundidad de focco de los lentes de foco
corto 124 Y, por lo tanto, no forman imAgenes
sintéticamente magnificadas distintas en las zonas de lente
de foco corto. En una forma similar, leos elementos de iconeo
129 estdn demasiado cerca de los lentes de foco largo 136
para formar imigenes sintéticamente magnificadas distintas.
Por conaiguiente, las zonas de material que portan lentes
de foco corto 124 desplegaran imagenes 123 de elementos de
icono 129, mientras que las zonas de material gque portan
lentea de foco largo 136 desplegardn imAgenes 134 de
elementos de icono 137. Las imAgenes 123 y 134 proyectadas
pueden diferir en diseflo, color, direccién OPM, factor de
magnificacidén sintética, y efecto, incluyendo los efectos
de Profundidad, Unisonoc, Flotador y Levitado descritos
anteriormente.

La figura 10 es una seccién transversal de una
modalidad alterna de un material de zona de pixeles del
presente sistema. Esta modalidad incluye las zonas con los
lentes 140 elevados por una mesa de soporte de lente 144
por encima de las bases de los lentes no elevados 14B. La
longitud focal de los lentes elevados 140 es la distancia
158, colocando el foco de estos lentes en el primer plano
de iconos 152. La longitud focal de los ientes no elevades
148 es la distancia 160, colcocando el foco de estos lentes

en el primer plano de iconos 156. Estas dos longitudes



10

15

20

25

51

focales, 158 vy 160, se pueden elegir para que sean
similares o diferentes. Los lentes elevados 140 proyectan
imAgenes 138 de elementos de icono 162 en el planc de
iconos 152 colocadc en el plano feoccal de los lentes 140.
Los lentes no elevades 14B proyectan imAgenes 146 de
elementos de icono 164 en el plano de iconos 156 colocado
en el plano focal de los lentes 148. Los lentes elevados
140 est&n separados de sus elementos de icono asociados 162
por la suma del grecsor de la mesa de soporte de lente 144 y
la separacién optica 150. Los lentes no elevados 14B estan
separados de sus elementecs de iconc asociades 164 por la
suma del grosor de la separacién éptica 150, la capa de
tcone 152, y el separador de iconos 154. Los elementos de
icono 164 en el segundo plano de iconos 156 estan fuera de
la profundidad de focc de los lentes elevados 140 y, por lo
tanto, no forman imdagenes sintéticamente magnificadas
distintas en las zonas de lentes elevados. De manera
similar, los elementos de icono 152 estan demasiado cerca
de los lentes ne¢ elevados 148 ©para formar imAgenes
sintéticamente magnificadas distintas. Por consiquiente,
las zonas de material que portan lentes elevados 140
desplegaran imagenes 13B de los elementos de icono 162,
mientras gue las zonas de material que portan lentes no
elevados 136 desplegardn imiAgenes 146 de elementos de icono

156. Las imAgenes 138 y 146 proyectadas pueden diferir en
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disefio, color, direccién OPM, factor de magnificacién
sintética, y efecto, incluyendo los efectos de Profundidad,
Unisono, Flotador y Levitado.

Las figquras 11, a, b son secciones transversales
gue ilustran modalidades no refractivas del presente
sistema. La figura 1la ilustra una modalidad gque utiliza un
reflector de enfoque 166 en lugar de un lente refractivo
pare proyectar imagenes 174 de elementos de icono 172. La
capa de iconos 170 yace entre los ocjos del observador y la
bdptica de enfoque. Los reflectores de enfoque 166 pueden
ser metalizados 167 para obtener una alta eficiencia de
enfogque. La capa de iconcs 170 es mantenida a una distancia
igual a la longitud focal de los reflectores por el
separador optico 16B. La figura 1lb describe una modalidad
de éptica puntiforme de este material. La capa superior
opaca 176, de preferencia en color negro para una mejora
del contraste, estd perforada por aperturas 178. EL
elemento separador Optico 180 controla el campo de visién
del sistema. Locs elementos de icono 184 en la capa de
iconos 182 son reflejados a través de las aperturas 178 en
una forma similar a la éptica puntiforme de una camara
puntiforme. Debido a la pequefia cantidad de luz gque pasa a
través de las aperturas, esta modalidad es mas efectiva
cuando es iluminada por atras, con luz que pasa a través

del plano de iconos 182 primero, después a través de las
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aperturas 178. Los efectos de cada una de las modalidades
anteriormente descritas, ©OPM, Profundidad, Flotador, vy
Levitado, se pueden crear utilizando ya sea el disefioc del
sistema reflector o el disefdo del sistema de Optica
puntiforme.

Las figuras 12 a, b son secciones transversales
que comparan las estructuras de un material completamente
refractivo 188 con un material refractivo/reflector hibrido
199. La figura 12a muestra una estructura ejemplar, con
micro-lentes 192 separados del plano de iconos 194 per el
separador ©éptico 1%8. La capa de sellado &6ptico 185
contribuye al grosor del sistema refractivo total 196. Los
lentes 192 proyectan imadgenes de icone 190 hacla el
observador (que no se muestra). El material
refractivo/reflector hibrido 199 incluye micro-lentes 210
con el plano de iconos 208 directamente debajo de éstos. El
separador O6ptico 200 separa los lentea 210 y el plano de
iconos. 208 de la capa reflectora 202. lLa capa reflectora
202 puede ser metalizada, tal como por aluminio evaporado o
pulverizado, o¢ro, rodic, cromio, osmic, uranio agotado o
plata, por plata quimicamente depositada, o por peliculas
de interferencia de miltiples capas. La luz esparcida desde
la capa de iconos 208 se refleja desde la capa reflectora
202, pasa a través de la capa de iconos 208 y dentro de los

lentes 210 leos cuales proyectan las imdgenes 206 hacia el
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observador (que no 3Se muestra). Estas dos figuras estan
dibujadas aproximadamente a la misma escala: por

comparacién wvisual, 8e puede apreciar gque el groscr del
sistema total 212 del sistema refractivo/reflector hibrido
193 es aproximadamente la mitad del groscr del sistema
total 1896 del sistema completamente refractive 188. Las
dimensiones ejemplares para sistemas equivalentes son 2%u
de groscr 196 del sistema refractivo total 188 y 17u de
grosor 212 para el sistema refractivo/reflector total
hibrido 199. El grosor de un sistema refractivo/reflector
se puede reducir adicionalmente por escala. Por lo tanto,
un sistema hibrido que tiene lentes con un diametro de 15u
se puede hacer con un grosor total de aproximadamente Bu.
Los efectos de cada una de las modalidades anteriores, OPM,
Profundidad, Flotador, Levitado, Morfo, y 3-D se pueden
crear utilizando el disefioc refractivo/difractivo hibrido.
La figura 13 es una seccidén transversal que
muestra una modalldad de un material que indica alteracién
“despegue-para-revelar®” del presente sistema. Esta
modalidad no despliega una Imagen hasta gque se trata de
forzar. La estructura no alterada se muestra en la regidn
224, en donde un sistema refractivo 214 estd &pticamente
enterrado bajo una capa superior 216 gque consta de un
substrato opcional 218 y una capa que se puede despegar 220

la cual se ajusta a los lentes 215. La capa gue se puede
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daspegar 220 forma de manera efectiva estructuras de lentes
negativos 220 gue se ajustan scbre los lentes positivos 215
y nilegan su potencia 6ptica. Los lentes 215 no pueden
formar imégenes de la capa de 1conos en la regién no
alterada, y la luz esparcida 222 desde el planc de iconos
es desenfocada. La capa superior 216 puede incluir un
substratoc de pelicula opcional 218. La alteracién, que se
muestra en la regidén 226, ocasiona la liberacién de la capa
superior 216 del sistema refractiveo 214, exponiendo los
lentes 215 para que puedan formar imagenes 228. Los efectos
de cada una de las modalidades anteriormente descritas,
OPM, Profundidad, Flotadeor y Levitado, se pueden incluir en
un sistema de “despeque-para-revelar” gue indique
alteracién del tipo de 1la fiqura 13.

La figura 14 es una seccién transverszal que
ilustra una modalidad de un material que indica alteracién
“despague-para-cambiar” del presente sistema. Esta
modalidad despliega una primera imagen 248 de un primer
plano de iconos 242 antes de la alteracién 252, después
despliega una sequnda imagen 258 en la regidén 254 después
que se ha tratado de forzar. La estructura no alterada se
muestra en la regidén 252, en donde dos sistemas
refractiveos, 232 y 230, estdn apilados. El primer plano de
iconos 242 se ubica debajo de los lentes 240 del segundo

sistema. Antes de alterar la regién 252, el primer sistema
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0 sistema superior 232 presenta 1migenes del primer plano
de iconcs 242. El1 segundo planc de iconos 246 esta
demasiado alejado de la profundidad de foco de los lentes
234 para formar imagenes distintas. Los primeros lentes 234
estdn separados de losa segundcecs lentes 240 por medio de un
substrato opcional 236 y una capa que se puede despegar 238
la cual se ajusta a los segundos lentes 240. La capa gque se
puede despegar 232 forma de manera efectiva estructuras de
lentes negativos 238 que se ajustan sobre los lentes
positives 240 y rechazan su potencia optica. La capa
superior 232 puede incluir substratc de pelicula opcional
236. La alteracién produce como resultado el despegue 256
de la capa superior 232, que se muestra en la regién 254,
del segundo sigtema refractivo 230, exponiendo los sequndos
lentes 240 para que puedan formar las imagenes 258 de la
segqunda capa de iconos 246. Los segundos lentes 240 no
forman imdgenes de la primera capa de iconos 242 debido a
que la capa de iconcs esta demasiado cerca de los lentes
240.

Esta modalidad de un material que indica
alteracién es muy conveniente para aplicacidén como una
cinta © etiqueta aplicada a un articulo. La alteracién
libera la capa superior 232, dejando el segundc sistema 230
unido al articule. Antes de la alteracidn, esta modalidad

presenta una primera imagen 24B8. Después de la alteracién
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254, el segundec sistema 230, aln fijo al articulo, presenta
una sequnda imagen 258 mientras que la capa despegada 256
no presenta imagen alguna. Los efectos de cada una de las
modalidades anteriormente descritas, CPM, Profundidad,
Flotador, y Levitado, se pueden incluir en el primer
sistema 232 o en el sequndo sistema 230.

Se puede apreciar que una modalidad alternativa
que logra un efecto similar a aquel de la figura 14 tendr&
dos sistemas separados laminados entre si. En esta
modalidad, cuando la capa superiocr es despegada, ésta toma
el primer planc de iconos y sus 1imAgenes junto con la
misma, revelando el sequndc sistema y sus imagenes.

Las fiquras 15 a-d son secciones transversales
que muestran varias modalidades de doble lado del presente
sistema. La figura l15a muestra un material de doble lado
260 que incluye un sclo plano de iconos 264 gque es
reflejado 268 por los lentes 262 en un ladeo y reflejado 270
por un segundo conjunto de lentes 266 en el ladoc opuesto.
La imagen 268 vista desde el lado izquierdo (tal como esté
dibujada) es la imagen espejo de la imagen 270 vista desde
el lado derecho. El plano de 1cconos 264 puede contener
elementos de icono que son simbolos o imAgenes que parecen
similares en la imagen de espejo, o elementos de iconoc gque
parecen diferentes en la imagen de espejo, © combinaciones

de los elementos de icono, en donde una porcién de los
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elementos de icono est&n en lectura correcta cuando son
vistos desde un lado y los otros elementos de icono estan
en lectura correcta cuando son vistos desde el otro lado.
Los efectos de cada una de las modalidades antes descritas
OPM, Profundidad, Flotador, y Levitado, se pueden desplegar
desde cualquier lado de un material de doble lado de
acuerdo con esta modalidad.

La figura 15b ilustra otra modalidad de doble
lado 272 que incluye dos planos de Llconcos 276 y 278 gque son
reflejados, 282 y 286 respectivamente, por dos conjuntos de
lentes 274 Y 280 respectivamente. Esta modalidad
esencialmente consta de dos sistemas separados 287 y 289,
tal como se ilustra en la fiqura la, gque han sido unidos
entre 31 con un separador de capa de iconos 277 en medio de
los mismeos. El grosor de este separador de capa de iconos
271 determinard el grado que la capa de iconos “equivocada”
es reflejada 284 y 288 por un conjunto de lentes. Por
ejemplo, s8i el grosor del separador de capa de iconos 277
es cero, de forma gue las capas de iconos 276 y 278 estén
en contacto, entonces ambas capas de iconos seran
reflejadas por ambos conjuntos de lentes 274 y 280. En otro
ejempleo, 8i el grosor del separador de capa de iconos 277
es sustancialmente mAs grande gque la profundidad de foceo de
los 1lentes 274 y 280, entonces las capas de 1conos

“equivocadas” no ser&n reflejadas por los lentes 274 y 280.
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En otro ejemplec todavia, s8i la profundidad de foco de un
conjuntoc de lentes 274 es gr;nde, pero la profundidad de
foco del otro conjunto de lentes ss pequefio {(debido a que
los lentes 274 y 280 tienen diferentes F#), entonces ambos
planca de iconoa 276 y 258 seran reflejados 282 a través de
los lentes 274, pero sclo un plano de iconos 278 serd

reflejado a través de los lentes 280, de forma que un

material de este tipo mostraria dos imigenes desde un lado

pero sclo una de estas imagenes, reflejadas, desde el lado
opuesto. Los efectos de cada una de las modalidades antes
descritas OPM, Profundidad, Flotador, y Levitado, se pueden
desplegar desde cualguier lado de un material de doble lado
de acuerdo con esta modalidad, y las imAgenes proyectadas
282 y 28B6 pueden ser del mismo coler o de un color
diferente.

La figura 15c muestra otra modalidad todavia de
un material de doble lado 290 gque tiene un separador de
capa de iconos pigmentada 298 que bloguea los lentes en un
ladc del material contra la visualizaclén del conjunto
“equivocado” de iconos. Los lentes 292 reflejan 294 la capa
de iconos 296 pero no pueden reflejar la capa de iconos 300
debido a la presencia de la capa de iconos pigmentada 298.
De manera similar, los lentes 302 reflejan 304 la capa de
iconos 300, perc no pueden reflejar la capa de iconos 296

debido a la presencia de la capa de lconos pigmentada 288.
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Los efectos de cada una de las modalidades antes descritas
OPM, Profundidad, Flotador, y Levitado, se pueden desplegar
desde cualquier lado de un material de doble lado de
acuerdo con esta modalidad, y las 1imiAgenes proyectadas 294
y 304 pueden ser del mismo coclor o de un color diferente.

La figura 15d describe una modalidad de un
material de doble lado 306 adicicnal que tiene lentes 308
que reflejan 318 la capa de iconos 314 y, lentes 316 en el
lado opuesto que reflejan 322 la capa de iconos 310. La
capa de 1iconos 310 estd cerca de, o sustanclalmente en
contacto con las bases de los lentes 308 y la capa de
iconecs 314 estA cerca de, o sustancialmente en contacto con
las bases de los lentes 316. Los iconos 310 estéAn demaslado
cerca de los lentes 308 para formar una imagen, de forma
que su luz se esparce 320 en lugar de enfocar. Los iconos
314 estdn demasiado cerca de los lentes 316 para formar una
imagen, de forma que su luz se esparce 324 en lugar de
enfocar. Los efectos de cada una de las modalidades antes
deascritas OPM, Profundidad, Flotador, y Levitado, se pueden
desplegar desde cualquier lade de un material de doble lado
de acuerdo con esta modalidad, y las imAgenes proyectadas
318 y 322 pueden ser del mismo color o de un coler
diferente.

Las figuras 16 a-f son secciones transversales y

vistas planas correspondientes que ilustran tres métodos

X
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diferentes para crear patrones de elementos de iconoc con
tono © en escala de grises e 1imAgenes sintéticamente
magni ficadas postericres con el presente 8istema. Las
figquras 16 a-c son detalles en seccién transversal del lado
de los iconos de un material 307, incluyendo parte del
separador o6pticoe 309 y una capa de iconos micro-
estructurada transparente 311. Los elementos de icono 3e
forman comc sSuperficies de bajorrelieve 313, 315, 317 que
después se rellenan con un material pigmentado o tenfido
323, 325, 327, respectivamente. La parte inferior de 1la
capa de iconos opcionalmente se puede sellar por medio de
una capa de sellade 321 gque puede ser transparente,
entintada, coloreada, teftida, pigmentada u opaca. Las
micro-estructuras de bajorrelieve de elementcs de icono
313, 315, y 317 proveen variaciones de grosor en el
material de relleno tefiido o pigmentadec 323, 325, y 3217
respectivamente, que crean variaciones en la densidad
6ptica del elemento de icono como se puede apreciar en la
vista plana. Las vistas planas correspondientes a los
elementos de icono 323, 325, y 327 son vistas planas 337,
339, y 341. El1 uso de este método para crear imégenes
sintéticamente magnificadas cdﬁ tono o en escala de grises
no se limita a los puntos especificos de los ejemplos aqui
descritos, sinc que en general se pueden aplicar para crear

una variedad ilimitada de imdgenes en escala de grises.
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La fiqura 1l6a incluye el elemento de iconoc 313,
el rellenc del elementoc de icono terfiido o pigmentado 323, y
la wvista plana correspondiente 337. La vista transversal
del planc de iconos en la parte supericr de esta figura
solo puede mostrar un planc en corte a través de los
elementos de icono. La ubicacidédn del plano en corte queda
indicada por la linea punteada 319 a través de las vistas
planas 337, 339 y 341. Por consigquiente, la seccién
transversal del elemento de iconc 313 es un planc a través
de un elemento de icono en forma sustancialmente
hemigférica. Al limitar de manera conveniente la densidad
global del tinte o© pigmento del relleno 323, las
variaciones en grosor del rellenc tefiido o pigmentado 323
crea variaciones de densidad &ptica, de tonos, o de escala
de qgrises representadas en la vista plana 337. Una
disposicidén de elementos ge icono de este tipo se puede
magnificar sintéticamente dentro del sistema del material
presente para producir imidgenes que muestren variaciones
equivalentes en escala de grises.

La figura 16b incluye el elementoc de iconao 315,
el relleno del elemento de icono tefiido o pigmentado 325, y
la vista plana correspondiente 33%. La vista plana 339
muestra que el elemento de iconc 315 es una representacidn
en bajorrelieve de un rostro. Las variaciones de tono en

una imagen de un rostro son complejas, tal como se muestra
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a través de las variaciones de grosor complejas 325 en la
vista transversal. Comg 8e describe con reapecto al
elemento de iconc 313, una disposicién de elementos de
icono de este tipo, como se muestra por medic de 315, 325 y
339, se puede magnificar sintéticamente dentro del sistema
del material presente para producir imAgenes que muestren
variaciones egquivalentes en escala de grises que, en este
ejemplo, representan la imagen de un rostro.

La figqura 16c incluye el elemento de icono 317,
el rellenc tefiido © pigmentado 327, y la wvista plana
correspondiente 341. En una manera similar al andlisis de
las figquras 16 a, b, anteriores, la forma en bajorrelieve
de estea estructura de elemento de iconc produce una
variacidn en tonc en la apariencia del rellenc teriideo y
pigmentade 327 y en la imagen sintéticamente magnificada
producida por el sistema del material presente. El1 elemento
de icono 317 ilustra un método para crear un centro
brillante en una superficie redondeada, en comparacidén con
el efecto del elementc de icono 313 el cual crea un centro
oscuro en una superficie redcondeada.

Las fiquras 16 d, e describen otra modalidad 326
de capa de iconos micro-estructurada de bajorrelieve 311
que incluye elementecs de icono 329 y 331 gque estdn
recubiertos con un material de alto indice refractivo 328.

La capa de iconos 311 se puede sellar con una capa de
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sellado opcional 321 que rellena los elementos de icono 3289
y 331, 330 y 332, respectivamente. La capa de alto indice
refractivo 328 mejora la visibilidad de las superficies
inclinadas mediante la creacidédn de reflexiones a partir de
las mismas por medic de reflexidén interna total. Las vistas
planas 342 y 344 presentan imigenes representativas de la
apariencia de los elementos de icono 329 y 331 y sus
imAgenes sintéticamente magnificadas. Esta modalidad de
recubrimiento con altec indice refractivo provee un tipo de
efecto de mejoramiento de borde sin agregar pigmentoc o
tinte para hacer gque los 1conos o sus imAgenes sean
visibles.

La figura 16 f describe otra modalidad todavia
333 de un i1cono micro-estructurado de bajorrelieve
transparente 335 que utiliza un volumen de aire, gas o
liquideo 336 para proveer la definiclién wvisual para esta
micro-estructura de interfaz de fase 334. La capa de
sellado opcional 340 se puede agregar con © s8in adhesivo
opcional 338 para atrapar el volumen de aire, gas o liquido
336. El efecto visual de un elemento de icono de interfaz
de fase es8 similar a agquel de un elemento de 1icono
recubierto con un alto indice refractivo 329 y 331.

Las fiquras 17 a-d son secciones transversales
que muestran el uso del presente sistema como una pelicula

de laminado Jjunteo con informacién impresa, tal como puede
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ser utilizada en la fabricacién de tarjetas de
identificacién o© licencias de conducir, en donde el
material 348 (que consta de la micro-disposicidn coordinada
de lentes e 1imigenes descritos anteriormente) cubre una
proporcién sustancial de la superficie. La figura 17a
muestra una modalidad de Unisono empleadc como una lamina
sobre impresidén 347. El material 348 que tiene por lo menos
cigrta transparencia éptica en la capa de icones es
laminado a Bsubstrato fibroso 354, tal comc papel o
sustitutc de papel, con adhesive de laminacién 350,
cubriendc por completo o cubriendo parcialmente el elemento
de impresién 352 que previamente habla sidoc aplicado al
substrato fibrosoc 354. Debido a que el material 348 es por
lo menos parcialmente transparente, el elemento de
impresién 352 puede ser visto a través del mismo y el
efecto de esta combinacién es proveer el efectc de imagen
dindmica del sistema presente en combinacién con la
impresién estética.

La fiqura 17b muestra una modalidad del material
del sistema empleado como un laminado scbre un elemento de
impresién 352 aplicado a un substrato no fibrosc 358, tal
como una pelicula de pclimero. Comc ge aprecia en la figura
17a, el material 348 gque tiene por lo mencs cierta
transparencia optica en la capa de iconos es laminado al

substrato no fibrocso 358, tal comeco polimero, metal, vidrio
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o sustituto de ceramica, con adhesivo de laminacibdn 350,
cubriendo por completo o cubriendo parcialmente el elemento
de impresién 352 que previamente habia sidc aplicado al
substrato no fibrosc 354. Debido a que el material 348 es
por lo mencos parcialmente transparente, el elemento de
impresién 352 puede ser visto a través del mismoc y el
efecto de esta combinacién es proveer el efecto de imagen
dinémica en combinacidén con la impresién estdtica.

La figura 17c muestra el uso de un elemento de
impresién directamente sobre el lado del lente del material
360. En esta modalidad, el material 348 tiene el elemento
de impresién 352 directamente aplicado a la superficie de
lente superior. Esta modalidad no requiere que el material
sea por lo menos parclalmente transparente: el elemento de
impresién 352 yace en la parte superior del material y los
efectos de imagen dindmica se pueden observar alrededor del
elementc de impresién. En esta modalidad, el material 348
se utiliza como el substrato para el producto final, tal
como meneda corriente, tarjetas de identificacién, y otros
articules gque requieren autenticacién o© que proveen
autenticacién a otre articulo.

La figura 17d muestra el uso de un elemento de
impresién directamente sobre el lado del iconeo de un
material por lo menos parcialmente transparente 362. El

elemento de impresidn 352 se aplica directamente a la capa
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de iconos o capa de sellado de un material del sistema por
lo menos parcialmente transparente 348. Debido a que el
material del sistema 348 es3 por lo menos parcialmente
transparente, el elemento de impresién 352 puede ser visto
a través del mismo y el efecto de esta combinacién es
proveer el efectc de imagen dinamica en combinacién con la
impresién estdtica. En esta modalidad, el material del
sistema 348 se utiliza comoc el substrato para el producto
final, tal Cormo moneda corriente, tarjetas de
identificacién, ¥ otros articulos gue regquieren
autenticacién o que proveen autenticacidn a otro articulo.

Cada una de las modalidades de las figuras 17 a-d
se puede utilizar por separado o en combinacién. Por lo
tanto, por ejemplo, un material del sistema 348 puede ser
sobreimpreso (figura 17c}) e impreso en la parte posterior
(figura 17d), después cpclonalmente laminado sobre
impresién en un substrato (fiquras 17 a, b). Combinaciones
como éstas ademds pueden incrementar la resistencia a la
falsificacién, simulacién y alteracidén del material del
presente sistema.

Las figuras 18 a-f son secciones transversales
gque ilustran la aplicacién del presente sistema a, o su
ilncorporacién en wvarios substratos y en combinacién con
informacién impresa. Las modalidades de las figuras 18 a-f

difieren de aguellas de las figuras 17 a~d en que las
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primeras figuras desacriben el material del sistema 348 que
cubre la mayor parte o todo un articulo, mientras que las
presentes figquras descripen modalidades en donde el
material del asistema o© su efecto ($ptico no cubre
sustancialmente una superficie completa, sino mAs bien
cubre so0lo una porcién de una superficie. La figura 18a
muestra una pieza del material del sistema por lo menos
parcialmente transparente 364 adherida a un substrato
fibroso o no fibroso 368 con elemento adhesivo 366. El
elemento de impresidén opciconal 370 se ha aplicado
directamente a la superficie superior de lente del material
364. El elemento de impresién 370 puede ser parte de un
patrén mas grande que se extienda mas alld de la pieza de
material 364. La pleza de material 364 es opcionalmente
laminada sobre el elemento de impresién 372 que se aplicd
al substrato fibroso o no fibrosc antes de la aplicaciédn
del material 364.

La figura 18b ilustra wuna modalidad de un
material del sistema de un solec lade 364 incorporado en un
substratc no éptico 378 tal como una ventana, en donde por
lo mencs alguncs de los bordes del material del sistema 364
son capturados, cubiertos o encerrados por el substrato no
bptico 378. Los elementcocs de impresién 380 opclonalmente se
pueden aplicar en la parte superior de la superficie de

lente del material del sistema y estos elementos de

%
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impresién =3e pueden alinear con, o©o pueden corresponder a
los elementos de impresidn 382 aplicades al substrato no
6ptico 37B en el Area adyacente al elementc de impresién
380. De manera similar, los elementcs de impresidén 3B4 se
pueden aplicar al lado opuesto del substrate no d&ptico
alineados con, © en correspondencia a los elementos de
impresién 386 aplicados a la capa de iconos o de sellado
388 del material del sistema 364. El1 efecto de una ventana
de este tipo sera presentar distintas imagenes cuande el
material sea visto desde el lado del lente y ninguna imagen
cuando sea visto desde el lado del icono, proporcionando un
efecto de imagen de un sclo lado.

La figqura 18c muestra una modalidad similar a
aquella de la figura 18b, excepte que el material del
gsistema 306 es un material de doble lado 30& (u otra
modalidad de doble lado descrita anteriocrmente}. Los
elementos de impresién 390, 392, 394 y 396 corresponden
sustancialmente en funcién a los elementos de impresidén
380, 382, 3B4, 386, previamente descritos. El efecto de una
ventana de material de este tipo serd presentar diferentes
imdgenes distintas cuando el material sea vistc desde lados
opuestos. Por ejemplo, una ventana incorporada en un papel
moneda podria mostrar la denominacidn numérica del billete,
tal como “10” cuando sea vista desde el lado frontal del

billete, perc cuando sea vista desde el lado posterior del

q?a
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billete la ventana Unisona podria mostrar diferente
informacidén, tal como “EUA®, que puede estar en el mismo
color que la primera imagen o en un color diferente.

La figura 18d ilustra un substrato transparente
373 que actia como el separador éptico para el material
formado por una zona de lentes 374 de extensibén limitada vy
una capa de iconos 376 que se extiende sustancialmente mas
alla de la periferia de la zona de lentes 374. En esta
modalidad, los efectos presentes solo serdn viasibles en esa
zona gque incluye tanto los lentes como los iconos
{correspondiente a la zona de lentes 374 en esta figura).
Tanto los lentes 374 como el substrato adyacente
opcionalmente pueden ser imprescs 375, y los elementos de
impresidn también se pueden aplicar a la capa de iconos 376
0 a una capa de sellado opcional gque cubra los iconos (gque
no se indican en esta figura, ver figura 1l). Se pueden
utilizar miltiples zonas de lente en un articulo conforme a
la manera de esta modalidad; en cualgquier lado en donde se
cologque una zona de lentes, se podran apreciar los efectos
Unisoconos; el tamafio, la rotacidn, la posicién de
profundidad esterecscdplca, y las propiedades OPM de las
imAgenes pueden ser diferentes para cada zona de lentes.
Esta modalidad es muy conveniente para aplicacién a
tarjetas de identificacién, tarjetas de crédito, licencias

para conducir, y aplicaciones similares.
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La figura 18e muestra una modalidad gque es
similar a aquella de la figura 18d, excepto que el planc de
iconos 402 no se extiende sustancialmente mis alld de la
extensidén de la zona de lentes 400. El separador 6ptico 398
separa los lentes 400 de los icones 402. Los elementos de
impresién 404 vy 406 corresponden a los elementos de
impresién 375 y 377 en la fiqura 18d. Se pueden utilizar
maltiples zonas 400 en un articulo conforme a la manera de
esta modalidad; cada zona puede tener efectos separados.
Esta modalidad es muy conveniente para aplicacién a
tarjetas de identificacién, tarjetas de crédito, licencias
para conducir, y aplicaciones similares.

La figura 18f muestra una modalidad que es
similar a aquella de la figura 18d, excepto que la presente
modalidad incorpora el separador Spticeo 408 gque separa los
lentea 413 del plano de iconos 410. Los lentes 413 se
extienden sustancialmente mds alld de la periferia de la
zona de iconos 412. Los elementos de impresién 414 y 416
correspeonden a los elementeos de impresiédn 375 y 377 en la
figura 18d. Multiples zonas de lentes se pueden utilizar en
un articulo conforme a la manera de esta modalidad; en
cualquier lado en donde se cologue una zona de lentes, se
podrdn apreciar los presentea efectos; el tamanc, la
rotacién, la posicién de profundidad esterecscébpica, y las

propiedades OPM de las imdgenes pueden ser diferentes para
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cada zona de lentes. Esta modalidad es muy conveniente para
aplicacidén a tarjetas de identificacién, tarjetas de
crédito, licenclas para conducir, y aplicaciones similares.

Las figuras 19 a, b ilustran vistas transversalas
gue comparan el campo en-foco de la vista de un lente
easférico con aquella de un lente asférico de campo plano
cuande cada unc estad incorporadeo en una estructura del tipo
descrito anteriormente. La figqura 19%a 1lustra un lente
sustancialmente esférico conforme se aplica en un sistema
como Se describié anteriormente. El lente sustancialmente
esférico 418 estd separado del plano de iconos 422 por el
separador 6ptico 420. La imagen 424 proyectada hacia fuera,
perpendicular a la superficie del material, se origina en
el punto focal 426 dentro de la capa de iconos 422. La
imagen 424 estd en foco nitido debido a que el punto focal
426 esatd dentro de la capa de iconecs 422. Cuando el lente
es visto desde un angulo oblicuo, entonces la imagen 428
queda borrosa y fuera de focce debido a que el punto focal
correspondiente 430 ya no esti& en el plano de iconos, 3ino
que estd por arriba de éste por una distancia sustancial.
La flecha 432 muestra la curvatura de campo de este lentae,
equivalente al barridce del punto focal desde 426 a 430. El
punto focal estd dentro del plano de iconos a través de la
zona 434, después se mueve fuera del planc de iconos en la

zona 436. Los lentes gque son muy convenlentes para
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aplicacién en coordinacién con un planc de 1magenes
impresas o© iconos tipicamente tienen un bajo F#,
tipicamente menos de 1, dando como resultade una
profundidad de foco muy superficial; de manera efectiva se
pueden utilizar lentes con F# superior con afectos de
Profundidad y Flotador, pero ocasionan una disparidad
binocular vertical proporcional ceon efectos aqui descritos
cuando se utilizan con efectos de Movimientc Uniscno. Tan
pronto como el limite inferior de la profundidad de foco se
muevae fuera del plano de iconos, la claridad de la imagen
se degrada con rapidez. A partir de esta fiqura se puede
apreciar que la curvatura de campo de un lente
sustancialmente esférico limita el campo de visién de la
imagen: la imagen es distinta unicamente dentro de la zona
en-foco 434, saliendc rdpidamente de foco para Angulos de
visualizacidén mds oblicuca. Los lentes sustancialmente
esféricos no son lentes de campo planc, y la curvatura de
campo de estos lentes se amplifica para lentes de bajo F#.
La figura 19b ilustra un lente asférico como
aplicado al presente sistema. Como un lente asférico, su
curvatura no es aproximada por una esfera. El1 lente
asférico 438 estd separado de la capa de iconos 442 por el
separador oOptico 440. El1 lente asférico 438 proyecta la
imagen 444 del plano de iconos 442 normal al plano del

material. La imagen se origina en el punto focal 446. La
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longitud focal del lente asférico 438 yace dentro del plano
de iconos 442 para un amplic rango de Aangulos de
visualizacidn, desde normal 444 a oblicuo 448, debido a gque
tiene un campo planc 452. La longitud focal del lente varia
de acuerdc con el angulo de visién a través del mismo. La
longitud focal es mAs corta para visualizacidn normal 444 y
aumenta conforme el &ngqulo de visualizacién se vuelve mas
oblicuc. En el Angulo de visualizacidén oblicuo 448, el
punto focal 450 sique estando dentro del groscor del plano
de iconos y, por lo tanto, la imagen oblicua sigue estando
en foco para este &ngulo de visualizacidn oblicuc 448. La
zona en focc 454 es mucho mas grande para el lente asférico
438 que la zona en foco 434 del lente sustancialmente
eaférico 418. Por lo tanto, el lente asférico 438 provee un
campo de visidén agrandado sobre la anchura del ieono de
imagen asociado de forma que los bordes periféricos del
icono de imagen ascciado ne se salen de visién en
comparaclén con aquellos del lente esférico 418. Para el
presente sistema se prefieren los lentes esféricos debido
al campo de visién mAs grande que proveen y el incremento
resultante en la visibilidad de las imdgenes asocciadas.

Las figuras 20 a-c son secciones transversales
que ilustran dos beneficios de utilidad que resultan del
uso de una capa de ilconecs gruesa. Estces beneficlieos aplican

independientemente si el lente 456 empleado para verlos es
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sustancialmente eaférico 41B o asférico 438, pero los
beneficios son mayores en comblnacidén con lentes esféricos
438. La figura 20a ilustra un material del sistema de capa
de iconos delgada 460 que incluye lentea 456 separados de
la capa de iconcs 460 por el separador O6ptico 458. Los
elementeos de icono 462 son delgados 461 en comparaciédn con
la curvatura de campo del lente 463, limitando la zona en-
foco a un Angulo pequefio, el 4angulo entre la imagen
proyectada en la direccidn normal 464 y la imagen en dngulo
oblicue mayor 468 que tiene un punto focal 470 dentro de la
capa de iconos 460. El mayor campo de visidn se obtiene
disefiando el foco de imagen normal 466 para que quede en la
parte inferior del planoc de iconos, elevando asi al maximo
el campo oblicuo del 4&ngulc de visidén, limitadeo por el
punto al que el puntoc focal 470 vyace en la parte superior
del planc de iconos. El1 campo de visién del sistema en la
figura 20a se limita a 30 grados.

La figura 20b 4ilustra 1los beneficics que se
obtienen de la incorporacién de un plano de iconos 471 que
es delgado 472 en comparacidn a la curvatura de campo del
lente 456. Los lentes 456 eatdn separados de los elementos
de 1icono gruesos 474 por el separador ©éptico 458. Los
elementos de icono gruesos 474 permanecen en foco 475 schre
un campo de visién mAs grande, 55 grados, gue los elementos

de icono delgados 462 de la figura 20a. La imagen normal
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476 proyectada a través de los lentes 456 desde el punto
focal 478 estd en foco nitide, y el focc permanece nitido
mientras el angulo de viasidn aumenta hasta alcanzar los 55
grados, en donde el punto focal 482 de la imagen oblicua
480 yace en la parte superior del plano de iconos grueso
471. E1 campo de viaidn incrementado es mayor para un lente
de campo plano, tal como el lente asférico 438 de la figqura
19b.

La fiqura 20c ilustra otra ventaja todavia de un
planc de iconos grueso 492; reduciendo la sensibilidad del
material del presente sistema a variaciones en el grosor 5
que pueden ser el resultado de variacicnes en la
fabricacidn. E1 lente 484 estd separado una distancia S de
la superficie inferior de la capa de iconos de grosor i. El
lente 484 proyecta la imagen 496 desde el punto focal 498
colocado en la parte 1inferior de la capa de iconos 492,
Esta fiqura estd dibujada para demostrar que las
variaciones en el espacio o6ptico S entre los lentes y la
capa de iconos pueden variar sobre un rango igqual al groaor
de la capa de iconos i sin pérdida de foco de imagen 496,
500, 504. En el lente 486, el grosor del separador dptico
es aproximadamente (S + 1i/2) y el punto focal 502 de la
imagen 500 sigue estando dentro del grosor i de la capa de
iconos 492. En el lente 488, el grosor del separador optico

ha aumentado a (5 + 1) 490 y el punto focal 506 de 1la
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imagen 504 yace en la parte superior del elemento de icono
grueso 494. El grosor del separador éptico puede entonces
varlar scbre un rango correspondiente al grosor de la capa
de iconocs i: por lo tanto, una capa de iconos delgada
provee una pequefia tolerancla para variaciones en el grosor
del separador o6ptico y una capa de iconos gruesa provee una
mayor tolerancia ﬁara variaciones en el grosor del
separador &Sptico.

Una capa de iconos 492 provee un beneficio
adicional. Lentes imperfectos, tal como lentes
sustancialmente esféricos, pueden tener una longitud focal
m&s corta 493 hacia sus bordes gue en su centro 496, Este
es un aspecto del defecto de aberracidén esférica comin de
lentes sustancialmente esféricos. Una capa de iconos gruesa
provee un elemento de iconc que puede ser claramente
enfocado sobre un range de longitudes focales 498 a 4855,
mejorandc asi la claridad y contraste global de una imagen
producida por un lente 484 gue tiene variaciones de
longitud focal.

La figura 21 es una vista plana que muestra la
aplicacién del presente sistema a moneda corriente y otros
documentos de garantia tal como un hilo de seguridad “con
ventanas”. La fiqura 21 muestra una estructura de hilo con
ventanas gque incluye el material del sistema 508 que ha

sido cortado en un listén, denominado como un “hilc”, que



10

15

20

25

78

tipicamente se ubica en el rangec de 0.5 mm a 10 mm de
anche. E1 hilo 508 se incorpora en el substrato de fibroso
del decumento 510 y provee zeonas con ventanas 514. El1 hile
508 opcicnalmente puede incorporar una capa de sellado
pigmentada, teflida, rellenada o recubierta 516 para
aumentar el contraste de imagen y/o para proveer
caracteristicas adicicnales de seguridad y autenticacién,
tal come conductividad eléctrica, propiedades magnéticas,
deteccidn y autenticacién de resonancia magnética nuclear,
o para ocultar a la vista el material en iluminacién
reflejada cuande es visto desde el lado posterior del
substrate (el lado opuesto al lado que presenta las
imAgenes sintéticas Unisconas y una capa de adhesivo 517
para fortalecer la unién entre el hilo 508 y el substrato
fibroso 510. El hile 508 se mantiene en una orientaciédn
para mantener los lentes lo mas arriba posible para gque los
efectos de la imagen sean visibles en las zonas con
ventanas 514. Tanto el substrato fibrosoc 510 comc el hilo
pueden ser sobreimpresos por elementos de impresién 518 vy
el substrato fibroso puede ser impreso 520 en su lado
opuesto.

Las figuras 21 a,b ilustran ese hilo 508 y sus
efectos de 1magen 522 scolo son visibles desde la superficie
superior 521 del substrato 510 en las zonas con ventanas

514, El hilo 508 esta cubierto por material de substrato
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fibroso en las zonas intericres 512 y los efectos de imagen
522 no scon sustancialmente visibles en estas zonas. Los
efectos OPM s8on particularmente dramdticos cuando se
incorporan en el hilo 508. (Ver figura 22). Conforme el
subatrato fibroso 510 es inclinadoc en varias direcciones,
la imagen OPM se puede elaborar para explorar a través de
la anchura 524 del hilo, produciende un efecto wvisual
ascmbrosc y dramdtico. Esta caracteristica de exploracidn
de una imagen OPM hace posible presentar la imagen 522, la
cual es mAs grande que el ancho del hilo 508. El usuario
que examina el documentc gque contiene un hilo con ventana
508 puede entonces inclinar el documento para explorar toda
la imagen a través del hilo, corriéndolo como un signe de
marquesina. Los efectos de las modalidades de Profundidad,
Flctador y Levitado también se pueden utilizar para
favorecer un formato de hilo can ventana.

El hilo 508 s8e puede incorporar por lo menos
parcialmente en documentos dé garantia durante su
fabricacién a través de técnicas cominmente empleadas en la
industria de la elaboracidén de papel. Por ejemplo, el hilo
508 puede ser presionado dentro de documentos mojados
mientras las fibras todavia son maleables y noc estan
canscolidadas, como se contempla en la Patente EUA 4,534,398
la cual se incorpora en la presente invencidn por

referencia.
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El hile con ventana del presente sistema es
particularmente conveniente para aplicacién a moneda
corriente. Un grosor total tipico para el material de hilo
se ubica en el rango de 22p a 34p, mientras que el grosor
total del papel moneda 3se puede ublcar en rangos tan
elevados como 8Bu. Es posible incorporar un hilo de
seguridad con ventana del presente sistema en papel mconeda
sin alterar sustancialmente el grosor total del papel
reduclendo localmente el grosor del papel per una cantidad
equivalente al grosor del hilo.

En una modalidad ejemplar, el hilo 508 comprende:

a) uno o mAs separadores Opticos

b) una o mids disposiciones planas opcionalmente
periédicas de micro-imigenes o lconocs colocades dentro, en
¢ junto a un separador éptico; ¥y

c) una © mis disposicicones planas opcionalmente
periddicas de micro-lentes no cilindricos colocados en o
junto a un separador o6ptico o una disposicidédn de 1cono
plano, en donde cada micro-lente tiene un diametro base de
menos8 de 50 micras.

En otra modalidad, las micro-imAgenes o© iconcs
constituyen cavidades o huecos rellenados que se forman en
una superficie del separador o separadores ¢ptices,
mientras que los micro-lentes no cilindrices son micro-

lentes esféricos, en donde cada micro-lente asférico tiene
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un diémetro base que oscila de alrededer de 15 a
aproximadamente 35 micras. Por lo menca una capa de
ocascurecimientc o sellado pigmentada 516 se puede colocar en
la disposicidédn o disposiciones planas de micro-imAgenes o
iconcs para aumentar el contraste y asi la aqudeza visual
de los iconos y también para enmascarar la presaencia del
hilo 508 cuando el hilo estd por lo menos parcialmente
incorporado en un documento de garantia.

En otra modalidad todavia de 1la presente
invencién, el hilo 508 comprende:

a) un separador ©Oéptico que tiene superficies
planas cpuestas superior e infericr;

b} una disposicién periddica de micro-imAgenes o
icones que comprende cavidadeas rellenadas formadas en la
superficie plana inferior del separador épticeo;

c} una disposicién periddica de micro-lentes
multi-zonas de base poligonal o esférica de campo planoc no
cilindriceos colocados en la superficie plana superior del
separadeor éptico, en donde cada micro-lente tiene un
didmetrec base que se ubica desde alrededor de 10 a
aproximadamente 30 micras; y

d) una capa de cscurecimiento o} sellado
pigmentada 516 colocada en la disposicién de iconos.

El separador o separadores Opticos se pueden

formar utilizando uno ¢ mids de los polimeros esencialmente

A2
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sin color que incluyen, perc no se limitan a, poliéster,
polipropileno, polietilenp, tereftalatc de polietileno,
cloruro de polivinilidenc, y similares. En una modalidad
ejemplar, el separador o separadores 6&pticos se forman
utilizando poliéster o tereftalato de polietileno y tiene
un grosor gque se ubica en el rango de alrededcr de 8 a
aproximadamente 25 micras.

Las disposiciones de micro-lentes e 1conos se
pueden formar utilizandc material curable por radiacidn

claro o sustancialmente transparente gque incluye, peroc no

" se limita a acrilicos, poliésteres, epoxias, uretanos vy

similares. De preferencia, las disposiciones se forman
utilizando uretano acrilado el cual esta disponible de Lord
Chemicals bajo la designacién de producteo U107.

Las cavidades de los iconos formadas en 1la
superficie plana inferior del separador o6ptico miden, cada
una, de alrededor de 0.5 a aproximadamente 8 micras de
profundidad y tiplcamente 30 micras de ancho en micro-
imdgenes o© iconos. Las cavidades se pueden rellenar con
cualquier material conveniente tal como resinas
pigmentadas, tintas, tintes, metales, o materiales
magnéticos. En una modalidad ejemplar, las cavidades se
rellenan con una resina pigmentada que comprende un
pigmento de sub-micra el cual estd disponible de Sun

Chemical Corporation bajo la designacién de producto
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Spectra Pac.

La capa de oscurecimiento o sellado pigmentada
516 se puede formar utilizando unc o mAs de una variedad de
tintas o recubrimientos de opacidad gque incluyen, pero no
se limitan a recubrimientocs pigmentados gque comprenden un
pigmento, tal como didéxido de titanio, dispersado dentro de
un aglutinador © portader de materjal polimérico curable.
De preferencia, la capa de cscurecimiento o sellado 516 se
forma utilizando polimercos curables por radiacién y tiene
un grosor que se ubica en el rango de alrededor de 0.5 a
aproximadamente 3 micras.

