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A method for checking an authenticity feature having an
optical storage phosphor, to an apparatus for checking, an
authenticity feature and to a value document having an
authenticity feature. The authenticity feature has an optical
storage phosphor. In one step, the optical storage phosphor
is subjected to at least one query sequence, respectively
comprising at least a first readout process and a second
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measurement value are captured, which respectively are
based on the detection of an optical emission in response to
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readout process. A readout measurement value time series is
created and is respectively associated with the at least one
query sequence, comprising at least the first readout mea-
surement value respectively associated with the first readout
process and the second one respectively associated with the
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METHOD FOR SECURING VALUE
DOCUMENTS USING STORAGE
PHOSPHORS

[0001] The invention relates to an authenticity evaluation
method which utilizes the optically stimulated luminescence
(OSL) of optical storage phosphors as an authenticity fea-
ture. The invention relates further to an apparatus for car-
rying out the authenticity evaluation method, to a reference
library containing optical storage phosphors in combination
with their characterizing measurement sequences, to these
optical storage phosphors as authenticity features and to
value documents having such authenticity features.

[0002] The safeguarding of value documents against forg-
eries by means of authenticity features is known. There are
feature substances which are based, e.g., on magnetic,
thermal, electric, and/or optical (e.g. absorption and emis-
sion) effects which can be specifically proven. In particular,
the feature properties do not change by the proof: the
repeated carrying out of the same measurement at the same
place delivers the same result. Such feature systems can be
described as memory-free.

[0003] Examples of optical storage phosphors as authen-
ticity features are known. In EP1316924 the checking
method is effected via the detection of photoluminescence or
via the occurrence of optically stimulated luminescence. An
inorganic storage phosphor and an upconverter phosphor are
used in WO02010064965. DE102011010756 describes
manufacturing methods for nanoparticulate storage phos-
phors and their possible employment as a marker. The
above-described methods do without a quantitative evalua-
tion of the dynamic and characteristic storage behaviour of
an optical storage phosphor as an authenticity feature and
instead are based on reproducible measurements at defined
states.

[0004] The disadvantage of the safeguarding by these
authenticity evaluation methods is that also an imitator is
able to characterize the optical storage phosphor by usual
measuring methods of spectroscopy and thus is potentially
put in a position to collect information which makes an
imitation of the substance easier to him. A successful imi-
tation of the substance would then also pass the authenticity
check.

[0005] The invention is based on the object of providing
an authentication and evaluation method of an item, in
particular value document, which utilizes a feature system
which via the close linkage with the processes of authen-
ticity evaluation is highly specific, so that it cannot be
identified with the usual spectroscopy methods and thus
offers an increased security against imitation.

[0006] A further object of the invention relates to the
provision of an authentication and/or evaluation method for
a value document, which utilizes a feature system which
enables a still more differentiated differentiation of similar
feature substances and thus offers an increased security.
[0007] The object is also based on the object of providing
an apparatus for carrying out the method.

[0008] A further object relates to the provision of an
authenticity feature improved with respect to forgery resis-
tance, as well as to a value document having this authenticity
feature.

[0009] An additional object relates to an authentication
and/or evaluation method for a selected currency, so that a
tracking of batches, an identification of the production place
or of a manufacturer is made possible to guarantee in this
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way an improved retraceability of the authenticity features
contributing to the value document.
[0010] These objects are achieved by the feature combi-
nations defined in the main claims. Preferred embodiments
are subject matter of the subclaims.

SUMMARY OF THE INVENTION

[0011] First Main Aspect of the Invention

[0012] 1. (First aspect of the invention) Method for check-
ing an authenticity feature having an optical storage phos-
phor, comprising the following steps of:

a. subjecting the optical storage phosphor to at least one
query sequence, respectively comprising at least a first
readout process and a second readout process;

b. capturing respectively at least a first and a second readout
measurement value, which respectively are based on the
detection of an optical emission in response to the respec-
tively first or the respectively second associated readout
process;

c. creating a readout measurement value time series respec-
tively associated with the at least one query sequence,
comprising at least the first readout measurement value
respectively associated with the first readout process and the
second one respectively associated with the second readout
process; and

d. evaluating the readout measurement value time series
respectively associated with the query sequence for deter-
mining a dynamic behaviour from the readout measurement
value time series under the respectively associated query
sequence.

[0013] 2. (Preferred configuration) Method according to
clause 1, wherein the optical storage phosphor has light
centers and trap centers, wherein, preferably, charge carriers
present in the storage phosphor are at least partially avail-
able or stored at the trap centers before step a. and wherein
the charge carriers stored at the trap centers transition at least
partially from the trap centers to the light centers by means
of'the query sequence in step a. By a readout process the trap
states are at least partially depopulated, as a result of which
the readout measurement values can be captured. The light
centers and trap centers are optically autonomous states of
the optical storage phosphor. Preferably, during the subject-
ing in step a. the optical storage phosphor hast at least at
times an electrical conductivity, which is different, prefer-
ably higher than outside the subjecting in step a. In particu-
lar, the electric conductivity changes during the subjecting to
the query sequence.

[0014] Upon an optical readout process, the wavelength of
the light employed for the readout process is preferably
longer than the wavelength of the light employed for a
charging process. With such a configuration, in particular
with use of the optical storage phosphor in a paper substrate,
an excitation and luminescence of the paper substrate can be
avoided.

[0015] In a second preferred embodiment, the wavelength
of the light employed for the readout process is shorter than
the wavelength of the light employed for a charging process.
This is advantageous in particular upon the identification
and differentiation of several optical storage phosphors.
[0016] 3. (Preferred configuration) Method according to
any of clauses 1 to 2, wherein the step a. comprises two
query sequences which respectively comprise at least a first
readout process and a second readout process, preferably
three to five query sequences which are carried out prefer-



US 2019/0164373 Al

ably successively, in parallel, or temporally overlapping.
The at least two readout processes have preferably different
wavelength. The readout measurement values captured in
step b. are different for each query sequence.

[0017] 4. (Preferred configuration) Method according to
any of clauses 1 to 3, wherein in step d. the evaluation of the
readout measurement value time series, in particular of the
at least one readout measurement value time series, is
effected quantitatively to determine at least one character-
istic memory property of the optical storage phosphor; the
quantitative evaluation of the dynamic behaviour preferably
serves for enabling an evaluation for temporal dynamic
quantities on the basis of which the memory properties of the
optical storage phosphor can be described.

[0018] 5. (Preferred configuration) Method according to
any of clauses 1 to 4, wherein each readout process com-
prises at least one readout pulse or a continuous readout
intensity-modulated over time; preferably at least one, pref-
erably each readout process comprises two or more readout
pulses, particularly preferably three to eight or four to
twenty.

[0019] 6. (Preferred configuration) Method according to
any of clauses 1 to 5, wherein the query sequence comprises
at least a third or a fourth readout process, preferably four or
more, particularly preferably at least eight or at least ten,
readout processes; furthermore at least one, preferably the
several readout processes comprise at least four readout
pulses.

[0020] 7. (Preferred configuration) Method according to
any of clauses 1 to 6, further comprising at least one
charging sequence comprising at least one first charging
process for subjecting the optical storage phosphor tempo-
rally before the at least one query sequence; a charging
process comprises preferably at least one charging pulse or
a continuous charging intensity-modulated over time, par-
ticularly preferably two or more charging pulses, particu-
larly preferably three to eight. In doing so, upon subjecting
the optical storage phosphor, the charge carriers of the
storage phosphor are excited at least partly, preferably nearly
completely, with the at least one charging process at the light
centers, transition to trap centers and are stored there.

[0021] 8. (Preferred configuration) Method according to
any of clauses 4 to 7 in combination with clause 4, wherein
the at least one characteristic memory property is selected
from: persistence, memory depth, memory strength, sensi-
tivity, specificity, exchangeability, association, continuity,
latency, saturation, isolation, charging speed and/or readout
speed.

[0022] 9. (Preferred configuration) Method according to
any of clauses 4 to 8, wherein the step of evaluating the
readout measurement value time series, in particular of the
at least one readout measurement value time series, for at
least one of the at least one characteristic memory property
of'the optical storage phosphor comprises a determination of
the shape of the temporal course of the curve of the readout
measurement value time series or a determination of param-
eters which describe the temporal course of the curve of the
readout measurement value time series.

[0023] 10. (Preferred configuration) Method according to
any of clauses 1 to 9, wherein in the readout measurement
value time series, in particular the at least one readout
measurement value time series, of at least two readout
measurement values the decay time of the emission on the
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first readout process is so long, that the emission on the first
readout process is superimposed on the emission of the
second readout process.

[0024] 11. (Preferred configuration) Method according to
any of clauses 4 to 10, wherein the optical storage phosphor
has more than one different characteristic memory property.

[0025] 12. (Preferred configuration) Method according to
any of clauses 1 to 11, wherein at least a first readout process
and a second readout process differ in at least one of the
properties: wavelength, spectral form, intensity, pulse form
and pulse distance; the first and/or second readout process
preferably comprise at least two readout pulses, at least a
first readout pulse and second readout pulse having at least
two spectrally separate readout wavelengths; it is in particu-
lar preferred that the first wavelength is near the maximum
of a band of the readout spectrum and at least one second
wavelength is shifted relative to the first wavelength by at
least a full width at half maximum of this band; it can further
be preferred that the wavelength of the first and at least one
second readout pulse address different bands of the readout
pulse.

[0026] 13. (Preferred configuration) Method according to
any of clauses 1 to 12, wherein at least a first readout process
and a second readout process have at least two spectrally
separate readout wavelengths; preferably, the second read-
out process is effected in temporal order after the first
readout process; particularly preferably, each readout pro-
cess comprises at least two readout pulses, particularly
preferably, the first pulse is effected in temporal order before
the second pulse.

[0027] 14. (Preferred configuration) Method according to
any of clauses 1 to 13, wherein the optical storage phosphor
is subjected to two or three query sequences, wherein each
query sequence has assigned thereto at least one readout
measurement value time series, preferably three to ten,
particularly preferably five to twenty. In particular, the
optical storage phosphor can be subjected to three or more
query sequences. The readout measurement value time
series belonging to the respective query sequences prefer-
ably differ from each other.

[0028] 15. (Preferred configuration) Method according to
any of clauses 4 to 14, wherein the optical storage phosphor
has several characteristic memory properties and is sub-
jected to several query sequences, wherein each query
sequence has at least one readout measurement value time
series assigned thereto.

[0029] 16. (Preferred configuration) Method according to
any of clauses 1 to 15, wherein the optical storage phosphor
is subjected to several query sequences, wherein the several
query sequences differ in at least one of the properties: local
application of the readout process, temporal application of
the readout process, spectral application of the readout
process, pulse duration of the readout process, pulse form of
the readout process, pulse distance of the readout process
and/or pulse order of the readout process.

[0030] 17. (Preferred configuration) Method according to
any of clauses 1 to 16, comprising a step of

e. matching the determined dynamic behaviour or the char-
acteristic memory property from the readout measurement
value time series, in particular of the at least one readout
measurement value time series, with at least one reference
value, and
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f. recognizing the authenticity of the authenticity feature
from the matching e. upon sufficient conformity with the
reference value.

[0031] 18. (Second aspect of the invention) Apparatus for
carrying out a method according to any of clauses 1 to 17,
comprising:

a first light source suitable for subjecting the authenticity
feature, in particular in the region of the optical storage
phosphor, to at least one query sequence and/or to at least
one charging sequence and/or to a preparation step;

a measuring device with one or several detection devices
adapted for capturing the light emission of the optical
storage phosphor in at least one first spectral region of its
emission spectrum.

[0032] 19. (Preferred configuration) Apparatus according
to clause 18, wherein the apparatus has a second light source
suitable for subjecting the authenticity feature in the region
of the optical storage phosphor to a query sequence and/or
charging sequence according to any of clauses 1 to 18,
wherein the second light source emits at a wavelength which
differs from the emission wavelength of the first light source.
[0033] 20. (Third aspect of the invention) Authenticity
feature having an optical storage phosphor for checking the
authenticity of the feature with a method according to any of
clauses 1 to 17, wherein the optical storage phosphor has a
readout spectrum with at least one distinctive spectral struc-
ture which in the stimulation efficiency is configured varying
with the wavelength, wherein the readout spectrum has at
least one local minimum, in which the stimulation efficiency
is reduced by at least 10% in comparison to the flanking
maxima, preferably, the stimulation efficiency is reduced by
at least 30% in comparison to the flanking maxima.
[0034] 21. (Fourth aspect of the invention) Value docu-
ment having at least one authenticity feature according to
clause 20, wherein the value document is preferably a bank
note having an authenticity feature; particularly preferably
the value document has a substrate made of paper and/or
plastic, more preferably the authenticity feature is incorpo-
rated in the volume of the value document and/or applied on
the surface of the value document.

Second Main Aspect of the Invention

[0035] 1. (First aspect of the invention) Method for check-
ing an authenticity feature having an optical storage phos-
phor, comprising the steps of:

a. capturing at least a first measurement value, in particular
a light intensity and/or a light emission of the optical storage
phosphor;

b. subjecting the optical storage phosphor to at least one
charging process;

c. capturing at least a second measurement value, in par-
ticular of a light emission of the optical storage phosphor;
and

d. quantitatively determining an effect of the charging pro-
cess on the optical storage phosphor from the at least one
first and second measurement value. Preferably, for deter-
mining the effect at least the first and the second measure-
ment value are required. In another preferred embodiment,
the effect of the charging process on the optical storage
phosphor is determined from preferably one single measure-
ment value.

[0036] Preferably, the at least first and second measure-
ment value are respectively a light emission of the optical
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storage phosphor, particularly preferably the measurements
are carried out at different wavelengths.

