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(57) Abréegée/Abstract:

The Invention relates to an embossing structure for displaying different images In different viewing directions. The embossing
structure comprises a plurality of grooves, wherein each groove comprises a first side wall for displaying one line of a first image in a
first viewing direction, and a second side wall for displaying one line of a second image In a second viewing direction. The inventive
embossing structure Is characterized in that each groove further comprises a bottom section for displaying one line of a third image
INn a third viewing direction, and each of the bottom section, the first side wall and the second side wall comprises recesses which
define the amount of light that is scattered in the respective viewing direction corresponding to pixel values of the three images. The
Invention further relates to an embossing structure for displaying four different images in four different viewing directions.
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(57) Abstract: The mvention relates to an embossing structure for displaying different images in different viewing directions. The

embossing structure comprises a plurality of g

rooves, wherein each g

roove comprises a first side wall for displaying one line of a

first image 1n a first viewing direction, and a second side wall for displaying one line of a second 1mage in a second viewing direc -

tion. The mventive embossing structure 1s characterized in that each g

roove further comprises a bottom section for displaying one

line of a third 1image 1n a third viewing direction, and each of the bottom section, the first side wall and the second side wall com -
prises recesses which define the amount of light that 1s scattered in the respective viewing direction corresponding to pixel values of
the three images. The mvention further relates to an embossing structure for displaying four different images i four different view -
ing directions.
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Embossing structure

The present invention relates in a first aspect to an embossing structure for display-
ing different images in different viewing directions, according to the preamble of

claim 1.

In a second aspect, the invention relates to an embossing structure for displaying

different images in different viewing directions, according the preamble of claim 10.

A generic embossing structure on which the inventive embossing structure of claim 1
is based comprises a plurality of grooves, wherein each groove comprises a first side
wall for displaying one line of a first image in a first viewing direction, and a second

side wall for displaying one line of a second image in a second viewing direction.

An equal embossing structure is the basis for the inventive embossing structure of
claim 10, wherein the plurality of grooves is referred to as a first plurality of grooves.
That is, an embossing structure being generic to the embossing structure of claim 10
comprises a first plurality of grooves in a first direction, wherein each groove of the
first plurality comprises a first side wall for displaying one line of a first image in a first
viewing direction, and a second side wall for displaying one line of a second image In

a second viewing direction.
Such embossing structures are known from EP 0 650 853 A1.

They are well-suited as a security means, wherein any solid object that is to be pro-
tected against counterfeiting can be provided with the embossing structure. The solid

objects may be, for instance, coins, medals or plastic cards such as smart cards.

Another field of application of the embossing structures may be displaying Infor-

mation or for entertainment.
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The known embossing structures are limited to displaying two different images in dif-

ferent viewing directions.

DE 10 2009 004 128 A1 discloses an embossing for safety applications. The em-
bossing comprises grooves on which sidewalls additional layers are applied. With
these layers, two different images can be displayed in two different viewing angles. In

one embodiment, one picture that comprises three different colours Is displayed.

In WO 2004/030928 A1 an embossed device constituting a security device is de-
scribed. In one embodiment, a surface of the device is furnished with a macro-
embossing on which sidewalls micro-embossings are formed. In this way two differ-
ent images can be displayed depending on the viewing angle. In another embodi-
ment, two sets of grooves are provided which extend in different directions for jointly

displaying one image.

Subject-matter of WO 2009/126030 A1 is an authentication feature which comprises
a plurality of ridges on which a number of protrusions are formed. Thus two different

images can be displayed depending on the viewing angle.

ltisan object ofthe invention to provide an embossing structure capable of
displaying more than two different images in more than two different viewing direc-

tions with a preferably good contrast between the images.

This objective is solved with an embossing structure having the features of claim 1

and an embossing structure as described in claim 10.

Preferred embodiments are given in the dependent claims as well as in the following

description, in particular in connection with the attached figures.

According to the inventive embossing structure of claim 1, the embossing structure of
the above mentioned kind is characterized in that each groove further comprises a
bottom section for displaying one line of a third image in a third viewing direction, and
each of the bottom section, the first side wall and the second side wall comprises re-
cesses which define the amount of light that is scattered in the respective viewing

direction corresponding to pixel values of the three images.
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It can be regarded as a basic idea of the invention to provide grooves which are ma-
nipulated in three separate regions independently from each other. These regions,
namely the two side walls and the bottom section, are adjacent to each other in a
direction perpendicular to the direction of the grooves. it is thus possible to display

three different points, i.e. pixels, which belong to different pictures.

