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PHOSPHOR BASED AUTHENTICATION SYSTEM

Inventors: Yi-Qun Li and Haitao Yang

CLAIM OF PRIORITY

[0001] This application claims priority to U.S. Non-Provisional Patent Application No.

12/604,268 filed October 22, 2009, by Yi-Qun Ii et al, titled "Phosphor Based Authentication

System" and U.S. Provisional Patent Application No. 61/107,928 filed October 23, 2008, by

Yi-Qun Li et al., titled "Phosphor Based Authentication System." Both applications are

incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the invention

[0002] The present invention relates to a phosphor (photo-luminescent) material based

authentication system and, more particularly, to a method of authenticating a photo-

luminescent security marking, an apparatus for authenticating a photo-luminescent security

marking and a photo-luminescent security marking.

Description of the Related Art

[0003] Authentication is the act of establishing or confirming something as being

genuine, that is, claims made about the thing are true. Authenticating an article or document

usually involves confirming its provenance using one or more authentication factors. Articles

or documents will often include one or more security markings or security devices in order to

authenticate the article/document. Examples of security markings/devices include:

watermarks in documents, magnetic print on personal checks, micro-printing on banknotes,

antibodies in oil and gas, molecular recognition agents in spirits and liquors, thermal transfer

inks and color shifting pigments on packaging, holograms on credit cards, photo-luminescent

security markings, bar codes, electronic tagging devices, invisible markers on

pharmaceuticals capsules etc.

[0004] A study sponsored by the World Economic Forum (WEF) estimates the rate of

counterfeiting goods such as pharmaceuticals, tobacco, luxury goods, electronics, clothing,

and other items is between 7 and 9% of global trade and totals more than $700 billion per

annum. The World Health Organization (WHO) and FDA (US Food and Drug

Administration) estimate that anything between 5 and 8% of pharmaceutical and related

products are counterfeit. In addition to jeopardizing people's health, counterfeiting results in



a loss of revenue of the order of $30 million a year.

[0005] Due to continuing improvements in color printing and image scanning

technologies the counterfeiting of documents, such as for example, bank notes, identification

papers, passports, drivers' licenses, admission tickets is increasing. Additionally,

counterfeiting of credit, debit and security cards is increasing due to the widespread

availability of computers and card readers. Brand protection has become a huge strategic

issue due to globalization of trade, organized crime and the high profits with often low

penalties associated with counterfeiting.

[0006] To combat counterfeiting and safeguard a brand, a variety of security

technologies have been developed including RFID (Radio Frequency Identification),

holography, stable isotopic markers, molecular recognition markers, thermo-chromic

materials, color shift inks, tags with visible and invisible fluorescent dyes, and phosphor

material based markings.

[0007] Security markings that utilize a phosphor material offer a number of potential

authentication factors including excitation wavelength, emission spectra with unique

signatures covering ultra violet (UV) to near infrared (NIR), peak intensity, peak wavelength,

decay time or interval, rise and fall of particular peaks in the spectra. To verify the

authenticity of an article or document it is known to provide a phosphor security marking on

the article/document. The authenticity of the article/document is verified by irradiating the

article with high energy radiation from a source such as a UV lamp and measuring the

intensity of UV light reflected from the object and the amount of fluorescent light generated

by the phosphor security marking. If the optical characteristics (reflection and emission) are

within prescribed limits, then the article is verified as being genuine.

[0008] Phosphor (photo-luminescent) materials can be characterized into two categories

i) down-converting and ii) up-converting. In the case of down-converting photo-luminescent

materials, the material is excited with high energy photons such as UV or high ionizing

radiations such as X-rays or γ-rays and emit light in the visible or NIR spectral regions.

Conversely up-converting, or anti-Stokes, photo-luminescent materials absorb two or more

low energy photons such as NIR, particularly 980nm radiation, and emit a single high energy

photon of shorter wavelength (e.g. visible light) by a process of summing IR photons.

[0009] Most UV excitable down-converting phosphors, hereinafter termed UV

phosphors, can be excited by 254nm or 365nm lines from a low pressure mercury vapor

lamp. By analyzing the emission (photo luminescence) spectra, the identity of the phosphor



can be determined. UV phosphors were extensively used in security markers during the 1980s

and 1990s. A drawback of UV phosphors is that most of them fluoresce strongly on paper

based substrates and this can reduce the effectiveness of the fluorescent marking. A further

problem with UV phosphors is that the UV excitation radiation is harmful to the human eye.

From a safety perspective phosphors that can be excited by an excitation radiation of

wavelength within the visible part of the electromagnetic spectrum, that is 380 to 700nm, are

considered to be ideal.

[0010] The up-conversion process relies on one absorber Yb (ytterbium) and typically

one or more of three different emitters in blue Tm3+ (thulium), green Er3+ (erbium) or red

Yb3+ regions. Absorption of a first infrared photon promotes a rare earth ion into a relatively

long-lived first excited state. If a subsequent infrared photon encounters this excited ion it

may, depending on the absorption probability, be absorbed, thereby promoting the ion into a

second higher excited state. Transition of the ion from the second state to the ground state

results in the emission of a photon of higher energy (i.e. of shorter wavelength). Since up-

converting phosphor materials rely on the absorbance of Yb + each of them can be excited by

a 980nm (IR) laser diode. An example of an up-converting phosphor is a Eu3+, Yb3+ activated

yttrium oxysulfide Y2θ 2S:Er,Yb. Other examples of IR (980nm) excitable phosphors are

Yb3+, Tm3+ activated gadolinium oxysulfide as are described in US 6,686,074 and

US 6,841,092.

[0011] A problem with up-converting phosphors is that due to their relatively low

efficiency they need to be excited by high intensity IR radiation generated by a laser and such

radiation is harmful to the human eye. To reduce the likelihood of eye damage

WO 2000/60527 teaches exciting an up-converting phosphor material using an NIR laser that

is operated in a pulsed mode of operation such that the pulses have a peak power sufficient to

induce a detectable emission in the phosphor material and the pulse repetition frequency and

duration are selected such that the mean power of the laser emission is low enough not to

produce eye damage.

[0012] Inks containing UV phosphors are readily available in the security industry at a

relatively low cost. However, due to the widespread use of such inks counterfeiters have

become knowledgeable about various inks and their use. Moreover, counterfeiters are able to

reproduce or procure the same ink with UV phosphors that matches the characteristics of the

ink with phosphor from the product sample, and apply the same on the counterfeit products.

To overcome this problem, ink with up-converting phosphors that are excitable by light in the

IR part of the spectrum ranging from 800nm to 1600nm have been developed. US 5,766,324



describes an IR security ink that comprises an IR phosphor combined with a black colorant

which does not absorb light in the IR wavelength range.

[0013] US 7,030,371 discloses a method of measuring the luminescence characteristic of

a luminescent security marking in which the luminescence emission is measured during

specific time intervals either during or after exposure to the excitation radiation. The intensity

value measured during one time interval is subtracted from the intensity value measured

during the other time interval with the result of the subtraction being representative of light

emitted from the luminescent security marking. The duration of one time interval is shorter

than 25% of the exposure time to the excitation radiation.

[0014] US 5,331,140 discloses a bar code reading system for reading a fluorescent bar

code. The bar code is irradiated with radiation that is sine wave or square wave modulated at

two frequencies that are not harmonically related and detecting radiation emitted by the bar

code at frequencies corresponding to the sum and difference of the two modulation

frequencies.

[0015] A need exists for an inexpensive authentication system that offers a high level of

security and which can be verified using a portable authentication device.

SUMMARY OF THE INVENTION

[0016] Embodiments of the invention are directed to a phosphor based authentication

system that utilizes a photo-luminescent security marking that comprises a blend of two or

more phosphor materials that are, preferably, each excitable by "eye safe" excitation radiation

comprising visible light of wavelength 380nm to 780nm. Preferably, when excited the

security marking also emits visible light thereby substantially eliminating any risk of damage

to an operator's eye in the event of accidental exposure to the excitation radiation and/or light

generated by the photo-luminescent marking.

[0017] According to the invention there is provided a method of authenticating a photo-

luminescent security marking in which an authentic security marking comprises a blend of at

least two phosphor materials that are excitable by excitation radiation of a selected

wavelength that is within a wavelength range 380 to 780nm and which when excited has a

known emission characteristic, the method comprising: a) irradiating the marking with

excitation radiation of the selected wavelength, b) measuring at least one selected

parameter of light emitted by the marking, and c) comparing the at least one measured

parameter with a corresponding parameter of the known emission characteristic and verifying

the authenticity of the marking if the parameters are within prescribed limits.



[0018] In one arrangement, the marking comprises at least one phosphor material which

is only excitable by excitation radiation of wavelength within a first wavelength range and at

least one phosphor material which is excitable by excitation radiation of wavelength within a

second different wavelength range which overlaps and includes the first wavelength range,

the method comprising: a) irradiating the marking with excitation radiation of wavelength

within the first wavelength range and measuring at least one selected parameter of light

emitted by the marking, b) irradiating the marking with excitation radiation of wavelength

that is within the overlapping region of the first and second wavelength ranges and measuring

at least one selected parameter of light emitted by the marking, c) irradiating the marking

with excitation radiation of wavelength within a part of the second wavelength range that

does not overlap the first wavelength range and measuring at least one selected parameter of

light emitted by the marking, and d) comparing the at least one measured parameters

measured with corresponding parameters of the known emission characteristic and verifying

the authenticity of the marking if the parameters are within prescribed limits.

