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A method for producing a security element (55) and a security
element (55) in the form of a multilayered film body having a
top side facing the observer. The security element (55) has a
volume hologram layer, in which a volume hologram is
recorded, which provides a first optically variable informa-
tion item. The security element (55) has a replication layer, in
the surface of which a relief structure providing a second
optically variable information item is molded and which is
arranged above the volume hologram layer. A partial metallic
layer is arranged between the volume hologram layer and the
replication layer, wherein the metallic layer is provided in one
or a plurality of first zones of the security element and the
metallic layer is not provided in one or a plurality of second
zones of the security element.
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SECURITY ELEMENT AND METHOD FOR
PRODUCING A SECURITY ELEMENT

[0001] The invention relates to a security element in the
form of a multilayered film body having a volume hologram
layer, and to a method for producing such a security element.
[0002] Holograms are used as security elements for pro-
tecting security documents such as banknotes, money substi-
tutes, credit cards, passports or ID documents and also for
product protection. In mass-produced products, surface holo-
grams are often used, by means of which interesting optically
variable effects, for example movement effects, can be
obtained and which are distinguished by a high luminous
intensity.

[0003] Volume holograms, also referred to as white light
holograms, in contrast to surface holograms, are based on
diffraction of light at the Bragg planes of a transparent layer
having local differences in refractive index.

[0004] A security element comprising a volume hologram
and the production of such a security element are described
for example by DE 10 2006 016 139 Al. In order to produce
a multilayer body containing a volume hologram, a surface
relief'is used as master. The front side of the master is brought
into contact with the photosensitive layer of the multilayer
body directly or with interposition of a transparent optical
medium, in which photosensitive layer the volume hologram
is intended to be recorded. Afterward, the master is exposed
with coherent light, an interference pattern being formed by
the superimposition of the light radiated onto the master and
the light diffracted by the master, which interference pattern
is recorded in the photosensitive layer as a volume hologram.
The volume hologram introduced into the photosensitive
layer in this way is then fixed after the curing of the photo-
sensitive layer. By means of a specific configuration of the
master, two or more separate image information items can be
written into the photosensitive layer in this case.

[0005] Further, EP 1 187 728 B1 describes the lamination
of two volume hologram layers one on top of the other, in
which layers image information items have been written by
means of different holographic recording methods. For the
observer this gives rise to an overall impression composed of
the image information items of the two volume hologram
layers.

[0006] The invention is based on the object, then, of speci-
fying an improved security element and a method for produc-
ing said security element.

[0007] The object of the invention is achieved by a security
element in the form of a multilayered film body having a top
side facing the observer, which security element has a volume
hologram layer in which a volume hologram is recorded,
which provides a first optically variable information item,
which security element has a replication layer, in the surface
of which a relief structure providing a second optically vari-
able information item is molded and which is arranged above
the volume hologram layer, and wherein a partial metallic
layer is arranged between the volume hologram layer and the
replication layer, wherein the metallic layer is provided in one
or a plurality of first zones of the security element and the
metallic layer is not provided in one or a plurality of second
zones of the security element. The object is furthermore
achieved by a method for producing a security element in the
form of a multilayered film body having a top side facing the
observer, wherein a multilayer body comprising a partial
metallic layer and a replication layer is provided, wherein a
relief structure providing a second optically variable infor-
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mation item is molded in a surface of the replication layer and
the metallic layer is provided in one or a plurality of first zones
of the security element and the metallic layer is not provided
in one or a plurality of second zones of the security element,
wherein a volume hologram layer is applied on that surface of
the film body which lies closer to the metallic layer than to the
replication layer, such that the partial metallic layer is
arranged between the volume hologram layer and the repli-
cation layer, and in that the volume hologram layer is exposed
with coherent light from that side of the multilayer body
which faces away from the volume hologram layer, through
the partial metallic layer, for the purpose of recording a vol-
ume hologram in the volume hologram layer.

[0008] The invention provides a security element which
can be counterfeited only with great difficulty and can nev-
ertheless be manufactured in an expedient manner. By virtue
of the arrangement of the partial metallic layer between the
volume hologram layer and the replication layer, in which the
relief structure is molded, on the one hand the optical effect of
the domains of the volume hologram layer which lie below
the metallic layer in the first zones is suppressed, and on the
other hand the optical effect of the relief structure is caused to
be manifested in these zones. A seamless transition of the
different optical effects generated in the first and second
zones is thus brought about, without the volume hologram
layer and the relief structure having to be partially applied in
a registered fashion with respect to one another. As a result,
the first and second information items are generated in an
undistorted manner and with high luminous intensity in
domains lying alongside one another with register accuracy,
as a result of which a brilliant and impressive optically vari-
able overall impression arises for the observer. Moreover, this
impression cannot be imitated by an optical copying method
since the optically variable effect produced by the volume
hologram layer, on the one hand, and the optically variable
effect produced by the replication layer with the metallic
layer situated beneath it, on the other hand, in each case
cannot be imitated by means of the respective other technol-
ogy, and the structures generating the first and the second
optically variable information items thus mutually protect
one another against counterfeiting. Furthermore, an intimate
connection of the structures providing the first and second
information items is obtained by means of the sequence ofthe
layers, such that the attempt to manipulate one structure auto-
matically influences the optical impression of the other struc-
ture, such that any attempt at manipulation is immediately
recognizable. Moreover, in the method according to the
invention an intimate connection of the layers is obtained by
virtue of the fact that the volume hologram is written in the
volume hologram layer through the partial metallic layer and
the partial metallic layer thus furthermore also produces the
function of an exposure mask for writing the volume holo-
gram. Thus, firstly, subsequent separation of the layers is
made more difficult and, secondly, such an attempt at manipu-
lation is immediately recognizable since the volume holo-
gram layer has domains in which no volume hologram is
written into the layer.

[0009] Furtheradvantageous embodiments of the invention
are presented in the dependent claims.

[0010] It is particularly advantageous for the relief struc-
ture to be molded into the underside of the replication layer
and for the partial metallic layer to be arranged directly
between the replication layer and the volume hologram layer.
In the first zones, the first surface of the metallic layer thus
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adjoins the replication layer and the second surface of the
metallic layer, lying opposite the first surface, adjoins the
volume hologram layer. In the second zones, the replication
layer furthermore adjoins the volume hologram layer.

[0011] The volume hologram layer thus directly adjoins the
metallic layer in the first zones and directly adjoins the rep-
lication layer in the second zones, such that subsequent sepa-
ration of the volume hologram layer is possible only with
difficulty on account of the adhesive bridges thus formed in
the second zones. Moreover, a detachment attempt can be
recognized, on account of the different adhesion behavior and
adhesion forces in the first and second zones, directly from
the resultant surface pattern.

[0012] Itis particularly advantageous in this case to choose
the difference in refractive index between the material of the
replication layer and the material provided at the top side of
the volume hologram layer, in particular by selection of the
material used for the replication layer, to be less than 0.2,
preferably to choose the refractive index of these materials to
be approximately identical. What is achieved thereby is that,
during the application of the volume hologram layer, the
surface structures molded into the underside of the replication
layer in the second zones are filled with a transparent material
having a similar refractive index, namely the material of the
volume hologram layer, and the optical effect of these struc-
tures is thus cancelled. This affords the advantage, firstly, that
registration of the processes that mold the relief structure and
the replication layer and of the processes that structure the
metallic layer does not have to be effected. Furthermore, it is
thus ensured that possible relief structures molded in the
replication layer in the domain of the second zones do not lead
to distortions or corruptions of the recording result when the
volume hologram is written into the volume hologram layer.
It is thus possible, for example, for a surface relief to be
molded into the replication layer over the whole area and for
the optically variable information that arises for the observer
only to be defined in a second step, for example by the
individualization of the metallic layer by means of a laser.
Subsequent alteration of this information by subsequent pro-
cessing of the metallic layer by means of a laser after the
recording of the volume hologram can be recognized directly
in this case since, in the case of the volume hologram written
in accordance with the method according to the invention, this
volume hologram is present only in certain domains in the
volume hologram layer and, consequently, such an attempt at
manipulation can be recognized directly.

[0013] Depending on materials used for the replication
layer and the volume hologram layer adjoining one another, it
may be advantageous from case to case to arrange an adhe-
sion promoter layer between the replication layer and the
volume hologram layer, the task of which adhesion promoter
layer is to intensify the adhesion of these two layers to one
another or to establish adhesion between replication layer and
adhesion promoter layer and between volume hologram layer
and adhesion promoter layer which is stronger than direct
adhesion between the replication layer and the volume holo-
gram layer. In this case, the adhesion promoter layer has a
refractive index which differs by less than 0.2 from the refrac-
tive index of the material of the replication layer and the
refractive index of the material provided at the top side of the
volume hologram layer. As a result, the adhesion promoter
layer does not produce any disturbing, in particular optical,
effects during production or during later use of the security
element.
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[0014] Furthermore, it is also possible for an individualiza-
tion of the security element to be carried out by overprinting
or by perforating a plurality of layers of the security element.
Thus, it is possible, for example, to apply on the top side of the
security element, said top side facing the observer, an indi-
vidualizing imprint that preferably extends over a zone
boundary between one or a plurality of first zones and one or
a plurality of second zones. In this case, it is particularly
advantageous for the application of individualization infor-
mation to be carried out by means of intaglio printing since,
by this means, the relief structure molded in the replication
layer and also the volume hologram layer are deformed by the
pressure applied and are lastingly altered in terms of their
optical properties. The introduction of microperforations
extending through at least the replication layer and the vol-
ume hologram layer also leads to a lasting and irreversible
alteration of the layers that generate the optical effects. As a
result, it is no longer possible to subsequently change the
individualized information for example by detachment or
removal of an overprint and attempts at manipulation become
immediately recognizable.

