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METHOD OF DETERMINING AN AUTHENTICITY OF A VALUE DOCUMENT, METHOD OF

MANUFACTURING A VALUE DOCUMENT AND SET OF VALUE DOCUMENTS

(67)  Theinventionrelates to a method of determining
an authenticity of a value document (1). In step (S1) of
the method a value document (1) having a first lumines-
cent area (11) and a second luminescent area (12) is
provided. In step (S2) the first luminescent area (11) is
illuminated using a firstillumination (21), and in step (S3),
upon illuminating the first luminescent area (11) using
the first illumination (21), a first luminescence intensity
(31) emitted by the first luminescent area is measured.
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In step (S4), the second luminescent area (12) is illumi-
nated using the first illumination (21), and in step (S5),
uponilluminating the second luminescentarea (12) using
the first illumination (21), a second luminescence inten-
sity (32) emitted by the second luminescent area (12) is
measured. In step (S6), an authenticity information is ob-
tained based on the measured first and second lumines-
cence intensities (31, 32).
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Description
Technical Field

[0001] The disclosure generally relates to security fea-
tures for value documents. In particular, the invention
relates to a method of determining an authenticity or qual-
ity of a value document, a method of manufacturing a
value document as well as to a set of value documents.

Technical Background

[0002] Value documents are understood as sheet-
shaped objects, which represent, for example, a mone-
tary value or an authorization and which should therefore
not be manufacturable at will by unauthorized persons.
They hence have features, so-called security features,
that are not easy to manufacture, in particular to copy,
and that allow a user to check authenticity of the value
document. An exemplary security element commonly
used for such value documents may a printed pattern,
which shows a visible luminescence when illuminated
with invisible excitation radiation, for example ultraviolet
(UV) light. Such a luminescent print can be checked vis-
ually, e.g., at a point of sale, by comparing its pattern
and/or color to a known reference of a genuine document
ofvalue. Itis also known to use multi-colored luminescent
prints on value documents. These multi-colored lumines-
cent prints often have a high aesthetic value. For visual
checks, fluorescent printing inks may be preferred be-
cause they allow high luminescence intensity and fine
printing details. Furthermore, it is known to check lumi-
nescent security elements automatically by measuring
the emitted luminescence using an optoelectronic de-
vice, for example a photodiode. The measured lumines-
cence can be analyzed regarding its spectral, temporal
and/or spatial characteristics and pre-determined param-
eters may be compared electronically to reference values
in order to determine the authenticity of the value docu-
ment. It is also known to use automated luminescence
measurements to sort documents of values into several
classes, e.g., denominations. For optoelectronic meas-
urements, phosphorescent printing inks may be pre-
ferred because their emission can easily be separated
from a fluorescent background which may for example
originate from detergents.

Summary

[0003] It may be seen as an object of the invention to
provide improved measures for determining the authen-
ticity or quality of value documents.

[0004] Twomethodsanda value documentsetaccord-
ing to the features of the independent claims are provid-
ed. Furtherembodiments are evident from the dependent
claims and from the following description.

[0005] According to an aspect, a method of determin-
ing an authenticity or quality of a value document is pro-
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vided. A step of the method comprises providing a value
document having a first luminescent area and a second
luminescent area. Another step includes illuminating the
first luminescent area using a first illumination. Another
step comprises upon illuminating the first luminescent
area using the first illumination, measuring a first lumi-
nescence intensity that is emitted by the first luminescent
area. Another step comprises illuminating the second lu-
minescent area using the first illumination. Another step
comprises upon illuminating the second luminescent ar-
ea using the first illumination, measuring a second lumi-
nescence intensity that is emitted by the second lumi-
nescent area. Another step comprises illuminating the
firstluminescentarea using a second illumination, where-
in the first illumination has a first temporal structure and
the second illumination has a second temporal structure,
wherein the first temporal structure is different from the
second temporal structure. Another step comprises upon
illuminating the first luminescent area using the second
illumination, measuring a third luminescence intensity
thatis emitted by the first luminescent area. Another step
comprises illuminating the second luminescent area us-
ing the second illumination. Another step comprises upon
illuminating the second luminescent area using the sec-
ond illumination, measuring a fourth luminescence inten-
sity that is emitted by the second luminescent area. An-
other step comprises obtaining the authentication or
quality information based on a time-averaged lumines-
cence intensity of the measured first luminescence in-
tensity, a time-averaged luminescence intensity of the
measured second luminescence intensity, a time-aver-
aged luminescence intensity of the measured third lumi-
nescence intensity and a time-averaged luminescence
intensity of the measured fourth luminescence intensity.
In the method the first illumination is defined by a pulsed
illumination that includes multiple consecutive first illumi-
nation cycles. Further, the firstand second luminescence
intensity that is emitted by the first luminescent area and
the second luminescent area, respectively, is measured
over a first measuring time interval, the first measuring
time interval being at least equal to or larger than one of
the first illumination cycles.

[0006] Still further the time-averaged luminescence in-
tensity of the measured first and second luminescence
intensity is determined with respect to the first measuring
time interval. Preferably, the first measuring interval cor-
responds to at least two consecutive firstillumination cy-
cles. Herein, the term "quality" is understood to relate a
quality of production or manufacture of the value docu-
ment, in particular the luminescent areas.

[0007] Preferably, a signal is output which represents
the authentication or quality information. The signal can
be used to control further processing of the value docu-
ment.

[0008] The inventive method allows a determination of
the authenticity of value documents based on lumines-
cence intensity emissions originating from the lumines-
cent areas upon illuminating these luminescent areas. In
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particular, if the luminescent areas are illuminated with
optical radiation of a specified wavelength, then these
luminescent areas may emit distinguishable intensities
over a predetermined time span, depending on the ma-
terials and material amounts used for the luminescent
areas.

[0009] The luminescent areas may be defined by re-
spective prints which are located on a surface of the value
document or which are embedded within the value doc-
ument. For example, fluorescent and phosphorescent
printing inks with the same or different luminescent color
impressions can be combined on the same value docu-
ment and may then be used for determining the authen-
ticity of the value document. However, instead of deter-
mining the authenticity of the value document only based
on spectral or temporal criteria for the luminescence, the
method allows to use intensity measurements with re-
spect to the luminescence emitted by the luminescent
areas in an advantageous manner as will be described
in detail herein.

[0010] Advantageously, one single sensor may be suf-
ficient to determine authenticity of the value document
when using the inventive method. When measuring the
first to fourth luminescence intensities preferably the
same single sensor may be used for measuring. For ex-
ample, a security element on the value document which
combines fluorescent and phosphorescent prints, or
which combines two phosphorescent prints with different
phosphorescent decay properties, can be checked using
only one single sensor without spectral or temporal res-
olution. In particular, the authenticity of the value docu-
ment can be checked using only intensity measurements,
in particular time-averaged luminescence intensities,
which will be explained in more detail below.

[0011] As noted above, the method comprises the pro-
vision of a value document which for instance may be a
banknote, but also may be a card-like data carrier such
as a credit card or smart card, etc. During a manufactur-
ing process, which will also be described in more detail
below, the value document may be provided with the first
luminescent area and the second luminescent area, for
example using various printing techniques. The lumines-
cent areas may be arranged at specified locations on the
surface of the value document or may be embedded, at
least partly, within the value document. It is possible to
arrange the two luminescent areas on the value docu-
ment such that both luminescent areas appear separated
from each other on the value document. However, the
luminescent areas may also be arranged next to each
other on the value document such that both luminescent
areas may appear as a single motif on the value docu-
ment when being viewed by a user, or when being illu-
minated with light of a specified wavelength.

[0012] Theluminescentareas may include differentlu-
minescent properties which may be adjusted during the
printing process, for example by adjusting an amount of
luminescent material or a concentration of luminescent
particles, etc. The different luminescent properties of the
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first and second luminescent areas allow these areas to
emit substantially same or different luminescence inten-
sities when being illuminated, based on the specific ex-
citation illumination used.

