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Abstract:

Proposed is an optically variable element which at least in surface
portions has an interface which is embedded between two layers and which
forms an optically effective structure, that interface having a free-form
surface which appears three-dimensionally for a viewer. To emphasise that
free-form surface it is proposed in accordance with the invention that the
free-form surface is formed by a partial region of the interface, which is of
a lens-like configuration and which produces a magnification, reduction or
distortion effect. Further subject-matter of the application is the use of such
optically variable elements as a security element to prevent forgery of
value-bearing documents or for articles to be safeguarded, in particular as

part of the decorative layer arrangement of a transfer or faminating film.
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Optically variable element and use thereof

The invention concerns an optically variable element which at least in
surface portions has an interface which is preferably embedded between
two layers of a layer composite and which forms an optically effective
structure which spatially projects and/or is set back with respect to a
(notional) reference surface, wherein the optically effective structure has at
least one free-form surface appearing three-dimensionally for a viewer in
the form of an alphanumeric character, a geometrical figure or another
object.

Optically variable elements of the above-described kind are used for
example as security elements for authenticating or identifying value-
bearing documents, for example banknotes, cheques, etc, identity cards
and passes, credit cards or other articles to be safeguarded. Such optically
variable elements are also already used for decorative purposes, in which
respect the boundary between use as a security element and use as a
decorative element is frequently fluid. In that respect a particularly
frequent requirement is that security elements also have a certain
decorative effect, which applies for example when the situation invoives
guaranteeing the authenticity of certain articles, for example cigarettes,
valuable cosmetic preparations and so forth, by corresponding elements.

For use as a security or decorative element, the known optically
variable elements are generally applied to the corresponding substrate in
the form of transfer films, in particular hot stamping films, or in the form of
laminating films, in which case the interface forming the optically effective
structure is then provided between two corresponding lacquer layers. In the
case of transfer films those lacquer layers are part of the decorative layer
arrangement which can be transferred from the carrier film on to the
substrate, wherein instead of a lacquer layer it is also possible to provide
an adhesive layer or the lacquer layer may have adhesive properties. In the
case of laminating films the interfaces are in principle produced in the same
way. The difference between laminating and transfer films however is that,

in the case of laminating films, the lacquer and possibly adhesive layers
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serving as the decorative element remain on the carrier film when the
laminating film is applied to a substrate. Finally it is also conceivable for
packaging or decorative films to be basically like laminating films, but for
those films, for example for packaging purposes, to be used as such
without being laminated on to a substrate.

In this connection it is also already known for three-dimensional
effects to be produced by way of suitable structuring of the interface
between two layers, in particular lacquer layers, or in relation to air. For
example cheque and credit cards are known, in which certain objects
appear in different positions or perspectives in dependence on the viewing
angle, or the impression is given to the viewer as though the corresponding
object were standing three-dimensionally out of the surface of the carrier
for the optically variable element.

Hitherto those three-dimensional effects were generally produced
holographically, in which respect that procedure has on the one hand the
disadvantage that a comparatively high level of apparatus expenditure is
involved in production of the masters required for replication in
corresponding layers. In addition holographically produced structures also
suffer from serious optical disadvantages. In particular their shine is
frequently defective. In addition, there is generally no possible way of
Increasing the attractiveness of a correspondingly optically variable element
by achieving certain colour effects.

Therefore the object of the present invention is to propose an
optically variable element which can easily be produCed with the most
widely varying processes known for the production of optically effective
structures, which exhibits hitherto unknown effects from the point of view
of the viewer and which in addition offers a designer a larger number of
possible variations in respect of design configuration.

