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VISUALLY VARIABLE SECURITY ELEMENT dent claims . Developments of the present invention are the 
AND METHOD FOR PRODUCTION subject of the dependent claims . 

THEREOF According to the present invention , a generic optically 
variable security element includes an achromatically reflec 

CROSS - REFERENCE TO RELATED 5 tive micropattern in the form of a mosaic comprising a 
APPLICATIONS plurality of achromatically reflective mosaic elements that 

are characterized by the parameters size , contour shape , 
This application is the U. S. National Stage of Interna relief shape , reflectivity and spatial orientation . The mosaic 

tional Application No. PCT / EP2006 / 011769 , filed Dec. 7 , elements form a predefined motif in that different groups of 
2006 , which claims the benefit of German Patent Applica 10 mosaic elements having different characteristic parameters 
tion DE 10 2005 061 749.2 , filed Dec. 21 , 2005 ; both of reflect incident light in different spatial regions . Further 

more , the mosaic elements exhibit a lateral dimension below which are hereby incorporated by reference to the extent not the resolution limit of the eye . inconsistent with the disclosure herewith . The mosaic elements preferably even exhibit a lateral The present invention relates to an optically variable 15 dimension of less than 30 um . Due to the low profile depth security element for securing valuable articles , a method for associated with the small size , for one thing , it is possible to manufacturing such a security element and a data carrier manufacture such small mosaic elements in established foil equipped with such a security element . technology , and for another , the small element size creates a 
For protection , data carriers , such as value or identifica number of possible arrangements for the mosaic elements , 

tion documents , or also other valuable articles , such as 20 as described in greater detail below together with the respec 
branded articles , are often provided with security elements tive associated advantages . 
that permit the authenticity of the data carrier to be verified , The mosaic elements advantageously exhibit a lateral 
and that simultaneously serve as protection against unau dimension of more than 3 um , preferably of more than 10 
thorized reproduction . The security elements can be devel um . Through these dimensions , it is ensured that wave 
oped , for example , in the form of a security thread embedded 25 length - dependent light diffraction effects are negligible and 
in a banknote , a tear strip for product packaging , an applied that the incident light is achromatically reflected by the 
security strip , a cover foil for a banknote having a window , mosaic elements without interfering color effects . 
or a self - supporting transfer element , such as a patch or a The mosaic elements expediently exhibit a quadratic , 
label that , after its manufacture , is applied to a value rectangular , round , oval , honeycomb or polygonally delim 
document . 30 ited contour shape . The lateral dimensions of the mosaic 

To prevent reproduction of the security elements even elements in any direction are advantageously not more than 
with top - quality color copiers , they exhibit multiply opti five times the dimension in one of the other directions . 
cally variable elements that , from different viewing angles , Especially opaque metal layers , transparent and high 
convey to the viewer a different image impression and show , index layers in which the color , a graphic motif or another 
for example , a different color impression or different graphic 35 piece of information of the background remains perceptible 
motifs . For this purpose , the security elements are furnished , may be used as reflection layers for the mosaic elements . 
for example , with security features in the form of micro- or Furthermore , also more complex structures , such as thin 
nanopatterns having a diffraction optical effect , such as with layer elements having a color - shift effect or layers composed 
conventional embossed holograms or other hologram - like of liquid crystal material , especially composed of cholesteric 
diffraction patterns . Such diffraction optical patterns for 40 liquid crystal material , may be used . With the aid of matte 
security elements are described , for instance , in the publi patterns or moth - eye patterns , the reflectivity of the mosaic 
cations EP 0 330 733 A1 and EP 0064 067 A1 . elements can be precisely set to a desired value between 0 

The optical efficiency of holograms and hologram - like and a predefined maximum value . 
diffraction patterns is based , not least , on the color split upon In an advantageous variant of the present invention , the 
the incidence of polychromatic light on the diffraction 45 mosaic elements exhibit a simple relief shape having exactly 
pattern . In recent years , however , the resulting play of colors one reflection area tilted against the surface of the security 
has become so common that its value as an attractive element . Here , the tilt angle of the reflection area of the 
security feature is already significantly decreasing . In many mosaic elements expediently measures less than 90 ° , pref 
cases , the characteristic visual effect is no longer perceived erably less than about 45 ° . The reflection area of the mosaic 
by viewers as a security feature , but rather merely as a 50 elements can be flat or also concavely or convexly curved . 
design variant , reducing the benefit of these security features In other likewise advantageous variants of the present 
for the counterfeit protection . Furthermore , the diffraction invention , the mosaic elements exhibit relief shapes having 
optically produced image or color impressions can often be two or more reflection areas that are tilted in different 
perceived completely and sharply only from certain viewing directions against the surface of the security element . In 
directions and under good lighting conditions . Particularly 55 particular , the mosaic elements can exhibit a roof structure 
under poor lighting conditions , such as under diffuse illu or a multilateral pyramidal structure . In this variant , too , the 
mination , the perceptibility of holographic motifs is often tilt angle of the reflection areas of the mosaic elements 
greatly restricted . expediently measures less than 90 ° , preferably less than 