A core idea of the inventive embossing structure of claim 1 resides in the provision of
pits or deepening, which can also be referred to as recesses, in each region of the
grooves, that is in the bottom section and the first and second side walls. The indi-
vidual shape and/or size of each recess correspond to the pixel value of the pixel that

is to be displayed with the respective recess.

The images to be displayed may be grey-scale images, i.e., images with pixels
whose pixel values constitute brightness levels. The amount of light that is scattered
from each first side wall with its recesses in the first viewing direction is then propor-
tional to the brightness levels of the respective pixels of the first image. The same
applies analogously to the second side walls with their recesses, and to the bottom

sections with their recesses.

The scattering of the light at the recesses into the viewing directions may be under-
stood as any process that redirects light. That is, the light may be reflected and/or
diffusely scattered. The light that is scattered is ambient light. The brightness levels
of the scattered light for the respective recesses thus depend on the level of the am-
bient light.

The embossing structure may also be regarded as a relief. The grooves may be re-
ferred to as furrows or as a fluting. Each groove displays one line of each respective
image. The different pixels of one image line are displayed by the individual recesses
along that groove. The image columns are then formed by arranged several grooves

next to each other. The grooves are preferably straight and parallel to each other.

The side walls may be understood as straight surfaces which are inclined relative to
a normal of the embossing structure, i.e. the direction between the bottom section’s
deepest point and a top surface of the object. The recesses formed in these straight
surfaces may extend across the whole height of the straight surface, resuiting in no

part of that straight surface being left. Alternatively, the recesses may leave an upper



CA 02841829 2014-01-09

WO 2013/020687 4 PCT/EP2012/003327

and/or a lower part of the straight surfaces; that is, the recesses may only be formed
in a middle region of the straight surfaces.

A white pixel, or a pixel with maximum brightness of one of the images, is displayed
by scattering a maximum amount of light in the respective viewing direction. This
maximum amount may be achieved by providing no recess at the respective bottom
section or side wall. Recesses are then still provided for all other pixels that are not

white.

In a preferred embodiment of the invention, each line of each image consists of a
plurality of pixels, for displaying the pixels of the respective line, and along each of
the bottom section and the first and second side walls a number of recesses corre-
sponding to the number of pixels of one line is provided. A period, i.e. distance, be-
tween recesses for displaying one image line is preferably chosen equal to the dis-
tance between two grooves. Image lines and image columns are then displayed with
the same pitch. The recesses for displaying one image line may be arranged imme-
diately next to each other, that is the length of a recess corresponds to the distance

between two recesses.

Alternatively, spaces may be left between neighbouring recesses. At such a space,
the respective bottom section or side wall remains unaltered, i.e. no recess is formed
in that region. The summed length of such a pair of one recess and one pertaining
space may then be common to all pairs of recesses and spaces. In one embodiment,
the length of a recess is chosen dependent on the brightness level to be displayed. A
bright pixel may then correspond to a short recess with a large space to the next re-
cess. A dark pixel may correspond to a long recess with a short space to the next
recess. In this embodiment, the profiles of all recesses belonging to one image may
be formed identically. That is, the recesses that display one image may vary only In

their lengths but not in their cross-sectional shape.

Alternatively, the cross-sectional shape of the recesses may vary dependent on the

brightness of the pixel to be displayed with the respective recess.

For a comparably simple design, the images to be displayed may be black and white

images. Then, a recess corresponds to a black pixel of the image, and no recess at a
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certain region along one of the bottom sections or side walls corresponds to a white
pixel.

Alternatively, for displaying black and white images, there may be only two different
kinds of recesses corresponding to a black and a white pixel, respectively. These two
kinds may vary in the length of the recesses and/or in the cross-sectional shape of
the recesses. The bottom section may be provided with two kinds of recesses and

the side walls may be provided with two other kinds of recesses.

The profile of a region of the side walls without a recess may form a straight line.
With no recess at the bottom section, the profile of one groove may thus have the

shape of a “V".

A preferred embodiment of the invention is characterized in that the recesses of the

bottom section and of the side walls are each formed as steps.

A step may comprise two straight surfaces. It is preferred that each step of one of the
side walls has a ground surface and an inclined surface, and each step of the bottom
section has a ground surface and two inclined surfaces. The ground surface of each
step may be parallel to an object’s top surface in which the embossing structure is
formed. An inclined surface may be understood as being at an angle relative the

ground surface, which angle is unequal to 90°.

Whereas it is generally also possible to form recesses with a rounded profile, steps
advantageously more clearly define the amount of light that is scattered in the re-

spective directions.

A preferable embodiment of the inventive embossing structures is characterized in
that the pitch between two grooves is between 0.24mm and 0.36mm, preferably be-
tween 0.27mm and 0.33mm, and more preferably equal to 0.3mm. The pitch is to be
understood as the distance from a center of one groove to a center of a neighbouring
groove. It is generally possible that neighbouring grooves are directly juxtaposed to
form an inverted “V’ between them. Preferably, however, an even plateau may be

formed between two grooves.