In an optically variable element of the general kind set forth, in
accordance with the invention that object is attained in that the free-form
surface is formed by a partial region of the interface, which partial region is

of a lens-like configuration and produces a magnification, reduction or

distortion effect and forms a free-form element.
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While therefore hitherto the three-dimensional free-form surfaces,
for example birds, letter or character combinations, pictures of people,
mountains and so forth only appear in such a way as though either they
would change their position upon a change in the viewing angle or they
appear to float over the surface of the substrate, completely different
optical effects are proposed in accordance with the invention, namely the
optically variable element is of such a nature that the region forming the
free-form surface, for example letters, digits but also any other objects,
logos and so forth appears in such a way as though it were curved
forwardly with respect to the surface of the substrate or would be set back,
that is to say as though a curved surface were present in the region of the
free-form surface. From the point of view of the viewer, that gives rise to a
completely novel, hitherto unknown effect for the optically effective
structure, namely that of a certain spatial depth, wherein in addition, with a
suitable configuration and arrangement of the lens-like partial region of the
interface, particularly characteristic optical effects can be achieved, which
greatly enhance the recognition value and thus the identification effect of
corresponding optically variable elements.

If the dimensions of the free-form surface are very small, that is to
say if for example this involves an alphanumeric character with a very small
line thickness, the effect according to the invention for an optically variable
element can already be achieved by the free-form surface being of a
configuration like a refractive lens structure. It is to be borne in mind
however that the layers, between which the interface forming the optically
effective structure is arranged, are usually lacquer layers which normally
can only be of a very limited thickness. In order to be able to achieve the
desired effect according to the invention, even when comparatively thin
lacquer or adhesive layers are involved, it is desirable if the free-form
surface is in the form of a diffractive free-form element with a grating
structure whose grating depth is at most 10 um and which has grating lines
substantially following the contour lines of the free-form surface, wherein

the spacing of the grating lines from the central region of the free-form
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surface towards the edge thereof continuously changes, that is to say
either decreases oOr Increases.

In a configuration of the optically variable element according to the
invention the grating structure of the free-form element can be of such a
configuration that the respective one flanks of the grating grooves extend
in mutually parallel relationship and in approximately parallel relationship
with a normal to the (notional) reference surface, while the angle of the
respective other flanks of the grating grooves relative to the normal to the
reference surface changes in a direction transversely with respect to the
grating lines substantially continuously from one grating groove to another
grating groove, wherein it will be assumed self-evident that the grating
grooves are of a reducing cross-section.

The production of such grating structures is preferably effected by
means of the so-called 'direct writing' process by means of laser or electron
beam lithography machines, the use of which makes it possible to produce
quite specific grating structures, that is to say, to actually accurately
produce the desired optical effect for the free-form element.

It will be noted however that it is also possible for the above-
mentioned grating structure with grating grooves whose flanks are
arranged at an angle relative to each other to be produced in a different
manner than by 'direct writing', more specifically when the flanks of the
grating grooves, which extend at an angle to the normal to the reference
surface, are of a stepped configuration, in which case the flanks -
extending at an angle relative to the normal to the reference surface - are
approximated in their optical effect by the surfaces forming the steps.
When the flanks of the grating grooves are of such a configuration it is
possible for example also to operate by means of masks, in which case the
fineness of the stepped resolution of the (inclined) flanks depends on the
number of masks used, that is to say the desired steps. In that respect,
division of the corresponding flanks into four or eight steps is already
sufficient for a large number of situations of use. When high quality

demands are involved however it is also possible to provide for example
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sixty four steps, for the production of which a corresponding number of
exposure operations is necessary, using different masks.

Production of the grating structure of the free-form element, which is
very simple under some circumstances, can be achieved when the grating
structure is a binary structure which has substantially rectangular grating
grooves and grating lands, wherein preferably the configuration is such that
the depth of the grating grooves of the grating structure of the free-form
elements is approximately equal over the entire free-form surface, that is
to say the change in the 'refractive power' (diffraction of the light into
different directions) is only achieved by the width of the grating grooves
and/or grating lands being suitably varied.

A particularity of the diffractive free-form elements formed by
grating structures, in accordance with the invention, is that such diffractive
lens structures - unlike refractive lenses - produce a different visual
impression, in dependence on the light wavelength respectively used for
lHlumination or viewing of the object, whereby once again it is possible to
achieve particular design or security effects.

A further possible way of producing three-dimensionally appearing
free-form surfaces according to the invention provides that the free-form
surface is formed by a holographically produced free-form element, in
which respect holographically produced lenses do however suffer from
certain disadvantages in comparison with diffractive lens elements. For
example, lens elements can be holographically produced at reasonable
expense only if the configuration of the free-form surface is comparatively
simple. In addition, because of their sinusoidal structure, holographically
produced lenses do not appear too brilliant and frequently suffer from non-
homogeneities, whereby the visual appearance which is to be produced by
the lens can be adversely affected. In addition certain colour effects cannot
be achieved with the desired high degree of freedom in terms of design
configuration, with holographically produced lens elements.