El hilc 508, el cual se describié anteriormente,
se puede preparar de acuerdo con el siguiente método:

a) aplicar una resina curable por radiacién clara
o sustancialmente transparente a las superficies superior e
inferior del separador éptico;

b) formar una disposicién de micro-lentes en la
superficie superior y una disposicién de iconos en la forma
de cavidades en la superficie inferior del separador
éptico;

c) curar la resina c¢lara o sustancialmente
transparente utilizando una fuente de radiacién;

d) rellenar las cavidades de la disposicién de
iconos con una tinta o resina pigmentada;

e) retirar el exceso de resina o tinta de 1la

/I/\J%
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superficle Iinferior del separador optico; y

£) aplicar una capa o recubrimiento de
oscurecimiento o© selladc pigmentado a 1la superficie
inferior del separador &ptico.

En muchos casos, es deseable que los hilos de
seguridad empleados en moneda corriente y en otres
documentes de identificacién y financlieros de gran valer
sean detectados y autenticados por senscores de no-contacto
de alta velocidad, tal como senscores de capacitancia,
sensores de campc magnético, s8sensores de cpacidad vy
transmisidn &ptica, fluorescencia, y/o resonancia magnética
nuclear.

La incorporacién de materiales fluorescentes en
el lente, substrato, matriz de iconos o© elementos de
rellenc de iconoa de una pelicula Unisona puede permitir la
autenticacién forense ¢ encubierta del material Unisocno
mediante la observaciédn de la presencia y caracteristicas
espectrales de 1la fluorescencia. Se puede diseftar una
pelicula Uniscna fluorescente para que tenga sus
propiedades fluoreacentes visibles desde ambeos lados del
material o desde un solp lade del material. S5in una capa de
aislamiento &éptico en el material gque estd debajo de 1la
capa de iconos, la flucrescencia de cualguier parte de un
material Uniscno serd visible desde cualquiera de sus

lados. La incorporacidén de una capa de aislamiento &ptico
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hace posible separar la visibilidad de la fluorescencia
desde sus dos lados. Por lo tanto, un material Uniscno gque
incorpora una capa de aislamiento 6ptico debajo del plano
de iconocs se puede diseflar para que exhiba fluorescencia en
un numero de diferentes formas: color fluoreacente A
visible desde el ladc del lente, falta de flucrescencia
visible desde el lado de la capa de aislamiento &pticg,
color fluorescente A o B visible desde el lado de la capa
de aislamiento Optico pero no desde el lado del lente, vy
coler fluorescente A visible desde el lado del lente y
color fluorescente A o B visible desde el lado de la capa
de aislamiento optico. La singularidad provista por la
variedad de posibles rubricas fluorescentes se puede
emplear para mejorar adicionalmente la sequridad del
material Unisono. La capa de aislamiento &ptico puede ser
una capa de material teflido o pigmentado, una capa de
metal, o una combinacién de capas piqmentadas y capas de
metal, gue absorbe o refleja la emisién fluorescente deade
un lado del material y evita que sea vista desde el otro
lado.

Los iconos formados a partir de huecos
configurades y su inverso, iconos formados a partir de
postes configuradocs, particularmente permiten la adicidn de
funciones de autenticacién legibles por mAquina para un

hilo de sequridad de material Unisonoc para moneda corriente
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y otros documentos de gran valer. La matriz de iconos, el
ralleno de iconeos, y cualquier ntumero de recubrimientos de
refuerzo (recubrimientcos de sellado) pueden, por separado
y/0 en todas combinaciones, incorporar pigmentos no
flucrescentes, tintes no fluorescentes, pigmentos
flucrescentes, tintes fluorescentes, particulas de metal,
particulas magnéticas, materiales de rubrica de resonancia
magnética nuclear, particulas de accldédn laser, materiales
LED orgdnicos, materiales O&Opticamente variables, metal
evaporado, materiales de interfaz de pelicula delgada,
polimeros de cristal liquido, materiales 6pticos de sobre-
conversidn y sub-conversién, materiales dicroicos,
materiales é6pticamente activos {que poseen potencia
giratoria éptica), materiales Opticamente polarizados, y
otros materiales aliados.

En alqunas circunatancias, tal como en el caso
donde un recubrimiento oscuro o a color (tal comc un
material magnético © capa conductora) se ha agregado a un
material Unisono o cuando el color del plano de iconos es
objetable cuando se observa a través del lado posterior de
un substrato, puede ser deseable enmascarar u ocultar la
apariencia de un hilo de seguridad de material Unisocno
integrado, parcialmente integrado, o con ventanas contra un
lado de un substrato de papel tal como se observa en la luz

reflejada, mientras que el hllc es visible desde el 1lado
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opuesto del substrato. Otros tipos de hilos de seguridad de
moneda corriente comunmente incorporan una capa de metal,
tipicamente aluminio, para reflejar la luz gqgue se filtra a
través del substrato de superficie, proveyendo  asi
brillantez similar al substrato circundante. De manera
similar, =8se puede utilizar aluminio u otro metal de
reflexién neutral de color para enmascarar la apariencia de
un hile Unisonc contra el lado posterior de un substrato de
papel mediante la aplicacién de la capa de metal en la
superficie posterior del material Unisono y después
opcionalmente sellAndola en su lugar. Se puede utilizar una
capa pigmentada para el mismo propésito, el de ocultar u
oscurecer la visibilidad del hilo de sequridad contra el
lado “posterior” del documento, en lugar de una capa
metalizada, o junto con la misma. La capa pigmentada puede
ser de cualquier color, incluyendo blanco, pero el color
mas efectivo es uno que coincida con el color y la
intensidad de la luz internamente espaciada dentro y fuera
del substrato fibroso.

La adiclién de una capa metalizada a un material
Unisconc se puede lograr en un numero de formas, incluyendo
la metalizacién directa de la capa de iconos o de sellado
del material Unisonc mediante evaporacidn, pulverizaciédn
catédica, deposicién gquimica, u otro medio conveniente, o

laminacién de la capa de iconcs o de sellado del material
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Unisono a la superficie metalizada de una segunda pelicula
de peclimero. Una prdactica comin es crear hilos de seguridad
de moneda corriente metalizando una pelicula,
desmetalizandoc por patrén esta pelicula para dejarx
“listones” angostos de Area metalizada, laminando la
superficie metalizada a una segunda pelicula de polimerc,
después cortando el material laminado para que los listones
de metal queden ailslados de los bordes de los hilos
cortados por medic del adhesivo de laminacién, protegiendo
asi el metal contra el atagque quimice en los bordes del
hilc. Este método también se puede aplicar en el caso de la
presente invencién: el material Unisono simplemente puede
reemplazar la segunda pelicula de laminacién. Por lo tanto,
un material Unisono puede ser aumentado por la adicidn de
capas metallizadas configuradas o no confiquradas.

Se pueden disefiar imAgenes sintéticas como
patrones binarics, que tienen un color (o ausencia de
coler) que define los iconos y un color diferente (o
ausencia de color) que define el fondo; en este caso, cada
zona de icones incluye una imagen completa en un solo tono
que utiliza “pixeles” de imagen que esté&n completos o
incompleteocs. Se pueden producir imAgenes sintéticas mas
sofisticadas mediante el aprovisionamientc de wvariaciones
de tonos del ceolor de icono seleccionado. La variacién de

tonos de la imagen sintética se puede crear controlando la
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densidad del color en cada imagen de iconc o “fotograbando
a media tinta” de manera efectiva la imagen sintética a
través de la inclusién o exclusidén de elementos de diseflo
en grupos selecclonados de iconos.

El primer método, controlar la densidad del coler
en cada imagen de icono, se puede lograr controlando la
densidad oéptica del material mediante la creacidén de la
imagen de icono micro-impresa. Un método conveniente para
hacer esto wutiliza la modalidad de iconos con huecos
rellenadeos, ya descrita anteriormente.

El segundo método, “fotograbando a media tinta”
de la imagen sintética a través de la inclusidén o exclusidn
de elementos de disefio en grupos seleccionados de iconos,
que se ilustran en la figura 23, s8e logra incluyendo
elementos de disefioc de imagen en una proporcidn de zonas de
iconos que es igual a la densidad de color deseada. La
figura 23 ilustra esto con un ejemplo que utiliza un patrén
de repeticién hexagonal para la zona de 1conos 570 que
seria coordinada con un patrén de lentes de repeticidn
hexagonal similar. Cada una de las zonas de iconos 570 no
contiene informacién 1déntica. Todos los elementos de
imagen de icono 572, 574, 576 y 578 esti&n presentes
sustancialmente a la misma densidad de color. Los elementos
de imagen de icono 572 y 574 estidn presentes en algunas de

las zonas de iconeos y diferentes elementos de imagen de
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icono estAn presentes en otras zonas de iconos. Algunas
zonas de iconos contienen el tnico elemento de imagen de
icono 570. Especificamente, el elemento de imagen de icono
572 estd presente en la mitad de las zonas de iconos, el
elementc de imagen de icone 574 estd presente en tres
cuartas partes de las zonas de iconos, el elemento de
imagen de iconc 578 estd presente en la mitad de las zconas
de iconos, y el elementc de imagen de iconc 576 esté
presente en una tercera parte de la 2ona de iconos. La
informacién presente en cada zona de iconos determina si su
lente asociade mostraréd el color del patrén de imagen de
icono o el color del fondo de imagen de iconoc desde una
orientacién de visualizacién particular. Cualquiera de los
elementos de imagen 572 & 578 serd visible en todos los
lentes asociados con este patrédn de iconocs, pero el espacio
de la imagen sintética 580 del elemento de imagen de icono
572 traslapa el espacio de la imagen sintética del elemento
de imagen de iconoe 57B. Esto significa que la zona de
traslape 582 de la imagen sintética de iconos 572 y 578
aparecerd a una densidad de color del 100%, debido a que
cada lente proyectard el coleor de imagen de icono en esta
zona. La parte gque no se traslapa de estas dos imAgenes
sintéticas, 588, soloc es visible en el 50% de los lentes,
por 1o que aparece a una densidad de color del 50%. La

imagen sintética 586 del elemento de icono 576 es visible
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tnicamente en un tercio de los lentes, por lo que aparece a
una densidad del 33.3.%. La imagen sintética 584 del
elemento de iconc 576 aparece de manera correspondiente a
una densidad del 75%. Queda claro, dentrc del alcance de
esta enseflanza que se puede obtener un rango tremendo de
variaciones en toncs en la imagen sintética a través de la
omisién selectiva de elementoas de imagen de iconc en los
porcentajes seleccionados de zonas de iconos. Para una
mayor efectividad, las distrlbuciones de los elementocs de
imagen de icono a través de las zconas de imagen de icono
deberian ser relativamente uniformes.

Un método de diseflc de imAgenes de iconos
relacionado, que s8e ilustra en la figura 24a, se puede
utilizar para crear elementos de imAgenes 3sintéticas
cambinades gque son mis pequefioe en dimensidn que la
caracteristica mAs pequella de loa elementos de imdgenes
sintéticas individuales. Esto es posible en la
circunstancia comiin en donde el tamafic de caracteristica
mAs pequefio de una 1imagen de iconos es mis grande que la
precisidén de colocacién de la caracteristica. Por lo tanto,
una imagen de iconos puede tener caracteristicas minimas en
el orden de dos micras en dimensidn, peroc esas
caracteristicas se pueden colocar con precisién en
cualquier punto en una rejilla de 0.25 micras de

separacién. En este caso, la caracteristica mis peqguefia de
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la imagen de iconos es ocho veces mAs grande que la
precisién de colocacién de esa caracteristica. Al igual que
con el diagrama previo, este método se ilustra utilizando
un patrén de iconos hexagonal 594, perc aplica de igual
forma a cualquier otra simetria de patrén utilizable. En
forma similar al método de la fiqura 23, este método se
basa en el usc de diferente informacién por lo mencs en una
zona de iconos. En el ejemplo de la figura 24a, dos
patrones de iconec diferentes 596 y 598, est&4n presentes,
cada uno, en la mitad de las zonas de 1cono (para claridad
unicamente se muestra uno de cada patrdon en esta figura).
Estas 1imAgenes de icono producen una imagen sintética
compuesta 600 que incorpora la imagen sintética 602 creada
por los elementos de imagen de iconos 596, y la imagen
sintética 604, creada por elementos de imagen de iconces
598. Las dos imégenes sintéticas, 602 y 604, estén
disefiadas para tener &reas traslapadas, 606 y 608, que
parecen tener una densidad de color del 100% mientras que
las &reas no traslapadas 605 tienen una densidad de color
del 50%. La dimensidén minima de las d&reas traslapadas en la
imagen sintética compuesta puede ser tan pequefia como la
precisidén de posicicnamientc de magnificacién escalada
sintética de los elementos de imagen de iconos, y por lo
tante puede ser mas pequefla que el tamafdc de la

caracteristica minima de las dos imigenes sintéticas
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componentes gque estin diserfiadas para traslape en una regién
pequefia. En el ejemplo de la figura 23, las regiones de
traslape se utilizan para crear los caracteres para el
nimero “10” con lineas mAas angostas que, de otra forma,
seria posible.

Este método también se puede utlilizar para crear
patrones angostos de espacios entre elementeos de imagen de
iconecs, como se muestra en la figura 24b. Las zonas de
iconcs hexagonales 609 podrian ser cuadradas o© podrian
tener cualquier otra forma conveniente para hacer una
disposicién de relleno de espacio, perc sge prefiere la
forma hexagonal. En esate ejemplo, la mitad del icono
configura la imagen de icono 610, y la mitad de éstos son
la imagen de icono 6ll. Idealmente, estos dos patrones
estarian distribuideos de manera relativamente uniforme
entre las zonas de iconos. Todos los elementos de estos
patrones se muestran como 3sustancialmente iguales vy
uniformes en cuanto a densidad de color. En aislamiento,
estos dos patrones no sugieren claramente la forma de la
imagen final, y esto se puede utilizar como un elemento de
sequridad, la imagen no es evidente hasta que e3s formada
por la dispcsicién de lentes inferior. Se muestra un caso
de imagen sintética 612 formada por la combinacién de la
imagen sintética de elementes de iccone 610 con la imagen

sintética de elementos de icono 611, en dcnde los espacics
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que permanecen entre las imdgenes s8sintéticas separadas
forman el numerc *“10”. En este caso se combinan dos
imAgenes sintéticas para formar la imagen sintética final,
de forma que las partes coleoreadas de esta imagen 613
muestran una densidad de color al 50%. Este método no queda
limitado por los detalles de este ejemplo: se habrian
podido utilizar tres icconos en lugar de dos, los espacios
que definen el elemento deseado en las iméAgenes sintéticas
campuestas pueden tener anchuras variables y una variedad
de formas ilimitada, y este métcdo se puede combinar ya sea
con los métodos de las figuras 23, 24a,b & 25, u otro
método de disefio de imdgenes de iconos que hemos mostrado.
La informacién oculta, encubierta se puede
incorporar en las imAgenes de iconos que no pueden ser
vistas en las imigenes sintéticas resultantes. El1 hecho de
tener dicha informacién encubierta oculta en las imiqenes
de iconos se puede utilizar, por ejemplo, para
autenticacién encubierta de un objetoc. En la figura 25 se
ilustran dos métodos para lograr esto. El primer método
queda 1i1lustrado por el u3c de imdgenes de iconos
coincidentes 616 y 618. La imagen de iconos 616 muestra un
patrén de limite sélido y el nimero “42"” contenido dentro
del limite. La imagen de iconos 618 muestra una forma
sdlida con el numero “42” como un agujero grafico en esa

forma. En este ejemplo, las formas perimetrales de las
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imAgenes de iconos 616 y 618 son sustancialmente idénticas
y sus poaiclédn relativa dentro de sus respectivas zonas de
iconos, 634 y 636, también son sustancialmente idénticas.
Cuande se crea una imagen sint&tica compuesta 620 a partir
de estas 1magenes de icono, el limite de 1la imagen
sintética compuesta 622 mostrara una densidad de color del
100% debido a que todas las imigenes de iconos tienen un
patrén en esa drea correspondiente, por lo que existe un
traslape completo en las imAgenes sintéticas creadas a
partir de las imigenes de iconocs 616 y 618. La densidad de
color del interior 624 de la imagen sintética compuesta 620
serd del 50%, debido a que la imagen del espacio que rodea
el "42" proviene de las imagenes de iconos €18 que solo
rellenan la mitad de las zonas de iconos, y la imagen del
"42” coloreado proviene de las imAgenes de iconos 616 que
también rellenan la mitad de las zonas de iconcs. En
consecuencia, no existe una diferenciacién de tonos entre
el ™“42% y su fondo, por lo que la imagen sintética
compuesta observada 626 mostrara una imagen que tiene un
limite de densidad de coler del 100% 628 y un interior de
densidad de color del 50% 630. E1 "“42” encublertamente
presente en todas las imdgenes de iconocs 616 y 618 queda,
por lo tanto, “neutralizade” y no sera vistec en la imagen
sintética compuesta cbservada 626.

Un segundo método para incorpecrar informacién

a2
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encubierta en imdgenes de iconos s9e ilustra por medic de
tridngulos 632 en la figqura 25. Los triAngulos 632 se
pueden cclocar aleatoriamente dentro de las zonas de iconos
{que no se muestran en esta figura) o se pueden colocar en
una disposicidn u otro patrédn que no coincide

sustancialmente con el periodo de la zona de iconos 634,

632. Las imAgenes sintéticas son creadas a partir de una’

multiplicidad de imagenes de icones regularmente dispuestas
gue son reflejadas por una disposicidn regular
correspondiente de micro-lentes. Lecs patrones en el plano
de iconos que no corresponden sustanclialmente al periodo de
la disposicién de micro-lentes, nc formaran imagenes
sintéticas completas. Por lo tanto, el patrdn de tridngulos
632 no creard una imagen sintética coherente y nc seré
visible en la imagen sintética observada 626. Este método
nce se limita a disefios geométricos simples, tal como
tridnguleos 632; con este método, en el plano de iconos se
puede incorporar otra informacién encubierta, tal como
informacién alfa-numérica, cbédigos de barras, bits de
datos, y patrones de gran escala.

La figura 26 ilustra un enfoque general para
crear imAgenes integrales completamente tridimensionales en
un material Unisonc (3-D Unisocno). Una scla zona de iconos
640 contiene una imagen de i1conos 642 gue representa una

vista en escala distorsionada de un objeto que se va a
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desplegar en 3-D, tal como s8e puede apreciar desde la
posicidén estratégica de esa zona de iconos 640. En esate
caso, la imagen de iconos 642 estd disefiada para formar una
imagen sintética 670 de un cubo huece 674. La imagen de
iconos 642 tiene un marce en primer planc 644 que
representa el lado mis cercano 674 del cubo hueco 672,
patrones de espacio ahusados 646 gque representan las
esquinas 676 del cubo hueco 672, y un marco de fondo 648
que representa el lado mids alejado 678 del cubo hueco 672.
Se puede apreclar que las proporcionea relativas del marco
en primer plano 644 y el marco de fondo 648 en la imagen de
iconos 642 no corresponde a las proporciones del lado mas
cercano 674 y el lado mas alejado 678 del cubo huecg de
imAdgenes sintéticas 672. La razén para la diferencia en
escala es que las imagenes que van a aparecer
adicionalmente desde el plano del material Unisono
experimentan una mayor magnificacién, por lo que su tamano
en la imagen de icocnes se debe reducir para proveer la
eacala correcta al momento de la magnificacién para formar
la imagen sintética 672.

En una ubicacién diferente en el material 3-D
Unisonc se puede encontrar una zona de iconos 650 gque
incluye una imagen de iconos diferente 652. Al igual que
con la imagen de iconos 642, la imagen de 1iconos 652

representa una vista en escala distorsionada de la imagen
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sintética 672, tal como sge puede apreciar a partir de la
pesicién estratégica diferente de esta zona de iconos 650.
Las escalaciones relativas del marco en primer planoc 654 y
el marco de fondo 658 son similares a los elementos
correspondientes de la imagen de icones 642 (aungue estc no
serd clerto, en general), pero la posicién del marco de
fondo 658 ha cambiado, junto con el tamafio y la orientacién
de los patrones de esquina 656, La zona de iconos 660 se
localiza una distancia mas alld del material 3-D Unisono y
presenta todavia otra imagen de iconos de escala
distorsionada 662, incluyendo la imagen de iconos 662 con
el marco en primer planc 664, los patrones de espacilo
ahusados 667, y el marco de fondo 668.

En general, la imagen de iconos en cada zona de
iconos en un material 3-D Uniscno serd ligeramente
diferente de sus vecinos cercanos V4 puede ser
significativamente diferente de sus vecinos distantes. Se
puede apreciar que la imagen de iconos 652 representa una
etapa transitoria entre las imdgenes de icono 642 y 662. En
general, cada imagen de iconos en un material 3-D Unisono
puede ser uUnica, pero cada una representard una etapa
transitoria entre las imAgenes de iconocs en cualquier lado
de ésta.

La imagen sintética 670 se forma a partir de una

multiplicidad de imAgenes de icono tal como imagenes de
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icono 640, 650 y 660 tal como son sintéticamente reflejadas
a través de una disposicidn de lentes asociados. La imagen
sintética del cubo hueco 674 muestra los efectos de los
diferentes factores de magnificacidn sintética que resultan
de los pariodos de repeticidén efectiva de los diferentes
elementos de cada una de las imagenes de icono. Asumir que
la imagen de cubo hueco 674 estA destinada para ser vista
como una imagen de SuUper Profundidad. En esate caso, si la
zona de iconos 640 se colocd a cierta distancia del lado
izquierdo infericr de la zona de iconcos 650, y la zona de
iconos 660 se colocé a clerta distancia del derecho
superior de la zona de iconos 650, se puede apreciar que el
pericdo efectiveo de los marcos en primer plano 644, 654 y
664 sera menor que agquel de los marceos de fondo 64B, 658 y
668, ocasicnando asi que la superficie mAs cercana 676 del
cubo (que corresponde a los marcos en primer plano 644, 654
y 664) quede mds cerca del plano del material Unisono y la
superficie mis alejada 678 del cubo gquede a una mayor
profundidad y mds alld del plano del material Unisocno, vy
gue sea magnificada por un factor mids grande. Los elementos
de esquina 646, 656, y 667 se coordinan tantc con los
elementcs en primer planc como de fondo para crear el
efecto de cambiar suavemente la profundidad entre ellos.

El método para diseflar las imAgenes de iconos

para 3-D Unisono se describe con mayor detalle en la fiqura
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27. Esta figura aisla el método para un proyectoer de una
sola imagen 680. Como 8e describid previamente, un
proyector de una scla imagen incluye un lente, un separador
dptico, y una imagen de iconos; la imagen de iconos tiene
sustancialmente las mismas dimensiones que el pericdo de
repeticién del 1lente {permitiendc que las pequersias
diferencias en escala creen los efectos visuales Uniscnos).
El campo de wvisidn para el lente y 3u icono asociado se
muestra como el cono 682: esto también correspconde a una
inversién del cono focal del lente, de forma gque las
proporciones del cono de campce de visién 682 quedan
determinadas por el F# del lente. Aungque la figqura muestra
este cono con una base circular, la forma de la base en
realidad geréd la misma que la forma de una zona de iconos,
tal como un hexégono.

En este ejemploc s8e desea crear una imagen
sintética 3-D Unisona que incorpora tres copias de la
palabra “UNISONO”, 6B6, 690 Y 694, al mismo tamafic visual
en tres plancs de imagen de Sudper Profundidad diferentes
684, 690 y 652. El diametro de los planos de imagen 684,
688 y 692 se expande con el cono de campo de visién: en
otras palabras, conforme aumenta la profundidad de 1la
imagen, aumenta el &rea cubierta por el cono de campeo de
vigidén. Por lo tanto, el campe de visién en el plano de

profundidad mas superficial 684 solc abarca las porciones
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de “NIS” de la palabra UNISONO, mientras que el plano
profundo medic 688 abarca todos los “NIS” y porciones de
“U% y “0” y el planc de mayor profundidad 692 abarca casi
todo el términe “UNISONO”, faltando unicamente la parte de
“NO” final.

La informacién presentada (UNISONO 686, 690 Y
694) por cada uno de estes planos de imagen sintética 684,
688 y 692, finalmente se debe incorporar en una sola imagen
de icono en el proyector de imagenes 680. Estc se logra
capturando la informacién en el cono de campo de visién 686
en cada plano profundo 684, 688 y €52, escalandc después
los patrones de imagenes de iccnos resultantes a las mismas
dimensiones. La imagen de iconos 696 representa el campc de
visién de la imagen UNISONA 686 tal como se aprecia en el
plano profundo 684, la imagen de iconos 704 representa el
campo de visidén de la imagen UNISONA 650 tal comoc se
aprecia en el plano profundo 688, y la imagen de iconos 716
representa el campo de visidén de la imagen UNISONA 694 tal
como se apreclia en el plano profundo 652.

Dentro de la imagen de iconos 696, los elementos
de imagen de icono 698 se originan a partir de una porcidn
de la primera “N” de la imagen UNISONA 686, el elemento de
imagen de iconc 700 se origina a partir de una porcidn de
la “I” de la imagen UNISONA 686, y los elementos de imagen

de 1cono 702 3e originan a partir de las porcicnes de la

2=
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“5” de la imagen UNISONA 686. Dentro de la imagen de iconos
704, el elemento de imagen de icono 706 se origina a partir
de una porcidén de la “U” de la imagen UNISCNA 6890, el
elemento de imagen de iconc 708 se origina a partir de la
primera “N” de la imagen UNISONA 6530, el elementoc de imagen
de icono 710 se orlgina a partir de la "5 de la 1magen
UNISONA 690, y el elemento de imagen de icono 714 se
origina a partir de una porcién de la "0” de la imagen
UNISONA 690. Se puede apreciar que aunque las imdgenes
sintéticas 686, 690, y 694 se presentan a una escala
9imilar, la imagen de iccnos 704 para el planc profundo
medio 6B8 presenta sus letras de UNISONC a una escala més
pequefia que aquellas de la imagen de iconos 696. Esto sirve
para la magnificacién sintética superior que la imagen de
iconos 704 experimentara (cuando se combina sintéticamente
con una multiplicidad de imAgenes de iccno circundantes
para el mismo plano profundo). De manera similar, la imagen
de iconos 716 incorpora elementos de imagen de iconos 718
que se originan a partir de la imagen UNISCNA 694 y las
letras de UNISONO que se incorporan en esta imagen de icono
estdn a una escala mas reducida. -

La imagen de iconos final para este proyector de
imAdgenes se crea combinando estas tres imdgenes de iconos
696, 704 y 716 en una sola imagen de iconc 730, gue se

muestra en la figura 28. Los elementos de icono combinados
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732 incorporan teda la informacidn gréafica y de profundidaed
necesaria para el proyector de imAgenes 680 para hacer su
contribucidén a la imagen sintética formada a partir de una
multiplicidad de proyectores de imaAgenes, cada uno
incorpora la informacién especifica de imagenes de iconos
que es el resultado de la interseccldn de su propio cono de
campo de visidn, centrado en el proyector de imdgenes, con
los niveles y elementeocs de la imagen sintética que se va a
producir. Debldo a que cada proyector de imagen es
desplazade por lo menos un periode de repeticién de lente a
partir de cada segundc proyector de imagen, cada proyector
de imagen portard diferente informacién gque resulte de la
interseccién de su cono de campo de visidén con el espacio
de imagen sintética.

Cada una de las imdgenes de icono gue se requiere
para presentar una imagen 3-D elegida, puede ser calculada
a partir del conocimiento del mecdelo digital tridimensional
de la imagen sintética, la pesiciébn de profundidad deseada
y la envergadura de la profundidad que se va a presentar en
la imagen sintética, el periodo de repeticién de lente, el
campo de visién del lente, y la resoclucidn grafica final de
las imAgenes de icono. Este dltimo factor pone un limite
superior sobre el nivel de detalle gue se puede presentar
en cada plano de profundidad. Debido a gue los planos de

profundidad que vyacen mias alld del plano del material

B
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Unisono portan una mayor cantidad de informacidén (debido al
campc de visién incrementado}, el limite de resolucién
grdfica de los iconos tlene el mayor impacto en la
resolucién de estos planos de profundidad de imagenes
sintéticas.

La figura 29 ilustra la forma en que el método de
la figura 27 se puede aplicar a una imagen sintética
tridimensicnal compleja, tal comec una imagen del invaluable
artefacto de marfil de mamut talladec de la época del hielo,
la Dama de Brassempouy 742. El1 proyector de imédgenes
individuales 738, que incorpora por lo menos un lente, un
elemento de separacién éptica, y una imagen de icono {que
no se muestra en esta fiqura), yace en el plano 740 de un
material Unisono gque separa el espacic de la imagen
sintética flotante del espacio de la imagen sintética
profunda. En este ejemplo, el espacio de la imagen
sintética abarca el material Unisono de forma qgque una
porcién de la imagen yace en el espacio de la imagen
sintética flotante y una porcién yace en el espaclc de la
imagen sintética profunda. El proyector de imAgenes 738
tiene un campo de visidén sustancialmente coénico que se
extiende tanto hacia el espacio de la imagen sintética
profunda 744 comc al espacio de 1la imagen 3sintética
flotante 746. Se selecciona un numero elegido de plancs de

imAdqgqenes profundas, 748 y 752-762, a cualquier separacidn
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gue se reguiera para obtener la resolucién deseada del
espacic de la imagen sintética profunda. De manera similar,
se selecciona un numero elegido de plancs de imdgenes
flotantes, 750 y 764-774, a cualquier separacién gque se
requiera para obtener la resolucidn deseada del espacic de
la imagen sintética profunda. Algunos de estos plancs, tal
comc los planos profundos 748 y los planos flotantes 750 se
extenderdn mas alld de la imagen sintética y no
contribuirdn a la informacién final en la imagen de iconos.
Para claridad, el numero de planos de imagen gue se muestra
en la figura 29 se limita a un nimero peguefioc pero el
nimero real de planos de imagen seleccionado puede ser
elevado, tal como 50 ¢ 100 planos, o mAs, para obtener la
resolucidén deseada de profundidad de imagen sintética.

El método de las figuras 27 y 2B se aplica
después para cobtener la imagen de iconos en cada plano de
profundidad determinando la forma de la interseccitén de la
superficie del objetc 742 con el plano de profundidad
seleccionado 756-774. Las 1imiAgenes de 1icono separadas
resultantes son escaladas al tamafic final de la imagen de
iconos combinada. Todas las iméAgenes de icono flotantes
primero son giradas 180 grados (debidoc a que experimentan
esa rotacién nuevamente cuando son proyectadas, regresando
asi a 3u orientacién correcta en la imagen sintética)

después se combinan con las imagenes de iconc profundas
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para forma la imagen de iconocs final para este proyector de
imagenes 738. Este procedimiento se repite para cada una de
las posiciones de los proyectores de imAgenes para obtener
el patrén completc de imAgenes de icono que se reguieren
para formar la imagen sintética completa 742.

La resolucién de la imagen sintética depende de
la resolucién de los proyectores éptlcos y de la resolucidn
grdafica de las 1mdgenes de icono. Se han obtenido
resoluciones gréficas de imAgenes de icono, mencs de 0.1
micras, que exceden el limite de resolucién o6ptica tebrica
de ¢ptica de magnificacién (0.2 micras). Se crea una imagen
de icono tipica con una resclucidén de 0.25 micras.

Los materiales Unisonos se pueden fabricar
mediante procesamiento de red u heja utilizando
herramientas <que incorporan por separadc las mlcro-
estructuras de iconc y lente. Tanto las herramientas de
lente como las herramientas de icono se originan a través
del uso de fotoméscaras y métodos de fotorresistencia.

Las herramientas de lente 1inicialmente estdn
disefiadas como mascaras de tipo de semiconductor,
tipicamente cromo negro sobre wvidrio. Las méscaras gque
tienen suficiente resolucidén se pueden crear mediante
fotorreduccién, escritura por haz de electrones, o)
escritura ldser. Una mascara tipica para una herramienta de

lente incorporarda un patrén de repeticidédn de hexdgonos
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opaces en un periode elegido, tal como 30 micras, con
lineas nitidas que separen los hexdgonos que tienen menos
de 3 micras de ancho. Esta midscara después se utiliza para
exponer la fotorresistencia socbre una placa de vidrio
rtilizando wun sistema de expesicién UV semiconductor
convencional. El1 groscr de la resistencia es seleccionado
para obtener la combadura deseada del lente. Por ejemplo,
un groscr de 5 micras de fotorresistencla positiva AZ 4620
esta recubierta sobre una placa de wvidrio a través de
mediocs convenientes, tal como recubrimiento centrifugo,
recubrimiento por inmersién, recubrimiento por menisco, o©
rociado, para formar lentes que tengan una repeticién
nominal de 30 micras y una longitud focal nominal de 35
micras. La fotorresistencia es expuesta con el patrén de
mAscara, y desarrollada en vidrio en una forma
convencional, después es secada y desgasificada a 100°C
durante 30 minutesa. Los lentes son formados por reflujo
térmico de acuerdo con métodos estédndar conocideos en la
técnica. Los micro-lentes de fotorresistencia resultantes
son recubiertecs con un metal conducteor, tal como oro o
plata, y s8e forma una herramienta de niquel negativo a
través de electroformacidn.

Las herramientas de 1lcono son creadas de manera
similar. Un patrdén de iconos tipicamente es disefRiado con la

ayuda de software CAD y este diseflo es tranamitido a un
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fabricante de mAscaras de semiconductor. Esta méscara se
utiliza de manera similar a la mAscara de lente, excepto
que el grosor de la resistencia gue sSe va a exponer
tipicamente se ubica en el rango de 0.5 micras a 8 micras,
dependiendc de la densidad ¢&éptica de la imagen sintética
deseada. La fotorresistencia es expuesta con el patrén de
mascara, desarrcllada en vidric en una forma convencional,
recubierta con un metal conductor, y sSe forma una
herramienta de niquel negativo a través de
electroformacién. De acuerdo con la eleccién del diseflo de
mascara original y en la opcién de tipo de resistencia
empleada {(positiva © negativa), los iconos se pueden crear
en la forma de huecos en el patrédn de resistencia o se
pueden crear en la forma de “mesas” o postes en el patrén
de resistencia, o ambos.

Los materiales Unisoncs 3se pueden fabricar a
partir de una variedad de materiales y una multiplicidad de
métodos que son conocidos en la técnica de la repreoduccién
micro—-&éptica y de micro-estructuras, incluyendo estampado
por extrusldn, eatampado curado por radiaciédn, estampado
suave, y moldeo por inyeccién, moldeo por inyeccidn a
reacciébn, y wvaciado por reaccién. Un método ejemplar de
fabricacién es formar los iconos como huecos en un polimero
liquido curado por radiacién que &8 vaciado contra una

pelicula base, tal comoc una pelicula PET promovida por
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adhesldén calibre 75, después formar los lentes a partir de
polimero curado por radiacién en la superficle opuesta de
la pelicula base en la alineacién correcta o 3esgada con
respecto a los iconos, después rellenar los huecos de los
iconos con un material de coloraciébn pigmentado de
particula de tamaflo submicra por medio de una cuchilla
raspadora tipo huecograbado contra 1la superficie de la
pelicula, solidificar el relleno a través de medios
convenientes (por ejemplo, remocldn de solvente, curado por
radiacién o reaccidn quimica), y finalmente aplicar una
capa de s8ellado opcional que puede ser clara, tefida,
pigmentada o] materiales de seguridad encubierta
incorporada.

La fabricacién del material de Movimiento Unisono
requiere gque la herramienta de icono y la herramienta de
lente incorporen un grado seleccionade de desalineacién de
los ejes de simetria de 1las dos disposiciones. Esta
desalineacién de los ejes de simetria de los patrones de
icono y lente contrcla el tamaflo de la imagen sintética y
la rotacidén de la 1imagen sintética en el material
producido. Con frecuencia es deseable proveer las imdgenes
sintéticas sustancialmente alineadas vya sea con la
direccibn de red o con la direccién de red transversal, y
en estos casos, la desalineacién angular total de los

iconos y los lentes se divide por igual entre el patrén de
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lente y el patrén de icono. El grado de desalineacidn
angular requerido generalmente es bastante pequefo. Por
ejemplo, una desalineacliédn angular total en el orden de 0.3
grados es conveniente para magnificar imagenes de icono de
30 micras a un tamafic de 5.7 mm en un material de
Movimiento Unisconoc. En este ejemplo, 1la desalineaciédn
angular total se divide ©por igqual entre las dos
herramientas, de forma que cada herramienta es sesgada a
través de un &ngulo de 0.15 grados en la misma direccidn
para ambas herramientas. El sesgo es en la misma direcciédn
debido a que las herramientas forman microestructuras en
superficies opuestas de una pelicula base, de forma que los
sesgos de las herramientas se agregan entre si, en lugar de
cancelarse entre si.

El sesgo se puede incorporar en las herramientas
al momento del disefo original de las mAscaras girando todo
el patrén a través del é&ngqulo deseado antes de escribir
sobre éste. El sesgo también se puede incorporar
mecénicamente en una herramienta de niquel plana cortandola
al &ngulo apropiado con un molino numéricamente controlado.
La herramienta sesgada después es configqurada en una
herramienta cilindrica utilizando el borde de sesgo cortado
para alinear la herramienta al eje de rotacién de un
cilindro de impresién.

El gistema micro-éptico de magnificacién
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sintética, en la presente invenclén, se puede caombinar con
caracteristicas adicionales gque incluyen, pero no se
limitan a, estas modalidades como elementos sencillos o en
varias combinaciones, tal comoc materiales de relleno de
iconocs, recubrimientos de refuerzo, recubrimientos
superiores, tanto configqurados comec no configurados,
relleno o inclusiones en el lente, separador é&ptico o
materiales de icono, camo un laminado ¢ recubrimiento,
tintas y/o adhesivos incluyendoc la forma acuosa, curable
per radlacién ¢ solvente, Spticamente  transparente,
traslicido u opaceo, pigmentado o teflldo. Indiciocs en la
forma de material positive o negativo, recubrimientos o
impresién incluyendo, peroc no limitado a tintas, metales,
materiales fluorescentes o magnéticos, materiales de
absorciébn o emisién de rayos-X, infrarrojos, o ultra-
vicleta, metales tanto magnéticos como no magnéticos
incluyendo aluminioc, niquel, cromo, plata, y oro; los
recubrimientos y particulas magnéticas para deteccién o
almacenamientc de informacién; tinte fluorescente y

pigmentos como recubrimientos y particulas; recubrimientos

fluorescentes IR, relleno, tintes o) particulas;
recubrimientos flucrescentes uv, relleno, tintes o}
particulas; tinte fosforescente Y pigmentos como

recubrimientos y particulas, tablas de madera, ADN, ARN u

otros distintives macro-mecleculares, fibras dicroicas,
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radioisdtopos, recubrimientos receptives de impresidn,
barniz de aparejo, o© pintura de imprimacidén, materiales
guimicamente reactivos, ingredientes micro-encapsulados,
materiales afectadecs por campo, particulas conductoras y
recubrimientos tanto metdlicos como no metalicos, agujerocs
micro-perforadosa, hilos o fibras ccloreadas, parches de
Unisono integradeos en la superficie de un documento,
etiqueta o superficie de materiales, pegadas a papel o
polimero como un portador para adhesidn al papel durante la
fabricacidén, hilos o particulas dicroicas fluorescentes,
particulas o] recubrimientos de dispersién Raman,
recubrimientos o© particulas de cambio de color, Uniscno
laminado a papel, planchas de papel, cartédn, pléastico,
cerdmica, tela o substrato de metal, Unisono como un hilo,
parche, etigueta, envcltura, papel aluminic de estampado en
caliente, una cinta de desgarre, elementos holograficos,
difractivos, Kinegram difractivoa, isogramas, fotoqrAdficos
u O6ptices refractives, materiales de «cristal 1liquido,
materiales de conversidn ascendente y conversién
descendente.

El sistema micro-6ptico de magnificacidn
sintética en la presente invencién tilene muchos campos de
uso y aplicaciones. Entre los ejemplos se incluyen:

Aplicaciones gubernamentales y de defensa: ya sea

federal, estatal o extranjera (tal como pasaportes,



10

15

20

25

113

credenciales de identificacién, licenciaas para conducir,
visaa, certificados de nacimiento, reqgistros vitales,
tarjetas de registro de votantea, boletas de votacién,
tarjetas de seguro social, bonos, vales, timbres postales y
timbres fiscales);

Moneda corriente: vya sea federal, estatal o
extranjera (tal come hilos de seguridad en papel moneda,
caracteristicas en moneda de polimerc y caracteristicas en
papel moneda);

Documentos (tal como titulos, escrituras,
licencias, diplomas y certificados);

Documentos financierce y negociables (tal como
cheques bancarios certificados, cheques corporativos,
cheques personales, compreobantes bancarios, certificados de
acclcones, cheques de viajero, giros postales, tarjetas de
crédito, tarjetas de débito, tarjetas para ATM, tarjetas de
afinidad, tarjetas telefdénicas de prepago, y tarjetas de
reqalo) ;

Informacién confidencial {(tal como gquiones de
peliculas, documentos legales, propiedad intelectual,
registros médicos/registros hospiltalarics, recetas/bloc de
recetas, y “Recetas Secretas”);

Proteccién de productos y marcas, incluyendo
aquellos de tela y para el cuidadec del hogar ({tal comg

detergentes para lavar, suavizantes de tela, detergentes

ez
Vs
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para trastes, limpiadores del hogar, recubrimientoa de
superficies, refrescantes de telas, blanqueador y cuidado
para telas espaciales);

Culdado de la belleza (tal como productos para el
cuidado del cabello, tintes para el cabello, productos del
cuidade y limpieza de la piel, ccamétices, fragancias,
antitranspirantes y desodorantes, toallas femeninas,
tampones y medias);

Cuidado de los bebés y la familia (tal como
pafiales, toallitas htmedas para bebés, baberos para bebés,
colchonetas para cama y para cambiar al bebé, toallas de
papel, papel de bafle, y toallas faclales);

Cuidado de la salud (tal comeo el cuidado cral,
salud y nutricidn de mascotas, productos farmacéuticos de
prescripcién, productos farmacéuticos en mostrador,
administracién de medicamentos y cuidado de 1la salud
personal, vitaminas de prescripcién Y suplementos
nutricionales y deportivos; productos para los ojos con
prescripcién y s8in prescripcién; equipo y dispesitivos
médicos vendidos a heospitales, médiceos, y distribuidores
médlcos al por mayor {es decir, vendajes, eguipo,
dispositivos de implante, suministros quirdirgicos);

Empaque de alimentos y bebidas;

Empaque de productos secos;

Equipo, partes y componentes electrénicos;
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calzado de categorla autorizado y no autorizado,

Ropa vy calzado, incluyende ropa deportiva,

deportivos y ropa de lujo; tela;

listones)

Productos farmacéuticos biotécnicos;
Componentes y partes aercespaciales;
Componentes y partes autcmotrices;
Productos deportivos;

Productos tabacaleros;

Software;

Discos compactos y DVD;

Exploaivos;

Articulos de novedad {tal como envolturas vy
Libros y revistas;

Productos escolares y suministros de oficina;
Tarjetas comerciales;

Documentaciédn de envio y empaque;

Portadas de cuadernos;

Portadas de libros;

Marcas de libros;

Boletos de transporte y eventos;

Aplicaciones de apuestas y Jjuegos (tal como

articulos

boletos de loterla, tarjetas de juego, fichas y articulcs

de casine para uso en casinos, sorteos y apuestas);

Mobilliario para el hogar (tal como toallas, ropa

5141;?

el
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blanca y muebles);

Revestimienfo para pisos y tapiceria de pared;

Joyeria y relojes;

Bolsas de mano;

Arte, articulos de coleccidén y objetos de interés
antliguos;

Juguetes;

Escaparates (tal como escaparates de mercancia vy
puntoc de venta);

Marcacién y etigquetado de productos (tal como
etiquetas, etiquetas colgantes, hilos, tiras de desgarre,
envolturas, imagen de seguridad o a prueba de alteracién
aplicada a un producto de marca o documento para
autenticacién o© mejora, como camuflaje, y como rastreo de
activos).

Los materiales convenientes para las modalidades
anteriormente descritas incluyen wun amplio rango de
polimeroca. Acrilicos, poliésteres acrilados, uretanos
acrilados, polipropilencos, epoxias, uretancs y poliésteres
que tienen propiedades 6pticas y mecdnicas convenientes
tanto para microlentes como para elementos de iconos micro-
estructurados. Materiales convenientes para la pelicula de
substrato opcional incluyen la mayoria de las peliculas de
polimeroc comercialmente disponibles, incluyendo acrilico,

celoféan, Saran®, nylon, palicarbonato, poliéster,
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polipropileno, polietileno, y polivinilo. Materiales de
relleno de icono micro-estructurado pueden incluir
cualquiera de los materiales mencionados anteriormente como
convenientes para elaborar elementos de icone micro-
estructurades, asi como tintas basadas en solvente y otros
vehiculecs de tinte o pigmento cominmente disponibles. Los
tintes o© pigmentos incorporadds en estos materiales
deberian ser compatibles con 1la composicidén quimica del
vehiculo. Los pigmentos deben tener un tamafio de particula
que sea sustancialmente mas pequeflc que las dimensicnes mAs
pequefias de cualquier componente de un elemento de icono.
Materiales de capa de sellade opcionales pueden incluir
cualquiera de los materiales menciocnados anteriormente como

convenientes para elaborar elementos de icono micro-

estructurados, ademas de muchas pinturas, tintas,
recubrimientos, barnices, lacas Y recubrimientaos
transparentes comercialmente disponibles diferentes

empleades en las industrias de conversién de peliculas,
papel e impresidn. No existe una combinacidén preferida de
materiales, la eleccién de materiales depende de los
detalles de la gecmetria del material, de las propiedades
épticas del sistema, y del efecto dptico que se desee.
Aungue se han mostrade y descrito medalidades
ejemplares, quedard clarc para agquellos expertos en la

técnica que se pueden realizar numerosos cambios,
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modificaciones o alteraciones a la invencién. Todos esos
cambios, modificacicnes y alteraciones deberdn estar dentro

del alcance de la presente invencidén.
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NOVEDAD DE LA INVENCICN

Habiendo descrito el presente invento, se
considera como una novedad y, por lo tanto, se reclama como

prioridad lo contenido en las siguientes:

REIVINDICACIONES

1.- Un sistema micro-éptico de magnificacién
sintética gque comprende:

a) uno o miAs separadores opticos;

b) una micro-imagen compuesta de una disposicién
plana peridédica de una pluralidad de iconos de imagen que
tienen un eje de simetria por lo mencs alrededor de uno de
sus ejes planos, y colocada en o junto al separador &ptico;
Y

c) una disposicién plana periddica de elementos
de enfoque de iconos de imagen que tienen un eje de
simetria por lo mencs alrededor de sus ejes planos, el eje
de simetria es el mismoc eje plano que el de la disposicién
plana de micro-imagen, cada elemento de enfoque tiene un
didmetro efectivo de menos de 50 micras y se asocla con un
iconoc de imagen y provee un campc de visidn agrandado sobre
el ancho del 1cono de imagen asociado de forma que los

bordes periféricos del icono de imagen asociado no se salen

e

A



10

15

20

25

120

de visibn.

