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SECURITY DOCUMENT AND METHOD OF MANUFACTURING SECURITY
DOCUMENT

FIELD OF THE INVENTION

The present invention relates to a security document such as an
identity card or driving licence, for instance. The invention further relates to a
method of manufacturing the security document.

BACKGROUND OF THE INVENTION

It is known in the art to provide a security document with a security
pattern that fluoresce one colour when excited by a first excitation radiation
and another colour when excited by a second excitation radiation. Both the first
excitation radiation and the second excitation radiation are ultraviolet light.
Such a known security pattern comprises a bi-fluorescent ink. Bi-fluorescent
inks are expensive materials.

BRIEF DESCRIPTION OF THE INVENTION

An object of the present invention is to provide a security document
which is at least as difficult to forger as the above described known security
document but does not require use of any bi-fluorescent ink. The object of the
invention is achieved by a security document which is characterized by what is
stated in the independent claim 1. The preferred embodiments of the security
document are disclosed in the dependent claims.

A further object of the present invention is to provide a method of
manufacturing the security document. The further object of the invention is
achieved by a method which is characterized by what is stated in the inde-
pendent method claim.

The invention is based on the idea of providing a security document
with a first pattern and a second pattern each comprising a single fluorescent
substance, the first pattern and the second pattern overlapping such that the
overlapping area defines a shape of a security pattern which emits different
visible light depending on frequency of excitation radiation. In other words the
present invention provides a bi-fluorescent effect with single fluorescent sub-
stances.

An advantage of the security document of the invention is that the
colour changing effect of the security pattern is achieved with inexpensive sin-
gle fluorescent substances.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail by
means of preferred embodiments with reference to the attached drawings, in
which

Figure 1 shows a security document according to an embodiment of
the invention from a direction of a first side;

Figure 2 shows the security document of Figure 1 from a direction of
a second side;

Figure 3 shows irradiation of a security pattern of the security
document with a first excitation radiation from the direction of the first side;

Figure 4 shows irradiation of the security pattern of the security
document with a second excitation radiation from the direction of the first side;

Figure 5 shows irradiation of the security pattern of the security
document with the first excitation radiation from the direction of the second
side; and

Figure 6 shows irradiation of the security pattern of the security
document with the second excitation radiation from the direction of the second
side.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows a security document comprising a photograph 2 of
the holder, written data 3 with information about the holder, and a security pat-
tern 40, which is embedded into the material of the security document. The
security pattern 40 may be substantially invisible in daylight.

In Figure 1 the security document is seen from a direction of a first
side of the security document. In Figure 2 the security document is seen from a
direction of a second side of the security document, the second side facing an
opposite direction with relation to the first side.

Figures 3 to 6 show irradiation of the security pattern of the security
document of Figure 1 with a first excitation radiation 51 and a second excita-
tion radiation 52 from the direction of the first side 11 and the second side 12.
In Figures 3 to 6 the security document is depicted as a sectional view as seen
from a direction parallel to the plane of the security document.

Figures 3 to 6 show that the security document comprises a base
layer 100, a first pattern 31, a second pattern 32, a first cover layer 101 and a
second cover layer 102. The first cover layer 101 is the outermost layer of the
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security document on the first side 11. The second cover layer 102 is the out-
ermost layer of the security document on the second side 12. The first pattern
31 is located between the base layer 100 and the first cover layer 101. The
second pattern 32 is located between the base layer 100 and the second cover
layer 102. Therefore the second pattern 32 is located closer to the second side
12 than the first pattern 31. The first pattern 31 and the second pattern 32
overlap such that the overlapping area defines a shape of the security pattern
40.

The first pattern 31 comprises first single fluorescent substance
adapted to emit first visible light 61. The second pattern 32 comprises second
single fluorescent substance adapted to emit second visible light 62, the sec-
ond visible light been different from the first visible light 61. In this embodiment
the first visible light 61 is red, and the second visible light 62 is blue.

Figure 7 shows the excitation spectra of the first pattern 31 and the
second pattern 32. In the embodiment shown in Figure 7 the frequency of the

first excitation radiation 51 is ¢/302 nm and the frequency of the second excita-;

tion radiation 52 is ¢/365 nm. Those frequencies are widely used in the field of;
document authentication. Both the first pattern 31 and the second pattern 32
have an excitation spectrum which has a substantially lower value at a fre-
quency of the first excitation radiation 51 than at a frequency of the second
excitation radiation 52. The excitation spectrum of the second pattern 32 has a
substantially higher value than the excitation spectrum of the first pattern 31 at
the frequency of the second excitation radiation 52. At the frequency of the first
excitation radiation 51 the value of the excitation spectrum of the first pattern
31 is substantially the same as the value of the excitation spectrum of the sec-
ond pattern 32. Further, at the frequency of the first excitation radiation 51 the
values of both the excitation spectrum of the first pattern 31 and the excitation
spectrum of the second pattern 32 are substantially smaller than the value of
the excitation spectrum of the first pattern 31 at the frequency of the second
excitation radiation 52.

