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Description

BACKGROUND OF THE INVENTION

[0001] This invention relates to machine readable se-
curity elements and products containing them. Products
requiring machine readable security elements include,
for instance, value documents (e.g. paper and plastic
substrate materials such as banknotes, passports, visas,
and the like), labels, tickets and identity cards.
[0002] In order to prevent forgeries and counterfeiting,
those in the industry have attempted to construct prod-
ucts, which ought to be protected, with machine readable
security elements such that unauthorised persons can-
not undetectably change or reproduce them.
[0003] The use of host lattices doped with rare earth
ions is generally known within the art. These compounds
may absorb radiation at one frequency, and emit radia-
tion at a different frequency, wherein radiation refers to
UV, visible, near infrared and infrared radiation. When
irradiated with a given wavelength of radiation, these
compounds luminesce at a second wavelength and such
luminescence may be detected by a detector. Such lu-
minescent compounds are called "luminophores," which
may be ions or compounds.
[0004] Host lattices doped with luminophore com-
pounds have absorption and emission profiles that are
generally characteristic of the ion, but modified by the
effects of being incorporated into a crystal host lattice. It
is possible to measure both absorption and emission with
current laboratory equipment.
[0005] It is preferred to disguise the spectra produced
by the luminophore to make it more difficult for potential
forgers to reverse engineer security features. The emis-
sion may be disguised by using more than one rare earth
metal and/or host lattice.
[0006] WO2006/024530 A1 discloses the use of at
least two luminescent materials with overlapping spectral
emission bands as a luminescent security feature sys-
tem. Preferably, the luminescent materials have the
same host lattice but a different luminophore or alterna-
tively a different host lattice with the same luminophore,
wherein the luminophore may be a rare earth metal.
[0007] WO2005/035271 A2 discloses a machine-
readable coding system for security documents compris-
ing a first and second luminescent substance both of
which are luminescent in a common emission range out-
side of the visible spectral range. The emission spectra
of the first and second luminescent substances overlap
in at least one partial area of the known emission range
in such a manner that the emission spectrum of the first
luminescent substance is characteristically supplement-
ed by the emission spectrum of the second luminescent
substance, wherein the luminescent substances may be
host lattices doped with rare earth metals.
[0008] The emission spectra of luminophores may be
disguised by the use of absorbing materials. The absorp-
tion spectrum of an absorbing material overlaps or covers

the emission spectrum or the excitation spectrum of the
luminophore and changes it in characteristic fashion.
These changes may, for example, take place by "restrict-
ing" the spectral range or by "deforming" the excitation
and/or emission spectra. In the simplest example, such
restriction occurs by separating edge regions of the spec-
tra, while such deformation may occur by designed
damping of narrow spectral regions of broad band spec-
tra or by eliminating given spectral lines.
[0009] US4451530 discloses altering a known emis-
sion spectra and using the characteristically altered por-
tion for authentication of the security document. The se-
curity element consists of an inorganic host lattice doped
with a luminophore, such as a rare earth and one or more
absorbing materials such as dyes which alter the emis-
sion spectrum of the luminophore by restricting the spec-
tral range or by deforming the excitation and/or emission
spectra.
[0010] US6506476 B1 discloses the use of an inorgan-
ic host lattice doped with at least one rare earth metal,
including thulium as an authentication feature for a print-
ed value document. The authentication feature may be
printed onto the printed value document or added into
the paper pulp. The doped host lattice largely absorbs
and is excitable in the visible region of the spectrum and
is transparent in at least part of the infrared spectrum.
With high efficiency, the host lattice transfers the ab-
sorbed energy to the thulium. Preferably, the quantum
yield of the luminescent substances lies in the range be-
tween 50 and 90%. By absorption, the host lattice sup-
presses the emission lines of the thulium occurring in the
visible and possibly near infrared regions.
[0011] US6344261 B1 discloses a printed valuable
document with at least one authentication feature in the
form of a luminescent substance based on a host lattice
doped with at least one rare earth metal. The host lattice
largely absorbs in the entire visible region of the spec-
trum, and contains chromium as an absorptive sub-
stance. This very broad band absorption by the host lat-
tice causes the lines from the doped rare earth metal
lying in this region to be suppressed. At the same time,
an energy transfer takes place from the host lattice to the
doped rare earth metal, by means of which the emissions
by the luminescent substance are induced. Much more
effective stimulation of the rare earth metals takes place,
also leading to greater emission intensities.
[0012] US6479133 B1 discloses the use of an inorgan-
ic host lattice, doped with two rare earth metals, thulium
and holmium, as an authentication feature for a printed
valuable document. The authentication feature may be
embedded in a paper pulp or added to the printing ink.
The host lattice contains broadband absorptive compo-
nents and with high efficiency, transfers the absorbed
energy to the rare earth doping metal. Preferably, the
quantum yield of the luminescent substances lies in the
range between 50 and 90%. The emission spectrum of
the rare earth metal is influenced in a characteristic man-
ner by the absorptive components.

