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(54) Title: MULTILAYER BODY AND METHOD FOR PRODUCING A MULTILAYER BODY 

(54) Bezeichnung: MEHRSCHICHTKORPER SOWIE VERFAHREN ZUR HERSTELLUNG EINES MEHRSCHICHTKOR
PERS 

(57) Abstract: The invention relates to 
a multilayer body (5) and a method for 
producing a multilayer body (5). The 

4 multilayer body (5) has a transparent first 
layer (51), into which are impressed a 
multiplicity of cylindrical lenses having a 
length of more than 2 mm and a width of 

-' less than 400 pm, which are arranged in 
accordance with a microlens grid spanning a 

- [first coordinate system having a coordinate 
j -- axis XL, which is determined by the focal 

point lines of the cylindrical lenses, and a 
coordinate axis Y1 perpendicular thereto.  
In a second layer (52), which is arranged 
below the first layer at a fixed position 
with respect to the first layer, a multiplicity 
of microscopic structures in the form 
of microimages are formed, which are 
distorted along a longitudinal axis relative 
to a transverse axis in accordance with 
a transformation function, and which are 
arranged in accordance with a microimage 

C grid spanning a second coordinate system having a coordinate axis X2 and a coordinate axis Y2 perpendicular thereto. In a region 
of the multilayer body in which the microlenses of the microlens grid and the microscopic structures of the microimage grid 
overlap, the line spacing determined by the spacing-apart of the focal point lines of the cylindrical lenses and the microimage 
spacing determined by the spacing-apart of the area centroids of the microimages differ from one another by not more than 10%. In 
order to form the multilayer body (5), the second layer is applied to a third layer, the first layer is arranged above the third layer and 
the first, second and third layers are laminated together using heat and pressure by means of a tool (41, 42, 43), engaging on the top 
side of the first layer and the underside of the third layer. In this case, the lens grid is impressed into the surface of the first layer 
into the top side of the first layers by means of a pressing plate in which the negative form of the lens grid is impressed.  

[Fortsetzung auf der ndchsten Seitel
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(57) Zusammenfassung: Die Erfindung betrifft einen Mehrschichtk6rper (5) sowie ein Verfahren zur lerstellung eines Mehr

schichtk6rpers (5). Der Mehrschichtk6rper (5) weist eine transparente erste Schicht (51) auf, in die eine Vielzahl von Zylinderlinsen 

seiner lange von mehr als 2 mm und einer Breite von weniger als 400 pm abgeformt sind, die gemass eines Mikrolinsenrasters 

angeordnet sind, durch welches ein erstes Koordinatensystem mit einer Koordinatenachse Xl, die durch die Brennpunktlinien der 

Zylinderlinsen bestimmt ist, und einer hierzu rechtwinkeligen Koordinatenachse Y1 aufgespannt ist. In einer unterhalb der ersten 

Schicht in fester Lage zur ersten Schicht angeordneten zweiten Schicht (52) sind eine Vielzahl von mikroskopischen Strukturen in 
Form von Mikrobildem ausgebildet, die entlang einer Lngsachse gegeniber einer Querachse gemiss einer Transformationsfunk

tion verzerrt sind, und die gemllss eines Mikrobildrasters angeordnet sind, durch welches ein zweites Koordinatensystem mit einer 

Koordinatenaclise X2 und einer hierzu rechtwinkeligen Koordinatenaclise Y2 aufgespannt ist. In einem Bereich des Mehrschicht

k6rpers, in dem sich die Mikrolinsen des Mikrolinsenrasters und die mikroskopischen Strukturen des Mikrobildrasters Uberlagern, 
unterscheiden sich der durch die Beabstandung der Brennpunktlinien der Zylinderlinsen bestimmte Linsenabstand und die durch die 

Beabstandung der Flachenschwerpunkte der Mikrobilder bestimmte Mikrobildabstand voneinander um nicht mehr als 10 %. Zur 

Ausbildung des Mehrschichtkbrpers (5) wird die zweite Schicht auf eine dritte Schicht appliziert, die erste Schicht oberhalb der 

dritten Schicht angeordnet und mittels eines auf die Oberseite der ersten Schicht und die Unterseite der dritten Schicht eingreifen

den Werkzeugs (41, 42, 43) unter Einsatz von Ilitze und Druck die erste, zweite und dritte Schicht zusammen laminiert. Ilierbei 

wird in die Oberseite der ersten Schichten mittels eines Pressbleches, in dem die Negativform des Linsenrasters abgeformt ist, das 

Linsenraster in die Oberfische der ersten Schicht abgeformt.
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Multilayer body and method for producing a multilayer body 

5 The invention concerns a multilayer body having a transparent first 
layer in which a multiplicity of microlenses is shaped, and a second layer 
which is arranged beneath the first layer in a fixed position relative to the 
first layer and which has a multiplicity of microscopic structures, and a 
process for the production of such a multilayer body.  

10 Multilayer bodies with microlenses and microimages arranged 
beneath the microlenses are used in different ways as security elements for 
security documents such as for example banknotes or credit cards.  

Thus on the one hand security elements are known, in which there is 
arranged a two-dimensional array of spherical microlenses above a two

15 dimensional array of identical repetitive microimages. Such an arrangement 
is described for example in US No 5 712 731. The security element has a 
multiplicity of identical spherical microlenses arranged in accordance with a 
regular two-dimensional microlens grid. The security element further has a 
multiplicity of identical printed microimages arranged in accordance with a 

20 regular two-dimensional microimage grid. The period of the microimage 
grid and the microlens grid is identical. The spherical microlenses arranged 
in the microlens grid produce a reproduction of the microimages, which is 
enlarged point-wise, so that overall an enlarged representation of the 
microimage becomes visible to the viewer. As the pixel, respectively 

25 represented by the microlenses, of the respective microimage changes in 
dependence on the viewing angle, that affords an optically variable 
impression of the enlarged representation of the microimage.  

Arrangements of microimages and microlenses are also known, in 
which two or more different microimages which are visible in dependence 

30 on the viewing angle are associated with a microlens. Thus DE 103 58 784 
Al describes for example a data carrier in which different items of 
information which include for example a serial number of the banknote are 
written in by means of a laser beam at different directions. A recording
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layer of the data carrier is locally blackened by the action of the laser beam 
so that, for each of the items of information which are written in at 
different directions an associated microimage is written in, beneath each of 
the lenses. Thus, provided beneath each of the microlenses are a plurality 

5 of microimages which become visible at different viewing angles. In that 
case the respective microimages associated with the same item of 
information respectively contain only a part of the items of information 
which are composed of the representation of the individual microimages. By 
virtue of the high information density (a plurality of microimaces per 

10 microlens) and the high demands in terms of register accuracy of the 
association between microimages/microlenses, it is necessary with that 
process to use microlenses of relatively large dimensions and to effect 
recording of the microimages in the recording layer only after the 
application of the microlens array to the recording layer, individually for 

15 each security document, resulting in disadvantages in regard to production 
costs.  