2.- El sistema micro-dptico de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizade porgque los elementos de enfoque son
seleccionadcs del grupoc que consiste de lentes no
cilindricos y reflectores de enfoque no cilindricos.

3.- El sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 2,
caracterizado pcrque los elementes de enfogue son elementos
de enfoque esféricos.

4.- El sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 3,
caracterizado porque los elementos de enfoque tienen
geometrias base en el plano de &8u disposicién plana
seleccionadas del grupo gue consiste de una base circular,
una base hexagonal, una base hexagonal redondeada, una base
cuadrada, una base triangular, una base triangular
redondeada, y mezclas de las mlismas.

5.- El sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 2,
caracterizado porque los elementos de enfoque tienen un F
numerc equivalente a 4 o menos.

6.-— El sistema micro-6ptico de magnificacidn
sintética de conformidad «con la reivindicacién 3,

caracterizado porque loa elementos de enfoque tienen un F
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numero equivalente a 4 o menos.

7.- El s8istema micro-dptice de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizado porque la relaciétn de escala del periocdco de
repeticién de los iconos de imagen al periodo de repeticién
AE los elementocs de enfoque es sustancialmente igual a 1 y
los ejes de simetria de la disposicién plana periéddica de
la micro-imagen y la disposicién plana peribédica de los
elementos de enfoque de icono de imagen estan desalineados.

8.- El sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 7,
caracterizado porque se proveen efectos de movimiento
ortoparaléctico.

9.- El sistema micro-dptico de magnificacién
sintética de conformidad con la reivindicacidn 1,
caracterizade porgque la relacién de escala del periodo de
repeticién de los iconos de imagen al pericdo de repeticidén
de los elementos de enfoque es mayor que 1 y los ejes de
simetria de la disposicién plana peribdica de la micro-
imagen y la disposicién plana periddica de los elementcs de
enfoque de icono de imagen estan alineados.

10.- El1 sistema micro-éptico de magnificaciédn
sintética de conformidad corn la reivindicacién 1,
caracterizado porque la relacién de escala del periodo de

repeticién de los iconos de imagen al periodo de repeticién

Z_JE?
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de loa elementos de enfoque es menor que 1 y los ejes de
simetria de la disposicién plana periddica de la micro-
imagen y la dispoaicién plana periédica de los elementos de
enfoque de icono de imagen estan alineados.

11.- El sistema micro-épticoc de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizado porque la relacién de escala del periodo de
repeticién de los iconos de imagen al periodo de repeticién
de los elementcs de enfoque es axialmente asimétrica en lcs
planos de los iconos de imagen y leos elementos de enfoque,
la relacibétn de esacala es menor que 1 en un eje de simetria
y es mayor que 1 en el cotro eje de simetria, y los ejes de
simetria de la disposicién plana periédica de la micro-
imagen y la disposicidn plana periddica de los elementocs de
enfoque de icono de imagen estén alineados.

12.- El1 aistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizado porque cada elemento de enfogque tiene un
didmetro efective de alrededor de 15 a aproximadamente 30
micras.

13.- El1 sistema micro-éptice de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizade porque cada elemento de enfoque tiene un
didmetro efectivo menor de 30 micras,

14.- El sistema micro-é6ptico de magnificacién
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sintética de conformidad con la reivindicacién 1,
caracterizado porque tiene un graosor total mencr de
alrededor de 45 micras.

15.- El sistema micrc-6ptice de magnificacién
sintética de conformidad «con la reilvindicacién 1,
caracterizado porque tiene un grosor total de alrededor de
10 a aproximadamente 40 micras.

16.- El1 &aistema micro-6ptico de magnificacién
sintética de conformidad con 1la reivindicacién 1,
caracterizade porque cada elemento de enfoque tiene una
longitud focal mencor de alrededor de 40 micras.

17.- El1 sistema micro-éptico de magnificacién
sintética de confeormidad con la reivindicacidn 1,
caracterizado porque cada elemento de enfoque tiene una
longitud focal de alrededor de 10 a menos de
aproximadamente 30 micras.

18.- E1 sistema micro-éptice de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizado porque el efecto de morfismo es provisto para
ocasionar que una imagen sintéticamente magnificada se
convierta en otra imagen sintéticamente magnificada.

19.- El1 sistema micro-éptico de magnificacién
sintética de <conformidad «con la reivindicacién 1,
caracterizade porque cada iconc de imagen es formado a

partir de un método de impresién seleccionado del grupo que
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consiste de métodos de impresién por chorro de tinta,
laser, impresién tipografica, flexo, fotograbado e
intaglio.

20.- E1 silstema micro-6ptico de magnificacién
gintética de conformidad con la reivindicacién 1,
caracterizado porque lcs 1conos de imagen se forman como
cavidades en un substrato, los huecos en las cavidades se
rellenan cecn un material de metal evaporado, un material
teflide, un material pigmentado y combinaciones de los
mismos.

21.- El1 sistema micro-éptice de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizado porque tiene dos capas de iconos de imagen a
diferentes profundidades en el sistema y una combinacién de
elementos de enfoque, algunos de los cuales tienen una
longitud focal para enfocar una de las dos capas de iconos
de imagen y alguncs de los cuales tienen una longitud focal
para enfocar la otra de las des capas de iconos de imagen.

22.- El1 sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 1,
caracterizado porgque los elementos de enfogque scon lentes no
cilindricos y una capa reflectora estd colocada en el lado
de la micro-imagen en opeoeicidn a los elementos de enfogque.

23.- E]1 sistema micro-6ptico de magnificacién

aintética de conformidad con la reivindicacién 1, que
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ademas comprende un material de indicacién de alteracién
transparente el cual estd cclocado sobre los elementos de
enfoque.

24.- El1 sistema micro-éptico de magnificacién
sintética de conformidad con la relvindicacién 1, que
ademids comprende una sequnda disposicién plana periddica de
elementos de enfeoque colocados en el lado de la micro-
imagen en oposicién a los elementos de enfoque.

25.- El sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 24, que
ademéds comprende una segunda disposicién plana de iconos de
imagen en medio de las dos disposicionas planas de los
elementos de enfoque.

26.- Un dispeositivo de seguridad de documentos
que comprende:

a) uno o mas separadores épticos;

b) una micro-imagen compuesta de una disposicidn
plana peridédica de una pluralidad de iconos de imagen gue
tienen un eje de simetria por lo mencs alrededor de uno de
sus ejes planos, y colocada en o junto al separador dptico;
Y

c) una disposicién plana peridédica de elementos
de enfoque de iconos de imagen gque tienen un eje de
simetria por lo mencs alrededor de sus ejes planog, el eje

de simetria es el mismo eje plano que el de la disposicidn
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plana de micro-imagen, cada elementc de enfoque tiene un
didmetro efectivo de menos de 50 micras y ae asocla con un
iconc de imagen y provee un campo de visidn agrandado sobre
el ancho del icono de imagen &asociado de forma que los
bordes periféricos del icono de imagen asociado no se salen
de visidn.

27.- El dispositivo de sequridad de documentos de
conformidad con la reivindicacién 26, caracterizado porque
el dispositivo opera como una pelicula de laminacién sobre
un documento.

28.- El1 dispositivo de sequridad de documentos de
conformidad con la reivindicacién 26, caracterizado porque
el documento es seleccionado del grupo que consiste de
tarjetas de identificacién, tarjetas de crédito, licencilas
para conducir, documentes financieros, pagarés, cheques
bancarios y moneda corriente.

29.- El dispositivo de segquridad de documentos de
conformidad con la reivindicacién 26, caracterizado porque
el dispositive es en la forma de un hilo de seguridad para
su lnceorporacidn en el papel moneda.

30.- El1 asistama micro-dptice de magnificacién
sintética de conformidad <c¢on la reivindicacién 1,
caracterizado porque los elementos de enfoque son
seleccionados del grupo que consiste de lentes no

cilindricos y reflectores de enfcque no cilindricos.

e
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3J1.- El sistema micro-éptico de magnificacién
sintética de conformidad <con la reivindicacién 30,
caracterizado porque los elementos de enfogque son elementos
de enfogque esféricos.

32,- El1 sistema micro-dptice de magnificacidn
sintética de conformidad con la reivindicacién 31,
caracterizado porque los elementos de enfoque tienen
geometrias base en el plano de su disposicién plana
seleccionadas del grupo que consiste de una base circular,
una base hexagonal, una base hexagonal redondeada, una base
cuadrada, una base triangular, una base trianqular
redondeada, y mezclas de las mismas,

33.- El1 sistema micro-éptico de magnificacién
sintética de conformidad <con la reivindicacién 30,
caracterizado porque los elementos de enfoque tienen un F
namerc equivalente a 4 o menos.

34.- El1 sistema micro-épticc de magnificacidn
sintética de conformidad con 1la reivindicacién 31,
caracterizado porque los elementos de enfoque tienen un F
nimeroc equivalente a 4 o mencs.

35.- El1 sistema micro-éptico de magnificacidn
gintética de <conformidad con la reivindicacién 26,
caracterizado porque la relacién de eacala del periodo de
repeticién de los iconos de imagen al pericdo de repeticién

de los elementos de enfoque es sustancialmente igqual a 1 y
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los ejes de simetria de la disposicidén plana periéddica de
la micro-imagen y la disposicidn plana periddica de los
elementos de enfoque de lcono de imagen estdn desalineados.

36.- El1 sistema micro-6ptico de magnificaciédn
sintética de conformidad con la reivindicacién 35,
caracterlizado porgque se proveen efectos de movimiento
ortoparaléactico.

37.- E1 sistema micro-dptico de magnificacién
sintética de conformidad <con la reivindicacién 26,
caracterizado porque la relacién de escala del periocdo de
repeticién de los iconos de imagen al periodo de repeticién
de los elementos de enfoque es mayor que 1 y los ejes de
simetria de la disposicién plana periddica de la micro-
imagen y la disposicién plana periddica de los elementos de
enfoque de icono de imagen estdn alineados.

3B.- El1 sistema micro-dpticc de magnificacién
sintética de confermidad con la reivindicacién 26,
caracterlizado porque la relacldn de escala del periodo de
repeticién de los iconos de imagen al periodo de repeticién
de los elementos de enfeque es menor que 1 y los ejes de
simetria de la disposicién plana periddica de la micro-
imagen y la disposicién plana periddica de los elementcos de
enfoque de icono de imagen estdn alineados.

39.- El1 sistema micro-éptico de magnificacién

sintética de conformidad con la reivindicacién 26,
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caracterizado porque la relacién de escala del periodo de
repeticidn de los iconos de imagen al periodo de repeticién
de los elementos de enfoque es axialmente asimétrica en los
planos de les iconcs de imagen y los elementos de enfoque,
la relacidén de escala es menor que 1 en un eje de simetria
y es mayor que 1 en el otro eje de simetria, y los ejes de
simetria de la disposicién plana periddica de la micro-
imagen y la disposicidén plana periddica de los elementos de
enfoque de icono de imagen est&n alineados.

40.- E1l sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 26,
caracterizado porque cada elemento de enfogue tiene un
didmetro efectivo de alrededor de 15 a aproximadamente 30
micras.

41.- El sistema micro-éptico de magnificacién
sintética de conformidad con 1la reivindicacién 26,
caracterizado porque cada elemento de enfogue tiene un
didmetro efectiveo menor de 30 micras.

42.~ El sgistema micro-éptico de magnificacién
sintética de <conformidad con la reivindicacién 26,
caracterizade porque tiene un grosor total menor de
alrededor de 45 micras.

43.- El1 sistema micro-éptico de magnificaciédn
sintética de conformidad con la reivindicacién 26,

caracterizado porgque tiene un grosor total de alrededor de

S5
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10 a aproximadamente 40 micras.

44 .- E]1 sistema micro-dpticec de magnificacién
sintética de conformidad <con la reivindicacién 26,
caracterizado porgue cada elemento de enfogque tiene una
longitud focal mencor de alrededer de 40 micras.

45.- El sistema micro-éptico de magnificacién
sintética de conformidad con 1la reivindicacién 26,
caracterizade porque cada elemento de enfogue tiene una
longitud focal de alrededor de 10 a menos de
aproximadamente 30 micras.

46.- E1 sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 26,
caracterizado porque el efecto de morfismo es provisto para
ocasionar gque una imagen sintéticamente magnificada se
convierta en otra imagen sintéticamente magnificada.

47.- El sistema micro-épticoe de magnificacién
sintética de conformidad con la reivindicacién 26,
caracterizado porque cada icono de imagen es formado a
partir de un método de impresidn seleccionado del grupo gque
consiste de métcdes de impresidén por chorro de tinta,
laser, impresién  tipogréafica, flexo, fotograbado e
intaglio.

48.- El1 sistema micro-éptico de magnificacién
gintética de conformidad con la relvindicacidn 26,

caracterizado porque los iconos de imagen se forman como
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cavidades en un substrato, losa huecos en las cavidades se
rellenan con un material de metal evaporado, un material
tefiido, un material pigmentado y combinaciones de los
mismos.

49 - Un sistema micro-éptico de maqgnificacién
sintética que comprende:

a) uno o mds separadores Opticos;

b) una micro-imagen compuesta de una disposicién
plana periédica de una pluralidad de iconos de imagen que
tienen un eje de simetrfa por lo mencs alrededor de uno de
sus ejes planos, y colocada en o junto al separador éptico;
b 4

c} una disposicién plana periddica de elementos
de enfogue de iconos de imagen que tienen un eje de
simetria por lo mencs alrededor de sus ejes planos, el eje
de simetria es el mismo eje plano que el de la disposicién
plana de micro-imagen, cada elemento de enfogque es un
elemento de enfoque asférico que tiene un diametro efectivo
de menos de 50 micras y se asocla con un icono de imagen,

50.- El1 sistema micro-6ptico de magnificacién
sintética de conformidad <con 1la reivindicacién 49,
caracterizade porque los elementos de enfoque tienen
geometrias base en el plano de su disposicién plana
seleccionadas del grupo que consiste de una base circular,

una base hexagonal, una base hexagonal redondeada, una base
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cuadrada, una base triangular, una base trianqular
redondeada, y mezclas de las mismas.

51.- El1 sistema micro-éptico de magnificaciédn
sintética de conformidad «con la reivindicacidén 489,
caracterizade porque los elementos de enfoque tienen un F
nimero equivalente a 4 0 menos.

52.- El1 sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 50,
caracterizado porque los elementos de enfoque tienen un F
nimero equivalente a 4 o mengs.

53.- El1 sistema micro-éptico de magnificacién
sintética de conformidad con 1la reivindicacién 49,
caracterizado porque la relacién de escala del periode de
repeticién de los iconos de imagen al periodo de repeticidn
de los elementos de enfoque es sustancialmente igual a 1 y
los ejes de simetria de la disposicidén plana periddica de
la micreo-imagen y la disposicién plana periddica de los
elementos de enfoque de icono de imagen estédn desalineadas.

54.- El1 sistema micro-déptico de magnificacién
sintética de conformidad <con la reivindicacién 53,
caracterizade porque se proveen efectos de movimiento
ortoparalactico.

55.- El1 sistema micro-éptico de magnificacién
sintética de <conformidad con la reivindicacién 489,

caracterizado porgque la relacién de escala del periodo de
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repeticién de los iconos de imagen al periodc de repeticién
de los elementos de enfoque es mayor que 1 y los ejes de
simetria de la disposicidén plana periddica de la micro-
imagen y la dispesaicidédn plana periédica de los elementos de
enfoque de icono de imagen estdn alineados.

56.- El sistema micro-optice de magnificacidn
saintética de <conformidad con la reivindicacién 49,
caracterizado porque la relacién de escala del periodo de
repeticién de los icones de imagen al periodo de repeticidn
de los elementos de enfoque es menor que 1 y los ejes de
simetria de la disposicién plana peribddica de la micro-
imagen y la dispcsicién plana periédica de los elementos de
enfoque de icono de imagen estdn alineados.

57.- E1 sistema micro-éptico de magnificacilén
sintética de conformidad con la reivindicacién 49,
caracterizado porque la relacién de escala del periocdo de
repeticién de los iconcs de imagen al periodo de repeticién
de los elementcs de enfoque es axialmente asimétrica en los
planos de los iconos de imagen y los elementoa de enfoque,
la relacién de escala es mencr gque 1 en un eje de simetria
y es mayor que 1 en el otro eje de simetria, y los ejes de
simetria de la disposicién plana periddica de la micro-
imagen y la disposicién plana periddica de los elementos de
enfoque de icono de imagen estdn alineados.

58.- El1 sistema micro-6ptico de magnificacldn
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sintética de <conformidad con la reivindicacién 49,
caracterizado porque cada elementc de enfogque tiene un
disdmetro efective de alrededor de 15 a aproximadamente 30
micras.

59.- El sistema micro-éptico de magnificacién
gintética de conformidad con la reivindicacién 49,
caracterizado porque cada elemento de enfogque tiene un
didmetro efectivo menor de 30 micras.

60.- El1 sistema micro-éptico de magnificacibdn
sintética de conformidad con la reivindicacién 489,
caracterizado porque tiene un grosor total menor de
alrededor de 45 micras.

6l.- El1 sistema micro-dptice de magnificacidn
sintética de conformidad con la reivindicacién 49,
caracterizado porque tiene un grosor total de alrededor de
10 a aproximadamente 40 micras.

62.- El1 sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 49,
caracterizado porque cada elemente de enfoque tiene una
longitud focal menor de alrededor de 40 micras.

63.- Ell sistema micro-épticc de magnificacidn
sintética de conformidad con la reivindicacién 49,
caracterizado porque cada elemento de enfoque tiene una
lengitud focal de alrededor de 10 a mencs de

aproximadamente 30 micras.
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64.- El a3gistema micro-dptico de magnificacidn
sintética de conformidad con 1la reivindicacidn 49,
caracterizado porque el efectoc de morfismo es provisto para
ocasionar gque una imagen 8intéticamente magnificada se
convierta en otra imagen sintéticamente magnificada.

65.- El1 sistema micro-dptico de magnificacién
sintética de conformidad con la reivindicacién 49,
caracterizado porque cada icono de imagen es formado a
partir de un método de impresién seleccionado del grupo que
consiste de métodos de impresidn por chorre de tinta,
laser, impresién tipografica, flexo, fotograbado e
intaglio.

66.- El1 sistema micro-éptico de magnificacién
sintética de conformidad con la reivindicacién 49,
caracterizado porque los iconos de imagen se forman como
cavidades en un substrato, los hueccs en las cavidades se
rellenan con un material de metal evaporado, un material
tefiide, un material pigmentade y combinaciones de los
mismos.

67.- Un dispeositivo de seguridad de documentos
que comprende:

a) unc o mAs separadores Opticos;

b) una micro-imagen compuesta de una disposiciédn
plana peridédica de una pluralidad de iconcs de imagen que

tienen un eje de simetria por lo menos alrededor de uno de
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sus ejes planos, y ceclocada en ¢ junto al separador dptico;
y

c) una dispeosicién plana peribéddica de elementos
de enfogque de iconos de imagen que tienen un eje de
simetria por lo menos alrededor de sus ejes plancs, el eje
de simetria es el mismc eje plano que el de la disposicién
plana de micro-imagen, cada elemento de enfoque es un
elemento de enfoque asférico gue tiene un didmetro efectivo
de menos de 50 micras y se asocia con un icono de imagen.

68.- Un método para producir un sistema micro-
éptico de magnificacién sintética que comprende los pasos
para:

a) proveer uno o mas separadores épticos;

b) proveer una micro-imagen compuesta de una
disposicién plana periédica de una pluralidad de iconos de
imagen que tienen un eje de simetria por lo menos alrededor
de uno de sus ejes planos, y colocada en o© Jjunto al
separador éptico; y

c) proveer una disposicidén plana peridédica de
elementos de enfoque de iconos de imagen gque tienen un eje
de simetria por lo menos alrededor de sus ejes plancs, el
eje de simetria es el mismo eje plano que el de la
disposicién plana de micro-imagen, cada elemento de enfogque
tiene un diédmetro efectivo de menos de 50 micras y se

asocia con un icono de imagen y provee un campo de visidn



10

15

20

25

137

agrandado sobre el ancho del icono de imagen ascociado de
forma que los bordes periférices del icono de imagen
ascciado neo se salen de visidn.

69.- Un método para producir un sistema micro-
éptico de magnificacién sintética que comprende los pasos
para:

a) proveer uno o mis separadores é6pticos;

b) proveer una micro-imagen compuesta de una
dlisposicién plana periédica de una pluralidad de iconos de
imagen que tlenen un eje de simetria por lo menos alrededor
de unc de 8us ejes planos, y colocada en o Jjunte al
separador optico; y

c}) proveer una disposicién plana periddica de
elementos de enfoque de iconos de imagen gque tienen un eje
de simetria por lc mencos alrededor de sus ejes planos, el
eje de simetria es el mismo eje planc que el de la
disposicién plana de micro-imagen, cada elementc de enfoque
es un elemento de enfcque asférico que tiene un didmetro
efectivo de menos de 50 micras y se asccia con un icono de
imagen.

70.- Un métecdo para preoducir un dispositivo de
seguridad de deocumentos que comprende los pasos para:

a) proveer uno o mis separadores dSpticos;

b} proveer una micro-imagen cocompuesta de una

disposicién plana periddica de una pluralidad de iconos de
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imagen que tienen un eje de simetria por lo menos alrededor
de uno de sus eljes planos, y colocada en o Jjunto al
separador éptico; y

¢) proveer una disposicién plana periédica de
elementos de enfoque de iconos de imagen que tienen un eje
de simetria por lo menos alrededor de sus ejes planos, el
eje de simetria es el mismc eje planc gue el de la
disposicidén plana de micro-imagen, cada elemento de enfoque
tiene un diametro efectivo de menos de 50 micras y se
asocia con un lconco de imagen y provee un campo de visidn
agrandado scobre el ancho del icono de imagen asociado de
forma que 1los bordes periféricos del icono de imagen
esoclado no se salen de visidn.

71.- Un método para producir un dispositivo de
sequridad de documentos que comprende los pasos para:

a) proveer uno ¢ mAs separadores ¢épticos;

b) proveer una micro-imagen compuesta de una
dispeoslcién plana periédica de una pluralidad de iconos de
imagen que tienen un eje de simetria por lo menos alrededor
de uno de sus ejes plancs, y colocada en o© junto al
separador éptico; vy

c) proveer una disposicidén plana peridédica de
elementos de enfogque de iconos de imagen que tienen un eje
de simetria por lo menos alrededor de sus ejes planos, el

eje de 3simetria es el mismo eje planoc que el de la

Y
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disposicidén plana de micro-imagen, cada elemento de enfoque
es un elemento de enfoque asférico que tiene un diémetro
efectivo de menos de 50 micras y se asocla con un icono de
imagen.

72.- Un métode para controlar 1los efectos de
movimiento en un sistema micro-éptico de magnificacidn
sintética, que comprende lca pascs para:

a) proveer unoc o mAs separadores opticos;

b) proveer una micro-imagen compuesta de una
disposicidén plana periédica de una pluralidad de iconos de
imagen que tienen un eje de simetria por lo mencs alrededor
de uno de sgsus ejes planos, y colocada en o Jjunto al
separador 6ptice;

c) proveer una disposicién plana peribédica de
elementos de enfogque de iconos de imagen gue tienen un eje
de simetria por lo menos alrededor de sus ejes planos, el
eje de simetria es el mismo eje planc que el de la
dispoaicién plana de micro-imagen, cada elemento de enfoque
tiene un didmetro efectivo de mencs de 50 micras y se
asocia con un iconoc de imagen y provee un campo de visién
agrandado scobre el ancho del icono de imagen asociado de
forma que los bordes periféricos del 1icono de imagen
asociado no se salen de visidn; vy

d) seleccionar la relacidén de escala del periodo

de repeticién de los iconos de 1magen al periodo de
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repeticién de los elementos de enfoque del grupe gque
consiste de menos de 1, sustancialmente igual a 1, y mayor
gque 1, y seleccionar si los ejes de simetria de 1la
disposicién plana peridédica de 1la micro-imagen y la
disposicidén plana periddica de los elementos de enfoque de
lconos de imagen est&n alineados o desalineados.

73.- Un método para controlar los efectos de
movimiento en un sistema micro-dptice de magnificacién
sintética, que comprende los pasos para:

a) proveer uno o mas separadores &pticos;

b) proveer una micro-imagen compuesta de una
disposiciébn plana periddica de una pluralidad de iconos de
imagen que tienen un eje de simetria por lo mencs alrededor
de uno de sus ejes planos, y colocada en o Jjunto al
separador éptico;

c) proveer una disposicién plana periddica de
elementos de enfoque de iconos de imagen gque tienen un eje
de simetria por lo menos alrededor de asus ejes planocs, el
eje de simetria es el mismo eje planc gue el de la
disposicidén plana de micro-imagen, cada elemento de enfogue
es un elementoc de enfoque asférico gue tiene un diametro
efectivo de menos de 50 micras y se ascocia con un icono de
imagen; vy

d} seleccionar la relacién de escala del pericdo

de repeticién de los iconos de imagen al periocdo de
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repeticién de 1los elementos de enfogque del grupo que
consiste de menos de 1, sustanclalmente igual a 1, y mayor
que 1, y seleccionar si loa ejes de simetria de la
disposicién plana periédica de la micro-imagen y la
disposicién plana periédica de los elementos de enfoque de
iconos de imagen estan alineados o desalineados.

74.- Un método para contrelar 1los efectos de
movimiento en un dispositivo de seguridad de documentos,
que comprende los pasos para:

a) proveer unc o mAs separadcores dpticos;

b) proveer una micro-imagen compuesta de una
disposicién plana periddica de una pluralidad de iconos de
imagen que tienen un eje de simetria por lo menos alrededor
de uno de sus ejes planos, y ceclocada en o junto al
separador éptico;

c) proveer una disposicién plana periédica de
elementoa de enfoque de iconos de imagen que tienen un eje
de simetria por loc menos alrededor de sus ejes planos, el
eje de simetria es el mismoc eje planc que el de la
disposicién plana de micro-imagen, cada elementc de enfoque
tiene un didmetro efectivo de menos de 50 micras y se
asocia con un icono de imagen y provee un campo de visién
agrandade scbre el ancho del icono de imagen asociado de
forma que los bordes periféricos del icono de imagen

asociado no se salen de visidn; vy
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d) seleccionar la relacién de escala del periodo
de repeticién de los iconcs de imagen al periodoc de
repeticién de 1los elementos de enfogque del grupo gque
consiste de menos de 1, sustancialmente igual a 1, y mayor
gque 1, y seleccicnar 81 los ejes de simetria de la
disposicién plana periédica de la mnmicro-imagen y la
dispesicién plana peridédica de los elementeos de enfogque de
iconcs de lmagen estdn alineados o desalineados.

75.- Un método para controlar los efectcs de
movimiento en un dispositive de seguridad de documentos,
que ccmprende los pasos para:

a) proveer unc o mas separadores épticos;

b} proveer una micro-imagen compuesta de una
disposicién plana peridédica de una pluralidad de ilconos de
imagen que tienen un eje de gimetria por lo menos alrededor
de uno de sus ejes planos, y colocada en o Junto =zl
separador Optico;

c) proveer una disposicidén plana periddica de
elementos de enfogue de iconos de imagen gque tienen un eje
de simetria por lo menos alrededor de sus ejes planos, el
eje de simetria es el mismo eje plano que el de la
disposicidén plana de micro-imagen, cada elemento de enfoque
es un elemento de enfoque asférico gque tiene un diémetro
efectivo de menos de 50 micras y se asocia con un iconoc de

imagen; ¥y
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d) Beleccionar la relacién de escala del periodo
de repetlcién de 1los iconos de imagen al pericdeo de
repeticiébn de los elementos de enfoque del grupo gue
consiste de menos de 1, sustancialmente igual a 1, y mayor
que 1, y seleccionar 81 1lcos ejes de simetria de 1la
disposicidn plana periédica de la micre-imagen y la
disposicidén plana periédica de los elementos de enfoque de
lconos de imagen estAn alineados o desalineados.

76.— Un icono de imagen para uso en un sistema
micro-dptico de magnificacién sintética, el sistema micro-
éptico de magnificacién sintética incluye:

a) uno o mAs separadores Opticos;

b) una micro-imagen compuesta de una disposicién
plana periédica de una pluralidad de iconos de imagen gque
tienen un eje de simetria por lo mencs alrededor de uno de
aus ejes planos, y colocada en o junto al separador ¢ptico;
Y

c) una disposicidédn plana periédica de elementos
de enfoque de iconos de imagen gque tienen un eje de
simetria por lo mencs alrededor de sus ejes planos, el eje
de simetria es el mismo eje plano que el de la disposicidn
plana de micro-imagen, cada elementc de enfogque esaté
asociado con un icono de imagen; y

los iconos de imagen estdn formados como

cavidadea en un substrato, los hueccs en las cavidades
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estdn rellenadas con un material de metal evaporado, un
material teflido, un material pigmentado y combinaciones de
los mismos.

77.- Un iconc de imagen para usc en un
dispositivo de segquridad de documentos, el sistema micro-
dptico de magnificacidén sintética incluye:

a) uno o mas separadores 6pticos;

b) una micro-imagen compuesta de una dispeosicién
plana periédica de una pluralidad de iconcs de imagen que
tienen un eje de simetria por lo menos alrededor de unc de
sus ejes planos, y colocada en o junto al separador dptice;
b4

¢) una disposicidén plana periéddica de elementos
de enfoque de iconos de 1magen que tienen un eje de
simetria por lco menos alrededor de sus ejes plancs, el eje
de simetria es el mismo eje plano que el de la disposicién
plana de micro-imagen, cada elemento de enfogque esté
asociado con un icono de imagen; y

los icones de imagen estan formados como
cavidades en un substrato, los huecos en las cavidades
estdn rellenadas con un material de metallevaporado, un
material tefiido, un material pigmentadc y combinaciones de
los mismos.

7B.- Un sistema micro-6ptico de magnificacién

sintética que comprende:
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a} unc o mis separadores épticos;

b) una micro-imagen compuesta de una disposicidn
plana periddica de una pluralidad de iconos de imagen gque
tienen un eje de simetria por lo menocs alrededor de unc de
sus ejes planosa, y colocada en o junto al separador éptico;
b 4

c) una disposicidn plana periédica de elementos
de enfoque de Jlcones de imagen que tienen un eje de
simetria por lo menos alrededor de sus ejes planos, el eje
de simetria es el mismo eje planc que el de la dispesicién
plana de micro-imagen, cada elemento de enfoque es un lente
multi-zonas de base poligonal.

79.- Un dispositive de seguridad de documentcs
que comprende:

a) uno o mas separadores oOpticos;

b) una micro-imagen compuesta de una disposicidn
plana periddica de una pluralidad de iconoz de imagen que
tienen un eje de simetria por lo mencs alrededor de uno de
sus ejes planos, y colocada en © junto al separador éptico;
y

c) una disposicidén plana peridédica de elementos
de enfoque de iconos de imagen que tienen un eje de
gimetria por lo menos alrededor de sus ejes planos, el eje
de simetria es el mismoc eje plano que el de la disposicién

plana de micro-imagen, cada elemento de enfoque es un lente
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multi-zonas de base poligonal.

B0.- Un método para elaborar un sistema micro-
¢ptico de magnificacién sintética, que comprende los pasos
para:

a) proveer unc ¢ mAs geparadores &pticos;

b) proveer una micro-imagen compuesta de una
disposicién plana periddica de una pluralidad de iconos de
imagen que tienen un eje de simetria por lo menos alrededor
de uno de 8us ejes planos, y colocada en o© junto al
separador Optico; y

c) proveer una disposicién plana periddica de
elementos de enfogue de iconos de imagen gque tienen un eje
de simetria por lo menos alrededor de sus ejes planos, el
eje de simetria es el mismo eje plano que el de la
disposicidn plana de micro-imagen, cada elemento de enfoque
es un lente multi-zonas de base poligonal.

81.- Un método para elaborar un dispositivo de
seguridad de documentos, que comprende los pasos para:

a) proveer uno o mAs separadores &pticos;

b) proveer una micro-imagen compuesta de una
disposicién plana periédica de una pluralidad de iconos de
imagen gque tienen un eje de simetria por lo menos alrededor
de unc de sus ejes planos, y colocada en o Jjunto al
separador Optico; y

¢} proveer una disposicidén plana periddica de
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elementos de enfoque de iconcs de imagen gque tienen un eje
de simetria por lo menos alrededor de sus ejes planos, el
eje de simetria es el mismo eje planc gue el de la
disposicidén plana de micro-imagen, cada elemento de enfoque
es un lente multi-zonas de base poligonal.

B2.- Un hilec de seguridad que comprende:

a) uno o mds separadores Opticos;

b) una o mas disposiciones planas opcionalmente
periddicas de micro-imdgenes o icones colocadas dentro, en,
0 junto a un separador éptico; y

c) una o mas disposicicnes planas opciocnalmente
periddicas de micro-lentes no cilindricos colocados en a
junto a cualquiera de un separador dpticcoc o una disposicién
de iconos plana, en donde cada micro-lente tiene un
didmetro base de menos de 50 micras.

83.- Un hilo de sequridad gque comprende:

a) un 8separador Optico gque tiene superficies
planas superior e inferior opuestas;

b) una disposicién periddica de micro-imagenes o
iconos que comprende cavidades rellenadas formadas en la
superficie plana inferior del separador éptico;

¢) una diaposicién peribdica de microc-lentes
multi-zonas de base poligonal ¢ esféricos, de campo plano,
no cilindricos colocados en la superficie plana superior

del separador &ptico, en donde cada micro-lente tiene un
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didmetro base que se ubica en el rango de alrededor de 20 a
aproximadamente 30 micras; vy

d) una capa de oscurecimiento o] sellado
pigmentada 516 colocada en la disposiciédn de iconos.

84.- Un métode para elaborar un hilo de
seguridad, que comprende los pasocs para:

2) aplicar una resina curable por radiacién clara
o sustancialmente transparente a las superficies superior e
inferior del separader éptico;

b) formar una disposicién de micro-lentes en la
superficie superior y una disposicién de iconos en la forma
de cavidades en la superficie inferiocr del separador
éptico;

c) curar la resina clara o sustancialmente
transparente utilizando una fuente de radiacidn;

d) rellenar las cavidades de la disposicidén de
iconos con una resina pigmentada o tinta;

e) retirar el exceso de resina o tinta de la
superficie inferior del separador éptico; y

f) aplicar una capa o recubrimientoe de
cacurecimiento o sellado pigmentado a la superficie

inferior del separador &ptico.

=
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REBUMEN DE LA INVERCION

Un material de pelicula que utiliza una
disposicién bidimensiocnal reqular de lentes no cilindricos:
para agrandar micro-imAgenes, denominadas Aiconcs, para
formar una 1imagen sintéticamente magnificada a través del
rendimiento unido de una multiplicidad de sistemas de
imagen de Jiconos/lentes individuales; el sistema micro-
Sdptico de magnificacidén sintética incluye uno o© mas
separadores ¢épticos (5), una micro-imagen formada de un
disposicién plana periddica de una pluralidad de iconos de
imagen (4) que tienen un eje de simetria alrededor por lo
menos de uno de sus ejes planos y que estan colocados en o
junto al separador éptico (5), y una disposicién plana
periddica de elementos de enfogque de iconos de imagen (1)
que tienen un eje de simetria por lo menos alrededor de uno
de Bus ejes plancs, el eje de simetria es el mismo eje
plano que el eje de la disposicidn plana de micro-imagen
(4}; el presente sistema puede proveer un nuimero de efectos
visuales distintivos, tal como efectos de movimiento vy

tridimensionales.
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(57) ABSTRACT

A process for making a lenticular card including: providing
an imaged trapsparent sheet baving a first smooth ade and
a second side with 1 lenticolated region, 1he transparent
sheet oplicnalty baving at least oae printed image area on the
first mmooth side and a moisture cure adhesive Inyer over the
printed image areas and noo-image areas of the first smooth
sidc, and the moisture cure adhesive layer being applied with
screen press through s soreen; and combining the maged
transparent sheel on the adhesive Iayer side of the transpar-
en sheet with a backing sheet by mipping the paired sheets
with 1 arp raller. The mvenlion also provides processes
uscfuol for prepanng a leotcular cand including ao optiooal
core sheet, or optiomal primer layers.
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US 6,900,944 B2
1 2
LENTICULAR CARD AND PROCESSES FOR tekphone muthorization card or the like & comprised of &
MAKING layer of 1 backing material (20) sach a5 a stiff plastic
material winch has some phiability. A thin swet keoticular
RELATED APPLICATIONS Jeos material (12} has 2 8a1 surface (14) oo which is printed

This application i a conlinuation mnder 35 US.C, 111(a)
of International Application Serial No. PCT/US01/46682
filed 02 Nov. 2001 and published in English = WO
02/40291 A2 oo May 23, 2002, which claimos priority from
US. Provisiona! Application Ser. No. 6(0v245,404 filed 02
Nov. 2000, whach applications and publicalion are incorpo-
rued berein by reference.

FIELD OF THE INVENTION

The prescd invention provides for 2 lenticular card, and
processes for priimg and making the card. More specifi-
cully the present invention provides processes for the prepa-
retion of printed lemticolar cards having desired printed
image properties, physica) dimensions, and plrysical char-
aclerstics ak described herem.

BACKGROUND OF THE INVYENTION

The ability 1o litho-print & lenticular kos usicg a conven-
tional off-set printing press configured with 2 UY Lamp is
known io the art, see for example US. Pat No. 6,073 854
below. The ability 1o athere the prioted lens 1o other plasiic
substraics and obirin a destructive bond between Lhe kns
and the substrate can be intrcate and difficult, sec for
example, US. Pat. Nos. 5,473,406, and 5,532,786.

Processes for the prepanation of articles with a benticular
surface are known, reference for example the following
documents.

In U.S. PaL No. 4414316, issued Nov. 8, 1983, 10
Conlcy, there 1s disclosed a flexible compaosite sheet material
having a thermoset paiterned relicf surface of high quality
and defimtion which s particularly useful for producing
high quoality optical sheet components such 28 a lenticular
screen steet [or producing three-dimensional pictores and
phbotographe. The corposite sheet comprises a Bexible base
film baving fronl and rear surfaces and a layer of 2 cured
thermosetting polymer overiying the front surface of the
base film. The cured thermoselling polymer layer has a
pooplanar cuter surface defining a predelermined desired
relief pattern of bigh quatily sod durability and of fine
definition in the thermoseitiog polymer layer. Sec for
exampk Example 1 therein.

In US. Pat. No. 5,466,723, msued Nov. 14, 1995 1o
Dotson, Ihere s dsclosed a radiation cunable sdbesive
composition which compnses from 15 to 85 percent by
weight of beta-carboxyethyl acrylale and from 85 to 15
perceot by weight of 2-pbenoxyethryl acrylate based on the
total weight of the composition. The adbesive provides
improved adhesion for laminating a lineiform mage sheet 1o
& lenticular amay sheet.

Io US Pa1. No. 5,473,406 (sppuatus), issued Dec. 5,
1993, and U.S. PaL No. 5,532,786 (metbod), ssued Jul. 2,
1996, both %o Hassall, e1 al,, there 15 chsclosed an image sheet
(12) cosied with » rediation cunble adhesive (48) w1
coatiog station end then [aminated 10 a lenticular aray sheet
(207} a1 2 laminating station (50). A lamioation of the image
ad armay sheels & then pasilioned on an aligoing station
(56) where the lenticules of the array sheet are aligned with
the zmage lines (16) of the mage sheet. The adhesive is sct
al a ouring siation (60).

In US. Pa1. No. 6,073,854, sssued Jun. 13, 2000, o
Bravenec et 1], there is disclosed a cerd (10) for use a& &

55

sclected interlaced images. On the gther side of the leos
material & formed a plunlity of lenticules (16) through
which the images are viewed The fat side of the keoticular
material i secored o one [ace (22) of Lhe backing io a
convemient mumer A culling tool 1 used to form ao opeming
(32) in the outer face of the lenticnles and 2 progmmmed
microctdp (30) is inserted in the opeming and secured @
place. On the outer face of the backing malerial a magnetic
strip (40) contnining magneticalty encoded indicia is
secured. The cand is usable in a reader (R) which can scan
the magmnelic strip und resd information from the microchip
io allow the user to place 1 kelephone call or conduct oiber
traneactions.

In U.S. Pat. No. 3,264,164, issued Aug, 2, 1966, 10 Jerothe
et al, there is disclosed 2 color dynamic, (hree-dimeasional
fexible film and method of making the film. The film
includes a transparent sheet having a lenticulated outer
surface and tine primted or image oppasile surface.

The above patents are incorporated by reference herem in
their catirety.

In view of lmilations of available processes for prepaniog
lenticniated wrticles, such ag efficiency and cost, a oced
caisis for improved processes {or the prepsmbon of high
guatity lemtionlated anticks.

SUMMARY OF THE INVENTION

In accordance with the present invention, proccsscs are
provided for the preprnation of lenticular articles induding:

A process for making a lkenticular card compnsing

providing ap imeged transpareot sheet having a fimt
smoath side and a second side with 2 kenticulaled region, 1be
tunsparcnt shect having at Jeas! ooe printed image area oo
the first smooth side and » moisture cure adbesive layer over
the printcd imape arces and nop-image arcas of the first
sawoth kide, and the moisture cure adbesive layer being
applied with a screen press through a screen; and

combrining the imaged trassparent shest on Lhe adhesive
layer side of the transparent sheel with a backing sheet try
nipping Lbe paired sheels with & mp roller;

A procesa for making a lenlicular card comprising:

providing an imaged backing sheet having » first side and
a sccond sxde, 1be becking sheet baving a printed image oo
oix side and 2 moisiore cure adbesive layer over the printed
image wreas and non-image arcas of the imaged side, snd the
momtore cure adbesive layer being applied with a screen
press through a screen; and

combining the backing sheet oo the adhesive layer side
wilb the first side of a transparent aheet having a firs? smooth
side and 2 stoomd side having a leuticuleted region by
oipping the paired sheets with 1 nip roller;

A process for making a lenticular card comprising:

providing an imaged traosparem shee! haviog a first
smooth side and a second side having » lenticulsted regxon,
the tansparent sheet baviog 1 printed image on the fist
smooth side and 2 radiaton curable adhesive layer over the
printed mmage arcas end non-image sreas of the st smooth
side, and the nudiation curable adhesive [ayer being applied
with 2 screen press through a screen;

activating the ractiation curable adhesive by iradiating 1he
adhesive [ayer; and

combining a backing shecl with the transparcnt sheet on
the resulting activated adhesive layer sde of the transpareat
sheet by nipping the paired sheer with a gip roller; and
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A proceas for making a kenticular card comprismg:

providing an imaged transparent sbeet haviog a first
smooth side and a second side with a lenticulated region, the
imeged transparent sheet having a printed image oo the finst
smooth mide;

providing a backing sheel with & radiation curable adhe-
sive Iayer on one side of the backing sheet, and the radiation
cursbic adhesive layer being epplied with a screen press
through a screen;

combining Lhe backing sheet with Lhe imeged transparent
sheet 1o form a composite sbeet by nipping the paired sheets
with a mp roller, the ibesive layer oa the smooth side of the
transparenl sheet berng inlerposed between 1he brcking and
transparenl abeeis; and

irradiating the adbesive layer witkin the resulting com-
posite sheel by direcling mdiation through the transparent
sheet sxde of Lhe composite sheet.

Thus, Lthe present invention peovides, in embodiments,
econcinical processes for making lenticular cands artickes
with improved properlies, such as improved
indestructibilily, as ilustrated herein.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objectives, features and advan-
tages of the inventica will be apparent from the following
more particular description of the preferred embodiments of
Lhe invention, as illusirated in the accompanying drawings.

FIG. 1 illustrates 2 lenticulsr card embodiment of the
presen! invention.

FIG. 2 illustrates an embodimeat of the present invention
showing & perspective view of a card having a top or ouker
swrface wilh bolth a partial kenticular arca and a partial
smooth area.

F1G. 3 illusinates a leaticular card embodiment of the
present invenlion showing A section view of » aard baving
both & top outer lenlicular surface and a2 botom outer
lenlicular surface.

DETAILED DESCRIPTION OF THE
INVENTION

Applicents have discovered a improved and efficient
process for making printed pieces, such as a cediklebit
cards, gift cards, sccurity card, phooe cards, business cards,
novelty cards, pluying cards, inding cards, promotional
cards, or lke cards and which pieces include s lenticulated
arca o0 ooe or both sides of 1he fimshed card.

Definitions

The following defimitions are used, uokss otherwisc
described.