An appropriate shape of an excitation spectrum is achieved by se-
lecting a suitable single fluorescent substance. A height of the excitation spec-
trum may be adjusted by changing a concentration of the single fluorescent
substance in a colouring agent forming a corresponding pattern. For example,
it is possible to use a second single fluorescent substance whose excitation
spectrum is lower than an excitation spectrum of the first single fluorescent
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substance by lowering sufficiently a concentration of the first single fluorescent
substance in a colouring agent forming a first pattern. In other words, a height
of an excitation spectrum depends on both characteristics of the single fluores-
cent substance used and the concentration of the single fluorescent substance
in a colouring agent forming a corresponding pattern.

Each single fluorescent substance may comprise a chemical agent
or a chemical compound or a mixture of chemical compounds. Each colouring
agent comprising single fluorescent substance may further comprise various
binding agents and/or intermediate agents.

The security pattern 40 has a first transmittivity coefficient I-I for the
first side 11 and the first excitation radiation 51. The first transmittivity coeffi-
cient I-1 expresses the portion of the first excitation radiation 51 that reaches
the second pattern 32 relative to the intensity of the first excitation radiation 51
that reaches the first pattern 31 when the first excitation radiation 51 is irradi-
ated from the direction of the first side 11.

The security pattern 40 also has a second transmittivity coefficient I-
Il for the first side 11 and the second excitation radiation 52. The second
transmittivity coefficient |-l expresses the portion of the second excitation ra-
diation 52 that reaches the second pattern 32 relative to the intensity of the
second excitation radiation 52 that reaches the first pattern 31 when the sec-
ond excitation radiation 52 is irradiated from the direction of the first side 11.

The security pattern 40 further has a third transmittivity coefficient -
| for the second side 12 and the first excitation radiation 51. The third transmit-
tivity coefficient lI-| expresses the portion of the first excitation radiation 51 that
reaches the first pattern 31 relative to the intensity of the first excitation radia-
tion 51 that reaches the second pattern 32 when the first excitation radiation
51 is irradiated from the direction of the second side 12.

The first transmittivity coefficient |-l and the second transmittivity co-
efficient I-1l have been selected in such a relation to the values of the excitation
spectra of the first pattern 31 and the second pattern 32 that when the security
pattern 40 is irradiated from the direction of the first side 11 the first visible light
61 dominates the second visible light 62 at the first excitation radiation 51 and
the second visible light 62 dominates the first visible light 61 at the second ex-
citation radiation 52. This effect is discussed below in connection with an ex-
emplary embodiment with reference to Figures 3 and 4.

In Figure 3 the security pattern 40 of the security document is irradi-



10

15

20

25

30

35

WO 2013/079702 PCT/EP2012/07416+4

ated with the first excitation radiation 51 from the direction of the first side 11
such that a certain intensity of the first excitation radiation 51 reaches the first
pattern 31. In response to the first excitation radiation 51 the first pattern 31
emits the first visible light 61 with certain intensity. A portion of the first excita-
tion radiation 51 passes through the first pattern 31 and reaches the second
pattern 32. In response to the remaining intensity of the first excitation radiation
51 the second pattern 32 emits the second visible light 62 with certain inten-
sity. The intensity of the first visible light 61 is substantially higher than the in-
tensity of the second visible light 62 and therefore the first visible light 61
dominates the second visible light 62. This means that a viewer sees the secu-
rity pattern 40 as a red pattern.

The first transmittivity coefficient I-1 expresses the relation between
the intensity of the first excitation radiation 51 reaching the second pattern 32
and the intensity of the first excitation radiation 51 reaching the first pattern 31 .
For example, if the first transmittivity coefficient |-l is 50 % or 0,5 the intensity
of the first excitation radiation 51 reaching the second pattern 32 is halif of the
intensity of the first excitation radiation 51 reaching the first pattern 31. An ap-
propriate, i.e. low enough first transmittivity coefficient I-l is necessary in order
to ascertain that a viewer sees the security pattern 40 as a red pattern. For
example, if the first transmittivity coefficient I-| would be 95 % the second pat-
tern 32 would receive almost the same amount of the first excitation radiation
51 as the first pattern 31, and consequently the blue light emitted by the sec-
ond pattern 32 would have almost the same intensity as the red light emitted
by the first pattern 31. Therefore the viewer would see the security pattern 40
as a purple pattern.