Based on that , the object of the present invention is to about 45 ° , and the reflection areas of the mosaic elements 
specify a security element of the kind cited above having 60 can be either flat or concavely or convexly curved . 
high counterfeit security and that avoids the disadvantages According to a further advantageous variant of the present 
of the background art . In particular , it is intended to create invention , mosaic elements form retroreflectors , in other 
a security element whose optically variable effects are still words multiply reflective structures that , from a certain 
easily perceptible even under adverse illumination condi angular range , reflect incident light back in the direction of 
tions . 65 incidence . Here , in particular , the mosaic elements exhibit a 

This object is solved by the security element and the cube - corner pattern having a relief shape composed of three 
manufacturing method having the features of the indepen substantially reflection areas that stand substantially verti 
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cally on top of one another and facing one another . The three replication of the surface profile , the reflection layer is 
reflection areas define an optical axis that , for a cube - corner preferably covered by a transparent coating layer , for 
pattern , is given by the spatial diagonal of the associated example a UV lacquer layer . This covering can be done , for 
cube . The optical axis defined in this way preferably points example , by the embossing lacquer layer itself . 
in a prechosen direction for each mosaic element , such that 5 In principle , the inventive surface profile of the micro 
one or more image motifs can be depicted , as described in pattern can be introduced into all known materials that are 
greater detail below . accessible to the embossing method . Thus , in addition to the 

The mosaic itself is preferably a raster image composed of already mentioned and preferred UV - curing lacquers , also 
a plurality of pixels , each pixel being formed by one or more e.g. thermoplastic embossing lacquers can be used . As 
achromatically reflective mosaic elements . Here , the bright- 10 thermoplastic embossing lacquers , e.g. thermoplastic plastic 
ness of the pixels of the raster image can be determined by materials may be used in which the surface profile according 
one or more of the parameters size , contour shape , relief to the present invention is imprinted by means of a suitable 
shape , reflectivity and spatial orientation of the mosaic embossing die under the influence of heat . For example , 
elements of the respective pixel , or also by the number of thermoplastic plastics that are provided with the micropat 
mosaic elements having certain characteristic parameters in 15 tern according to the present invention by means of a nickel 
the respective pixel . matrix as the embossing die at a temperature of approxi 

In a further development of the security element accord mately 130 ° C. are very common . 
ing to the present invention , a further piece of information The present invention also comprises a data carrier , 
is encoded in the arrangement of the mosaic elements within especially a value document , such as a banknote , an iden 
a pixel . 20 tification card or the like , that is furnished with a security 

According to the present invention , the mosaic of the element of the kind described . 
security element can also reflect two or more different image Further exemplary embodiments and advantages of the 
motifs in different spatial regions such that a tilt or motion present invention are described below with reference to the 
image is created for the viewer upon appropriate movement drawings . To improve clarity , a depiction to scale and 
of the security element . In another embodiment , the mosaic 25 proportion was dispensed with in the drawings . 
can also reflect a growing or shrinking contour line of an Shown are : 
image motif in different spatial regions such that a pump FIG . 1 a schematic diagram of a banknote having an 
image is created for the viewer upon appropriate movement embedded security thread and an affixed transfer element , 
of the security element . If the mosaic reflects at least two FIG . 2 a schematic diagram to exemplify the principle of 
views of an image motif in different spatial regions , then a 30 security elements according to the present invention , 
stereo image of the image motif is created for the viewer at FIG . 3 the layer structure of a security foil according to 
a prechosen viewing distance . the present invention prior to its application on a substrate , 

In all of the described embodir ents , the parameters size , FIG . 4 the layer structure of a security thread according to 
contour shape , relief shape , reflectivity and spatial orienta the present invention , in cross section , 
tion of the mosaic elements can be chosen such that one or 35 FIG . 5 in ( a ) to ( g ) , different embodiments of micromir 
all of the motif images are visible for the viewer upon a level rors according to the present invention , 
orientation of the security element . Alternatively or addi FIG . 6 in ( a ) , a security element having two image motifs 
tionally , these parameters can also be chosen such that one that are visible from different viewing directions , in ( b ) , the 
or all of the motif images appear for the viewer only upon associated division of the image area into sub - areas , and in 
a prechosen deformation of the security element . 40 ( c ) , a security element having a motion image , 

In addition to the embodiments in which the viewer views FIGS . 7 , 8 security elements having further pieces of 
the security element itself , embodiments may also be used in information encoded in the arrangement of the micromirrors 
which the parameters size , contour shape , relief shape , according to exemplary embodiments of the present inven 
reflectivity and spatial orientation of the mosaic elements are tion , 
chosen such that , upon prechosen illumination , the security 45 FIG . 9 a security element according to the present inven 
element projects one or all of the motif images onto a tion in the form of a label , 
collecting surface of a prechosen geometry . FIG . 10 a flexible document having an optically variable 

