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Galanos  is  a  modification  of the  glass microspheres, e.g., by a
localized devitrification, The present invention provides new forms of
melting, or erosion of the glass at the back edges directionally imaged
sheeting, i.e., sheeting that  of the microspheres where the laser beam is
has been provided with images that are viewable    5    focused. within
limited angles of viewing. The sheeting is     Some advantages of the
imaged sheeting prepared using controlled laser irradiation of      taught
in the Galanos patent are that the images certain forms of retroreflective
sheeting, or of    are seen within sharply defined angular ranges, other
forms of sheeting patterned after retro-      which could be used as an
identifying charac- reflective sheeting  ("retroreflective" sheeting    10
teristic to help assure that the sheeting is authen- reflects light back
toward the source of the light,  tic; and the images can be formed in an
already irrespective of the angle at which the light is     manufactured
retroflective sheeting, thereby incident on the sheeting, within rather
wide        avoiding the need for inventories of specially ranges of
incident angles).                         printed retroflective sheeting
and avoiding the Retroreflective sheeting in which a graphic   15   need
for long process runs to distribute the costs image or other mark is built
into the sheeting has  in setting up a printing operation. found a number
of important uses, particularly as     However, the imaged sheeting taught
in the distinctive labels useful to authenticate an article  Galanos patent
also has important disadvantages or document. For example, retroflective
sheetings   which limit its utility. For example, it provides in which
legends are printed into the sheeting, as   20   only black and white
images. Also, the imaged taught in  U.S. Pats. 3,154,872; 3,801,183;
sheeting is not useful to provide retroflective 4,082,426; and 4,099,838,
have found use as         images in outdoor environments where it may
validation stickers for vehicle license plates and  receive precipitation,
because such precipitation as security films for driver's licenses,
government  can alter the optical relationships in the sheeting documents,
phonograph records, tape cassettes,   25   and obliterate or greatly reduce
a retroreflective and  the  like. In  particular in  document
image. US-A-4 082 426 a retroflective sheeting is dis-       The present
invention provides a new and closed consisting of a monolayer of
transparent     unique directionally imaged sheeting which has a
microlenses with a transparent spacing layer on     number of important
'advantages and uses, the back surface of the lenses. This spacing layer
30   including the potential for images that are colored follows generally
the contour of the microlenses    other than black and white, the
capability in retro- and a marking material is disposed on the back of
reflective versions to retroreflect whether wet or the spacing layer in the
valleys between lenses. A  dry, and the potential for transparency so that
the specularly reflective layer covers the whole of the  sheeting may be
used as an overlay film, e.g., to spacing layer and marking material. When
the   35   authenticate documents, driver's licenses, and sheeting is
viewed under retroreflective con-       the like. Briefly, this new
sheeting comprises a ditions perpendicular to the sheeting, the marking
monolayer of transparent microlenses; a layer of is invisible. At large
angles, however, the marking  transparent material covering at least the
back becomes visible.                                    surfaces of the
microlenses; and at least one set Galanos, U.S. Pat. 4,200,875, teaches a
different   40   of regularly repeated axial markings on the back form of
imaged retroflective sheeting, particularly  surface of the layer of
transparent material ("axial a  "high-gain  retroflective  sheeting  of the
markings" are defined as visibly distinctive struc- exposed-lens type" in
which images are formed       tures of limited area, such as coated spots,
open- by laser irradiation of the sheeting through a      ings in otherwise
continuous layers, or defor- mask or pattern. The noted "high-gain"
sheeting    45    mities in a layer). Each individual marking in a set
comprises a plurality  of transparent glass         of markings is
associated with a microlens, with microspheres partially embedded in a
binder         the center point of each individual marking being layer and
partially exposed above the binder        located on an axis
(21,33,34,43,44); that extends layer, with a metal reflective layer coated
on the  through the optical center of its associated embedded surface of
each of the plurality of   50    microlens and being coordinated with the
axes of microspheres, and with the binder layer contain-    the other
markings in the set so that the markings ing carbon black to minimize any
stray light that   are together viewable as an image from the front
impinges on the sheeting. The patent teaches that   of the sheeting across
a limited range of angles images formed in such sheeting by laser  irradia-
centered on said coordinated axes. tion can be viewed if, and only if, the
sheeting is   55  Sheeting of the invention can be prepared viewed from the
same angle at which the laser       through the use of laser irradiation,
typically on irradiation was directed at the sheeting.,
retroflective sheeting, but on a different kind of The Galanos patent does
not explain how an        retroflective sheeting from that used by Galanos.
