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(57) Abstract: The present invention relates to a data carrier (1), especially a security document, such as an identification card, e.g. a
passport or a driving license, a credit card and a bank card, the data carrier comprising authentication data (20, 30) comprising per -
sonalized data, and as a security feature, an array of lenticular elements (5) being arranged to provide only from predetermined
angles of view an image of at least a piece of authentication data of said authentication data (20, 30). In or to make the data carrier
(1) impossible or at least very difficult to copy and forge, the array of lenticular elements (5) is provided with a complex structure
providing a further security feature.
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Data carrier

Field of the invention

The present invention relates to security features found in data carri-
ers, such as security documents. More specifically the present invention relates
to a data carrier, especially a security document, such as an identification card,
e.g. a passport or a driving license, a credit card and a bank card, the data car-
rier comprising authentication data comprising personalized data, and as a se-
curity feature, an array of lenticular elements being arranged to provide only
from predetermined angles of view an image of at least a piece of authentica-
tion data of said authentication data. The lenticular elements can also be called
lenticular lenses.

Background for the invention

Data carriers, such as identification cards and credit cards are com-
monly and increasingly used for various purposes. Due to their function to pro-
vide identity, they should offer great security against counterfeiting. Despite the
requirement that the data carriers should be impossible or at least very difficult
to forge, they should be suitable for mass production. A problem is, that data
carriers are sometimes relatively easy to forge by different techniques. For in-
stance, the genuine array of lenticular elements can be cut off (e.g. by knife)
from an authentic data carrier and be transferred to another data carrier to pro-
duce authentic images in said another data carrier to provide incorrect identifi-
cation. Data carriers have also been forged by mimicking in the forged data car-
rier the genuine array of lenticular elements of an authentic data carrier. In the
forged data carrier the genuine array of lenticular elements has been mimicked
with a similar looking lens array taken from commercial items such as toys and
greeting cards.

Brief disclosure of the invention

It is the aim of the present invention to provide a data carrier which is
of a type that is, in practice, impossible or at least very difficult to forge. The da-
ta carrier of the present invention is characterized in that the array of lenticular
elements is provided with a complex structure providing a further security fea-
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ture The meaning of the expression complex structure is a general term for de-
fining structures of the different embodiments of the invention disclosed herein.
Generally one could explain said expression to denote a structure which does
not follow the well known regular and simple pattern which is comprised of a
number of identical, straight and parallel lenticular elements arranged side by
side, neither a simple regular pattern formed of identical microlenses each hav-
ing spherical, squared, or honeycomb design.

An essential idea of the invention is to modify an ordinary type array
of lenticular elements used in prior art data carriers to form a further security
feature.

Preferably, the complex structure is in the form of a marking made to
at least one of the lenticular elements of the array of lenticular elements,
whereby the marking preferably is in the form of a microstructure identifiable
with a loupe or a microstructure. As the type and details of a microstructure on
the array of lenticular elements may hugely vary, it is inherently cumbersome to
copy. In order to prevent transfer of genuine array of lenticular elements of an
authentic data carrier to a fake data carrier and to enable easy checking wheth-
er a genuine array of lenticular elements has been transferred to a fake data
carrier, in the authentic data carrier a surface area of the data carrier outside
and immediately surrounding an area of the array of lenticular elements is pro-
vided with a marking forming a continuation to the marking in the at least one
lenticular element so that the marking in said surface area surrounding said ar-
ea of the array of lenticular elements combines to the marking made to the at
least one lenticular element.

Alternatively, or in addition, the further security feature comprises a
complex structure in the form of a macroscopic shaping of lenticular elements of
the array of lenticular elements, said macroscopic shaping being formed of a
plurality of lenticular elements forming lines which differentiate from straight
lines and which together exhibit a macroscopic effect visible to a naked eye.
Such macroscopic shaping is difficult to copy, mimic, reproduce etc.. Such mac-
roscopic shaping may additionally comprise a marking, e.g. a micro sized mark-
ing, made to at least one of the lenticular element, which makes the data carrier
even more difficult to copy. Preferably, the array of such lenticular elements and
the shapes of the individual lenticular elements of the array of lenticular ele-
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ments are designed to provide a focal length which focuses the light to the
same depth on said at least one piece of authentication data below the array of
lenticular elements. Such a design of the lenticular elements provides a good
quality and sharp image of said at least one piece of authentication data, which
typically is a text and/or numbers, or a photograph, and which is visible by the
naked eye.