[0037] 2. (Preferred configuration) Method after the sec-
ond main aspect of the invention according to clause 1,
wherein the optical storage phosphor has light centers and
trap centers, wherein, preferably, charge carriers present in
the storage phosphor are at least partially transferred to the
trap centers by the charging process in step b. and there are
stored at trap states or are available there. The light centers
and trap centers preferably are optically autonomous states
of the optical storage phosphor.

[0038] 3. (Preferred configuration) Method according to
clause 1 or 2, wherein the method comprises at least one
readout process and the first and/or second measurement
value are captured independently of a readout process.
[0039] Here, the second measurement value, as a physi-
cally causal reaction to the charging process, is preferably
different from the first measurement value.

[0040] 4. (Preferred configuration) Method according to
clause 1 to 3, wherein the method comprises at least one
readout process and the at least first and/or second measure-
ment value is captured as first and/or second readout mea-
surement value based on a detection of a light emission in
response to the at least one readout process, wherein,
preferably, the first measurement value is captured as a
readout measurement value based on a detection of a light
emission in response to a first readout process and the
second measurement value as a readout measurement value
based on a detection of a light emission in response to a
second readout process.

[0041] Upon an optical readout process, the wavelength of
the light employed for the readout process is preferably
longer than the wavelength of the light employed for a
charging process. With such a configuration, in particular
with use of the optical storage phosphor in a paper substrate,
an excitation and luminescence of the paper substrate can be
avoided.

[0042] In a second preferred embodiment, the wavelength
of the light employed for the readout process is shorter than
the wavelength of the light employed for a charging process.
This is advantageous in particular upon the identification
and differentiation of several optical storage phosphors.
[0043] 5. (Preferred configuration) Method according to
clause 2 in connection with clause 3 or 4, wherein by the at
least one readout process at the trap centers, stored charge
carriers of the trap centers are excited and they transition to
the light centers, the charge carriers radiantly relaxing at the
light centers.

[0044] 6. (Preferred configuration) Method according to
any of claims 3 to 5, wherein the method has at least one
query sequence, comprising at least two readout processes,
wherein from the first readout process at least a first readout
measurement value and from the second readout process at
least a second readout measurement value are captured; and
the method comprises the steps of:

d. creating a readout measurement value time series respec-
tively associated with the at least one query sequence,
comprising at least the first readout measurement value
respectively associated with the first readout process and the
second one respectively associated with the second readout
process; and

e. evaluating the readout measurement value time series
respectively associated with the query sequence for deter-
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mining a dynamic behaviour from the readout measurement
value time series under the respectively associated query
sequence.

[0045] 7. (Preferred configuration) Method according to
any of clauses 1 to 6, wherein at least one charging process
comprises at least one charging pulse or a continuous
charging intensity-modulated over time; a charging process
comprises preferably two or more charging pulses, more
preferably three to eight or four to twenty, which are carried
out preferably successively, in parallel, or temporally over-
lapping, particularly preferably at different wavelengths of
the at least two readout processes.

[0046] 8. (Preferred configuration) Method according to
any of clauses 6 or 7 in combination with clause 6, wherein
step b. comprises two query sequences which respectively
comprise at least a first readout process and a second readout
process which are carried out preferably successively, in
parallel, or temporally overlapping, particularly preferably
at different wavelengths of the at least two readout processes
and/or of the detection of the optical emission. The captured
readout measurement values or the captured readout mea-
surement value time series are preferably different for each
query sequence.

[0047] 9. (Preferred configuration) Method according to
any of clauses 6 to 8 in combination with clause 6, wherein
in step d. the evaluation of the readout measurement value
time series is effected quantitatively to determine at least one
characteristic memory property of the optical storage phos-
phor; the quantitative evaluation of the dynamic behaviour
preferably serves for enabling an evaluation for temporal
dynamic quantities on the basis of which the memory
properties of the optical storage phosphor can be described.

[0048] 10. (Preferred configuration) Method according to
any of clauses 3 to 9 in combination with clause 3 or 4,
wherein at least one, preferably each readout process com-
prises at least one readout pulse or a continuous readout
intensity-modulated over time; preferably at least one, pref-
erably each readout process comprises two or more readout
pulses, particularly preferably three to eight or four to
twenty.

[0049] 11. (Preferred configuration) Method according to
any of clauses 6 to 10 in combination with clause 6 or 7,
further comprising at least one charging sequence compris-
ing at least one first charging process for subjecting the
optical storage phosphor temporally before the at least one
query sequence; a charging process comprises preferably at
least one charging pulse or a continuous charging intensity-
modulated over time, particularly preferably two or more
charging pulses, particularly preferably three to eight.

[0050] 12. (Preferred configuration) Method according to
any of clauses 3 to 11 in combination with one of the clauses
3 or 4, comprising a repeated and/or respectively alternating
succession of the at least one charging process and of the at
least one readout process; the processes respectively com-
prise preferably pulses, i.c. at least a first charging pulse or
at least a first readout pulse.

[0051] 13. (Preferred configuration) Method according to
any of clauses 9 to 12 in combination with clause 9, wherein
the at least one characteristic memory property is selected
from: persistence, memory depth, memory strength, sensi-
tivity, specificity, exchangeability, association, continuity,
latency, saturation, isolation, charging speed and/or readout
speed.

May 30, 2019

[0052] 14. (Preferred configuration) Method according to
any of clauses 6 to 13 in combination with clause 9, wherein
the step of evaluating the readout measurement value time
series for at least one characteristic memory property of the
optical storage phosphor comprises a determination of the
shape of the temporal course of the curve of the readout
measurement value time series or a determination of param-
eters which describe the temporal course of the curve of the
readout measurement value time series.

[0053] 15. (Preferred configuration) Method according to
any of clauses 1 to 14, wherein at least one charging process
differs from another charging process at least in the wave-
length and/or intensity and/or pulse length.

[0054] 16. (Preferred configuration) Method according to
any of clauses 1 to 15 in combination with clause 7, wherein
at least one first charging pulse differs from another charging
pulse at least in the pulse duration and/or pulse interval
duration.

[0055] 17. (Preferred configuration) Method according to
any of clauses 1 to 16, wherein by subjecting the optical
storage phosphor to at least one charging sequence and/or at
least one preparation step a threshold value emission is set,
preferably a defined output signal, particularly preferably a
defined intensity of the optical emission under a defined
readout process.

[0056] 18. (Preferred configuration) Method according to
any of clauses 6 to 17 in combination with clause 6, wherein
by the readout measurement value time series of at least two
readout measurement values the charging speed of the
optical storage phosphor is determined.

[0057] 19. (Preferred configuration) Method according to
any of clauses 1 to 18, comprising the step of

f. matching the determined dynamic behaviour from the
readout measurement value time series with at least one
reference, as well as

g. recognizing the authenticity of the authenticity feature as
a function of the matching f.

[0058] 20. (Preferred configuration) Method according to
any of clauses 1 to 19, comprising the step of

h. subjecting the optical storage phosphor with at least one
thermalizing sequence.

[0059] 21. (Second aspect of the invention) Authenticity
feature having an optical storage phosphor for checking the
authenticity of the authenticity feature with a method
according to any of clauses 1 to 20, wherein the optical
storage phosphor has a charging spectrum with at least one
distinctive spectral structure which in the charging efficiency
is configured varying with the wavelength, wherein the
readout spectrum has at least one local minimum, in which
the charging efficiency is reduced by at least 10%, preferably
by at least 30%, in comparison to the flanking maxima.
[0060] 22. (Third aspect of the invention) Value document
with at least one authenticity feature according to clause 21,
wherein the value document is preferably a bank note having
an authenticity feature; particularly preferably, the value
document has a substrate made of paper and/or plastic, more
preferably the authenticity feature is incorporated in the
volume of the value document and/or applied on the surface
of the value document.

[0061] Even if here a first main aspect and a second main
aspect are described separately, a combination or partial
combination of first and second and/or at least one of the
aspects regarding the first and/or second main aspects is
conceivable.
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DETAILED DESCRIPTION OF THE
INVENTION

[0062] Value documents within the context of this inven-
tion are objects such as bank notes, checks, shares, value
stamps, identity cards, passports, credit cards, deeds and
other documents, labels, seals, and objects to be safeguarded
such as jewelry, optical data carriers, CDs, packages and the
like. The value-document substrate need not necessarily be
a paper substrate, but might also be a plastic substrate or a
substrate having both paper constituents and plastic con-
stituents. The preferred area of application is bank notes
based in particular on a paper substrate and/or plastic
substrate.

[0063] Optical storage phosphors for safeguarding value
documents are known in the prior art. The present invention
is based on the idea to use the properties of the dynamic time
behaviour of optical storage phosphors (OSL substances) for
the proof of authenticity of a value document. For this, at
least one OSL substance is selected, which with respect to at
least one property and at least one measuring process has a
memory.

[0064] In an OSL substance, measurable properties
depend on the previous history, that is, a measurement
influences the result of the subsequent measurement. This is
designated as a memory. From the employment of memory-
type substance systems as an authenticity feature there
results a close coupling between authenticity feature and
proving process: In the proof process, by employing mea-
suring processes (that is, charging and/or readout processes),
in particular by successions (also referred to as sequences)
of equal and/or different charging and/or readout processes,
a specific history is impressed on the OSL substance and the
specific dynamic behaviour of the memory-type system is
checked for this history. As due to this the order of events
influences the system behaviour, memory can also be under-
stood as a path dependence of the system.

[0065] A path dependence of the system can be present in
particular in the case of a non-commutativity of two mea-
suring processes. For example, the optical storage phosphor
is read out with a first and a second readout process. Here,
it is possible that the first readout process influences the
system in such a way that the result of the second readout
process depends on the first readout process. A change of the
order of the readout processes then leads preferably to a
different result.

[0066] Preferably, in an optical storage phosphor, in the
charging process, charge carriers are stored at energetically
differently located trap centers. Particularly preferably, by
different charging processes, which differ preferably in their
intensities, durations, pulse forms and/or (optical) wave-
lengths, the distribution of the charge carriers over the trap
centers can be influenced. Additionally, the distribution of
the charge carriers stored at trap centers changes by internal
relaxations and in particular by external influences, such as
for example temperature. As not only the influence of one
single charging process influences the distribution but also
the temporal succession of several charging processes, the
charge distributions over the trap centers are established as
a consequence of different charging paths, which illustrates
the above-mentioned path dependence.

[0067] Likewise, preferably, the distribution of the charge
carriers can be influenced by different readout processes,
which differ preferably in intensity, duration, pulse form
and/or wavelength, and different successions of readout
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processes as well as by different successions of mixtures of
charging and readout processes.

[0068] In which specific manner an OSL substance reacts
to a concrete charging pulse or readout pulse or in particular
to a concrete succession of charging pulses and/or readout
pulses, represents the information which is hidden for the
uninitiated imitator and is used according to the invention in
the proof process.

[0069] For this purpose, from charging and readout pro-
cesses, sequences are built which are suitable for determin-
ing characteristic memory properties of the OSL substance
(example: successively continued execution of measuring
optically stimulated luminescence (OSL) to determine a
memory strength).

[0070] In a suitable detector the value document marked
according to the invention is measured with one or several
sequences and from the associated results characteristic
memory properties are determined. By comparison with a
specification authenticity is proven (example: in an OSL
substance memory strength, exchangeability rules and sen-
sitivity are determined with different sequences with a
sensor realizing at least one charging and two different
readout processes and are compared with the specification).
[0071] The proof of authenticity is thus shifted from a
static parameter space (which consists of, for example,
intensities, spectral distribution and lifetime) to a temporal
procedure. The specificity of the memory of the OSL
substance must suit the specificity of the history impressed
by the sensor, in order for the authenticity to be proven
positively. For implementation, according to the invention
there are proposed OSL substances as authenticity features
for authentication, for the authenticity evaluation several
memory properties being used (preferably several 22,3 . ..
different characteristic properties or one characteristic prop-
erty in several =2, 3 . . . different measuring parameters).
While proving, a history is impressed on the OSL substance,
by one or several selected (same or different) charging or
query sequences of charging or readout processes being
applied to the system. From the reaction/response of the
OSL substance to this one or several sequence(s) the
dynamic behaviour is determined and used for authenticity
evaluation.

[0072] A measurement value relates to a characteristic
property of the storage phosphor. The measurement value
describes preferably a storage charge, particularly preferably
light emission, of the storage phosphor. The measurement
value can be captured at an arbitrary or firmly specified point
in time. For example, before, during or after a readout
process one or several measurement values can be captured.
According to one configuration, the first measurement value
regarding the storage phosphor is captured, subsequently the
storage phosphor is subjected to a charging process, the
charging process comprising one or several charging pulses,
and subsequently thereto the second measurement value is
captured. Basically the first and/or second measurement
value can be captured independently of other processes of
the method. In one configuration, at least the first and/or the
second measurement value are associated with the readout
process, so that this first and/or second measurement value
is defined as the first or the second readout measurement
value, respectively.

[0073] The first and the second measurement value can be
used for the authenticity evaluation, for example by com-
parison with reference data. Furthermore, the use of at least



US 2019/0164373 Al

one of the measurement values for controlling the charging
process is conceivable. The at least one measurement value
(in particular the first measurement value) can be integrated
in a control circuit, contents of the at least one measurement
value influencing parameters of the charging process, for
example a wavelength or a region of wavelengths, a pulse
duration of a pulse, the number of pulses and/or the form of
one or several pulses for charging the storage phosphor.
Furthermore, at least one of the measurement values can be
used as a trigger, for example for actuating an event and/or
a process, e.g. readout process.