image is formed in the described retroflective      As in the sheeting used
by Galanos, the retroflec- sheeting other than to state that the image is
so   tive sheeting used in the invention includes a formed by "structural
alterations (i.e., modi-      monolayer of microspheres (which serve as the
fications)" of the sheeting. Based on our work      microlenses mentioned
above), and a specularly using conditions assumed to be like those used
reflective   layer   disposed   behind   the by Galanos on high-gain
sheeting, a likely expla-   microspheres. But in contrast to the sheeting 



nation for the image formation observed by   65   used by Galanos, the
sheeting includes a layer of 2    3                   0 118 222
4 transparent polymeric material, known as a           beamed at the rear
of the sheeting and trans- "spacing layer", disposed between the back
mitted through the sheeting. surfaces of the microspheres and the spectu-
Figures 1 and 3-5 are cross-sectional views larly reflective layer. The
separation of the       through illustrative embodiments of sheeting
microspheres and specularly reflective layer    5    of the invention; by
the spacing layer positions the specularly          Figure 2 is an enlarged
view of a portion of reflective  layer at approximately  the focal
an illustrative sheeting of the invention; and point for light rays
passing  through  the            Figure 6 is a graph of the results of
retro- microspheres.  In  addition,  the  sheeting          reflectivity
measurements on  an  illustrative typically includes one or more layers of
trans-   10   retroreflective sheeting of the invention. parent polymeric
material covering the front           Figure 1 shows an illustrative
directionally surfaces of the microspheres, and because of         imaged
embedded-lens retroreflective of the these layers, the sheeting is commonly
known         invention. This illustrative sheeting 10 com- as
"enclosed-lens" or "embedded-lens" retro-         prises a transparent
polymeric sheet 11; a flective sheeting.                             15
monolayer of transparent microspheres  12 It has  been  found  that laser
radiation          embedded in the transparent polymeric sheet directed at
embedded-lens retroflective sheet-      intermediate its front surface 13
and back sur- ing is transmitted through the sheeting, with-       face 14;
a thin specularly reflective layer 15, out  apparent  modification  of  the
glass          for  example, a  layer  of vapor-deposited microspheres as
in Galanos, and forms axial   20   aluminum   or  chemically  deposited
silver, openings in the specularly reflective layer,         coated on the
back surface 14 of the trans- e.g., by the melting, retracting, or
vaporization    parent polymeric sheet 11; and a layer 16, of the portion
of the specularly reflective layer   which typically is an adhesive layer
by which on which the laser radiation is focused. These       the sheeting
can be adhered to a substrate, openings or markings are useful in them-
25   and which underlies and protects the specu.. selves to define an
image, but in addition          larly  reflective layer. the illustrative
trans- they may be used to form  images having              parent
polymeric sheet 11 comprises a layer additional distinctive
characteristics, e.g., by     17  in  which  the  front portions  of the
impregnating a colored coating composition           microspheres are
embedded; a spacing layer through the openings. The specularly reflec-   30
18, which covers the back surfaces of the tive layer in effect serves as a
mask, and           microspheres and  is contoured  so  as to unique
optical  effects  can  be  achieved          generally follow the curved
back surfaces of through the use of this mask.                        the
microspheres; and a top layer 19 which is While enclosed- or embedded-lens
retroflec-        optionally included for reasons such as to tive sheeting
is the most readily used sheet-   35   improve the weatherability of the
sheeting, ing for imaging according to the invention,          resistance
to scratching, etc. other sheetings modeled after such sheeting
The specularly reflective layer 15 contains may also be used, i.e., having
the characteris-      small axial openings 20 behind a selected tics
summarized above of a monolayer of              portion I of the
microspheres 12, formed by microlenses (see, for example, the lenticular
40   displacement of material from  the layer 15. sheeting taught in U.S.
Pat. 3,503,315); a layer     The axial openings are at common locations of
transparent polymeric material covering the       on  the  curved  surfaces
in  back of each back surfaces of the microlenses; and a thin
microsphere, on axis with light rays incident laser-penetrable masking
layer coated on the         on the sheeting at the angle alpha (a); for
back surface of the polymeric layer. Following    45   simplicity of
illustration, refraction of light is irradiation, many alternative steps
may be          disregarded in drawing the axis line 21 and taken,
generally using the thin layer as a           angle a. When the sheeting is
viewed from mask to form distinctive markings centered on       the front
at the angle, or along the line 21, the openings.
under either ambient or transmitted light or The laser radiation may be
patterned, e.g.,  so   retroreflective viewing conditions, the open- by
passage through a mask, so as to form            ings are in the line of
sight through the openings behind only a selected portion of
microspheres. The openings are seen together the microlenses, or it may be
applied uni-           and combine to define a distinctive pattern or
formly over the whole surface of the sheeting.       image 1. Sheeting  of
the  invention  is. regarded  as   55    Even when viewed in ambient light,
the "imaged" herein whether it is prepared with         appearance of the
sheeting at the angle a is patterned  or with  whole-surface  radiation,
largely a retroreflective effect. The portion of since in either case the
sheeting has a visibly      ambient light impinging on the sheeting from
distinctive appearance at certain  angles of         over the shoulder of
an observer is retro- 



viewing. The images are generally viewable in   60   reflected by the
sheeting except that retro- diffuse light, but the brightest images are
reflection is reduced in the area I where there usually seen under
retroreflective viewing con-     are openings in the specularly reflective
layer. ditions (i.e., viewing from  near an axis of        The reduced
reflection is seen as a dark light beamed at the sheeting under darkened
image in contrast to the brightness of the conditions) or, in some
embodiments, by light   65   retroflective sheeting at other angles or in
the 3    5                   0  118 222                       6 background
areas. At most angles of viewing and     the sheeting has a colored
appearance in the area in background areas at the viewing angle a, the
I to which the colored coating material 23 has sheeting 10 will have a
whitish appearance in        been applied. (If colored coating material
just fills diffuse light or a bright appearance under retro-    the opening
25, the range of viewing angles is reflective viewing conditions; or, if a
transparent    5    very narrow). The color is brightest under retro-
pigment or dye is contained in any of the layers     reflective viewing
conditions, when a light source 17, 18 or 19, the color provided by the
pigment or   is beamed at the sheeting and retroreflected by dye. But at
angles near or at the angle a, the       the specularly reflective layer
behind the colored image area I of the sheeting 10 where axial
areas 23a; but the color is also visible in diffuse openings 20 have been
formed will have a darker   10   light (when, as discussed above, more mild
retro- appearance.                                         flective effects
occur). When viewed on axis with The range of angles at which the sheeting
10 or    openings 25, there could be little or no color from image area I
has a darkened appearance depends       the coating compositions seen if
the specularly upon the diameter of the axial openings 20.