Now the object of the invention is to provide an improved multilayer 
body and a process for the production thereof.  

That object is attained by a multilayer body having a transparent 
20 first layer in which a multiplicity of microlenses is shaped, and a second 

layer which is arranged beneath the first layer in a fixed position relative to 
the first layer and which has a multiplicity of microscopic structures, in 
which the microlenses are cylindrical lenses of a length of more than 2 mm 
and a width of less than 400 pim which are arranged in accordance with a 

25 microlens grid spanning a first co-ordinate system having a co-ordinate 
axis X1 which is determined by the focal point lines of the cylindrical lenses 
and a co-ordinate axis Y1 which is different in relation thereto, that is to 
say which is linearly independent, the microscopic structures are in the 
form of microimages distorted along a transverse axis with respect to a 

30 longitudinal axis in accordance with a transformation function and the 
microscopic structures are arranged in accordance with a microimage grid 
spanning a second co-ordinate system having a co-ordinate axis X2 and a 
co-ordinate axis Y2 which is different in relation thereto, that is to say
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which is linearly independent, and in a region of the multilayer body in 
which the microlenses of the microlens grid and the microscopic structures 
of the microimage grid are in superposed relationship the line spacing 
determined by the spacing of the focal point lines of the cylindrical lenses 

5 and the microimage spacing, which is determined by the spacing of the 
centroids of the microimages, of adjacent microlenses and microimages 
from each other differ by not more than 10%.  

The multilayer body according to the invention is distinguished by an 
optical appearance which appears three-dimensionally for a human viewer 

10 and which, upon tilting of the multilayer body or when viewing the 
multilayer body from a changing viewing direction, exhibits an easily 
remembered motion effect. The multilayer body according to the invention 
thus generates an impressive optically variable effect which can be used as 
an optical security feature. The optically variable impression of the 

15 multilayer body according to the invention is distinguished over the 
optically variable effect mentioned in the opening part of this specification 
and generated by security elements based on two-dimensional spherical 
lens grids, by a greater light intensity and very much greater degrees of 
freedom in design, in relation to the motion effects which can be achieved.  

20 In addition the multilayer body according to the invention, in comparison 
with those security elements, has on the one hand a markedly greater 
tolerance in relation to manufacturing errors (angular errors, focus errors), 
whereby manufacture is improved. On the other hand the multilayer body 
according to the invention, in comparison with those security elements, 

25 offers increased protection in relation to copying of the security feature as 
the images presenting themselves to the human viewer do not only 
represent an enlarged representation of repetitively arranged identical 
microimages, that is to say the microimages do not arise directly out of the 
representation afforded to the human viewer. Rather, the image presenting 

30 itself to the human viewer markedly differs from that of the microimages so 
that imitation of the optical effect is only possible with difficulty (the 
microlenses and the microscopic structures are also arranged in a fixed
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position relative to each other so that copying of the microscopic structures 
is not possible without being influenced by the microlens grid).  

Those advantages also arise in relation to the above-discussed 
security elements in which different items of information are written in by 

5 means of a laser, in different directions: those security elements can also 
be easily imitated by recording the items of information occurring at the 
various angles of view, by suitably writing those items of information into 
an unwritten card body.  

The invention thus provides an optically easily remembered security 
10 element which is difficult to imitate and which is inexpensive to produce.  

The object of the invention is further attained by a process for 
producing a multilayer body in which a second layer having a multiplicity of 
microscopic structures is applied to a third layer, a transparent first layer is 
arranged above the third layer so that the second layer is arranged 

15 between the first and the third layers and the first and the third layers 
respectively project beyond the second layer on all sides, and the first, 
second and third layers for forming the multilayer body are laminated 
together by means of a tool engaging on the top side of the first layer and 
the underside of the third layer, using heat and pressure, wherein in the 

20 top side of the first layer a lens grid is shaped into the surface of the first 
layer by means of a pressing plate in which a negative form of a lens grid is 
shaped and which is part of the tool. By means of that production process 
the multilayer body according to the invention can be particularly 
inexpensively produced, wherein the resulting multilayer body has 

25 particularly good properties in relation to resistance to environmental 
influences and guarantees a very high level of protection from 
manipulation, particularly in the use of PC.  

Advantageous developments of the invention are recited in the 
appendant claims.  

30 Preferably the co-ordinate axis Y1 and the co-ordinate axis Y2 as well 
as the co-ordinate axis X1 and the co-ordinate axis X2 are respectively 
oriented in mutually parallel relationship in the region and the line spacing 
and the microimage spacing of adjacent microlenses and microscopic
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structures differs from each other in the region. In that respect the term 'in 
mutually parallel relationship' is used to denote a parallel-like orientation of 
the co-ordinate axes within the limits of manufacturing tolerances. It is also 
possible that, with a different line spacing and microimage spacing of 

5 adjacent microlenses and microscopic structures, the co-ordinate axis Y1 
and the co-ordinate axis Y2 as well as the co-ordinate axis X1 and the co
ordinate axis X2 respectively include an angle of up to 50, preferably up to 
10. If the line spacing and the microimage spacing of adjacent microlenses 
and microscopic structures do not differ from each other the co-ordinate 

10 axes Y1 and Y2 as well as the co-ordinate axes X1 and X2 preferably 
include in the region an angle of between 0.0010 and 30*. It has been found 
that the optical impression of the multilayer body is improved by complying 
with those conditions.  

In accordance with a preferred embodiment of the invention the 
15 cylindrical lenses are of a width of less than 400 pm, preferably a width of 

150 to 30 jm. Preferably the length of the cylindrical lenses is selected to 
be between 2 mm and 100 mm, with a structure depth of the cylindrical 
lenses of between 2 Am and 100 pm, preferably a structure depth of 
between 15 pm and 40 Am. When those parameters are selected for the 

20 cylindrical lenses, the optical impression of the multilayer body is improved 
and the multilayer body can be particularly thin, whereby the multilayer 
body is particularly well suited to use on flexible security documents such 
as for example banknotes, identification documents or certificates, or also 
for product safeguard.  

25 The microlenses are preferably in the form of refractive microlenses.  
It is however also possible for the microlenses to be in the form of 
diffractive microlenses. As already stated above the microlenses are 
cylindrical lenses, in particular lenses which have a focusing function and 
which have a focal point line as the focal point. In that respect they can 

30 have not only a spherical but also an aspheric polygonal lens function.  
When in the form of refractive microlenses the section at a right angle to 
the longitudinal axis of the cylindrical lenses through the cylindrical lenses 
has at least an outside contour which is convex in portion-wise fashion, for
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example in the form of a circular arc portion. It is however also possible for 
that convex outside contour to be triangular, in the form of a trapezium or 
in the form of a flattened circular arc portion.  