In Figure 4 the security pattern 40 of the security document is irradi-
ated with the second excitation radiation 52 from the direction of the first side
11 such that a certain intensity of the second excitation radiation 52 reaches
the first pattern 31. In response to the second excitation radiation 52 the first
pattern 31 emits the first visible light 61 with certain intensity. If the intensity of
the second excitation radiation 52 reaching the first pattern 31 would be the
same as the intensity of the first excitation radiation 51 reaching the first pat-
tern 31 in Figure 3 the intensity of the emitted red light would be substantially
higher than in situation of Figure 3 because the excitation spectrum of the first
pattern 31 is substantially higher at the frequency of the second excitation ra-
diation 52 than at the frequency of the first excitation radiation 51.
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A portion of the second excitation radiation 52 passes through the
first pattern 31 and reaches the second pattern 32. In response to the remain-
ing intensity of the second excitation radiation 52 the second pattern 32 emits
the second visible light 62 with certain intensity. The intensity of the second
visible light 62 is substantially higher than the intensity of the first visible light
61 and therefore the second visible light 62 dominates the first visible light 61.
Therefore a viewer sees the security pattern 40 as a blue pattern.

In the situation of Figure 4 the second visible light 62 dominates due
to the fact that at the frequency of the second excitation radiation 52 the excita-
tion spectrum of the second pattern 32 has a substantially higher value than
the excitation spectrum of the first pattern 31. It should be understood that in
order to achieve the blue colour dominance the second transmittivity coefficient
I-l must be appropriate. For example, if the second transmittivity coefficient I-11
would be 5 %, the value of the excitation spectrum of the second pattern 32
would have to be approximately fifty times the value of the excitation spectrum
of the first pattern 31 at the second excitation radiation 52 to ascertain domi-
nance of the blue colour. The higher the second transmittivity coefficient -1l is
the smaller difference is required in the values of the excitation spectra of the
first pattern 31 and the second pattern 32 at the frequency of the second exci-
tation radiation 52.

In Figure 5 the security pattern 40 of the security document is irradi-
ated with the first excitation radiation 51 from the direction of the second side
12 such that a certain intensity of the first excitation radiation 51 reaches the
second pattern 32. In response to the first excitation radiation 51 the second
pattern 32 emits the second visible light 62 with certain intensity.

A portion of the first excitation radiation 51 passes through the sec-
ond pattern 32 and reaches the first pattern 31. In response to the remaining
intensity of the first excitation radiation 51 the first pattern 31 emits the first
visible light 61 with certain intensity. The intensity of the second visible light 62
is substantially higher than the intensity of the first visible light 61 and therefore
the second visible light 62 dominates the first visible light 61. This means that a
viewer sees the security pattern 40 as a blue pattern.

Since at the frequency of the first excitation radiation 51 the value of
the excitation spectrum of the first pattern 31 is substantially the same as the
value of the excitation spectrum of the second pattern 32 the third transmittivity
coefficient 1l-l must be low enough. For example, if the third transmittivity coef-
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ficient 1l-1 would be 95 % the first pattern 31 would receive almost the same
amount of the first excitation radiation 51 as the second pattern 32, and con-
sequently the red light emitted by the first pattern 31 would have almost the
same intensity as the blue light emitted by the second pattern 32. Therefore
the viewer would see the security pattern 40 as a purple pattern.

In Figure 6 the security pattern 40 of the security document is irradi-
ated with the second excitation radiation 52 from the direction of the second
side 12 such that a certain intensity of the second excitation radiation 52
reaches the second pattern 32. In response to the second excitation radiation
52 the second pattern 32 emits the second visible light 62 with certain inten-
sity. A portion of the second excitation radiation 52 passes through the second
pattern 32 and reaches the first pattern 31. In response to the remaining inten-
sity of the second excitation radiation 52 the first pattern 31 emits the first visi-
ble light 61 with certain intensity. The intensity of the second visible light 62 is
substantially higher than the intensity of the first visible light 61 and therefore
the second visible light 62 dominates the first visible light 61. A viewer sees the
security pattern 40 as a blue pattern.

