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(57) ABSTRACT

Methods of making tiled articles and molds used to make
retroreflective articles. The methods include forming a prism
array on a master substrate and forming a replica of the
master. A reference edge is formed on the replica, thereby
reducing the size of the prism array, yet maintaining a lateral
dimension of the replica to maintain ease of handling of the
replica. The replica is copied and the reference edge on the
copied tiles are exposed, such that the reference edge can be
mated and secured face-to-face with a reference edge on
other tiles in order to form a tiled article. The tiled article is
used as a mold to produce retroreflective articles or can be
further duplicated and mated to form larger tiled articles to
be used as molds. Tiled articles used as molds and retrore-
flective articles produced from the molds are also disclosed.
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TILED RETROREFLECTOR WITH
MULTI-STAGE DICING

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a divisional of U.S.
patent application Ser. No. 14/944,655 filed on Nov. 18,
2015, which claims the benefit of U.S. Provisional Patent
Application No. 62/082,179 filed Nov. 20, 2014, both of
which are incorporated herein by reference in their entire-
ties.

FIELD

[0002] The present subject matter relates generally, to
methods of producing tiled articles used as molds for
making retroreflective sheeting, more particularly, to meth-
ods of assembling tiled articles using multi-stage dicing
techniques and sheeting produced thereby.

BACKGROUND

[0003] Retroreflective articles are well known for appli-
cations such as highway signs, safety reflectors, and road
markers. Generally, cube corner versions of these articles
have a frontal lens of transparent, colored or uncolored resin,
such as methyl methacrylate, polycarbonate, or vinyl, with
a smooth front surface and a plurality of retroreflective cube
corner elements on the reverse surface. The cube corner
elements each have three reflecting faces.

[0004] Incident light from a remote source passes through
the smooth front surface, reflects off each of the three faces
of'a cube corner element, and passes back through the front
surface in a direction nominally 180° to the direction of
incidence. In a perfect retroreflector, this light is returned to
the light source in a direction exactly opposite to the
incoming direction of light. Partially because of variations in
the structure of a retroreflector, either accidental or by
design, the reflected light is not returned only in a direction
exactly opposite to the incoming direction, but rather is
returned typically into a spreading pattern, centered on the
exact return direction. This “imperfect” return reflection is
still termed “retroreflection”. The spreading retroreflected
light enables the retroreflector to be visible from directions
slightly removed from the light source.

[0005] The angle between the incoming light source and
the reflected light, and having a vertex at the retroreflector,
is called the “divergence angle” and relates to the amount, in
angular units, the retroreflected light diverges from perfect
retroreflection. Conventional retroreflective articles are gen-
erally designed to be highly visible at long distances, cor-
responding to the “observation angle”, which is the angle
between the incoming light source and the observer, having
a vertex at the retroreflector.

[0006] In highway safety applications, such as highway
signs and pavement markers, the retroreflector should reflect
light from a vehicle’s headlights back to the eyes of the
driver of the vehicle. This is imperfect retroreflection, in
which the observation angle, a, ranges between approxi-
mately 0° and more than 3°. The value of a in any given
situation depends on the geometry of the vehicle and the
driver and the distance from the vehicle to the retroreflective
material. For example, the observation angle « for a large
truck’s right headlight and its driver at a distance of about 40
meters from a road sign will be approximately 3°, while the
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observation angle a for an automobile’s left headlight and
its driver at a distance of about 600 meters from a road sign
should be approximately 0.05°.

[0007] Also associated with the observation angle, a, is a
rotation angle, E, which is a measure of the direction of the
divergence, also known as the azimuth angle. The value of
E will be different for left and right headlights of a vehicle,
and will also depend on the vehicle and driver geometry and
the position of the road sign. For sheeting that will be
mounted in random orientation on road signs, retroreflection
is required at every value of E. The angles o and ¢ are
defined in ASTM E808, Standard Practice for Describing
Retroreflection, which document refers to divergence angle
as “observation angle”, c.

[0008] Ideally, retroreflective sheeting used in road signs
will produce a pattern of retroreflected light having sufficient
intensity over a range of observation angle o values and
rotation angle E values. However, various retroreflective
articles are sensitive to the orientation of the article to the
observer. That is, depending on the rotation angle &, the
observer will experience various intensities of retroreflected
light. From one particular rotation angle &, the retroreflection
may be relatively intense, while at another rotation angle &,
the retroreflection may be relatively weak.

[0009] This sensitivity to orientation of an observer in
relation to a retroreflective surface at various rotation angles
E, can be addressed in at least two ways. One way is to form
a retroreflective article by using a mold made by “pinning,”
wherein a cluster of metal pins are assembled, each pin
having a single cube corner machined and polished on one
end. The pins would typically have a triangular, hexagonal,
square, or rectangular cross-section. The pins could then be
bundled together so that their machined tips could be used
to form an array of “male” cube corners, and such a bundle
would be used as a master to electroform a “female” mold.
The mold would then be used to form an array of male prism
elements in glass or plastic. It is well known that variations
in the size or shape of the faces of the machined pin ends,
or in the angles between the faces (dihedral angles), or in the
flatness of the faces or the flatness of the front surface of the
formed retroreflector, can all change the pattern of retrore-
flection and thereby determine the regions around the light
source in which the retroreflection is visible.

[0010] Pinning allows for flexibility in the manufacture
and design of cube corner arrays. Various shapes can be
utilized, other than equilateral triangle cube corners, and
each pin could be individually tailored in its geometry and
orientation to contribute to the aggregate performance of the
array.

[0011] However, because of manufacturing limitations,
the pin typically has a geometric shape on the end of the pin
that is about 0.040 inches (1 mm) square or larger (herein-
after called “macrocubes”). Hexagonal pins typically may
have a dimension across parallel flats on the order of about
0.10 inch (2.5 mm). Rectangular pins have a short dimension
of'about 0.070 inch (1.8 mm) and a long dimension of about
0.120 inch (3.0 mm). Macrocubes, because of their height,
are too large for use in the manufacture of thin flexible
retroreflective sheeting requiring smaller retroreflective
prism elements.

[0012] In order to make arrays of smaller prism elements
(hereinafter, “microcubes”), a different technique has typi-
cally been used. In this technique, microcubes can first be
formed in a master substrate. One method of forming the
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microcubes is by direct machining or ruling, wherein par-
allel rows of V-shaped grooves are cut into a substrate to
create a pattern of grooves which intersect to form cube
corner elements. Three such sets of V-shaped grooves can
form an array of triangular-shaped cube corners. Arrays of
such microcubes can be used as a mold for plastic retrore-
flective sheeting. The machining method often employs
diamond cutting. By “diamond cutting” it is meant ultra
precise direct mechanical machining of precision elements
using a diamond cutting tool comprising a machining tool
(e.g., lathes, turn-mills, rotary transfers, or non-rotary type
free-form generation tools such as raster mills) and a dia-
mond cutting element (such as a point, blade or edge) that
scores, cuts, grinds, gouges, grooves, or otherwise modifies
a surface by bringing the diamond cutting element into
contact with the surface to be modified. The diamond cutting
tools are used for engaging in on-axis or off-axis turning,
ruling, fly-cutting, or micro-prismatic cutting operations and
can produce sub-nanometer level surface finishes (peak to
valley distance of the surfaces formed by diamond cutting)
and sub-micron form accuracies. Diamond cutting machines
often are computer numerical control (CNC) machine tools
utilizing electric motors and piezoelectric actuators used for
accuracy. The grooves produced by diamond cutting have
smooth edges that are substantially free of burrs or other
imperfections of micron size or greater that are associated
with conventional cutting or machining techniques.

[0013] Another method of forming microcubes in a sub-
strate involves forming rows of microcube corner prisms on
the edge of thin plates or laminae. This technique, while
being more difficult than direct machining methods, has the
advantage of providing more freedom for different cube
shapes and individual tailoring. These plates can be stacked
together to form an array of prism elements.

[0014] A master of “male” or “female” cube corner ele-
ments can be used to make a sequence of replicas, copies or
“tiles”, of alternating gender (i.e. first generation and second
generation), such as by electroforming. For example, if the
master has protruding (“male”) prism elements, then the first
generation copies of the master will have recessed (“fe-
male”) prism elements, i.e., the tiles will have opposite
configuration from the master. The second generation copies
will be substantially identical to the master, that is, the tiles
will have protruding prism elements. At any stage, the first
or second generation copies of the master can be diced or cut
into a desired shape, and the diced tiles are then assembled
together to form a tiled article. Assembling tiles together into
a larger assembly is herein known as “tiling” and larger
assembled arrays are known herein as “tiled articles,”
wherein several tiles having smaller arrays of prism ele-
ments are joined into a larger tiled article. In turn, the tiled
articles can also be copied to form a larger tile, and then
joined together to make further, even larger, tiled articles.
When referring to a “tile”, it is meant a unitary or single-
piece structure or substrate. When referring to a “tiled
article”, it is meant a multi-piece structure, formed by
joining two or more tiles or substrates together. When
referring to “master”, it is meant any structure that is used
to form replicas. That is, a master can be a single-piece
substrate or a tiled article. In either event, the replica of the
master or a diced portion of said replica can be considered
to be aftile, i.e. a unitary, single-piece structure. For example,
if either a single-piece structure or a multi-piece structure
(i.e. a tiled article) is duplicated such as by electroforming,
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the replica or a diced portion thereof can be considered to be
atile (i.e. single-piece structure) because electroforming will
produce a replica having a unitary, single-piece structure
without seams.

[0015] After a series of copying and tiling stages, a single
“mold” can be formed. The “mold” can be used to make
production tools, such as by electroforming, which tools can
be used to form microcube or other retroreflective elements
on an expanse of plastic sheeting material such as by
embossing, casting, compression molding or other methods
known in the art. Alternatively, the mold itself can be used
to make a retroreflective article.