Preferred embodiments of the invention are presented in the at-
tached dependent claims.

The advantages of the data carrier according to the invention is that it
is difficult to forge and typically provides for a more safe data card that prior art
data cards with an array of lenticular elements. The data carrier of the invention
can be called a high security data carrier or a high security document. Preferred
embodiments of the invention provide for a data carrier including well hidden
security features which cannot be identified by a naked eye. The data carrier of
the invention may contain a plurality of security features according to the differ-
ent embodiments of the invention, which provides for a very high security level.

Brief description of the drawings

The invention will be described with reference to the accompanying
drawing in which

Figure 1 shows a data carrier in the form or an identification card
comprising an array of lenticular elements,

Figure 2 shows a magnified section taken along line Il — Il of Figure
1,

Figure 3 illustrates a section taken along line Il — Ill of Figure 2,

Figure 4 illustrates a first variant of the array of lenticular elements
which can be found on the identification card of Figure 1,

Figure 5 illustrates a second variant of the array of lenticular ele-
ments which can be found on the identification card of Figure 1,

Figure 6 illustrates a third variant of the array of lenticular elements
which can be found on the identification card of Figure 1,

Figure 7 illustrates a fourth variant of the array of lenticular elements
which can be found on the identification card of Figure 1,
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Figure 8 illustrates a fifth variant of the array of lenticular elements
which can be found on the identification card of Figure 1,

Figure 9 illustrates a sixth variant of the array of lenticular elements
which can be found on the identification card of Figure 1,

Figure 10 illustrates shaping of the cross section of the lenticular el-
ements, and

Figure 11 illustrates a variant of the embodiment shown in Figure 7.

Detailed description of the invention

Figure 1 shows a data carrier in the form of an identification card 1.
The identification card 1 includes in sub-area 2 thereof a portrait, as a piece of
authentication data 20 in the form of personalized data. Sub-area 3 of the identi-
fication card contains, as a further (second) piece of authentication data 30,
personalized data, typically at least the name of the person shown in portrait.

Sub-area 4 contains an array of lenticular elements 5 (lenticular
lenses) defining a planar plane which is in parallel with a plane defined by the
identification card 1. Sub-area 4 contains, as a further piece of authentication
data 60 (see Figures 2 and 3) of the identification card one or more images
which can be seen with a naked eye, i.e. macro images. These images may
provide personalized data, e.g. date of birth of the person shown in the portrait
in sub-area 2. The personalized data in sub-area 4 can also be a mini portrait,
i.e. a small size portrait of the person shown in the portrait in sub-area 2.

The array of lenticular elements 5 is a changeable laser image array
(CLI). Owing to the characteristics of the array of lenticular elements 5, said
personalized data (or other authentication data) contained in sub-area 4 (i.e. the
date of birth and/or the mini portrait) can be identified only from predetermined
angles to the plane of the array of lenticular elements, c.f., for instance, angle a
in Figure 2. Thus, from angle a one can identify e.g. the date of birth, and from
angle B one can see the mini portrait. The array or lenticular elements may be
personalized also from more than two angles, and/or the images / micro images
made from different angles may together form other effects such as animation,
magnification, 3D imagery, and others known from Moiré lenses. In Figures 2
and 3 the further piece of authentication data 60 comprises a plurality of micro
images 6a which together form the personalized data in the form of one or more
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macro images (said identification of date of birth and said mini portrait) found in
sub area 4 of the identification card. The authentication data 60 below the array
of lenticular elements 5 can be produced in many different ways; instead of pro-
ducing it by laser, it can be produced e.g. by embossing, engraving and printing
(e.g. offset-printing).