In the situation of Figure 6 the second visible light 62 dominates due
to two facts. Firstly it is self-explanatory that the intensity of the second excita-
tion radiation 52 reaching the first pattern 31 is lower than the intensity of the
second excitation radiation 52 reaching the second pattern 32. Secondly the
excitation spectrum of the second pattern 32 has a substantially higher value
than the excitation spectrum of the first pattern 31 at the frequency of the sec-
ond excitation radiation 52. Thus the viewer newer sees the security pattern 40
as a red pattern regardless of how big portion of the second excitation radia-
tion 52 reaches the first pattern.

A method of checking authenticity of the security document accord-
ing to Figure 1 comprises steps of irradiating the security pattern 40 from the
direction of the first side 11 with both the first excitation radiation 51 and the
second excitation radiation 52. The first excitation radiation 51 should induce a
red colour and the second excitation radiation 52 should induce a blue colour.
Otherwise the security document under examination is deemed as a forgery.

The method of checking authenticity of the security document may
further comprise steps of irradiating the security pattern 40 from the direction of
the second side 12 with both the first excitation radiation 51 and the second
excitation radiation 52. Both the first excitation radiation 51 and the second
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excitation radiation 52 should induce a blue colour. Otherwise the security
document under examination is deemed as a forgery.

Above has been disclosed that in the situation of Figure 3 a viewer
sees the security pattern 40 as a red pattern, and in the situations of Figures 4,
5 and 6 a viewer sees the security pattern 40 as a blue pattern. it is clear that
the shade of blue may be different in situations of Figures 4, 5 and 6. However,
a human eye interprets the security pattern as a blue pattern.

In an embodiment each one of the base layer 100, the first cover
layer 101 and the second cover layer 102 is substantially transparent with re-
spect to the first excitation radiation 51 and the second excitation radiation 52.
Further, each one of the base layer 100, the first cover layer 101 and the sec-
ond cover layer 102 may be substantially transparent with respect to the first
visible light 61 and the second visible light 62. If the entire security pattern 40
is substantially transparent with respect to the first visible light 61 and the sec-
ond visible light 62 then the security pattern emits during excitation substan-
tially same shade of visible light both from the first side and from the second
side.

In the embodiment shown in Figures 3 to 6 the first pattern 31 and
the second pattern 32 are provided on different sides of the base layer 100. In
an alternative embodiment the first pattern and the second pattern are pro-
vided on the same side of the base layer such that the second pattern is lo-
cated directly on the first pattern.

The first cover layer 101 is adapted to protect the first pattern 31
and the second cover layer 102 is adapted to protect the second pattern 32. In
embodiments where the first pattern and the second pattern are made of wear-
resistant materials the first cover layer and the second cover layer are not
compulsory. In an alternative embodiment the security pattern comprises no
base layer but only the first pattern and the second pattern fixed to each other.

In an embodiment the security pattern is adapted to be irradiated
exclusively from the direction of the first side of the security document. In such
an embodiment the security document may comprise a blocking layer located
closer to the second side than the first pattern and the second pattern, the
blocking layer being opaque with respect to the first excitation radiation and the
second excitation radiation.

In security documents adapted to be irradiated exclusively from the
direction of the first side the value of the excitation spectrum of the first pattern
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may be higher than the value of the excitation spectrum of the second pattern
at the frequency of the first excitation radiation. This is also possible in security
documents adapted to be irradiated both from the direction of the first side and
from the direction of the second side but it naturally requires lowering the third
transmittivity coefficient as can be seen from Figure 5.

The first pattern and/or second pattern may be laser engraved. By
removing an area of the first pattern or the second pattern a corresponding
area of the other pattern is exposed through the laser engraved area. For ex-
ample, by laser engraving a security text in the first pattern the security text
emits the second visible light both with the first excitation radiation and the
second excitation radiation. The laser engraving further hinders forgery of the
security document.

It will be obvious to a person skilled in the art that the inventive con-
cept can be implemented in various ways. The invention and its embodiments
are not limited to the examples described above but may vary within the scope
of the claims.
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CLAIMS

1. A security document having a first side (11) and a second side
(12), the security document comprising a first pattern (31) and a second pat-
tern (32) located closer to the second side (12) than the first pattern (31), the
first pattern (31) and the second pattern (32) overlapping such that the over-
lapping area defines a shape of a security pattern (40), the security pattern
(40) being adapted to be irradiated with an excitation radiation from at least
direction of the first side (11), characterized in that the first pattern
(31) comprises first single fluorescent substance adapted to emit first visible
light (61), and the second pattern (32) comprises second single fluorescent
substance adapted to emit second visible light (62), both the first pattern (31)
and the second pattern (32) having an excitation spectrum which has a sub-
stantially lower value at a frequency of a first excitation radiation (51) than at a
frequency of a second excitation radiation (52), the excitation spectrum of the
second pattern (32) having a substantially higher value than the excitation

