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Description

[0001] The present invention relates to a security doc-
ument comprising a substrate and an optical security el-
ement incorporated in the substrate and relates to a
method for checking the authentication of the security
document Moreover, the invention relates to a method
for protecting a security document against forgery and
for the authentication of the security document
[0002] The identification and authentication of security
documents, e.g. banknotes, credit cards, identity cards,
tickets, stamps etc., is a long-standing problem. In order
to solve this goal, security elements have been devel-
oped to allow users and/or machines to discriminate be-
tween genuine and forged security documents, in partic-
ular banknotes, and/or to discriminate among different
types of banknotes.
[0003] Special substrates, special inks, the inclusion
of watermarks and security threads are commonly used
for protecting security documents, in particular ban-
knotes, against forgery. Most of the security elements
can be inspected with the naked eye. Another type of
security elements are not visible with the naked eye, but
can be inspected with a special device. Examples of such
security elements are optical security elements based on
fluorescent and polarisation effects.
[0004] WO 98/52077 describes an optical security el-
ement based on a layer structure consisting of an orien-
tation layer and a layer consisting of liquid-crystal mon-
omers cross-linked with one another. The orientation lay-
er consists of a photo-arientable polymer network which
is designated in literature as PPN or LPP layer. The PPN
or LLP layer defines in the oriented state regions of alte-
mating orientations. During production of the liquid-crys-
tal layer structure, the liquid-crystal monomers are ori-
ented through the interaction with the PNN layer in dif-
ferent zones. This orientation is fixed by a subsequent
cross-linking step, after which a cross-linked, optical
structured liquid-crystal (LCP) with a predetermined ori-
entation pattern for storing information is formed. Under
observation with the naked eye, the information which
has been written in the LLP layer is not visible. Both layers
have a transparent appearance. If the substrate on which
the layers are located transmits light, then the stored In-
formation becomes visible if the optical element is placed
between two polariser sheets.
[0005] The above desctribed optical liquid-crystal
structure allows storing any kind of information in form
of text and/or images for providing optical security ele-
ments which can be incorporated in security documents.
However, for checking the authentication of the security
documents comprising the above optical security ele-
ments, polarisers are necessary to make visible the in-
formation stored therein.
[0006] When using an optical liquid-crystal structure
as described in EP-A 689 084 and WO 9953349 A1, one
polariser sheet is necessary on each side of the optical
security element to read the stored information so that a