It is also possible for concavely shaped cylindrical lenses to be used 
5 here. It is further possible for regions of the cylindrical lenses to be 

provided with a printing thereon or to be metallised in region-wise fashion.  
That printing or metallisation can be used to increase contrast or to add 
information, for example a logo or text, to regions of the optically variable 
image which is overall to be presented.  

10 It has proven desirable for the grid spacing of the microlens grid to 
correspond to the sum of the width of the respective microlenses and an 
additional spacing of between 0 pm and 20% of the structure depth of the 
microlenses.  

In a preferred embodiment of the present invention a one
15 dimensional grid is selected as the microlens grid, wherein the grid spacing 

of the microlenses of the microlens grid is constant in the region. In that 
case different motion effects in the region are preferably implemented by a 
variation in the grid spacings and the orientation of the microimages of the 
microimage grid, as explained hereinafter. It is possible in that way to 

20 inexpensively produce multilayer bodies with a different optical impression 
as the costs of production of the tools for shaping the microlens grid can be 
kept down and one and the same microlens grid can be used for different 
multilayer bodies which afford different optical impressions. It is however 
also possible for the grid spacings of the microlenses of the microlens grid 

25 in the region not to be selected to be constant as long as the above
specified condition is met. In that way interesting and attractive motion 
effects can be generated and imitation of the optical impression of the 
security element can be made more difficult. Thus it is for example possible 
to achieve interesting optical effects by a steady change in the grid 

30 spacings of the microlenses of the microlens grid or by a periodic variation 
in the grid spacings of the microlenses of the microlens grid. In that case 
the microimage spacing and the microlens spacing of adjacent microimages
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and microlenses mutually influence each other, as is also described in 
greater detail hereinafter.  

Preferably the microimages are of a width of less than 400 pm and a 
length which is determined by the longitudinal axis in the orientation 

5 thereof and which is more than 2 mm. Preferably in that case the 
longitudinal axis of the microimages is oriented parallel to the co-ordinate 
axis X1 so that the transverse axis of the microimages which specifies the 
direction of the (1-dimensional) distortion of the microimages is transverse 
relative to the focal point line of the microlenses, that is to say at each 

10 point on the focal point line at a right angle thereto.  

Preferably the microscopic structures are in the form of identical 
microimages which are distorted along a transverse axis in relation to a 
longitudinal axis in accordance with a transformation function. Furthermore 
it is also possible for the microscopic structures to be in the form of 

15 microimages which arise out of the distortion of a basic image which is 
identical for all microscopic structures, in accordance with the 
transformation function, that is to say the basic image is distorted along 
the transverse axis with respect to the longitudinal axis in accordance with 
the transformation function. In addition it is also possible for the identical 

20 basic image to be distorted differently by different transformation functions 
in different regions.  

Preferably the transformation function used, which defines the 
distortion of the microimages along the transverse axis with respect to the 
longitudinal axis, is a transformation function which linearly compresses the 

25 transverse axis of the microimages with respect to the longitudinal axis 
thereof, preferably by more than ten times. The term transverse axis is 
used to denote the axis which is at a right angle to the longitudinal axis at 
the respective point thereon. If the longitudinal axis is thus geometrically 
transformed, the longitudinal axis is thus for example of a looped line 

30 configuration, the transverse axis is thus also correspondingly geometrically 
shaped.
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A microimage defined by the co-ordinates xi and yi is thus for 
example produced specified as follows on the co-ordinates x 2 and Y2 of a 
distorted microimage: 

Y2 = A e s * Y1 

5 X2=A * xi 

wherein the upsetting compression factor s is greater than 10.  
In that case the value A is preferably so selected that the extent of 

the microimage along the transverse axis is in no region greater than the 
microimage spacing.  

10 The co-ordinate axis X2 is preferably determined by the longitudinal 
axis of the distortion of the microimages. It is however also possible for the 
longitudinal axis of the distortion of the microimages not to coincide with 
the co-ordinate axis X2, but to depend on the geometrical configuration of 
the resulting optical appearance.  

15 In accordance with a preferred embodiment of the invention the 
microimage grid is formed by a two-dimensional microimage grid having 
two or more microscopic structures arranged in succession in the direction 
of the co-ordinate axis X2. Preferably in that way a one-dimensional 
microlens grid is combined with a two-dimensional microimage grid. That 

20 makes it possible to generate a multiplicity of simple motion effects.  
Thus for example the grid spacings of the microimages in the region 

are respectively selected to be constant in the direction of the co-ordinate 
axis Y2 and the co-ordinate axis X2. In that way it is possible to generate a 
unitary motion effect in the region, wherein the direction of the motion 

25 effect can be influenced by the choice of the displacement of the 
microimages disposed in mutually juxtaposed relationship in the direction 
of the co-ordinate axis X2. When the multilayer body is tilted the optical 

representation presented by the multilayer body appears to move in one 
direction, wherein the angle of the motion axis relative to the tilt axis is 

30 determined by the displacement of the microimages disposed in mutually 
juxtaposed relationship in the direction of the co-ordinate axis X2. If that 
displacement is selected to be constant over the co-ordinate axis X2, the 
optical representation appears to move in the tilting motion along a linear
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straight line. If the displacement is not selected to be constant it is also 
possible to produce non-linear motion patterns, for example in the form of 
a looped line.  

It is also possible for the grid spacings of the microimages in the 
5 region to be constant in the direction of the co-ordinate axis Y2 and for the 

grid spacings of the microimages in the direction of the co-ordinate axis X2 
to vary in dependence on the co-ordinate y determined by the co-ordinate 
axis Y2 and/or the co-ordinate x determined by the co-ordinate X2, in 
accordance with a function F (x, y). It is possible in that way to implement 

10 motion effects in which, upon tilting of the multilayer body, optical 
representations move in different directions which assume an angle of 
between 0* and 1800.  

To produce images which visually appear the same and which move 
in different opposite directions of movement, first similar microimages are 

15 provided in a first subregion, which microimages are arranged at a 
microimage spacing relative to each other which is smaller than the 
microlens spacing. Arranged in a second subregion of the region are second 
similar microimages which are mirrored in relation to the first microimages 
at the longitudinal axis of the microimages, at a microimage spacing 

20 greater than the microlens spacing.  