reflective layer 27 were not present (in which case Typically, openings on
the order of 3-5 micro-   15   the image I would simply have the color
black, meters in diameter are used  with typical            i.e., a
darkened appearance); but the presence of microsphere sizes, i.e., 50-100
micrometers; but     the layer 27 causes light to be retroreflected
openings of different size can also be obtained to  throughout the whole
range of viewing points provide a different range of angles. Also,
between the lines 28 and 29. although the openings are often roughly
circular,   20  A wide range of organic-solvent-based inks or they can
have elongated  or other shapes            other coating materials are
useful as an impre- obtained, for example, by rotating a beam of laser
gnating coating composition with organic-based radiation through a range of
incidence angles        layers 24. The amount of migration, and therefore
such that each imaged microsphere is irradiated     the breadth of the
range of angles between the by two or more pulses at slightly different
angles   25   lines 28 and 29, can be controlled by controlling to produce
openings formed from overlapping         the viscosity of the coating
material; by removing smaller openings. Such elongated or other
the layer 23, e.g., by wiping, after a period of time shaped openings may
be regarded as a series of       during which the coating material migrates
axial openings.                                     through the opening 25;
by repeating application Figure 2 shows an enlarged sectional view of an
30   of the coating composition; by use of heat; etc. axial opening 20 as
it is understood to be typically   Figure 4 shows a different sheeting 30
of the formed by laser radiation. As seen, a slight ridge   invention in
which there are two axial openings 18a appears to be formed in the
polymeric           31 in the specularly reflective layer 32 behind
material of the spacing layer 18 around the          each of a selected
group I of microspheres. Such periphery of the opening, apparently through
35   openings are formed by exposing the sheeting 30 melting of the
polymeric material. Also, the         to laser irradiation in a pattern or
through a mask material of the specularly reflecting layer 15 is    at two
different angles. At most angles of viewing removed and a slight ridge 15a
of the material       the sheeting 30 has a whitish appearance pro- exists
around the opening, suggesting that some      vided by the specularly
reflective layer or a of the material of the layer where the opening    40
colored appearance provided by a transparent now exists may have retracted
following melting      pigment or dye within the sheeting, but at angles of
the material.                                     centering on the lines 33
and 34 the sheeting has Figure 3 shows another embodiment of the
a darkened appearance (or black color) in the invention in which a sheet
light that described in  image area. Figure 1 has been modified to
introduce color into   46  Figure 5 illustrates another embodiment of the
image formed in the sheeting. Specifically, in   sheeting of the invention
which provides a plu- the sheeting 22 shown in Figure 3, a colored
rality of images colored different colors. The coating material 23 has been
coated onto the         illustrated sheeting 35 has a first image [err],
pro- specularly reflective layer and has impregnated      vided by a first
set of axial openings 36 in a first into the spacing layer 24 in areas 23a
surrounding    50   specularly reflective layer 37, and by a coloring the
axial openings 25 in the specularly reflective   composition 38 which has
penetrated into the layer 26. Alternatively, the colored coating
spacing layer 39 in the areas 38a around the material can penetrate between
the spacing layer     openings 36. A second specularly reflective layer 24
and the specularly reflective layer 26, or may    40 is coated over the
first layer and the layer of 



simply fill the openings 25. Other effects are   55   coloring composition
38. A second image 12 is obtained by first using an ink that impregnates
formed in the sheeting by irradiation at an angle into the spacing layer
(e.g., because it is soluble in  different from that which formed the
openings 36. or compatible with the spacing layer) followed by    The
second irradiation forms a set of axial open- coating of a non-impregnating
ink. A second         ings 41 extending through the first specularly
specularly reflective layer 27 is coated over the   60   reflective layer
37, the layer of coloring composi- first specularly reflective layer 26 to
provide      tion 38, and the second specularly reflective layer
retroreflection even when the angle of viewing is    40. A second layer of
coloring composition 42 is exactly on axis with the axial openings 25.
coated on the second specularly reflective layer When the sheeting 22 is
viewed from the front      and penetrates through the openings 41 into the
at a range of angles between the lines 28 and 29,   66   areas 42a after
which a third specularly reflective 4    7                   0118 222
8 layer 45 is coated over the layer 42. When viewed
Example 1 along the line 43, the sheeting displays an image [err]
Retroreflective  sheeting as shown in Figure 1 colored by the coloring
composition 38, and when  (specifically "Scotchlite" Brand Engineer Grade
viewed along the line 44, the sheeting displays a   No. 3290  Reflective
Sheeting  supplied  by different image [err] colored by the coloring
composi-    5    Minnesota Mining and Manufacturing Company), tion 42.
which was complete except for absence of Multicolored images may also be
formed by  adhesive and release liner, was irradiated on the printing a
multicolored image on a sheeting as      front of the sheeting using a
Q-switched neody- shown in Figure 1, whereupon different colors in
mium-doped  yttrium-aluminum-garnet  laser the image layer penetrate
different openings in the    10   operated at a pulse repetition rate of
3.4 kilohertz, 7 specularly  reflective  layer. Also, preformed       watts
average power, to provide a nominally colored layers may be adhered to the
specularly      collimated 3-millimeter-diameter beam. The beam reflective
layer. Similarly a photographic emulsion  was perpendicular to the
sheeting, and the sheet- can be coated onto the specularly reflective
layer,  ing was moved under the beam in a raster pattern, or a preformed
photographic emulsion can be   is    moving ata rate of 254cm (100 inches)
perminute adhered to the specularly reflective layer with a    in the X
direction, and being stepped 1.5 millime- layer of transparent adhesive.