The security elements according to the present invention security element having a “ curve flip effect ” according to a 
can be combined with further security features . For example , further exemplary embodiment of the present invention , 
a security element can additionally exhibit pieces of infor- 50 FIG . 11 a banknote having an inventive security element 
mation in the form of patterns , characters or codes that are that , upon suitable illumination , projects a desired image 
formed by non - reflective regions within the mosaic . Also the motif onto a collection screen , 
achromatically reflective micropatterns can be combined FIG . 12 a cross section through an achromatically reflec 
with holographic or hologram - like diffraction patterns , or tive micropattern whose mosaic elements are formed by 
provided with incorporated magnetic substances , with incor- 55 retroreflectors , 
porated phosphorescent , fluorescent or other luminescent FIG . 13 a schematic diagram to exemplify the limit of the 
substances , with specifically adjusted conductivity , espe retroreflection effect , 
cially through a specifically adjusted thickness of a metallic FIG . 14 a security element having cube - corner elements 
reflection layer , with color - shift effects or colored emboss according to a further exemplary embodiment of the present 
ing lacquer and the like . 60 invention , and 

The present invention also includes a method for manu FIG . 15 the geometric relationships when the security 
facturing a security element of the kind described , in which element in FIG . 14 is viewed . 
the surface profile of the micropattern is embossed in a The invention will now be explained using a banknote as 
lacquer layer , and the embossed lacquer layer is coated with an example . For this , FIG . 1 shows a schematic diagram of 
a reflection layer . Here , the surface profile is preferably 65 a banknote 10 that is furnished with two security elements 
embossed in a UV - curing lacquer layer and the lacquer layer 12 and 16 having achromatically reflective micropatterns , 
cured after embossing . To prevent a casting and undesired each according to an exemplary embodiment of the present 
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invention . Here , the first security element constitutes a as a thermoplastic material is used instead of the UV lacquer 
security thread 12 that emerges at certain window areas 14 layer 44 , the surface relief is cast in the thermoplast at an 
on the surface of the banknote 10 , while it is embedded in elevated temperature , e.g. 130 ° C. , and the thermoplastic 
the interior of the banknote 10 in the areas lying therebe material provided with the light - reflective metal layer 45 
tween . The second security element is formed by an affixed 5 after curing . 
transfer element 16 of any shape . The finished pattern is then applied via an adhesive layer 

The principle of security elements according to the pres 48 to a substrate that is not depicted in FIG . 3 , and the 
ent invention will now be explained with reference to the substrate foil 42 is subsequently removed . The specular 
schematic diagram in FIG . 2. The security element 20 metal layer 45 is then covered by the UV lacquer 44 , which 
includes a raster image 22 composed of a plurality of pixels 10 serves to protect the embossed surface pattern against cast 
24 , each pixel 24 including a plurality of achromatically ing and undesired replication . Furthermore , the higher 
reflective micromirrors 26-1 , 26-2 , as indicated for two of refractive index of the lacquer layer compared with the 
the pixels 24 in FIG . 2. The micromirrors are characterized ambient air results in the tilt angle a required for a certain 
by the parameters size , contour shape , relief shape , reflec deflection of the incident light being able to be chosen to be 
tivity and spatial orientation and each reflects incident light 15 smaller than for uncovered mirror areas . Thus , also the 
28 in accordance with the specifications of this set of profile height h can be chosen to be smaller , which eases the 
parameters in a certain spatial region 30 . manufacturing process . 

For example , the micromirrors 26-1 and 26-2 in FIG . 2 As can be seen in FIG . 3 , the surface relief shown there 
each exhibit a quadratic base area A , thus a quadratic includes two kinds of micromirrors 46 having the same tilt 
contour shape , and a lateral expanse of 15x15 um ?. Further- 20 angle a , but different spatial orientations . When the security 
more , the micromirrors have a simple relief shape having a element is viewed vertically , and when illuminated suitably , 
single , flat reflection area 32 that encloses a certain tilt angle both micromirror types appear , for example , equally bright . 
a with the surface of the security element . If the viewer tilts the security element to the right or left , 
Here , in first pixels are present micromirrors 26-1 of a first then the image motif formed by the micromirrors 46 stands 

kind in which the reflection area 32 exhibits a tilt angle of 25 out once as a positive image and once as a negative image . 
a = 30 ° to the surface of the security element . Given a lateral The exemplary embodiment in FIG . 4 shows the layer 
expanse of I = 15 um , at this tilt angle , a pattern height h of structure of a security thread 50 having an achromatically 
h = I * tan ( a ) = 8.7 um results for the micromirrors 26-1 . In reflective micromirror pattern . To manufacture the security 
second pixels , micromirrors 26-2 of a second kind are thread 50 , a UV lacquer layer 54 is applied to a PET foil 52 , 
present whose reflection area 32 is not tilted against the 30 embossed in the form of the desired surface relief , cured , and 
surface of the security element ( expressed by tilt angle provided with a reflective metal layer 56. The layer structure 
a = 0 ° ) . obtained in this way is then laminated by means of a 