[0016] In either the direct machining or laminae methods
of forming micro prism elements, such prism element arrays
will typically only have one or two prism orientations
present, and thus a high sensitivity to orientation. So it is
desirable for copies of such assemblies to be diced as
described above to form tiles. Orientation sensitivity is
addressed by alternating the orientation of the individual
tiles in the tiled article. In particular, prism orientations of
the individual tiles are varied between adjacent tiles. This
alternating or varied prism orientation between individual
adjacent tiles produces a retroreflective article that is less
sensitive to the rotation angle €, than would an article having
only a single prism orientation. This is done to provide larger
aggregate cube corner arrays with reduced sensitivity to
orientation. Further, the size of the tiles can be reduced to
make the visual contrast between differently oriented tiles
less noticeable, i.e. less resolvable to the human eye.
[0017] However, this tiling technique has at least two
limitations, among many. The process of tiling arrays of
microcubes encounters similar limitations to those seen in
the pinning of macrocubes and some others limitations.
First, very small tiles are difficult to physically handle or
maneuver. This difficulty is a deterrent to making smaller
sizes of individual prism arrays in a tiled article. The smaller
the tile, the more difficult it becomes to handle and position.
This adds to production cost and time for the tiled molds.
Second, typical dicing processes used to make tiles of
various shapes and sizes, produce crude edges of degraded
performance on the tiles. That is, conventional dicing pro-
duces tiles that can have an edge with partial and/or dam-
aged prism elements and tiles with edges that are not
sufficiently straight. As the tile size is reduced, the propor-
tion increases between that of the degraded edge portion and
the rest of the prism array, thus reducing the fill factor for
retroreflective articles made with such tiled molds. Further,
if the tiles are not accurately sized or shaped and have crude
edges, an assembly of such tiles edge-to-edge may have
small gaps between the tiles, i.e. wide seams between tiles,
which can create problems during replication and similarly
degrade the retroreflective fill factor of the articles produced
from such molds.

SUMMARY

[0018] The embodiments of the present subject matter
described below are not intended to be exhaustive or to limit
the subject matter to the precise forms disclosed in the
following detailed description. Rather, the embodiments are
chosen and described so that others skilled in the art may
appreciate and understand the principles and practices of the
present subject matter.

[0019] The present subject matter is directed to methods of
making tiled articles used as molds in forming retroreflective
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articles. The methods address the problems associated with
conventional tiling techniques, wherein relatively small tiles
are difficult to handle and wherein crude edges are com-
monly formed on tiles during dicing, resulting in large or
wide seams between tiles. The methods provided herein
allow for the formation of precise edges on the tiles, which
are mated to provide thin seams between tiles in a tiled
article. The methods also address the deterrent to handling
smaller prism arrays on the tiles by forming smaller prism
arrays on each tile, while at the same time allowing the tiles
to maintain a relatively large lateral dimension after dicing
to allow for easy handling of the tiles. This larger lateral
dimension and smaller prism array combination may be
formed in the master, and maintained in the replicas of the
master, or may be formed in the replicas themselves. In
either event, the replica tiles can be easily modified and then
mated with one another in order to form a tiled article having
relatively smaller prism arrays thereon than conventionally
constructed tiles with thin seams between the tiles.

[0020] In one exemplary embodiment of the presently
described subject matter a method of making an article
includes forming prism elements on a surface of a substrate.
The method also includes forming a wall on the substrate,
wherein the wall shares a first common edge with the
surface. The method further includes forming a face on the
substrate, wherein the wall shares a second common edge
with the face and the first common edge is on an opposite
side of the wall from the second common edge.

[0021] In another exemplary embodiment of the presently
described subject matter, a method of making a tiled article
includes providing a tile including a top surface comprising
prism elements. The method also includes forming a wall on
the tile by removing a portion of the top surface of the tile,
wherein the wall shares a first common edge with the top
surface of the tile. The method includes forming replicas of
the tile; and positioning the replicas such that a wall on each
replica is face-to-face with, and directly abuts a wall on an
adjacent replica to thereby form a tiled article.

[0022] In another exemplary embodiment of the presently
described subject matter, a method of making a tiled article
includes forming prism elements on a surface of a substrate.
The method includes forming a reference edge on the
substrate, such that the reference edge extends into the
substrate at about 90° to the surface having the prism
elements. The method includes forming replicas of the
substrate, and removing a portion of each replica such that
a reference edge on each replica is able to abut face-to-face
with a reference edge on a different replica. The method
includes abutting face-to-face the reference edge on each
replica to a reference edge on another replica, and securing
the replicas together to thereby form a tiled article.

[0023] Ina further exemplary embodiment of the presently
described subject matter, a tiled article comprises tiles
positioned together in a two dimensional pattern. Each tile
comprises a top surface including an array of prism ele-
ments, and side surfaces. The tiles comprise edge tiles and
optionally interior tiles. Each side surface of each interior
tile includes a wall and a face. At least one side surface of
each edge tile includes a wall and a face. Each wall of each
interior tile is abutting face-to-face with a wall of an adjacent
tile and each face on each interior tile does not abut
face-to-face with a face of an adjacent tile. Each wall of each
edge tile is abutting face-to-face with a wall of an adjacent
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tile and each face on each edge tile does not abut face-to-
face with a face of an adjacent tile.

[0024] Ina further exemplary embodiment of the presently
described subject matter, a method of making a tiled article
comprises providing a substrate having prism elements in a
surface thereof. The method also includes creating replicas
of the substrate, each replica having at least one reference
edge therein. The method additionally includes creating a
rough cut through each reference edge in each replica. The
method includes tiling the replicas such that reference edges
in the replicas abut face-to-face and rough cuts in the
replicas do not abut face-to-face, to thereby produce the tiled
article.

[0025] Ina further exemplary embodiment of the presently
described subject matter, a method of forming a retroreflec-
tive article comprises:

[0026] a) forming prism elements on a surface of a master;
[0027] D) creating a replica of the master;

[0028] c¢) creating at least one reference edge on the
replica

[0029] d) creating copies of the replica;

[0030] e) positioning the copies relative to each other such

that reference edges on each copy abut face-to-face;
[0031] ) optionally repeating any one or more of b) to d),
wherein the master comprises the product of any one or
more of a) to d); and

[0032] g) molding a retroreflective article using a mold
produced by at least one of a) to d), or a) to e);

[0033] wherein a) to f) are performed in sequence or out
of sequence.
[0034] Ina further exemplary embodiment of the presently

described subject matter, a method of making an article
comprises forming an array of prism elements on a surface
of a substrate, and forming a plurality of walls on the
substrate to thereby form the article. Each of the plurality of
walls shares a first common edge with the surface.

[0035] Ina further exemplary embodiment of the presently
described subject matter, a method of making a mold used
for forming retroreflective articles comprises providing a
plurality of tiles, each tile having prism elements on a
surface thereof, one or more reference edges, and a lip. The
method includes making one or more rough cuts in each of
a plurality of tiles to thereby remove the lip on each of the
plurality of tiles and to thereby expose one or more reference
edges on each of the plurality of tiles, such that each of the
one or more exposed reference edges on each of the plurality
of tiles are able to abut face-to-face with one or more
exposed reference edges on other tiles of the plurality of'tiles
and rough cuts on each of the plurality of tiles do not abut
rough cuts on other tiles of the plurality of tiles. The method
also includes mating the plurality of tiles such that the one
or more exposed reference edges on each of the plurality of
tiles abut face-to-face.

[0036] In a further exemplary embodiment of the presently
described subject matter, a substrate for use in making
retroreflective articles includes a surface comprising an
array of prism elements. The substrate includes one or more
depressions, each of the one or more depressions being at
least partially defined by a reference edge. The substrate also
includes a base portion comprising a lip, the lip defining a
periphery of the base portion.

[0037] Conventional retroreflective mold manufacturing
methods and designs include structural and optical limita-
tions which are addressed by use of the molds, tiles, tiled
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articles, and methods described herein. Use of this subject
matter permits expanded mold shaping parameters. For
example, smaller prism arrays or prism array clusters may be
readily manufactured using conventional tile handling tech-
niques that do not require time and money consuming
precision. Further, the methods and articles described herein
provide precise, thin seams between tiles in a tiled article.
The smaller seams between tiles in a tiled article produce
more efficient retroreflective articles.

[0038] Multiple structure manufacturing techniques may
also produce enhanced optical performance resulting from
closely spaced intermixed prism elements or clusters with
different prism shapes, sizes, and orientations. Further, the
size of the prism arrays on the tiles can be made smaller,
while maintaining the ease in which larger tiles are handled,
moved, or otherwise manipulated. These advantages present
more uniform appearances of multiple structure arrays in a
retroreflective article produced with the molds of the present
subject matter over a wide range of viewing distances and
observation and rotation angles. Multiple structure arrays
may also be based on more than one type of matched pair of
cube corner elements. The present subject matter applies to
all prism arrays, regardless of how they originated.

[0039] Other features and advantages of the present sub-
ject matter will become apparent to those skilled in the art
from the following detailed description. It is to be under-
stood, however, that the detailed description of the various
embodiments and specific examples, while indicating vari-
ous embodiments of the present subject matter, are given by
way of illustration and not limitation. Many changes and
modifications within the scope of the present subject matter
may be made without departing from the spirit thereof, and
the subject matter includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These, as well as other objects and advantages of
this subject matter, will be more completely understood and
appreciated by referring to the following more detailed
description of the present exemplary embodiments of the
subject matter in conjunction with the accompanying draw-
ings, of which:

[0041] FIG. 1 is a perspective illustration of a substrate
according to the present subject matter;

[0042] FIG. 2 is a perspective illustration of the substrate
of FIG. 1, further modified according to the present subject
matter;

[0043] FIG. 3 is a perspective illustration of the substrate
of FIG. 2, further modified according to the present subject
matter;

[0044] FIG. 4 is a perspective illustration of the substrate
of FIG. 3, further modified according to the present subject
matter;

[0045] FIG. 5 is a perspective illustration of the substrate
of FIG. 4, further modified according to the present subject
matter;

[0046] FIG. 6 is a sectional illustration of the substrate, or
replica thereof, of FIG. 5 according to the present subject
matter, or replica thereof;

[0047] FIG. 7 is a sectional illustration of the substrate, or
replica thereof, of FIG. 6, further modified according to the
present subject matter;

[0048] FIG. 8 is a sectional illustration of a tiled article
according to the present subject matter;
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[0049] FIG. 9 is a perspective illustration of the tiled
article of FIG. 8 according to the present subject matter;
[0050] FIG. 10 is a perspective illustration of a substrate,
according to the present subject matter;

[0051] FIG. 11 is a perspective illustration of the substrate,
or replica thereof, of FIG. 10, further modified according to
the present subject matter;