[0013] According to the inventive method, each of the
firstand the second luminescent area s illuminated using
the first illumination, and, upon illuminating the first and
the second luminescent area using the first illumination,
respective first and second luminescence intensities that
are emitted by the first and second luminescent areas
are measured. Due to possibly different luminescence
properties for the first and the second luminescent area,
different, e.g., distinguishable, luminescence intensities
emitted from the respective areas may be measured.
However, as will be explained hereinafter, the second
illumination of the firstand second luminescent area may
result in substantially identical or indeed identical inten-
sities emitted from the respective luminescentareas. The
illuminations used may preferably be chosen to allow ex-
citation of luminescence in the respective luminescent
areas.

[0014] Thefirstillumination preferably comprises ultra-
violet radiation in a wavelength range of 100 nm to 380
nm and may optionally include visible light in the wave-
length range of 380 nm to 750 nm. The first illumination
may be performed with an ultraviolet (UV) light source.
The firstillumination may alternatively be performed with
an infrared light source that emits infrared radiation in a
wavelength range of 750 nm to 2500 nm. The first illumi-
nation is a pulsed illumination which includes multiple
consecutive firstillumination cycles. Each of these cycles
may contain an illumination pulse and a pulse pause sep-
arating the pulses of consecutive cycles. For example,
the first illumination includes multiple illumination pulses
over a predetermined time span.

[0015] When using the above-mentioned illumination
modalities for the first illumination, different emission in-
tensities may be measured for the first luminescence in-
tensity and for the second luminescence intensity. The
measured first luminescence intensity and the measured
second luminescence intensity may then be used to de-
termine the authenticity or quality of the value document.
For example, the time-averaged measured first lumines-
cence intensity and the time-averaged measured second
luminescence intensity may be compared to each other.
If a ratio of the time-averaged measured intensities
shows a predetermined value different from 1 or lies with-
in a predetermined value range notincluding 1, then the
authenticity of the value document may be affirmed
and/or an affirmative authentication information may be
provided. If, on the other hand, the ratio of the time-av-
eraged measured intensities does not show a predeter-
mined amount or does not lie within a predetermined val-
ue range, the authenticity of the value document may be
declined and/or a negative authentication information
may be provided. In this manner, authenticities of each
one of a sequence of value documents can be checked
by applying the inventive method for every single value
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document. In the case of determining the quality of the
value document a deviation between the third and fourth
luminescent intensities, e. g. ratio or difference, may be
obtained. The corresponding result may be output for
further use, e. g. for manufacturing a set of value docu-
ments of the same type.

[0016] The method further comprises illuminating the
first luminescent area using the second illumination,
wherein the firstillumination has a first temporal structure
and the second illumination has a second temporal struc-
ture, wherein the first temporal structure is different from
the second temporal structure. The method further com-
prises, upon illuminating the first luminescent area using
the second illumination, measuring a third luminescence
intensity that is emitted by the first luminescent area, and
obtaining the authentication information further based on
the measured third luminescence intensity. The method
further comprises illuminating the second luminescent
areausing the second illumination, and, uponilluminating
the second luminescent area using the second illumina-
tion, measuring a fourth luminescence intensity that is
emitted by the second luminescent area, and obtaining
the authentication information further based on the meas-
ured fourth luminescence intensity.

[0017] The second illumination may be performed be-
fore or after the first illumination. It is noted that the sec-
ond illumination is different from the first illumination. In
particular, the illumination modalities between first and
second illumination may differ. In contrast to the first il-
lumination, the second illumination may be continuous
at a fixed illumination intensity, for example by using a
continuous wave (cw) during a second illumination time
span. This has the advantage that, for the second illumi-
nation, a simple continuous lamp can be used, for exam-
ple a UV hand lamp at a point of sale. The second illu-
mination preferably comprises ultraviolet radiation in a
wavelength range of 100 nm to 380 nm and may option-
ally include visible light in the wavelength range of 380
nm to 750 nm. In an example, the second illumination
may be performed with an ultraviolet (UV) light source.
The second illumination may alternatively be performed
with an infrared light source that emits infrared radiation
in a wavelength range of 780 nm to 2500 nm.

[0018] It may be preferred to use a pulsed illumination
over a predetermined time span for the first illumination
and a continuous, preferably constant, illumination for
the second illumination. In other words, itis possible that
the first illumination is represented by a pulsed illumina-
tion over a predetermined time span, wherein the first
illumination is defined by multiple illumination pulses sep-
arated by respective non-illumination gaps or pulse paus-
es, and that the second illumination is represented by a
constant illumination over the same predetermined time
span, wherein the second illumination is defined by a
constant illumination intensity without substantial inten-
sity variations during said time span.

[0019] As described above, the method further com-
prises illuminating the second luminescent area using

10

15

20

25

30

35

40

45

50

55

the second illumination, and, upon illuminating the sec-
ond luminescent area using the second illumination,
measuring a fourth luminescence intensity that is emitted
by the second luminescent area, and obtaining the au-
thentication information further based on the measured
fourth luminescence intensity.

[0020] Thus, the first luminescent area as well as the
second luminescent area are illuminated with the second
illumination. Therefore, according to the inventive meth-
od, each of the first and the second luminescent area is
also illuminated using the second illumination and, upon
illuminating the first and the second luminescent area
using the second illumination, respective third and fourth
luminescence intensities that are emitted by the first and
second luminescent areas are measured.

[0021] The method further comprises obtaining the au-
thentication or quality information based on a time-aver-
aged luminescence intensity of the measured first lumi-
nescence intensity and a time-averaged luminescence
intensity of the measured second luminescence intensi-
ty, a time-averaged luminescence intensity of the meas-
ured third luminescence intensity and a time-averaged
luminescence intensity of the measured fourth lumines-
cence intensity.

[0022] Itis possible to obtain the authentication or qual-
ity information based on determining a ratio between the
time-averaged luminescence intensity of the measured
first luminescence intensity and the time-averaged lumi-
nescence intensity of the measured second lumines-
cence intensity. In addition, it is possible to obtain the
authentication information based on determining another
ratio between the time-averaged luminescence intensity
of the measured third luminescence intensity and the
time-averaged luminescence intensity of the measured
fourth luminescence intensity. Instead of determining ra-
tios, differences can also be used.

[0023] Thetime-averaged luminescence intensity may
be determined by measuring an intensity of the lumines-
cence over a predetermined time interval and then de-
termining the average luminescence intensity occurring
within this time interval. The time-averaged lumines-
cence intensity may be determined by measuring an in-
tensity of the luminescence using a capture device with
a low temporal resolution. In this case, the measuring
time interval may correspond to the temporal resolution
of the capture device. This may apply for determining the
time-averaged luminescence intensity of each one of the
first, second, third and fourth luminescence intensity.
[0024] According to an embodiment, the method fur-
ther comprises illuminating the first luminescent area us-
ing the first illumination over a first illumination time in-
terval and measuring the firstluminescence intensity that
is emitted by the first luminescent area over a first meas-
uring time interval, the first measuring time interval being
at least equal to or larger than the first illumination time
interval, wherein the time-averaged luminescence inten-
sity of the measured first luminescence intensity is de-
termined with respect to the first measuring time interval.
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It is possible that the time-averaged luminescence inten-
sity of each of the second, third and fourth luminescence
intensity is determined according to the same principles
as the time-averaged luminescence intensity of the
measured first luminescence intensity.

[0025] For example, if a pulsed illumination is used for
the first illumination, the measurement of the time-aver-
aged luminescence intensity of the first and second lu-
minescence intensities may be performed over the first
measuring time interval which is preferably larger than
the first illumination time interval that contains several
illumination pulses. In particular, the first and second lu-
minescent areas may have different decay time proper-
ties for their emitted intensities upon illumination such
that, after an illumination pulse has ended, the first lumi-
nescence intensity may decrease faster than the second
luminescence intensity. Alternatively or in addition, the
first and second luminescent areas may have different
rise time properties for their emitted intensities upon illu-
mination, such that during an illumination pulse, the first
luminescence intensity may increase faster than the sec-
ond luminescence intensity. As a result, the time-aver-
aged luminescence intensity of the measured first lumi-
nescence intensity may be smaller than the time-aver-
aged luminescence intensity of the measured second lu-
minescence intensity.

[0026] The corresponding intensities are averaged
over atleastone whole cycle of the first illumination. Pref-
erably, the intensities are averaged over several, prefer-
ably between 10 and 100, periods of the firstillumination.
This reduces artifacts due to a possible lack of synchro-
nization between the intensity measurement and the il-
lumination.