In another preferred embodiment of the inventive embossing structure, the ground

surfaces of the bottom section have widths between 0.01mm and 0.1mm, preferably
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between 0.03mm and 0.07mm and more preferably equal to 0.05mm. The ground
surfaces of the first and second side walls may have widths between 0.015mm and
0.035mm, preferably between 0.020mm and 0.030mm and more preferably equal to
0.025mm.

The width may be defined in a direction perpendicular to the long axis of each
groove; that is, the width is measured in the same direction as the pitch of neighbour-
ing grooves. A large width may increase the amount of light scattered in a direction
perpendicular to the ground surface. This direction may also be referred to as a top
view. From the top view, the third image can be seen. A bright pixel of the third image
may be formed as a step of the bottom section having a ground surface with a large
width. The darker the pixel, the smaller the width. This smaller width may be realised
with the inclined surfaces of the step of the bottom section being less inclined, i.e.
having a larger tilt angle to a normal of the embossing structure. Additionally or alter-
natively, a darker pixel of the third image may be realised with a deeper recess to the
ground; that is, the inclined surfaces are longer. In still another embodiment, the
length of the step in the direction in which the grooves extend is varied according to

the pertaining pixel value.

Depending on the concrete design, the brightness perceived from the top view may
not only depend on the bottom section and the recess or step thereof. Another de-
terminant for the brightness may be the size of the ground surfaces of the steps of
the side walls. These ground surfaces may additionally scatter light into the top view
direction. To compensate for this additional light of the side walls, the width of the
ground surface of the bottom section may be accordingly reduced such that the de-
sired brightness or grey-scale level is achieved in the top view direction. In other
words, the recesses of the bottom section may be formed dependent on the neigh-
bouring recesses of the side walls, to compensate for light scattered from the re-
cesses of the side walls into the top view direction. In other designs, however, the
recesses of the side walls may not influence the amount of light scattered in the top

view direction.

In another variant of the invention, the dimensions of all steps of a bottom section are

identical in their cross-sections. The brightness is then determined via the length of
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the step, as already described. Analogously, the same applies to the steps of the first
side walls and to the steps of the second side walls.

Another preferred embodiment of the invention is characterized in that the depths to
the ground surfaces of the bottom sections are between 0.10mm and 0.14mm, pref-
erably between 0.11mm and 0.13mm and more preferably equal to 0.12mm. The
depths to the ground surfaces of the first and second side walls may be between
0.05mm and 0.09mm, preferably between 0.06mm and 0.08mm and more preferably
equal to 0.07mm. In one embodiment, these depths are varied dependent on the
brightness of the respective pixel that is to be displayed. A deeper ground surface of
the bottom section and/or the side walls may correspond to a darker pixel, respec-
tively. Due to the inclined surfaces, a deeper ground surface may lead to a smaller
width of the ground surface. The depths may be measured from a top surface into

which the inventive embossing structures are formed.

According to still another preferred embodiment of the invention, the inclined surfac-
es of the side walls have inclination angles between 10° and 20°, preferably between
13° and 17°, and more preferably equal to 15°. The inclined surfaces of the bottom
section may have inclination angles between 15° and 25°, preferably between 17°
and 12°, and more preferably equal to 20°. All angles are measured relative to a
normal of the object's surface, i.e. an axis perpendicular to the object’'s surface In

which the embossing structure is formed.

These angles are crucial for separating the display of the different images. An In-
clined surface of, e.g., the first side wall then influences the amount of light scattered
in the first viewing direction from which the first image is seen; the amount of light
scattered from the first side wall into the second and third viewing directions is ad-

vantageously not or hardly influenced by the recess of that first side wall.

According to another exemplary embodiment of the invention, between each inclined
surface of the side walls and a horizontal plane of the object’s surface (also referred
to as a top surface) in which the embossing structure is formed, an inclined entrance
surface is provided, respectively. These inclined entrance surfaces may have inclina-
tion angles between 45° and 55°, preferably between 48° and 51°, and more prefer-

ably equal to 49.5°. The inclined entrance surfaces may thus constitute a part of the
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side walls which is not affected by the recesses. In the embodiment with spaces be-
tween the recesses, these spaces may be formed as inclined walls having the same

inclination angles as said inclined entrance surfaces.

According to the invention, it is also possible that each recess is formed with two or
more steps. Each of these steps then has a ground surface and an inclined surface.
The dimensions given above for the ground surface of one step may here correspond
to the summed length of the ground surfaces of all steps that constitute one recess.