quick checking of the authentication is difficult for the
user (WO 98/52077). WO 98/52077 teaches removing
this disadvantage by additionally integrating one polar-
ising layer in the optical layer structure so that one po-
larising sheet held over the optical element is sufficient
for making the stored information visible.
[0007] AU 2005 203 815 A1 discloses a security doc-
ument having a plurality of PPN (photo-orientable poly-
mer network) and LCP (liquid crystal polymer) layers. It
also describes a polarizing layer which may be included
in the security document. However, there is no disclosure
regarding the arrangement of the LCP and PPN layers
with respect to this polarizer. WO 2007/137334 A1 dis-
closes a similar security document having a plurality of
PPN layers (14, 24) and LCP layers (16, 26).
[0008] It is an object of the present invention to simplify
the checking of the authentication of a security document,
in particular a banknote, comprising an optical security
element for storing information which is not visible with
the naked eye. Another object ofthe invention is providing
a method for protecting a security document, in particular
a banknote, against forgery and for the authentication of
the security document, which simplifies the checking of
the authentication of the security document.
[0009] This problem is solved according to the inven-
tion with the features of the independent claims. Pre-
ferred embodiments are the subject-matter of the de-
pendent claims.
[0010] The security document comprises a first liquid-
crystal layer structure, a polariser, and a second liquid-
aystal layer structure. The liquid-crystal molecules of the
first layer structure have a first predetermined orientation
pattern for storing information, while the liquid-crystal
molecules of the second layer structure have a second
predetermined orientation pattern for storing information.
The information stored in the first and second liquid-crys-
tal layer structures is not visible with the naked eye with-
out an inspection tool.
[0011] Both the first information stored in the first liquid-
crystal layer structure and the second information stored
in the second liquid-crystal layer structure are independ-
ently visible for the public using an inspection tool. Thus,
the optical security element allow authentication of the
security document by observing both the first and second
information which can be a text or an image or a combi-
nation of text and image.
[0012] The method for checking the authentication of
the optical security element according to the invention is
based on the use of a liquid-crystal display as a means
for providing polarised light. Liquid-crystal displays emit-
ting polarised light are well known. Since the screens of
mobile telephones and cameras or other devices, e.g. a
mobile TV, are liquid-crystal displays, mobile phones or
cameras can be used by the public for making visible the
stored information. Since the security document of the
invention does not require a very special inspection tool,
the inspection is simplified for the user.
[0013] The first information becomes visible when
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placing the optical security element of the security doc-
ument on the liquid-crystal display in an orientation in
which one of the sides of the optical security element is
lying on the liquid-crystal display, while the second infor-
mation becomes visible when placing the optical security
element on the liquid-crystal display in an orientation in
which the otherofthe sides of the optical security element
is lying on the liquid-crystal display.
[0014] According to a preferred embodiment of the in-
vention, the first predetermined orientation pattern is dif-
ferent from the second predetermined orientation pattern
so that the first and second information distinguish from
each other. However, it is basically possible to store the
same information, e.g. text and/or image, in both liquid-
crystal structures which can be inspected from both sides
of the security document.
[0015] It is an important aspect of the invention that
the substrate of the security document comprises a cut-
out and the optical security element is located in the cut-
out of the substrate. The optical security element can be
placed on the upper or lower side of the substrate or can
be incorporated in the substrate. Preferably, the optical
security element is inserted into the substrate during the
paper manufacturing process.
[0016] The above designated liquid-crystal layer struc-
tures as such are disclosed in e.g. EP-A 689 084, WO
9953349 A1 and WO 98/52077. Each of the first and
second liquid layer structures comprises an anisotropic
layer comprising cross-linked liquid-crystal monomers
and an orientation layer arranged on the anisotropic layer
of the first and second liquid-crystal layer structure, re-
spectively, so that the liquid-crystal molecules of the liq-
uid-crystal layer structures align with the information
stored in the orientation layer. Both the orientation layers
of the first and second liquid-crystal layer structures com-
prise a photo-oriented polymer network (PPN).
[0017] The optical security element of the invention is
transparent under normal lighting conditions. The secu-
rity element can be combined with other security features
having surface grating effects, in particular with holo-
grams, diffractive optical elements (DOE) zero order grat-
ings etc. These security features can be incorporated in
an additional layer in the polariser between the first and
second liquid-crystal layer structures.
[0018] For the purpose of illustrating the present inven-
tion, a preferred embodiment of the invention will now be
described below with reference to the accompanying
drawings.

Fig. 1 shows a banknote comprising the optical se-
curity element of the security document ac-
cording to the invention

Fig. 2 shows in a simplified schematic representa-
tion a layer structure of the optical security
element of the security document according
to the invention,

Fig. 3A illustrates the inspection of the first informa-
tion stored in the first optical security element
of the security document according to the in-
vention,

Fig. 3B illustrates the inspection of the second infor-
mation stored in the second optical security
element and

Fig. 3C illustrates the inspection of the optical security
element under normal light conditions.