[0027] Incase a pulsed illumination is also used for the
second illumination, preferably, the corresponding inten-
sities are averaged over at least one whole cycle of both
the first and the second illumination. More preferably, the
intensities are averaged over several, preferably be-
tween 10 and 100, periods of both illuminations. This
reduces artifacts due to a possible lack of synchroniza-
tion between the intensity measurement and the illumi-
nation.

[0028] Preferably, the second measuring time interval
equals the first measuring time interval and / or the fourth
measuring time interval equals the third measuring time
interval. More preferably, all four measuring time inter-
vals are equal.

[0029] As explained above, the first illumination has a
first temporal structure and the second illumination has
a second temporal structure, wherein the first temporal
structure is different from the second temporal structure.
[0030] Inthe presentcontext, the expression "different
temporal structure" may be understood in that the first
and the second illumination may be modulated in a dif-
ferent way. In one example, the first illumination can be
pulsed or intensity modulated, and the second illumina-
tion can be continuous at a fixed intensity, i.e., a contin-
uous wave (cw). This has the advantage that for the sec-
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ond illumination, a simple continuous lamp can be used,
e.g. a UV hand lamp at a point of sale.

[0031] Furthermore, itis possible that both the first and
the second illumination are pulsed illuminations. In this
case, the first and the second illumination may differ in
their repetition rate, pulse width and/or duty cycle. There-
fore, in case of pulsed illuminations, the temporal struc-
ture for the respective illuminations may be distinguish-
able with respect to an illumination pulse frequency. As
already indicated above, the intensity may be averaged
over time scales larger than the expected decay con-
stants and/or over at least one whole repetition cycle of
the illumination.

[0032] According to an embodiment, the first illumina-
tion is defined by a pulsed illumination that includes mul-
tiple illumination cycles and/or the second illumination is
defined by a constant illumination.

[0033] Inparticular, during the firstillumination, the first
and second luminescent areas are illuminated with a
pulsed illumination that contains several cycles or in par-
ticular several illumination pulses over the first illumina-
tion time interval. The pulsed illumination may be defined
by an alternating change between different illumination
intensities over the first illumination time interval, in par-
ticular, the illumination is periodically switched on an off.
In contrast, during the second illumination, the first and
second luminescentareas may be illuminated with a con-
stant illumination, i.e., with a constant illumination inten-
sity, over a second illumination time interval.

[0034] Inapreferred example, the luminescence prop-
erties for the first and the second luminescent area are
adjusted such that, upon illuminating them with the sec-
ond illumination, the time-averaged luminescence inten-
sities emitted from the respective luminescent areas are
substantially identical or indeed identical, i.e., the ratio
of the time-averaged luminescence intensities emitted
from the respective luminescent areas differs from 1 by
not more than a specified threshold value.

[0035] Consequently, upon illumination of both lumi-
nescent areas with the first illumination, the method may
determine emitted first and second luminescence inten-
sities which are different to each other, e.g., a ratio be-
tween first and second time-averaged luminescence in-
tensities is substantially different from 1 by more than a
predetermined threshold value. Accordingly, upon illumi-
nation of both luminescent areas with the first illumina-
tion, the method may determine time-averaged emitted
first and second luminescence intensities which are dif-
ferent from each other, e.g., a ratio between time-aver-
aged first and second luminescence intensities has a pre-
determined value different from 1, or lies within a prede-
termined value range not including 1. If these determi-
nations are made, an affirmative authentication informa-
tion may be provided based thereon.

[0036] According to an embodiment, the first lumines-
cent area is defined by a fluorescent print on the value
document and the second luminescent area is defined
by a phosphorescent print on the value document. For
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the purpose of this invention, fluorescence may include
any luminescence with a decay time smaller than 1 ps,
while phosphorescence may include any luminescence
with a decay time greater than 1 ps.

[0037] A fluorescent print may have the property that
the fluorescence intensity, upon illumination, immediate-
ly follows the illumination pulse form. In particular, there
might be no substantial decay times after the illumination
during which the fluorescent print still luminesces. In con-
trast, the phosphorescence print may have the property
that the phosphorescence intensity shows a marked rise
and decay behavior with the intensity not returning to
zero in-between illumination pulses.

[0038] Thus, the fluorescent and phosphorescent
prints may differ in the decay constant of their lumines-
cence, for example the prints may provide at least 50 %
difference in their decay times, i.e., (MAX(t4, 15) - MIN(t4,
T5)) / MIN(t4, 15) > 0.5, wherein 1, is the luminescence
decay constant for the fluorescent print and 1, is the lu-
minescence decay constant for the phosphorescent
print.

[0039] According to an embodiment, the first lumines-
cent area is defined by a first phosphorescent print on
the value document and the second luminescent area is
defined by a second phosphorescent print on the value
document, wherein first phosphorescent print and the
second phosphorescent print comprise different lumines-
cence decay properties, for example with at least 50%
different decay times.

[0040] Thus, both phosphorescent prints may differ in
the decay constant of their luminescence, for example
the phosphorescent prints may provide at least 50% dif-
ference in their decay times, i.e., (MAX(t4, t2) - MIN(t4,
15)) / MIN(t4, 15) > 0.5, wherein 14 is the luminescence
decay constant for the first phosphorescent print and t,
is the luminescence decay constant for the second phos-
phorescent print.

[0041] According to an embodiment, the first illumina-
tion and the second illumination comprise substantially
identical spectral compositions and/or the first illumina-
tion and the second illumination comprise substantially
identical spatial illumination distributions. For example,
the same light source may be used for the firstand second
illuminations.

[0042] Itis possible to differentiate between a fluores-
cence emission and a phosphorescence emission or be-
tween two phosphorescence emissions using only the
time-averaged luminescence intensity. To this end, at
least two different illumination conditions, i.e., the above-
mentioned firstand the second illumination, may be used.
In particular, the first and the second illumination can
have the same spectral and spatial distribution and might
only differ in their temporal structure as indicated above.
This has the advantage that only one single illumination
source is necessary for both illuminations.

[0043] According to an embodiment, the first lumines-
cent area and the second luminescent area are config-
ured to be visible with substantially identical colors, upon
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being illuminated with the firstillumination, and/or the first
luminescent area and the second luminescent area are
configured to be visible with substantially identical colors,
upon being illuminated with the second illumination.
[0044] In other words, the first and the second lumi-
nescent area have the same color impression upon illu-
mination with the first illumination and/or the second illu-
mination. This has the advantage that the firstand second
luminescent area together appear as a homogeneous
motif on the value document during illumination.

[0045] In an example, the first and the second lumi-
nescent area have the same color impression, at least
upon the first illumination, which makes it easier to dis-
cern, i.e., measure, the intensity difference or ratio as
described above.

[0046] According to an aspect, a method of manufac-
turing a set of value documents with an authentication
feature is provided. The method comprises providing a
set of value documents. For each of the value documents
of the set the following steps are performed: Providing a
first luminescent material with first luminescent material
characteristics and providing a second luminescent ma-
terial with second luminescent material characteristics.
Applying the first luminescent material onto the value
document in order to provide a first luminescent area on
the value document and applying the second lumines-
cent material onto the value document in order to provide
a second luminescent area on the value document. The
first luminescent area is configured to emit a first lumi-
nescence intensity, upon illumination with a first illumi-
nation, and to emit a third luminescence intensity, upon
illumination with a second illumination that is different to
the first illumination. Further, the second luminescent ar-
ea is configured to emit a second luminescence intensity
upon illumination with said first illumination and a fourth
luminescence intensity upon illumination with said sec-
ond illumination.

[0047] The method further comprising for at least one
value document of said set determining a quality of said
value document using a method of determining a quality
of the value document according to the invention wherein
the quality information includes a ratio between the third
luminescence intensity and the fourth luminescence in-
tensity.

[0048] In the method of manufacturing said applying
the second luminescent material onto one of the the value
document of the set includes adjusting an amount of the
second luminescent material applied onto the value doc-
ument using the quality information obtained for said pre-
ceding value document which the determining was ef-
fected for, thereby enabling the second luminescent area
to emit a fourth luminescence intensity, upon illumination
with the second illumination. The amount of the second
luminescent material is adjusted such that a ratio be-
tween the time-averaged emitted third luminescence in-
tensity and the time-averaged emitted fourth lumines-
cence intensity may be substantially equal to 1, prefera-
bly between 0.8 and 1.2, more preferably between 0.9
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and 1.1.