The same applies to the dimensions given for the inclined surface of one step.

In the following, it is referred to the inventive embossing structure for displaying four

images.

The above described generic embossing structure further comprises, according to
the invention, a second plurality of grooves in a second direction which is transverse
to the first direction, the grooves of the second plurality intersect the grooves of the
first plurality, each groove of the second plurality comprises a third side wall for dis-
playing one column of a third image in a third viewing direction, a fourth side wall for
displaying one column of a fourth image in a fourth viewing direction, and each of the
first to fourth side walls comprises means, in particular recesses, which define the
amount of light that is scattered in the respective viewing direction corresponding to
pixel values of the four images. The means for defining the amount of scattered light
can be generally formed in any adequate way, and may also comprise one or more
additional layers with brightness or colour being chosen dependent on the pixel val-
ue, or may be formed by surface manipulation, i.e. different protrusions, or degrees
of roughness, dullness or gloss, or chemical or heat manipulation, depending on the

pixel value.

Each of the first side wall, the second side wall, the third side wall and the fourth side
wall comprises between two intersections of grooves one recess for displaying one
pixel of the first image, the second image, the third image and the fourth image, re-

spectively.

With the first and second grooves intersecting each other, the inventive embossing
structure may form a pyramidal structure. The two side walls of the first grooves and

the two side walls of the second grooves then make up the four sides of a pyramid.
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That is, the embossing structure may be regarded as a structure with a plurality of
pyramids, wherein each pyramid has four side walls. These side walls each display
one pixel in a certain viewing direction, wherein the four pixels displayed by one pyr-

amid belong to four different images.

Each of the four images that can thus be displayed is visible from a certain viewing
angle at which the other images are not visible. For instance, by tilting the embossing
structure to the left, the first image becomes visible. Tilting to the right allows seeing
the second image. The third image and the fourth image are visible if the embossing
structure is tilted forward or back, respectively. For each of these directions, the re-
spective tilt angle may have the same absolute value. This value depends on the de-

sigh of the recesses and may be equal to 30°.

Generally, all variants and descriptions of the inventive embossing structure for dis-
playing three images may also apply to the inventive embossing structure for display-
ing four images. Then, the side walls of the first and second grooves may be formed
like the side walls that are described in connection with the inventive embossing
structure for displaying three images. In particular, the recesses may be formed iden-
tically. Only the bottom section may be omitted in the embossing structure for dis-

playing four images.

The inventive embossing structure for displaying four images may ailso be referred to
as an embossing structure for displaying at least four images. In one embodiment, a
fifth image is displayed. To this end, each of the first grooves and the second
grooves does comprise a bottom section in which recesses are formed. These re-
cesses define the amount of light scattered in a top view direction from which the fifth

Image is visible.

Generally, it is sufficient for displaying four images that the first and second grooves,
l.e. the grooves of the first and second plurality, respectively, extend transversely to
each other. All angles at which the first and second grooves intersect are thus possi-
ble. However, it is preferred that the first grooves run perpendicularly to the second
grooves. This advantageously results in the four viewing directions being clearly sep-

arated.
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According to a preferred embodiment of the inventive embossing structure for dis-
playing four images, each recess is formed as a step having a ground surface and an
inclined surface. A step may also comprise further surfaces, e.g. a tilted surface be-
tween the ground surface and the inclined surface, wherein the slope of the tilted sur-
face is smaller than the slope of the inclined surface.

Preferably, the pitch between two adjacent first grooves is between 0.24mm and
0.36mm, preferably between 0.27mm and 0.33mm and more preferably equal to
0.3mm. The same values may apply to the pitches, that is distances, between two

adjacent second grooves.

Furthermore, it is preferred that the inclined surfaces have inclination angles between
15° and 25°, preferably between 18° and 22°, and more preferably equal to 20°. The-
se angles are determined relative to a normal of the object’'s surface in which the in-
ventive embossing structure is formed. In other words, the angles are determined
relative to a normal of a plane formed by the first and second directions of the first

and second grooves.

Another preferred embodiment of the inventive embossing structure for displaying
four images is characterized in that the ground surfaces have widths between
0.01'mm and 0.05mm, preferably between 0.025mm and 0.035mm and more prefer-

ably equal to 0.03mm.

It is furthermore preferred that the depths to the ground surfaces are between
0.04mm and 0.12mm, preferably between 0.06mm and 0.09mm and more preferably
equal to 0.075mm. The depth to a deepest edge between the first and second side
walls may be between 0.06mm and 0.15mm, preferably between 0.08mm and
0.12mm and more preferably equal to 0.1mm. The same depths may be chosen for a

deepest edge between the third and fourth side walls of each second groove.