A“destructive bond” 15 genenlly a type of adbesive bond
which ooce formed beiween two joined sheets or surfaces
cannot be mechanically separated or undone wilbout sccom-
panying destruction or damage 1o two joined sheets or
surfaces which destruction or damage is readily evideat 1o
no cbserver or delectable by a suitable equipped detector
device.

“Transparent” as used in “transparcnot sheet” inclodes
cloar, ssmitransparent, transtucent, and Lhe like adpectives
that describe lbe abilily of lhe sheet to cither or both:
tranemit al keast some Light energy from a Light or radiation
source k) the adhesive layer 1o cffectuate the photneurmg of
the adhesive, or allernatively, 1o trensmit at leas! some lipht
energy from a light or rudiation source to Lhe image layer to
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permil visuslizetion or detection of 1be imeger by m
observer or 1 machine.

The terms “include”, “for example”, “such as”, and the
Iikn are used illustratively and are not micoded lo Limil the
presen! invention

The indefinite antiches “a™ and “an™ mean “at leas! one” or
“onc or mare” when used in thix application, including the
cliims, nnkss specifically indicated otberwise.

“Opticoal” or “optionally” mean that the subsequently
described evenl or circumsience may bul oeed eol occur, and
that the description includes instances where Lhe event or
circumstance occurs and instances io which it does oot. For
example, “optionally inchide a magnenc siripe™ means that
the magoetic siripe may be prasent bin need oot be present,
and the description includes situations where the magnetic
stripe i8 incheded and s#tuations where the magpetic stripe is
pol inchuded.

"Mils” or “mila” or “mil” is & uml of kength equal 1o one
thousandth {107 of an inch (0.0254 millimeter), used to
specify, for cxample, the (hickness of sheet matertals.

The present invention provides durable phone, gift,
membership, loyalty, and like cards, such ss with an
approximate overall thockness of about 30 rmils, and which
cards can optiooally include a magpetic siripe and optionally
can be imaged or printed by, for example, thermal or ink jet
umaging metkods, and which printed images optionally can
be further encoded. Such cards have traditiomlly been made
by, for example, compression lamination 1o meet ISO speci-
fications. In a desire to differentiaie tbemsetves card-
marketers and end-users desire card formats and appearance
features with interesting visual effects. Examples inclode
halographic film, clear cards, gift cards, and the like. The
abilily to effciently produce cards having either or both an
apparent 3-dimensionsl (3D) aod an anmmatiog effec
through a lenticular lens layer is desinble. Fulfilling the
requirements Ll the card: hax aboul 30 mil total thickness,
hes an encodable magnetic sinpe; is thermally or ink jet
imageable; and can be prodnced economically is & {ormi-
dable chalicoge. Sec for example, ISO/IEC 7810:1995E)
“Identificaticn Cards—Physical Characteristics™ and 1SO/
IEC 7816-1:1987(E} “ldentification Cards—Integraled
circuit(s) cards with contacts ”

Currently available metbods can provide a kens sheet or
kenticnlated sheet armay, which can vary i thickness, for
example, from about 5 mils o about 35 mils, and from aboat
10 mils o about 30 mils. The Lhickoess of the exlruded
lenticular lens layer is suggested by the formula:

r=Cxf

o
= (- n¥r'bf

where 1 15 the radius of curvature of a lenticular [ens, Cis a
constanl, { is the focal length of optinal focus thickness for
the plastic, o' 55 the index of refraction of the lens construc-
tion material, snch &5 1 extruded plastic, aod o is index of
refraction of s From the formula it & evident that the
thicker 1he plasiic the lower the pitch or keaticules per inch
(LPT). The lower the pitch, the more coame Lbe kens. A
course lens can give undesirable lens effects, for example,
distortion of an underlying image. The desired pitch for 2
cird of spproximately 3%"C-%4" s for example between
aboul 70 LP1 and about 100 LP1. A coarser lens woukd
require imape graphics and text be significamtly large, 10
avoid leos effecis, and which lens effects ere generally not

%
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desired by graphic designers. Thus to run 2 higher pitch lens
b koliculay sheet plaste wonld need to be, for example,
berween 15 o sbout 20 nuls thick ard would need a white
opaque sheet consiructed of, for example, plastic mounted to
the back of the lens to bring the card to a lotal Lhickness of
about 30 mk The opadty of the plastic backing sheel
mournied o the back of the lens sheel, in embodiments,
should 1o be sufficiently opaqoe 50 as not to exhibil “show-

Lhrough”, that =, an image printed oo the back of the plastic
backmg sheet shonld not be visible to an observer vicwing
Lhe front surface of the lenticular card through the lenticular
or emocth areas. The plastic backing sheet should akso
preferably be thermally imageable and coostructed of a
matenal that can be bot stamped, sach as with an encodable
magnetic stripe. Generully, for the card 1o be thermally
imageable, the surface 10 be imaged should be very amooth
and the plastic must be abk to withstand Ihe clevaied
temperatures of the therma] imaging process. Thermal imag-
ing processes works well on, for example, laminated vinyl,
palyester or co-polyester, such as polyethylene terephthalate
glycal (PETG) and amorphous polyethylene terephihalate
{APET, also known as poly{oxyethyleneoxyterephthaloyl)).
Suitable polyesters, such as PETG 6763 sod APET 9921, are
commercially available in lenticulated from, for exampk,
Vinyl Plastics, Inc., Sheboygan Falls, Wis. Sec alsa EASTA-
PAK polyester 992] and related materials from Eagtman
Chemical, affiliated or allermalive suppliers Cear PVC
lenticular shec! material and PYC backiog sheet metenal,
commercially available from Goex, Janesville, Wisc,, were
found to be a prefermed malkerials because of Lheir superior
destrucirve bonding #nd imagng propertics. UY cumble
Dymax adbesive materinl, commercially available from
Dymax Corporation, was found to be a superir bonding
adhesive, especially with PVC makerials. Moisture cure
wdhesives, were found to provide satisfactory bonding prop-
ertics with polystyrene or polyester materials and was addi-
tiopally advantaged by lower cost campared to the Dymax
wubesive.

SUNCURE ioks is a line of inks, commercially available
from Svo Chemical, Carlstadt, NJ., and arc cxamples of UY
curable printing inks suilable for use in the present inven-
tion. Other inks suitable for use m the present invention are
commercially availabke from, for example, Flint Inks, St
Paul, Mmn.

Bondiog the printed lens sheet and the opagque viny! or
polyesier backer sheet proved cumbersome or resulted in
product picces with inferiar quality, for example lacking the
above menlioned indestruclibilily property, using prior art
banding methods. In the present invention, the desired bond
can b, for example, an adhesive that dries 1o a solid and is
destructive 1o the lens shect, the optionsl core sheet if
prescat, and the backer shect if subscquent sepantion is
wtempied. Tios the proceases of the prescot inveation can
further provide secure card articles which are either or both
temper resiglant and temper evidenl. lo the present
invention, the resulting cand articles preferably satisfy one or
more of the specification standards in the above mentioned
ISO/IEC 7810. The present invenlion provides mproved
and alieroative approaches 10 making lenticular cands baving
high quality prinled mages and which mages can be, for
cxmple, printed extamally, such as, on 1o opagque backing
sheet, mch as 2 ber code or 1 magnetic stripe, and printed
internally and viewable through the either the lenticular oc
the smooth regions of the transparend ar trensipeent froot
surface sheet.

DESCRIPTION OF PREFERRED
EMBODIMENTS
The following examples in comjuoction with the accom-
paoying figures provide illusiralive and representalive pro-

6
eedures for preparing card articles of (he pressat invention.
ln embodiments the present invention provides a1 process for
making 2 kenticelr cand comprising:

providing an imaged trapsparcol sheet havmg & first
smooth side and a sccond mide with a kenticulsted region, the
transparent sheet baving at kast oo¢ prioted image arca o
the first smooth side and a motsture cure adhesive layer over
the prnted image arass and non-image arsas of the first
emooth side, and the moisture cure edhesive layer being
apphied with » screce press through a screen; and

combinipg the imaged transparent sheet on the adhesive
layer side of the transparent sheet with a backing sbeel by
nipping the paired sheets with a nip roller.

In embodimenis the present mvention also provides 2
process for making 1 lenticular card comprising:

providing an imaged backing sheet baving a first side and
» secand side, the backimg sheet haviog a printed image on
one skdc and a masture core adhesive layer over the printed
mmage areas and noo-image areas of the imaged side, and the
mostore cure adhesive leyer being applied with # screen
press 1hrough = screen; and

combining the backing aheet on the adbesive layer side
with the first side of 2 transpareot sheet haviog a firsl smooth
side and a secood side having a lenticulated region by
nipping Lbe paired sheets with a nip roller.

In tbe abave procesxes the adbesive layer can be, for
cxample, activated priot 10 combiniog the sheets. The acti-
vation of the adhesive can, for cxample, desplace solvent
from the adhesive layer and shorien the adhesive cure time
end provide m some inklances improved destructive bood-
ing. The abave processes cap furtber comprise post-curing
the adhesive layer with heating.

1o ermbodiments the present invenlion provides a process
for making 2 kenticular card comprising;

providing an imsged tansparent shect having a first
smooth side ard 1 second side haviog a leoticulsted region,
the lmnsparent sheet having a prinled image on the fidt
smoolh xide and a redhation curable adhesive layer over Lhe
printed image arcas and non-image arcas of the firsl smooth
side, and the madutim cursble adhesive layer being applied
with a screen press through » screen;

activating Lhe radiation curable sdhesive by irmadiating 1be
adhesive lnyer; and

corubiniog 1 backing sheet with the rapsparem sheet oa
the resulting activated adbesive layer side of the transparent
sheel by nipping the paired sheets with a mip mller.

In embodiments the present invention provides @ process
for making 2 kenticular card comprising;

providing an imaged lransparcnt sheet haviog a firsl
smooth side and a second side with a leoticuiated region, the
fmaged trunsparent sheet having & prinied image on the first
smoolh side;

providing 1 backing sheel with a rediation curable adbe-
sive |ayer on one side of the backing sheed, and the radiation
curable adbesive layer being apphicd wilh a sceen presa
through a screen;

combimng the backing sheet with the imaged transpareat
sheet to form a composite sheet by nipping the paired sheets
wilh » nip roller, the adhesive Inyer on Lhe smooth side of the
transparcat sheel being interposed between the backing and
transparent sheets; and

ursdiating Lbe sdbesive layer within the resulting com-
posile sheet by directing mdiation through the ransparent
sheel side of the composite sheet.

72
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In the above process iovolving irradiaton, the jradiating
can be sceomplished, for example, by focosed or unfocused
ultraviolel Light The irradisting can cure the adbesive, for
exampls, in from about 1 to aboul 20} seconds. Irradiation
conditions can depend upon & mumber of process variables
and the configuraton of mechanical and processing com-
ponents cmployed, such as web width snd speed, lamp
power ratings, lamp proximity, and the like consideralions.
Exemplary irradiation apparms and condilions can be, for
exarmpke; two metal halide oltraviolet (UVY) lamps which
deliver about 400 Watts per inch o a 42 inch wide web or
belt of a lithographic press operating at from sbout 40 lo
about 100 feet per minmte; or two medium pressure merenry
vapor uliraviolet (UV) lamps witch deliver about 300 Watls
per inch to a 30 inch wide web or beli of & lithographic press
operating at from sboat 5¢ o wbout 120 fect per mimuote.
Other optimal web or belt speeds can be readily determived
by trial and ermor in view of vanisbility observed in cure rates
based og, for example, differences in ink cobars selected and
their UV Light adsorption properties, ink area coverage, and
lamp inteomily, and the like considerations, with the aid of,
for example, 2 unicure radiometer by measuring power per
unit area, such as in the range of about 025 Jouks per square
centimeter to about 2.0 Joules per square ceotimeter. lo
embodments the redialion ar pholo-core adhenive can be,
for exampie, 1 UV pressare seositive adhesive {PSA), which
can, for exmmple, post cure to a tough, dunble but flexible
sold. In embodiments the photo-cure adbesive can be, for
cxample, cleciron beam cursble.

In the forepoing processes the backing sheet allernatively
can be 1 second transparen sheel, for example, identical or
similar to the first tramsparent sheet to provide a two-sided
or double-sided transparenl anicke with ao optional
transparent, semi - rensparent or opague core. The altermative
transparent backing sheet can be a second sheet having a first
smooth side and a sccond side having a lemticulated region
and wherein the first smooth side of the transparent backiog
shezt optionally contacts the adhesive layer before combin-
ing with the imaged traosparcnt sheet. Thus the present
invention in conbodiments provides a process for making an
lenticular card article comprising:

proviing & firel tansparent sheet having a first smooth
side and a second side with 1 lenticulated region, the
transparep! sheel having 1 pristed image on the first smooth
sade and an sdbesive layer over the printed image areas and
non-image areas of the fire smocth sxds; and

combming bry oipping & second transparent sheet having
2 first smooth wide and a second side with & kenticulated
region together with the Arsl transparent sheet oo the adhe-
arve layer side of the first (rensparent sheet, wherein the fisst
smooth sxie sccond transparent sheet contacts the adhesive
layer.

In the above-meationed processes the backing sheel can
be, for example, paper, resin, plastic, glass, rubber, metal,
oy, or combinatione thercof. In the aboverncntioned pro-
cesses lbe backing sheet can be, for example, polystyrene,
polyvinyl chionde (PVC), PVC laminated polysiyrene,
compression laminated polystyreoe, compression laminated
PVC, polyester, polyolehos such as polyelhylene,
polypropyleae, and the like, ABS, acrylics, epoxics,
polymethancs, polycarbonates, or combinstioos or lami-
mates thereol 1o the above mentioned processes the backing
shes! can be, for examplk, opague, Uramsparcnl or scmmi-
trinsparen!. Io the abovementioned processes the transpar-
¢ sheel can be coafigured in the processing machipery as
@ comtmuous wob, Similarly, the backing sbeet can be
configured in be processing machinery as a contimous web.
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The above mentioned processes can opticaally furtber com-
prise applying » primer layer to the smooth side of the
irosparent sheet pricr to applyiog an fmage layer or the
wdhesive lmyer. The above meulicoed processes can option-
ally funber comprise spplyiog a primer layer to the beciing
shest poior o applying ao image layer or the adhesive layer.
The above mentioned processes can oplionally fartber com-
prise mpplying a primer layer to the backing sheet afler
ipplyiog an image layer or the adhesive layer. Various
primer or adhesion promoter composibions are commercially
wvailable, and one skilled in the art can readily select a
particular adbesion promoter composition for uss in the
present invention depending wpon, for example, the com-
position of the base film lnyers contacted and the particular
formulation of the adhesive selected, such as a thermo-
seiling resin. An example of a primer layer is 16330 UV
curable primer conlaining a beazophenone mitiator, which
primes is commercially available from Northwest Coatings
Cuorp., Oak Creck, Wis. The pramer Iayer when applied to the
Ieoticular sheet or backimg sheet can provide superior adhbe-
5i0a of 1be ink and adhesive layer 1o eitber sheet and provide
2 superior destructive bond between adjacent layens. In the
above mentioasd processes the tansparent sbeet can be, for
exarple, from sbout 10 mils to about 26 mils tnck and the
backing sheet can be from aboun! 4 mils to about 20 mils
thick. The prioted image arces are preferably prinied in
“revermeread” o “wroog-read” format, Lhat is, reversed,
backwards, or miror image, ssch Il the resulting image
whea viewed through the cater sarface of the transparent
lenticular sheet by an observer or machine sensor is “right-
read” such that the highest possible origimal image Gidelity is
refained in the ohserved printed image. The printed image
arcas prefenably inctude a colored ink, for example, one or
mare conventional litho-ink formulations or UV curable
inks. The prinkd image arcas cao include onc of many
colored mks, sach as from 2 to about 10 differeni colored
mbks, for example, with a single primary cola(R, G, B), forr
color process coler (C, M, Y, K), white (W), 2 custom or spot
color, such as those known colors available from
PANTONE®, and the like suppliers, and combinations
thereof.

Io the above memicoed processes Lbe adhesive can be
1pplicd (o eitber or both the transparcni sheet or the backing
sheet wilh any suilable means, for example, a roll coaker,
£pray coaler, a curtain coater, and like devices, and prefer-
ably u screen press Ibroagh & saeen.

In the above menlioned processes the nippiog the paired
sheels with a mip roller can be accomplished, for example,
with a mip roller pair which applies, for example, from about
10 1o about 1,000 psi The 1pphed pressure can be from
about 0 o about 10 bar, for example, a typical and suilable
operating pressure is from abont 7 to about 8.5 bar. The
above processes can farther inchude an optionel core sheet
mterposed between (be transparent sheet and the backiog
shect and as flustnted herein. The core abeet can be
Uwosparent, scmi-reosparent, of opaque. The sbove pro-
ceszes can further include where the resulting combined
sheels ere cut or punched mtn ndividual fimshed pieces, for
example, with an on-line siller or pamch press.

Ie cmmbodiments (he preseal mvenlion provides & jeotico-
lar card prepared by the process according to any one of the
above menliooed processcs comprising:

a0 imaged transparcend sheet having a first froal sariace
wilh a smoolb region and a lenticulated region, and s second
rear surface bearing an image,;

a care sheel boaded to the tanspared sheet with an
adbesive; and

1 backing sheet bonded 1o the core sheet with an adhesive.
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The lenticular card antick prepared by the above process
can further compriee where the resulting card cxn be 1 secure
card articke which can be tamper resistant, tamper evident, o
both, and which features are known 10 those skilled in the art
and which {esture or features can be readily incorporated in
tbe mamufacture of the above mentioned lenlicnlar card
ariicle, for example, in materials of construction, processing,
finishing, or xpplication. The kenticular card article prepared
by the above process can furtber comprise inchding ao
image on Lbe non-bonded surface of the backing shect, for
example, an image provided on the onter surface of the card
artick, such as 1 thermal image, an ik jet image, an
encodable magpetic atripe, and the like marking technolo-
RIS

The lenticidar card article prepared by the above pro-
cesses can have, for example, a thickness of from about 10
to about 40 mils, such as preferably a thickness of about 30
mils phus or mimns aboot 1.5 miks, and a finished trim size,
for example, of about 3% ioches wide by about 23 inches
ngh. The front surface of the iransparcnt sheet can be, for
cxampl, extruded and can include 2 front surface with bath
one or more knticulated regions and ope or more xmnoth
regions. In erobodiments the surface arca of the froat surface
of the trapsparcn! sheet can be, for example, abou! coe half
leoticulated region and abont coe balf smooth regiow. In
olber embodiments the front surface can be, for example,
from aboot 10 Lo about 75 percent lenticulated region and
from about 90 to aboul 25 percent smooth region.

Referring 1o the Figures, F1IG. 1 flustrates 2 lenticular
card embodimen| of (he present invention. Backing sheet 20,
{or exapke, an opaque or clear plistic such as & vinyl
laminate layer, is cosled with an adhesive layer 30, for
cxample but pot limited to, a glee or resin formulation. Ao
optional core shect 35(not shown), for example, ay cpague
or clear plastic sheet, can be situated between adbesive layer
30 and image layer 40. [i is understood that when an oplional
core sheet 35 is presemt a second adhesive layer 37 (oot
showa) & prefecred belween core sheet 38 and the image
layer 49. [mage Iayer 40 can be, for example, & curable ink.
The lenticular top sheet 50 can be, for example, 1 clear
plastxc sheel. An oplogal primer layer (ool shown) can be
interposed between layers 20-38, 3040, or 40-30,

In FIG. 2 there iy shown a pemspective view of an
cxemplary card 200 having a top or outer surface with both
a partial keaticular area and a partial smoolh arer. The partial
lenticulated muface arca can be formed by limitmg o
resiriciing the koticolation formation process, for cxample,
1o one side, to restricied arems of the top sarface of the card,
and like approsches. Card 200 is shown with a portion of the
top surface with partial lenticulated surface area 220, and
pottion of the top surface with a partial smooth surface arca
230

F1G. 3 shows a sectional view of a cand 308 having a dual
or two-seded lenticular cuter surface 310, that % where both
the top ouler surface and a botlom outer surface are partially
or complelely lenticular or leaticuleted. The lenbcular top
outer surface 310 and the katicular bottom outer surfaces
310 can be iransparent or transiocent and comstrucied of, for
example, & clear plastic. Priated image layer 320 can be, for
cxample, a conventioaal based printing ink or 8 UV cursble
ink or inks. Adbesivn layer 330 can be, for example, a resin,
a glue, a cunable polymer, or like matenials. An oplional
primer layer (not shown) can be, for exampk, imcrposcd
between layers 310 and 320. It will be readily nndarsiood
that a card having the iwo-sided lenticular surface or leo-
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ticolar sorfuces ns illustrated bere, both sides as in F1G. 3can
heve complete oc partial kanticulation areas on either or both
outer surface as suggested for the one-sided lenticular sar-
face in FIG. 2. The card 300 can have m optionel core sheet
(oot shown) siloated between mdhesive layers 330 on both
sides.

EXAMPLE |
Lenticulated Card No. 1.
Matcnals and Layer Specifications
Trumsparcat Sheel: 18 mils 75 LPT APET Clear Lens
Image Inks: 4-Color Process UV litho-inks; 1 Hit Opaguoe
White UV litho-ink )
Core Sheet: 10 mils white opaque polystyrenc
Adhesive: solvent based moisture urcthune adhesive
Backing Shect: 2 mils clear PYC lamimating film

The core sheet and the backing sheel were fused wogether
in a compression lzmicator, for example, wilh a platen with
lhermal beatmg on the 2 mils dear PVC lsmimating film. The
sdhesive failed whep PVC was used a5 the backing abeed,
that is, the moisture cure urctiane ueed in (his experiment
did ot satifactorily bond o the PVC
Process 1

A transparent sheet of 18 miks clear 75 LP1 APET
(polyester) lenticular Jens was printed with an interlaced
ammaled image malching the frequency of the 75 LP1 pitch
lkaticuler Jer. The kens uwsed could be made thicker or
thinner and made from palymer malerials other than APET
polyester, inchudmg but oot limited 1o, for example, vinyl,
PETG, polycarbonale, and like materiaks. Inks wese prioted
on the transparent shect uaing & litho press corfigured with
UV Lamps, such a5 menn] halide or mercury lamps, and
irrediation from the UV lumps was used to care the primted
inks.

One or morc process colors or PANTONE® Matching
Syslem (PMS, i.c. 1 color standard for non-process colors)
colors can be pristed in conjunction with, or in place of, the
4-color process image. The Iotal thickness of 1be imaged
transparent sheel, thal i, 1be lenticular sheet plus prinied
image(s) is abaut 18 mils. The siyrene core has rwo boading
surfaces. One of its surfaces conlacks the adhesive that
adheres the core sheel to the printed lenticolar sheet. The
other surface can optionally have one or more image colors
and 1 laminated with a clear vinyl laminate sheet which
scals the prinled image colors. The laminated vinyl surface,
as cither the backing sheel or optional core, provides a flat
surface for additivnal optional thermal imaging and can
withstand beat from cither or both sppbeation of a hot
slamped magpetic image and beal from thermal imaging
procssscs. The styrene core sheet used was [0 miks while
opaque LHthogmde polysiyrene. A Lhinper or thicker poly-
styrenc layer can be used as long as the combined Unickness
of the tolal construction of 1he vinyl {aminate, polystyreoe,
and the prioted lenticulur sheel, inchuding all adhesive layers
s epproximately 30 mils 10 satify, for exsmple, 1ISOTEC
card standards. The polystyrene core sheet nsed was mattef
maite finish, however matte/glosstor gloss/gloss combina-
tion finishes could alternatively be msed. The polystyrene
core sheet was prmted with one or more colors oo s
backside with litho UV inks using, for exumple, 8 UV
coafigured pristing press. The resulting pridded or imaged
paled on its back mide with a 2 mils thick vimy] compreasion
laminatmg film. The flm was matie/maite finih and had 2
heat activaied adhesive applied to one side. Afier compres-
o1 Iamivation, the resulting printed and laminated poly-
styrenc sheets were registered and square cot to maich the
layback and gride of the printed lenticular sheet. Ideally, the
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size of lbe cul polystyrene and lenticular sheet should be
epyproximalely the same size. A solvenl-based (ethy] scctate)
moisture cure erethans AVA3HWwith CAS00 catalyst, avuil-
able from Pierce and Stevens, was screen printed at about
50% solids on the printed lenticular sheet, maing 8 137 Mesh
sareen. However, 1t is noted thal other moisiure cure ure-
thane or solvenl-less urethunce adbesives conld alternalively
be used. Although the spplicatlion metbod for he adhesive
used wis a screen press, it is noted that, for example, 1 roll
Ccoater, rotary leller press, rolary screen press, curtain coater,
and Lhe like coater devices and coating methods could also
be used. The combined vinyl laminate and the polysiyreoe
core sheets were transported, adbesive side up, with a
couveyor to a beal tunnel and heated to activate the adhesive
upon reaching a temperature of about 160 deprees ® F. and
to flash solvenis from the adbesive layer. 1t is readily
appreciated that some moisiere aure urethanes do oot oced
to be activated with etevated lemperatures and Lhal room
tempenture may be satsfaciory to sccomplsh activation.
After solven was removed, the adbesive was a acky pres-
sure scositive adbesive. The adbesive activated sheets were
Iben transported to an ir conditioper unit 1o remove excess
heat thatl can cause distortion in the plastic. Adbesive acti-
valed sheets mownted without this cooling step tended 1o
warp if mounted warm. Adbesive activated shects were Lhen
combaned, thal 5 mounted, with the lentyculaied sheet and
passed Lhrough a nip roller. The sheets were jogged o 2
common guide and gripper so the kenticulaled sheet mmage
matched Lhe combined backing sheet copy witlrio a reason-
ablc lokcrance, for example, of ahout phus or mrinus 0.015
inches. The sheets were siacked and kef at ambicnl lem-
peratures of about 25° C. 1o complete polymenzation apd
full cure. The specified full cure for the adhesive was
between abont 48 and abont 96 hours. Final core was tested
by the pull sirength of the bond. Piece parts comesponding
to cards were then punched from the cure composite sheet
using a Print Machinery Company (PMC) die, that is a
hollow stecl dic process. The resulting cards were then
magoetically striped by applying & ooe-thalf inch wide
magoetic film using & Franklin Hot stamped magoelic fitm
applicator machine. Ao shernative process mcindes lami-
ouling the styrene core usiog a fush magnetic laminate film
wherein the magoetic material is incorporated into the
laminate 1o eliminate a separaie step of applying & magnetic
strip. Cards were then thermally imaged and encoded using
a Dalr Card Machine. The adhesive bood strength of the
resulzng cards of this Exampk wias kss satisfactory, for
cxzmple, m curiog, or with vinyl or polyester backing
materials compared with other backing matenals sach as
slyrene.

EXAMPLE I1
Lentculated Card No. 2.
Malcrials and Layer Specifications
Tramsparent Sheet: 18 mils 75 LPI APET Clear Lens
Image Tnks: 4-Cobor Process UV litho-ioks; 1 Hit Opaque
White UV litho-ink; Black lok-UVY Cured
Adhbesive: UV Cunable Radcure 10PSA-B (2 2-part pressure
scrsitive adhesive that cures to » solid over ime)
Core Sheet: 10 miks white opaqoe polysiyrene core
Adhesive: UV Cunble Radcure 10PSA-B
Backing Sheet: 2 miks clear FVC laminating film
Note: tha sdbesive sysiem failed to provxie a destructive
bor! when PVC was psed s the backing sheet.
Process 2
The process of Example | was repeated with the exception
that ® UV cunable pressnre sensitive adbesive (PSA), Rad-
cure 10 PSA-B, » two-part adbesive, was mixed according
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tc manufacturer recommendations und was screen printed on
the printed lenhicular ahecl, using a 137 Mesh sareen. UV
light irradintion was nsed oq & 30 inch wide web ropning at
60 fect per omioute and vsing two 300 Watts per inch medium
pressure mercwry vipor UV lamps to activale Lhe adhesive
layer, and the adhesive became pressare scnsitive. The
plastic polystyrenc corc was Lhen mounted to the kenticolar
sheet bearing 1be adbesive and then combined with the vinyl
backing sheet using the same adbesive nsed between the
core and backer sheet, and the combined backer, core, and
kenticnlar sheets were nipped 1ogether with a mp roller. Over
time, of aboul 24-48 howrs, the adhesive post cored to &
flexble solid. The sheets were transporied; adbesive gide up,
vis a conveyor o expose the adhesive 1o the mamufactorer’s
recommended amoun of UV light The core sbeet, 10 mils
laminated on one side with 2 mmls laminating film bearing
lhe activaied adhesive, was mounted o Lhe imaged Jenticular
sheel and run through a op roler. The sheets were jogged to
& common guide an] grippe: so tbe lens image rmatched the
back copy wittin a reasonable lolerance. The sheets were
stacked and kefl to polymerize to full cure. For Lhis adhesive
a period of 48 hours was specified. Final cure strength was
tesied by pull strength of the bond. Piece Parts were made
as punched cards; the cards were magnetically sirtped and
thermally imaged and encoded as in Example 1. Analysis of
the resultiog cards iodicated that the UV adbesive used in
this process did not work & well for curiog to a vinyl or
polyester backing sbeeis corupared to a saperior resuh for a
polysiyrene backing. About 500,000 cands were produced
with this process.

EXAMPLE Il1
Leaticulated Card No. 3.
Materials and Layer Specifications
Transparcmt Shect: 18 mils 75 1P1 APET Clear Lens

(Alternatively, 8 PVC lens was used 2o did not have curl

as was the siluation wilh an APET and PVC backing

combinatmomns)
Image Inkx: 4-Color Process UV Litho-inks; | Hit Opaque

White UY lilbo-ink; Black Ink-UV Cured
Adhesive: UV activated scrylale urcthane adbesive{for

example Dymax 3-3094, a polyurclhane oligomer mixture

commercially available from Dymax Corp., Torringlon,

Cono.)

Core Sheet: B mits While PYC Core

Adhesive: UV activated acrylate urethane {Dyroex 3-3094)

Backing Shect: 2 mils clear PYC lamipating, film (applied o
both sides of an 8 mils white PYC core)

This adbesive worked well und provided a desired
destnuctive bood when PYC was used as the backing sheet
which sheet could be cilbes laminated or non-laminated.
Process 3

The process of Example 1] was repeated wilh the excep-
tion Lhat an allermative UV corable acrylate-urethane adhe-
sive was screen printed on the preprinted leqticular sheet,
nsing a 230 Mesh screen. Dymax 3-3094, » one-pant adhbe-
sive was screen printed oo the laminated PVC backing. The
adhesive was activaled afier mounting the lenticular and the
core heets logether. The adhesive could be cured instanily,
for example, by one or more UV lamp{s) Hood outputtiog
with 385 om wavelength of UV light, even if the radiation
cure was through a partially transtuceat, that is seami-opaque
with a relalive opscity of abont 30 perceat, such as & printed
lenticular sheel imaged with 1-color opaqes whita. After 1be
mp rolker, Lhe sheels were conveyed with the printed leos an
top, and exposed to the mam fachirer's recommended dosc
of UV light. UV dose levels were delermined experimentaily
with both 300 Watt lamps &l maximum illumination. The
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dose levels can depend on & oumber of factors, such as belt
speed and the color sdsorption properties aod the amound of
inks used An adhesive bond formed instantly. The sheets
were siicked. Piece parts were made by punching cards. The
punched cards were magnelcaily striped and thermally
imsged and encoded as in Example 1. Tb meet the ISOAEC
specification a test was o beod the comers of the card,
repeatedly back and fonh, untl the backing or the lens
cracked but before Iayers separsted. The cards prepared and
tested o Iins example showed oo layer scpanlion prior to
cracking.
EXAMPLE 1V

2-Sided Lenticulaled Card No. 4.
Maleriels and Layer Specificalions
Transparenl Top Sheet: 18 mils 75 LPT APET Clear Lens
Image Joks: 4-Color Process UV litho-inks; 1 Hit Opaque

White UV litho-ink;
Black Iok-UV Cured
Adhestve: UV activated acrylate urelhane adhbesive

(Altematively, Dymax adhesive could be nsed bere in

combination with any of the core matenials, or & moisture

cure adbesives sech as the wrethanes conld be wsed with,
for example, polystyrene or polyester cores)
Optional Core Sheet: 8 mils While PYC Core or a0 8 mils

Whilc polystyrene core (un-lammated)

Optional Adhesive: UV activated scrylate urcthane adbesive
if Optiona! Core Sheel s used
Image Inks: 4-Color Process UV litho-inks; 1 Hit Opague
While UV litbo-ink; Black Ink-UV Cured
Backing Sbee! or Transparen! Bottom Sheet: 18 mils 75 LP1
APET Clear Lens (same as the Traosparend Top Sheet)
Process 4
The process of Example I1 was repoated with the excep-
tion that the backer sheet was a lenticular sheet. All of the
above mentioned adbesives are satsfactory here.
All cited publicatioas, pateots, and pateni documents arc
incorporated by reference herein in their entirely. The iovea-
Lion bat been described wilh reference to various specific
and preferred embodments and techoiques. However, 1
should be understood thal many variations and modifica-
lions may be made while remainiog within the spirit and
scope of the invention.
What 15 claimed is:
1. A process for making # kenticular card comprising;
providing an imaged transparent sheet having a first
smooth side and 1 second side with a lenticulated
region, the transparent sheet baving al east one printed
image arca on the fird smooth side and 1 moisiore cure
adhesive layer over the prinied image areas and pop-
image areas of the At smooth side, and the moisture
cure adhesive layer being applied with a screen press
Lbrough a screer;

combining the imaged transparem sheel on the adhesive
Iyer side of the transparent sheel wilh a backing sheet
by nipping the peired sheeis with 2 mp roller; and

post-curing the adbesive layer with beating,

2. The process according to claim 1 wherein the backing
shbect i 2 second transparent sheet having a first smooth side
and a second side having 8 lepticulated region and wherein
the firs! smooth side of the transparent backing sheet con-
lacts the adbesive layer before combining with the imaged
Lransparent sheel.

3. The process accondiog to clum 1 wherein Lhe backing
sheet is paper, resin, plastic, glass, rubber, metal, alloy, ar
combinations thereof.

4. The process accordiog to claim 1 wherein the backing,
sheet is polystyrene, polyvinylchloride (PVC), PVC lami-
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oated pelystyrene, compression laminated polystyreaoe,
cornpression lamioated PYC, polyester, polyolefins, or com-
binations o laminates thereof,

5. The process sccording to clam 1 further comprising
incinding a core sheet mterposed between the transparent
sheet and the backing sbeet wherein the core abect bears or
conlacts an adbesive Javer on both sides of the core sheet.

6. The process according ko claim 1 further comprising
wherein Lhe resuhling combined shects are cul or punched
into individual fimsbed picces.

7. A lenticular card prepared by the process according to
chim 1 comprising:

an imaged lransparent sheet having a fimt from surface

with » smooth region and 1 lealiculated region, and a
second rear surface bearing an mage;

a corc abect booded 10 the transparent sheet with an

edhesive; and

a backing sheet bonded (o the core sbeet wilh an sdhesive,

8. The card according 1o claim 7 wherein the resulting
card is a securce card article which is tamper resistamt| lamper
evident, or both.

9. The card according 1o claim 7 further comprising an
imagc on the noo-booded surface of the backing sheel

10. The card accordmp to claim 7 whereig the image is 2
thermal image.

11. The card according 10 claim 7 wherein the image i a0
ik jet image.

12. The card according 1o claim 7 wherein the mage is an
encodable magnelic siripe.

13. The card eccording 1o claim 7 wherein the card hes a
thickness of from aboul 10 to about 40 mils.

14. The card sccording to claim 7 wherein Lhe card has 2
thickness of aboul 30 ouls ples or mimus sbout 1.5 rmils.

15. The card according to daim 7 wherein the card bas a
fimshed Inm size of zhoul 3% ioches wide by about 24

16. The card nccording to claim 7 wherein the froat
surface of the transparent sheel is extruded apd includes a
from surface with & lenticulated region and a smooth region.

17. The card according lo claim 7 wherein the surface area
of the front surface of the transparenl sheet is sboul one half
lenticulated region and aboul oae half amooth region.

18. The card according 1o clim 7 wherein (he froot
surface is from sbout 10 to about 75 percent lenticulated
region and {rom aboul 90 to about 25 percent smooth reginn.

19. The lenticular card sccording to daim 7 further
comprising & magnetic stripe oo the non-bonded side of the
backing sheet.

20. A process for making a lenticular card comprismg:

providing en imaged transperent sheet having o fimt

smooth side arxd a second side baving a Jenticulated
regaoa, lhe transparent sheet baving a printed irmage oo
lbe first &nocth side aod a mdiation curable adhesive
Inyer over the printed image aress and nop-image arcas
of the il amooth side, and the radistion curable
wdhesive layer being apphied wilth 1 screen press
throogh a screen;

aclivating the radiation curable adhesive by rradiating the

adbesive layer; and

combining a backing sheel with the trunsparent sheet an

the resulting activaied adbesive Layer side of the trams-
pareat sheet by mipping the paired sheets with & nip
roller.

2]1. The process according 1o claim 20 wherein the ima-
dialing is accomplished by focused or unfoamed ultravioiet
Light.
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22, The process according to claim 20 wherein 1be ima-
diating cures the adhesive in from sbout 1 to about 20
scoonds.
23. The process according 1o claim 20 wherein the adbe-
sive 5 1 UV pressure sensitive adhesive (PSA).
24. The process according to claim 20 wherein the adbe-
sive 15 clectron beam cunble.
25. A procesa for making a leoticular card comprising:
proviting an imaged backing shect having 1 Arst side and
1 second xide, the backing shect hrving a prinked imuge
on one side and 2 moisture cure nrethane adhesive layer
over Ihe printed image arcas and noo-image areas of the

combining 1b¢ backing sheet on the sdhesive layer side
with Lhe first side of 1 transparcot shect having a first
emooth side mnd a second side having n lenticnlated
region by oipping 1he paired sheets with a nip mller;
aod

past-curing the edbesive layer with heating

26. A process for making a1 keoticular card comprising:

providing an imaged transparent sheet having 1 first

smooth side and 2 sccond Fide wilh a lentxulated
region, the imaged 1ransparent sheet having a prioted
image on the fimt smooth xide,
proviling a bacinng sheet with a radistion curable ure-
thine adbesive luyer on oae side of the backing sheet;

combining the backing aheet with the imaged trapsparent
sheet 1o form a compasite sheet by nipping Lhe paired
sheets with 2 cp roller, e adhesive layer oo the
smooth side of the transparent sheet being interposcd
between the backing and transparent sheets; and

irradialing the adhesive Iayer within the resuliing com-
posilc sheel by directing radiatron through the Lans-
parent sheel side of the composite sheet wherein the
imadiating is accomplished by focused or unfocused
uliravioler light.

27. The process according 1o claim 26 wheremn the imra-
diating cures the adbesive in from sboul 1 10 about 20
scconds.

28. The process accordiog ko clamm 26 wherein the adbe-
sive is 8 UV pressore sensitive adhesve (PSA) or a UV
acrylate vrelbane wdhegive.

29. The process according o claim 26 wherein the adhe-
BIve Is clectron beam curable.

30. A Jenlicular card prepared by a process comprising:

providing an imaged transparenl sheet baving a first

smooth side and a sccond side with a lenticulaled
region, the transparent shee baving at least oo prioted
image arca ¢n the first mmooth side and 2 mosture cure
wdbesive Inyer gver the printed imagp arcas and noo-
image areas of the fimst smooth side, and the moisture
curc adhesive layer being applied with 2 screen press
through a screen; and

combining tbe imaged traosparen! sheel oo the adhesive

layer side of the transparen! sheet with a backing sheel
by nipping the paired sheets with a oip mller,

the lenticular card comprising:

an imaged traneparcot shect having a firet front surface

with 1 smooth region and a leaticylated region, and a
sccond rear surface bearing an image; and

a backing shecl baoded tn the imaged transpareat sheel

with an adbesive, wherein the card bas a thickness of
from aboul 10 to abont 40 mils.

31. A leaticular card prepared by a process comprising:

providing ap imaged transpareni sheet having a first

smooth side and a second side with a lemsticulated
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regioq, the transparent sheet having at least one prioted
image area on the first smooth side and & motsture cure
adbesive layer over the printed imape arcas and noo-
image areas of the first kmooth side, and the moistore
cure adbesive layer being applied with a screen press
through a sgrenm; and

combipmg the imaged transparent sheet on the sdhosive
layer side of the transparent sheel with a backing sheet
by nipping the puired sheets with a nip roller,

the lerticuiar card comprisiog:

an imaged trapwparent sheet haviog a firt fronl sorfsce
with 2 smooth region aod 1 leoticulared region, and 2
second rear surface bearing an mmage; and

a backing sheet borded to the imaged transparent sheet
with an adhesive, wherein the card has a thickness of
sbost 30 mils plus or minus sbout 1.5 mils,

32. A kenticular card prepared by 2 process comprsing:

providing an imaged imnsparent sheet baving a frst
smooth side and 2 sccond side with 2 kentculated
region, the transparent sheot having at Jeast ope printed
image ares on the first smooth side and & masture aure
xdhesive layer over the prioted image aress and oon-
image arcas of the first smooth side, and the moisture
cure adhesive layer being epplied with a screcn press
lhroagh a screen; aod

combining the imaged Uansparent sheet o the adhesive
layer sade of the transpareni sheet with a backing sheet
by nipping the paired sheets with » oip roller,

the Jenticular card comprising:

an imaged transparent sheet having a first froal surface
with 8 smoaih region and # lenticulated region, and 1
sccond rear surface bearing an image; and

badking sheel bonded to the imaged Lransparent sheet with
an sdhesive, wherein the card has 2 finighed trim size
of about 3% incbes wide by about 24 inches bigh.

33 A lenticular card prepared by 1 process comprising:

providing an [maged tmasparent sheet having a first
smooth side and & sccond side with a leaticulated
region, Lhe transparenl sheel baving at keast onc prined
image ares on the first smooth side and a moisture cure
adhesive layer over Lhe printed image arcas aod moo-
image arcas of the firl smooth side, and e moisture
cure adbesive layer being applicd with a screen press
through a screen; and

combinipg the imaged transparcol sheet o the adbesive
layer side of the transparent sheet with 1 backing sheet
by nipping the paired shects with a nip roller,

the kenticular card comprising: '

an imaged transparent sheet having » fird front surface
with a Emooth region and a lenticulated region, and &
second rear surface bearing an image; and

a backing, sheet bonded to Lhe imaged transparent sheet
wilth 10 adhesive, wherein the front surface of the
traneparent sheel is extruded and inchudes a front
surface with a kealiculated region and x smooth region.

3. A knticular card prepared by s process comprising:

providing an imaged transparen sheet having a
smooth side and a2 second xide with a lenticolated
region, the transparend sheet having at lesst one printed
image area on the first smooth side and a modslure cure
sdhesive layer over the printed image aress and oon-
image arcas of the first smooth side, and the moisture
cure adimsive laycr being applied with v screen press
throngh a screen; and
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combinimg the imaged transparent sheel on the adhesive
layer side of the iransparcnt aheet with a backmg sheet
by mipping lbe paired sherds wilh 8 mp roller,
the lexticnlar card comprising:

an imeged transparcat sheet having @ firt front sorface
wilk 1 smooth region and a Jenticulated region, and a
second rear surface bearing an mage; and

3 backing sheet booded to the imaged Irnsparent shect
with an adhexive, wherein the surface arca of the front
surface of the \ransparent sheet is about one half
Jenticulated repion and about ooe balf smooth region

35. A lenticular card prepared by 1 process comprising:

providing an imaged transparent shect beving a first
sreoolh side and a sccond sk with a lenhiculated
region, the transparcat sheet baving at keast one ponted
image arca on the first smooth side and a mossture cure
adhesive layer over the printed image areas and non-
Tnage arcas of Ihe first smooih side, and 1he moistare
cure adbesive layer being appiied with & screen press
through a screen; and

combining the imaged Lansparenl shect on the adhesive
layes side of the Lransparent sheel with o backing sheet
by nipping Lhe paired sheels with & nip rolker,

be kmicular card comprsing:

an imaped transparent sheel having a first front surface
with 1 smooth region and 1 lenticulated region, and 1
sccond rear surface bearing an image; and

a backing sheet boaded to the imaged transparen! sheet
with an adhesive, wherein the front surface & from
1bout 10 to about 75 percent lenticulated region and
from about 90 ko about 25 percent smooth region.

36. A process for making & knlicular card comprising:

providing an imaged Lransparent sheet baving & first side
aod & second side with a leaticulated region, the trans-
parent sheet having at leest one printed image ares on
Lhe firu side and 2 momture core urethane adhesive
layer over the printed mage arcas and noo-image arcas
of the fird side; and

combiniog the imeged transparcol sheet oo 1be adhesive
Inyer side of the transparent sheel with a backmg sbeet
by oippmg the puired sbeels with & nip rolker wherein
the resulting lenticular card is tamper resistant, tamper
evident, or both.
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37. A process {or making a lenticular card comprisiog:

providing wo imaged backing sheet having a ficsd side and
2 sccond side, the backing sheet having 1 primied image
oo ooc side and & moisture cure arethane adhesive layer
over the printed image areax and non-image arcas of the
imaged Bde; und

combining Lhe backing shect on the adhesive layer side
with the first side of » transparent sheet having a first
side and 1 second side huving 2 kenticulaled region by
mipping the prired sheets with & mip roller wherein the
resulting lenticular card is tamper resistant, lamper
evident, or both.

38. A process for making a lenticular cand comprising;

providing an imaged transparent sheet having a first side
and 8 second side with a lenticulaled region, the trans-
parcnl sheel having at Jeast one prioted image wrea oo
the firs! sxdc and & moisture cure urethane layer over the
printed image areas and 1he non-image arcas of the first
wde; and

combining the imaged transparent sheet on the mominre
cure urclbanc layer side of the transparent sheet with a
bucking sbect by mipping the puired sheets with a nip
rodler.