[0015] Inaccordance with one preferred embodiment of the
invention, the one or the plurality of first zones or the one or
the plurality of second zones are shaped in pattern form for
the purpose of forming a third information item. Thus, by way
of'example, the first or the second zones form pattern domains
representing, for example, a portrait, a logo, a guilloche or an
alphanumeric information item against a background domain
formed by the second and/or first zones. In this case, it is
particularly advantageous to shape the first and/or second
zones in the form of thin lines having a line width of <300 pm,
preferably <150 pm, and, by means of such lines, to shape for
example a guilloche or some other item of information rec-
ognizable to the human observer, for example a portrait.
[0016] In accordance with a further preferred exemplary
embodiment of the invention, first and second zones are pro-
vided alternately in a first domain of the security element, and
in this case first zones succeeding one another in at least one
direction are spaced apart from one another by less than 300
um. What is thereby achieved is that, in the first domain, the
first and second optically variable information items appear to
the human observer in one and the same domain and an
optically variable impression that is particularly succinct and
very difficult to counterfeit arises for the human observer in
the first domain. It is thus possible to generate totally new
color and movement effects for the human observer in the first
domain as a security feature, which effects can be provided
neither by a volume hologram nor by a surface hologram as
such.

[0017] Preferably, the ratio of the average width of the first
zones to the ratio of the average width of the second zones in
the first domain is between 0.75:1 and 1:5. Thus, by way of
example, preferably the width of the first zones is chosen to be
less than 120 pm and the width of the second zones is chosen
to be greater than 120 pum. Investigations have shown that
when the width of the first and second zones is chosen in such
a way, an optically variable impression that arises for the
human observer in the first domain is particularly clear and of
high luminous intensity.

[0018] Preferably, the first and second zones are arranged in
accordance with a regular, one- or two-dimensional grid, for
example a line grid or an area grid. In this case, the form ofthe
first and second zones can also be substructured further, for
example have the form of alphanumeric numbers or of sym-
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bols, such that a further security feature that is only recogniz-
able by means of an aid is thereby provided. If an area grid is
chosen, then the first zones and/or second zones are prefer-
ably shaped in punctiform fashion or in the form of a polygon.
Furthermore, it is also possible for the one- or two-dimen-
sional grid to be a geometrically transformed grid, for
example a circularly or undulately transformed one-dimen-
sional grid, such that, by way of example, the first zones are
provided in the form of concentric annuli or in the form of
undulating lines in the first domain.

[0019] Inaccordance with a further preferred embodiment
of the invention, the first domain has a smallest dimension of
more than 300 pm and is shaped in pattern form for the
purpose of forming a fourth information item. The above-
depicted superimposed optically variable impression that
arises in the first domain is thus provided for example in a
cross-shaped domain or in a portrait-forming domain, as a
result of which further interesting and catchy optically vari-
able effects can be obtained.

[0020] Thereliefstructure molded in the replication layeris
preferably a relief structure with dimensioning <50 um, for
example a diffraction grating having a spatial frequency of
100 to 3500 lines/mm, a hologram, a zeroth-order diffraction
structure, a blaze grating, a Kinoform, a preferably anisotro-
pic matt structure or an isotropic matt structure, a refractive
structure, for example a lens structure, for example a micro-
lens structure, a blaze grating or a prismatic structure, or a
combination of one or more of the relief structures mentioned
above. Furthermore, it is possible for the relief structure to be
molded into the replication layer over the whole area or
merely into partial domains of the replication layer, prefer-
ably to be molded into the replication layer only in the domain
of the first zones.

[0021] The metallic layer preferably consists of aluminum,
silver, gold, copper, chromium, SiO,, or of an alloy of these
materials. The layer thickness of the metallic layer is prefer-
ably 0.1 to 100 nm, wherein the layer thickness of the metallic
layer is preferably chosen such that the degree of opacity of
the metallic layer is more than 40% to 50%, preferably more
than 80%.

[0022] In accordance with one preferred exemplary
embodiment of the invention, two or more information items
from the group of first, second, third and fourth information
items represent mutually complementary information items.
Thus, by way of example, partial motifs of an overall motif
are respectively formed by the first and second optically vari-
able information items. By way of example, the second infor-
mation item forms leaves of a tree represented by the first
information item. As a result, what is furthermore achieved is
that any manipulation of one of the layers of the security
element, even a very slight manipulation, immediately
becomes intuitively recognizable to the human observer.
[0023] Furthermore, it is also possible for first, second,
third and fourth information items to be provided in a manner
lying alongside one another or overlying one another in the
security element. Thus, it is possible, for example, to shape
first zones in the form of an image, for example of a flower
pattern, in a first domain (third information item), to arrange
first and second zones in accordance with a grid in a second
domain in pattern form (fourth information item) and to shape
the first zones in the form of a thin line, producing a pictorial
representation, preferably having a line width of less than 120
um, in a third domain. These domains can also overlie one
another in part. Furthermore, it is also possible to provide first
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zones having a line width of less than 50 um in further
domains, for example to shape the first zones in the form of a
microtext.

[0024] In accordance with one preferred exemplary
embodiment of the invention, the volume hologram master is
arranged below the volume hologram layer in direct contact
with the volume hologram layer or in a manner separated
from the volume hologram layer by an optical medium. In this
case, the volume hologram master used is preferably a vol-
ume hologram master which has an optically variable surface
relief and which is provided with a reflection layer. It is also
possible, however, to use instead of a surface relief as volume
hologram master also a volume hologram, as is the case in
traditional recording technology for volume holograms
wherein a volume hologram master is used for recording a
volume hologram. A combination of a surface relief master
and a volume hologram master can also be used during the
recording of the volume hologram. Furthermore, it is also
possible for the volume hologram master to be arranged on
the side facing away from the volume hologram layer and for
the coherent light used for the recording of the volume holo-
gram to pass through a volume hologram master arranged in
this way or to be reflected by a volume hologram master
arranged in this way before it passes through the replication
layer and the partial metal layer in order to expose the volume
hologram layer. In this case the reference beam is preferably
radiated in from the opposite side, that is to say from the side
facing the volume hologram layer, onto the volume hologram
layer for the purpose of forming the interference pattern.

[0025] The color of the volume hologram recorded in the
volume hologram layer is preferably determined by the wave-
length of the light used for the exposure, by the angle of
incidence of the light used for the exposure, by the diffraction
behavior of the volume hologram master, in particular by the
latter’s surface relief, grating period or azimuth angle, and by
the photopolymer, the curing process for the photopolymer,
and an optional treatment of the photopolymer for shrinkage
or swelling of the volume hologram layer.

[0026] For the purpose of producing multicolor volume
holograms it is thus possible, for example, to shrink or to
swell the volume hologram layer in certain domains by means
of different curing processes or different aftertreatments in
certain domains, and thus to generate domains in which the
volume hologram of the volume hologram layer exhibits a
different color.

[0027] Inaccordance with one preferred embodiment of the
invention, the following method is carried out for producing
multicolor volume holograms:

[0028] Two or more lasers are used for the exposure of the
volume hologram layer. In this case, it is possible, firstly, for
the volume hologram layer to be exposed by the light beams
generated by the respective lasers at a different angle of
incidence, such that each of the lasers generates an image
domain of the volume hologram which has a different color
value. Furthermore, it is also possible for the lasers to emit
light having different wavelengths and thus for image
domains having different color values to be recorded in the
volume hologram layer by means of the respective lasers. In
this case, it is particularly advantageous if the light generated
by the two or more lasers is coupled by means of a coupler in
a light beam used for recording the volume hologram in the
volume hologram layer. The methods described above can
also be combined with one another.
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[0029] For the purpose of generating a multicolor volume
hologram with image domains having different color values,
the procedure adopted in this case is preferably as follows:

[0030] The lasers, a modulator arranged in the beam path
between the respective laser and the volume hologram layer
and/or a deflection element determining the angle of inci-
dence of the exposure beams are correspondingly driven such
that the respective image domain that is to have a predefined
color value is exposed with a light having an exposure wave-
length and/or light which impinges at an angle and which
brings about recording of a volume hologram image domain
with the predefined color value. Furthermore, it is also pos-
sible in this case to arrange exposure masks in the beam path
between the two or more lasers and the volume hologram
layer, which determine the position and shaping of the image
domains recorded by the respective laser.

[0031] Preferably, in this case, the two or more lasers, the
modulators and/or the deflection elements are driven in this
case by a control unit, which determines the position of the
volume hologram master with respect to the lasers by means
of a position sensor, for example, and controls a register-
accurate exposure of the volume hologram master by means
of the two or more lasers for the purpose of generating the
multicolor volume hologram. Consequently, it is possible for
different domains of the volume hologram master, which can
each have different diffractive structures (for example with
differences in terms of the structure profile, azimuth or line
spacing), to be exposed with laser light having different
parameters (e.g. angle of incidence, wavelength or polariza-
tion).