[0019] Conveniently, the selected parameter comprises the intensity of emitted light

within one or more selected wavelength regions, typically a wavelength region including an

expected emission peak resulting from one of the phosphor materials. In one arrangement the

authenticity of the marking is verified by comparing the relative intensities (i.e. ratio) of

emitted light within the selected regions with the corresponding ratios for the known

emission characteristic. Alternatively and/or in addition the selected parameter can comprise

the intensity and/or wavelength of an emission peak, the rate of rise and/or fall of an

emission peak, the ratio of emission peak intensities and/or wavelengths, intensity and/or of

an emission trough, the ratio of emission trough intensities and/or wavelengths, wavelength

and/or intensity of a point of inflection, the ratio of point of inflection intensities and/or

wavelengths, the number of emission peaks, troughs and/or points of inflection, the shape of

an emission peak or trough or the general shape and/or form of the emission spectrum.

[0020] The concept of using a photo-luminescent marking that comprises a blend or

mixture of two phosphor materials in which one phosphor material is excitable by excitation

radiation of a first wavelength range and a second phosphor material is excitable by

excitation radiation of a second different wavelength range which overlaps and includes the

first wavelength range is considered inventive in its own right. Thus according to a second

aspect of the invention there is provided a method of authenticating a photo-luminescent

security marking in which an authentic security marking comprises a blend of at least two

phosphor materials in which at least one phosphor material is only excitable by excitation



radiation of wavelength within a first wavelength range and at least one phosphor material is

excitable by excitation radiation of wavelength within a second different wavelength range

which overlaps and includes the first wavelength range, the method comprising: irradiating

the marking with excitation radiation of wavelength within the first wavelength range and

measuring at least one selected parameter of light emitted by the marking, irradiating the

marking with excitation radiation of wavelength that is within the overlapping region of the

first and second wavelength ranges and measuring at least one selected parameter of light

emitted by the marking, irradiating the marking with excitation radiation of wavelength

within a part of the second wavelength range that does not overlap the first wavelength range

and measuring at least one selected parameter of light emitted by the marking, and comparing

the measured at least one selected parameters with corresponding parameters of the known

emission characteristic and if the parameters are within prescribed limits verifying the

authenticity of the marking.

[0021] According to a third aspect of the invention there is provided an apparatus for

authenticating a photo-luminescent security marking in which an authentic security marking

comprises a blend of at least two phosphor materials that are excitable by excitation radiation

of a selected wavelength that is within a wavelength range 380 to 780nm and which when

excited has a known emission characteristic, said apparatus comprising: at least one

excitation source operable to emit and irradiate the marking with excitation radiation of the

selected wavelength; a detector operable to measure at least one selected parameter of light

emitted by the marking; and processing means for comparing the at least one measured

parameter with a corresponding parameter of the known emission characteristic and if the

they are within prescribed limits verifying the authenticity of the marking.

[0022] In one implementation the apparatus further comprises wavelength separating

means for dividing the light emitted by the photo-luminescent security marking into selected

wavelength regions and the detector is operable to measure the intensity for each selected

wavelength regions. The wavelength separating means can comprise one or more optical

filters such as gel filters, optical fiber gratings, a grating or a prism.

[0023] According to a another aspect of the invention there is provided an apparatus for

authenticating a photo-luminescent security marking of a type comprising at least one

phosphor material which is only excitable by excitation radiation of wavelength within a first

wavelength range and at least one phosphor material which is excitable by excitation

radiation of wavelength within a second different wavelength range which overlaps and



includes the first wavelength range, the apparatus comprising: a first independently operable

excitation source operable to emit and irradiate the marking with excitation radiation of

wavelength within the first wavelength range; a second independently operable excitation

source operable to emit and irradiate the marking with excitation radiation of wavelength

within the second wavelength range; a detector operable to measure at least one selected

parameter of light emitted by the photo-luminescent security marking; and processing means

for comparing the at least one selected parameter with a corresponding parameter of the

known emission characteristic and verifying the authenticity of the marking if the parameters

are within prescribed limits; wherein the apparatus is operable a) to irradiate the marking

radiation of the first wavelength range and to measure the at least one selected parameter of

light emitted by the marking, b) to irradiate the marking with excitation radiation of the first

and second wavelength ranges and to measure the at least one selected parameter of light

emitted by the marking, c) to irradiate the marking radiation within the part of the second

wavelength range that does not overlap the first wavelength range and to measure the at least

one selected parameter of light emitted by the marking and d) to compare values of the at

least one selected parameter with corresponding parameters of the known emission

characteristic and verifying the authenticity of the marking if the parameters are within

prescribed limits.

[0024] As with the method of the invention the apparatus of the invention verifies

(authenticates) the authenticity of the photo-luminescent security marking on the basis of one

or more selected parameters that can include: the intensity of a selected wavelength region,

ratio of intensities of selected wavelength regions, intensity and/or wavelength of an emission

peak, rate of rise and/or fall of an emission peak, ratio of emission peak intensities and/or

wavelengths, intensity and/or wavelength of an emission trough, ratio of emission trough

intensities and/or wavelengths, wavelength and/or intensity of a point of inflection, ratio of

point of inflection intensities and/or wavelengths, number of emission peaks, troughs and/or

points of inflection or shape of emission peak.

[0025] Preferably, when excited the security marking emits visible light thereby

minimizing the risk of damage to an operator's eye in the event of accidental exposure to the

excitation radiation and/or light generated by photo-luminescent marking. Since the phosphor

materials preferably comprise down-converting materials the at least one excitation source is

preferably operable to generate excitation radiation of wavelength range 400 to 450nm.

Typically, the at least one excitation source comprises one or more light emitting diodes.

[0026] According to further aspect of the invention a photo-luminescent security



marking comprises a blend of at least two, preferably at least three, phosphor materials in

which each phosphor material is excitable by excitation radiation of a selected wavelength

that is within wavelength range 380 to 780nm. In one arrangement the phosphor materials

have the same host lattice structure. An advantage of a blend of phosphor materials having

the same host matrix is that such a composition makes it more difficult to analyze and

determine the exact phosphor blend to counterfeit the photo-luminescent security marking.

[0027] In one embodiment each phosphor material is excitable by excitation radiation of

the same selected wavelength range. In an another embodiment at least one phosphor material

is only excitable by excitation radiation of a first wavelength range and at least one phosphor

material is excitable by excitation radiation of a second different wavelength range which

overlaps and includes the first wavelength range.

[0028] Preferably, when the marking comprises a blend of at least three phosphor

materials, at least one phosphor material is excitable by excitation radiation of a first

wavelength range, at least one phosphor material is excitable by excitation radiation of a

second wavelength range which overlaps and includes the first wavelength range, and at least

one phosphor material is excitable by excitation radiation of a third wavelength range which

overlaps and includes the first and second wavelength ranges.

[0029] Preferably, when excited the security marking emits visible light thereby

minimizing the risk of damage to an operator's eye in the event of accidental exposure to the

excitation radiation and/or light generated by photo-luminescent marking. Accordingly, the

phosphor materials preferably comprise down-converting materials that are excitable by

excitation radiation of wavelength 400 to 450nm.

[0030] To enable thorough mixing of the phosphor materials each phosphor material

preferably has an average particle size of five microns or less, preferably two microns or less

or one micron or less.

[0031] The photo-luminescent security marking can comprise a blend of inorganic or

organic phosphor materials including aluminate, silicate, nitride, sulfate, oxy-nitride, oxy-

sulfate and garnet based phosphor materials. The marking can comprise a blend of down-

converting and up-converting phosphor materials that are excitable by a respective excitation

source.

[0032] The blend of phosphor materials can be incorporated with a binder material, such

as an ink, and the mixture then applied to the surface of an article or document by for

example ink jet printing, letterpress, intaglio, screen printing or other printing deposition

methods. Alternatively, the blend of phosphor materials can be incorporated in a polymer



material, such as for example a polycarbonate, acrylic or silicone material, which is then

fabricated into sheets or fibers (threads/filaments) which can then be incorporated into a

document or other article such as luxury goods or brand clothing. It is also contemplated to

laminate the blend of phosphor materials between sheets of material, such as a polymer or

paper, in which at least one sheet is transmissive to the excitation radiation and light emitted

by the phosphor materials. The laminated sheet can then be applied to, for example, a

credit/bank/store card or a part of the card composed of laminated sheet. Alternatively, when

the phosphor materials are laminated between paper sheets, the marking can comprise a form

of photo-luminescent "water mark" or be applied to the document in the form of a label. In

yet another arrangement the phosphor materials are applied to a surface of a metal foil, wire

or strip and the foil/wire/strip applied to a surface of the article or incorporated within a

document such as a banknote.

[0033] To further enhance the security of the photo-luminescent marking it is further

contemplated that the phosphor materials be incorporated as part of a bar code or other

encoding scheme. In one arrangement lines (bars) of the bar code comprise different

phosphor blends and the sequence of lines of different phosphor materials can be used as a

further form of coding.