The inventive embossing structure may be produced with laser engravers, milling

machines, stamps or etching processes.

The invention further relates to an object which comprises at least one inventive em-
bossing structure. The object may be any solid object, e.g. a metal body such as a

coin, or a plastic card such as a smart card, a credit card or an ID card. The inventive
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embossing structure then serves as a security means to prevent counterfeiting. The

object may also be a stamp for striking coins.

The invention is described in greater detail below by reference to preferred embodi-

ments which are illustrated in the attached drawings in which:

Fig. 1A and 1B show a cross-sectional view of an embodiment of an in-

ventive embossing structure for displaying three images; and

Fig. 2A and 2B show a cross-sectional view of an embodiment of an in-

ventive embossing structure for displaying four images.

Equivalent components are referred to in all figures with the same reference signs,

respectively.

Figs. 1A and 1B show an embodiment of an inventive embossing structure 100 for
displaying three images. Both the Figs.1A and 1B show the same embossing struc-
ture 100.

The embossing structure 100 is formed in the surface of an object 1 and comprises
several grooves 10, three of which are depicted in Figs. 1A and 1B.

Each groove 10 substantially forms a channel which extends into the paper plane.
Depicted is thus a cross-sectional view of the grooves 10. Each groove 10 comprises

a first side wall 20, a second side wall 40, and a bottom section 30 in between.

The first side wall 20 of each groove 10 displays one line, respectively, of a first im-

age. This image is clearly visible only from a first viewing direction 29. The first view-

iIng direction 29 may form an angle ¢1 of 30° relative to a normal of the object’'s sur-

face.

Analogously, each second side wall 40 displays one line of a second image and Is

clearly visible from a second viewing direction 49 at an angle ¢2 of, e.g., -30°.

Each bottom section 30 of the grooves 10 displays one line of a third image. This im-
age is clearly visible only from a third viewing direction 39 which may be perpendicu-

lar to the object’s surface and may thus also be referred to as a top view.
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From other viewing angles, only interweaved mixtures of two or three images are vis-

ible, that is, the contrast is decreased.

For displaying all pixels of one line of the images, the side walls 20, 40 and the bot-
tom section 30 may each be regarded as consisting of subregions extending along
the groove 10. Each subregion then displays one pixel. A pixel has a pixel value indi-
cating its brightness. The shape of the respective subregion is chosen such that an
amount of light that is scattered in the viewing direction pertaining to that subregion
corresponds to the brightness of the pixel. Depending on the object's surface, the

term “scattered” may either be understood as “diffusely scattered” or as “reflected”.

According to the brightness of a pixel, the pertaining subregion may either be provid-
ed with a recess that reduces the amount of scattered light, or may form a space that

remains unaltered.

In the depicted embodiment, each recess is formed as a step consisting of a ground
surface 21, 31, 41 and one inclined surface 22, 42 for a step at a side wall 20, 40 or
two inclined surfaces 32, 33 for a step at a bottom section 30.

The first side wall 20 further comprises an inclined entrance surface 23 which is
formed between the inclined surface 22 of the first side wall 20 and a top surface 11

of the object 1, that is a horizontal surface with no inclination.

Analogously, the second side wall 40 further comprises an inclined entrance surface
43 which is formed between the inclined surface 42 of the second side wall 40 and

the top surface 11.

In one embodiment, for displaying a bright pixel, no recess, i.e. no step, is formed In

the respective side wall 20, 40 or bottom section 30.

Alternatively, different brightness levels of pixels correspond to different lengths of
the pertaining step. The length is measured in a direction along the grooves 10, 1.e.
into the paper plane. The subregions may then have a common length, wherein the

lengths of the steps vary.

In still another embodiment, the dimensions of a step slightly vary according to the

brightness level.
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Preferred dimensions are given below:

The inclination angle “a” of the inclined surfaces 22, 42 of the steps of the first and

second side walls 20, 40 may be 15°. This angle is determined relative to a direction
perpendicular to the top surface 11.

The inclination angle of the inclined surfaces 32, 33 of the step of the bottom section
30 may be 20°, determined relative to a direction normal to the top surface 11. That

means, the depicted angle “b” between the inclined surfaces 32, 33 amounts to 40°.

The inclination angle of the inclined entrance surfaces 23, 43 may be 44.5°, resulting
in the depicted angle “c” between the two inclined entrance surfaces 23, 43 being

equal to 99°.
The distance “d” from one groove 10 to the next may be 0.3mm.

The width of the top surface 11 may generally have any value. However, a uniform
brightness between the three images may be achieved with the width of the top sur-

face 11 being between 0.1mm and 0.15mm.
The width “e” of the ground surface 31 of the bottom section 30 may equal 0.05mm.