When the assembly    ters in the Y direction at the end of each X direction
is exposed to light, generally through a trans-      scan. The pulse length
was between 200 and 400 parency, the emulsion is exposed through the
nanoseconds, and at the described rate of move- axial openings, and the
emulsion can then be   20    ment each pulse overlapped by about 98 percent
developed to form images viewable through the        areas which had been
irradiated by a previous axial openings;
pulse. Although a thin laser-penetrable masking layer       After
completion of this operation, the sheeting is typically used in forming
images in sheeting of  was viewed in diffuse or ambient light as well as
the invention, the layer need not be retained in all   25   under
retroreflective viewing conditions from a embodiments of the invention
after the imaging       variety of angles. The sheeting was generally
operation is completed. For example, after a        whitish in appearance
in diffuse light, and was colored coating composition has been applied
brightly reflective under retroreflective viewing through axial openings in
the masking layer, the     conditions, but it had a black coloration either
in masking layer may be removed, e.g., with etching    30   diffuse light
or under retroreflective viewing con- solutions that do not remove the
markings formed    ditions when viewed on a line perpendicular to the with
coating compositions applied through the       sheeting, i.e., the angle at
which the sheeting was masking layer. A transparent sheeting can thus be
irradiated by the laser beam. formed, which is useful as an overlay film.
The back vapor-coated aluminum surface of the Also, the specularly
reflective layer in sheeting    35   sheeting was viewed under a
microscope, and of the invention need not be thin but can be a
openings in the vapor-coated aluminum   layer
ratherthicklayersuchasanaluminumfoil.In such         about 3 to 5
micrometers in diameter were a product laser radiation forms recesses or
other    observed behind each microsphere. The openings deformities in the
foil which are visible as a      were disposed on the optical axes of the
darkened image at angles of viewing in line with   40    microspheres
perpendiculartothefrontface of the the pitted openings.
sheeting, that is, on axis with the laser beam, and The transparent
polymeric materials in sheeting    at the approximate focal points for the
portions of of the invention may be any of a variety of          the laser
beam  transmitted by each microsphere. materials, such as alkyd, acrylic,
vinyl, polyester,  The irradiated sheeting was marked on its back or
polyurethane. Many such resins have been used    45   vapor-coated surface
in selected areas with mark- in retroflective sheeting, and can be used in
ing pens containing different colored inks (3M sheeting of the invention.
The laser-penetrable      Brand Permanent Transparency Marking Pens masking
layer is typically   vapor-deposited        Nos. 00-0015-0299-6 (red),
0387-9 (blue), 0388-7 aluminum on the order of 50-100 nanometers
(green), and 0389-5 (purple)). When viewed from 



thick, but also could be vapor-deposited from    50   the front along a
line perpendicular to the sheet- othermaterialssuchascopperorsilverorformed
ing, the sheeting continued to appear generally by other techniques, such
as chemical deposition    black, with only a slight coloration in the areas
(e.g., of silver) or sputtering  (e.g., nickel or   where it has been
marked. However, when viewed chromium). Black masking layers can be formed
along a light slightly displaced from  a perpendicu- by vapor-depositing
aluminum  oxide coatings by   55   lar line, the sheeting was colored in
the areas that known procedures. When a black or non-reflective    had been
marked and had a bright colored retro- masking layer is incorporated into
sheeting of the  reflection. Specifically, the sheeting  was black
invention, the sheeting will have a dark appear-    through a      range of
angles about 8on either side of ance except in the image area at the
viewing        a line perpendicular to  the sheeting, and  the angles where
it may have a brighter appearance,   60   colored  ink-formed  image  was
visible  when especially if a specularly reflective layer is applied
viewed atan angle of about 8 through [err] from  the over the axial
openings in the black masking layer.  perpendicular line. The invention
will be further illustrated by the    The  aluminum   vapor-coated  layer
was then following Examples.                                 etched  away
from  the  sheeting  using  a  mild 65   sodium      hydroxide  solution.
The   polymeric 5    9                   0  118 222                      10
material revealed after removal of the vapor-         Colored coating
material was applied to the coated layer did not appear to have been
signifi-   back of the sheeting with marking pens in the cantly disturbed
except that slight circular ridges  manner described in Example 1,
whereupon the were detected that appeared to coincide with the    sheeting
was colored when viewed at angles edges of the openings that had been
formed in    5    slightly removed from the angles of irradiation in the
vapor-coated layer. In the areas that had been  the manner described in
Example 1. The marked marked with a pen, ink was seen to have diffused
sheeting was vapor-coated a second time on the into the polymeric material
which had supported     back surface, and when viewed from the front, the
the vapor-coated layer in areas surrounding the     sheeting was brightly
colored at the angles of openings in the vapor-coated layer. The diameter
10   irradiation plus or minus 120. of the areas of ink diffusion was
approximately twice the diameter of the opening that had existed in the
vapor-coated layer. Polymeric material was                    Example 4
removed to allow  inspection  of the glass            Example 1 was
repeated except that the sheet- microspheres, but no damage to the micro-
15   ing irradiated was a complete sheeting having a spheres was detected.
layer of adhesive on the back surface and a release liner covering the
adhesive layer. After Example 2                          irradiation, the
sheeting had a black or darkened Example 1 was repeated except that the
image at the angle of irradiation as described for samples were not marked
with a marking pen and    20   Example 1 before application of the colored
coat- a layer of aluminum was vapor-coated onto the       ing material.
back surface of the sheeting after the sheeting had been irradiated. The
retroreflectivity of the                    Example 5 sheeting at various
stages of the processing was      Example 1 was repeated except that the
laser measured in a retroluminometer (as described in   25   beam was
scanned across the reflective sheeting Defensive Publication T987,003) and
the results    in a pattern rather than uniformly across a whole are shown
in Figure 6 of the drawing. Curve A in    area of the sheeting.