In a further preferred embodiment of the invention in a first 
subregion and in a second subregion arranged beside the first subregion of 
the region the lens spacing determined by the focal point lines of the 
cylindrical lenses and/or the microimage spacing determined by the spacing 

25 of the centroids of the microimages from each other are selected to be 
different. That provides that adjacent representations move at different 
speeds or in different directions upon being tilted. If then the difference of 
the microimage spacing and the microlens spacing is selected to be positive 
in the first subregion and negative in the second subregion the 

30 representations then move in opposite directions.  

So that the same visually perceptible image moves in opposite 
directions in the first and second subregions for the human viewer (caused 
by the positive/negative difference in the spacings), then - as already
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stated hereinbefore - microimages which are mirrored relative to each 
other about the longitudinal axis of the microimages are to be provided in 
the first and second subregions.  

Further interesting and attractive motion effects can be achieved in 
5 that, in a first subregion of the region and in a second subregion of the 

region, that is arranged beside the first subregion, the respective 
microimage grid and/or the microlens grid have a phase displacement 
relative to each other in relation to the co-ordinate axis Y1 and Y2 
respectively, the co-ordinate axes Y1 and Y2 and/or X1 and X2 respectively 

10 include a different angle and/or the cylindrical lenses have a different focal 
length (here however it is still necessary for the microimages to be 
arranged in the focal plane of the microlenses). In that way it is possible to 
influence the direction of motion and speed of motion of the objects 
represented by the multilayer body in adjacent regions in such a way that 

15 they are markedly different from each other and that therefore affords a 
very marked optical impression. That impression can be further reinforced 
if two or more first and second subregions are arranged in alternate 
mutually juxtaposed relationship.  

In the foregoing embodiments the microimages of the microimage 
20 grids in the respective first subregion and/or the respective second 

subregion are preferably respectively identical microimages. In addition 
however it is also possible for the microimages of the microimage grid to 
differ from each other in the region in order in that way to permit for 
example a change in size of the moving object or a circling or radial motion 

25 of the object which moves upon tilting of the body.  
In a preferred embodiment of the invention the microimages of the 

microimage grid in the region are so formed by microimages which are 
formed by a geometric transformation of a basic image including rotation 
and/or increase or reduction in size of the basic image and subsequent 

30 distortion in accordance with the transformation function. In that way it is 
possible for the above-described complex motion patterns of an object 
defined by the basic image to be produced upon tilting of the multilayer
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body transversely relative to the longitudinal axis of the cylindrical 
microlenses.  

In addition it is also possible for the microlenses of the microlens grid 
to have different focal lengths in region-wise fashion. Thus microlenses 

5 which have a first focal length are disposed in a first region of the microlens 
grid and microlenses which have a second focal length different therefrom 
are arranged in a second region of the microlens grid. The microscopic 
structures associated with the first region of the microlens grid are in that 
case arranged in a first plane of the multilayer body and the microscopic 

10 structures associated with the second region are arranged in a second 
plane of the multilayer body, wherein the first plane of the multilayer body 
and the second plane of the multilayer body are determined by the 
respective focal length of the microlenses in the first region and the second 
region respectively (spacing between microlenses and microscopic 

15 structures approximately corresponds to the respective focal length), that 
is to say the microscopic structures of the first region and the second 
region are arranged in different planes of the multilayer body.

The co-ordinate axes X1 and Y1 spanning the first co-ordinate 
system are preferably oriented in mutually right-angled relationship. It is 

20 however also possible for those co-ordinate axes to include another angle 
different from zero and 1800 with each other. That also applies to the co
ordinate axes X2 and Y2 of the second co-ordinate system. In this respect 
the reference to right-angled orientation of the co-ordinate axes means 
that the co-ordinate axes are at a right angle to each other at any point, for 

25 example even in the case of a geometrically transformed co-ordinate 
system with for example a geometrically transformed circular co-ordinate 
axis X1.  

Further interesting effects can be achieved if the first and/or second 
co-ordinate system is formed by a co-ordinate system with circular or 

30 looped line-shaped co-ordinate axes. Thus for example the focal point lines 
of the cylindrical lenses which determine the co-ordinate axis X1 are in the 
form of a multiplicity of concentric circles or a multiplicity of equidistantly
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arranged, looped line-shaped lines, and the co-ordinate axes X1 and X2 are 
formed by corresponding, geometrically transformed straight lines.  

That affords further degrees of freedom which for example permit 
the circular motion of an object when the multilayer body is tilted. Those 

5 effects can be derived from the foregoing description insofar as the region 
is broken down into subregions which are selected to be correspondingly 
small and the parameters are selected as indicated hereinbefore in the 
respective region in accordance with the desired motion pattern.  

In a preferred embodiment of the invention the second layer has a 
10 partial metal layer or a partial HRI layer (HRI = high refraction index) and 

the microscopic structures are formed by the regions of the second layer, in 
which the metal layer or HRI layer is provided, or by the regions of the 
second layer in which the metal layer or the HRI layer is not provided. That 
affords a particularly high-contrast optical impression so that the security 

15 element still remains clearly visible even under poor lighting conditions.  
In the regions of the multilayer body, which are not covered by the 

partial metal layer or the partial HRI layer, the multilayer body is preferably 
transparent or at least semi-transparent so that, in dependence on the 
background against which the multilayer body is viewed (for example 

20 optical properties of a substrate on which the multilayer body is laminated) 
or in the transillumination viewing mode, that affords a correspondingly 
different optical impression. In addition it is also possible for the multilayer 
body to have a full-area metal layer and for the microscopic structures to 
be formed by coloured regions or special diffractive structures associated 

25 therewith.  

In that respect the HRI layers can also involve a coloured HRI layer 
comprising for example a thin germanium or silicon layer.  

Preferably the second layer has a replication lacquer layer with 
diffractive structures shaped therein, wherein in particular two or more 

30 different diffractive structures are shaped. In a preferred embodiment of 
the invention different diffractive structures are shaped in the second layer 
in the regions provided with the metallic layer or the HRI layer and in the 
regions not provided with the metallic layer or the HRI layer, of the second
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layer. In addition it is also possible that, in the region of the microscopic 
structures, a first surface relief associated with the microscopic structures 
is shaped in the second layer, that differing from the surrounding surface 
relief of the second layer. In that way it is possible further to improve the 

5 recognisability of the security feature and moreover to combine it also with 
further security features, thus for example to achieve a change in colour of 
the object along the path of motion. For example diffractive structures, 
matt structures, macrostructures, pure mirror structures, asymmetric 
structures or diffraction structures of zero order can be selected as the 

10 surface relief. The first and/or second surface relief are thus selected from 
a group in particular including linear grating structures, cross-grating 
structures, lens-like structures, asymmetric grating structures, zero-order 
grating structures or combinations of those structures. In addition it is also 
possible for the microscopic structures to be in the form of optically 

15 variable microscopic structures insofar as provided in the region of the 
microscopic structures is a thin-film layer system for producing viewing 
angle-dependent colour displacements, a cross-linked and oriented 
cholesteric liquid crystal material or printing with an optically variable 
printing material.  