[0052] FIG. 12 is a perspective illustration of a tiled article
including the substrate, or replica thereof, of FIG. 11,
according to the present subject matter;

[0053] FIG. 13 is a perspective illustration of a substrate
according to the present subject matter;

[0054] FIG. 14 is a perspective illustration of the substrate,
or replica thereof, of FIG. 13, further modified according to
the present subject matter;

[0055] FIG. 15 is a perspective illustration of the substrate,
or replica thereof, of FIG. 13, further modified according to
the present subject matter;

[0056] FIG. 16 is a sectional illustration of a tiled article
according to the present subject matter, including the sub-
strate of FIG. 14 and the substrate of FIG. 15;

[0057] FIG. 17 is a perspective illustration of the tiled
article of FIG. 16 according to the present subject matter;
[0058] FIG. 18 is a perspective illustration of a substrate
according to the present subject matter;

[0059] FIG. 19 is a perspective illustration of the substrate
of FIG. 18, further modified according to the present subject
matter;

[0060] FIG. 20 is a perspective illustration of the substrate
of FIG. 19, further modified according to the present subject
matter;

[0061] FIG. 21 is a perspective illustration of the substrate,
or replica thereof, of FIG. 20, further modified according to
the present subject matter;

[0062] FIG. 22 is a sectional illustration of a tiled article,
the tiled article including two replicas of the substrate of
FIG. 21, the two replicas having been further modified
according to the present subject matter;

[0063] FIG. 23 is a perspective illustration of the tiled
article of FIG. 22 according to the present subject matter;
[0064] FIG. 24 is another perspective illustration of the
tiled article of FIG. 22 according to the present subject
matter.

[0065] Unless otherwise indicated, the illustrations in the
above figures are not necessarily drawn to scale.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0066] The apparatuses and methods in accordance with
the present subject matter are described in detail by way of
examples and with reference to the figures. Unless otherwise
specified, like numbers in the figures indicate references to
the same, similar, or corresponding elements throughout the
figures. It will be appreciated that modifications to disclosed
and described examples, arrangements, configurations, com-
ponents, elements, apparatuses, methods, materials, etc. can
be made and may be desired for a specific application. In this
disclosure, any identification of specific shapes, materials,
techniques, arrangements, etc. are either related to a specific
example presented or are merely a general description of
such a shape, material, technique, arrangement, etc. Identi-
fications of specific details or examples are not intended to
be, and should not be, construed as mandatory or limiting
unless specifically designated as such.
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[0067] A “prism element” as used herein, means a three-
dimensional geometric shape on a surface of a substrate.
Prism elements are shapes used to form retroreflective
elements on a surface of a material in order to make a
retroreflective article. Prism elements include prism clusters.
[0068] A “prism cluster” as used herein, means a grouping
of portions of contiguous prism elements.

[0069] An “array”, “arrangement” of prism elements or a
“prism array/arrangement” as used herein mean a collection
of two or more prism elements or prism clusters, including
microcubes and other prism elements. Those skilled in the
art will recognize that a retroreflective article having desired
performance characteristics could be made from a composite
of different arrays.

[0070] The term “cube corner elements” as used herein
includes those elements consisting of three mutually inter-
secting faces, the dihedral angles of which are generally on
the order of 90°, but not necessarily exactly 90°.

[0071] In accordance with the present subject matter,
methods are disclosed for making a substrate used in a
process of forming retroreflective articles. The substrate
itself may be used as a mold to form retroreflective articles,
or may be used as a master to form replicas by a replication
technique such as electroforming. The replicas have prism
element recesses and/or protrusions thereon. A plurality of
replicas may be formed from the master and modified and
assembled edge to edge for creating a mold used in forming
retroreflective articles that are larger than the master.
[0072] In reference to the figures, the substrate 10 com-
prises a surface 11 including prism elements 12 formed
thereon. The substrate may be used as a master and can be
formed by ruling prism elements into a surface of the
substrate 10 using diamond cutting. The substrate, or repli-
cas thereof, can be formed or cut to a desired size, such that
a plurality of replicas may be arranged to form a tiled article
with zones of prism arrays of differing orientation, which is
desired in retroreflective sheeting. Thus, for example, the
master or replicas can be cut to form zones of prism arrays
having shapes such as squares, rectangles, triangles, hexa-
gons, or the like.

[0073] The replicas are then arranged in a pattern that will
produce a tiled article having the desired zones of differing
prism orientation. The tiled article can be used as a mold to
form a retroreflective article having zones of prism arrays
with different prism orientation.

[0074] The substrate 10 depicted in FIG. 1 may be dupli-
cated to form replica tiles. In one embodiment, walls 13, also
referred to herein as “reference edges”, are formed in the
replicas or in the master by diamond cutting. Reference
edges 13 as shown in FIGS. 2-5 may be formed in the
replicas, or may alternatively be formed in the master before
replication as desired. That is, the master may or may not
have reference edges 13 formed therein before duplication.
Accordingly, replicas of the master may be formed without
reference edges 13, as shown in FIGS. 1, and 18-20.
Alternatively, the master may have reference edges 13
formed therein before duplication, as shown in any one of
FIGS. 2-5, and 21, and thus the duplicates of the master will
also have the same reference edges 13. In one embodiment,
the walls 13 are made by forming depressions 15 in the
substrate. One or more faces 17 are formed in the replica
tiles, which are then joined together at their walls 13, in a
wall-to-wall abutting orientation, to form a tiled article 28.
This wall-to-wall orientation between two tiles is also
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referred to herein as the walls being “face-to-face” and as the
tiles or walls being “mated” or “mating”. The tiled article 28
itself can be used to make a mold for forming a retroreflec-
tive article, or can be used itself as the mold. Alternatively,
the tiled article may be replicated to form even larger tiles,
wherein the larger tiles are joined together at their reference
edges to form an even larger tiled article, which can also be
used as a mold for forming retroreflective articles. When a
tiled article is repeatedly duplicated, and the duplicates are
joined at a reference edge, a tool is formed comprising a
plurality of tiles joined together at their reference edges. The
tool may be then used as a mold to make retroreflective
articles.

Substrate

[0075] The substrate 10 that is used to form the master or
tiles is not particularly limited and can comprise any mate-
rial having a surface capable of having prism elements
formed thereon. The material can be for example, nickel,
copper, aluminum, brass, or a combination thereof. Other
materials can be used and the present subject matter is not
limited to these metals. For example, polymers such as
acrylics and polyurethanes can also be used as the substrate
material.

[0076] Further, the shape of the substrate 10 is not par-
ticularly limited and can comprise any shape capable of
having prism elements formed on a surface thereof.
Although depicted in the figures as being various cuboid
shapes having a square flat surface 11 on which prism
elements 12 are formed, the substrate 10 is not limited to
such shapes having a square flat surface 11. Rather the
substrate can comprise other shapes and can have an undu-
lating surface on which prism elements are formed.

[0077] In one embodiment, the substrate used as a master
or tiles is a cuboid having height, width and depth dimen-
sions and having generally flat smooth surfaces, as shown in
FIG. 1. In one aspect, the height H of the substrate ranges
from 250 microns to about 50 millimeters. Width W and
length [ dimensions of the substrate range from about 1
millimeter to 250 millimeters.

[0078] Many shapes of substrates, besides a cuboid having
flat planar surfaces, can be utilized in the methods disclosed
herein including a cuboid with curved planar surfaces.

Prism Elements

[0079] In one embodiment in accordance with the present
subject matter, the methods include forming prism elements
12 on the surface 11 of the substrate 10. In another embodi-
ment, the methods include only providing a substrate having
prism elements thereon. The form, shape, or arrangement of
the prism elements on the surface of the substrate is not
particularly limited and can comprise for example, cube
corner elements, prism clusters, or the like arranged in an
ordered array or randomly. The prism elements or clusters
can be closely packed together or spaced apart. The prism
elements can include single, portions of, ordered or random
series of, or clusters of triangular, square, rectangle or other
polygonal cube corner prism elements, or a combination
thereof. The size of the prism elements, including height
dimensions (projecting perpendicular to the surface 11) and
lateral dimensions (projecting parallel with the surface 11,
including width and length) is not particularly limited. In
one embodiment, the prism elements on the master have a
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height dimension ranging from about 20 microns to about
250 microns. The prism elements can be canted or uncanted.
[0080] Prism elements on individual tiles can be the same
or different between the individual tiles in a tiled article and
can be the same or different on the same tile. Two or more
prism elements or prism clusters are collectively known as
a prism array. Such prism arrays on the tiles can be the same
or different from one tile to another in a tiled article. That is,
the tiles in a tiled article can have all the same, all different,
alternating, or various patterns of prism elements between
the tiles.

[0081] Inone embodiment, the prism elements are formed
by diamond cutting the prism elements into the surface 11 of
the substrate 10 to form a prism array on the substrate. Other
prism element formation techniques can be used. In one
embodiment, the formation of the prism elements or clusters
on the surface of the substrate includes further modification,
such as removal of some of, or a portion of, the prism
elements from the surface 11 or from the substrate 10.
[0082] In one embodiment, the prism array on the sub-
strate comprises prism elements having a prism orientation.
As will be discussed further herein, the prism orientation can
be varied between tiles in a tiled article. In one aspect of this
embodiment, the prism array comprises closely packed
triangular cube corner prism elements having a prism ori-
entation.

Reference Edge

[0083] In one embodiment in accordance with the present
subject matter, the methods include forming a precise ref-
erence edge, also referred to herein as a “wall” 13 as shown
in FIG. 2, on a replica tile or on the master. When referring
to “wall” herein, it is meant a precise reference edge 13 as
described herein, formed by diamond cutting or other pre-
cise forming techniques. Forming the reference edge or wall,
may reduce the size of the prism array on the surface 11 of
the substrate 10 and/or may reduce a lateral size of the
substrate as measured through a top surface. In another
embodiment, two or more walls may be formed in the
substrate as shown in FIGS. 3-15, 17, and 21.