It is basically conceivable for an optically variable element which

essentially has a free-form surface designed according to the invention to

be used as a security or decorative element. Advantageously however the
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free-form surface is part of an optically effective overall structure
arrangement which, besides the free-form element, includes partial regions
with optically variable elements which for the viewer produce different
optical effects. For example a free-form element can be combined with the
usual structures having an optical-diffraction effect, as are known for
example, to produce motion effects, flips, changes between two different
representations, and so forth. It will be appreciated that it is also possible
to combine in one optically variable element a plurality of free-form
elements, for example to make up a word or a number from letters or digits
each forming its own free-form element, whereby then that gives the
impression as though the word or the number were three-dimensionally
emphasised in relation to the rest of the optically variable element.
Attractive effects are also afforded if a plurality of free-form elements are
so-to-speak interleaved with each other so that then, when different
illumination or viewing directions are involved, the respective different free-
form elements are visible. In principle there is here such a large number of
possible combinations, for example including with matt effects, specular
surfaces and so forth, that a more detailed discussion is not to be set forth
at this juncture.

A possibility of particular interest is that of combining the optically
effective structure with a thin-film arrangement completely or in region-
wise manner, whereby it is possible to achieve specific colour changes, in
dependence on the viewing angle. Further special effects can be achieved
by the use of semiconductor layers.

It is further provided according to the invention that the interface
forming the optically effective structure is provided at least region-wise
with a reflection-enhancing coating which, if observation of the
corresponding effect is to occur actually only with top light, that is to say in
a reflection mode, is desirably formed by a metal layer. It will be noted that
it is also possible, instead of the metal layer as the reflection-enhancing
coating, to provide a dielectric layer having a refractive index which is
suitably different with respect to the adjoining layers, or however also a

suitably configured multi-layer arrangement or semiconductor coating.
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It is possible to emphasise the free-form element in accordance with
the invention in a simple manner if the reflection-enhancing coating is
provided in register relationship with the at least one free-form element,
wherein the register relationship can either be such that the reflection-
enhancing coating is present only in the region of the free-form element, or
however it is such that it is precisely in the region of the free-form element
that there is no reflection-enhancing coating, but it is provided only in the
region of the optically variable element, that surrounds the free-form
element. That configuration can be highly advantageous for example when
there are provided around the free-form element elements or structures
which only produce very markedly discernible effects in reflection, for
example motion effects, image changes and so forth.

The register relationship in respect of the reflection-enhancing
coating, when a metal layer serves as the coating, can be easily produced
by the per se known processes or region-wise demetallisation of the
interface layer.

As can be seen from the foregoing description the optically variable
eilement according to the invention can be used in different ways and for
the most widely varying purposes. However the use of an optically variable
element according to the invention as a security element in relation to
forgery of value-bearing documents or for articles to be safeguarded is
particularly advantageous, in particular also for the reason that the lens-
like free-form elements provided according to the invention afford the
possibility of introducing into the security element additional identification
or safeguard features which differ from the features known hitherto for
security elements in a novel manner and thus in a striking fashion from the
point of view of the user of the corresponding document or the article to be
safeguarded.

The use of an optically variable element according to the invention as
a security element is advantageously effected in that the optically variable
element is incorporated into the decorative layer arrangement, which can
be transferred on to a substrate, of a transfer film, in particular a hot

stamping film, or into the decorative layer arrangement of a laminating
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film, because that simplifies either transfer on to a substrate or the
production of labels and so forth in a design configuration according to the
iInvention.