[0034] According to a yet further aspect of the invention there is provided a photo-

luminescent security marking comprising a blend of at least two phosphor materials in which

at least one phosphor material is only excitable by excitation radiation of a first wavelength

range and at least one phosphor material is excitable by excitation radiation of a second

wavelength range which overlaps and includes the first wavelength range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] In order that the present invention is better understood embodiments of the

invention will now be described, by way of example only, with reference to the

accompanying drawings in which:

[0036] Figure 1 is a schematic diagram of an authentication system in accordance with

the invention;

[0037] Figures 2 is a schematic representation of a detector arrangement in accordance

with a first embodiment of the invention;

[0038] Figure 3 is a schematic representation of an optical fiber based detector

arrangement in accordance with a second embodiment of the invention;

[0039] Figure 4 is a schematic representation of an optical fiber based detector



arrangement in accordance with a third embodiment of the invention;

[0040] Figure 5 is a schematic representation of a spectrometer detector arrangement in

accordance with a fourth embodiment of the invention;

[0041] Figure 6 is a schematic diagram of an emission spectrum indicating parameters

used in authenticating the phosphor blend;

[0042] Figure 7(a) shows normalized emission spectra (intensity versus wavelength) for

three phosphor material photo-luminescent security markings of different blends and Figure

7(b) shows the longer wavelength part of the spectra of Figure 7(a);

[0043] Figure 8 shows schematic emission spectra (intensity versus wavelength) for a

photo-luminescent security marking excited by excitation radiation (a) of first and second

wavelengths (b) of a first wavelength only and (c) of a second wavelength only; and

[0044] Figure 9(a) and 9(b) show schematic representations of a photo-luminescent

marking in the form of bar codes.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Embodiments of the invention are directed to a phosphor (photo-luminescent)

material based authentication system in which a blend (mixture) of at least two, preferably

three or more, phosphor materials are used as a photo-luminescent security marking which is

applied to or incorporated within an article/document to be authenticated. Preferably, the

phosphor materials are each excitable by "eye safe" excitation radiation comprising visible

light of wavelength 380nm to 780nm. Moreover, when excited the security marking

preferably also emits visible light thereby substantially eliminating any risk of damage to an

operator's eye in the event of accidental exposure to the excitation radiation and/or light

generated by the photo-luminescent marking. Typically the photo-luminescent security

marking has a characteristic emission spectrum having two or more peaks and

article/document can be verified (authenticated) by verification of the composition of the

phosphor by comparing one or more selected parameters of light emitted by the security

marking with corresponding parameters of the characteristic emission spectrum of the

authentic phosphor blend.

[0046] In this specification a phosphor material that is excitable by excitation radiation

within a selected wavelength range means that the phosphor is capable of being excited by

excitation radiation of a wavelength within the selected wavelength range such that it emits

light of sufficient intensity as to be measurable by a photodetector such as a photodiode. It

does not require that the wavelength range of the excitation radiation be that for a maximum



spectral efficiency.

[0047] Figure 1 is a schematic diagram of an authentication system 10 in accordance

with the invention for verifying the authenticity of an article 12. The article 12 which can, for

example, comprise a document such as a banknote, passport, identity document, admission

ticket (e.g. a lottery, concert ticket etc) or card such as security, credit or identity card, has a

photo-luminescent security marking 14 on a surface thereof. The photo-luminescent security

marking 14 comprises a blend of three phosphor materials 16, 18, 20 which are incorporated

in a binder material 22, such as an ink, and the mixture is then applied to the surface of the

object 12 by for example ink jet printing, letterpress, intaglio, screen printing or other

printing or deposition methods. The blend of phosphor materials can be incorporated with a

binder material, such as an ink, and the mixture then applied to the surface of an article or

document by for example ink jet printing, letterpress, intaglio, screen printing or other

printing deposition methods. Alternatively, the blend of phosphor materials can be

incorporated in a polymer material, such as for example a polycarbonate, acrylic or silicone

material, which is then fabricated into sheets or fibers (threads/filaments) which can then be

incorporated into a document or other article such as luxury goods or brand clothing. It is also

contemplated to laminate the blend of phosphor materials between sheets of material, such as

a polymer or paper, in which at least one sheet is transmissive to the excitation radiation and

light emitted by the phosphor materials. The laminated sheet can then be applied to, for

example, a credit/bank/store card or a part of the card composed of laminated sheet.

Alternatively, when the phosphor materials are laminated between paper sheets, the marking

can comprise a form of photo-luminescent "water mark" or be applied to the document in the

form of a label. In yet another arrangement the phosphor materials are applied to a surface of

a metal foil, wire or strip and the foil/wire/strip applied to a surface of the article or

incorporated within a document such as a banknote.

[0048] In Figure 1 the phosphor materials are respectively indicated by circular 16,

triangular 18 and square 20 symbols. Each phosphor material preferably comprises a down-

converting phosphor that has the same host matrix which when excited by excitation

radiation of wavelength λex give rise to a respective emission peak "a", "b", "c" at a

respective wavelength λa, λ ,, λc in the emission characteristic of the phosphor material blend.

Excitation radiation λex that is not absorbed by the phosphor materials within the photo-

luminescent security marking will be reflected and will give rise to an emission peak "d" at a

wavelength λex .

[0049] The authenticity of the article 12 is verified using a portable, preferably hand



held, authentication device 24 (indicated by a dashed line box in Figure 1) by verifying the

authenticity of the photo-luminescent security marking 14 through one or more selected

parameters of its characteristic emission spectrum. The authentication device 24 comprises an

excitation source 26 which is operable to irradiate the photo-luminescent security marking 14

with excitation radiation 28 of wavelength λex and a detector arrangement 30 for measuring

radiation 32 generated by photo-luminescence of the photo-luminescent security marking 14.

The excitation source 26 and detector arrangement 30 are operated under control of a

controller 34 which can comprise a microprocessor or dedicated circuitry such as a FPGA

(Field Programmable Gate Array). The excitation source 26 preferably comprises one or

more light emitting diodes (LEDs) which generates excitation radiation 28 that is "eye safe"

and within the visible part of the electromagnetic spectrum (i.e. 380 to 780nm) to minimize

damage to an operator's eye in the event that they are exposed to the excitation radiation 28.

The choice of excitation wavelength λex will depend on the composition of the phosphor

blend and whether the phosphor materials are down-converting or up-converting. Preferably,

when excited the security marking emits visible light thereby substantially eliminating any

risk of damage to an operator's eye in the event of accidental exposure to the excitation

radiation and/or light generated by the photo-luminescent marking. Due to their higher

efficiency, the phosphor materials preferably comprise down-converting materials and are

excited by excitation radiation of comprising blue light in a wavelength range 400 to

450nm.When up-converting phosphors are used the excitation radiation can comprise red to

NIR (Near Infra Red) light within a wavelength range λex = 650 to lOOOnm.

[0050] Figure 2 is a schematic representation of a detector arrangement 30 in accordance

with a first embodiment of the invention and comprises a receiving aperture 36, a collimating

lens 38, first and second optical splitters 40, 42, first, second and third optical band pass (BP)

filters 44, 46, 48, first, second and third photo-detectors 50, 52, 54 and first, second and third

analogue to digital (A to D) converters 74, 76, 78. Light 32 emitted/reflected by the article 12

is received by the receiving aperture 36 and is collimated by the collimating lens 38 into a

substantially parallel beam 56 which is incident on the first beam splitter 40. The light 32

emitted by the article 12 will comprise a combination of excitation radiation 28 reflected by

the article/marking and light generated by photo-luminescence of the phosphor materials

within the photo-luminescent security marking 14. The optical splitter 40 can comprise a

partially reflecting mirror such as, for example, a half-silvered mirror which is configured

such that the beam 56 strikes the mirror at an angle of 45° and is divided into two beams 58,

60 of substantially equal intensity. One beam 58 is transmitted by the optical splitter 40 and



the other beam 60 is reflected by the splitter. The light 58 transmitted by the optical splitter

40 is filtered by the first optical band pass (BP) filter 44 and the filtered light transmitted by

the filter is detected by the first photo-detector 50. The first optical band pass filter 44 has an

optical transmission pass band that corresponds to the expected first emission peak "a" such

that in operation the first photo-detector 50 will measure the intensity of light corresponding

to the first emission peak "a", that is light centered at the wavelength λa. The first photo-

detector thus produces an electrical signal (Va) 66 whose magnitude (voltage) is related to the

intensity of light at the wavelength λa.

[0051] Each of the optical band pass filters 44, 46, 48 can comprise a gel filter that

comprises various inorganic or organic compounds incorporated in a glass or plastics

material, typically a polycarbonate or acrylic. Alternatively, the filters 44, 46, 48 can

comprise dichroic filters in which multiple optical layers are deposited on a transparent

substrate, typically a glass substrate. Whilst dichroic filters offer a superior optical

performance in terms of a very precise pass band, they are more expensive to fabricate and it

is preferred for economy to use gel filters whenever appropriate.