[0019] Fig. 1 shows the front side of a banknote com-
prising an optical security element according to the in-
vention. The banknote comprises a substrate 1 made of
a flexible material, e.g. the substrate is made of paper.
A graphical design printing 2 is provided on the front side
and the backside of the banknote. The banknote com-
prises conventional security elements, e.g. a security
thread 3 made of a metal strip and a hologram 4.
[0020] The optical security element 5 of the banknote
is a plastic band which has under normal lighting condi-
tions a transparent appearance. The plastic band of the
optical security element 5 is located in a cutout 6 of the
substrate 1 of the banknote. Thus, under normal lighting
conditions the optical security element appears as a win-
dow in the banknote. As will be described hereinafter,
only under special lighting conditions, the information
stored in the optical security element becomes visible for
the public.
[0021] The plastic band of the optical security element
is incorporated in the paper of the substrate during the
paper manufacturing process. A method for incorporat-
ing a plastic band in the paper of a banknote is described
for example in AT 412 078 B.
[0022] Fig. 2 shows in a simplified schematic repre-
sentation the layer structure of the optical security ele-
ment. The security element comprises a first liquid-crys-
tal layer structure 7 and a second liquid-crystal layer
structure 8 as well as polarizing sheet 9 arranged be-
tween the first and second liquid-crystal layer structures
7, 8.
[0023] The first liquid-crystal layer structure 7 compris-
es an anisotropic layer consisting of cross-linked liquid-
crystal monomers 7A (LCP layer). The orientation of the
molecular arrangement of the LCP layer is predeter-
mined by the orientation of an orientation layer 7B which
adjoins the LCP layer 7A. The orientation layer 7B is a
photo-oriented polymer network (PPN) whose orienta-
tion varies locally over its surface. The orientation is de-
termined by selective exposure to linearly polarized UV
light. This liquid-crystal layer structure allows storing of
information, i.e. a first image in the preferred embodi-
ment. A method for producing the above liquid-crystal
layer structure is described for example in EP-A 689 084,
WO 9953349 A1, US-A 5 389 698, and WO 98/52077.
[0024] The second liquid-crystal layer structure 8 has
the same structure as the first liquid-crystal layer struc-
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ture 7. Both layer structures 7, 8 are hybrid structures
consisting of cross-linked liquid-crystal monomers 7A,
8A (LCP layer) and a photo-oriented polymer network
(PPN) 7B, 8B. In the preferred embodiment, the second
liquid-crystal layer structure 8 stores a second image. In
the preferred embodiment, the directions of orientation
of the first and second liquid-crystal layer structures 7, 8
include a right angle.
[0025] Fig. 3A to 3C illustrate the inspection of the op-
tical security element. In Fig. 3A to 3C, the first and sec-
ond liquid-crystal layer structures 7, 8 (Fig. 2) showing
the first and second images are designated with "1" and
"2", respectively.
[0026] Under normal lighting conditions, the first and
second images are not visible for the public when ob-
serving both the upper side and the lower side of the
banknote (Fig. 3C) and the optical security element is
transparent. Under special lighting conditions, however,
both images become visible.
[0027] It is an important aspect of the invention that
the user does not need a very special tool rather than
the screen (LCD) of a mobile phone or a camera for mak-
ing visible the images.
[0028] The second image becomes visible when plac-
ing the optical security element of the banknote with its
lower side on the screen (LCD) and observing the upper
side of the banknote with the naked eye (Fig. 3A). Ac-
cordingly, the first image becomes visible when placing
the optical security element with its upper side on the
screen (LCD) and observing the lower side of the ban-
knote with the naked eye (Fig. 3B). The image is visible
independent of the orientation of the optical security el-
ement on the screen. By rotating the security element on
the screen, the image changes from positive to negative
and vice versa.