Further features, details and advantages of the invention will be
apparent from the description hereinafter with reference to the drawing in
which:

Figure 1a diagrammatically shows a section through a refractive lens,

Figure 1b shows a section through a corresponding diffractive lens
with grating grooves of approximately triangular cross-section,

Figure 1c shows a diffractive lens similar to Figure 1b with a
diffractive binary structure,

Figure 2a shows a perspective view of a wave-like free-form surface,

Figure 2b shows a plan view in highly diagrammatic and rough form
showing the free-form surface of Figure 2a in the form of a diffractive free-
form element with a grating structure as shown in Figure 1b,

Figure 2c¢ shows a plan view corresponding to Figure 2b but in the
case of a free-form element with a diffractive binary structure as shown in
Figure 1c,

Figure 3a is a perspective view of a free-form surface in the form of
a drop as a refractive configuration,

Figure 3b is a graph representation of the configuration of the
interface of the drop-shaped free-form surface of Figure 33,

Figures 4a and 4b are views corresponding to Figures 3a and 3b but
with the drop-shaped free-form surface in the form of a diffractive free-
form element with grating grooves of approximately triangular cross-
section,

Figures 5a and 5b are views corresponding to Figures 3a, 3b and
Figures 4a, 4b respectively but with the free-form element in the form of a
diffractive binary structure,

Figures 6a and 6b are illustrations corresponding to Figures 3a and

3b for an annular free-form surface,
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Figures 7a, 7b and 7c are illustrations in respect of the annular free-
form surface corresponding to Figures 4a, 4b and 5b of the drop-shaped
free-form surface,

Figures 8a and 8b are illustrations of an L-shaped free-form surface
corresponding to Figures 3a, 3b and Figures 5a, 5b respectively (drop and
ring),

Figures 9a, 9b and 9c are illustrations corresponding to Figures 7a,
/b and 7c for the L-shaped free-form surface, and

Figure 10 is a plan view of an optically variable element with a weave
pattern forming the free-form surface.

The highly diagrammatic and relatively rough views in Figures 1a to
1c each show the partial region, which has a lens-like action, of an optically
variable element according to the invention wherein formed between two
layers 1, 2 which are generally lacquer layers is an interface 3 which is
generally provided with a reflection-enhancing coating (not additionally
shown in the drawing), for example a metallisation in the form of a vapour-
deposited metal layer. In that respect, shown on the x-axis of Figures 1a to
1c is the dimension of the corresponding lens element in the respective
direction, wherein the units of Figures 1a to 1c involve any assumed units
as the precise size or the precise diameter of the lens elements is not an
important consideration. In general terms the corresponding dimensions of
the lens elements or the free-form elements formed by the lens elements
however are between 0.15 and 300 mm, preferably between 3 and 50 mm.

Plotted on the y-axis in Figures 1a to 1c in each case is the thickness
or the height respectively of the corresponding layers 1, 2 and the
refractive surface or structure formed by the interface 3 respectively, the
specified values being the phase difference in radians. When using a
specific wavelength (for example 550 nm for the maximum sensitivity of
the human eye), the actual geometrical depth can be calculated from that
phase difference in known manner (also having regard to the respective
refractive index).

If Figure 1a is compared to Figures 1b and 1c, it can be see that the

thickness of the optically variable element of Figure 1a must be at least ten
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times as large as the thickness of the layer arrangement forming the
optically variable element in Figure 1b and even twenty times as great as
the thickness of the layer arrangement in Figure 1c. In this case, the fact
that the layer arrangements of Figures 1b and 1c which form the optically
variable element can be substantially thinner than that in Figure 1a is due
to the smaller overall height h of the structure which is determined by the
interface 3 and which produces the lens effect and which extends only over
a height which, when converted (for a system n = 1.5/n = 1 in the
transmission mode) in Figure 1b corresponds approximately to double the
wavelength and in Figure 1c even only approximately the single
wavelength. At any event the height h, that is to say the grating depth, is
no greater than 10 um, in the diffractive lens elements of Figures 1b and
1C.

As already mentioned the layers 1 and 2 are generally lacquer layers
of suitable composition, wherein at least the lacquer layer which is towards
the viewer (in the present case generally the layer 1) must be substantially
transparent, although it will be noted that there is also the possibility of the
lacquer layers being coloured while substantially preserving transparency.
For certain situations of use one of the layers 1, 2 may also be an adhesive
layer or at least a lacquer layer having suitable adhesive properties.