[0049] According to an embodiment, applying the first
luminescent material onto the value document and/or ap-
plying the second luminescent material onto the value
documentincludes using atleast one of an offset printing,
a flexography printing, an intaglio printing, a screen print-
ing, a letterpress printing or a numbering printing. One
or more of these printing techniques can be used to print
the first and/or second luminescent material onto the sur-
face of the value document.

[0050] According to an aspect, a set of value docu-
ments, in particular manufactured using a method of
manufacturing according to the invention, is provided.
The set of value documents comprises a first value doc-
ument having a first luminescent area and a second lu-
minescent area as well as a second value document hav-
ing a first luminescent area and a second luminescent
area. For each of the first value document and the second
value document: the first luminescent area is configured
to emit a first luminescence intensity, upon illumination
with a first illumination; the second luminescent area is
configured to emita second luminescence intensity, upon
illumination with the firstillumination; the firstluminescent
area is further configured to emit a third luminescence
intensity, uponillumination with a second illumination that
is different to the first illumination; and the second lumi-
nescent area is configured to emit a fourth luminescence
intensity, upon illumination with the second illumination.
Foreach ofthefirst value document and the second value
document: a first ratio between the time-averaged emit-
ted third luminescence intensity and the time-averaged
emitted fourth luminescence intensity may be substan-
tially equal to 1, preferably between 0.8 and 1.2, more
preferably between 0.9 and 1.1, and a second ratio be-
tween the time-averaged emitted first luminescence in-
tensity and the time-averaged emitted second lumines-
cence intensity may substantially equal a specified value
which is different from 1, preferably less than 0.8 or great-
er than 1.2. A ratio between the second ratio for the first
value document and the second ratio for the second value
document may be substantially equal to 1, preferably be-
tween 0.9 and 1.1.

[0051] In particular, the first ratio between the emitted
third luminescence intensity and the emitted fourth lumi-
nescence intensity is substantially equal to 1 since the
third luminescence intensity and the emitted fourth lumi-
nescence intensity may be substantially identical or in-
deed identical. For example, the following relation be-
tween the third luminescence intensity |5 and the fourth
luminescence intensity |, may apply: |l4/I3- 1| <0.2, more
preferably |l4/I5 - 1] < 0.1. Therefore, the third and fourth
luminescent areas may appear with approximately the
same brightness, upon illumination with the second illu-
mination.

[0052] Furthermore, the second ratio substantially dif-
fers from 1. This may be due to the fact that the emitted
first luminescence intensity and the emitted second lu-
minescence intensity differ by more than a specified
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threshold value. Due to this greater difference between
the emitted first luminescence intensity and the emitted
second luminescence intensity, the first and second lu-
minescent areas may appear with different brightness,
upon illumination with the first illumination.

[0053] Accordingly, the first and second luminescent
areas may appear with different brightness upon the first
illumination, but with the same brightness upon the sec-
ond illumination. This may apply for every value docu-
ment of the set of value documents. In particular, the ratio
between the second ratio for the first value document
and the second ratio for the second value document is
substantially equal to 1. In other words, the deviation in
brightness for the firstand second luminescent area upon
the first illumination is substantially identical or indeed
identical for each value document of the set of value doc-
uments. In other words, the second ratio substantially
equals a predetermined value for each value document
of the set of value documents.

[0054] According to an embodiment, for both the first
value document and the second value document, the first
luminescent area is defined by a fluorescent print on the
value document and the second luminescent area is de-
fined by a phosphorescent print on the value document.
[0055] According to an embodiment, for both firstvalue
document and second value document, the first lumines-
cent area is defined by a first phosphorescent print on
the value document and the second luminescent area is
defined by a second phosphorescent print on the value
document, wherein the first phosphorescent print com-
prises a first luminescence decay time and the second
phosphorescent print comprises a second luminescence
decay time, wherein the second luminescence decay
time is at least 50% longer than the first luminescence
decay time.

[0056] According to an embodiment, upon illumination
with the second illumination,

the first luminescent area and the second luminescent
area are visible with substantially identical colors and
substantially the same brightness.

Brief description of the drawings
[0057] The present invention will hereinafter be de-

scribed in conjunction with the following drawing figures,
wherein like numerals denote like elements.

Fig. 1 shows a value document having a first lumines-
cent area and a second luminescent area.

Fig.2 showsa value documenthaving a first lumines-
cent area and a second luminescent area that
together provide a single motif.

Fig. 3  showsa value documenthaving a first lumines-

cent area and a second luminescent area upon
illumination with a first illumination.
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Fig. 4  shows avalue document having a first lumines-
cent area and a second luminescent area upon
illumination with a second illumination.

Fig. 5 shows aflow diagram for a method of determin-
ing an authenticity of a value document.

Fig. 6  showsdiagrams representing intensity distribu-
tions for the illumination and the luminescence
oftwo differentluminescent materials over time.
Fig. 7  shows further diagrams representing intensity
distributions for the illumination and the lumi-
nescence of two different luminescent materi-
als over time.

Fig. 8 shows two value documents, each of which is
illuminated with a first and a second illumina-
tion.

Fig. 9 shows a flow diagram for a method of manu-
facturing a value document with an authentica-
tion feature.

Detailed description of exemplary embodiments

[0058] The representations and illustrations in the
drawings may be schematic and not to scale. A better
understanding of the methods and the value document
set described above may be obtained through a review
of the shown illustrations together with a review of the
detailed description that follows.

[0059] Fig. 1 shows a value document 1 having a first
luminescent area 11 and a second luminescent area 12.
The value document 1 may be a banknote, wherein the
first luminescent area 11 and the second luminescent
area 12 may be printed on a surface 10 of the value doc-
ument 1. However, it is noted that alternative forms of
value documents 1 may be used. In the example of Fig.
1, each of the first luminescent area 11 and the second
luminescent area 12 cover only a part of the surface 10
ofthe value document 1, wherein both luminescent areas
11, 12 are separated from each other by a certain dis-
tance. The first and second luminescent areas 11, 12
may together provide a security feature or security ele-
ment for the value document 1 which allows to determine
an authenticity of the value document 1, for example us-
ing a method as described with reference to Fig. 5 below.
[0060] Fig. 2 shows an alternative example of a value
document 1 having a first luminescent area 11 and a
second luminescent area 12 that together provide a sin-
gle motif. The shape of the motif can be modified individ-
ually. It is possible that the single motif visibly appears
to a user viewing the value document 1. The first and
second luminescent areas 11, 12 may thus have the
same color impression upon illumination with white light,
in particular both luminescent areas 11, 12 appear color-
less. It is possible that the two luminescent areas 11, 12
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may be made visible to the user under certain illumination
conditions. It may be preferred that both the first and the
second luminescent area 11, 12 are invisible under day-
light. This increases counterfeit resilience since the se-
curity element is invisible under daylight.

[0061] Fig. 3 shows avalue document, for example the
value document 1 of Figs. 1 or 2, having the first lumi-
nescent area 11 and the second luminescent area 12,
wherein both the first and the second luminescent area
11, 12 are illuminated with a first illumination 21. It is
noted that the first luminescent area 11 may be defined
by a fluorescent print and the second luminescent area
12 may be defined by a phosphorescent print. However,
itis possible thatfirstluminescent area 11 may be defined
by a first phosphorescent print and the second lumines-
cent area 12 may be defined by a second phosphores-
cent print, wherein the phosphorescent prints comprise
different decay time properties.