Claims

1. A method of checking the authentication of a security
document comprising a substrate (1) and an optical
security element (5) incorporated in the substrate,
characterized in that the optical security element
(5) comprises:

a first liquid-crystal layer structure (7), the liquid-
crystal molecules having a first predetermined
orientation pattern for storing information,
a polarizer (9) and
a second liquid-crystal layer structure (8), the
liquid-crystal molecules having a second prede-
termined orientation pattern for storing informa-
tion the polarizer (9) being arranged between
the first and second liquid-crystal layer structure
(7, 8),
a cutout (6) in the substrate and the optical se-
curity element (5) being located in the cutout (6)
of the substrate,

the method comprising the steps of:

providing a liquid-crystal display (LCD) for
emitting polarized light placing the optical
security element (5) of the security docu-
ment on the liquid-crystal display (LCD) in
an orientation in which one of the sides of
the optical security element (5) is lying on
the liquid-crystal display,
observing the optical security element (5)
with the naked eye,
placing the optical security element (5) on
the liquid-crystal display (LCD) in an orien-
tation in which the other of the sides of the
optical security element is (5) lying on the
liquid-crystal display, and
observing the optical security element (5)
with the naked eye.

2. The method according to claim 1 further comprising
the steps of:

providing a mobile telephone or a camera com-
prising a liquid-crystal display for transmitting
polarized light, the optical security element be-
ing placed on the liquid-crystal display of the mo-
bile phone or camera.

3. The method according to claim 1 or 2, wherein the
first predetermined orientation pattern of the first liq-
uid-crystal layer structure (7) is different from the
second predetermined orientation pattern of the sec-
ond liquid-crystal layer structure (8).

4. The method according to claim 1 or 2, wherein the
first liquid-crystal layer structure (7) and the second
liquid-crystal layer structure (8) have different direc-
tions of orientation.

5. The method according to claim 4, wherein the direc-
tions of orientation of the first liquid-crystal layer
structure (7) and the second liquid-crystal layer
structure (8) include a right angle.

6. The method according to anyone of the preceding
claims, wherein the first liquid-crystal layer structure
(7) comprises an anisotropic layer (7A) comprising
cross-linked liquid-crystal monomers and the sec-
ond liquid-crystal layer structure (8) comprises an
anisotropic layer (8A) comprising cross-linked liquid-
crystal monomers.

7. The method according to anyone of the preceding
claims, wherein the first liquid-crystal layer structure
(7) comprises an orientation layer (7B) arranged on
the anisotropic layer (7 A) of the first liquid-crystal
layer structure and the second liquid-crystal layer
structure (8) comprises a second orientation layer
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(8B) arranged on the anisotropic layer (8A) of the
second liquid-crystal layer structure so that the liq-
uid-crystal molecules of the first and second liquid-
crystal layer structures (7, 8) align with the informa-
tion stored in the orientation layer.

8. The method according to claim 7, characterized in
that the orientation layer (7B) of the first liquid-crystal
layer structure (7) comprises a photo-oriented poly-
mer network (PPN) and the orientation layer (8B) of
the second liquid-crystal layer structure (8) compris-
es a photo-oriented polymer network (PPN).

Patentansprüche

1. Verfahren zur Überprüfung der Authentifizierung ei-
nes Sicherheitsdokuments mit einem Substrat (1)
und einem optischen Sicherheitselement (5), das in
das Substrat eingearbeitet ist, dadurch gekenn-
zeichnet, dass das optische Sicherheitselement (5)
Folgendes umfasst:

eine erste Flüssigkristallschichtstruktur (7), wo-
bei die Flüssigkristallmoleküle ein erstes vorbe-
stimmtes Ausrichtungsmuster zum Speichern
von Informationen aufweisen,
einen Polarisator (9) und
eine zweite Flüssigkristallschichtstruktur (8),
wobei die Flüssigkristallmoleküle ein zweites
vorbestimmtes Ausrichtungsmuster zum Spei-
chern von Informationen aufweisen,
wobei der Polarisator (9) zwischen der ersten
und der zweiten Flüssigkristallschichtstruktur
(7, 8) angeordnet ist,
einen Ausschnitt (6) in dem Substrat, und wobei
sich das optische Sicherheitselement (5) in dem
Ausschnitt (6) des Substrats befindet,
wobei das Verfahren die folgenden Schritte um-
fasst:

Bereitstellen einer Flüssigkristallanzeige
(LCD) zum Abgeben von polarisiertem
Licht,
Platzieren des optischen Sicherheitsele-
ments (5) des Sicherheitsdokuments auf
der Flüssigkristallanzeige (LCD) in einer
Ausrichtung, in der eine der Seiten des op-
tischen Sicherheitselements (5) auf der
Flüssigkristallanzeige liegt,
Betrachten des optischen Sicherheitsele-
ments (5) mit bloßem Auge,
Platzieren des optischen Sicherheitsele-
ments (5) auf der Flüssigkristallanzeige
(LCD) in einer Ausrichtung, in der die ande-
re der Seiten des optischen Sicherheitsele-
ments (5) auf der Flüssigkristallanzeige
liegt, und

Betrachten des optischen Sicherheitsele-
ments (5) mit bloßem Auge.

2. Verfahren nach Anspruch 1, ferner mit den folgen-
den Schritten:

Bereitstellen eines Mobiltelefons oder einer Ka-
mera mit einer Flüssigkristallanzeige zum Aus-
senden von polarisiertem Licht, wobei das opti-
sche Sicherheitselement auf die Flüssigkristall-
anzeige des Mobiltelefons oder der Kamera ge-
legt wird.

3. Verfahren nach Anspruch 1 oder 2, wobei das erste
vorbestimmte Ausrichtungsmuster der ersten Flüs-
sigkristallschichtstruktur (7) von dem zweiten vorbe-
stimmten Ausrichtungsmuster der zweiten Flüssig-
kristallschichtstruktur (8) verschieden ist.

4. Verfahren nach Anspruch 1 oder 2, wobei die erste
Flüssigkristallschichtstruktur (7) und die zweite Flüs-
sigkristallschichtstruktur (8) unterschiedliche Aus-
richtungsrichtungen aufweisen.

5. Verfahren nach Anspruch 4, wobei die Ausrichtungs-
richtungen der ersten Flüssigkristallschichtstruktur
(7) und der zweiten Flüssigkristallschichtstruktur (8)
einen rechten Winkel einschließen.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die erste Flüssigkristallschichtstruktur (7)
eine anisotrope Schicht (7A) umfasst, die vernetzte
Flüssigkristallmonomere umfasst, und die zweite
Flüssigkristallschichtstruktur (8) eine anisotrope
Schicht (8A) umfasst, die vernetzte Flüssigkristall-
monomere umfasst.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die erste Flüssigkristallschichtstruktur (7)
eine Ausrichtungsschicht (7B) umfasst, die auf der
anisotropen Schicht (7A) der ersten Flüssigkristall-
schichtstruktur angeordnet ist, und die zweite Flüs-
sigkristallschichtstruktur (8) eine zweite Ausrich-
tungsschicht (8B) umfasst, die auf der anisotropen
Schicht (8A) der zweiten Flüssigkristallschichtstruk-
tur angeordnet ist, so dass die Flüssigkristallmole-
küle der ersten und der zweiten Flüssigkristall-
schichtstruktur (7, 8) sich auf die in der Ausrichtungs-
schicht gespeicherten Informationen ausrichten.

8. Verfahren nach Anspruch 7, dadurch gekenn-
zeichnet, dass die Ausrichtungsschicht (7B) der
ersten Flüssigkristallschichtstruktur (7) ein photoo-
rientiertes Polymernetzwerk (PPN) umfasst und die
Ausrichtungsschicht (8B) der zweiten Flüssigkristall-
schichtstruktur (8) ein photoorientiertes Polymer-
netzwerk (PPN) umfasst.
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Revendications