[0032] The object of the invention is furthermore achieved
by a security element in the form of a multilayered film body
having a top side facing the observer and having a volume
hologram, wherein the security element has a replication
layer, in the surface of which a relief structure is molded,
which has one or a plurality of first regions having a relief
depth of the relief structure of more than 10 pum, preferably
more than 15 pm, and has one or a plurality of second regions
having a relief depth of the relief structure of less than 2 um,
in particular less than 1 pum, and wherein the first regions of
the replication layer are filled with a volume hologram mate-
rial, in which the volume hologram is recorded, which pro-
vides a first optically variable information item. The object is
furthermore achieved by a method for producing a security
element in the form of a multilayered film body having a top
side facing the observer, wherein a multilayer body compris-
ing a replication layer is provided, in the surface of which a
relief structure is molded, which has one or a plurality of first
regions having a relief depth of the relief structure of more
than 10 pm and one or a plurality of second regions having a
relief depth of the relief structure of less than 2 um, in par-
ticular less than 1 pm, wherein the first regions of the repli-
cation layer are filled with a volume hologram material, and
the volume hologram material is exposed in the first regions
for the purpose of recording a volume hologram.

[0033] Therecording ofthe volume hologram is effected by
means of a volume hologram master. Afterward, the volume
hologram material is cured and the volume hologram is thus
fixed. With regard to these process steps, reference is made to
the above explanations, which are correspondingly appli-
cable to this exemplary embodiment, too, and can preferably
be correspondingly combined with this exemplary embodi-
ment.
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[0034] The procedure described above makes it possible to
influence the optical appearance of a volume hologram such
that the latter cannot be imitated by an optical copying
method and a security element which can be counterfeited
only with difficulty and which is distinguished by novel opti-
cally variable effects is thus provided. By virtue of the fact
that, in the first regions, the relief structure with a relief depth
of'more than 10 um, preferably of more than 15 pum, is molded
into the replication lacquer layer, a distinctly different optical
impression in the first and second regions arises even when
the volume hologram material is applied over the whole area
both in the first and in the second regions and when a volume
hologram is subsequently recorded into the volume hologram
layer. In particular, what is brought about with suitable selec-
tion of the application weight of the volume hologram mate-
rial (even in the case of whole-area application) is that the
volume hologram, after exposure and curing, is generated
only in the first regions, but not in the second regions. This can
be used, for example, for additionally modulating the bright-
ness of the volume hologram as it appears to the observer, and
thus for introducing additional grey-scale information into
the optically variable appearance manifested to the observer.
Furthermore, it is also possible, however, for optically vari-
able effects which are generated by a volume hologram and
optically variable effects which are brought about by a sur-
face relief structure thereby to be realized in an aligned man-
ner with register accuracy with respect to one another in a
security element.

[0035] In this case, the relief depth of the relief structure
should be understood to mean the difference between the
layer thickness of the replication layer at its thickest location
and the layer thickness of the replication layer at the local
location respectively under consideration.

[0036] Preferably, the layer thickness with which the vol-
ume hologram material is provided in the first regions differs
from the layer thickness with which the volume hologram
material is provided in the second regions by at least 8 um,
with further preference by at least 15 um. The layer thickness
of the volume hologram material in the second domains is
preferably less than 5 um, and the layer thickness of the
volume hologram material in the first domains is more than 10
um, preferably more than 15 pm.

[0037] The replication layer can in this case also consist of
a carrier film or comprise a plurality of layers.

[0038] In accordance with one preferred exemplary
embodiment of the invention, a liquid volume hologram
material is applied to the multilayer body comprising the
replication layer, for example by being poured on, sprayed on
or printed on.

[0039] In this case, the volume hologram material is pref-
erably applied in preferably liquid form, that is to say with a
dynamic viscosity of between approximately 0.001 N*s/m>
and approximately 50 N*s/m?. Preference is given to a low-
viscosity volume hologram material having a low viscosity
of, for example, approximately 0.001 N*s/m?, which corre-
sponds to an approximately aqueous consistency, which fills
the relief structure well.

[0040] Preferably, the volume hologram material applied in
liquid form is wiped away by means of a doctor blade, such
that the volume hologram material completely fills the relief
structure in the first regions and the volume hologram mate-
rial is not present, or is present only with a small layer thick-
ness, preferably with a layer thickness of less than 5 um, inthe
second regions. The use of a doctor blade can also be dis-
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pensed with if the volume hologram material is applied to the
multilayer body with correspondingly low viscosity and the
application weight is chosen such that the layer thickness of
the volume hologram layer in the first regions and that in the
second regions differ by at least 10 um. However, the volume
hologram material can also have a high viscosity, thatis to say
be present for example with honey-like or paste-like viscos-
ity, which then necessitates processing by means of a doctor
blade, such that the volume hologram material completely
fills the relief structure in the first regions and the volume
hologram material is not present, or is present only with a
small layer thickness, preferably with a layer thickness ofless
than 5 pm, in the second regions.

[0041] In accordance with one preferred exemplary
embodiment of the invention, the relief structure has, in the
second regions or in partial regions of the second regions,
structure elements providing a second optically variable
information item. The relief structure thus has a fine structure
having a relief depth of less than 1 pm in the second regions
or in partial regions of the second regions and valleys of a
coarse structure having a relief depth of more than 10 um in
the first regions, wherein the fine structures determine the
information content of the second optically variable informa-
tion item and the coarse structures define the domains in
which ultimately the volume hologram manifests an optical
effect. Since the fine structures and the coarse structures are
molded in a single replication step, the domains in which the
first and second optically variable information items can be
generated are arranged with absolute register accuracy with
respectto one another, that is to say practically without devia-
tion from the arrangement or positioning of the domains
relative to one another on the common volume hologram
master. Furthermore, an intimate connection of the structures
that provide the first and second information items is obtained
thereby, such that, as already described above, the attempt to
manipulate one structure automatically influences the optical
impression of the other structure and, consequently, any
attempt at manipulation is immediately recognizable.

[0042] The structure elements provided in the second
regions or the partial regions of the second regions preferably
form a diffractive structure, for example a hologram or a
Kinegram®, a matt structure, a linear or crossed diffraction
grating, isotropic or anisotropic matt structures, blaze grat-
ings, zeroth-order diffraction gratings, or combinations of
such diffractive structures, or a refractive structure, or a mac-
rostructure, and are preferably formed in the manner
described above. Preferably, the second regions or partial
regions of the second regions are furthermore provided with a
reflection layer, in particular an opaque metallic layer, such
that, for example, the security element has a metallic layer
which is provided in the second regions or in partial regions of
the second regions and is not provided in the first regions. The
metallic layer in the second regions can be provided either
over the whole area there or partially. The metallic layer can
also be provided as a regular or irregular, partial or whole-area
grid. Preferably, the metallic layer is arranged partially and
with register accuracy with respect to the design of the dif-
fractive structures in the second regions.

[0043] Instead of the metallic layer, a nonmetallic reflec-
tion layer can also be provided, e.g. an opaque lacquer having
preferably a high difference in refractive index with respect to
the material of the structure elements. A nonmetallic, trans-
parent reflection layer composed of an HRI material having a
high refractive index (HRI), can also be provided.
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[0044] With appropriate selection of the optical refractive
indices of the replication layer and of the volume hologram
material (difference in refractive index greater than approxi-
mately 0.2, preferably greater than 0.5) and/or with appropri-
ate application of a (whole-area) reflection layer to the mul-
tilayer body after application of the volume hologram
material, said reflection layer can also be dispensed with.

[0045] In this case, it has proved to be particularly advan-
tageous to apply a reflection layer by means of the method
described below in the second regions of the replication layer:

[0046] It is thus possible, for example, to provide the sur-
face of the multilayer body having the relief structure with a
thin metal layer before the application of the volume holo-
gram material and then to utilize the different relief depth of
the relief structure in the first and second regions for the
register-accurate demetallization of said metal layer in the
first regions. It is thus possible, for example, to apply an
etching resist by printing, in which case the inking by means
of the printing roller takes place only on the elevated second
regions, but not on the distinctly recessed first regions. After-
ward, the metal layer is removed in the domains not covered
with the etching resist layer, that is to say the recessed first
regions, in an etching process. Furthermore, it is also possible
for an etchant to be introduced by doctor blade into the
depression, that is to say into the first zone, and to bring about
the removal of the metal layer there.

[0047] In accordance with one preferred exemplary
embodiment of the invention, the area proportion constituted
by the first regions in the area of at least one first domain of the
security element differs from the area proportion constituted
by the first regions in the area of at least one second domain of
the security element. This has the effect that the luminous
intensity of the volume hologram differs in the first domain
and in the second domain. Through appropriate choice of the
area proportions constituted by the first region, it is thus
possible to set the brightness of pixels of the volume holo-
gram and to modulate additional “grey-scale information”
onto the volume hologram.