Said personalized data cannot be seen from an angle perpendicular
to the plane of the array of lenticular elements. Thus, a Xerox-copy cannot, at
least properly, capture or reproduce the authentication data contained in the
sub-area 4. Owing to this, the array of lenticular elements 5, provides, as such,
a security feature to the identification card. This security feature is commonly
known from identification documents. The manufacturing methods of the identi-
fication card and especially the detailed steps of the manufacturing methods of
the identification card are not explained here, because they are well known to a
person skilled in the art. The basic manufacturing methods include a lamination
process, or alternatively, hot stamping the lens profile with a die casting tool
having the lens profile of the lenticular elements prepared to its surface. Several
companies provide lamination plates with the CLI feature.

In Figures 2 and 3 reference sign 7 indicates a transparent upper
layer 7 onto which the array of lenticular elements 5 is arranged. Reference sign
5a illustrates a single lenticular element in the array of lenticular elements 5.
From Figure 3 one can see that the lenticular element 5a is a longitudinal lens.
Reference numeral 8 designates a non-transparent, e.g. white, or semi-
transparent core. The core 8 can alternatively in its entirety, or at only some
parts of the data carrier be translucent. The array of lenticular elements can be
located at said parts of the data carrier. In such cases the lenticular image need
not necessarily be produced by laser printing, but e.g. by thermal transfer print-
ing. The core may comprise one or more layers which all can be white. Alterna-
tively, one or more, or even all of the layers can be transparent plastic layers.
One or more of the core layers may contain electronic components (e.g. a con-
tact free microchip and an antenna). Reference numeral 9 is drawn to a trans-
parent bottom layer. The upper layer 7, the core 8 and the bottom layer 9 are
preferably made of polycarbonate (PC). Alternatively, they can be made of pol-
yvinylchloride (PVC). It is possible to use other materials than these; e.g. poly-
ethylene terephthalate (PET). The core 8 can be of a material having the trade
mark TESLIN (manufactured by PPG Industries). Teslin is an extremely strong
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recyclable material used in e.g. driver’s licenses. The core can also be paper. A
material having the trade mark TRITAN (manufactured by Eastman Chemical
Company), can also be used. Tritan has similar properties as polyester and
tools for polyester can be used for Tritan.

Figure 4 illustrates one embodiment of the array of lenticular ele-
ments 5 which can be used in the identification card 1 of Figure 1. The array of
lenticular elements 5 is provided with a complex structure by adding to some of
the lenticular elements, e.g. on lenticular element 5a, a marking 13a in the form
of a microstructure which cannot be identified with the naked eye but which can
be identified with a loupe or a microscope. More specifically the microstructure
comprises a marking 13a in the form of a micro text. The size of a single letter
can preferably be within the range 50 to 150 um. However, the range can be
broader, e.g. from 10 um to 500 um, or even between 10 um and 2 mm. Alter-
natively, or in addition, the microstructure can be digits or any arbitrary code. In
the figure, distance L1 is 500 um.

Said micro text or micro texture provides a further security feature to
the identification card 1. As the microstructure cannot be seen at all with the na-
ked eye, a forged identification card which has been copied without the
knowledge of the microstructure (e.g. the micro text) can be identified as a false
one when comparing it, utilizing a microscope, with a genuine identification
card. Further, even if one tried to copy the complex structure, e.g. the micro
text, it would be very difficult to copy owing to the complicated manufacturing
technology and manufacturing apparatus to be used. The micro text (or other
complex structure) can preferably be manufactured utilizing a picosecond laser
engraving setup by providing high power, small spot size laser ablation to a
lamination plate (not shown). More specifically, a preferred manufacturing pro-
cess is a combination of originating the shape of the lenticular element including
the microstructure and then replicating this shape onto the plastic surface of the
data carrier. The shape origination is preferably done using laser ablation of a
metal surface using a setup with high power and small laser spot size. A prefer-
able example of the laser used in such a setup is a picosecond laser. When
manufacturing the identification card, the shape of the micro text is by a lamina-
tion process transferred from the lamination plate to the lenticular elements.
Embossing may typically be used to laminate the upper layer 7 to the core 8.
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The lamination of the upper layer 7 to the core 8 takes preferably place at the
same as the upper layer 7 is furnished with the array of lenticular elements.