1 2 



EP 2 271 504 B1

3

5

10

15

20

25

30

35

40

45

50

55

[0013] US4463970 discloses the use of camouflage
materials, which may be luminophores, to prevent de-
tecting the pattern of the excitable marking materials in-
directly by means of chemical laboratory analysis. The
excitable marking materials are used to record informa-
tion in a code. For instance, the signal used in coding to
be concealed may involve the emission spectra of cam-
ouflage materials including luminophores. The camou-
flage materials may be wide-band emitting, e.g. organic
luminophores. The characteristic signal of the excitable
marking material may then only be noticed as a small tip
added to the emission spectra. Alternatively, one or more
narrow-band luminophores may be added which emit at
wavelengths other than the signal to be measured and
therefore the emission spectrum is complex.
[0014] It is generally known within the art that two lu-
minescent substances may be used as a security feature
for a printed value document. One luminescent sub-
stance acts as the absorber and the other luminescent
substance acts as the emitter. There may be an efficient
transfer of energy from the absorber to the emitter.
[0015] WO2006/099642 A1 discloses the use of two
inorganic luminescent substances in a security element
for a security document. The first luminescent substance
is excited by incident radiation. Energy is transferred be-
tween the first and second luminescent substances,
whereby the frequency range of the excitation of one of
the luminescent substances corresponds to the frequen-
cy range of excitation of the other luminescent substance.
[0016] JP2002212552 discloses an infrared lumines-
cent fluorescent substance comprising an inorganic ma-
terial co-activated with thulium, having an absorption in
the infrared range, and holmium, matching a thulium en-
ergy level to efficiently transmit an absorbed light energy
and having luminescence in the infrared range as option-
ally active elements.
[0017] EP1241242 A2 discloses an anti-Stokes phos-
phor that is a luminophore for application in security doc-
uments, where the emission waveband has a shorter
wavelength than the absorption waveband. The anti-
Stokes phosphor is a host lattice doped with two rare
earth ions. One of the dopants, for example ytterbium,
forms an absorber and the other dopant, for example
thulium, forms an emitter. The intensity levels between
individual groups of emission lines are variable and de-
pend on the absorber and/or the emitter concentration in
the phosphor.

SUMMARY OF THE INVENTION

[0018] In accordance with the first aspect of the inven-
tion, there is provided a machine readable security ele-
ment comprising an admixture of at least two pigments,
wherein a first pigment comprises a first inorganic host
lattice having a first luminescent dopant ion that emits
electromagnetic radiation at a first emission wavelength
band, and a second pigment comprises a second inor-
ganic host lattice having at least two dopants wherein a

first dopant of the second inorganic host lattice is the
same as the first luminescent dopant ion and a second
dopant is a rare earth ion (i) capable of being excited
through non-radiative energy transfer from the first do-
pant of the second inorganic host lattice and (ii) emitting
electromagnetic radiation at a second emission wave-
length band, in which the second emission wavelength
band has negligible overlap with the first emission wave-
length band and the second dopant largely quenches the
emission from the first dopant of the second inorganic
host lattice at one or more emission peaks.
[0019] In accordance with the second aspect of the
invention, there is provided an article comprising a sub-
strate carrying a security element according to the first
aspect of this invention, wherein the article is an item of
value. The substrate may be a paper or plastic product
comprising paper pulp or polymer material and an ad-
mixture of at least two pigments, wherein when the pig-
ments are added to the pulp during papermaking or the
polymer during extrusion to form a security element with-
in a paper or plastic product, the admixture is as defined
in the first aspect of this invention.
[0020] In accordance with the third aspect of the in-
vention, there is provided a collection of articles accord-
ing to the second aspect of this invention.
[0021] In accordance with the fourth aspect of the in-
vention, there is provided an ink comprising a vehicle,
and an admixture of at least two pigments, wherein when
the ink is applied to a substrate to form a security element,
the admixture is as defined in the first aspect of this in-
vention.
[0022] In accordance with the fifth aspect of the inven-
tion, there is provided a printing process in which a sub-
strate is printed with an ink according to the fourth aspect
of this invention.
[0023] In accordance with the sixth aspect of the in-
vention, there is provided a method of detecting the pres-
ence of a security element according to the first aspect
of this invention, in which the element is irradiated with
incident radiation at one or more wavelengths including
at a first dopant/first pigment absorption wavelength and
at a first dopant/second pigment absorption wavelength
and emission is detected in the first emission band and
in the second emission band by use of detectors.