[0048] Preferably, the first regions for this purpose have a
smallest dimension ofless than 400 um preferably of less than
200 um. This has the effect that the splitting into first and
second regions can no longer be resolved by the human
observer and a continuous image impression thus arises. The
smallest dimensions of the first regions preferably have a
smallest dimension of more than 20 pm in order to ensure
reliable filling of the first regions with the volume hologram
material.

[0049] Furthermore, it is possible to bring about the bright-
ness value of the volume hologram by varying the distance
between the first regions and/or by varying the area occupied
by the respective first region. It is possible to arrange the first
regions in a one- or two-dimensional grid and to choose the
grid width and/or the area occupied by the respective first
regions to be correspondingly different in the first/second
domains. The first and second regions can be configured in
accordance with the first and second zones described above.

[0050] Furthermore, it is also possible for the partial
regions of the second regions or the second regions to be
shaped and formed in accordance with the first zones
described above, and for the domains which are assigned to
the second zones described above to have first and second
regions.
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[0051] The invention is illustrated by way of example
below on the basis of a plurality of exemplary embodiments
with the aid of the accompanying drawings.

[0052] FIG. 1a to FIG. 1¢ show in each case a schematic
illustration of a method sequence in accordance with the
method according to the invention for producing a security
element.

[0053] FIG. 2 shows a schematic sectional illustration of a
film body provided for carrying out the methods according to
FIG. 1a to FIG. 1c.

[0054] FIG. 3 shows a schematic sectional illustration of a
multilayer body which occurs as an intermediate product in
the methods according to FIG. 1a to FIG. 1c.

[0055] FIG. 4 shows a schematic sectional illustration of a
multilayer body that forms an intermediate product in a fur-
ther exemplary embodiment of the invention.

[0056] FIG. 5 shows a schematic sectional illustration of a
multilayer body which occurs as an intermediate product in
the methods according to FIG. 1a to FIG. 1c.

[0057] FIG. 6 shows a schematic sectional illustration of a
multilayer body which occurs as an intermediate product in
the methods according to FIG. 1a to FIG. 1c.

[0058] FIG. 7 shows a schematic sectional illustration of a
multilayered film body.

[0059] FIG. 8 shows a schematic, enlarged plan view of the
security element according to FIG. 7.

[0060] FIG.9aand FIG. 94 show schematic sectional illus-
trations of a film body for a further exemplary embodiment of
the invention.

[0061] FIG.10atoFIG.10¢show schematic sectional illus-
trations of a film body for a further exemplary embodiment of
the invention.

[0062] FIG. 104 shows an illustration of an optical infor-
mation item provided by a film body according to the inven-
tion.

[0063] FIG. 11a and FIG. 115 show schematic sectional
illustrations of a film body for a further exemplary embodi-
ment of the invention.

[0064] FIG. 124 shows an illustration of an optical infor-
mation item provided by a film body according to the inven-
tion.

[0065] FIG. 125 shows a schematic plan view of a volume
hologram master.

[0066] FIG. 12¢ shows a schematic plan view of a volume
hologram master with a plurality of exposure domains.
[0067] FIG. 1aq illustrates the procedure when producing a
security element according to the invention. FIG. 1a shows a
coating station 38, an exposure station 40, an exposure station
47 and a coating station 39. A film body 51 is fed to the
coating station 38. A volume hologram layer is applied on the
film body 51 by the coating station 38, for example by a
surface of the film body 51 being coated over the whole area
or partially with a photopolymer material 37, which forms the
volume hologram layer, by printing, spraying or pouring. The
resultant multilayer body 52 is subsequently fed to the expo-
sure station 40, where, for the purpose of recording a volume
hologram into the volume hologram layer, it is exposed with
coherent light 45 from the laser 44 and subsequently irradi-
ated by the UV light source 46. The resultant multilayer body
53 is fed to the exposure station 47 in order to achieve com-
plete curing of the volume hologram layer. The resultant
multilayer body 54 is fed to the coating station 39, by which
one or a plurality of further layers are applied to the multilayer
body 54. Thus, by way of example, an adhesive layer is
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applied to a surface of the multilayer body 54 over the whole
area by the coating station 39, thus resulting in the multilayer
body 55.

[0068] The detailed sequence of the method illustrated in
FIG. 1a is explained below with reference to the following
figures:

[0069] FIG. 2 shows the multilayer body 51. The multilayer
body 51 has a transparent carrier film 10 and a replication
layer 11. The carrier film 10 is a preferably biaxially oriented
plastic film having a layer thickness of between 15 and 100
um, preferably between 16 and 30 um. By way of example,
the carrier film is a PET, PEN or BOPP film.

[0070] The replication layer 11 is preferably applied to the
carrier film 10 in a layer thickness of 0.1 to 25 pm, preferably
approximately 20 um. The replication layer consists of a
thermoplastic, that is to say thermally curable and/or ther-
mally dryable, or UV-curable replication lacquer or of a rep-
lication lacquer comprising thermoplastic and UV-curable
components. As an alternative thereto, the carrier film itself
10 can also serve as a replication layer, that is to say that the
relief structure 20 can be molded directly in the carrier film
10. A separate replication layer composed of replication lac-
quer is then no longer necessary, as a result of which the
thickness of the security element can be reduced. Further-
more, it is also possible for the replication layer to consist of
the carrier film 10 and a replication lacquer layer, wherein,
depending on the relief depth, the relief structure extends into
the replication layer or into the carrier layer, that is to say that
the replication lacquer layer is through-embossed in the
domain of the deep structures. A relief structure 20 is molded
into the underside of the replication layer 11 over the whole
area. For example by means of a heated embossing tool by
which the relief structure 20 is molded by means of heat and
pressure into the replication layer 11 formed by a thermoplas-
tic replication lacquer. Furthermore, it is also possible for the
relief structure 20 to be molded into the underside of the
replication layer 11 by means of UV replication, by a proce-
dure in which the replication layer 11, after the molding of the
surface relief by means of a correspondingly shaped counter-
mold, is irradiated with UV light and cured. Furthermore, it is
also possible for the relief structure 20 to be introduced into
the surface of the replication layer 11 by means of a laser or
some other ablative method.

[0071] The relief structure 20 is a diffractive, optically vari-
able surface structure, for example a hologram, a preferably
sinusoidal diffraction grating, an asymmetrical relief struc-
ture, a blaze grating, a preferably anisotropic or isotropic,
holographically produced matt structure, a Kinegram®, a
computer generated hologram, or a combination of such fine
relief structures having a diffraction-optical effect, the struc-
ture sizes of which are approximately in the size range of the
wavelengths of visible light, that is to say approximately in
the range of below 1000 nm.

[0072] Preferably, the distance between adjacent local
maxima is in this case less than 50 pm, such that higher
diffraction orders are suppressed and a distinctly perceptible
optically variable impression is provided by the relief struc-
ture 20. Furthermore, it is also possible for the relief structure
to be formed by a zeroth-order diffraction grating, wherein
the distances between adjacent structure elements are in the
range of or less than the wavelength of light visible to the
human observer. Furthermore, it is also possible for the relief
structure 20 to be formed by macroscopic structures having a
refractive effect, for example microprisms or lens-type struc-
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tures or binary, rectangular structures, the local distance
between which can be in the range of up to a few mm,
preferably up to 500 pm. Preferably, the structure dimensions
are less than 40 pm. The relief structure 20 can also be formed
by a combination, for example area domains arranged along-
side one another, composed of macroscopic structures having
a refractive effect and microscopic structures having a dif-
fractive effect, or composed of a superimposition of macro-
scopic structures having a refractive effect with microscopic
structures having a diffractive effect. Diffractive and refrac-
tive structures can be molded in the replication layer 11
simultaneously by means of one and the same embossing
tool, such that an exactly register-accurate arrangement of
both structures with respect to one another can be effected.
Thus, diffractive and refractive structures can be present
alongside one another in separate domains or else in common
domains, for example in a manner interlaced in one another.
[0073] In this case, the distance between the local maxima
of the relief structure 20 or the local periodicity of the relief
structure 20 is chosen independently of the periodicity of a
grid formed by first and second domains and of the width of
the first or second domains.

[0074] A partial metallic layer 13 is furthermore applied to
the replication layer 11, wherein the metallic layer 13 is
provided in first zones 31 of the multilayer body 51 and is not
provided in second zones 32 of the multilayer body 51, as is
illustrated by way of example in FIG. 2. The metallic layer 13
preferably consists of aluminum, copper, gold, silver, chro-
mium or SiO, or an alloy ofthese materials and preferably has
a thickness of 0.1 to 100 nm.

[0075] In order to produce the partial metallic layer 13, in
this case the underside of the replication layer 11 is coated
with a metallic layer preferably over the whole area and when
the metallic layer is subsequently removed again in the zones
32, for example by positive/negative etching or by means of
ablation. In this case, it is possible, in particular, to remove the
metallic layer by means of a laser in the zones 32, in order thus
to obtain an individualization of the security element to be
produced. Furthermore, it is also possible for the metallic
layer to be applied to the replication layer 11 only in certain
domains and, under certain circumstances, already in pattern
form, for example by means of vapor deposition masks. A
combination of the above-described demetallization and
ablation methods is also possible in order, for example, to
introduce an individualizable information item, for example a
consecutive number, only into a partial domain.