[0062] The firstillumination 21 may be a pulsed illumi-
nation provided by a light source (not shown). Upon illu-
minating the first luminescent area 11 using the first illu-
mination 21, the luminescent property of the material of
the first luminescent area 11 generates a luminescence
from the firstluminescent area 11 such that a quantifiable
first luminescent intensity 31 is emitted from the first lu-
minescent area 11. This first luminescent intensity 31
can be measured, for example by a capture device (not
shown) that is configured to capture and measure the
first intensity 31 emitted from the first luminescent area
11. In addition, as further shown in Fig. 3, the second
luminescent area 12 may also be illuminated by the first
illumination 21, to illuminating the first luminescent area
11 with the firstillumination 21. Upon illuminating the sec-
ond luminescent area 12 using the first illumination 21,
the luminescent property of the material of the second
luminescent area 12 generates a luminescence from the
second luminescent area 12 such that a quantifiable sec-
ond luminescent intensity 32 is emitted from the second
luminescent area 12. This second luminescent intensity
32 can also be measured, for example by the above-
mentioned capture device that is configured to capture
and measure the second intensity 32 emitted from the
second luminescent area 12. Based on the measured
firstluminescence intensity 31 and the measured second
luminescence intensity 32, preferably based on a time-
averaged first luminescence intensity 31 and a time-av-
eraged second luminescence intensity 32, an authentic-
ity of the value document 1 can be determined.

[0063] Fig. 4 shows the value document 1 of Fig. 3,
wherein the first luminescent area 11 and the second
luminescent area 12 are illuminated with a second illu-
mination 22 provided by a light source (not shown). The
second illumination 22 may be different to the first illumi-
nation 21, for example in terms of a temporal structure
of the illumination. The first illumination 21 and the sec-
ond illumination 22 may be carried out subsequently and
over corresponding illumination time intervals. In partic-
ular, the first illumination 11 may be carried out during a
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firstillumination time interval and the second illumination
12 may be carried out during a second illumination time
interval, wherein both intervals may be separated by a
non-illumination time interval. The first illumination 21
may be carried out before or after the second illumination
22. That is, the order of the illuminations may be varied
as required.

[0064] The second illumination 22 may be defined by
aconstantillumination over the entire second illumination
time interval. Upon illuminating the first luminescent area
11 using the second illumination 22, the luminescent
property of the material of the first luminescent area 11
generates aluminescence fromthe firstluminescentarea
11 such that a quantifiable third luminescent intensity 33
is emitted from the first luminescent area 11. This third
luminescent intensity 33 can be measured, for example
by the above-mentioned capture device thatis configured
to capture and measure the third intensity 33 emitted
from the first luminescent area 11. In addition, as further
shown in Fig. 4, the second luminescent area 12 may
also be illuminated by the second illumination 22, to illu-
minating the first luminescent area 11 with the second
illumination 22. Upon illuminating the second lumines-
cent area 12 using the second illumination 22, the lumi-
nescent property of the material of the second lumines-
cent area 12 generates a luminescence from the second
luminescent area 12 such that a quantifiable fourth lumi-
nescent intensity 34 is emitted from the second lumines-
cent area 12. This fourth luminescent intensity 34 can
also be measured, for example by the above-mentioned
capture device that is configured to capture and measure
the fourth intensity 34 emitted from the second lumines-
centarea 12. Based on the measured third luminescence
intensity 33 and the measured fourth luminescence in-
tensity 34, in particular based on a time-averaged third
luminescence intensity 33 and a time-averaged fourth
luminescence intensity 34, an authenticity of the value
document 1 can be determined.

[0065] Inanotherexample, the authenticity of the value
document 1 is determined based on the time-averaged
first, second, third and fourth luminescence intensities
31, 32, 33, 34.

[0066] Fig. 5 shows a flow diagram for a method of
determining an authenticity of a value document, for ex-
ample the value document 1 as described with reference
to Figs. 1 to 4. In the following, the authentication method
will be described with particular reference to the value
document of Figs. 3 and 4.

[0067] In a step S1, the method comprises providing
a value document 1 having a first luminescent area 11
and a second luminescent area 12. In a step S2, the
method comprises illuminating the first luminescent area
11 using a first illumination 21. In a step S3, the method
comprises measuring a first luminescence intensity 31
that is emitted by the first luminescent area, upon illumi-
nating the first luminescent area 11 using the first illumi-
nation21.Inastep S4, the method comprises illuminating
the second luminescent area 12 using the first illumina-
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tion 21. In a step S5, the method comprises measuring
a second luminescence intensity 32 that is emitted by
the second luminescent area 12, upon illuminating the
second luminescent area 12 using the first illumination
21.In a step S6, the method comprises obtaining an au-
thentication information based on the measured first lu-
minescence intensity 31 and the measured second lumi-
nescence intensity 32, in particular on the time-averaged
measured first luminescence intensity 31 and the time-
averaged measured second luminescence intensity 32.
[0068] In a further step S7, the method may comprise
illuminating the first luminescent area 11 using a second
illumination 22, wherein the second illumination 22 is dif-
ferent from the first illumination 21 as described above
with reference to Figs. 3 and 4. In a further step S8, the
method may comprise measuring a third luminescence
intensity 33 that is emitted by the first luminescent area
11, upon illuminating the first luminescent area 11 using
the second illumination 22. In a further step S61, the
method may comprise obtaining the authentication infor-
mation further based on the measured third lumines-
cence intensity 33, in particular on time-averaged meas-
ured third luminescence intensity33.

[0069] In a further step S9, the method may comprise
illuminating the second luminescent area 12 using the
second illumination 22 which, as described above, is dif-
ferent from the first illumination 21. In a further step S10,
the method may comprise measuring a fourth lumines-
cence intensity 34 that is emitted by the second lumines-
cent area 12, upon illuminating the second luminescent
area 12 using the second illumination 22. In a further step
S62, the method may comprise obtaining the authenti-
cation information further based on the measured fourth
luminescence intensity 34, in particular on the time-av-
eraged measured fourth luminescence intensity 34.
[0070] It is possible to make a first judgement of au-
thenticity based on the luminescentimage, e.g., a pattern
and/or a color impression of the luminescent areas 11,
12, upon the first illumination 21, and only in case of pos-
itive judgement proceed to the second illumination 22, or
vice versa.

[0071] Fig. 6 shows diagrams representing intensity
distributions 1,4, I, for the illumination and the lumines-
cence of two different luminescent materials over time t.
[0072] The lower illustration in Fig. 6 shows a pulsed
illumination with illumination cycles having a pulse with
a pulse duration and corresponding pulse gaps. This
pulsed illumination may represent the firstillumination 21
as described with reference to Figs. 1 to 5 above. The
pulse durations of the pulsed illumination 21 are depicted
in the form of rectangles, wherein the pulse gaps have
an illumination intensity equal to zero, i.e., between the
rectangles. It is assumed that the first luminescent area
11 (cf. Figs. 1 to 4) is a fluorescent print and the second
luminescent area 12 (cf. Figs. 1to 4)is a phosphorescent
print. In this case, the fluorescence intensity I; (cf. first

luminescence intensity 31 in Fig. 3) almost immediately
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follows the illumination pulse distribution. However, the
phosphorescence intensity I, (cf. second luminescence

intensity 32 in Fig. 3) shows a marked rise and decay
behavior, with the phosphorescence intensity Ip not re-

turning to zero in-between the illumination pulses. There-

fore, the time-averaged phosphorescence intensity I,

that is indicated by a circle on the righthand side in Fig.
6 is greater than the time-averaged fluorescence inten-
sity I that is indicated by a square on the righthand side

in Fig. 6. As a result, the fluorescent area 11 and the
phosphorescent area 12 visually appear with a different
brightness under the pulsed (first) illumination 21. Pref-
erably, the intensities are measured and average over
several periods of illuminations to obtain the time-aver-
aged intensities. This may reduce the occurrence of ar-
tifacts due to a possible lack of synchronization between
the intensity measurement and the illumination.