DETAILED DESCRIPTION OF THE INVENTION

[0024] According to the first aspect of the invention,
there is provided a machine readable security element
comprising an admixture of at least two pigments, where-
in a first pigment comprises a first inorganic host lattice
having a first luminescent dopant ion that emits electro-
magnetic radiation at a first emission wavelength band,
and a second pigment comprises a second inorganic host
lattice having at least two dopants wherein a first dopant
of the second inorganic host lattice is the same as the
first luminescent dopant ion and a second dopant is a
rare earth ion (i) capable of being excited through non-
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radiative energy transfer from the first dopant of the sec-
ond inorganic host lattice and (ii) emitting electromagnet-
ic radiation at a second emission wavelength band, in
which the second emission wavelength band has negli-
gible overlap with the first emission wavelength band and
the second dopant largely quenches the emission from
the first dopant of the second inorganic host lattice at one
or more emission peaks.
[0025] "Largely quenches" means that the emission
peak is quenched so that the maximum intensity of the
emission peak is reduced substantially, preferably the
emission peak is reduced to less than 20% of the maxi-
mum intensity of the peak in the first pigment, more pref-
erably less than 10% of the maximum intensity of the
peak in the first pigment and most preferably less than
5% of the maximum intensity of the peak in the first pig-
ment so it may not be readily distinguished from the back-
ground noise of the spectrum.
[0026] In an embodiment, the first dopant absorbs
electromagnetic radiation in the UV, visible or infrared
spectral region at a first absorption wavelength, and pref-
erably emits electromagnetic radiation in the UV, visible
or infrared spectral region in the said first emission wave-
length band which is at a higher wavelength than the first
dopant absorption wavelength.
[0027] The first luminescent ion may be a transition
metal such as chromium, vanadium, manganese, titani-
um, nickel, iron or cobalt. Preferably, the first luminescent
ion is a rare earth ion, more preferably a lanthanide. Ex-
amples are given below.
[0028] The first and second emissions may both be in
the IR range.
[0029] The host lattice for the pigments may be an alu-
minate, bromide, chloride, fluoride, gallate, garnet (in-
cluding all mixed garnets), germanate, molybdate, nio-
bate, oxide, oxyfluoride, oxysulfide, sodium yttrium fluo-
ride, silicate, sulphate, sulphide, titanate, tungstate, and
vanadate. The host lattice may be any of the known host
inorganic lattices for rare earth cations, for instance any
of those disclosed in WO2006/024530 A1.
[0030] The host lattices for the first and second pig-
ments may be the same, or different. When the host lat-
tices are different, in an embodiment, the first dopant
absorption is preferably in the same region of the spec-
trum, and may be within a few nanometers, for both the
first and second pigments in order to enable the same
incident radiation source to be used for both pigments.
[0031] The incident radiation which excites the first do-
pant in the first pigment and the incident radiation which
excites the first dopant in the second pigment may be
from different sources. This could be required in the case
where narrow band excitation sources are employed
when the two host lattices are substantially different,
causing the absorption band of the first dopant to be suf-
ficiently different in the first and second pigments such
that narrow band excitation cannot adequately excite the
primary ion in both host lattices. The excitation of the first
dopant may be done at several wavelengths. For the pur-

pose of generating a more compact, higher intensity ex-
citation source, wavelength combining may be beneficial,
e.g. where two light sources are directed to the security
element. An example of such a case would be where
there are multiple absorption peaks that feed the desired
upper state manifold.
[0032] The first and second emission bands are typi-
cally different by at least 50 nm. The desired result is to
have essentially single excitation of both pigments with
the resulting spectral outputs of each separate pigment
to be largely separable from each other even though they
contain at least one emitting dopant in common. The
emissions may be either narrow or wide band, or com-
binations of either and it is the wavelengths at the max-
imum intensity which are preferably at least 50nm apart.
[0033] The emission peak of the first dopant in the sec-
ond pigment arising from the same transition that pro-
duces the emission in the first emission band is largely
quenched by the second dopant.
[0034] The most efficient sources of incident radiation
are ones where the light is more fully absorbed by the
spectral absorption feature. Light emission that may be
part of the excitation source that does not overlap an
absorption feature should be avoided if high efficiency is
required. One may choose to use a relatively wide wave-
band source, for example an LED, because it is econom-
ically advantageous in that it is commercially readily
available, is robust to operate and is easy to maintain. A
narrow band laser light source may be advantageous in
that it may be more efficient and LED’s of suitable wave-
length may not be available for absorption spectra of
some of the suitable pigment combinations, but is also
more expensive to operate and maintain. A person skilled
in the art is to select a suitable source to meet the system
requirements. There should be sufficient excitation, and
the system function should meet all other performance
criteria. These criteria include the lifetime, environmental
factors, eye safety and economic considerations.
[0035] The incident light may have a narrow waveband
and may be at least 50 nm shorter in wavelength than
both the first and second emission bands.
[0036] The incident light may have a very wide wave-
band such as a light bulb or flash bulb. It is possible to
filter the incident light to prevent irradiation of the security
element by light of the same wavelength as said first or
second emissions, and subsequent detection by the de-
tector. The incident source may be a narrower band than
conventional light bulbs, but wider than lasers, such as
LED’s.
[0037] The incident radiation is preferably in the UV,
visible and IR regions of the spectrum. The host lattices
of the first and second pigment in a preferred embodiment
are both largely transparent in the visible range, that is,
in the preferred embodiment the host lattices are sub-
stantially colourless, but this is not a requirement. An
advantage of the pigments being substantially colourless
is that even if large amounts are applied to a substrate
e.g. in a printed element, it will not substantially change
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the colour of the ink compared to the unloaded condition.
Should the pigments not be substantially colourless, they
may be used in some embodiments at sufficiently low
levels to avoid the substrate changing colour, or in other
embodiments at levels such that the colour is visible.
[0038] The first and second dopant may be a M2+, for
example Eu, Co, V and Dy, M3+, for example Cr, Ho, Pr
and Nd, M4+, for example Cr or M5+, for example Mn ion,
preferably M3+, wherein M is a rare earth, preferably a
lanthanide or, for example for the first dopant a transition
metal and the number + represents the valance state of
the ion. Valence states impact the emission properties
of the element. The host lattice is selected to accommo-
date the valance state of the element.
[0039] The first dopant in the first and second pigments
may also emit electromagnetic radiation at one or more
additional emission wavelength bands at a higher wave-
length that the first dopant absorption wavelength. One
or more such emissions may not be substantially
quenched by the second dopant in the second pigment.
It may be useful to detect such further emissions from
the first dopant in both pigments.
[0040] In another embodiment, a further emission
wavelength is at a higher wavelength than the first dopant
absorption wavelength and first emission wavelength,
and in said second pigment, the second dopant, in suf-
ficient concentration, may largely quench the further
emission from the said first dopant in the second pigment.
The quenched emission may correspond to a further
emission which does take place from the first dopant in
the first pigment.
[0041] Detectors are selected with regard to the wave-
length(s) of the emission(s) being detected, using, where
necessary, filters to separate said first and second (and
further) emissions. Detectors have design parameters
based on a variety of requirements and conditions. They
may be selected for the particular system requirement
by those skilled in the art based on, for instance, spectral
sensitivity, noise characteristics, impedance, cost,
speed, availability and the like. Detectors include, for in-
stance, photomultipliers, Si, PbS, CdS, PbSe, InAs, InSb,
Ge, HgCdTe, GaP, InGaAs detectors, and others.
[0042] A silicon detector may detect photons up to
1100 nm and the silicon-based detector exhibits extreme-
ly low noise. This feature is advantageous when the emis-
sion level of a phosphor is very low requiring greater elec-
tronic amplification. Silicon detectors also have the ad-
vantage of being readily available and inexpensive.
[0043] An InGaAs detector may be used to detect high-
er wavelengths. It has a lower signal to noise ratio, is
generally more expensive, and has fewer commercial
suppliers. Such a detector is useful in the invention for
detecting emissions greater than 900 nm with some de-
tector models exhibiting detection capability out to 2600
nm. The detector models that exhibit sensitivity at the
higher wavelengths, however, suffer from far greater
noise and a reduced shunt resistance.
[0044] The first and second emission bands may be