[0074] In one embodiment, the method comprises at least
one readout process. The at least one first and/or second
measurement value is based on a detection of a light
emission in response to at least one readout process. Such
captured measurement values are defined as readout mea-
surement values. Preferably, the method comprises at least
two readout processes, wherein for each readout process at
least one readout measurement value is captured.
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[0075] If several readout process are carried out, these can
be brought together in a query sequence. The readout
processes of a query sequence are preferably a capturing of
coherent readout measurement values. The method may
comprise one or several query sequences. For illustrating the
division of the query sequences, a query sequence is repre-
sented schematically by way of example in the following
diagram. A query sequence comprises at least one first and
one second readout process. Preferably, readout processes
comprise at least one pulse al (or a2, a3, . . . , respectively).
In a variant of the invention, within the framework of a
readout process several pulses are grouped, whereby for
each readout process, but not necessarily for each pulse, at
least one readout measurement value is generated. The
readout measurement values captured by the readout pro-
cesses are recorded in temporal order. From these readout
measurement value time series captured in step c.) of the
method there result in turn readout curves which on account
of their form or by parameters which are derived from the
curves are used for authenticity evaluation.
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Query sequence

1% Readout process 2" Readout process 3™ Readout process
Pulses: al, b1, cl,dl, ... Pulses: a2, b2, ¢2,d2, ... Pulses: a3, b3, ¢3, d3, ...
1* readolit measurement value 2™ readout meLsurement value 3" readdut measurement

value
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[0076] Alternatively, in one readout process or in several
readout processes there is captured not only one single
readout measurement value but several readout measure-
ment values and are ordered according to their temporal
succession into the readout measurement value time series.
A sequence of several readout processes yields a query
sequence. Analogously, several charging processes may
yield a charging sequence.

[0077] The readout process or the charging process in
combination with a measurement forms a measuring pro-
cess. The result of a measuring process, such as e.g. of a
readout process, is a signal S which depends on the process
P, i.e. S(P), and relevantly characterizes the optical storage
phosphor (for example, the spectrally resolved measurement
of a light emission of a luminescent substance). The mea-
suring process is established by the measuring system and
by associated measuring parameters.

[0078] Dynamic behaviour is understood to be the time
dependence of a measurand. From different measurands
different time dependencies can be determined. Preferably,
the quantitative evaluation of the dynamic behaviour serves
for enabling an evaluation for temporal dynamic quantities.
Dynamic temporal measurands are measurands which are
linked with each other at least in time and in a further
physical property of a measurement. The time dependence
of a measurand is reflected in the associated readout mea-
surement value time series. At least one characteristic
memory property of the corresponding optical storage phos-
phor can be determined by a quantitative evaluation of the
readout measurement value time series, and this in turn can
serve as an authenticity feature for the differentiation.
[0079] Reference readout measurement value time series
can be deposited, for example, in a look-up table and be used
for matching captured readout measurement value time
series in a method for the differentiation of optical storage
phosphors.

[0080] A reference library comprises at least such
sequences, parameters and the corresponding tables, which
are suitable for being employed in relevantly discriminating
proofs of authenticity for various features belonging to an
OSL substance.

Optical Storage Phosphors as Authenticity Feature

[0081] For a safeguarding according to the invention, for
example of a value document, a selected optical OSL
substance is incorporated as an authenticity feature into the
value document or into a foil element in the form of an
additive to the substrate (paper or polymer) and/or is applied
onto the value document in the form of a printing ink or
coating composition. (Example: thermochromic substance
in printing ink, OSL substance in paper substrate). Alterna-
tively or additionally, also the incorporation of the OSL
substance in or coating the OSL substance on a metallic or
metallized foil is conceivable. Furthermore, the OSL sub-
stance can be used as an additive of a coating of the substrate
or of a further layer of the value document, in particular in
a composite material from several single layers which form
the substrate and or the value document. Of course, also a
combination of at least two of the represented examples of
a use of the storage phosphor can be applied. Basically, the
form factor of the value document is not limited to an areal,
sheet-shaped configuration.

[0082] Inthe OSL substance there cooperate typically two
optically active systems in the solid. In particular, the two
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optically active systems can be light centers and trap centers
in a solid. The light centers form the first light-emitting
system. In the second system consisting of the trap centers,
charge carriers can be stored in a stable fashion in the
electronic ground state of the trap centers.

[0083] In the OSL substance there exist trap centers from
which the stored charge carriers are not released to a
significant extent by the thermal energy at ambient tempera-
ture. According to the invention, the mean dwell time
(persistence) of the charge carriers in these trap centers at
ambient temperature is longer than the duration of the
authenticity evaluation method. The authenticity evaluation
takes place preferably in a bank note processing apparatus,
for example, at a central bank. In such machines, an authen-
ticity evaluation mostly takes place within less than 0.1 s, in
particular in a region of less than 0.05 s. When checking
identity documents, the authenticity evaluation can also last
longer than 1 s. Depending on the intended use, it is
advantageous that the persistence corresponds to at least the
time of the authenticity evaluation. Preferably, the persis-
tence is longer than the fivefold duration of the authenticity
evaluation method, particularly preferably longer than the
hundredfold duration. Preferably, the persistence is longer
than 10 ms, particularly preferably longer than 1 s, and still
more preferably longer than 5 min.

[0084] The release of the charge carriers stored in these
trap centers only occurs through the supply of a suitable
energy amount, e.g. by the irradiation with light (readout
process). The released charge carriers at a light center can
then relax under the emission of light (light emission upon
readout).

[0085] In delimitation over phosphorescence, in which in
the light center itself excited charge carriers are brought into
a triplet state and from this spontaneously relax with a
characteristic time constant into another state of the light
center, in an OSL substance upon being subjected to a
charging process charge carriers transition from light centers
to trap centers different therefrom. Light centers and trap
centers differ by their spatial position and/or their chemical
identity. Preferably, light centers and trap centers are differ-
ent dopant-ions. Upon readout, charge carriers transition
from trap centers to light centers and can there radiantly
relax under the emission of luminescence. A charging of the
OSL substance may correspond, for example, to an oxida-
tion of the light centers and reduction of the trap centers.
Vice versa, the readout process may correspond to a reduc-
tion of the light centers and oxidation of the trap centers.
[0086] The transition of the charge carriers from the trap
centers to the light centers is thus in particular not a
spontaneous transition, in which an excited state intrinsi-
cally, i.e. without external influences, de-excites. Rather it is
preferred that the transition of the charge carriers from the
trap centers to the light centers (or also vice versa from the
light centers to the trap centers) must be stimulated by
external action, such as a charging process and/or a readout
process. Hence, in connection with the readout of OSL
substances one also speaks of optically stimulated lumines-
cence (OSL)

[0087] In the charging process and/or in the readout pro-
cess, the storage phosphor preferably has a changed light-
induced electric conductivity which is due to the movement
of the charge carriers. It is particularly preferred, that the
electric conductivity of the OSL substance alters during the
charging process and/or during the readout process. Prefer-
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ably, during the charging process and/or during the readout
process the OSL substance shows a maximum electrical
conductivity which is higher, in particular at least 50%
higher than outside these processes. In other words, during
the subjecting to the query sequence, in particular during the
subjecting to the first and/or the second readout process, the
storage phosphor can have an electric conductivity which is
higher than outside the subjecting.

[0088] As the trap centers represent an independent optical
system, compared to the light centers, the associated charge
carrier states are basically independent of each other. The
excitation spectrum of the charge carriers stored in trap
centers (i.e. the readout spectrum) is not established by the
excitation spectrum or emission spectrum of the light cen-
ters. Likewise, the excitation spectrum or emission spectrum
of'the light centers is not established by the readout spectrum
of the trap centers. In this respect, optically stimulated
luminescence is differentiated also from the usual upcon-
version induced by simultaneous multiphotone processes or
anti-Stokes phenomena.

[0089] Analogous to the charging spectrum which gives
information about properties of the light centers, the readout
spectrum can be measured to characterise properties of the
trap centers. For measuring the readout spectrum, the par-
tially charged OSL substance is irradiated with light (readout
process) and the emitted light is measured in an established
wavelength region, the wavelength of the irradiated light
being changed. In this way, for the charged OSL substance,
the dependence of the optically stimulated luminescence on
the wavelength of the reading-out light is obtained. One can
proceed accordingly for the measuring of the charging
spectrum, whereby for this purpose the OSL substance
should preferably be not completely charged.

[0090] Here, an OSL substance is referred to as partially
charged when at least so many charge carriers are stored at
the trap centers that upon irradiation with a readout process
there results a measurable luminescence signal. Here, the
number of stored charge carriers represents preferably a
macroscopically continuous variable.

[0091] The readout spectrum can have significant band
structures. Even if the readout spectrum shows bands, pref-
erably it does not correspond to a single-molecule spectrum.
Hence it cannot be inferred from the spectrum, whether a
concrete trap center is filled or empty. In this sense, a storage
phosphor does not behave like a discrete storage.

[0092] In analogy to the readout spectrum, the charging
spectrum describes the spectral distribution of the efficiency
of charging operations.

Measuring Apparatus

[0093] The measurement for the proof of authenticity is
carried out with a measuring apparatus coordinated with the
optical storage phosphor used. The proof of authenticity
utilizes the measuring signal’s dependence on the previous
history, i.e. the memory of the optical storage phosphor.
Preferably, for this purpose, the value document is irradiated
with light and the resulting luminescence is measured.

[0094] In a first embodiment, at least one light source is
employed for illuminating, the wavelength of the light
source, namely the centroid wavelength being suitable for
reading out the optical storage phosphor. The wavelength
region of 360 nm to 1200 nm, particularly preferably the
wavelength region of 550 nm to 1000 nm is preferred here.
In a further preferred manifestation, a differentiation is made
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between a first, a second and a third wavelength region, from
which the at least one light source is preferably selected. The
first wavelength region extends from 360 nm to 550 nm,
preferably from 360 nm to 405 nm, the second wavelength
region from 550 nm to 1000 nm, preferably from 600 nm to
750 nm, and the third wavelength region from 750 to 1200
nm, preferably from 750 nm to 1000 nm. In a particularly
preferred configuration, the second wavelength region is
620-660 nm and the third wavelength region 750-1000 nm.
[0095] In a preferred embodiment, additionally at least a
second light source is employed, which emits at the same
wavelength.

[0096] In another preferred embodiment, additionally at
least a second light source is employed, which emits at a
wavelength which differs from the emission wavelength of
the first light source. Preferably, the first and second light
sources are configured such that the first readout process of
the first light source and the second readout process of the
second light source have at least two spectrally separate
readout wavelengths.

[0097] Further preferably, the wavelength of the second
light source deviates significantly from the first light source
and is suitable for reading out the optical storage phosphor.
A significant difference in the wavelength is achieved, when
the wavelengths differ by more than half a full width at half
maximum (HWHM) of the addressed band of the readout
spectrum, or by them addressing distinguishable structures
of the readout spectrum, as for example different bands or a
minimum and a maximum in the readout spectrum.

[0098] In a particularly preferred manifestation, the two
readout wavelengths are selected from two different ones of
the above-mentioned wavelength regions.

[0099] In another preferred embodiment, a third light
source is employed whose wavelength is in the region of 240
nm to 550 nm, preferably in the region of 350 nm to 550 nm,
particularly preferably in the region of 380 nm to 550 nm.
In one manifestation, the light of the light source in this
wavelength region is suitable for charging the optical stor-
age phosphor, in another manifestation the light of this light
source is suitable for reading out the optical storage phos-
phor. Here, the third light source can be employed for
emitting the charging pulse as well as for emitting the
readout pulse.

[0100] In an alternative embodiment, the apparatus has a
third light source which is suitable to subject the authenticity
feature to a preparation step in the region of the optical
storage phosphor. This can be suitable, for example, for
effecting a partial charging of the storage phosphor in order
to prepare for example desired signal levels in subsequent
readout processes.

[0101] The mentioned light sources can be operated pref-
erably in pulsed fashion, here nominal repetition frequencies
are in the region of 0.1 kHz to 50 MHz. In addition, the light
sources can be controlled in their intensity, luminous period
and time course.

[0102] For establishing the pulse duration of the charging
pulses, the checking method of the OSL substance and/or the
OSL substance itself exert an influence. In a first preferred
manifestation, for example, for checking a moved OSL
substance with short luminescence lifetime, the pulse dura-
tion of the charging pulses is between 1 ps and 100 ms,
preferably between 10 ps and 1 ms, particularly preferably
between 10 ps and 100 ps. In a further preferred manifes-
tation, for example for checking a stationary OSL substance
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and/or an OSL substance with long luminescence lifetime,
the pulse duration of the readout pulses is between 1 pus and
100 ms, preferably between 500 ps and 50 ms, particularly
preferably between 1 ms and 20 ms.

[0103] For establishing the pulse duration of the readout
pulses, the checking method of the OSL substance and/or the
OSL substance itself exert an influence. In a first preferred
manifestation, for example for checking a moved OSL
substance with short luminescence lifetime, the pulse dura-
tion of the readout pulses are between 1 ps and 100 ms,
preferably between 1 ps and 100 ps, particularly preferably
between 5 ps and 50 ps. In a further preferred manifestation,
for example for checking a stationary OSL substance and/or
an OSL substance with long luminescence lifetime, the pulse
duration of the readout pulses is between 1 ps and 100 ms,
preferably between 20 us and 5 ms, particularly preferably
between 40 is and 1 ms. The readout pulse is preferably
shorter than the charging pulse.

[0104] By a suitable selection of the pulse duration of the
charging pulses and readout pulses, a check of stationary
and/or moved OSL substances is thus possible in a suitable
manner.

[0105] Inone embodiment, the light pulses are radiated on
approximately the same place on the value document and the
light emission is measured in the mentioned suitable spectral
region and recorded as a time series.

[0106] In a development of the invention, the measure-
ment of the luminescence emission of the optical storage
phosphor is effected with at least one photodetector in a
suitable spectral region which comprises at least a part of the
emission spectrum of the optical storage phosphor. This
region is designated as a spectral detection window.
[0107] In a first embodiment, the detection has a temporal
resolution which is suitable for resolving the readout curve
adapted to the authenticity feature, in particular for measur-
ing, in pulse operation, the emission as an effect of one
single pulse, and in particular for having a temporal reso-
Iution of <20 ps, preferably <5 pus, more preferably of <1 ps
in pulse operation.