[0076] Furthermore, it is also possible for the multilayer
body 51 additionally to have one or a plurality of further
layers alongside the layers shown in FIG. 2. Itis thus possible,
for example, for the multilayer body 51 additionally to have
one ora plurality of further layers between the carrier layer 10
and the replication layer 11 in order, for example, to make
available a transfer film, for example a hot embossing film, as
end product. In this case, the film body 51 preferably addi-
tionally has a release layer and a protective lacquer layer,
which are provided between the carrier layer 10 and the
replication layer 11. Furthermore, it is also possible for the
multilayer body 51 additionally to have one or a plurality of
further decorative layers, for example additionally to have
one or a plurality of colored lacquer layers.

[0077] A polymer that forms a volume hologram layer is
then applied on the underside of the multilayer body 51 in a
first step. This is effected by means of a printing method, for
example, preferably by means of smearing methods. In this
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case, the photopolymer is applied to the underside of the
multilayer body 51 preferably in a layer thickness of 5 to 100
um, with further preference in a layer thickness of approxi-
mately 20 um. This gives rise to the multilayer body 52 shown
in FIG. 3, said multilayer body furthermore having a volume
hologram layer 12 alongside the layers 10, 11 and 13 already
explained with reference to FIG. 2.

[0078] In the case of a volume hologram layer 12 that is to
be produced only partially, the film body 51 can have a mac-
roscopic and/or microscopic surface profile preferably hav-
ing a depth of approximately 10 to 50 um, particularly pref-
erably approximately 15 to 20 um. After the preferably
whole-area application of the photopolymer material 37 by
printing, spraying or pouring, the photopolymer material 37,
by means of a doctor blade, for example, is pressed to an even
greater extent into the deep structures and is at least substan-
tially removed from the surface of the film body 51 outside the
depressions, thus giving rise to surface regions on the film
body 51 which are covered with photopolymer material 37
and adjoining surface regions which are to the greatest pos-
sible extent free of, or not covered by, photopolymer material
37. This will be explained further below in detail with refer-
ence to FIGS. 9a to 1154.

[0079] The photopolymer used for the volume hologram
layer 12 is, for example, the photopolymer Omni DEX 706
from Dupont. Furthermore, it is also possible to use photo-
polymers which are present as a liquid substance and are
polymerized and thereby cured for example by the action of
UV light. Provision can also be made for applying the pho-
topolymer as a layer by pouring and precuring it by means of
weak UV light action or thermal treatment.

[0080] Preferably, in this case the material used for the
replication layer 11 is chosen such that the refractive index of
the material of the replication layer 11 and the refractive index
of'the as yet unexposed volume hologram layer are approxi-
mately identical or have a difference in refractive index of less
than 0.2. This ensures that, during the subsequent exposure,
the domains of the surface structure 20 which are still present
in the zones 32—as indicated in FIG. 3—are filled with a
material having approximately the same refractive index and
thus cannot corrupt the recording of the volume hologram in
the volume hologram layer 12.

[0081] Thus, the following layer is used as replication layer
11, for example:

Replication Layer 11
[0082]

Methyl ethyl ketone 2100 g
Toluene 750 g
Cyclohexanone 1000 g
Acetyl tributyl citrate g
Nitrocellulose (ester-soluble, standard 34 E) 1000 g
Methyl methacrylate-buty! acrylate copolymer 180 g

(T gtass 80° Cy T €8 120° C.)

Tgiass = glass transition temperature;

Tsoften = softening temperature

[0083] Furthermore, it is also possible to provide, in addi-
tion to the layer 13, an HRI (high refractive index) layer
having a high refractive index, for example consisting of ZnS,
which covers the surface structure 20 preferably over the
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whole area. This additional layer can be applied to the film
body before or after the shaping of the layer 13.

[0084] FIG. 4 shows a multilayer body 61, likewise having
a carrier layer 10, a replication layer 11 and a volume holo-
gram layer 12, which are formed in the manner explained
above with reference to FIG. 2 and FIG. 3. In contrast to the
multilayer body 52, in the case of the multilayer body 61, a
relief structure molded into the replication layer 11 only in the
zones 31, rather than over the whole area, is molded into the
replication layer 11. Furthermore, is also possible for the
domains in which the relief structure is molded into the rep-
lication layer 11 and the zones 31 in which the metallic layer
13 is provided to be designed with regard to their dimensions
such that, in the case of the register deviations that occur in
registration methods used in the production process between
the demetallization process and the replication process, it is
ensured that the relief structure 21 is molded in the zones 31.
For example by the dimensioning of the domains provided
with the relief structure 21 being enlarged relative to the zones
31 by the register deviation or by double the register devia-
tion. Furthermore, it is also possible for the zones 31 to be
provided with the relief structure 21 only in certain domains,
and, for example, for the domains in which the relief structure
21 is provided to be chosen in pattern form independently of
the shaping of the zones 31.

[0085] The multilayer body 52 described in FIG. 3 is then
fed to the exposure station 40. The exposure station has a
volume hologram master 41 attached to the surface of an
exposure roller. In this case, the underside of the multilayer
body 52 bears on the surface of the exposure roller, thus
resulting in the arrangement shown in FIG. 5: the volume
hologram master 41 with surface structures 43 and 42 is in
direct contact with the still soft material of the volume holo-
gram layer 12. Furthermore, it is also possible here to provide
atransparent spacer layer between the volume hologram mas-
ter and the multilayer body 52 in order thus to improve the
service life of the master, for example.

[0086] Furthermore, is also possible for the volume holo-
gram master used not to be a master provided with a surface
relief, but rather a volume hologram, and for the recording of
the volume hologram in the volume hologram layer to be
effected by means of a customary holographic copying
method for forming a transmission or reflection hologram in
the volume hologram layer.

[0087] Furthermore, it is also possible for the volume holo-
gram master not to be attached on an exposure roller, as
shown in FIG. 3, and for the exposure not to be effected in a
continuous roll-to-roll process, but rather for the exposure to
be effected section by section in a “step-and-repeat” process.
[0088] The structures described in DE 102006 016 139, for
example, can be used as relief structure 42 and 43, wherein
the structures 43 are moth eye structures, for example. With
regard to the details of the exposure method, reference is
likewise made to said document.

[0089] If the volume hologram layer is then irradiated by
means of a laser 44 with coherent light 45 for the purpose of
writing the volume hologram predetermined by the structures
42 and 43 into the volume hologram layer 12, then the effect
shown in FIG. 6 arises: the incident light 45 is reflected by the
metallic layer 13 in the zones 31 and does not penetrate into
the underlying volume hologram layer 12. Preferably, the
coherent light 45 is in this case radiated in at an angle of
incidence of approximately 15 degrees with respect to the
normal to the top side of the multilayer body 52. In the zones
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32, the light 45 penetrates through the volume hologram layer
12 and is diffracted back by the underlying surface relief of
the volume hologram master 41, as a result of which, in the
zones 32, an interference pattern forms from the superimpo-
sition of the incident and diffracted-back light rays in the
volume hologram layer 12. This interference pattern is then
recorded in the volume hologram layer 12.

[0090] The volume hologram is therefore written into the
volume hologram layer 12 in the zones 32 and only in the edge
domains of'the zones 31. The writing of the volume hologram
into the core domain of the zones 31 is prevented by the partial
metallic layer 13.

[0091] In this case, it is possible to use two or more lasers,
preferably operating in a scanning fashion, the emitted coher-
ent light from which is incident at different angles of inci-
dence in the volume hologram layer 12. This is shown by way
of example in FIGS. 16 and 1c. In this case, the angles of
incidence of the lasers can lie in a plane which is arranged
approximately perpendicular to the cylinder axis of the cylin-
drical volume hologram master 41 in FIGS. 16 and 1c¢, or else
lie in a plane which is arranged approximately parallel to the
cylinder axis of the cylindrical volume hologram master 41 in
FIGS. 15 and 1c¢.

[0092] FIG. 15 illustrates a method in which two lasers are
used, which are arranged such that the coherent light emitted
by them is incident at different angles of incidence in the
volume hologram layer 12. The method according to FIG. 154
thus corresponds to the method according to FIG. 1a with the
difference that two lasers 44a and 445 are provided instead of
the laser 44, wherein the coherent light 45a and 455 respec-
tively generated by said lasers 44a and 446 is incident at
different angles on the volume hologram layer 12. Further-
more, a respective modulator 441 and 442 is arranged in the
beam path between the lasers 44a and 44b and the volume
hologram layer 12 in order to control the coherent light 45a
and 45, respectively, which is incident on the volume holo-
gram layer 12, as is explained in greater detail further below.
In this case, the modulator 441 and/or 442 is an optional
element. Without modulator 441 and/or 442, the laser can
expose the volume hologram layer 12 over the whole area or
the laser is modified with the aid of masks (not illustrated in
more specific detail) or else regulated laser-internally.
[0093] The lasers 44a and 445 can emit coherent light 45a,
and 45b, respectively, having identical or different wave-
lengths. As a result, a multicolored image can arise in the
volume hologram layer 12 because the laser beam impinges
on the photopolymer at a respectively different angle or
passes through said photopolymer at a respectively different
angle and thereby produces differently extending Bragg
planes that are responsible for the optical image. Depending
on the variation of the angle of incidence and/or of the laser
light wavelengths, different colors of the optical image or of
the optically perceptible effect are produced.