measured at the same time, and the respective phos-
phors preferably have similar decay time constants, but
this is not a required condition.
[0045] A person skilled in the art will be able to select
appropriate amounts of the first and second pigment in
a security element having regard to the detector used to
detect the first and second emissions. For example, sil-
icon detectors exhibit very little NEP (noise equivalent
power) so that signal may be amplified to a higher degree
than, for example, an InGaAs detector that has consid-
erably higher noise characteristic. A person skilled in the
art would make a decision on the amount of security fea-
ture to be used based on emission wavelength, emission
intensity, emission gathering optics (if required), filter pa-
rameters, detector type, response, area, environmental
conditions and associated electronic amplification needs
in order to attain satisfactory signal to noise ratio over all
anticipated operational conditions of the security feature
and the detection system. It is desirable to have the min-
imum amount of the pigments, and dopants in the security
element to make it more difficult for a counterfeiter to
reverse engineer the security element. A person skilled
in the art would evaluate the dopants with respect to host
lattice choices, ability to create the luminescent pigment,
pigment size requirements, emission wavelengths, and
the detection system with regard to the intended use.
(See PHOSPHOR HANDBOOK, Edited by Shigeo
Shionoya, William M. Yen, CRC Press 1999, ISBN
0-8493-7560-6).
[0046] It may be desired to have sufficient quantities
of the second dopant in the second pigment to largely
quench one or more emission peaks by the first dopant
in the second pigment. The relative levels of dopant may
be selected by a person skilled in the art according to
available information about luminescent efficiency and
non-radiative energy transfer efficiency, and/or empiri-
cally.
[0047] According to the second aspect of this inven-
tion, there is provided an article that comprises a sub-
strate on which the security element is carried.
[0048] The article may be value documents (e.g. paper
and plastic substrate materials such as banknotes, pass-
ports, visas, and the like), labels, tickets and identity
cards.
[0049] The security element may be incorporated into
the body of the substrate, preferably where the substrate
is paper or plastic or may be applied to a substrate, pref-
erably where the security element is in ink. A person
skilled in the art will be able to select an appropriate par-
ticle size for each application. The admixture of pigments
may be incorporated during the production of the paper
or plastic.
[0050] US4874188 discloses the incorporation of par-
ticles such as grains, pellets or fibres into the paper pulp
at the time of preparation of the paper. These are of the
order of about 10Pm for the cross-section of the grains
or pellets and of the order of a few mm for the length of
the fibres or the diameter of the pellets. Particle sizes to