[0108] In another embodiment, the detector has one single
channel, the light from the entire spectral detection window
being accumulated.

[0109] In another preferred embodiment, the detector has
at least one second channel whose spectral detection win-
dow differs at least in one spectral region from the detection
window of the first channel.

[0110] In a preferred embodiment, the apparatus has a
detection device which is adapted for capturing a second
spectral region which differs from the first spectral region.
Preferably, the detection device makes possible a multi-
channel detection with more than two or three channels
which comprise particularly preferably several spectral
regions.

[0111] The measuring apparatus can be disposed such that
it evaluates the value document at one place.

[0112] Preferably, the measuring apparatus is disposed
such that the value document is led past, for example
linearly, the measuring apparatus and thus a whole measur-
ing track is captured. It is particularly preferred that the
value document is led past at least two measuring appara-
tuses mutually spatially shifted in another direction than the
moving direction, so that at least two measuring tracks are
captured.
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[0113] Further in particular, the apparatus is connected
with a background system for matching readout measure-
ment value time series with reference readout measurement
value time series. Preferably, the background system has a
computing unit, for example a computer or an EDP (elec-
tronic data processing) system for the evaluation of the
readout measurement value time series. In a preferred
embodiment, the background system additionally has a data
storage or a cloud storage which are suitable for storing the
reference library with the corresponding readout measure-
ment value time series, the corresponding look-up tables and
the corresponding measuring parameters in order to make
these available for an authenticity check.

[0114] Particularly preferably, the background system has
an EDP system which is suitable for evaluating the readout
measurement value time series and for matching it with
reference time series from a stored reference library. By
matching, for example, the readout curve with known read-
out curves of selected optical storage phosphors, the authen-
ticity check of the examined optical storage phosphor is
effected.

[0115] In particular, the background system can be part of
a bank note processing machine or be connected with a bank
note processing machine.

Pre-Configuration Step (Preparation Step)/Charging

[0116] In a first main aspect of the invention, it is merely
demanded that the storage is in a readable state from the start
or has been charged before, but not compulsorily com-
pletely, or has been brought into a different, more exactly
defined state (e.g. saturation, minimum of stored charge
carriers). Technically, a defined state would hardly be
achievable without preceding measurement, because the
storage phosphor may perhaps also undergo charging or
unloading influences, such as for example reading-out influ-
ences, outside the measurement. The defined state ((pre-)
configuration, can also be referred to as preparation, where
applicable) can be achieved, for example, by means of
charging the storage phosphor, or the storage phosphor can
be set accordingly. These influences and the effect thereof
are not necessarily known at the beginning of the proof of
authenticity according to the present invention.

[0117] Hence, the charging of the optical storage phosphor
can thus be effected independently of a subsequent charging
sequence and/or query sequence.

[0118] In a first manifestation, the optical storage phos-
phor is not charged in targeted fashion for the authenticity
evaluation within the measuring apparatus, but it is
exploited that the optical storage phosphor has been sub-
mitted to charging influences (for example a previously
carried out measurement with a different X-ray, UV or VIS
sensor) also outside the measurement.

[0119] In another manifestation, the optical storage phos-
phor can be charged unspecifically or universally with light
for the authenticity evaluation. For this, e.g. a broadband-
emitting light source (flashbulb) can be employed.

[0120] For charging the OSL substance, for example light
of a wavelength between 240 nm and 550 nm can be used.
In particular, the optical storage phosphor can be charged
with light of a wavelength greater than 250 nm and particu-
larly with visible light (wavelength greater than 400 nm). In
one configuration, light is used in a first wavelength region
of' 275 nm to 285 nm or a second wavelength region of 350
nm to 550 nm, particularly preferably in a first wavelength
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region of 385 nm to 405 nm or in a second wavelength
region of 440-460 nm, and in particular at a wavelength of
450 nm.

[0121] In a particularly preferred manifestation, the opti-
cal storage phosphor can be charged with a pulsed light
beam and particularly preferably with a pulsed light beam
with a pulse duration of less than 0.1 seconds.

[0122] These light pulses are radiated by the above-men-
tioned light sources onto approximately the same place on
the value document and the light emission in the mentioned
suitable spectral region is measured and recorded as a
readout measurement value time series.

[0123] In asecond main aspect of the invention, a specific
charging of the memory is assumed. This variant of the
invention is described in detail further below.

[0124] In one development, the method even has the
following step, before subjecting the optical storage phos-
phor to at least one charging sequence and/or query
sequence: exciting the optical storage phosphor with at least
one additional preparation step. This serves for setting a
particular initial state. However, it is particularly preferred
for the present invention that the method is effected without
prior additional preparation of a defined initial state of the
optical storage phosphor.

[0125] For the authenticity check, into the authenticity
feature, which has already stored therein an uncertain, but
non-negligible amount of charge carriers, there is impressed
a measuring history by the application of specific (preferably
periodic or also aperiodic) excitation sequences of excitation
pulse(s) and/or continuously modulated excitation.

Query or Charging Sequences

[0126] The mentioned query or charging sequences con-
sist preferably of single light pulses which are respectively
established via intensity, wavelength and temporal pulse
course (pulse form, pulse duration and pulse distance).
[0127] Within one succession of several pulses, a pulse
can be characterized by its period duration, i.e. the duration
from the first increase of the intensity until the end of the
following dead-time interval.

[0128] The wavelength of a charging pulse or readout
pulse is a characteristic measure of the spectrum of the
light of this pulse and, for example, given by the
median or by the position of the maximum of the
spectral distribution of this pulse.

[0129] The intensity of a charging pulse or readout
pulse is a characteristic measure of the number of
photons which from this pulse impinge on the specimen
at the measuring place. It can be defined, for example,
as an associated signal strength at a suitable detector.

[0130] Pulse form of a charging pulse or readout pulse
means the form of the temporal intensity course of this
pulse. It can represent, for example, a rectangle form,
sawtooth form, cosine form, gauss form, impulse form
or also a different form.

[0131] Pulse duration of a charging pulse or readout
pulse means a characteristic measure for the time
during which the light of this pulse impinges on the
measuring place. It can be described, for example, by
the temporal full width at half maximum or the tem-
poral distance of the turning points of the leading and
the trailing edge of the pulse.

[0132] The pulse distance between one pulse and its
successor describes the duration between the end of the
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one and the beginning of the subsequent pulse, for
example defined by the duration between falling edge
of the first and rising edge of the second, subsequent
pulse. With this kind of definition, an overlapping of
consecutive pulses can be described by a negative pulse
distance.
[0133] A differentiation or variation of the pulse distance
is only possible when there are at least three pulses.
[0134] FIG. 1 shows a charging or query sequence of three
pulses P1, P2, and P3, three pulse forms being represented
exemplarily, rectangle form, impulse form and modified
sawtooth form.

First Main Aspect: Subjecting to at Least One Query
Sequence

Optical Storage Phosphors as Memory-Type Substance
Systems

[0135] At a particular point in time, in the trap centers of
the optical storage phosphor there is present an charge
carrier distribution which is compatible with external influ-
ences. “Compatible with external influences” means that a
readout or charging process influences the charge carrier
distribution or that the charge carrier distribution is influ-
enced by the ambient temperature and/or further influences,
such as mechanical pressure, electrical fields and/or radia-
tion, including particle radiation. If the optical storage
phosphor now is read out with a readout process, a part of
the charge carriers leaves the trap centers and the charge
carrier distribution in the trap centers adjusts itself accord-
ingly, so that a further light pulse acts on a changed charge
carrier distribution.

[0136] The charge carriers excited from the trap centers
can transition, in particular on account of the readout pro-
cess, to the light centers and trigger the emission of lumi-
nescence radiation there. Besides this desired process, how-
ever, charge carriers can also be trapped in (other) trap
centers and/or relax non-radiantly. These paths do not con-
tribute to the luminescence emission, however, but are
relevant for the charge carrier distribution in the trap centers.
[0137] It is in particular preferred that the charge carrier
distribution within the storage phosphor is changed on
account of the first readout process in such a way that the
second readout process has a different effect than the first
readout process. By the changed charge carrier distribution
there can be changed, for example, the probability of a
transition (according to the quantum-mechanical transition
matrix or the absorption cross-section) from the trap centers
to the light centers. For a uniform transition rate, it can
therefore be required, for example, that the second readout
process has a changed intensity, a changed pulse form, a
changed pulse width and/or a changed spectral form for
achieving the same measurement value as upon the first
readout process.

[0138] Preferably, it is possible that the first readout mea-
surement value differs from the second readout measure-
ment value, when the first readout process is equal to the
second readout process. Alternatively or additionally, it is
possible that the first readout measurement value is equal to
the second readout measurement value, when the first read-
out process and the second readout process are different.
[0139] Of practical importance is, above all, that the
number of emitted OSL photons (i.e., the intensity of the
emission) depends on the number of stored charge carriers,
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the number of irradiated readout photons (determined by the
duration and intensity) and substance-specific properties (for
example, readout spectrum, charge diffusion in the conduc-
tion band, parasitic processes in the OSL substance).
[0140] If one reads out a charged optical storage phosphor
and records the emitted intensity over time, the readout
curve will result. If intensity and wavelength of the reading-
out light beam are kept constant here, the associated readout
curve for an optical storage phosphor showing no significant
afterglow goes down approximately exponentially in the
course of time, the associated time constant depending
directly on the readout intensity and substance-specific
quantities. This applies in particular when the duration of the
readout exceeds the intrinsic lifetime of the luminescence of
the light center, which is given by the lifetime of its excited
electronic state.

[0141] If an optical storage phosphor shows afterglow, the
afterglow is superimposed on the optically stimulated lumi-
nescence and the intensity in the readout curve may first
even rise.

[0142] Therefore, the shape of the readout curve of every
single process depends on the number of stored charge
carriers, the intensity and duration of the reading-out light as
well as on substance-specific properties.

[0143] If preferably a first light pulse of a particular
wavelength reads out the optical storage phosphor during its
pulse duration with the associated intensity, the stored
charge carriers are reduced accordingly and a part of these
charge carriers generates the emitting luminescence in the
light centers upon relaxation. The subsequent pulse of the
measurement sequence thus reads out the optical storage
phosphor in which already less stored charge carriers are
present.

[0144] If one views a process pair of a first and a subse-
quent process, the measurement result which is achieved by
the subsequent process therefore depends on the previous
history which was impressed by the first process. Preferably,
the process pair is a pulse pair. In the pulse pair, the light
pulses can have the same or different properties.

[0145] When the subsequent pulse has the same properties
as the first pulse, the emitted luminescence is lower (because
of the reduced number of stored charge carriers in compari-
son to the first pulse). A measurement sequence of a suc-
cession of equal single pulses leads in the measuring signal
to a readout curve in which the envelope nearly exponen-
tially falls (under the conditions that the substance-intrinsic
lifetime and possible afterglow are short compared to the
pulse duration). How fast the envelope of the readout curve
falls during this measurement sequence is substance-spe-
cific.

[0146] However, the subsequent pulse may differ in its
properties from the first pulse, the measured luminescence
intensity in the subsequent pulse being respectively greater,
equal or smaller than that in the first pulse:

1. The wavelength is different. Such a pulse addresses a
different place of the readout spectrum with different readout
efficiencies and thus checks substance-specific properties.
The readout curve of a measurement sequence utilizing
pulses of different wavelengths in general deviates clearly
from the readout curve of a measurement sequence of equal
pulses.

2 The intensity of the subsequent pulse differs from that of
the first pulse, which is why the luminescence intensity
caused by the subsequent pulse in general differs from that
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of the first pulse. A measurement sequence of pulses having
different intensity in general deviates clearly from the read-
out curve of a measurement sequence of equal pulses.
3. The duration of the subsequent pulse differs from that of
the first pulse, which is why the temporal distribution of the
luminescence during the subsequent pulse differs from the
temporal distribution of the luminescence during the first
pulse. A measurement sequence of pulses having different
duration in general deviates clearly from the readout curve
of' a measurement sequence of equal pulses.
4. The pulse form of the subsequent pulse differs from that
of the first pulse. This is an effective parameter in particular
when the time course of the single readout pulses is asym-
metric (for example, rising against falling intensity).
5. The first and the subsequent pulse differ in several
properties, in particular in wavelength and intensity. Here,
the measured luminescence intensity in the subsequent pulse
can be greater, equal or smaller than that of the first pulse.
[0147] In special embodiments, different readout pro-
cesses, preferably different readout pulses can be used,
[0148] which for the special feature of the OSL sub-
stance show a known and mutually related effect on the
luminescence signal, and/or
[0149] which have a coordinated effect on the special
feature of a relevant OSL substance, so that in the time
series of the luminescence signal there arises a char-
acteristic signature, and/or
[0150] which in particular for the special feature of a
special OSL substance have a consequence, exchange-
able in its order, for the luminescence signal.
[0151] When selecting the readout process, preferably
readout pulses, different targets can be pursued:
[0152] The wavelengths of the readout pulse can be coor-
dinated with the readout spectrum of the optical storage
phosphor such that optimum readout speed or signal inten-
sity can be obtained. There can also be selected wavelengths
in targeted fashion, which do not generate any readout signal
or cause only a classical luminescence without significant
interaction with the storage system. This is relevant in
particular when not only one single authenticity feature but
a whole set of different authenticity features is employed for
coding. The authenticity evaluation is adapted accordingly.

Suitable Query Sequence

[0153] For generating suitable query sequences, orders of
readout processes, preferably readout pulses, are selected,
which enable a specific check of characteristic memory
properties of the optical storage phosphor. This is effected by
a suitable evaluation of the readout curve respectively
generated by the measurement sequence, individually for
each detection channel or together for two or several detec-
tion channels. In addition, the measurement data can be
evaluated with respect to further substance properties, for
example properties of the excitation spectra or emission
spectra, the luminescence lifetime or luminescence intensi-
ties.

[0154] The variations of the query sequences have the
advantage of a more exact determination of the substance-
specific temporal dynamics and thus they make it more
difficult to forge the authenticity feature.