39. The process according to clmm 38 wherein the mois-

ture cure urethane [ayer is epplicd by 1 roll coater, speay
coaler, 1 CUrliio Codler, OF A SCTTCT PRCsk.

40. The process sccording Lo claim 38 wherein the back-

ing sheet includes 1 magnetic stripe.

41. A process for making » knticnlar card comprising;

providing 10 imaged backing sheet having a first side and
1 second side, the backing sheel having a prioted image
ca oo side and & moisture cure urethane layer over the
printed image arces and non-image areas of the imaged
side; and

combrining Lhe backing sheet oo the moisture cure ure-
thane layer side with the first side of a transparent sheet
baving & vorrlenticulated first sade and a second side
having a kenbeulated region by nipping the paired
sheets with 2 oip roller.

42. The process according to claim 41 wherein the mois-

ture cure urcthane layer is applied by a roll coater, spray
coaler, & curlaio codaler, Of & ACTCCO Press.

43, The process according to claim 41 wherein Lhe back-

ing sheel ncludes 1 magnetic strpe.
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DIRECTIONAL IMAGE TRANSMISSION
SHEET AND METHOD OF MAKING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This applicabion is a contimuation-in-part of applicalion
titled: DIRECTIONAL IMAGE TRANSMISSION SHEET
AND METHOD OF MAKING SAME, Secr. No. 08227,
055, filed Apr. 13, 1994 U.S. Pat. No. 5,644,431 which s a
contimuation-in-part of Ser. No. 948,109, ftied Sep. 21, 1992,
now US. Pat. No. 5,303,525,

SUMMARY OF THE INVENTION

The prescat iovention rclates lo tansparent or semi-
transparent sheets which are configured to traosmit certxn
light enerpy images having certuin directions of propagation
while reflecting, absarbing, or modifying images or energy
from other directions. Sach sheet malerial i oseful for
producing panchs for controlled solar hesting, in controlling
tight Inpsmission in building windows, in greenhouses, as
described 1o my prior patenls bul has further mses, for
example, for computer deplay screens, and in imprinted
pachkaging Blm. The relevant portions of the description of
my previous applications or patents identified berein is
incorparated by reference.

It has long been known lo incorporate lenticular lenses in
surface of thin plastic sheel material and 1o place a prigted
image on the opposite surface of the sheet material armanged
50 that the apparcot image as viewed from different direc-
licns depends upoa Lbe diredion of viewing with three or
maore different images being presented o the viewer as the
direction of vicwing changes. Such shect materials have
been msed 1o produce moving mmage novelties and to pro-
duce sierecscopic effects and three-dimensional lhasons. It
bas also been known to produce partially transparent film
materinl having opaque striations formed within the sheet to
prodoce the effect of louvers within the transparent sheet
material. Such lowver simmlating material has a high trans-
mission cocficient for light encrgy in certain dircctions
while haviog & very low or pear-zero light tansmission
cocflicion! for other directions. The louver aimulating sheet
material could bave louvers of light absorbing or lighl
reflecting composition. Examples of soch prior devices for
directional transmission of light comgy and images are
shown in U.S. Pat. No. 3,653,138 (U.S. C1. 40/130R) and
US. Pal. No. 4,021,945 (U.S. CL 40/28C). Other disclosures
of katikular lens amays include my pateat for SIDING OR
ROOFING EXTERIOR PANELS FOR CONTROLLED
SOLAR HEATING, Ser. No. 07/948,109, fikd Scp. 21,
1992, oow U.S. Pal. No. 5,303,525, and those cited as
references in US. Pat. No. 5,308,525.

According 1o the presegt invention, a traosparcnl of
partially tramsperent sheet malerial is provided which has
convex knses formed on the front surface and concave
knscs formed on tbe back surface of the sheel. In the
preferred embodiments the convex lenses on the front sur-
face will have a2 larger mdins of curvature (and a longer focal
leoglh) thas the concave lenses on tho back surface and will
beve an clliptical arc (rather thao circular) cross-section.
Also in the preferred embodiments the convex lenses with
the larger mdnn of corvature will substantially cover the
surface oo which they are formed with substantially oo
mlervening ooa-convex surfaces while the concave koses
with the smaller radius of curvature will also have s smalker
aporture, and, as they are equal in pumber to the larger
leoses, there will be a space beiween the small adms lenses
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which will cormally be & noo-concave and at leest partially
convex surface. Thrs interveniog non-councave sarface may
occupy spproximately balf the arca of the sheet on the back
side and may be imprinted by gencrally coaventional prini-
g techogques with & desired monochrome or multi-color
image, for example, one suilablke for packaging Blm or
incorporation in s product package. As will later be
explained, the preferred embodiment of the directional
Image ireoumission sheet i capable of prescoting an effec-
tively trupsparenl chancteristic with a high trapsmission
cocfficient rnd low distortion for viewing from the froal in
one direction, such as perpendicular 1o the shect. When
vicwed from aeother direction, such as at a side angle of 45°,
the sheet does not appear to be irnsparent, but rather the
printed mutter on the back surface of the shect s vmible
gubsiantially withou! distortion.

Io sddition to providiog lbe features and advaniages
discussed above, it is ao objeal of the presenl inveation o
provide a thin transparent plastic sheet material baving
comrvex elliptical cross-section lenses embossed or otherwise
forured in & froo surface thercol which maich one-to-one
wilh concave lenses emboased or olberwise formed in lhe
back surface of the abeet with the effective radii of curvature
of the lenses being determined Lo canse Lhe {ocal point of
each lens on the fronl surface to substantizlly coincde with
the focal point of the corresponding lens on the back surface
whereby a Galikan telescope effect s prodoced allowing
images to be viewed through the sheel materia) substantially
without diztortion from a direction perpendicular or neardy
perpendicular 10 the sheet matenial.

Il is apother object of the preseol invention to provide
such a sheet material wherein the concave lenses oo the back
surface of the sheet have a radins of curvature of oo greater
than about threc-quancrs the radius of curvature of (be
convex lenses on the froal surface of the sbect.

It is ill another object of Lhe present invention Lo provide
such a sheet matera] wherein the lenses are elongated
lenticular leoses arranged in 1 paraliel fashion 2o0d wherein
the width of tbe lkeoses is less than aboul one millimeter
(about 0.04 inches).

Il is yet another object of the presenl mvention Lo provide
such a sheet metzrial wherein the lenses on the back surface
are concave aod of submtantially ieas width than those on the
front surface 8o that there are intervening spaces between the
concave lenses, and such surfaces are non-concave and
adapted to be imprinted with a solxd color or an information
imparting palten which may be viewed caly from oblique
angles from the from surface of the sheet material.

BRIEF DESCRIFTION OF THE DRAWINGS

Otber objects and advanlages of Lbe present mvention will
be apparent from consideration of the following description
in conjunction with the appended drawings in which:

FIG. 1-A s a greatly enlarged sectional view of an image
trapsmissicn sheet malerial sccording to the iovention;

FIG. 1-B s an altermative cmbodiment of a greatly
cnlarged sectional view of an image tansmxxion shect
material according to the inmvention;

F1G. 1-C ts a forther allermative embodiment of a greatly
enlarged sectionmal view of an image lmpsmisson sheet
mutcnial sccording to the inveation,

FIG. 2 is a top plan view of sheel material as shown in
FIG. 1-A, baving sdveriising gripbi malcrial imprioted
thereon;

HFIG. 3 is a greatly colarged perspective view [rom the
bottom of the materinl of FIG. 2, showing the area indicated
by 3m FAG. 2;
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FIG. 4 5 an illnstration of & prior an Galilean telescope
neeful in explaining the imvention;

FIG. 5 is » greatly colarged mometric view of anotber
abermative form of sheet malerial employing spherical rather
than lenticular lenses; and

FIG. 6 is a partially schematic ilhmtration of spparatus for
producing abeet materisl sccording to the invention by a roll
cmbossing process;

FIG. 7 is a grestly enlarged Fragmenlary sectional view of
the cmbossing, roll portion of the appantus of FIG. 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to 1be drawiogs and particolarly FIGS. 1-A, 2,
and 3, a sheet malerial 511 is shown which s formed of
transparent plastic materia]l which may be very flexible,
somewhat rigid, or very rigid. Plastic msteriaks that may be
emplyed inchide polyvinyls, acrylics, or other forms of
polymerized organic compounds. While organic plastic
compasition is preferred for the sheel material 511, it would
be possible o mmplement the invention with sheel material
formed of glass, or other inorganic or nen-plaslic materials.
A prefemed plestic material is PET-G, index of refraction of
1567. The primary uses of the invention involve visible
Lght, but its usc with infrared or uhraviolet light is not
preciuded.

The top or fimst surface of the sheet material 511 has
cooverging lenses 521 formed therein as smooth convex
cylindrical protoberances in sheet material 511. The boltom
or back surfice of the sheel material 511 bas koscs 519
formed theretn by smooth, concave, cylindrical surfaces
acting as divaging lenticular lenses. Lenses 519 and 521
each have an elliptical arc cross-section ratber than a circular
arc cross-section, a8 specified in Tuble 1 below.

The leoses 519 are registercd with lenses 521, and in the
examplke of FIG. 1-A, lenses 519 are optically coaxinl with
lermes 821, Lenses 519 are of lesser width than lenses 521
and the spaces between lenses 519 resalting (rom this ksser
widlh arc genemlly convex curved surface portions 520

In FI1G. 1-A certain dimensions and Jocations are assigned
reference ketlers for convenience in explainiog the inven-
tons. The overall thickness of Lhe sbeet material 511 13
desipnated by t. The center to center spacing of the keoses
521 which is also the center to ceoter spacing of Lhe lenses
519 is designated P. The tenses 521 and 519 m FIG. 1-A are
iltustrated a5 being cylinders having preciscly clliptical
configomations, bt it will be understood thal simmlar but
more complex non-curcular shapes could be employed in
eccordance wilh known optical techmiques.

15 F1G. 1-A the ceater of curvature of 1he circular sarfece
of oo of the lenses 821 i indicated a1 C,. The center of
curvature of the cormesponding concave lens 519 crcubar
surface & mdicated at C,. The correspoodiog radii of cur-
vature are indicated by reference letiers R,, and R, The
focal point for the lenses 521 and 519 substamtially coincide
an are indicated at f in F1G. 1-A- In sccardance with known
optical principles the focal length and focal point may be
determined from the effective mdmus of curvature Ry, or R,
and the index of refraction of the meterial of which sheet 511
s formed.

Althoogh not iltusirated in F1G. 1-A (see FIG. 1-B or FIG.
4), parallel mys of light which are caused lo converge by
lenses 521 will be caused to diverge by lenscs 519 by jnst the
wmomnl necessary to restore tbem to parallelism. This is a
consequence of the [act that focal points of the lenses 519
and 521 are spproximately coincdent.

10
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The optical characteristics and funclions of the transpar-
ent sheet malerial ilhustrated m FIG. 1-A can more readily be
understoad by considering the schematic disgram of »
Galilean telescope shown in FIG. 4. A Galilean tekescope
normally comprises a xingle converging objective convexo-
comvex kns 2 and & single diverging ocular coovexo-
concave lens 3. When nsed as a telescopic viewing davice
the arangemeat m FIG. 4 woold view an object far to the
Jeft with the viewer’s cye placed relatively close at Ihe right
of ocalir leos 3. For focosing oo an object ol nfinily (a
relatively preat distance) the distance between the objective
lens and oculsr lens & adjusted 5o that the focal point of the
objective lens (F,) substantially coincides with a point F, at
1 distence from the ocular lons equal to the focal length of
the ocular Jona

The Galilean lelescope provides a limited amount of
mmage magoification equal 10 the ratio of 1be longer focal
Jengih of the objective lens to the shorter focal length of the
ocular Jeas. This & mdicated in F1G. 4 where 2 ray desig-
nated 4 from a distant point is shown ko have an angle of
incidence W al the objective which afier pasuing through
objective 2 and ocular 3 has & substantially grester anghe W.
The Galilean lelescope has a diszdvaniage of low
magnification, bul has 1be advantage of producing an erect
tmage rather than ao ioverted image. Neither the degree of
magnification of the Galilean optical system por the fact that
% presents an erect mmage i of particular irmportance in
regard 1o the present invention.

The Gatilean telescope has anotber characieristic which is
important, however. The position of the object being viewed
and 1be eye of (he viewer can be reversed from that pravi-
ously described so that the viewess cye is o the lefl of the
objective and the objedt 1o be viewed is to 1he night of the
ocular. In this situation particularly, the distaoce of the cyc
of the viewer from the objective 2 & of litile consequence.
When objects are viewed in Lhis reverse fashion (hrough the
Galilean telescope, the image is diminmhed ratber than
magnified, but as will be seen, this is pot sigmificanl as
respects Lhe present iovention. [1 should be pointed out that
Galiean ickscopes have spherical or asphencal lenses
whereas the lenses thal are described relative to FIGS. 1, 2,
aod 3, are cylindrical lenticular lemses. Thus, Lhe optical
cffects described above are observed in only one dimension,
axd in the dimension at right angles to that one dimension
there is essentially oo convergence or divergence, of other
domrinant optical effect for incxdent rays.

Referring sow particularly 1o FIGS. 2 and 3, FIG. 2 shows
the appearance of & large area of sheet 511 on which 1here
has been imprinted an image 723. The image 723 may be
any type of decorative or informative graphic or Lexiual
mformation; in FIG. 2 it is represented as procuct identifi-
calion a5 moght be used in shect material used for packaging
film. F1G. 2 represceants the appearance of sheet matenal 311
when viewed from a directios that will cause the mage 53
mmprinted on the back of sheel material 511 10 be visible.

FIG. 3 & a perspeclive view of & greatly enlurged [rag-
mentary portion of the sheet material indicaled by the
dashed cirde and identifying oumeral 3 m FIG. 2. 1o
additioe w0 showing (be comvex dens surfaces 521, (be
coocave lens surfaces 519, and the intervening surfaces 520,
imprinting 725 is shown which produces the imege 723 scen
in FIG. 2 as will be explained hereinafler. it will be poted
that the imprim 725 on aheet malerial 511 is only laid down
on portions of the imervening surfaces 520. 1t will usually be
tdesited Lo print that portion of the interveming surfaces 520
pol wilthin imprint 725 with & white pigment or otber
background shade or color. Coovendional piastic film prim-
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ing equipment and techmiqnes mey be used for imprinting of
sheet matenial 511 if it is Bexibke film snitable for packaging.

It has been found to be advantageous Lo make the inter-
vening spaces 520 with 2 convex arcuate gurface, which may
convemiently be & circular arc of from 90° 10 150°. The
inmervening space arc may or may aol be langent to the
couvex keos arc ot the point where they join

Whike printing on flat miervening spaces 720 a5 shown in
FIG. 1-C can be accomplshed by several vanous printing
metbods, presses and methods commonly used for high
speed printing of plestic film for packaging or other pur-
pases operate much more effectively on the film sheet 511
ilhrstrated m FIGS. 1-A, 2 and 3 with the intervening spaces
520 of corvex arcuate form. Flat iolerveniog spaces create
edges or comers a1 ther junciion with the coovex lens and
offset printing processes of high speed presses tend 10 cause
ink to overrun inko be lens area On the otber hand, arcuate
intervening spaces, such as 520, allow the area to be
imprinted to be closely controlied by adjusting pressure of
the printing rolls thus avoiding migration of printiog iok into
ke couvex lens cavity.

Ahhough it & belicved that the function and operation of
the directional image transmission sheet 511 15 apparent
from Lhe previous description, the function may be more
fully explained as follows. The convex lenticular lenses 521
and the concave lenticular lenses 519 arc proportioned with
respect o nadius of curvature and sre spaced spart by »
distance thal relates 1o the index of refraction of the trans-
pareat matcrial of sheet 511 in 8 way sach Lhat each pair of
lenses 521 and 519 fuoctions I a manner similar to a
Galilean 1elescope {usually, but not always, oac focused at
infinily).

In F1G. 1-A tbe center of curvature for the near-circular
wrc of ooc of the lenses 521 is indicated at C, and the cenler
of curvature of the erc of one of lenses 519 is indicated at C;.
In the embodiment iHlustrated in FIG. 1-A the [ocal points of
lenxes 521 coincide with the focal points of lenses 519 and
one such coincident focal point is indicated at f. [t is nolable
that while ooe might think it desinnbie Lo bave Lbe centers of
curvature for lenses 721 and 719 be coincident, this is found
i be undesirable and substantially inoperatrve for mdices of
refraction of common material. Certain useful dimensions
arc habeled in FIG. 1-A with Ihe (hickness of shect material
511 at its thickesl points being designaled 1, typically
0.0160%, the effective radins of curvature of lenses 519 being
designated R, typically 0.004817, and the radios of curva-
ture of lenses 521 being designated R, typically 0.00962".
The center-to-center distance or pitch of 1he lenses 521 (and
akso of the kenses 519) is designaled P, 1ypically 0.0125".
The distance between centers of curvature C, and C, is
designaied D. The major scmi-axis of the cllipse for a
coavex lens is A, and for a concave lens s A the minor
seari-axis of the cllipse for & coovex lkens s B, and for a
concave leos is B, . The relation berween R (effective radius
of curvatore on the major axis) and the scmi-axes is known
1o be given by R=BxB/A_

Tuble 1 herein below gives excmplary dimensions for the
sheet materis]l embodiment of FIG. 1-A and allernalive
embodiments. The optical fimetion of the sheet material of
FIGS. 1-A, 1-B, and \-C & smilar to that of a Galikan
ielescope focused at infimty in thal mys indicated (1o F1G.
1-B) st 631 and 632 which enter a lens 621 wilh panalkel
directions of propagalion arc partislly converged within
sheet material 611 but are then diverged by 2 lens 619
whereby they are again reodered approximately paraliel.

For somc uscs of sheet materia] such as 511, one may
prefer that 1be ielkescope effect of the lenses 521 and 519 be
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ehered to simulsto & Galilean telescope focused at a closer
distance ratber than st infimity, and in such case, the lemses
519 and 521 would be spaced farther apart and therr focal
paints wonld pot exactly comcxde. To some exteat, the
lenses 319 and 521 are openntive for the invention fupctions
when closer together than for coincident focus points, but
this is pot usually preferred. Generally kens spacing is
preferably from 08 1o 12 limes 1he coincilent foaus dis-
tance.

In FIG. 1-A kascs 521 arx formed of clhipircal arc
cross-section subtendiog ao angle of approxmmately B0°
(ples and omimus 407 within the circle of effective radius). In
applicatioos, such ax solar energy control film, one
may wish 1o have arc of cross-seclion sublend greater angles
up to 90° or 120" to achieve 1 grester range of scceptance
angle for the optical urangement. In other cases one may
wish 1o have the arc of leoses 521 sublend an angle of 60*
or less.

It is well known that spherical or cylindrical koses of
ctrenlar arc cross-section suffer from a defickency known as
spherical aberration. The adverse effect of spherical abern-
tion wrises whea the circular arc curve docs not provide the
ypproprisie angle of incidence for a ny panalll to and
distand from the optical axis with the result that the refraction
wple for such mys causcs them to have 2 focal poinl doser
to the kns than for oear axial rays, bence causing mperfect
focusmg. In the optical wris aspheric kenses have been
developed lo greatly reduce the effects of spherical aberra-
tion and such techmiques can be employed i the design of
the optics of sheet matena) xocording 10 Lhe presem orven-
licn. Complex mathemalical ealculations are employed o
geoenale kos curvatures with sspberic properties and such
curves may nol conform to simple geometric functions. An
elliptical curve cross-seclion 5 a simple geomelric form
which is cmployed according to the invention to alicviate the
problem of spherical aberration, at least in part. Herein the
term “elliptical curve or clliptical leos”™ should be under-
siood to apply genenally to oval curves altered from pore
circular shepe 1o alleviste spherica) aberration effects, even
when they do not conform strictly to the classic formula of
ao cllipse.

Ellipsoidal or clliptical-cylindes (nspherical) kens surfaces
that may be employed are, foc a0 ixdex of refraction of
1.586, a major o minor axis ralio of 1.29; and for an index
of refraction of 1.567 a mtic of 1.30; and for an index of
refraction of 15 a mtio of 134, Sec Table 1. Suvilsble
clliptical<ylinder leas surfaces for amy index of refraction
cun be calculated by Socll’s law and cooventional ray
tracing lechmgues.

The discuxsion above with respect 1o the convex kenses
521 is penenally applicable also to the concave lenses 519.
In FIG. 1-A the radius of curvature of leoses 519 s one-half
that of Jenses 521, but the sngle subtended by the arc of
knses 519 is approximately the same 80°. Accordingly,
lensas 519 occupy only balf of the back surface of sheet
matzrial 511 and the other area 15 occupied by Lhe coovex
mierveming spaces 520. Although conventiomal refracting
kenses are disclosed berem, lens-like functions can be
obtained with bolographic lens based on diffraction
phenomens, and substitution of holographic lenscs for thase
specifically disclosed may be feagbie and desirable i some
circumstances,

Prom the above discussion and reference 10 FIGS. 1-A, 2,
3, and 4, 1t will be sccn that the sheet material of FIG. 1-A
provides a screen-type optical arrangemenl which provides
1 clear image of objects viewed through the sheet malerial
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from the top in FIG. 1-A when the viewing angle does not
exceed 15° 10 20°; when the viewing angle exceeds about
20°, the viewer secs imstcad 8 magnified represeatation of
the multiplicity of inlervening spaces £20 imprinted with
graphic or textoal images vsing printing pigment T23. Both
in cases of cffectively tnpsparent mage viewiog, and of
imprinted masgk viewiog, the viewed images are condensed
in the semse that Lhey wre oaly strip samples of the full mage,
but Lhe sirips are 50 small and so closely spaced that they
give Lie appearance of a complete image n & maener simlar
to the lines of 1 television screen display.

The elliptical coofiguration of keos surfaces nccording to
the preseal ipvention is an importand feature. Without the
eliptical coofiguration the aogular width of the tramsparent
image window without significant distortion would be very
oarrow. Clearly il is nccesaary to have ko appropriate cllipse
major-to-minor axis ratio for the lens surfices, and thiy is
found to be dependent essentially oo the index of refraction
of thc sbeet material. The major-mnor axis mbo (A/B)
ranges from &= high as about 135 1o xs low as about 1.25.
The clliptical arc is at the end of a major axis. A particular
A/B ntio can be determined by successive approzimation
ny tracing using Socll’s Law and the index of refraction to
determme proper arc sope at 30" (or 45%) off axis for
causing the off axis ray foca] pom! to substantially corre-
spond 10 the near axis ray focal point. The A/B ratio which
determines this arc slope is the desired A/B ratio. The
inbherent properies of the ellipse assure that a focal point
{focal distance) match a1 307 off axs will result io iosig-
mficam mismatch a1 points between 0* and 30° off axis.
More saphisticaled optical design techmiques could oo doubt
be wsed to obin the same results.

Shee! material 511 of FIGS. 1-A, 2, aod 3, may also be
modifisd 10 shift lenses 519 with respect o0 lenses 521
Whereas the leoses 519 and 521 in FIG. 1-A arc represented
as being snbsiantially cozxial, they may be shified in relative
position 50 thal the Galilean telescope formed thereby 1, in
cffect, tilted left of right by an angle of a few degrees up 1o
appraxamalely 30°. In other words, the optical axes for the
lens pairs may be noo-perpendiculer to the sarfaces of the
sheet material, It & only oecessary that the lenses from one
surface be m register with the lenses on the otber surface,
Lha! is that Lhey have the same relative oricatation as to each
pair of lenses.

Refernng to FIG. 1-B, a sheet material 811 is shown
which i formed of transparent plaslic material smmlar to
that of sheet material 511. The top or fisd surface of the sheet
muterial 611 has cooverging lenses 621 formed thercin as
saooih, eomvex, ellipticaily cylindrical protuberances in the
shect makenial 611. The botkom or back surfsce of the sheel
material 611 has mdenations 619 formed therein which are
smooth, concave, elliptically cylindrical surfaces acting a5
diverging lenticular lenscs.

The lenses 619 are registered with lenses 621, and thus
lenses 619 are optically coaxial with lenses 621. Lenses 619
arc of lesacr width than kenses 621 (typically one-half of the
width) and the spaces between kemsea 619 resultiog from this
lesser width are partially Nat or plapar sorface portions 620.
Where the flat or planar ares of surface portion 620 joins a
keos 619, there s provided 2 rounded porton 622 wilh a
radins omuch smafler than the effective radins of Jeos 619.
This allows the partinily flat portions 620 to be ahightly
corrvex 50 that Ingh-speed printing using an off-se1 press or
the like m facilitated by aveiding overron of ink mio knses
621,

1o F1G. 1-B, dimtosions and locations arc assigoed ref-
crence letters for convenience in relatmg such to Teble [ and

10
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in expluining the inventions. The overall thickoess of the
ahoet material 611 is designated by 1, typically 0.627 mm or
0024T". The center+o-center spacing of the lenses 621
which is abso the center-to-center spacing of the kenses 619
& desigmted P, typically 0.4 mm or 0.0157". Ahernative
puameters for the coofiguration of FIG. 1-B are shown in
Tabk 1.

Refeming 1o FIG. 1-C, a sheet material 711 is shown
which is formed of transparent plastic matenal similar 1o
that of sheet malerial $11. The top or first surface of the sheet
material 711 bas cooverging lenses 721 formed thercin as
amooth convex clliptically cylindrical protoberances in the
sheet material 711. The bottom or back surface of the sheet
materin] 711 has lepses 719 formed therein by smooth,
concave, clliptically cylindrical surfaces acting as diverging
katicular knses. The index of refraction of sheel materia]
711 is sxsumed to be approximately 1.5 and a different index
wonld change the dimensions below the embodiment of
FIG. 1-C is taken from FIG. 1 of prior copending application
Ser. No. 227,055, pow U.S. Pal. No. 5,644,431, and all
subject matter thereof which 15 relevant 1o FIG. 1-C is
mcorporated herein by reference.

The lenses 719 are registered with lenses 721 and in the
cxampk of FIG. 1-C, knses 719 are oplically coaxial with
lenscs T21. Lenses 719 arc of lesser width than lenses 721
10d the spaces between lenses 719 resuiling from 1ns lesser
width are gencoally flal or planar surface portions 720

In FIG. 1-C dimensions and locations are assigned refer-
ence letiers for coovenience in relaling such to Table | and
in explaining the inventions. The overall Ihickoess of the
shec! material 711 s desigoaied by t, typically 0.677 mm or
0.0247". The cenier to cenler spacing of the lenses 721
wirich is also the cenier 1o center spacing of the lenses 519
is designated P, typically 0.4 mm or 0.0157". The lenses 721
and 719. in FIG. 1-C are cylinders having elliptical are
configuratioes, but it will be understood that simnlar but
more complex non-circular shapes could be employed m
accordance with known oplical techmiques.

In FIG. 1-C the center of carvature of the circular surface
of onc of the lenses 721 s indicated al C,. The center of
curvature of the comesponding concave lens 719 circuler
surface is indicated at C,. The comresponding radii of cur-
vature arc indicated by reference letiers R, typically 0.4 mm
or 0.0157" and R,, (and lypically 0.2 mm or 0.00787"). The
focal poini for the lenses 721 and 719 substantially coincide
a5 described berein above. In accordance wilh known oplical
principles the focal length and focel poim may be deter-
miped from Lhe effective mdii of corvature R, snd R, and the
index of refraction of the materal of which sheet 711 is
formed. Other dimensions of this and otber lemses configu-
mations are shown in Thble 1. Alao illustrated in F1G. 1-C is
lbe fact that paralle] rays of hight indicated al 731 and 732
which are caused o comverge by leoses 721 will be caused
to diverge by lemses 719 by jost the amount nccessary o
restore them 0 paralielism. This s 2 consequence of the fact
that focal points of the kenses 719 and 721 are approximately
coincident.

FI1G. § shows & modification of sheet material according
1o the presont invention which employs ellipsoidal, aspheri-
cal lenses rutber thao the Jenticular lenses of F1G. 1-A, 1-B,
or 1-C. Sheet malerial 151 is provided with a phuntlity of
looses 153 in tbe form of ellipsoidal segment projectioas.
These lenses 153 may be armanged in a rectangular amay of
raws and colummms as indicated in FIG. § or may be amranged
in a bexagooal arruy. Lepses 153 may have small intervening
spaces between them as shown in FIG. 8, or they may
overlap and run together with oo intervening spaces.

>
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The back sxde of the sheet material 151 i provided with
a rectongular amey of concave lenses 161 which are in
regimier with the lenses 153 on the from sde. The effective
radius of curvature and the aperture diameters of lenaes 161
wre spproxinetely balf that of kenses 153, ieaving intervea-
ing spaces 165 between Jemses 161 which may optionalty be
imprinted with a solid color pigment or imprinied with a
grphic or textual paitern.,

A sbeet material of FIG. 5 virtually corresponds to shect
material 611 of FIG. 1-B cxcopt that the amay of lenses is
two-dimensonal, rmther than oge-dimensionsl. The knscs
153 may have a diameier less than one millimeter; the rctual
appearmice of a sheel material, particularly at a distance,
will be much different than thet perceived in the greatly
enlarged view of FIG. 5. The pnmary fopctional difference
of shecl materizl 151 relative o sheet malerial 511, 611 or
711 is be fact that its directional characterislics are rwo-
dimemdoon] ratber than oae-dimensiooal. Whereas sheel
materials 311, 611 or 711 of FIG. 1-A through FIG. 3
restricts image |mosmission within a limited aogle only from
right to left, there is substantially no such linbltion in other
direclions. Sheet material 131 of FIG. § has two-
dimensioon] Limited image tamsmission capabilily, both
within angles 1o the right and left and angles up and down.
The sheet material of FIG. 3 is useful in packaging appli-
cations similar to those previousty described, solar energy
control appheations, aod in other epplicalions. The exem-
plary dimeasions of Teble [ are also applicable 1o (he system
of FIG. 5.

TABLE 1 below gives cxemplary dimensions for sbeet
materials of FIGS. 1-6.

‘The configuration of the sheet materizl 511, 611 or 711 a5
shown in FIGS. 1-A, 1-B, or 1-C is panticularly well suited
to ecomomical manufacture because registration between
convex Janses forming projections, aod concave leoses
forming indentations can be assured i a single two-side
cmbossing operation by winch Lhe sheel material 511, 611 or
TH muy be [ormed.

F1G. 6 shows a schematic illusiration of a configumtion of
gruenally cooventional mamfaciuring apparalus which is
suitable for forming sheet material 511 ax shown in FIG.
1-A, for example. A sheel extruder 33 of cooventional form
cxtrudes & thin sheel 37 of plastic sheet material through a
nazzle 38, The sheet 37 may be from sbout one foot Lo
seven| feet in width, and, for example, may be about 0.04
inches (1 millimeter) thick. The sheet 37 passes immediately
to embosking rolls 38 and 39 which are chilled rolls typically
baving & confignraion as shown in FIG. 7 therehy shapiog
the shest 37 m & manner similar to that shown for sheet 511
in FIG. 1-A. Ahermatively, the extrusion or otber forming
process coukd be carmied oul separately and sheet 37 (if a
thermoplastic material) coukd be rehented before pasaing
through rolls 38 and 3% for the embossing process.

As shown in FIG. 7 il is preformed that embossing is done
o produce the elongated lenses 521 genenally panallel to the
direetion of ravel of sheet 37. Thes, it s & simple matler to
contro] registration of concave leos indentations 719 relative
10 koses 721 by adjusting and fixing the relative positicn of
wrcuate grooves 149 relative 1o projections 143 as shown in
FIG. 7. Embossing rolls such a3 38 and 39 are sometmes
machined wilh a belical cat for production of prooves 140
and projections 143, in which case the direction of the cots,
their pitch and the diamscters of rolls 33 and 41 most be
mulched 30 that the regmtration will be maintained a6 rolls
3% and 41 turo ol the same speed in opposile directione. Of
course, if the grooves 140 and the projections 143 are cut as

10
a series of circular elements ralber than belically, the relative
Mtalional positica or diameters of rolls 38 and 39 is of o
COnSEuEncE.

Il may be desired 10 provide additiom] cooling (ot
shown in FIG. 6) for sheet 37 after passing through rolts 38
and 39, Ju some cxacs it may be desired b provide sheet 37
with & film backing (o creale a generally flat surface on onc
siic of ke flumbed sheet material It may be corvenient
apply a backing sheet 56 in a contibnous operation. A
backing shect 56 is laid down ca sheel 37 from a supply roll
{pot shown), after which the sheets are pressed together by
nip ralls 51 and 3.

A preforred meterial for sheet 37 is polyethylene
ecphitulate, grade G (PET-G) available from Easiman
Cheqmical. It has an index of refmction of abomt 1.567.
Agotber material for sheet 37 is polycarbonate plaslic. Other
suitable malcriaks in particular circomstances may inchude
polyvimy| chioride, pve with UV mhibitors, acrylic plastc,
am otber thermoplasiic or thermosetting Lransparent mate-
nals.

Suftablke material compositions for opaque mask 47 may
include polyetber plastios, celluloaic plastica, or one of the
abovc menticoed plastics with 1 dye or coloring agent
dispersed therein soch as calcinm carbonate, magoesimm
oxide, or olber cooventioua] while pigrment or dye.

Plastic shoct 56 is preferably formed of the same material
s plstic sheet 37, or may aliermatively be formed of
palyviayl chlore, acctales, polyctbylene, polypropylene,
or xcrylic plasiics.

The sheet 511 in FIG. 1-A may have 1 total thrickness
indicated al t from 0.004 inches (0.1 millimeters) 1o 02
inches (5 millimeters). Typically the effective radmus of
curvature of the kenses 521 formed in shee1 511 will be about
% o 34 of such 1otal thickness. The thickness of the flat
tramsparent sheel 56 may be about one-third of the thickness
of sbeet 37, but this dimension is variable within wide Limits,
and jo many applicalioos the sheet 56 would be omitted
eniirely.

Thrus, it will be scen from FIGS. & and 7 that an important
advaniage of the coofiguration of sheet majerial shown m
FIGS. 1 nod S is the ease with which snch film can be
manufactured by geoerally comventional processes, and the
fact that film having very mmudl jeoticular lens radii below
1.0 ollimeter (0.04 inches) can be employed with cane
becanse the lenmes ped the mark forming clements are
produced and located in 2 single openslion of two-side
embossing or the like. Altematively, other processes than
roll ernbossing may be used to form sheet materiel such as
sheet material 511, 611 or 711, as convenient. It should be
noted that the sheet 36 which optiomatly ts laminated 1o sheet
materia] 511, sheel material 611, or sheet material 711 may
be apphicd on cither side of sheet material 511 (or ooe of the
other sheets) to form 2 composite sheet 57 as illustrated in
FIG. 6. For clanily and simplicty the addition of a trass-
pureat sheel of upiform thickness such as sheel 56 is nol
ustrated in FIGS. 1-A, 1-B, or 1-C_ I is appareat, however,
that tbe laminalion of such a sheel over cilher ooe of the
convex bons surfaces or one of the concave kens surfaces, of
both, will provide a substantially flat exterior surface for the
sbeet material which may be desinable in some cases. In
addilicn, particululy when the sheet 6 applied over the
sarface having comvex lenses formed thersin, a significamt
dead-air spece will be provided that will increase the thermal
iosulaling properties of lbe composite sheet 57 formed of
embosscd sbeet 37 and uniform tickoess sheet 56. 1f
desired, a further sheet of umferm thickness similar to sheel

and
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56 could be apphied 1o the opposite surface of sheet 37
thereby forming a sheet material of 1hree layers with mub-
stantially smooth Aat mufaces on both sides.

From the foregoing description and explanation, it will be
scen that the invention provides a directional image 1reos-
mission sheet and a particular process for making such sheet
which bas advantagrous {eatures for a wide vanely of uscs
including such diverse uses a5 wrappmg film and solar
coergy control sheet makerial for incorporation in windows
for buildings or other structores. 1o addilion to the modifi-
cations and varistions Lo the inventioa shown, described or
suggesicd above, it will be apparent to those skilled in the art
that numerous other modificaicns may be made to better
suit the uses or circumstances for which Lbe sheet malerial
is {0 be employed. Accorhingly, the scope of the invention
is Dot 1o be considered limited 1o those embodiments shown,
described ar suggested berein, but = to be delermined with
reference 0 the appeoded claims.

Ahhovgh the theory of operation and design frciors
presented above is belicved comredt, Lhe opersbility, otiliy,
and advantages of sheet materials acoording 1o the invention
should be based on actual results and performance thereof
ratber than upon theorclical principles or mathematical

analysis.
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whereby said sheet, when viewed in a direction neardy
parallel with the paths from Jenses on the fronmt surface o
correspording, keases on the back sorface, appears transpar-
ext and iransmils a substantially tmage, while
suid sheet 1 poo-trapspareal to mages when vicwed
in 2 srbstantially different direction.

2. A shect a3 recited m claim 1 whercm said at least
pmaﬂym?mmmhdmmﬂuashmnfphﬁx:wnh
from 0.2 to 4.0 millimsters.

3. Asherl a8 recited in ciaim 2 wherein said cogvex enses
are formed imegrally in said a1 beast partially transparent

solid material.

4_Asheet as recited in duim 1 wherein said convex lenses
are formed integrally in said at least partially salid material.

5. Asheet as recited in claim 1 wherein said convex lenses
and said concave lenses arc leoticular lenses with substan-
tinlly motually paralie] ocemtalon.

6. A sheet a5 redied in clam 1 wherein the distance

separating each maid coacave lens from its
coavex leos is between 0.8 limes and 1.2 limes the difference
of the sbsolute values of the foca! kengihs thereof.

7. A sheet = reciled m clim 1 whersin an
image-forming pattern ¥ imposed on saxd at least partially
convex arcoate sarfaces belween aaid concave knees.

8. A sheet s recited mn claim 5 wherein an
image-forming pattern is imposed oa said at leasl partially
coavex arcuate surfaces between sad coocave knses.

TABLE 1
REFRACTION EFFECTIVE C, 1 (C, TOTAL ANGULAR
INDEX FITCH KAD{ DISTANCE THICKNESS WIDTHS ELUPSE
™) ) RuRd ) 0 Auh)  (AB)
15 0MsT QmiT, amsr Q04T or, 60* el
-g.oor8T" 210
15 QO2%° QMm¥s", illied loag): o 60°, 80° My
-ame 318
1567 00125 QODReT, Q00R48* 00180 BO", BF 01824/
~0.00481 " 0125
1556 0.1063" RO625", LLascr QD9 1207, 10" 104/
-03125° 0808
15687 004215 QD0oes-, 00085 pIOE o . ar L1824
00048 nx
1587 00125 QX96", 0.00425* 0.0Q74" e, o 014
0.7 018

What is chimed ix
1 Apumlly trangparent sheet for directional light trans-
misson and image viewing comprising:

2 body of a1 least partially transparent solid material with
a predetermined ickness substantially less han its

othes dimensions, and having a front surface and » beck
surface;

1 muhiplicity of cogvex lemses with a predetermined
mdex of refraction covering a sebstamtial area on said
body front surface with each of said lenscs having 2
kasl timsverse dimension of less 1han two millimeters;

1 multiplicity of concave keoses with 1 predetermined
index of refracion of said body back srface, ench
being gencrally in regisier with a respective ooe of said
coovex lenses, the transverse dimeosion of said coo-
cave lenses being less than three-founths of the cemer-
to-cemter piich thereof, surfaces between said concave
Jenses being at lessl io part in the form of a coovex
arcuate surface, the cffective radii of curvature of said
concave lenses being sclected with regard to the cffec-
live radii of curvature of said convex keoses, said index
of refraction, and said body thickness %o causc panikel
rays converged by said coovex koses lo be returned
approximately 1o parallelism upon passing through said
concave lenses;

45
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9. An optical leos system comprising 8 transparent sheel
having a firsl surface and an oppasite surface constituled by
a pluaality of paralie] circular section or elliptical sectiocn
lenticulated keoses, a plurality of spaced apart paratlel oon-
concave opaque pertioos oa said fit surface, cach of said
opaque portions comprikiog ooc segment of an image, saxd
kenticulated kemmes being m a fixed spatial relationship with
respect Lo said opaque portions,

a plunlity of concave lens portions interspaced between
sax] opaque porixons witch permil the passage of light
from said lenticular lonses at s first rangg of angles, said
mage being viewed through said lenticular knses o a
second range of angles different from said firsd range of

whereby an object posthoned bencath saird Arst suface,
which ¥ pol in the same plane a8 said cpaque portxm, is
viewable (hmough said sheet at said first ninge of angles, and
i5 pol vicwsble (hrongh said sheel a1 said second range of
angles, with aaid object being physically unattached 1o said
lramsparcot sheet.
10. An opiical kens system comprising:
2 transparcot sheet having a first surface and an oppasite
sccond sorface constituted by & plunlity of panlle]
lenieulaied coaver lemes,
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mid first wrface being consiituted by a phurality of
sprced-apant, ruised panalle] portions having a comnpos-
e imege positicoed thercupoa with indented transper-
e concave lens portions therebetween winch permit
the pasmage of light, said comvex leoses and said
amcave keoscs being positioned wit nearty coincident
focal porrs and combining 1o forrn 2 combined les,
wherehy an object image positioned beneath saud sheet
at a presclected distance is viewed through the traps-
pareat concave kns porboos.

11. The optical lens syslem as described in claim 10
wherein s1id raised paralle]l portions act s an inking system
to autamatically register ink to saxd reised paralle]l plapar
portions and 10 prevent the transfer of mk to the indented
trunsparent coocave portions therebetween.

12. Packaging having an arca of transparent sheet having
» first surface and an opposite surface constituted by a
plunalbity of lentxcular lenses, a plurstity of spaced zpart
paralle] mised opaque portions on saxd first surface, each of
said opaque portions comprising one segment of ao image,
said lemlicular Jenses being in fixed spatial relatiooship with
respect 1o sad opague portions,

1 phunality of void portions inlerspersed between sxid

opague portons which parmit the passage of light from
s leaticular lenses al & first range of angles, said void
portious cach having a lens sarface Lherein,

said imege being viewed through maid lenticular leoses at

s secoad range of angles different from said first range

of anglcs,
wherebry objects packed in said packaging positioned
beneath said first surface, which are pol In the same plane as
said opaque portions, are viewable through said sheet ol said
first rupge of angles, and are not vicwable Lhrough said sheet
at said second range of angles, with said objects being
physically unaltached 1o said Lraosparent sheet.

13. Packaging having an arca of transparent sheet having
2 fist surface and an opposite surface constituted by a
phinlity of lenticular lenses, a plurality of spaced apart
paralk] nised opaque portions on said first surface, each of

14
said opague portions comprising ope segment of an imags,
said lenticular lenses being in fixed spatial relationship with
reapect 1o said opague portioos,
¢ plunalty of void porticas interspersed between saxd
opaque portions which permit the passage of tight from
said Jenticular lenses 1t a first range of angles,
said mmage baing viewed through said lenticular lemmes ot
a second range of angles different from said frst nnge
of wgles,
whereby objects packed in said packaging posilioned
beneath said first surface, which are not in the same
planc as said opaqne portions, arc vicwahk through
said sheet af said first range of angles, and are not
viewable through said sheet at said sccond range of
angles, with said objects being physically unstiached 1o
sail transparend sheel.
14. An optical lens system comprising a trapsparcnt sheet
having a first surface and a0 opposite surface consituled by

20 a plurality of coovex lenticulaled lknses, a plurality of

spaced ipan parallel pon-concave opague portions on sasd
first surface, cach of said opaque portions baviog an mage
portion positioned hercupon, said lenticalated lenses being
in 8 fixed spatial relationship with respect to said opaque

25 pacticos,

1 phunlity of indented transparent concve lens portions
inte spaced between said opaque portions which perrait
the passage of light [rom said lenticnlar lenses af a first
ruoge Of angles, said image being viewed (hrough said
lenticular lenses and said concave keos portions al 2
accond range of angles different from said first range of
angles,

whereby an object positioned 2 substantial distance
beneath said first surface, which 5 oot o Ibe same
plane a5 said opague portions, is viewable through saxd
sheet at said second range of angles, with said object
being, physically unattached to said Lransparent sheel
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MICRO-OPTIC SECURITY AND IMAGE PRESENTATION SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims benefit of and priority to US Provisional Patent
Application No. 60/524,281 filed on November 21, 2003, US Provisional Patent
Application No. 60/538,392, filed on January 22, 2004, and US Provisional Patent
Application No. 60/ filed on November 12, 2004, and where permissible,
each of which is incorporated by reference in their cnnmty

Fiedd of the Invention

The present invention relates to a synthetic magnification micro-optic system
that in an exemplary embodiment is formed as a polymer film. The unusual optical
effects provided by the vanious embodiments of the disclosure can be used as a
security device for overt and covert authentication of currency, documents, and
products as well as visual enhancement of products, packaging, printed matenal, and
consumner goods.

Background

Various optical materials have been employed to provide authentication of
currency and documents, to i1dentify and distinguish authentic products [rom
counterfeit products, and to provide visual enhancement of manufactured articles and
packaging. Examples include holographic dispiays, and other image systems
involving lenticular structures and arrays of sphencal micro-lenses. Holographic
displays have become prevalent for use with credit cards, dnivers’ licenses, and
clothing tags.

An example of a lenticular structurc for document security is disclosed in U.S.

Patent 4,892,336 to Kaule, et al. directed to a security thread for embedding wathin a

,))4,\ .
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document to pravide anti-falsification measures. The security thread is transparent
having a printed pattern on one side, on the opposite side, a lenticular lens structure
coordinated with the printed pattermn.  The lenticular lens structure is described as
comprised of a plurality of parallel cylinder lenscs, or alternatively sphedcal or
honeycomb Iemes..

U.S. Patent 5,712,731 to Dnnkwater, et al. dislcloses a security device that
includes an array of micro-images coupled with an array of substantially sphencal
micro-lenses. The lenses may also be astigmatic lenses. The lenses are each typically
50-250 ym and with a focaf length of typically 200um.