[0084] In one embodiment, the walls 13 share a first
common edge 14 with the surface 11 on which the prism
elements 12 are formed such as that depicted in FIG. 21 for
example. In another aspect, the walls 13 share a first
common edge 14 with the prism array itself, as shown in
FIGS. 2-7 and 10-11 for example. In this aspect, the prism
array is bounded on at least one side by an edge of'a wall 13.
That is, one edge of a wall defines a bounded side of the
prism array as shown. The wall can extend entirely through
the substrate, or can extend partially into the substrate as
shown in FIGS. 2-5, 10, 13, and 21 for example.

[0085] In reference to FIGS. 1-5, 10, 13, and 21 there is
shown substrate 10 having a surface 11 comprising prism
elements 12 (FIGS. 1-5, 10, and 13) or prism clusters 30
(FIG. 21). The walls 13 are formed in the substrate 10 by
making depressions 15 in the substrate. The depression can
be formed by cutting, gouging, vaporizing, or by other
known means. In one aspect the depressions and walls are
formed by diamond cutting. The depressions 15 are at least
partially defined by one wall 13 and in one embodiment,
both the depressions and the wall do not extend all the way
through the height of the substrate as depicted in the figures.
In one aspect, the depressions extend all the way through a
lateral dimension of the substrate, from one side surface of
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the substrate to an opposite side surface of the substrate as
shown in FIGS. 2-5, 10, 13, and 21 for example. In one
aspect, formation of multiple depressions and walls shortens
a width of the walls, as shown in FIGS. 2-5, where the first
wall made is shortened in a width dimension when subse-
quent walls are made. This process also reduces a size of the
prism array on surface 11 that will be used to form a tiled
article having the smaller prism arrays thereon.

[0086] The walls 13 share a common edge 14 with the
surface 11. The common edges 14 collectively define the
boundary of the prism array. In one aspect the walls 13 share
a common edge 14 not only with the surface 11, but also
with the prism elements 12 as depicted in FIG. 21.

[0087] The wall 13, because it shares the first common
edge 14 with the surface 11 on which the prism elements are
formed, thereby forms an angle to the surface as measured
through the substrate. This angle, herein referred to as the
“wall angle”, shown in FIG. 6 as W0, is not particularly
limited and can range up to just less than 180°. If the wall
is formed in a master, a replica of the master will have a wall
with the same wall angle. As shown in FIG. 8, this first tile
24 is mated to a second different tile 25 having a wall that
can mate with the wall of the first tile 24. In other words, the
first tile will have a wall with a first wall angle W01 and the
second tile will have a wall with a second wall angle W62.
The first wall angle W61 and the second wall angle W02 are
supplementary angles, i.e. the wall angles of the mating
walls add up to about 180°. For example, where the first wall
angle W01 is about 70°, then the second wall angle W62 will
be about 110°.

[0088] In one embodiment, the wall angle W6 on the
substrate is about 90° as shown in the figures. Therefore,
mating tiles will each have walls with a similar wall angle
W60 of about 90°. Accordingly, walls with different wall
angles, i.e. other than 90°, will not have to be formed. Where
the first wall angle and the second wall angle are supple-
mentary on the tiles, then when mated, the surfaces 11 of the
first and second tile will lie in the same plane as shown in
FIGS. 8,9, 12, 16, 17, 22, 23 and 24.

[0089] In another embodiment, the supplementary rela-
tionship between the wall angles of mated tiles can be
varied, such as when the surfaces 11 of the mated tiles are
to be angled in relation to each other, rather than being in the
same plane. In this embodiment, the wall angles between
mating walls 13 can add up to be greater than 180° or less
than 180°.

[0090] In one embodiment, the wall 13 formed in the
substrate 10 has a height that is greater than a height of the
prism elements 12. In one embodiment, the walls have a
height ranging from about 25 microns to about 1 millimeter.
In other embodiments, the wall has a height that is not
greater than a height of the prism elements.

[0091] Inone embodiment, the wall is formed by diamond
cutting. Diamond cutting creates a wall having a precision
surface. In other words, diamond cutting produces a wall
having a particularly smooth and flat surface. This smooth
and flat surface defining the wall will enable tiles to be
mated wall-to-wall, in order to create a precision seam
between tiles, as will be discussed in greater detail herein.
Precision seams between tiles allow for greater retroreflec-
tive fill factors for retroreflective articles made from the
molds provided herein, as less light is scattered at the seams
than in conventional crude seaming techniques. Depicted as
a flat planar surface, the wall is not limited to such, but can
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be a curved planar surface, a surface that is not planar, or a
surface that is multi-planar. Whatever the shape or form of
the wall, a mating wall may have a corresponding shape to
be able to form a precision seam.

[0092] In one embodiment, a plurality of walls is formed
in the substrate. In one aspect of this embodiment, the
plurality of walls collectively forms a boundary around the
prism array, the boundary being defined by the first common
edges 14 as shown in FIG. 5. In another aspect of this
embodiment, each of the plurality of walls also shares a
common interface 31 with an adjacent wall as indicated in
FIGS. 3-5, 10, and 14. In another aspect of this embodiment,
the walls 13 have heights that are different as depicted in
FIGS. 10-15 and 17 for example wherein a wall 13 on one
side of the substrate 10 has a height different from contigu-
ous walls on adjacent sides of the substrate 10. In other
words, the depressions 15 forming the walls 13 extend into
the substrate 10 to different depths. The heights of the walls
forming the boundary around the prism elements 12 can
alternate between a greater height and a lesser height going
around the prism elements 12 as shown in FIGS. 10 and 13
for example. Varying the heights of adjacent walls ensures
that during replication of a tiled article having two or more
mated tiles, that the space 26 (see FIG. 8 for example)
between tiles does not create difficulties in the replication.
[0093] In one embodiment, in making the depressions 15
to form the walls 13, some of the prism elements 12 on the
surface 11 are removed as shown in FIGS. 2-5. However, in
another embodiment, forming the walls 13 on the substrate
10 does not remove any of the prism elements as shown in
FIG. 21.

[0094] In one embodiment, forming the depressions and
walls does not reduce any lateral dimension, i.e., length or
width, of the substrate, as shown in FIGS. 13 and 21. In
another embodiment, forming the depressions and walls
does not substantially reduce a lateral dimension of the
substrate 10 but may reduce the area of the surface 11 in
either or both of the length dimension and width dimension,
as shown in FIGS. 2-5. Forming depression 15 in the
substrate also results in the removal of only a top peripheral
portion of the substrate as shown between FIG. 1 and FIGS.
2-5. Removing the top peripheral portion of the substrate 10
may create a lip 16 on a bottom or lower portion of the
substrate. When forming multiple depressions 15 and walls
13 all the way around the substrate 10, a top peripheral
portion of the substrate is removed, but a base portion
remains intact, thereby forming the lip 16 around the entire
base of the substrate 10. The substrate 10 therefore has a
lateral dimension, measured through the base portion (in-
cluding the lip 16) from one side surface to an opposite side
surface and parallel to the surface 11, that is not diminished
when forming the depressions 15 and walls 13. The lateral
dimension of the substrate 10, as measured through the base
portion, remains the original size. Only a lateral dimension
measured through the top portion of the substrate 10 from
one wall 13 to another wall 13 and parallel to the surface 11,
is reduced in size when forming the depressions 15 and walls
13.

[0095] The formation of a tile in these ways allows for
smaller prism arrays on surface 11 while allowing for the
handling of tiles having larger lateral dimensions. This is
accomplished by retaining a relatively larger lateral dimen-
sion measured through the base portion of the substrate,
while creating relatively smaller prism arrays on the surface
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11 the substrate. This modification of the substrate mini-
mizes the lateral size of the prism array on surface 11, while
maintaining the larger lateral dimension on the bottom
portions of the substrate. When moving, adjusting, manipu-
lating, and otherwise configuring the substrate, the larger
lateral dimension through the base portion allows for the use
of'less precise handling techniques than would ordinarily be
required for such a small prism array, such as that measured
through the upper portion of the substrate. At the same time,
it is possible to include a smaller array than would otherwise
be feasible with less precise handling techniques, because a
larger lateral dimension of the substrate is maintained. It is
by having a larger lateral dimension retained in the tiles that
handling of the tiles is thereby made easier, while also
providing smaller prism arrays included in the tiled article.
[0096] This larger lateral dimension, as measured through
the base portion in the replicas, is only reduced when the lip
16 in completely removed as depicted in FIGS. 7 (lip
removed from right hand side of substrate), 11, 14, and 15,
or when a face 17 is created as shown between FIGS. 21 and
22.

Replication

[0097] The substrate having prism elements 12 may be
used as a master for creating replica tiles. Replication can be
performed on the master, wherein the master may optionally
include a reference edge. Where the master includes a
reference edge 13, replicas of the master also include the
reference edge 13. After modifying the replica tiles by
forming a face 17, the tiles may be joined together along
their reference edges 13 to form a tiled article 28. In another
embodiment, the master does not include a reference edge
13. In this embodiment, a replica of the master is formed,
and one or more reference edges 13 are formed in the
replica. Thereafter, copies of the replica are formed by
replication. The copies can then be modified by creating a
face 17 and joined together to form a tiled article. By “copy”
or “copies”, it is meant a duplicated replica. In other words,
a second or later generation duplicate of the master, i.c. a
replica of a replica of the master. The tiled article 28 itself
can be further used as a master and replicated to form a
larger tile, and then joined with other tiles or tiled articles to
form an even larger tiled article. Replication of the master,
of a replica of the master, or of a tiled article 28 used as a
master, can be accomplished through any process as long as
a sufficient level of precision is maintained on the replicas
for the prism elements 12, and for the walls 13 if present
before duplication. Whether formed before or after duplica-
tion, precise walls in the tiles may produce a tiled article
having seams 23 that are smooth and close fitting. Examples
of precise seams 23 are shown in FIGS. 8, 9, 12, 16, and
22-24. When a tiled article having smooth and close fitting
seams 23 issued as a mold to form retroreflective articles, the
close fitting seams will not substantially reduce the retrore-
flective fill factor of retroreflective articles made therefrom.
In one embodiment, replicas are produced by electroform-
ing. Duplication of the master having a reference edge 13
through electroforming, or otherwise forming a reference
edge in a replica tile, may produce tiles that have the precise
reference edge 13 needed to create smooth seams 23 in a
tiled article.