[0155] In a first embodiment, the query sequence is com-
posed of at least one readout process and no exciting of the
optical storage phosphor with at least one preparation step is
carried out.
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[0156] In another embodiment, subjecting the optical stor-
age phosphor to at least one query sequence is effected
without prior preparation of a defined initial state of the
optical storage phosphor.

[0157] In a second embodiment, the query sequence com-
prises at least one readout process which comprises at least
one continuous readout intensity-modulated over time.
[0158] In a preferred embodiment, the query sequence
comprises at least one readout process which comprises at
least one readout pulse.

[0159] Particularly preferably, a readout process com-
prises at least two, more preferably three to sixteen readout
pulses.

[0160] In a third preferred manifestation, the method com-
prises two query sequences which respectively comprise at
least a first readout process and a second readout process,
particularly preferably three to five query sequences.
[0161] In another preferred embodiment, the query
sequences are carried out successively or in parallel or
temporally overlapping. Preferably, the query sequences
comprise at least one pulse, more preferably three to sixteen
pulses.

[0162] In a fourth preferred embodiment, several query
sequences are carried out in a different order. Preferably, the
query sequences are effected one after the other or at the
same time or temporally overlapping.

[0163] Particularly preferably, the second query sequence
is effected after the first query sequence or the query
sequences are carried out in the order one, two, three.
[0164] In another preferred embodiment, the second read-
out process is effected in temporal order after the first
readout process.

[0165] Particularly preferably, each readout process com-
prises at least two readout pulses, particularly preferably the
first pulse is effected in temporal order before the second
pulse. This leads to different stimulations.

[0166] In an alternative preferred embodiment, the query
sequences comprise a third and fourth readout process.
[0167] Particularly preferably, the third readout process is
effected in temporal order after the first readout process and
the fourth readout process in temporal order after the second
readout process, the readout processes preferably compris-
ing at least one pulse, more preferably three to eight pulses.
[0168] In a fifth preferred embodiment, the query
sequences are carried out at different wavelengths of the
readout processes and/or detection of the optical emission,
the readout processes preferably comprising at least one
pulse, more preferably three to eight pulses.

[0169] In a preferred manifestation, there are effected
query sequences in which at least a first readout process and
a second readout process differ in at least the spectral form,
i.e. in the spectral application of the light of the readout
process or charging process, the readout processes prefer-
ably comprising at least one pulse, more preferably three to
eight pulses.

[0170] In an alternative preferred manifestation, there are
effected query sequences in which at least a first readout
process and a second readout process have at least two
spectrally separate readout wavelengths, the readout pro-
cesses preferably comprising at least one pulse, more pref-
erably three to eight pulses.

[0171] In a sixth preferred embodiment, several query
sequences differing in their local application are carried out.
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[0172] In a seventh preferred embodiment, several query
sequences are carried out, at least a first readout process and
a second readout process differing in the intensity, in the
pulse form and/or in the pulse distance of the readout
process, the readout processes preferably comprising at least
one pulse, more preferably three to eight pulses.

[0173] Particularly preferably, query sequences are com-
posed of more than two single readout pulses, preferably
more than five single pulses, the single pulses preferably
respectively having a pulse duration of less than 1 ms,
preferably less than 0.1 ms and particularly preferably less
than 20 ps.

[0174] In a first manifestation, the query sequence is
composed of equal readout pulses. The readout pulse which
is established via wavelength, intensity and time course
(pulse duration and pulse distance duration or pulse duration
and repetition frequency) for this purpose is repeatedly
executed several times one after the other.

[0175] In a second preferred manifestation, the query
sequence is composed of at least two different readout pulses
which are respectively executed in an established order and
repeated. The at least two readout pulses are respectively
established via the parameter wavelength, intensity, pulse
duration and pulse distance duration and the at least two
pulses differ in at least one of these parameters.

[0176] In another manifestation, the order of the readout
pulse is determined by chance.

[0177] In another manifestation, the order of the pulses is
arbitrarily firmly specified.

[0178] In a preferred manifestation, the at least two pulses
repeatedly alternate in the query sequence.

[0179] In another preferred manifestation, each readout
pulse in the query sequence is respectively carried out at
least twice, before a change over to a different pulse is
effected.

[0180] In another preferred manifestation, the query
sequence is composed of at least two groups with respec-
tively at least two executions of one of the at least two
readout pulses, consecutive groups consisting of different
readout pulses.

[0181] In a particularly preferred manifestation, the query
sequence is composed of at least two different readout pulses
which respectively differ at least in their wavelengths, which
additionally are respectively mutually coordinated in their
intensities and pulse durations such that with respect to their
effect on the selected optical storage phosphor they are
exchangeable within the scope of the measuring accuracy.
[0182] Preferably, the at least two wavelengths are
selected such that the first wavelength is near the maximum
of a band of the readout spectrum and at least one second
wavelength is shifted compared with the first wavelength by
at least a full width at half maximum of this band.

[0183] It is particularly preferred that the wavelength of
the first and at least one second readout pulse address
different bands of the readout spectrum. For the selected
optical storage phosphor as an authenticity feature, the two
readout pulses in the query sequence are exchanged, which
is used for the authenticity check. In a first manifestation, the
query sequence is built up, under these conditions, from an
alternating succession of the two readout pulses.

[0184] In a second manifestation, the query sequence is
composed of at least two groups with respectively at least
two executions of one of the two readout pulses, consecutive
groups consisting of different readout pulses.
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[0185] In a third manifestation, the order of the readout
pulses in the query sequence is established arbitrarily.
[0186] In another manifestation, the query sequence is
composed of at least two different readout pulses which
differ in at least one of the parameters wavelength, intensity
and pulse duration, the first of the at least two readout pulses
being repeated m times with a first frequency and the at least
second one of the two readout pulses n times with a second
frequency differing from the first one, n and m being integers
greater than three.

[0187] In a preferred manifestation, the at least two read-
out pulses overlap in none of the repetitions, in an alternative
manifestation the at least two pulses overlap at least partially
in at least a part of the repetitions within the query sequence.
[0188] In another manifestation, the query sequence is
composed of at least two different readout pulses which
differ at least in their pulse duration. Here, it is preferred that
the pulse duration of the first readout pulse is at least twice
the length of that of the at least second pulse, and it is
particularly preferred that the pulse duration of the first
readout pulse is at least ten times the length of that of the at
least second pulse.

[0189] In one manifestation, the first readout pulse alter-
nates with at least one group of at least five repetitions of a
further one of the at least two readout pulses, whereby the
long single pulse or the pulse group may begin. Preferably,
in doing so, the pulse duration of the first pulse is adapted
to the sum of the pulse durations of the readout pulses of the
following group of at least five repetitions of a further one
of the at least two readout pulses.

[0190] In another manifestation, the first readout pulses
and the at least second readout pulses overlap at least
partially in at least a part of the repetitions within the query
sequence.

[0191] In another manifestation, the query sequence com-
prises at least a third or a fourth readout process, preferably
four or more readout pulses, particularly preferably at least
eight or at least ten.

[0192] In an alternative manifestation, the query sequence
comprises a third readout pulse which is effected in temporal
order after the first readout pulse and a fourth readout pulse
in temporal order after the second readout pulse, preferably
the readout pulses are respectively repeatedly executed in an
established order, particularly preferably an at least twofold
repetition of the respectively two readout pulse groups is
executed.

[0193] In a further alternative manifestation, via the first,
second, third readout measurement value and/or fourth read-
out measurement value there is captured an emission spec-
trum, an intensity, a wavelength and/or a decay time of the
emission of the storage phosphor.
[0194] Suitable Readout Spectra

[0195] In a first embodiment, the readout spectrum of the
selected optical storage phosphor is structured, it includes
preferably at least one band whose maximum is in the region
of 400 nm to 2000 nm, and particularly preferably this at
least one band has on its more flat edge a half width at half
maximum (determined as HWHM) of at most 250 nm.
[0196] In another preferred embodiment, the readout spec-
trum of the selected optical storage phosphor has more than
one band in the region of 400 nm to 2000 nm, it being
particularly preferred that the full widths at half maximum
of the bands (determined as FWHM) are at most 500 nm.
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[0197] In a development of the invention, the emission
spectrum of the optical storage phosphor is in the region of
300 nm to 2000 nm.

[0198] In a preferred embodiment, the emission spectrum
of the storage phosphor does not coincide completely with
the readout spectrum of the storage phosphor.

[0199] Second main aspect: Subjecting to at least one
charging sequence

[0200] For universally charging various members of a
feature series, a broadband-emitting light source (flashbulb)
can be employed. The charging efficiency of a substance
with regard to a broadband illumination typically differs
from the efficiency of a narrow-band illumination (for
example by a laser line). A broadband illumination can
compensate spectral shifts which are caused by the sub-
stance design or the substance selection. Thus, substances
can be treated as equal in a broadband excitation which
under narrow-band illuminations are separable (for example,
because for one substance a specific transition was made).
[0201] The charging spectrum describes the spectral dis-
tribution of the efficiency of charging operations. The stor-
age efficiency here varies with the wavelength. The charging
spectrum normally is in the high-energetic part of the
excitation spectrum of the photoluminescence. Here, the
charging spectrum and excitation spectrum can have differ-
ent courses (Liu, Sci. Rep. 3, 1554; DOIL: 10.1038/srep01554
(2013)).

[0202] In particular, there is typically a border wave-
length, from which a substance is no longer charged sig-
nificantly, but is substantially excited to photoluminescence.
If one selects, for example, two charging processes such that
an illumination process effects an efficient charging at the
first wavelength, while at the second wavelength the OSL
system is not involved, this can be used in a measurement
sequence for the authenticity check: analogous to the con-
nection of readout efficiency and readout curve, the spectral
charging efficiency can be checked in this way with the help
of the charging curve or a complex readout curve with the
help of the effect of the different charging processes. If one
selects the parameters of two charging processes such that
they unfold the same effect only for a specific substance, the
resultant commutativity of the charging processes which is
specific to this substance can be used for the authenticity
evaluation.

[0203] In a preferred embodiment, the optical storage
phosphor with at least one charging sequence and/or at least
one preparation step a threshold emission is set. The thresh-
old emission can be adapted by setting the charging
sequence or charge amount. At the threshold emission, the
emission of the OSL substance preferably shows a defined
output signal, in particular a defined intensity of the optical
emission in a defined readout process. This achieves pre-
pared defined initial states of the OSL substances, so that
these can be compared with each other and thus can be
differentiated.

[0204] Two substances can be separated also on the basis
of different charging speeds. In one manifestation, for this
purpose there are employed charging sequences including
several charging processes, preferably several charging
pulses. From the associated selection signals the charging
speed of the optical storage phosphor is determined. The
selection signals correspond to the emission time series or
emission row time series or the readout measurement value
time series.
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[0205] In a first embodiment, step a) comprises two charg-
ing sequences which respectively comprise at least one first
charging process and a second charging process.

[0206] In another preferred embodiment, the charging
sequences are carried out successively or in parallel or
temporally overlapping. Preferably, the charging sequences
comprise at least one pulse, more preferably three to eight
pulses.

[0207] In another embodiment, a charging sequence com-
prises at least one first charging process and a second
charging process which is effected temporally after the first
readout process.

[0208] In an alternative embodiment, a charging sequence
comprises at least a third or a fourth charging process,
preferably at least four to twenty, particularly preferably
eight to sixteen.

[0209] In a second embodiment, a charging sequence
comprises at least one charging process which differs from
another charging process in the wavelength, in the intensity,
in the pulse duration, in the pulse interval duration and/or in
the wavelength.

[0210] In a preferred embodiment, a charging process
comprises at least a continuous charging intensity-modu-
lated over time. This results in temporal fluctuations in the
intensity of the charging excitation, i.e. there is effected a
non-discrete charging.

[0211] In another preferred embodiment, a charging pro-
cess comprises at least one charging pulse, particularly
preferably two or more charging pulses, more preferably
three to eight or four to twenty.

[0212] In another manifestation, different pulse durations
of the charging pulse are exploited to estimate how fast a
feature is charged under the given illumination conditions.
[0213] Inthe measurements of all these manifestations the
signal which comes up with the charging pulse can be used
directly. Moreover, a readout pulse or several and also
different readout pulses can be employed as a sample
process to check the efficiency of the charging.

[0214] FIG. 2 shows different charging speeds of three
substances (substance I, substance II, substance III). The
growth of the signal under readout pulses (short pulses) is
viewed, when the substance is charged repeatedly (longer
pulses). In the associated sequence, at first a readout pulse
generates a signal, then a charging pulse follows.

[0215] This pulse pair is repeated ten times, the readout
pulse measuring the effect of the previously running charg-
ing pulse. From the maxima of the readout pulses there thus
results an evaluateable curve for the charging speed of these
substances. Here, one recognizes significant differences in
the effect of the charging pulses on the substances I, IT or III:
While the charging pulses show no significant effect on
substance I, a significant increase of the intensity of the
optical emission is observed for substance II in response to
the respectively associated readout process. With a suitable
quantitative evaluation the substances II and III can also be
differentiated from each other with the help of their charging
behaviour.

Third main aspect: Subjecting to query and charging
sequences

[0216] By mixing charging sequences and query
sequences more complex readout curves can be obtained.
This has the advantage of an increased security, because this
mixing of charging sequences and query sequences is dif-
ficult to imitate.
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[0217] Inorder to cancel additional external influences, by
a suitable charging sequence an optical storage phosphor can
be brought into a situation in which these influences hardly
play a role.

[0218] In a preferred embodiment, for this purpose a
suitable succession of readout pulse and charging pulse is
employed, until with the help of a signal, for example under
a readout pulse, it is ascertained that a threshold was
exceeded. This allows defined output signals to be set. This
achieves a comparability of the optical storage phosphors.
[0219] In another preferred embodiment, a so-called ther-
malizing sequence of several charging and query sequences
(for example, also randomized) can be employed to destroy
the coherence of the memory, so that with a further check it
is no longer identifiable which measurement sequence the
special feature was subjected to before this thermalizing
sequence.