[0094] Proceeding from a predefined arrangement of pho-
topolymer material and volume hologram master with pre-
defined structures and coherent light having a predefined
color/wavelength, a variation in the wavelength of the light
color of the optically perceptible effect arises upon variation
of'the angle of incidence of the coherent light with respect to
the normal to the top side of the multilayer body 52. If the
angle of incidence is increased, for example, that is to say if
the coherent light is radiated with flatter incidence with
respect to the top side of the multilayer body 52, the wave-
length of the light color of the optically perceptible effect
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shifts into the longer-wave range because the path of the beam
in the material layer of the photopolymer becomes longer in
the case of flatter incidence. By way of example, a yellowish-
green light color (with a longer wavelength than green) of the
optically perceptible effect can be obtained by increasing the
angle of incidence of green coherent light or a bluish-green
(with a shorter wavelength than green) light color of the
optically perceptible effect can be obtained by decreasing the
angle of incidence of green coherent light.

[0095] With a predefined volume hologram master and a
plurality of lasers with differently colored coherent light, by
means of the variation of the angle of incidence of the coher-
ent light it is also possible to influence whether or not the
optically perceptible effect is dependent on viewing angle. If
differently colored coherent light is radiated in at approxi-
mately identical angles of incidence, a multicolored optically
perceptible effect arises which, however, is dependent on
viewing angle and exhibits only one of the resulting colors in
each case, depending on the viewing angle. If all of the
generated colors are intended to be visible simultaneously,
that is to say at one and the same viewing angle, the angle of
incidence of the individual colors of the coherent light has to
be varied accordingly, in which case it holds true that the
higher the wavelength of the incident coherent light, the lower
the required angle of incidence relative to the normal to the
top side of the multilayer body 52. Also conceivable in this
caseis anangle ofincidence of approximately 0 degrees in the
case of long-wave red light, e.g. approximately 15 degrees in
the case of green light (medium wavelength range of the
visible spectrum) and approximately 30 degrees in the case of
short-wave blue light. The perceptible optical effect com-
posed of red, green and blue portions would then be visible at
a common viewing angle or else at a common viewing angle
range.

[0096] As an alternative thereto, it is possible to use two or
more lasers, preferably operating in a scanning fashion,
which emit coherent light having different wavelengths and
the beams of which are coupled to one another by means of a
coupler based on polarization or reflection (e.g. two prisms
adhesively bonded together at their bases) such that the
coupled beams of all the lasers are incident at a common angle
of incidence in the volume hologram layer 12.

[0097] A method in which the volume hologram layer 12 is
exposed by means of an exposure arrangement arranged in
this way is shown by way of example in FIG. 1¢. The method
in accordance with FIG. 1¢ corresponds to that in accordance
with FIG. 1a with the difference that, instead of the exposure
by the laser 44, the exposure of the volume hologram layer 12
is effected by an exposure arrangement consisting of two
lasers 44a and 44¢, two modulators 443 and 444 and a coupler
445. The lasers 44a and 44c¢ generate coherent light having
different wavelengths which is coupled by means of the cou-
pler 445 and radiated as light 45 onto the volume hologram
layer 12. The exposure of the volume hologram layer 12 by
means of the two lasers 44a and 44¢ can be controlled simply
and rapidly via a driving of the coupler 445.

[0098] In order to form an image with this coupled or com-
bined light beam, it is advantageous if the light beam intensity
is modulated, for example by individual partial beams being
switched on and off (binary modulation). Specific lasers (e.g.
diode lasers) can be modulated directly. Other lasers can be
modulated at a sufficiently high speed by means of external
modulators, for example the modulators 443 and 444, e.g. by
means of acousto-optical or electro-optical modulators. It is
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also possible to produce a modulation by means of a shutter or
chopper or to modulate the laser beams individually orjointly
by means of masks or diaphragms.

[0099] Preferably, the arrangements according to FIG. 15
and FIG. 1c have a sensor element and a control unit. The
sensor element detects the position of the volume hologram
master. For this purpose, it either senses the surface of the
cylinder 41 optically or detects the angular position of the
cylinder 41 by means of a rotary encoder. The control unit
uses the position of the volume hologram master determined
directly or indirectly by the sensor element as an input param-
eter for driving the lasers 44a, 44b, 44¢ and/or the modulators
441 to 444. In this case, these components are driven by the
control unit on the basis of the measured values determined
by the sensor element and on the basis of the predefined color
value distribution of the multicolor volume hologram such
that the exposure of the volume hologram master is effected
by light having different wavelengths or light having different
angles of incidence such that it is effected in register with the
predefined color values of the multicolor volume hologram.
With the aid of the sensor element it is likewise possible to
detect the position of the multilayer body 52 with the volume
hologram layer 12, for example by means of optical register
marks applied on the multilayer body 52, and thereby to drive
thelasers 44a, 445, 44¢ and/or the modulators 441 to 444 such
that an exposure of the volume hologram master can be
effected with register accuracy or in register with design
elements already present on the multilayer body 52.

[0100] FIG. 12a illustrates the optical impression
80—which arises for an observer—of one possible embodi-
ment of a multicolor volume hologram, produced in accor-
dance with FIG. 156 or FIG. 1c. The number “50” and the
characters “50 DOLLARS” appear red. The lines surround-
ing the “50” exhibit an optical effect of apparently moving
morphing or cross-fading from a green rectangle to a green
star when the element is horizontally tilted/moved. The char-
acters “USA” appear blue.

[0101] FIG. 126 shows a volume hologram master 81 used
for writing the volume hologram. The background is formed
by black mirror structures or moth eye structures (non-image-
generating) and the design elements are produced with dif-
fractive structure types that are difterent therefrom. The mor-
phing from a green rectangle to a green star is produced e.g.
by the same structures having a varying azimuth. The red and
blue elements “507, “50 DOLLARS” and “USA” can have a
structure different therefrom, but jointly identical, including
with the same azimuth, e.g. 0 degrees. The design elements
have a distance 82, 83, which has to be greater than the
necessary tolerance in the positioning of the laser beam on the
master.

[0102] FIG. 12¢ shows the volume hologram master 81 and
the regions of the volume hologram master 81 which are
irradiated by means of differently colored lasers. A first laser,
which emits red light, at a first angle of incidence irradiates
the regions 84, which produces red design elements. A second
laser, which emits green light, irradiates the region 86, which
produces green design elements. A third laser, which emits
blue light, irradiates the regions 85, which produces blue
design elements. The angles of incidence of the differently
colored lasers can be identical or different in each case.
Instead of differently colored lasers, in this example, too, it is
also possible to use lasers having the same color, but with a
different angle of incidence per region 84, 85, 86 with respect
to the surface of the volume hologram master 81.
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[0103] Multicolored volume holograms can be produced in
this way. In the case of a volume hologram master 81 having
a correspondingly fine grid structure with closely adjoining
domains (pixels) of different colors (e.g. RGB), it is also
possible, by means of additive color mixing, to produce true
color holograms based on the color mixing of the intermesh-
ing grids of the individual colors. For this purpose, the volume
hologram master 81 can have a homogeneous, uniform struc-
ture which is irradiated in each case with coherent light hav-
ing different colors and/or at different angles of incidence.
For this purpose, however the volume hologram master 81
can also have a homogeneous, uniform structure only in cer-
tain domains. Furthermore, in the exposure station 40, the
film body 52, after the writing of the volume hologram, is
additionally exposed with UV light 46 from the side of the top
side of the multilayer body 52 in order at least partly to cure
the photopolymer of the volume hologram layer and to fix the
Bragg planes of the volume hologram layer. This exposure is
preferably effected using a non-collimated UV light source,
such that a largest possible domain of the domains of the
volume hologram layer 12 which are arranged below the
partial metallic layer 13 is cured by the irradiation. Exposure
using collimated UV light is also possible.

[0104] The resultant multilayer body 53 is then fed to the
exposure station 54, in which the multilayer body 53 is
exposed with UV light from the underside and the remaining,
not fully cured domains of the volume hologram layer are
thus fully cured as well.

[0105] FIG. 7 then illustrates the construction of a security
element 62 which has been produced by the methods
described above. The security element 62 has the carrier layer
10, the replication layer 11, the partial metallic layer 13, the
volume hologram layer 12 and an adhesive layer 14. In this
case, the adhesive layer 14 can also be colored and preferably
has a dark pigment. Preferably, the adhesive layer 14 is col-
ored black in this case or a black interlayer is provided
between the volume hologram layer 12 and the adhesive layer
14. The adhesive layer 14 can also be dispensed with or in
addition or instead of the adhesive layer 14, one or a plurality
of further layers, for example a further metallic layer and/or a
decorative layer, can also be provided. Thus, it is also pos-
sible, for example, for a decorative layer, for example color
layer, shaped in pattern form to be applied to the volume
hologram layer before the adhesive layer 14 is applied. In this
case, the decorative layer is preferably printed on by means of
a printing method, for example in the form of a logo or a
pattern. The decorative layer can also be applied before the
application of the security element 62 onto a substrate (not
illustrated in more specific detail), preferably printed on by
means of a printing method, for example offset printing,
flexographic printing or screen printing, for example in the
form of a logo or a pattern. The security element 62 can then
be applied in particular with register accuracy with respect to
the decoration on the substrate.