7 8 



EP 2 271 504 B1

6

5

10

15

20

25

30

35

40

45

50

55

be used in this invention vary with application, but may
be of the order of 0.1 to 50 Pm.
[0051] The first and second pigments each have a par-
ticle size distribution which may be characterized by com-
mercially available laboratory equipment such as a laser
diffraction particle size measurement system by Micro-
trac. Distributions are generally characterized by a value
of D50 whereas half of the volume is made up of particles
less than the specified diameter. Values for D90, D95 or
D99 may also be referenced. There are situations where
the D50 and the D90, D95 or D99 values may be very
far apart. The particle size distributions are selected ac-
cording to their intended method of application and even-
tual detection. Requirements are established such that
when the particles are used, the performance in terms
of luminescence is within specified tolerances. If the par-
ticle size is too large, detected emission standard devi-
ations may be undesirably large. If the particle size is too
small, the intensity of the emissions from the two pig-
ments could be reduced, making detection more difficult.
[0052] The article may have the security element pro-
vided in a layer or on the substrate, preferably as a dis-
continuous layer, for instance forming a predetermined
pattern on the substrate. The admixture could be incor-
porated into fibres which are woven into the substrate to
form a pattern or be randomly incorporated. Strips of pol-
ymer film containing the pigments may be incorporated
into an article e.g. sandwiched between outer layers.
[0053] The article may have the security element pro-
vided in a discontinuous layer by printing and the layer
may comprise other ink components.
[0054] According to a third aspect of this invention,
there is provided a collection of articles according to the
second aspect of the invention in which the security el-
ement is identical in each item such as a collection of
bank notes of different denomination which all have the
same security element. Furthermore, there may be pro-
vided a collection of articles in which each security ele-
ment differs in respect of the predetermined pattern on
the substrate such as a different printed pattern for each
denomination of banknote.
[0055] According to the fourth aspect of the invention,
an ink comprises a vehicle and an admixture, wherein
when the ink has been applied to a substrate to form a
security element, the admixture is as defined in the first
aspect of this invention.
[0056] The ink may be used in a lithographic, offset,
intaglio, flexographic, rotogravure, ink jet, letterpress or
silk screen printing process. Each process has require-
ments set by the type of printing process employed. Larg-
er particles may clog certain printing transfer surfaces,
but may be acceptable on others. Silk screen printing
methods may accommodate rather large particles.
[0057] A suitable particle size for each printing method
may be selected by a person skilled in the art, as may
suitable vehicles and additives, and formulation meth-
ods. GB2258660 discloses that particles suitable for use
in a range of printing techniques have a maximum diam-

eter of no more than 40Pm, preferably no more than
20Pm, and most preferably below 10Pm, e.g. 1Pm to
5Pm or even 1Pm to 2Pm. Such particle sizes may be
used in this invention.
[0058] According to the fifth aspect of this invention,
the ink of the fourth aspect of this invention may be used
to print on a substrate, preferably by a lithographic, offset,
intaglio, flexographic, rotogravure, ink jet, letterpress and
silk screen printing process.
[0059] According to the sixth aspect of this invention,
there is provided a method of detecting the presence of
a security element according to the first aspect of the
invention. Typically, in the method the element is irradi-
ated with incident radiation at one or more wavelengths
including at a first dopant/first pigment absorption wave-
length and at a first dopant/second pigment absorption
wavelength and emission is detected in the first emission
band and in the second emission band by use of detec-
tors.
[0060] In an embodiment, different detectors are used
to detect the first and second emissions, wherein radia-
tion optionally passes through a filter before reaching
each detector, the filter selected so as to allow transmis-
sion of one of the first and second emissions and pre-
venting transmission of the other of the first and second
emissions. The detectors may be of the same type or
alternatively of different types.
[0061] The detectors will be chosen by the require-
ments of the particular job. This will be based on per-
formance, environment, availability and economics. This
invention requires that each emission that is to be de-
tected has its own detection system that may include
appropriate detectors and filters.
[0062] A further embodiment of the sixth aspect of this
invention includes moving a security element by a me-
chanical conveyor to the detection location. This may oc-
cur during the manufacture of an article to ensure that
the security element is being produced correctly. This
may also occur at a later stage when the security element
needs to be validated. The conveyor may or may not
render the security element stationary at the detection
location. The conveyor is a component of the machine
which comprises the detectors and which allows the ma-
chine-readability of the security element to be utilised.
Detectors may also be produced for static measurements
such as in quality control. The design considerations for
each type of detector may vary according to the specified
requirements.
[0063] There are several methods known in the art for
producing appropriately sized pigment particles for use
in printing and for incorporation into a substrate for a print-
ed value document. A person skilled in the art will be able
to select an appropriate method for each of the two pig-
ments used in this invention. The methods indicated be-
low are a possible way that the pigments may be pro-
duced; however these are not intended to limit the scope
of the claims in anyway. It is to be understood that other
appropriate methods may be used to produce the parti-
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cles.
[0064] DE10056462 A1 discloses a method for pro-
ducing a luminescent material. This comprises charging
an ion exchanger with rare earth metal cations and ther-
mally treating the charged ion exchanger. Examples of
rare earth cations include a mixture of Yb and Er cations,
or Nd and Cr cations or Yb and Y cations or Yb cations.
Preferably, the charged ion exchanger is crushed before
or after thermal treatment to a pigment size, preferably
by grinding. Preferably the ion exchanger is a silicate,
most preferably a zeolite. Thermal treatment is carried
out at 1100° to 1200°C, preferably 1150°C for 2-5 hours.
[0065] EP1386708 A2 discloses an aerosol method
and accompanying apparatus for preparing powdered
products involving the use of an ultrasonic aerosol gen-
erator, including a plurality of ultrasonic transducers un-
derlying and ultrasonically energizing a reservoir of liquid
feed which forms droplets of the aerosol. Carrier gas is
delivered to different portions of the reservoir by a plu-
rality of gas delivery ports delivering gas from a gas de-
livery system. The aerosol is pyrolyzed to form particles,
which are then cooled and collected. The powdered prod-
ucts may include inorganic host lattices doped with rare
earth metal ions.
[0066] WO2006/078826 A2 discloses a process for
forming nanoparticles in a flame spray system, wherein
the nanoparticles disclosed include inorganic host lattic-
es doped with rare earth metal ions. The process com-
prises the steps of (a) providing a precursor medium com-
prising a liquid vehicle and a precursor to a component;
and (b) flame spraying the precursor medium under con-
ditions effective to form a population of nanoparticles,
wherein the nanoparticles, as formed, comprises less
than about 5 % by volume particles having a particle size
greater than 1Pm.
[0067] US6344261 B1 discloses grinding and milling
inorganic host lattices doped with rare earth ions to pro-
duce particles with an average grain size of less than 1
Pm.
[0068] The following is a brief description of the draw-
ings:
[0069] Figure 1 shows the absorption spectrum of
Y2O2S doped with 1.0% (atomic %) Tm, which is sub-
stantially the same as the absorption spectrum of Y2O2S
doped with 1.0% (atomic %) Tm and 2.0% (atomic %) Ho;
[0070] Figure 2 shows the emission spectrum of
Y2O2S doped with 1.0% (atomic %) Tm; and also the
emission spectrum of Y2O2S doped with 1.0% (atomic
%) Tm and 2.0% (atomic %) Ho.
[0071] The Figures were generated using a high res-
olution optical spectrometer. The curve of Figure 1 was
created by monitoring an emission peak and scanning
through the desired excitation range (e.g., 500-1000 nm).
In Figure 1, the excitation results were the contribution
to the designated emission peak at the wavelength range
indicated by the scan. Figure 2 was generated by setting
the excitation wavelength and scanning through the des-
ignated emission spectral range monitored by a detector.