If the interface 3 is provided with a metallisation or another, strongly
reflecting layer, the layer 2 can admittedly also be transparent but it may
also be transiucent or opaque. If in contrast the optically variable element
according to the invention is to be used in the transmission mode, for
example for covering over a visible feature on a substrate, the layer 2 must
also be transparent. In that case the interface is not provided with a -
generally opaque - metallisation. Instead, the refractive index of the two
transparent layers 1 and 2 will be selected to be different in such a way
(the difference in the refractive indices should preferably be at least 0.2)
that, in spite of the use of two transparent layers, the optical effect
produced by the interface 3 becomes sufficiently clearly visible.

If difficulties arise in that respect in implementing a sufficiently great

difference in the refractive index of the layers, it would also be possible in
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accordance with the invention for the grating grooves of the free-form
elements to be partially or substantially filled with a transparent material
which has a sufficiently greatly differing refractive index before the
continuous layer which faces towards the viewer is applied.

The master necessary for production of the lens element shown in
Figure 1a in a — basically known - replication process can be produced by
mechanical precision removal processes with comparative ease in regard to
the dimensions which are substantially larger in comparison with the
structures of the lens elements of Figures 1b and 1c.

The diffractive grating structure of the lens element of Figure 1b is
usually produced in a so-called 'direct writing process’, that is to say a
process in which the material is removed in accordance with the desired
profile by means of a laser or a photoresist is exposed in accordance with
the desired profile by means of a laser or an electron beam lithography
device and then the desired profile or the negative profile thereof is
obtained by development of the photoresist. That procedure affords the
advantage that very different grating structures and in particular grating
cross-sections can be produced, for example including so-called blaze
gratings for specific situations of use, in which respect it can particularly be
provided that the angle a between the flanks 4 of the grating grooves 5,
which flanks extend inclinedly in Figure 1b, and a normal S on a notional
reference surface, extending parallel to the x-axis, of the grating structure
forming the lens element changes continuously from the paraboloidal
central region 6 of the interface 3 forming the lens element in an outward
direction - as is clearly apparent from Figure 1b - and more specifically in
such a fashion that, in the illustrated embodiment, the flanks 7 of the
grating grooves 5, which are approximately parallel to the normal S,
represent so-to-speak only discontinuities in an otherwise substantially
steady lens profile which is formed by the successive inclined flanks 4 of

the grating grooves 5 and the central paraboloidal portion 6 of the interface
3.
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Lens structures of that kind and the manner of calculating same are
basically described in the relevant literature in the art, and for that reason
they will not be discussed in greater detail here.

In this respect mention should also be made of the possibility, in
place of the inclined flanks 4 which are continuous over the height h as
shown in Figure 1b, of using a stepped arrangement in which the surfaces
forming the steps approximate to the flanks 4 in respect of their optical
effect. Grating structures of that kind can be produced both using a so-
called direct writing process and also by way of suitable mask procedures,
in which respect the number of steps can be varied in dependence on the
desired result. In that case, division into four or eight steps is already
sufficient for a large number of situations of use. When high quality
requirements are involved however it is for example also possible to
provide sixty four steps or a number of steps at a higher power of 2.

Figure 1c diagrammatically shows a lens element formed by a so-
called binary structure. In this respect the essential characteristic of the
binary structure of Figure 1c is that both the grating grooves 8 and also the
grating lands 9 are each of substantially rectangular cross-section. Binary
structures as shown in Figure 1c are in that case usually produced using
suitable masks, wherein in this connection the further particularity of the
structure of Figure 1c is advantageous, namely that the grating depth h of
the grating structure is uniform over the entire lens element so that
production of the associated masters does not involve either providing
different periods of action for the means for removing the material nor
having to operate with different levels of intensity of the means acting on
the substrate through the corresponding mask.

There is also the possibility of producing suitable lens structures by
means of per se known holographic processes, in which case that then
gives structures of even smaller grating depth and of a substantially
sinusoidal configuration, which however possibly leads to the disadvantages
discussed above.

Figures 2a, 3a, 6a and 8a each show as a somewhat diagrammatic

and greatly enlarged perspective view an illustration of a free-form surface
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in the form of a refractive lens element, that is to say a free-form element,
wherein the Figures each only show a perspective view of the interface 3,
which is present between the two layers 1, 2, of the free-form element, in
order to clearly show the principle of the invention.