1. Procédé de vérification de l’authentification d’un do-
cument de sécurité présentant un substrat (1) et un
élément de sécurité optique (5) incorporé dans le
substrat, caractérisé en ce que l’élément de sécu-
rité optique (5) présente :

une première structure de couche de cristaux
liquides (7), les molécules de cristaux liquides
présentant un premier motif d’orientation prédé-
terminé pour mémoriser des informations,
un polariseur (9), et
une deuxième structure de couche de cristaux
liquides (8), les molécules de cristaux liquides
présentant un deuxième motif d’orientation pré-
déterminé pour mémoriser des informations,
le polariseur (9) étant agencé entre la première
et la deuxième structure de couche de cristaux
liquides (7, 8),
une découpe (6) dans le substrat, et l’élément
de sécurité optique (5) étant agencé dans la dé-
coupe (6) du substrat,
le procédé comprenant les étapes suivantes :

fournissement d’un écran à cristaux liquides
(LCD) pour émettre de la lumière polarisée,
agencement de l’élément de sécurité opti-
que (5) du document de sécurité sur l’écran
à cristaux liquides (LCD) selon une orienta-
tion dans laquelle l’un des côtés de l’élé-
ment de sécurité optique (5) repose sur
l’écran à cristaux liquides,
observation de l’élément de sécurité opti-
que (5) à l’oeil nu,
agencement de l’élément de sécurité opti-
que (5) sur l’écran à cristaux liquides (LCD)
selon une orientation dans laquelle l’autre
des côtés de l’élément de sécurité optique
(5) repose sur l’écran à cristaux liquides, et
observation de l’élément de sécurité opti-
que (5) à l’oeil nu.

2. Procédé selon la revendication 1, comprenant en
outre les étapes suivantes :

fournissement d’un téléphone portable ou d’une
caméra présentant un écran à cristaux liquides
pour transmettre de la lumière polarisée, l’élé-
ment de sécurité optique étant placé sur l’écran
à cristaux liquides du téléphone mobile ou de la
caméra.

3. Procédé selon la revendication 1 ou 2, le premier
motif d’orientation prédéterminé de la première
structure de couche de cristaux liquides (7) étant dif-
férent du deuxième motif d’orientation prédéterminé
de la deuxième structure de couche de cristaux li-

quides (8).

4. Procédé selon la revendication 1 ou 2, la première
structure de couche de cristaux liquides (7) et la
deuxième structure de couche de cristaux liquides
(8) présentant différents sens d’orientation.

5. Procédé selon la revendication 4, les sens d’orien-
tation de la première structure de couche de cristaux
liquides (7) et de la deuxième structure de couche
de cristaux liquides (8) incluant un angle droit.

6. Procédé selon l’une des revendications précéden-
tes, la première structure de couche de cristaux li-
quides (7) comprenant une couche anisotrope (7A)
qui comporte des monomères de cristaux liquides
réticulés, et la deuxième structure de couche de cris-
taux liquides (8) comprenant une couche anisotrope
(8A) comportant des monomères de cristaux liqui-
des réticulés.

7. Procédé selon l’une des revendications précéden-
tes, la première structure de couche de cristaux li-
quides (7) comprenant une couche d’orientation (7B)
agencée sur la couche anisotrope (7A) de la premiè-
re structure de couche de cristaux liquides, et la
deuxième structure de couche de cristaux liquides
(8) comprenant une deuxième couche d’orientation
(8B) agencée sur la couche anisotrope (8A) de la
deuxième structure de couche de cristaux liquides
de sorte que les molécules de cristaux liquides de
la première et de la deuxième structure de couche
de cristaux liquides (7,8) s’alignent sur les informa-
tions mémorisées dans la couche d’orientation.

8. Procédé selon la revendication 7, caractérisé en ce
que la couche d’orientation (7B) de la première
structure de couche de cristaux liquides (7) comporte
un réseau polymère photo-orienté (PPN) et la cou-
che d’orientation (8B) de la deuxième structure de
couche de cristaux liquides (8) comporte un réseau
polymère photo-orienté (PPN).
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