[0220] Here, typically, a partially emptied OSL substance
is present, in contrast to specifically prepared or even
singular situations.

[0221] In a preferred embodiment, the method comprises
a further step h., in which the optical storage phosphor is
subjected to at least one thermalizing sequence.

[0222] In a first embodiment, the optical storage phosphor
is subjected to several query sequences and to several
charging sequences.

[0223] In a preferred embodiment, a repeated and/or
respectively alternating succession of the at least one charg-
ing process and the at least one readout process is effected,
particularly preferably the processes respectively comprise
at least one pulse, i.e. first charging pulse, first readout pulse.
[0224] In another preferred embodiment, more than two
successions are effected, the following order being particu-
larly preferred: charging/process readout/process/charging
process/readout process, particularly preferably the pro-
cesses respectively comprise at least one pulse.

[0225] In an alternative preferred embodiment, at least one
2-fold-randomized (accidental) repetition of the charging
processes/readout processes is effected, particularly prefer-
ably the processes respectively comprise at least one pulse.
[0226] In another manifestation, in one sequence the com-
bination of charging pulse and readout pulse under which the
emission signal becomes stationary can be searched. This
allows different charging speeds to be queried.

Evaluation and Proof of Authenticity

[0227] Depending on the employed charging or query
sequence there results a readout measurement value time
series which is evaluated for the proof of authenticity.
Depending on how the selected optical storage phosphor
behaves under a particular charging or query sequence and
which properties should be addressed by this sequence for
the proof of authenticity, different aspects of the readout
measurement value time series must be evaluated. It is also
possible that various authenticity features are subjected to
several query sequences.

[0228] From a readout measurement value time series
there can be created a readout curve. By determining the
shape of the readout curve or by determining parameters,
preferably regarding absolute intensity calibrations of scale-
invariant parameters which describe the time course of the
curve, and matching the course of the curve or the particular
parameters with the results to be expected for known refer-
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ence storage phosphors, the recognition of the authenticity
of an optical storage phosphor is possible.

[0229] For known reference storage phosphors there are
deposited reference readout measurement value time series
or reference readout measurement value row time series in,
for example, look-up tables. By matching the captured
readout curve form or the captured parameters there is
effected an allocation of the optical storage phosphors with
the help of the look-up table. This allows optical storage
phosphors to be differentiated and an evaluation of the
authenticity of the optical storage phosphor to be effected.
[0230] Here, evaluation methods are particularly pre-
ferred, which do not need a defined initial state of the optical
storage phosphor for the evaluation of the authenticity.

Proof of Authenticity:

[0231] a) Shape of the readout curve

For proof of authenticity, the shape of the readout curve can
be evaluated directly by comparing it with a specification or
an estimator.

b) Parameters which Describe the Temporal Course of the
Curve

Parameters which are preferably evaluated are: the ratio of
the signal intensities, in particular at the beginning and at the
end of the pulse train, mean value of the signal intensities of
selected pulses, in particular with alternating sequences, or
the emptying ratio which is given by the difference of the
signal intensity at the beginning and end of the sequence, in
particular relative to the signal intensity at the beginning of
the sequence. Further preferred parameters are the differ-
ences of directly consecutive readout measurement values or
readout measurement values following each other in a larger
temporal distance. Further preferred parameters are the
relative differences of directly consecutive readout measure-
ment values or readout measurement values following each
other in a larger temporal distance.

[0232] Preferably, by the readout measurement value time
series of at least two readout measurement values there is
captured an intensity relation of the first readout measure-
ment value to the second and/or, where applicable, following
readout measurement value of the storage phosphor, in order
to thus determine the readout speed of the optical storage
phosphor. The intensity ratio can be formed at various times
and used as a measure for the characteristic time behaviour
of the luminescence.

[0233] With spectral multi-channel detection there can
also be determined the intensity ratios of different emission
bands and the respective temporal behaviour under the given
measurement sequence.

[0234] Besides the entire readout curve, also each pulse
can be viewed. The build-up or decay behaviour of a single
pulse gives characteristic information about the time behav-
iour of the light center as well as possibly occurring after-
glow.

[0235] FIG. 3 shows the normalized signal course under a
pulse pair (first pulse “red” followed by pulse “NIR”)
together with exponential adaptation of the measuring signal
to the part of the readout curve in which respectively the
readout pulse is off and the signal has substantially decayed.
From these data, the exponent of adaptation can be utilized
as a further measure value.

[0236] Preferably, the decay time of the emission of a
single pulse after a first readout process is so long that the
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emission caused by the first readout process is superimposed
on the emission caused by the second readout process.
[0237] Alternatively preferably, the decay time of the
emission of a single pulse after a first readout process is so
short that the emission caused by the first readout process
has already substantially decayed at the beginning of the
second readout process.

[0238] Additionally, from the readout curve there can be
also determined the intrinsic luminescence lifetime or the
persistant luminescence (afterglow). In particular, in cases in
which the luminescence lifetime (or the afterglow duration)
is greater than the pulse distance the readout curve assumes
unusual forms with, at first, cumulatively increasing inten-
sities.

[0239] For the proof of authenticity, preferably from the
parameters describing the time course of the curve, the ratio
of the signal intensities, the mean value of the signal
intensities or the emptying ratio, there is quantitatively
determined a characteristic memory property.

[0240] For an authenticity feature, these properties respec-
tively depend on the kind of the measurement. Due to the
narrow interlacing of measuring procedure and characteris-
tic quantity there results an increased security, because for a
successful imitation, the feature composition and the
employed measuring procedure (with temporal successions
and parametrizations) must be known.

Examples of Characteristic Memory Properties are:

[0241] Readout speed (How fast are energy reserves
emptied?) In the OSL substance, this quantity describes
how fast a substance can be read out or how fast the
stored energy reserves are emptied. It can be described
as a relative decrease in the optically stimulated lumi-
nescence from readout pulse to readout pulse or as a
derivation of the readout curve. If one compares the
readout speed of two optical storage phosphors under
the same measurement sequence, differences will arise
from material properties of the optical storage phos-
phors, such as their stimulatability under these condi-
tions, charge transport properties, or various probabili-
ties for the stimulated charge carriers becoming trapped
in (other) trap centers.

[0242] Charging speed (How fast is the charging
effected?) In the OSL substance, this quantity describes
how {fast or effective a substance can be charged. It can
be described as a relative increase in the optically
stimulated luminescence from charging pulse to charg-
ing pulse or as a derivation of the charging curve. If one
compares the charging speed of two optical storage
phosphors under the same measurement sequence, dif-
ferences will arise from material properties of the
optical storage phosphors.

[0243] Memory depth (How long can an event in the
previous history date back so that it can still signifi-
cantly influence the result of a measurement?) This can
be effected by repeatedly applying a measurement
sequence which at certain times is replaced by another
distinguished measuring event, for example by a strong
readout pulse. In a preferred manifestation, the memory
depth is small (2 cycles), so that the readout curve
depends, as possible, only on the immediate previous
history.

[0244] Exchangeability rules (Is information overwrit-
ten or changed by another information?) For the optical
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storage phosphor, the readout pulses are established
such that they are distinguishable in a defined fashion
in their effect or are preferably similar in a defined
fashion. The distinguishability or similarity can be
determined via a distinguishability measure (exchange-
ability measure). Such a measure describes how the
readout curve changes when the order of two readout
pulses is exchanged in the associated measurement
sequence.

[0245] In one manifestation, the viewed pulse is compared
with an estimated value, which arises from the neighbouring
pulses by suitable methods (such as linear approximation or
averaging).

[0246] In another manifestation, the viewed pulse is com-
pared with an estimated value which arises from an addi-
tional measurement.

[0247] In an alternative manifestation, systems (storage
phosphor, readout pulses and measurement sequences) with
defined distinguishability are preferred, in another preferred
manifestation, systems are preferred in which exchangeabil-
ity is fulfilled.

[0248] Continuity of the memory (May gaps occur in an
otherwise continuous memory?)

[0249] In an optical storage phosphor as an authenticity
feature, this quantity describes whether in the case of a
temporary interruption of an otherwise uniform measure-
ment sequence a readout curve will arise which could be
continuously composed from the two segments before and
after the interruption. If the segments before and after the
interruption can be continuously composed, the memory is
designated as continuous under this measurement sequence.
If in such a composition there occur steps in the readout
curve, the memory under is designated as non-continuous
this measurement sequence, also the kind and form of the
step (signal too large or too small compared to the target,
rising or increasingly falling) being characteristic. A pos-
sible continuity measure compares, directly after the inter-
ruption, the estimated continuation of the readout curve with
the one actually measured under the given measurement
sequence.

[0250] In a particularly preferred manifestation, optical
storage phosphors, readout pulses and measurement
sequence are selected such that the memory of the selected
optical storage phosphor is substantially continuous under
the selected readout pulses and measurement sequences.

[0251] Persistence (How stable is the memory over
time? Does the remembrance extinguish?) In OSL
substances the trap occupation changes over time (“fad-
ing”), because non-radiating relaxation paths are acces-
sible also at ambient temperature.) As a possible mea-
suring system, after a charging pulse the waiting period
until the first pulse of the subsequent measurement
sequence can be varied. From the comparison of the
readout curves for different waiting periods there can
be determined suitable measures of persistence, such as
the intensity persistence (stability of the signal maxi-
mum of the readout curve compared with the waiting
period) or speed persistence (stability of the readout
speed compared with the waiting period).

[0252] In one manifestation, OSL substances and charging
pulses are selected which guarantee a long persistence of the
memory in order to temporally and spatially decouple charg-
ing and reading out.
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[0253] In a second manifestation, authenticity feature and
charging pulse are selected which guarantee a short persis-
tence of the memory, in order to temporally and spatially
couple charging and reading out and to thus make necessary
a machine processing.

[0254] In a preferred embodiment, OSL substances and
charging pulses are selected such that the persistence of the
memory is adapted to the processing speed, i.e. that the
persistence of the memory is set such that as from a waiting
period of 50 us, particularly preferably as from a waiting
period of 20 s, after the charging the memory is stable for
a fixed measurement sequence.

[0255] Sensitivity (How the memory varies with the
parameters of a stimulus?) In an OSL substance the
efficiency of the measurement changes with the wave-
length, i.e. there is a readout or charging spectrum.
Alternatively, also the dependence of the optically
stimulated luminescence on the reading-out intensity
can be measured.

[0256] In one manifestation, OSL substances are selected,
which have a readout spectrum with at least one distinctive
spectral structure which in the stimulation efficiency is
configured varying with the wavelength, the readout spec-
trum having at least one local minimum in which the
stimulation efficiency is reduced by at least 10% in com-
parison to the flanking maxima.

[0257] In a preferred manifestation, the stimulation effi-
ciency is reduced by at least 30% in comparison to the
flanking maxima, a local minimum meaning that the inten-
sity starting out therefrom increases both towards larger and
towards smaller wavelengths.

[0258] In a second manifestation, OSL substances are
selected, which have a charging spectrum with at least one
distinctive spectral structure which in the charging efficiency
is configured varying with the wavelength, the readout
spectrum having at least one local minimum in which the
charging efficiency is reduced by at least 10% in comparison
to the flanking maxima.

[0259] Association rules: Associativity describes how
various measuring processes upon simultaneous or consecu-
tive action influence the memory in comparison to the
situation in which respectively only one of the measuring
processes acts. For example, the light emission of an optical
storage phosphor depends on whether two different reading-
out measuring processes are executed one after the other or
overlap in time.

[0260] Memory strength: The memory strength
describes how strongly a measuring process influences
a subsequent one. For a memory-type feature system,
an efficiency m can be defined, S(P1)=n S(P1° P1),
which can also be understood, where applicable, as a
function of further parameters. For a memory-less
system m=1. More complex measure values for the
memory strength are conceivable by, for example, not
comparing consecutive processes but processes further
apart from each other. With n-fold repetition of P1
(designated as P17) there thus results S(P1)=n),, S(P1”)
or with normalization nS(P1)=r,, S(P1”). Instead of
directly using measurement values of one measuring
process, also measurement values of several measuring
processes can be computed before (for example aver-
aged). This can be expedient in particular when a
distinguished measuring process sequence is to be
employed.
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[0261] Saturation behaviour: For describing to what
extent the memory-type system is saturable, via suit-
able successions of measuring processes it is ascer-
tained under which conditions the system loses its
memory, because in a saturated state the system behav-
iour becomes path-independent. The saturation behav-
iour thus describes the way how the saturated state is
reached and thus the memory cannot receive any more
additional information.

[0262] Latency: The memory property of latency relates
to the delay between the point in time when a measur-
ing process acts and the point in time when the effect
becomes visible in the measuring history. This is an
important memory property in particular in such cases
in which physical properties are changed via cascaded
processes (for example in the case of luminescence by
energy transfer from a sensitizer to the light center of
a luminophore).

[0263] Isolation: The isolation describes the stability of
the value of the memory property against the environ-
ment (for example a working temperature or applied
electrical fields for an optically stimulateable feature
system, or, where applicable, against chemical envi-
ronment or coupling to a heat bath). Preferably, in the
proof method the feature system is isolated against the
environment and only influenceable by measuring pro-
cesses.

[0264] Specificity: With specificity it is described how
measuring processes of a type act in comparison to
another type. In contrast to the sensitivity which
describes the effectiveness of a measuring process upon
varying parameters, specificity compares the effect of
categorically different measuring processes. If, for
example, a memory-type feature system is sensitive to
optical and thermal stimuli (for example, a system
which has both optically stimulated luminescence and
thermoluminescence), specificity describes how the
two measuring process types can be compared in their
effects. For example, the measurement value changes
under measuring processes of each type which are
respectively repeated can be put in mutual relation. A
normalization over the duration of the measuring pro-
cesses, the number of measuring processes or the
applied energy is helpful here.