In that respect, refractive free-form elements of that kind which are
sufficiently optically striking can only be achieved if either the thickness of
the layers 1, 2 enclosing the interface 3 between them is sufficiently great
or if the dimensions of the free-form surface parallel to the notional
reference surface, for example in Figure 2a the base surface 10, are
sufficiently small, because indeed in the case of refractive free-form
elements the height h of the lens element, as can be clearly seen from
Figure 1a, depends directly on the dimensions of the free-form surface in
the direction of the x-axis.

Figure 3a shows a drop-shaped free-form element 11, wherein as
shown in Figure 3a the free-form element 11 forming the drop-shaped free-
form surface is so designed that the free-form surface appears to project
upwardly beyond the otherwise flat interface 3. It will be appreciated that it
would correspondingly also be possible to produce the impression as
though the drop formed by the free-form element 11 were to project
rearwardly (downwardly) beyond the surrounding interface 3.

Figure 6a is a view similar to Figure 3a showing an annular refractive
free-form element 12 which for example can symbolise the letter 'O' or
however can also have an only decorative effect.

Figure 8a correspondingly shows a perspective view of the interface
3 which is produced when the letter 'L' is illustrated by a refractive free-
form element 13.

In the same manner as Figures 3a, 6a and 8a, Figures 3b, 6b and 8b
each show - approximately in section perpendicularly to the notional
reference surface - the configuration of the interface 3 in the case of the
associated free-form elements 11, 12 and 13, wherein the dimensions of
the graph views in Figures 3b, 6b and 8b again correspond to Figures 1a to
1¢, that is to say any units are shown on the x-axis, while the deflection

perpendicularly to the notional reference surface is shown on the y-axis in
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radians. In this case the profile in Figure 3b extends along the axis of
symmetry of the drop-shaped free-form element 11 in Figure 3a, more
specifically from bottom right in Figure 3a to top left, that is to say from the
rounded region to the tip of the drop. In regard to Figure 8b the profile of
the left-hand limb of the 'L’ is also plotted in each case from bottom right to
top left, thereby giving - because of the transverse limb of the 'L' which
branches off at bottom right - the increase in height in the left-hand region
in Figure 8b.

It is interesting now to compare the diffractive grating structures
serving as free-form elements to the refractive structures of Figures 2a, 3a,
6a and 8a.

Figure 2b is a diagrammatic and greatly enlarged plan view of the
free-form surface of Figure 2a, and more specifically in a direction of view
approximately perpendicularly on to the reference surface 10, with the
free-form surface being in the form of a diffractive free-form element with a
grating structure having grating lines which substantially follow the contour
lines of the free-form surface, wherein the spacing of the grating lines from
the central region of the free-form element towards the edge thereof
continuously changes. A comparison of Figures 2a and 2b also shows in this
connection that the term 'contour lines of the free-form surface' in
accordance with the invention does not necessarily mean the actual
boundary of the free-form surface. Rather, it is important for the grating
structures to extend in such a way that the spatial configuration of the free-
form surface, for example the differing spacing of the free-form surface of
Figure 2a from the notional reference surface 10, is also suitably taken into
consideration.

Figure 2c is a view also corresponding to the view in Figure 2b
showing a plan view of the structure of the free-form surface of Figure 2a,
when the lens element is not formed as in Figure 1b by a grating structure
with continuously changing grating grooves but instead thereof the grating
structure is a binary structure, as is basically shown in Figure 1c.

Figures 4a, 7a and 9a again basically show plan views corresponding
to Figures 3a, 6a and 8a, of the drop-shaped free-form element 11, the
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annular free-form element 12 and the L-shaped free-form element 13
respectively, wherein however the free-form element in each case is again
not in the form of a refractive lens but in the form of a diffractive grating
structure involving the basic configuration shown in Figure 1b.

The sections or height profiles corresponding to Figures 3b, 6b and
8b are correspondingly shown in Figures 4b, 7b and 9b.