[0098] In one embodiment, replication of the master
occurs before any one of a reference edge 13, arough cut 19,
or a face 17 is formed in the master. In one aspect, replica-
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tion to thereby produce copies of the replica is also per-
formed after one or more reference edges 13 are formed in
a replica of the master. Thereafter, a rough cut 19 and face
17 can be formed in the copies and the copies can be mated
to form a tiled article. In another embodiment, replication of
the master occurs after one or more of a reference edge 13,
a rough cut 19, and a face 17 is made in the master or in a
tiled article used as a master.

Face

[0099] In one embodiment in accordance with the present
subject matter, the methods include forming a face 17 on
tiles that are replicas of the master, or on copies of the
replicas. The face formed on the replica tiles or copies
thereof, shares a second common edge 20 (see FIG. 7) with
the wall. As depicted in FIGS. 6 and 7, the face 17 can be
formed by making a rough cut 19 (shown in FIG. 6 in two
dimensions as a dotted line) in the tile and removing a
portion 18 of the tile, including a portion of the lip 16 on the
side of the tile where the face 17 is created. In one embodi-
ment as depicted in FIG. 7, removing the portion 18 of the
replica tiles or copies thereof, also results in removing a
portion of the wall 13. That is, rough cut 19 is made such that
it passes through the wall 13 as shown in FIG. 6. In another
embodiment, removing the portion 18 of the tiles does not
result in removing a portion of the wall 13. In other words,
the rough cut can be made beginning from a bottom edge of
the wall 13 (the bottom edge of the wall being the bottom of
the depression 15) rather than beginning intermediate
between the first common edge 14 and the bottom edge of
the wall. In this way, substantially no portion of the wall 13
is removed when forming face 17.

[0100] When the face is formed, a portion of the lip 16 on
the side of the replica/copies that now contains the face 17
is also removed. Removing the portion 18 of the tiles
thereby exposes the wall 13, such that the exposed wall 13
on the tile can be joined wall-to-wall with a similarly
exposed wall 13 on another tile, without interference from
the lip 16, as shown in FIGS. 8, 9, 12, 16, 17, 22, and 23 for
example. That is, the exposed walls 13 on adjacent tiles can
be joined so that the exposed walls 13 abut face-to-face at
seam 23.

[0101] In one embodiment, an angle between the face 17
and the wall 13 as measured through the tile, herein referred
to as the “face angle”, is less than about 180° and depicted
in FIG. 7 as F. In one aspect, the face 17 extends from the
wall 13 to a side of the tile that is opposite the surface 11.
This opposite surface is a herein referred to as the “second
surface” 21. Referring to FIG. 11, this second surface 21 is
shown to share a third common edge 22 with the face 17. In
this aspect, the third common edge 22 is on an opposite side
of the face 17 from the second common edge 20 as shown
in FIG. 11. In this embodiment, as shown in FIG. 8, a first
tile 24 has a first face angle F01 that is less than 180°. A
second tile 25 has a second face angle F02 that is less than
180°. Thereby, a space 26 is created between faces 17 of the
first and second tiles when the first and second tiles are
mated as shown.

[0102] In another embodiment, the face angle FO can be
more than 180°. In this embodiment, a mating tile must have
a face angle FO that when added to the original face angle
FO, must add up to just less than 360°. This relationship
between the two face angles results in providing a space 26
between the faces of two mated tiles.
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[0103] The face 17 is formed by making a rough cut 19 by
laser cutting, water jet cutting, waterjet-guided laser cutting,
wire electrical discharge cutting, or the like, in order to
remove the portion 18 of the tiles. The rough cut 19 does not
have to be made with particular precision, nor is it required
that the face 17 be particularly smooth or flat. In this way,
rough cut 19 in the tiles can be made by less complex, less
time consuming, and less expensive methods than diamond
cutting. The characteristics of the rough cut are not critical
to forming the precise seams between tiles. In other words,
the rough cut 19 is made such that the face 17 is not part of
seam 23. In this manner, only the reference edge 13 is used
to form the seam 23, wherein tiles are joined by abutting the
walls 13 on adjacent tiles face-to-face, thereby forming seam
23. This is depicted in FIGS. 8,9, 12, 16, 17, 22, 23, and 24,
wherein the wall 13 of a first tile 24 is mated with a wall 13
of a second tile 25 to form a seam 23. As depicted, the face
17 formed by making rough cut 19 on each mated tiles does
not factor into creating the precision seam 23, and a space
26 is left between the faces 17 of the mated tiles.

[0104] As previously discussed, in one embodiment, the
face is formed on the master before replication of the master.
In another embodiment, the face is formed on the replica
tiles. In still another embodiment, the face is formed on
copies of the replica.

[0105] In another embodiment, a plurality of faces are
formed, each corresponding to one of the plurality of walls
13 on the tiles. The plurality of faces are formed, in one
embodiment, only after at least two tiles are mated. That is,
if more than one face is formed on an individual tile, the
second and subsequent faces will not be formed until the
individual tile is mated with at least one other tile to form a
tiled article. The formation of a plurality of faces results in
the removal of the portion 18, comprising lip 16, from the
tiles and reduces a lateral dimension of the tiles, measured
through a base portion of the tiles. The removal of the lip on
the tiles does not affect the ease with which the tiled article
is handled, because the tiled article has a larger lateral
dimension as compared with the individual tiles.

[0106] In one embodiment in accordance with the present
subject matter, only one reference edge is exposed on each
of the tiles before the tiles are mated. This is shown in
different embodiments in FIGS. 7-9, FIGS. 10-12, FIGS.
13-17, and FIGS. 21-24, wherein only one reference edge
has been exposed on the individual tiles before mating with
another tile. By this method, a lateral dimension in the tile,
that is parallel with the exposed reference edge as measured
through the base of the tiles, remains constant while mating
the two tiles together. In this embodiment, only after two or
more tiles have been mated together in this manner—thus
producing a tiled article having a larger lateral dimension
that the individual tiles and thus being easier to physically
handle—are other reference edges on the tiled article cre-
ated. This process of creating rough cuts 19 and faces 17 on
all sides of the tiles allows for the creation of relatively small
size prism arrays which are combined to create a tiled article
having a plurality of relatively small prism arrays, while
only requiring the handling of individual tiles having a
relatively large lateral dimension through the base portion.

Mating

[0107] In another embodiment in accordance with the
present subject matter, the methods include replicating the
master to thereby create at least two tiles, which are joined
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together to form a tiled article. In another embodiment, a
replica is formed from the master, and copies of the replica
are formed. The copies are then joined together to form a
tiled article. In one embodiment, joining includes position-
ing the tiles in a desired orientation and includes securing the
tiles together. As shown in the figures and specifically in
FIGS. 8 and 12 for example, a first tile 24 and a second tile
25, before being joined together, have four walls 13. In other
embodiments in accordance with the present subject matter,
the tiles can comprise more or less than four reference edges
13. For example as shown in FIGS. 21-24, the tiles have two
reference edges or walls 13. It will be understood, that the
embodiments depicted in FIGS. 21-24 can have more ref-
erence edges formed therein and can include reference edges
formed perpendicular to those shown.

[0108] A face 17, as previously described, is formed in
each of the two tiles. As shown between FIGS. 6 and 7, face
17 can be formed by making rough cut 19. Making the face
17 exposes a wall 13 on each of the tiles 24, 25 for mating
with another tile. The exposed walls are situated such that
the wall 13 on the first tile 24 is able to abut face-to-face with
the wall 13 on the other tile 25.

[0109] In one aspect the face 17 is created by making
rough cut 19 and removing a portion 18 of the tile. Rough
cut 19 can be made using a laser cutter, a water jet cutter, a
waterjet-guided laser cutter, a wire electrical discharge cut-
ter, or a combination thereof. In another aspect, a portion of
the wall 13 is also removed in creating the face 17. The face
17 is angled as shown in the figures, such that the exposed
remaining portion of the wall 13 is able to be placed
face-to-face with the wall 13 of another tile. In other words,
the walls 13 of the joined tiles sit face-to-face, i.e. one wall
facing the other and abutting, in order to form a precision
seam 23.

[0110] The seam 23 is formed between the walls 13 of the
first 24 and second tile 25 as shown in FIG. 8 for example.
As shown, a space 26 remains between the first 24 and the
second tile 25. This space 26 is defined as the area between
opposing faces 17 on the first tile 24 and the second tile 25.
That is, the faces 17 on mated tiles do not abut, but are
spaced apart. The arrangement of the first and second tiles in
this manner produces a substantially continuous array 27 of
prism elements 12 that lie substantially in one plane, as
shown in FIGS. 8,9, 12,16, 17, and 22-24 for example. The
array 27 of prism elements comprises the array of prism
elements on the surface 11 of the first tile 24 and the array
of prism elements on the surface 11 of the second tile 25.
[0111] As shown in FIGS. 8,9 and 12, the prism elements
on the first tile 24 and the prism elements on the second tile
25 have different prism orientations that are offset between
the first tile 24 and the second tile 25 by about 90°. In other
embodiments in accordance with the present subject matter,
the prism orientation of the prism elements 12 on the first
and second tiles of the tiled article 28 can differ from about
15 degrees to about 180 degrees. When scaling up the tiled
article to include more tiles, the prism orientation between
individual adjacent tiles can be tailored so as to be in an
alternating pattern, a sequence pattern, a random arrange-
ment, or a combination thereof.

[0112] The first tile 24 and the second tile 25 can be
secured together in any number of ways in order to form the
tiled article 28. In one embodiment, the first tile and the
second tile are secured together at the seam 23 by laser
welding the tiles from the side of the tiled article 28 opposite
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the array 27 of prism elements. In this way, a laser beam is
directed into the space 26 thereby forming a weld in the
space 26 between the two tiles.

[0113] As shown in FIGS. 9 and 12, three walls 13 on each
of the first tile 24 and the second tile 25 are not in a
face-to-face orientation with a corresponding wall on the
other substrate. Two of these non face-to-face walls on one
side of each of the tiles, nonetheless abut and have shared
edges at seam 23, as shown. These two non face-to-face
walls 13 of the first tile 24 and the second tile 25 are
nevertheless flush and lie in substantially the same plane as
shown. In other words, the walls meeting at the seam 23, yet
not abutting face-to-face, form a substantially continuous
larger wall 32 on the tiled article 28. This substantially
continuous larger wall 32 may be used as a larger reference
edge 32 for the tiled article for mating with a larger reference
edge 32 of another tiled article. Two larger reference edges
32 may be mated by forming a face in the tiled article 28
corresponding to the larger reference edge 32, thus exposing
the larger reference edge 32 of the tiled article for mating
with a larger reference edge 32 of another tiled article. This
produces a larger tiled article comprising four individual
tiles. This process can be used to scale up the tiled article to
include more and more individual tiles, as described below.