[0052] The light 60 reflected by the first optical splitter 40 is further divided by the

second optical splitter 42 into two beams 62, 64 of substantially equal intensity, one of which

is reflected 62 and one which is transmitted 64. Light 62 reflected by the second splitter 42 is

filtered by the second optical band pass filter 46 and the filtered light transmitted by the filter

is detected by the second-photo detector 52. The second optical band pass filter has an

optical pass band characteristic that corresponds to the second emission peak "b" such that in

operation the second photo detector 52 will measure the intensity of light corresponding to

the second emission peak "b", that is light of wavelength centered at the wavelength λb The

second photo-detector 52 thus produces an electrical signal (Vb) 68 whose magnitude

(voltage) is related to the intensity of light at the wavelength λb

[0053] The light 64 transmitted by the second optical splitter 42 is filtered by the third

optical band pass filter 48 and the filtered light transmitted by the filter is detected by the

third photo-detector 54. The third optical band pass filter 48 has an optical pass band

characteristic that corresponds to the third emission peak "c" such that in operation the third

photo-detector 54 will measure the intensity of light corresponding to the third emission peak

"c", that is light centered at the wavelength λc. The third photo-detector thus produces an

electrical signal (Vc) 70 whose magnitude (voltage) is related to the intensity of light at the

wavelength λc.

[0054] The electrical signals 66, 68, 68 generated by the photo-detectors 50, 52, 54,



which are voltages Va, Vb, Vc that are respectively related to the intensity of light centered at

the wavelengths λa, λb, λc, are converted into numeric values representative of the measured

intensity by a respective analogue to digital (A to D) converter 74, 76 78. The numeric values

are read by the processor 34 over a data bus 80.

[0055] In operation the processor 34 compares the ratios of the three numeric values

(e.g. voltages Va:Vb, Vb:Vc, Va:Vc, Va:Vb:Vc) with the corresponding ratios expected for the

authentic phosphor blend and if they correspond within pre-selected limits (margins) the

photo-luminescent security marking 14, and hence article 12, are deemed to be authenticated.

The authentication device 24 indicates to a user that the marking is authenticated by means of

an indicator 35 (See Figure 1) such as an audible indicator (a beep), a visual indicator such as

a particular color light (e.g. green) or by another physical indicator such as a low frequency

vibration which can be felt by an operator. In the event that the measured ratios are not within

prescribed limits, the device preferably generates a corresponding negative indicator 35 (e.g.

a red light).

[0056] Optionally, the detector arrangement 30 can further comprise an optical filter 82

for blocking the excitation radiation λex . As indicated in Figure 2 the filter 82 can be provided

between the collimating lens 38 and the first optical splitter 40 or provided as a part of the

receiving aperture 36. When the photo-luminescent marking comprises a blend of down-

converting phosphor materials the filter 82 has an optical characteristic that will transmit light

of wavelengths longer than λex substantially unattenuated whilst substantially blocking light

of wavelength equal to or shorter than x .

[0057] It will be appreciated that since the measured light 32 is divided (split) on the

basis of intensity (power) the light intensities measured by the photo-detectors 50, 52, 54 will

not be absolute intensity values. For example, as a result of the first optical splitter 40, the

intensity value measured by the photo-detector 50 will be approximately half the value for the

light received by the receiving aperture 36 whilst the intensity values measured by the photo-

detectors 52, 54 will be approximately a quarter of their actual value due to the effect of the

second optical splitter 42. As a result the values can be scaled by the processor 34 before

calculating the relative ratios of peak intensities or the authentication device 24 can be

calibrated using a reference security marking composed of an authentic blend of phosphors.

Moreover, due to the optical power dividing arrangement the band pass of the first optical

band pass filter 44 is selected to correspond to the peak with the lowest expected intensity.

[0058] In other embodiments the detector arrangement 30 can further include an

additional optical splitter, optical band pass filter and photo-detector for measuring the



intensity of light corresponding to the excitation wavelength λex. With such an arrangement

the device can verify the authenticity of the emission spectra on the basis of the magnitude of

the emission peaks "a", "b", "c" that have been normalized to the magnitude of the excitation

radiation peak.

[0059] As well as detector arrangements 30 that use free space optics such as that

illustrated in Figure 2 it is also contemplated in other embodiments to use optical

arrangements in which the light is guided within an optical medium such as an optical fiber or

a solid state waveguide. An advantage of waveguided arrangements is that they enable

fabrication of a more compact detector arrangement that is less susceptible to vibration or

shock. An example of such a detector arrangement 330 is shown in Figure 3. Like reference

numerals preceded by the first figure number corresponding to a given embodiment are used

to denote like parts. For example the photo-detectors 50, 52, 54 of Figure 2 are respectively

denoted 350, 352, 354 in Figure 3.

[0060] Figure 3 is a schematic representation of an optical fiber based detector

arrangement 330 that is functionally equivalent to the detector arrangement 30 of Figure 2.

Light 32 received by the receiving aperture 36 is coupled, by a collimating lens 338, into a

first optical fiber 384. The light 356 is guided by the first optical fiber 384 to a first optical

splitter 340 where it is divided equally between second and third optical fibers 386 and 388

respectively. The optical splitter 340 typically comprises a fused fiber splitter/coupler. Light

358 within the second optical fiber 386 is filtered by a first optical band pass filter 344 and

light transmitted by the filter detected by the first photo-detector 350.

[0061] Preferably the optical band pass filters 344, 346, 348 comprise an optical fiber

Bragg grating. As is known a fiber Bragg grating comprises a periodic perturbation of the

effective refractive index in the core of an optical fiber. Typically, the perturbation is

approximately periodic over a certain length (e.g. a few millimeters or centimeters) and the

period is of the order of hundreds of nanometers. Fiber Bragg gratings are created by

"inscribing" or "writing" the periodic variation of refractive index into the core of an optical

fiber using an intense ultraviolet (UV) source such as a UV laser (e.g. KrF or ArF excimer

laser) which induces structural changes and thus a permanent modification of the refractive

index. An advantage of using optical fiber gratings is that it possible to fabricate a band pass

filter with a very narrow pass band (of the order of lnm) enabling the detector arrangement to

discriminate between closely wavelength spaced peaks.

[0062] The first fiber Bragg grating 344 has an optical transmission pass band

characteristic (determined by the grating structure) that allows the substantially unattenuated



transmission of light with a wavelength corresponding to the expected first emission peak "a"

whilst reflecting light of other wavelengths (that is light including the emission peaks "b",

"c" and "d"). Consequently, in operation the first photo-detector 350 will measure the

intensity of light corresponding to the first emission peak "a" that is light of wavelength

centered at the wavelength λa. The first photo-detector 350 thus produces an electrical signal

(Va) 366 whose magnitude (voltage) is related to the intensity of light at the wavelength λa.

[0063] Light 360 within the third optical fiber 388 is further divided by a second optical

splitter 342 equally into fourth and fifth optical fibers 390 and 392 respectively. Light 362

within the fourth optical fiber 390 is filtered by the second optical band pass filter (fiber

Bragg grating) 346 and the filtered light transmitted by the filter is detected by the second-

photo detector 352. The second optical band pass filter 346 has an optical pass band

characteristic (determined by the grating structure) that corresponds to the second emission

peak "b" such that in operation the second photo detector 352 will measure the intensity of

light corresponding to the second emission peak "b", that is light with a wavelength centered

at the wavelength λb The second photo-detector 352 thus produces an electrical signal (Vb)

368 whose magnitude (voltage) is related to the intensity of light at the wavelength λb

[0064] Light 364 within the fifth optical fiber 392 is filtered by the third optical band

pass filter 348 and the filtered light transmitted by the filter is detected by the third photo-

detector 354. The third optical band pass filter (fiber Bragg grating) 348 has an optical pass

band characteristic that corresponds to the third emission peak "c" such that in operation the

third photo-detector 354 will measure the intensity of light corresponding to the third

emission peak "c", that is light with a wavelength centered at the wavelength λc. The third

photo-detector 354 thus produces an electrical signal (Vc) 370 whose magnitude (voltage) is

related to the intensity of light at the wavelength λc.

[0065] The electrical signals 366, 368, 370 generated by the photo-detectors 350, 252,

354 which comprise voltages Va, Vb, Vc which are respectively related to the intensity of light

at wavelengths λa, λb, λc, are converted into numeric values representative of the measured

intensity by a respective analogue to digital (A to D) converter 374, 376 378. The numeric

values are read by the processor 34 over the data bus 80.

[0066] In operation the processor 34 compares the ratios of the three numeric values

(e.g. voltages Va:Vb, Vb:Vc, Va:Vc, Va:Vb:Vc) with the ratios expected for the authentic

phosphor blend and if they correspond within pre-selected limits (margins) the photo-

luminescent security marking 14, and hence article 12, are deemed to be authenticated.

[0067] In addition to detector arrangements in which the detected light is divided (split)



on the basis of intensity (power) it is also contemplated in other embodiments to divide the

measured light on the basis of wavelength range. Figure 4 is a schematic representation of an

optical fiber based detector arrangement 330 in which an optical circulator 494 and fiber

Bragg grating filters 444, 446, 448 are used to divide the received light 32 on the basis of

wavelength range rather than intensity. Like reference numerals preceded by the figure

number are used to denote like parts. For example the photo-detectors 350, 352, 354 of

Figure 3 are respectively denoted 450, 452, 454 in Figure 4.