[0072] The invention will now be illustrated by the fol-
lowing Examples which are not intended to limit the scope
of the claims in any way. The pigments in the examples
were evaluated in powder form on non-optical brightener
containing paper backing in a multiple grating spectrom-
eter arrangement that consisted of tunable excitation and
variable emission detection.

EXAMPLE 1a

[0073] The first pigment was Y2O2S doped with 1.0%
(atomic %) Tm. Particles of the first pigment containing
the Tm dopant were made using common phosphor pro-
duction methods. The first pigment may be excited using
light of e.g. 700nm, 805nm or 910nm corresponding to
the absorption peaks shown in Figure 1. Suitable LED’s
are available from Roithner-laser.com. The emission
spectrum is shown in Figure 2. The Tm emission centered
at approximately 1800nm was detectable by an extended
InGaAs detector with a high resolution spectrometer.
This emission may correspond to the said first emission
band in the invention.

EXAMPLE 1 b

[0074] The second pigment was Y2O2S doped with
1.0% (atomic %) Tm and 2.0% (atomic %) Ho. Particles
of the second pigment containing both Tm and Ho do-
pants were made using common phosphor production
methods. The second pigment was excited using the
same light source as in Example 1 a. The absorption
spectrum is substantially the same as in Figure 1. The
Tm emission (Figure 2, Trace A) which was present in
Example 1a centered at approximately 1800nm was sub-
stantially quenched in the second pigment as seen in
Figure 2, Trace B. Ho emits over a band with main peaks
at 1975nm and 2050nm. The Ho emission in this spectral
range can be detected using extended InGaAs detectors
with a high resolution spectrometer. This emission may
correspond to the said second emission band in the in-
vention.

EXAMPLE 1c

[0075] The first and second pigments were produced
separately. The first pigment was made as described in
Example 1 a and the second pigment was made as de-
scribed in Example 1 b. The two pigments were then
mixed together in a 1:1 ratio and stirred to produce a
homogeneous admixture. This admixture was used as a
machine readable security element. The said first and
second emission bands would be measured as described
in Examples 1 a and 1 b.

EXAMPLE 1d

[0076] The admixture as described in Example 1 c may
be mixed with vehicles to produce a printing ink. When
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this ink is used to print a substrate, assuming the ink is
dry, the ink may be illuminated with the source of light in
Example 1 a. The detection system described in Exam-
ples 1 a and 1 b would identify the first and second emis-
sion bands in the invention.

Claims

1. A machine readable security element comprising an
admixture of at least two pigments, wherein a first
pigment comprises a first inorganic host lattice hav-
ing a first luminescent dopant ion that emits electro-
magnetic radiation at a first emission wavelength
band, and a second pigment comprises a second
inorganic host lattice having at least two dopants
wherein a first dopant of the second inorganic host
lattice is the same as the first luminescent dopant
ion and a second dopant is a rare earth ion (i) capable
of being excited through non-radiative energy trans-
fer from the first dopant of the second inorganic host
lattice and (ii) emitting electromagnetic radiation at
a second emission wavelength band, in which the
second emission wavelength band has negligible
overlap with the first emission wavelength band and
the second dopant largely quenches the emission
from the first dopant of the second inorganic host
lattice at one or more emission peaks.

2. A security element according to claim 1, in which the
first dopant absorbs electromagnetic radiation in the
UV, visible or infrared spectral region at a first ab-
sorption wavelength, and preferably emits electro-
magnetic radiation in the UV, visible or infrared spec-
tral region in the said first emission wavelength band
which is at a higher wavelength than the first dopant
absorption wavelength.

3. A security element according to any preceding claim,
in which said first luminescent ion is a rare earth ion
or a transition metal.

4. A security element according to any preceding claim,
in which the wavelengths of the first and second
emission bands are both in the IR range.

5. A security element according to any of claims 1 to
4, in which each host lattice is largely transparent in
the visible spectrum.

6. A security element according to any preceding claim,
in which the wavelengths of the first and second
emission bands are different by at least 50 nm.

7. An article comprising a substrate carrying a security
element according to any previous claim.

8. An article according to claim 7, in which the security

element is incorporated into the body of the sub-
strate, preferably where the substrate is paper.

9. An article according to claim 7, in which the security
element is provided in a layer on the substrate, pref-
erably as a discontinuous layer, for instance forming
a predetermined pattern on the substrate.