Specifically, the beam was Figure 6 shows the retroreflectivity obtained
from  scanned to cover areas having the shapes "3" and the sheeting prior
to irradiation; Curve B shows    "M". When the sheeting was viewed from the
the results obtained after irradiation; and Curve C    30   front after
irradiation and tilted at the angle at shows the results after the sample
had again been   which the beam had been directed to the sheet-
vapor-coated. As may be seen, the sheeting          ing, a significantly
darker "3M" appeared on the recovers substantially its full reflectivity
except  sheeting surrounded by a background of the over the areas C, of
Curve C, indicating that the   normal whitish color of the sheeting.
microspheres and basic structure of the sheeting    35  Similarly, sheeting
as described in Example 1 were functionally intact, i.e., they transmitted
was given an imaged pattern by scanning the light substantially uniformly
through the full     laser beam across the sheeting while the sheeting
range of viewing angles for the sheeting. How-      was covered with a mask
of white paper from ever, the slight ridge of polymeric material
which a "3" and "M" had been cut. After irradia- formed around the opening
in the vapor-coat and/   40   tion, a significantly darker "3M" was visible
at the or deformation of the vapor-coat reduces retro-     angle at which
irradiation had been performed. reflectivity to somewhat less than optimum
in the area of the ridge.                                  Claims Example 3
45      1. Directionally imaged sheeting comprising a 



Example 1 was repeated except that the sheet-     monolayer of transparent
microlenses (12); and a ing was exposed to irradiation four different times
layer (18, 24, 39) of transparent material covering at different angles of
irradiation. Specifically, the  at least the back surfaces of the
microlenses; laser beam was directed at the sheeting at an
characterized in that there is provided at least one angle 30 from normal
at rotational angles of [err],   50   set (I, [err]) of regularly repeated
individual axial [err], 180 and [err]. When the back surface of the
markings (20; 23a, 25; 31; 36, 38a; 41, 42a) on the irradiated  sheeting
was  viewed  under  a         back surface (14) of the layer of transparent
microscope, four openings were found for each       material; each
individual marking in a set of microsphere. The openings were about 3 to 5
markings being associated with a microlens, with micrometers in diameter
and were located on the   55   the center point of each individual marking
being optical axes of the microspheres, i.e., on lines    located on an
axis (21, 33, 34,43, 44) that extends passing through the centers of the
microspheres,   through  the optical center of its associated at an angle
approximately [err] from a line perpen-   microlens and is coordinated with
the axes of the dicular to the sheeting and at rotational angles of  other
markings in the set so that the markings are [err] 180 and 270. When the
front of the   60   together viewable as an image from the front of
sheeting was viewed in diffuse light at most        the sheeting across a
limited range of angles angles, the sheeting was generally whitish in
centered on said coordinated axes. appearance. However, when viewed from
any of          2. Sheeting of claim 1 in which the microlenses the angles
at which the sheeting had been irradi-   (12) are microspheres. ated, the
sheeting was significantly darker.  65      3. Sheeting  of claim  2  in
which  the 6    9                   0  118 222                       10
material revealed after removal of the vapor-          Colored coating
material was applied to the coated layer did not appear to have been
signifi-    back of the sheeting with marking pens in the cantly disturbed
except that slight circular ridges  manner described in Example 1,
whereupon the were detected that appeared to coincide with the     sheeting
was colored when viewed at angles edges of the openings that had been
formed in    5    slightly removed from the angles of irradiation in the
vapor-coated layer. In the areas that had been   the manner described in
Example 1. The marked marked with a pen, ink was seen to have diffused
sheeting was vapor-coated a second time on the into the polymeric material
which had supported      back surface, and when viewed from the front, the
the vapor-coated layer in areas surrounding the      sheeting was brightly
colored at the angles of openings in the vapor-coated layer. The diameter
10   irradiation plus or minus [err]. of the areas of ink diffusion was
approximately twice the diameter of the opening that had existed in the
vapor-coated layer. Polymeric material was                     Example 4
removed  to  allow  inspection  of the glass           Example 1 was
repeated except that the sheet- microspheres, but no damage to the micro-
15   ing irradiated was a complete sheeting having a spheres was detected.
layer of adhesive on the back surface and a release liner covering the
adhesive layer. After Example 2                           irradiation, the
sheeting had a black or darkened Example 1 was repeated except that the
image at the angle of irradiation as described for samples were not marked
with a marking pen and    20    Example 1 before application of the colored
coat.. a layer of aluminum was vapor-coated onto the        ing material.
back surface of the sheeting after the sheeting had been irradiated. The
retroreflectivity of the                      Example 5 sheeting at various
stages of the processing was       Example 1 was repeated except that the
laser measured in a retroluminometer (as described in   25    beam was
scanned across the reflective sheeting Defensive Publication T987,003) and
the results     in a pattern rather than uniformly across a whole are shown
in Figure 6 of the drawing. Curve A in     area of the sheeting.