" spectrum of the first pattern {31) at the frequency of the second excitation ra-

diation (52), the security pattern (40) having a first transmittivity coefficient (I-1)
for the first side (11) and the first excitation radiation (51), and a second trans-
mittivity coefficient (I-Il) for the first side (11) and the second excitation radia-
tion (52) selected in such a relation to the values of the excitation spectra of
the first pattern (31) and the second pattern (32) that when the security pattern
(40) is irradiated from the direction of the first side (11) the first visible light (61)
dominates the second visible light (62) at the first excitation radiation (51) and
the second visible light (62) dominates the first visible light (61) at the second
excitation radiation (52).

2. A security document according to claim 1, characterized
in that at the frequency of the first excitation radiation (51) a difference be-
tween a value of the excitation spectrum of the first pattern (31) and a value of
the excitation spectrum of the second pattern (32) is substantially smaller than
the difference between a value of the excitation spectrum of the first pattern
(31) and a value of the excitation spectrum of the second pattern (32) at the
frequency of the second excitation radiation (52).

3. A security document according to claim 2, characterized
in that at the frequency of the first excitation radiation (51) the value of the ex-
citation spectrum of the first pattern (31) is substantially the same as the value
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of the excitation spectrum of the second pattern (32).

4. A security document according to any one of claims 2 to 3,
characterized in that the security pattern (40) is adapted to be irradi-
ated with an excitation radiation also from the direction of the second side (12).

5. A security document according to claim 4, characterized
in that the security pattern (40) has a third transmittivity coefficient (il-1) for the
second side (12) and the first excitation radiation (51), the third transmittivity
coefficient (ll-1) being selected in such a relation to the values of the excitation
spectra of the first pattern (31) and the second pattern (32) that when the secu-
rity pattern (40) is irradiated from the direction of the second side (12) at the
first excitation radiation (51) the second visible light (62) dominates the first
visible light (61).

8. A security document according to claim 5, characterized
in that each one of the first transmiittivity coefficient (1), the second transmittiv-
ity coefficient (I-l1) and the third transmittivity coefficient (lI-1) is in the range of
10 to 60 %.

7. A security document according to any one of preceding claims,
characterized in that the security pattern (40) is substantially transpar-
ent with respect to the first visible light (61) and the second visible light (62).

8. A security document according to any one of preceding claims,
characterized in that the first visible light (61) is red, and the second
visible light (62) is blue.

9. A security document according to any one of preceding claims,
characterized inthat the first excitation radiation (51) has a frequency

in the range ¢/292 to ¢/312 nm, and the second excitation rad[atlon (52) has a fre-

quency in the range ¢/355 to ¢/375 nm.

10. A method of manufacturing a security document, the security
document having a first side (11) and a second side (12), the method compris-
ing steps of:

forming a first pattern (31) using a first colouring agent comprising
first single fluorescent substance adapted to emit first visible light (61);

forming a second pattern (32) using a second colouring agent com-
prising second single fluorescent substance adapted to emit second visible
light (62) different from the first visible light (61), the second pattern (32) being
located closer to the second side {12) than the first pattern (31), the second
pattern (32) further being positioned such that the first pattern (31) and the
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second pattern (32) overlap and the overlapping area defines a shape of a se-
curity pattern (40);

characterized in that both the first pattern (31) and the sec-
ond pattern (32) have an excitation spectrum which has a substantially lower
value at a frequency of a first excitation radiation (51) than at a frequency of a
second excitation radiation (52), the excitation spectrum of the second pattern
(32) having a substantially higher value than the excitation spectrum of the first
pattern (31) at the frequency of the second excitation radiation (52), the secu-
rity pattern (40) having a first transmittivity coefficient (I-1) for the first side (11)
and the first excitation radiation (51), and a second transmittivity coefficient (I-
[} for the first side (11) and the second excitation radiation (52) selected in
such a relation to the values of the excitation spectra of the first pattern (31)
and the second pattern (32) that when the security pattern (40) is irradiated
from the direction of the first side (11) the first visible light (61) dominates the
second visible light (62) at the first excitation radiation (51) and the second
visible light (62) dominates the first visible light (61) at the second excitation
radiation (52).