10. An article according to claim 9, in which the layer
has been applied by printing and in which the layer
comprises ink components.

11. An ink comprising a vehicle, and an admixture of at
least two pigments, wherein when the ink is applied
to a substrate to form a security element, the admix-
ture is as defined in claim 1.

12. A method of detecting the presence of a security
element according to claim 1, in which the element
is irradiated with incident radiation at one or more
wavelengths including at a first dopant/first pigment
absorption wavelength and at a first dopant/second
pigment absorption wavelength and emission is de-
tected in the first emission band and in the second
emission band by the use of detectors.

13. A method according to claim 12, in which different
detectors are used for detecting the first and second
emissions, wherein radiation optionally passes
through a filter before reaching each detector, each
filter selected so as to allow transmission of one or
other of the first and second emissions and prevent-
ing transmission of the other of the first and second
emissions.

14. A method according to claim 12 or 13, in which the
incident radiation which excites the first dopant in
the first pigment and the incident radiation which ex-
cites the first dopant in the second pigment are from
different sources.

Patentansprüche

1. Maschinenlesbares Sicherheitselement, das eine
Beimischung von mindestens zwei Pigmenten auf-
weist, wobei ein erstes Pigment ein erstes anorga-
nisches Wirtsgitter aufweist, das ein erstes lumines-
zierendes Dotierstoffion aufweist, das elektroma-
gnetische Strahlung in einem ersten Emissionswel-
lenlängenband abstrahlt, und wobei ein zweites Pig-
ment ein zweites anorganisches Wirtsgitter aufweist,
das mindestens zwei Dotierstoffe aufweist, wobei
ein erster Dotierstoff des zweiten anorganischen
Wirtsgitters der gleiche ist wie das erste lumineszie-
rende Dotierstoffion und ein zweiter Dotierstoff ein
Seltenerdion ist, das in der Lage ist, (i) durch eine
Übertragung von Nichtstrahlungsenergie aus dem
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ersten Dotierstoff des zweiten anorganischen Wirts-
gitters angeregt zu werden und (ii) elektromagneti-
sche Strahlung in einem zweiten Emissionswellen-
längenband abzustrahlen, wobei das zweite Emis-
sionswellenlängenband eine vernachlässigbare
Überlappung mit dem ersten Emissionswellenlän-
genband aufweist und der zweite Dotierstoff die
Emission aus dem ersten Dotierstoff des zweiten an-
organischen Wirtsgitters an einer oder mehreren
Emissionspeaks weitgehend auslöscht.

2. Sicherheitselement nach Anspruch 1, in welchem
der erste Dotierstoff elektromagnetische Strahlung
im UV-, sichtbaren oder infraroten Spektralbereich
bei einer ersten Absorptionswellenlänge absorbiert
und vorzugsweise elektromagnetische Strahlung im
UV-, sichtbaren oder infraroten Spektralbereich in
dem ersten Emissionswellenlängenband emittiert,
welches bei einer größeren Wellenlänge liegt als die
Absorptionswellenlänge des ersten Dotierstoffs.

3. Sicherheitselement nach einem der vorhergehen-
den Ansprüche, in welchem das erste lumineszie-
rende Ion ein Seltenerdion oder ein Übergangsme-
tall ist.

4. Sicherheitselement nach einem der vorhergehen-
den Ansprüche, in welchem die Wellenlängen des
ersten und zweiten Emissionsbandes beide im IR-
Bereich liegen.

5. Sicherheitselement nach einem der Ansprüche 1 bis
4, in welchem jedes Wirtsgitter im sichtbaren Spek-
trum weitgehend transparent ist.

6. Sicherheitselement nach einem der vorhergehen-
den Ansprüche, in welchem sich die Wellenlängen
des ersten und zweiten Emissionsbandes um min-
destens 50 nm unterscheiden.

7. Gegenstand, der ein Substrat aufweist, das ein Si-
cherheitselement nach einem der vorherigen An-
sprüche trägt.

8. Gegenstand nach Anspruch 7, in welchem das Si-
cherheitselement in den Körper des Substrats ein-
gebunden ist, vorzugsweise wenn das Substrat Pa-
pier ist.

9. Gegenstand nach Anspruch 7, in welchem das Si-
cherheitselement in einer Schicht auf dem Substrat
vorgesehen ist, vorzugsweise als eine unzusam-
menhängende Schicht, die zum Beispiel ein vorge-
gebenes Muster auf dem Substrat ausbildet.

10. Gegenstand nach Anspruch 9, in welchem die
Schicht durch Drucken aufgebracht wurde und in
welchem die Schicht Druckfarbenkomponenten auf-

weist.

11. Druckfarbe, die eine Trägersubstanz und eine Bei-
mischung aus mindestens zwei Pigmenten aufweist,
wobei die Beimischung gemäß Anspruch 1 festge-
legt ist, wenn die Druckfarbe auf ein Substrat aufge-
bracht wird, um ein Sicherheitselement auszubilden.

12. Verfahren zum Nachweis des Vorhandenseins eines
Sicherheitselements nach Anspruch 1, in welchem
das Element mit der einfallenden Strahlung bei einer
oder mehreren Wellenlängen bestrahlt wird, die eine
Absorptionswellenlänge eines ersten Dotierstoffes/
ersten Pigments und eine Absorptionswellenlänge
eines ersten Dotierstoffes/zweiten Pigments enthal-
ten, und wobei die Emission in dem ersten Emissi-
onsband und in dem zweiten Emissionsband unter
Verwendung von Detektoren nachgewiesen wird.