REFERENCE LIBRARY

[0265] The safeguarding system typically includes several
optical storage phosphors for which respectively several
charging or query sequences are deposited which are coor-
dinated with one or also several different types of measuring
apparatuses, so that the proof of authenticity can be adapted
respectively and at the same time can be carried out spe-
cifically.

[0266] For aselected optical storage phosphor there can be
defined a plurality of charging or query sequences for the
proof of authenticity. This is in particular relevant when
several different measuring apparatuses are employed which
differ, for example, in the wavelengths of the employed light
sources. It is also preferred that the results under a first
charging or query sequence are used for the proof of
authenticity under a second charging or query sequence
which is different from the first one (as an estimator and/or
reference, for example for evaluating exchangeabilities).
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[0267] Moreover, charging or query sequences can be
defined, under which a whole associated group of optical
storage phosphors is recognized as authentic. If, for
example, for a currency a group of optical storage phosphors
is selected, each denomination containing a different optical
storage phosphor, sequences can be defined which are used
simultaneously for the authenticity check of all denomina-
tions and charging or query sequences can be defined
specifically for one denomination.

[0268] This approach allows a hierarchical structuraliza-
tion of the bank note evaluation from the quality assurance
to the authenticity evaluation of one single issue of a
denomination or special preparations.

[0269] In one preferred manifestation, a reference library
comprises such sequences which can be used for the authen-
ticity evaluation of a selected optical storage phosphor with
a selected measuring apparatus.

[0270] In another preferred manifestation, the reference
library comprises measurement parameters which are suit-
able for being employed in relevantly discriminating proofs
of authenticity for various features belonging to an OSL
substance.

[0271] For the authenticity evaluation of the selected
authenticity feature on the selected measuring apparatus
there is preferably used at least one charging or query
sequence from this reference library.

[0272] For the authenticity evaluation of the selected
authenticity feature on the selected measuring apparatus
there are particularly preferably used more than one charg-
ing or query sequences from this reference library.

[0273] In an alternative manifestation, the reference
library comprises look-up tables which are suitable for being
employed in relevantly discriminating proofs of authenticity
for various features belonging to an OSL substance.
[0274] Value documents with at least one authenticity
feature having an optical storage phosphor according to the
invention are preferred.

[0275] Value documents which have several different
authenticity features are particularly preferred. The method
for checking the different authenticity features comprises

several different query sequences and/or charging
sequences.

FIGURES
[0276] The invention is hereinafter described in connec-

tion with FIG. 1 to FIG. 12. In the Figures there are shown:
[0277] FIG. 1: a measurement sequence of three pulses P1,
P2, and P3, three pulse forms being represented exemplarily,
rectangle form, impulse form and modified sawtooth form;
[0278] FIG. 2: different charging speeds of three sub-
stances (substance 1, substance II, substance III);

[0279] FIG. 3: normalized signal course under a pulse pair
(first pulse “red” followed by pulse “NIR”) together with
exponential adaptation of the measuring signal;

[0280] FIG. 4: excitation spectrum, emission spectrum
and readout spectrum of substance I;

[0281] FIG. 5: excitation spectrum, emission spectrum
and readout spectrum of substance 1I;

[0282] FIG. 6: excitation spectrum, emission spectrum
and stimulation spectrum of substance I1I;

[0283] FIG. 7: measurement sequence 16(Q), readout
repeated 16 times with readout pulse Q and the associated
readout curve for substance I together with the exponential
adaptation to the envelope;
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[0284] FIG. 8: substance I under the alternating sequence
succession of the 12 red or NIR-light pulses 12(red NIR) and
the readout curve;

[0285] FIG. 9: substance I the value of the signal maxima
for each pulse for the sequence 12(red NIR);

[0286] FIG. 10 a-c: examples of exchangeability: 1°* row
substance I, 2”¢ row substance II, 3¢ row substance III;
additionally, the maximum signal amplitudes for each read-
out pulse are respectively marked (rhombuses);

[0287] FIG. 10a: employed measurement sequences 8(RR
*), readout curves for substances

[0288] FIG. 106: employed measurement sequence 16R,
readout curves for substances I-I1I;

[0289] FIG. 10c¢: employed measurement sequence 16R*;
readout curves for substances I-I1I;

[0290] FIG. 11: comparison of the distinguishability mea-
sure U for substance I, substance II and substance III,
calculated under the sequences 8(RR *), 16R and 16R*;

[0291] FIG. 12: comparison of the one-sided and uniform
distance for substance I, substance 11 and substance III as a
proof of exchangeability: Only for substance I both mea-
sures have small values. For substance I the readout pulse R
and R* are thus exchangeable also on these measures.

EMBODIMENT EXAMPLE 1

[0292] Substance I: Strontium Sulphide Doped with Cop-
per and Bismuth Manufacture 19.93 g SrCO3, 0.03 g Bi,O,
and 0.01 g CuS were mixed carefully and poured into a
corundum crucible. The mixture was overlaid with 24 g of
a 1:1 mixture of elementary sulphur and Na,CO; and cov-
ered with a lid. Subsequently, the material was annealed at
900° C. for 6 h. The sintered material was crushed, and
ground in a swing mill. The finished product is present after
a final heating step (12h at 550° C.). The associated spectra
are represented in FIG. 4.

[0293] Substance II: Strontium sulphide doped with euro-
pium and samarium Preparation analogous to substance I.
The associated spectra are represented in FIG. 5.

[0294] Substance III: Strontium aluminate doped with
europium and thulium Preparation follows Katsumata, T., et
al Trap Levels in Eu-doped SrAl,O, Phosphor Crystals
Co-Doped with Rare-Earth Elements. J.A. Ceram. Soc. In
2006, Vol. 89, 3, P. 932-936. The associated spectra are
represented in FIG. 6.

EMBODIMENT EXAMPLE 2

Measurement Sequence, Readout Repeated 16
Times with Readout Pulse Q, 16(Q)

[0295] In the first example, the excited substance 1 (exci-
tation was effected with a blue light pulse) is read out
repeatedly 16 times with the same readout pulse (designated
as “Q”) and the occurring signal in the region of 490 nm to
550 nm is measured with an avalanche photodiode at 2 MHz
sampling frequency and recorded as a readout curve. The
parameters describing the readout pulse are summarized in
the following table.
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TABLE 1

Parameters of the readout pulse “red”

Parameter Readout pulse Q
Wavelength of the laser diode 638 nm
Current 500 mA
Pulse duration 4 us
Pulse distance 6 us

[0296] In FIG. 7 the pulse train of the readout pulse
(vertical axis on the right) and the readout curve (vertical
axis on the left) are represented versus time. The charging
pulse (laser diode 450 nm, current 800 mA, duration 200 ps)
was effected outside the represented data (at the time t=0).
In the measurement data additionally the exponential adap-
tation to the envelope, beginning with the 2nd pulse, is
entered as a dashed line. Substance I additionally has a
certain afterglow which becomes visible in the signal rise
from the first to the second pulse of the pulse train. This
afterglow is superimposed on the OSL signal. This is a very
specific property of the system described here including
substance 1, the measuring apparatus and the measurement
sequence used, which property is based on the strong
interlacing of these components of the authenticity system.
This is advantageously used for the authenticity evaluation
of the marked item.

[0297] For the evaluation of the readout curve, the lifetime
from the exponential adaptation to the envelope can be used,
this value is 341.3 ps here. Moreover, the emptying ratio m
can be used, which is defined here via the difference of the
maximum signal intensity of the a® pulse at the beginning of
S(a) and of the b pulse near the end of the sequence S(b),
weighted with the sum of these intensities,

_ S(a)=S(b)
T Sla) +S(b)”

In the represented case, for a=2, b=15 there results the value
Nn=0.198.

[0298] Furthermore, for the evaluation, the exact shape of
the readout curve can compared with a reference curve, or
selectively further characteristic aspects of the curve, such as
e.g. the build-up or decay times of the intensities of the
single pulses or the respective afterglow portion can be
compared with corresponding reference values.

Embodiment Example 3: Measurement Sequence,
Alternating Readout 12 (red NIR)

[0299] In this example, the charged substance [ is exposed
to the sequence 12 (red NIR) and the occurring signal in the
region of 500 and 550 nm is measured: initially, the sub-
stance is charged with the process W (the charging pulse
ends at the time t=300 ps), after a waiting period (delay, 2
ms) one reads out at first with the process red, then with the
process NIR. The waiting period ensures that no afterglow
contributes to the signal. A different (in particular shorter)
waiting period is possible, but leads to a different readout
curve because of the afterglow and other relaxation effects.
Ultimately, a measurement sequence with a different waiting
period represents a different measurement sequence. This
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succession of the readout pulses is repeated 12 times. The
processes are defined in Table 2 and represented in FIG. 8.
By way of example, the authenticity analysis is effected on
the basis of several measure values.
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sum_NIR(n) the integrated signal associated with the n”
application of the respective process. Table 3 summarizes
some possible measure values of the invention and the
associated results in this example.

TABLE 3

Examples of characteristic measure values and their evaluation for substance I

Result  Comment
rot(1) —rot(12) 0.6 Emptying ratio for the readout pulse "red”
Yrot = rot(12)
NIR(1) - NIR(12) 1.0 Emptying ratio for the readout pulse "NIR"
YNIR = TNIR(12)
L2 NIR() 1.83 Mean value of the signal intensity ratios of
b=— o the two readout processes "red” and NIR.
11 & rot(n) The first pulse pair is ignored in order to
intercept possible transient behaviour.
The ratio NIR(n)/red(n) for n > 2 is near
1.83 within £5% deviation.
L& sum. NIR@) 1.66 Mean lvlalue of the ratio of the signal
B= _Z = intensities of the two readout processes
1n:2 sum_rot(n) "red” and "NIR”, integrated over the
respective pulse. The first pulse pair is
ignored in order to intercept possible
transient behaviour. The ratio sum NIR
(n)/sum red(n) for n > 2 is near 1.66
within +5% deviation.
NIR(2) - NIR(12) 2.0 Ratio of the signal intensity differences
= TTot2) —rot(12) of the two readout processes "red" and
"NIR". The first pulse pair is ignored
in order to intercept possible transient
behaviour.
NIR(2) — rot(12) -15.2 A possible measure for the variability of

~ rot(2) = NIR(12)

the effect of the two readout processes

"red" and "NIR". The first pulse pair is
ignored in order to intercept possible
transient behaviour.

TABLE 2

Parameters of the charging pulse W and the readout
pulses “red” and “NIR”

Processes and parameter:

[0302] Besides the entire readout curve, also each pulse
can be viewed. The build-up or decay behaviour of a single
pulse gives characteristic information about the time behav-
iour of the light center as well as possibly occurring after-
glow. FIG. 3 shows the normalized signal course under a
pulse pair red/NIR, i.e. first pulse “red” followed by pulse

w d NIR A, . . .

© NIR” together with exponential adaptations of the measur-

Wavelength 455 nm 638 nm 853 nm ing signal to the part of the readout curve in which respec-

Current 1000 mA 800 mA 1000 mA tively the readout pulse is off and the signal has substantially
H P 0, 0, 0, .

?Eﬁ;ﬁiﬁ;ﬁ;ﬁer attenuator 18%0 ﬁ’s app;osx.:go & ;(;0:1 decayed. From these data, the exponent of adaptation can be

Pulse distance oms 11235 s 11.25 s utilized as a further measure value. Alternatively, intensity

[0300] The storage properties used in this invention as an
authenticity feature can be determined with the help of the
readout curve. For this purpose, there are ascertained, for
example, the signal maxima (or the integral of the signal for
each pulse) of the processes red and NIR and represented as
a time series:

[0301] As visible in FIG. 9, falling curves are the result for
each of the processes. The quantities red(n) or NIR(n)
designate the maximum signal, the quantities sum_red(n) or

ratios can be formed at different times and used as a measure
for the characteristic time behaviour of the luminescence.

TABLE 4

Examples of a characteristic measure value which
is based on luminescence decay times and afterglow
and the evaluation thereof for substance I

Result Comment

—-122144 This quantity describes
s~} (NIR) the luminescence lifetime

Exponential adaptation to
the signal pulses normal-
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TABLE 4-continued

Examples of a characteristic measure value which
is based on luminescence decay times and afterglow
and the evaluation thereof for substance I

Result Comment

—-114967 or also portions of the
s7! (red) afterglow

ized to the maximum of NIR,
as of a distance of 2.5 s
from the pulse maximum, the
exponent thereof

EMBODIMENT EXAMPLE 4

Exchangeability and Libraries

[0303] In this example, substance I is incorporated as an
authenticity feature in a bank note paper, the substances 11
and III represent an alternative substance and an imitator.
Substance I and II noticeably differ spectrally, while sub-
stance 1 and III have very similar emissions.

[0304] At first, two readout pulses are established for the
feature substance I, which are exchangeable in their effect,
namely readout pulse R and R*. The parameters of the two
readout pulses are summarized in the Table 5 below.
Exchangeability means that the order of the two readout
pulses can be exchanged within a sequence without the
readout curve being changed noticeably.

TABLE 5

Parameters of the readout pulse R and R*

R R*
Wavelength 638 nm 853 nm
Current 800 mA 1000 mA
Rel. intensity after attenuator approx. 40% 100%
Pulse duration 2 us 2 ps
Pulse distance 8 s 8 us

[0305] Suitable measurement sequences which include R
and R* can test the exchangeability for the proof of authen-
ticity. An example of such sequences is the sequence 8 (R R
*) in which R and R* alternate. The sequence begins with R
and comprises a total of 16 readout pulses. The measurement
sequence and the readout curve for the substances 1, II and
III charged before (by a blue light pulse) under this sequence
are represented in FIG. 10q to c.