[0073] The upper illustration in Fig. 6 shows a constant
illumination represented by a constant illumination inten-
sity. This constant (cw) illumination may represent the
second illumination 22 as described with reference to
Figs. 1 to 5 above. Again, it is assumed that first lumi-
nescent area 11 (cf. Figs. 1 to 4) is a fluorescent print
and the second luminescent area 12 (cf. Figs. 1 to 4) is
a phosphorescent print. In this case, the fluorescent and
phosphorescent prints take on their respective saturation
intensities when illuminated with the constantillumination
22. Preferably, the fluorescence intensity I; (cf. third lu-

minescence intensity 33 in Fig. 4) and the phosphores-
cence intensity |, (cf. fourth luminescence intensity 34 in

Fig. 4), upon the constant (second) illumination 22, are
substantially equal, in particular differ by less than 20 %,
preferably by less than 10 %. In particular, the time-av-
eraged phosphorescence intensityTp that is indicated by

a circle on the righthand side in Fig. 6 is substantially
equal to the time-averaged fluorescence intensity I; that

is indicated by a square on the righthand side in Fig. 6.
As aresult, the fluorescent area 11 and the phosphores-
cent area 12 visually appear with equal brightness under
the constant (second) illumination 22. In an especially
preferred example, the fluorescent area 11 and the phos-
phorescent area 12, upon the constant (second) illumi-
nation 22, visually appear with substantially equal bright-
ness and substantially equal color impression, e.g., with
a color distance of AE < 3. Preferably, the first and the
second luminescent area 11, 12 together appear as a
single motif which increases counterfeit resilience, since
upon visual inspection by a user - either under white light
or under the second illumination -, it is not apparent that
the security element comprises two different luminescent
substances.

[0074] Itis advantageous to choose a constant illumi-
nation as the second illumination 22 where the two dif-
ferent luminescent areas 11, 12 emit substantially the
same luminescence intensities I and Ip, since this en-
sures that all printed luminescent areas 11, 12 can be
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viewed by a user at full intensity, hence resulting in pleas-
ant aesthetics. Furthermore, this constant illumination
condition allows an easy quantitative comparison of the
luminescent intensity of the two different luminescent ar-
eas 11, 12, when for example an unfiltered Si-photodiode
is used. Independently of the specific detection band-
width chosen for the photodiode detection circuitry, two
well defined intensity measures are established and can
be measured once the measurement time is sufficiently
long to achieve steady state conditions of the detection
circuitry. This may also work in case two different visual
colors are used for the two different luminescent areas
11, 12. It is beneficial to use a simple luminescence de-
tector as quality control device during printing of the two
different areas in order to ensure that the specified inten-
sity conditions are being met for every value document
produced.

[0075] Fig. 7 shows further diagrams representing in-
tensity distributions 1,4, |5, for the illumination and the
luminescence of two different luminescent materials over
time t.

[0076] The lower illustration in Fig. 7 shows a first
pulsed illumination with illumination cycles having a pulse
with a pulse duration and corresponding pulse gaps. This
first pulsed illumination may represent the first illumina-
tion 21 as described with reference to Figs. 1 to 5 above.
The pulse durations of the first pulsed illumination 21 are
presentin the form of rectangles, wherein the pulse gaps
have an illumination intensity equal to zero, i.e., between
the rectangles.

[0077] The upper illustration in Fig. 7 shows a second
pulsed illumination with a pulse duration and correspond-
ing pulse gaps. This second pulsed illumination may rep-
resent the second illumination 22 as described with ref-
erence to Figs. 1 to 5 above. The pulse durations of the
second pulsedillumination 22 are also presentin the form
of rectangles, wherein the pulse gaps have an illumina-
tion intensity equal to zero, i.e., between the rectangles.
[0078] As can be recognized from a comparison of the
upper and lower diagram in Fig. 7, both the first and sec-
ond illuminations 21, 22 are pulsed or modulated, but
with a different pulse duration and/or frequency and/or
duty cycle. In particular, Fig. 7 shows the case of a first
illumination 21 and a second illumination 22 with the
same pulse duration but with different pulse gaps. For
the first illumination 21 with short pulse gaps (lower dia-
gram), the phosphorescence intensity Ip does not return

to zero. Here time-averaged intensities are obtain as de-
scribed above. In this case, the time-averaged phospho-
rescence intensity Ip is higher than the time-averaged

fluorescence intensityTf (cf. circle for the time-averaged
phosphorescence intensity Tp and square for the time-
averaged fluorescence intensitny on the righthand side

in Fig. 7). For the second illumination 22 with long pulse
gaps (upper diagram), both the fluorescence intensity If
and the phosphorescence Ip intensity return to zero in-

between the illumination pulses. In this case, the time-
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averaged phosphorescence intensity Tp is substantially

equal or indeed equal to the time-averaged fluorescence
intensity I; (cf. circle for the time-averaged phosphores-

cence intensityTp and square for the time-averaged flu-
orescence intensitny on the righthand side in Fig. 7). In

a preferred embodiment, the time-averaged intensities
upon the second illumination 22 are substantially equal
or differ by not more than 10%.

[0079] Preferably, the fluorescence and phosphores-
cence intensities I, Ip are measured and averaged over
at least one whole cycle of both the first and second illu-
mination 21, 22. More preferably, the intensities are av-
eraged over several periods of both illuminations which
may reduce artifacts occurring due to a possible lack of
synchronization between the intensity measurement and
the illumination.

[0080] Preferably, both the first and the second lumi-
nescent areas 11, 12 are invisible under daylight. This
increases counterfeit resilience since the security ele-
ment is invisible under daylight. In an alternative embod-
iment, the firstand second luminescentareas 11, 12 have
the same color impression under daylight, e.g., a color
distance of AE < 3. In this case, it is preferred that the
first and second luminescent areas 11, 12 together ap-
pear as a single motif. This increases counterfeit resil-
ience since under daylight it is not readily apparent that
the security elementcomprises two different printing inks.
[0081] A sensor may be used as capture device for the
authentication method, e.g., to receive the above-men-
tioned luminescence intensities. The sensor may be a
single-track luminescence detector with one UV LED (ul-
traviolet light emitting diode) and one Si-photodiode (sil-
icon photodiode) with a UV-block filter, where the differ-
ent illumination conditions are defined using different
pulse trains (including cw illumination) for an LED driver.
The frequency bandwidth of the detection circuitry can
preferably be designed to be less than the maximum fre-
quency of the conditions for the first and second illumi-
nation 21, 22. This ensures that a time-averaged intensity
can be easily measured and a good signal-to-noise ratio
can be achieved due to the rather small frequency band-
width.

[0082] In some embodiments, multiple parallel tracks,
e.g., 5,10, 50, 100, etc., can be used in order to achieve
spatial resolution, not only along the path of a transported
value document, but also perpendicular to the transport
direction. Furthermore, a sensor with spectral resolution
can be employed. This improves the selectivity of the
authentication method, since different colors of the UV-
VIS luminescence can be quantitatively distinguished.
Preferably, either two or three spectrally filtered detection
channels per measurement track with broadly overlap-
ping spectral sensitivity can be used. This broad overlap
may be important to avoid excessive variations of the
measured signals caused by slight manufacturing varia-
tions of the filter spectra and allows a reasonable sepa-
ration of different colors, since continuously varying color
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values can be created from the intensity ratio of the two
or three detection channels. The example with three
channels provides a more accurate color recognition. In
the example with multiple spectral channels, the overall
measurement strategy may remain the same, where the
spectral information (channel intensity ratio) during at
least one illumination is evaluated and the intensity ratio
of the two illumination conditions is evaluated (at least)
for the spectral channel with maximum signal.

[0083] Fig. 8 shows a set 100 of value documents 1a
and 1b, wherein each value document 1a, 1b is illumi-
nated with the first illumination 21 and the second illumi-
nation 22, as respectively described with reference to
Figs. 3 and 4 above. It is noted that the first illumination
21 and a second illumination 22 are different, forexample
in terms of their temporal structure.

[0084] The set 100 of value documents 1a, 1b com-
prises afirstvalue document 1a having a firstluminescent
area 11a and a second luminescent area 12a, wherein
bothluminescentareas 11a, 12a are located on a surface
10a of the first value document 1a. The set 100 of value
documents 1a, 1b further comprises a second value doc-
ument 1b having a first luminescent area 11b and a sec-
ond luminescent area 12b, wherein both luminescent ar-
eas 11b, 12b are located on a surface 10b of the second
value document 1b. The upper left illustration and the
upper right illustration show the first value document 1a
being illuminated with the first illumination 21 and the
second illumination 22, respectively. The lower left illus-
tration and the lower right illustration show the second
value document 1b being illuminated with the first illumi-
nation 21 and the second illumination 22, respectively.
[0085] For both value documents 1a, 1b, the first lumi-
nescent area 11a, 11b is configured to emit a first lumi-
nescence intensity 31a, 31b, upon illumination with the
first illumination 21, and the second luminescent area
12a, 12b is configured to emit a second luminescence
intensity 32a, 32b, upon illumination with the first illumi-
nation 21 (cf. upper left illustration and lower left illustra-
tion showing the value documents 1a, 1b upon the first
illumination 21). In particular, for both value documents
1a, 1b, the first luminescent area 11a, 11b is configured
to show a first visible luminescent image, e.g., having a
first pattern and/or color, with the first luminescence in-
tensity 31a, 31b, upon illumination with the first illumina-
tion 21, and the second luminescent area 12a, 12b is
configured to show a second visible luminescent image,
e.g., having a second pattern and/or color, with the sec-
ond luminescence intensity 32a, 32b, upon illumination
with the first illumination 21.