[0106] In this case, the decoration can consist of conven-
tional printing inks, but also of special security colors or
security inks which contain, in particular, special pigments
that produce optically variable effects, for example Merck
Iriodin effect pigments.

[0107] The metallic layer 13 is provided in the zones 31 of
the security element 62 and not provided in the zones of the
security element 62. As shown in FIG. 7, the relief structure
21 is furthermore molded in the zones 31. In the domains 32,
the relief structure is cancelled by the coating with the mate-
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rial of the volume hologram layer or not actually molded into
the replication layer 11 in the first place, as has been explained
above. In the zones 32, a volume hologram is written into the
volume hologram layer, wherein the domains in which the
Bragg planes of the volume hologram are formed in the
volume hologram layer 12 are correspondingly identified in
FIG. 7. In the zones 31, in this case domains are provided in
which no volume hologram is written into the volume holo-
gram layer 12, as has already been explained above. By means
of'the relief structure 21 covered with the metallic layer 13, a
first optically variable information item is provided in the
domains 31. In the domains 32, instead of said first informa-
tion item, a second optically variable information item differ-
ent therefrom is provided by the volume hologram written
into the volume hologram layer 12 in the zones 32. In the
zones and 32, therefore, different optical effects are gener-
ated, which are generated without aboundary domain directly
alongside one another, such that no superimposition phenom-
ena that disturb or corrupt said effects occur in the boundary
domains. Furthermore, it is possible for the zones 31 to be
provided alternately and for first zones that succeed one
another in at least one direction to be spaced apart from one
another by less than 300 um. Such an arrangement of the
zones 31 and 32 is illustrated by way of example in FIG. 8.

[0108] FIG. 8 shows a schematic, greatly enlarged plan
view of a domain of the security element 62. In a domain 30
of the security element 62, the zones 31 and 32 are arranged
in accordance with a regular, one-dimensional periodic grid.
The width of the zones 31 is in the range of approximately 100
um and the distance between successive zones 31 is approxi-
mately 240 um. The length of the zones 31 is chosen here such
that the domain 30 having this arrangement of zones 31 and
32 is shaped in pattern form in the form of a cross. By virtue
of such a configuration of the zones 31 and 32, an optically
variable impression resulting from the superimposition of the
first and second optically variable information items, for
example a metallic cross 31 and a number 32, arises for the
human observer in the domain 30.

[0109] Diverse interesting optical effects can also be
obtained by the zones 31 and 32 not being arranged in accor-
dance with a periodic grid. Preferably, the zones in this case
have a width of less than 300 pm, preferably a width of 150 to
50 um, and are shaped in the form of thin lines having a length
of>300 um. These lines are furthermore shaped in the form of
complex patterns, for example in the form of a guilloche or for
representing a pictorial representation, for example a portrait.
Furthermore, it is also possible for the first zones 31 to shape
a repetitive pattern, for example in the form of a repeating
number or a repeating logo.

[0110] Inoneembodiment variant, the replication layer has
diffractive structures arranged alongside one another, prefer-
ably completely or partially metallized (or partially covered
with other reflection layers) as described above, and valleys
of a refractive, macroscopic structure, which are filled with
the photopolymer material 37 and thereby form a partial
volume hologram layer 12. If a multilayer body 52 consti-
tuted in this way is exposed in the exposure station 40 by
means of the laser 44 with coherent light 45 and the volume
hologram master 41 and subsequently cured, the interference
pattern of the volume hologram arises only in the domains in
which the photopolymer material 37 is present in a layer
thickness sufficient for this purpose. No volume hologram is
produced in the other domains. As a result, it is possible to
combine domains having metallized reflection holograms
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which lie alongside one another with register accuracy with
domains having volume holograms which are arranged adja-
cent thereto. Likewise, it is thus possible for the partial
domains which are filled with the photopolymer material 37
to be arranged as dots in a regular or irregular grid, wherein
the grid is preferably so fine that it cannot be resolved by the
human eye. By way of example, such a grid has a resolution
of 300 dpi (dots per inch) or higher. It is only within these
volume hologram dots that an interference pattern of the
volume hologram is produced, and hence an optically vari-
able effect. Outside the dots of the grid, a different optical
effect or else no optical effect is visible as contrast. Conse-
quently, it is possible for the image information contained in
the volume hologram master 41 to be reproduced only partly
in the volume hologram layer 12 or for the image information
contained in the volume hologram master 41 to be superim-
posed with further image information in the form of the
shaping of the domains filled with photopolymer material 37.
[0111] This will be explained below with reference to
FIGS. 9a to 115.

[0112] FIG. 9a shows a film body 91 having the carrier
layer and the replication layer 11, which are formed in the
manner described above with reference to FIGS. 1a to 8. In
this case, a relief structure 22 is molded into the replication
layer 11, which relief structure has a relief depth of more than
10 pum, preferably between 20 and 50 pm, in first regions 71
and has a relief depth of less than 1 pm, in this exemplary
embodiment a relief depth of 0, in second regions 72.
[0113] A photopolymer present in liquid form is then
applied to the underside of the film body 91 as volume holo-
gram material—as described above for example in the exem-
plary embodiments according to FIGS. 1a to 8. A photopoly-
mer corresponding to the photopolymer 37 described above
can be used as volume hologram material. Preferably, the
volume hologram material is introduced into the depressions
of'the relief structure by means of a doctor blade, thus result-
ing in the film body shown in FIG. 95, wherein the relief
structure 22 is filled with the volume hologram material in the
regions 71. However, it is also possible to dispense with
introducing the volume hologram material by doctor blade if
the volume hologram material is chosen with a correspond-
ingly low viscosity, such that the volume hologram material,
after application, penetrates, in particular flows, into the
depressions substantially independently. Furthermore, it is
also possible for the volume hologram material to be present
not only in the regions 71, but also in the regions 72, wherein
it is essential here for the layer thickness of the volume
hologram layer thus present to be at least 10 um thicker in the
regions 71 than in the regions 72.

[0114] Afterward, as described above with reference to
FIGS. 1a to 8, a volume hologram is written into the volume
hologram layer 12 partially present in the regions 71, and the
volume hologram material of the volume hologram layer 12 is
then cured and the volume hologram is thus fixed. With regard
to the details of this part of the method, reference is made to
the explanations concerning FIGS. 1a to 8, that is to say that
this part of the method is carried out in a manner correspond-
ing to that described with reference to FIGS. 1a to 8.

[0115] In the regions 71, the relief structure 22 preferably
has a relief depth of between 10 and 50 pum, with further
preference between 15 and 40 um. The width of the regions
71, that is to say the smallest dimension thereof, is preferably
more than 20 um. The regions 71 can be shaped in accordance
with the zones 32 according to FIG. 2 to FIG. 8. Furthermore,
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it is also possible for the zones 72 to be chosen such that their
smallest dimension is less than 400 pum, preferably less than
200 pum and that the area proportion constituted by the zones
71 in the domain of the volume hologram is varied in order in
this way, in addition, for the brightness of the volume holo-
gram as it appears to the observer additionally to be varied. In
this case, it is possible, firstly, for the regions 71 to be formed
substantially uniformly, for example to have the form of a
point or of a polygon, and for the distance between the regions
71 to be varied locally, as a result of which a different area
occupancy of the domains by the regions 71 arises in adjacent
domains. Furthermore, it is also possible for the regions 71 to
be arranged in a regular grid and for the regions 71 to vary in
terms of'their size, that is to say for the area occupied by them
to vary.

[0116] Furthermore, it is also possible for the regions 71 to
be formed in the form of fine lines having a line width in the
range of between 20 pm and 400 um, preferably 75 um to 200
um, particularly preferably between 30 um and 60 pm. By
virtue of such a configuration of the regions 71 it is possible
to create a security element which can be counterfeited only
with difficulty. Such a security element cannot be copied by
means of the partial writing of a volume hologram, nor can it
be obtained by means of printing methods, etc., on account of
the customary properties of volume hologram material, with
the result that an impressive security feature which can be
counterfeited only with very great difficulty is provided. Pref-
erably, the fine lines in this case represent pictorial informa-
tion, for example a portrait or a numeric code. It is further-
more also advantageous to form the lines in the form of a
security pattern, for example in the form of a guilloche or a
Moiré pattern.

[0117] FIG. 104 to FIG. 10c¢ illustrate the production of a
further security element according to the invention.

[0118] FIG. 10a shows a film body 93 having the carrier
layer 10 and the replication layer 11. A relief structure 23 is
molded into the replication layer 11. The relief structure 23
differs from the relief structure 22 according to FIG. 9 in that
structure elements having a relief depth of less than 2 pm, in
particular less than 1 um, which are suitable for generating an
optically variable effect, are molded in the regions 72. The
relief structure in the regions 72 thus forms for example a
relief structure formed like the relief structure 20 and/or 21
according to FIG. 2 to FIG. 8.

[0119] That surface of the replication layer 11 which is
provided with the relief structure 23 is then provided with a
metallic layer, the metal layer 13, in a portion of the regions
72 or in partial regions of the regions 72, which metal layer is
thus present in zones 31 and is not present in zones 32, as
already explained above with reference to FIGS. 2 to 8.