20 In addition it is also possible for the second layer to have coloured 
and transparent regions or regions which are of different colours and 
transparency and for the microscopic structures to be formed by the 
coloured regions, for example a coloured printing thereon, or by the 
transparent regions.  

25 In addition it is also possible for the optical effect produced by the 
cylindrical lenses and the microscopic structures to be combined with 
further security features, for example with a hologram or a kinegram*.  
Those further security features can be arranged for example beside the 
region designed in accordance with the invention of the multilayer body, or 

30 can also be disposed in superposed relationship with that region. Preferably 
those further security elements form supplemental representations to the 
security features formed by the microlenses/microscopic structures.
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It is also possible for the cylindrical lenses and the diffractive 
structures providing the further security feature to be arranged in mutually 
nested relationship in the form of a grid raster so that the representations 
generated by those elements are in superposed relationship.  

5 In addition it is also possible for the multilayer body to have two or 

more layers which are each in the form of a respective second layer having 

a multiplicity of microscopic structures. Thus it is possible for example for 
the microscopic structures of a first second layer to be formed by a partial 
metal layer which is covered with a diffractive structure, for example a 

10 kinegram*, and for the microscopic structures of a second second layer to 
be formed by a coloured printing which - viewed from the side of the 
microlenses - is printed on the rear side of the metal layer or the 
replication lacquer layer. Thus for example upon tilting of the multilayer 
body the first second layer presents stars which appear in a diffractive 

15 interplay of colours and which move diagonally. In addition for example 
white and red printing - caused in conjunction with the cylindrical lenses 
render visible white and red stars which move up and down when the 
multilayer body is tilted.  

The invention is described by way of example hereinafter by means 
20 of a number of embodiments with reference to the accompanying drawings.  

Figure 1 shows a diagrammatic sectional view of a multilayer body 
according to the invention, 

Figure 2 shows a diagrammatic plan view of a first layer of a 

multilayer body according to the invention, 

25 Figure 3 shows a diagrammatic plan view of a second layer of a 
multilayer body according to the invention, 

Figure 4 shows a view of a multilayer body for an embodiment of the 
invention, 

Figure 5 shows a view of a multilayer body for a further embodiment 
30 of the invention, 

Figure 6 shows a view of a multilayer body for a further embodiment 

of the invention,
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Figure 7 shows a view of a multilayer body for a further embodiment 
of the invention, 

Figure 8 shows a view of a multilayer body for a further embodiment 

of the invention, 

5 Figure 9 shows a view of a multilayer body for a further embodiment 
of the invention, 

Figure 10 shows a diagrammatic plan view of a second layer of a 
multilayer body according to the invention for a further embodiment of the 
invention, and 

10 Figure 11 shows a diagrammatic sectional view to illustrate a process 
for the production of a multilayer body according to the invention.  

Figure 1 shows a multilayer body 1 comprising a carrier layer 10 and 
a film body 11 applied to the carrier layer 10. The carrier layer 10 is 
preferably a carrier layer comprising a paper material. Thus for example 

15 the multilayer body 1 is a banknote, wherein the carrier layer 10 is formed 
by the paper substrate of the banknote and the film body 11 is formed by a 
lamination film or a transfer layer portion of a transfer film, in particular a 
hot embossing film, which is applied for example in the form of a patch or a 
strip as a security element to the carrier substrate of the banknote. In that 

20 respect it is also possible for the film body 11 to be arranged in the region 
of a transparent window in the banknote, in which the carrier substrate of 
the banknote is transparent or is partially removed by stamping or by 
means of a watermark. In addition it is also possible for the film body 11 to 
be applied in the form of a security element to any other carrier substrates, 

25 for example plastic carriers, but also metal or goods to be safeguarded.  
The film body 11 has two layers 13 and 14 and an adhesive layer 12.  

The layer 13 is a microimage layer which can also be of a multilayer 
configuration and in which microscopic structures are provided in the form 
of microimages. The layer 14 is formed by a spacer layer 15 and a 

30 microlens layer 16. The microlens layer 16 has a multiplicity of microlenses 
which are in the form of cylindrical lenses of a length of 2 mm to 100 mm, 
a width of 10 pam to 400 jim and a structure depth of 2 pm to 100 pim. The 
spacer layer 12 is of a thickness d which corresponds approximately (±
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10%) to the focal length of the microlenses of the microlens layer 16.  
Preferably the microlens layer 16 and the spacer layer 15 are formed from 
the same material or at least have the same refractive index. The microlens 
layer 16 can be applied to the spacer layer 15, for example by means of 

5 intaglio printing. The microlens layer 16 can however also be shaped in the 
spacer layer 15, for example by hot embossing.  

In addition it is possible for one or more further layers also to be 
provided between the layers 15 and 13 and the layers 13 and 12.  

Figure 2 now shows a possible embodiment of the layer 14. The layer 
10 14 has a multiplicity of microlenses 22 arranged in the form of a microlens 

grid spanning a first co-ordinate system having a co-ordinate axis X1 and a 
co-ordinate axis Y1 at a right angle thereto. As can be seen in Figure 2 the 
co-ordinate axis X1 is determined by the focal point lines of the cylindrical 

lenses and thus establishes the co-ordinate system. Figure 2 now shows by 
15 way of example a two-dimensional configuration of the microlens grid 21, 

that is to say two or more microlenses 22 are arranged not only in 
succession in the direction of-the co-ordinate axis Y1 but also arranged in 
succession in the direction of the co-ordinate axis X1. As shown in Figure 2 
the lens spacing 25 between two adjacent lenses 22 is determined by the 

20 spacing of the focal point lines of the cylindrical lenses. In addition the 
lenses 22 are of a lens width 26. In this case the microlens spacing 25 
corresponds to the sum of the width 26 of the microlenses 22 and an 
additional spacing between 0 .im and 20% of the microlens width 26. As 
shown in Figure 2 the grid spacing of the microlens grid, determined by the 

25 lens spacing 25 of adjacent microlenses 22, is selected to be constant in 
the regions 28 and 29. As already indicated above however it is also 
possible for the grid spacing of the microlens array to vary both in the 
direction of the co-ordinate axis X1 and also in the direction of the co
ordinate axis Y1 and also to be selected to be different in different columns 

30 of the microlens grid 21 or for different columns of the microlens array 21 
to involve a phase displacement with respect to the focal point lines of the 
microlenses 22.
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The representation in Figure 2 serves in this case only to show the 
width of variation of the invention. As already indicated hereinbefore 
preferably a one-dimensional microlens grid is used as the microlens grid 
21, in which two or more microlenses 22 are only arranged in succession in 

5 the direction of the co-ordinate axis Y1 and thus the microlens array is only 
formed from a column of microlenses 22.  