[0114] In accordance with the present subject matter, the
tiled article 28 as shown in FIGS. 8,9, 12, 22, 23, and 24 can
itself be used as a master in creating replicas of the tiled
article. In this way, the tiled article 28 comprising the first
tile 24 and the second tile 25, can be replicated by electro-
forming. For example, the tiled article 28 shown in FIGS.
8-9 can be duplicated by electroforming and may produce a
unitary, single-piece tile that is identical to that shown in
FIGS. 8-9, but without seam 23. After replicating the tiled
article 28, the replicas of the tiled article each have four
reference edges. In FIGS. 9, 12, and 17, these four reference
edges comprise the larger reference edge 32 and the three
other reference edges that surrounding the array of prism
elements 27. In FIG. 17, these four reference edges comprise
the larger reference edge 32 and the three other reference
edges surrounding the two pairs of rectangular cube corner
prism elements 29. In another embodiment as shown in
FIGS. 22-24 the tiled article themselves each have two
reference edges 13, as shown. As can be seen in FIGS. 9,12,
and 17, replicas of the tiled article can be joined together by
making one or more faces to expose the larger reference
edge 32, or to expose one of the other reference edges on the
replicas, so that the replica can be joined to a reference edge
of a different tile or different replica of the tiled article, in
order to form larger tiled articles. In this embodiment a face
is formed on the replicas of the tiled article by removing a
portion (e.g. the lip 16) of the replicas of the tiled article in
a way similar to that previously described for the individual
tiles. In this way an angled face, similar to that formed by
rough cut 19 on the replica tiles shown in FIG. 6, can be
made on the replicas of the tiled article depicted in FIGS. 9,
12, and 17. The formation of the face on the replicas of the
tiled article removes a portion (e.g. the lip) of the replicas of
the tiled article, thus exposing one of the four reference
edges on the replicas of the tiled article. Similar cuts are
made on other tiles or replicas of the tiled article, similarly
exposing one of the four reference edges on the other tiles
or replicas of the tiled article, so that exposed reference
edges can be mated face-to-face to form larger seams and
larger tiled articles.
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[0115] These exposed reference edges 13 on the replicas
of the tiled article are brought together in a similar manner
as previously disclosed for the first tile 24 and the second tile
25 in forming the tiled article 28 in FIG. 9. The replicas of
the tiled article can be brought together to form a seam
between replicas of the tiled article, wherein the seam
between the replicas of the tiled article may be parallel to,
and/or perpendicular to, the original seam 23 formed on the
tiled article 28. This replication process, wherein seams are
formed parallel to, and/or perpendicular to, the seam 23 on
the tiled article 28 in FIG. 9, produces rows and/or columns
of tiles in a larger tiled article. Further replication can be
made of the larger tiled articles. Optionally rows and/or
columns of tiled articles can be connected together wherein
seams are formed perpendicular to, and/or parallel to, the
original seam 23 in the tiled article 28 in FIG. 9. The process
of forming seams perpendicular and parallel to seam 23 in
the tiled article 28 in FIG. 9, results in individual tiles joined
together to form a large tiled article having a larger arrays of
prism elements therecon. In one embodiment, the large tiled
article has varied prism orientation between adjacent tiles.
These larger tiled articles are used as molds for forming a
retroreflective article.

[0116] The present subject matter is not limited to a
particular order of 1) replication ii) formation of wall 13, iii)
formation of face 17, and iv) joining as described. Rather the
present subject matter encompasses replication, wall forma-
tion, face formation, and joining operations that can be
performed as needed to ensure good alignment and seam
formation between individual tiles on a tiled article. The
replication, wall formation, face formation, and joining steps
can be repeated as required to scale up the tool to a size
desired in order to form a mold used to make retroreflective
articles.

[0117] In one embodiment of the present subject matter,
the methods further include forming new reference edges on
tiles, tiled articles, or replicas thereof, so as to ensure a
smooth, flat reference edge on the tiled article for properly
forming a precise seam with another tiled article. In other
words, after two or more tiles are joined together to form a
tiled article, a new reference edge can be created in the tiled
article. This process ensures that the tiled article, which may
be replicated thereafter, has a reference edge that is suffi-
ciently straight and flat in order to form a straight and
smooth seam with another tiled article or a replica.

Isolating Prism Elements and Clusters

[0118] As previously described, methods in accordance
with the present subject matter can be used to isolate and tile
individual prism elements or prism clusters. It will also be
appreciated that the current methods can be used for isolat-
ing and tiling almost any number of prism elements or prism
clusters.

[0119] In one embodiment as depicted in FIGS. 13-25, a
substrate 10 is provided having prism elements 12 formed
thereon. In one aspect, shown in FIGS. 13-17, walls 13 are
formed in the substrate so as to isolate a single prism
element using diamond cutting techniques. As shown, a
substrate 10 has four depressions 15a¢-15d formed therein.
Depression 15a is adjacent to both depressions 15¢ and 15d.
Depression 155 is adjacent to both depressions 15¢ and 15d.
Depression 15¢ is adjacent to both depressions 15a and 155.
Depression 15d is adjacent to both depressions 15a and 155.
As shown, adjacent depressions extend into the substrate at
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different heights, wherein depressions 15¢ and 154 extend
into the substrate at a greater height than do depressions 15a
and 15b. The reference edges 13 formed by making the
depressions 15a-15d, are shown in FIG. 13 to isolate and
define a boundary for an opposed pair of rectangular cube
corner prism elements 29. It will be understood that the
present methods are not limited to isolating an opposed pair
of rectangular cube corner prism elements 29, but can be
utilized to isolate other types of prism elements or clusters.
The walls 13 are shown to be at about 90° to the surface 11
of the substrate 10. The substrate depicted in FIG. 13 may
be a master used to form replica tiles, or may be a replica of
the master that is used to form copies.

[0120] Portions of the tiles are removed by making rough
cut 19 at an angle 6 as shown in FIGS. 12, 13 and 14 in order
to form face 17. The angle 0 is measured between rough cut
19 and the plane of reference edge 13. The angle 0 is
supplementary to the face angle. The portions removed from
the tiles can be removed using laser cutting, water jet
cutting, waterjet-guided laser cutting, wire electrical dis-
charge cutting, or other techniques.

[0121] Two tiles 24, 25, thus modified, are joined to form
a tiled article 28 having two pairs of rectangular cube corner
prism elements 29 mated together at a seam 23 as shown in
FIGS. 16 and 17. In this method, the first tile 24 has a portion
removed to expose a reference edge 13. The second tile 25
has an opposite portion of the tile removed to expose a
reference edge 13 on the second tile 25. The two reference
edges are brought together so that the two reference edges 13
on the first and the second tiles are face-to-face as shown in
FIGS. 16 and 17.

[0122] As previously described, a space 26 remains
between the first tile 24 and the second tile 25 on the tiled
article 28, wherein faces 17 do not abut. This space 26 is
used for laser welding or for other techniques to secure the
first tile 24 and the second tile 25 together. The resulting
tiled article 28 has two pairs of rectangular cube corner
prism elements 29 that collectively form an array of prism
elements on the tiled article 28. This array comprises the two
pairs of rectangular cube corner prism elements 29 in a
single plane. This tiled article can be further replicated and
modified by forming faces corresponding to the walls 13 that
have not been mated. After further replication and modifi-
cation, the tiled article, or replicas thereof, can be mated
with similarly modified tiles to form an even larger tiled
article. The present subject matter is not limited to isolating
a pair of rectangular cube corner elements as depicted, but
can be used to isolate a single rectangular cube corner prism
element or any number of prism elements or clusters as
desired.

[0123] In another embodiment in accordance with the
present subject matter, the methods include forming or
isolating prism element clusters on a substrate. The substrate
may thereafter be used as a master for making replicas, or
may be a replica used for making copies. The replicas or
copies may then be joined to form an array of prism clusters.
In one aspect of this embodiment, triangular quartet or octet
prism clusters are formed in a surface 11 of a substrate 10 as
shown between FIGS. 18 to 20. Other types of prism clusters
are contemplated to be within the present subject matter. In
this embodiment, the methods can be used to reduce spacing
between prism clusters. It will be understood that the spac-
ing between prism clusters as shown in the figures, can be
minimized by forming reference edges and faces on the
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surface 11 of the substrate, replicas, or copies that are
perpendicular to the edges and faces depicted in the figures
and by forming seams perpendicular to the seam 23 shown.
[0124] In accordance with the present subject matter, a
substrate 10 is provided having prism elements 12 on a
surface 11, as shown in FIG. 18. Portions of the prism
elements 12 are removed from the substrate in order to
isolate square prism clusters 30 as shown in FIG. 19. The
prism clusters are then modified to make octet prism clusters
as shown in FIG. 20 wherein corners of the square prism
clusters are removed. In one aspect, removing portions of
the prism elements to isolate/form the prism clusters can be
accomplished by diamond cutting. Other removal tech-
niques can be used. In one aspect, walls 13 can simultane-
ously be formed in the substrate as an integral part of
isolating prism clusters 30. That is, the formation of the
walls 13 can result in isolating the prism clusters 30.
[0125] In another aspect, walls 13 are formed separate and
apart from the isolation of the prism clusters 30. This aspect
is depicted in the figures, wherein the prism clusters 30 are
shown to be isolated in FIGS. 19-20, separate and apart from
formation of the walls 13 in FIG. 21.

[0126] In one embodiment as depicted in FIG. 21, depres-
sions 15 are formed on opposite sides of one or more prism
clusters 30 or rows or columns of prism clusters. The
depressions 15 are at least partially defined by the reference
edges 13. The depressions 15 and reference edges 13 are
formed as previously described herein. As shown in FIG. 21,
the reference edges 13 share a first common edge 14 with
both the prism clusters 30 and with the surface 11 of the
substrate.