[0068] Light 32 received by the receiving aperture 436 is coupled, by the collimating

lens 438, into the first optical fiber 484. The light 456 is guided by the first optical fiber 484

to a first port 1 of a four port optical circular 494. As is known an optical circulator is a

multiport optical fiber component that allows light to travel in only one direction e.g. from

port 1 to port 2, then from port 2 to port 3 and so forth. As a result if light emitted from port 2

is reflected back to the circulator, it is directed not back to port 1, but on to port 3. An

advantage of an optical circulator is that it has high isolation of the input and reflected optical

powers and a very low insertion loss.

[0069] The light 456 exits the second port 2 of the optical circulator 494 and travels

along the second optical fiber 486 to the first fiber Bragg grating 444. The first fiber Bragg

grating 444 has an optical transmission pass band characteristic (determined by the grating

structure) that allows the substantially unattenuated transmission of light corresponding to the

expected first emission peak "a" whilst reflecting light 496 of other wavelengths (that is light

including the emission peaks "b", "c" and "d"). Consequently, in operation the first photo-

detector 450 will measure the intensity of light corresponding to the first emission peak "a"

that is light with a wavelength centered at the wavelength λa. The first photo-detector 450

thus produces an electrical signal (Va) 466 whose magnitude (voltage) is related to the

intensity of light at the wavelength λa.

[0070] Light 496 reflected by the first fiber Bragg grating 444 travels back along the

first fiber 486 to the second port 2 of the optical circulator 494 and exits the third port 3 of the

optical circulator into a fourth optical fiber 490. The light 496 travels along the fourth optical

fiber 490 to the second fiber Bragg grating 446. The second fiber Bragg grating 446 has an

optical transmission pass band characteristic (determined by the grating structure) that allows

the substantially unattenuated transmission of light corresponding to the expected second

emission peak "b" whilst reflecting light 498 of other wavelengths (that is light including the

emission peaks "c" and "d"). Consequently, in operation the second photo-detector 452 will

measure the intensity of light corresponding to the second emission peak "b", that is light



with a wavelength centered at the wavelength λ , . The second photo-detector 452 thus

produces an electrical signal (Vb) 468 whose magnitude (voltage) is related to the intensity of

light at the wavelength λt,.

[0071] Light 498 reflected by the second fiber Bragg grating 446 travels back along the

fourth optical fiber 490 to the third port 3 of the optical circulator 494 and exits the fourth

port 4 of the optical circulator into a fifth optical fiber 492. The light 498 travels along the

fifth optical fiber 492 to the third fiber Bragg grating 448. The third fiber Bragg grating 448

has an optical transmission pass band characteristic (determined by the grating structure) that

allows the substantially unattenuated transmission of light corresponding to the expected

third emission peak "c" whilst reflecting light of other wavelengths (that is light including the

emission peak "d"). Consequently, in operation the third photo-detector 454 will measure the

intensity of light corresponding to the third emission peak "c" that is light with a wavelength

centered at the wavelength λc. The third photo-detector 454 thus produces an electrical signal

(Vc) 470 whose magnitude (voltage) is related to the intensity of light at the wavelength λc.

[0072] The electrical signals 466, 468, 470 generated by the photo-detectors 450, 452,

454, which comprise voltages Va, Vb, Vc which are respectively related to the intensity of

light at wavelengths λa, λ ,, λc, are converted into numeric values representative of the

measured intensity by a respective analogue to digital (A to D) converter 474, 476 478. The

numeric values are read by the processor 34 over a data bus 80.

[0073] In operation the processor 34 compares the ratios of the three numeric values

(e.g. voltages voltages Va:Vb, Vb:Vc, Va:Vc, Va:Vb:Vc) with the corresponding ratios expected

for the authentic phosphor blend and if they correspond within pre-selected limits (margins)

the photo-luminescent security marking 14, and hence object 12, are deemed to be

authenticated.

[0074] It is further contemplated in other detector arrangements to divide the measured

light on the basis of wavelength range using other optical components such as bifringent

optical splitters.

[0075] In each of the detector arrangements described (i.e. those of Figures 2, 3 and 4)

the authenticity of the photo-luminescent security marking 14 is verified by comparing the

ratios and/or normalized magnitudes of the measured emission peaks with those expected for

an authentic phosphor blend to verify that they are within pre-selected margins. Whilst such

detector arrangements are relatively simple and inexpensive to implement it will be

appreciated that the wavelengths ( , λ ,, λc) at which the detector arrangement measures light

intensity are fixed by the optical characteristics of the band pass filters. As a result such



detector arrangements are only suitable for verifying a photo-luminescent security marking

with a single phosphor blend. In other embodiments it is contemplated that the detector

arrangement comprises a spectrometer arrangement that is capable of measuring the emission

spectrum (intensity versus wavelength) of light 32 emitted by the photo-luminescent marker.

As will be described in such a detector arrangement the processor 34 can compare other

selected parameters of the emitted spectrum with corresponding parameters expected from

the authentic phosphor blend to verify the photo-luminescent security marking. Moreover, it

will be appreciated that such a detector arrangement can, depending upon its resolution, be

used to verify the authenticity of photo-luminescent security markings composed of almost

any phosphor blends.

[0076] Figure 5 is a schematic representation of a spectrometer detector arrangement

530 that uses a prism 5100 to separate wavelength components of the measured light 32. The

detector arrangement comprises a receiving aperture 536, typically in the form of a slot (slit),

a convex cylindrical lens 538, a prism 5100 and an image sensor 5102. Light 32 emitted by

the object 12 is received by the receiving aperture 536 and is collimated by the lens which

light 556 is incident on a face of the prism 5100. As is known the prism resolves light into

spectral components 5104 dependent on the wavelength of light and these components are

detected by the image sensor 5100. The image sensor 5100, which can comprise a charge

coupled device (CCD) or complementary metal oxide semiconductor (CMOS) device,

measures the intensity of light over a wavelength range which typically corresponds to the

visible part of the spectrum. The emission spectrum measured by the image sensor 5100 is

passed to the processor 34 over the data bus 80 which then analyzes it and compares selected

parameters of the spectrum with corresponding parameters of a standard spectrum to

authenticate an object. It will be appreciated that in other arrangements the measured light

can be spatially resolved into spectral components using an optical grating or an array

waveguide grating (AWG). Additionally, scanning spectrometer arrangements can be used in

which the prism or grating is moved such as to scan the light over the sensor. In such an

arrangement the sensor can then comprise a simple photodetector.

[0077] Although the ratio of emission peaks is a preferred authenticating parameter other

parameters can be used to verify the authenticity of the light emitted by the photo-

luminescent marking. Examples of such parameters are illustrated in Figure 6. The spectrum

in Figure 6 has three peaks "a", "b", "c" at wavelengths (λa, λ ,, λc) and peak intensities (Ia, Ib,

Ic), three troughs "d", "e", "f ' at wavelengths (λ , λe, λf) and trough intensities (Ia, Ie, If) and

one point of inflection "g" at wavelength (λg) and of intensity (Ig) . The selected parameters



can include but are not limited to:

• the actual wavelength (λa, λj,, λc) and/or intensity (Ia, Ib, Ic) of emission peaks,

• the actual wavelength (λ , λe, λf) and/or intensity (Ia, Ie, If) of emission troughs,

• the wavelength (λg) and/or intensity (Ig) corresponding to points of inflection in the

emission spectrum,

• the rate of rise of emission peaks (dVdλ),

• the rate of fall of emission peaks (dVdλ),

• ratio of emission peak intensities (e.g. Ia:Ib:Ic, Ia:Ib, Ib:Ic, Ia:Ic),

• ratio of emission peak wavelengths (e.g. λa:λb:λc, λa:λb, λbλ
C

λa:λc),

• ratio of emission peak intensity to emission trough intensity (e.g. Ia:Ia, Ib:Id, Ib:Ie, Ic:Ie,

• ratio of emission peak wavelength to emission trough wavelength (e.g. λa:λ , λb λ ,

λb:λe, λc:λe, λc:λf, λa:λe, λa:λf, λb λf),

• peak line width (i.e. full width at half-maximum FWHM),

• ratio of peak line widths and

• rate of decay of phosphor photo-luminescence when the excitation source is switched

off (not shown in Figure 6).

[0078] A s described a photo-luminescent security marking in accordance with the

invention comprises a blend of at least two, preferably at least three, phosphor materials such

that the blend produces an identifiable emission spectrum when excited by excitation

radiation that is "eye safe". Preferably, the different phosphor materials have the same host

matrix with differing activators and/or co-activators or differing concentrations. An

advantage of a blend of phosphor materials having the same host matrix is that such a

composition makes it more difficult to analyze and reverse engineer the phosphor blend to

counterfeit the photo-luminescent security marking.

[0079] It is preferable that the constituent phosphor materials have a small particle size

to ensure better miscibility between the various materials. Preferably, the phosphor blends of

the invention consist of phosphor particles whose average particle size (diameter) is smaller

than 5 microns (µm), preferably smaller than 2µm and optionally smaller than l µm.