The width “f” of the ground surfaces 21, 41 of the steps of the side walls 20, 40 may
be 0.025mm each.

The depth “H1” to said ground surfaces 21, 41 of the steps of the side walls 20, 40

may be equal to 0.07mm, measured from the top surface 11.

The depth “H2” to the ground surfaces 31 of the bottom section 30 may be 0.12mm,

measured again from the top surface 11.

Deviations from these preferred values result in less contrast between the three dif-
ferent images. However, the images are still quite separately visible with deviations

up to 20% from the values given above.

Turning now to Figs. 2A and 2B, a cross-sectional view of an embodiment of an in-
ventive embossing structure 200 for displaying four images is shown. Both the Figs.
2A and 2B show the same embossing structure 200 and differ only in the annotations

given.
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The embossing structure 200 is formed in the surface of an object 1 and comprises a
plurality of first grooves 10, five of which are depicted in Figs. 2A and 2B. Each
groove 10 of the first plurality substantially forms a channel which extends into the

paper plane.

The embossing structure 200 further comprises a second plurality of grooves (not
depicted) which extend transversely, preferably perpendicularly, to the grooves of the
first plurality. In the shown example, the grooves of the second plurality thus run from
left to right. The grooves of the second plurality may be formed identically to those of
the first plurality.

With the grooves of the second plurality being perpendicular to the grooves 10 of the
first plurality, intersections of grooves are created. Depicted is a cross-section be-
tween two intersections. The embossing structure 200 may also be described as be-
ing made up of pyramids which each constitutes the elevation surrounded by two

grooves of the first plurality and two grooves of the second plurality.

Each groove 10 of the first plurality has a first side wall 20 and a second side wall 40.
These side walls 20, 40 are inclined and may form a “V"-profile. The grooves of the
second plurality are formed analogously to those of the first plurality, and thus also

comprise two side walls, which will be referred to as a third side wall and a fourth

side wall.

The inventive embossing structure 200 displays four different images which can be
separately observed dependent on the viewing direction. That means, from a first
viewing direction 29 only the first image is visible, from a second viewing direction 49
only the second image is visible, and from a third and a fourth viewing direction (not
shown) only a third and a fourth image is visible, respectively. The first viewing direc-

tion 29 may form an angle ¢1 of 30° relative to a normal of the object’s surface,

wherein the angle @1 is formed in a plane perpendicular to the object’'s surface and
perpendicular to the grooves 10 of the first plurality. The second viewing direction 49

may form an angle ¢2 of -30° relative to a normal of the object’s surface, measured in

the same plane as the angle ¢1. The third and fourth viewing directions may form

angles of +30° and -30°, respectively, which are measured in a plane perpendicular

to the grooves of the second plurality and perpendicular to the object’s surface.
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The grooves 10 of the first plurality are substantially formed like the grooves of the
embossing structure 100 for displaying three images as described with reference to
the Figs. 1A and 1B. The descriptions thereto are thus analogously applicable to the
grooves 10 of the first plurality. A difference resides in that the grooves 10 of the first
plurality do not require a bottom section with recesses being formed therein. The de-
picted embossing structure 200 of Figs. 2A and 2B thus does not display another
(fifth) image in the top direction.

Depending on pixel values of the four images, recesses are formed in the first to
fourth side walls. The recesses along the first side wall are formed corresponding to
pixel values of the first image. Analogously, the recesses along the second, third and
fourth side walls are formed corresponding to pixel values of the second, third and
fourth images, respectively. Each recess displays one pixel wherein the recess, In
particular its size and shape, determines the amount of light that is scattered in the

respective viewing direction.

In one embodiment, a pixel with maximum brightness corresponds to no recess be-

ing formed at the respective position along the respective side wall.

Additionally or alternatively, a recess in one side wall, e.g. the first side wall, mainly
influences the amount of light scattered in the pertaining viewing direction, e.g. the
first viewing direction, but does also slightly influence the amount of light scattered In
the other viewing directions. In this case, recesses of the first the fourth side walls,
which recesses are adjacent to each other, are chosen such that the summed
amount of light scattered from these four recesses in one viewing direction corre-
sponds to the pixel value to be displayed. As recesses in one side wall still mainly
influence the scattering of light in one viewing direction, four different images can be

simultaneously displayed in different viewing directions.

In the depicted embodiment, the recesses are formed as steps 21, 22 and 41, 42. A
step of the first side wall 20 comprises a ground surface 21 which is horizontal and
thus parallel to a top surface 11 of the object 1 into which top surface 11 the inventive
embossing structure 200 is formed. The step of the first side wall 20 further compris-

es an inclined surface 22 which is steeper than the surface of the side wall 20.
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As an optional feature, a tilted surface may be provided between the ground surface
21 and the inclined surface 22 of one step. The slope of the tilted surface may be
smaller than the slope of the inclined surface 22. That means, the tiited surface has
an inclination angle, which is measured relative to an axis perpendicular to the ob-

ject’s surface, that is larger than the inclination angle of the inclined surface 22.