[0086] In addition, for both value documents 1a, 1b,
the first luminescent area 11a, 11b is further configured
to emit a third luminescence intensity 33a, 33b, upon
illumination with the second illumination 22, and the sec-
ond luminescent area 12a, 12b is configured to emit a
fourth luminescence intensity 34a, 34b, upon illumination
with the second illumination 22 (cf. upper rightillustration
and lower right illustration showing the value documents
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1a, 1b upon the second illumination 22). In particular, for
both value documents 1a, 1b, the first luminescent area
11a, 11b is configured to show the first visible lumines-
centimage, e.g., having the first pattern and/or color, with
the third luminescence intensity 33a, 33b, upon illumina-
tion with the second illumination 22, and the second lu-
minescent area 12a, 12b is configured to show the sec-
ond visible luminescent image, e.g., having the second
pattern and/or color, with the fourth luminescence inten-
sity 34a, 34b, upon illumination with the second illumina-
tion 22.

[0087] Itis possible that the first illumination 21 and/or
the second illumination 22 comprise visible radiation, i.e.,
within awavelength range of about0.38t0 0.75 pum. How-
ever, itis possible that the first illumination 21 and/or the
second illumination 22 comprise invisible illuminations,
i.e., within a wavelength range outside of the visible
wavelength range.

[0088] For both value documents 1a, 1b, as quality in-
dication a first ratio may be determined, preferably anal-
ogous to the method described above, wherein the first
ratio represents a ratio of the time-averaged emitted third
luminescence intensity 33a, 33b and the time-averaged
emitted fourth luminescence intensity 34a, 34b. In par-
ticular, the first ratio may be determined based on third
and fourth time-averaged luminescence intensities 33a,
33b, 34a, 34b measured with respect the second illumi-
nation 22, which for instance is a constant illumination
(cf. upper right illustration and lower right illustration
showing the value documents 1a, 1b upon the second
illumination 22). In this case, the first ratio differs from 1
by less than a specified threshold value. For example,
the third luminescence intensity 33a, 33b, also referred
to as |3, and the fourth luminescence intensity 34a, 34b,
also referred to as 4, are substantially equal or indeed
equal during the second illumination 22, such that the
following applies: |14/15 - 1| < 0.2, more preferably < 0.1.
In other words, the first and second luminescent areas
11a, 11b, 12a, 12b, and thus the first and second lumi-
nescent images, may appear with approximately the
same brightness, upon illumination with the second illu-
mination 22.

[0089] Forbothvalue documents 1a, 1b, also a second
ratio may be determined, wherein the second ratio rep-
resents a ratio of the time-averaged emitted first lumi-
nescence intensity 31a, 31b and the time-averaged emit-
ted second luminescence intensity 32a, 32b. In particu-
lar, the second ratio may be determined based on first
and second time-averaged luminescence intensities
31a, 31b, 32a, 32b measured with respect the first illu-
mination 21, which for instance is a pulsed illumination
(cf. upper left illustration and lower left illustration show-
ing the value documents 1a, 1b upon the first illumination
21). In this case, the second ratio is substantially equal
to a predetermined value different from 1.

[0090] Inotherwords, the firstand second luminescent
areas 11a, 11b, 12a, 12b may appear with a different
brightness, upon illumination with the first illumination 21,
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whereas the first and second luminescent areas 11a,
11b, 12a, 12b may appear with approximately the same
brightness or indeed identical brightness, upon illumina-
tion with the second illumination 22.

[0091] Furthermore, a ratio between the second ratio
for the first value document 1a and the second ratio for
the second value document 1b is substantially equal to
1, preferably between 0.9 and 1.1, more preferably be-
tween 0.95 and 1.05. For example, the second ratio for
the first value document 1a differs from the second ratio
for the second value document 1b by not more than 10
%, preferably by not more than 5 %. As indicated above,
the second ratio results from an intensity difference be-
tween the emitted first luminescence intensity 31a, 31b
and the emitted second luminescence intensity 32a, 32b,
i.e., upon the first (pulsed) illumination 21.

[0092] The particular set 100 of value documents 1a,
1b is manufactured, for example by adjusting the
amounts and/or concentrations of luminescent material
in at least the second luminescent areas 12a, 12b, such
that the (first) ratio between the emitted third lumines-
cence intensity 33a and the emitted fourth luminescence
intensity 34a for the first value document 1a is approxi-
mately identical or indeed identical to the (first) ratio be-
tween the emitted third luminescence intensity 33b and
the emitted fourth luminescence intensity 34b for the sec-
ond value document 1b. In other words, the first ratio will
be kept as identical as possible for all of the value doc-
uments of the set 100 of value documents such that the
ratio between the first ratio for one value document and
the first ratio for another value document remains sub-
stantially equal to 1, preferably between 0.9 and 1.1,
more preferably between 0.95 and 1.05.

[0093] Preferably, the luminescent materials used for
the first and second luminescent areas are stable over
time against environmental influences such as UV radi-
ation, chemicals, or solvents. This ensures that the meth-
od of determining an authenticity will not only work for
newly printed value documents but also for old ones after
longer times of usage.

[0094] Fig. 9 shows a flow diagram for a method of
manufacturing a value document with an authentication
feature. In particular, the method may be applied for man-
ufacturing the value document 1 described with reference
toFigs. 1 to 4. In the following, the manufacturing method
will be described with particular reference to the value
document of Figs. 3 and 4. In a step S20, the method
comprises providing a value document 1. In a step S21,
the method comprises providing a first luminescent ma-
terial with first luminescent material characteristics. In a
step S22, the method comprises providing a second lu-
minescent material with second luminescent material
characteristics. In a step S23, the method comprises ap-
plying the first luminescent material onto the value doc-
ument 1 in order to provide a first luminescent area 11
on the value document 1. In a step S24, the method com-
prises applying the second luminescent material onto the
value document 1 in order to provide a second lumines-
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cent area 12 on the value document 1. Applying the first
luminescent material enables the first luminescent area
11 to emit a first luminescence intensity 31, upon illumi-
nation with a first illumination 21, and to emit a third lu-
minescence intensity 33, upon illumination with a second
illumination 22 that is different to the first illumination 21.
Applying the second luminescent material onto the value
document 1 includes adjusting an amount of the second
luminescent material applied onto the value document
1, thereby enabling the second luminescent area 12 to
emit a second luminescence intensity 32, upon illumina-
tion with the first illumination 21, and to emit a fourth
luminescence intensity 34, uponillumination with the sec-
ond illumination 22. The amount of the second lumines-
cent material is adjusted such that a ratio between the
emitted third luminescence intensity 33 and the emitted
fourth luminescence intensity 34 is substantially equal to
1.

[0095] When manufacturing a set of those value doc-
uments the above described steps are performed for
each value document. After manufacturing a value doc-
ument the method of determining a quality of the value
document is carried out and the result of the determina-
tion is used for adjusting the amount of the second lumi-
nescent material applied onto a following value docu-
ment.