If the security element 20 is now viewed from the spatial laminating adhesive 58 onto a second PET foil 60 that is 
direction in which the first micromirrors 26-1 reflect , then furnished with a machine - readable security feature in the 
the pixels having the first micromirrors 26-1 appear light , the 35 form of magnetic strips 62. Finally , the security thread is 
pixels having the second micromirrors 26-2 , on the other coated on both sides with heat seal coating 64 . 
hand , dark , such that a “ black - and - white ” raster image According to the present invention , the micromirrors can 
having the desired image content is created in accordance be formed in a plurality of embodiments to reflect the 
with the arrangement of the pixels 24 . incident light to differing extents in different spatial regions , 

For the chosen dimensions of the micromirrors 26-1 , 40 as shown with reference to FIG . 5 . 
26-2 , on the one hand , it is ensured that the micromirrors are The micromirror 70 depicted in cross section in FIG . 5 ( a ) 
so small that they cannot be resolved by the naked eye , that corresponds to the design used in FIGS . 2 to 4 , in which a 
each pixel 24 thus appears as a uniform area for the viewer . carrier 72 exhibits exactly one reflection area 74 that is tilted 
On the other hand , the micromirrors are so large that against the surface of the security element . The carrier 72 is 
wavelength - dependent light diffraction effects are negli- 45 typically formed by an embossed lacquer layer , and the 
gible . The incident light is thus achromatically reflected by reflection area 74 by an applied metal layer . According to the 
the micromirrors 26-1 , 26-2 without interfering color effects . present invention , the tilt angle a is preferably between 0 ° 

In the simplest case , the pixels of the raster images are and about 45 ° such that the angle 2a between the incident 
each filled with homogeneous micromirrors . For example , radiation 76 and the reflected radiation 78 is between 0 ° and 
the screen dots can each exhibit a size of 100 umx100 um 50 about 90 ° . For example , the tilt angle a is about 35º . 
and include 100 micromirrors having a base area of 10 The reflection area can be formed to be flat , as in FIG . 5 ( a ) 
umx10 um . “ Dark ” pixels can also be achieved by a random or , like the reflection area 80 in FIG . 5 ( b ) , also to be 
orientation of the individual micromirrors in this pixel , since convexly curved in order to enlarge the solid angle range 82 
in this way , less light is directed into the spatial directions from which the reflected radiation is perceptible . In addition , 
preferred by other pixels . 55 the reflection area can also be concavely curved , as in FIG . 

The manufacture of security elements having surface 5 ( c ) . 
profiles that include such micromirrors places high demands The reflectivity of the micromirrors can be adjusted 
on the production process . For exemplification , FIG . 3 within a broad range by the choice of the reflective coating . 
shows the layer structure of an inventive security foil 40 In particular , the brightness of the reflected radiation can be 
having an achromatically reflective micromirror pattern 60 systematically influenced by matte patterns or other mea 
prior to its application on a substrate . sures on the reflection area . For example , FIG . 5 ( d ) shows 

To manufacture the security foil 40 , a light - sensitive UV a micromirror whose reflection area 84 is covered in a region 
lacquer layer 44 is applied homogeneously to a substrate foil 86 with a so - called moth - eye pattern , that is , with a pattern 
42 and embossed in the form of the desired surface relief . comprising “ knobs ” that effectively inhibit the reflection in 
Thereafter , the embossed lacquer layer is cured by irradia- 65 the covered region 86. Here , the characteristic dimensions of 
tion with UV light and a light - reflective metal layer 45 is the knobs are expediently between only a few nanometers to 
applied , for example a 40 nm thick aluminum layer . Insofar a few 100 nanometers . The reflectivity can be adjusted 
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practically steplessly to a value between 0 and a certain arrangement of the micromirrors within the pixels . This 
maximum value in accordance with the share of the matte further piece of information can thus be used as an additional 
patterns or the moth - eye patterns in the total area of the security feature . 
reflection area 84. In this way , the micromirrors can depict Two examples for the encoding of such additional pieces 
any “ gray values ” within an image motif . 5 of information are depicted in FIGS . 7 and 8 . 
As shown in FIG . 5 ( e ) , also transparent , high - index layers In the invention variant in FIG . 7 , the micromirror ele 

88 can be used as reflection layers such that a piece of ments are each disposed in the form of an array within a 
information applied to the security element beneath the pixel whose area is somewhat larger than the total area of the 
micromirrors , such as an imprint 90 , remains visible . micromirror array . Here , the further piece of information is 

Instead of a simple profile , the micromirrors can also 10 encoded in the relative position of the micromirror array 
exhibit a more complex relief shape having two or more within the pixel , without this code having an impact on the 
reflection areas that are tilted in different directions against appearance of the security element when viewed normally . 