[0080] Figures 7(a) and 7(b) show normalized emission spectra for four different weight

ratio blends of three phosphor materials P R , P G , P B - The phosphor materials respectively

comprise (i) P R a europium (Eu) activated yttrium oxide Y i 94EU0 06O3 which generates red

light of wavelength λR=612nm, (ii) P Q a europium/manganese (Mn) activated barium

magnesium aluminate Bao9EuoiMgo6Mno4Alio θ 7 which generates green light of wavelength



λG=514nm and (iii) P B a europium activated barium magnesium aluminate

Ba0 9EU0 iMgAlioOn which generates blue light of wavelength λB=444 to 445nm. The four

phosphor blends respectively comprise weight ratio blends of the phosphors P R , P G , P B of:

blend 1 - 4/1/1, blend 2 - 8/1/1, blend 3 - 8/2/1 and blend 4 - 16/2/1. The photo-luminescent

security marking was excited by excitation radiation of wavelength λex=400nm generated by

an indium gallium nitride (InGaN) based LED. The emission spectra have been normalized to

the second emission peak corresponding to light generated by the green phosphor PG

(Ba 0 9EuO iMg 0 6Mn0 4AI10O7). Figure 7(b) is a portion of spectra at longer wavelengths

showing the third emission peak in greater detail. Table 1 tabulates respective values for the

normalized intensities IB , IG , IR of the emission peaks and the normalized intensity IR/G of the

trough between the first and second emission peaks together with ratios of the emission peaks

and emission peaks to the emission trough.

Table 1. Normalized peak intensity and ratio of normalized peak intensities for different
weight ratio blends of three phosphors P R, P G and P B .

[0081] It will be apparent from Table 1 that each phosphor blend has a characteristic set

of parameters (i.e. ratio of normalized intensities). Figure 7 illustrates how different weight

ratio blends of the phosphor materials produce a respective emission spectrum in which the

wavelengths of the peaks and/or troughs are substantially unchanged but which have a

characteristic ratio of emission peak intensities and/or ratio of emission peak to trough

intensities. A particular benefit of using different weight ratio blends of the same phosphor

materials is that since each will produce peaks and/or trough at the substantially the same

wavelength a simple optical detector arrangement that measures intensity for selected

wavelength ranges, such as those illustrated in Figures 2, 3 and 4, can be utilized.

[0082] The authentication system of the invention is particularly suited for use with

inorganic phosphors such as for example silicate-based phosphor of a general composition

A3Si(O,D) 5 or A 2Si(O,D) 4 in which Si is silicon, O is oxygen, A comprises strontium (Sr),

barium (Ba), magnesium (Mg) or calcium (Ca) and D comprises chlorine (Cl), fluorine (F),

nitrogen (N) or sulfur (S). Examples of silicate-based phosphors are disclosed in our co-

pending patent applications US2006/0145123, US2006/0261309, US2007/0029526 and



patent US 7,311,858 (also assigned to Intematix Corporation) the content of each of which is

hereby incorporated by way of reference thereto.

[0083] As taught in US2006/0145123, a europium (Eu2+) activated silicate-based green

phosphor has the general formula (Sr,Ai) x(Si,A2)(O,A3)2+χ:Eu2+ in which: Ai is at least one of

a 2+ cation, a combination of I+ and 3+ cations such as for example Mg, Ca, Ba, zinc (Zn),

sodium (Na), lithium (Li), bismuth (Bi), yttrium (Y) or cerium (Ce); A is a 3+, 4+ or 5+

cation such as for example boron (B), aluminum (Al), gallium (Ga), carbon (C), germanium

(Ge), N or phosphorus (P); and A 3 is a 1 , 2 or 3 anion such as for example F, Cl, bromine

(Br), N or S. The formula is written to indicate that the Ai cation replaces Sr; the A2 cation

replaces Si and the A 3 anion replaces oxygen. The value of x is an integer or non-integer

between 1.5 and 2.5.

[0084] US 7,31 1,858 discloses a silicate-based yellow-green phosphor having a formula

A2SiO Eu2+ D, where A is at least one of a divalent metal comprising Sr, Ca, Ba, Mg, Zn or

cadmium (Cd); and D is a dopant comprising F, Cl, Br, iodine (I), P, S and N. The dopant D

can be present in the phosphor in an amount ranging from about 0.01 to 20 mole percent and

at least some of the dopant substitutes for oxygen anions to become incorporated into the

crystal lattice of the phosphor. The phosphor can comprise (Sri_x_yBaxMy)Siθ 4:Eu2+D in

which M comprises Ca, Mg, Zn or Cd and where O≤x≤ l and O≤y≤ l .

[0085] US2006/0261309 teaches a two phase silicate-based phosphor having a first

phase with a crystal structure substantially the same as that of (Ml) 2SiO ; and a second phase

with a crystal structure substantially the same as that of (M2)3SiOs in which M l and M2 each

comprise Sr, Ba, Mg, Ca or Zn. At least one phase is activated with divalent europium (Eu )

and at least one of the phases contains a dopant D comprising F, Cl, Br, S or N . It is believed

that at least some of the dopant atoms are located on oxygen atom lattice sites of the host

silicate crystal.

[0086] US2007/0029526 discloses a silicate-based orange phosphor having the formula

(Sri_xMx)yEuzSiθ 5 in which M is at least one of a divalent metal comprising Ba, Mg, Ca or

Zn; 0<x<0.5; 2.6<y<3.3; and 0.001<z<0.5. The phosphor is configured to emit visible light

having a peak emission wavelength greater than about 565 nm.

[0087] The phosphor can also comprise an aluminate-based material such as is taught in

our co-pending patent application US2006/0158090 and patent U S 7,390,437 (also assigned

to Intematix Corporation) or an aluminum-silicate phosphor as taught in co-pending

application US2008/01 11472 the content of each of which is hereby incorporated by way of

reference thereto.



[0088] US2006/0158090 teaches an aluminate-based green phosphor of formula

Mi_xEuxA ly0 [i+3y/2] in which M is at least one of a divalent metal comprising Ba, Sr, Ca, Mg,

Mn, Zn, Cu, Cd, Sm or thulium (Tm) and in which 0.1<x<0.9 and 0.5 <y <12.

[0089] U S 7,390,437 discloses an aluminate-based blue phosphor having the formula

(Mi_xEux)2-zMgzAly0[2+3y/2] in which M is at least one of a divalent metal of B a or Sr. In one

composition the phosphor is configured to absorb radiation in a wavelength ranging from

about 280 nm to 420 nm, and to emit visible light having a wavelength ranging from about

420 nm to 560 nm and 0.05<x<0.5 or 0.2<x<0.5; 3 < y <12 and 0.8 < z <1.2. The phosphor

can b e further doped with a halogen dopant H such as Cl, Br or I and b e of general

composition (M 1-xEux)2-zM gzA lyO [2+3y/2] :H.

[0090] US2008/01 11472 teaches an aluminum-silicate orange-red phosphor with mixed

divalent and trivalent cations of general formula (Sri_x_yMχTy)3-mEum(Sii- zA lz)θ 5 in which M

is at least one divalent metal selected from Ba, M g or Ca in an amount ranging from 0<x<0.4;

T is a trivalent metal selected from Y , lanthanum (La), Ce, praseodymium (Pr), neodymium

(Nd), promethium (Pm), samarium (Sm), gadolinium (Gd), terbium (Tb), dysprosium (Dy),

holmium (Ho), Erbium (Er), Tm, ytterbium (Yt), lutetium (Lu), thorium (Th), protactinium

(Pa) or uranium (U) in an amount ranging from 0<y<0.4 and z and m are in a range 0<z<0.2

and 0.001<m<0.5. The phosphor is configured such that the halogen resides on oxygen lattice

sites within the silicate crystal.

[0091] The phosphor can also comprise a nitride-based red phosphor material such as is

taught in our co-pending provisional patent application 61/054,399 the content of which is

hereby incorporated by way of reference thereto. 61/054,399 teaches a nitride-based red

phosphor having the formula M mM aMbD3WN [(2/3)m+z+a+(4/3)b-w]Zx where M m is a divalent

element selected from beryllium (Be), Mg, Ca, Sr, Ba, Zn, Cd or mercury (Hg); M a is a

trivalent element selected from B, Al, Ga, In, Y , Se, P , As, La, Sm, antimony (Sb) or Bi; M b

is a tetravalent element selected from C, Si, Ge, tin (Sn), Ni, hafnium (Hf), molybdenum

(Mo), tungsten (W), Cr, Pb, T i or zirconium (Zr); D is a halogen selected from F , Cl, Br or I ;

Z is an activator selected from Eu, Ce, Mn, Tb or Sm, and N is nitrogen in amounts

0.01<m<1.5, 0.01<a<1.5, 0.01<b<1.5, O.OOOl≤w ≤O.6 and 0.0001<z<0.5. The phosphor is

configured to emit visible light with an emission peak wavelength greater than 640nm.

[0092] It will be appreciated that the phosphor is not limited to the examples described

herein and can comprise any phosphor material including both up-converting or down-

converting phosphors that are organic or inorganic phosphor materials such as for example

nitride and/or sulfate phosphor materials, oxy-nitrides and oxy-sulfate phosphors or garnet



materials (YAG).

[0093] It is contemplated, in other embodiments, to use two or more individually

operable excitation sources (LEDs) 26 to excite the photo-luminescent security marking with

different wavelength excitation radiation and to measure the emission spectra and/or selected

parameter(s) of the emission spectra for the various combinations of operation of the

excitation sources. Operating the excitation sources in different combinations/permutations

and measuring the emission spectrum and/or selected parameter(s) provides a further level of

security for verifying the authenticity of the photo-luminescent security marking. In such an

arrangement each source 26 when operated generates excitation radiation with a respective

wavelengths λexi λ
eX2

and can comprise, for example, LEDs that emit excitation radiation of

400nm and 465nm. Examples of LEDs and their emission wavelengths are given in Table 2.