13. Verfahren nach Anspruch 12, in welchem unter-
schiedliche Detektoren zum Nachweis der ersten
und zweiten Emission verwendet werden, wobei die
Strahlung wahlweise ein Filter durchläuft, bevor sie
jeden Detektor erreicht, wobei jedes Filter so aus-
gewählt ist, dass es den Durchgang von der einen
oder der anderen der ersten und zweiten Emission
erlaubt und den Durchgang der anderen von der er-
sten und zweiten Emission verhindert.

14. Verfahren nach Anspruch 12 oder 13, in welchem
die einfallende Strahlung, die den ersten Dotierstoff
in dem ersten Pigment anregt, und die einfallende
Strahlung, die den ersten Dotierstoff in dem zweiten
Pigment anregt, von verschiedenen Quellen stam-
men.

Revendications

1. Elément de sécurité lisible par machine, comprenant
un mélange d’au moins deux pigments,
un premier pigment comprenant un premier réseau
minéral hôte qui présente un premier ion dopant lu-
minescent qui émet une radiation électromagnétique
dans une première bande de longueurs d’onde
d’émission et un deuxième pigment comprenant un
deuxième réseau minéral hôte qui présente au
moins deux dopants,
un premier dopant du deuxième réseau minéral hôte
étant le même que le premier ion dopant luminescent
et un deuxième dopant étant un ion de terre rare (i)
capable d’être excité par un transfert d’énergie non
radiatif depuis le premier dopant du deuxième ré-
seau minéral hôte et (ii) émettant une radiation élec-
tromagnétique dans une deuxième bande de lon-
gueurs d’onde d’émission,
la deuxième bande de longueurs d’onde d’émission
recouvrant de manière négligeable la première ban-
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de de longueurs d’onde d’émission et le deuxième
dopant éteignant largement l’émission du premier
dopant du deuxième réseau minéral hôte en un ou
plusieurs pics d’émission.

2. Elément de sécurité selon la revendication 1, dans
lequel le premier dopant absorbe une radiation élec-
tromagnétique à une première longueur d’onde d’ab-
sorption située dans la zone spectrale des UV, du
visible ou de l’infrarouge et émet une radiation élec-
tromagnétique dans la zone spectrale des UV, du
visible ou des infrarouges, de préférence à une lon-
gueur d’onde supérieure à la première longueur
d’onde d’absorption du dopant dans ladite première
bande de longueurs d’onde d’émission.

3. Elément de sécurité selon l’une quelconque des re-
vendications précédentes, dans lequel ledit premier
ion luminescent est un ion de terre rare ou d’un métal
de transition.

4. Elément de sécurité selon l’une quelconque des re-
vendications précédentes, dans lequel les longueurs
d’onde de la première bande d’émission et de la
deuxième bande d’émission sont toutes deux si-
tuées dans la plage IR.

5. Elément de sécurité selon l’une quelconque des re-
vendications 1 à 4, dans lequel chaque matrice hôte
est globalement transparente dans le spectre visible.

6. Elément de sécurité selon l’une quelconque des re-
vendications précédentes, dans lequel les longueurs
d’onde de la première bande d’émission et de la
deuxième bande d’émission sont différentes d’au
moins 50 nm.

7. Article comprenant un substrat qui supporte un élé-
ment de sécurité selon l’une quelconque des reven-
dications précédentes.

8. Article selon la revendication 7, dans lequel l’élément
de sécurité est incorporé dans le corps du substrat,
le substrat étant de préférence en papier.

9. Article selon la revendication 7, dans lequel l’élément
de sécurité est prévu dans une couche du substrat,
de préférence dans une couche discontinue, par
exemple formant un motif prédéterminé sur le subs-
trat.

10. Article selon la revendication 9, dans lequel la cou-
che a été appliquée par impression et dans lequel
la couche contient des composants d’encre.

11. Encre comprenant un véhicule et un mélange d’au
moins deux pigments, l’encre étant appliquée sur un
substrat pour former un élément de sécurité, le mé-

lange étant celui défini dans la revendication 1.

12. Procédé de détection de la présence d’un élément
de sécurité selon la revendication 1, dans lequel
l’élément est irradié avec une radiation incidente à
au moins une longueur d’onde comprenant une lon-
gueur d’onde d’absorption du premier dopant et/ou
du premier pigment et à une longueur d’onde d’ab-
sorption du premier dopant et/ou du deuxième pig-
ment, l’émission dans la première bande d’émission
et dans la deuxième bande d’émission étant détec-
tée par recours à des détecteurs.

13. Procédé selon la revendication 12, dans lequel des
détecteurs différents sont utilisés pour détecter la
première émission et la deuxième émission, la ra-
diation traversant facultativement un filtre avant d’at-
teindre chaque détecteur, chaque filtre étant sélec-
tionné de manière à permettre la transmission de la
première émission ou de la deuxième émission et à
empêcher la transmission de la deuxième émission
ou de la première émission.

14. Procédé selon les revendications 12 ou 13, dans le-
quel la radiation incidente qui excite le premier
dopant du premier pigment et la radiation incidente
qui excite le premier dopant du deuxième pigment
proviennent de sources différentes.
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