Alternatively, the following manufacturing techniques can be used for
manufacturing of the micro text (or other complex structure) to the lamination
plate: mechanical milling, galvanic process, lithography, material addition and
direct printing. However, the most preferable manufacturing method is laser ab-
lation.

Figure 5 illustrates a second type of marking 13a’ which can be ap-
plied to the array of lenticular elements 5. In Figure 5 the lenticular elements
5a’ have been furnished with a marking 13a’ in the form of a microstructure,
which is in the form of a texture. The texture shown in Figure 5 comprises a plu-
rality of oblique lines forming an angle to the longitudinal direction of the lenticu-
lar elements 5a’. Distance L2 is 500 um.

Figure 6 illustrates, as an example, a further type of marking 13a”
which can be applied to the lenticular elements 5a”. In Figure 6 the lenticular
elements 5a” have been furnished with a marking 13a” in the form of a micro-
structure comprising one or more series of dots. The size of a single dot is only
e.g. 1 to 2 um. The dots do not, in practice, change at all the optical properties
of the lenticular element 5a”. The dots could be called as deliberate errors, and
may provide for very high security level; 3™ and 4™ level (Forensic) security fea-
ture can be achieved. In Figure 6, the distance L3 is 100 pm.

Figure 7 illustrates a further type of marking 13a’” made to the array
of lenticular elements 5. In Figure 7 a surface area 10’ of the data carrier out-
side and immediately surrounding an area 11" of the array of lenticular ele-
ments 5 is provided with a marking 12" forming a continuation to the marking
13a”" made to the array of lenticular elements 5, so that the marking 12’ in
said surface area 10" combines to the marking 13a” made to the array of len-
ticular elements 5. The markings 13a’” and 12’ are in the form of a micro-
structure, e.g. a micro text. The embodiment of Figure 7 provides safety espe-
cially against such forgery which is based on cutting out only the array of lentic-
ular elements 5 from an authentic identification card 1 and transferring it to a
false one. If such an array of lenticular elements 5", which has been cut out,
was implemented to a false card having no marking (c.f. marking 12’”) in an sur-
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rounding area (c.f. area 10’) one can easily detect the false identification card
by e.g. a loupe or even by a naked eye — depending on the size of the mark-
ings. In Figure 7 the marking 12’ may extend on a major area of the identifica-
tion card, even up to the outer periphery thereof. It should be noted that Figure
7 illustrates only one of many ways to fade out a border between an array of
lenticular elements and an area of data carrier, surrounding the array of lenticu-
lar elements.

Figure 8 illustrates a further type of marking 13a' made to the array
of lenticular elements 5". In Figure 8 the marking 132" extends on a plurality of
the lenticular elements 5a' and exhibits a macroscopic effect or a macroscopic
image visible to a naked eye. In Figure 8, the macroscopic effect has a shape
resembling a square, but the macroscopic effect could, in principle be any
shape. In Figure 8, the distance L4 is 500 um. The embodiment in Figure 8 is
very advantageous, because one can quickly identify with the naked eye the
macroscopic effect (a square), and if one wishes to study in more detail the
marking with a loupe or a microscope in order to verify the authenticity of the
identification card, one can check the microstructure, i.e. the micro text, code or
texture, forming the macroscopic effect.

Figure 9 illustrates a further type of complex structure which can be
made to the data carrier. In Figure 9 the complex structure comprises a macro-
scopic shaping of the lenticular elements 5a" in the array of lenticular elements
5Y. The macroscopic shaping is formed of a plurality of lenticular elements 5a"
forming lines which differentiate from straight lines and which exhibit a macro-
scopic effect visible to a naked eye. In Figure 9 the macroscopic effect is a
wavy pattern. Alternatively, the macroscopic effect could be e.g. a zig-zag pat-
tern or a simple bending/curving of the lenticular elements.