These approaches all suffer from similar drawbacks. They resultina
relatively thick structure that is not particulary suitable for use with document
authentication. Their use of cylindrical or spherical lenses provides a narmow field of
view resulting in fuzzy images and requinng exact and difficult alignment of the focal
point of the lenses with the associated images. Additionally, they have not proven
particularly effective as security or anti-counterfeiting measures.

In view of these and other deficiencies, a need exists in the industry for secure
and visually unique optical mataiah that can facilitate overt authentication of
currency, documents, manufactured articles, and products and for optical materials
that provide visual enhancement af manufactured articles, products, and packaging.
Sammary

The present disclosure relates to a film material that utilizes a regular two-
dimensional array of non-cylindrica) lenses to enlarge micro-images, called icons
herein, and to form a synthetically magnified image through the united performance

of a multiplicity of individual lens/icon image systems. The synthetically magnified
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images and the background surrounding them can be either colorless or colored, and /l)
cither or both the images and the background surrounding them can be transparent,
translucent, pigmented, fluorescent, phosphorescent, display optically vanable color,
metallized, or substantially retroreflective. The material displaying colored images on
4 transparent or tinted background is particularly well suited for usc in combination
with underlying prninted information. When a piece of such material is applied over
printed information both the printed information and the images are scen at the same
time in spatial or dynamic motion relationship to each other. Materia! of this kind
can also be overprinted, i.e. have print applied to the uppermost (lens) surface of the
matenial. Alternatively, the material displaying colored images (of any color,
including white and black) on a translucent or substantially opaque backgmunﬂ of
different éolor is particularly well suited for stand-alone use or with overprinted
information, not in combination with underlying printed information.

The magnitude of the synthetic magnification achieved can be controlled by
the selection of a number of factors, including the degree of ‘skew’ between the axes
of symmetry of the lens amay and the axes of symmetry of the icon array. Regular
periodic arrays possess axes of symmetry that define lines that the pattern could be
reflected arcund withoul changing the basic gecometry of the pattern, that in the ideal
of arrays are infinite in extent. A squarc armmay, for example, can be reflected around
any diagonal of any square without changing the relative orientation of the array: if
the sides of the squares are aligned with the x and y axes of the plane, then the sides
of the squares will still be aligned with those axes after reflection, with the

assumption that all sides are identical and indistinguishable.
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Instead of mirronng the square array the armay can be rotated through an angle /5’1/
equal to the angle between the axes of symmetry of the same type. In the casc of a
square xrray the array can be rotated through an angle of 90 degrees, the angle
between diagonals, to amve at an array onicntation which is indistinguishable from
the original array. Similarly, an array of regular hexagons can be mirmored or rotated
about a number of axes of symmetry, including the “diagonais™ of the hexagon (the
lines connecting opposite vertices) or “midpoint divisors™ (lines that mt between
the center points of faces on opposite sides of the hexagon). The angle between the
axes of symmetry of either type is sixty degrees (60°) results in an array oricatation
that is indistinguishable from the originat onentation.

[ a lens armay and an icon array are mitially ammanged with their planar
dimensions defining their respective x-y plane, one of the axes of symmetry being
chosen to represent the x axis of the first array, the commesponding lypéof:xis of
symmetry (for example, diagona!l axis of symmetry) being chosen to represent the x
axis of the second array, with the two armays separated by a substantially uniform
distance in the z axis direction, then the arrays are said to have zero skew if the x axes
of the arrays appear to be paralle! to each othcr when the amrays arc viewed along the
z axis direction. In the case of hexagonal arrays, rotation of one array through an
angle of 60 degrees, or multiples thereof, puts the arrays in alignment again, so there
is no skew, just as there is no skew for a rotation of 90 degrees, or multiples thereof,
in the case of square amrays.  Any angular misalignment between the x axes that is
different from these “zero skew rotations™ is called the skew. A small skew, such as
0.06 degree, can creato a large magnification, in excess of 1,000x, and a large skew,

such as 20 degrees produces a small magnification, potentially as small as 1x. Other
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factors, such as the relative scales of the two arrays and the F# of the lens, can affect
both the magnification of the synthetic image as well as its rotation, orthoparallactic
movement, and apparent visual depth.

There are a number of distinct visual effects that can be provided by the
present matenial (subsequently referred to as “Unison™ for the matenal in gencral, or
by the names “Unison Motion™, “Unison Deep”, “Unison SuperDeep”, “Unison
Float"”, “Unison SuperFloat™, “Unison Levitate™, “Unison Morph”, and “Unison 3-D”
for Unison material presenting those respective effects), and their vanious
embodiments producing each of these effects, gencrally described as follows:

Unison Mation presents images that show orthoparallactic movement (OPM)
— when the matenial is tilted the images move in a direction of tilt that appears to be
perpendicuiar to the direction anticipated by notmal parallax. Unison Deep and
SuperDeep present umages that appear to rest on a spatial plane that is visually deeper
than the thickness of the material. Unison Float and SuperFloat present images that
appear to rest on a spatial plane that is a distance above the surface of the matenal;
and Unison Levitate presents images that oscillate from Unison Deep (or SuperDeep)
to Unison Float (or SuperFloat) as the material is rotated through a given angle (c.g.
90 degrees), then retuming to Unison Deep (or SuperDecp) again as the matenial is
further rotated by the same amount. Unison Morph presents synthetic images that
change form, shape, or size as thc matena) is rotated or viewed from difterent
vrcwpomls Unison 3-D prescnts images that show large scale three-dimensional
structure, such as an image of a face.

Multiple Unison effects can be combined in onc film, such as a film that

incorporates multiple Unison Motion image planes that can be different in form,
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color, movement direction, and magnification. Another film can combine a Unison
Decp image plane and a Unison Float image plane, while yet another film can be
designed to combine Unison Deep, Unison Motion, and Unison Float layers, in the
same color or in different colors, those imapes having the same or different graphical
clements. The color, graphical design, optical effect, magnification, and other visual
clements of multiple image planes are largely independent; with few exceptions,
plances of these visual clements can be combined in arbitrary ways.

For many currency, document and product security applications it is desirable
that the total thickness of the film be less than 50 microns, (also referred to herein as
“p”, of “um™), for example less than sbout 45 microns, and as a further example in the
range of about 10 microns to about 40 microns. This can be accomplished, for
example, through the usc of focusing elements having an effective base diameter of
less than 50 microns, as a further example less than 30 microns, and as yet a further
example, from about 10 microns to about 30 microns. As another example, a
focusing element having a focal length of less than about 40 microns, and as a further
examplie having a focal length of about 10 to less than about 30 microns, can be used.
In a panticular example focusing elements having a base diameter of 35 microns and a
focal length of 30 microns can be used. An alternate, hybrid refractive/diffractive
embodiment, can be made as thin as 8 microns.

The films herein are highly counterfeit resistant because of their complex
multi-layer structure and their high aspect-ratio clements that are pot amenable to

reproduction by commonly available manufacturing systems.
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Thus, the present system provides a micro-optic system preferably in the form
of a polymer film having a thickness that when viewed by unaided eye(s}) in reflective
or transtutted light projects one or more images that:

i. show orthoparallactic movement (Unison Motion);

5 ii. appear to lie on a spatial plane decper than the thickness of the
palymer film (Unison Deep and Unison SuperDeep);

1. appear to lic on a spatial plane above a surface of the polymer
film (Unisan Float and Unison SuperFloat);

v. oscillate between a spatial plane decper than the thickness of

10  the polymer hilm and & spatial planc above a surface of the film as the film is
azimuthally rotated (Unison Levitate),

V. transform from one form, shape, size, color (or some
combination of these propertics) into a diffcrent form, shape, size, or color (or some
combination of these propertics) (Unison Morph); and/or

15 vi. appear o have realistic three-dimensionality (Untson 3-D).

The present disclosure more particularly provides a synthctic magnification
micro-optic system and method of making the same comprising:

(a) onc or more optical spacers;

(b) a micro image comprised of a periodic planar array of a plurality of image

20  icons having an axis of symmetry about at least one of its planar axes, and positioned
on or next to the optical spacer; and

{c) aperiodic planar armay of image icon focusing elements having an axis of
symmetry about at least one of its planar axes, the axis of symmetry being the same

planar axis as that of the micro image planar array, each focusing element being either
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a polygonal base multi-zonal focusing element, a lens providing an enlarged field of
view over the width of the associated image icon so that the peripheral edges of the
associsted image icon do not drop out of view, or an aspheric focusing element
having an effective diamster of less than 50 microns.

The system can include onc ar more of the aforementioned effects. A method
is provided by which said effects can be selectively included within the system.

The present disclosure further provides a secunty device suitable for at least
partial incorporation in or on, and for use on or in association with, a security
document, label, tear tape, tamper indicating device, sealing device, or other
authentication or security device, which comprises at least onc micro-optic system, as
defined above. More particularly the present disclosure provides a document security
device and method of making the same compnising:

{(a) onc or more optical spacers;

(b} a micro image comprised of a periodic planar array of a plurality of umage
icons having an axis of symmetry about at least one of its planar axcs, and positioned
on or next to the optical spacer; and

(c) aperiodic planar array of image icon ft_)cusing elements having an axis of
symmetry about at least one of its planar axes, the axis ofsy&lmr.trybcingthesam
planar axis a3 that of the micro image planar array, each focusing element being either
& polygonal basc multi-zonal focusing clement, & lens providing an enlarged ficld of
view over the width of the associated image icon so that the peripheral edges of the
associated image icon do not drop out of view, or an aspheric focusing element

having an effective diameter of less than 50 microns.

G
gs
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Additionaily, the present disclosure provides a visual enhancement device
which comprises at least one micro-optic system, as defined above and having the
above described effects, for visual enhancement of clothing, skin products,
documents, printed matier, manufactured goods, packaging, point of purchase
displays, publications, advertising devices, sporting poods, financial documents and
transaction cards, and atl other goods.

Alsa provided is a security document ar label having at least onc security
device, as defined above, at least partially embedded thercin and/or mm@ thereon.

Other features and advantages of the present disclosure will be apparent to one
of ordinary skill from the following detailed descniption and accompanying drawings.

Other systems, devices, methods, features, and advantage will be or become
apparent to one with skill in the art upon examination of the following drawings and
detailed description. It is intended that all such additional systems, methods, features,
and advantages be included within this description, be within the scope of the present
disclosure, and be protected by the accompanying claims.

Unless otherwise defined, ali technical and scientific terms used herein have
the same meaning as comumonly understood by one of ordinary skill in the art to
which this invention belongs. All publications, patent applications, patents and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only and not intended to be limiting.

Brief Descriptiop of the Figures:

Many aspects of the disclosure can be better understood with reference to the

drawings. The components in the drawings are not necessanly to scale, emphasis

Al
s
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instead being placed upon clearly illustrating the principles of the present disclosure.
Moreover, in the drawings, like reference numerals designate cormesponding parts
throughout the several views.

Fig la is a cross-section of a micro-optic systern exemplifying one
embodiment of the present disclosure providing orthoparallactic movement of the
images of the system.

Fig. 1b is an isometric cutaway view of the embodiment of Fig. 1a.

Fig. 2a illustrates an orthoparallactic synthetic image motion effect of the
embodiment of Figs. 1a-b.

Figs. 2 bc illustrate the visual cffects of the Decp and Float embodiments of
the present system.

Figs. 2 d-f illustrate the visual effects obtained by rotation of a Levitate
embodiment of the present system.

Figs. 3 a-i are plan views showing vanous embodiments and fill-factors of
different pattemns of symmetric two dimensional arrays of lenses o.flhr: presend
system.

Fig. 4 is a graph illustrating different combinations of Deep, Unison, Float,
and Levitate embodiment effects produced by vanation of the icon element

period/lens period ratio.

icon images can be controlled b} the relative angle between the lens armay and icon

array axcs of the prescent system.
Figs. 6 ac are plan views illustrating an embodiment accomplishing a

morphing cffect of synthetically magnified images of the prescnt system.



10

15

WU DryuD Lo LU LU DY LD

Fégs. 7 a-c are cross-sections shawing various embodiments of the icon layer
of the present system.

Figs. 8 a-b arc plan views illustrating both “positive’ and “negative’ icon
clement embodiments.

Fig. 9 is a cross-scchion view illustrating an embodiment of a multi-level
material for creating regions of a synthetically magnified image having different
properties.

Fig. 10 is a cross-section view illustrating another embodiment of a multi-level
material for creating regions of 2 synthetically magnified image having different -
propettics.

Figs. 11 a-b are cross-section views showing reflective optics and pinhole
optics embodiments of the present system.

Figz. 12 a-b are coss-section views comaparing the structures of an all-
refractive matcral embodiment with a hybnd refractive/reflective material
embodiment.

Fig. 13 1s a cross-section vicw showing a ‘peci-to-reveal’ tamper-indicating
matenial embodiment.

Fig. 14 is a cross-section view illustrating a ‘peei-to-change’ tamper-indicating
material embodiment.

Figs. 15 a-d are cross-scction views showing various embodiments of two-
sided systemns. :

Figs. 16 a-f are cross-section views and corresponding plan views illustrating
three different methods for creating grayscale or tonal icon element patterns and

subsequent synthetically magnified images by the presa system.

11 [
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Figs. 17 a-d are cross-section views showing the use of the present system in
conjunclion with printed information.

Figs. 18 a-f are cross-section views illustrating the application of the present
system Lo, or incorporation into, various substrates and in combination with printed

5 information.

Figs. 19 a-b are cross-section views companng the in-focus field of view of 2
sphenical lens with that of a flat field aspheric lens when each are incorporated into
the present system.

Figs. 20 a—c are cross-section views illustrating two benefits of utility which

10  result from the use of a thick icon layer in the present system.

Fig. 21 is a plan view that shows the application of the present system to
currency as a “windowed™ security thread.

. Fig. 22 illustrates the orthoparallactic motion embodiment of the present
system of images in connection with 1 “windowed™ security thread.
15 Fig. 23 illustrates half-toning a synthetic image of the present system.

Fig. 24a illustrates use of the present system o create combined synthetic
images that are smaller in dimension than the smallest feature of the individual
synthetic images.

Fig 24b illustrates use of the present system to create nammow patterns of gaps

20  between icon image elements.

Fig. 25 illustrates incorporation of covert, hidden information into icon images
of the present system.

Fig. 26 illustrates creating fully three-dimensional images with the present

system. ' i

12



10

15

WO 2005/052680 PCT/US2004/039315

-
l ’g‘&—
l/’)(g%—
Fig 27 illustrates the method for designing icon images for the three- !
dimensional embodiment of Fig. 26.
Fig. 28 illustrates the icon image resulting from the method of Fig. 27.
Fig. 29 illustrates how the method of Fig. 27 can be applied to a complex
three-dimensional synthetic image.
~
Fig. 30 illustrates the central zone focal propertics of an exemplary hexagonal
base multi-zonal lens having an effective diameter of 28 microns.
Fig. 31 illustrates the central zone focal properties of a spherical lens having a
diameter of 28 microns.
Fig. 32 illustrates the performance of the side zones of the hexagonal lens of
Fig. 30.
Fig. 33 illustrates the performance of the outer zones of the sphenical lens of

Fig 31.

Detailed Description of the Embodiments

Reference is now made in detail to the description of the embodiments as
illustrated in the figures. While several embodiments are described in connection
with these figures, there is no intent to limit the invention to the embodiment or
ermbodiments disclosed herein. On the contrary, the intent is to cover all altematives,
modiﬁcatio-m, and equivalents.

Fig. 1a illustrates one embodiment of the present micro-optic system 12
providing orthoparallactic movement of the images of the system.

The system 12 micro-lenses 1 that have at least two substantially cqual axes of
symmetry and that are arranged in a two-dimensional periodic array. Lens diameter 2

is preferably less than 50u and the interstitial space between lenses 3 is preferably 5p

13
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or less. (We use the terms “p” and “pm”™ interchangeably to mean the same
measurement). Micro-lens 1 focuses an image of icon element 4 and projects this
image 10 toward a viewer. The system is commonly used in situations having normal
levels of ambient lighting, go the illumination of the icon images anises from reflected
orllmnsmilted ambient light. lcon clemerd 4 is one element of 2 pedodic amay of icon
clements having periods and dimenstons substantially similar to those of the lens
array including lens 1. Between the lens | and the icon clement 4 is an optical spacer
5, which may be contiguous with the lens | material or may optionally be a separate
substrate 8 — in this embodiment the lenses 9 are separute from the substrate The
icon elements 4 may be optionally protected by a sealing layer 6, preferably of a
polymcr material. Scaling layer 6 may be transparent, translucent, tinted, pigmented,
opaque, metallic, magnetic, optically variable, or any combination of these that
provide desirable optical effects and/or additional functionality for security and

authentication purposes, including support of automated cuwrency authenfication,

wverification, tracking, counting and detection systems, that rely on optical effects,

electrical conductivity or electrical capacitance, magnetic field detection.

The total thickness 7 of the system is typically less than S0u; the actual
thickness depends on the F# of the lenses 1 and the diameter of the lenses 2, and the
thickness of additional security feature or visual effect layers. The repeat period 11 of
the icon elements 4 is substantially identical to the repeat period of the lenses 1; the
“scale matio™, the ratio of the repeat pericd of the icons to the repeat period of the
lenses, is used W create many different visual effects. Axially syrometric values of
the scale ratio substantizlly equal to 1.0000 result in Unison Motion orthoparallactic

cffects when the symmectry axcs of the lenses and the icons sre misaligned, sxially
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symmetric values of the scale ratio less than 1.0000 result in Unison Deep and Unison

SuperDeep effects when the symmetry axes of the lenses and the icons are

substantially aligned, and axially symmetric values of the scale ratio greater than
1.0000 result in Unison Float and Unison SuperFloat effects when the symmetry axes
of the lenscs and the icons are gubstantially alipned. Axially asymmetric values of the
scale ratjo, such as 0.995 in the X direction and 1.005 in the Y direction, result in
Unison Levitate cffects.

Unison Morph effects can be oblained by scake distortions of either or bath the
lens repeat period and the icon repeat period, or by incorporating spatially varying
information into the icon pattemn. Unison 3-D effects are also created by
incarporating spatially va:ymg information inta the icon pattern, but in this
embodiment the information represents different viewpoints of a three dimensional
object as seen from specific locations substantially comresponding to the locations of
the icons.

Fig. 1b presents an isometric view of the present system, as depicted in cross-
section in Fig. la, having square array patterns of ienses | and icons 4 of repeat peniod
11 ando;;ticalapac&lhickncssS(Fig la is not specific to a square array pattern, but
is a represcntative cross-section of all regular periodic amray patterns). The icon
clements 4 are shown as “$” images, clearly seen in the cut-away section at the front.
While there is substantially a ane-to-one correspondence between fenses [ and icon
elements 4, the axes of symmetry of the lens array will not, in general, be exactly
aligned with the axes of symmetry of the icon array. ‘.

In the case of the Unison (orthoparallactic motion) material embodiment of

Figs. 1a-b with & scale atio of 1.0000, when the lens | axcs and icon elements 4 axes
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are substantially aligned, the resulting synthetic images of the icon elements (in this
example, a giant “$”) “blow-up™ and are magnified by a factor that theoretically
approaches infinity. Slight angular misalignment of the lens | axes and icon elements
4 axes reduces the magnification factor of the synthetic images of the icon clements
and causes the magnified synthetic imapes to rotate.

The synthetic magnification factor of Unison Deep, Unison Float, and Unison
Levitate embodiments depends on the angular alignment of the lens 1 axes and the
icon clements 4 axes as well as the scale ratio of the system. Whmt}wsulcmjo;
not equal to 1.0000 the maximum magnification obtained from substantial alignment
of these axes is equal to the absolute value of 1/(1.0000 — (scale ratio)). Thus a
Unison Decp material having a scale ratio of 0.995 would exhibit a maximum
magnification of |1/{1.000 — 0.995) = 200x. Similady, a Unison Float material
having a scale ratio of [.005 would also exhibit & maximum magnification of
[1/(1.000 - 1.005)| = 200x. In a manner similar to the Unison Motion matenal
embodiment, slight angular misalignment of the lens | axes and icon clements 4 axes
of the Unison Deep, Unison Float, and Unison Levitate embodiments reduces the
magnification factor of the synthetic images of the icon elements and causes the
magnified synthetic images to rotate. '

The synthetic image produced by a Unison Decp or SuperDecp icon pattern ts

20  upright with respect to the onentation of the Unison Deep or SuperDeep icon pattern,

while the synthetic image produced by a Unison Float or Superfloat icon pattem is
upside down, rotated one hundred and cighty degrees (180°) with respect to the

oricntation of the Unison Float or Super Float icon pattern.
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Fig. 2a schematically depicts the counter-intuitive orthoparallactic image ())’b
motion effects seen in the Unison Motian embodiment. Theyleft side of Fig. Za
depicts a piece of Unison Motion material 12 in plan view being oscillated 13 about
harizontal axis 16. If the synthcﬁcally magnified image 14 moved according to
parallax, it would appear to be displaced up and down (as shown in Fig. 2a) as the
matcrial 12 was oscillated around the honzontal axis 16. Such apparent parallactic
motion would be lypical of real objects, conventional print, and holographic images.
[nstead of exhibiting parallactic motion, synthetically magnified image 14 shows
orthoparallactic motion 20 — motion which is perpendicular to the normally expected
parallactic motion direction. The right side of Fig. 2a depicts a perapective view of a
picce of material 12 exhibiting the orthoparallactic motion of a single synthetically
magnified image 14 as it is oscillated 18 about horizontal rotational axis 16. The
dotled outline 22 shows the position of the synthetically magnified image 14 after it
has moved to the right by orthoparallaxis and the dotted outlinc 24 shows the position
of the synthetically magnified image 14 after it has moved to the left by
orthoparallaxis.

The visual effects of the Unison Deep and Unison Float embodiments are
isometrically depicted in Figs. 2 b,c. In Fig. 2b,a piece of Unison Deep material 26
presents synthetically magnified images 28 that stereoscopically appear to lie beneath
the plane of the Unison Deep material 26 when viewed by the cyes of the observer 30.
In Fig. 2c, a piece of Unison Float material 32 presents synthetically magnified
images 34 that stereoscopically appear to lie above the plane of the Unison Float
material 34 when viewed by the eyes of the observer 30. The Unison Deep and

Unison Float effects are visible from all azamuthal viewing positions and over a wide
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range of elevation positions, from vertical elevation (such that the line of sight from ’b .
the cyes of the observer 30 to the Unison Deep material 26 ar Unison Float material I
32 is perpendicular to the surface of the materials) down to & shallow elevation angle
which is typically less than 45 degrees. The visibility of the Unison Deep and Unison
Float effects over a wide range of viewing angles and orientations provides a simple
and convenient method of differentiating Unison Deep and Unison Float materials
from simulations utilizing cylindrical lenticular oplics or holography.

The Unison Levitate embodiment effect is illustrated in Figs. 2 d-fby
isometric views showing the stercoscopically perceived depth position of a
synthetically magnified image 38 in three different azimuthal rotations af the Unison
Levitate material 36 and the corresponding plan view of the Unison Levitate matenal
36 and synthetically magnified image 38 as seen by the eyes of the obscrver 30. Fig.
2d depicts the synthetically magnified image 18 (bercafter referred to as ‘the imagl:')
as stereoscopically appearing to lie in a plane beneath the Unison Levitate matenal 36
when said material is oriented as shown in the plan view. The heavy dark line in the _
plan view serves as an azimuthal orientation reference 37 for the sake of explanation.
Note that in Fig. 2d the onentation reference 37 is aligned in a vertical direction and
the image 38 is aligned in a horizontal directton. The image 38 appears in the Unison
Decp position because the scale ratio is less than 1.000 along a first axis of the Unison
Levitate matenal 36 that is aligned substantially parallel to a line connecting the
pupils of the observer’s two eyes (this will be hereafter called the ‘stereascopic scale

ratio”). The stereoscopic scale ratio of the Unison Levitate material 36 is greater than

- 1.000 along a second axis perpendicular to this first axis, thereby producing a Unison q

Float effect of the image 38 when the second axis is aligned substantially paraliel to a
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line connecting the pupils of the observer's eyes, as shown in Fig. 2f. Note that the | t
onentation reference 37 is in a honzoatal position in this figure. Fig 2e depicts an |
intermediate azimuthal orientation of the Unison Levitate material 36 that produces a
Unison Motioa orthoparallactic image cffect because the stercoscopic scaje ratio in !
this azimuthal orientation is substantially 1000 |
The visual effect of a Unison Levitate image 38 moving from beneath the
Unison Levitate material 36 (Fig. 2d) up to the level of the Unison Levitate material
36 (Fig. 2¢) and further up above the level of the Unison Levitate material 36 (Fig. 2f)
as the material is azimuthally rotated can be enhanced by combining the Unison
Levitate material 36 with conventionally printed information. The unchanging
stereoscopic depth of the conventional print serves as a reference plane to better
pexceive the stereoscopic depth movement of the images 38.
Whean a Unison material is illuminated by a strongly directional light source
such as a ‘point’ light source (ex: a spotlight or an LED flashlight) or a collimated
source (ci: sunlight), “shadows images™ of the icons may be seen. These shadow
images are unusual in many ways. While the synthetic image presented by Unison
does not move as the direction of illumination is moved, the shadow images produced
do moave. Furthermore, while the Unison synthetic images may lie in different visual
plancs than the plane of the material, the shadow images always lie in the planc of the
material. The color of the shadow image is the color of the icon. So black icons
create black shadow images, green ioom-crcalc green shadow images, and white icons
create white shadow images.
The movement of the shadow image as the angle of illumination moves s tied |

to the specific depth or mation Unison effect in a way that parallels the visual effect ;
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present in the synthetic image. Thus the movement of a shadow image as the angle of $‘& :

the light is altered parallels the movement that the synthetic image shows when the . l

angle of view is altered. In particular:

Motion shadow images move orthoparaiiactically as the light source is moved. ‘

Decp shadow mages move in the same direction as the light source. -

Float shadow images move opposite to the direction of the light source.

Levitate shadow images move in directions that are a combination of the

above:

Levitate Deep shadow images mo"v}c in the same direction as the light
in the left-right direction, but opposite from the direction of the light in
the up-down direction; Levitate Float shadow images move opposite to
the light in the left right direction but in the same direction as the light
in the up-down direction; Levitate Motion shadow images show
orthoparallactic motion with respect to the light movement.

Unison Morph shadow images show morphing cffects as the light source is
moved.

Additional unusual shadow image effects are seen when a diverging point
light source, such as an LED light, is moved toward and away frotn a Unison film.
When the light source is further away its diverging rays more closcly approximate
collimated light, and the shadow images produced by Deep, SupexDeep, Float, or
SuperFloat Unison synthetic images appear approximatcly the samc size as the
synthetic images. When the light is brought closer to the surface the shadow images

of Decp and SuperDeep materials shrink because the illumination is strongly

divergent, while the shadow images of Float and SuperFloat materials expand.
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[lluminating these matenals with converging illumination causes Deep and
SuperDecp shadow images to enlarge to a size greater than the synthetic images,
while Float and SuperFloat shadow images shrink.

" The shadow images of Unison motion material do not change scale

A significantly as the convergence or divergence of illumination is changed, rather, the

shadow images rotate about the center of illumination. Unison Levitate shadow
images shrink in one direction and enlarge in the perpendicular direction when the
convergence or divergence of the illumination is changed. Unison Morph shadow
images change in ways specific to the particular Morph pattern as the convergence or
divergence of the illumination ig changed.

All of these shadow image effects can be used as additional authentication
methods for Unison materials utilized for security, anti-counterfeiting, brand
protection applications, and other similar applications.

Figs. 3 -1 are plan views showing vanous embodiments and fill-factors of
different pattems of symmetric two-dimensional arrays of micro-leases. Figs.la, d
and g depict micro-lenses 46, 52, and 60, respectively, that are arranged in regular
hexagonal array pattern 40. (The dashed array pattern lines 40,42, and 44 indicate the
symmetry of the pattern of lenses but do not necessarily represent any physical |
clement of the lens armay.) The lenses of Fig. 3a have substantially circular base
geometry 46, the lenses of Fig 3g have substantially hexagonal base geometries 60,
and the lenses of Fig. 3d have intermediate base gecometries which are rounded-off
hexagons 52. A similar progression of lens geometnies applies to the square array 42
of lenses 48, 54, and 62, wherein thesc lenses have base geometnies which range from

substantially circular 48, to rounded-off square 54, to substantially square 62, as seen

21



10

15

WO 2003/052650 PCT/US2004/039315

in Figs. 3b, e, and h. Correspondingly, the equilateral tnangular array 44 holds tenses
having basc geometries that range from substantially circular 50, to rounded-off
triangle 58, to substantially triangular 64, .as scen in Figs. 3c, fand |,

The lens patterns of Figs. 3 a-i arc representative of lenses that can be used
for the present system. The intexxititial space between the {enses does not directly
contribute to the synthetic magnification of the images. A material created using onc
of these lens patterns will also include an amay of icon elements that is armanged in the
same geometry and at approximately the same scale, allowing for differences in scale
utilized to produce Unison Motion, Unison Deep, Unison Float, and Unison Levitate
cffects. If the interstitial space is large, such as is shown in Fig. 3¢, the lenses are said
to have a low fill-factor and the contrast between the image and the background will
be reduced by light scattered from icon clements. If the interstitial spaces are small
the fenses are said to have a high fili-factor and the contrast between the image and
the background will be high, providing the lenses themselves have good focal
properties and icon ¢lements are in the lenses® focal planes. [t is generally easier to
fonﬁ high optical quality micro-kenses with a circular or nearly circular base than with
a square or triangular base. A good balance of iens performance and minimizing of
interstitial space is shown in Fig. 3d; a hexagonal array of lenses having base
geometries that are rounded hexagons.

Lenses having a low F# are particularly suitable for use in the preseat system.
By low F# we mean less than 4, and in particular for Unisoa Motion approximately 2
or lower. Low F# lenaes have high curvature and a correspondingly large sag, or

center thickness, as a proportion of their diameter. A typical Unison lens, with an F#

_ 0f 0.8, has 1 hexagonal base 28 microns wide and a center thickness of 10.9 microns.
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A typical Drinkwater ens, with a diameter of 50 microns and a focal length of 200
microns, has an F# of 4 and a center thickness of 3.1 microns. [f scaled to the same
base size, the Unison lens has a sag almost six times larger than the Dnnkwater lens.

We have discovered that polygonal base multi-zonal lenses, for example
hexagonal base multi-zonal lenses, have important and unexpected advantages aver
circular base sphernical lenses. As explained above, hexagonal base multi-zonal lenses
significantly improve manufacturability by virtue of their stress-relieving geometry,
but there are additional unexpected optical benefits obtained through the use of
hexagonal base multi-zonal lenses.

We refer to these lenses as multi-zonal because they possess three optical
zones that each provide a different and unique benefit to the subject invention. The
three zones are the central zone (constituting approximately half of the area of the
lena), the side zones, and the comer zones. Thesc polygonal lenses have an effective
diameter that is the diameter of a circle drawn inside the comer zones around the -
central zone and including the side zones.

The central zone of the hexaponal base multi-zonal lens of the subject
invention has an aspheric form (for example, having the form defined by {
y=(5.1316E)X4 — (0.01679) X3 + (0.124931) X + 11.24824 ] for a 28 micron
diameter lens with a nominal 28 micron focal length) that brings light to a focus at
least as well as a sphexical surface having the same diameter and focal length. Figure
30 illustrates the central zone 780 focal properties 782 of & nominal 28 micron
diameter hexagonal base multi-zonal lens 784 with a nominal 28 micron focal leagth
in a polymer substrate 786 (lens and substrate n=1.51) and Figure 31 illustrates the

c&ﬂnlzoue?SSfoalpmpatiuMofaZSmiamdiamdumhaicﬂlm:?%with
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a nominal 30 micron focal length in a polymer substrate 794 (lens and substrate
n=1.51). Comparison of these two figures clearly demonsirates that the hexagonal _ |
base multi-zonal lens 784 of the subject disclosure performs at least as well as the
spherical lens 792. The central zone 789 of the hexagonal base muiti-zonal lens 784
provides high image resolution and shallow depth of field from a wide varicty of
viewing anples.

Each of the six side zones 796 of the hexagonal base muiti-zonal lens 784 of
the subject invention have focal lengths that depend on the Iocalio.n with the zone ina,
complex wny,bt-uﬂ)ecffcct ig 10 cause the focus of the side zones 796 to be spread

over a range of values 798 spanning approximately +/- 10 percent of the central zone

" focus, as illustrated in Figure 32. This vertical blurring 798 of the focal point

cffectively increases the depth of ficld of the lens in these zones 796, and provides a
benefit that is equivalent to having a flat-field lens. The performance of the outer
zones 800 of spherical lens 792 can be seen in Figure 33. The vertical blurring of the
focal point 802 is significantly less for the spherical lens 792 than it is for the
hexaganal base multi-zonal lens 784.

This is particularly important for off-normal viewing: the increased depth of
ficld, and cffectively flatter ficld, mitigates the abrupt image defocus that can occur
with a spherical lens whean its curved focal surface separates from the icon plane.
Consequently, a Unison materia! using hexagonsl base multi-zonal lenses displays
syuthetic images that fade from focus more softly at higher viewing angles than the
equivalent Unison matenal using spherical lenses. This is desirable because: it
increases the effective viewing angle of the material and therefore increases its

usefulncss as a scourity device or an image presentation device.
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The comer zones 806 of the hexagonal base multi-zonal lens 784 of Figure 32 |

possess diverging focal properties that pravide the unexpected benefit of scattering

808 ambient illumination onto the icon plane and thereby reducing the sensitivity of
the Unison matenial to illumination conditions. The spherical lens 792 of Figure 33
does not scatter the ambient illumination over as wide an srca (as seen by the absence
of rays scattered into the icon plane regions 804), so Unison matenals made using
spherical lenses have greater synthetic image brightness vaniations when viewed from
a varicty of angles than Unison matenials made using hexagonal base muiti-zonal
lenses.

The benefit obtmned from the cxcmplx_ry hexagonal basc multi-zonal lenses is
further magnified because hexagonal base multi-zonal lenses have a higher fill factor
(ability to cover the plane) than spherical lenses. The interstitial space between
spherical lenses provides virtually no scattering of ambient light, while this non-
scattering area is much smaller in the case of hexagonal base multi-zonal lenses.

Thus it is seen that even though the focal properties of a hexagonal base multi-
zonal lens are infenor to those of a sph.uical lens as evaluated by conventional optical
atandards, in the context of the subject invention hexagonal base multi-zonal lenses
provide unexpected benefits and advantages over sphenical lenses.

Either type of lens can benefit from the addition of scattening microstructures
or scatiering materials imroduced into, or incorporated into, the lens interstitial spaces
to enthance the scattering of ambient illuminstion onto the icon plane. Furthermore,

the lens intexstitial spaces can be filled with a matenial that will form a small radius

- meniscus, with cither converging or diverging focal propertics, to direct ambient

illumination onto the icon plane. These methods may be combined, for examgple, by
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incorporating light scattering particles into a lens interstitial meniscus fill matenial.
Alternatively, the lens interstitial 2ones can be onginally manufactured with suitably
scaucnng lens interstitial zones.

A sphencal fens having these proportions is very difficult to manufacture

because the high contact angle between the surface of the film and the edge of the lens

" acts as a stress conceantrator for the forces applicd to scparate the lens from the tool

during manufacture. These high stresses tend to cause the adhesion of the lens o the
film to fail and to failure of removal of the lens from the tool. Furthermore, the
optical performance of a low F# spherical lens is progressively compromised for

radial zones away from the center of the lens: low F# spherical lenses do not focus

well excep! near their central zone.

Hexagonal base lenses have an unexpected and significant benefit over lenses
that have a1 more substantially circular base: hexagonal lenzes release from their tools
with lower pecling force than the optically equivalent lenses with substantially
circular bases. Hexagenal lenses have a shape that blends from substantially axially
symmetric near their center to hexagonally symmetric, with corners that act as stress
concentrators, at their bases. The stress concentrations caused by the sharp base
corners reduce the overall peeling force required to separate the lenses from their
molds during manufacuming. The magnitude of this effect is substantial — the peeling
forces can be reduced during manufacturing by a factor of two or more for hexagonal
base lenses as compared to substantially circular base lenses.

The image contrast of the material can be cnhanced by filling the Jeas

interstitial spaces with a light absorbing (dark colored) opaque pigmented material,

' effectively forming a mask for the lenses. This climinates the contrast reduction that
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anses from light scattered from the icon layer through the lens interstitial spaces. An

additional effect of this interstitial fill is that the overall image becomes darker

e

because incoming ambient illumination is blocked from passing through the

interstitial spaces 1o the icon plane. The image clanty produced by lenses having :
sberrant focusing at their peniphery can also be improved by an opaque pigmented
interstitial fill, providing that this fill occludes the aberrant peripheral lens zone.

A different effect can be obtained by filling the lens interstitial spaces with a
white or light colored material, or a material color matched to a substrate to be used
with the Unison material. If the light colored iens interstitial fill is dense enough and
the icon plane incorporates a strong contrast between the icon clements and the
background, the Unison synthetic image will be substantially invisible when viewed
with reflected light, yet will be distinctly visible when viewed in transmitted light
from the lens side, but not visible when viewed from the icon side. This provides the
novel secunity effect of having a one-way transmission image that is visible only in
transmitted light and visible only from one side.

Fluorescing materials can be utilized in a lens interstitial coating instead of, or
in addition to, visible light pigments to provide additional means of authentication.

Fig. 4 graphs the effects of changing the stereoscapic scale ratio, SSR (the
icon element repeat period/ the lens armay repeat period), along an axis of the present
material. Zones of the system having an SSR greater than 1.0000 will produce
Unison Float and SuperFioat effects, zones having an SSR of substantially 1.0000 will
produce Unison Motion orthoparallactic motion (OPM) effects, and zones having an ,
SSR iess than 1.0000 will produce Unison Deep and Unison SuperDeep effects. All

of these effects can be produced and transitioned from ane to another in a variety of
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ways along an axis of system film. This figure illustrates one of an infinite varicty of
such combinations. The dashed line 66 indicates tho SSR value comresponding
substantially to 1.0000, the dividing line between Unison Deep and Unison
SuperDecep and Unison Float and Unison SuperFloat, and the SSR value which
demoanstrates OPM. In zone 68 the SSR of the Unison material is 0.995, creating a
Unison Decp effect.

Adjacent to this 15 zone 70 in which the SSR is ramped from 0.995 up to
1.005, producing a spatial transition from a Unison Deep to a Unison Float effect.
The SSR in the next zonc 72 is 1.005 creating a Unison Float effect. The next zone
74 creates a smoath transition down from a Unison Float effect to a Unison Deep
effect. Zone 76 pmocéds stcpwisc up from a Unison Deep effect, to OPM, to a
Unisonﬂoﬂcffed,mdmme?ﬂ-atqmitbackdowanPM. The variations in repeat
period needed to accomplish these cffects are generally mo:ct casily implemented in
the icon element layer. In addition to varying the SSR in each zone, it may be
desirable to vary the rotational angle of each zone of the arrays, preferably within the
icon clement armay, to keep the synthetically magnified images substantially similer in
size.

The casiest way to interpret this graph is to see it as a cross-section of the
stereoscopic depth that will be perceived across this axis of a picce of system
material. It is therefore possible to create a stercascopically sculpted field of images,
a contoured visual surface, by local control of the SSR and optionally by
corresponding local control of the array rotational angle. This stercoscopically
sculpted surface can be used to represent an uniimited range of shapes, including

human faces A pattern of icon elements that create the effect of a stercoscopically
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sculpted gnd, or periodic dbts. can be a particularly effective way to visually display a
complex surface.

Figs. 5 a< are plan views depicting the effect of rotating onc array pattern
with respect to the other in the production of material of the present system. Fig. 5a
shows a lens array 80 having a regular periodic smay spacing 82, without substantial
change in the angle of the array axes. Fig. 5b shows an icon element array 84 with a
progressively changing array axis orientation angle 86. If the lens array 80 is
combined with the icon element array 84 by transiating the lens armay over the icon
array, as drawn, then the approximate visual effect that results is shown in Fig. 5¢. In
Fig.5c the material 88 created by combining lens array 80 and icon array 84 creates a
pattern of synthetically magnified images 89, 90, 91 that vary in scale and rotation
across the material. Towards the lower left edge of the material 88 image 89 is large
end shows no rotation. Image 90, toward the upper middie section of material 88 is
smaller and is rotated through a significant angie with respect to image 89. The
different scales and rotations between images 89 and 90 are the result of the
differences in the angular misalignment of the lens pattern 82 and the icon clement
pattern 86.

Figs. 6 a-c illustrate a mcthod for causing one synthetically mxéttiﬁad opM
image 98 to morph into another ;ynthctically magnified image 102 as the first image
moves across a boundary 104 in the icon element patterns 92 and 94. Icon element
pattem 92 bears circie-shaped icon clements 98, shown in the magnified inset 96.
[con clement pattern 94 bears star-shaped icon elements 102, shown in the magnified
inset 100. Icon element pattems 92 and 94 are not separate abjects, but are joined at

their boundary 104. When the material is assembled using this combined pattern of
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icon elements the resulting OPM images will show the morphing effects depicted in

Figs. 6b and ¢! Fig. 6b shows OPM circlc images 98 moving to the nght 107 across

the boundary 104 and emerging from the boundary as star images 102 also moving to

the right. Image 106 is in transition, part circle and part star, as it crosses the | .
boundary. Fig 6¢ of the figure shows the images afier they have moved further to the -
right: image 98 is now closer to the boundary 104 and image 106 has almost
completely crossed the boundary to complete its morphing from circle to star. The
morphing cffect can be accomplighed in a less abrupt manner by creating a transition
zone from one icon element pattern to the other, instead of having a hard boundary
104. In the transition zone the icons would gradually change from circle to star
through a sexies of stages. The smoothness of the visnal morphing of the resulting
OPM images will depend on the number of stages used for the transition. The range
of graphical possibilitics is endless. For example: the transition zonc could be
designod to make the circle appear to shrink while sharp star points protruded up
through it, or alternatively the sides of the circle could appear to dent inward to create
a stubby star that progressively became sharper until it reached its final design.
Figs. 7 a-c are cross-sections of materials of the present sysiem that illustrale
alternative embodiments of the icon elements. Fig 7a depicts a material having
lenses | separated from icon elements 108 by optical spacer 5. Icon clements 108 are
formed by pattemns of colorless, colored, tinted, or dyed material applied to the lower
surface of optical spacer 5. Any of the multitude of common printing methods, such
as ink jet, laseqjet, letterpress, flexo, gravure, and intaglio, can be used to deposit icon

€lements 108 of this kind so0 long as the print resolution is fine enocugh.
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Fig. 7b depicts a similar material system with a different embodiment of icon
clements 112, [n this embodiment the icon elements are formed from pigments, dyes,
or particles embedded in a supporting matenial 110. Examples of this embodiment of
icon elements 112 in supporting material 110 include: silver particles in gelatin, as a
photographic emulsion, pigmented or dyed ink absorbed into an ink receptor coating,
dye sublimation transfer into a dye receptor coating, and photochromic or
thermochromic images in an imaging film.

Fig. 7¢ depicts a microstructurc approach to forming icon elements 114. Thus
method has the benefit of almost unlimited spatial resolution. The icon elements 114
can be formed from the voids in the microstructure 113 or the solid regions 115,
singly or in combination. The voids 113 can optionally be filled or coated wi-th
another material such as evaporated metal material having a different refractive index,
or dyed or pigmented material.

Figs. 8 a,b depict positive and negative embodiments of icon elements. Fig.
Ba shows positive icon elements 116 that are colored, dyed, or pigmented 120 against
a transparent background 118. Fig. 8b shows negative icon clemc;lts 122 that are
transparent 118 against a colored, dyed, or pigmented background 120. A material of
the present system may optionally incorporate both positive and negative icon
elements. This method of creating positive and negative icon clements is particularly
well adapted to the microstructure icon elements 114 of Fig. 7c.

Fig. 9 shows a2 cross-section of one embodiment of a pixel-zone material of the

~ present systermn. This embodiment includes zones with tenses 124 having a short focus
and other zones with lenses having a long focus 136. The short focus lenses 124

project images 123 of icon elements 129 in icon planc 128 disposed at the focal plane
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of lenses 124. The long focus lenses 136 project images 134 of icon elements 137 in
icon plane 132 disposed at the focal planc of lenses 136. Optical separator 126
scparates short focus lenses 124 from their associated icon plane 128. Lang focus
lenses 136 are separated from their sssociated icon plane 132 by the sum of the
thicknesses of optical separator 126, icon plane 128, and second optical separator 130.
Icon elements 137 in the second icon plane 132 are outside the depth of focus of short
focus lenses 124 and therefore do not form distinct synthetically magnified images in
the short focus lens zoncs. In a similar manner, icon elements 129 are too closc to
long focus lenses 136 to form distinct synthetically magnified images. Accordingly,
zoues of material bearing short focus lenses 124 will display images 123 of the icon
elements 129, while zones of material bearing long focus lenses 136 will display
images 134 of icon elements 137. The images 123 and 134 that are projected can
differ in design, color, OPM direction, synthetic magnification factor, and effect,
including the Decp, Unison, Float, and Levitate effects described above.