[0120] This can be realized by the metal layer 13 being
applied by means of a vapor deposition mask only in the
regions 72, or by the surface of the relief structure 23 being
provided with a metallic layer over the whole area and the
metal layer then being removed again in the regions 71 and in
the regions 72 in which the fine structure formed by the
structure elements is not provided.

[0121] This can be effected for example by printing on an
etchant/etching resist.

[0122] This results in a film body 94 in which the metallic
layer 13 is not provided in the regions 71 and the metallic
layer 13 is provided in all or a portion of the regions 72 or in
partial regions of the regions 72.
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[0123] Afterward, the volume hologram material is applied
to the underside of the film body 94, that is to say that side of
the film body 94 which is provided with the partial metal
layer, as already explained above with reference to FIG. 95, a
volume hologram is written and the volume hologram mate-
rial is crosslinked, thus resulting in the film body shown in
FIG. 10c¢. This film body exhibits the same optical appearance
as, for example, the film body according to FIG. 7a and FIG.
8 with the difference that, in the zones 32, the luminous
intensity of the volume hologram is additionally varied by the
configuration of the regions 71, as explained above.

[0124] FIG. 104 thus shows by way of example one pos-
sible optical appearance of the film body 95, in which a
volume hologram with varying luminous intensity in the form
of a portrait is manifested in a zone 32 coated with photo-
polymer and a Kinegram® shaped in the form of the numbers
“100” with contours is manifested in a zone 31 free of pho-
topolymer, said zone being formed as gaps in the zone 32. By
virtue of the structures for forming the zones 31 and 32, said
structures being produced with the same volume hologram
master, the Kinegram® in the zone 31 is arranged with reg-
ister accuracy and, as shown in FIG. 104, closely adjacent and
with uniform distance relative to the edge of the zone 32,
which is difficult to counterfeit and results in a security ele-
ment which is difficult to forge. In this case, as described
above, the zone 32 with a volume hologram can consist of a
grid of small regions with photopolymer, that is to say of
photopolymer applied partially in grid form, the local grid
width producing the local brightness value of the volume
hologram. It is likewise possible for the zone 32 with a vol-
ume hologram to consist of photopolymer which is applied
over the whole area in said zone 32 and into which a motif is
exposed.

[0125] A further possibility for producing a film body
according to the invention is explained below with reference
to FIGS. 114 and 115.

[0126] FIG. 11a shows a film body 96 having the carrier
layer 11 and the replication layer 13. The film body 96 is
constructed like the film body 91 according to FIG. 9a with
the difference that, instead of the relief structure 22, a relief
structure 24 is molded into the underside of the replication
layer 11 and all regions 72 are covered with the metallic layer
13. The relief structure 24 is formed like the relief structure 23
according to FIG. 10a with the difference that all regions 72
are occupied by structure elements which generate an opti-
cally variable information item. This is not mandatory, how-
ever. In this case, the following methods are preferably used
for producing the partial metal layer 13: the underside of the
replication layer 13 with the relief structure 24 is coated with
a metallic layer over the whole area, for example by vapor
deposition and sputtering. An etching resist is subsequently
applied by means of a printing roller. On account of the
relatively high difference in the relief depth between the
regions 71 and 72, the printing roller only wets the “elevated”
regions 72 with the etching resist, such that the etching resist
is applied to the regions 72 with register accuracy without an
additional measure. The metal layer is subsequently removed
in the domain not protected by an etching resist, in an etching
process. Furthermore, it is also possible for the relatively
large difference in the relief depth in the regions 71 and 72 to
be utilized to the effect that an etchant is applied and intro-
duced by doctor blade into the regions 71, such that the metal
layer is removed by the etchant in the regions 71, but not in the
regions 72.
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[0127] FIGS. 105, 10c¢ and 114, 115 in each case illustrate
the case in which the relief structure 23, 24 is completely
covered with the metal layer 13. It is likewise possible for the
metal layer 13 to only partly cover the relief structure 23, 24,
for example in the form of an areal grid or as a partial metal
layer 13 in register with a molded design in the relief structure
23, 24.

[0128] Afterward, the film body 96, as explained above in
accordance with FIG. 95, is coated with a volume hologram
material, a volume hologram is written into the volume holo-
gram layer thus formed, and the volume hologram material is
then cured and the volume hologram is thus fixed. This results
in the film body 97. As already noted above, it is not necessary
in this case for the volume hologram layer 12 not to be present
in the regions 72. As shown in FIG. 115, it suffices if the
volume hologram layer 12 has a layer thickness of preferably
less than 5 um in the regions 72.

1-40. (canceled)

41. A security element in the form of a multilayered film
body having a top side facing an observer and having a vol-
ume hologram, which provides a first optically variable infor-
mation item, wherein the security element has a replication
layer, in the surface of which a relief structure is molded,
which has a relief depth of more than 10 pm in one or a
plurality of first regions and has a relief depth of less than 2
um in one or a plurality of second regions, and wherein the
relief structure is filled with a volume hologram material in
the first regions of the replication layer, the volume hologram
being recorded in said volume hologram material.

42. The security element as claimed in claim 41, wherein
the layer thickness in which the volume hologram material is
provided in the first regions differs from the layer thickness
with which the volume hologram material is provided in the
second regions by at least 8 um.

43. The security element as claimed in claim 41, wherein,
in the second regions, substantially no volume hologram
material is provided.

44. The security element as claimed in claim 41, wherein
the volume hologram material provided in the first regions
forms a partial volume hologram layer in which the volume
hologram is written.

45. The security element as claimed in claim 41, wherein
the first regions have a smallest dimension of less than 400 pm
and/or of more than 20 pm.

46. The security element as claimed in claim 41, wherein
the area proportion constituted by the first regions in the area
ofat least one first domain of the security element differs from
the area proportion constituted by the first regions in the area
of at least one second domain of the security element.

47. The security element as claimed in claim 46, wherein
first and second domains are arranged for varying the bright-
ness of pixels of the volume hologram.

48. The security element as claimed in claim 46, wherein
the first regions are arranged in a one- or two-dimensional
grid, and wherein the grid width and/or the area occupied by
the respective first regions differs in the at least one first
domain of'the security element from the grid width and/or the
area occupied by the respective first regions in the at least one
second domain of the security element.

49. The security element as claimed in claim 41, wherein
the relief structure has, in the second regions or in partial
regions of the second regions, structure elements providing a
second optically variable information item.
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50. The security element as claimed in claim 49, wherein
the structure elements within the second region or the partial
regions of the second regions form a diffractive structure, a
refractive structure or a matt structure.

51. The security element as claimed in claim 41, wherein a
metallic layer is provided in the second regions or in partial
regions of the second regions, and the metallic layer is not
provided in the first regions.

52. A method for producing a security element in the form
of a multilayered film body having a top side facing the
observer, wherein a multilayer body comprising a replication
layer is provided, wherein a relief structure is molded into the
surface of the replication layer, said relief structure having
one or a plurality of first regions having a relief depth of the
relief structure of more than 10 um and one or a plurality of
second regions having a relief depth of the relief structure of
less than 2 pm, wherein the first regions of the replication
layer are filled with a volume hologram material, and wherein
the volume hologram material is exposed for the purpose of
recording a volume hologram.

53. The method as claimed in claim 52, wherein the volume
hologram material is applied in liquid form on the multilayer
body and the volume hologram material is introduced by
doctor blade into the relief structure in the first regions.

54. The method as claimed in claim 52, wherein a metallic
layer is applied to the multilayer body in the second regions.

55. The method as claimed in claim 54, wherein the metal-
lic layer is applied over the whole area in the second regions.

56. The method as claimed in claim 54, wherein the metal-
lic layer is applied partially in the second regions.

57. The method as claimed in claim 54, wherein, for the
purpose of applying the metallic layer, that surface of the
multilayer body which has the relief structure is metalized
and the metallization is demetallized in the first regions by
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printing an etching resist onto the second regions or introduc-
ing an etchant by doctor blade into the relief structure in the
first regions.

58. The method as claimed in claim 52, wherein a volume
hologram master is arranged below the volume hologram
layer during the exposure.

59. The method as claimed in claim 52, wherein the expo-
sure of the volume hologram master is effected by means of
two or more lasers, whereby a multicolored volume hologram
is recorded as volume hologram into the volume hologram
layer.

60. The method as claimed in claim 59, wherein the light
beams generated by the two or more lasers impinge on the
volume hologram layer at different angles of incidence.

61. The method as claimed in claim 59, wherein the two or
more lasers generate light having different wavelengths.

62. The method as claimed in claim 59, wherein the light
generated by the two or more lasers is coupled by means of a
coupler in a light beam used to expose the volume hologram
layer.

63. The method as claimed in claim 59, wherein each of the
two or more lasers is assigned an exposure mask or a modu-
lator, which is arranged in the beam path between the respec-
tive laser and the volume hologram layer.

64. The method as claimed in claim 59, wherein the two or
more lasers and/or the modulators are controlled by a control
device, which detects the position of the volume hologram
master by means of a sensor element and, by means of the
information thus determined about the relative position of the
volume hologram master with respect to the two or more
lasers, drives the lasers and/or the modulators for the purpose
of recording the multicolor volume hologram.
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