[0127] In the present methods, a substrate 10 is produced
having prism element clusters 30 on the surface 11 thereof.
This substrate may then be used as a master for forming
replica tiles, or may be a replica of the master used for
forming copies. The prism clusters 30 can be the same or
different. Replication can take place before or after forma-
tion of walls 13. If replication takes place before the
formation of walls, the walls are then formed in replica tiles.
Replication of the replicas may thereby produce copies
including the walls. If replication takes place after the
formation of walls, the replica tiles will already include
walls.

[0128] The tiles are modified by making a face 17 as
previously described and as shown in FIG. 22, in order to
expose the wall 13 for use in mating with another tile. The
reference edges 13 on each of the tiles are abutted face-to-
face along a seam 23 as shown in FIGS. 22-24. The tiles can
be mated such that prism clusters 29 are aligned as shown in
FIG. 23, or mated such that prism clusters are off-set as
shown in FIG. 24.

Masters, Tiled Articles, and Molds

[0129] In various embodiments, the present subject matter
provides masters, tiled articles, and molds used in making
retroreflective articles.

[0130] In one embodiment, the present subject matter
provides a substrate that is used in a process for making
retroreflective articles. The substrate includes a surface
comprising an array of prism elements thereon. The sub-
strate includes one or more depressions, wherein each of the
one or more depression is at least partially defined by a
reference edge. The substrate includes a base portion com-
prising a lip, the lip defining a periphery of the base portion.
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[0131] The present subject matter also provides a tiled
article comprising tiles positioned together in a two dimen-
sional pattern. Each tile comprises a top surface including an
array of prism elements, and side surfaces. The tiles com-
prise edge tiles and optionally interior tiles. Each side
surface of each interior tile includes a wall and a face. At
least one side surface of each edge tile includes a wall and
a face. Each wall of each interior tile is abutting face-to-face
with a wall of an adjacent tile and each face on each interior
tile does not abut face-to-face with a face of an adjacent tile.
Each wall of each edge tile is abutting face-to-face with a
wall of an adjacent tile and each face on each edge tile does
not abut face-to-face with a face of an adjacent tile

[0132] In accordance with the present subject matter, both
the master and the tiled article, or replicas of either, or copies
of the replicas, can be used as molds for making retrore-
flective sheeting or can be used to create further replica tiles,
which can be mated to form larger tiled articles.

Methods

[0133] The present subject matter also provides various
methods associated with making masters, tiled articles,
molds, and retroreflective articles.

[0134] In one embodiment, the present subject matter
provides a method of making an article, the article being a
master, a replica, a copy of the replica, or a tile as previously
described herein. The master is used to make replica tiles,
which may optionally be copied, wherein the replica tiles or
copies thereof may be joined to form a mold for making
retroreflective articles. The method includes forming prism
elements on a surface of a substrate, forming a wall on the
substrate, and forming a face on the substrate. The wall
shares a first common edge with the surface and shares a
second common edge with the face. The first common edge
is on an opposite side of the wall from the second common
edge.

[0135] The present subject matter also provides a method
of making a tiled article. The tiled article is used as a mold
for making retroreflective articles. The method includes
providing a tile including a top surface comprising prism
elements. The method also includes forming a wall on the
tile by removing a portion of the top surface of the tile,
wherein the wall shares a first common edge with the top
surface of the tile. The method further includes forming
replicas of the tile and positioning the replicas such that the
wall on each replica is face-to-face with, and directly abuts
a wall on an adjacent replica to thereby form a tiled article.
[0136] The present subject matter provides another
method of making a tiled article. The method includes
forming prism elements on a surface of a substrate. The
method includes forming a reference edge on the substrate,
such that the reference edge extends into the substrate at
about 90° to the surface having the prism elements. The
method further includes forming replicas of the substrate
and removing a portion of each replica such that a reference
edge on each replica is able to abut face-to-face with a
reference edge on a different replica. The method also
includes abutting face-to-face the reference edge on each
replica to a reference edge on another replicas. The method
includes securing the replicas together to thereby form a
tiled article.

[0137] The present subject matter provides another
method of making a tiled article. The method includes
providing a substrate having prism elements in a surface
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thereof. The method also includes creating replicas of the
substrate, each replica having at least one reference edge
therein. The method also includes creating at least one
reference edge in each replica. The method also includes
creating a rough cut through each reference edge in each
replica, and tiling the replicas such that reference edges in
the replicas abut face-to-face and rough cuts in the replicas
do not abut face-to-face, to thereby produce the tiled article.
The substrate can be a master or a tile formed by replicating
the master.

[0138] The present subject matter provides a method of
making a retroreflective article. The method includes pro-
viding a master as previously described herein. The method
includes forming prism elements on a surface of a master
and creating a replica of the master. The method includes
creating at least one reference edge on the replica. The
method includes creating copies of the replica. The method
further includes positioning the copies relative to each other
such that reference edges on each copy abut face-to-face.
The method also includes optionally repeating creating at
least one reference edge on the master, creating replicas of
the master, or positioning the replicas relative to each other
such that reference edges on each replica abut face-to-face.
During repeating of these operations, the operations are
performed either on the tiled article or on the master. The
method also includes molding a retroreflective article from
a mold produced by these operations.

[0139] The present subject matter provides another
method of making an article. The method includes forming
an array of prism elements on a surface of a substrate; and
forming a plurality of walls on the substrate to thereby form
the article; wherein each of the plurality of walls shares a
first common edge with the surface.

[0140] The present subject matter provides another
method of making a mold used for forming retroreflective
articles. The method includes providing a plurality of tiles,
each tile having prism elements on a surface thereof, one or
more reference edges, and a lip. The method also includes
making one or more rough cuts in each of a plurality of tiles
to thereby remove the lip on each of the plurality of tiles and
to thereby expose one or more reference edges on each of the
plurality of tiles. The rough cut is made such that each of the
one or more exposed reference edges on each of the plurality
of'tiles is able to abut face-to-face exposed reference edges
on other tiles of the plurality of tiles and rough cuts on each
of the plurality of tiles do not abut rough cuts on other tiles
of the plurality of tiles. The method includes mating the
plurality of tiles such that the one or more exposed reference
edges on each of the plurality of tiles abut face-to-face. The
method also includes securing the plurality of tiles (and
possibly replicating this assembly) to thereby make the
mold. The tiles can be formed by replicating a master,
wherein the master optionally includes a reference edge
before replication. In the event that the master does include
a reference edge, replication of the master produces tiles also
having the reference edge. In the event that the master does
not include a reference edge, the reference edge can be
formed in the tiles after replication.

[0141] Those skilled in the art will recognize that the
above variations of the inventive method allowing for con-
trol of incidence angularity, entrance angularity, and obser-
vation angularity, are not necessarily mutually exclusive,
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and can be combined by one skilled in the art to produce an
array having a desired combination of retroreflector perfor-
mance characteristics.

[0142] All patents, published applications, and articles
noted herein are hereby incorporated by reference in their
entirety.

[0143] All of the features disclosed in the specification,
including the claims, abstract, and drawings, and all of the
operations in any method or process disclosed, may be
combined in any combination, except combinations where at
least some of such features and/or operations are mutually
exclusive. Hach feature disclosed in the specification,
including the claims, abstract, and drawings, can be replaced
by alternative features serving the same, equivalent, or
similar purpose, unless expressly stated otherwise. Thus,
unless expressly stated otherwise, each feature disclosed is
one example only of a generic series of equivalent or similar
features. Publications, patents and patent applications are
referred to throughout this disclosure. All references cited
herein are hereby incorporated by reference.

[0144] The foregoing detailed description of the present
subject matter is provided for purposes of illustration, and it
is not intended to be exhaustive or to limit the subject matter
to the particular embodiments disclosed. The embodiments
may provide different capabilities and benefits, depending
on the configuration used to implement the key features of
the subject matter. Accordingly, the scope of the subject
matter is defined only by the following claims.

What is claimed is:

1. A method of making a tiled article, the method com-
prising:

providing a tile including a top surface comprising prism

elements;

forming a wall on the tile by removing a portion of the top

surface of the tile, wherein the wall shares a first
common edge with the top surface of the tile;
forming replicas of the tile; and

positioning the replicas such that a wall on each replica is

face-to-face with, and directly abuts a wall on an
adjacent replica to thereby form a tiled article.

2. The method according to claim 1, further including
forming a face on each replica, wherein the face shares a
second common edge with the wall on each replica, and a
first common edge of each replica is on an opposite side of
the wall from the second common edge.

3. The method according to claim 1, wherein the tile
comprises one of:

a. a master comprising a substrate including prism ele-

ments on a top surface thereof;

b. areplica of a master, the master comprising a substrate

including prism elements on a top surface thereof.

4. The method according to claim 1, wherein the tile
comprises one of:

a. a single-piece tile, or

b. a plurality of joined tiles.

5. The method according to claim 4, wherein the tile is a
plurality of tiles and one of the following is satisfied:

a. prism elements are the same between the plurality of

tiles, or

b. prism elements are different between the plurality of

tiles.

6. The method according to claim 1, wherein an angle
between the wall and the top surface is about 90° as
measured through the tile.
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7. The method according to claim 1, wherein a height of
the wall is greater than a height of the prism elements.

8. The method according to claim 1, wherein the wall is
formed by making a depression in the tile.

9. The method according to claim 1, wherein making the
depression includes removing at least a portion of the prism
elements.

10. The method according to claim 1, wherein making the
depression does not substantially reduce a lateral dimension
of the tile as measured through a part of the tile that is
opposite to the top surface.

11. The method according to claim 1, wherein the wall is
formed by diamond cutting.

12. The method according to claim 2, wherein the face is
formed on each replica by removing a portion of each
replica.

13. The method according to claim 12, wherein removing
a portion of each replica includes removing a portion of the
wall on each replica.

14. The method according to claim 2, wherein an angle
between the wall and the face on each replica is less than
180° as measured through the replica.

15. The method according to claim 12, wherein removing
a portion from each replica is accomplished by wire elec-
trical discharge cutting, laser cutting, water jet cutting,
waterjet-guided laser cutting, or a combination thereof.

16. The method according to claim 2, wherein:

each replica includes a bottom surface on an opposite side

from the top surface; and

forming the face on each replica thereby forms a third

common edge, the third common edge being shared
between the face and the bottom surface, the third
common edge being on an opposite side of the face
from the second common edge.