For illustration , two pixels 120 and 122 are shown in FIG . the surface of the security element , such as the roof form 92 7 having a 9x9 array of micromirrors 124 each . The micro shown in FIG . 5 ( ) or the multilateral pyramidal relief shape 15 mirrors 124 each exhibit a base area of 10 umx15 um , and 94 shown in FIG . 5 ( g ) . It is understood that the reflection the size of the pixels 120 , 122 , at 115 umx160 um , exceeds areas can be curved and / or altered in their reflection factor the total size of the micromirror array in the x- and y - di also in these more complex profile shapes . rection by 25 um in each case . 
To form a predefined motif from micromirrors as mosaic The upper left corner of the pixels 120 , 122 constitutes a 

elements , in the simplest case , the procedure already 20 reference point 126 for the evaluation of the position of the 
described in connection with FIG . 2 can be used . However , micromirror array . According to the present invention , the 
according to the present invention , the micromirror mosaic upper left corner of the micromirror array is now not located 
can also reflect two or more different image motifs in at the reference point 126 , but rather is offset against this 
different spatial regions such that a tilt or motion image is reference point by a certain value ( Ax , Ay ) . As can be seen 
created for the viewer upon appropriate movement of the 25 in FIG . 7 , for pixel 120 , for example , this offset is ( Ax , 
security element . Ay ) = ( 10 um , 10 um ) , while for pixel 122 , it is ( Ax , Ay ) = ( 15 

If , for instance , as indicated in FIG . 6 ( a ) , two image um , 10 um ) . Two further kinds of pixels that are not depicted 
motifs 102 and 104 in a security element 100 are to be in the figure exhibit an offset of ( Ax , Ay ) = ( 10 um , 15 um ) or 
visible from different viewing directions , then the available of ( Ax , Ay ) = ( 15 um , 15 um ) . Through these four possible 
image area 110 is broken down such that , to each of the 30 arrangements of the micromirror array within the pixels , an 
individual motifs to be produced , sub - areas 112-1 and 112-2 additional 2 bits per pixel can be encoded . In addition , the 
are allocated in which the pixels 114-1 and 114-2 for this chosen magnitudes of the offset ensure that in no sequence 

of pixels do too - small spacings between the micromirrors individual motif are disposed , see FIG . 6 ( b ) . Here , in at least occur that could lead to undesired diffraction effects . 
one dimension , the sub - areas 112-1 , 112-2 are executed A second example is illustrated in FIG . 8. There , in at least having an expanse below the resolution limit of the eye , and some of the pixels , individual micromirrors are made opti thus to be not perceptible for the viewer as sub - areas without cally inactive . This can happen , for example , in that , within auxiliary means . Typically , at a maximum expanse of less a group of micromirrors having a certain tilt angle , flat 
than 300 um , the sub - areas 112-1 , 112-2 are formed to be micromirrors ( tilt angle 0 ) or micromirrors having another 
strip - shaped ( as in FIG . 6 ( b ) ) or rectangular . However , it is 40 tilt angle are inserted into the surface relief . In other embodi 
understood that also any other contour shapes may be used ments , the reflectivity of the optically inactive micromirrors 
for the sub - areas . is greatly reduced by , for example , matte patterns or moth 

Instead of a tilt image having two image motifs , the motif eye patterns . 
can also include a motion image comprising multiple sub While in pixels of a first kind 132 , a number of randomly 
images 116 that , upon appropriate movement of the security 45 selected micromirrors 136 is made optically inactive , in 
element , become visible in succession and thus convey the pixels of the second kind 130 , this happens in a regular shape 
illusion of a moving image motif , as indicated in FIG . 6 ( C ) . 134 , such as in the shape of the letter “ P ” . Since the number 
For this , analogously to the approach in FIG . 6 ( b ) , the entire of optically active micromirrors is the same in both pixels , 
image area is broken down into the corresponding number of they appear equally bright to the viewer . The micro - encoded 
sub - areas , each of which includes the pixels for one of the 50 piece of information 134 can be made visible only with the 
sub - images 116 . aid of suitable magnification devices . 

Further variants of such motifs composed of multiple In the exemplary embodiments described so far , it was 
sub - images are described in the publication WO 2005 / implicitly understood that the achromatically reflective 
038500 A1 , whose disclosure in this respect is incorporated micropatterns are located on planar substrates . However , the 
in the present application . In this publication are also men- 55 embodiments according to the present invention can also be 
tioned respective advantageous divisions of the image area used to advantage for curved or flexible substrates , such as 
into sub - areas whereas , in transferring the divisions to the labels , securities or banknotes . 
subject of the present application , the sub - areas are , of One application of a security element according to the 
course , to be filled with a micromirror mosaic rather than present invention as a label 140 , as may be used , for 
with diffraction patterns . 60 example , on bottles or cans for upscale foods , is shown in 

The small size of the individual micromirrors permits a FIG . 9. The security element 140 includes a plurality of 
large number of variation possibilities for how the entire micromirrors that are disposed in the form of a crest 142 . 
image area can be broken down into sub - areas , pixels and , The micromirrors can exhibit a simple relief shape having a 
ultimately , the micromirror mosaic . Since a pixel typically single reflection plane that is tilted against the surface of the 
includes a large number of micromirrors , a further piece of 65 label . In the exemplary embodiment , the characteristic 
information that is not accessible to the viewer without parameters of the micromirrors are chosen such that , when 
auxiliary means can be encoded especially in the specific the security element is illuminated from above and at an 