Preferably the array of lenticular elements 5" and the shapes of the
individual lenticular elements 5a" in Figure 9 are designed to provide a focal
length which focuses the light to the same depth on said at least one piece of
authentication data 60 (not specifically shown in the drawing) below the array of
lenticular elements. Such a design of the lenticular elements provides a good
quality and sharp image of said at least one piece of authentication data 60,
which typically is a text and/or numbers, or a photograph or a finger print, and
which is visible by the naked eye.
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The complex structure formed of a plurality of lenticular elements
may reflect light in different angles in such a way that the macroscopic shaping
generates recognizable shapes such as logos and national emblems (not
shown in the drawings).

Figure 10 shows a cross section of an embodiment of the array of
lenticular elements 5. As seen from the figure, the cross section of the lenticu-
lar elements 5a1"', 522", 5a3"' and 5a4"' varies, i.e. the cross section has dif-
ferent geometry. The curvature and/or the radius of the lenticular elements
5a1"!, 522", 523" and 5a4"' within the same array of lenticular elements 5"
may thus vary. Also in this embodiment, the array of lenticular elements 5 and
the shapes of the individual lenticular elements 5a1"', 5a2"', 523" and 5a4"' are
designed to provide a focal length which focuses the light to the same depth on
at least one piece of authentication data (not shown in Fig. 10; c.f. authentica-
tion data 60 in Fig.2) below the array of lenticular elements. The curvature of
the lenticular element 5a3"' differs from the curvature of the lenticular element
5a2"'. Also, the radius of the lenticular elements 5a1"', 522", 5a3"' and 5a4"
can vary. E.g. the radius of the lenticular element 5a2"' differs from the radius of
the lenticular element 5a1¥". Thus, a complex structure of the array of lenticular
elements 5" can be achieved by having within the same array lenticular ele-
ments 5a1"', 5a2"', 523" and 5a4"' having different geometry.

The lenticular elements 5a1"!, 522", 5a3"! and 5a4"" of Figure 10 can
still further have a complex structure in the form of a microstructure of the kind
described above, i.e. a marking in the form of a micro text, a code, a texture,
dots and/or macroscopic shaping.

In Figure 11 is shown another way than in Figure 7 of fading out a
border between an array of lenticular elements and a surrounding area of the
data carrier. In Figure 11, which like Figure 9 comprises a macroscopic shaping
of the lenticular elements in the array of lenticular elements 5", one or more of
the lenticular elements 5a"" extend to the surface area 10¥" which surrounds
the area 11" of the array of lenticular elements 5*". The profile of the lenticular
elements 5a"" can be modified, and they can be made to merge into a sur-
rounding surface relief pattern. One or more of the lenticular elements can fur-
ther be provided with marking in the form of a microstructure (not shown in Fig.
11; c.f. microstructure in Fig. 7).
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The invention has been disclosed above with reference to a number
of examples constituting preferable embodiments of the invention. It should be
noted that the invention can be realized in many different manners within the
scope of the claims. For example, the microstructure (when present) can be
added onto the surface of the lenticular elements providing thus an embossed
microsturcture (micro text, micro digits a code, a texture, dots) or alternatively
the microstructure can be added as an engraving (recesses) in the surface of
the lenticular elements. The microstructure in the same array of lenticular ele-
ments may also contain both embossings and engravings. Further, the array of
lenticular elements can be designed to provide an image of the personalized (or
other authentication data) data when looking at the array of lenticular elements
in a direction which is perpendicular to the plane defined by the array of lenticu-
lar elements. When looking at such an array of lenticular elements from a direc-
tion which deviates from said perpendicular direction, the personalized data (or
other authentication data) cannot be seen. The number of sub-areas in the data
carrier may vary; in principle only one sub-area could for some applications pro-
vide for enough security.
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Claims