In connection with the drop-shaped free-form surface of Figures 3a
and 4a respectively, Figure 5a finally also shows a plan view when the free-
form element is in the form of a binary grating, the resulting heightwise
profile of the interface 3 being correspondingly shown in Figure 5b. In
regard to the annular and L-shaped free-form surface, a perspective view
of the interface 3 when the free-form element is in the form of a binary
structure has not been illustrated herein. The corresponding heightwise
profiles are however shown in Figures 7c and 9c¢ (for the annular and L-
shaped free-form element respectively).

A corresponding comparison of Figures 3b, 6b and 8b with Figures
4b, 7b and 9b and Figures 5Sb, 7¢ and 9c respectively again shows the
marked reduction in the height of the structures in regard to the transition
from a refractive structure (Figures 3b, 6b, 8b) to a diffractive continuous
grating structure (Figures 4b, 7b and 9b) and a binary structure (Figures
5b, 7c and 9c¢) respectively.

Finally Figure 10 also shows an example of a more complex structure
with free-form surfaces formed by free-form elements. This involves a
weave or grid structure in which the mutually crossing threads 14 and 15
respectively are emphasised by virtue of being in the form of free-form
elements according to the invention.

The described examples only involve comparatively simple
embodiments which for example, like Figures 3 to 9, each include only one
free-form element. It will be appreciated that it is possible to produce
optically variable elements even with complex effects, by a suitable
combination of different free-form elements, in which respect it is also
possible in particular to provide, in addition to the lens-like free-form

elements according to the invention, optically active structures, in
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particular diffractive structures, which generate effects of a completely
different kind, for example motion effects, flips, image changes and so
forth. It is also possible for the free-form elements or other diffractive
structures to be combined with a thin-layer sequence, special layers (for
example semiconductors) or with special colours, for example iridescing
colours, in order in that way to achieve quite particular colour (change)
effects. In that respect it is also possible for example for the free-form
elements according to the invention to be combined or interleaved with
other optically effective structures, for example in accordance with EP
patent No 0 375 833 Bl or for a piurality of free-form surfaces to be
combined together or interleaved with each other, so that, from the point
of view of a viewer, the or a given lens-like free-form element or one or
more other optically effective structures appear alternately, depending on
the angle at which the corresponding substrate is viewed. A combination of
the optically variable elements according to the invention with print
elements, matt structures or specular surfaces is also possible.

Particularly attractive design configurations for the optically variable
elements according to the invention can be achieved when the interface 3
forming the effective structure is provided only region-wise with a
reflection-enhancing layer, in particular a metallisation, in which case for
example demetallisation can be provided here in register relationship with
the free-form elements. For example, in the embodiments of Figures 3a to
9a, it would be possible to provide in each case only the free-form element,
that is to say the drop-shaped free-form surface 11 (in Figures 3a, 4a and
5a), the ring element 12 (in Figures 6a and 7a) or the L-shaped element (in
Figures 8a and 9a) with a metallisation in the region of the interface 3, but
not the surrounding interface between the layers 1 and 2. The weave-like,
optically variable element of Figure 10 could also be of a more interesting
configuration by virtue of partial metallisation, in which case for example
only the surface regions of the interface 3 which form the threads 14, 15
could be metallised while there is no metallisation in the intermediate

spaces between the threads 14, 15 so that in that respect the optically

variable element would be transparent.
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It should be mentioned that the interface 3 does not necessarily have
to be delimited on both sides by a lacquer or adhesive layer. Particularly
when using the optically variable element according to the invention in a
transmission mode, the interface 3 could also adjoin air, whereby the
refractive index difference, which is required in the region of the interface
3, In respect of the layers on both sides of the interface 3, could possibly be
achieved in a simple fashion. Configurations of this kind are very suitable
for example for packaging or wrapping films which are not fixed on 3
substrate.

Finally, precisely because it is relatively flat, an optically variable
element can also be used in combination with printed elements, for

example overprinted in a region-wise fashion.
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CLAIMS

1. An optically variable element which at least in surface portions has
an interface which forms an optically effective structure which spatially
projects and/or is set back with respect to a (notional) reference surface,
wherein the optically effective structure has at least one free-form surface
appearing three-dimensionally for a viewer in the form of an alphanumeric
character, a geometrical figure or another object,

characterised in that

the free-form surface is formed by a partial region of the interface
(3), which is of a lens-like configuration and which produces a
magnification, reduction or distortion effect and which forms a free-form
element (11, 12, 13,14, 15).