Specifically, the beam was Figure 6 shows the retroreflectivity obtained
from   scanned to cover areas having the shapes "3" and the sheeting prior
to irradiation; Curve B shows     "M". When the sheeting was viewed from
the the results obtained after irradiation; and Curve C    30   front after
irradiation and tilted at the angle at shows the results after the sample
had again been    which the beam had been directed to the sheet-
vapor-coated. As may be seen, the sheeting           ing, a significantly
darker "3M" appeared on the recovers substantially its full reflectivity
except  sheeting surrounded by a background of the over the areas [err] of
Curve C, indicating that the    normal whitish color of the sheeting.
microspheres and basic structure of the sheeting    35  Similarly, sheeting
as described in Example 1 were functionally intact, i.e., they transmitted
was given an imaged pattern by scanning the light substantially uniformly
through the full       laser beam across the sheeting while the sheeting
range of viewing angles for the sheeting. How-       was covered with a
mask of white paper from ever, the slight ridge of polymeric material
which a "3" and "M" had been cut. After irradia- formed around the opening
in the vapor-coat and/   40   tion, a significantly darker "3M" was visible
at the 



or deformation of the vapor-coat reduces retro-      angle at which
irradiation had been performed. reflectivity to somewhat less than optimum
in the area of the ridge.                                   Claims Example
3                     45      1. Directionally imaged sheeting comprising a
Example 1 was repeated except that the sheet-      monolayer of transparent
microlenses (12); and a ing was exposed to irradiation four different times
layer (18, 24, 39) of transparent material covering at different angles of
irradiation. Specifically, the  at least the back surfaces of the
microlenses; laser beam was directed at the sheeting at an
characterized in that there is provided at least one angle 30 from normal
at rotational angles of [err],   50   set (I, [err]) of regularly repeated
individual axial [err]  and [err]. When the back surface of the
markings (20; 23a, 25; 31; 36, 38a; 41, 42a) on the irradiated  sheeting
was  viewed  under  a          back surface (14) of the layer of
transparent microscope, four openings were found for each        material;
each individual marking in a set cf microsphere. The openings were about 3
to 5          markings being associated with a microlens, with micrometers
in diameter and were located on the   55   the center point of each
individual marking being optical axes of the microspheres, i.e., on lines
located on an axis (21, 33, 34,43, 44) that extends passing through the
centers of the microspheres,     through the optical center of its
associated at an angle approximately 30 from a line perpen-    microlens
and is coordinated with the axes of the dicular to the sheeting and at
rotational angles of  other markings in the set so that the markings are
[err] and 270. When the front of the   60   together viewable as an image
from the front of sheeting was viewed in diffuse light at most         the
sheeting across a limited range of angles angles, the sheeting was
generally whitish in        centered on said coordinated axes. appearance.
However, when viewed from any of           2. Sheeting of claim 1 in which
the microlenses the angles at which the sheeting had been irradi-    (12)
are microspheres. ated, the sheeting was significantly darker.   65      3.
Sheeting  of claim  2  in  which  the 6    11                  0 118 222
12 microspheres are embedded in a transparent          sehen ist und eim
Monogelege aus durchsichtigen polymeric sheet intermediate the front (13)
and     Mikrolinsen (12) und eine mindestens die Ruckfli- back (14)
surfaces of the sheet, and said layer of   chen der Mikrolinsen bedeckende
Schicht (18, 24, transparent material forms the back surface of the  39)
aus durchsichtigem Material besitzt, gekenn- transparent polymeric sheet.
5    zeichnet durch mindestens einen auf der Ruckfla- 4. Sheeting of claim
3 in which the back surface  che (14) der Schicht aus durchsichtigem
Material (14) of the transparent polymeric sheet is con-     vorgesehen
Satz (1, II, 12) von regelmiBig wieder- toured so as to follow the curved
back surfaces of  kehrenden, einzelnen axialen Markierungen (20; the
microspheres.                                   23a, 25; 31; 36, 38a; 41,
42a), wobei die einzelnen 5. Sheeting of any of claims 1-4 in which the
10    Makierungen jdees Satzes derselben je eine markings comprise a
coating material (23, 38,42)    Mikrolinse zugeordnet sind, der Mittelpunkt
jeder coated on limited areas of the back surface of the  einzelnen
Markierung auf einer Achse (21, 33, 34, layer of transparent material.
43, 44) liegt, die den optischen Mittelpunkt der 6. Sheeting of claim 5 in
which the coating       zugeordneten Mikrolinse durchsetzt und mit den
material is impregnated (23a, 38a, 42a) into the    15   Achsen der anderen
Markierungen des Satzes so layer of transparent material.
koordiniert ist, daB die Markierungen von der 7. Sheeting of any of claims
1-4 in which the     Vorderseite des Blattmaterials unter Winkeln in
markings comprise openings (20, 25, 31, 36, 41)     einem begrenzten, auf
den koordinierten Achsen formed in a thin layer carried on the back surface
zentrierten Bereich gemeinsam sichtbar sind. of the layer of transparent
material.         20      2. Blattmaterial nach Anspruch 1, dadurch 8.
Sheeting of claim 7 in which the markings      gekennzeichnet, daB die
Mikrolinsen (12) Mikro- further comprise coating material coated onto the
perlen sind. back surface of the layer of transparent material     3.