Figure 3 now shows the structure of the microimage layer 13.  
Provided in the microimage layer 13 are a multiplicity of microscopic 
structures 24 which, as indicated in Figure 3, are in the form of 

10 microimages which are distorted along a transverse axis with respect to a 
longitudinal axis in accordance with a transformation function and which 
are arranged in accordance with a microimage grid 23.  

In regard to the visually perceptible sizes the microimages in this 
case are upset perpendicularly to the longitudinal axis of the microimages 

15 and thus compressed along the co-ordinate axis Y2. It is of significance in 
this respect that the compressive upsetting is perpendicular to the 
longitudinal axis of the microlenses, that is to say perpendicular to the focal 
point line of the cylindrical microlenses and thus the co-ordinate axis X1.  

A second co-ordinate system having a co-ordinate axis X2 and a co
20 ordinate axis Y2 at a right angle thereto is defined by the microimage grid 

23. In the Figure 3 embodiment the longitudinal axis, along which the 
microimages are distorted in accordance with the transformation function, 
coincides with the co-ordinate axis X2 and thus determines the co-ordinate 
axis X2. That however is not required in all embodiments of the invention.  

25 As can be seen in Figure 3 the microimages are very greatly upset 
along the transverse axis with respect to the longitudinal axis of the 
microimages by the transformation function and are preferably 
compressively upset between 3 times and 500 times with respect to the 
transverse axis of the microimages. As already stated hereinbefore in this 

30 case the longitudinal axis preferably corresponds to the co-ordinate axis X2 
and the transverse axis the co-ordinate axis Y2. The microimages used for 
the process according to the invention are thus of a quite unusual 
configuration and thus preferably involve a width of less than 400 pim and a
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length of more than 2 mm, preferably with a length-to-width ratio of 5:1 to 
1000:1.  

The microimage spacing 27 between the adjacent microscopic 
structures 24 is determined by the spacing of the centroids of the 

5 microimages, in accordance with which the microscopic structures 24 are 
shaped out, as shown in Figure 3. In the Figure 3 embodiment the 
microimage grid 23 is formed by a one-dimensional microimage grid with 
constant grid spacings determined by the microimage spacings 27. Simple 
motion effects in a region of the multilayer body can already be achieved 

10 by means of that simple arrangement, in combination with the microlens 
grid 21 of the layer 14, if, in that region, the line spacing 25 determined by 
the spacing of the focal point lines of the cylindrical lenses and the 
microimage spacing 27 determined by the spacing of the centroids of the 
microimages from each other differ by not more than 10% and is 

15 preferably different or the co-ordinate axes X1 and X2 and the co-ordinate 
axes Y1 and Y2 respectively assume an angle of -5' to +50 relative to each 
other.  

Preferably however the microimage grid 23 is in the form of a two
dimensional microimage grid with two or more microscopic structures 

20 arranged in succession in the direction of the co-ordinate axis X2, as is 
described hereinafter with reference to Figures 4 to 9.  

In regard to the configuration of the microscopic structures 24 in the 
layer 13 there are for example the following options: preferably the layer 
13 has a thin metallic or dielectric reflection layer which is structured in the 

25 form of the microimages and thus provides the microscopic structures 24.  
Thus the layer 13 for example comprises a metal layer of a thickness of 50 
nm which is demetallised in the negative form of the microimages so that 
the microscopic structures are formed by metallic mirror regions which are 
shaped out in the form of the microimages and which are surrounded by 

30 demetallised regions.  

The reverse case is also possible.  

In addition the layer 13 can also have a replication lacquer layer in 
which a surface relief is shaped, for example by means of UV replication or
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hot embossing. Thus it is possible for the layer 13 to have metallised and 
demetallised diffractive regions, wherein the metallised and the 
demetallised regions are shaped in the form of a microimages and thus 
constitute the microscopic structures. Preferably an HRI layer, for example 

5 a layer of ZnS, SiO, germanium or silicon, is used as the dielectric 
reflection layer. For example a layer of aluminium, copper, gold, silver or 
also chromium is used as the metallic reflection layer.  

The layer 13 can also have regions in which different surface reliefs 
are shaped, wherein a first surface relief is associated with the microscopic 

10 structures and a second surface relief forms the background for same.  
Preferably the different surface reliefs in that case are coated over the full 
area with an HRI or metal layer and the difference between the optical 
action of the microscopic structures which are shaped in the form of the 
microimages and of the background is determined solely by the choice of 

15 the surface reliefs. It is however also possible for the layer 13 to comprise 
coloured and transparent or differently coloured and/or transparent 
regions, in which case the microstructures can be formed by the coloured, 
differently coloured or transparent regions.  

Figure 4 shows a region 31 of a possible embodiment of the 
20 multilayer body 1. Provided in the region 31 over the full surface area is a 

one-dimensional microlens grid, wherein the microlenses of the microlens 
grid are spaced at a constant microlens spacing of 100 Am and the 
microlenses are of a width of 90 Am, with an intermediate space of 10 pm 
(and thus gives the above-mentioned grid of 100 gm), and are of a length 

25 of 60 mm. In the region 31 that one-dimensional microlens grid is in 
superposed relationship with a two-dimensional microimage grid comprising 
a multiplicity of microimages of a length of about 20 mm and a width of 
about 98 pm which are arranged in three columns. In this case the grid 
spacing of the microimages is constant in the region 31. The microimages 

30 involve identical microimages, the longitudinal axis of which, with respect 
to the transverse axis, is stretched approximately by 50 times, that is to 
say the transverse axis is upset with respect to the longitudinal axis by 50 
times. The grid spacing of the microlens grid, which is determined by the
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spacing of the focal point lines of the cylindrical lenses, and the grid 
spacing of the microimage grid, which is determined by the spacing of the 
centroids of the microimages, differ from each other in this case by 2%. In 
this case the difference between the grid spacing of the microlens grid and 

5 the grid spacing of the microimage grid determines the magnification factor 
which is preferably selected in accordance with the upsetting factor.  
Preferably in this case the difference between the grid spacings is so 
selected that the grid spacing of the microlens grid divided by the 
difference of the grid spacings of the microlens grid and the microimage 

10 grid corresponds to the upsetting factor s.  

In this case the co-ordinate axes X1 and Y1, and X2 and Y2 
respectively, respectively include an angle of less than 50. When the 
multilayer body is tilted the motion effect shown in Figure 4 occurs in the 
region 31, that is to say the text 'VALID' which appears in three 

15 dimensions, appears to move in the movement in the direction of the 
arrows indicated in Figure 4.  

Figure 5 shows the optical appearance of a region 32 of a further 
embodiment of the multilayer body 32.  