[0306] While the readout curve for substance I shows a
uniform fall of the intensity, the readout curve for substance
II and in particular for substance III is clearly modulated. If
one views also the equally long measurement sequences
which include only one of the two readout pulses, namely
16R and 16R*, the readout curves for all three substances (I,
11, IIT) behave in a uniformly falling fashion.

[0307] For the proof of authenticity, distinguishability
measures are defined. Such a measure describes, to what
extent two pulses within a sequence are distinguishable in
their effect. For the measurement sequence 8(R R *) the
distinguishability measure U is determined as follows: At
first, for each readout pulse the value of the associated
maximum of the readout curve is determined (marked as
rhombuses in FIG. 10a to ¢). This value is designated as a
pulse intensity P, the index n designating the n” pulse of the
measurement sequence. For the viewed n” pulse of the
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measurement sequence it is calculated how far it is away
from the geometric mean of the pulse intensities of the
neighboring pulses of the measurement sequence, i.e.

&= Po\Poi1—P,

where n is from 2 to 15, because the first and the last pulse
have no neighbours. The standard deviation of the values d,,
is designated as the distinguishability measure U. In FIG. 11,
there is respectively represented the distinguishability mea-
sure U for the measurement sequence 8 (R R *) for the
substances I, IT and II1. For comparison, moreover, the value
of the distinguishability measure U is respectively drawn in
for the sequences 16R and 16R*. Substance I from all three
measurement sequences has a small distinguishability, U
(substance ) <0.1. The two other substances have a distin-
guishability U>0.3 under the measurement sequence 8 (R R
*). For substance II and substance III, the readout pulse R
and R* are not exchangeable in their effect.

[0308] Besides, for the measurement under the sequence 8
(R R *) there is also used the sequence 16 R* and/or 16R.
The readout curve under 16 R* serves as an estimator for the
readout curve and thus for the pulse intensities under the
measurement sequence 8 (R R *). For the proof of authen-
ticity, the one-sided distance or the uniform distance of the
readout curves is determined. For this purpose, first the pulse
intensities of the readout curves are normalized such that
respectively the pulse intensity of the first readout pulse of
a measurement sequence is set to the value 1. The such
normalized pulse intensity of the n pulse under a measure-

ment sequence is designated as £, .

[0309] The one-sided distance € here results from
16 »
e= Z (PLI8(RR*)] - P, [16R])
n=1
[0310] The uniform distance d here is calculated via

(PLI8(RR*)] = P, [16R* )" + (PL[8(RR*)] - P, [16R])’

[0311] Both measures ultimately describe how readily the
effect of the readout pulses R and R* are exchangeable, the
measurement sequences 16R and 16R* providing estimators
for the measurement sequence 8 (R R *).

[0312] The FIG. 12 summarizes the values of the one-
sided and uniform distance for substance I, substance II and
substance III, calculated as stated above with the data of
FIG. 10a to c. Only for substance I both measures have small
values (e<0.1; 8<0.1). Only for substance I, the readout
pulses R and R* are exchangeable in their effect also on
these measures.

[0313] This approach can be generalized, and not only
alternating pulse trains but also more complicated measure-
ment sequences can be used. Exchangeability can be also
defined for more than two different readout pulses. For the
proof of authenticity, suitable measurement sequences are
thus summarized to reference libraries. Here, for example
the mentioned measurement sequences 8 (R R *), 16R and
16 R* belong to one reference library. A further sequence of
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this reference library is summarized from groups of the
readout pulses R and R*, whereby in the measurement
sequence at first R is executed eight times and afterwards R*
is executed eight times, i.e. 8R8R*. Also for this measure-
ment sequence, a distinguishability measure can be defined
and/or the one-sided and/or the uniform distance can be
calculated and be used for the proof of authenticity. Fur-
thermore, the reference library includes further measure-
ment sequences of the length 16, different permutations of
the succession of R and R* being used.

[0314] As needed, short and long measurement sequences
expand the reference library, for example, the sequence
RRR* or R*RR are also part of the library as 100R, 100R*,
100(RR*), which can be utilized, for example, for the proof
of authenticity in different employment scenarios, e.g. qual-
ity assurance of the feature, of an intermediate product or of
the bank note without disclosing the evaluation process
running in the machine bank note processing. Alternatively,
likewise, different check locations of the banknotes (e.g.,
POS cash point versus central banks) may use different
measurement sequences of the reference libraries.

[0315] As needed, measurement sequences using other
readout pulses are added to the reference library. These
readout pulses include, for example, those with longer pulse
duration (10 ps, 100 us) and/or with other wavelengths (for
example, 488 nm, 532 nm, 658 nm, 758 nm, 808 nm, 915
nm, 980 nm) and/or other intensities of the light sources.
With these pulse sequences (which are formed in analogy to
the mentioned ones and/or other pulse orders) it is ensured
that a substance can be reliably proven on different sensors.
In particular, the reference library also includes measure-
ment sequences of at least three different readout pulses, for
example, the sequence 4 (SRR¥), the readout pulse S being
defined by the parameters in the subsequent Table 6: Param-
eters of the readout pulse.

TABLE 6

Parameters of the readout pulse

S
Wavelength 1064 nm
Current 1000 mA
Rel. intensity after attenuator approx. 40%
Pulse duration 4 us
Pulse distance 8 us

[0316] This additional readout pulse serves for the differ-
entiation of substance I and substance II in the reference
library and causes a strong signal for substance II, while
substance [ delivers only a weak signal.

EMBODIMENT EXAMPLE 5

Superimposed Readout Pulses and Third Readout
Pulse

[0317] In a further example, substance I is incorporated
into a suitable transparent lacquer system and doctored onto
a carrier foil (10 weight percent of feature powder in the
lacquer, wet film thickness 50 pum).

[0318] In a reference library three query sequences are
deposited.
[0319] As a first query sequence a pulse train is used in

which at first 6 pulses of the type Q are employed, as in
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Example 2. Subsequently, the authenticity feature is illumi-
nated with three further pulses of the type Q superimposed
by a long lasting pulse L. (wavelength 780 nm, energization
1000 mA, pulse duration 30 ps, pulse distance —30 ps). The
negative pulse distance ensures the superimposition. Via an
attenuator the illuminance is set such that the signal intensity
caused by the first pulse of the superimposition is twice as
large as the signal intensity caused by the first pulse Q of the
query sequence. In a proof of authenticity this is checked
and the readout speeds are determined for both parts of the
query sequence. During the superimposition the authenticity
feature can be read out substantially faster.

[0320] Incomparison to the authenticity feature, substance
1T and substance III have a ratio of the signal intensity of the
first pulse of the superimposition to the signal intensity of
the first pulse of the query sequence which deviates from the
factor 2. The influence of the superimposition on the readout
speed is substantially lower for substance II and substance
I

[0321] As a second query sequence the alternating
sequence 8 (RR *) of Example 4 is deposited. The proof of
authenticity follows Example 4.

[0322] As athird query sequence an alternating succession
5 (RTR*) is employed. Pulse T uses the same illumination
source as L. (780 nm), but is defined as a short pulse (pulse
duration 1 ps, pulse distance 4 ps). Again, the pulses R and
R* are exchangeable for the authenticity feature. Pulse T
does not disturb the exchangeability.

EMBODIMENT EXAMPLE 6

Different Effects of Charging Pulses

[0323] InFIG. 2, the different charging speeds of the three
OSL substances, substance I, substance II and substance 111,
are evaluated. For this purpose, respectively the same suc-
cession of readout pulse and charging pulse repeated ten
times is composed into one sequence and the effect thereof
on the three OSL substances is compared.

[0324] The readout pulse measures here the effect of the
previously running charging pulse. From the maxima of the
readout pulses there thus results an evaluateable curve for
the charging speed of these substances. Here, one recognizes
significant differences in the effect of the charging pulses on
the substances I, I1 or III: While the charging pulses show no
significant effect on substance I, a significant increase of the
intensity of the optical emission is observed for substance 11
in response to the respectively associated readout process.
With a suitable quantitative evaluation the substances II and
IIT can also be differentiated from each other with the help
of their charging behaviour.

EMBODIMENT EXAMPLE 7

Charging Processes with Different Efficiency

[0325] The OSL substances substance I and substance 11
are subjected to a repeated sequence of

5% charging pulse 280 nm
5% readout pulse 900 nm

4x charging pulse 450 nm
4x readout pulse 900 nm.

[0326] Here, for substance I and for substance II there is
observed a respectively quantitatively different charging
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effect for the two charging processes at 280 nm or at 450 nm,
with the help of which the two substances can be differen-
tiated.

[0327] For aperson skilled in the art it is a matter of course
that the mentioned examples are stated merely exemplarily
and, if possible, other combinations and values ranges, as
stated, are conceivable. The stated examples should there-
fore not be read as limiting, but can also be read along in
combination with the different features stated herein.
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1.-24. (canceled)

25. A method for checking an authenticity feature having
an optical storage phosphor, comprising the steps of:

a. capturing at least a first measurement value, including

a storage charge and/or a light emission of the optical
storage phosphor;

b. subjecting the optical storage phosphor to at least one
charging process;

c. capturing at least a second measurement value, includ-
ing a storage charge and/or a light emission of the
optical storage phosphor; and

d. quantitatively determining an effect of the charging
process on the optical storage phosphor from the at
least one first and second measurement value.

26. The method according to claim 25, wherein the optical
storage phosphor has light centers and trap centers, wherein,
preferably, charge carriers present in the storage phosphor
are at least partially transferred to the trap centers by the
charging process in step b.

27. The method according to claim 25, wherein the
method comprises at least one readout process and the first
and/or second measurement value are captured indepen-
dently of a readout process.

28. The method according to claim 25, wherein the
method comprises at least one readout process and the at
least first and/or second measurement values are captured as
first and/or second readout measurement values which are
accordingly captured based on a detection of a light emis-
sion in response to at least one readout process,

wherein, preferably, the first measurement value is cap-
tured as a readout measurement value based on a
detection of a light emission in response to a first
readout process and the second measurement value as
a readout measurement value based on a detection of a
light emission in response to a second readout process.
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29. The method according to claim 26, wherein the
method comprises at least one readout process and the first
and/or second measurement value are captured indepen-
dently of a readout process; wherein by the at least one
readout process at the trap centers, stored charge carriers of
the trap centers are excited and they transition to the light
centers, the charge carriers radiantly relaxing at the light
centers.

30. The method according to claim 27, wherein the
method has at least one query sequence, comprising at least
two readout processes,

wherein from the first readout process a first readout
measurement value and from the second readout pro-
cess a second readout measurement value are captured;

and the method comprises the steps of:

d. creating a readout measurement value time series
respectively associated with the at least one query
sequence, comprising at least the first readout measure-
ment value respectively associated with the first read-
out process and the second one respectively associated
with the second readout process; and

e. evaluating the readout measurement value time series
respectively associated with the query sequence for
determining a dynamic behaviour from the readout
measurement value time series under the respectively
associated query sequence.

31. The method according to claim 25, wherein a charging
process comprises at least one charging pulse or a continu-
ous charging intensity-modulated over time.

32. The method according to claim 31, wherein the
charging pulse has a wavelength region of 240 nm and 550
nm, and/or the pulse duration in a region of 1 us and 100 ms.

33. The method according to claims 30, wherein the
method comprises two query sequences which respectively
comprise at least a first readout process and a second readout
process and wherein preferably the captured readout mea-
surement values are different for each query sequence.

34. The method according to claim 30, wherein in step d)
the evaluating of the readout measurement value time series
is effected quantitatively in order to determine at least one
characteristic memory property of the optical storage phos-
phor.

35. The method according to claim 27, wherein each
readout process comprises at least one readout pulse or a
continuous readout intensity-modulated over time.

36. The method according to claim 35, wherein the
readout pulse has a centroid wavelength from a wavelength
region of 360 to 1200 nm and/or the pulse duration is in a
region of 1 us and 100 ms.

37. The method according to claim 30, further comprising
at least one charging sequence comprising at least one first
charging process for subjecting the optical storage phosphor
temporally before the at least one query sequence.

38. The method according to claim 27, comprising a
repeated and/or respectively alternating succession of the at
least one charging process and the at least one readout
process.

39. The method according to claim 34, wherein the at least
one characteristic memory property is selected from: per-
sistence, memory depth, memory strength, sensitivity, speci-
ficity, exchangeability, association, continuity, latency, satu-
ration, isolation, charging speed and/or readout speed.

40. The method according to claim 34, wherein the step
of evaluating the readout measurement value time series for
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at least one characteristic memory property of the optical
storage phosphor comprises a determination of the shape of
the temporal course of the curve of the readout measurement
value time series or a determination of parameters which
describe the temporal course of the curve of the readout
measurement value time series.

41. The method according to claim 25, wherein at least
one charging process differs from another charging process
at least in the wavelength and/or intensity and/or pulse
length.

42. The method according to claim 31, wherein at least a
first charging pulse differs from another charging pulse at
least in the pulse duration and/or pulse interval duration.

43. The method according to claim 25, wherein by sub-
jecting the optical storage phosphor to at least one charging
sequence and/or at least one preparation step a threshold
emission is set.

44. The method according to any claim 28, wherein by the
readout measurement value time series of at least two
readout measurement values the charging speed of the
optical storage phosphor is determined.
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45. The method according to claim 25, comprising the
step f matching the determined dynamic behaviour of the
readout measurement value time series with at least one
reference, as well as g. recognizing the authenticity of the
authenticity feature as a function of the matching f.

46. The method according to claim 25, comprising the
step h. subjecting the optical storage phosphor to at least one
thermalizing sequence.

47. An authenticity feature having an optical storage
phosphor for checking the authenticity of the authenticity
feature with a method according to claim 25, wherein the
optical storage phosphor has a charging spectrum with at
least one distinctive spectral structure which in the charging
efficiency is configured varying with the wavelength,
wherein the readout spectrum has at least one local mini-
mum, in which the charging efficiency is reduced by at least
10% in comparison to the flanking maxima.

48. A value document having at least one authenticity
feature according to claim 47.

#* #* #* #* #*