Blattmaterial nach Anspruch 2, dadurch through the openings in the thin
layer.             gekennzeichnet, daR die Mikroperlen in einem 9. Sheeting
of claim 8 in which the coating    25   durchsichtigen Polymerblatt
zwischen dessen material has penetrated inside the openings in the
Vorderflache (13) und Ruckfliche (14) eingebettet thin layer and occupies
an area (23a, 38a, 42a)     sind und die genannte Schicht aus durch- larger
than the openings.                           sichtigem Material die
Ruckflache des durchsich- 10. Sheeting of claim 9 in which the coating
tigen Polymerblattes bildet. material has impregnated the layer of
transparent   30  4. Blattmaterial nach Anspruch 3, dadurch material.
gekennzeichnet, dal  die ROckflache (14) des 11. Sheeting of any of claims
7-10 in which the   durchsichtigen Polymerblattes in ihrer Kontur den thin
layer comprises a specularly reflective        gekrummten Ruckflichen der
Mikroperlen folgt. material.                                             5.
Blattmaterial nach einem der Anspruche 1 bis 12. Sheeting of any of claims
7-11 in which a   35   4, dadurch gekennzeichnet, daB die Markierungen
specularly reflective layer (27, 40, 45) covers the  von einem
Uberzugsmaterial (23, 38, 42) gebildet 



axial openings.                                     werden, das auf
begrenzte Flachenteile der ROck- 13. Sheeting of any of claims 7-10 in
which the   fliche der Schicht aus durchsichtigem Material thin layer is
non-reflective, and a specularly      aufgetragen ist. reflective layer is
disposed over the axial open-   40  6. Verfahren nach Anspruch 5, dadurch
gekenn- ings.                                               zeichnet, daB
die Schicht aus durchsichtigem 14. Sheeting of any of claims 1-13 which
Material mit dem  Uberzugsmaterial (23a, 38a, includes at least two sets
[err] of axial markings  42a) imprigniert ist. on the back surface of the
layer of transparent       7. Blattmaterial nach einem der Anspruche 1 bis
material viewable at different selected ranges of   45   4, dadurch
gekennzeichnet, daB die Markierungen angles.
von Offnungen (20,25, 31,36,41) in einer dOnnen 15. Sheeting of any of
claims 7-11 which          Schicht ausgebildet sind, die auf der
Ruckfiliche further includes a continuous layer disposed in     der Schicht
aus durchsichtigem Material vorgese- back of the thin layer and containing
an           hen ist. imagewise pattern in the layer.               so
8. Blattmaterial nach Anspruch 7, dadurch 16. Sheeting of claim 14 in which
a first colored  gekennzeichnet, daI die Markierungen ferner von marking
material (38) is applied to the back        Uberzugsmaterial gebildet
werden, daB durch die surface of the polymeric sheet through at least
Offnungen in der dunnen Schicht hindurch auf die some of the first set of
axial openings, and a      ROckflache der Schicht aus durchsichtigem Mate-
second colored marking material (42) is applied to   55   rial gelangt ist.
the back surface of the polymeric sheet through at    9. Blattmaterial nach
Anspruch 8, dadurch least some of the second set of axial openings.
gekennzeichnet, daB das Uberzugsmaterial auf 17. Sheeting of any of claims
1-6, 14 and 16      der Innenseite der Offnungen in die dunne which is
transparent for the use as an overlay on a  Schicht eingedrungen ist und
eine Flache (23a, document.                                     60   38a,
42a) einnimmt, die groBer ist als die Offnun- gen. Patentanspruche
10. Blattmaterial nach Anspruch 9, dadurch gekennzeichnet, daB das
Uberzugsmaterial in die 1. Blattmaterial, das mit Bildern far eine
Schicht aus durchsichtigem  Material einge- Betrachtung in einer
vorgegebenen Richtung ver-   65   drungen ist. 7    13                   0
118 222                       14 11. Blattmaterial nach einem der Anspruche
7       dans une feuille polymere transparente interme- bis 10, dadurch
gekennzeichnet, dag die dOnne        diaire aux surfaces avant (13) et
arriere (14) de la Schicht wenigstens teilweise aus einem  spie-
feuille, cette couche de matiere transparente for- gelnd reflektierenden
Material besteht.              mant la surface arriere de la feuille
polymere 12. Blattmaterial nach einem der Anspruche 7.   5    transparente.
bis 11, dadurch gekennzeichnet, dae  eine spie-        4. Feuille suivant
la revendication 3, carac- gelnd reflektierende Schicht (27, 40, 45) die
axia-  t6ris6e on ce quo la surface arriere (14) de la len bffnungen
bedeckt.                              feuille polymere transparente est
conform6e de 13. Blattmaterial nach einem der AnsprOche 7       maniere A
epouser les surfaces arriere courbes bis 10, dadurch gekennzeichnet, dae
die dOnne    10   des microspheres. Schicht nichtreflektierend ist und daB
uber den        5. Feuille suivant l'une quelconque des revendi- axialen
1ffnungen eine spiegeind refiektierende      cations 1 a 4, caracterie6e en
ce que les marques Schicht angeordnet-ist.
comprennent une matiere de revetement (23, 38, 14. Blattmaterial nach einem
der AnsprOche 1       42) appliquee sur des zones limit6es de la surface
bis 13, dadurch gekennzeichnet, dae  auf der   15   arriere de la couche de
matiere transparente. Ruckfilche der Schicht aus durchsichtigen Mate-
6. Feuille suivant la revendication 5, carac- rial mindestens zwei Satze
(I, la) von axialen      t6risee en ce que la matiere de revetement est
Markierungen  vorgesehen  sind, die  unter           impr6gn6e (23, 38a,
42a) dans la couche de Betrachtungswinkeln in verschiedenen ausge-
matiere transparente. K.-'    wAhiten Bereichen sichtbar sind.