The multilayer body 1 is made up in the region 32 as in the region 
20 31, with the difference that, in the mutually juxtaposed subregions 321, 

322 and 323 of the region 32, the line spacing and/or the microimage 
spacing from each other differs. In the regions 321 and 323 the difference 
of the microimage spacing and the microlens spacing is positive while in the 
region 322 it is negative. In the regions 321 and 323 the microimage 

25 spacing is 105% of the microlens spacing and in the region 322 the 
microimage spacing is 95% of the microlens spacing. As a result, when the 
multilayer body 1 is tilted, the three-dimensional representations of the 
text 'VALID' appear to move as indicated by the arrows in Figure 5 in a 
different direction in relation to the regions 321 and 323, that is to say 

30 when the multilayer body is tilted they move up and down in mutually 
opposite directions.  

Figure 6 shows the optical appearance of a region 33 of a further 
embodiment of the multilayer body 1. The multilayer body 1 differs in the
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region 33 from the region 31 in that, in the mutually juxtaposed subregions 

331 to 334 of the region 33, the respective microimage grid and/or the 
respective microlens grid have a phase displacement relative to each other 

in relation to the co-ordinate axis Y1 and Y2 respectively. In this case the 
5 direction of the motion is set by the magnitude of the phase displacement.  

When the multilayer layer 1 is tilted that therefore affords the motion 
pattern of the text 'VALID', as indicated in Figure 6.  

Figure 7 shows the optical appearance of a region 34 of a further 
embodiment of the multilayer body 1. The multilayer body 1 differs in the 

10 region 34 from the region 33 in that - besides a phase displacement of the 
microimages - in mutually juxtaposed subregions 341 to 344 the 
microimage spacing and the microlens spacing differ from each other 
additionally in subregions of the regions 341 to 341 - as in the embodiment 
of Figure 5. That gives the optical appearance indicated in Figure 7 in which 

15 the text 'VALID' moves in opposite relationship, as indicated by the arrows 
in Figure 7, when the multilayer body is tilted.  

Figure 8 shows the optical appearance in a region 35 of a further 
embodiment of the multilayer body 1. The multilayer body 1 differs in the 
region 35 from the region 31 in many respects: thus the microimage grid is 

20 no longer made up of identical microimages. Instead the microimages of 
the region 35 are formed by microimages which are formed by geometrical 
transformation of a basic image including rotation and/or increase or 
reduction in size of the basic image and subsequent distortion in 
accordance with the transformation function. The grid spacings of the 

25 microimages are constant in the region 35 in the direction of the co
ordinate axis Y2, but the grid spacings of the microimages in the direction 
of the co-ordinate axis X2 are varied in dependence on the co-ordinates x, 
y, more specifically in such a way that the grid spacings increase in the 
direction of the co-ordinate axis X2 in dependence on the spacing from the 

30 centre point of the region 35. The images used for the respective positions 
in the microimage grid are selected from the above-defined set of 
microimages in accordance with the view shown in Figure 8 so that when 
the multilayer body 1 is tilted the effect shown in Figure 8 appears, that is
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to say the texts 'OVD' move outwardly when the multilayer body is tilted, 
as indicated by the arrows. In that respect, depending on the geometrical 
transformation of the basic image, that is respectively used, it is further 
possible for the text 'OVD' to also increase/decrease in size in that motion.  

5 Figure 9 shows the optical appearance of a region 36 of a further 
embodiment of the multilayer body 1. The region 36 of the multilayer body 
differs from the region 35 in that in addition - as already indicated with 
reference to Figure 5 - the grid spacing of the microimages in the direction 
of the co-ordinate axis Y2 is selected differently in subregions so that, when 

10 the multilayer body is tilted, the text 'OVD' in subregions moves in the 
direction of the centre point of the region 36 while in other subregions of 
the region 36, when the multilayer body 1 is tilted, it moves outwardly, as 
indicated by the arrows in Figure 9.  

Figure 10 now shows a further possible embodiment of the 
15 microimage layer of a region 37. In this case the microimages of the 

microimage grid differ from each other in the region and in addition are 
arranged at a different microimage spacing in relation to the X2-axis in 
order thus, when the multilayer body is tilted, to cause a radial motion 
outwardly with a simultaneous change in size (an increase in size of the 

20 image impression for the viewer, here the words 'OK'). The grid spacings or 
grid widths of the microimages in the direction of the co-ordinate axis X2 
are varied in dependence on the co-ordinates x, y, more specifically in such 
a way that the grid spacings in the direction of the co-ordinate axis X2 
increase in size in dependence on the spacing from the centre point of the 

25 region 37. In that case the images used for the respective position in the 
microimage grid arise out of a representation of the letters 'O' and 'K' 
respectively, the size of which is increased in dependence on the spacing 
relative to the centre point of the region 37 in accordance with a 
transformation function and is then compressively upset in relation to a 

30 longitudinal axis defined by the focal point lines of the microlenses 
transversely with respect to that longitudinal axis by an upsetting factor 
which varies in the radial direction. In this embodiment the size of the 
visually perceptible image varies, that is to say the size of the
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representation which moves radially outwardly when the multilayer body is 
tilted, increasing in this case. As in this embodiment the grid width of the 
microlens grid is constant, the grid width of the microimage grid is suitably 
varied to give the increase in size and the upsetting factor is appropriately 

5 adapted, that is to say varied proportionally to the enlargement factor.  
Figure 11 shows a process for producing a multilayer body 5.  
The multilayer body 5 is preferably a security document in card form, 

for example an identity card or pass, a credit card or a driving licence.  
A layer 52 is applied to a plastic carrier 53. The plastic carrier 53 

10 preferably involves a plastic film of a thickness of between 300 and 600 
pm, preferably comprising polycarbonate. The layer 52 is preferably a 
multilayer film body which is formed by the transfer layer portion of a 
transfer film and applied for example by means of hot embossing in the 
form of a patch to a region of the plastic carrier 53. In this case the layer 

15 52 is preferably formed like the layer 13 in Figure 1 and has for example a 
metallised kinegram* in which the metallic reflection layer is 
metallised/demetallised in the form of the microimages. The layer 51 is 
now applied to the film body formed from the layers 52 and 53, the layer 
51 preferably being a plastic film of a thickness of about 700 jim. The 

20 thickness of the layer 51 is preferably so selected that it approximately 
corresponds to the focal length of the microlenses of the microlens grid.  
That plastic film also preferably comprises polycarbonate. The resulting 
layer stack is now introduced into a laminating tool of which Figure 7 shows 
by way of indication an upper pressing plate 41 and a lower pressing plate 

25 42. The upper pressing plate 41 further has a nickel die 43 in which a 
negative form of a lens grid is shaped. The lens grid and the microimage 
grid provided in the layer 52 preferably involve a microlens grid and 
microimage grid respectively as shown in one of preceding Figures 1 to 10.  