Table 2. Light emitting diodes (LEDs) and emission wavelengths λex.

[0094] In such a system the photo-luminescent security marking comprises a blend of (i)

at least one phosphor material that is only excitable by excitation radiation of a first

wavelength λex i (e.g. 400nm) and (ii) at least one phosphor material that is excitable by

radiation of both excitation wavelengths λexi and λ
eX2

(e.g. excitation radiation within a

wavelength range 400 to 465nm). In other words one phosphor material is only excitable by

excitation radiation of a first wavelength range and one phosphor material is excitable by

excitation radiation of a second wavelength range which overlaps and includes the first

wavelength range. Each phosphor material when excited emits light with a respective

emission peak (Pl, P2) at a respective different wavelength. Examples of suitable phosphor



materials are given in Tables 3 and 4.

Table 3. Examples of phosphors that are excitable by excitation radiation of a first
wavelength λex i (e.g. 400nm).

Table 4. Examples of phosphors that are excitable by both excitation radiation of a first
wavelength λeXi (e.g. 400nm) and second wavelength λ

eX2
(e.g. 465nm).

[0095] Operation of such an authentication system will now be described with reference

to Figure 8 which shows schematic emission spectra for a photo-luminescent security

marking excited by excitation radiation (a) of the first and second wavelengths λexi and λ
eX2

(b) of the first wavelength λexi only and (c) of the second wavelength λ
eX2

only. In operation

when both excitation sources are activated and the photo-luminescent security marking is

irradiated with excitation radiation of both wavelengths λexi and λ
eX2

, the emission spectrum

(as shown in Figure 8(a)) will be the sum of emissions from the two phosphor materials in

which there will be a proportionally larger contribution from the second phosphor material

since this is excitable by excitation radiation of both wavelengths. When the photo-

luminescent security marking is irradiated with excitation radiation of the first wavelength

only, the emission spectrum (as shown in Figure 8(b)) will again be the sum of emissions

from the first and second phosphor materials but with a relatively weaker contribution from

the second phosphor material. Finally when the photo-luminescent security marking is

irradiated with excitation radiation of the second wavelength only, the emission spectrum (as

shown in Figure 8(c)) will contain only a contribution from the second phosphor material.

Thus by operating the excitation sources in different combinations/permutations and

measuring the emission spectrum and/or selected parameter(s) of the emission spectrum, such

for example the ratio of the intensities of the first and second emission peaks, this provides a

further level of security for verifying the authenticity of the photo-luminescent security



marking. The different combinations of "on" and "off" for the two excitation sources can be

programmed into the microprocessor.

[0096] In yet a further embodiment it is contemplated to use three individually operable

excitation sources to excite the photo-luminescent security marking and to measure the

emission spectrum and/or selected parameters of the emission spectrum for various

combinations of actuated sources. For example each excitation source can comprise an LED

which is operable to generate excitation radiation of a respective excitation wavelength λex i,

λ
eX2

and λ
eX3

(e.g.400nm, 465mn and 525nm). In such an arrangement the photo-luminescent

security marking comprises a blend of (i) at least one phosphor material that is only excitable

by radiation of the first wavelength λexi (e.g. 400nm), (ii) at least one phosphor material that

is excitable by radiation of both the first λexi and λ
eX2

second wavelengths (e.g. excitation

radiation with a wavelength range 400 to 460nm), and (iii) at least one phosphor material that

is excitable by radiation of all excitation wavelengths λex i λ
eX2

and λ
eX

3 (e.g. excitation

radiation with a wavelength range 400 to 510nm). In general the phosphor materials each

have an emission peak at a respective different wavelength.

Table 5. Examples of phosphors that are excitable by excitation radiation of a first
wavelength λexi (e.g. 400nm), second wavelength λex2 (e.g. 465nm) and third wavelength λ

eX
3

(e.g. 520nm).

[0097] With three excitation sources there are seven different combinations in which the

excitation sources can be operated these being:

• excitation source one only (λexi),

• excitation source two only (λex2),

• excitation source three only (λeX3),

• excitation sources one and two (λexi+λex2),



• excitation sources one and three (λeχi+λeχ3),

• excitation sources two and three (λeχ2+λeχ3) and

• all three excitation sources (λeχi+λeχ2+λeχ3).

[0098] In operation when all three excitation sources are operable and the photo-

luminescent security marking is irradiated with excitation radiation of all three wavelengths

λexi, λ
eX2

, λex3, the emission spectrum will be the sum of emissions from the three phosphor

materials in which there will be a proportionally larger contribution from the second and third

phosphor materials since each of these is excitable by excitation radiation of at least two

wavelengths (λex i and λ
eX2

) . When only the first excitation source is operated, the photo-

luminescent security marking is irradiated with excitation radiation of the first wavelength

λexi only and the emission spectrum will again be the sum of emissions from the three

phosphor materials but with a relatively weaker contribution from the second and third

phosphor materials. When only the second excitation source is operated, the photo-

luminescent security marking is irradiated with excitation radiation of the second wavelength

λ
eX2

only and the emission spectrum will be the sum of emissions from the second and third

phosphor material only. When only the third excitation source is operated, the photo-

luminescent security marking is irradiated with excitation radiation of the third wavelength

λ
eX

3 only and the emission spectrum will correspond to emission from the third phosphor

material only. When the first and second excitation sources are operable, the photo-

luminescent security marking is irradiated with excitation radiation of wavelengths λex i, λ
eX2

,

and the emission spectrum will be the sum of emissions from the three phosphor materials in

which the contribution from the third phosphor material with be lower than the situation

when all three sources are operable. When the first and third excitation sources are operable,

the photo-luminescent security marking is irradiated with excitation radiation of wavelengths

λe
Xl

, λ
eX

3, and the emission spectrum will be the sum of emissions from the three phosphor

materials in which the contribution from the third phosphor material will be higher than the

situation in which the first and second are operable. Finally, when the second and third

excitation sources are operable, the photo-luminescent security marking is irradiated with

excitation radiation of wavelengths λ
eX2

, λ
eX

3, and the emission spectrum will be the sum of

emissions from the second and third phosphor materials in which the magnitude of each

contribution is lower since the second phosphor is excited by radiation of a single wavelength

and the third phosphor is excited by radiation of two wavelengths. As a result the photo-

luminescent marking can produce up to seven different emission spectra depending on which

excitation sources are operable.



[0099] It will be appreciated that the present invention is not restricted to the specific

embodiments described and that variations can be made that are within the scope of the

invention. For example, in other embodiments it is contemplated that the photo-luminescent

security marking 14 incorporates a further security device such as for example a bar code.

Photo-luminescent security markings in the form of a bar code are shown in Figures 9(a) and

9(b). As is known a bar code comprises a series of parallel lines (bars) whose width and/or

spacing is used to encode data. As shown in Figure 9(a), and in accordance with the

invention, a photo-luminescent bar code marking comprises a series of parallel lines 106 that

are composed of an ink containing a blend of at least two phosphor materials. The photo-

luminescent bar code marking 14 can be read using a conventional bar code scanner

arrangement that uses light that does not excite the phosphor materials and the phosphor

marking verified using the authentication device described above. In other arrangements as

illustrated in Figure 9(b) the bar code can comprise a series of bars 106, 108, 110 containing

different phosphors and/or phosphor blends. With such a photo-luminescent security marking

the authentication device preferably scans the bar code with excitation radiation and the

emission spectrum is measured for individual bars and/or selected groups of bars. The bars

106, 108, 110 containing different phosphor materials can be arranged in a set sequence or

their sequence encoded by for example linking their sequence to the bar coding. In one

arrangement bars of a specific width can comprise a respective phosphor or phosphor blend.

In other arrangements the photo-luminescent marking can be provided in the spaces between

lines of the bar code. It will be appreciated that the photo-luminescent marking of the

invention can be incorporated into other forms of coding such as a matrix code, essentially a

2-dimensional bar code, in which data is encoded in the form of a pattern of dots, squares and

other geometric symbols.



CLAIMS

What is claimed is:

1. A method of authenticating a photo-luminescent security marking in which an authentic

security marking comprises a blend of at least two phosphor materials that are excitable by

excitation radiation of a selected wavelength that is within a wavelength range 380 to 780nm and

which when excited has a known emission characteristic, the method comprising:

a) irradiating the marking with excitation radiation of the selected wavelength,

b) measuring at least one selected parameter of light emitted by the marking, and

c) comparing the at least one measured parameter with a corresponding parameter of the

known emission characteristic and verifying the authenticity of the marking if the parameters are

within prescribed limits.