17. The method according to claim 1, wherein:

the wall on the tile comprises a plurality of walls; and

the prism elements on the tile is bounded by the plurality

of walls.

18. The method according to claim 17, wherein each wall
on the tile shares a common interface with adjacent walls on
the tile, and adjacent walls on the tile have different heights.

19. The method according to claim 1, wherein:

the prism elements have a prism orientation; and

the replicas are positioned such that the prism elements on

adjacent replicas have prism orientations that are offset
by about 15° to about 180°.

20. A method of making a tiled article, the method
comprising:

forming prism elements on a surface of a substrate;

forming a reference edge on the substrate, such that the

reference edge extends into the substrate at about 90° to
the surface having the prism elements;

forming replicas of the substrate;

removing a portion of each replica such that a reference

edge on each replica is able to abut face-to-face with a
reference edge on a different replica;

abutting face-to-face the reference edge on each replica to

a reference edge on another replica; and

securing the replicas together to thereby form a tiled

article.

21. The method according to claim 20, wherein the
substrate comprises one of:

a. a master comprising a tile including prism elements on

a surface thereof,
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b. a replica of a master, the master comprising a tile

including prism elements on a surface thereof.

22. The method according to claim 20, wherein the
substrate comprises one of

a. a single tile, or

b. a plurality of joined tiles.

23. The method according to claim 20, wherein abutting
face-to-face the reference edge on each replica to a reference
edge on another replicas thereby forms a seam between
adjacent replicas, and prism elements on opposite sides of
the seam have prism orientations that differ by about 15° to
about 180°.

24. A tiled article comprising tiles positioned together in
a two dimensional pattern, wherein:

each tile comprises a top surface including an array of

prism elements, and side surfaces;

the tiles comprise edge tiles and optionally interior tiles;

each side surface of each interior tile includes a wall and

a face;

at least one side surface of each edge tile includes a wall

and a face;

each wall of each interior tile is abutting face-to-face with

a wall of an adjacent tile and each face on each interior
tile does not abut face-to-face with a face of an adjacent
tile;

each wall of each edge tile is abutting face-to-face with a

wall of an adjacent tile each face on each edge tile does
not abut face-to-face with a face of an adjacent tile.

25. The tiled article according to claim 24, wherein each
wall on each tile is at an angle of about 90° from the top
surface as measured through the tile.

26. The tiled article according to claim 24, wherein each
face on each tile is at an angle of less than 180° from the wall
as measured through the tile.

27. The tiled article according to claim 24, wherein the
array of prism elements has a prism orientation, and the
prism orientation between adjacent tiles in the tiled article
differs by about 15° to about 180°.

28. The tiled article according to claim 24, wherein the
tiles are secured at the side surfaces.

29. The tiled article according to claim 24, wherein a top
surface of the tiled article comprises top surfaces of the tiles.

30. A method of making a tiled article, comprising:

providing a substrate having prism elements in a surface

thereof;

creating replicas of the substrate, each replica having at

least one reference edge therein;

creating a rough cut through each reference edge in each

replica, and

tiling the replicas such that reference edges in the replicas

abut face-to-face and rough cuts in the replicas do not
abut face-to-face, to thereby produce the tiled article.

31. The method according to claim 30, wherein the at least
one reference edge is formed in at least one of:

a. the substrate before the replicas are created, or

b. the replicas after the replicas are created.

32. The method according to claim 30, wherein the
substrate comprises one of:

a. a master comprising a tile including prism elements on

a surface thereof,

b. a replica of a master, the master comprising a tile

including prism elements on a surface thereof.
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33. The method according to claim 30, wherein the at least
one reference edge in each replica is at an angle of about 90°
from a surface having the prism elements as measured
through the replica.

34. The method according to claim 30, wherein the at least
one reference edge is created using a diamond cutter.

35. The method according to claim 30, wherein creation
of the at least one reference edge does not substantially
reduce a lateral dimension of the substrate or the replica.

36. The method according to claim 30, wherein the rough
cut is created with a wire electrical discharge machine, a
laser cutter, a water jet cutter, or a waterjet-guided laser
cutting.

37. The method according to claim 30, wherein the
substrate is chosen from:

a. a substrate having an array of triangular shaped cube

corners thereon,

b. a substrate having a single rectangular cube corner or
a pair of them, or

c. a substrate having a single row of triangular cube corner
clusters with a textured boundary area.

38. The method according to claim 30, where replicas are

created by electroforming.

39. A method of forming a retroreflective article, the
method comprising:

a) forming prism elements on a surface of a master;

b) creating a replica of the master;

c) creating at least one reference edge on the replica;

d) creating copies of the replica;

e) positioning the copies relative to each other such that

reference edges on each copy abut face-to-face;

f) optionally repeating any one or more of b) to d),
wherein the master comprises the product of any one or
more of a) to d); and

g) molding a retroreflective article using a mold produced
by at least one of a) to d), or a) to e);

wherein a) to f) are performed in sequence or out of
sequence.

40. The method according to claim 39, wherein reference

edges are created with a diamond cutter.

41. The method according to claim 39, wherein a portion
of each of the copies is removed with a laser cutter, a water
jet cutter, a waterjet-guided laser cutter, a wire electrical
discharge machine, or a combination thereof to create a
rough cut and to expose the at least one reference edge.

42. The method according to claim 39, wherein an angle
between the reference edge and the surface is about 90° as
measured through the replica.

43. The method according to claim 39, wherein the
reference edge has a height greater than a height of the prism
elements.

44. The method according to claim 39, wherein the
reference edge is formed by making a depression in the
replica, the depression being at least partially defined by the
reference edge.

45. The method according to claim 39, wherein making
the depression includes removing some of the prism ele-
ments.

46. The method according to claim 39, wherein forming
the reference edge does not substantially reduce a lateral
dimension of the replica.
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47. The method according to claim 39, wherein removing
a portion of the replica includes removing a portion of the
reference edge on the replica and thereby reduces a lateral
dimension of the replica.

48. Retroreflective sheeting formed by the method of
claim 39.

49. A method of making an article, the method compris-
ing:

forming an array of prism elements on a surface of a
substrate; and

forming a plurality of walls on the substrate to thereby
form the article;

wherein each of the plurality of walls shares a first
common edge with the surface.

50. The method according to claim 49, wherein an angle
between each of the plurality of walls and the surface is
about 90° as measured through the substrate.

51. The method according to claim 49, wherein a height
of'each of the plurality of walls is greater than a height of the
array.

52. The method according to claim 49, wherein a plurality
of depressions are formed in the substrate to thereby form
the plurality of walls, wherein each of the plurality of
depressions is at least partially defined by one of the
plurality of walls.

53. The method according to claim 52, wherein forming
the plurality of depressions includes removing a portion of
the array of prism elements.

54. The method according to claim 49, wherein the
plurality of walls is formed by diamond cutting.

55. The method according to claim 49, wherein the array
of prism elements is bounded by the plurality of walls.

56. The method according to claim 49, wherein:

each of the plurality of walls shares a common interface
with adjacent walls of the plurality of walls; and

the adjacent walls have different heights.

57. The method according to claim 49, wherein forming
the plurality of walls on the substrate does not reduce a
lateral dimension of the substrate.

58. The method according to claim 49, further including:

a) duplicating the article to thereby form a first replica and
a second replica;

b) forming a face on each of the first replica and a face on
the second replica to thereby create an exposed wall on
each of the first replica and the second replica;

¢) mating the exposed wall on the first replica to the
exposed wall on the second replica such that the face on
the first replica does not abut the face on the second
replica; and

d) securing the first replica to the second replica to thereby
form a tiled article;

wherein a) to d) are performed in sequence or out of
sequence.

59. The method according to claim 58, further including:

a) duplicating the tiled article to thereby form a plurality
of duplicates;

b) creating a face on each of the plurality of duplicates to
thereby create an exposed wall on each of the plurality
of duplicates;

¢) mating exposed walls on each of the plurality of
duplicates; and

d) securing the plurality of duplicates;

wherein a) to d) are performed in sequence or out of
sequence.
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60. The method according to claim 59, wherein a) to d)
produces a mold, the method further including repeating a)
to d), wherein the tiled article is the mold.

61. A method of making a mold used for forming retrore-
flective articles, the method comprising:

providing a plurality of tiles, each tile having prism

elements on a surface thereof, one or more reference
edges, and a lip;

making one or more rough cuts in each of a plurality of

tiles to thereby remove the lip on each of the plurality
of tiles and to thereby expose one or more reference
edges on each of the plurality of tiles, such that each of
the one or more exposed reference edges on each of the
plurality of tiles is able to abut face-to-face with an
exposed reference edges on other tiles of the plurality
of'tiles and rough cuts on each of the plurality of tiles
do not abut rough cuts on other tiles of the plurality of
tiles; and

mating the plurality of tiles such that the one or more

exposed reference edges on each of the plurality of tiles
abut face-to-face.

62. The method according to claim 61, the method further
including securing the plurality of tiles.

63. The method according to claim 61, wherein each of
the one or more reference edges on each of the plurality of
tiles have wall angles of about 90° as measured through the
tile.

64. The method according to claim 61, wherein each of
the one or more rough cuts produces a face on each of the
plurality of tiles, the face having a face angle of less than
180° as measured through the tile.

Aug. 1,2019

65. The method according to claim 61, wherein providing
a plurality of tiles includes:

providing a master including prism elements on a surface

thereof,

forming a replica of the master,

making one or more reference edges in the replica,

thereby forming a lip in the replica, and

copying the replica to thereby form the plurality of tiles.

66. A substrate for use in making retroreflective articles,
the substrate including:

a surface comprising an array of prism elements;

one or more depressions, each of the one or more depres-

sion being at least partially defined by a reference edge;
and

a base portion comprising a lip, the lip defining a periph-

ery of the base portion.

67. The substrate according to claim 66, wherein the
reference edge has a wall angle of about 90°.

68. The substrate according to claim 66, wherein the
reference edge shares a common edge with the array of
prism elements.

69. The substrate according to claim 66, wherein a height
of the reference edge is greater than a height of the array of
prism elements.

70. The substrate according to claim 66, wherein a lateral
dimension of the prism array is smaller than a lateral
dimension of the base portion.

71. The substrate according to claim 66, wherein the
prism array is bounded by the one or more depressions.
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