Fig. 10 ig a cross-section of an alternate embodiment of a pixel-zone matenial
of the present systemn. This embodiment includes zones with lenscs 140 elevated by a
lens support mesa 144 above the bases of the non-clevated lenses 148. The focal
length of the clevated lenses 140 is the distance 158, placing the focus of these lenses
in the first icon plane 152. The focal length of the non-clevated lenses 148 is the
digtance [60, placing the focus of these lenses in the second icon plane 156, These
two focal lengths, 158 and 160, may be chosen to be similar or dissimilar. The

clevated lenses 140 project images 138 of icon elements 162 in icon plane 152

disposed at the focal plane of lenses 140. The non-elevated lenses 148 project images

146 of icon elements 164 in icon plane 156 disposed at the focal plane of lenses 148.
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The elevated ienses 140 are separated from their associated icon elements 162 by the
sum of the thickness of the lens support mesa 144 and the optical separation 150. The
non-clevated lenses 148 are separated from their associated icon elements 164 by the
sum of the thickness of the optical separation 150, the icon layer 152, and the icon
separator 154. [con elemnents 164 in the second icon plane 156 are outside the depth
of focus of the elevated lenses 140 and therefore do not form distinct synthetically
magnified irnages in the clevated lens zones. In a simtilar manner, icon elements 52
are too close to non-clevated lenscs 148 to form distinct gyathetically magnified
images. Accordingly, zones of matenal beaning clevated lenses 140 will display
images 138 of the icon elements 162, while zones of matenal bearing noo-clevated
lenses 136 will display images 146 of icon elements 156, The images 138 and 146
that are projected can differ in design, color, OPM direction, synthetic magnification
_ factor, and effect, including Deep, Unison, Float, and Levitate effects.

Figs. 11 a,b are cross-sections illustrating non-refractive embodimentz of the
present system_ Fig. 11a illustrates an embodiment that utilizes a focusing reflector
166 instead of a refractive lens to project images 174 of icon clements 172. The icon
layer 170 lies between the viewer's eyes and the focusing optics. Focusing reflectors
166 can be metallized 167 to obtmn high focusing efficiency. The icon layer [70 is
maintained at a distance equal to the focal length of the reflectors by optical separator
168. Fig. 11b discloses a pinholc optics cmbodiment of this material. Opaque upper
layer 176, preferably black in color for contrast enhancement, is pierced by apertures
178. Optical separator element 180 controls the field of view of the system. Icon
el_cmaux 184 in icon layer 182 arc imaged through apertures 178 in a manner similar

to the pinhole optics of a pinhole camera. Because of the small amount of light
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passed lhmugﬁ the apertures, this embodiment is mast effective when it is back-
illuminated, with light passing through the icon plane 182 first, then through the
apertures 178. Effects of each of the above-described embodiments, OPM, Decep,
Float, and Levitate, can be created using either the reflective system design or the
pinhole optica system design.

Figs. 12 a,b arc cross-sections comparning the structures of an all-refractive
matcria; 188 with a hybrid refractive/reflective material 199. Fig. 12a depicts an
exemplary structure, with micro-lenses 192 scparated from the icon plane 194 by
optical scparator 198. Optional scaling layer 195 contributes to the total refractive
system thickness 196. Lenses 192 project icon images 190 loward the viewer (not
shawn). Hybrid refractive/reflective material 199 includes micro-lenses 210 with
icon plane 208 directly beneath them. Optical spacer 200 separates the lenges 210 and
the ican plane 208 from reflective layer 202. Reflective layer 202 can be metallized,
such as by evaporated or sputtered aluminum, gold, rhodium, chromium, ogmium,
depleted uranium or silver, by chemically deposited silver, or by multi-layer
interference films. Light scattered from icon layer 208 reflects from reflective layer
202, passes through icon layer 208 and into leases 210 which project images 206
toward the viewer (oot shown). Both of these figures are drawn to approxumately the
same scale: by visual comparison it can be seen that the total system thickness 212 of
the hybrid refractive/reflective systan 199 is about half the total system thickness 196
of the all-refractive system 188. Exemplary dimensions for equivalent systems are
29y total refractive system 188 thickness 196 and 17y for total hybnd
refractive/reflective system 199 thickness 212. The thickness of a refractive/reflective

gystem can be further reduced by scaling. Thus, a hybrid system having lenses 15p in
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diameter can be made with a total thickness of about 8j1. Effects of each of the above {
described embodiments, OPM, Deep, Float, Levitate, Morph, and 3-D can be created I

using the hybrid refractive/difTractive design.

- e -

Fig. 13 is a cross-section showing a ‘peei-to-reveal’ tamper-indicating matenal
embodiment of the present system. This embodiment does not display an image until
it is tampered with. The untampered structure is shown in region 224, where a
refractive aystem 214 is optically buried under a top layer 216 consisting of an
optional substrate 218 and a peclabic layer 220 which is conformal to the lenscs 215.
Peelable layer 220 effectively forms negative lens structures 220 that fit over positive
lenses 215 and negate their optical power. [enses 215 cannot form images of the icon
layer in the untampered region, and the light scattered 222 from the icon plane is
unfocused. Top layer 216 may imlud;: an optional film substrate 218. Tampenng,
shown in region 226, causes the release of top layer 216 from thc refractive system
214, exposing the lenses 215 so that they can form images 228. Effects of each of the
above described embodiments, OPM, Deep, Float, and Levitate, can be included in a
tamper indicating ‘peel-to-reveal’ system of the type of Fig 13.

Fig. 14 is a cross-section illustrating a ‘pecl-tochange’ tamper-indicating
material embodiment of the present system. This embodiment digplays a first image
248 of a first icon plane 242 prior to tampering 252, then displays a second image 258.
at region 254 after it has been tampered with. The untampered structure is shown in
region 252, where two refractive systems, 232 and 230, are stacked. The first icon
plane 242 is located beneath the lenses 240 of the second system. Prior to tampering
in region 252 the first, or upper, system 232 presents images of the first icoo plane

242. The sccond icon planc 246 is too far outside the depth of focus of lenses 234 to
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form distinct images. The first lenses 234 are scparated from the secand lenses 240
by an optiona| substrate 236 and a peclablc layer 238 which is conformal to the
second lenses 240. Peclable layer 232 effectively forms negative lens structures 238
that fit over positive lenses 240 and negate their optical power.  Top layer 232 may
include optional film substrate 236. Tampering results in the peeling 256 of the top
layer 232, shown in region 254, from the second refractive system 230, exposing the
second lenses 240 so that they can form images 258 of the second icon layer 246.
Second lenses 240 do not form images of the first icon layer 242 because the xwon
layer is too close to the lenses 240.

This embodiment of a tamper indicating material is well suited to application
as a tapc or label applied to an article. Tampering relcases the top layer 232, leaving
the second system 230 attached to the article. Prior to tampering, this embodiment
presents a first image 248. After tampering 254 the second system 230, still attached
to the article, presents a second image 258 while the peeled layer 256 presents no
image at ali. Effects of each of the above described embodiments, OPM, Deep, Float,
and Levitate, can be included in either the first system 232 or the second system 230.

Note that an alternative embodiment accomptishing a similar cffect to that of
Fig. 14 is to have two scparate systems laminated to each other. In this embodiment
when the upper layer is peeled it takes .lhc first icon planc and its image(s) with it,
revealing the second systern and its image(s).

Figa. 15 a-d are cross-sections showing various two-sided embodiments of the
present system. Fig. 15a depicts a two-sided material 260 that includes a single icon
plane 264 that is imaged 268 by lenses 262 on one side and imaged 270 by a second

set of lenses 266 on the opposite side. The image 268 sceu from the left side (as

e e - __.___T__.._M_._



WO 2005/052650 PCT/US2004/039315
<
2,
Y

drawn) is the mirror image of the image 270 seen from the right side. [con plane 264
may coatain tcon clements that arc symbols or images which appear similar in mirror
image, or icon elements which appear different in mirror image, or combinations of
icon elements wherein a portion of the icon elements are correct-reading when viewed
from one side and the other icon clemenis are correct-reading when viewed from the
other side. Effects of each of the above described embodiments, OPM, Deep, Float,
and Levitate, can be displayed from cither side of a two-sided material according to
this embodiment.

Fig. 15b illustrates another two-sided embodiment 272 having two icon planes
276 and 278 that are imaged, 282 and 286 respectively, by two sets of lenses, 274 and
280 respectively. This embodiment is essentially two separate systems, 287 and 289,
such as illustrated in Fig. 1a, that have been joined together with an icon layer spacer
277 in between them.  The thickness of this icon layer spacer 277 will determine the
degree that the ‘wrong’ icon layer is imaged 284 and 288 by a set of lenses. For
example, if the thickness of icon layer spacer 277 is zero, sﬁch that icon layers 276
and 278 are in contact, then both icon layers will be imaged by both sets of lenses 274
and 280. In another example, if the thickness of icon layer spacer 277 is substantially
larger than the depth of focus of lcuses 274 and 280, then the ‘wrong’ icon layers will
not be imaged by the lenses 274 and 280. In yet another example, if the depth of
focus of one set of lenses 274 is large, but the depth of focus of the other set of lenses
is small (becuuse the lenses 274 and 280 have different F#'s), then both icon planes
276 and 278 will be imaged 282 through lenses 274 but oanly one icon plane 278 will
be imaged through lenses 280, so a material of this type would show two images from

oae side but only one of those images, mirrored, from the opposile side. Effects of
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cach of the ahove described embodiments, OPM, Deep, Float, and Levitate, can be
displayed from either side of a two-sided material according to this embodiment, and
the projected images 282 and 286 can be of the samc or different colors.

Fig. 15c shows yet another two-sided matenal 290 having a pigmented icon
layer spacer 298 that blocks the lenses on one side of the material from seeing the
‘wrong’ set of icons. Lenscs 292 image 294 icon layer 296 but cannot image icon
layer 300 because of the presence of pigmented icon layer 298, Similarly, lenses 302
image 304 icon layer 300, but cannot image icon layer 296 becausc of the presence of
pigmented icon layer 298. Effects of each of the above described embodiments,
OPM, Deep, Float, and Levitate, can be displayed from either side of a two-sided
material according to this embodiment, and the projected images 294 and 304 can be
of the same or different colors.

Fig. 15d discloses a further two-sided material 306 embodiment having lenses
308 that image 318 icon layer 314 and lenses 316 on the opposite side that image 322
icon layor 310. Icon layer 310 is closce to, or substantially in contact with, the bases of
lenses 308 and icon layer 314 is close to, or substantially in contact with, the bases of
lenses 316. Icons 310 are too close to lenses 308 to form an image, so their light
scatters 320 instead of focusing. Icons 314 are too close to lenses 316 to form an
image, 30 their light scattera 324 instead of focusing. Effects of each of the above
described embodiments, OPM, Deep, Float, and Levitale, can be displayed from
either side of a two-sided material according to this embodiment, and the projected
images 318 and 322 can be of the same or different colors.

Figs. 16 a-f are cross-sections and corresponding plan views illustrating three

" different methods for creating grayscale or tonal icon clament patterns aod subsequent
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synthetically magnified images with the present system. Figs. 16 a— are cross-section
details of the icon side of a material 307, i.nchzdingrpan of optical separator 309 and a
transparent micro structured icon layer 311. The icon elements are formed as bas-
relief surfaces 313, 315, 317 that arc then filled with a pigmented or dyed material
323, 325, 327 respectively. The underside of the icon layer lln:y be aptionally scaled
by a sealing iayer 321 that can be transparent, tinted, colored, dyed, or pigmented, or
opaque. The bas-relief micro structures of icon elements 313, 315, and 317 provide
thickness vanations in the dyed or pigmenled fill material, 323, 325, and 327

respectively, that create vanations in the optical density of the icon element as seen in

plan view. The plan views comresponding to icon elements 323, 325, and 327 are plan

vicws 337, 339, and 341. The usc of this method to create grayscale or tonal
synthetically magnified images is not limited to the specifics of the examples
disclosed here, but may be generslly applied to create an unlimited vaniety of
grayscale images.

Fig. 16 a includes icon element 313, dyed or pigmented icon element fill 323,
and corresponding plan view 337. The cross section view of the icon plane at the top
of this figure can only show one cutting plane through the icon clements. The
location of the cutting plane is indicated by the dashed line 319 through the plane
views 337, 339, and 341. Accondingly, the cross-section of icon element 313 is one
plane through a substantially hemispherical-shaped icon element. By suitably
limiting the overall dye or pigmvent density of the fill 323, thickness variations of the
dyed or pigmented fill 323 create a tonal, or grayscale, optical density variations

represented in the plan view 337. An array of icon elements of this type can be
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synthetically magnified within the present material system to produce images that

show equivalent grayscale variations.

© e o e

Fig. 16 b includes icon element 315, dyed or pigmented icon clement fill 325,
and comresponding plan view 339. Plan view 339 shown that the ican clement 315 is a
bes-relicf representation of 2 face. The tonal variztions in an image of & face are
complex, as shown by the complex thickness vanations 325 in the cross-section view.
As disclosed with regard to icon element 313, an amray of icon elements of this type,
as shown by 315, 32§, and 339, can be synthetically magnified within the present
material system to produce images that show equivalent grayscale variations
represeating, in this example, the image of a face.

.Fig_ 16 ¢ includes icon element 317, dyed or pigmented fili 327, and
corresponding plan view 341. In a manner similar to the discussion of Figs. 16 ab,
above, the bas-rclief shape of this icon element structure produces a tonal variation in
the appearance of the dyed and pigmented fill 327 and mn the synthetically magnified
image produced by the present material system. Icon element 317 illustrates 8 method
for creating a bright center in a rounded surface, as compared to the effect of icon
clanent 313 which creates a dark center in 2 rounded surface.

Figs. 16 d,e disclose another embodiment 326 of transparent bas-relief micro
structured icon layer 31! including icon elements 329 and 331 that are coated with a
high refractive index material 328. The icoa layer 311 can be sealed with an optional -
scaling layer 321 that fills the icon ¢lements 329 and 331, 330 and 332, respectively.
The high refractive index layer 328 enhances the visibility of sloping surfaces by
creating reflections from them by total internal reflection. Plan views 342 and 344

present representative images of the appearance of icoa clements 329 and 331 and
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their synthetically magnified images. This high refractive index coating embodiment f
provides a kind of edge-enhanccment effect without adding pigment or dye to make }
the icons and their images visible.

Fig. 16 fdiscloses yet another embodiment 333 of transparent bas-relief micro
structured icon 335 utilizing an air, gas, or liquid volume 336 to provide visual
definition for lhls phase interface 334 microstructure. Optional sealing layer 340 may
be added with or without optional adhesive 338 to entrap the air, gas, or liquid volume
336. The visual effect of a phase interface icon clement is similar to that of a high
refractive index coated icon element 329 and 331.

Figs. 17 a-d are cross-sections showing the use of the present system as a
laminating film in coajunction with printed information, such as may be utilized in the
manufacture of LD. cards and driver's licenses, wherein the material 348 (consisting
of the coordinated micro-array of lenses and images described above) covers a
substantial proportion of the surface. Fig. 17a depicts an embodiment of Unison used
a5 2 laminate over pnnt 347. Matenal 348 having at least some optical transparency
in the icon layer is laminated to fibrous substmle 354, such as paper or paper
substitute, with lamination sdhesive 350, covening or partiy covening print clement
352 that had previously been applied to the fibrous substrate 354. Because the
material 348 is at least partially transparent, the print clement 352 can be seen through
it and the cffect of this combination is to provide the dynamic image effect of the
present system in combinabon with the static print.

Fig. 17b shows an embodiment of the systemn matenial used as a laminate over
a print clement 352 applied to a nonfibrous substrate 358, such as a polymer film. As

in Fig 17a, matenal 348 having at least some optical transparency in the icon layer is
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laminated to nonfibrous substrate 358, such as polymer, metal, glass, or ceramic )
substitute, with lamination adbesive 350, covering or partly covering pnnt element X
352 that had previously been applied to the nonfibrous substrate 354. Because the

material 348 1s at least partially transparent, the print element 352 can be seen through

it and the effect of this combination is to provide the dynamic ir-nagc cffect in

combination with the static print.

Fig. 17c depicts the use of a print clement directly on the lens side of matenal
360. In this embodiment material 348 has print element 352 directly xpplied to the
upper lens surface. This embodiment does not require that the matenial be at least
partly transparent: the print element 352 lies on top of the matenial and the dynamic
image effects can be seen around the print element. In this embodiment the matenial
348 is used as the substrate for the final product, such as currency, ID cards, and other
articles requiring authentication or pmvndmg authentication to another article.

Fig. 17d depicts the use of a print element directly on the icon side of an at-
least partislly transparent material 362. Pnint element 352 is applied directly to the
icon tayer or scaling layer of an at-least partially transparent system material 348,
Because the system material 348 is at least partially transperent, the print element 352
can be seen through it and the cffect of this combination is to provide the dynamic
image cffect in combination with the static print. In this embodiment the system
material 348 is used as the substrate for the final product, such as currency, ID cards,
and other articles requiring authentication or providing authentication to another

article.

4
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Each of the embodiments of Figs. 17 a-d can be used singly or in combination
Thus, for example, a system matenial 348 can be both overpnnted (Fig. 17c) and
backside printed (Fig. 17d), then optionally laminated over print on a substrate
(Figs. 17 a,b). Combinations such as thesc can further increase the counterfeiting,
simulation, and tampering resistance of the material of the present system.

Figs. 18 a-f are cross-sections illustrating the application of the present system
to, or incorporation into, various substrates and in combination with printed
information. The embodiments of Figs. 18 a-f differ from those of Figs. 17 a-d in that
the former figures disclose systemn material 348 that covers most or ail of an article,
whereas the present figures disclose embodiments wherein the system material or its
optical effect do not substantially cover a whole surface, but rather cover only a
portion of a surface. Fig. 18a depicts a piece of at-least partially transparent system
material 364 adhered to a fibrous or non-fibrous substrate 368 with adhesive element
366. Optional print element 370 has been directly applied to the upper, lens, surface
of matcrial 364. Print element 370 may be part of a larger pattern that extends beyond
the piece of material 364. The piece of material 364 is optionally iaminated over print
clement 372 that was applied to the fibrous or non-fibrous substrate prior to the
application of the material 364.

Fig. 18b illustrates an embodiment of single-sided system material 364
Wmm into an non-optical substrate 378 as a window, wherein at least some of
the edges of the system material 364 arc captured, covered, or enclosed by the non-
optical substrate 378. Print clements 380 may be optionally applied on top of the
syﬂmmn&aidhnlurﬁceammmpdmdmumybcﬂigncd with, or

comrespond to, print elemeats 382 applied to the non-optical substrate 378 in the area
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adjacent to print element 380. Similarly, print elements 384 can applied to the
opposite side of the non-optical substrate aligned with, or corresponding to, print
clements 386 applied to the icon or scaling layer 388 of the system matedial 364. The
cfiect of a window of this kind will be to present distinct images when the matenial is
viewed from the lens side and no images when viewed from the icon side, providing a
one-way image cffect.

Fig. 18c shows a similar embodiment to that of Fig. 18b, excopt that the
system material 306 is double-sided material 306 (or other doublesided embodiment
described above). Print elements 390, 392, 394, and 396 substantially correspond in
function to print elements 380, 382, 384, 386, previously described. The effect of a
matenal window of this kind will be to present different distinct images when the
material is viewed from opposite sides. For example, a window incorporated into a
currency paper could display the numerical denomination of the bill, such as 10
when viewed from the face side of the bill, but when viewed from the back side of the
bill the Unison window could display different information, such as “USA", that may
be in the same color as the first image or a different color.

Fig. 18d illustrates a transparent substrate 373 acting as the optical spacer for a
material formed by a zone of ienses 374 of limited cxtent and an icon layer 176
extending substantially beyond the periphery of the zone of lenses 374. In this
embodiment the present effects will only be visible in that zone that includes both
lenses and icons (corresponding to lens zone 374 in this figure). Both the lenses 374
and the adjacent substrate may optionally be printed 375, and print elements may atso
be applied to the icon layor 376 or to an optional scaling layer covering the icons (not

indicated in this figure - see Fig. 1). Multiple lens zones can be used on an article
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after the manner of this embodiment; wherever a lens zone is placed the Unison

g
s

effects will be scen; the size, rotlation, stercoscopic depth position, and OPM
propertties of the images can be different for each lens zone. This embodiment is well
suited for application to ID cards, credit cards, drivers’ licenses, and similar
applications. |

Fig. 18¢ shows an embodiment that is similar to that of Fig. 18d, except that
the icon plane 402 does not extend substantially beyond the extent of the lens zone
400. Onptical spacer 398 scparates the lenses 400 from the icons 402. Print elements
404 and 406 correspond to print clements 375 and 377 in Fig. 18d. Multiple zones
400 can be used on an article after the manner of thix embodimenl; each zone can
have separate cffects. This embodiment is well suited for application to ID cards,
credit cards, drivers® licenses, and similar applications.

Fig. 18f depicts an embodiment that is similar to Fig. 18d except that the
present embodiment incorporates optical spacer 408 that separates lenses 413 from
icon plane 410. Lenses 413 extend substantially beyond the periphery of the icon
zonc 412. Priot clements 414 and 416 correspond to print elements 375 and 377 in
Fig. 18d. Multiple lens zones can be used on an article after the manner of this
embodiment; wherever a lens zone is placed the present effects will be seen; the size,
rotation, stereoscopic depth position, and OPM properties of the images can be
different for each lens zone. This embodiment is well suited for application to ID
cards, credit cards, drivers® licenses, and similar applications.

Figs. 19 ab illustrate cross-sectional views companng the in-focus field of
view of a spherical lens with that of a flat field asphenic lens when each are

incorporated into a structure of the type described above. Fig. 19a illustrates a
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substantially spherical lens as applied in a system as descnbed above. Substantially
spherical lens 418 is scparated from icon planc 422 by oplica! spacer 420. [mage 424
projected out perpendicular to the surface of the material originates at focal point 426
within the icon layer 422. The image 424 is in sharp focus because the focal point
426 is within the icon layer 422. When the lens is viewed from an oblique angle, then
image 428 is blurry and out of focus because the comresponding focal point 430 is no
longer in the icon plane, but is above it a substantial distance. Arrow 432 shows the
ficld curvature of this lens, equivalent to the sweep of the focal point from 426 to 430.
The focal point is within the icon plane throughout the zone 434, then moves outside
of the icon plane in zone 436. Lenses which are well suited to application in
coordination with a plane of printed images or icons typically have a low F#, typically
less than 1, resulting in a very shallow depth of focus — higher F# lenses can be used
effectively with Deep and Float effects, but cause proportionate vertical binocular
disparity with effects described herein when used with Unison Motion effects. As
soon as the lower limit of the depth of focus moves outside of the icon plane the
image clarity degrades rapidly. From this figure it can be scon that the ficld curvature
of a substantially spherical lens limits the field of view of the image: the image 1s
distinct only within the in-focus zone 434, rapidly going out of focus for more
oblique viewing angles. Substantially spherical ienses are not flat-field enses, and
the field curvature of these lenses is amplified for low F# lenses.

Fig. 19b illustrates an sspheric leas as applicd to the present system. As an
aspheric lens, its curvature is not approximated by a sphere. Aspheric lens 438 15
separated from icon layer 442 by optical spacer 440. Aspheric lens 438 projects

image 444 of icon planc 442 normal to the plane of the material . The image
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originales at focal point 446. The focal length ;)famhaic lens 438 lies within the
icon plane 442 for a wide range of viewing angles, from nonmal 444 o oblique 448,
because it has a flat-field 452. The focal length of the lens vanes according to the
angle of view through it. The focal length is shortest for normal viewing 444 and
increases as the viewing angle becomes more ablique. At the oblique viewing angle
448 the focal point 450 is still within the thickness of the icon plane, and the oblique
image is therefore still in focus for this oblique viewing angle 448. The in-focus zone
454 is much larger for the aspheric lens 438 than the in-focus zone 434 of the
substantially spherical lens 418. The aspheric lens 438 thus provides an enlarged ficld
of view over the width of the associated image icon so that the peripheral edges of the
associated image icon do not drop out of view compared to that of the spherical lens
418. Aspheric lenses are preferred for the present system because of the larger field
of view they pravide and the resulting increase in visibility of the associated images.
Figs. 20 a< are cross-sections illustrating two benefits of utility which result
from the use of a thick icon layer. These benefits apply whether the lens 456 used to
view them is substantially spherical 418 or aspheric 438, but the benefits arc greatest
in combination with aspheric lenses 438. Fig. 20a illustrates a thin icon layer 460
system material including lenscs 456 separated from icon leyer 460 by optical spacer
458. [con clements 462 are thin 461 in comparison to the field curvaturc of the lens
463, limiting the in-focus zone to a small angle, the angle between the image
projected in the normal direction 464 and the highest oblique angie image 468 that has
a focal point 470 within the icon layer 460. The greatest ficld of view is obtained by
designing the normal image focus 466 to lic at the bottom of the icon plane, thereby

maximizing the oblique ficld of view angle, limited by the point at which the focal
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point 470 lies m the top of the icon plane. The field of view of the system in Fig. 20a
is limited to 30 degrees.

Fig. 20b illustrates the benefits obtained from the incorporation of an icon
plane 471 that is thick 472 in comparison to the field curvature of lens 456. Lenses
456 are scparated from thick icon elements 474 by optical spacer 458. Thick icon
clements 474 remain ig focus 475 over a larger field of view, 55 degrees, than the thin
icon clements 462 of Fig. 20a. The norma! image 476 projected through lenses 456
from focal point 478 is in clear focus, and the focus remains clear while the angle of
view increases all the way up to 55 degrees, where oblique image 480 focal point 482
lics at the top of the thick icon plane 471. The increased ficld if view is greatest for 2
fiat-ficld lens, such as the asphenc lens 438 of Fig. 19b.

Fig. 20c illustrates yet another advantage of a thick icon plane 492; reducing
the senmtivity of the present system material to variations in thickness S that may
result from manufacturing variations. Lens 484 is spaced a distance S from the
bottom gurface of icon layer of thickness i. Lens 484 projects image 496 from focal
point 498 disposed at the bottom of icon layer 492. This figure is drawn to
demonstrate that variations in the optical space S between the lenses and the icon
layer can vary over a range equal to the thickness of the icon layer i without loss of
image 496, 500, 504 focus. At lens 486 the optical spacer thickness is about (S +i/
2) and the focal point 502 of image 500 is still within the thickness i of icon layer
492. At lens 488 the thickness of the optical spacer has increased to (S + 1) 490 and
the focal point 506 of image 504 lies at the top of thick icon clement 494. The optical
Spaccrﬂﬁckncscmthacfmnvaryov;:ramngc corresponding to the thickness of the

‘icon layer i : a thin icon layer tharefore provides a small tolerance for optical spacer
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thickness vanations and a thick icon layer provides a larger tolerance for optical

spacer thickness vanations. -
An additional benefit is provided by a thick icon layer 492. Impexfect lenscs, :

such as substantially spherical lcnses, may have a shorter focal length 493 towards

their edges than at their center 496. This is one aspect of the common spherical

aberration defect of substantially spherical lenses. A thick icon layer provides an icon

element that can be clearly focused over a range of focal lengths, 498 to 495, thereby

improving the overall clarity and contrast of an image produced by a lens 484 having

focal length vanations.
Fig. 21 isaplmvicwdmtshommclpplicaﬁonofmgpmscrusyslcmw

currency and other secunity documents as a ‘windowed’ secunity thread. Fig. 21

shows 2 windowed thread structure including system material S08 that has been slit

into a ribbon, refexred to as a “thread”, that is typically in the range of 0.5 mm to 10

mm in width. Thread 508 is incorporated into the fibrous document substrate 510 and

provides windowed zones 514. The thread 508 may optionally incorporate a

pigmented, dyed, filled, or coated sealing layer 516 to increase image contrast and/or

to provide additional security and authentication features, such as electrical

conductivity, magnetic properties, nuclear magnetic resonance detection and

authentication, or to hide the matenial from view in reflected illumination when

viewed from the back side of the substrate (the side opposite the side presenting the

Unison synthetic images and an adhesive layer 517 to strengthen the bond between

the thread 508 and the fibrous substrate 510. The thread 508 is maintained in an

oricutation to keep the lenses uppermost so that the image effects arc visible in the

-windowed zones 514, Both the fibrous substrate 510 and the thread may be
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overprinted by print elements 518 and the fibrous substrate may be printed 520 on its
opposite face.

Fig. 21 illustrates that thread 508 and its image effects 522 are only visible
from the upper surface 521 of the substrate 510 in the windowed zooes 514. Thread
508 is covered by fibrous substrate material at the mside zooaes 512 and the image
effects 522 are not substantially visible in these zones. OPM cffects are particularly
dramatic when incorparated into thread 508. (Sec Fig. 22) As the Abrous substrate
510 is tilted in various directions the OPM tmage can be made to scan across the
width 524 of the thread, producing a startling and dramatic visual effect. This
scanning feature of an OPM image makes it possible to present image 522 which is
targer than the width of the thread 508. The user examining the document containing
z windowed thread 508 can then tilt the document to scan the whole image across the
thread, scrolling it like a marquee sign. The cffects of the Deep, Float, and Levitate
embodiments can also be used to advantage in a windowed thread format.

The thread 508 may be at least partially incorporated in security papers during
manufecture by techniques commonly emplayed in the paper-making industry. For
cxample, thread S08 may be pressed within wet papers while the fibers are
unconsolidated and pliable, as taught by U.S. Patent 4,534,398 which is incorporated
herein by reference.

The windowed thread of the present system is particulary well suited for
application to currency. A typical total thickness for the thread material is in the
range of 22y to 34y, while the total thickness of currency paper may range as high as
88p. It is possible to incorporate a windawed security thread of the present system

into currency paper without substantially altering the total thickness of the paper by
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locally reducing the thickness of the paper by an amount equivalent to the thickness of
the thread.

In an exemplary embodiment, thread 508 comprises:

(a)  onc or more optical spacers;

(b) one ar more optionally periodic planar arrays of micro-images
or icans positioned within, on, or next (o an optical spacer; and

(c)  onc or more optionally periodic planar arrays of noacylindncal
micro lenses positioned on or next to either an optical spacer or a planar icon array,
with each micro-lens having a base diameter of less than 50 microns.

In another embodiment, the micro-images or icons constitute filled voids or
recesses that are formed on a surface of the onc or more optical spacers, while the
non-cylindrical micro-lenses are aspheric micro-lenses, with each aspheric micro-lens
having a base diameter ranging from about 15 to about 35 microns. At least onc
pigmented sealing or obscuring layer 516 may be positioned on the planar array(s) of
micro-images or icons for increasing contrast and thus visual acuity of the icons and
also for masking the presence of thread 508 when the thread is at least partually
embedded in a security document.

In yet another embodiment of the preseat invention, thread 508 comprises:

(a) an optical spacer having opposing upper and lower planar
surfaces;

) a pertodic array of micro-images or icons compnsing filled
messcsformndmliwlowcrplanarsurfaccofﬂwopﬁulapuu;

(c) a periodic armay of non~cylindnical, flat field, aspheric or

.polygonal basc multi-zonal micro-lenses positioned on the upper planar surface of the

-1 |
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optical spacer, wherein each micro-lens have a base diameter ranging from about 20
to about 30 microns; and

(d) a pigmented sealing or obscuring layer 516 positioned on the
icon array.

The optical spacer(s) may be formed using one or more essentially colorcless
polymers including, but not limited to, polyester, polypropylene, polyethylene,
polyethylene terephthalate, polyvinylidene chloride, and the like. Inan cxemplary
embodiment, the optical spacer(s) is formed using polyester or polyethylene
tercphthalate and has a thickness ranging from about 8 to about 25 microns.

The icon and micro-lens arrays can be formed using substantially transparent
or clear radiation curable matenal including, but not limited to acrylics, polyesters,
epoxies, urcthanes and the like. Preferably, the arrays are formed using acrylated
urethane which is available from Lord Chemicals under the product designation
uUi07.

The icon recesses formed on the lower planar surface of the optical spacer
cach mecasures from sbout 0.5 to about 8 microns in depth and typically 30 microns in
micro-image or icon width. The recesses can be filled with any suitable matenial such
as pigmented resins, inks, dyes, metals, or magnetic materials. In an cxemplary
embodiment, the recesses are filled with a pigmented resin comprising a sub-micron
pigment which is available from Sun Chemical Corporation under the product
designation Spectra Pac.

The pigmented sealing or abscuning layer 516 can be formed using one or
more of a variety of opacifying coatings or inks including, but not limited to,

pigmented coatings compriging a pigment, such as titanium dioxide, dispersed within
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a binder or carricr of curable potymeric material. Preferably, the sealing or obscuring
layer 516 is formed using radiation curable polymers and has a thickness ranging
from about 0.5 to about 3 microns.
Thread 508, which is described above, may be prepared in accordance with the
foltowing method:
(a) applying a substantially transparcnt or clear radiation curable -
resin to the upper and lower surfaces of the optical spacer;
®) forming a micro-lens array on the upper surface and an icon
array io the form of recesses on the lower surface of the optical spacer;
(c) curing the substantially transparent or clear resin using a source
of radiation;
(d) filling the icon array recesses with 2 pigmented resin or ink;
(e) removing excess resin or ink from the lower surface of the
optical spacer; and
(H applying a pigmented sealing or obscuring coating or laycr to

the lower surface of the optical spacer.

- In many cases, it is desirable that security threads used incuﬁmcyandin
other high value financial and ideatification documents be detected and authenticated
by high-specd non-contact sensors, such as capacitance sensors, magnetic field
sensors, optical transmission and opacity sensors, fluorescence, and/or nuclear
magnetfic resonance.

Incorporation of fluorescent materials into the lens, substrate, icon matrix, or

icon fill elements of a Unison film can enable covert or forensic authentication of the

53
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Unizon material by observation of the presence and spectral characteristics of the
fluorescence. A fluorescing Unison film can be designed to have its fluorescent
properties visible from both sides of the material or from orily one side of the
material. Without an optical isolation layer in the matenial beneath the icon layer, the
fluorescence of any part of a Unison material will be visible from cither of its sides.
Incorporation of an optical isolation layer makes it possible to separate the visibility
of the fluorescence from its two sides. Thus a Unison material incorporating an
optical isolation layer beneath the icon plane may be designed to exhibit fluorescence
in a number of different ways: fluorescent color A visible from the lens side, no
fluorescence visible from the optical isolation layer side, fluorescent color A or B
visible from the optical isolation layer side but not from the lens side, and fluorescent
color A visible from the lens side and fluorescent color A or B visible from the optical
isolation layer side. The uniqueness provided by the vanety of fluorescent signaturcs
possible can be used to further enhance the security of the Unison matenial. The
optical isolation layer can be a layer of pigmented or dyed material, a layer of metal,
or a combination of pigmented layers and metal layers, that absorbs or reflects the
fluorescent emission from one side of the material and prevents it from being seen
from the ather side.

Icons formed from shaped voids and their inverse, icons formed from shaped
posts, are particularly enabling for adding machine-readablc authentication features to
a Unison material security thread for currency and other high value documents. The
icon matrix, the icon £ll, and any number of back coats (sealing coats) can ali,
scpanately and/or in all combinations, incorporate non-fluorescing pigments, non-

fluorescing dyes, fluorescing pigments, fluorescing dyes, metal particles, magnetic
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particles, nuclear magnetic resonance signature materials, lasing particles, organic /ﬁb
LED materials, optically varizblc materials, cvaporated metal, thin film interference :
materials, liquid crystal polymers, optical upconversion and downconversion
matenals, dichroic materials, optically active materials (possessing optical rotary
power), optically polarizing materials, and other allied materials.

In some circumstances, such as when a dark or colored coating (such as a
magnetic material or conductive layer) has been added to a Unison material or when
the color of the icon planc is objectionable when seen through the back side of a
substrate, it may be desirable to mask or hide the appearance of an embedded,
partially embedded, or windowed Unison matcrial security thread from onc side of a
paper substrate as seen in reflected light, while the thread is visible from the opposite
side of the substratc. Other types of currency security threads commonly incorporate
a metal layer, typically aluminum, to reflect light that filters through the surface
substrate, thereby providing similar brightness to the surrounding substrate.
Aluminum o other color neutral reflecting metal can be used in similar manner to
mask the appearance of a Unison thread from the back side of a paper substrate by
applying the metal layer on the back surface of the Unison material and then
optionally sealing it in piace. A pigmented layer can be utilized for the samc
purpose, that of hiding or obscuring the visibility of the security thread from the

“back” side of the document, in place of a metallized layer, or in conjunction with it.

The pigmented layer can be of any color, including white, but the most effective color

is one that matches the color and intensity of the light intemally scattered within, and

outside of, the fibrous substrate,
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The addition of a metallized layer to 2 Unison material can be accomplished in
a number of ways, including direct metailization of the icon or scaling layer of the
Unuson material by evaporation, sputtering, chemical deposition, or other suitable
means, or lamination of the icon or sealing layer of the Unison material to the
metallized surface of a second polymer film. It is common practice to create currency
security threads by metallizing a film, pattern demetallizing this film to leave narrow
‘nibbons’ of metallized arca, laminating the metallized surface to a second polymer
film, then slitting the laminated matenal such that the metal nbbons are isolated from
the edges of the slit threads by the laminating adhesive; thereby protecting the metal '
from chemical attack at the cdges of the thread.  This method can also be applied in
the case of the subject invention: the Unison matenal can simply replace the second
laminating film. Thus a Unison material can be augmented by the addition of
pattermed or unpattermned metallized layers.

Synthetic images can be designed es binary patterns, having one color (or
absence of color) defining the icons and a different color (or absence of color)
defining the background; in this case each icon zone includes a complete single-tone
image that utilizes image ‘pixels’ that are either full on or full oft. More sophisticated
synthetic images can be produced by providing tonal variations of the selected icon
color. The synthetic image tonal variation can be created by controlling the density of
the color in each icon image or by cffectively ‘half<toning’ the synthetic image by
including or excluding design eloments in selected groups of icons.

The first method, controlling the density of the color in each icon image, may

be accomplished by controlliing the optical density of the material creating the
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microprinted icon image. One convenient method to do this utilizes the filled void /1)’7S
icon embodiment, alresdy described previously.

The second method, *half-toning’ the synthetic image by including or
excluding design olements in selected groups of icons, tlustrated in Figure 23,
accomplished by including image design elements in a proportion of icon zones that is .
equal to the color density desired. Figure 23 illustrates this with an example using a
hexagonal repeat pattern for the icon zones 570 that would be coordinated with a
sirtular hexagonal repeat pattern of lenses. Each of the ican zones 570 do not contain
identical information. All of the icon image elements, 572, 574, 576, and 578 arc
present at substantially the same color density. Icon image clements 572 and 574 are
present in some of the icon zones and diffcrent icon image clements arc present in
other icon zones. Some icon zoncs condain the single icon image element 570.
Spexifically, the icon image clement 572 is present in half of the icon zones, icon
image clement 574 is present in three-fourths of the icon zones, icon image clement
578 is present in half of the icon zones, and icon image clement 576 is present in onc-
third of the icon zones. The information present in each icon zone determines
whether its associated lens will show the color of the icon image pattemn or the color
of the icon image background from a particular viewing onontation. Bither image
elements572 or 578 will be visible in all of the lenses associated with this icon
pattern, but the synthetic image 580 space of icon image element 572 overlaps the
synthetic image space of icon image clement 578. This means that the overlap zone
582 of the synthetic images of icons 572 and 578 will appear at 100% color density,
because every lens will project icon image color in this zone. The non-overlapping

part of these two synthetic images, 588, is oaly visible in 50% of the lenses, so it
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sppecars at 50% color density. The synthetic image 586 of icon element 576 is visible ;
in only one third of the lenses, so it appears at 33.3...% density. The synthetic image
584 of icon image clement 576 correspondingly appears at 75% color density. Itis
clear within the scope of this teaching that a tremendous range of tonal variations can |
be obtained in the synthetic image through selective omission of ican image elements ‘
in selected percentages of icon zones. For greatest effectiveness the distributions of
the icon image elements across the icon image zones should be relatively uniform.
A related icon image design method, illustrated in Figure 24a, can be used to
create combined synthetic image elements that are smaller in dimengion than the
stnallest feature of the individual synthetic image clements. This is possible in the
common circumstance whcu: the smallest feature size of an icon imagc_ is larger than
the placement accuracy of the feature. Thus an icon image may have minimum
features on the order of two microns io dimcnsion, but those features may be placed
accurately on any pomt on & grid of 0.25 micron spacing. In this case the smallest
feature of the icon image is eight times larger than the placement accuracy of that
feature. As with the previous diagram this method is iltustrated using a hexagonal
icon pattern 594, but it applies equally well to any other usable pattern symmetry. In
similar fashion to the method of Figure 23, this method relies on the use of differemt
information in at least one icon zone, In the example of Figure 24a two different icon
patterns, 596 and 598, are each present in half of the icon zones (for clarity only one
of each pattern is shown in this figure). These icon images produce a composite
synthetic image 600 that incorporates synthetic image 602 created by icon image
elements 596, and synthetic image 604, created by xcon image clements 598. The two

synthetic images, 602 and 604, are designed to have overlapped areas, 606 and 608,
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that appear to have 100% color density while the non-overiapped arcas 605 have 50%
color density. The minimum dimension of the overiapped areas in the composite
synthetic image may be ag small as the symthetic magnification-scaled positioning
accuracy of the icon image clements, and therefore may be smaller than the minimum
feature gize of the twa constituent synthetic images that are designed to overlap in a
small region. In the example of Figure 23, the overlap regions are used to create the
characters for the number “{ (" with nammower lines than would otherwise be possible.
This method can also be used to create narrow patterns of gaps between icon
image eclements, as shown m Figure 24b. Hexagonal icon zones 609 could be square
or any other suitable shape to make a space-filling array, but hexagonal is preferred.
In this example, half the icon pattemns the icon image 610, and half of them are the
icon image 611. Ideally these two patterns would be relatively uniformly distributed
smong the icon zones. All of the elements of these patterns are depicted as being of
substantially equal and uniform color density. In isolation these two pattems do not
clearly suggest the form of the final image, and this can be used as x security clement
— the image is not obvious until it is formed by the overlying lens ammay. One instance
of the synthetic image 612 formed by the combination of the synthetic image of icon
clemems 610 with the synthetic image of icon elements 611 is shown, whereby the
gaps that remain between the separate synthetic images form the numeral “10™. In
this case, two synthetic images are combined to form the final synthetic image, so the
calored parts of this image 613 show 50% color density. This method is not limited
by the details of this cxample: three icons could have been used instead of two, the
gaps defining the desired element in the composite synthetic images can have variable

widths and unlimited shape variety, and this method can be combined with either the
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methods of Figures 23, 24a,b or 25, or an other icon image design method we have
taught.

Covert, hidden information can be incorporated into the icon images that
cannot be seen in the resulting synthetic images. Having such covert information
bidden in the icon images can be used, for example, for covert authmticalion. of an
object. Two methods for accomplishing this arc illustrated by Figure 25. The first
method 1is illustrated by the use of matched icon images 616 and 618. Icon image 616
shows a solid border pattern and the number “42™ contained inside of the border. Icon
image 618 shows a solid shape with the number “42™ as a graphical hole in that shape.
In this example, the peimeter shapes of icon images 6§16 and 618 are substantially
identical and their relative position within their respective icon zonces, 634 and 636,
are alsa substantially identical. When a composite synthetic image 620 is created
from these icon images, the border of the composite synthetic image 622 will show
100% color density because all icon images have a pattern in that corresponding area,
so there is full overlap in the synthetic images created from icon images 616 and 618.
The color density of the interior 624 of the composite synthetic image 620 will be
50%, since the image of the space surrounding the “42™ comes from icon images 618
that only fill half the icon zones, and the image of the colored “42" comes from icon
images 616 that also fill half the icon zones. Consequently, there is no tonal
differentiation between the “42™ and its background, so the observed composite
synthetic image 626 will show an image having a 100% coloc density border 628 and
a 50% color density interior 630. The “42™ covertly present in all of the icon images
616md618istherd:y“nanmlized"andwil.lnolbeseeninmcobmcdoompositc !

synthetic image 626.
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A second method for incorporating covert information into icon images is
illustrated by triangles 632 in Figure 25. Triangles 632 may be randomly placed
within the icon zones (not shown in this figure) or they can be placed in an array or
other pattern that does not substantially match the pertod of the icon zones 634, 632.
Synthetic images are created from a multiplicity of regularly ammayed icon images that
arc imaged by a commesponding regular ammay of micro-lenses. Patterns in the icon
planc that do ot substantially correspond to the period of the micro-lens array will
not form complete synthetic images. The pattemn of triangles 632 therefore will not
create a coherent sﬁMc image and will not be visible in the observed synthetic
image 626. This method is not limited to simple geometric designs, such as triangles
632: other covert information, such as alpha-numeric information, bar codes, data

bits, and large-scale patterns can be incorporated into the icon plane with this method.

Figure 26 illustrates a general approach to creating fully three dimensional
integral images in a Unison material (Unison 3-D). A single icon zone 640 contains
icon image 642 that represents a scale-distorted view of an object to be displayed in 3-
D aa scen from the vantage poiat of that icon zone 640. In this case the icon image
642 is designed to form a synthetic image 670 of a hollow cube 674. [con image 642
has a foreground frame 644 that represents the nearest side 674 of hollow cube 672,
tapered gap patterns 646 that represent tlwcomm6760fﬁwhollowq:bc 672, and a
background frame 648 that represents the farthest side 678 of the bollow cube 672. 1t
can be seen that the relative proportions of the foreground frame 644 and the
background frame 648 in the icon image 642 do not correspond to the proportions of

the nearest side 674 and the farthest side 678 of the synthetic image hollow cube 672.
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The reason for the difference in scale is that images that are to appear further from the
plane of the Unison material expericnce greater magnification, so their size in the icon
image must be reduced in order to provide the comect scale upon magnification to
form the synthetic image 672.

At a different location on the Unison 3-D material we find icon zone 650 that
includes a different icon image 652. As with icon image 642, icon image 652
represents a scale-distorted view of the synthetic image 672 as seen from the different
vantage point of this icon zonc 650. The relative scaling of foreground frame 654 and
background frame 658 are similar to the corresponding clements of icon image 642
(although this-will not be true, in general), but the position of the background frame
658 has shifted, along with the size and anentation of the corner patterns 656. Icon
zone 660 is located a further distance away on the Unison 3-D material and it presents
yet another scale-distorted icon image 662, including icon image 662 with foreground
frame 664, tapered gap pattermns 667, and background frame 668.