An inclined entrance surface 12 is left at the first side wall 20 between the top surface
11 and the beginning of the recess, i.e. the inclined surface 22.

A step in the second side wall 40 is built correspondingly and thus also comprises a
ground surface 41 and an inclined surface 42 wherein an inclined entrance surface

13 is provided between the inclined surface 42 and the top surface 11.

The third and fourth side walls, which are not depicted, are provided with similar

steps as recesses.

For displaying grey-scales, i.e. different degrees of brightness, the length of the steps
(that is into the paper plane) may be varied. Additionally or aiternatively, the concrete
dimensions of different steps may be varied. In still another embodiment, either a re-

cess or no recess is provided for displaying a dark or a bright pixel, respectively.

Preferred dimensions of the inventive embossing structure 200 for displaying four

images are given below:

The side walls 20, 40 have an inclination angle of 44.5° to a direction normal to the
top surface 11. That means, the depicted angle “A” between the first side wall 20 and
the second side wall 40 is 99°. Preferably, the same values apply to the inclined en-

trance surfaces 12, 13.

The inclined surfaces 22, 42 of the steps have an inclination angle “B” of 20° to a di-

rection normal to the top surface 11.

The depth “C” to a deepest point of one groove, i.e. to a center between the first and

second side wall 20, 40, is equal to 0.1mm. This depth is measured starting from the

top surface 11.

The depth “D” to the ground surface 21, 41 of a step is equal to 0.075mm. This depth

is again measured from the top surface 11.
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The width of the ground surfaces 21, 41 is 0.03mm.
The distance “E” from one groove to the next parallel groove is equal to 0.3mm.

The distance “F" from a center of one of the top surfaces 11 to a starting point of the
ground surface 21, 41 of a step is equal to 0.12mm.

The side walls 20, 40 of one groove may either form a sharp edge at the groove’'s

center or an even bottom plane with a width of up to 0.02mm.

The grooves of the second plurality comprising the third and fourth side walls and the
corresponding steps therein are preferably also formed with the dimensions given

above.

These values result in an optimum contrast such that only one image is visible from
one viewing direction. Still, the images can be displayed with a good contrast if devia-

tions from the values given above do not exceed 20%.

The described embossing structures for displaying three images and for displaying
four images advantageously provide an optimum contrast between the displayed im-
ages. The embossing structures are preferably used as security means, e.g. against
counterfeiting. Objects such as coins, medals or smart cards provided with one of the

inventive embossing structures are thus forgery-proof.
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NEW CLAIMS

Embossing structure for displaying different images in different viewing direc-
tions (29, 39, 49), |

the embossing structure comprising a plurality of grooves (10),

wherein each groove (10) comprises |

- afirst side wall (20) for displaying one line of a first image in a first viewing

direction (29),

- a second side wall (40) for displaying one line of a second image in a se-

cond viewing direction (49),

-characterized inthat

each groove (10) further comprises |
- a bottom section (30) for displaying one line of a third image in a third view-

ing direction (39),
the first, second and third images are only clearly visible from the first, second
and third viewing directions (29, 39, 49), respectively, whereas interweaved
mixtures of .two or three images are visible from other viewing angles, and

each of the bottom section (30), the first side wall (20) and the second side
wall (40) comprises recesses (21, 22, 31, 32, 33, 41, 42) which define the

amount of light that is scattered in the respective viewing direction (29, 39, 49)
corresponding to pixel values of the three images, wherein depending on a
pixel value to be displayed, a size and/or shape' of a recess is chosen or no
recess Is provided, and wherein each recess displays one pixel.

Embossing structure according to claim 1,
characterized inthat
each line of each image consists of a plurality of pixels,
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for displaying the pixels of the respective line, along each of the bottom sec-
tion (30) and the first and second side walls (20, 40) a number of recesses
(21, 22, 31, 32, 33, 41, 42) corresponding to the number of pixels of one line is

provided.

Embossing structure according to claim 1 or claim 2,

characterized inthat
the recesses (21, 22, 31, 32, 33, 41, 42) of the bottom section (30) and of the

side walls (20, 40) are each formed as steps.

Embossing structure according to claim 3,

.characterized inthat
each step of one of the side walls (20, 40) has a ground surface (21) and an

inclined surface (22), and
each step of the bottom section (30) has a ground surface (31) and two in-

clined surfaces (32, 33).