35 
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angle , all micromirrors of the crest 142 reflect the incident image motif , or some sub - areas of the projected image motif 
radiation vertically ahead . Here , since the radiation impinges can completely disappear , while the others remain 
on the label 140 at different angles of incidence , the micro unchanged . 
mirrors exhibit appropriately different tilt angles of their In further embodiments of the present invention , the 
reflection area a - a ( Q ) at different locations along the span . 5 mosaic elements of the achromatically reflective micropat 
If one sways the bottle or can having the security element tern form retroreflectors having a cube - corner pattern , thus 
140 back and forth in the hand , then the previously incon a relief shape 170 having three reflection areas 172 that stand 
spicuous crest 142 flashes brightly in a certain position . substantially vertically on top of one another and facing one 
Depending on the shape of the curved area and the desired another , of which two are shown in the cross - sectional 

effect when the security element is viewed , it can be diagram in FIG . 12. Radiation 174 impinging from a certain 
necessary to make , in addition to the tilt angle , also the tilt solid angle range is reflected back in the direction of 
direction of the reflection plane locus dependent . It is incidence by such retroreflective mosaic elements . 
understood that , also in these embodiments , two or more Each of the cube - corner elements exhibits an optical axis 
image motifs can be deflected in different spatial directions 176 that is given by the spatial diagonal of the associated 
to produce a tilt image , a motion image or the like . cube . As illustrated in FIG . 13 , the mechanism of multiple 

FIG . 10 shows a further exemplary embodiment of the reflection on which the retroreflection effect is based fails 
present invention , in which a flexible document 150 is when the angle of incidence ß to the optical axis 176 exceeds 
furnished with an optically variable security element having a certain threshold angle . In other words , retroreflection 
a “ curve flip effect ” . Different image motifs 152 , 154 or 156 20 occurs only in a certain solid angle range dy about the 
appear depending on the curvature state of the document optical axis 176 . 
150. For this , analogously to the embodiments described In the inventive security element 180 according to FIG . 
above , the entire image area of the security element is 14 , this is exploited in that the pixels that belong to different 
broken down into multiple , in the exemplary embodiment motifs are filled with cube - corner elements whose optical 
into three , sub - areas . The first sub - area is covered with 25 axes are oriented differently in space . If , for example , two 
pixels for the image motif 152 of the flat state of the motifs are to be depicted , then the optical axis of the first 
document , as depicted in FIG . 10 ( a ) . The second sub - area is cube - corner elements 184-1 in the first pixels 182-1 can be 
covered with pixels for the image motif 154 of a first tilted at a certain angle against the vertical in a first spatial 
curvature state of the document , shown in FIG . 10 ( b ) , in that direction , while the optical axis of the second cube - corner 
the micromirrors of this sub - area are formed having appro 30 elements 184-2 of the second pixels 182-2 is tilted at another 
priate locus - dependent tilt angles and / or tilt directions . angle and / or in another spatial direction . In the exemplary 

embodiment , the optical axis of the second cube - corner Analogously , the third sub - area is covered with pixels for the elements 184-2 is tilted at the same angle o in the direction image motif 156 of a second curvature state of the docu opposite the first spatial direction , as shown in FIG . 15. Dark ment , shown in FIG . 10 ( c ) . If the document is now curved 35 pixels of both motifs can be formed by pixels without and relaxed , for example between the thumb and fingers of cube - corner elements or by mirror areas having matte pat one hand , the image impression of the security element terns or moth - eye patterns . 
changes from FIG . 10 ( a ) to 10 ( c ) and back . Under these conditions , retroreflection of the first cube 

In addition to the direct viewing of the security elements corner elements 184-1 can be observed in a solid angle range 
treated thus far , also embodiments may be used in which the 40 186-1 about the first spatial direction , and retroreflection of 
viewer views , not the image area provided with micropat the second cube - corner elements 184-2 in a solid angle 
terns itself , but rather a collection screen of suitable geom range 186-2 about the second spatial direction . 
etry onto which the micropattern projects the desired image If the security element 180 is now viewed from a direction 
motif upon suitable illumination . For illustration , FIG . 11 190 that lies within both solid angle ranges 186-1 and 186-2 , 
shows a banknote 160 having an inventive security element 45 then , upon suitable illumination , i.e. when illuminated from 
having a micromirror array 162. Here , the micromirror array a direction that matches the viewing direction , both the 
162 is designed for projection onto a collection screen 164 pixels 182-1 of the first motif and the pixels 182-2 of the 
that is disposed perpendicularly to the banknote 160. The second motif appear bright , since the condition for retrore 
characteristic parameters of the micromirrors 162 are thus flection is met for both kinds of cube - corner elements 184-1 , 
chosen such that , upon vertical illumination 166 , they proj- 50 184-2 . Thus , from this viewing direction , the two motifs 
ect the prechosen motif undistorted onto such a collection cannot be perceived separately . 
screen 164 . If , in contrast , the security element 180 is viewed from a 