It is also possible for the layer 52 to comprise a plastic film, 
30 preferably a polycarbonate film, on to which the layer 13 as shown in 

Figure 1 is laminated by means of hot embossing. The layer 52 is then 
placed as a sandwich between the layers 51 and then the entire system is 
laminated together.
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The upper pressing plate 41 and the lower pressing plate 42 are now 
heated in a laminating step and moved towards each other so that the 
layers 51 to 53 are laminated together and at the same time the lens grid 
is shaped into the surface of the layer 51.



25 

CLAIMS 

1. A multilayer body having a transparent first layer in which a 

multiplicity of microlenses is shaped, and a second layer which is arranged 

beneath the first layer in a fixed position relative to the first layer and 

which has a multiplicity of microscopic structures, 

wherein the microlenses are cylindrical lenses of a length of more 

than 2 mm and a width of less than 400 m which are arranged in 

accordance with a microlens grid spanning a first co-ordinate system 

having a co-ordinate axis X1, which is determined by the focal point lines of 

the cylindrical lenses, and a co-ordinate axis Y1 which is different in 

relation thereto, 

and wherein the microscopic structures are in the form of 

microimages distorted along a transverse axis with respect to a longitudinal 

axis in accordance with a transformation function and the microscopic 

structures are arranged in accordance with a microimage grid spanning a 

second co-ordinate system having a co-ordinate axis X2 and a co-ordinate 

axis Y2 which is different in relation thereto, 

and wherein, in a region of the multilayer body in which the 

microlenses of the microlens grid and the microscopic structures of the 

microimage grid are in superposed relationship, the microlens spacing 

determined by the spacing of the focal point lines of the cylindrical lenses 

and the microimage spacing which is determined by the spacing of the 

centroids of the microimages of adjacent microlenses and microscopic 

structures, differ from each other by not more than 10%, 

and wherein the longitudinal axis of the distortion is oriented parallel 

to the coordinate axis X1, 

and wherein the co-ordinate axis Y1 and the co-ordinate axis Y2 as 

well as the co-ordinate axis X1 and the co-ordinate axis X2 are respectively 

oriented within -50 and + 50 of mutually parallel relationship in the region, 

and wherein the second layer has a replication lacquer layer with two 

or more different diffractive structures shaped thereinto,
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and wherein the microimages of the microimage grid in the region 

are formed by microimages formed by a geometrical transformation of a 

basic image including rotation and/or increase or reduction in size of the 

basic image and subsequent distortion in accordance with the 

transformation function, 

and wherein the microlens spacing and/or the microimage spacing is 

increased in a first subregion of the region and is decreased in a second 

subregion of the region.  

2. A multilayer body according to claim 1 wherein the multiplicity 

of microlenses shaped in the transparent first layer comprise first 

microlenses having a first focal length and second microlenses having a 

second focal length, and the second layer comprises a first plane containing 

first microscopic structures and a second plane containing second 

microscopic structures, and wherein the spacing between the first layer and 

the first plane of the second layer is determined by a focal length of the 

first microlenses and the spacing between the first layer and the second 

plane of the second layer is determined by a focal length of the second 

microlenses 

3. A multilayer body according to claim 1 or claim 2 wherein the 

cylindrical lenses are of a width of less than 400 m, preferably a width of 

150 to 30 m and/or the cylindrical lenses are of a length of between 2 mm 

and 100 mm and/or the cylindrical lenses have a structure depth of 2 m to 

100 jLrm, preferably a structure depth of 15 jLrm to 40 jLim.  

4. A multilayer body according to any preceding claim wherein 

the microlens grid is a one-dimensional grid.  

5. A multilayer body according to any preceding claim wherein 

the grid spacing of the microlens grid steadily changes in the region or the 

grid spacing of the microlens grid is periodically varied in the region.
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6. A multilayer body according to any one of the preceding claims 

wherein the grid spacing of the microlens grid corresponds to the sum of 

the width of one of the microlenses and an additional spacing between 0 

m and 20% of the structure depth of the microlenses.  

7. A multilayer body according to any one of the preceding claims 

wherein the longitudinal axis of the distortion is oriented parallel to the co

ordinate axis X1 or that the co-ordinate axis X2 is determined by the 

longitudinal axis of the distortion.  

8. A multilayer body according to any one of the preceding claims 

wherein the transverse axis of the microimages with respect to the 

longitudinal axis of the microimages is upset by the transformation function 

by more than 5 times, preferably more than 10 times.  

9. A multilayer body according to any one of the preceding claims 

wherein the microimage grid is a two-dimensional microimage grid with two 

or more microscopic structures arranged in succession in the direction of 

the co-ordinate axis X2.  

10. A multilayer body according to claim 9 wherein the grid 

spacings of the microimages in the region are constant in the direction of 

the co-ordinate axis Y2 and the grid spacings of the microimages vary in 

the direction of the co-ordinate axis X2 in dependence on the co-ordinate y 

determined by the co-ordinate axis Y2 and/or the co-ordinate x determined 

by the co-ordinate axis X2, in accordance with a function F (x, y).  

11. A multilayer body according to claim 9 wherein the grid 

spacings of the microimages in the region are respectively constant in the 

direction of the co-ordinate axis Y2 and the co-ordinate axis X2, but the 

centroids of the microimages disposed in mutually juxtaposed relationship 

in the direction of the co-ordinate axis X2 have a displacement relative to 

each other.
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12. A multilayer body according to any one of the preceding claims 

wherein the second subregion of the region is arranged beside the first 

subregion of the region.  

13. A multilayer body according to any one of the preceding claims 

wherein in the first subregion of the region and in the second subregion of 

the region, that is arranged beside the first subregion, the respective 

microimage grid and/or the microlens grid have a phase displacement 

relative to each other in relation to the co-ordinate axis Y1 and Y2 

respectively and/or in that in the first subregion of the region and in the 

second subregion of the region, that is arranged beside the first subregion, 

the co-ordinate axes Y1 and Y2 and/or X1 and X2 respectively include a 

different angle.  

14. A multilayer body according to any one of the preceding claims 

wherein the first and/or second co-ordinate system is formed by a co

ordinate system having circular or looped line-shaped co-ordinate axes.  

15. A multilayer body according to any one of the preceding claims 

wherein in the region of the microscopic structures a first surface relief 

associated with the microscopic structures is shaped into the second layer, 

which surface relief differs from the surrounding surface relief of the second 

layer.  

16. A multilayer body according to claim 16 wherein the second 

layer has coloured and transparent regions or differently coloured and 

transparent regions and the microscopic structures are formed by the 

coloured regions or are formed by the transparent regions.
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