2. An optically variable element according to claim 1 characterised in
that the interface (3) is embedded between two layers (1, 2) of a layer

composite.

3. An optically variable element according to claim 1 or claim 2
characterised in that at least one of the layers (1, 2) enclosing the interface

(3) is coloured.

4. An optically variable element according to one of claims 1 to 3
characterised in that the free-form surface (11, 12, 13, 14, 15) is in the
form of a diffractive free-form element (Figure 1b) with a grating structure
whose grating depth (h) is at most 10 um and which has grating lines
substantially following the contour lines of the free-form surface (11, 12,
13, 14, 15), wherein the spacing of the grating lines from the central region

(6) of the free-form surface (11, 12, 13, 14, 15) towards the edge thereof

continuously changes.

>. An optically variable element according to claim 4 characterised in

that the grating structure of the free-form element is of such a nature that

[ B -AL?-‘W—'INQ“N’]:%'yawmwml‘.'.‘l-"b*‘ LT B . R P A e Cle § o b ¥e: J B0 | Fakdy (Tpy b Nt o 2T ot 3 P AR T T R L B . . s ==®0 = 1 20 Pt TR 8L 30T s 6t E ad P i Ot o L Bhemgcsod *"Cot .
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the respective one flanks (7) of the grating grooves (5) thereof extend
parallel to each other and substantially parallel to a normal (S) to the
reference surface (10) while the angle (a) of the respective other flanks (4)
of the grating grooves (5) with respect to the normal (S) to the reference
surface (10) changes substantially continuously in a direction transversely
with respect to the grating lines from one grating groove (5) to another

grating groove (5).

6. An optically variable element according to claim 5 characterised in
that the flanks (4) of the grating grooves (5), which extend at an angle (a)
relative to the normal (S) to the reference surface (10), are of a stepped
configuration, wherein the flanks (4) are approximated in respect of their

optical effect by the surfaces forming the steps.

/. An optically variable element according to one of claims 1 to 4
characterised in that the grating structure of the free-form element is a
binary structure (Figure 1c) which has grating grooves (8) and grating

lands (9) which are of substantially rectangular cross-section.

8. An optically variable element according to claim 7 characterised in
that the depth (h) of the grating grooves (8) of the grating structure of the

free-form element is approximately equal over the entire free-form surface
(11, 12, 13, 14, 15).

9. An optically variable element according to one of claims 1 to 3
characterised in that the free-form surface (11, 12, 13, 14, 15) is formed

by a holographically produced free-form element.

10. An optically variable element according to one of the preceding
claims characterised in that the free-form surface (11, 12, 13, 14, 15) is
part of an optically effective overall structure arrangement which besides
the free-form element includes partial regions with optically variable

elements producing different optical effects for the viewer.
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11. An optically variable element according to one of the preceding
claims characterised in that the optically effective structure is completely or

region-wise combined with a thin-layer arrangement.

12. An optically variable element according to one of the preceding
claims characterised in that the interface (3) forming the optically effective

structure is provided at least region-wise with a reflection-enhancing

coating.

13. An optically variable element according to claim 12 characterised

in that the reflection-enhancing coating is formed by a metal layer.

14. An optically variable element according to claim 12 or claim 13
characterised in that the reflection-enhancing coating is provided in register
relationship with the at least one free-form element (11, 12, 13, 14, 15).

15. An optically variable element according to claim 13 and claim 14
Characterised in that the register relationship is produced by region-wise
demetallisation of the interface (3).

16. Use of an optically variable element according to one of the
preceding claims as a security element to prevent forgery of value-bearing

documents or for articles to be safeguarded.

17. Use according to claim 16 characterised in that the optically
variable element is incorporated into the decorative layer arrangement,

which can be transferred on to a substrate, of a transfer film, in particular a

hot stamping film.

18. Use according to claim 16 characterised in that the optically

variable element is incorporated into the decorative layer arrangement of a

laminating film.
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