20      7. Feuille suivant l'une quelconque des revendi- 15. Blattmaterial
nach einem der AnsprOche 7       cations 1 a 4, caract6rise6e en cs que lee
marques bis 11, dadurch gekennzeichnet, daB auf der          comprennent
des ouvertures (20, 25, 31, 36, 41) Ruckseite der dOnnen Schicht eine
geschlossene       formees dans une couche mince portee par la Schicht
vorgeesehen ist, die ein bildmdBiges         surface arriere de la couche
de matiere transpa- Muster enthilt.                                25
rente. 16. Blattmaterial nach Anspruch 14, dadurch          8. Feuille
suivant la revendication 7, carac- gekennzeichnet, dae durch mindestens
einige der  -  terisee en ce que les marques comprennent on axialen
Offnungen des ersten Satzes ein erstes       outre une matiere de
revetement appliquee sur la farbiges Markiermaterial (38) auf die
ROckfliche     surface arriere de la couche de matiere transpa- des
polymeren Blattes gelangt ist und daB durch    30   rente a travers lee
ouvertures de la couche mince. mindestens einige der axialen (5ffnungen des
9. Feuille suivant la revendication 8, carac- 



zweiten Satzes ein zweites farbiges Markier-        t6risee en ce que la
matiere de marquage penetre material (42) auf die R0ckflgche des polymeren
a l'int6rieur des ouvertures de la couche mince et Blattes gelangt ist.
occupent une zone (23a, 38a, 42a) sup6rieure aux 17. Blattmaterial nach
einem der AnsprOche 1   35   ouvertures. bis 6, 14 und 16, dadurch
gekennzeichnet, daB es       10. Feuille suivant. Ia revendication 9,
carac- fOr die Verwendung als Auflage auf einem Doku-       terisee en ce
quo la matiere de marquage est ment durchsichtig ist.
impr6gn6e dans la couche de matiere transpa- rente. Revendications
40      11. Feuille suivant l'une quelconque des revendications 7 b 10,
caract6risee en ce que la 1. Feuille a images directionnelles, comprenant
couche mince comprend une matiere A reflexion une monocouche de
microlentilles transparentes       speculaire. (124; et une couche (18, 24,
39) d'une matiere         12. Feuille suivant J'une quelconque des
transparente recouvrant au moins les surfaces   45   revendications 7 a 11,
caracterisee en cs qu'une arriere des microlentilles, caract6risee en ca
matiere A reflexion speculaire (27, 40, 46) recou- -        qu'on prevoit
au moins un jeu (1, 11I 12) de marques  vre les ouvertures axiales. axiales
individuelles, repetees de facon r6guliere     13. Feuille suivant l'une
quelconque  des (20; 23a, 25; 31; 36, 38a; 41, 42a) sur la surface
revendications 7 A 10, caracteris6e en ce que Ia arriere (14) de la couche
de matiere transparente;   so   couche mince est non r6flechissante, et en
ce chaque marque individuelle d'un jeu de marques       qu'une couche 3
reflexion speculaire est disposee etant associee a une microlentille, le
point central  par-dessus les ouvertures axiales. de chaque marque
individuelle 6tant localis6 sur       14. Feuille suivant l'une quelconque
des !,      ~~un axe (21, 33, 34, 43, 44) qui passe par le contra,
revendications 1 a 13, caracterisee en ce qu'elle optique de la
microlentille associee et est coor-   55   comprend au moins deux jeux (I1,
12) de marques donn6 avec les axes des autres marques du jeu,       axiales
sur la surface arribre de la couche de de sorte que les marques peuyent
etre vues           matiere transparente, marques quo l'on pout voir
ensemble sous forme d'une image depuis l'avant       suivant des gammes
choisis differentes d'angles. de la feuille suivant une gamme limitee
d'angles       15. Feuille suivanit l'une quelconque des centr6s sur ces
axes coordonnes.               60   revendications 7 a 11, caracterisee en
cs qu'elle .           2. Feuille suivant la revendication 1, carac-
comprend en outre une feuille continue dispos6e t6risee en ce que les
microlentilles (12) sont des   A l'arriere de la couche mince et contenant
un microspheres.                                        dessin propre A
former une image dans la couche. K.          3. Feuille suivant la
revendication 2, carac-        16. Feuille suivant la revendication 14,
carac- t6ris6e en ce que les microspheres sont noy6es   65   t6risee qu'une
premiere matiere de marquage 8 i    re '   .
~    ~~~~~~~~~~~~~~~~~~~~~~~~~I 1!11111] IIIII1i III1 111l11 I1 iII 15
0  118  222                        16 coloree (38) est'appliquee A la
surface arribre de       des ouvertures du  second  jeu  d'ouvertures la
feuille polymere a travers au moins certaines         axiales. ouvertures
du premier jeu d'ouvertures axiales,            17. Feuille  suivant lune
quelconque  des et en ce qu'une seconds matiere de marquage
revendications 1 A 6, 14 et 16, qui est transpa- coloree (42) est appliqu6e
3 la surface arriere de  5    rente pour une utilisation A titre de
recouvrement la feuille polymere a travers au moins certaines         sur
un document. 10 15 20 25 30 35 40 45 50 55 60 65 9    