Embossing structure according to any one of the claims 1 to 4,

characterized inthat .
the pitch (d) between two grooves (10) is between 0.24mm and 0.36mm, pref-

erably between 0.27mm and 0.33mm and more preferably equal to 0.3mm.

Embossing structure according to any one of the claims 3 105,

characterized inthat
the ground surfaces (31) of the bottom section (30) have widths (e) between

0.01mm and 0.1mm, preferably between 0.03mm and 0.07/mm and more pref-

erably equal to 0.05mm, and
the grdund surfaces (21, 41) of the first and second side walls (20, 40) have

widths (f) between 0.015mm and 0.03omm, preferably between 0.020mm and
0.030mm and more preferably equal to 0.025mm.

Embossing structure according to any one of the claims 3 to 6,

characterized inthat
the depths (H2) to the ground surfaces (31) of the bottom sections (30) are be-

tween 0.10mm and 0.14mm, preferably between 0.11mm and 0.13mm and
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more preferably equal to 0.12mm, and
the depths (H1) to the ground surfaces (21, 41) of the first and second side
walls (20, 40) are between 0.05mm and 0.09mm, preferably between 0.06mm

and 0.08mm and more preferably equal to 0.07mm.

Embossing structure according to any one of the claims 3 to 7,

characterized inthat

the inclined surfaces (22, 42) of the side walls (20, 40) have inclination angles
(a) between 10° and 20°, preferably between 13° and 17°, and more prefera-

bly equal to 15°, and
the inclined surfaces (22, 42) of the bottom section (30) have inclination an-

gles between 15° and 25°, preferably between 17° and- 12°, and more prefera-
bly equal to 20°,

Embossing structure according to any one of the claims 3 to 8,

characterized inthat
between each inclined surface (22, 42) of the side walls (20, 40) and a hori-

zontal plane (11) of the object's surface in which the embossing structure is
formed, an inclined entrance surface (23, 43) is provided, respectively, and the
inclined entrance surfaces (23, 43) have inclination angles between 45° and
55°, preferably between 48° and 51°, and more preferably equal to 49.5°.

Embossing structure for displaying different images in different viewing direc-
tions (29, 49),
the embossing structure comprising a first plurality of grooves (10) in a first di-

rection,'
wherein each groove (10) of the first plurality comprises
- a first side wall (20) for displaying one line of a first image in a first viewing

direction (29), and
- a second side wall (40) for displaying one line of a second image in a se-
cond viewihg direction (49),

characterized intﬁat
the embossing structure further comprises a second plurality of grooves in a

second direction which is transverse to the first direction,
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- the grooves of the second plurality intersect the grooves (10) of the first plurali-

ty,

each groove of the second plurality comprises \
- a third side wall for displaying one column of a third image in a third viewing

direction,
- a fourth side wall for displaying one column of a fourth image in a fourth

viewing direction,
each of the first to fourth side walls (20, 40) comprises recesses (21, 22, 41, -
42) which define the amount of light that is scattered in the respective viewing
direction corresponding to pixel values of the four images, and wherein each

recess displays one pixei.

Embossing structure according to claim 10,

characterized inthat
each recess (21, 22, 41, 42) is formed as a step having a ground surface (21,

| 41) and an inclined surface (22, 42).

Embossing structure according to claim 11,

'characterized in that

the inclined surfaces (22, 42) have inclination angles (B) between 15° and 25°,
preferably between 18° and 22°, and more preferably equalto 20°.

Embossing structure according to claim 11 or 12,

characterized inthat
the ground surfaces (21, 41) have widths between 0.017mm and 0.05mm, pref-
erably between 0.025mm and 0.035mm and more preferably equal to

0.03mm.

Embossing structure according to any one of the claims 11 to 13,

characterized inthat.
the depths (D) to the ground surfaces (21, 41) are betwéen 0.04mm and

0.12mm, preferably between 0.06mm and 0.09mm and more preferably equal |
to 0.075mm, and

the depth (C) to a deepest edge between the first and second side walls (20,
40), and the depth (C) to a deepest edge between the third and fourth side



CA 02841829 2014-01-09

.22 .

walls are each between 0.06mm and 0.15mm, preferably between 0.08mm
and 0.12mm and more preferably equal to 0.1mm.

15. Objecf comprising at least one embossing structure according to any one of
~ the claims 1 to 14.



00000000000000000000

1712




WO 2013/020687

Fig. 2A

20

Fig. 2B

CA 02841829 2014-01-09

PCT/EP2012/003327
2 /2
‘/200
13
iR / 40
SN
1
.49 /
\ﬁ | L_\/ e
/00
E
C
s
D






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - abstract drawing