2 . The method of Claim 1, wherein the marking comprises at least one phosphor material

which is only excitable by excitation radiation of wavelength within a first wavelength range and

at least one phosphor material which is excitable by excitation radiation of wavelength within a

second different wavelength range which overlaps and includes the first wavelength range, the

method comprising:

a) irradiating the marking with excitation radiation of wavelength within the first

wavelength range and measuring at least one selected parameter of light emitted by the marking,

b) irradiating the marking with excitation radiation of wavelength that is within the

overlapping region of the first and second wavelength ranges and measuring at least one selected

parameter of light emitted by the marking,

c) irradiating the marking with excitation radiation of wavelength within a part of the

second wavelength range that does not overlap the first wavelength range and measuring at least

one selected parameter of light emitted by the marking, and

d) comparing the at least one measured parameters measured with corresponding

parameters of the known emission characteristic and verifying the authenticity of the marking if

the parameters are within prescribed limits.



3. The method according to Claim 1, wherein the at least one selected parameter is selected

from the group consisting of: intensity of selected wavelength region, ratio of intensities of

selected wavelength regions, intensity of an emission peak, wavelength of an emission peak, rate

of rise of an emission peak, rate of fall of an emission peak, ratio of emission peak intensities,

ratio of emission peak wavelengths, intensity of an emission trough, wavelength of an emission

trough, ratio of emission trough intensities, ratio of emission trough wavelengths, wavelength of

a point of inflection, intensity of a point of inflection, ratio of point of inflection intensities, ratio

of points of inflection wavelengths, number of emission peaks, number of emission troughs,

number of points of inflection, shape of emission peak, and combinations thereof.

4 . A method of authenticating a photo-luminescent security marking in which an authentic

security marking comprises a blend of at least two phosphor materials in which at least one

phosphor material is only excitable by excitation radiation of wavelength within a first

wavelength range and at least one phosphor material is excitable by excitation radiation of

wavelength within a second different wavelength range which overlaps and includes the first

wavelength range, the method comprising:

a) irradiating the marking with excitation radiation of wavelength within the first

wavelength range and measuring at least one selected parameter of light emitted by the marking,

b) irradiating the marking with excitation radiation of wavelength that is within the

overlapping region of the first and second wavelength ranges and measuring at least one selected

parameter of light emitted by the marking,

c) irradiating the marking with excitation radiation of wavelength within a part of the

second wavelength range that does not overlap the first wavelength range and measuring at least

one selected parameter of light emitted by the marking, and

d) comparing the selected parameters measured in a), b) and c) with corresponding

parameters of the known emission characteristic and if the parameters are within prescribed

limits verifying the authenticity of the marking.

5. The method according to Claim 4, wherein the at least one selected parameter is selected

from the group consisting of: intensity of selected wavelength region, ratio of intensities of

selected wavelength regions, intensity of an emission peak, wavelength of an emission peak, rate



of rise of an emission peak, rate of fall of an emission peak, ratio of emission peak intensities,

ratio of emission peak wavelengths, intensity of an emission trough, wavelength of an emission

trough, ratio of emission trough intensities, ratio of emission trough wavelengths, wavelength of

a point of inflection, intensity of a point of inflection, ratio of point of inflection intensities, ratio

of points of inflection wavelengths, number of emission peaks, number of emission troughs,

number of points of inflection, shape of emission peak, and combinations thereof.

6. An apparatus for authenticating a photo-luminescent security marking in which an

authentic security marking comprises a blend of at least two phosphor materials that are excitable

by excitation radiation of a selected wavelength that is within a wavelength range 380 to 780nm

and which when excited has a known emission characteristic, said apparatus comprising:

at least one excitation source operable to emit and irradiate the marking with excitation

radiation of the selected wavelength;

a detector operable to measure at least one selected parameter of light emitted by the

marking; and

processing means for comparing the at least one measured parameter with a

corresponding parameter of the known emission characteristic and if the they are within

prescribed limits verifying the authenticity of the marking.

7. The apparatus according to Claim 6, and further comprising wavelength separating means

for dividing the light emitted by the photo-luminescent security marking into selected

wavelength regions and wherein the detector is operable to measure the intensity for each

selected wavelength region.

8. The apparatus according to Claim 7, wherein the wavelength separating means is selected

from the group consisting of: optical filter, gel filter, dichroic filter, a grating, an optical fiber

grating, and a prism.

9. The apparatus according to Claim 6, wherein the at least one selected parameter is

selected from the group consisting of: intensity of selected wavelength region, ratio of intensities

of selected wavelength regions, intensity of an emission peak, wavelength of an emission peak,



rate of rise of an emission peak, rate of fall of an emission peak, ratio of emission peak

intensities, ratio of emission peak wavelengths, intensity of an emission trough, wavelength of an

emission trough, ratio of emission trough intensities, ratio of emission trough wavelengths,

wavelength of a point of inflection, intensity of a point of inflection, ratio of point of inflection

intensities, ratio of points of inflection wavelengths, number of emission peaks, number of

emission troughs, number of points of inflection, shape of emission peak, and combinations

thereof.

10. An apparatus for authenticating a photo-luminescent security marking in an authentic

marking comprises at least one phosphor material which is only excitable by excitation radiation

of wavelength within a first wavelength range and at least one phosphor material which is

excitable by excitation radiation of wavelength within a second different wavelength range

which overlaps and includes the first wavelength range the apparatus comprising:

i) a first independently operable excitation source operable to emit and irradiate the

marking with excitation radiation of wavelength within the first wavelength range;

ii) a second independently operable excitation source operable to emit and irradiate the

marking with excitation radiation of wavelength within the second wavelength range;

iii) a detector operable to measure at least one selected parameter of light emitted by the

marking; and

iv) processing means for comparing the at least one selected parameter with a

corresponding parameter of the known emission characteristic and if the they are within

prescribed limits verifying the authenticity of the marking; wherein the apparatus is operable

a) to irradiate the marking with excitation radiation of wavelength within the first

wavelength range and to measure the at least one selected parameter of light emitted by the

marking,

b) to irradiate the marking with excitation radiation of wavelength within the

overlapping region of the first and second wavelength ranges and to measure the at least one

selected parameter of light emitted by the marking,

c) to irradiate the marking with excitation radiation of wavelength within a part of

the second wavelength range that does not overlap the first wavelength range and to measure the

at least one selected parameter of light emitted by the marking and



d) compare values of the at least one selected parameter with corresponding

parameters of the known emission characteristic and verifying the authenticity of the marking if

the parameters are within prescribed limits.

11. The apparatus according to Claim 10, wherein the at least one selected parameter is

selected from the group consisting of: intensity of selected wavelength region, ratio of intensities

of selected wavelength regions, intensity of an emission peak, wavelength of an emission peak,

rate of rise of an emission peak, rate of fall of an emission peak, ratio of emission peak

intensities, ratio of emission peak wavelengths, intensity of an emission trough, wavelength of an

emission trough, ratio of emission trough intensities, ratio of emission trough wavelengths,

wavelength of a point of inflection, intensity of a point of inflection, ratio of point of inflection

intensities, ratio of points of inflection wavelengths, number of emission peaks, number of

emission troughs, number of points of inflection, shape of emission peak, and combinations

thereof.

12. The apparatus according to Claim 6, wherein the at least one excitation source is operable

to generate excitation radiation of wavelength range 400 to 450nm.

13. The apparatus according to Claim 6, wherein the at least one excitation source comprises

a light emitting diode.

14. A photo-luminescent security marking comprising a blend of at least two phosphor

materials in which each phosphor material is excitable by excitation radiation of a selected

wavelength that is within a wavelength range 380 to 780nm.

15. The marking according to Claim 14, wherein the phosphor materials have the same host

lattice structure.

16. The marking of Claim 14, wherein each phosphor material is excitable by excitation

radiation of a same wavelength range.



17. The marking of Claim 14, wherein at least one phosphor material is only excitable by

excitation radiation of a first wavelength range and at least one phosphor material is excitable by

excitation radiation of a second wavelength range which overlaps and includes the first

wavelength range.

18. The marking of Claim 14, wherein the marking comprises a blend of at least three

phosphor materials in which at least one phosphor material is excitable by excitation radiation of

a first wavelength range, at least one phosphor material is excitable by excitation radiation of a

second wavelength range which overlaps and includes the first wavelength range, and at least

one phosphor material is excitable by excitation radiation of a third wavelength range which

overlaps and includes the first and second wavelength ranges.

19. The marking according to Claim 14, wherein the blend of at least two phosphor materials

is selected from the group consisting of: being incorporated with a binder material, being

incorporated with an ink, being incorporated in a polymer material, being incorporated into a

sheet of polymer material, being incorporated into a fiber of polymer material, being laminated

between sheets of material in which at least one sheet is transmissive to the excitation radiation

and light emitted by the phosphor materials, being applied to a surface of a metal foil, being

applied to a surface of a metal foil and being incorporated as part of a bar code.

20. The marking according to Claim 14, wherein the phosphor materials are excitable with

excitation radiation of wavelength range 400 to 450nm.

21. The marking according to Claim 14, wherein each phosphor material has an average

particle size selected from the group consisting of: five microns or less, two microns or less, and

one micron or less.

22. The marking according to Claim 14, wherein the phosphor materials are selected from the

group consisting of: an aluminate, a silicate, a nitride, a sulfate, an oxy-nitride, an oxy-sulfate,

and a garnet material.



23. A photo-luminescent security marking comprising a blend of at least two phosphor

materials in which at least one phosphor material is only excitable by excitation radiation of a

first wavelength range and at least one phosphor material is excitable by excitation radiation of a

second wavelength range which overlaps and includes the first wavelength range.
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