In the design shown , the projected motif can also be direction 192 that lies within the solid angle range 186-1 but 
perceived — even if more faintly or distorted — when a col outside the solid angle range 186-2 , then the pixels 182-1 of 
lection screen is somewhat displaced or tilted . In other 55 the first motif appear bright , and the pixels 182-2 of the 
embodiments , the micromirrors can also be so coordinated second motif , in contrast , dark , since the condition for 
with each other that the reflected beams of spaced micro retroreflection is met only for the first cube - corner elements 
mirrors intersect at certain points such that the motif 184-1 . In this case , the first motif stands out , and the second , 
encoded in the micromirror array 162 can be read out only dark motif is practically not visible against the background 
with a collection screen of suitable geometry in a fixed , 60 of the dark pixels . 
predefined spacing . If , conversely , the security element 180 is viewed from a 

In a further design , also multiple , spatially non - contigu direction 194 that lies within the solid angle range 186-2 but 
ous micromirror arrays can be designed for the projection of outside the solid angle range 186-1 , then the pixels 182-2 of 
a joint image motif on a collection screen . Here , depending the second motif appear bright , and the pixels 182-1 of the 
on the arrangement of the individual micromirror arrays , the 65 first motif , in contrast , dark , since the condition for retrore 
shielding or destruction of one of the micromirror arrays can flection is then met only for the second cube - corner elements 
lead to a homogeneous attenuation of the luminosity of the 184-2 . Thus , in this case , the second motif stands out , while 
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the first , dark motif is practically not visible against the 16. The security element according to claim 15 , charac 
background of the dark pixels . terized in that an optical axis of each mosaic element , 

defined by the three reflection areas , points in a prechosen 
The invention claimed is : direction . 
1. An optically variable security element for securing 5 17. The security element according to claim 1 , character 

valuable articles , comprising an achromatically reflective ized in that the mosaic constitutes a raster image composed 
micropattern in the form of a mosaic comprising a plurality of a plurality of pixels , each pixel being formed by one or 
of achromatically reflective mosaic elements , each having a more achromatically reflective mosaic elements . 
reflection area , that are characterized by the parameters size , 18. The security element according to claim 17 , charac 
contour shape , relief shape , reflectivity and spatial orienta- 10 terized in that a brightness of the pixels of the raster image 
tion , and that form at least one predefined motif image in that is determined by one or more of the parameters size , contour 
different groups of mosaic elements having different char shape , relief shape , reflectivity and spatial orientation of the 
acteristic parameters reflect incident light in different spatial mosaic elements of the respective pixel . 
regions , and in which the mosaic elements exhibit a lateral 19. The security element according to claim 17 , charac 
dimension of less than 30 um , characterized in that , as 15 terized in that a brightness of the pixels of the raster image 
reflection layers , the mosaic elements exhibit opaque metal is determined by a number of mosaic elements having 
layers ; the reflection area of at least some individual ones of certain parameters size , contour shape , relief shape , reflec 
the mosaic elements including a region covered with a tivity and spatial orientation in the respective pixel . 
pattern that inhibits the reflection in the region . 20. The security element according to claim 1 , character 

2. The security element according to claim 1 , character- 20 ized in that a further piece of information is encoded in the 
ized in that the mosaic elements exhibit a lateral dimension plurality of achromatically reflective mosaic elements 
of more than 3 um . within a pixel . 

3. The security element according to claim 1 , character 21. The security element according to claim 1 , character 
ized in that the mosaic elements exhibit a quadratic , rect ized in that the mosaic reflects , as the at least one predefined 
angular , round , oval , honeycomb - shaped or polygonally 25 motif image , two or more different image motifs in different 
delimited contour shape . spatial regions such that , upon movement of the security 

4. The security element according to claim 1 , character element , the two or more different image motifs form a tilt 
ized in that in no direction is the lateral dimension of each or motion image . 
of the mosaic elements more than five times a dimension of 22. The security element according to claim 1 , character 
the respective mosaic element in any other lateral direction . 30 ized in that the mosaic reflects , as the at least one predefined 

5. The security element according to claim 1 , the pattern motif image , a growing or shrinking contour line of an 
being a matte pattern or moth - eye pattern . image motif in different spatial regions such that , upon 

6. The security element according to claim character movement of the security element , the image motif forms a 
ized in that the mosaic elements exhibit a relief shape having pump image . 
exactly one reflection area that is tilted against a surface of 35 23. The security element according to claim 1 , character 
the security element . ized in that the mosaic reflects , as the at least one predefined 

7. The security element according to claim 6 , character motif image , at least two views of an image motif in different 
ized in that a tilt angle of the reflection area of the mosaic spatial regions such that , at a prechosen viewing distance , 
elements is less than 90 ° . the image motif forms a stereo image of the image motif . 

