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(54) Security document and method for protecting a security document against forgery and for 
the authentication of the security document

(57) The present invention relates to a security doc-
ument comprising a substrate 1 and an optical security
element 5 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. The se-
curity document according to the invention comprises a
first liquid-crystal layer structure 7, the liquid-crystal mol-
ecules thereof having a first predetermined orientation
pattern for storing information, a polariser 8, and a second
liquid-crystal layer structure 8, the liquid-crystal mole-
cules thereof having a second predetermined orientation
pattern for storing information. The information stored in
the first and second liquid-crystal layer structures 7, 8 is

not visible by the naked eye without an inspection tool.
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, for example a mobile
phone or a camera, as a means for providing polarised
light. 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 the mobile phone or the
camera. Thus, the optical security element allows au-
thentication of the security document by observing both
the first and second information which can be a text or
an image or a combination of text and image.
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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-orientable polymer network which
is designated in literature as PPN or LPP layer. The PPN
or LLP layer defines in the oriented state regions of al-
ternating orientations. During production of the liquid-
crystal layer structure, the liquid-crystal monomers are
oriented through the interaction with the PNN layer in
different 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 described optical liquid-crystal struc-
ture allows storing any kind of information in form of text
and/or images for providing optical security elements
which can be incorporated in security documents. How-
ever, for checking the authentication of the security doc-
uments comprising the above optical security elements,
polarisers are necessary to make visible the information
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] 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 of the 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.
[0008] 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.
[0009] The security document according to the inven-
tion comprises a first liquid-crystal layer structure, a po-
lariser, and a second liquid-crystal layer structure. The
liquid-crystal molecules of the first layer structure have
a first predetermined orientation pattern for storing infor-
mation, 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-crystal layer structures is not
visible with the naked eye without an inspection tool.
[0010] 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.
[0011] 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.
[0012] The first information becomes visible when
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 other of the sides of the optical security element
is lying on the liquid-crystal display.
[0013] According to a preferred embodiment of the in-
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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.
[0014] 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.
[0015] 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).
[0016] 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.
[0017] 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.

[0018] 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.
[0019] 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.
[0020] 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.
[0021] 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.
[0022] 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.
[0023] The second liquid-crystal layer structure 8 has
the same structure as the first liquid-crystal layer struc-
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.
[0024] Fig. 3A to 3C illustrate the inspection of the op-
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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.
[0025] 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.
[0026] 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.
[0027] 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. 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 polariser (8) and
a second liquid-crystal layer structure (8), the
liquid-crystal molecules having a second prede-
termined orientation pattern for storing informa-
tion.

2. Security document according to claim 1, character-
ized in that the first predetermined orientation pat-
tern of the first liquid-crystal layer structure (7) being
different from the second predetermined orientation
pattern of the second liquid-crystal layer structure
(8).

3. Security document according to claim 1 or 2, char-
acterized in that the first liquid-crystal layer struc-
ture (7) and the second liquid-crystal layer structure
(8) have different directions of orientation.

4. Security document according to claim 3, character-

ized in that the directions of orientation of the first
liquid-crystal layer structure (7) and the second liq-
uid-crystal layer structure (8) include a right angle.

5. Security document according to any one of claims 1
to 4, characterized in that the first liquid-crystal lay-
er structure (7) comprises an anisotropic layer (7A)
comprising cross-linked liquid-crystal monomers
and the second liquid-crystal layer structure (8) com-
prises an anisotropic layer (8A) comprising cross-
linked liquid-crystal monomers.

6. Security document according to any one of claims 1
to 5, characterized in that the first liquid-crystal lay-
er structure (7) comprises an orientation layer (7B)
arranged on the anisotropic layer (7A) of the first
liquid-crystal layer structure and the second liquid-
crystal layer structure (8) comprises a second orien-
tation layer (8B) arranged on the anisotropic layer
(8A) of the second liquid-crystal layer structure so
that the liquid-crystal molecules of the first and sec-
ond liquid-crystal layer structures (7, 8) align with the
information stored in the orientation layer.

7. Security document according to claim 6, character-
ized in that the orientation layer (7B) of the first liq-
uid-crystal layer structure (7) comprises a photo-ori-
ented polymer network (PPN) and the orientation
layer (8B) of the second liquid-crystal layer structure
(8) comprises a photo-oriented polymer network
(PPN).

8. Security document according to any one of claims 1
to 7, characterized in that the substrate (1) com-
prises a cutout (6) and the optical element (5) is lo-
cated in the cutout of the substrate.

9. Method for checking the authentication of the secu-
rity document according to any one of claims 1 to 8
comprising the steps of:

providing a liquid-crystal display (LCD) for emit-
ting polarized light
placing the optical security element of the secu-
rity document on the liquid-crystal display (LCD)
in an orientation in which one of the sides of the
optical security element is lying on the liquid-
crystal display,
observing the optical security element with the
naked eye.

10. Method according to claim 9 comprising the steps of:

placing the optical security element on the liquid-
crystal display (LCD) in an orientation in which
the other of the sides of the optical security el-
ement is lying on the liquid-crystal display,
observing the optical security element with the

5 6 



EP 2 543 521 A1

5

5

10

15

20

25

30

35

40

45

50

55

naked eye.

11. Method according to any one of claims 9 to 10 com-
prising 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.

12. Method for protecting of a security document against
forgery and for the authentication of the security doc-
ument comprising the steps of:

incorporating an optical security element in the
substrate of the security document,
the optical element comprising:

a first liquid-crystal layer structure, the liq-
uid-crystal molecules having a first prede-
termined orientation for storing information,
a polariser,
a second liquid-crystal layer structure, the
liquid-crystal molecules having a second
predetermined orientation for storing infor-
mation,
the first predetermined orientation for stor-
ing information being different from second
predetermined orientation for storing infor-
mation,
providing a liquid-crystal display (LCD) for
emitting polarized light,
placing the optical security element of the
security document on the liquid-crystal dis-
play in an orientation in which one of the
sides of the optical security element is lying
on the liquid-crystal display,
observing the optical security element with
the naked eye, and
placing the optical security element of the
security document on the liquid-crystal dis-
play in an orientation in which the other of
the sides of the optical security element is
lying on the liquid-crystal display,
observing the optical security element with
the naked eye.

13. Method according to claim 12 comprising the step 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.

7 8 



EP 2 543 521 A1

6



EP 2 543 521 A1

7



EP 2 543 521 A1

8



EP 2 543 521 A1

9



EP 2 543 521 A1

10

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• WO 9852077 A [0004] [0006] [0015] [0022]
• EP 689084 A [0006] [0015] [0022]
• WO 9953349 A1 [0006] [0015] [0022]

• AT 412078 B [0020]
• US 5389698 A [0022]


	bibliography
	description
	claims
	drawings
	search report