1. A data carrier (1), especially a security document, such as an iden-
tification card, e.g. a passport or a driving license, a credit card and a bank
card, the data carrier comprising authentication data (20, 30, 60) comprising
personalized data, and as a security feature, an array of lenticular elements (5,
5,5, 5, 5" 5 5 5V peing arranged to provide only from predetermined
angles of view (a, B) an image of at least a piece of authentication data (60) of
said authentication data (20, 30, 60), characterized in that the array of
lenticular elements (5, 5, 57, 5, 5", 5"; 5¥!, 5V is provided with a complex
structure providing a further security feature.

2. A data carrier (1) according to claim 1, characterized in
that the complex structure is in the form of a marking (13a, 13a’, 13a”, 13a”,
13a'V) made to at least one of the lenticular elements (5a, 5a’, 5a”, 5a”", 5a",
5a’, 5a1"") of the array of lenticular elements (5, 5, 57, 5, 5, 5", 5V).

3. A data carrier (1) according to claim 2, characterized in
that the marking (13a, 13a’, 13a”, 13a”, 13a") is in the form of a microstructure
identifiable with a loupe or a microscope.

4. A data carrier (1) accordingto claim 2 or 3, characterized
in that the marking (13a, 13a’, 13a”, 13a”, 133"} is in the form of a micro text, a
code or a texture.

5. A data carrier (1) according to any preceding claim 2 to 4,
characterized in that the marking (13a™) extends on plurality of the len-

ticular elements (5a) of the array of lenticular elements (5’”) and forms a line.

6. A data carrier (1) according to any preceding claim 2 to 5,
characterized inthat a surface area (10’”) of the data carrier outside and
immediately surrounding an area (11’) of the array of lenticular elements (5)
is provided with a marking (12"’) forming a continuation to the marking (13a™) in
the at least one lenticular element (5a’) so that the marking in said surface ar-
ea (10™") surrounding said area of the array of lenticular elements combines to
the marking (13a"’) made to the at least one lenticular element.
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7. A data carrier (1) according to any preceding claim 2 to 5,
characterized in that the marking (13a") extends on a plurality of the
lenticular elements (5a') and exhibits a macroscopic effect visible to a naked
eye.

8. A data carrier (1) according to claim 1, characterized in
that the complex structure comprises a macroscopic shaping being formed of a
plurality of lenticular elements (5a", 5a""') forming lines which differentiate from
straight lines and which together exhibit a macroscopic effect visible to a naked
eye.

9. A data carrier (1) according to claim 8, characterized in
that said lines are curved or exhibit a zig-zag pattern.

10. A data carrier (1) accordingtoclaim8or9, characterized
in that the array of lenticular elements and the shapes of the individual lenticular
elements are designed to provide a focal length which focuses the light to the
same depth on said at least one piece of authentication data below the array of
lenticular elements.

11. A data carrier (1) according to claim 1, characterized in
that the complex structure comprises a macroscopic shaping being formed of a
plurality of lenticular elements reflecting light in different angles which together
exhibit a macroscopic effect in the form of a recognizable shape visible to a na-
ked eye.

12. A data carrier (1) according to claim 11, characterized in
that the recognizable shape is in the form of a logo or a national emblem.

13. A data carrier (1) according to claim 1, characterized in
that the complex structure comprises the array of lenticular elements (5"') where
the cross section of the lenticular elements (5a1"', 522", 5a3"!, 5a4"") have dif-
ferent geometry.

14. A data carrier (1) in the form of a security document according to
any preceding claim, characterized in that the security document is in
the form of a card comprising a core (8) and a transparent upper layer (7) at-
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tached to the core, the transparent layer comprising said array of lenticular ele-
ments (5,5, 5”7, 5, 5",5"; 5V 5.

15. A data carrier (1) according to claim 14, characterized in
that the upper layer (7) comprises said at least one piece of authentication data
(60) being visible by a naked eye and being formed of a plurality of micro imag-
es (6a).
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