In general, the icon image in each icon zone in a Unison 3-D matenal will be
slightly different from its nearby neighbors and may be significantly different from its
distant neighbors. It can be seen that icon image 652 represents a transitional stage
between icon images 642 and 662. In general, cach icon image in a Unison 3-D
material may be unique, but each will represent a transitional stage between the icon
images to cither side of it.

Synthetic image 670 is formed from a multiplicity of icon images like icon
images 640, 650, and 660 as synthetically imaged through an associated lens armay.

The synthetic image of the hollow cube 674 shows the cffccts of the different

o synthetic magnification factors that result from the effective repeat penvods of the

R /A
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different elements of each of the icon images. Let us assume that the hollow cube /@}

———m —

T

image 674 is intended to be viewed as a SuperDecp image. In this case if icon zone
640 was disposed some distance to the lower left of icon zone 650, and icon zone 660
was disposed some distance to the upper right of Icon zone 650, it can be scen that the
effective pesiod of the forcground frames 644, 654, and 664 will be less than thal of
the background frames 648, 658, and 668, thereby causing the closest face 676 of the
cube (corresponding to the foreground frames 644, 654, and 664) to lic closer to the
plane of the Unison material and the farthest face 678 of the cube to lic decper and
further from the planc of the Unison material, and to be magnified by a greater factor.
The comer elements 646, 656, and 667 caordinate with both the foreground and
background elements to create the effect of smoothly changing depth between them.

The method of designing icon images for Unison 3-D is more fully described
in Figure 27. This figurc isolates the method for a single image projector 680. As
previously described, a single image projector includes a lens, an optical spacer, and
an icon image; the icon image having substantially the same dimensions as the repeat
period of the keas (allowing for the small differences in scale that create the Unison
visual effects}. The field of view for the lens and its associated icon is shown as the
cone 682: this also comresponds to an inversion of the focal cone of the lens, so the
proportions of the ficld of view cone 682 are determined by the F# of the lens.
Although the figure shows this cone as having a circular base, the base shape will
actually be the same as the shape of an icon zene, such as a hexagon.

In this example we wish to create a Unison 3-D synthetic image that
incorporates three copies of the word “UNISONT™, 686, 690 and 694, at the same

visual size at three different SuperDeep image plancs 684, 690, and 692. The
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diameter of the image planes 684, 688, and 692 expands with the field of view cone:
in other words, as the depth of image increases, area cavered by the ficld of view cone
increases. Thus the field of view at the shallowest depth plane 684 only encompasses
portions of “NIS” of the word UNISON, while the middle depth plane 688
encampasses all of “NIS” and portions of “U™ and “Q” and the deepest depth plane
692 encompasses almost all of “UNISON", lacking only part of the final “N”.

The information they presented (UNISONs 686, 690, and 694) by cach of
these synthetic image plancs 684, 688, and 692, must ultimately be incorporated into a
single icon image in image projector 680. This is accomplished by captuning the
information in the field of view cone 686 at each depth planc 684, 688, and 692, then
scaling the resulting icon image patterns to the same dimensions. Icon image 696
represents the field of view of UNISON image 686 as seen at depth plane 684, icon
image 704 represents the field of view of UNISON umage 690 as secn at depth plane
688, and icon image 716 represents the field of view of UNISON image 694 as seen
at depth plane 692.

Within icon image 696 icon image clements 698 originate from a portion of
the first “N" of UNISON image 686, icon image element 700 onginates from a
portion of the *T' of UNISON image 686, and icon image elements 702 originate
from portions of the “S™ of UNISON image 686. Within icon image 704 icon image
clement 706 originates from a portion of the “U™ of UNISON image 690, icon image
clement 708 originates from the first “N” of UNISON image 690, icon image element
710 originates from the “S™ of UNISON image 690, and icon image clauent 714
ariginates from a portion of the “O"™ of UNISON image 690. Note that although the

synthetic images 686, 690, and 6§94 are presented at similar scale, icon image 704 for
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the middle depth plane 688 presents its UNISON letters at a smaller scale than those
of icon image 696. This accounts for the higher synthetic magnification that icon
image 704 will experience (when synthetically combined with a multiplicity of
surrounding icon images for the samc.dcpth plane). [n similar manner, icon image
716 incorporates icon image clements 718 that onginate from the UNISON image 694
and the UNISON letters incorporated in its icon image are at a further reduced scale.

The final icon image for this image projector is created by combining these
three icon images 696, 704, and 716 into a single icon image 730, shown in Figure 28.
The combinred icon elements 732 incorporate all of the graphical and depth
information necessary for the image projector 680 to make its contribution to the
syathetic image formed from a multiplicity of image projectors, each incorporating
the specific icon image information that results from the intersection of its own ficld
of view cone, cenicred on the image projector, with the levels and elements of the
synthetic image to be produced. Since each image projector is displaced by at least
onc lens repeat period from every other image projector, each image projector will
carry different information resulting from the intersection of its ficld of view cone
with the synthetic image space.

Each of the icon images required to preseat a chosen 3-D image can be
computed from knowledge of the three-dimensional digital model of the synthetic
image, desired depth position and depth span to be presented in the synthetic image,
the lens repeat period, the lens ficld of view, and the ultimate graphical resolution of
the icon images. This latter factor puts an upper limit on the level of detail that can be
presented at cach depth planc. Since depth planes that lie further from the plane of

the Unison matenal carry a larger amount of information (because of the increased
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field of view) the graphical resolution limit of the icons has the greatest impact on the
resotution of these synthetic image depth planes.

Figure 29 illustrates how the method of Figure 27 can be applied lo a complex
three-dimensional synthetic image, such as an imagc of the priceless ice-age carved
mammoth ivory artifact, the Lady of Brassempouy 742. Individual image projector
738, incorporaling at least a lens, an optical spacing element, and an icon image {not
shown in this figure), lies in the plane 740 of a Unison matenial that separate the float
synthetic image space from the deep synthetic image space. In this example the
synthetic image space spans the Unison material such that a portion of the image lies
in the float synthetic image space and a portion lies in the deep synthetic image space.
The image projector 738 has a substantially conical field of view that extends both
into the decp synthetic image space 744 and into the float synthetic image space 746.
A chosen number of deep image planes are sclected, 748 and 752-762, at whatever
spacing is required to obtain the deep synthetic image space resolution desired.
Similarly, a chosen number of float image planes are selected, 750 and 764-774, at
whatcver spacing is required to obtain the float synthetic image space resolution
desired. Somc of these planes, such as decp planes 748 and float planes 750 will
extend beyond the synthetic image and will not contribute to the final information in
the icon image. For clanty, the number of image planes shown in Figure 29 is limited
to a small number but the actual number of image planes selected may be high, such
as 50 or 100 planes, or more, to obtain the desired synthetic image depth resolution.

The method of Figures 27 and 28 is then applied to obtain the icon image at
cach depth planc by determining the shape of the intersection of the surface of the

object 742 with the selected depth plane 756-774. The resuhing sepanate icon images
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are scaled to the final size of the combined icon image. All of the float icon images
are first rotated 180 degrees (because they undergo that rotation again when they are
projected, thereby returning them to their correct orientation in the synthetic image)
then they are combined with the deep tcon images to form the final icon image for this
image projector 738. This process is repeated for each of the positions of the image

projectors to obtain the complete pattern of icon images required to form the full

synthetic image 742.

The resolution of the synthetic image depends on the resolution of the optical
projectors and the graphical resolution of the icon images. We have obtained icon
image graphical resolutions, less than 0.1 micron, that exceed the theoretical optical
resolution limit of magnifying optics ( 0.2 micron). A lypicn_l icon image is created
with a resolution of 0.25 micron.

Unison materials can be manufactured by sheet or web processing utilizing
tools that separately incorporate the lens and icon microstructures. Both the tens tools
and the icon tools are originated using photomasks and photoresist methods.

Lens tools are initially designed as semiconductor-type masks, typically black
chrome on glass. Masks having sufficient resolution can be created by
photoreduction, electron beam writing, or laser writing. A typical mask for a lens tool
will incorporate a repeating pattern of apaque hexagons at a chosen period such as 30
microas, with clear lines separating the hexagons that are less than 2 microns wide.
This mask is then used to expose photoresist on a glass plate using a conventional
semiconductor UV exposure system. The thickness of the resist is selected to obtain
the desired sag of the lens. For example, a thickness of 5 microns of AZ 4620

positive photoresist is coated onto a glass plate by suitable means, such as by spin
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coating, dip coating, meniscus coating, or spraying, to form lenses having a nominal
30 micron rcpcat and a nominal 35 micron focal length. The photoresist is expased
with the mask pattem, and developed down to the glass in a conventional manner,
then dned and degassed at 100 C for 30 minutes. The lenses are formed by thermal
reflow according to standard methods that are known in the art. The resulting
photoresist micro-lenses are coated with a conductive metal, such as gold or silver,
and a negative nicke! ool is created by electroforming.

Icon tools are created in a similar manner. An icon pattern is typically
designed with the aid of CAD software and this design is transmitted to a
semiconductor mask manufacturer. This mask is used in similar mannex to the leos
mask, except the thickness of the resist to be exposed is typically in the range of 0.5
micron to 8 microns, depending on the optical density of the desired synthetic image.
The photoresist is cxposed with the mask pattem, developed down to glass in a
conventional manner, coated with a conductive metal, and a negative nickel tool is
created by electroforming. According the choice of original mask design and in the
choice of resist type used (positive or negative), the icons can be created in the form
of voids in the resist pattem or they can be created in the form of “mesas™ or posts in
the resist pattemn, or both.

Unison materials can be manufactured from a variety of materials and a
multiplicity of methods that are known in the art of micro-optic and microstructure
replication, including extrusion embossing, radiation cured casting, soft embossing,
and injection molding, reaction injection molding, and reaction casting. An

cxemplary method of manufacture is to form the icons a5 voids in a radiation cured

liquid polymer that is cast against a base film, such 25 75 gage adhesion-promated
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PET film, then to form the lenses from radiation cured polymer on the opposite face
of the base film in correct alignment or skew with respect to the icons, then to fill the
icon voids with a submicron particle pigmented coloring matenial by gravure-like
doctor blading against the film surface, solidify the fill by suitable means {ex: solvent
removal, radiation curing, or chemical reaction), and finally apply an optional sealing
layer that may be either clear, dyed, pigmented, or incorporate covert sccurity
matenials.

The manufacture of Unison Motion material requires that the icon tool and the
lens tool incorporate a chosen degree of misalignment of the axes of symmetry of the
two arrays. This misalignment of the icon and lens patterns axes of symmetry
controls the synthetic image size and synthetic image rotation in the produced
material. It is often desirabie to provide the synthetic images substantially aligned
with either the web direction or the cross-web direction, and in these cases the total
angular misalignment of the icons and the lenses is divided equally between the lens
pattern and the icon pattern. The degree of angular misalignment required is usually
quite small. For example, a total angular misalignment on the order of 0.3 degree is
suitable to magnify 30 micron icon images to a size of 5.7 mm in a Unison Motion
material. In this example, the total angular misalignment is divided equally between
the two tools, 5o each tool is skewed through an angle of 0.15 degree in the same
direction for both tools. The skew is in the same direction because the tools form
microstructures on opposite faces of a base film, so the skews of the tools add to each
other, instead of canceling each other.

Skew can be incorporated into the tools at the time of the original design of

the masks by rotating the whole pattern through the desired angle before writing it.
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Skew can also be mechanically incorporated into a flat nickel tool by cutting it at the - % -

sppropriate angle with a numerically controlled mill. The skewed tool is then formed

into a cylindrical tool using the skew-cut edge to align the tool to the rotational axis of
an impression cylinder.

The synthetic magnification micro-optic system herein can be combined with
additional features including but not limited to these embodiments as single elements
or in various combinations, such as icon fill materials, back coatings, top coatings,
both pattened and non-patterned, fill or inclusions in the lens, optical spacer or icon
materials, as a laminate or coating. inks and or adhesives including aqueous, solvent
or radiation curablc, optically transpareat, translucent or opaque, pigmented or dyed
Indicia in the form of positive or negative material, coatings, or print including but not
limited to inks, metals, fluorescent, or magnetic materials, X-ray, infrared, or ultra-
violet absorbent or emitting materiala, metals both magnetic and non-magnetic
including aluminum, nickel, chrome, silver, and gold; magnetic coatings and particles
for detection or information storage; fluorescent dye and pigments as coatings and
particles; IR fluorescent coatings, fill, dyes or particles; UV fluorescent coatings, fill,
dyves or particles; phosphorescent dye and pigmeuts as coatings and particles,
plancheties, DNA, RNA or other macro-molecule taggants, dichroic fibers,
radioisotopes, prini receptive coatings, sizing, or primers, chemically reactive
matenials, micro-encapsulated ingredicats, field affected materials, conductive
particles and coatings both metallic and non-metallic, micro-perforated holes, colored
threads or fibers, patches of Unison embedded in the surface of a document, label, or .

materials surface, bonded to paper ar polymer as a carrier to adhere to paper dunng

manufacture, fluorescent Dichroic threads or particles, raman scattering coatings or

T
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particles, color shifting coatings or pasticles, Unison laminated to paper, paper board,
card board, plastic, ceramic, fabric, or metal gsubstrate, Unison as a thread, patch,
label, over wrap, hot stamp fail, or tear tape, holographic, diffractive, diffractive
kinegram, isograms, photographic or refractive optical elements, liquid erystal
matenials, Up Conversion and Down Conversion materials.

The synthetic magnification micro-optic system herein has many fields of use
and applications. Examples include:

Govemment and defenwe applications — whether Federal, State or Foreign
(such as Passports, ID Cards, Driver's Licenscs, Visas, Birth Certificates, Vital
Records, Voter Registration Cards, Voting Ballots, Social Secunty Cards, Bonds,
Food Stamps, Postage Stamps, and Tax Stamps);

currency — whether Federal, State or Foreign (such as secunty threads in paper
currency, features in polymer currency, and features on paper curency);

documents (such as Titles, Deeds, Licenses, Diplomas, and Cextificates),

financial and ncgotiable instruments (such as Certified Bank Checks,
Corporate Checks, Personal Checks, Bank Youchers, Stock Certificates, Travelers’
Checks, Money Orders, Credit cards, Debit cards, ATM cards, Affinity cards, Prepaid
Phone cards, and Gift Cards);

confidential information (such as Movie Scrnpts, Legal Documents,
Intellectual Property, Medical Records/Hospital Records, Prescription Forms/Pads,
and “Secret Recipes”); |

product and brand protection, including Fabric & Home Care (such as
Laundry Detergents, fabric conditioners, dish care, housebold cleaners, surface

coatings, fabric refreshers, bleach, and care for special fabrics);
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beauty care (such as Hair care, hair color, skin care & cleansing, cosmetics,
fragrances, antiperspirants & deodorants, feminine protection pads, tampons and
pantiliners);

baby and family care (such as Baby diapery, baby and toddler wipes, haby
bibs, baby change & bed mats, paper towels, toilet issue, and facial tissue);

health care (such as Oral care, pet health and nutrition, prescription
pharmaceuticals, over-the counter pharmaceuticals, drug delivery and personal health
care, prescription vitamins and sports and nutritional supplements; prescription and
non-prescnption cyewear, Medical devices and equipment sold to Hospitals, Medical
Professionals, and Wholesale Medical Distnibutors (ic: bandages, equipment,
implantable devices, surgical supplies);

food and beverage packaging;

dry goods packaging;

electronic equipment, parts & vomponents,

apparcl and footwear, including sportswear clothing, footwear, licensed and
non-licensed upscale, sports and luxury apparel items, fabric;

biotech pharmaceuticals;

aerospace components and parts;

automotive components and parts;

sporting goods;

tobacco Products;

software;

compact disks and DVD's;

explosives;

72 —-
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novelty items (such as gift wrap and ribbon) Kb& }

books and magazines; i

school prt;ducts and office supplies; 1

busincss cards; ;

shipping documentation and packaging;

notebook covers:

book covers;

bock marka;

event and transportation tickets;

gambling and gaming applications (such as Loltery tickets, game cards, casino
chips and itemns for use at or with casinos, mffle and sweepstakes),

home fumishing (such as towels, linens, and fumniture);

flooring and wallcoverings;

jewelry & watches;

handbags;

art, collectibles and memorshilia;

loys,

displays (such as Point of Purchase and Merchandising displays),

product marking and labeling (such as labels, hangtags, tags, threads, tear strips,

over-wraps, sccuring a tamperproof image applied to a branded product or document
for authentication or enhancement, as camouflage, and as asset tracking.

Suitable matevials for the embodiments described abave include a wide range
riafpolymcm Acrylics, acrylated polyesters, acrylated urethanes, polypropylenes, &?or&('
urcthancs, and polyesters have suitable optical and mechanical propertics for both the
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microlenses and the microstructured icon elemeats. Suitable materials for the
optional substrate film include most of the commercially available polymer films,
including actylic, cellophane, Saran, nylon, polycarbonate, polyester, polypropylenc,
polyethylene, and polyvinyl. Microstructured icon fill materials can include any of
the materials listed above as suitable for making microstructured icon elements, as
well as solvent based inks and other commonty available pigment or dye vchicles.
Dyes or pigments incorporated into these matenials should be compatible with the
chemical makeup of the vehicle. Pigments must have a particle size that is
substantially smaller than the smallest dimensions of any component of an icon
clement. Optional sealing layer materials can include any of the materials listed
above as suitable for making microstructured icon elements, plus many different
commercially available paints, inks, overcoats, vamishes, laquers, and clear coats
used in the printing and paper and film converting industrics. There is no preferred
combination of materials - the choice of materials depends o the details of the
material geometry, on the optical properties of the system, and on the optical effect
that is desired.

Although exemplary embodiments have been shown and described, it will be
clear to those of ordinary skill in the art that a number of changes, modifications, or
alterations to the invention as described can be made. All such changes,
modifications, and alterations should therefore be seen as within the scope of the

disclosure.
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We claim:
1. A synthetic magnificalion micro-optic system comprnsing:

10
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(a) one or more optical spacers;

(b} amicro image comprised of a periodic planar array of a plurality of image
icons having an axis of symmetry aboul at icast one of its planar axes, and positioned
on or next to the optical spacer; and

(c) aperiodic planar array of image icon focusing elaments having an axis of
sﬁnmetry ahout at least one of its planar axes, the axis of symmetry being the same
planar axis as that of the micro image planar array, each focusing clement having an
effective dismeter of less than 50 microns and being associated with an image icon
and providing an enlarged field of view over the width of the associated tmage icon so
that the peripheral edges of the agsociated image icon do not drop out of view.

2 The synthetic magnification micro-optic system of claim |, wherein
the focusing elements are sclected from the group consisting of non-cylindnical lenses
and non-cylindrical focusing reflectors.

3. The synthetic magnification micro-optic system of claim 2, wherein
the focusing clements are aspheric focusing clements.

4, The synthetic magnification micro-optic system of claim 3, wherein
the focusing elements have base geometries in the plane of their planar amay selected
from the group consisting of a circular base, a hexagonal base, a rounded off
hexagonal base, a square basc, a triangulsr base, a rounded off tnangular base, and
mixtures thereof.

5. The synthetic magnification micro-optic system of claim 2, wherein

the focusing elements have an F number equivalent to 4 or less.
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6. The synthetic magnification micro-optic system of claim 3 wherein
the focusing elements have an ¥ number equivalent to 4 or less.

7. The synthetic magmfication micro-optic system of claim 1, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing elements is substantially equa! to [ and the axes of symmetry of the peniodic
planar array of the micro image and the periodic planar array of image icon focusing
clements arc misaligned.

8. The synthetic magnification micro-optic system of claim 7, wherein
orthoparallactic motion effects are provided.

9. The synthetic magnification micro-optic system of claim 1, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing elements is greater than | and the axes of symmetry of the periodic planar
armay of the micro image and the periodic planar srray of image icon focusing
elements are aligned.

10.  The synthetic magnification micro-oplic system of claim 1, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing clements is less than 1 and the axes of symmetry of the periodic planar array
of the micro image and the periodic planar array of image icon focusing elements are
aligned.

11.  The synthetic magnification micro-optic system of claim 1, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing clements is axially asymmetric in the planes of the image icons and the
focusing elements, the scale ratio being less than | in one axis of symmetry and being

greater than | in the other axis of symmetry, and the axes of symmetry of the peniodic
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planar array of the micro image and the periodic planar array of image icon focusing
clements are aligned.

12.  The synthetic magnification micro-optic system of claim !, each
focusing element having an effective diameter of from about 15 Lo about 30 microns.

13.  The synthetic magnification micro-optic system of claim 1, each
focusing element having an cffective diameter of less than 30 microns.

14.  The synthetic magnification micro-optic system of claim 1, having a
total thickness of less than about 45 microns.

15. The synthetic magnification micro-optic system of claim [, having a
total thickness of about 10 to about 4G microns.

16.  The synthetic magnification micro-optic system of claim 1, each
focusing element having a focal length of less than about 40 microns.

17.  The synthetic magnification micro-optic system of claim 1, each
focusing element having a focal length of about 10 to less than about 30 microns.

18.  The synthetic magnification micro-optic system of claim 1, wherein a
morphing effect is provided for causing onc synthetically magnified image to morph
into another synthetically magnified image.

19.  The synthetic magnification micro-optic system of claim 1, each image
icon being formed from a printing method selected from the group consisting of ink
jet, laserjet, lettexpress, flexo, gravure, and intaglio printing methods.

20.  The synthetic magnification micro-optic system of claim I, whercin
the image icons are formed as recesses in a substrate, the voids in the recesses being
ﬁllcdwith.ancvapornlod metal material, a dyed material, a pigmented material and

combinations thereof,
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21.  The synthehc magnification micro-optic system of claim 1, having two
layers of image icons at different depths in the system and a combination of focusing ;
clements some having a focal length for focusing on one of the two layers of image
icons and some having a focal length for ﬁ)cﬁsmg on the other of the two layers of
image icons.

22. The synthetic magnification micro-optic system of claim 1, wherein
the focusing clements are non-cylindrical lenses and a reflective layer is positioned on
the side of the micro image opposite the focusing elements,

23.  The synthetic magnification micro-optic system of claim 1, including a
transparent tamper indicating material is placed over the focusing elements.

24.  The synthetic magnification micro-optic system of claim 1, including a
second periodic planar ammay of focusing elements placed on the side of the micro
image opposite the focusing elements.

25.  The synthetic magnification micro-optic system of claim 24, having a
second planar array of image icons in between the two planar armays of focusing
clmgnts.

26. A document security device comprising:

(a) one or more optical spacers;

(b) a micro image comprised of a periodic planar array of a plurality of image
icons having an axis of symmetry about at least one of its planar axes, and positioned
on or next to the optical spacer; and |

(c) aperiodic planar array of image icen focusing elements having an axis of

symmetry about at least onc of its plansr axcs, the axis of symmetry being the same

planar axis as that of the micro image planar amay, each focusing element having an
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effective diameter of less than 50 microns and being associated with an image icon (%A
and providing an enlarged ficld of view over the width of the associated image icon so |
that the penipheral edges of the associated image icon do not drop out of view.

27.  The document security device of claim 26, the device operating as a
laminating film on a document.

28.  The document security device of claim 26, the document being
sclected from the group consisting of LD. cards, credit cards, drivers’ licenses,
financial documents, bank noles, bank checks and currency.

29.  The document secunty device of claim 26, wherein the device is in the
form of a security thread for incorporation into currency paper.

30.  The synthetic magnification micro-optic system of claim 1, wherein
the focusing elements are selected from the group consisting of non-cylindrical lenses
and non-cylindrical focusing reflectors.

31.  The synthetic magnification micro-optic system of claim 30, wherein
the focusing clements are aspheric focusing clements.

32.  The synthetic magnification micro-optic system of claim 31, wherein
the focusing claments have base geometries in the plane of their planar array selected
from the group consisting of a circular base, a hexagonal base, a rounded off
hexagonal base, a square base, a triangulsr base, a rounded off Inangular base, and
mixtures thereof. |

33.  The synthetic magnification micro-optic system of claim 30, wherein
the focusing clements have an F number equivalent to 4 or less.

34.  The synthetic magnufication micro-optic system of claim 31, wherein

the focusing elements have an F number equivalent to 4 or less.
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35. The synthetic magnification micro-optic system of claim 26, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing elements is substantially equal to 1 and the axes of symmetry of the periodic
planar array of the micro image and the periodic planar armay of image icon focusing
clements are misaligned.

36.  The synthetic magnification micro-optic system of claim 35, wherein
orthopanallactic motion effects are provided.

37.  The synthetic magnification micro-optic system of claim 26, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing clements is greater than | and the axes of symmetry of the peniodic planar
array of the micro image and the periodic planar array of image icon focusing
clements are aligned.

38.  The synthetic magnification micro-optic system of claim 26, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing ciements is less than | and the axes of symmetry of the periodic planar array
of the micro image and the periodic planar armay of image icon focusing clements arc
aligned.

39.  The synthetic magnification micro-optic system of claim 26, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing elements is axially asymmetric in the planes of the image icons and the
focusing clements, the scale ratio being less than 1 in one axis of symmetry and being
greater than 1 in the other axis of symmetry, and the axes of symmetry of the periodic
planar armay of the micro image and the periodic planar srray of image icon focusing

clements are aligned.

.
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40.  The synthetic magnification micro-optic system of claim 26, each
focusing element having an effective diameter of from about 15 to about 30 microns.

4].  The synthetic magnification micro-oplic system of claim 26, each
focusing element having an cffective diameter of less than 30 microns.

5 42.  The synthetic magnification micro-optic system of claim 26, having a
total thickness of less than about 45 microns.

43. The synthetic magnification micro-optic system of claim 26, having a
total thickness of about 10 to about 40 microns.

44.  The synthetic magnification micro-optic system of claim 26, each

10  focusing clement having a focal length of less than about 40 microns.

45.  The synthetic magnification micro-optic system of claim 26, each
focusing clement having a focal length of about 10 to less than azbout 30 microns.

46. The gynthetic magnification micro-optic systam of claim 26, wherein a
nmp-hing effect is provided for causing one synthetically magnified image to morph

15  into another synthetically magnified image.

47, The synthetic magnificalion micro-opuc system of claim 26, each
image icon being formed from a printing method selected from the group consisting
of ink jet, laserjet, letterpress, flexo, gravure, and intaglio printing methods.

48.  The synthetic magnification micro-optic system of claim 26, wherein

20 the image icons are formed as recesses in a substrate, the voids in the recesses being
ﬁﬂcdudthmcmpomledmda!mlai@adycdmﬂuial,apigmmtedmﬂcdalmd
combinations thereof.

49. A synthetic magnification micro-optic system comprising;

(a) onc or more optical apacers;
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(b) a micro image comprised of a periodic planar array of a plurality of image

icons having an axis of symmectry about at least one of its planar axes, and poaitionéd

on or next to the optical spacer, and

" (c) aperiodic planar array of image icon focusing elements having an axis of
symmetry about at lcast one of its planar axes, the axis of symmetry being the same
planar axis as that of the micro image planar ammay, each focusing element being an
aspheric focusing element having an effective diameter of less than 50 microns and
being associated with an image icon.

50. The synthetic magnification micro-optic system of claim 49, wherein
the focusing clements have base geometries in the plane of their planar ammay selccted
from the group consisting of a circular base, a hexagonal base, a rounded off
hexagonal base, & square base, a triangular base, 2 rounded off tnangular base, and
mixtures thereof.

51.  The synthetic magnification micro-optic system of claim 49, wherein
the focusing clements have an F number equivalent to 4 or less.

52.  The synthetic magnification micro-optic system of claim 50, wherein
the focusing elements have an F number equivalent to 4 or less.

53.  The synthetic magnification micro-optic system of claim 49, wherein
the scale ratio of the repeat period of the image icons to the repeat period of the
focusing elements is substantizlly equal to 1 and the axes of symmetry of the periodic
planar array of the micro image and the periodic planar array of image icon focusing
elements are misaligned.

54.  The synthetic magnification micro-optic system of claim 53, wherein

orthoparallactic motion effects are provided.
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55.  The synthetic magnification micro-optic system of claim 49, whercin \v i
the scale ratio of the repeat period of the image icons 1o the repeat period of the |
focusing clcmeﬁts is greater than 1 and the axes of symmetry of the periodic planar
aray of the micro image and the periodic planar array of image icon focusing
clements are aligned.
56.  The synthetic magnification micro-optic system of claim 49, wherein
the scale ralio of the repeat penod of the tmage icons 1o the repeat period of the
focunng clements is less than | and the axes of symmetry of the periodic planar aray
of the micro image and the periodic planar array of image icon focusing elements are
aligned.
57.  The synthetic magnification micro-oplic system of claim 49, wherein
the scale ratio of the repeat period of the unage icons to the repeat period of the
focusing elements is axially asyrametric in the planes of the image icons and the
focusing elements, the scale ratio being less than 1 in one axis of symmetry and being
greater than | inthzothcraxisofsymmchy.andﬂu-:axcsofsymmdryofmcpuiodic
planar array of the micro image and the periodic planar array of image icon focusi;lg
elements are aligned.
58.  The synthetic magnification micro-optic system of claim 49, each
focusing clement having an effective diameter of from about 15 to about 30 microns.
59.  The synthetic magnification micro-optic system of claim 49, cach
focusing element having an effective diameter of less than 30 microns.
60. The synthetic magnification micro-optic system of claim 49, having a

tota] thickness of less than about 45 microns.
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61. The synthetic magnification micro-optic system of claim 49, having a
total thickness of about 10 to about 40 microns.

62. The synthetic magnification micro-optic system of claim 49, cach
focusing element having a focal length of less than about 40 microns.

63.  The synthetic magnification micro-optic system of claim 49, each
focusing clement having a focal length of about 10 to less than about 30 microns.

64, The synthetic magnification micro-opiic system of claim 49, wherein a
morphing cffect is provided for causing one synthetically wﬁw image to morph
into another synthetically magnified image.

65.  The synthetic magnification micro-optic system of claim 49, each
image icon being formed from a printing method selected from the group consisting
of ink jet, lascrjet, letterpress, flexo, gravure, and intaglio printing methods.

66.  The synthetic magnification micro-optic system of claim 49, wherein
the image icons are formed as recesses in a substrate, the voids in the recesses being
filled with an evaporated metal material, a dyed matenal, a pigmented material and
combinations thereof.

67. A document secunity device comprising;

(a) onc or more optical spacers;

(b) a micro image comprised of a periodic planar array of a plurality of image
icons having an axis of symmetry about at [cast one of its planar axes, and positioned
on or next to the optical spacer; and

{c) a periodic planar armay of image icon focusing clements having an axis of
symmetry about at least ooe of its planar axes, the axis of symmetry being the same

phnuaxisuﬁutofﬂlcmianinu@phﬁarmy,uchfocusingclanmlbcingan
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asphenic focusing element having an effective diameter of less than 50 microns and
being associated with an image icon.

68._ A method of producing a synthetic magnification micro-optic system,
comprising lhc steps of:

(a) providing onc or more optical spacers;

(b) pmviding a micro image comprised of a periodic planar array of a
plurality of image icons having an axis of symmetry about at least one of its planar
axes, and positioned on or next to the optical spacer; and

(c) pmvndmg a periodic planar array of image icon focusing elements having
an axis of symmetry about at least onc of its planar axes, the axis of symmetry being
the game planar axis as that of the micro image planar amay, each focusing element
having an cffective diameter of less than 50 microns and being associated with an
image icon and providing an enlarged field of view over the width of the associated
irnage icon so that the peripheral edges of the associated image icon do not drop out
of view.

69. A method of producing a synthetic magnification micro-optic system,
comprising the steps of:

(a) providing one or more optical spacers;

(b) providing a micro image comprised of a periodic planar amray of a
plurality of image icons having an axis of symmetry about at least one of its planar
axes, and positioned oa or next to the optical spacer; and

(¢) providing a periodic planar array of image jcon focusing elements having
an axis of symmetry about at least ane of its planar axes, the axis of symmetry being

the game planar axis as that of the micro image planar array, each focusing element

s
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being an aspheric focusing element having an effective diameter of less than 50
microns and being associated with an image icon.

70. A method for producing a document securily device, comprnising the
steps of:

() providing one or morc optical spacers;

(b) providing a micro ir‘nag\: comprised of a periodic planar array of a
plurality of image icons having an axis of symmetry about at least one of its planar
axes, mﬁpmiﬁoncdonmmxtwdnopucdspma:m

{c) providing a periodic planar armay of image tcon focusing elements having
an axis of symmetry about at least onc of its planar axes, the axis of symmetry being
the same planar axis as that of the micro image planar array, each focusing element
having an effective diameter of less than 50 microns and being associated with an
image icon and providing an enlarged field of view over the width of the associated
image icon so that the peripheral edges of the associated image icon do not drop out
of view.

71. A method of producing a document secunity device, comprising the
steps of:

(a) providing onc or more optical spacers;

{b) providing a micro image comprised of a periodic planar array of a
plurality of image icons having an axis of symmetry about at least one of its planar
axcs, and positioned on or next lo the optical spacer; and

(c) providing a periodic planar array of image icon focusing clements having
gn axis of symmetry about at least one of its planar axes, the axis of symmetry being

Ihcsamcp!nuraxisuﬂmloftbcmimimxgx:ﬁhnnrmy,cachfocusingclman

|
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being an aspheric focusing element having an effective diameter of iess than 50
microns and being associated with an image icon.

72. A mecthod of controlling motion effects in a synthetic magnification
micro-optic systemn, comprising the steps of:

(a) providing one or more optical spacers;

(b} providing a micro image comprised of a periodic planar array of a
plurality of image icons having an axis of symmetry about at least one of its planar
axes, and positicned on ot next to the optical spacer;

(c) providing a periodic planar ammay of image icon focusing elements having
an axis of symmetry about at least one of it planar axes, the axis of symmetry being
the same planar axis as that of the micro image planar armay, each focusing element
having an effective diameter of lcas than 50 microns and being associated with an
image icon and providing an enlarged fietd of view over the width of the associated
image icon so that the peripheral edges of the associated image icon do not drop out
of view; and

(d) -sclecting the scale ratio of the repeat period of the image icons to the
repeat period of the focusing elements from the group consisting of less than |,
substantially equal to 1, and greater than 1, and selecting whether the axes of
symmetry of the periodic planar array of the micro image and the periodic planar
array of image icon focusing elements are aligned or misaligned.

73. A method of controlling motion effects in a synthetic magnification
micro-optic system, comprising the steps of:

(a) providing one or more optical spacers;

e
%
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(b) providing a micre image comprised of a periodic planar array of a

.A._.‘. _._._,.____.._..._.4.

plurality of image icons having an axis of symmetry about at lcast one of its planar

axes, and pasiticned on or next to the optical spacer,

(c) providing a pertodic planar array of image icon focusing elements having
an axis of symmetry about at lcast one of its planar axes, the axis of symmetry being
the same planar axis as that of the micro image planar array, each focusing clement
being an aspheric focusing element having an effective diamcter of less than 50
microns and being associated with an image icon; and

(d) sclecting the scale ratio of the repeat period of the image icons to the
repeat period of the focusing elements from the group consisting of less than 1,
substantially equal to 1, and greater than 1, and sclecting whether the axes of
symm;etxy of the peniodic planar array of the micro image and the periodic planar
armay pfimagc icon focusing clements are aligned or misaligned.

74. A method of controlling motion effects in a document security device,
comprising the steps of:

(a) providing onc or more optical spacers;

{b) providing a micro image comprised of 2 periodic planar array of a
plurality of image icons having an axis of symmetry about at least one of its planar
axes, and positioned on or next to the optical spacer;

(c) providing a periodic planar ammay of image icon focusing elements having
an axis of symmetry about at lcast onc of itx planar axes, the axis of symmetry beiag
the same planar axis as that of the micro image planar amay, cach focusing element
having an offective diameter of less than 50 microns and being associated with an

image icon and providing an enlarged field of view over the width of the associated
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image icon so that the penipheral edges of the associated image icon do not drop out
of view; and

(d) selecting the scale ratio of the repeat period of the image icons to the
repeat period of the focusing elements from the group consisting of iess than |,
substantially equal to 1, and greater than |, and selecting whether the axr-:s of
symmetry of the periodic planar array of the micro image and the periodic planar
array of image icon focusing clements are aligned or misaligned.

75. A mecthod of controlling motion effects in a document security device,
compaising the steps of:

{a) providing onc or more optical spacers;

(b) providing a micro image comprised of a penodic planar array of a
plurality of image icons having an axis of symmetry about a1 least one of its planar
axes, and positioned on or next to the optical spacer;

(c) providing a periodic planar armay of image icon focusing elements having
an axis of symmetry about at least one of its planar axes, the axis of symunetry being
the same planar axis as that of the micro image planar armay, each focusing clement
being an aspheric focusing element having an effective diameter of less than 50
microns and being associated with an image icon; and

(d) sclecting the scale ratio of the repeat period of the image icons to the
repeat period of the focusing elements from the group consisting of less than |,
substantially equal to 1, and greater than 1, and selecting whether the axes of
symmetry of the periodic planar array of the micro image and the periodic planar

amay of image icon focusing elements are aligned or misaligned.
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76. An image icon for use in a synthetic magnification micro-gptic system,
the synthetic magnification micro-optic system including:

{a) one or more optical spacers;

(b) a micro image comprised of a peviodic planar array of a plurality of image
icons having an axis of symmetry about at least one of its planar axes, and positioned
on or next to the optical spacer; and

(c) aperiodic planar array of image icon focusing elements having an axis of
symmetry about at least one of its planar axes, the axis of symmetry being the same
planar axis as that of the micro image planar amay, each focusing elem-mt being
associated with an image icon; and

the image icons being formed as recesses in a substrate, the voids in the
recesses being filled with an evaporated metal material, a dyed material, a pigmented
matcrial and combinations thereof.

71. An image icon for use in a document security device, the synthetic
magni fication micro-optic system including:

(a) one or more optical spacers;

(b) a micro image comprised of a periodic planar array of & plurality of image
icons having an axis of symmetry about at lcast one of its planar axés. and positioned
on or next to the optical spacer; and

(c) a periodic planar array of image icon focusing elements having an axis of
symmetry about at least one of its planar axes, the axis of symmetry being the game
planar axis as that of the micro image planar array, cach focusing clement being

associated with an image icon; and

&
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the image icons being formed as recesses in a substrate, the voids in the
recesses being filled with an evaporated metal matenal, a dyed material, a pigmented
material and combinations thercof.

78. A synthetic magnification micro-optic system comprising.

(2) ope or more optical spacers;

{b) a micro image comprised of a periodic planar array of a plurality of image
tcons having an axis of symmetry about at least one of its planar axes, and positioned
on or ncxt to the optical spacer; and

(c) apertodic planar armay of image icon focusing elements having an axis of
symmetry about at least one of its planar axes, the axis of symmetry being the same
planar axis as that of the micro image planar array, each focusing element being a
polygonal base multi-zonal lens.

79. A documeat security device comprising:

(a) one or more optical spacers;

(b) a micro image comprised of a periodic planar array of a plurality of image
icons having an axis of symmetry about at teast one of its planar axes, and positioned
on or next to the optical spacer; and

(c) aperiodic planar array of image icon focusing elements having an axis of
symmetry about at least onc of its planar axes, the axis of symmetry being the same
planar axis as that of the micro image planar aray, each focusing clement being a
polygonal base multi-zonal lens.

80. A method of making a synthetic magnification rrucm—opuc systemn,
comprising the steps of:

(a) praviding one or more optical spacers;

91
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(b) providing a micro image comprised of a periodic planar array of a
plurality of image icons having an axis of symmetry about at least one of its planar
axes, and positioned on or next to the optical spacer; and

(c) providing a periodic planar array of image icon focusing elements having
an axis of symmetry about at least one of its planar axes, the axis of symmetry being
the same planar axis as that of the micro image planar array, each focusing element
being a polygonal base multi-zonal lens.

81. A method of making document security device, comprising the steps
of:

(a) providing one or more optical spacers,

(b) providing a micro image comprised of & periodic planar array of a
plurality of image icons having an axis of symmetry about at lcast one of its planar
axes, and positioned on or next to the optical spacer; and

(c) providing a penodic planar array of image icon focusing elemenats having
an axis of symmetry about at least one of its planar axes, the axis of symmetry being
the same planar axis as that of the micro image planar array, cach focusing element
being a polygonal base multi-zonal lens.

82. A security lhn:ad comprising:

(a) onec or more optical spacers;

(b) one or more optionally periodic planar arrays of micro-images or icons
positioned within, on, or next to an oplical spacer; and

(c) one or more optionally periodic planar arrays of non-cylindrical micro
lenses positioned on or next to cither an optical spacer or a planar icon array, with

cach micro-lens having a base diameter of less than 50 microns.

92



YV LHUNUILE. N WA UILARTHI U TS

10

15

20

g3. A security thread, comprising:
(a) an optical spacer having opposing upper and lower planar surfaces;

(b) apeniodic amay of micro-images or icons compasing filled recesses

formed on the lower planar surface of the optical spacer;

(c) a penodic amay of non-cylindrical, flat field, aspheric or polygonal base

multi-zonal micro-lenses positioned on the upper planar surface of the optical spacer,
wherein sach micro-lens have a base diameter ranging from about 20 to about 30

microns; and

(d) a pigmented sealing or obscuning layer 516 positioned on the icon array.
84. A method of making a secunty thread, comprising the steps of:

(a) applying a substantially transparent or clear radiation curable resin to the
upper and lower surfaces of the optical spacer;

(b) focming a micro-lens armay on the upper surface and an icon array in the
form of recesses on the lower surface of the optical spacer;

{c) curnng ti;c substantially transparent or clear resin using a source of
radiation;

(d) filling the icon array recesses with a pigmented resin or ink;

(c) removing excess resin or ink from the lower surface of the optical spacer,
and

(f) applying a pigmented scaling or abscuring coating or layer to the lower

surface of the optical specer.
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—NOVEDRD DEYX TRVENCION

Habiendo descrito el preseante invento, se

considera como una novedad y, por lo tanto, se reclama como

prioridad lo contenido en las siguientes:

REIVIMDICACIOMES

l.- Un sistema micro-éptico de magnificacién
sintética que comprende:

a} uno o mds saparadores Opticos;

b) una micreo-imagen caompuesta de una diaposicién
plana periédica des una pluralidad de iconos de imagen que
tienen un eje de simetris por lo menos alredsdor de uno da
sus ejes planos, y colocada en © juntc al ssparador optico;
¥

¢} una disposicién plana periéddica de elewentos
¢s enfogque de iconos de imagen que tienen un eje de
simetria por lo menos alrededor de sus sjes plancs, al eje
de slmatria es el mismo eis pla.no que el de la disposicién
plana de micro-imagen, cada elemsnto de enfogque tienes un
didmetro sfectivo de mencs de 50 micraa y =e asocla con un
icono de imagen y provee un campo de visitén agrandado acbre
¢l ancho del icono ds imagen asociado ds forma qua loa

bordes periféricos del icono de imi:.gen asociado no se salen

——



de visién.

2.~ El1 sisatema micro-dptico de magnificacidn
sintdtica de conformidad con la reivindicacién 1,
caracterizado porgque los elementos de enfoque ason
selaccicnadoa del grupo que consiste de lentes no
cilindricos y reflectores de enfoque no cilindricos.

3.- El opistems micro-dptico de magnificacidén
sintética de conformidad con la reilvindicacidén 2,
caractarizado porque los elementos de enfoque son elamentos
da enfoque esféricos.

4.- El »slatema micro-dptico de magnificacién
sintética de conformidad con la reilvindicacién 3,
caractarizado porgque los elementos de enfoque tienen
geometrias base en el plano de su disposicién plana
seleccionadaa del grupo que consiste de una base circular,

una bass haxagonal, una base hexagonal redondeada, una base

cuadrada, una base triangular, una base trianqular

redondeada, y mexclas de las mismas,

5.- El oistema micro-6ptico de magnificacidn

aintética dea confommidad con la reivindicacidn 2,

caracterizado porque los elementos de enfoque tienen un F

nimero equivalente a 4 o menon. |
6.~ El siatema micro-dptico de magnificacidn

sintética de conformidad con 1la reivindicaciéan 3,

caracterizado porque los eslemsntos de enfoque tienen un ¥
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RODRIGUEEZ D' ALEMAN DILIA MARIA

REFERENCIA Radicaclbén Ho. 6 59796
Bolicitud internacional U82004/039315
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Trémite 11
Evento 379
Actuaclién 430
Oficio No. o 8 ﬂ7 4

Como rasultades del examen de forma, realizado con fundamento en el articuloc 38 de
la Decisiém 486 de la Comisién de la Coounidad Andina, articule 27 del Tratado de
Cooparacién en Materis de Patentes (PCT), regla 51 bis del Reglamanto y Circular
nica de la Superintendencia de Industria y Comarcic, se le comunica que:

1. B1i fuere el caso, el solicitante debe adjuntar la traduccién de los anexos dal
reaporte dea examen preliminar intermacional (Art. 36§.2.b) del tratado PCT.

2, La traducciém de leoa capitulos descriptivo y reivindicateorioc deberéin eatar
acompafindas de los respectivos dibujos

3. La wesolicitud no contieme la copia del documento en que consta la cesifn del
derecho a la patente del inventor al solicitante o a su causante. (Art. 26-k)
Decisiém 486.

4. La 8o0licitud no contiens el poder debidamente otorgadeo, con el lleno de los
requisitos axigidos por los articulos 63 y subsigqulentes del Co6digo ds
Procedimiento Civil. Adicionalmente, deberi presentar el documento que acredita la
existencia y representaciém legal des la sociedad solicitante, cuando &sta fuere
persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 dea la Decisién 486, sa le
requiere para que dantro dal té&rmino de dos meses siguientes a la fecha de
notificacifn del presente oficio, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud sa
considerariA sbandonada y perderi su prelaciém.

Kotifiquese el presente oficlio conforme a lo dispuesto en el numeral 5.2, literal
a), dml capitulo quinto del titulo primero de la Circular Unica No.10 de 2001.

Continua en la pigina sigquiente...
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