Claims

1. A method of determining an authenticity or quality of
a value document (1), comprising:

providing a value document (1) having a first lu-
minescent area (11) and a second luminescent
area (12, S1);

illuminating the first luminescent area (11) using
a first illumination (21, S2);

upon illuminating the first luminescent area (11)
using the firstillumination (21), measuring a first
luminescence intensity (31) that is emitted by
the first luminescent area (11, S3);

illuminating the second luminescent area (12)
using the first illumination (21, S4);

upon illuminating the second luminescent area
(12) using the first illumination (21), measuring
a second luminescence intensity (32) that is
emitted by the second luminescent area (12,
S5);

illuminating the first luminescent area (11) using
a second illumination (22), wherein the first illu-
mination (21) has a first temporal structure and
the second illumination (22) has a second tem-
poral structure, wherein the first temporal struc-
ture is different from the second temporal struc-
ture (S7);

upon illuminating the first luminescent area (11)
using the second illumination (22), measuring a
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third luminescence intensity (33) that is emitted
by the first luminescent area (11, S8);
illuminating the second luminescent area (12)
using the second illumination (22, S9);

upon illuminating the second luminescent area
(12) using the second illumination (22), meas-
uring a fourth luminescence intensity (34) that
is emitted by the second luminescent area (12,
S10);

obtaining the authentication or quality informa-
tion based on atime-averaged luminescence in-
tensity of the measured first luminescence in-
tensity (31), a time-averaged luminescence in-
tensity of the measured second luminescence
intensity (32, a time-averaged luminescence in-
tensity of the measured third luminescence in-
tensity (33) and a time-averaged luminescence
intensity of the measured fourth luminescence
intensity (34).

wherein the first illumination (21) is defined by
a pulsed illumination that includes multiple con-
secutive first illumination cycles,

wherein the first and second luminescence in-
tensity (31) that is emitted by the first lumines-
centarea (11) and the second luminescent area
respectively is measured over a first measuring
time interval, the first measuring time interval
being at least equal to or larger than one of the
first illumination cycles; and

wherein the time-averaged luminescence inten-
sity of the measured first and second lumines-
cence intensity (31) is determined with respect
to the first measuring time interval.

2. Method according to claim 1, wherein

illuminating the first luminescent area (11) and
the second luminescent area (11) using the sec-
ondillumination (21) is carried outover a second
illumination time interval;

measuring the third luminescence intensity (31)
and fourth luminescence intensity (31) that is
emitted by the first luminescent area (11) and
second luminescent area, respectively, over a
second measuring time interval, the second
measuring time interval being at least equal to
or larger than the second illumination time inter-
val;

wherein the time-averaged luminescence inten-
sity of the measured third and fourth lumines-
cence intensity (31), respectively, is determined
with respect to the second measuring time in-
terval.

3. Method according to one of claims 1 or 2,

wherein the second illumination (22) is defined
by a constant illumination; and
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wherein preferably the second measuring inter-
val is longer than the first illumination cycle..

4. Method according to claim 2,

wherein the second illumination (22) is defined
by a pulsed illumination that includes multiple
second illumination cycles; and

wherein, preferably, the second measuring in-
terval corresponds to at least two consecutive
second illumination cycles.

Method according to any one of the preceding
claims,

wherein thefirstluminescentarea (11)is defined
by a fluorescent print on the value document (1);
and

wherein the second luminescent area (12) is de-
fined by a phosphorescent print on the value
document (1).

Method according to any one of the preceding
claims,

wherein thefirstluminescentarea (11)is defined
by a first phosphorescent print on the value doc-
ument (1);

wherein the second luminescent area (12) is de-
fined by a second phosphorescent print on the
value document (1);

wherein the first phosphorescent print and the
second phosphorescent print comprise different
luminescence decay properties with at least
50% different decay times.

Method according to any of the preceding claims,

wherein the first luminescent area (11) and the
second luminescent area (12) are configured to
be visible with substantially identical colors, up-
on being illuminated with the first illumination
(21); and/or

wherein the first luminescent area (11) and the
second luminescent area (12) are configured to
be visible with substantially identical colors, up-
onbeingilluminated with the second illumination
(22).

8. A method of manufacturing a set of value document
(1) with an authentication feature, comprising:

providing a set ofvalue documents (1, S20);
for each value document of said set:

1. providing a first luminescent material with
first luminescent material characteristics
(S21);providing a second luminescent ma-
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10.

terial with second luminescent material
characteristics (S22);

2. applying the firstluminescent material on-
to the value document (1) in order to provide
a first luminescent area (11) on the value
document (1, S23); applying the second lu-
minescent material onto the value docu-
ment (1) in order to provide a second lumi-
nescent area (12) on the value document
(1, S24);

wherein the first luminescent area (11)
is configured to emit a first lumines-
cence intensity upon illumination with a
first illumination and a third lumines-
cence intensity (33) upon illumination
with a second illumination (22) that is
different form the first illumination;
wherein the second luminescent area
(11) is configured to emit a second lu-
minescence intensity (33) upon illumi-
nation with said first illumination and a
fourth luminescence intensity (33) up-
on illumination with said second illumi-
nation (22);

the method further comprising for at least one
value document of said set determining a quality
using a method according to one claims 1 to 7
wherein the quality information includes a ratio
between the third luminescence intensity (33)
and the fourth luminescence intensity (34),
wherein in the method of manufacturing said ap-
plying the second luminescent material onto one
of the value documents (1) of the set includes
adjusting an amount of the second luminescent
material applied onto the value document (1) us-
ing the quality information obtained for said pre-
ceding value document, thereby enabling the
second luminescent area (12) to emit a fourth
luminescence intensity (34) upon illumination
with the second illumination (22); wherein a ratio
between the third luminescence intensity (33)
and the fourth luminescence intensity (34) is be-
tween 0.8 and 1.2, preferably between 0.9 and
1.1.

Method according to claim 8,

wherein applying the first luminescent material onto
the value document (1) and/or applying the second
luminescent material onto the value document (1)
includes using at least one of an offset printing, a
flexography printing, an intaglio printing, a screen
printing, a letterpress printing or a numbering print-
ing.

A set of value documents (100), in particular manu-
factured using a method according to one of claims
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8 or 9, comprising:

a first value document (1a) having a first lumi-
nescent area (11a) and a second luminescent

the first luminescent area (11a, 11b) is defined
by a first phosphorescent print on the value doc-
ument (1a, 1b);

wherein the second luminescentarea (12a, 12b)

area (12a); 5 is defined by a second phosphorescent print on
a second value document (1b) having a first lu- the value document (1a, 1b);
minescent area (11b)and a second luminescent wherein the first phosphorescent print compris-
area (12b); es a first luminescence decay time and the sec-
wherein for each of the first value document (1a) ond phosphorescent print comprises a second
and the second value document (1b): 10 luminescence decay time;
wherein the second luminescence decay time
the first luminescent area (11a, 11b) is con- isatleast50% longer than the first luminescence
figured to emit a first luminescence intensity decay time.
(31a, 31b), upon illumination with a first il-
lumination (21); 15 13. Set of value documents according to claim 11 or 12,
the second luminescent area (12a, 12b) is wherein, upon illumination with the second illumina-
configured to emit a second luminescence tion,
intensity (32a, 32b), upon illumination with the first luminescent area and the second lumines-
the first illumination (21); cent area are visible with substantially identical
the first luminescent area (11a, 11b)is con- 20 colors and substantially the same brightness.
figured to emit a third luminescence inten-
sity (33a, 33b), upon illumination with a sec-
ond illumination (22) that is different to the
first illumination (21);
the second luminescent area (12a, 12b)is 25
configured to emit a fourth luminescence in-
tensity (34a, 34b), upon illumination with the
second illumination (22);
a first ratio between the emitted third lumi-
nescence intensity (33a, 33b) and the emit- 30
ted fourth luminescence intensity (34a, 34b)
is between 0.8 and 1.2;
a second ratio between the emitted first lu-
minescence intensity (31a, 31b) and the
emitted second luminescence intensity 35
(32a, 32b) is less than 0.8 or greater than
1.2.
wherein a ratio between the second ratio for the
first value document (1a) and the second ratio 40
for the second value document (1b) is substan-
tially equal to 1, preferably between 0.9 and 1.1.
11. Set of value documents according to claim 10,
wherein for both the first value document (1a) and 45
the second value document (1b):
the first luminescent area (11a, 1 1b) is defined
by afluorescent printon the value document (1a,
1b); and 50
wherein the second luminescent area (12a, 12b)
is defined by a phosphorescent print on the val-
ue document (1a, 1b).
12. Set of value documents according to claim 10, 55

wherein for both the first value document (1a) and
the second value document (1b):
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