8. The security element according to claim 6 , character- 40 24. The security element according to claim 1 , character 
ized in that the reflection area of the mosaic elements is flat . ized in that the parameters size , contour shape , relief shape , 

9. The security element according to claim 6 , character reflectivity and spatial orientation of the mosaic elements are 
ized in that the reflection area of the mosaic elements is chosen such that , for a level orientation of the security 
concavely or convexly curved . element , one or all of the at least one predefined motif 

10. The security element according to claim 1 , character- 45 images are visible . 
ized in that at least some individual ones of the mosaic 25. The security element according to claim 1 , character 
elements exhibit a relief shape comprising two or more ized in that the parameters size , contour shape , relief shape , 
reflection areas that are tilted in different directions against reflectivity and spatial orientation of the mosaic elements are 
a surface of the security element , the mosaic elements chosen such that one or all of the at least one predefined 
especially exhibiting a roof structure or a multilateral pyra- 50 motif images appear only upon a prechosen deformation of 
midal structure . the security element . 

11. The security element according to claim 10 , charac 26. The security element according to claim 1 , character 
terized in that a tilt angle of the reflection areas of the mosaic ized in that the parameters size , contour shape , relief shape , 
elements is less than 90 ° . reflectivity and spatial orientation of the mosaic elements are 

12. The security element according to claim 10 , charac- 55 chosen such that , upon prechosen illumination , one or all of 
terized in that the reflection areas of the mosaic elements are the at least one predefined motif images are projected onto 
flat . a collection area of a prechosen geometry . 

13. The security element according to claim 10 , charac 27. The security element according to claim 1 , character 
terized in that the reflection areas of the mosaic elements are ized in that the security element additionally exhibits pieces 
concavely or convexly curved . 60 of information in the form of patterns , characters or codes 

14. The security element according to claim 1 , character that are formed by non - reflective regions within the mosaic . 
ized in that the mosaic elements form retroreflectors . 28. The security element according to claim 1 , character 

15. The security element according to claim 14 , charac ized in that the achromatically reflective micropattern is 
terized in that the mosaic elements exhibit a cube - corner combined with holographic or hologram diffraction patterns . 
structure having a relief shape composed of three reflection 65 29. The security element according to claim 1 , character 
areas that stand substantially vertically on top of one another ized in that the achromatically reflective micropattern is 
and facing one another . provided with further security features , such as incorporated 
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magnetic substances , incorporated phosphorescent , fluores tion , and that form at least one predefined motif image in that 
cent or other luminescent substances , specifically adjusted different groups of mosaic elements having different char 
conductivity , especially by a specifically adjusted thickness acteristic parameters reflect incident light in different spatial 
of a metallic reflection layer , color - shift effects , and colored regions , and in which the mosaic elements exhibit a lateral 
embossing lacquer . dimension of less than 30 um , characterized in that , as 

30. The security element of claim 1 further comprising a reflection layers , the mosaic elements exhibit thin - layer 
elements having a color - shift effect , the reflection area of at transparent coating layer disposed atop the reflection layers . least some of individual ones of the mosaic elements includ 31. An optically variable security element for securing 

valuable articles , comprising ing a region covered with a pattern that inhibits the reflection 
an achromatically reflective micropattern in the form of a 10 in the region . 
mosaic comprising a plurality of achromatically reflec 34. The security element according to claim 33 , charac 

terized in that at least some individual ones of the mosaic tive mosaic elements , each having a reflection area , that elements exhibit a relief shape comprising two or more are characterized by the parameters size , contour shape , reflection areas that are tilted in different directions against relief shape , reflectivity and spatial orientation , and that form at least one predefined motif image in that dif- 15 a surface of the security element , the mosaic elements 
ferent groups of mosaic elements having different char especially exhibiting a roof structure or a multilateral pyra 

midal structure . acteristic parameters reflect incident light in different 
spatial regions , and in which the mosaic elements 35. An optically variable security element for securing 
exhibit a lateral dimension of less than 30 um , charac valuable articles , comprising an achromatically reflective 
terized in that , as reflection layers , the mosaic elements 20 micropattern in the form of a mosaic comprising a plurality 
exhibit transparent , high - refractive - index layers ; and of achromatically reflective mosaic elements , each having a 

a piece of information applied to the security element reflection area , that are characterized by the parameters size , 
beneath the achromatically reflective micropattern that contour shape , relief shape , reflectivity and spatial orienta 
is visible when viewing through the achromatically tion , and that form at least one predefined motif image in that 

different groups reflective micropattern . of mosaic elements having different char 
32. The security element of claim 31 , the reflection area acteristic parameters reflect incident light in different spatial 

of at least some individual ones of the mosaic elements regions , and in which the mosaic elements exhibit a lateral 
including a region covered with a pattern that inhibits the dimension of less than 30 um , characterized in that , as 
reflection in the region . reflection layers , the mosaic elements exhibit layers com 

33. An optically variable security element for securing 30 posed of liquid crystal material , especially composed of 
valuable articles , comprising an achromatically reflective cholesteric liquid crystal material ; the reflection area of at 

least some of individual ones of the mosaic elements includ micropattern in the form of a mosaic comprising a plurality 
of achromatically reflective mosaic elements , each having a ing a region covered with a pattern that inhibits the reflection 

in the region . reflection area , that are characterized by the parameters size , 
contour shape , relief shape , reflectivity and spatial orienta 

25 
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